ToufHel 2

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

w




Modernizace trati Votice-BeneSov
u Prahy - Zahradnicky tunel

=OYVENTT
StV

Vystavba stanice metra Veleslavin

Toe .
- Ly
' e

Kralovopolsky tunel,
Velky méstsky okruh Brno

7

Zeleznicni
stavby =

Metro IV.CZ, Praha
77—

[15

=T 25,
i
g __)’/. P
- [ =
-

Kolektor Vaclavske nameésti -
trasa C, Praha

Jsme spolehlivy partner
v podzemi, na Zeleznici
i na povrchu, plisobime
v Ceské republice

i v zahranici.

www.subterra.cz

Subterra a.s

Nedrzime se pri zemi Bezova 1658

147 14 Praha 4-Branik



22. rocnik, €. 2/2013

TuouHel

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

OBSAH

MK CRE 7122
ISSN 1211 - 0728

Editorial:
Ing. Jaromir Zldmal, ¢len redakéni rady Casopisu Tunel . .................. 1
Uvodniky:
Ing. Ondrej Fuchs, generélni feditel SUBTERRA a.s.  ................... 2
Ing. Martin Srb, jednatel spolecnosti 3G Consulting Engineers sro. ......... 3

Vystavba razené Casti stanice metra Nadrazi Veleslavin
v ramci prodlouZeni trasy V.A v Praze
Ing. Jan Panuska, Miroslav Chyba, Ing. Vaclav Dohndlek, SUBTERRA as.,

Ing. Petr Chamra, METROSTAV a.s. . 5050600000000600000000000000000 q
Prvni fize mikrotunelovani na razbé Uslavského sbérace v Plzni
Ing. Karel Franczyk, Ph.D., Ing. Martin Matuska, SUBTERRA ass. .. ....... 13

Geologicky a geotechnicky pruzkum pro Novy bazovy Zelezni¢ni tunel
Semmering v Rakousku / Mag. Robert Vanek, Mag. Dr. Alfred Fasching,

3G Gruppe Geotechnik Graz ZT GmbH . ............................ 18
NRTM - od stavebni metody k systému

Prof. Wulf Schubert, 3G Gruppe Geotechnik Graz ZT GmbH,

Dipl. Ing. Harald Laufer, PORR TUNELBAUGmbH ................... 25
Dlouhé silni¢ni tunely v soucasnosti razené v indickém Himalaji

Ing. Martin Srb, doc. Ing. Matous Hilar, Ph.D., Ing. Petr Svoboda,

3G Consulting ENgineers S..0. . ... o.vvutrttet e, 3
Vliv vlastnosti kontaktnich prvku pri modelovani presypavanych konstrukei
Ing. Jan Grepl, Fakulta stavebni VUT v Brné, Ustav geotechniky ........... 37

Teplotni zatiZeni definitivniho osténi tunelovych staveb

Ing. Lukas Duris, prof. Ing. Josef Aldorf, DrSc. VSB-TU Ostrava,

Ing. Jiff GErik, INSET S.1.0. .+ .o vviie et e e e e a4
Tepelny napaje¢ Liben - HoleSovice v Praze

podchod reky Vitavy raZenou Stolou

RNDr. Radovan Chmelar, Mgr. Libor Sila, PUDIS a.s.,

Ing. Jan Sochtirek, INGUTIS s.r.0., Ing. Tomas Just, OHL ZS,a.s. .......... 53
Fotoreportaz ze stavby prodlouZeni trasy V.A prazského metra

—stanice Nadrazi Veleslavin ....................................... 65
Fotoreportaz ze stavby tunelového komplexu Blanka .................| 66
Ze svéta podzemnich staveb ............ .. ... . ... 67
Zpravy z tunelarskych konferenci .................................. 69
Aktuality z podzemnich staveb v Ceské a Slovenské republice ........... 75
Vyroéi ...... 190050000000000000000300000000005000000000030000000 19
Zpravodajstvi Ceské tunelarské asociace ITA-AITES ................ 81

REDAKCNI RADA/EDITORIAL BOARD

Volume 22, No. 2/2013

TuflHel

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

CONTENTS

MK CRE 7122
ISSN 1211 - 0728

Editorials:

Ing. Jaromir Zldmal, Member of the Editorial Board ..................... 1
Ing. Ondrej Fuchs, General Manager of SUBTERRA a.s. ................. 2
Ing. Martin Srb, Managing Director of 3G Consulting Engineers s.ro. ....... 3

Construction of the Mined Part of Nadrazi Veleslavin Station

on the 5th Extension of Prague Metro Line A

Ing. Jan Panuska, Miroslav Chyba, Ing. Vaclav Dohndlek, SUBTERRA as.,

Ing. Petr Chamra, METROSTAV @.8. .. ...ovviiteieeieaaeannn.. q
First Phase of Microtunnelling for the Uslava River Interceptor Sewer

in Plzen / Ing. Karel Franczyk, Ph.D., Ing. Martin Matuska, SUBTERRA ass. . . 13
Geological and Geotechnical Ground Investigation

for New Semmering Base Tunnel in Austria / Mag. Robert Vanek,

Mag. Dr. Alfred Fasching, 3G Gruppe Geotechnik Graz ZT GmbH ......... 18
NATM - From a Construction Method to a System

Prof. Wulf Schubert, 3G Gruppe Geotechnik Graz ZT GmbH,

Dipl. Ing. Harald Laufer, PORR TUNELBAU GmbH
Long Highway Tunnels in Indian Himalaya under Construction

Ing. Martin Srb, doc. Ing. Matous Hilar, Ph.D., Ing. Petr Svoboda,

3G Consulting ENGIiNeers S.1.0. ..o\ ov oottt L]
Influence of the Interface Element Properties used to Modeling

of the Buried Structures

Ing. Jan Grepl, Fakulta stavebni VUT v Brné, Ustav geotechniky ........... 37
Thermal Loading Action on Final Linings of Underground Structures

Ing. Lukas Duris, prof. Ing. Josef Aldorf, DrSc. VSB-TU Ostrava,

Ing. Jan GErik, INSET S.L.0. .« oot vtete ettt e a4
Liben — HoleSovice Heat Supply Line, Prague; Mined Gallery Passage

under the Vltava River

RNDr. Radovan Chmelar, Ph.D., Mgr. Libor Sila, PUDIS a.s.,

Ing. Jan Sochtirek, INGUTIS sr.0., Ing. Tomas Just, OHL ZS,as. .......... 53
Picture Report from the Construction of the 5th Extension

of Prague Metro Line A - Nadrazi Veleslavin Station .................. 65
Picture Report from Blanka Complex of Tunnels Construction ............ 66
The World of Underground Constructions .......................... 67
News from Tunnelling Conferences ................................. 69
Current News from the Czech and Slovak Underground Construction . .. 75
ANNIVEISATIES . . . ..o\t 19

Czech Tunnelling Associastion ITA-AITES Report

Cesti a slovensti ¢lenové / Czech and Slovak members

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

Ing. Miloslav Frankovsky — TERRAPROJEKT, a. s.

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

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

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

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

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

Ing. Viktéria Chomovd — NARODNA DIALNICNA SPOLOCNOST, a. s.
Ing. Josef Kutil — InZenyring dopravnich staveb a.s.

Ing. Libor Mafik — IKP Consulting Engineers, s. 1. 0.

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

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

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

Ing. Boris Sebesta — METROSTAV as.

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

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

VYDAVATEL

Ceskd tuneldrsk4 asociace a Slovenska tunelérska asocidcia ITA-AITES pro vlastni potiebu

DISTRIBUCE

Clenské stity ITA-AITES

¢lenové EC ITA-AITES

Clenské organizace a ¢lenové CzTA a STA

externi odbératelé

povinné vytisky 35 knihovndm a dal$im organizacim

REDAKCE

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

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

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

Ing. Jozef Frankovsky
Grafické zpracovani: DTP Martin Pek, ndm. T. G. Masaryka 737,290 01 Podébrady
Tisk: H.R.G. spol. s 1. 0., Litomysl
Foto na obélce: Tunel Blanka (foto Jakub Karlicek)

Ing. Ondrej Vida — SKANSKA SK, a. s.

Ing. Jan Vintera — SUBTERRA a.s.

Ing. Jaromir Zldmal — POHL CZ, a.s.

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

Zahranic¢ni ¢lenové / International members

Prof. Georg Anagnostou — ETH Ziirich, Switzerland

Dr. Nick Barton — NICK BARTON & ASSOCIATES, Norway

Prof. Adam Bezuijen - GHENT UNIVERSITY, Belgium

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

Prof. John A. Hudson — IMPERIAL COLLEGE, UK

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

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

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

Prof. Walter Wittke — WBI GmbH, Germany

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

DISTRIBUTION

ITA-AITES Member Nations

ITA-AITES EC members

CzTA and STA corporate and individual members

external subscribers and obligatory issues for 35 libraries and other subjects

OFFICE

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

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

Editor-in-chief:
Technical editors:

Ing. Miloslav Novotny

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

Ing. Jozef Frankovsky

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

The Blanka Tunnel (photo courtesy of Jakub Karli¢ek)

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 &lenové:

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

Clenské organizace:

AMBERG Engineering Brno, a.s.
PtaSinského 10

602 00 Brno

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

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

ANTON VOREK
Kunin 316
742 53 Kunin

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

400 01 Usti nad Labem
ARCADIS Geotechnika a.s.
Geologickd 4/988

152 00 Praha 5

BASF Stavebni hmoty
Ceska republika s.r.0.
K Midjovu 1244
53701 Chrudim

Stavebni fakulta CVUT v Praze
Thakurova 7
166 29 Praha 6

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

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

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

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

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

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

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

170 00 Praha 7

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

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

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

KELLER - specidlni zakladant, spol. s r. 0.

Na Pankréci 1618/30
140 00 Praha 4

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

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

METROSTAV as.
Kozeluzska 2246
180 00 Praha 8

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

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

OHL 7S, as.
Buresova 938/17
602 00 Brno-Veveri

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

POHL cz,as.

Nadrazni 25

252 63 Roztoky u Prahy
Poyry Environment a.s.
Botanickd 834/56

656 32 Brno

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

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

PROMINECON CZ as.
Revoluéni 25/767
110 00 Praha 1

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

REDITELSTVI SILNIC A DALNIC CR
Cercanskd 12
140 00 Praha 4

SATRA, spol. s r.o0.
Sokolska 32
120 00 Praha 2

SIKA CZ, s.ro0.
Bystrckd 1132/36
624 00 Brno

SMPCZ, as.

Pobrezni 667/78

186 00 Praha 8

SPRAVA ULOZIST .
RADIOAKTIVNICH ODPADU
Dlézdéna 1004/6

110 00 Praha 1-Nové Mésto

SUBTERRA ass.
Bezova 1658
147 14 Praha 4

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

SZDC,s. 0.
Dlazdéna 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
Kotlarskd 267/2

611 37 Brno

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

VIS, as.
Bezovd 1658
14701 Praha 4

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

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

VYSOKA SKOLA BANSKA
TU OSTRAVA

tf. 17. listopadu

708 33 Ostrava-Poruba

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

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

office: Zeleny pruh 95/97

140 00 Praha 4

Cestni &enovia: )

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

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

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

821 03 Bratislava

AMBERG Engineering Slovakia, s. . 0.

Somolického 819/1
811 06 Bratislava

APOLLOPROIJEKT,s.r. 0.
VI¢ie hrdlo

P.O.BOX 56

820 03 Bratislava

BANSKE PROJEKTY,s. 1. 0.
Mileticova ul. 23
821 09 Bratislava

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

BASLER & HOFMANN SLOVAKIA,
S.T.0.

Panenska 13

811 03 Bratislava

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

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

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

GEOCONSULT, spol. s r. 0.
Mileticova 21

P.O.BOX 34

820 05 Bratislava

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

GEOMONTA-HARMANEG, spol. s 1. 0.

Majerska cesta 36
974 01 Banska Bystrica

GEOstatik, a. s.

Bytcickd 32

012 27 Zilina
HYDROBETON,s.r. 0.
Stavitel’skd 3

831 04 Bratislava
HYDROTUNEL, spol. s r. 0.
Mojmirova ul.14

P.OBOX 16

927 01 Bojnice

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

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

MACCAFERRI CENTRAL EUROPE,
spol.sr. 0.

Stvernik 662

906 13 Brezova pod Bradlom

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

MC - BAUCHEMIE, s. 1. 0.
Na Pantoch 10
831 06 Bratislava

NARODNA DIAENICNA SPOLOC-
NOST,a.s.

Mlynské nivy 45

821 09 Bratislava

PERI, spol. s . 0.
Pribilynska 10

831 04 Bratislava

PUDOS PLUS, spol. sr. 0.

Racianske Myto 1/A
839 21 Bratislava 32

PRIRODOVEDECKA FAKULTA UK
Katedra inZinierskej geoldgie
Mlynska dolina G

842 15 Bratislava

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

RENESCO, a.s.
Panenska 13
811 03 Bratislava

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

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

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

SLOVENSKE TUNELY, a. s.
Lamacska cesta 99

841 03 Bratislava

SM7,a.s.

Organizacna zlozka

Mlynské nivy 41

821 09 Bratislava

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

850 00 Bratislava

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

STU, Stavebna fakulta
Katedra geotechniky
Radlinského 11

813 68 Bratislava

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

602 00 Brno

Ceska republika

TAISEI CORPORATION,
Organizacnd zlozka Slovakia
Dibravska cesta 9

P.O.Box 113

840 05 Bratislava 45

TECHNICKA UNIVERZITA

Fakulta BERG

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

042 00 Kosice

TERRAPROJEKT, a. s.
Podunajska 24
821 06 Bratislava

TUBAU,a.s.
Bytcickd 89
010 09 Zilina

TUCON, a.s.
Priemyselnd 2
010 01 Zilina

URANPRES, spol. s r. 0.
Frana Krala 2
052 80 Spisska Nova Ves

USTAV GEOTECHNIKY SAV
Watsonova ul. 45
043 53 Kosice

VAHOSTAV-SK, a. s.

Hlinska 40

010 18 Zilina

VUIS-Zakladanie stavieb, spol. s . 0.

Kopcanska 82/c
851 01 Bratislava

7ELEZNICE SR
Klemensova 8
813 61 Bratislava

ZILINSKA UNIVERZITA

Stavebna fakulta, blok AE

Katedra geotechniky,

Katedra technoldgie a manaZmentu stavieb
Univerzitnd 8215/1

010 26 Zilina



22. rocnik - €. 2/2013

Vazeni kolegové a Ctenari Casopisu Tunel,

v minulych dnech skonila jiz 12. mezindrodni konference Podzemni stavby Praha, na které jsme spole¢né bilancovali pracovni dspéchy
a také si pripomnéli nékteré nezdary nasi profese. Doufdm, Ze konference byla pro tcastniky pfinosnd jak po odborné strance, tak i z hlediska
navazovani novych pracovnich kontaktu a spolupréce.

Nejen pravidelnd vyména zkuSenosti na konferencich, ale i na§ odborny ¢asopis Tunel je jiz po dlouhé roky fundovanou informacni zaklad-
nou v oblasti podzemnich staveb. Prvni &islo vyslo jiz v roce 1970 a jen mélokdo z nds si pfi jeho ¢teni uvédomuje, jakymi promeénami, for-
malnimi i odbornymi, za ta léta prosel.

V prvnich letech informoval o podzemm’ch stavbdch ZPRAVODAJ METRO, ktery byl vyddvan oborovym strediskem VTEI Vodnich
staveb. M€l pouhych 12 stran, byl pséan jesté na psacim stroji a jeho redaktory byli Dr. F. Stranecky a K. Bauer. UZ tenkrdt mél ale lesklou zelenou
obdlku, kterd se v roce 1972 zménila na Sedivou. V té dobé se stal predsedou redak¢ni rady Ing. Jaroslav Grén a po ném nastoupil Ing. Petr Vozarik.

AZ v roce 1991 byl ¢ casopls na jeden rok prejmenovan na METRO — Zpravoda] Ceskoslovenského tuneldiského komitétu ITA/AITES a dostal Cer-
nou obdlku, kterou md dodnes. Nésledujici rok se opet nizev Casopisu zménil na Tunel — zpravodaj Ceskoslovenského tuneldského
komitétu ITA/AITES. Po rozdéleni republiky v roce 1993 se Casopis prejmenoval na Tunel — zpravodaj Ceského a Slovenského tuneldrského komi-
tétu ITA/AITES.

V soucasnosti vychdzi casopis v dvojjazycné podobé a mivé a7 124 stran odbornych textu. Pfedsedou redakéni rady Casopisu Tunel je
nyni prof. Ing. Jiif Bartdk, DrSc. Redakéni rada casopisu Tunel podnikla kroky, aby rozsifila své fady o odborniky ze zahranici a casopls
mohl byt zaclenén do citaéni databdze SCOPUS. Casopls Tunel pravidelné pubhku]e odborné clanky a fotografie podzemnich staveb nejen
z Ceske repubhky aze Slovenska ale take z ]1nych zeml Velka pozornost Je Venovana soucasnym Velkym podzemnim stavbam mcmene
dy v feSent technickych detailu.

Toto &islo je vénovédno firmé SUBTERRA as., kterd patii jiz dlouhou dobu k velmi kvalitnim dodavatelim podzemnich staveb. Subterra
v minulosti prokédzala, Ze zvlada stavby se sloZitymi technologiemi (trojlodni stanice Veleslavin apod.) a md na svém konte i velké podzemn{ stavby
— tunely (napr. Pisdrecky tunel v Brn€). Druhou firmou je 3G Consulting Engineers s.r.0., jejimZ partnerem je rakouskd spole¢nost 3G Geotechnische
Gruppe Graz ZT GmbH. Tato firma se prezentuje napriklad ¢lénkem o geotechnickém prazkumu pro bazovy Zelezniéni tunel Semmering.

Pieji vSem ¢tendiim Casopisu Tunel, aby i v tomto &isle nalezli podnétnou inspiraci pro svoji praci. . )

Zdar Buh. ING. JAROMIR ZLAMAL

¢len redakcni rady

Dear colleagues and TUNEL journal readers,

The recent days saw the end of the 12th international conference Underground Construction Prague, during which we jointly balanced the working
success, but also reminded us of some failures of our profession. I hope that the conference was beneficial for the attendees both from the professio-
nal point of view and in terms of establishing new working contacts and developing future collaboration.

It is not only the regular exchange of experience during the conferences, but also our technical journal TUNEL that have for many years been
a sound information basis in the field of underground construction. The first issue was published as long ago as 1970 and, while reading it today, only
few of us realise the changes, both formal and technical, it has passed during the years.

During the initial years the information about underground constructions was provided by ZPRAVODAJ METRO bulletin, which was published
by the Scientific, Technical and Economic Information Department of the sectoral company of Vodni Stavby. It had a mere 12 pages, was still typew-
ritten and Dr. F. Stranecky and K. Bauer were its editors. Even then was its cover glossy green, to be changed to grey in 1972. At that time Ing. Jaroslav
Gréan became the chairman of the editorial board, to be replaced after years by Ing. Petr Vozarik.

It was in 1991 that the journal was renamed for one year to METRO — the magazine of the Czechoslovak Tunnelling Committee ITA/AITES. It
received a black cover, which is the colour it has retained till now. In the following year the journal title changed again, to TUNEL — the magazine of
the Czechoslovak Tunnelling Committee ITA/AITES. In 1993, after the splitting of the republic, the journal was renamed to TUNEL — the magazine
of the Czech Tunnelling Association and Slovak Tunnelling Association ITA/AITES.

Currently the journal is published bilingually and contains up to 124 pages of technical texts. The chairman of the TUNEL journal Editorial Board
is now Prof. Ing. Jiri Bartdk, DrSc. The Editorial Board of TUNEL journal took steps to expand by getting foreign experts so that the journal can be
incorporated into the SCOPUS citation database. TUNEL journal regularly publishes technical papers and pictures of underground construction sites
not only from the Czech Republic and Slovakia, but also from other countries. Great attention is devoted to current large construction projects; howe-
ver, even smaller constructions have their place on the journal pages. It has turned out that it is the realisation of smaller structures where interesting
ideas regarding solutions to technical details originate.

This journal issue is dedicated to the company of Subterra a.s., which has belonged among very good quality contractors for underground con-
structions for a long time. SUBTERRA a. s. has in the past shown that it is able to cope with contracts involving complex technologies (Nadrazi
Veleslavin triple-vault station etc.) and has even large underground structures — tunnels - to its credit (e.g. the Pisarky tunnel in Brno). The second
company is the 3G Consulting Engineers s.r.o. Their partner is the Austrian company 3G Geotechnische Grupe Graz ZT GmbH. This company pre-
sents itself by article about the geotechnical investigation for the New Semmering Base Tunnel.

I wish all TUNEL journal readers to find thought-provoking inspiration for their work even in this issue. ) y

God speed you. ING. JAROMIR ZLAMAL,

Member of the Editorial Board
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VAZENI CTENARI,

naSe firma — Subterra a.s — je ¢tendfim ¢asopisu Tunel dosta-
te¢né zndma; provdadime Siroky sortiment staveb vSeobecné
a doslova veskeré druhy staveb v podzemi, zejména tunelového
charakteru. Prakticky byste téZko hledali v jakémkoliv obdobi{
v minulosti vytisk, kde by se nepsalo o naSich stavbdch nebo
o stavbach, na kterych se alespon n¢jakou formou podilime.
Samozriejmé se také pravidelné fadime k inzerentim a hlavnim
sponzorum ¢&isla, coZ je také pripad vyddni, které pravé drZite
v ruce.

Dovolte mi, abych se dnes zaméfil na otdzku, ktera nepochyb-
né pali nds vSechny. Jde o dramaticky pokles tunelovych zakdzek
na sou¢asném trhu v Ceské republice. Je to vidét i z poslednich
rubrik naseho Casopisu, kterou jsou Aktuality z podzemnich sta-
veb. Zatimco jesté priblizné pred dvéma lety jsme zde nachdzeli
struéné informace o probihajicich razbdch na nékolika velkych
tunelech najednou (jen Subterra a.s. v té dob¢ realizovala tfi az
&tyfi razby velkych profilt), v tomto &isle byste jakoukoliv zmin-
ku o probihajici razbé velkého tunelu hledali marné. Ano, je to
realita, se kterou jsme vSichni konfrontovdni, a nezdd se, Ze se
situace u nds v nejblizsi dobé zlepsi.

Nasi posledni velkou tuzemskou razbou, kterd skoncila doslova
pred pér dny, je vystavba stanice metra Nadrazi Veleslavin. O ni
pojedndva Cldnek kolektivu autori v Cele s vedoucim projektu
Janem Panuskou. Jednd se o mimoradnou stavbu trojlodni raZzené
stanice s mnoha unikdtnimi technickymi prvky. Je to prvni stavba
svého druhu z dilny Subterra a.s. a doklad toho, Ze naSe kolektivy
se dokdZou vyporddat nejen s béZznymi liniovymi tunely, ale
i s velkoprostorovymi podzemnimi dily provadénymi ,,na miru®.

Jednim z oboru, ktery zustal relativné neovlivnény soucasnou
krizi stavebnictvi v Ceské republice, je oblast voddrenstvi
a kanalizaci. V ¢ldnku autord Matusky a Franczyka se doltete
o razbé Uslavského kanaliza¢niho sbérate v Plzni, kterou prova-
dime metodou mikrotunelovani. V tomto obtizném oboru si
Subterra a.s. na tuzemském trhu dlouhodobé udrzuje své vysadni
postaveni.

Dalsi vyzvu predstavuji v souCasné dobé zejména zakdzky
v zahrani¢i. UZ v lonském roce psal zde na tomto misté kolega
Bucek z firmy Mott MacDonald CZ, Ze paradoxné nastal ve svéte
pravé ted ,,zlaty as tunelafstvi“. Také my jsme se logicky zamé-
fili timto smérem a vysledkem je, Ze letos budeme razit na dvou
zahrani¢nich projektech velkych tuneli. V tomto dsili hodldame
naddle pokracovat a souhlasim s citovanym kolegou také v tom,
Ze tady je prostor i na to, aby si ¢eské (a slovenské) firmy navza-
jem pomdhaly a vzdjemné své udsili koordinovaly.

Dalsi Sanci, kterou soucasnd krize predstavuje (ano, kazdd
krize vzdy prfindsi i Sance), je vyzva ke konsolidaci uvnitf firmy
a vlastnich kolektivu. I u nds probéhla a probihd rada opatieni,
ktera maji za cil zefektivnit proces fizeni a zvy$it hospodarnost
stavebni vyroby. Také dochdzi k presunu téZisté naseho vyrobni-
ho programu, které nyni lezi vice na jinych divizich, neZ je ta
tuneldiskd, tedy naSe divize 1. I proto se ndm zatim dafi se
s nelehkymi Casy vyporadat relativné dobre. Je
znamo, Ze objektivni vnéjsi problémy malokdy ohrozi
firmy, které jsou vnitiné silné, soudrzné a na vykyvy
trhu pripravené. Véfim tomu, Z7e Subterra a.s. pravé
takovym pripadem je, a Ze nynéjsi Cislo Casopisu
Tunel je toho dobrym dikazem.
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DEAR READERS,

Our company — Subterra a. s. — is sufficiently known to TUNEL jour-
nal readers; we carry out a wide assortment of structures generally and
literally all kinds of structures in the underground, first of all structures
of the character of tunnels. It would be practically difficult for you to find
in the past an issue of the journal where our construction contracts or at
least contracts on which we participated in some form were not written
about. Of course, we also regularly belong among advertisers and main
sponsors of the journal issues, which is also the case of the issue you are
just holding in your hands.

Let me today focus on an issue which is undoubtedly hot for all of us,
namely the dramatic drop in tunnel construction orders on the current
market in the Czech Republic. It is obvious even from the last sections
of our journal, the “Current News in Underground Construction”.
Whereas approximately two years ago we found there brief information
about the excavation of several large tunnels being concurrently in pro-
gress (at that time only Subterra a. s. itself worked on the excavation of
three to four large-profile tunnels), you would waste time today sear-
ching for any mention of the ongoing excavation of a large tunnel. Yes,
this is the reality all of us are confronted with and it does not seem that
the situation in our country would improve on the near horizon.

The last domestic tunnelling contract of ours the work on which ended
literally several days ago is the construction of Nadrazi Veleslavin metro
station. It is the topic of the paper prepared by a collective of authors led
by Jan Panuska, the project manager. It is an exceptional construction of
a mined triple-vault station comprising many unique elements. It is the
first construction of its kind carried out by Subterra a. s. and a proof that
our teams are able to cope not only with common linear tunnels, but also
with large-space underground workings carried out “to measure”.

One of the fields which have remained relatively untouched by the cur-
rent crisis in the construction industry in the Czech Republic is the field
of waterworks and sewerage. In the paper by authors Matuska and
Franczyk you will read about the driving of the Uslava River sewer tun-
nel in Plzen, which is being carried out by us using the microtunnelling
method. Subterra a. s. holds its long-term privileged position on the
domestic market in this difficult construction branch.

Another challenge currently lies in winning contracts abroad. It was
already last year that our colleague Mr. Bucek from Mott MacDonald
wrote in this place that, paradoxically, the “golden time” of tunnelling
has come about in the world just now. Logically, we also focused our
activities in this direction. As a result, we will carry out underground
excavation for two large tunnelling projects abroad. We are going to con-
tinue to make these efforts and I agree with the above-quoted colleague
in his opinion that there is even space here for Czech (and Slovak) com-
panies to help each other and mutually coordinate their endeavours.

Another opportunity offered by the current crisis (yes, every crisis
always offers opportunities) is the appeal to internally consolidate the
company and company’s own teams. A range of measures with the aim
of increasing effectiveness of the process of management and economy
of construction production were and are being implemented even in our
company. In addition, the centre of gravity of our production programme
has shifted. Today it lies more on other divisions than the tunnelling divi-
sion, i.e. our Division 1, is. Even this is the reason why we have till now

managed to cope with the difficult times relatively well.
It is well known that objective external problems rarely
endanger the companies which are internally strong,
coherent and prepared for market fluctuations. I believe
that Subterra a. s. is just such the case and that this issue
of TUNEL journal is a good proof of it.

ING. ONDREJ FUCHS

generalni ieditel Subterra a.s.
Chief Executive Officer, Subterra a.s.
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VAZENI CTENARI,

pred 15 lety byla zaloZena firma D2 Consult Prague s.r.o., jako
Ceskd pobocka mezindrodné pusobici rakouské konzultadni
a inzenyrské firmy. Toto spojeni ndm umoZnilo pristup
k rakouskému tunelarskému know-how i k mezindrodnim pro-
jektim a ziskané zkuSenosti se snazime prubézné uplatiiovat také
na ¢eském trhu — na konkrétnich projektech béhem jejich pripra-
vy a provadéni, na odbornych seminérich, Skolenich, konferen-
cich, pfi vyuce na vysokych Skoldch a pri vyzkumné ¢innosti.

V roce 2012 jsme zménili ndzev spolecnosti na 3G Consulting
Engineers s.r.o. a doufdme, Ze si na tuto zménu zvyknete jak vy,
Ctendfi Casopisu Tunel, tak i naSi kolegové, partnefi a klienti
v zahrani¢i. Firma, jeji kli¢ovi odbornici a ndpln nasi ¢innosti se
nemeni.

N4&S novy partner, rakouskd spolec¢nost 3G Geotechnische
Gruppe Graz ZT GmbH, je zaméfena na geotechniku a tunely.
Spole¢nost byla zaloZena odborniky a absolventy Technické uni-
verzity v Grazu a v soucasnosti se podili na realizaci nejvétsich
tunelovych projektt v Rakousku i ve svété. Jednim ze zakladate-
14 a partnert je i Prof. Wulf Schubert, svétové uzndvany odbor-
nik a v soucasnosti predseda Rakouské geotechnické spole¢nos-
ti. Vzhledem k nasi dlouhodobé spolupréci s kolegy z 3G na pro-
jektech v Jizni i Severni Americe, Asii a Evropé véfime, Ze naSe
soucasné uzsi propojeni bude oboustranné vyhodné.

V tomto &isle ¢asopisu Tunel si maZete pre¢ist ve shrnujicim
¢lanku Prof. Wulfa Schuberta o vyvoji a sou¢asném chédpani
Nové rakouské tunelovaci metody (NRTM), dédle o geotech-
nickém pruzkumu pro Novy bdzovy tunel Semmering a o ruz-
nych systémovych feSenich tfi podobnych dlouhych silni¢nich
tunelt v indickém Himaélaji. O nasi vyzkumné &innosti v oblasti
vyvoje drdtkobetonovych segmenti pro tunelovd ostén{
a statistického zpracovdni geotechnickych dat pojedndvaji tri
¢lanky otisténé koncem lonského roku (Tunel 3 a 4/2012).

Neddvno skoncend konference Podzemni stavby 2013, na jejiz
organizaci jsme se aktivné podileli, potvrdila soudasny velky
zdjem naSich i zahrani¢nich odborniku a firem o podzemni stav-
by. A to navzdory tomu, Ze se u nas v Ceské republice v sou¢asné
dobé, poprvé po nékolika desitkdch let, zddny vétsi dopravni
tunel nerazi a pouze jeden velky projekt je pfipraven k realizaci.
Doufame, Ze tento ttlum je pouze kratkodoby. Nevyuziti odbor-
nici a volné kapacity stavebnich firem mohou najit aspon ¢éstec-
né své uplatnéni v zahrani¢i, ale pro jejich trvalé udrZeni jsou
nutné i doméci podzemni projekty. Je na nas vSech, aby se ndm
je podafilo pfipravit a realizovat co nejefektivnéji, aby si obor
ziskal duvéru investora, politiki a vefejnosti a tim prispél
k zajisténi své budoucnost.

Preji vdm zajimavé &teni tohoto Eisla Casopisu
Tunel a té§im se na spoluprici pfi priprave a rea-
lizaci tuneldiskych projekti, které Ceska republika
potfebuje.

/\.Q)UJ

Tuel

DEAR READERS,

D2 Consult Prague s. r. 0. was founded 15 years ago as a Czech
branch of the internationally operating Austrian consultancy and
engineering firm. Owing to this connection we were granted the
access to the Austrian tunnelling know-how and to international pro-
jects. We keep trying to continually apply the experience gained also
on the Czech market — on specific projects during their planning and
implementation, at technical seminars, training sessions, conferen-
ces, during teaching at universities and in research activities.

In 2012 we changed the company name to 3G Consulting
Engineers s. r. 0. and we hope that you, TUNEL journal readers, as
well as our colleagues, partners and foreign clients, will get accu-
stomed to this change. The firm, its key experts and the scope of
activities remain unchanged.

Our new partner, the Austrian company 3G Geotechnische Gruppe
Graz ZT GmbH, focuses itself on geotechnics and tunnels. The com-
pany was founded by experts and graduates of the Graz University
of Technology. At the moment it participates in the realisation of lar-
gest tunnelling projects in Austria and in the world. One of the foun-
ders and partners is also Prof. Wulf Schubert, a worldwide recogni-
sed expert and the incumbent chairman of the Austrian Society for
Geotechnics. Taking into consideration our long-standing collabora-
tion with our colleagues from 3G on projects in southern and nort-
hern Americas, Asia and Europe, we believe that our current closer
interconnection will be mutually beneficial.

In this TUNEL journal issue you can read a summarising paper by
Prof. Wulf Schubert on the development and current understanding
of the New Austrian Tunnelling Method (the NATM), further about
the geotechnical investigation for the New Semmering Base Tunnel
and about various system solutions to three similar motorway tun-
nels in the Indian Himalayas. Three papers published at the end of
the last year (TUNEL issues No. 3 and 4/2012) describe our research
activities in the field of steel fibre reinforced concrete segments for
tunnel linings and the statistical processing of geotechnical data.

The recently concluded conference Underground Construction
Prague 2013, on the organisation of which we actively participated,
confirmed the current great interest of our and foreign professionals
and firms in underground construction. This is so even despite the
fact that, after several decades, no larger transport tunnel is being
driven and only one is prepared for realisation in the Czech
Republic. We hope that this is only the case of a short-term check.
Unexploited professionals and free capacities of construction com-
panies can find at least partial use abroad, but their permanent sur-
vival requires also domestic underground construction projects. It is
up to all of us to manage to prepare and realise projects as efficient-
ly as possible so that the industry gains confidence of project
owners, politicians and the public, thus to contribute to the securing
of its future.

I wish you interesting reading of this TUNEL jour-
nal issue and look forward to our collaboration on the
planning and realisation of tunnelling projects requi-
red for the Czech Republic.

ING. MARTIN SRB

jednatel spole¢nosti 3G Consulting Engineers s.r.o.
Managing Director of the 3G Consulting Engineers s.r.o.
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VYSTAVBA RAZENE CASTI STANICE METRA NADRAZ{ VELESLAVIN
V RAMCI PRODLOUZENI TRASY V.A V PRAZE

CONSTRUCTION OF THE MINED PART OF NADRAZI VELESLAVIN
STATION ON THE 5™ EXTENSION OF PRAGUE METRO LINE A

JAN PANUSKA, MIROSLAV CHYBA, VACLAV DOHNALEK, PETR CHAMRA

ABSTRAKT

Stanice metra Nddrazi Veleslavin (drive Veleslavin) je soucdsti prodlouZeni trasy metra VA v Praze. Je navrZena jako trojlodni stani-
ce. Cldnek se zabyvd postupem praci a to od momentu zahdjeni razeb bocnich vyrubii aZ po fdzi razby dna stredniho stanicniho profi-
lu. Razby probihaly v komplikované geologii. SloZité inZenyrskogeologické podminky byly charakterizovdny mnoha nepriznivymi fakto-
ry. Po dokonceni raZeb obou boc¢nich tuneli byly jimi protaZeny razici Stity EPBS a ndsledovalo provedeni hydroizolace. Puvodné byla
navrzena tradicni foliovd hydroizolace, ale vzhledem ke sloZitostem spojenym s vystavbou stredniho tunelu bylo pristoupeno k provedeni
strikané hydroizolace. Diky tomu se zjednodusila rada detailii a byla zvySena jejich bezpenost. Na druhé strané se zvysily ndroky na
definitivni osteni, které slouzi jako pojistny systém strikané hydroizolace. Po provedeni definitivniho osténi bocnich profilu byla razena
kalota stredniho vyrubu, po jejim dokonceni byla provedena dobirka dna. Komplikovanou &dsti vystavby se stalo propojeni uzavieného
hydroizolacniho systému. Po jeho uspésném provedeni bylo mozné pristoupit k vybudovdni definitivniho osténi stredniho tunelu a tim
byl vytvoren konecny tvar trojlodni stanice.

ABSTRACT

Nddrazi Veleslavin station (formerly named Veleslavin station) is part of the 5 extension of the Prague Metro Line A (the so-called Metro
V.A). It is designed as a triple-vault structure. This paper deals with the procedure of work from the moment of the commencement of driving
side tunnels up to the excavation of the invert of the central station profile. The excavation passed through complicated geology. The complex
engineering geological conditions were characterised by many unfavourable factors. When the driving of both side tunnels had been finished,
EPB shields were pulled through them and the installation of the waterproofing system followed. Conventional membrane waterproofing was
originally designed, but with respect to the complexness of the operations associated with the construction of the central tunnel, the decision
was made to apply a spray-on waterproofing system. Owing to this decision many details were simplified and their safety was improved. On
the other hand, demands on the final lining, which serves to secure the safety of the spray-on waterproofing layer, were increased. When the
final lining of the side tunnels had been finished, the excavation of the top heading of the central tunnel followed and the invert excavation
was subsequently completed. The integration of the two parts of the waterproofing system became a complicated part of the construction
works. When it had been successfully completed, it was possible to start the installation of the final lining of the central tunnel. In this way the
final shape of the triple-vault station was created.

1 0voD

Stanice metra Nddrazi Veleslavin (dfive Veleslavin) je budovéna
v rdmci prodlouZeni trasy metra V.A v Praze. Jeji razend Cast je navr-
Zena jako trojlodni profil, realizovany postupnou vystavbou jednotli-
vych dil¢ich vyruba. Koncepei vystavby raZeného dila a predstihovym
pracim se vénoval ¢lanek Casopisu Tunel 1/2012. Tento ¢lanek se bude
ve svém obsahu zabyvat skuteCnym postupem praci, a to od momentu
zahajeni raZeb bo¢nich vyrubu v srpnu 2011 aZz po fdzi razby dna stred-
niho stani¢niho profilu, kterd probihala v dnoru roku 2013. Kom-
plikovany postup vystavby bude popsan v jeho dil¢ich fazich, a to bez
rozsdhlého popisu jednotlivych detaila. Autofi predpokladaji dals{
publikaci v tomto Casopisu, kterd se bude zabyvat jak kompletnim
dokoncenim celé razené Casti, tak shrnutim jednotlivych unikatnich
postupt, technologif a realizovanych detailu.

V prvni fazi vystavby trojlodni stanice byly provedeny razby boc-
nich stani¢nich tuneld, ndsledné jimi protaZeny plnoprofilové razici
Stity EPBS. Poté probéhla realizace hydroizolace a definitivniho osté-
ni bo¢nich profili. Po jejich dokondeni byla zahdjena razba kaloty
stfedntho vyrubu v celé délce stanice a po jejim dokonceni nésledova-
la dobirka dna. V dalsi fézi je propojovan uzavreny hydroizolaéni
systém a nésledné budovano definitivn{ osténi stfedniho tunelu ve dné
a v klenb¢, ¢imz vznikd findlni trojlodni tvar stanice.

2 RAZBA BOCNICH TUNELU
Razby bo¢nich tunelt byly zahdjeny polétkem srpna 2011 levym
vyrubem, respektive koncem téhoZz mésice pravym vyrubem (obr. 1).

1 INTRODUCTION

Nédrazi Veleslavin (formerly Veleslavin) station is being built as
a part of the 5th extension of the Prague Metro Line A (the so-called
Metro V.A). The mined part of the station is designed as
a triple-vault structure excavated using a sequential method. The

Obr. 1 Portdl raZené Casti stanice v prubéhu raZeb levého a pravého tunelu
(zdri 2011)

Fig. 1 The portal of the mined part of the station during the course of the
excavation of the left-hand and right-hand station tunnels (September 2011)
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Obr. 2 Injektdz samozdvrtnych jehel z ploiny vrtaciho stroje na celbé kaloty
levého vyrubu

Fig. 2 Encapsulating self-drilling spiles with grout injected from the drilling
rig platform at the left-hand tunnel top heading

Minimdln{ odstup Celeb obou vyrubt byl stanoven na 30 m. Razic{
prace probihaly v komplikované geologii na rozhrani kvartérniho
pokryvu a ordovickych sedimentu $dreckého souvrstvi ruzného
stupné zvétrani o celkové vySce nadlozi 14-17 m. Slozité a pro
razbu trojlodni stanice komplikované inZenyrskogeologické pod-
minky byly v rdmci dodate¢ného geotechnického prazkumu déle
upfesnény. Jsou charakterizovdny nizkym horninovym nadlozim,
nepriznivym sklonem vrstev horniny do vyrubu, nizkou kvalitou
masivu a hladinou podzemni vody nad drovni vyrubu. Neza-
nedbatelnym je i faktor razby pod vysoce frekventovanou ulici
Evropskd s provozovanou tramvajovou trati. Tyto skutecnosti
byly omezujici pro rychlost postupu razby obou bo¢nich vyrubu,
kterd se pramérné pohybovala v rozmezi 1-2 m/24hod pro kazdy
jednotlivy profil.

Projektované parametry bo¢nich raZenych profili jsou nésledu-
jici. Celkova plocha bo¢niho vyrubu ¢ini 71 m2, vyrub je ¢lenén
horizontdlné na kalotu a dno. Zaji§téni je provedeno stiikanym
betonem SB25 (C20/25) tl. 300 mm se dvéma vrstvami ocelovych
siti a prihradovymi ocelovymi oblouky. Radidlni kotveni je prove-
deno samozdvrtnymi injektovatelnymi svorniky o délkdch 4 m
a 6 m. Do predpoli razby v kaloté bylo pouZito obrysové jehlova-
ni samozavrtnymi injektovatelnymi jehlami o délce 4 m a 6 m
v poltu az 44 ks v jednotlivém zabéru (obr. 2). Nestabilita Celby
vyrubu byla eliminovana sklolamindtovymi samozavrtnymi injek-
tovatelnymi svorniky délky 8 m v kazdém druhém zdbéru
s aktivaci zdlivkou v celé délce tyce. Veskeré kotevni prvky sme-
fujici do prostoru stfedniho vyrubu byly navrZeny jako sklolami-
natové pro snadnéjs$i zmdhdani pfi ndsledné razbé tohoto vyrubu.
Jehly a svorniky byly v mistech se zhorSenymi geotechnickymi
podminkami aktivovany ve vrtu pomoci chemické injektaze, kterd
nahradila obvykle pouZivanou injektdZ na bazi cementovych pojiv.
Tento postup vyrazné prispél k optimalni funk&nosti t€chto prvka,
predevsim v partiich razby se zvySenymi pritoky vod ¢elbou dila.

Jelikoz je v dalsich fazich vystavby propojeno primarni ostén{
bo&nich vyrubu s primdrnim osténim vyrubu stredniho, byly pro-
vedeny v prvni fazi raZzeb nestandardni Gpravy primarniho osténi.
V misté budouciho napojeni stfedniho vyrubu je zapotfebi umoz-
nit co nejleh¢i ndsledné odbourdni realizovanych konstrukei.
Z tohoto duavodu jsou pieruSeny v téchto mistech obé vrstvy oce-
lovych siti, pfihradové rdmy jsou spojeny volnym kloubovym
spojenim a do konstrukce byly pripraveny vylamovaci ocelové
pruty pro nésledné napojeni primérniho osténi stfedniho vyrubu.
Tyto dpravy se tykaji jak vrchniho, tak spodniho propojeni osténi
v obou boc¢nich vyrubech.

Vzhledem k pozdnimu zahajeni raZeb oproti puvodné pldnova-

v

nému terminu a kvuli niZ§im dosahovanym postupim zpusobenym

concept of the construction of the mined working and the advanced
works was dealt with in a paper published in TUNEL journal issue
1/2012. The content of this paper will deal with the actual progress
of the works, from the beginning of the driving of side tunnels in
August 2011 up to the phase of the excavation of the invert of the
central station tunnel, which vas carried out in February 2013. The
complicated construction procedure will be described in its partial
phases, without wide descriptions of individual details. The authors
assume that another paper will be published in this journal issue
which will deal with both the overall completion of the entire mined
part and the summarisation of individual unique procedures, tech-
nologies and applied details.

The side station tunnels were driven during the initial phase of
the triple-vault station construction. EPB shields were subsequ-
ently pulled through them. Then the installation of the waterproo-
fing system and the final lining in the tunnels followed. When it
had been finished, the excavation of the central station tunnel top
heading commenced throughout the station length. The central
tunnel invert excavation followed. In the next phase the closed
waterproofing system was formed and subsequently the final
lining of the central tunnel vault and invert was built, giving the
station the definite triple-vault shape.

2 DRIVING THE SIDE STATION TUNNELS

The driving of the side station tunnels started at the beginning
of August 2011, first on the left-hand tunnel and then, during the
same month, on the right-hand tunnel (see Fig. 1). The minimum
distance between the two excavation faces was set at 30m. The
excavation proceeded through complicated geology existing at the
interface between the Quaternary cover and Ordovician sediments
of the Sarka formation, displaying variable degrees of weathering.
The total height of the overburden varied between 14m and 17m.
The complex engineering geological conditions, which were diffi-
cult for the excavation of the triple-vault station, were further ela-
borated by a supplementary geotechnical investigation. They are
characterised by low overburden, unfavourable dipping of ground
layers to the excavated openings, poor quality of ground mass and
the water table located above the excavation level. A nonnegligib-
le factor in the excavation process lied in the fact that the excava-
tion passed under busy Evropskd Street carrying an operating
tramway track. Owing to the above-mentioned facts, the advance
rate of the excavation of both side tunnels was reduced, ranging
from 1-2m per day for each individual tunnel.

The design parameters of the mined side tunnel profiles are as
follows: total excavated cross-sectional area amounts to 71m?; the
horizontal excavation sequence consists of top heading and invert.
The excavation is supported by a 300mm thick layer of SB25
(C20/25) shotcrete with two layers of welded mesh and steel latti-
ce arches. Radial anchoring is provided by self-drilling groutable
bolts 4m and 6m long, respectively. Up to 44 pieces of self-dril-
ling groutable spiles 4m and 6m long were installed in each exca-
vation round around the contour of the face-advance core of the
top heading (see Fig. 2). The excavation face instability was eli-
minated by 8m long self-drilling groutable GRP bolts installed in
every other excavation round, with the bolt activation carried out
by injecting grout throughout its length. Glassfibre-reinforced
plastic was designed for all anchoring elements extending into the
future central tunnel so that the subsequent excavation of this tun-
nel was easier. Spiles and bolts were activated in drillholes by che-
mical grout in locations with worsened geological conditions. It
replaced the commonly used cement-based grout. This procedure
significantly contributed to the optimal function of these elements,
first of all in the parts where increased water inflows to the hea-
ding were encountered.

Taking into consideration the fact that the primary lining of the
side tunnels is connected with the primary lining of the central
station tunnel, some non-standard adaptations of the primary
lining were carried out in the initial phase of the excavation. It is



velmi nepfiznivymi geotechnickymi podminkami bylo patrné, Ze
puvodni projektovana varianta celkové délky bo¢nich tunelu stani-
ce 172 m je nerealizovatelnd predev§im kvuli nutnosti dodrzeni
terminu protaZeni obou $titt EPBS prostorem stanice a jejich
nasledné razbé smérem do stanice Bofislavka a Dejvickd. Z tohoto
duvodu byla odsouhlasena ,,zkrdcend“ varianta délky boc¢nich
tunelu (100 m) s tim, Ze ndsledné bude pristoupeno k tpravé mezi-
lehlého stfedniho profilu prostoru pldnovaného technologického
centra stanice.

Razba obou bo&nich stani¢nich tunelt byla ukon&ena v prosinci
2011 realizaci dvojice navazujicich specidlnich profila délky 10 m
(startovacich komor) obsahujicich silné armovany a kotveny
prstenec. Ten ndsledné umozZnil start obou razicich $titd EPBS
smérem k jameé E2 a poté ke stanici Borfislavka. Kruhovy profil
startovacich komor byl proveden razbou na plny profil bez ¢lené-
ni na kalotu, opé€fi a dno. Tento postup byl umoznén diky pouZiti
chemické dvouslozkové injektdZe pro veSkeré obrysové jehly,
radidlni svorniky a kotveni Celby. Pro prutah $titd prostorem hlou-
beného objektu a razené Cdsti stanice byly vytvoreny pres celou
délku tohoto dseku Zelezobetonové kolébky s Sikmo vloZenymi
ocelovymi kolejnicemi. Pratahem prostorem boénich razenych
&asti stanice a ndslednou pokracujici razbou §titi EPBS byly tyto
prostory ,,obsazeny“ technologif zajistujici provoz obou §titu, pie-
devsim jejich materidlovym zdsobovanim. Z tohoto duvodu byly
préace dodavatele stavebnich praci v bo¢nich lodich preruseny, a to
az do kompletniho prevedeni logistiky $titi EPBS do stavebni
jamy E2 po dorazbé obou §titd do prostoru stanice Bofislavka na
konci kvétna 2012.

3 DEFINITIVNI OSTENI BOCNICH TUNELU,
STRIKANE IZOLACE

V ramci projekéni pripravy definitivniho osténi bylo jedno-
znacné patrné, Ze nékteré konstrukéni detaily a prvky budou pro
realizaci znacné komplikované a pro podzemni stavby nestan-
dardni, coz vyplyva ze samotného konstrukéniho usporddani troj-
lodni stanice. Nejvice pozornosti bylo vénovano prechodovym
detailim, napojeni definitivniho osténi bo¢nich vyrubu na defini-
tivni osténi stfedniho tunelu a predevsim napojeni a ochrané hyd-
roizolace v danych mistech.

3.1 Hydroizolace

Bezpecné a funk¢ni propojeni hydroizolace, kterd je v bo¢nich
tunelech provedena ve fdzi vystavby definitivniho osténi, do
stfedniho tunelu, jenZ je v této dobe (dnor 2013) jesté nevyraZen,
si vynutilo zménu celé koncepce izolovani stanice. Hlavnim rizi-
kovym faktorem byla razba stiedniho profilu, kterd odbourdvanim
primdrniho osténi znaéné zatiZi prechodové detaily izolaci t€zky-
mi bouracimi pracemi. Oproti zaddvaci dokumentaci stavby
s konvencni féliovou izolaci byla v kone¢ném nédvrhu izolace pro-
vedena jako stifkand. V rdmci stanice se jednd o uzavreny izola¢-
ni systém umistény trvale pod hladinu podzemni vody. Zména
hydroizolaéniho systému z féliové na stikanou izolaci umoznila
zjednoduSeni detaili a souasné zvySeni jejich spolehlivosti.
Naproti tomu si vyzddala dpravu parametri, respektive naroka
kladenych na definitivni osténi. Jako pojistny systém stfikané
hydroizolace je vyuZita konstrukce definitivniho osténi. Této
funkce je docileno zejména jeji dpravou z hlediska vodonepro-
pustnosti v ploSe (limitni Sitka trhlin v osténi 0,25 mm) a déle
vybavenim vSech pracovnich spdr v pri¢ném i podélném sméru
propojenym systémem kolmo na sparu uloZenych tésnicich sparo-
vych plecht opatfenych krystalizaéni vrstvou. Celd konstrukce
definitivniho osténi stanice se tedy bliZi normé pro navrhovan{
,bilych van“. Vkladdni krystalizacnich plechu do jednotlivych
pracovnich spar si vyzadalo déleni veSkerych &ilek a predevsim
specidlni dpravu Cilkovani klenbového bedniciho vozu, kterda
umoznila vklddat plech do déleného zalomeného &ilka tvaru klen-
by (obr. 3). Reseni tohoto detailu je unikdtni a podle informaci
zhotovitele nebylo dosud nikdy pouZzito.
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necessary to allow the as easy as possible subsequent demolition
of completed structures in the location of the connection of the
future central tunnel. For that reason both layers of steel mesh are
interrupted in these locations, lattice girders are connected by free
hinges and break-off steel bars were prepared in the structure
allowing the connection of the primary lining of the central tun-
nel profile. These adaptations were applied to the connection of
the upper lining and bottom lining of both side tunnel profiles to
the central tunnel lining.

It was obvious with respect to the delayed commencement of
the excavation compared with the originally planned deadline and
because of lower advance rates achieved due to very unfavourab-
le geotechnical conditions that the originally designed variant
comprising 172m long side tunnels could not be realised, first of
all because of the necessity of meeting the deadline for the pulling
of both EPB shields through the station space and the subsequent
driving of running tunnels to Borislavka and Dejvicka stations.
For that reason a “shortened” variant of the length of the side tun-
nels (100m long) was agreed, with subsequent modification of the
intermediate central profile of the space for the planned station
services centre.

The excavation of the two side station tunnels was finished in
December 2011 by the completion of a pair of special 10m long
connecting profiles (launching chambers) containing a heavily
reinforced concrete ring anchored to the surrounding ground. The
ring subsequently allowed the launching of both EPB shields
toward E2 construction pit and then toward Bofislavka station.
The circular profile of the launching chambers was excavated full-
face, without dividing it into top heading, bench and invert. This
procedure was possible owing to the application of a two-compo-
nent grouting mix to all contour spiles, radial rock bolts and
anchors supporting the excavation face. Reinforced concrete cra-
dles with steel rails were installed for the purpose of pulling the
shields along the space of the cut-and-cover structure and the
mined part of the station. The cradles ran throughout the length of
this section. During the course of the pulling of the shields through
the mined side tunnels and the subsequent continuing drives, these
spaces were “occupied” by equipment securing the operation of

Obr. 3 Detail déleného zazubeného Cela klenby po odbednéni
Fig. 3 Detail of the split joint of the vault with a shear key after stripping of
Sformwork
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Obr. 4 Provddeéni stiikané hydroizolacni membrdny v klenbé pravého tunelu
(zdri 2012)

Fig. 4 The application of spray-on waterproofing membrane to the right-
hand tunnel vault (September 2012)

V celém rozsahu stanice a s ni propojeného tinikového objektu
je tedy pouzita stifkand hydroizoladni membréana. Vyber dodava-
tele materidlu byl proveden na zdkladé referenénich nasttiku pro-
vedenych piimo ve stani¢nich tunelech. Jako nejvyhodnéjsi pro
dané podminky byl vybrin MASTERSEAL 345 dodavatele
BASEF (obr. 4). Tento materidl je aplikovdn v minimdlni celkové
tloustce 3 mm. Vyznacuje se dobrou pridrznosti k podkladu
i k ndsledné provadénym definitivnim konstrukcim (min. 1 MPa)
a rovnéZz prutaznosti vice nez 100%. Takto provedend izola&ni
membrdna vytvari z primdrniho a definitivniho osténi sendvico-
vou konstrukci. Vysledny systém zarucuje dobré vodotésné vlast-
nosti a zabranuje migraci vody v prostoru hydroizolatniho sou-
vrstvi, ¢imZz se zdsadné liSi od tradi¢nich féliovych izolaci.
V piipadé prusaku pak Ize jednoduse sanovat pouze vlhkd mista
a odpada tak kromé svarovani izolace také jeji sektorovani spoje-
né s pojistnym systémem a piipadnd sanace celych sektoru.
Mezilehld stiikand hydroizola¢ni membréna je zdroven navrzena
jako pasivni ochrana armatury proti bludnym proudim.

3.2 Betonazni pokus

Zhotovitel vyhodnotil jako rizikové osazovani masivnich armo-
ko$u, vazani armatury, montdZ bednéni a ndslednou betondz pru-
béznych trdmu sekunddrniho osténi bo&nich lodi ze samozhutni-
telné betonové smési. Tyto prvky byly vyprojektovény jako velmi
silné vyztuzené svafovanymi armokoSi se zavlékanou vyztuZi
s vysokym poltem ohybanych prutd pruméru 25 a 32 mm
s minimdln{ vzdjemnou vzddlenosti. Celkova vdha armokose je az
1,3 t. Projektant poZzadoval provddéni betonaZe tramu vietné

Obr. 5 Betondzni pokus zhotoveni ¢dsti tramu pred vystavbou definitivniho
osténi (duben 2012)

Fig. 5 Concrete casting trial conducted on a part of a beam prior to the con-
struction of the final lining (April 2012)

both shields, first of all equipment supplying materials to them.
For that reason the civil engineering contractor’s work in the side
spans was suspended until the EPB shields logistics was comple-
tely moved to E2 construction pit once both shields arrived to the
space of Bofislavka station at the end of May 2012.

3 FINAL LINING OF SIDE STATION TUNNELS; SPRAYED
ON WATERPROOFING

It was clearly obvious during the work on the final lining design
that because of the triple-vault station structural system some
structural details and elements would be very complicated and
non-standard for underground structures. Greatest attention was
dedicated to transition details, the connection of the final lining of
side tunnels to the final lining of the central tunnel and, first of all,
the connection and protection of the waterproofing in the particu-
lar locations.

3.1 Waterproofing

The requirement for safe and functional connection of the
waterproofing, which is installed in the side tunnels in the phase
of the construction of the final lining, to the central tunnel, the
excavation of which has at the moment (February 2013) not been
carried out yet, necessitated a change in the in the overall concept
of the waterproofing system. The main risk factor was the exca-
vation of the central tunnel, which will significantly complicate
the waterproofing transition details by heavy demolition operati-
ons when removing the primary lining of the side tunnels. The
final waterproofing design comprised a spray-on layer, as opposed
to the tender design comprising a conventional plastic membrane.
It is a closed station waterproofing system located under the water
table level. Owing to the change in the waterproofing system from
a membrane to a sprayed on layer it was possible to simplify
details and at the same time to increase their reliability. On the
other hand, it required the modification of parameters and
demands placed on the final lining. The final lining structure is
used as the spray-on waterproofing safety system. This function is
achieved first of all by the modification of the water retaining
capacity of concrete surface (the lining crack width limit is
0.25mm) and by equipping all construction joints with crystalli-
sing material coated metal sheet water bars installed perpendicu-
larly to the joint, forming a transversally and longitudinally inter-
connected system. The entire station final lining structure therefo-
re approximates the standard for designing “white tanks”. It was
necessary because of the insertion of crystallising sheet water bars
into individual construction joints to split all stop end formwork
and, first of all, to modify the stop ends of the vaulted tunnel form
travellers to allow the insertion of the water bars into the split cur-
ved stop end following the shape of the vault (see Fig. 3). The
solution to this detail is unique and, according to the information
provided by the contractor, has never been used before.

The spray-on waterproofing membrane is therefore applied to
the whole station and the escape structure which is connected to
it. The supplier of the material was selected on the basis of seve-
ral reference spray coats applied directly in the station tunnels.
MASTERSEAL 345 produced by BASF (see Fig. 4) was chosen
as the most suitable for the given conditions. This material is app-
lied at the minimum thickness of 3mm. It is characterised by
good adhesion to the sub-base and to structures carried out sub-
sequently (min. 1MPa) and the yield exceeding 100%. The
waterproofing membrane carried out in this way forms a sand-
wich structure consisting of the primary and secondary linings.
The resultant system guarantees good waterproofing properties
and prevents water from migrating within the waterproofing
assembly, which is the fundamental difference from conventional
plastic membrane waterproofing systems. It is subsequently pos-
sible in the cases of seepage simply to remove only wet spots and
it is therefore not needed to weld the plastic membrane and divi-
de it into sectors provided with the safety system, not mentioning
the contingent rehabilitation of whole sectors. The intermediate
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nosnych sloupu v celé délce dilatace (az 36 m) z divodu propoje- spray-on waterproofing membrane is at the same time designed
ni armatury sloupu a trdmu. Dal§im omezujicim faktorem bylo as the passive protection of concrete reinforcement against stray
i provadéni praci v prostorové omezenych podminkach boéniho currents.

tunelu. Vyhodnocena rizika bylo nutné eliminovat pred zahdjenim
prvni betondZe provedenim betondZzniho pokusu v méritku 1:1
na vzorku délky 6 m (obr. 5). Na jeho zdkladé byly nasledné upra-
veny nékteré detaily a postupy provadéni armatury a kompletace
bednéni trdmu.

3.3 Navrhové parametry definitivniho osténi

Definitivni osténi raZené Cdsti stanice se skldda ze ti{ dilatac-
nich celka A, B a C o primérné délce 33 m. Jednotlivé celky jsou
rozdéleny pracovnimi sparami na sekce. V pfi¢ném fezu jsou tyto
konstrukce bo¢nich tunela ¢lenény nasledné (obr. 6):

— zdkladovd deska délend horizontélni sparou,

— prubézné stény (pod drovni nastupisté),

3.2 concrete casting trial

The contractor assessed the following operations to be risky: the
installation of massive reinforcement cages, tying up the reinforce-
ment, assembling formwork and subsequent casting of continuous
beams of the secondary lining in the side naves using self-compac-
ting concrete mixture. These elements were designed as structures
very heavily reinforced with welded cages with a great number of 25
to 32mm diameter bent bars installed at the minimum spacing drag-
ged in them. The total weight of the reinforcement cage is up to 1.3t.
The designer required that the beam including load-carrying columns
be cast throughout the length of the expansion block (up to 36m) so

— sloupy a trdm, that the reinforcement of the columns and the beam were intercon-

— klenby, nected. Another limiting factor was the fact that the work was carri-

— prechodovi sténa mezi staniénfm a tratovym tunelem. ed out in the restricted space of the side tunnel. The assessed risks

Sekundérni osténi je Zelezobetonové s pouzitim nékolika typu had to be eliminated before the commencement of the initial casting
betonovych smési. Beton zdkladovych desek, stén a kleneb je by means of a full-scale concrete casting trial conducted on a 6m
tiidy C 30/37 XC1 — Dmax 16 s maximdlnim prusakem do 30 long specimen (see Fig. 5). Some reinforcement installation and
mm, beton sloupii a trému je tfidy C 45/55 XCl — Dmax 16 | completion of the beam formwork details and procedures were sub-
samozhutnitelny s totoZnym maximdlnim prusakem. sequently adjusted on the basis of the trial.

Betonaiskd vyztuz je navrzena z oceli tfidy B500B (R 10505),
zdmecnické vyrobky z oceli S 235.

Definitivni osténi véetné hydroizolace bylo realizovdno
v ndsledujicich zdkladnich krocich:

3.3 Design parameters of the final lining
The final lining of the mined part of the station consists of three
expansion blocks A, B and C with the average lengths of 33m.

1. Podkladni beton dna s vloZenou pribé&Znou drenaZi. Individual blocks are divided by construction joints into sections.
2. Hydroizolaénl’ Systém dna s dostateén}'/m pfesahem pro napo- In the CrOSS-SeCtiOn, these structures of the side tunnels are divi-
jem’ na klenbu. ded as follows (see Fig. 6):
3. Armovani a betondZ spodni klenby definitivniho osténi (véet- — base slab divided by a horizontal joint,
né osazeni pojistného systému izolace, vyvodu injektdznich — continuous walls (under the platform level),
hadiCek a vyvodu pro méfeni bludnych proudu). Realizace je — columns and a beam,
rozdélena na dvé betonazni faze tj. spodni a vrchni deska. — vaults,
4. Hydroizola¢ni systém tramu. — transition wall between the station tunnel and the running tun-
5. Armovani a betondZ stén vCetné osazeni armokosu sloupt. nel.

6. Armovdni trdma a jejich spole¢nd betondZ s nosnymi sloupy
(v&etné osazeni vylamovaci vyztuZze, pojistného systému izo-
lace a vyvodu injektdZnich hadiek).

7. Hydroizola¢ni systém klenby.

8. Armovani a betonaz klenby definitivniho osténi (v&etné osa-
zeni pojistného systému izolace).

3.4 Pribéh vystavby definitivnino osténi bodnich tuneld

Pro veskeré prace na definitivnim osténi byl zvolen postup od
portdlové stény, coZ se pozdéji ukdzalo jako jednoznacné spravny

The secondary lining is in reinforced concrete using several
types of concrete mixtures. Concrete grade C 30/37 XC1 — Dmax
16 with maximum water penetration depth up to 30mm was used
for base slabs, walls and vaults, whilst self-compacting concrete
grade C 45/55 XC1 — Dmax 16 with the same penetration depth
was applied to columns and the beam.

Concrete reinforcement is designed in B5S00B (R 10505) steel
grade, whilst S 235 steel grade is designed for locksmith elements.

The final lining including the waterproofing system was reali-
sed in the following basic steps:

1. Blinding concrete on the bottom with continual drainage

embedded in it.

2. Bottom waterproofing system with overlapping sufficient for

the connection to the vault.

. The placement of reinforcement and casting of the final
lining invert (including the installation of the waterproofing
safety system, outlets of grouting hoses and outlets for mea-
suring stray currents). The realisation is divided into two
concrete casting phases, i.e. the lower and upper slabs.

4. The beam waterproofing system.

5. The placement of reinforcement and casting of concrete walls

including the installation of column reinforcement cages.

6. The placement of beam reinforcement and casting of the
beams concurrently with the load-carrying columns (inclu-
ding the installation of break-off rods, the waterproofing
safety system and outlets of grouting hoses).

Obr. 6 Definitivni osténi pravého stani¢niho tunelu po dokonéeni (listopad 7. Vault waterproofing S)./Stem. . .

2012) 8. The placement of reinforcement and casting of the final

Fig. 6 Final lining of the right-hand station tunnel after completion lining vault (including the installation of the waterproofing
(November 2012) safety system).

W
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krok, ktery umoznil provadéni stiikanych hydroizolaci, armatury

a betondZe v soubc¢hu v rdmci jednotlivych dil¢ich pracovist.

Nejprve byla provedena standardni profilace primarniho osténi,

poté instalovany prechodové prabézné ocelové platy pro propoje-

ni stiikané izolace ve vrchnim i spodnim detailu a realizovan pod-
kladnf lity beton dna s vloZenou do¢asnou stiedovou drenazi.

Pred zahdjenim aplikace stfikanych izolaci se provadely injek-
tdze aktivnich vyronu vody, pripadné jejich organizované svody
do tunelové drendZe za tcelem odvodnit plochy priméarniho osté-
ni. Ukézalo se, Ze hydroizolace muZze byt aplikovdna pouze na
suchy podklad a nanesené dil¢i vrstvy nesmi byt po dobu tuhnut{
materidlu vystaveny aktivnimu pusobeni vody, a to jak prusakem
pres osténi, tak i tikapy z klenby tunelu na &dsti izolace realizova-
né v ramci bo¢ni a spodni ¢asti tunelu. V takovém piipade docha-
zelo k rozplaveni a degradaci izola¢niho materidlu. Vzhledem
k dusledné kontrole provadéni a k optimalizaci piipravy podkladu
byla technologie stfikanych izolaci zvlddnuta a membrana prove-
dena v pozadované kvalité.

S odstupem asi jednoho pracovniho zdbéru od izolatérského
pracovisté nasledovalo provadéni armatury a betonaz tunelového
dna, a to ve fédzi spodni a ndsledné vrchni desky v celkové findln{
tloustce 1,6 m. Pii této Cinnosti bylo obtizné provedeni vertikdlné
provazané armatury mezi jednotlivymi sekcemi dna a predev§im
bednéni el pracovnich sekci s velkym mnoZstvim prabéznych
prutt a ddle s kolmo vloZenym krystalizaénim plechem do pri¢né
pracovni spdry.

V dal§im kroku, ihned po provedenf stiikané izolace v prostoru
nad budoucim trdmem, byly realizovdny prubézné stény
s vloZzenymi armokosi nosnych sloupt stanice. Poté jiz probihaly
prace na nejsloZitéjsim prvku celych definitivnich konstrukci —
betondZ sloupt a nosného trimu. Bednéni bylo provedeno ze stan-
dardnich bednicich dilct, které byly doplnény zakdzkové vyrdbé-
nymi prvky. Postup vystavby byl ndsledujici:

1. Podpurné konstrukce (stojky, ztuzeni, kotveni) a podbed-
néni spodni strany tramu.
2. Bednéni zadn{ strany trdmu a jeho dotésnéni k nerovnému
povrchu primérniho osténi.

. Pfiprava predni strany bednéni trdmu do prostoru tunelu.

. Odejmuti pfipraveného bednéni predni strany trdmu.

. Instalace armoko$u v prostoru mezi sloupy s pfipravenym
prechodovym detailem se smykovymi trny pro napojeni
stfedn{ klenby a s vloZzenym krystalizaénim plechem.

. Zavlékdni prubézné vyztuZze v prostoru nad sloupy.

. Doarmovéni vyztuZe nad sloupy a Cel u dilataci.

. Kontrola armatury.

. Bednénf sloupu.

. Opé€tovna instalace bednéni predni strany trdmu (do prosto-
ru tunelu), dotésnéni.

11. Bednéni el v dilatacich, celkovd kontrola bednéni.
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Obr. 7 Vysokozdvizny vozik s boénim vyloZnikem a bednéni tramu se sloupy
Fig. 7 The side forklift and the formwork for the beam and columns

3.4 The course of the construction of the final lining

in side station tunnels

The chosen sequence of all work on the final lining proceeding
from the portal onward was eventually proven to be unambiguous-
ly correct. It allowed the execution of spray-on waterproofing, pla-
cement of reinforcement and casting of concrete simultaneously at
individual partial workplaces. The standard profiling of the tunnel
lining was carried out first, then continuous transition steel plates,
serving to interconnect the spray-on waterproofing in the upper and
lower details, were installed and blinding concrete was poured on
the bottom with a temporary central drain embedded in it.

Before the application of the spray-on waterproofing layer
could commence, it was necessary to seal active water inrushes by
grouting or to divert them to tunnel drainage to achieve dry surfa-
ces of the primary lining. It turned out that the waterproofing
could be applied only to a dry sub-base and it was not possible
during the material setting period to let the applied partial layers
exposed to the active effects of water, no matter whether seeping
through the lining or dripping from the tunnel arch on parts of the
waterproofing layer applied previously on the sidewall or bottom
parts of the tunnel. In such a case the waterproofing material got
diluted and degraded. Owing to consistent checks on the executi-
on and optimisation of the sub-base preparation, the spray-on
waterproofing technology was mastered and the membrane was
carried out in the required quality.

The tunnel bottom reinforcement was placed and concrete was
cast at a distance of approximately one working step behind, in the
phase of both the lower and subsequently the upper slab, at the total
final thickness of 1.6m. It was difficult during this activity to install
the vertically interbound reinforcement between individual sections
of the bottom and, first of all, to install the working sections form-
work stop ends containing great numbers of continual rods and the
crystallising material coated metal sheets inserted into the transver-
sal construction joints.

The continual walls with reinforcement cages for the load-car-
rying station columns inserted in them were realised in the next
step, immediately after the application of the spray-on waterproo-
fing in the space above the future beam. The work on the most
complex element of all definite structures, i.e. the casting of
columns and the load-carrying beam, started subsequently.
Standard formwork elements supplemented with bespoke ele-
ments were used for the formwork. The following construction
procedure was used:

1. Installation of support structures (props, braces, anchors)
and the formwork for the bottom of the beam.

2. Installation of the formwork for the rear side of the beam
and filling the gap between the uneven surface of the pri-
mary lining.

3. Preparation of the front side of the formwork for the beam
facing the tunnel interior.

4. Removal of the prepared formwork for the front side of the
beam.

5. Installation of reinforcement cages in the space between
columns, with a prepared transition detail containing shear
dowels for the connection of the central vault and with the
crystallising material coated metal sheet.

6. Dragging continual reinforcing bars into the space above the
columns.

7. Completion of the reinforcement above columns and at stop
ends at expansion joints.

8. Checking on the reinforcement.

9. Formwork for columns.

10. Reinstallation of the formwork for the front side of the beam

(facing the tunnel interior), filling the gaps.

11. Formwork stop ends at expansion joints, overall check on

the formwork.

12. Casting of columns using self-compacting concrete mixture

with accelerated early strength development.




12. Betondz sloupt ze samozhutnitelné betonové smési
s rychlejsim nabéhem pevnosti.

13. Betondz samotného trdmu ze samozhutnitelné betonové

smési s pomalej§im ndbeéhem pevnosti.

14. Odbednéni.

Pred realizaci betondzZe stény a tramu v posledni dilata¢ni
sekci byla jes§té provedena Celni sténa stanice s prechodem
osténi na profil tratového tunelu. Pro manipulaci s bednénim
a armokosi byl pouzit specidlni bo¢ni vysokozdvizny vozik
s unikdtni dpravou ramene podle pozadavku stavby (obr. 7). Po
provedeni tramu bylo mozné realizovat stiikanou izolaci
v klenbé a ndsledné betonovat tunelovou klenbu v pracovnich
sekcich délky prevdazné 6 m.

3.5 Razba stiedniho tunelu

Findlni realizovand varianta délky stfedniho tunelu zdsadné
redukuje rozsah této raZené &4sti stanice z puvodnich 172 m na
pouhych 100 m ndstupistni ¢4sti (obdobné jako tomu bylo
i u boénich tuneltl). Pokralovani razby ve zménéném mezileh-
1ém profilu délky 72 m mezi tratovymi tunely bylo posouzeno
jako technicky a Casové velmi naro¢né. Technologické centrum
je podle optimalizovaného navrhu nové umisténo v ramci hlou-
beného objektu stanice v prostoru, ktery vznikne vyuzitim ¢asti
pristupové rampy, jez méla byt puvodné kompletné likvidova-
na. Zaroven musel byt rozsifen i hloubeny objekt vestibulu sta-
nice.

Razba stfedniho staniéniho tunelu byla zahdjena na konci
fijna 2012, po vybudovéni definitivniho osténi v bo¢nich tune-
lech. Podminkou bylo dosaZeni ndvrhové hodnoty 28denni
pevnosti betonu v tlaku v dseku celé dilatace A (tj. v tdseku
délky 30,7 m od portdlové stény) v obou bo¢nich tunelech.
Tento odstup musel byt pak pri celé razbé dodrzen.

Stfedni vyrub je horizontdln¢ Clenény na kalotu a dno
s vyuzitim vzpérného klinu. Celkovd plocha vyrubu c¢ini
47 m2. Maximdlné mozny odstup opé a dna za kalotou byl
stanoven na celou délku stanice, v pripadé nepfiznivych
vysledki geomonitoringu je mozné pristoupit k neprodlenému
uzavirani tunelového dna. Délka zabéru v kaloté 0,8-1,0 m,
maximalni rychlost razby stanovena na dva postupy za 24
hodin. Po razb¢ kaloty (obr. 8) bylo kompletné odtéZeno opefi
a ndsledovala raZba dna (obr. 9) s povolenym postupem stano-
venym jako dvojndsobek maximdlniho zdbéru v kalote.
Primérni osténi vyrubu je tvoreno dvéma polohami vyztuznych
siti a klasickymi vyztuznymi prihradovymi oblouky. Sit
a vyztuzny oblouk jsou v prechodovych detailech navdzany na

Obr. 9 Pohled do stiedniho tunelu po zahdjeni razby dna, nahore zatsténi
tinikového objektu (iinor 2013)

Fig. 9 View down the central tunnel after the commencement of the bottom
excavation with the entrance to the escape structure in the top (February
2013)
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Obr. 8 Mobilni pracovni plosina NORMET pri prdci na Celbé kaloty stredni-
ho vyrubu (prosinec 2012)

Fig. 8 NORMET mobile platform working at the central tunnel top heading
(December 2012)

13. Casting of the beam itself using self-compacting concrete

mixture with retarded early strength development.

14. Formwork stripping.

The front wall of the station with the transition of the lining to
the profile of the running tunnel was carried out prior to the reali-
sation of the wall and beam in the last expansion block. A special
side forklift loader with a unique design for the arm suited to con-
tractor’s requirements was used for the handling of formwork and
reinforcement cages (see Fig. 7). When the beams had been finis-
hed, it was possible to apply the spray-on waterproofing to the
vault and subsequently to cast the tunnel vault in mostly 6m long
working sections.

3.5 The excavation of the central station tunnel

The finally realised variant of the central tunnel length signifi-
cantly reduces the extent of this mined part of the station from the
original 172m to a mere 100m containing the platform (similarly
to the side tunnel solution). The continuation of the excavation of
the changed 72m long intermediate profile between running tun-
nels was assessed as very difficult in terms of technology and
time. According to the optimised design, the services centre is
newly located within the framework of the cut-and-cover station
structure, in the space which will originate by the use of a part of
the access ramp, which was originally to be completely removed.
At the same time even the cut-and-cover structure of the station
concourse had to be expanded.

The excavation of the central station tunnel started at the end of
October 2012, after completing the final lining in both side tunne-
Is. There was a condition that the design value of the compressive
strength at 28 days was reached throughout the length of expansi-
on block A (i.e. the 30.7m long section, measured from the portal
wall) in both side tunnels. This separation had subsequently to be
maintained during the course of the entire excavation process.

The central tunnel horizontal excavation sequence comprises
top heading and invert, using a supporting rock wedge. The total
excavated cross-sectional area amounts to 47m2. The maximum
permitted separation between the top heading and the
bench/bottom excavation face was set for the entire length of the
station. It was possible in the case of unfavourable results of geo-
monitoring immediately to start the closing of the tunnel bottom.
The top heading excavation round length was 0.8 — 1.0m; the
maximum excavation advance rate was set at two rounds per 24
hours. After the completion of the top heading excavation (see
Fig. 8), the bench was completely excavated and the bottom exca-
vation followed (see Fig. 9), with the permitted advance set at the
double of the maximum advance at the top heading. The primary



Obr. 10 Detail pracovni spdry s vloZenym krystalizacnim plechem pro napo-
Jjeni zdkladové desky pravého tunelu na stiedni tunel

Fig. 10 Detail of a construction joint with the crystallising material coated
metal sheet allowing the connection of the base slab of the right-hand tunnel
to the central tunnel

primérni osténi levého a pravého dil¢iho vyrubu. Sit’ je fi-
xovdna na vylamovaci prvky osazené v osténi levého a pravého
dilé¢iho vyrubu jiz pfi jejich razbe. Tloustka stiikaného betonu
je SB25 (C20/25) min. 300 mm.

Zajisténi kaloty je realizovdno radidlnimi samozdvrtnymi
injektovatelnymi svorniky délky 4 m a 6 m, ddle pak predha-
nénymi samozdvrtnymi injektovatelnymi jehlami o délce 6 m
kazdy druhy zébér v technologické tfidé 5bl a kazdy zdbér
v technologické tfidé 5b2. V mezilehlych zdbérech tfidy 5bl
byly tyto jehly navrzeny délky 4 m. Celba byla stabilizovéna
samozdvrtnymi sklolamindtovymi kotvami délky 8 m v poctu
4-5 ks na kazdy druhy zédbér.

Souddsti razby stfedniho vyrubu je i postupné odbourdni pri-
mdrniho osténi boénich vyrub v prostoru vymezeném obéma
prechodovymi detaily, a to vidy po provedeni tii zdbéru
v kaloté. Tento odstup byl ndsledné zvySen na Ctyfi zabéry pro
zarudeni ndbehu pevnosti stifkanych betona klenby a zamezen{
deformaci definitivniho ostén{ bo¢nich tuneld, které byly velmi
podrobné monitorovdny. Odbourdvani spodni ¢dsti téchto pro-
vizornich konstrukei v rdmci tunelového dna je provadeéno jiz
bez uvedeného omezeni. Bourdn{ osténi bo¢nich vyruba bylo
nutno provadet s ohledem na minimalizaci dynamickych d¢in-
ku na primérn{ osténi stfedniho vyrubu a na jiZ provedené defi-
nitivn{ osténi boénich vyrubu. DuleZité bylo zejména neposko-
dit prechodovy detail sekunddrniho osténi s vloZenym krystali-
zanim plechem a pfechodovym plechem pro napojeni izolace.
Proto byly tyto Cinnosti provddény celkem ve tfech féazich.
V prvnf fazi bourdni hydraulickymi niZkami zhruba 75 % obje-
mu, ndsledné sbijeni kladivem osazenym na rypadlo-nakladac
JCB 4CX v rozsahu cca 15 %, poslednich 10 % ru¢né sbijec-
kami. Tyto prdce byly oproti puvodnimu pfedpokladu zna¢né
Casové i ekonomicky ndro¢né. Takto koncipovany dil¢i postup
zajistil, Ze stav prechodového detailu pro napojeni sekundérni-
ho osténi je vice nez uspokojivy (obr. 10) a nebyly naplnény
obavy o jeho zdvazné poskozeni bouracimi pracemi.

Dal§im vyraznym omezenim bylo preruSeni sjizdné rampy
z duvodu roz§ifovani stavebni jdmy pro jiZ zmifiovanou vystav-
bu technologického centra, poté i realizace zakladové desky ve
stavebni jamée jesté pred dokonéenim razeb stfedniho vyrubu.
Tyto skutenosti zdsadné ovlivnily postupy razeb, a to prede-
v§im zavedenim svislé dopravy pro té€Zbu rubaniny, dopravu
vystroje, betonu, ostatnich materidli a pohyb pracovniku.

Obr. 11 Portdl trojlodni razené cdsti stanice NddraZi Veleslavin v obdobi
razby stredniho tunelu (leden 2013)

Fig. 11 The portal of the triple-vault mined part of NddraZi Veleslavin stati-
on in the period of driving the central tunnel (February 2013)

lining of the excavation is formed by two layers of steel mesh and
classical lattice girders. The mesh and lattice girders are connected
to the primary lining of the left-hand and right-hand side tunnels.
The mesh is fixed to the break-off bars installed in the lining of the
left-hand and right-hand side tunnels during the course of the
excavation of these tunnels. The minimum thickness of the SB25
(C20/25) shotcrete layer is 300mm.

The top heading support comprises radial self-drilling groutab-
le rock bolts 4m and 6m long, respectively, 6m long self-drilling
groutable spiles installed in every other excavation round in the
case of the excavation support class 5bl and in each round in
excavation support class 5b2. 4m long spiles were designed for the
intermediate rounds classified as 5bl. The excavation face was
stabilised by 4-5 pieces of 8m long self-drilling glassfibre reinfor-
ced plastic anchors installed in every other round.

A part of the central tunnel excavation is also the gradual breaking
of the primary lining of the side tunnels in the area determined by
the two transition details, always after the completion of 3 excava-
tion rounds in the top heading. This separation was subsequently
increased to 4 rounds so that the shotcrete early strength develop-
ment in the vault was guaranteed and deformations of the final
lining of the side tunnels, which were monitored in a very detailed
way, were prevented. The demolition of the bottom part of these
temporary structures within the framework of the tunnel bottom is
being carried out without the above-mentioned restriction. The
lining of the side tunnels had to be carried out taking into conside-
ration the minimisation of dynamic effects on the primary lining of
the central tunnel and the previously completed final lining of the
side tunnels. An important task was first of all to prevent damaging
of the transition detail of the secondary lining with the crystallising
material coated metal sheet and the transition sheet for the conne-
ction of the waterproofing embedded in it. This was the reason why
these operations were conducted in 3 phases. Hydraulic shears were
applied to approximately 75 per cent of the volume in the first
phase. Subsequently, a hydraulic hammer mounted on a JCB 4CK
excavator/loader was applied to about 15 per cent; the remaining 10
per cent of the demolition was carried out with hand-held picks. As
opposed to the original assumption, these operations were signifi-
cantly more demanding in terms of time and economy. Owing to the
partial procedure designed in this way, the condition of the transiti-
on detail for the connection of the secondary lining is more than
satisfactory (see Fig. 10) and the fears of seriously damaging it by
the demolition operations did not materialise.

Another serious restriction lied in the interruption of the des-
cending ramp required for the expansion of the construction pit for
the above-mentioned services centre construction and, subsequ-
ently, for the construction of the base slab in the construction pit
even before the completion of the central tunnel excavation. These
facts fundamentally affected the excavation procedures, first of all
by the introduction of a vertical transport system for removing of
muck, supplying the means of excavation support, concrete and
other materials and for the movement of workers.




3.6 Koncepce definitivhiho osténi stiedniho vyrubu

Po dokonceni razeb dna stfedniho tunelu bude provedena
reprofilace a priprava povrchu pro aplikaci strikané izolace.
Souddsti reprofilace dna stfedniho tunelu je i poloZeni stfedové
drendZe a zemnici sité¢ v rdmci podkladniho betonu. Obdobneé,
jako u bo&nich vyrubt, budou realizovdny postupy na vSech
pracovistich stfedniho tunelu smérem od portdlové stény vyjma
definitivniho osténi dna v dilataci C. Stfikand izolace bude
aplikovana nejprve v ramci tunelového dna a jejim ndstfikem
na odhalené prechodové ocelové plity je uzavien cely hydroi-
zolacni systém ve dné, ndsledné v prostoru klenby a Celni stény
stanice. Definitivni osténi stfedni ¢dsti ma obdobné navrhové
parametry jako bocni tunely. Clenéni na jednotlivé pracovni
sekce a dilataéni celky je taktéz sjednoceno. Definitivni osténi
se sklddd z klenby, protiklenby (zdkladové desky) a Celni stény.
Soucdsti zdkladové desky je i nefekdlni jimka. V klenbé dilata-
ce C je umistén vstup (prunik) do tnikového objektu. Tento
ndsledné pokrauje $tolou a na povrch usti kruhovou Sachtou.
Unikovy objekt je projektovan jako druhy nouzovy vychod a je
taktéz soucdsti dodavky spolecnosti Subterra a.s. V tomto ¢lan-
ku ovSem neni podrobné popsdn. Kompletni dokonceni defini-
tivniho osténi stfedniho tunelu, a tedy dodavky divize 1 spo-
le¢nosti Subterra a.s., se predpokladd v polovine roku 2013.

4 ZAVER

Realizace trojlodni stanice (obr. 11) metra ve velmi slozité
geologii s nizkym horninovym nadlozim a pod hladinou pod-
zemni vody je skute¢nou vyzvou vSem ziéastnénym subjektum
vystavby.

Zasadni rozhodnuti o pouzitych technologiich, stavebnich
postupech a o podobé a provedeni sloZitych detaili musely byt
uéinény v ramci projektové a vyrobni pripravy. Detailni feSen{
bylo mnohokrdt prezkoumdno, diskutovdno, oponovano
a mnohdy nésledné ménéno. Tento proces je ovSem nevyhnu-
telny a spravny pri reSeni takto slozitého dkolu, ktery se roz-
hodné nedd oznadit za rutinni. PomysIné dosaZeni nelehkého
cile, ktery byl definovdn v zaddni, bylo ddle ztiZeno mnoha
zménami v koncepci vystavby, rozsahu dila a omezenimi na
stavenisti.

Tento ¢lanek si v uvodu klade za cil sezndmit Ctendre
s postupem provadénych praci, autofi si jsou védomi, Ze mnoha
nastinénd témata si zasluhuji detailn€j$i a rozsdhlejsi popis,
ktery, jak doufaji, bude pfedmétem nékterych z dal§ich ¢ldnku
v tomto casopise.
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3.6 The central tunnel final lining concept

When the central tunnel bottom excavation is finished, the surface
will be reprofiled and will be prepared for the application of the
spray-on waterproofing. Part of the central tunnel bottom reprofiling
process is also the placement of the central drain and the earthing
grid during the casting of blinding concrete. The procedures to be
step by step applied at all working places in the central tunnel star-
ting from the portal wall (with the exception of the final lining of the
bottom in expansion block C) will be realised similarly to the proce-
dures used in the side tunnels. The spray-on waterproofing will be
applied first to the tunnel bottom. The spray-on waterproofing will
be first applied to the tunnel bottom section. The entire tunnel bot-
tom waterproofing system will be finished by applying it to the expo-
sed steel transition plates. The same process will follow in the space
of the vault and the station front wall. The design parameters of the
final lining in the central part of the station cross-section are similar
to those of the side tunnels. The division to individual working sec-
tions and expansion blocks is also unified. The final lining consists
of the vault, invert (base slab) and front wall. A non-faecal sump is
also part of the base slab. An entrance (opening) to the escape struc-
ture is located in the vault of expansion block C. The escape route
further proceeds along a gallery and a circular shaft ending on the
surface. The escape structure is designed as the second emergency
exit. It is also part of Subterra a. s. contract, but it is not described in
detail in this paper. The total completion of the final lining in the
central tunnel, which is the subject of the Subrerra a. s. contract car-
ried out by its Division No.1, is expected in the middle of 2013.

4 CONCLUSION

The construction of the triple-vault station (see Fig. 11) in very
complex geology with low overburden and under water table level
is a real challenge for all subjects participating in the works.

Fundamental decisions on the technologies, construction proce-
dures and the design and execution of complicated details had to
be made during the work on the design and the construction plan-
ning. The detailed solution was many times examined, discussed,
opposed and often subsequently modified. But this process is una-
voidable and necessary for solving such a complicated task, which
certainly cannot be considered to be routine. The hypothetical rea-
ching of the uneasy objective, which was defined in the tender
conditions, was further complicated by numerous changes in the
construction concept, the scope of works and restrictions on site.

The aim of this paper defined in the introduction was acquainting
readers with the procedures of the executed operations. The authors
are aware of the fact that many of the outlined topics deserve more
detailed and more extensive description, which they hope will be
the subject of some of the other papers published in this journal.
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PRVNI FAZE MIKROTUNELOVANI NA RAZBE USLAVSKEHO
SBERACE V PLZNI

FIRST PHASE OF MICROTUNNELLING FOR THE USLAVA
RIVER INTERCEPTOR SEWER IN PLZEN

KAREL FRANCZYK, MARTIN MATUSKA

ABSTRAKT

Cldnek hodnoti prvni fdzi mikrotunelovdni na razbé Uslavského sbérace v Plzni, co? piedstavuje tisek mezi cvicnym golfovym hFistém
podél reky aZ k hranicim obce Bozkov. Jde o profil 800 mm v kameninovych troubdch. A ddle jde o usek v délce asi 700 metri v profilu
1000 mm — opét podél Feky. Cldnek se zaméfuje na geologicky priizkum, volbu razici hlavy a zkusenosti s redlnym prostiedim p¥i razbé.
Kritickym faktorem je zde predevSim charakter podloZnich hornin tvorenych jilovitymi bridlicemi misty kontaktné metamorfovanymi na
bridlice fylitické. Charakter skalniho podloZi se odrazil na volbé a vipravé razici hlavy, kterd spocivala ve vyztuzeni hlavnich ramen a v pridat-
nych tangencidlnich dldtech. Cldnek dopliiuji piehledné tabulky a grafy dokumentujici viechny zdkladni parametry razby v dané etapé.

ABSTRACT

This paper assesses the first phase of microtunelling operations on the Uslava River mined interceptor sewer in Plzeit, which comprises the
section between the practice golf course running along the river up to the BoZkov municipality boundary. The sewer is formed by 800mm-dia-
meter earthenware tubes. In the subsequent about 700m long section, again running along the river, the diameter is increased to 1000mm. The
paper is focused on geological survey, the selection of the cutterhead and experience with the real environment encountered during the exca-
vation. The critical factor of this section is, first of all, the character of the basement rock formed by clayey shales locally contact-metamorp-
hosed to phyllitic shales. The bedrock character reflected itself in the selection and adjustment of the cutterhead, which lied in the reinforcing
of main spokes and additional tangential cutters. The paper is supplemented with synoptic tables and graphs documenting all basic parame-

ters of the driving in this particular stage.

1 0voD

V roce 2012 byly zahdjeny price na stavbé Uslavského sbérace
v Plzni, ktery je soucdsti projektu ,,Cistd Berounka IV* a jednd se
o projekt &aste¢né financovany z koheznich fonda EU. UZ z nazvu
sbérate je ziejmé, 7e probihd podél feky Uslavy, a to viceméné
v celé délce asi Ctyf kilometra trasy. Z podminek, které budou
vysvétleny ddle, vyplynulo, Ze velkd ¢ast tohoto sbérace — vice nez
2 km — ma byt realizovdna raZzenim s vyuZzitim technologie mikro-
tunelovani. V dseku necelych osmi set metrt jde o profil 800 mm
DN, ve zbyvajicim rozsahu pajde o profil 1000 mm DN. Jako trub-
ni materidl byla zvolena kamenina. Tento ptispévek analyzuje pod-
minky a prubéh prvni fdze razby, coZ predstavovalo nasazeni tech-
nologie mikrotunelovani o svétlosti 800 mm a vnéj$im praméru
trub 980 mm v délce 500 metru, a druhé faze, kterd predstavovala
700 metrt v profilu 1000 mm DN.

2 ZAKLADNI UDAIJE O PROJEKTU

Investorem akce je Magistrdt mésta Plzné a uzivatelem Plzenské
voddrny a kanalizace.

Nositelem projektové dokumentace je firma Aqua Procon.
Zakazku realizuje sdruzeni firem Eurovia (vedouci), Hochtief
a Streicher. Hlavni dodavatelem mikrotunelovacich praci je
Subterra a.s., kterd k tomu vyuzivd mikrotunelovaci technologie
Iseki Unclemole TCC 980 a 1280. Dodavatelem kanalizacnich
a protlacovacich trub typu CreaDig je firma Steinzeug Keramo.

3 GEOLOGICKE POMERY

Pro rozhodnuti projektanta o technologii provadéni mél zdsadn{
vyznam geotechnicky prazkum lokality a zji§téné poméry.

Reka Uslava zde protéka Plzefiskou kotlinou, v téchto mistech
velmi plochou a otevienou. Skalni podloZi tvoii prachovitojilovité
bridlice, ¢asto nebo misty také s grafitickou pfimési a vyskytovat se

1 INTRODUCTION

The work on the Uslava River interceptor sewer in Plzen
commenced in 2012. The sewer is part of the “Clean Berounka
River IV” project, which is partially financed from EU’s cohe-
sion funds. It is obvious already from the name of the sewer
that it runs along the Uslava River, more or less throughout the
length of about four kilometres of its route. It followed from the
conditions which will be explained below that a substantial part
of the sewer (over 2km long) is to be realised by mining using
the microtunnelling technology. The DN 800mm diameter is
designed for a nearly 800m long section, whilst DN 1000mm
diameter is required for the remaining section. Stoneware tubes
were selected for the installation. This paper analyses conditi-
ons and the course of the first stage of the tunnelling operati-
ons, which comprised the employment of microtunnelling equ-
ipment required for the diameter of 800mm and outer diameter
of 980mm in a 500m long section and the second tunnelling
phase comprising 700m of the DN 1000mm profile.

2 BASIC PROJECT DATA

The project owner is the City of Plzeni and the user is Plzen
Water Supply and Sewerage Company.

The design is carried out by Aqua Procon s.r.o. The contract
is realised by a consortium consisting of Eurovia CS a. s., the
leader, Hochtief CZ a. s. and and Streicher spol. s r. o. The
main contractor for the microtunnelling operations is Subterra
a. s., which uses Iseki Unclemole TCC 980 and 1280 micro-
tunnelling equipment. CreaDig-type sewerage tubes suitable
for jacking are supplied by Steinzeug Keramo.

3 GEOLOGICAL CONDITIONS

The main factor contributing to the designer’s decision to
propose the application of the tunnelling technology was the
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mohou i bridlice v metamorfovaném vyvoji charakteru fylitickych result of the geotechnical survey of the location and the iden-
bridlic. Toto podloZi je prekryto §térkovou terasou s primési piska tified conditions.
a jilu, vzdy vsak predstavuje znatné zvodnély kolektor podzemni The Uslava River runs through the Plzeii Basin, which is
vody komunikujici s fekou Uslavou. Vzhledem k proménlivému very flat and open in this location. The bedrock is formed by
a spiSe nepropustnému charakteru podloznich jilovitych hornin se silty and clayey shales, frequently or locally containing grap-
jedna o souvisly obzor podzemni vody, misty s napjatou hladinou. hite addition; metamorphose background shales with the cha-
racter of phyllitic shales can also be locally encountered. This
4 GEOTECHNICKY PRUZKUM bedrock is covered with a gravel terrace containing addition of

sand and clay, which always represents a significant ground-
water-bearing aquifer communicating with the Uslava River.
Because of the variable, rather impermeable, character of the
clayey rocks in the basement, it is a continuous, locally confi-
ned, groundwater aquifer.

Oblast sbérace byla geologicky zmapovéana sériemi jadrovych
vrtd, z nichZ nékteré se realizovaly v roce 1990, nékteré v roce 1998
a posledni v roce 2004. Z vrti vyplynuly ndsledujici zdkladn{ infor-
mace o zdjmovém horizontu v drovni kanaliza¢niho potrubf:

— Prevladajici pokryvnou formaci budou hrubozrnné Stérky

s Tiznym stupném piimési jili a jemnozrnnych piskd a se
znaénym obsahem valounu kfemene, kiemencu a bulizniku.

4 GEOTECHNICAL INVESTIGATIONS

— Skalni podloZi bylo z jaddrovych vrta charakterizovadno jako The area around the sewer interceptor was geologically

jilovita bridlice, ve svrchni ¢dsti charakteru jilovité hliny, ale mapped by a series of cored boreholes. Some of them were

i v niz§ich partiich silng zvétrald aZ rozlozend. Fotografie carried out in 1990, some in 1998 and the last in 2004. The fol-

vynosti jadra prezentovaly vesmés tuto bidlici jako zcela roz- lowing basic information on the horizon in which the sewera-

lozenou jilovitou hmotu. ge pipeline was to be placed was obtained from the boreholes:

— Tyto dvé formace byly viceméné potvrzeny viemi priizkum- — Coarse-grained gravels containing various degrees of clay

nymi vrty, ligila se jen vlastni hloubka rozhrani skalniho biid- and fine-grained sands with significant content of quartz,

licového podloZi, takze bylo jasné, Ze razba se bude potkavat quartzite and kieselschiefer boulders will prevail in the
stiidavé s obéma zékladnimi formacemi [1]. superficial formation.

Tyto informace pak rozhodovaly o vlastnim vybéru pouZité razi- — The bedrock was characterised on the basis of cored bore-

ci technologie. holes as clayey shale having the character of clayey loam

in the upper part, but also heavily weathered to decompo-

5 VOLBA PROVADECI TECHNOLOGIE sed in the lower part. Photos of recovered cores mostly

presented this shale as a decomposed clayey material.

— These two formations were more or less confirmed by all
survey boreholes. Only the depth of the shale rockhead
level was different. It was therefore obvious that the drive
would alternatively encounter both basic formations [1].

The above information subsequently decided about the

selection of the mining technology to be used.

Vzhledem k hloubkdm uloZeni sbérace a ke geologickym pome-
ram (zejména s ohledem na vyskyt podzemni vody) byla v rozsahu
vice nez 2000 metru zvolena technologie mikrotunelovani. Pro
sprdvnou volbu typu mikrotunelovaci hlavy vSak bylo nutné i tak
dobre interpretovat vysledky geologického prazkumu. Do dvahy
totiz prichdzely dvé moznosti mikrotunelovaci hlavy:

— Zeminovd hlava vhodnd zejména pro jily, pisky a $térky, kterd

je schopna projit horninou do pevnosti v jednoosém tlaku cca

15 MPa. 5 SELECTION OF EXCAVATION TECHNOLOGY
— Skalni hlava se schopnosti pracovat i v podminkach zemin, ale The microtunnelling technology was chosen for an over
za cenu vyrazné sniZenych postupt a s velkym omezenim 2000m long section taking into consideration the sewer inter-
v ptipadé vétsiho vyskytu jila. ceptor depths and geological conditions (first of all the occur-
Zvolena byla nakonec zeminovd hlava, a to predevsim rence of groundwater). Even then the good interpretation of
z ndsledujicich duvodu: the geological survey results was necessary for the correct
— VSechny testované vzorky skalntho podloZi vykazovaly niZs{ selection of the microtunnelling cutterhead. The reason was
pevnost nez 15 MPa v jednoosém tlaku. the fact that the following two options for the cutterhead came
— Existoval redlny predpoklad, Ze skalni bridlicové podlozi se into consideration:
bude pusobenim vyplachu ménit charakterem spiSe na jilovitou — A soft ground cutterhead suitable first of all for clays,
zeminu, coZ by predstavovalo pro skalni hlavu zdsadni pro- sands and gravels, which is capable of driving through
blém. ground with the uniaxial compressive strength of about
— Zeminova hlava je vyrazné levnéjsi nez hlava skalni, navic I5MPa and
dalsi vyznamnou nédkladovou polozkou u skalnich hlav byvaji — arock cutterhead capable of working even in soft ground,
sady valivych dldt s proménlivou a té7ko odhadnutelnou Zivot- but at the expense of significantly reduced advance rates
nosti. and with significant limitations in the case of greater
~ . L extent of clays encountered.
6 UPRAVY STROJE PRI ZAHAJENI RAZBY The soft ground cutterhead was eventually chosen, first of
Ani sebelepsi geotechnicky prizkum vak nikdy nemiize nahradit | all for the following reasons:
zkuSenosti z redlné razby. UZ pri hloubeni prvnich pristupovych jam — All of the tested bedrock samples exhibited uniaxial com-
se viak ukdzalo, Ze podlozni bfidlice se chovajf jinak, neZ se vieo- pression strength lower than 15MPa.
becné predpokladalo. Biidlice se viibec nerozpadaly na jilovité &asti, — A realistic assumption existed that the shale bedrock
a to ani pusobenim vody. Naopak, ve spodnich partiich predstavova- would be changed rather into material with the character
ly vyraznou prekdzku i pro hloubici techniku v&etné impaktort. of clayey soil due to the action of flushing; this would
Bridlice me¢la evidentné charakter spiSe bridlice krystalické have posed a critical problem for the rock cutterhead.
v metamorfovaném vyvoji, navic bez zrejmych ploch odlu¢nosti — A soft ground cutterhead is significantly cheaper than
a bez tektonického naruseni nebo zvétrani. Byly provedeny dodatec- a rock cutterhead. In addition, another important cost compo-
né zkousky vzorku pifmo odebranych v startovaci jamé, které vSak nent at rock cutterheads are usually sets of disk cutters with
opét nevykazovaly laboratorn¢ pevnost v tlaku vyssi nez 15 MPa. variable and hard to estimate length of life.




22. roénik - €. 2/2013

Obr. 1 Hlava stroje pred tipravou
Fig. 1 Cutterhead before modification

Proto bylo rozhodnuto o provedeni kritkého testovactho tseku
mikrotunelovani zeminovou hlavou (obr. 1), zpétném vytaZeni
stroje a vyhodnocen{ opotreben{ hlavy.

Zeminovy stroj (Iseki Unclemole TCC 980) si poradil
s testovacim dsekem (13 m) relativné bez problému a s minimalnim
opotiebenim zubu, proto zistalo u této volby. Prispéla k tomu
i skute¢nost, Ze prave v tomto tseku méla byt podlozni bridlice nej-
pevnéjsi a smérem dédl méla podle prazkumu postupné degradovat,
pripadné prechdzet do pokryvnich zemin. Na stroji byly provedeny

Voevs

upravy hlavy, které reagovaly na ndrocnéjsi podminky.

Obr. 2 Hlava stroje po tipravé
Fig. 2 Cutterhead after modification

Tab. 1 Priumérné postupy podle tisekii (24h provoz) — 800 mm DN
Table 1 Average advance rates in sections (24h operation) — 800 mm DN

6 MACHINE MODIFICATIONS AT THE COMMENCE-
MENT OF TUNNELLING

Even the best geotechnical investigation can never replace
experience in real tunnelling. It turned out as early as the exca-
vation of initial access pits that the shales forming the bedrock
behaved differently from the general assumptions. The shales
not at all decomposed to clayey particles, even not by the acti-
on of water. Just opposite, they constituted a big obstacle in the
bottom parts even to the excavation equipment including
impact breakers. The character of the shale was rather that of
metamorphosed crystalline schist, even without pronounced
schistosity and without tectonic faulting or weathering.
Additional compressive strength tests were conducted on sam-
ples taken directly in the launching pit, but they again exhibi-
ted compressive strength not exceeding 15MPa.

For that reason it was decided that a short testing section
would be driven using the soft ground cutterhead . The machi-
ne was pulled back to the pit and the cutterhead wear was
assessed (see Fig. 1).

The soft ground cutterhead on the Iseki Unclemole TCC 980
coped with the testing section (13m) relatively without pro-
blems and with minimum wear of cutters. The decision was
therefore made that this option would be maintained. The fact
that the compressive strength of the shale base was to be hig-
hest just in the particular section and it was expected that
according to the survey it was gradually to diminish and the
shale was even to pass into superficial soils contributed to the
decision. On the other hand, it was decided to execute modifi-
cations of the cutterhead which would response to the more
demanding conditions.

The modifications lied in the reinforcing of the cutterhead
spokes by steel side straps the main purpose of which was to
protect peripheral cutters on the cutterhead. The reason was
that these cutters are extremely loaded in a rock environment
and the contingent breaking off of the cutters could have had
fatal consequences. Peripheral cutters create about lcm wide
technological overcutting around the machine body, without
which the advance through a compact environment would 10th
be practically impossible. Another modification consisted of
the installation of additional tangential cutters on the cutterhe-
ad spokes (see Fig. 2).

The work on the modifications caused a delay of nearly two
weeks, but it was worth it in terms of the advance rates achie-
ved. Whilst the penetration rate achieved in the hardest forma-
tions before the modifications reached 125min/m, this rate was
reduced to a half (more specifically 65min/m and later, in sof-
ter formations, even less).

7 800 MM DN TUNNELLING HISTORY

The tunnelling operations commenced on 10th July 2012, after
the execution of the modifications of the machine cutterhead;

Usek / Section | Délka/Length | Primérny postup / Average advance rate | Geologie / Geology
1 13m — (test/ test) Kryst. bidlice s viozkami kfemene / Schist with quartz interbeds
1 47 m 15,2 m/den / 15.2m/day Kryst. bfidlice s viozkami kfemene / Schist with quartz interbeds
2 64 m 15,1 m/den / 15.1m/day Dtto
3 66 m 12 m/den / 12m/day Dtto
4 58 m 24,6 m/den / 24.6m/day Jilovita bidlice / Clayey shale
B 82m 14,6 m/den /14.6m/day Krystalicka bridlice s viozkami kfemene / Schist with quartz interbeds
6 122'm 16,2 m/den / 16.2m/day Krystalicka bridlice / Schist




Tab. 2 Prumérné postupy podle useku (24h provoz) — 1000mm DN
Table 2 Average advance rates in sections (24h operation) — 1000mm DN
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Usek / Section | Délka/Length | Priimérny postup / Average advance rate | Geologie / Geology
1 140 m 17,6 m/den / 17.6m/day Jil, balvanity $térk / Clay, bouldery gravel
2 140 m 17,8 m/den / 7.8m/day Kryst. bridlice, jily, Stérky / Schist. clay, gravel
3 50m 7,25 m/den / 7.25m/day Jil, balvanity $térk / Clay, bouldery gravel
4 160 m 22 m/den / 22m/day Jil, balvanity $térk / Clay, bouldery gravel
5 60m 4,3 m/den / 4.3m/day Jil, balvanity $térk / Clay, bouldery gravel
6 120 m 11,5 m/den / 11.5m/day Krystalickd bridlice s viozkami kiemene / Schist with quartz interbeds
7 65m 17 m/den / 17m/day Krystalicka bridlice / Schist

4 0,
12% &%

24%

Souhrn TCC 980 Plzen - celkovy ¢asovy prehled
TCC 980 Pizen summary - overall time breakdown

the excavation of the
452m long section was
finished on 30™ August
2012. More precise idea of
the course of the excavati-
on and individual secti-
ons, together with idle
times, can be found in
Table and Graph 1.

The driving of the entire
452m long 800mm DN
profile section, without
counting of the cutterhead
testing and subsequent
work on the modifications
(between 281 June 2012
and 10" July 2012) took
nearly two months, which
means that nearly 230m of

celkovy Cas razby
total excavation time

celkovy Cas vkladani rour
total tube insertion time

celkovy ztratovy ¢as
total idle time

celkovy ¢as montaz, otogeni,
stéhovani, demontaz

total time of assembly, turning,
moving, dismantling

Graf 1 Souhrn TCC 980 Plzen — celkovy casovy prehled
Graph 1 TCC 980 Plzeri overall time breakdown

Upravy spo&ivaly ve vyztuzeni razicich ramen stroje boénimi
ocelovymi prilozkami, jejichz hlavnim tc¢elem byla ochrana peri-
fernich zubu na hlave stroje. Tyto zuby totiZ jsou ve skalnim pro-
stredi extrémné naméhdny a jejich pripadné vylomeni mohlo mit
fatdlni dusledky. Periferni zuby totiZ vytvareji kolem t€la stroje asi
centimetrovy technologicky vicevylom, bez kterého by postup
v kompaktnim prostredi nebyl prakticky mozny. Dals{ tpravou
hlavy bylo osazeni pridatnych tangencidlnich noZa na razici rame-
na (obr. 2).

Upravy si vyzadaly zdrZeni necelé dva tydny, aviak vyplatily se
na dosahovanych postupech. Zatimco pred tGpravami dosahoval
stroj rychlosti penetrace v nejtvrdSich formacich 125 min/m, po
Upravéch se tento Cas zkrdtil na polovinu (presné 65 min/m, pozdé-
ji v mekéich formacich jesté méne).

7 PRUBEH RAZBY 800 MM DN

Po provedenych upraviach na hlavé mikrotunelovaciho stroje
byla zahdjena razba 10. Cervence 2012 a predmétny usek
v celkové délce 452 m byl dokoncen 30. srpna 2012. Presnéjsi
predstavu o prubéhu razeb a jednotlivych tsecich i o ztrdtovych
Casech lze ziskat z tabulky a grafu 1.

Realizace razby v celém 452 m dlouhém tseku profilu 800 mm
DN, nepocitdme-li testovani hlavy a ndsledné dpravy (mezi 28. 6.
2012 a 10. 7. 2012) trvaly necelé dva mésice, coz tedy znamena
zhruba 230 m hotového dila pripadajici na jeden mésic. Tato délka
by mohla byt jeste vetsi, kdyby bylo mozno sloucit kratsi dseky do
delsich (optimdlni jsou délky 100—-120 m) a kdyby se 1épe optimali-
zovaly ztratové Casy. I tak v§ak byly dodrZeny vSechny casové mil-
niky projektu i pldnované ¢asy podle puvodni nékladové kalkulace.

the complete working were

carried out in a month. This

length could have been
even greater if it had been possible to join shorter sections
together into longer stretches (the lengths of 100 — 120m are
the optimum) and if the idle times had been better optimised.
Despite this fact all project deadlines and times planned in the
original cost estimation were met.

81000 MM DN TUNNELLING HISTORY

The 1000 mm DN driving machine was employed in
September 2012, immediately after the first §00mm DN tun-
nelling phase. Based on the good experience from the previ-
ous stage, the cutterhead was modified in the same way,
which means that the spokes were reinforced, the peripheral
cutters were protected and tangential cutters were added.
This microtunnelling phase passed through another section
of the construction, in locations near Rokycanskd Street
(including the passage underneath) and further along the
Uslava River up to the practice golf course. In this section
the environment formed by bouldery gravels and clays pre-
vailed, but even relatively hard shale/schist, from time to
time quartziferous, was locally encountered in the sub-base.
Despite these worsened conditions the machine worked
satisfactorily, as obvious from Table and Graph 2. However,
it was exceedingly worn due to the high content of quartz
and it was necessary after the work completion to replace
some tungsten inserts.

The table does not contain a 60m long section under
a bridge over the Uslava River, which has not been finished
(the tubes will be installed in an open trench) because igneous
rock (spilite) with unconfined compressive strength of
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8 PRUBEH RAZBY

1000 MM DN

Stroj 1000 mm DN byl nasazen
v zafi 2012, bezprostfedné po
prvni fazi razby 800 mm DN. Na
hlave stroje byly po dobrych zku-
Senostech z predchozi etapy prove-
deny stejné dpravy, tedy zesileni 35%
ramen, ochrana perifernich nozu
a tangencidlni pfidatné noZe. Tato
faze mikrotunelovani probihala
v jiném udseku stavby — jednalo se
o lokality u Rokycanské tridy
(véetné jejtho podchdzeni) a pak
podél Uslavy a7 k cviénému golfo-
vému hfisti. Zde prevazovalo pro-
stfedi balvanitych $térku, jilu,
v podloZi se vSak mistné vyskyto-
valy i relativné pevné bridlice,

Souhrn TCC 1295 Plzen - celkovy ¢asovy prehled
TCC 1295 Plzer summary - overall time breakdown

47%

celkovy Cas razby
total excavation time

celkovy Cas vkladani rour
total tube insertion time

celkovy ztratovy Cas
total idle time

celkovy ¢as montaz, otoceni,
stéhovani, demontaz

total time of assembly, turning,
moving, dismantling

12%

oblas silné prokfemenélé. 1 pres
tyto ztizené podminky pracoval
stroj v uspokojivych parametrech,
jak je patrné z tabulky a grafu 2.
Vlivem velkého obsahu kfemene byl v§ak nadmérné opotrebova-
vdn a po skonCeni bylo nutné preplatovani nékterych tvrdokovu
v hlavé stroje.

V tabulce v8ak neni hodnocen nedokonceny tsek (bude dokon-
&en ve vykopu) o délce 60 metrii pod mostem pres Uslavu, kde se
vyskytla neoCekdvané vyvreld hornina (spilit) v pevnostech pres
100 MPa v neohrani¢eném tlaku. Také neni zapocitand technolo-
gicka prestavka na konci roku 2012, kdy nebyla stavebni priprave-
nost k dalsimu pokracovani.

Nejdelsi, 190metrovy tsek pod fekou Uslavou byl z programu
zcela vynaty a bude dokoncen se specidlni skalni hlavou. Zde se
totiz riziko vyskytu skalnich hornin o vysokych pevnostech jevi
jako nejvetsi.

Stejné tak zOstdvd nehodnocend tieti etapa mikrotunelovani,
kterd probihd v Bozkové v dobé uzdverky Cisla.

9 ZAVER

V podminkach Ceské kotliny je vzdycky nutné brét s rezervou
i sebepreciznéj§i geotechnicky pruzkum. Geologie je na vetSiné
tizemi Ceské republiky proménliva a navic ani dostupné laborator-
ni geotechnické testy nemohou nikdy nahradit zkuSenosti s redlnou
razbou. Tato proménlivost je zv1ast' kritickd v podminkdch mozné-
ho stridén{ skalnich a zeminovych formaci, protoze to znamena pfi-
jmout zasadni rozhodnuti o nasazeni mikrotunelovaciho stroje se
skalni nebo zeminovou hlavou. V téchto pripadech je vhodné mit
a kterd navic umoznuje tento rozsah jesté rozsifit za pomoci ne pii-
1i§ nakladnych tiprav. Prvni i druhd etapa vystavby Uslavského sbé-
race v Plzni je dobrym prikladem takového vyuziti.
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Graf 2 Souhrn TCC 1295 Plzen — celkovy casovy prehled
Graph 2 TCC 1295 Plzeri overall time breaktime

100MPa was unexpectedly encountered there. In addition, the
technological break at the end of 2012 due to a failure to com-
plete civil works required for the tunnelling continuation is
not counted in.

The longest section (190m) under the Uslava River was
completely removed from the programme to be completed
with a special rock cutterhead. The reason is that the risk of the
occurrence of high strength rock appears to be the highest in
this location.

Even the third microtunnelling stage, which was underway
in Bozkov as this journal issue went to press, remains non-
assessed.

9 CONCLUSION

It is always necessary in the Czech Basin conditions to
treat with caution even the most precise geotechnical inves-
tigation results. Geology is variable in the majority of the
area of the Czech Republic and, in addition, the laboratory
geotechnical tests available can never compensate for expe-
rience in real tunnelling. This variability is especially criti-
cal in the conditions where the alternation of hard rock and
soft ground is possible because of the fact that it means that
a fundamental decision has to be made whether
a microtunnelling machine with a soft ground or rock cutter-
head is to be employed. It is suitable in these cases to have
equipment available which can be used in as wide as possib-
le geological conditions and which, in addition, allows the
expansion of this scope through not too expensive modifica-
tions. The first and second stage of the construction of the
Uslava River sewer interceptor in Plzei is a good example of
such the use.
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GEOLOGICKY A GEOTECHNICKY PRUZKUM PRO NOVY BAZOVY TUNEL
SEMMERING V RAKOUSKU

GEOLOCICAL AND GEOTECHNICAL GROUND INVESTIGATION FOR
NEW SEMMERING BASE TUNNEL IN AUSTRIA

ROBERT VANEK, ALFRED FASCHING

ABSTRAKT

Projekt Nového bdzového tunelu Semmering Rakouskych spolkovych drah (OBB) je situovdn ve sloZitém geologickém prostiedi s pestrymi
horninovymi poméry a vysokym nadloZim. V pribéhu pripravy tunelu byl navrZen a proveden komplexni geologicky, hydrogeologicky
a geotechnicky priizkum. Zahrnoval vSechny druhy soucasnych metod priizkumu — prdce v terénu, polni zkousky a laboratorni analyzy.
Operativni pristup ke strategii prizkumnych praci umoznil ndlezité zmapovdni a zhodnoceni iseki se sloZitou geologickou stavbou.

ABSTRACT

New Semmering Base Tunnel project of the Austrian Federal Railway is situated in complex geological setting and offers hetero-
geneous ground conditions. Therefore comprehensive geological, hydrogeological and geotechnical ground investigation was desig-
ned and implemented. The investigation included all kind of state-of the art investigation methods comprising field work, in-situ tes-
ting as well as laboratory analyses. A flexible approach in investigation strategies allowed for appropriate investigation of sections

with complex geological architecture.

1 0voD

V soucasné dobé¢ projektovany Novy bazovy tunel Semmering je
27 km dlouhy Zelezni¢ni tunel ve vychodni ¢asti Rakouska. Spolu
s 33 km dlouhym tunelem Koralm, ktery je jiZz Ctyfi roky ve vystav-
bé, je bdzovy tunel Semmering klicovy projekt na trati ,,Stidbahn®
v Rakousku, spojujici mésta Viden, Styrsky Hradec a Klagenfurt
(obr. 1). Tato trat’ je v evropském kontextu vyznamnou soucdsti
baltsko-jaderského koridoru, spojujiciho pristavy v Baltském mori
s oblasti Jaderského more.

Novy bazovy tunel bude fungovat jako ndhrada historické trati
Semmering, kterd byla v roce 1998 zarazena do seznamu Svétového
kulturniho dédictvi UNESCO. Historickd Zelezni¢ni trat’ vedouci
pres prusmyk Semmering byla navrzena Carlem von Ghea a byla
uvedena do provozu jako prvni horska ZelezniCni trat'na svété.

Rakouské spolkové drahy (OBB) zahdjily proces pfipravy pro-
jektu nového tunelu v roce 2005. Zahdjeni razeb se predpoklddd

1 INTRODUCTION

The New Semmering Base Tunnel is a 27km long railway
tunnel in the eastern part of Austria, that is currently under
design. Together with the Koralm Tunnel, a 33km long tunnel
which is under construction for about four years, the
Semmering Base Tunnel is a key project along the ,,Stidbahn*
railway line in Austria connecting the cities of Vienna, Graz and
Klagenfurt (Fig. 1). In European context this railway line is an
important part of the Baltic Adriatic Axis connecting the har-
bours in the Baltic Sea with the Adriatic region.

The new base tunnel acts as a relive and substitute for the his-
toric Semmering railway line, which became UNESCO World
Cultural Heritage site in 1998. The historic Semmering railway
line was designed by Carl von Ghega and opened in 1854 as the
first mountain railway line in the world.

The design process of the new tunnel project was launched in
2005 by the Austrian Federal Railways (OBB). Tunnelling

works are supposed to start in 2014. The completion of
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the tunnel construction and the opening to railway ope-
ration is expected for 2024.

The New Semmering Base Tunnel is designed as
double-tube tunnel system with cross passages at
intervals of 500m and an emergency stop station in the
middle of the tunnel (Fig. 2). The tunnel has a curved
alignment due to route design parameters and geolo-
gical reasons as well. For construction purposes tem-
porary access through vertical shafts of up to 420m
depth and two access tunnels of up 1.4km length are
required. The maximum overburden amounts to app-
rox. 870m.

Rail tunnel tubes shall be driven by combination of
TBM and conventional (NATM) methods. Based on
existing geotechnical knowledge and technological
and logistical requirements, TBM method shall be
applied for one third of the tunnel length whereas two
thirds of the tunnel are supposed to be driven by
NATM excavation.

3G Gruppe Geotechnik Graz ZT GmbH, Austria, is
responsible for engineering geological and geotechni-
cal consulting services during all project stages so far,
including ongoing tender design. The tasks cover
design and documentation of all investigation pro-
grams, supervision of core drilling works, interpretati-
on and evaluation of investigation results as well as

Obr. 1 Zeleznicni trat’,,Siidbahn* v Rakousku véetné bdazového tunelu Semmering
Fig. 1 “Siidbahn” railway line in Austria including Semmering Base Tunnel

geological ground modelling and geotechnical ground
characterisation.
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v roce 2014. Dokonceni
stavby tunelu a uvedeni
trati do provozu se oceka-
va v roce 2024.

Novy bdzovy tunel
Semmering je navrzen
v podobé dvou jednoko-
lejnych tunelovych trub
s propojkami ve vzddle-
nosti 500 m a nouzovou
stanici uprostied délky
tunelu (obr. 2). Smérové
vedeni tunelu je zakfivené
z duvodu ndvrhovych

Portal
Miirz-
zuschlag

Portal
Gloggnitz

parametrd trati a geo-
logickych podminek. Pro
potfeby vystavby jsou
nutné docasné pristupy
svislymi Sachtami hlubo-
kymi az 420 m a dvéma
pristupovymi tunely dlouhymi az 1,4 km. Maximdlni vySka nadlo-
Z{ dosahuje témét 900 m.

Trouby Zelezni¢niho tunelu se budou razit kombinaci mechani-
zovaného razeni pomoci TBM a konvenéni metody (NRTM). Na
zdkladé stdvajicich geotechnickych znalosti a technologickych
a logistickych poZadavku se metoda TBM pouZije priblizné na
jedné tretiné délky tunelu, zbylé dvé tretiny délky tunelu se budou
razit konvenéné pomoci NRTM.

Na vSech dosavadnich etapdch inZenyrskogeologického
a geotechnického pruzkumu, jeho vyhodnocovani a konzultadni
¢innosti se podilela rakouskd spolecnost 3G Gruppe Geotechnik
Graz ZT GmbH a autofi ¢ldnku. Cinnosti zahrnovaly navrh
a dokumentaci vSech pruzkumnych praci, dohled nad jadrovym
vrtanim, interpretaci a vyhodnocovéni vysledka prazkumu, ddle
geologické modelovani hornin a geotechnicky popis hornin.

drihy OBB)

2 GEOLOGICKE POMERY

Z geologického hlediska se stavba nachdzi na vychodnim okraji
alpského orogénu. Zastizené geologické jednotky jsou tvoreny pod-
loznimi komplexy krystalinika a pokryvnymi udtvary sedimentarni-
ho puvodu: Drobovéd oblast, Wechselské krystalinikum, Sem-
merinské krystalinikum, Stfedoalpské Permsko-Mesozoické jedno-
tky (obr. 3). Geologicka stavba je charakteristickd intenzivnimi pre-
smyky a vrasnénim. Je mozné rozliSit ¢tyfi hlavni tektonické prik-
rovy, z nichz kazdy se sklddd z podloZnich hornin krystalinika
a sedimentarnich pokryvnych dtvaru.

Zajmova oblast je protnuta mnoha pasmy kiehkého tektonického
poruseni. Ty zpusobuji velké posuny podél konkrétnich struktur
a rozdéluji vySe uvedené velké tektonické jednotky. Podél poru-
chovych péasem je horninovy masiv silné¢ rozpukany a preménény
na razné typy poruSenych hornin, coZ je z geotechnického hlediska
pro stavbu vyznamné.

Orientace pasem kiehkého poruseni i jejich nasunuti sleduji hlav-
ni regiondlni systémy poruch. Nejvyraznéjsi tektonicky poruchovy
systém je systém Mur — Miirz — Semmering — Videnska pénev, pro-
tinajici trasu stavby ve smeru VSV — ZJZ jizné od Gloggnitzu k jihu
Miirzzuschlagu. Tento poruchovy systém vykazuje levostranné
nasunuti a horizont4lni posun kolem 30 km vzhledem k sousednim
geologickym jednotkdm. Dals{ hlavni systém krehkého zlomového
poruseni vykazujici horizontdlni posun kfiZ{ trasu jizné od
Goggnitzu ve sméru V — Z. Vyse uvedené tektonické struktury jsou
navic protnuty mladsimi zlomy ve sméru S —J a SV - JZ.

Vréasnéni, presmyky a krehkd poruSeni vedou k velmi slozitym
a nestejnorodym horninovym pomértum v oblasti stavby.

3 GEOTECHNICKY PRUZKUM - METODY A STRATEGIE
Vezmeme-li v tvahu geologické prostiedi, je zfejmé, Ze geolo-
gicky prizkum byl jednou z hlavnich &asti piipravy projektu
a ndvrhu technickych feSeni. Slozité geologické poméry vyvolaly
potiebu velkého rozsahu pruzkumnych praci, ktery umoznil splnit
pozadavky projektu. Cilem prazkumu byl geologicky strukturni

Obr. 2 Situace Nového bdzového tunelu Semmering (1 — pristupovy tunel Grautschenhof, 2 — sklddka rubaniny Longsgraben,
3 — pristupovd Sachta Froschnitzgraben, 4 — nouzovy zdliv, 5 — pristupovy tunel a Sachta Géstritz, grafika Rakouské spolkové

Fig. 2 Layout of New Semmering Base Tunnel (1 — access tunnel Grautschenhof, 2 — muck deposit Longsgraben, 3 — access
shaft Froschnitzgraben, 4 — emergency stop station, 5 — access tunnel and shaft Gostritz, graphics OBB)

2 GEOLOGICAL SETTING

From geological point of view the project area is situated at
the eastern margin of the Alpine orogen. The geological units
encountered comprise crystalline basement complexes and sedi-
mentary cover sequences: Greywacke zone, Wechsel Crystalline
complex, Semmering Crystalline complex, Central Alpine
Permo-Mesozoic units (Fig. 3). The geological architecture is
characterised by intense thrusting and folding. There are four
major tectonic nappes that can be distinguished, each of them
consisting of crystalline basement rocks and sedimentary cover
rocks.

The project area is crossed by a multitude of brittle tectonic
fault zones. They cause significant displacements along certain
structures and dissect the large-scale tectonic units mentioned
above. Along fault zones the rock mass is heavily fractured and
transformed to different types of fault rocks, thus being of parti-
cular geotechnical relevance for the project.

The orientations of brittle fault zones as well as their kinema-
tics follow the major regional fault systems. The most prominent
fault system is the Mur — Miirz — Semmering — Vienna Basin —
Fault system, crossing the project area in ENE — WSW direction
from south of Gloggnitz to south of Miirzzuschlag. The fault
system shows left-lateral kinematics and a strike-slip displace-
ment of some 30km of the adjacent geological units. Another
major brittle strike-slip fault system crosses the alignment south
of Goggnitz in E — W direction. In addition, N — S as well as NE
— SW striking younger faults cut the structures mentioned above.

All together folding, thrusting and brittle faulting lead to
highly complex and heterogeneous ground conditions in the
project area.

3 GROUND INVESTIGATION — METHODS AND
STRATEGIES

Considering the geological setting it is evident that ground
investigation was one of the key issues in the design process.
The existing complex ground conditions raised the need for
investigations of considerable extend to meet the project requi-
rements. The investigation aims focussed on the geological
structural model as well as the hydrogeological properties and
geotechnical ground parameters.

3.1 Investigation campaigns

The investigations accomplished so far were carried out in
three campaigns:

— route selection (2005-2007),

— environmental impact assessment and preliminary design

(2008-2009),

— tender design (2011-2012).

Heart of each of the investigation campaigns was a core dril-
ling program.

The investigation for the route selection covered an area of
approximately 300km?. After extensive geological field map-
ping 82 drillings where executed with a total length of more than



Obr. 3 ZjednoduSend geologickd mapa zdjmové oblasti obsahujici Wechselské krystalinikum
(WC), Semmeringské krystalinikum (SC), Drobové pasmo (GWZ) a Permsko-Mesozoické jednot-
ky (PM 1 - WC rula, 2 — WC krystalickd bridlice, 3 — SC sekvence rul a diabasu, 4 — SC fyloni-
ticky svor, 5 — SC ortorula, 6 — GWZ Noricky prikrov v¢. silbersberské skupiny, 7 — GWZ
Veitschsky prikrov, 8 — PM sericitické bridlice a fylity, 9 — PM kiemenec, 10 — PM vdpenec
a bunéénaty dolomit, 11 — PM dolomit, 12 — vypln neogenni panve; cervené &dry — hlavni tekto-

nicky poruSend pdsma)

Fig. 3 Simplified geological map of the project area comprising Wechsel Crystalline complex
(WC), Semmering Crystalline complex (SC), Greywacke zone (GWZ) and Permo-Mesozoic units
(PM) (1 - WC gneiss, 2 — WC schist, 3 — SC gneiss-greenstone-sequence, 4 — SC phyllonitic mica-
schist, 5 — SC orthogneiss, 6 — GWZ Noric nappe incl. Silbersberg group, 7 — GWZ Veitsch nappe,
8 — PM sericitic schist and phyllite, 9 — PM quartzit, 10 — PM limestone and rauhwacke, 11 — PM

dolomite, 12 — neogene basin fillings, red lines major fault zones)

model, stanoveni hydrogeologickych vlastnosti a geotechnickych
parametrt hornin.

3.1 Priizkumné etapy

Dosud realizované pruzkumné prace byly provedeny ve tiech etapdch:

— vybér trasy (2005-2007),

— hodnoceni dopadu na Zivotni prostiedi a predbéZny projekt

(2008-2009),

— projekt pro vybérové fizeni (2011-2012).

Hlavni ndplni kazdé prazkumné etapy byl pldn jadrového vrtdni.

Prizkum pro vybér trasy zahrnoval plochu pfiblizné 300 km?. Po
rozséhlém geologickém terénnim mapovani bylo provedeno 82 vrti
s celkovou délkou vrtného jadra pres 11 000 m. Prazkum pro hod-
noceni dopadu na Zivotni prostiedi a pro predbézny projekt byl
navrzen tak, aby pokryval cely koridor podél vybrané trasy.
Obsahoval 60 vrti s hloubkou az 720 m a celkovd délka byla pfi-
blizné 18 000 m. Nakonec se prizkum pro projekt vybérového fize-
ni zaméril na trasu tunelu a piistupové tunely. Bylo provedeno 25
jadrovych vrtu s celkovou délkou jadra 7000 m. Nejhlubsi vrt sahal
do hloubky 850 m.

Kromé jadrovych vrtu obsahovala kazdd prizkumnd etapa terén-
ni mapovéni, rozsdhlou sadu geofyzikdlnich méfeni a geotech-
nickych a hydraulickych zkousek ve vrtech, geofyzikéln{ pruzkum
na povrchu a laboratorni zkouSky pro stanoveni geologickych, hyd-
rogeologickych a geotechnickych parametra.

3.2 Pouzité metody

3.2.1 Terénni mapovdni

Geologické terénni mapovéni se provddélo v rizném rozsahu,
podle specifickych cild jednotlivych etap. Price v terénu zalaly
mapovanim oblasti o plose vice nez 300 km? v mé&fitku 1:10000
v prubéhu vybéru trasy a koncily podrobnym mapovénim portélo-
vych oblasti v méfitku 1:1000 pro projekt vybeérového fizeni.

3.2.2 Jddrové vrtdani

Jak bylo zminéno vySe, jadrové vrtani bylo jednou z hlavnich
metod geotechnického pruzkumu. Pro kazdy vrt byl stanoven cil
prizkumu zahrnujici popis ofekdvaného litologického sledu, kte-
rym se bude prochdzet, a program polnich zkousSek.

Byly specifikovédny svislé i Sikmé vrty v zavislosti na struktur-
nich a morfologickych podminkdch. Nékteré sahaly do trovné
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11000m of cores. The investigation for the envi-
ronmental impact assessment and preliminary
design was designed to investigate the corridor
along the selected route. It comprised 60 drillings
with depths of up to 720m and a total length of
approximately 18000m. Finally the investigation
for the tender design focused on the tunnel align-
ment and the access tunnels. 25 core drillings with
a total core length of 7000m were executed. The
deepest drilling was driven to a depth of 850m.

Beside core drilling each investigation campa-
igns included field mapping, extensive geophysi-
cal, geotechnical and hydraulic borehole investi-
gations, surface geophysical survey, and labora-
tory testing to determine geological, hydrogeolo-
gical and geotechnical parameters.

3.2 Methods applied

3.2.1 Field mappin

Geological field mapping was carried out in
different scales according to the specific objecti-
ves of the different campaigns. The filed works
started with 1:10000 scale mapping of an area of
more than 300km? during route selection and
ended with detailed 1:1000 scale mapping at the
portal areas during the investigations for tender
design.

3.2.2 Core drilling

As mentioned above core drilling was one of
the central methods in ground investigation. For
each borehole an investigation target was defined
including a description of the expected lithologi-
cal sequence to be drilled through and the in-situ
testing program.

Depending on the structural and morphological conditions
vertical as well as inclined boreholes were specified, some of
them were reaching down to the tunnel level with a maximum
depth of 850m (Fig. 4). The minimum core diameter for all dril-
lings was defined with 100mm. All boreholes were drilled using
triple core barrel equipment with core liners to ensure high qua-
lity of the cores recovered.

All drill cores were subject to detailed geological core log-
ging. In selected sections structural geological discontinuity
analyses were undertaken to determine the tectonic regime and
the kinematics of fault zones.

3.2.3 Borehole in-situ testing and installations

To investigate lithological, structural, hydrogeological as well
as geotechnical properties of the rock mass in all boreholes
a borehole in-situ test program was performed within the bed-
rock sections. The program consisted of borehole deviation mea-
surements, calliper logs, acoustic and optical borehole imaging,
vertical seismic profiling, full wave sonic logging, gamma-
gamma-density logging, in-situ stress measurements using hyd-
raulic fracturing and dilatometer testing.

In selected fault zones, series of calliper logs were run in intervals
of several hours to measure the reduction of the borehole diameter
and thus investigate the deformation properties of fault rocks.

The hydrogeological investigation included fluid conductivity
and temperature measurements, spinner and electromagnetic
flowmeter measurements, water pressure testing, tracer fluid
logging, hydraulic packer tests as well as pumping tests.

Several boreholes were equipped with open standpipes for
long term monitoring of the groundwater level. The maximum
depth of standpipes installed was 680m. For the stability control
of open cut excavation inclinometers were installed in boreholes
at portal areas as well as site installation areas.

3.2.4 Surface geophysical investigation

Supplementary to the core drillings surface geophysical
investigations were performed. Main objective was to obtain
linear information about the geological architecture in selected
areas. Methods applied are seismic reflexion, seismic refraction
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tunelu s maximdlni hloubkou 850 m (obr. 4). Pro vSechny vrty byl
stanoven minimdlni pramér jadra 100 mm. VSechny vrty se prova-
dely trojitou jadrovnici, zajiStujici vysokou kvalitu vynosu jader.
O vsech vrtnych jadrech se vedla podrobnd dokumentace. Ve vybra-
nych tsecich se provadély strukturni analyzy, aby se tak zjistil tek-
tonicky rezim a nasunuti poruchovych zén.

3.2.3 Zkousky ve vrtech a mérici zarizeni

Pro vyzkum litologickych, strukturnich, hydrogeologickych
a geotechnickych vlastnosti horninového masivu ve vSech vrtech
byl v tsecich skalniho podloZi realizovan program polnich zkousek
ve vrtech. Program se sklddal z méfeni odchylky vrtu, zdznamu
o priméru a tvaru vrta, akustickych a optickych sondovéni, verti-
kélniho seismického profilovani, akustické karotdze, zdznamu
gama-gama karotdze, méfeni napé€ti in-situ porusenim hydraulic-
kym tlakem a dilatometrickych zkousek.

Ve vybranych poruchovych pdsmech se provadély v nékoli-
kahodinovych intervalech série méfeni prumeéru a tvaru vrtu s cilem
méfit zmenSovani priméru vrtu, a tak urit deformacni vlastnosti
hornin v poruchovém pdsmu.

Hydrogeologicky prizkum zahrnoval méfen{ vodivosti a teploty
kapalin, méfeni rotaénimi a elektromagnetickymi prutokoméry,
vodni tlakové zkousky, stopovaci zkousky, zkousky hydraulicky
upinaného obturdtoru a Cerpaci zkousky.

Nekolik vrti bylo vystrojeno perforovanou paznici pro dlouho-
dobé monitorovani drovné hladiny podzemni vody. Maximaln{
hloubka paZen{ byla 680 m. Z divodu kontroly stability otevienych
zéfez byly ve vrtech v portdlovych oblastech a oblastech zarizeni
staveniS§té instalovany inklinometry.

3.2.4 Povrchovy geofyzikdlni prizkum

Povrchové geofyzikdlni pruzkumy se provddély jako doplnék
jadrového vrtdni. Hlavnim cilem bylo ziskat plosné informace
o geologické skladbé ve vybranych oblastech. Pouzité metody zahr-
nuji reflexni seismiku, seismickou refrakéni tomografii
a elektrickou odporovou tomografii. U vétSiny profilt byly apliko-
vany vedle sebe. Celkova délka povrchovych geofyzikdlnich profi-
It dosahuje témér 20 km.

3.2.5 Laboratorni zkousky

Na jadrovych vzorcich byla realizovédna rozsahld sada laborator-
nich zkousek s cilem zjisténi geologickych a geotechnickych para-
metru riznych horninovych typu. Zkousky zahrnovaly mineralo-
gickou analyzu pomoci rentgenového difraktometru a mikro-
skopické analyzy tenkych vrstev, stanoveni abrazivnosti pomoci
CAI (Cerchar Abrasivity Index) a urceni ekvivalentniho obsahu
kfemiku, analyzu jilovych minerdlu, zkousky v jednoosém
a trojosém tlaku, Brazilské zkousky, zkousky ve smykové krabici
podél ploch nespojitosti, zkousky neporusenych vzorki hornin
a zemin ve smykové krabici, stanoveni krivky zrnitosti a zkousky
bobtndni (zkouska bobtnaciho tlaku, zkouska bobtndni pri kon-
stantnim zatiZeni, Huder-Ambergova zkouska).

Navic se provadély specidlni trojosé zkousky a zkousky pretvar-
nosti na vzorcich tektonicky poruSenych hornin s cilem zjistit para-
metry odvodnéné smykové pevnosti a pretvarnosti pri vysokych
napétich, jaké pusobi v drovni tunelu (obr. 5). Pro ziskdn{ vysoce
kvalitnich vzorku tektonicky porusenych hornin byly pouZity spe-
cidlni postupy odbéru véetné uzavieného parotésného baleni.

Celkem byly provedeny zkousky na témer 3000 vzorcich skal-
nich a poloskalnich hornin a zemin.

3.2.6 Vwhodnoceni dat ze staveb tunelii v blizkosti stavby

Oblast trasy bazového tunelu Semmering je protnuta dalnici S6.
Na trase této dalnice bylo vybudovdno celkem pét tunell ve stej-
nych litologickych jednotkdch, které budou zastizeny i pri stavbé
nového Zelezni¢niho tunelu. Navic asi 1,5 km dlouhy dsek pomoc-
ného tunelu staré stavby bazového tunelu Semmering se nachdzi
v blizkosti trasy soufasného tunelu. Vysledky pruzkumnych praci
pro tyto tunelové stavby a informace z obdobi vystavby byly také
vyhodnoceny a pouZity pro dcely stavby Nového bdzového tunelu
Semmering.

3.3 Operativni Upravy provedené v prabéhu prazkumu

Ve dvou dsecich podél trasy koridoru zjistilo jiddrové vrtdni
béhem prazkumnych etap neocekdvané geologické struktury
a jednotky. Zjisténi byla oznacena za obzvlasté duleZitd pro navrh

Tuel

Obr. 4 Jddrové vrtdni KB-26/11: a) vrtnd souprava; b) jadra z hloubky
847-849 m
Fig. 4 Core drilling KB-26/11: a) drilling rig; b) cores from 847-849m depth

tomography and electrical resistivity tomography, for most of
the profiles applied side by side. The total length of surface
geophysical profiles amounts to almost 20km.

3.2.5 Laboratory testing

An extensive laboratory program was performed on core sam-
ples to determine geological as well as geotechnical parameter
of the different rock types. The program consisted of mineralo-
gical analysis with X-ray diffractometer and microscopic analy-
sis of thin sections, determination of rock abrasiveness applying
Cerchar Abrasivity Index tests and determination of the equiva-
lent quartz content, analysis of clay minerals, uniaxial and tria-
xial compression tests, Brazilian tests, direct shear test along
discontinuities, direct shear test on intact rock and soil samples,
determination of grain size distribution and swelling tests (zero
swell test, free swell test, Huder-Amberg test).

Additionally special triaxial tests and compression test on
fault rock samples were executed in order to determine drained
shear parameters as well as stiffness at high stress levels as they
act on tunnel level (Fig. 5). To gain high quality fault rock sam-
ples special sampling procedures were applied including confi-
ned and vapour proof packing.




Obr. 5 Trojosy vzorek vysoce plastické, jemnozrnné vyplné tektonické poru-
chy: vzorek pronikd drendzZnimi otvory v horni destiCce a vytvdri privésky
podobné Spagetam (po zkousce se zkusebni vybaveni upravilo; foto M. Bliimel)
Fig. 5 Triaxial test sample of highly plastic, fine grained fault gouge: sample
entering drainage holes in the top plate forming spaghetti-like appendices
(testing equipment was modified after test; photo: M. Bliimel)

trasy a geotechnicky projekt (tj. razba TBM versus NRTM).
Program pruzkumu byl proto operativné upraven. Po vyhodnoceni
geologického modelu a dopada byly definovény cile dalsiho pru-
zkumu a bylo rozhodnuto o dpravach programu pruzkumu.
Prepracovani programu pruzkumu zahrnovalo dal3{ vrty, specifické
tpravy tykajici se zdznamu o vrtech a zkousek in-situ, i dal3i geo-
fyzikdlni prizkum na povrchu.

4 VYHODNOCENI VYSLEDKU PRUZKUMU

4.1 Geologické hodnoceni

Ruznorodost tektonické stavby Ize ilustrovat ndsledujicimi tdaji.
Trasa tunelu protind celkem 13 velkych tektonickych jednotek, 18
geologickych jednotek a 42 litologickych jednotek sloZenych z vice
nez 60 ruznych skalnich/poloskalnich hornin. Litologické jednotky
obsahuji razné typy vépence, dolomitu, buné¢naty dolomit, sadro-
vec a anhydrit, mramor, slabé metamorfované sedimentédrni horni-
ny, ruzné typy fylitd a bfidlic, kfemenec, rulu a amfibolity (3G
a spol., 2010).

Terénnim mapovanim a jadrovym vrtanim byly zjistény porucho-
vé z6ny o znacné mocnosti. Strukturni analyza horninového masi-
vu odhalila, Ze tektonické poruchy ve sméru S —J a SV — JZ pred-
stavuji poklesové zlomy, coZ naznacuje, Ze extenzni tektonika md
veétsi vyznam v tektonické stavbe, nez se drive uvaZzovalo.

K dosazeni vérohodnosti a ucelenosti geologického a struk-
turniho modelu byl na zédkladé vysledka pruzkumu vytvoren pro-
storovy model zdjmové oblasti (obr. 6). Tento 3D model je navic
pouzivan investorem pro potieby prezentaci.

Model pokryva celou délku tunelu 27,3 km v $ifce témet 10 km.
Je zaloZen na geologické mapé povrchu v méfitku 1:10000, podél-
ném fezu niveletou tunelu, vodorovném fezu ve vySce tunelu,
mnoha pri¢nych fezech a informacich ze viech vrtu.

4.2 Geotechnické podminky

Zhodnoceni horninovych poméra bylo provddéno podle rakous-
ké smérnice pro geotechnicky ndvrh konven¢né razenych podzem-
nich staveb (OGG, 2009). Horninové typy byly urCovdny podle
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In total almost 3000 rock and soil samples were tested.

3.2.6 Evaluation of data from tunnel projects in the vicinity of
the project

The project area of the Semmering Base Tunnel is crossed by
Freeway S6. In total 5 tunnels have been constructed along the
freeway route in lithological units, which will also be encountered
in the new railway tunnel. In addition, for a length of about 1.5km
an auxiliary tunnel of the old Semmering Base Tunnel project is
located close to the actual tunnel alignment. Results of investiga-
tion programs for these tunnel projects as well information from
the construction period were evaluated for the New Semmering
Base Tunnel project.

3.3 Flexibility and short term adaptations during
investigation

In two sections along the alignment corridor core drillings
revealed unexpected geological structures and units during the
investigation campaigns. The findings were identified as being
of particular importance for the design of the alignment and the
geotechnical design (i.e. TBM vs. NATM excavation method).
Therefore the investigation program had to be adapted on short
notice. After evaluating the geological model and the consequ-
ences the objectives of the further investigation were defined
and adaptations of the investigation program were decided. The
redesign of the investigation program included additional bore-
holes, specific adjustments concerning the borehole logging and
in-situ testing as well as further geophysical survey on the sur-
face.

4 EVALUATION OF THE INVESTIGATION RESULTS

4.1 Geological evaluation

The heterogeneity of the tectonic architecture can be exempli-
fied by the following characteristic numbers. The tunnel route
crosses in total 13 tectonic large-scale units, 18 geological units,
and 42 lithological units consisting of more than 60 different
rock types. The lithological units include different types of
limestone, dolomite, rauhwacke, gypsum and anhydrite, marble,
low metamorphic sedimentary rock types, different types of
phyllites and schist, quartzite, gneiss and amphibolites (3G et.
al, 2010).

Fault zones of considerable thickness were identified by
means of field mapping and core drilling. Structural analysis of
discontinuity data revealed that N-S as well as NE-SW striking
structure often represents normal faults, indicating that extensi-
onal tectonics has a higher importance in the tectonic architectu-
re as known before.

In order to ensure the plausibility and consistency of the geo-
logical and structural model a 3D model of the project area was
developed on basis of the investigation results (Fig. 6). In additi-
on the 3D model is used by the client for presentation purposes.

The model covers the whole tunnel length of 27.3km with
a width of almost 10km, and is based on the geological surface
map, scale 1:10.000, the longitudinal section along the tunnel
alignment, a horizontal section at tunnel elevation, numerous
cross sections and all borehole information.

4.2 Geotechnical conditions
The geotechnical characterization of ground conditions was
performed in accordance with the Austrian guideline for the geo-
technical design of underground structures with conventional
excavation (OGG, 2009). Ground Types were specified on the
basis of key parameters. A Ground Type is defined as
a geotechnical relevant ground volume, including the intact rock
material, discontinuities and tectonic structures.
Following these criteria 41 Ground Types were defined:
2 Ground Types for soil, 33 Ground Types for rock mass and
6 Ground Types for fault zones (3G et. al., 2010).
The information provided for each Ground Type includes data
and information about:
— the rock type
— the geomechanical properties of the rock material: uniaxial
compressive strength, cohesion, friction angle, tensile
strength, E-modulus, mj-value, Poisson's ratio, Cerchar
Abrasivity Index
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klicovych parametrd. Horninovy typ je obecné definovén jako
geotechnicky relevantni objem horniny zahrnujici neporusenou
horninu, diskontinuity a tektonické struktury.

Podle téchto kritérii bylo definovdno 41 horninovych typu: 2 hor-
ninové typy pro zeminu, 33 horninovych typu pro skalni/poloskalni
horniny a 6 horninovych typu pro poruchové zény (3G a kol., 2010).

Charakteristika kaZdého horninového typu obsahuje ndsledujici
data a informace:

— horninovy typ,

— geomechanické vlastnosti skalnich/poloskalnich hornin: pev-

nost v prostém tlaku, soudrZnost, dhel vnitfniho tfeni, pevnost
v tahu, modul pruzZnosti, hodnota parametru m; podle Hoek —
Browna, Poissonovo ¢islo, CAI,

— sit’'diskontinuit: typy diskontinuit, &etnost, prubéZnost, rozevie-
ni, drsnost, thel vnitfniho tfeni, velikost a tvar bloku, hodnota
geologického soucinitele pevnosti (GSI),

— skalni/poloskalni hornina: hustota, pevnost v tlaku, soudrZnost,
thel vnitiniho tfeni, modul pruznosti a deformace, Poissonovo
¢islo, pravdépodobnost bobtndni, rozpojitelnost horniny
a abrazivita, injektovatelnost, odolnost proti zvétravani
a odolnost proti rozpadu,

— zrnitost, thel vnitfntho tfeni, soudrZnost a modul pretvarnosti
(u zemin),

— vlastnosti porusenych hornin a tektonickych pasem, objemové
rozméry bloka, propustnost (u poruchovych pdsem).

JelikoZ se v ruznych tektonickych jednotkdch podél trasy tunelu
vyskytuji ruzné horninové typy, byl tunel rozdélen do geotechnic-
kych dsekd. Bylo definovdno celkem 33 geotechnickych dsekd,
z nichZ kazdy je charakterizovan rozdélenim horninovych typu
a strukturni orientaci skalniho masivu.

Vysledky pruzkumu ukazuji, Ze stavba &elf nékterym geotechnic-
kym vyzvam.

Toto je souhrn tfi hlavnich vyzev:

Celkem asi 12 aZ 15 % trasy tunelu je situovdno v horninovém
masivu s vysokou hustotou diskontinuit nebo v tektonicky poruse-
nych pasmech.

Tunel protind tseky s vysoce propustnymi vadpenci a dolomity,
s o¢ekdvanymi pritoky vody az 300 I/s a hydraulickym potencidlem
az 28 baru.

Anhydrit a materidly tektonickych poruch, které jsou bohaté na
jilovité minerdly, maji za ndsledek pfitomnost bobtnavych hornin
v urcitych tdsecich trasy tunelu.

5 ZAVER

Pruzkum pro Novy bézovy tunel Semmering predstavuje soucas-
nou rakouskou droven pruzkumného programu pro velké infra-
strukturni tunelové stavby. PouZité metody zahrnuji pouZivané
standardni metody a inovatitni postupy zdznamu vrtu a laborator-
nich zkouSek.

Program geotechnického prazkumu musi byt navrhovédn indivi-
dudlné pro kaZdou stavbu. Projekt pruzkumu musi prfihliZet
k danému geologickému prostfedi a horninovym poméram, stejné
jako ke specifickym cilim ruznych fazi prazkumu.

Podle prislusné faze projektu stavby je nutné se vyporddat
s konkrétnimi pozadavky a odpovédét na specifické otazky.
Napriklad pro vybér trasy musi byt vytvoren zdkladni geotechnic-
ky, hydrogeologicky a geologicky model, aby bylo moZné identifi-
kovat vhodnéjsi vedeni trasy, respektive nevhodné trasy a oblasti.
Pro fézi pripravy projektu vybérového fizeni je nutné ziskat infor-
mace o geotechnickych vlastnostech horninového masivu
a hydrogeologickych pomérech na trase pro potfeby provadéciho
projektu a dokumentace pro vybérové fizeni.

V piipadé nového bézového tunelu Semmering byl z davodu slo-
zitych geologickych poméra nutny velky rozsah prizkumnych
praci. Realizované vrtné etapy — zv1asté druhd etapa — patii mezi
nejrozsahlejsi dosud provadéné vrtné etapy pro infrastrukturni tune-
lové stavby v Evropé. Ndvrh takovych pruzkumnych praci vyZzadu-
je dobrou znalost cili a pozadavki pruzkuma a soucasné i moznost{
a omezeni kazdé pruzkumné metody. Néklady takovych pruzkum-
nych programu jsou velmi vysoké a jiZ sama piiprava dokumenta-
ce pro vybérové fizeni na provddéni pruzkumu je velkou vyzvou.

Obr. 6 Prostorovy geologicky model zdjmové oblasti
Fig. 6 3D geological model of the project area

— the discontinuity network: discontinuity types, spacing, per-
sistence, aperture, roughness, friction angle, size and shape
of blocks, GSI value

— the rock mass: density, compressive strength, cohesion, fric-
tion angle, modulus of elasticity and deformation, Poisson's
ratio, swelling potential, rock excavation and wear properti-
es, injectivity, slake durability and disintegration resistance

— grain size distribution, friction angle, cohesion and defor-
mation modulus (for soil)

— properties of fault rocks and shear lenses, volumetric block
proportion, permeability (for fault zones).

As the different Ground Types occur in different tectonic units
along the alignment the tunnel was subdivided in Geotechnical
Sections. In total 33 Geotechnical Sections were defined, each of
them characterised by the distribution of Ground Types and the
orientation of the rock mass structure.

The investigation results show that the project faces some geo-
technical challenges.

Summing up the three major challenges are as follows:

All together some 12 to 15% of the tunnel alignment are loca-
ted in highly fractured rock mass or fault zones.

The tunnel crosses sections with highly water permeable
limestone and dolomite with expected water inflow rates of up
to 300L/s and a hydraulic potential of up to 28bars.

Anhydrite as well as fault gouge materials rich in clay mine-
rals implicate swelling ground in certain sections of the tunnel
alignment.

5 DISCUSSION

The investigation for New Semmering Base Tunnel represents
a state of the art ground investigation program for large infrast-
ructure tunnel projects. The methods applied include approved
standard methods and as well as innovative borehole logging
and laboratory testing procedures.

Each ground investigation program has to be individually
designed for each project. The investigation design has to consi-
der the given geological setting and ground conditions as well as
the specific objectives of the different design phases.

Depending on the particular design phase of the project, spe-
cific subjects have to be dealt with and specific questions have
to be answered. For example, for route selection a basic geolo-
gical, hydrogeological and geotechnical model has to be estab-
lished to enable the identification of preferable routes and no-go
areas respectively. For the tender design phase substantial infor-
mation about the geotechnical rock mass properties and the hyd-
rogeological conditions along the alignment have to be provided
for detailed tunnel design and the tender documents.

For New Semmering Base Tunnel the complex ground condi-
tions required investigations of considerable extend. The drilling
campaigns carried out - particularly the second campaign -
belong to the most extensive drilling campaigns ever executed
for infrastructure tunnel projects in Europe. The design of these
investigation programs requires a sound knowledge about the
investigation aims, the requirements as well as the capabilities
and limitations of each investigation method. As the cost of that




Predmétem geotechnického pruzkumu nenf pouze prokédzani oce-
kavanych nebo predpovidanych charakteristik a vlastnosti hornino-
vého prostredi, ale téZ zjisténi a prokdzédni novych charakteristik
dulezitych pro projekt stavby. Z tohoto davodu potiebuje projektant
a geologicky konzultant prizkumnych praci model horninového
prostiedi ve smyslu predpovédniho modelu. Tento model musi byt
stdle porovnavan se skute¢nymi vysledky pruzkumu a musi byt
béhem pruzkumu aktualizovan. Jakmile se zjisti podstatné rozdily
mezi oekdvanymi a skute¢nymi podminkami, jsou zapotrebi dpra-
vy pruzkumnych praci. V pifpadé projektu Nového bdzového tune-
Iu Semmering, kde se v urcitych dsecich musel predchozi geolo-
gicky model revidovat, bylo nutné puvodné navrZzeny rozsah pra-
zkumnych praci upravovat ve smyslu poctu vrti, zkousek in-situ,
geofyzikdlnich méfeni na povrchu a laboratornich zkousek.

Uprava rozsahu prizkumnych praci umoznila identifikaci, hod-
noceni a charakteristiku klicovych geotechnickych struktur
z4jmové oblasti. Proto jsou flexibilita a kratkodobé rozhodovaci
procesy dulezité stejné tak, jako dplné technické pochopeni davo-
du potfebnych dprav investorem v&etné dusledku v pripadé jejich
opominuti.

Vyvoj prostorového geologického modelu usnadnuje dva hlavni
zamery. Prvnim je, Ze v pripadé slozitych geologickych a struk-
turnich podminek je 3D model G¢innym ndstrojem pro kontrolu
ucelenosti a vérohodnosti geologického a strukturntho modelu.
Druhym je, Ze prijeti a dspéch takové velké infrastrukturni stavby
z4visi do urcité miry na profesionalnim zpusobu sdéleni informaci
o stavbe. Prostorovy model geologického prostiedi stavby poskytu-
je v8em zucastnénym strandm srozumitelny pristup ke kompletnim
informacim.

Informace o horninovém prostredi pochézejici z geotechnickych
pruzkumnych praci umoZnily vytvoreni néleZité koncepce projektu
Nového bazového tunelu Semmering véetné vedeni trasy tunelu,
umisténi pristupovych konstrukci a rozdéleni razeb na raZené
pomoci TBM a razené konvenéné pomoci NRTM. Navic se podrob-
né informace o horninovém prostfedi ukdzaly jako zdsadni pro
uspésné schvalovani béhem hodnoceni vlivu na Zivotni prostredi
a pro geotechnické charakterizovani hornin pri praci na projektu
pro vybérové fizeni.
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investigation programs are well within the range of several mil-
lions of Euros the preparation of tender documents is a challenge
on its own already.

The objective of ground investigation is not only the proof
of expected or predicted features and properties but also the
detection and investigation of new features important for the
design of the project. Therefore the designer and geological
consultant of an investigation program needs to have a ground
model in the sense of a forecast model. This model constantly
has to be compared with the actual investigation results and
updated during the investigation process. As soon as substan-
tial divergences between expected and factual conditions are
detected adjustments of the investigation program are requi-
red. In case of the New Semmering Base Tunnel project, where
the previous geological model had to be revised in certain sec-
tions, the originally designed investigation program had to be
modified with respect to the number of boreholes, borehole in-
situ tests, surface geophysical measurements and laboratory
testing.

The adjustment of the investigation program allowed for an
identification, assessment and characterisation of the projects
geotechnical key structures. Therefore flexibility and short term
decision processes are essential as well as a profound technical
understanding by the client for the reasons of the adjustments
required and consequences in case of omitting them.

The development of a 3D geological model facilitates two
main purposes. First, in case of complex geological and structu-
ral conditions a 3D model is an effective tool for checking the
consistency and plausibility of the geological and structural
model. Second, the acceptance and success of such a large scale
infrastructure project depends to certain extend on a professional
communication of project information. A 3D model of the geo-
logical project environment provides an understandable access
to complex information for all parties involved.

The ground information obtained from investigation allowed
for an appropriate design concept of New Semmering Base
Tunnel including the alignment of the tunnel, the position of the
access structures as well as the distribution of TBM and conven-
tional (NATM) drives. Moreover detailed ground information
proved to be essential for a successful approval during environ-
mental impact assessment as well as for geotechnical ground
characterisation during tender design.
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NRTM - OD STAVEBNI METODY K SYSTEMU
NATM - FROM A CONSTRUCTION METHOD TO A SYSTEM

WULF SCHUBERT, HARALD LAUFFER

ABSTRAKT

Pojem NRTM predstavil Rabcewicz na své predndsce na Geomechanickém kolokviu v roce 1962 [1]. V této predndSce autor
shrnuje vyvoj metod razby a ndhled do mechanickych procesii v horninovém masivu za posledni desetileti a poukazuje na pozi-
tivni zkuSenosti s kombinaci stitkaného betonu a horninovych svornikii pouZitych misto tradicni vydrevy nebo ocelovych rdmii.
Rakousti inZenyri na zdkladé celosvetovych zkuSenosti a vyvoje tuto metodu systematicky rozvijeli a uZivali. Na pocdtku hrdly
hlavnt roli technologické otdzky, ale bylo jasné i to, Ze tradicni metody projektovdni jiZ nebyly pouZitelné. TakZe bylo nutné
znacné spoléhat na zkusSenost a pozorovdni. Od té doby se duleZitost monitoringu pro pozorovdni chovdni systému potvrdila
a techniky se ddle znacné vyvinuly. Soucasné se ziskdvdnim dalSich zkuSenosti ve vSech geotechnickych pomérech se ddle vyvi-
jela i smluvni praxe s cilem vytvoreni pravidel, umoZnujicich pres v§echny neodmyslitelné nejistoty spravedlivou tihradu ndkla-
du dodavatelu. V Rakousku byl pristup k navrhovdni tuneli standardizovdn zavedenim smérnice. Kromé dalSich faktoru
k uspéchu této metody prispél zodpovédny pristup investoru, sprdvnd organizace vystavby, kvalifikovani inZenyri a délnici,
prakticky orientovany vyzkum a vzdéldvdni i rozsdhld vymeéna zkuSenosti.

ABSTRACT

The term NATM was introduced by Rabcewicz during a lecture at the Geomechanics Colloquium in 1962 [1]. In this lecture he sum-
marizes the development of tunnelling methods and insight into mechanical processes in the ground over the last decades, and points
out the positive experiences made with a combination of shotcrete and rock bolts instead of the traditional timber or steel supports.
Building on experience and development around the world, it has been Austrian engineers, who systematically developed and appli-
ed the method. In the beginning the technological questions played a major role, but it was clear also that traditional design methods
were no longer applicable. Thus one was still forced to heavily rely on experience and observation. The importance of measurements
for observing the system behaviour has been acknowledged, and techniques have been considerably further developed since. Parallel
to gaining more experience with the method in all kinds of ground conditions, also contractual practices have been further developed
with the aim of establishing rules, allowing fair compensation of the contractors in spite of all the inherent uncertainties. In Austria
the tunnel design practice has been standardized by introduction of a guideline. Contributing to the success of the method among other
factors are the awareness of the owner of his responsibilities, appropriate site organization, qualified engineers and miners, practice
oriented research and education, as well as extensive exchange of experience.

HISTORICKY VYVOJ

Teoretické znalosti mechanickych procest v horninovém
masivu vznikajicich v dusledku razby tunelu se v prvni polo-
viné dvacatého stoleti rozsirily, avSak v praxi bylo projekto-
véan{ zaloZeno na zkuSenostech nebo jednoduchych predpokla-
dech zatiZeni, které braly v tivahu hlavné zatiZeni vlastni tihou
rozvolnéné horniny (teorie horninové klenby). Na zdkladé
pozorovani na velkém poctu tuneli Rabcewicz rozliSuje mezi
zatiZenimi vyvolanymi rozvolnovanim horniny, ,,skute¢nym
horninovym tlakem* a bobtndnim. Rikd, Ze klasické teorie
horninové klenby nejsou pro néavrh zajisténi vyrubu v ,tla-
¢ivych hornindch pouZitelné.

Po druhé svétové vilce zacalo podzemni stavitelstvi ve vét-
$im meéfitku se stavbou novych vodnich elektraren v Alpach.
Pozdégji si rozSifovani silni¢nich a Zelezni¢nich siti vyzadalo
dal§i zvySeni potreby podzemnich konstrukci. Zpocatku to
byli zvlaste investori vodnich elektrdaren, ktefi byli otevieni
novému vyvoji a investovali i do vyzkumu. Brzy byly pozna-
ny prinosy pouziti stfikaného betonu. I tenké vrstvy aplikova-
né na povrch vyrubu branily poruSeni horniny, a tedy praktic-
ky eliminovaly dominujici G¢inek rozvolfnovani masivu spoje-
ny s tradiéni dfevénou a ocelovou vystroji.

Pro ilustraci stavebnich metod béZnych ve svét€ v pa-
desatych letech minulého stoleti jsou uvedeny dvé fotografie.
Na obr. 1 je razba Zelezni¢niho tunelu pobliz Styrského Hradce
na pocatku padesatych let pomoci Rakouské tunelovaci meto-
dy. Na obr. 2 je tunel na Jizni Zelezni¢ni trati na Tchaj-wanu,

HISTORICAL DEVELOPMENT

The theoretical knowledge about the mechanical processes in
the ground as a result of tunnel excavation has increased over the
first half of the twentieth century, but in practice design was
based on experience or simple load assumptions, which mainly
considered dead loads due to ground loosening. Based on obse-
rvations on a large number of tunnels Rabcewicz distinguishes
between loads caused by loosening, “real ground pressure”, and
swelling, and states that the classical load theories are not appli-
cable for the design of supports in “squeezing” ground.

After the Second World War underground works started on
a larger scale with the construction of new hydropower plants in
the Alps. Later the extension of the road and rail networks furt-
her increased the demand for underground structures. Initially it
was in particular the owners of hydropower plants, which were
open to new developments, and also invested into research. The
benefits of the application of shotcrete have been soon recogni-
zed; even thin layers applied on the roack prevented disintegra-
tion, and thus practically eliminated the dominating effect of loo-
sening, associated with traditional timber and steel supports.

For illustration of the internationally common construction
methods in the fifties to eighties of the last century two photos
are shown. Fig. 1 shows excavation of a railway tunnel near Graz
in the early 1950ies with the Austrian Tunnelling Method.
A tunnel of the South Link Railway in Taiwan, supported with
steel arches and timber lagging can be seen in Fig. 2 (1986).
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Obr. 1 Portdl Zeleznicniho tunelu vybudovaného v letech"1951—1952 u Styr-
ského Hradce pomoci rakouské tunelovaci metody (foto OSTU)

Fig. 1 Portal of a railway tunnel constructed 1951-1952 near Graz with the
Austrian Tunnelling Method (Photo: OSTU)

ktery je vystrojen ocelovymi rdmy a dfevénymi pazinami
(1986).

Svorniky se v dolech pouzivaly jiz dost dlouhou dobu
k upeviiovani uvolnénych bloku. Systematické pouzivani ve
Stoldch, tunelech a kaverndch zapocalo aZz v padesdtych
letech. V Rakousku se prvni systematické pouziti stfikaného
betonu a svorniku uskute¢nilo pfi razbé privodniho tunelu
vodni elektrarny Prutz-Imst v obdobi let 1953 az 1956 [2].
Monitoring deformaci horninového masivu prinesl cenné
poznatky. O systematické kombinaci injektovanych svornika
typu Perfo a stfikaného betonu jako jediného zajisténi vétsich
tunelt podavé zprdvu Rabcewicz v [3] (obr. 3).

Metoda méla velké vyhody nejen technické, ale i eko-
nomické. Byl to tehdy Rabcewicz [1], kdo zkombinoval teo-
retické predpoklady a své rozsdahlé praktické zkuSenosti
k vytvoreni pouzitelné metody, kterou nazval Nova rakouska
tunelovaci metoda (NRTM), aby ji odli§il od tradi¢ni
Rakouské metody pouzivané obzvlaste v nepriznivych geolo-
gickych pomérech.

Aplikace na silni¢nf a Zelezni¢n{ tunely s nizkym nadloZim
ndsledovaly v Rakousku (tunel Massenberg) a Némecku (tu-
nel Schwaikheim). Byl zesilen diraz na duleZitost pozorova-
ni (observace) chovani systému jako prostiedku kontroly sta-
bility a optimalizace zpusobu razby a zaji§téni vyrubu.

Uzasny tdspéch metody v nepfiznivych geologickych pod-
minkdch stdle vice podnécoval zdjem investora o jeji pouZiti.
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Obr. 2 Typickd ocelovd vystroj s dievénymi paZinami na stavbeé Zelezni¢niho
tunelu South Link na Tchaj-wanu, 1986 (foto W. Schubert)

Fig. 2 Typical steel support with timber lagging at the South Link Railway
Project, Taiwan, 1986 (Photo: W. Schubert)

Bolting had been used in mines already for quite some time to
fix removable blocks. The systematic application in galleries,
tunnels and caverns started only in the 1950ies. In Austria the
first systematic application of shotcrete and bolts was done at the
headrace tunnel of the HPP Prutz-Imst 1953 to 1956 [2].
Measurements of rock mass displacements provided valuable
insights. Systematic combination of grouted bolts (Perfo) and
shotcrete as only support for larger tunnels is reported by
Rabcewicz in [3] (Fig. 3).

The method not only had considerable technical, but also eco-
nomical advantages. It was then Rabcewicz [1], who combined
theoretical considerations and his extensive practical experience
to an applicable method, and gave it the name New Austrian
Tunnelling Method to distinguish it from the traditional Austrian
method, which had been used particularly in poor ground condi-
tions.

Applications on road and railway tunnels with shallow cover
followed in Austria (Massenbergtunnel) and Germany (Tunnel
Schwaikheim). The importance of observing the system behavi-
our as a means of controlling stability and optimizing excavati-
on and support were emphasized.

The amazing success of the method in poor ground conditions
increasingly motivated owners to apply it. This to a certain

Obr. 3 Poufiti stiikaného betonu a svorniku jako jedinych prostiedku zajiste-
ni na tunelu La Cabrera ve Venezuele, kolem roku 1956 [4]

Fig. 3 Application of shotcrete and bolting as only means of support at the La
Cabrera tunnel in Venezuela, around 1956 [4]
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Obr. 4 RazZba a vystroj tunelu pro prevedeni vody na stavbé prehrady Tarbela; pocdtek sedmdesdtych let [5]
Fig. 4 Excavation and support of a transition at the Tarbela dam project; early 1970ies [5]

Bylo to do jisté miry riskantni, jelikoZ v dané dobé neexisto-
valy ovéfené metody navrhovani a osténi bylo vyraznée subtil-
néjsi v porovnani s tradi¢nimi metodami.

Mezniky ve vyvoji metody byly stavby jako Tauernsky dal-
ni¢ni tunel v Rakousku a velké kaverny na stavbé prehrady
Tarbela v Pakistanu (obr. 4) [4].

U Tauernského tunelu bylo tfeba pracovat v prostredi
tektonicky poruSeného horninového masivu s vysokym
nadlozim zpusobujicim velké deformace. Po poSkozeni zajis-
téni vyrubu se pak ddle v osténi ze stiikaného betonu zacaly
vynechdvat mezery. To vyvolalo mezi zastdnci metody jisté
diskuse [5].

Metoda se brzy rozsitila po celém svété a umoznila razby
i ve velmi obtiznych geologickych podminkdch a soucasné
zna¢né snizovala ndklady. Ne vzdy vSak byla dodrzovdna
podminka, Ze observaéni pristup vyZaduje organizaéni opat-
feni a kvalifikované inZenyry a razi¢e. Dal§im meznikem ve
vyuziti NRTM byla stavba ¢asti frankfurtského metra, kde
byla tato metoda poprvé pouZita v zemindch.

STRATEGIE PROJEKTOVANI

Zpocatku bylo navrhovéni zaloZeno hlavné na zkuSenos-
tech. Potfeba metod pro statické vypocty ve stavebnich pro-
jektech vedla k vytvoreni tzv. teorie smykového porusent,
kterd dobre slouzila nékolik let. Pro vysvétleni zakladnich
mechanismu redistribuce napéti a spolupusobeni horniny
s osténim se také po dlouhou dobu pouzivala kfivka reakce
horninového masivu (Fenner-Pacherova krivka). Analytickd

extent was a risk, as no proven design methods existed at the
time, and lining thicknesses were considerably smaller than with
the traditional methods.

Milestones in the development of the method were projects,
like the Tauern freeway tunnel in Austria and the large caverns
of the Tarbela dam project in Pakistan (Fig. 4) [4].

At the Tauern tunnel faulted rocks with high overburden, cau-
sing large displacements had to be dealt with. After damage of
the support happened, open gaps were left in the shotcrete lining.
This caused some discussion among the proponents of the met-
hod [5].

The method soon spread over the world, making tunnelling
possible in even very difficult ground conditions, while at the
same time considerably reducing costs. What has not always
been observed is the fact that an observational approach requires
organizational provisions as well as qualified engineers and
miners. Another milestone in the application of the NATM was
the construction of parts of the Frankfurt Metro, where the met-
hod was first used in soft ground.

DESIGN STRATEGIES

In the beginning, design was mainly based on experience. The
need for structural design methods led to the development of the
so called “shear failure theory”, which served well for several
years. The ground reaction curve has also been used for a long
time for explaining the basic mechanism of the stress redistribu-
tion and interaction of the ground with the support. Closed form
solutions served for preliminary design of underground openings,




TuouHel

feSeni slouZila pro dvodni projekty podzemnich vyrubi
a pouZzivaji se dosud pro hrubé odhady nebo pro kontrolu
vysledku numerickych simulaci.

V Rakousku byla vzdy béZnd praxe, Ze se hornina zatfidu-
je spiSe podle jejtho chovédni neZ pomoci klasifika¢nich
metod. Tradi¢ni zplisob zatfidovéani chovdni do tff zdklad-
nich kategorii byl nahrazen smérnici pro geotechnické navr-
hovéani podzemnich staveb [8], kde je zfetelny rozdil mezi
chovanim horninového masivu a chovanim systému.
Smérnice uvadi jedendact zdkladnich kategorii chovani horni-
nového masivu.

S rychlym rozvojem po&itadd a softwaru zahdjenym
v sedmdesdtych letech minulého stoleti se stalo moZnym
mnohem realisti¢téj$i modelovani horninového masivu a jeho
spolupusobeni s vyrubem a jeho zajisténim. Dali vyvoj
vypoletni techniky, geotechnickych materidlovych modela
a modela zajisténi vyrubu zlep$il moZnosti modelovani
a méni diivéjsi ,,uméni tunelovani“ na inZenyrskou tdlohu.

Nezbytnou soucasti navrhu je i tzv. ramcovy geotechnicky
plan, ktery specifikuje povinnd opatfeni tseku jednotlivych
sekei tunelu, a také definuje rozsah pripustnych rozhodnuti
provadénych béhem vystavby. PrubéZnd aktualizace geotech-
nického modelu a dpravy projektu jsou béznym zohlednénim
dalSich informaci ziskanych béhem vystavby. Sem spadaji
i postupy zpétné analyzy.

MONITORING

Od zavedeni metody do praxe byla vzdy zduraznovina
dulezitost monitoringu. Zatimco na zaldtku se provddéla tra-
di¢ni méreni konvergenci pomoci pdsma a nivelaéni mérfeni,
ve druhé poloviné osmdesdtych let minulého stoleti se
zavedly metody méfeni absolutnich deformaci, cozZ se v ra-
kouskych tunelech stalo standardem. Do vyvoje hodnoceni
naméfenych dat a do interpretainich ndstroji umozZniujicich
dnes maximalni vyuZiti ziskanych informaci bylo vloZeno
dost velké dsili. Hodnoceni napéti v osténi na zdkladé name-
fenych deformaci s uvazovanim reologického chovani stfi-
kaného betonu umoZnuje nepreruSované sledovani stavu
osténi a vCasnou reakci v pripadé, Ze stupen vyuZiti tnos-
nosti osténi dosdhne vysokych hodnot. Pozorovan{ riznych
trendt deformaci umoZiiuje odhaleni geologickych poruch
mimo viditelnou oblast vetné prostoru pred ¢elbou tunelu
[6]. V Rakousku je béZznou praxi, Ze monitoring zaddva
investor, ktery také zajiStuje, aby monitoring v&etné jeho
vyhodnocovéni a interpretaci provddéli kvalifikovani pra-
covnici.

SMLUVNI VZTAHY A ORGANIZACE NA STAVBE

Uspésné a efektivni provadéni tuneld je podminéno vhod-
nymi smluvnimi vztahy a opatfenimi a dobfe organizovanou
stavbou tak, aby bylo moZné rychlé rozhodovdni a opti-
malizace raZeb. V rakouskych smlouvédch na stavby tunelu je
uplatnén princip sdilenf rizik, kde investor pfijimd geotech-
nicka rizika a dodavatel stavby na sebe bere rizika provade-
ni. To prirozené¢ vyzaduje intenzivni zapojeni investora
v prubéhu stavby. Rakouskd norma urlujici princip smluv-
nich vztahu existuje jiZ mnoho let a popisuje zakladni uspo-
fdddni smluv na stavbu tunelu [7]. Cilem této normy, kterd
byla vytvorena spole¢né za prispéni viech zdcastnénych stran
(investor, zhotovitel, projektant, akademickd sféra) a byla
nékolikrdt revidovéna, je zajistén{ spravedlivého odménova-
ni za provadéné prace a zdroven umoznéni flexibility pro
upravy a optimalizaci provadéni razeb. VSechna rozhodnuti
tykajici se razby a zaji§téni vyrubu jsou provadéna spolecné
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Obr. 5 Poddajnd vystroj u druhé trouby Tauernského tunelu (foto PORR)
Fig. 5 Ductile support at the second tube of the Tauerntunnel (Photo: PORR)

T

and are still in use for rough estimates or to check results of
numerical simulations.

It always has been common practice in Austria to classify the
ground according to its behaviour, rather than using rating met-
hods. The traditional way of classification of the behaviour in
basically three major categories has been replaced by the
Guideline for geotechnical design of underground structures [8],
where a clear distinction is made between ground behaviour and
system behaviour, listing eleven basic categories of ground beha-
viours.

With the rapid development of computers and software star-
ting in the 1970ies, it has become possible to much more realis-
tically model the ground and its interaction with excavation and
support. Continuous further development of the tools, as well as
material models for ground and support have improved the
modelling capability, and are turning the previous “art of tunnel-
ling” into an engineering task.

Integral part of the design is also a so called geotechnical fra-
mework plan, which specifies which construction measures are
mandatory in each section of the tunnel, and also defines the
range of allowable on-site decisions. Continuous updating of the
ground model and adjustment of the design, as more informati-
on becomes available during construction is common practice, as
well as back analyses.

MONITORING

The importance of monitoring has always been emphasized,
since the method has been introduced. While initially traditional
convergence measurements and levelling were carried out, in the
second half of the 1980ies absolute displacement measurement
methods were introduced. This has become standard at Austrian
tunnel sites. Quite some effort was put into the development of
data evaluation and interpretation tools, nowadays allowing to
make maximum use of the acquired data. The evaluation of
lining stresses on the basis of the measured displacements, con-
sidering the rheological behaviour of shotcrete, allows continu-
ously observing the state of the lining, and timely reaction, in
case the utilization reaches high levels. Observing various dis-
placement trends allows detecting geological features outside the
visible area and ahead of the face [6]. In Austria it is common
practice that the owner organizes the monitoring and makes sure
that qualified personnel carries out the measurements, as well as
the evaluation of the data and their interpretation.

CONTRACT SETUP AND SITE ORGANIZATION

Successful tunnelling requires appropriate contractual provisi-
ons and a well organized site to allow for quick decision. Risk
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dodavatelem stavby a zastupcem stavebniho dozoru investo-
ra za prispéni dal3ich zdcastnénych subjekta.

Na vétSine staveb existuje také pozice ,,geotechnika“
(Geotechniker), jako samostatného a nezdvislého odbornika
posuzujictho geotechnické aspekty razby, interpretujiciho
vysledky monitoringu a provadéni razeb. Odpovidd za cha-
rakterizaci horninového masivu, kratkodobé predpovédi,
Upravy programu monitoringu a hodnocenf a interpretaci dat,
stejné jako vytvoreni a sledovédni pldnu fizeni geotechnické
bezpecnosti. Vydava doporuceni pro razbu a zajisténi vyrubu
a jeho zpravy jsou pristupné pro vSechny zilastnéné strany
a jsou vyuZivany pro rozhodovani.

V mnoha pripadech je zapojen nezdvisly expert, ktery
pomdhd v obtiznych geotechnickych otdzkach a slouzi jako
arbitr v pripadé€ nesouladu mezi dodavatelem stavby a in-
vestorem. Na rozdil od Ceské praxe je monitoring (geotech-
nicky monitoring — GTM) omezen na méfen{ a uklddani dat.
Hodnoceni, interpretace a doporuceni zpracovavaji jiné sub-
jekty (geotechnik, stavebni dozor, zdstupce projektanta, zho-
tovitel, experti).

SMERNICE

V minulosti bylo vydano nékolik smérnic. Je tfeba zminit
smérnici pro geotechnicky navrh podzemnich staveb [8].
Tato smérnice popisuje obecny postup orientovany na rizika,
ktery se ma pouZivat pii projektovani a vystavbé, duraz je
kladen na strukturovany proces. Cilem je zajistit, aby byla
béhem pripravy identifikovdna potencidlni nebezpedi
a chovani a priradila se jim stavebni opatfeni konzistentnim
a sledovatelnym zpusobem.

Dalsi smérnice se tykaji vyroby, aplikace a zkousenf stfika-
ného betonu a sekunddrniho osténi [9, 10]. Nékolik pracov-
nich skupin Rakouské geomechanické spolecnosti je aktiv-
nich pfi tvorbé novych priru¢ek a smérnic.

DULEZITE NETECHNICKE FAKTORY

Metoda NRTM predstavuje jasné observacni pristup. Jako
takovd vyZaduje trvalou komunikaci a spoluprici mezi
smluvnimi stranami. Pro dspé$nou realizaci takového pristu-
pu jsou potrebné nejen technické, ale i socidlni schopnosti.
To plati nejen pro vedeni, ale i pro mistry, preddky a razice.
Kvalifikovany a kompetentni persondl na vSech trovnich je
klicovym faktorem dspéchu pouziti této metody.

Dalsi klicovou otdzkou je sdileni zkuSenosti a kritickd dis-
kuse, coZ bylo v Rakousku vzdy podporovano. Dobrym pri-
kladem jsou kazdoro¢ni Geomechanickd kolokvia s aZ tisi-
cem udcCastnikt a dal§i konference a semindre.

VYVOJ A INOVACE

Vyvoj metody je moZny, pouze pokud existuje na jednu
stranu motivace vyzkumnych, projekénich a zhotovitelskych
organizaci, a na druhou stranu jsou investofi ochotni reali-
zovat inovaci, i kdyZ je spojena s jistym rizikem. Byla uzna-
na potreba tvorby vyzkumnych a vzdélavacich instituci
zabyvajicich se podzemnim stavitelstvim, a navic k sou-
¢asnym geotechnickym institucim byly zaloZeny specializo-
vané geotechnické instituty na Vysoké Skole banské
v Leobenu, rok 1974, a na Technické univerzité ve gt}’/rském
Hradci (Graz), rok 1992, kde se vyuka zaméfuje na pod-
zemni stavitelstvi a realizuje se vyzkum orientovany na
praxi.

Typicky dal$i vyvoj systému ostén{ pro tektonicky poruse-
ny masiv je vidét na obr. 5. Po instalovani poddajnych prvka

Tuel

sharing is a principle in Austrian tunnelling contracts, with the
owner assuming the geological risk, and the contractor the per-
formance risk. Naturally this requires an intense involvement of
the owner during construction. Since many years an Austrian
Standard exists, which outlines the basic setup of tunnelling con-
tracts [7]. The aim of the standard, which was jointly developed
by all parties and revised several times, is to provide fair com-
pensation, while at the same time guaranteeing the required fle-
xibility to adjust construction methods as required during con-
struction. All decisions regarding excavation and support are
made jointly by the contractor and the Engineer.

It is common practice on sites with complex geotechnical con-
ditions that a geotechnical engineer, as the representative of the
designer on site is employed to take care of all geotechnical
aspects. He is responsible for the ground characterization, short
term prediction, the monitoring program and data evaluation and
interpretation, as well as establishment and observation of the
geotechnical safety management plan. He issues recommendati-
ons for excavation and support and his reports are available to all
parties involved.

In many cases an independent expert is engaged, assisting in
difficult geotechnical questions, and serving as an umpire in case
of disagreement between contractor and owner.

GUIDELINES

Over the years several guidelines have been established. One
to be mentioned is the Guideline for the geotechnical design of
underground structures [8]. The guideline describes a risk orien-
ted general procedure to be followed during design and con-
struction, with an emphasis on a structured process. The aim is
to ensure that during design the potential hazards and behaviours
are identified, and the appropriate construction measures assig-
ned in a consistent and traceable way.

Other guidelines refer to the production, application and tes-
ting of shotcrete and inner lining [9, 10]. Several working groups
within the Austrian Society for Geomechanics are active in deve-
loping new handbooks and guidelines.

IMPORTANT NON-TECHNICAL FACTORS

NATM clearly is an observational approach. As such it requi-
res constant communication and interaction between the contract
parties. For successful implementation of such an approach not
only technical, but also social competence is required. This is
valid not only for the management, but also for foremen and
miners. Well trained personnel on all levels are a key factor for
successful application of the method.

Another key issue is sharing of experience, as well as critical
discussion. This has always been promoted in Austria, the year-
ly Geomechanics Colloquium with up to thousand participants
among other conferences and workshops being a good example.

DEVELOPMENT AND INNOVATION

Development of a method is possible only when on the one
hand there is motivation of researchers, designers and construc-
tion companies, on the other hand owners are willing to imple-
ment innovation, even if this is associated with some risk. The
need for creating research and teaching institutions dealing with
underground engineering has been recognized, and in addition to
the existing geotechnical institutes specialized institutes have
been established at the Mining University Leoben in 1974 and
Graz University of Technology in 1992, where teaching focuses
on underground engineering and practice oriented research is
conducted.
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do osténi pfimo na Celbé je 1épe vyuzita tnosnost stiikaného A typical further development of a lining system for faulted
betonu a deformace se tak zna¢né zmensi. ground can be seen in Fig. 5. By installing yielding elements into

the lining right at the face, the shotcrete capacity is better utili-
ZAVER zed, and thus displacements considerably reduced.

Uspésné pouziti NRTM vyzaduje kvalifikaci zainteresova-
nych osob a instituci. Tato kvalifikace musi existovat na CONCLUSION

vSech drovnich — u investorl, projektantil, zhotoviteld, Successful application of the NATM requires competence of
vyzkumnych instituci, stejn€ jako i u inZenyrd, technikd, | acting persons and institutions. This competence must be avai-
mistrl a razi¢l. SloZitd povaha podzemnich staveb vyZaduje lable on all levels: clients, consultants, contractors, research
nezaujaté mySleni, dobré geotechnické znalosti, kompetentni institutions, as well as engineers, technicians, foremen, and
rozhodovinf a ochotu spolupracovat. miners. The complex nature of underground construction

PfestoZe je tato metoda na svém pocitku spojena se jmény, | demands unbiased thinking, sound knowledge in geotechnics,

jako jsou Rabcewicz, Pacher, Lauffer, Miiller a dal$i, na roz-
voji metody se i nyni aktivné podili mnoho jednotlivca
a instituct.

Uzkd spoluprice mezi viemi zi¢astnénymi stranami, sdile-
ni zkuSenosti, dal{ rozvoj metod geotechnického pruzkumu,
navrhovéni, monitorovdni a provadéni pouzivani spravedli-
vych a flexibilnich smluvnich modelu a vhodnd organizace
vystavby umoZnuji realizaci velmi kvalitnich tuneld i v téch
nejslozitéjsich geologickych podminkdch s prekvapivé niz-
kymi ndklady a s minimem sporu.

Kli¢em k tspéchu je otevienost k vyzvam podzemni stav-
by, aktivné pfizpusobovat provadéni stavby zastiZenym geo-
technickym pomérum a vytvdreni prostiedi, ve kterém je
mozné maximdlni vyuZiti flexibility této metody. V pripa-
dech projektu, u kterych jsou pouzity pouze jednotlivé prvky
systému, muze dochdzet k problémum.

decision making competence and the willingness to co-operate.

Although the method in its beginning is associated with names
like Rabcewicz, Pacher, Lauffer, Miiller and others, there have
been and still are many persons and institutions actively further
developing it.

Close co-operation between all parties involved, sharing of
experience, further development of investigation, design, con-
struction, and monitoring methods, implementation of fair and
flexible contract models and appropriate site organization allow
constructing high quality tunnels even in most complex geologi-
cal conditions at surprisingly low costs, and a minimum of dis-
putes.

The key to success is being open to the challenge of underg-
round construction, actively adjusting the methods to the real
ground conditions, and creating the environment in which best
use of the flexibility of the method can be made. Setbacks can be

Tento pFispévek byl uveden na 61. Geomechanickém kolo- observed in many cases, where only single elements of the sys-
kviu v Salcburku a byl uverejnén v casopisu Geomechanics tem are adopted.
and Tunnelling 2012/5.
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DLOUHE SILNICNI TUNELY V SOUCASNOSTI RAZENE
V INDICKEM HIMALAJI

LONG HIGHWAY TUNNELS IN INDIAN HIMALAYA
UNDER CONSTRUCTION

MARTIN SRB, MATOUS HILAR, PETR SVOBODA

ABSTRAKT

TFi projekty dlouhych silnic¢nich tuneli v soucasnosti raZenych v indickém Himdlaji ve stdtech Jammu-Kashmir a Himachal-Pradesh
demonstruji rychly rozvoj dopravnich tuneli v Indii. V uplynulych dekdddch dominovaly podzemnim stavbdm v oblasti Himdlaje prede-
v§im projekty vodohospoddrské. Budované silnic¢ni tunely jsou pripravovdny a staveny v iizké spoluprdci s mezindrodnimi experty, kteri
prindseji zkuSenosti s dlouhymi a velkymi dopravnimi tunely. V ndsledujicim ¢ldnku jsou prezentovdny prvni zkuSenosti s pripravou a rea-
lizaci tri obdobnych projektii se zamérenim na nejdelsi projekt — tunel Patnitop na tiseku Chenani — Nashri na ndrodni ddlnici (National
Highway) NH-1A mezi mésty Jammu a Srinagar.

ABSTRACT

Three long highway tunnel projects in realization in Indian Himalaya in states of Jammu-Kashmir and Himachal-Pradesh
demonstrate rapid development of transport tunnelling in India. Until recently, hydro project tunnels dominated Himalaya tunnel-
ling industry for last decades. Transport tunnels now in construction are being prepared and constructed in close cooperation with
international contractors and experts bringing long&large transport tunnelling know how. First experience with excavation of
three projects shall be presented with particular attention to the longest one, Patnitop Tunnel on Chenani — Nashri section of
National Highway NH-1A from Jammu to Srinagar.

1 0vOD 1 INTRODUCTION

V severozdpadnim indickém stdtu Jammu a Kashmir In North-Western Himalayan state of Jammu and Kashmir,
v oblasti Himdlaje je ve vystavbé nové jednokolejnd Zelez- new single track railway line from Jammu to Srinagar is under
ni¢ni trat’z mésta Jammu do Srinagaru. Na dané trase je fada construction with numerous tunnel sections. The longest tun-
tuneld. Nejdel$im je priblizné 11 km dlouhy tunel pod hor- nel of approx. 11km under Pir Panjal mountain range has been

skym hfebenem Pir Panjal. PrordZka tunelu, ktery je
prvnim dlouhym dopravnim tunelem v oblasti indic-
kého Himalaje, byla provedena v zdfi 2011. Zku-
Senosti z tohoto tunelu vyrazné pomohly pri pfipra-
ve silniéniho tunelu v této oblasti.

Modernizace ndrodni silnice NH-1A z Jammu do
Srinagaru na Etyfpruhovou délnici byla pfipravova-
na National Highway Authority of India (NHAI)
behem minulé dekddy. Celkové ndklady jsou odha-
dovany na 2000 mil. USD, cestovni ¢as mezi obéma
mésty by mél byt zredukovdan z 8-10 h na 5-6 h.
Vystavba byla zahdjena v roce 2011 raZbou tuneld
na dvou nejobtiznéjSich usecich trasy krizujicich
hlavni horské hiebeny Patnitop (2000 m n. m.)
a Pir Panjal (2850 m n. m.). Oba udseky jsou budo-
vany podle koncesnich schémat DBFOT (des-
ign—build—finance—operate—transfer, navrhni—pos-
tav—financuj—provozuj a predej) s obdobim koncese
20 let v¢etné doby vystavby odhadované na 5 let.

Tunel Rothang pod prusmykem Rothang (3978 m
n. m.), umistény blizko hranic indickych stdta
Himachal Pradesh a Jammu Kashmir, je soucasti
celoro¢niho silni¢niho spojeni odlehlych oblasti
Ladakh na nédrodni dédlnici NH 21 mezi Lehem
a Manali. Projekt je zaloZzen na modelu DBB
(design—-bid—build) se statnim investorem Border
Roads Organization (BRO). Razba tunelu byla zaha-
jena v roce 2010.

V3sechny tunely jsou stavény podle principt Nové
rakouské tunelovaci metody (NRTM), razba je reali-
zovéna a predpokladédna predevS§im s vyuZitim trha-
cich praci. Stfikany beton a svorniky jsou pouZivany
pro primdrni osténi a pro definitivni osténi bude
vyuZzit monoliticky beton s mezilehlou izolaci,  Obr.1 Umisténi tunelovych projektii
pouze u tunelu Rothang neni izolace navriena. Fig-I Project’s locations

i G, ;‘J Jam Tan
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Zvlastnosti uvedenych tf{ tunelt jsou jejich rozdilnd kon- successfully broken through in September 2011 as the first
cepéni feseni. long transport tunnel in Indian Himalaya. Austrian
Geoconsult was a lead partner of the JV for design and con-

2 TUNEL CHENANI — NASHRI (PATNITOP) struction supervision.
- NEJDELSI SILNICNi TUNEL V INDII Upgrade of National Highway 1A (NH-1A), from Jammu to
2.1 Projektova piiprava a koncept tunelu Srinagar to a 4-lane highway has been prepared by National

Highway Authority of India (NHAI) during last decade. Total
costs are estimated to be 2.000 mil USD and travel time bet-
ween the two cities should be reduced from 8-10h to 5-6h.

Tunel Chenani — Nashri (Patnitop) je umistén mezi km 89 a km 130
existujici silnice NH-1A a je navrZen jako tunel s jednou troubou se
dvéma protismérnymi jizdnimi pruhy. MoZnost tiniku osob je feSena . . .
paralelni dnikovou $tolou, kterd muZe byt v budoucnosti zvétSena na The Works started in 2.011 on two mgst dlfflcu}t, sections of
druhou dopravni tunelovou troubu. Smerové feseni tunelu je vysled- the a!lgnment at crossings of two major 'mounta'un ranges of
kem studii provedenych v letech 2004-2006, délky tunelu se | Patnitop (2.000m above sea level) and Pir Panjal (2.850m).
v piipravenych variantdch pohybovaly od 1,2 km do 9 km. Investor Both sections are constructed according to DBFOT (design-

NHAI se nakonec rozhodl pro variantu nejdelstho ,.bazového™ tunelu build-finance-operate-transfer) concession schemes with con-
v nadmorské vy3ce piiblizné 1200 m s nadlozim dosahujicim 1000 m. cession period of 20 years including construction time esti-
Projekt na drovni dokumentace pro stavebni povoleni (DSP) byl | mated for five years.

vypracovan v roce 2006 Ceskou konzultacni firmou D2 Consult Rothang Tunnel under Rothang Pass (3.978m) close to bor-
Prague (dnes 3G Consulting Engineers) v subdoddvce pro Louis der between two Indian states of Himachal Pradesh and
Berger International. Jeho soudésti byl i omezeny geotechnicky pra- Jammu Kashmir is part of an all year road connection to
zkum a jeho vyhodnoceni, definice technologickych tfid vyrubu, remote areas of Ladakh on National Highway 21 (NH 21) bet-
néavrh stavebnich konstrukci a koncepéniho feSeni vétrani vletné ween Leh and Manali. Project is based on Design-Bid—Build
souvisejicich specifikaci, vykazu vymér a stanovenf nakladu. V roce model with the Client Border Roads Organization (BRO) and
2010 probéhlo vybérové fizeni na koncesni projekt DBFOT. tunnel excavation started in 2010.

Koncesi ziskala indickd skupina IL&FS Transportation Networks All tunnels are constructed using principles of the New

Ltd (ITNL). Koncesionar vybral australskou spole¢nost Leighton
Wellspun Co. jako generélniho dodavatele zodpovédného za vystav-
bu tunelu v&etné dvou kritkych dseku silnice pred portdly a vietné
technologického vybavent tunelu. Celkovd smluvni pevnd cena pro-
jektu je 570 mil. USD. Realiza¢ni dokumentaci zpracovava italska
spolecnost Geodata SpA a technickou pomoc pri razbé zajistovala
v roce 2011-2012 spolecnost D2 Consult Prague. Koncept tunelu

pripraveny v DSP zustal nezménén (obr. 2) s moZnosti realizace
druhé tunelové trouby v pozd&jsi dobg. 2 CHENANI = NASHRI (PATNITOP) TUNNEL

2.2 Zahajeni vystavby tunelu a prvni zkusenosti ~ LONGEST ROAD TUNNEL IN INDIA
Vystavba tunelu byla zahdjena na jate roku 2011 hloubenim por- | 2.1 Project preparation and tunnel concept

Austrian Tunnelling Method (NATM), excavation is done and
foreseen mostly by drill&blast, shotcrete and rock bolts are
used as a primary support and cast in situ concrete as a final
permanent lining with waterproofing membrane in between.

Interesting feature is that all three tunnels have different
concept solutions.

tall, coz bylo komplikované zejména v piipadé severniho portdlu. Chenani Nashri (Patnitop) Tunnel is located between km 89
PTVHI zaber turolelu byl reavlhzovarj Vv srpnu 2011 z/lemho portélu, and km 130 of the existing NHIA road and is designed as
jednalo se o pruzkumnou Stolu razenou pred hlavni tunelovou trou- a 9km, single tube, 2-lane, bidirectional tunnel with parallel

bou. Tato idea byla prijata béhem piipravy (zpracovani DSP), geo-
technické informace z razby dnikové Stoly by mély slouZit pro krat-
kodobou predpovéd podminek razby pro hlavni tunelovou troubu
a pro tpravu razby a zajisténi vyrubu.

Prvni mésice razby tunelu byly vyuzity pro optimalizaci proce-

escape tunnel to be possibly widened later into a second traf-
fic tube. Tunnel alignment is a result of alignment studies
performed in 2004-2006 which presented different lengths of
tunnel variants ranging from 1,2km to 9km. The Client NHAI

sl vystavby, aby byla zajisténa pozadovand kvalita a bezpecnost. | [1nally decided for the longest “base” tunnel at elevation of
Proto byla déna prednost vycviku (vétSinou nezkuenych) pracov- | approx. 1.200m and with maximum overburden of 1.000m.
niki a budovéni zafizeni stavenisté pred snahou o maximaln{ Tunnel was designed on a “DPR” (Detail Project Report) level
vykony razeb. Tento piistup byl priméfeny pfi predpoklddané including limited geotechnical investigation and evaluations,

vov o 2w

Obr. 2 Pri¢ny Fez tunelu (podle DSP) a bezpecnostni koncept s predpoklddanou moZnosti budouciho roz$ifeni iinikové $toly na dvoupruhovou tunelovou troubu
s jednosmérnym provozem
Fig. 2 Tunnel cross section (DPR) and safety concept with foreseen possibility of future extension to a double lane, unidirectional tunnel
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Obr. 3 Jizni portdl tunelu Patnitop (Chenani — Nashri) pod priismykem
Patnitop (2012)
Fig. 3 South portal of the Chenani-Nashri tunnel under Patnitop Pass (2012)

dobé provddéni razeb presahujici tii roky. Koncem listopadu 2011
jiz probihaly razby na vSech Ctyfech Celbdch a ke konci roku 2012
byly dosaZeny ndsledujici postupy:

Jih — hlavni tunel 1900 m
Jih — unikova Stola 2700 m
Sever — hlavni tunel 1700 m
Sever — tnikova Stola 2300 m

Prorédzka se predpokladd v roce 2014 (pokud nebudou zastizeny
neoekdvané geologické poméry a pokud budou razby probihat
podle planu). Hlavnimi geologickymi riziky razby jsou vysoké

i A, ey il . - o J 5
Obr. 4 Severni portdl tunelu Patnitop (Chenani — Nashri) pod priismykem
Patnitop (2012)

Fig. 4 North portal of the Chenani-Nashri tunnel under Patnitop Pass (2012)

excavation and support definition, civil and structural
design, conceptual E/M design, and corresponding specifi-
cations, BOQ and cost estimates. In 2010, tendering process
for concession to design, build, finance, operate and transfer
after 20 years was performed (DBFOT), and India-based
group IL&FS Transportation Networks Ltd (ITNL) was
awarded the concession. Concessionaire has chosen
Leighton Wellspun Co. as a general contractor responsible
for tunnel construction including short open road sections at

a)
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Obr. 5 Vyvoj koncepénich reSeni silni¢niho tunelu Pir Panjal (a — FeSeni v DSP, b — reSeni pripravené koncesiondrem)
Fig. 5 Development of the concept solutions for Pir Panjal road tunnel (a — DPR solution, b — concessionaire solution)




Obr. 6 Jizni portdl tunelu Pir Panjal
Fig. 6 South poratl of Pir Panjal Road Tunnel

nadloZi, vysokd a nestandardni primdrni napjatost horninového
masivu (tektonika Himadlaje), pritoky vody, hydrostaticky tlak
a poruchovd pdsma. Horninovy masiv se sklddd z pravidelnych
vrstev flySovych sedimentdrnich hornin v celé trase tunelu
a bohuZel neexistuji v dané oblasti Zddné srovnatelné tunely.

Na pocétku raZeb byly zastizeny vrstvy rozpukanych piskovcu
a prachovci s minimem vody (suché obdobi, nizké nadlozi).
Vzhledem k blokovité strukture masivu bylo mnoZstvi nadvylomu
relativné vysoké, povrch nezajisténého vyrubu byl nepravidelny.
Technologické tiidy zajisténi vyrubu byly pouziviny A, B a C
s dal$im délenim kazdé z nich. Ve tfidé A byla maximalni délka
zabéru 3,5 m, tenkd vrstva strikaného betonu bez prfihradovych
ramu a svorniky délky 5 m. Tridy B a C predpokladaly kratsi délku
zébéru a mohutnéjsi zajisténi. Navrh technologickych tiid se pra-
béZné upravuje.

2.3 Geologie, NRTM a smiuvni podminky projektd
Znalost geologickych a geotechnickych podminek vychazi
z mistn{ regionélni geologie a z omezeného pruzkumu prové-
déného ve stadiu projektové pripravy DSP. Zdjmovd oblast
projektu se nachdzi v zapadni Himadlaji, v pdsu nazyvaném
sub-Himalaj a tunel prochdzi geologickou formaci “Murree”
tvofenou terciérnimi sedimenty erodovanych materidla splavenych

z vyssich horskych oblasti na severu. Tento pds je na severu ohrani-
¢en hlavnim okrajovym zlomem (Main Boundary Thrust), ktery

Obr. 7 Koncepéni ieSent silni¢niho tunelu pod priismykem Rothang
Fig. 7 Concept solution for Rothang Pass Road Tunnel
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both portals and complete E/M systems. Value of the
Engineering, Procurement and Construction (EPC) contract is
approximately US$570M on a lump sum, fixed price basis.
Contractor’s detail designer is Italian Geodata Co. and speci-
alized tunnel consultant D2 Consult Prague.

Tunnel concept as defined in DPR stage remained unchan-
ged (Fig. 2) with potential for construction of the second tube
later.

2.2 start of the tunnel excavation
and first experience

The tunnel construction started with excavation of portal
cuts, particularly difficult at squeezed conditions of the north
portal in spring 2011. First blast for tunnel was performed in
August 2011 at the south portal, with an escape tunnel advan-
cing ahead of main tunnel. This idea was accepted in DPR
stage and geotechnical information from escape tunnel
should serve for short term prediction of conditions in the
main tunnel tube and for corresponding adjustments of exca-
vation and support works.

First months of tunnel excavation are used for optimization
of the work routines, meeting quality requirements, training of
personnel and establishing of necessary site facilities rather
then for maximum progress. This approach is reasonable consi-
dering estimated tunnel construction time of more than 3 years.
At the end of November 2011 all four tunnel drives have alrea-
dy started and reached at the end of 2012 following distances:

South: Main Tunnel 1900m Escape Tunnel 2700m

North: Main Tunnel 1700m Escape Tunnel 2300m

Possible break through can be expected in 2014 if there
are no unexpected conditions encountered and scheduled
progress of tunnelling works is realized. Geotechnical con-
cerns are high overburden, high and possibly unusual stress
conditions, water ingress, water pressure and fault zones.
Ground consists of uniform flysh sedimentary rock layers
all over tunnel alignment and there is no comparable exam-
ple of tunnelling in the area. Excavation of first meters
experienced layers of competent, jointed sandstones and
siltstones and very little water (dry season, low overbur-
den). Over-excavation is due to blocky structure quite high
and excavated profile rough. Excavation and support classes
are designated A, B and C with subdivision in each, maxi-
mum round length 3.5m, thin shotcrete layer, Sm rock bolts
and no lattice girders in class A and shorter rounds and
stronger support in classes B and C. Deformation measure-
ments are showing expected behaviour with slightly asym-
metrical pattern due to prevailing inclination of bedding
planes and values of max. several cm. Design of support is
being continuously adjusted.

2.3 Geology, NATM and contract conditions

Knowledge about geological conditions comes from limited
investigation during DPR phase, limited investigation during
pre-construction period and from general information about
regional geology. Project area lies in Western Himalaya in a
belt called sub-Himalaya and tunnel crosses “Murree” forma-
tion of lower tertiary sediments of materials eroded from the
high mountains. This belt is on the North framed by the Main
Boundary Thrust dividing sedimentary formations from meta-
morphic complex. The whole tunnel length goes through one
sedimentary formation composed by repetitive series of sand-
stones, siltstones and claystones.

NATM belongs to the group of “observational” methods in
geotechnical engineering and as such is capable effectively
manage very different conditions encountered during tunnelling.
Optimum use of the method can, however, be achieved only with
corresponding contractual and organizational arrangements.

Concession project, in particular for tunnel construction in
a pure design&build (DB), lump sum contract form, is gene-
rally considered as having higher risk potential than standard
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Obr. 8 Jizni portdl tunelu Rothang
Fig. 8 South portal of Rothang Pass Road Tunnel

oddéluje sedimentdrni formace od metamorfovanych. Cely tunel pro-
chdz{ jednim pasmem tvofenym rytmickym stfiddnim piskovcd, pra-
chovcii a jilovea.

NRTM patfi do skupiny “observacnich” metod a je schopna efek-
tivné reagovat na velmi odlisné podminky zastizené béhem razby.
Optimdlni vyuziti této metody je ovSem mozné pouze ve spojeni
s odpovidajicimi smluvnimi a organizatnimi podminkami.

Koncesni projekt tunelu zaloZeny na principu naprojektuj a postav
(design&build) a pausélni pevné cené (lump sum contract form) je
povazovén za vice rizikovy neZ v Evropé obvykle pouzivany smluv-
ni model naprojektuj—zadej—postav (design-bid-build) s pevnymi
jednotkovymi cenami. UdrZeni prijatelné miry rizika pri razbé tunelu
vyZaduje vysokou odbornou droven a spoluprdci mezi zi¢astnénymi
stranami (zhotovitel a stavebni dozor) behem celé doby vystavby.

3 SILNICNI TUNEL PIR PANJAL

Silni¢ni tunel Pir Panjal je umistén mezi Banihalem (smér na jih
do Jammu) a Quazigund (smér na sever do Srinagaru) na silnici NH-
1A a byl navrZen ve fazi DSP jako 8,45 km dlouhy tunel s jednou
dvoupruhovou troubou s protismérnym provozem a s tnikovym
kandlem umisténym pod vozovkou. Uvedeny koncept byl zménén
koncesiondfem (obr. 4) a schvdlen investorem NHAI v prubéhu zpra-
covéni realizatni dokumentace na dvé jednosmérné jednopruhové
trouby spojené propojkami s moznosti tniku do druhé trouby
v pripad€ poZéru ¢i jiné mimorddné udélosti. Koncesionarem projek-
tu je spolecnost Navayuga Engineering Comp. Ltd a rakousky
Geoconsult je jejich projektantem.

4 SILNICNI TUNEL POD PRUSMYKEM ROTHANG

Silniéni tunel pod prismykem Rothang je umistén na silnici Manali —
Leh ve stat¢ Himachal Pradesh. Jedn se o 8,8 km dlouhy tunel s jednou
dvoupruhovou troubou s protismérnym provozem s tnikovym kandlem
pod vozovkou. Tunel leZi v nadmotské vysce pres 3000 m, vyska nadlo-
Zi presahuje 2000 m. Projekt je zaloZen na modelu DBB, investor BRO
zadal v roce 2009 projekt vystavby tunelu a prilehlé silnice sdruzeni
SAJV (Strabag-Afcons JV), razba tunelu byla zahdjena v roce 2010.
Projektantem je australskd spole¢nost SMEC, supervize je provadéna
rakouskou spolecnosti D2 Consult International ve sdruZeni s indickou
spolecnosti ICT, kontrolu projektu provadi rakouskd spolecnost 3G
Geotechnische Gruppe Graz. Razby jsou provddény z obou portdll
a stav na konci roku 2012 byl nésledujici:

Razbazjihu: ........................ 2050 m

Razba ze severu: ..................... 1300 m

contractual arrangements (design-bid-build, unit price con-
tract). Keeping tunnelling works on acceptable risk level will
need high competence and cooperation between involved par-
ties (contractor and supervision) during the whole tunnel
excavation period.

3 PIR PANJAL ROAD TUNNEL

Pir Panjal road tunnel is located between Banihal (direction
to South-Jammu) and Quazigund (direction to North-
Srinagar) on NH-1A road and has been prepared in DPR phase
as a 8,45km, single tube, 2-lane, bidirectional tunnel with an
escape channel under the carriageway. This concept was chan-
ged (Fig. 4) by concessionaire and approved by the client
NHAI during detail design stage to a two tube, one traffic
lane, single directional concept, with cross adits for escape
possibility into other tube in case of fire or emergency.
Concessionaire for the project is Navayuga Engineering
Comp. Ltd and Austrian Geoconsult is their designer.

The project will benefit from the fact that there is the same
designer (Geoconsult) who did design and supervision for the
rail tunnel crossing Pir Panjal range in close distance from
road tunnel and at just slightly lower elevation.

4 ROTHANG PASS ROAD TUNNEL

Rothang Pass road tunnel project is located on Manali — Leh
road in Himachal Pradesh as a 8,8km, single tube, 2-lane,
bidirectional tunnel with an escape channel under the carria-
geway. Tunnel is located at elevation of more than 3.000m
with max. overburden almost 2.000m. Project is based on
Design-Bid-Build model and the Client BRO has awarded
construction of the tunnel and approaches to SAJV (Strabag-
Afcons JV) in 2009, tunnel excavation works started in 2010,
and the tunnel should be completed at the end of 2015. The
cost of building the tunnel and roadway amount to about
US$350M. Designer is Australian SMEC, Independent
Engineer (IE) for the project is Austrian D2 Consult
International in JV with Indian ICT, and Proof Checking
Engineer is Austrian 3G company. Tunnelling works are pro-
gressing from both portals, at the end of November 2011:

South tunnel drive ............... 2050m

North tunnel drive ............... 1300m

The northern portal will not be accessible during the winter
months, therefore the main tunnelling works will be carried



Tab. 1 Srovndni koncepci tuneli
Table 1 Comparison of tunnel concepts
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Geotechnical Problems

Ukazatel / Index Chenani — Nashri (Patnitop) Pir Panjal Rothang
Stavebni naklady 0 ; +
Construction Costs

Logistika vystavby + + .
Construction Logistics

Geotechnické problémy 0 + .

Moznost navySeni poétu pruh(i na 4
Possibility of future 4-laning

Viyhoda / Advantage +
Nevyhoda / Disadvantage -
Neutrélni / Neutral

Vzhledem k vystavbeé v extrémni nadmorské vysce a obtiznému
pristupu jsou podminky vystavby tunelu Rothang zcela jisté nejslozi-
t€j81 z uvedenych tif dlouhych tuneld.

5 ZAVER

V soucasnosti jsou ve vystavbé tfi velmi dlouhé silni¢ni tunely
v severozdpadni asti indického Himdlaje. Doba vystavby se predpo-
klada v trvani 4-5 let, prorazky byly planovany v roce 2014. VSechny
uvedené tunely jsou na duleZzitych dopravnich cestéch a po dokonde-
ni zlepsi pristupnost indické pohrani¢ni himdlajské oblasti. Na vsech
projektech spolupracuji mezindrodni konzulta¢ni/projek¢ni firmy a na
dvou i mezindrodni dodavatelské firmy. Podle dosavadnich postu-
pu pri razbach lze predpoklddat, Ze pouze tunel Chenani — Nashri
(Patnitop) muze byt dokon&en v souladu s predpoklady.

U uvedenych tuneld byla pripravena a pfijata rozdilnd koncepéni
feseni, coz demonstruje skute¢nost, Ze v dané oblasti neexistuje uni-
verzdlni feSeni pro tunely obdobné délky. Hlavnimi divody rozdila
jsou odli$né lokdlni podminky spole¢né s riznymi zkuSenostmi
a oCekdvdnim zainteresovanych subjektu (investor, projektant
a zhotovitel), coZ vedlo k riznym feSenim, kterd vSak obecné spliiuji
zdkladni pozadavky na technickou vhodnost konstrukei a bezpecnost
jejich provozu. Objektivni porovnani zvolenych reSeni bude mozné az
po dokonceni vystavby a po ziskani zkusenosti z provozu. Na zakla-
dé soucasnych informaci a zkuSenosti z provadéni razeb je mozné
provést srovndni, jehoZ vysledky jsou obsaZeny v tab. 1.
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form the southern portal. Considering the high mountain cli-
mate and access possibilities for supply, Rothang tunnel is
definitely coping with the most difficult conditions of the
three mentioned long tunnels.

5 SUMMARY

In the moment, there are 3 very long road tunnels under
construction in Indian North-West Himalaya with expected
excavation periods of 4-5 years, to be broken through in
2014. All tunnels are on important transport routes and when
finished they will improve accessibility of Indian Himalaya
border areas. International consultants are involved in all pro-
jects and contractors at two of them. According to recent pro-
gress; it seems to be realistic that just Patnitop tunnel may be
finalized according to original schedule.

Different tunnel concept solutions have been developed and ado-
pted, demonstrating that there is no universal solution for tunnels
of similar length. Different local conditions as well as different
experience and expectations of involved parties (client, designer,
contractor) lead to different solutions still satisfying basic require-
ments of technical construction feasibility and operational safety.
Objective evaluation and comparison of used concepts can be done
only after tunnel construction is finished and operational experien-
ce gained. In the moment, following comparison of chosen con-
cepts is base on general understanding: see Table 1.
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VLIV VLASTNOSTI KONTAKTNICH PRVKU PRI MODELOVANI
PRESYPAVANYCH KONSTRUKCI

INFLUENCE OF THE INTERFACE ELEMENT PROPERTIES
USED TO MODELING OF THE BURIED STRUCTURES

JAN GREPL

ABSTRAKT

Tento prispévek se zabyvd vlivem pevnostnich vlastnosti kontakinich prvkii pri modelovdni presypdvanych ocelovych konstrukci
z vinitého plechu. Pozornost je vénovdna také odpovidajicimu postupu modelovdni metodou konecénych prvkii. Analyza je provddéna
pomoci programu PLAXIS a vysledky jsou porovndvdny s vysledky laboratorniho testu publikovaného v literature. Cilem analyzy je
poskytnout Ctendri doporudcent pro nastaveni pevnosti kontakinich prvkii pro potreby modelovdni presypdvanych konstrukci.

ABSTRACT

The buried soil-steel structures are widely used in bridge and culverts construction. However, the usage becomes very common
in build shallow tunnels, too. The principal function is the interaction of the steel shale with well-compacted backfill. These days
the mathematical modeling on the bases of finite element method is very commonly used to design structures of that kind. This
article deals mainly with the interface elements setting in modeling the contact soil-steel. A back analysis of a field test was done
to create an appropriate model. The field test has been previously published in literature. On these results, another two models of
structures with similar span and different cross section were created. The strength of the interface elements was varied in these
models. The influence of the interface element strength was studied during the construction phases and during the live-loading as
well. The influence of the interface element strength on the structures with various cross sections was also described. The analy-
sis has been done using the software Plaxis 2D. The aim of the analysis is to give the reader advice in setting the interface ele-

ment strength to create an appropriate model of a buried soil-steel structure.

uvob

Presypavané konstrukce z vlnitého plechu, jejichz hlavnim
nosnym prvkem je dobfe zhutnény obsyp, jsou jako konstrukce
pro vystavbu mosta a propustki zndmy jiz mnoho let.
Technologie byla patentovana jiz v roce 1886 v USA. Od této
doby se rozsiril tento typ konstrukce po celém svété. Je to dano
predevsim pomérné jednoduchym postupem vystavby, dlouhou
Zivotnosti, nendro¢nosti udrzby, nizkymi nédklady a také velkou
variabilitou pouZiti. PfestoZe v Ceské republice nejsou vétinou
presypavané ocelové konstrukce jako feSeni preferovany, ve
svété je mozné poukdzat na mnoho projektl Uspésné realizova-
nych touto technologii. MuZeme najit aplikace v podobé silnic-
nich a Zelezni¢nich nadjezdu, ekokoridor, podchodi pro chod-
ce, ale i Zelezni¢nich mostd na elektrifikovanych tratich.
Nezridka je mozné se setkat také s konstrukcemi, které svou dél-
kou vykazuji parametry tunelu. Pfesypavané ocelové prefabrika-
ty je tedy mozné zaradit ke konstrukénim prvkam pouzitelnym
v podzemnim stavitelstvi. Pfes vySe uvedené skuteCnosti zatim
neexistuje unifikovana metoda vypoctu odezvy konstrukei toho-
to typu. V soucasné dobé se vétsi projekty posuzuji individudlné
pomoci specidlnich softwarl pracujicich na principu metody
kone&nych prvku. Tento &ldnek se vénuje predev§im nastaveni
vlastnosti kontaktnich prvka modelujicich rozhrani ocel — zemi-
na. Presné vlastnosti kontaktu se obtizné ziskdvaji exaktné
a mnohdy se nastaveni a pouZiti téchto prvka ve vypo&tech zane-
dbava.

FUNKCE PRESYPAVANYCH OCELOVYCH KONSTRUKCI

Princip fungovani téchto konstrukei je zaloZen na interakci
ocelové konstrukce s okolni zeminou, kterd je velmi dobre zhut-
néna. Zemina se stdva hlavnim nosnym prvkem konstrukce.
Znacna nelinearita chovani zeminy jako nosného prvku ovsem
ztézuje vypocet odezvy konstrukce na zatiZeni a chovani subtil-
ni ocelové konstrukce béhem vystavby i za provozu. Existuje

INTRODUCTION

Buried structures made from corrugated steel plates have
been used for the bridge and culvert construction for many
years. The well compacted backfill is the main load-bearing
component. Since the technology has been patented in 1886 in
the USA, this type of construction has become well known all
around the world. The popularity comes mainly from the con-
struction process, which is very quick and easy, and also from
the long term lifespan, cost effectiveness and variability of
usage. Despite the fact, that this type of construction is not
preferred in the Czech Republic, it is possible to find many
projects successfully solved while using this technology. The
buried structures are applied in a road and railway overpasses,
bio-corridors, and also bridges on the electrified railways.
Long tunnels made from corrugated steel plates are also very
frequent, especially in surface mines. The corrugated steel pla-
tes can be considered as components, applicable to shallow
underground structures. However, there is no unified method
to assess the structural response of the structures that kind.
These days, bigger projects are analyzed individually, using
specialized software working on the principle of finite element
method. The aim of the article is to analyze the behavior of the
interface between the soil and the steel structure. The correct
setting of a contact element is very often neglected in the mat-
hematical models also because of the lack of information
about the behavior of the interface.

THE FUNCTION OF THE BURIED STEEL STRUCTURES

The functioning principles of the buried structures are based
on the interaction between the structure and the surrounding
soil which is well compacted. The soil becomes then the main
load-bearing component. The non-linearity of the soil behavi-
or under loading complicates the analysis of the structure res-
ponse during the construction and the operation as well. There




TuHel

fada vypoltovych postupu, které vychdzeji nejcastéji
z praktickych zkuSenosti z realizaci a méfenych staveb.
V soucasné dobé je vSak trendem vyuzivat pro vypocet tako-
vychto konstrukei matematické modelovédni. UmoZnuje to neu-
stéle se zvySujici vypocetni kapacita osobnich po&itacu a stéle se
roz§ifujici nabidka riznych softwarovych ndstroju. Vypocetni
programy umoznuji modelovat problém jako celek a je mozné
sledovat komplexné chovani konstrukce a vliv chovani kon-
strukce na okoli. Vytvoreni adekvéatniho modelu vSak vyZzaduje
odpovidajici zaddni vstupnich parametra a spravné nastaveni
vypoctu. V pripadé presypavanych konstrukei ma tvorba mate-
matického modelu pro numerické feSeni vyraznd specifika.
Predevsim je problematicka faze vystavby, kdy je kolem ocelové
konstrukce hutnéna zasypova zemina. Tato faze je v§ak pro kon-
strukce tohoto druhu zdsadni. Pfi hutnéni zdsypu po strandch
dochdzi k deformaci ocelové konstrukce smérem dovnitf
a vrchol klenby se deformuje smérem nahoru az o 1,5 % rozpe-
ti. KdyZ z4syp dosdhne vrcholu klenby, ocelovd konstrukce se
deformuje zpét o cca 20 % predchozi deformace. Vrchol klenby
se vlivem zatiZeni vraci zpét smérem dolu a boky jsou zatlaco-
vany smérem do zeminy, kde je aktivovan pasivni zemni tlak,
coz je zadouci [1]. Pomérné velké deformace ocelové konstruk-
ce béhem hutnéni mohou ale zpusobovat problémy pii vypoctu
metodou kone¢nych prvka (MKP).

ZPETNA ANALYZA MERENE ZKOUSKY

Pro kazdou parametrickou studii je potfebny odpovidajici
matematicky model. K tomuto ti¢elu byla provedena zpétnd ana-
Iyza méfené zkousky ocelové presypavané konstrukce, publiko-
vand v [2]. Mérend ocelovd konstrukce rozpéti 9,6 m byla klen-
bovd, uloZend do patek. Zdsypovy materidl byl dobfe zrnény
pisek se Stérkem, hutnény po vrstvach tl. max 60 cm. Material
byl podroben laboratornim zkouskdm, jejichz vysledky byly
pouZity pro vytvoreni konstitutivnich modeli zeminy pro potie-
by matematické analyzy. Model byl vytvoren pomoci softwaru
PLAXIS 2D.

Viastnosti modelu

Vzhledem k charakteru konstrukce byla tloha fesena jako 2D
(rovinny stav deformace). Ocelova konstrukce byla modelovédna
pomoci nosnikovych prvku typu ,plate” véetné zdkladovych
patek (tab. 1). Pripojeni ocelové klenby na zdakladové patky bylo
uvazovano jako kloubové (obr. 1). Zemina byla modelovdna
pomoci 15 uzlovych objemovych prvku. Zasypova zemina byla
vyjddfena zdkladnim konstitutivnim modelem podle Mohr—
Coulomba. Tento materidlovy model uvazuje linedarné elastické —
perfektné plastické chovani zeminy. Jednd se o nejstarsi konsti-
tutivni vztah pro zeminu a je stile mozné jej v Ceské republice
povazovat za nejpouzivanéj$i. Deformaéni modul zeminy,
v programu PLAXIS oznaCovany jako Eef, linedrné rostl
s hloubkou. Tento piirustek je definovdn parametrem Eincr.
Hodnota parametru je vyjadiena jako narust deformaéniho

Obr. 1 Geometrie analyzované konstrukce
Fig. 1 Geometry of analyzed construction
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are a lot of analytical procedures, which are based mainly on
the practical experience. However, the trend is to use the mat-
hematical modeling. It is enabled by the rising computer capa-
city and constantly expanding offer of the appropriate softwa-
re. The mathematical models analyze the construction as
a whole, and it is so than possible to assess the response of the
whole structure and its surroundings. However, to create the
appropriate model needs using the appropriate input and the
appropriate setting of the computing procedure. In the case of
the buried steel structures, the creation of the mathematical
model has a significant specification. The construction phase
is the trickiest, especially when the backfill is compacted
around the entire steel structure. Moreover this phase is cruci-
al for structure of this kind. During the compaction of the
backfill around the sidewalls, the steel structure sidewalls
deform inwards and the top of the structure moves upwards, up
to 1.5% of the span of the structure. When the backfill reaches
the level of the top, the steel structure deforms back. The top
moves downwards up to 20% of the previous deformation. The
sidewalls are pushed into the backfill and it activates passive
earth pressure, which is desired [1].The deformations during
the construction, which are quite big, may cause problems in
the finite element analysis.

BACK ANALYSIS OF THE FIELD TEST

For each parametrical study, the appropriate mathematical
model is necessary. For this purpose, the back analysis of some
field test has been done. The field test with results has been
published in [2]. The structure which has been tested was
a steel arch with the span of 9.6m, founded on the concrete
strip footing. The backfill material was well grained sand with
gravel, compacted in the 60cm thick layers. The backfill mate-
rial was laboratory tested and the results have been used to cre-
ate the constitutive models for the purpose of the mathemati-
cal analysis. The model has been created in the software PLA-
XIS 2D.

Properties of the model

Due to the character of the construction the problem has
been solved as 2D (plain strain). The steel construction has
been modeled with the beam elements, included single footing
(Table 1). The connection of the steel arch to the footings has
been considered as hinge (Fig. 1). The soil was modeled with
15-node volume elements. The backfill has been expressed
with, the basic constitutive relation of Mohr—Coulomb type.
This material model considers linear elastic — perfectly plastic
behavior of the soil. It is the oldest constitutive relation for the
soil and it is still the most widely used in the Czech Republic.
The deformation modulus of the soil, in the PLAXIS software
called E..f, has been linearly increasing with the depth. This
increment is defined by the parameter Eincr. The value of the
parameter is expressed as the growth of the deformation modu-
lus in kPa per one meter of the depth (Table 2). The cohesion
of the soils is called cf in the SW PLAXIS. As the construc-
tion has been analyzed in the environment of the cohesion-less
soil, the value of cy is zero. In order to avoid some errors in
the calculation, the value cef is set to the non-zero value of 1
kPa. The values of the materials used in the field test are given
in [2], the adjusted values for use in the software Plaxis, was
taken from [3]. The value w for the steel structure and the
foundation indicates the specific mass and it is defined as
a self-weight per unit area.

CONTACT ELEMENTS

Between the construction and the backfill there are some con-
tact elements of ,,interface® type. The properties of the contact
elements in software Plaxis are based on the soil properties
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Tab. 1 Parametry ocelové konstrukce a zdkladu
Table 1 Parameters of steel plates and foundations

Zemina / Soil EA El w \Y
[kN/m] [KNm2/m] [kN/m?] [-]
Ocelova konstrukce / Steel structure 1,45-108 360 0,4 0,3
Betonovy zéklad / Concrete foundation 2,70-10° 81000 15 0,17
Tab. 2 Parametry zemin
Table 2 Soil parameters
. . E c ¢ ) Ej Rint
Zemina / Soil Y v ref ref incr inter
[kN/m3] [-] [kN/m?] [kN/m?] [°] [’ [kN/m3] [-]
1 - zasyp / 1 - backfill 18,5 0,28 14300 1 38,5 8,5 2400 0,1-1,0
2 - podlozi/ 2 - bedrock 20,0 0,28 20000 1 43,0 13,0 3800 1,0

modulu v kPa na jeden metr hloubky (tab. 2). SoudrZnost zemin
je v programu PLAXIS oznacovdna jako cef. Protoze konstruk-
ce byla analyzovdna v prostfedi nesoudrZznych zemin, byla hod-
nota cef nulova. Aby se predeslo chybam ve vypoctu, je hodno-
ta cpef Nastavena na nenulovou hodnotu 1 kPa. Hodnoty materi-
alu pouZitych v méfené zkouSce uvedené v [2], upravené pro
pouZiti v programu Plaxis, byly prevzaty z [3]. Hodnota w pro
ocelovou konstrukci a zdklady oznacuje specifickou hmotnost
a je definovdna jako sila, vyvolana hmotnosti, na jednotkovou
plochu.

KONTAKTNI PRVKY

Mezi konstrukci a zeminou se nachdzeji kontaktni prvky typu
minterface. Vlastnosti kontaktnich prvku v programu Plaxis
vychézeji z vlastnosti zemin podle uvedenych vztaht (1.1) aZ
(1.3). Ridi se parametrem R; ... KdyZ Riye=1, je spojeni prvku
pevné. Hodnoty Rj,.>1 se nepouZivaji. Na kontaktu
ocel-zemina predpokldaddme poruSeni smykem mnohem dfive
nez v samotném telese zeminy. Hodnotu R, predpokladdme
tedy vyrazné mensi neZ 1. Adekvatni hodnotu vSak stanovime
,naladénim* modelu podle vysledku terénnich zkousek.

Ci=Rinter Czeminy (L.1)

tg ¢i = Rinter * 18 Pzeminy= € Pzeminy (1.2)

Pi=0° kdyZ Riye; < 1 jinak plati ¥; = Yzeminy (1.3)
Metoda vypoétu

Vzhledem k tomu, Ze ofekavame pomérne velké deformace, je
vypocet nastaveny do modu ,,updated mesh*. Program Plaxis
umoznuje toto nastaveni pravé pro pripady, kdy se oekavaji
vétsi deformace. Toto nastaveni neuvazuje teorii malych defor-
maci, kdy se matice tuhosti zaklddd na puvodni nedeformované
geometrii. Vypocet v modu ,,updated mesh* uvazuje deformace
a matice tuhosti je tvofena praveé na deformované siti [4].

Modelovani postupu vystavby

Postup vystavby byl volen co nejpresnéji podle provedeného
experimentu [2]. V prvni f4zi byla postavena ocelovd klenba.
Dalsi faze modelovaly zasypédvani konstrukce. Vrstvy mocnosti
0,6 m byly ukladany symetricky po stranidch ocelové konstrukce.
Maximélni rozdil vySky zdsypu na obou straniach byl tedy 0,6 m.
Proces hutnéni byl modelovan pasovym rovnomérnym zatizenim
na povrchu vrstvy o hodnoté 5 kPa. Pri symetrickém zasypani
konstrukce z obou stran bylo zatiZeni hutnénim odstranéno
a byla odeCtena hodnota svislé deformace vrcholu klenby.
V prubéhu experimentu byla pfitizena klenba ve vrcholu beto-
novymi bloky z duvodu velké deformace. Jedn4 se o bézny tech-
nologicky postup. PfitiZeni vrcholu klenby bylo provedeno pri

according to given relations (1.1) up to (1.3). They are con-
trolled by parameter Rjy,;. When R;,=1, the connections of
the elements are fixed. The values R;,.>1 are used. At the
contact soil — steel we can assume the plastic deformation
much earlier than in the soil body. We can assume that the
value Rj,, is much smaller than 1. The suitable value is set up
by ,,adjusting* the model to the results of in-situ tests.

Ci=Rinter Czeminy (L.1)
t2 ¢i = Rinter * 1€ Pzeminy= 1€ Pzeminy (1.2)
=0° kdyZ Ripger < 1 jinak plati ; = Yyeminy (13)

Method of the calculation

Due to the fact, that we can expect quite big deformations,
the calculation is set to the ,,update mesh® mode. The softwa-
re Plaxis enables this setting just for the case of bigger defor-
mations expected. This setting doesn’t consider the theory of
small deformations, when the stiffness matrix is based on the
original non-deformed geometry. The calculation in ,,update
mesh“ mode considers deformations and the stiffness matrix is
formed on the non-deformed mesh [4].

Modeling of the construction phases

The construction phases were made as accurate as possible,
according to the construction process in the experiment [2]. In
the first phase, the Steel arch was built. The following phases
modeled the backfilling process. The backfill was placed sym-
metrically around both sidewalls in 0.6m thick layers. Then
the maximum difference of the backfill level was 0.6m. The
compacting process was modeled using the strip load of 5kPa
placed on the layer surface. When the backfill was on the same
level on both sides, the compacting load was removed, and the
vertical displacement of the top of the arch was measured.
During the backfilling, the top of the arch was loaded by conc-
rete blocks to reduce the vertical displacement. This is
a common process. The top load was added, when the backfill
reached the level of 2.7m above the foundations. The top load
was modeled using the point load of 14kN. When the backfill
reached the top of the arch, the top load was removed, and the
backfilling process was finished. The settlement of the struc-
ture as a whole has not been considered. The vertical displace-
ments during the backfilling have been measured from the
deformed state, after the construction of the steel arch without
the backfill. On this model, the parameter R;,, has been chan-
ged, to find the most appropriate value.

Results

The calculated vertical displacements of the top have been
compared with the results of the field test. The values of the
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Obr. 2 Pritbéh deformace vrcholu klenby béhem zdsypu
Fig. 2 The development of the deformation of the top

vysce zdsypu 2,7 m nad zdkladem. Pfitizeni bylo modelovdno
osamélym bfemenem ve vrcholu klenby o hodnoté 14 kN. Kdyz
zasyp dosdahl nad vrchol klenby, bylo pfitizeni odstranéno.
Sedani konstrukce jako celku nebylo v modelu uvaZovano.
Hodnoty deformace klenby pfi zasypavani byly odecitany od
deformované konstrukce po vystavbé ocelové klenby bez zésy-
pu. Na takto definovaném modelu byl postupné meénén parametr
interface prvku Rj,., pro nalezeni nejvhodnéjsi hodnoty.
Vysledky

Vysledky svislé deformace vrcholu klenby v matematickych
modelech byly porovnavany s vysledky terénnich méfeni [2].
Oblast, ve které se pohybovala deformace v zavislosti na nasta-
veni R, je v grafu vyznacena Sedou barvou. Nejlepsi shodu
vykazoval model s nastavenim parametru Rj,.. = 0.,35.
Maximalni rozdil deformace vrcholu klenby od méfeného testu
¢inil 15 mm, pri vySce zdsypu 1,8 m. Rozdil v deformaci vrcho-
Iu po dokonceni zasypdvdni byl 7 mm. To lze povaZovat za dob-
rou shodu (obr. 2).

Parametricka studie vlivu viastnosti kontaktniho prvku

Pro porovnan{ vlivu parametru kontaktnich prvku Rj,er byly
vytvoreny dal$i dva modely presypavanych ocelovych konstruk-
ci. Byly zvoleny konstrukce stejného rozpéti jako konstrukce
v predchozi studii, tedy 10 m. Zkoumdn byl uzavieny tlamovy
profil z produkce spolecnosti Viacon z vinitého plechu typu MP
200 [2] (obr. 3). Dalsi zkoumany profil byl tvaru kruhové klen-
by, zaloZeny do patek, ze stejného materidlu jako tlamovy profil
(obr. 4). Nadlozi obou konstrukei ¢inilo 1 m. Vlastnosti vinitého
plechu MP 200, upravené pro pouZziti v programu Plaxis, jsou
uvedeny v tab. 3.

MODELOVANI POSTUPU VYSTAVBY,
VLASTNOSTI MODELU A METODA VYPOCTU

Oba profily byly ve fazi vystavby modelovany obdobnym
zpusobem jako v piipadé zpétné analyzy. V prvni fdzi byla
vystavéna ocelovd konstrukce, kterda byla v dalSich fazich
symetricky obsypdvdna zeminou po vrstvdch 0,6 m. Tlamovd
konstrukce byla vystavéna na zdkladové vrstvé zeminy, kterd
byla upravena podle zaktiveni dna. Dno tlamové konstrukce se
nachdzelo 0,6 m pod horizontem zdkladové vrstvy. Pro kom-
penzaci nadmérné deformace vrcholu klenby byla ocelova kon-
strukce v prubéhu vystavby ve vrcholu pfitizena bfemenem
o velikosti 14 kN. V pripadé tlamového profilu to bylo pri
vySce zdsypu 5.4 m nad horizontem zdkladové vrstvy.

vertical displacements dependent on the value of R;,, are pre-
sented in the graph as a gray area. The results from the model
with the value of R;,,= 0.35 correspond best with the field
test. The maximum difference of the vertical displacements of
the top is 15mm, by the backfill level of 1.8m. The difference
of the vertical displacement of the top after backfilling process
is 7mm. This can be considered a good correlation (Fig. 2).

Parametrical study of the interface element influence

Another two models of buried structures have been done to
compare the interface element influence. Structures with simi-
lar span to the first structure have been chosen. In the first case
there has been studied the box structure from the production of
the Viacon company made of corrugated metal plates MP200
[2] (Fig. 3). The other studied structure was a circle arch pro-
file founded on the strip footing. The structure was made from
the same material. The input parameters used in software
Plaxis are presented in the Table 3.

MODELING OF CONSTRUCTION PROCESS,

THE MODELS BEHAVIOR AND TYPE OF THE ANALYSIS
The construction phases of both profiles have been modeled

a similar way, as in the above mentioned back analysis. In the

first phase, the steel structure was built, than the backfill was

Obr. 3 Geometrie tlamové konstrukce
Fig. 3 Geometry of the box profile
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Tab. 3 Parametry ocelové konstrukce MP 200 a zdkladu
Table 3 Parameters of steel plates MP200 and foundations

Tuel

Zemina / Soil EA El w \Y
[kN/m] [kKNmZ/m] [kN/m?] [-]

Ocelova konstrukce / Steel construction 1,66-10° 642,6 0,7 0,3

Betonovy zéklad / Concrete foundation 2,70-10° 81000 15 0,17

Konstrukce tvaru kruhové klenby byla ve vrcholu pritiZzena
v trovni zdsypu 4,2 m nad horni hranou zdkladu. Jako zdsypo-
va zemina byla zvolena zemina obdobn4 jako v predchozi zpét-
né analyze (tab. 2). Po dokonéeni vystavby byly obé konstruk-
ce zatiZzeny nahodilym zatiZenim. VSechny vypoctové kroky
byly provedeny v médu ,,updated mesh*.
Zatizeni nahodilym zatizenim

Vlastnosti kontaktnich prvkd mohou ovliviovat i odezvu hoto-
vé konstrukce na tG¢inky provoznich zatiZzeni. VSechny tfi mode-
ly byly tedy zatizeny je$té modelovym nahodilym zatiZenim
v podobé pésového rovnomérného zatizeni velikosti 30 kN/m?
a délky 1,4 m. Nahodilé zatiZeni nereprezentuje Zadny konkrétni
typ zatizeni, bylo uvazovano pro ucely porovnani jednotlivych
modelu. Zatizeni bylo umisténo svou osou postupné nad osu
zaloZeni ocelové konstrukce, poté nad osu pravé poloviny, dale
pak nad osu klenby a stejnym zpusobem v levé poloviné mostu
(obr. 5). Byl sledovédn vliv nastaveni parametru R;,., na defor-
maci od nahodilého zatiZeni.

VYSLEDKY

Deformace béhem vystavby

Vysledky deformaci obou profilt jsou patrné z grafti na obr. 6
a obr. 7. Deformace se zvySovaly se sniZujici se hodnotou para-
metru R,. V pripadé tlamového profilu se 1isi deformace
vrcholu klenby pro riznd nastaveni parametru Ry, 0 131 mm.
Rozdil deformaci v kone¢né fdzi u kruhové klenby pro riznd
nastaveni hodnoty parametru Rj.; je 56 mm.

Deformace od nahodilého zatizeni

Deformace vrcholu klenby se zmensSovala se zvétSujicim se
parametrem R, ;. Zavislost deformace na parametru R;, ., neby-
la linedrni. Deformace se sniZovala exponencidlné, rozdil
v deformaci pfi hodnotach parametru Ri,; = 0,35 a Rjper = 1,00
byl méné neZ 3 mm u vSech pripadu (obr. 8). Pfi hodnotdch R,
vys§ich nez 0,35 nedochdzelo pfi nahodilém zatéZovani
k plastickym deformacim na kontaktu ocel — zemina v takové
mife jako pfi hodnotéach nizsich.

placed in the layers, 0.6m thick. The box profile was built on
the base layer, which was adjusted to the bottom rounding. The
bottom of the box profile was 0.6m under the level of the base
layer. The top load of 14 kN was used to prevent excessive dis-
placements of the top. The box profile was loaded with the top
load when the backfill reached the level of 5.4m above the
base layer surface. The circular arch profile was loaded in the
top when the backfill reached the level of 4.2m above the
foundation upper surface. The backfill was the same as in the
previous presented back analysis (Table 2). After the construc-
tion process, both structures were loaded by live load. The
numerical analysis has been done in the “updated mesh” mode.

Live loading

The interface elements behavior can influence the response
of a structure to the effect of live loading. All of those three
models have been loaded with a live load. The live load has
been modeled as a distributed strip load of 30kN/m?, 1.4m
long. The geometry of the load doesn’t represent any specific
type of load. It has been considered only to compare those
models. The load has been placed step-by-step above the axis
of the foundation, above the axis of the right sidewall, above
the centerline of the structure and then the same way on the
other half of the structure (Fig. 5). The influence of the para-
meter R, settings has been studied.

RESULTS

Deformations during the construction

The resulting deformations of both profiles are presented on
the graphs (fig. 6) (fig.7). The deformation increases when the
value of parameter R;,, decreases. As for the box profile, the
vertical displacement differs in 131mm for various setting of
the parameter Rj,.,. The difference of the vertical displace-
ment is S6mm as for the circle arc according to various setting
of the parameter R; ;-

<>1.4m 30 kN/m
VAR \j / NAAXY /  NAAWY
><15 Y 7
\ ) ; J
./ /\/\ I /
\ 4 \
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\/! N/
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Obr. 4 Geometrie obloukové konstrukce
Fig. 4 Geometry of the circle arc profile

Fig. 5 Geometry of the live-load

Obr. 5 Geometrie nahodilého zatiZeni
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Obr. 6 Graf deformace vrcholu tlamového profilu
Fig. 6 The deformation of the box profile top

ZAVER
Metoda vypoctu

Pro adekvatni modelovani presypanych ocelovych konstrukci
metodou kone&nych prvku je duleZité spravné modelovat proces
vystavby. ProtoZe jsou béhem vystavby ocekdvdny pomérné
velké deformace (okolo 2 % rozpéti), je vhodné pouZit analyzu,
kterd uvaZzuje deformace generované v prubéhu zasypavani
a matice tuhosti je tvorena na deformované siti. Pfi pouZiti ana-
Iyzy neuvazujici deformace nebylo mozné vypolty béhem

Deformations from the live load

The deformation increases when the value of parameter
R, r decreases. The dependence on the parameter R;, is not
linear. The deformation decreases exponentially, the differen-
ce of the vertical displacement is less than 3mm when the
values of parameter R;,., lies between the value 0.35 and 1.00.
When the value of R, was bigger than 0.35, the plastic
deformation does not occur on the interface element so much
as when the value was lower.

vystavby dokoncit, vypocet nekonvergoval. CONCLUSION

Method of analysis
For appropriate
200 1. modeling of buried
180 | pnhzef“vrChOlU . soil-steel structures
additional load of the top using the finite ele-
160 ! ', : | ment method it is
. | necessary to model
Eg 140 —— R=0,1 the construction pro-
T E 120 cess right. Slqce quite
= = —4— R=0,2 big deformations are
= 100 —— R=035 | expected (about 2%
2= ' of span), it is appli-
52 80 —— R=0/4 cable to use the type

> o ; ;
.- &0 —— R=0,8 of apalysw, -whlc.h
& £ - R=08 takes into cons1deFat1—
g% 40 ! on the deformations
T © e R71,0 during the backfilling
20 3 process, and the stiff-
| ness matrix is created
0 B ’ = ' on deformed mesh.
0 1 2 3 4 5 6 7 When the standard
analysis is used, it has
vy$ka zasypu (m) - overburden height (m) is not possible to
finish the calculations

Obr. 7 Graf deformace vrcholu kruhového profilu
Fig. 7 The deformation of the circle arc profile top

of the construction
phases.
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parametr Rinter - Rimer parameter

Obr. 8 Graf deformace vrcholu klenby pri nahodilém zatiZeni v postaveni 3
Fig. 8 he deformation of the top during live-loading in place no.3

Vliv kontaktnich prvki

Pfi modelovani je nutné vzit v dvahu chovdni na kontaktu
ocel-zemina a vyuZit pfi tvorbé modelu kontaktnich prvka.
Klicovym je nastaveni hodnoty redukujici parametry smykové
pevnosti na tomto kontaktu. V1iv parametri kontaktniho prvku
se projevuje predevsim ve fazi vystavby. Vliv nastaveni vlast-
nosti kontaktnich prvka se zvySuje se zvétiujici se svétlou plo-
chou prufezu presypané klenby. Citlivéjsi jsou tedy profily uza-
viené, tlamové.

Vlastnosti kontaktniho prvku také ovliviiuji vypo&itané defor-
mace pri zatéZzovani nahodilym zatiZenim po dokonéeni vystav-
by konstrukce. Deformace vrcholu klenby se v kazdém matema-
tickém modelu vyraznéji zvétSovaly, kdyZz byla pevnost kontakt-
niho prvku mensSi nez 1/3 pevnosti okolni zeminy.

Viastnosti kontaktnich prvka

Na zdkladé zpétné analyzy zminéné mérené zkousky bylo pro
tento pripad vyhodnoceno jako nejvhodnéjsi nastaveni vlastnos-
ti kontaktniho prvku 35 % smykové pevnosti okolni zasypové
zeminy. Pro potvrzeni této hodnoty jako obecné platné pro vypo-
Sty presypavanych ocelovych konstrukei obdobnym postupem
by bylo nutné provést zpétnou analyzu vétstho poctu pripadu.

Cldnek vznikl za podpory projektu specifického vyzkumu FAST-
S§-11-39 MSMT CR a projektu &. MSM0021630519.

ING. JAN GREPL, grepl j@fce.vutbr.cz,
Ustay geotechniky VUT Fakulta stavebni, Brno

Recenzovali: prof. Ing. Jiri Bartdik, DrSc.,
doc. Ing. Richard Sniupdrek, CSc.

LITERATURA / REFERENCES

Influence of the interface elements

In the mathematical models it is necessary to take into con-
sideration the behavior of the soil-steel contact and use some
special interface elements in the models. The setting of the
parameter which reduces the shear strength on the contact is
crucial. The influence of the interface parameters settings
comes through mainly in the construction phases. The influen-
ce also increases with the area of the profile. Therefore, the
closed box profiles are more sensitive to the settings of inter-
face parameters.

The interface behavior also influences the deformations
from live loading after the structure is finished. The deforma-
tions have significantly increased, when the strength of the
interface element was set to value lower than 1/3 of the back-
fill strength.

Interface elements behavior

On the bases of the back analysis of the field test it has been
evaluated that the appropriate setting of the interface strength
is 35% of the backfill strength. However, it is going to be
necessary to do much more back analysis of field tests to con-
firm this value as valid in general.
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TEPLOTNI ZATIZENI DEFINITIVNIHO OSTENI TUNELOVYCH STAVEB

THERMAL LOADING ACTION ON FINAL LININGS
OF UNDERGROUND STRUCTURES

LUKAS DURIS, JOSEF ALDORF, JIR GERYK

ABSTRAKT

Ndvrh osténi dopravnich tunelu vyvoldvd fadu poZadavkii, které osténi musi plnit po celou dobu Zivotnosti tunelu. Rada téchto poza-
davku, napriklad ukonceni vyvoje zatiZeni a zajisténi stability horninového masivu tunelovym osténim, je naplnéna po uspésném dokonce-
ni vystavby a preddni tunelu do provozu. Existuji zde nékteré faktory, které z krdtkodobého pohledu maji jen malou vdhu, ale protoZe se
Jejich viiv postupné nacitd, v dlouhodobém casovém horizontu mohou vyznamné ovliviiovat Zivotnost dila. Reprezentantem téchto Cinitelii
Jsou periodicky se opakujici napétové zmeny v tunelovych osténich zpiisobené kolisanim teplot v tunelech. V zemich, jako je Ceskd repub-
lika se ¢tyrmi ro¢nimi obdobimi, které charakterizuji rozdilné teploty a rovné? i kolisdni teplot behem dne, tento jev nelze opominout a musi
byt zahrnut v ndvrhu pri posouzeni Zivotnosti tunelovych osténi.

ABSTRACT

Designing transport tunnels evokes many requirements the lining has to fulfil throughout the tunnel design life. Many of these require-
ments, for example the termination of the development of loading and securing the stability of ground mass by a tunnel lining, are fulfil-
led after the construction is successful completed of and the tunnel is brought into service. There are, however, some factors the weight of
which is only small in the short term but, because their effects gradually add up, they can significantly influence the length of the life of
the works in the long term. Periodically repeating changes in stresses in tunnel linings caused by temperature fluctuation in tunnels are
a representative of these factors. This phenomenon cannot be neglected in countries similar to the Czech Republic, where four seasons
exist characterised by different temperatures and where temperatures fluctuate even during a day. It must be incorporated into the design

when the longevity of tunnel linings is being assessed.

1 0voD

U klasickych pozemnich a mostnich staveb lze ve vétSiné pripa-
du pomérné jednoznaéné definovat zatiZeni, kterému musi nosnd
konstrukce odoldvat. Nosna konstrukce ma rovnéZ pomerné pres-
né definovatelné geometrické a fyzikdlni parametry. V pripadé
raZenych tunelt jde naopak témér vzdy o kompaktni celek tvofeny
na jedné strané konstrukcemi ostén{ tunelu a na strané druhé okol-
nim spolupusobicim a zdroven zatéZujicim horninovym masivem.
Uréit priméfené parametry k celému systému horninovy masiv-
ostén{ je velmi naro¢né. ZatiZeni horninovym masivem vykazuje
znalny stupen nejistoty a téZ tloustka osténi muZe byt vlivem riz-
nych okolnosti odli$nd, nez predpokladé projekt. Pfi redlném ndvr-
hu osténi tunelt se proto vychdzi z fady zjednodusujicich pfedpo-
kladu. K témto piedpokladim se pfiddvaji normativni, ale i osobn{
(subjektivni) bezpecnostni rezervy. Z toho plyne, Ze dimenzovan{
tuneld je znaéné zdvislé na subjektivnich pohledech projektanta
a jeho zkuSenosti, a predev§im na moZnostech ziskat vystizné para-
metry pro popis pusobeni horninového masivu. D4 se tedy oceké-
vat, Ze ndvrhy osténi budou spiSe konzervativni. Dal§im problé-
mem celého navrhu je nejednotnd metodika v CR (absence piimé
navrhové normy) v uvazovani velikosti zatiZeni, zatéZovacich
stavu a jejich kombinaci, rovnéz pak vliv spoluptsobeni definitiv-
ntho tunelového osténi s primdrnim osténim, vCetné uvazovani
jeho pretvarnych a pevnostnich charakteristik v ase (Sourek,
2008, Aldorf, 2008).

2 MERENI V TUNELU KLIMKOVICE

Na zdkladé vyse uvedenych skuteCnosti bylo nutné zatéZzovaci
vlivy zaCit méfit na skuteCnych stavbach, jak jsou opravdu existuji-
ci tunely namdhény, resp. zatiZeny, a zda jejich skute¢né pusoben{
odpovidd predpokladim ve statickych vypoctech. Pro tyto tcely
byly do vybranych dopravnich tunelll umistény monitorovaci systé-
my pro mefeni pretvoreni a teplot. Pfetvoreni se méfi pro zjisténi
namdhdni konstrukce od vnéjsiho zatiZeni a teplotni méfeni slouzi
jednak pro korekei pretvorent, ale také i pro zjiSténi teplotniho zati-
Zeni. Tato méfeni jsou provadéna nejéastéji strunovymi tenzometry

1 INTRODUCTION

As far as classical buildings and bridge structures are concerned, it
is possible in the majority of cases to define relatively unambiguous-
ly the loads the load-carrying structure must resist. The geometrical
and physical parameters of the load-bearing structure are relatively
easy to precisely define. Conversely, mined tunnels form nearly
always compact units consisting on the one hand of the tunnel lining
structure and, on the other hand, of the surrounding ground mass
interacting with the lining and, at the same time, imposing loads on
it. It is very difficult to determine parameters adequate to the entire
ground mass — tunnel lining system. The loading induced by ground
mass exhibits significant degree of uncertainty and even the lining
thickness may differ from the design assumption due to various cir-
cumstances. This is the reason why numerous simplifying assumpti-
ons are used in real designing of tunnel linings. These assumptions
are supplemented with normative safety reserves, but also personal
(subjective) reserves. It follows from this fact that structural desig-
ning for tunnels is significantly dependent on subjective views of
designers and their experience, first of all on the possibility for obta-
ining parameters suitable for the description of the ground mass acti-
on. It is therefore possible to expect that lining designs will be rather
conservative. Another problem of the entire structural design lies in
the fact that the methodology is not unified in the Czech Republic
(the absence of a direct designing standard) as far as the considerati-
on of the load magnitude, loading cases and their combinations, as
well as the influence of the composite action between the final tun-
nel lining and the primary lining, including the deformational and
strength-related characteristics changing with time are concerned
(Sourek, 2008, Aldorf, 2008).

2 MESUREMENTS IN KLIMKOVICE TUNNEL

It was necessary on the basis of the above-mentioned facts to start
to measure the loading effects on real structures, i.e. to measure how
existing tunnels are really stressed and loaded and whether the real
action of the structures corresponds to assumptions applied to struc-
tural calculations. Monitoring systems allowing measurements of
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s integrovanym teplotnim Cidlem. Instalace téchto snimacu je nutnd
pred samotnou betondZi definitivniho osténi. Tyto monitorovaci
systémy byly umistény na vSech vyznamnych tunelovych stavbach
v CR, jako je tunel Valik, tunel Klimkovice, tunel Panenska,
Vitkovské tunely, Kralovopolsky tunel atd. V prispévku budou hod-
noceny pouze vysledky méreni na tunelu Klimkovice, kde monito-
rovaci systém provozuje firma INSET s.r.o. Tunel Klimkovice je
soucdsti ddlnice D1 a nachdz{ se tésné pred Ostravou. Délka tunelu
je cca 1100 m. Tunel byl raZzen pomoci NRTM a po dokonceni raZeb
a primarniho osténi bylo pomoci bednicich vozu vybetonovano defi-
nitivni osténi s umisténim mezilehlé izolace na lic primarniho osté-
ni pred zapoCetim betondze. Zvlastnosti monitorovaciho systému je
kontinudlni odeCet a sbér dat. To umoznuje sledovat chovani tunelo-
vého osténi v del§im ¢asovém dseku. Monitorovaci systém je pro-
vozovan jiz od vystavby definitivniho ostén{, uvedeni stavby do pro-
vozu bylo v kvétnu 2008. Celkem byly instalovany dva mefici pro-
fily. Béhem provozu tunelu bylo zaznamendno pres 18 tisic odecte-
nych hodnot na kazdém méficim profilu. Prvni byl instalovdn
v tunelovém pdsu B90 cca 55 m od severniho portdlu a druhy
v tunelovém pdsu B78 195 m od severniho portélu. Pro méfeni byly
pouzity snimace firmy Geokon jak pro méreni pretvoreni, tak pro
sledovani teploty v tunelu a v horniné. Celkem bylo na kazdém pro-
filu instalovdno 12 kust tenzometrtl s integrovanym teplotnim sni-
macem a tfi teplotni ¢idla. Dva snimace teploty byly umistény
v horniné cca 1 m za primarni osténi ve dvou polohdach (strop a bok
dila). Treti snima¢ byl umistén ve stropé definitivniho osténi pro
méfeni teploty vzduchu v tunelu. Strunové tenzometry byly osazeny
ve tfech polohdch, tj. na strop, stfed klenby a bok klenby. V kazdém
méficim uzlu byly osazeny Ctyfi snimace. Dva na lici a dva na rubu
osténi v drovni polohy vyztuznych betonarskych siti. Jeden snimac
byl osazen vzdy v podélném sméru a druhy ve sméru tangencidlnim.
Vsechny snimace byly propojeny do spole¢ného datalogeru, ktery
uklddd naméfend data. Z prubéZného odettu hodnot byly sestaveny
grafy prubéhu teplot a pretvofeni v Case. Z téchto zdznamu byly

strain and temperatures were installed for these purposes in selected
transport tunnels. Yield is measured with the aim of determining
stresses acting on the structure due to external loads, whilst tempera-
ture measurement results are used for the correction of the yield and
the determination of thermal loads. These measurements are conduc-
ted most frequently with vibrating wire strain gauges with thermal
sensors integrated in them. It is necessary to install the sensors prior
to the casting of the final concrete lining. These monitoring systems
were installed on all important tunnel structures in the Czech
Republic, such as the Valik, Klimkovice, Panenska, Vitkov, Kralovo
Pole and other tunnels. This paper will assess only the results of mea-
surements conducted on the Klimkovice tunnel, where the monito-
ring system is operated by INSET s.r.o. The Klimkovice tunnel is
part of the D1 motorway. It is located just before the city of Ostrava.
The tunnel is about 1100m long. It was driven using the NATM.
When the excavation and the primary lining had been completed, the
final lining was cast using travelling formwork sets. The intermedia-
te waterproofing was applied to the surface of the primary lining
prior to the commencement of the concrete casting operation.
Continual data reading and collection is a special feature of the moni-
toring system. Owing to this system it is possible to monitor the tun-
nel lining behaviour in a longer period of time. The monitoring sys-
tem has been operated since the construction of the final lining; the
tunnel was opened to traffic in May 2008. The total of two measure-
ment stations (profiles) were installed. Over 18 thousand measured
values have been logged at each measurement station during the tun-
nel operation. The first station was installed in tunnel casting block
B90, about 55m from the northern portal; the other in tunnel block
B78 located about 195m from the northern portal. Geokon sensors
were used for the measurements, both for measuring of the strain and
for monitoring of temperatures inside the tunnel and in the ground
mass. Each station consisted of 12 strain gauges with a temperature
sensor integrated in each of them, and three temperature sensors. Two
temperature sensors were installed in the rock mass about 1m beyond
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Obr. 1 Pritbéh vyvoje letnich teplot
Fig. 1 Development of summer temperatures
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vyhodnocovany maximalni hodnoty pro letni obdobi a minimalni the primary lining, in two locations (above the crown and behind the
hodnoty pro zimni obdobi. Pro letni obdobi byla vyhodnocena data side wall). The third sensor was installed at the tunnel crown to mea-
s vyskytem extrémnich teplot vzduchu, a to v 7/2007. Béhem toho- sure ambient temperature inside the tunnel. The vibrating wire strain
to obdobi bylo dosazeno teploty vzduchu 29 °C v bloku B90 a 28 °C gauges were installed in three locations, i.e. at the top of the vault, in
v bloku B78. Tyto hodnoty byly zaznamendny jest¢ v nedo- the side wall and in the mid point between them. Four transducers
kon&eném tunelu. Detailni prabéh teplot je uveden na obr. 1, kde je were installed in each measurement node — two on the inner surface
zobrazen zdznam prubéhu teploty vzduchu a teploty na rubu a lici ve and two on the outer surface of the lining, at the level of the reinfor-
stropé dila. Déle je uvedena teplota v masivu a rozdil teplot mezi cing steel mesh. One transducer was always installed longitudinally
rubem a licem. Na prabéhu teploty vzduchu je vidét koliséni teploty and the other one tangentially. All transducers were connected to
mezi dnem a noci, coz muze byt az 6 °C. Vys§i teploty v osténi byly a common data logger storing the measured data. Time-temperature
zaznamendny pro licni stranu. Rozdil teplot mezi rubem a licem curves and time-strain curves are subsequently plotted on the basis of
dosahoval maximaélné 1,7 °C. the continual reading of values. Maximum values for summer sea-
Obdobny prubéh teplot byl zaznamenén také na ostatnich uzlech sons and minimum values for winter seasons were determined from
v profilu. Praimérny teplotni rozdil mezi rubem a licem v profilu byl these records. The data regarding extreme ambient temperatures
1,5 °C. Rozdil mezi teplotou vzduchu a teplotou na lici osténi byl during summer seasons were identified in July 2007. The ambient
naméfen cca 9 °C. Pfi vétSim nérustu teploty vzduchu v tunelu se temperatures of 29°C and 28°C which were reached during this peri-
pozvolné zvySuje i teplota v osténi. Toto potvrzuje reakci osténi na od in block B90 and block B78, respectively. These values were
vn&jsi klimatické vlivy. Méfenim na vzddlenéj$im profilu od portédlu recorded in the tunnel before its completion. The detailed time-tem-
(cca 200 m) bylo dosazeno obdobnych vysledka. Maximdlni dosa- perature curves are presented in Fig. 1, displaying time-temperature
7end teplota vzduchu byla o cca 2 °C niz&i. Prabéhy teplot v ostén{ curves for ambient temperatures and temperatures measured on the
také potvrzuji zdznamy v bliz§im profilu. Relativné vysoké hodnoty inner surface and outer surface of the tunnel lining crown. In additi-
teplot vzduchu (29 °C) uvniti tunelu vcelku nepodstatné ovliviuji on, the ground mass temperature and the difference between the inner
velikosti teplot v horninovém masivu za osténim, kde v prubéhu and outer surfaces are presented. The temperature fluctuation during
zvySeného vyskytu vnéjSich teplot je dosahovdn ndrast v ma- a day and night time is obvious from the time-ambient temperature
ximalnich hodnotich 0,5-1 °C a zvySovdni teploty v horniné je curve. The differences may reach 6°C. Higher temperatures in the
plynulé. lining were recorded for the inner surface. The maximum difference
Nejvétsi vliv na tunelové osténi ma zimni obdobi, kdy dochazi between temperatures measured on the outer side and inner surface
k poklesu teplot pod bod mrazu a ke smr$tén{ osténi. Zimni teploty reached 1.7°C.
v predchozich letech byly zaznamenény jen jako mirné, takze teplo- Similar time-temperature curves were determined even in the other
ty prili§ vyznamne neklesly pod bod mrazu kromé obdobi 1/2010, nodes of the profile. The average difference between the outer surfa-
kdy byly zaznamendny teploty niZsi neZ —10 °C. Tato nizk4 teplota ce and inner surface in the profile was 1.5°C. The difference betwe-
trvala pouze krdtce a pak ndsledné dochdzelo opét k oteplovani. en the ambient temperature and the temperature on the inner surface
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Obr. 2 Prubéh zimnich teplot
Fig. 2 Development of winter temperatures
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Obr. 3 Detail vyvoje zimnich teplot
Fig. 3 Detail of winter temperature development

Zretelnéjsi vysledky prinesla zima (2/2012), kdy byly zaznamendny
dlouhodobé nizké teploty. V del$im Casovém tseku byly mrazy pod
—10 °C (méfeno v tunelu). Podle tdaju z venkovnich méfidel dosa-
hovaly teploty vzduchu az —20 °C. Tyto nizké teploty pretrvavaly aZ
20 dni. Prubéh podzimnich a zimnich teplot je uveden na obr. 2 pro
prvni profil (55 m od portélu).

Detailni zobrazen{ teplot je na obr. 3. Do detailnich vysledku
méfeni byly zaznamendny také prabéhy venkovnich teplot, které se
méif na portéle tunelu. Pribéh venkovnich teplot je téméf totozny
s prubéhem teplot uvnitf tunelu. Vnitini teplota vzduchu je
v pruméru o 2 °C vyssi neZ venkovni. Rozdil mezi teplotou vzduchu
a teplotou v osténi je v pruméru 10 °C. Opét nedochazi k ochlazeni
povrchu osténi na teplotu vzduchu. Toto bylo potvrzeno i u letnich
osténi byl jen 2 °C. Nejnizsi denni teplota v 1ét€ byla namérena
v noci nebo nad ranem. U zimnich teplot k tomuto jevu nedochdzi,
respektive jsou zde vétSi rozdily. Rozdil mezi teplotou vzduchu
a teplotou na lici byl 5 °C pri dennim kolisani teplot. Pfi prudkém
otepleni se nesta¢i osteni dostatecné rychle ohfét a teplota vzduchu
prekraCuje teplotu v osténi. Teplota v horniné na vétsi ochlazen{
podle zdznamu reaguje se zpozdénim az cca 20 dni (obr. 2). VEtsi
rozdily jsou u vzdalengjsiho profilu od portalu. Rozdil mezi teplotou
vzduchu (200 m od portdlu) a portalem je cca 8 °C, coZ je 0 6 °C vice
neZ u blizstho profilu. Nejnizsi licni teploty na osténi byly 0 °C,
na bliz§im profilu to bylo -2 °C. Rub osténi muZe proto
v priportdlovych oblastech promrzat. Tento vliv je nebezpe¢ny hlav-
né pri vyskytu podzemni vody. Z méfeni na vybranych tunelovych
propojkdch vyplyvd, Ze teplota v tunelu se zvySuje cca o 1 °C na
100 m. Teplota roste ve sméru od severniho portalu (ve sméru pro-
vozu). Po délce tunelu teplota vzduchu vzroste az o 11 °C (méfeno
v zim€ mezi vjezdovym portdlem a posledni propojkou).

Z vysledku méfeni teplot vyplyvd, Ze teplota uvnitf tunelu ovliv-
nuje definitivni osténi, nicméné nikdy nedoslo k ochlazeni lice
vyztuZze na teplotu vzduchu. Teplota vzduchu je méfend ve vrcholu

of the lining was measured at about 9°C. When the air temperature in
the tunnel more significantly rises, the temperature inside the lining
also gradually grows. This proves the existence of the response of the
lining to external climatic effects. Similar results were obtained by
measurements conducted on the profile more distant from the portal
(200m). The maximum achieved temperature of air was by about 2°C
lower. The time-temperature curves for the lining are also confirmed
by he records obtained in the closer profile. The relatively high ambi-
ent air temperatures (29°C) inside the tunnel as a whole affect the
magnitude of temperatures in the ground mass beyond the lining
negligibly; the increase in the maximum values amounts there to
0.5-1°C during the time of the occurrence of increased temperatures
and the temperature in ground mass rises fluently.

The winter season, during which temperatures drop under the fre-
ezing point and the lining shrinks, affects tunnel linings most of all.
Winter temperatures recorded in recent years were mild. They did not
very significantly drop under the freezing point, with the exception
of January 2010, during which temperatures lower than —10°C were
recorded. However, this low temperature lasted only for a short time
and then temperatures again grew. More pronounced results were
brought by winter (February 2012), during which low temperatures
were recorded in the long term. Freeze under —10°C existed for
a longer period of time (measured inside the tunnel). According to the
data obtained from external measuring apparatuses, air temperatures
reached up to —20°C. These low temperatures continued for up to 20
days. The time-temperature curves for the autumn and winter season
for the first profile (55m from the portal) are presented in Fig. 2.

Detailed depiction of temperatures is presented in Fig. 3. The time-
temperature curves measured outside at the tunnel portal were also
incorporated into the detailed measurement results. The curves for
the ambient temperature are nearly identical with the curves for the
tunnel interior. The temperature of air inside the tunnel is on average
by 2°C higher than the external temperature. The difference between
the temperature of air and the temperature inside the lining is




Tab. 1 Srovndni vstupnich podminek
Table 1 Comparison of Input Conditions

Ukazatel Méfené hodnoty | Podle DS853, TKP CD

Indicator Measured values To DS853, TKP CD
I:rep,T I:rep,T

Teplota v lété od portalu do 200 m od portalu vnéjSi povrch (rub) — Tex / outer surface — Tex +19,0 +15°C

Summer temperature from portal up stiednice — T / centre line — Try +215 +20 °C

to 200m from portal vnitini povreh (lic) - Tin / inner surface — Tiy +22,0 +25 °C

Teplota v zimé od portalu do 200 m od portalu | VNéjsi povreh (rub) — Tex / outer surface — Tex +1,0 -5°C

Winter temperature from portal up to 200m stfednice - Ty, / centre line — Ty, -0,5 -10°C

from portal vnitini povreh (lic) - Tin / inner surface — Tin -2,0 -15°C

tunelu, tedy v nejteplej$im misté a snima¢ je vzdélen od lice jen néko-
lik centimetrt, a presto jsou rozdily obou teplot okolo 10 °C. Nejvétsi
podil na tomto chovani ma zfejmé teplota okolniho masivu. Toto plati
zejména pri ochlazovani, kdy se osténi nestihne dostatené rychle
ochladit s klesajicf rychlosti teploty vzduchu. Naopak pii oteplovan{

s ~

muZe byt teplota vzduchu vyS§f neZ teplota osténi (Duris, 2010).

3 VYPOCET ROZDELENI TEPLOT V OSTEN(

Klimatické vlivy se fadi mezi dlouhodobé stdlé zatizeni, se kte-
rymi se musi uvazovat pfi navrhu kazdé tunelové stavby. V Ceské
republice jsou nejvice vyuzivany hodnoty teplotnich diferenci
vnéj§tho a vnitintho lice osténi podle némecké drazni smérnice
DS 853, resp. podle TKP CD, kap. 20 — Tunely. Z priibéhii statis-
ticky vyhodnocenych méreni teplot po tloustte osténi od povrcho-
vé teploty po teplotu vnéjsiho lice déle vyplyva skute€nost, Ze pra-
béh teplot zdaleka nemd linedrn{ charakter. Naopak stfidavé otep-
lovani a ochlazovédni betonu se projevuje zejména v povrchové
vrstvé osténi, zatimco Casti vzddlenéjsi od povrchu jiz podléhaji
mensim rozdilam teplot.

Zatézovaci stav s teplotnim zatiZenim v zimnim obdobf a jejich
kombinaci je jeden ze zdkladnich zatéZovacich stavi pfi navrhové-
ni definitivniho osténi. Dalsi duleZitou kombinaci je zatizeni od
vlastni tihy a letnich teplot, kdy dochézi k ohfivani osténi. Na roz-
dil od zatiZeni horninovym tlakem, kdy hodnotu zatiZen{ od horni-
ny nejsme schopni zcela presné stanovit z divodu existence pri-
madrniho osténi (neplati pro jednoplastové osténi), zatiZeni teplot-
nimi vlivy je zcela prokazatelné.

Pro porovnani prubéhu zmén a rozdila teplot uvazovanych podle
smérnice DS 853 s redlnym rozdélenim a prabéhem teplot
v prifezu osténi byla provedena analyza Sifeni tepla a teploty
v betonovém pruiezu vrcholu klenby pro zimni i letni obdobi.
Okrajovymi podminkami feSeni byly namefené teploty v mistech
snimacu. Z vysledku feeni je ziejmé, Ze linedrni prabéh teplot
v osténi je v obou pripadech uréitym zjednoduSenim. Pro statické
feSeni muZe byt tento linearizovany prubéh pouZit, protoZe rozdily
jsou malé a samotny vypocet je linearizaci znaéné zjednodusen.
Srovnéni vstupnich podminek pro vypocet je uveden v tab. 1, kde
jsou uvedeny doporucené hodnoty podle zdvéri z méfeni a podle
DS 853. Némeckd drazni smérnice rozdéluje tunel na nékolik
tseku od portdlovych &asti pres stfedni vzdélenosti aZ pro vzddle-
nosti nad 1000 m. Tyto vzdalenosti u nds v soucasné dobé spliuje
pouze dalni¢ni tunel Panenskd. Z vysledku monitoringu na tunelu
Klimkovice bylo ovéfeno prvnich 200 metra, které jsou na klima-
tické vlivy nejcitlivejsi.

Na zakladé dosavadniho vyhodnoceni hodnot zdznamu teplot
v sekunddrnim osténi bylo zji§téno, Ze rozdily mezi teplotami na
rubu a lici osténi nejsou tak velké. Primérné hodnoty byly zméfeny
do 1 °C. Maximalni rozdil byl do 5.5 °C. Obecné pouzivany predpis
némeckych drah DS 853 predpoklddd rozdil mezi licem a rubem
10 °C, pouze pro delsi tunely nad 1000 m je to 5 °C. Maximalni hod-
noty na lici osténi pro vzddlenosti do 200 m od portdlu predpoklada
drazni smérnice +25 °C v 1été a —15 °C v zimné. Tyto hodnoty

10°C on average. Again, the surface of the lining does not cool down
to the air temperature. This fact was confirmed even as far as sum-
mer temperatures are concerned. Nevertheless, the difference betwe-
en the lowest daily temperature and the temperature of the lining in
the summer was only 2°C. The lowest daily temperature in summer
was measured at night or at dawn. This phenomenon does not take
place in the case of winter temperatures, more precisely the differen-
ces are bigger there. The difference between the temperature of air
and the temperature of the lining inner surface was 5°C during the
daily fluctuation of temperatures. When temperature rapidly rises,
the lining is not able to heat up sufficiently fast and the temperature
of air exceeds the temperature in the lining. According to the records,
the temperature in ground mass responds to greater decrease in the
temperature with a delay of about 20 days (see Fig. 2). Bigger diffe-
rences exist in the profile more distant from the portal. The differen-
ce between the air temperature at the distance of 200m from the por-
tal and at the portal is about 8°C, which is by 6°C more than at the
closer profile. The lowest temperatures of the lining inner surface
were 0°C, whilst they were —2°C at the closer profile. This is the rea-
son why the lining in portal areas may freeze through. This effect is
dangerous first of all in the presence of ground water. It follows from
measurements conducted on selected tunnel cross passages that tem-
perature in the tunnel rises by 1°C per 100m. The temperature rises
in the direction from the northern portal (in the direction of traffic).
It increases by up to 11°C along the tunnel length (measured in win-
ter between the entrance portal and the last cross passage).

It follows from the temperature measurement results that the tem-
perature inside the tunnel affects the final lining. Nevertheless, the
inner surface of the lining never cooled down to the temperature of
air. The air temperature is measured at the top of the tunnel, which is
the hottest place, and the sensor is at the distance of several centi-
metres from the surface. Despite this fact, differences in both tempe-
ratures reach about 10°C. The biggest contribution to this behaviour
is probably made by the temperature of the surrounding ground mass.
This applies first of all during the cooling, where the lining does not
manage to cool down sufficiently fast, adequately to the speed of the
drop in the temperature of air. Conversely, the temperature of air can
be higher than the temperature of the lining during the heating up
(Durig, 2010).

3 CALCULATION OF DISTRIBUTION OF TEMPERATURES
IN TUNNEL LINING

Climatic effects belong among the long-term permanent loads
which must be counted with when any tunnel structure is being
designed. In the Czech Republic most frequently used are the values
of differences in temperatures of the outer surface and the inner sur-
face of the lining contained in the German railway directive DS 853
or in the Czech Railways technical specifications TKP CD, chapter
20 — Tunnels. It further follows from the curves plotted from statisti-
cally assessed measurements through the lining from the inner surfa-
ce temperature to the outer surface temperature that the character of
the depth-temperature curve is far from linear. Just opposite, the



22. roénik - €. 2/2013

dlouhodobym meérenim na tunelu Klimkovice nebyly potvrzeny.
Maximélni teploty v 1ét€ namérené pri provozu tunelu dosahovaly
+21 °C. V zimnim obdobi byly nejniz$i hodnoty -2 °C.
V okrajovych teplotich na lici osténi se hodnota v letnim obdobi
blizi smérnici némeckych drah, ale u zimniho obdobi jsou rozdily
vetsi. DuleZitym podilem pfi zatiZeni je také rozdil mezi hodnotami
na lici a na rubu osténi. Dlouhodobé vysledky méfeni desetistupno-
vy rozdil teplot mezi licem a rubem osténi nepotvrdily a nepotvrzuje
to ani vypocet rozdéleni teplot v osténi pomoci MKP.

Pro vypocet byl pouzit programovy systém CESAR LCPC. Byl
vytvofen osoveé symetricky model osténi tunelu Klimkovice.
V modelu pro vypocet rozdéleni teplot byly definovany pouze vlast-
nosti pro definitivni betonové osténi. Pfi vypoctu byl vyuZit rovinny
model pro teploty DTLI (feSeni difuzniho proudéni prostfednictvim
piimé integrace). Vypocet byl proveden v Casové zdvislém rezimu
proudéni (transient). Jako vstupni parametry byly pouZity tabulkové
hodnoty pro soucinitel teplené vodivosti betonu: A = 1,5 W.m-1.°C-1
a objemovd tepelnd kapacita Cy = 1,758.106 W.sec.m-3 °C-1.

Nejprve byl proveden vypocet pro letni teploty. Vypocet byl pro-
veden ve 24 krocich s konstantnim ¢asem 3800 s. Hodnota teplotni-
ho zatizeni podle dlouhodobého méfeni byla +21 °C. Referenéni
hodnota teploty byla +10 °C. ZatiZeni bylo aktivovdno pouze na
vnitinim okraji (lici) osténi od vrcholu klenby az po troven vozov-
ky (obsluzného chodniku) v misté méfent, tedy cca 5 cm pod licem
osténi. Vysledky vypoctu jsou zobrazeny na obr. 4. Z barevného roz-
loZeni teplot v prufezu je vidét, Ze ve spodni drovni klenby (klenba
je masivnéjsi) je rozdil teplot mezi rubem a licem vetsi.

Na obr. 5 je zaznamendn cely prabéh rozloZeni teploty ve vrcholu
klenby. Z vyvoje s krokem 1 hodina se teplotni pole postupné vyrov-
ndvé az dochdzi k ustdlenému rozloZenf teplot v osténi. Teplota byla
definovédna pouze na lici a ve zbytku pruZezu se teplota ustaluje
podle vypoctu. Na lici (povrchovd teplota) je cca 22 °C a pak je pru-
béh témer linedrni (hodnota regrese R = 0,98). Na rubové strané je
teplota cca 18 °C. Rozdil mezi rubem a licem osténi je tedy 4 °C. Ve
spodni ¢asti klenby nad obsluznym chodnikem pri tloustce betonu
cca 45 cm (fez cca 1 m nad vozovkou) byly rozdily teplot mezi
rubem a licem 6 °C. Pfi stejnych tloustkdch osténi jsou rozdily zane-
dbatelné. U vetsi tloustky je rozdil teplot mezi licem a rubem vetsi.
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Obr. 4 Teplotni pole — letni obdobi
Fig. 4 Temperature field — summer season

effect of alternating cooling down and heating up of concrete is most
apparent first of all in the surface layer of the lining, whilst parts
more distant from the inner surface are subjected only to smaller tem-
perature differences.

The loading case with the thermal loads during a winter season and
their combinations is one of basic loading cases in the final lining
design. Another important combination is the loading induced by the
dead weight and summer temperatures causing the heating of the
lining. As opposed to the ground load, where the value of the load
induced by ground pressure cannot be determined exactly because of
the existence of the primary lining (this does not apply to single-shell
linings), the loading induced by thermal effects is fully provable.

An analysis of the spreading of heat and temperature through
a concrete section at the top of the arch was carried out for the win-
ter and summer seasons with the aim of comparing the curve for tem-
perature changes and temperature differences assumed according to
the Directive DS 853 with the real temperature distribution and tem-
perature curve in the lining. Temperatures measured in the locations
of the sensors became boundary conditions of the solution. It is obvi-
ous from the solution results that the linear curve for the temperatu-
re inside the lining is in both cases a certain simplification. It is pos-
sible to use this linearised curve for the structural analysis since the
differences are small and the calculation itself is significantly simpli-
fied by the linearisation. The comparison of calculation input condi-
tions is presented in Table 1, containing values recommended on the
basis of conclusions based on both the measurements and Directive
D 858. The German railway directive divides a tunnel into several
sections, from portal sections through medium distances to distances
exceeding 1000m. The only tunnel currently satisfying these distan-
ces in the Czech Republic is the Panenskd tunnel. As far as the
Klimkovice tunnel is concerned, the monitoring results were used for
the verification of initial 200 metres, which are most sensitive to cli-
matic effects.

It was determined on the basis of the assessment of the values of
the records of temperatures in the secondary lining carried out till
now that differences between temperatures on the inner face of the
lining and the outer face are not so big. Average measured values did
not exceed 1°C. The maximum difference was up to 5.5°C. The
commonly used directive of German Railways DS 853 assumes the
difference between the inner surface and outer surface to be 10°C,
with the exception of tunnels longer than 1000m, for which it is 5°C.
The maximum values on the inner surface for distances up to 200m
from the portal are assumed by the railway directive to be +25°C
and —15°C for summer and winter, respectively. These values were
not confirmed by long-term measurements on the Klimkovice tun-
nel. The maximum temperatures measured in summer in the tunnel
carrying traffic amounted to +21°C. The lowest temperatures mea-
sured in winter were —2°C. The value measured at the tunnel edges
on the inner surface of the lining approximates the German
Railways directive in the summer season, but in the winter season
the differences are bigger. The difference between the values mea-
sured on the inner surface and the outer surface of the lining also
significantly contribute to the loading. Results of long-term measu-
rements have not confirmed the ten-degree difference between the
inner surface and outer surface of the lining and it even has not been
confirmed by the calculation of the distribution of temperatures in
the lining using the FEM.

The calculation was carried out using CESAR LCPC software. An
axi-symetric model of the Klimkovice tunnel lining was developed.
Only properties for the final concrete lining were defined in the tem-
perature distribution calculation model. A DTLI 2D model was used
for the calculation of temperatures (the resolution of a linear transi-
ent flow problem by means of direct integration). The calculation
was carried out in a transient flow regime. The following table valu-
es for the coefficient of thermal conductivity of concrete were used
as input parameters: A = 1.5W.m-1.°C-! and volumetric heat capacity
C, = 1.758.106W.sec.m-3°C-1.

The calculation for summer temperatures was conducted first. It
was carried out in 24 steps with the constant time of 3800s.
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According to long-term measurements, the thermal load value was

T [degC]/ 1.E1 +21°C. The reference temperature value was +10°C. The loading
1000 was activated only on the inner surface of the lining, from the top of
the arch down to the roadway (walkway) level, at the measurement
. 870 location, i.e. Scm under the inner surface of the lining. The calculati-
[ 740 on results are presented in Fig. 4. It is obvious from the colour tem-
6.02 perature distribution that the difference between the temperatures at
B 463 the inner surface and outer surface is greater at the lower level of the
. a2 vault (the vault is thicker).
The entire distribution of the temperature at the top of the vault is
W 185 recorded in Fig. 5. With the development step of 1 hour the tempera-
N o048 ture field gets gradually equalised until the temperature distribution
B 091 in the lining becomes steady. The temperature was defined only for
ol -2.12 the inner surface and gets steadied in the remaining part of the secti-

on in agreement with the calculation. On the inner surface it is about
22°C and then the course is nearly linear (regression value R = 0.98).
On the outer surface the temperature is about 18°C. The difference
between the outer side and the inner surface is therefore 4°C. In the
lower part of the vault, above the walkway (at the level of about 1m
above the roadway where the lining was about 45cm thick) the diffe-
rences between the outer surface and inner surface amounted to 6°C.
When the lining thickness values are identical, the differences are
¥ negligible. The bigger thickness the bigger temperature differences
A between the inner surface and outer surface. The distribution of tem-
peratures even depends on the material properties, first of all the
coefficient of thermal conductivity of concrete. According to tables,

this coefficient varies from 1.43 to 1.74W.m-1 K-1.
Regarding the winter season, the same model and identical input

Obr. 5 Prubéh letnich teplot — pFicny Fez osténim

Fig. 5 Development of summer temperatures — cross-section through the conditions were applied as those applied to the summer season. The
lining boundary condition for reference temperature of +10°C remains
unchanged and the load at the inner face approximately Scm from the
Rozdéleni teplot je ddno také vlastnostmi materidlu, zejména souci- surface was —2°C. The value is based on long-term monitoring in the
nitelem teplotni vodivosti betonu. Ten se podle tabulek pohybuje od tunnel and it was recorded during extreme freezing. The results are
1,43 do 1,74 Wm-1 K-1. presented in Fig. 6. The development of temperatures presented in
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Obr. 6 Teplotni pole — zimni obdobi
Fig. 6 Temperature field — winter season
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Obr. 7 Prubéh zimnich teplot — priény Fez osténim
Fig. 7 Development of winter temperatures — cross-section through the lining

Pro zimni obdobi byl vyuZit stejny model a stejné vstupni pod-
minky jako pro letni obdobi. Okrajovd podminka referencni teploty
zustva stejnd +10 °C a zatiZeni na lici bylo —2 °C cca 5 cm od lice.
Hodnota vychdzi z dlouhodobého sledovdni na tunelu a byla zazna-
mendna pri extrémnich mrazech. Vysledky jsou uvedeny na obr. 6.
Podle vyvoje teplot na obr. 7 bylo opét teplotni rozdéleni v prafezu
témer linedrni (hodnota regrese R = 0,98). Rozdil teploty podle toho-
to linearniho rozdéleni je 3,5 °C. Ve vysce 1 m nad vozovkou je tento
rozdil opét 6 °C. Rozdily teplot jsou podstatné vyssi, nez byly zmé-
feny. Prumérné hodnoty rozdili teplot se pohybovaly nejcastéji
kolem 0,5 °C. Rozdilné teploty na rubu a lici mezi modelem
a skute¢nosti mohou byt ovlivnény ruznymi podminkami (vlhkost,
rychlost proudéni vzuchu atd.) (burié, 2011, 2012).

4 ZAVER

Meéfeni teplot a pomérnych deformaci v osténi tunelu Klimkovice
jasné prokazalo jejich smysl a jejich potfebu pro exaktni vyhodno-
ceni vlivu periodickych zmén oteplovani a ochlazovani tunelového
osténi klimatickymi jevy. Ziskané poznatky rozvijeji a upresnuji
pohled na vyvoj, rozloZeni a hodnoty teplotniho pole v tunelovém
osténi. Vysledky méfeni teplot poskytuji pro statické feSeni tunelo-
vého osténi hodnoty okrajovych podminek, kterymi je definovéna
Casovd zdvislost prubéhu zatéZovéni osténi teplotnimi zménami.
Meéfenf na tunelovém osténi prineslo mnoho zajimavych poznatku.
Jednim ze zédkladnich je, Ze osténi neni oteplovano nebo ochlazova-
no na teplotu vzduchu. Rozdil mezi teplotou vzduchu a licem ostén{
je cca 10 °C. Maximdlni rozdily teplot mezi vnéj$im a vnitfnim
licem tunelového osténi neprekrocily 2 °C ve vybranych obdobich.
Z hlediska namahéni konstrukce jde tedy o pfiznivéjsi stav. Prubéh
teplot v osténi byl také modelovan pro porovndni s naméfenymi
vysledky. Pfi teplotnim zatiZeni licni strany prifezu doslo
k linedrnimu ustédlen{ teploty v prufezu. Rozdily mezi rubem a licem
byly ve vysledcich cca 3 °C. Tento vysledek potvrzuji namérené

Fig. 7 proves that the temperature distribution through the section
was again nearly linear (regression value R = 0.98). According to this
linear distribution, the difference in temperatures is 3.5°C. At the
level of 1m above the roadway, this difference again amounts to 6°C.
The temperature differences are significantly higher than those deter-
mined by measurements. Average temperature difference values
most frequently fluctuated around 0.5°C. The different values of the
temperature on the outer side and the inner surface determined on the
model and in reality can be affected by various conditions (humidity,
air flow rate etc.) (Duri§, 2011, 2012).

4 CONCLUSION

The measurements of temperatures and relative strain in the
Klimkovice tunnel lining clearly proved their importance and neces-
sity for the exact assessment of the effect of periodic changes in war-
ming and cooling of the tunnel lining by climatic phenomena. The
knowledge obtained develops and specifies the view of the develop-
ment, distribution and values of the temperature field in a tunnel
lining. Temperature measurement results provide values of boundary
conditions for the structural design of the tunnel lining by which the
time dependence of the course of the loading by temperature changes
is defined. Measurements on the tunnel lining yielded lots of interes-
ting information, for example the fact that the lining is not heated or
cooled to the ambient air temperature level. The difference between
the temperature of air and the inner surface of the lining is about
10°C. Maximum differences in temperatures between the inner sur-
face and outer surface of the tunnel lining did not exceed 2°C during
the selected periods of time. This condition is therefore more favou-
rable from the aspect of the stressing of the structure. The develop-
ment of temperatures through the lining was in addition modelled to
be compared with the measured results. When the inner side of the
section was thermally loaded, the temperature in the section linearly
steadied. The results showed differences between the inner surface



hodnoty na tunelu. Velikost rozdilu teplot ma vliv také na velikosti
vnitinich sil. Vnitrni sily indukované zménami teploty — zejména
ochlazenim — jsou mensi nez pfi vypoctu s uvazovanim zmeén teplot
podle smérnice némeckych drah.

Jsme toho ndzoru, Ze po ziskdni dalsich tdaju z méfeni na existu-
jicich tunelech, kde jsou méfici profily instalovany, bude velmi
vhodné se opétovné teplotnim zatiZenim zabyvat a soucasné predpi-
sy upravit podle redlnych hodnot rozdéleni teplot v osténi. V kazdém
pifpadé by to mohlo prinést vjznamné dspory ndkladu na sekundér-
ni osténi.
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and outer surface of about 3°C. This result is confirmed by the valu-
es measured on the tunnel. The magnitude of the difference in tem-
peratures also affects the magnitude of inner forces. Inner forces
induced by changes in temperatures — first of all cooling down — are
smaller than in the case of the calculation taking into consideration
temperature changes according to the Directive of German Railways.

In our opinion, it will be very appropriate after other data measu-
red on existing tunnels where measurement profiles are installed is
obtained again to deal with thermal loading and to amend current
regulations taking into consideration the realistic values of tempera-
ture distribution inside the tunnel lining. In any case, it could bring
significant savings in the cost of secondary linings.

ING. LUKAS DURIS, lukas.duris@ysb.cz.,

PROF. ING. JOSEF ALDORF, DrSc., josef.aldorf@ysb.cz,
Fakulta stavebni, VSB-Technickd univerzita Ostrava,
ING. JIRI GERYK, ostrava@inset.com, INSET s.r.o.

SOUREK, P., VITEK, J., ALDORF, J., DURIS, L. Méfeni deformaci a teplot na definitivnich tunelovych osténich. Tunel, 2008,
ro¢. 17, ¢. 4,s. 70-76.

ALDOREF,J., bURIg, L., HRUBEéOVA, E., VOJTASIK, K., GERYK, J. Vliv teplotnich zmén na napjatost v osténi podzemnich del.
In 36. konference se zahrani¢ni dcasti Zakladdni staveb Brno 2008 — Sbornik prispévkia. Brno: Sekurkon, 2008, s. 241-246. ISBN
978-80-86604-38-1.

DURIS, L., ALDOREF, J. Evaluation of the Klimkovice Tunel secondary lining temperature measurement results. In Transport and City
Tunnels — Underground construction Prague 2010. Prague : Czech Tunelling Association ITA/AITES, 2010, s. 587-593. ISBN 978-80-
254-7054-1.

]v)Ung, L., ALDOREF, J. Vliv ochlazeni na tunelové osténi. Geotechnika, 2011, ro¢. 14, ¢. 3, s. 22-25. ISSN 1211-913X.

DURIS, L., ALDORF, J., VOJTASIK, K. Chovéni definitivntho osténi pii extrémné nizkych teplotach. Sbornik védeckych praci
Vysoké Skoly banské-Technické univerzity Ostrava. Transactions of the VSB-Technical University of Ostrava. Vysoka §kola banska-

Technicka univerzita Ostrava. Rada stavebni, 2012, ro¢. 12, ¢. 2, s. 79-86. ISBN 1213-1962.

insel

www.inset.com

Geotechnika a monitoring

Geologicky a geofyzikalni prizkum
Diagnostika stavebnich konstrukci
Diagnostika zatiZeni Zivotniho prostfedi
Servis trhacich praci

Geodetické prace

Inspekce, odborné posudky

Technicka zkuSebna INSET CZ




22. roénik - €. 2/2013

TEPELNY NAPAJEC LIBEN - HOLESOVICE V PRAZE
PODCHOD REKY VLTAVY RAZENOU STOLOU

LIBEN - HOLESOVICE HEAT SUPPLY LINE, PRAGUE;
MINED GALLERY PASSAGE UNDER THE VLTAVA RIVER

RADOVAN CHMELAR, LIBOR SILA, JAN SOCHUREK, TOMAS JUST

ABSTRAKT

Cldnek pojedndvd o projektové i priizkumné pripravé prazského tepelného napdjece Liber — HoleSovice v iiseku raZeného podchodu pod
Fekou Vltavou a ndsledné o jeho vystavbeé véetné provddeného geotechnického monitoringu. Na zacdtku ¢ldnku je zmineny vyvoj koncepce pod-
chodu tohoto tepelného napdjece pod korytem Vltavy, a to od puivodniho FeSeni — mélce uloZenou shybkou, pres razbu Stoly jako budouctho
kolektoru (vyuZitelného i pro rekonstrukci Liberiského mostu), az po vysledné FeSent, zamé¥ené pouze na funkci teplovodu. Cldnek se ddle zaby-
vd projektem zminéného podzemniho dila v 1izké vazbé na geologické poméry zjisténé pomoci geotechnického prizkumu. Byl proto zvolen
systém dvou Sachet aZ do zdravého skalniho podloZi s dostatecnou mocnosti tohoto horninového prostredi nad stropem $toly. V ndvaznosti na
geotechnicky priizkum byly pri razbé realizovdny jddrové predvrty z Cela vyrubu. DuleZitym aspektem, se kterym se muselo vyporddat jak pro-
Jekcni FeSeni stavby, tak i samotnd realizace stavby, jsou poZadavky na bezpecnost razby pod vodnim tokem reky Vitavy, plynouci z bdnské legis-
lativy. RaZba $toly byla (oproti puvodnimu Feseni) provddena z ditvodu urychleni vystavby z obou Sachet. V ¢ldnku je téZ popsdna pouZitd tech-
nologie razby a hloubeni Sachet na jednotlivych pracovistich. Vyznamnou roli pri realizaci tepelného napdjece zde hrdl geotechnicky monito-
ring, ktery napomohl ke zddrnému a bezpecnému dokonceni stavby.

ABSTRACT

The paper is dedicated to the designing stage and survey preparation of the HoleSovice - Liben heat supply line in Prague, the section dri-
ven under the Vlitava River, and to the subsequent construction work including geotechnical monitoring. In the beginning, the paper mentions
the concept of the development of the heat supply line passage under the Vitava River bed, starting from the original solution comprising
a shallow siphon, through a tunnel driven to serve as a utility tunnel in the future (usable even for the Liben Bridge reconstruction), up to the
resultant solution focused solely on the heat supplying function. The paper further deals with the above-mentioned project design in close rela-
tion to the geological conditions identified by geotechnical investigation. A system consisting of two shafts sunk down to the sound bedrock was
chosen, with a sufficient depth of the bedrock cover over the gallery crown. Cored boreholes were carried out ahead of the excavation face as
a follow-up to the geotechnical investigation. An important aspect the construction design as well as the construction process had to cope with,
lied in safety requirements for the tunnelling under the Vitava River bed following from mining legislation. The gallery was driven (in contrast
to the original solution) from both shafts with the aim of accelerating the works. In addition, the paper contains the description of the tunnel-
ling technology used and the sinking of shafts at individual workplaces. Geotechnical monitoring played an important role in the heat supply

line realisation. It contributed to the successful and safe completion of the construction.

1 UVOD - HISTORICKY VYVOJ RESENI STAVBY

Jsou zajimavé stavby, které nejsou po dobu vystavby ve vseo-
becné zndmosti Siroké i odborné verfejnosti, a snad proto je nutné
je pripomenout. Tak trochu stranou pozornosti probéhla i vystavba
razeného podchodu feky Vltavy pro tepelny napdje¢ Liben —
HoleSovice. Tepelny napdje¢ Liben — HoleSovice fesi pripojeni
Teplarny HoleSovice na systém PraZské tepldrenské soustavy,
ktery je propojeny se zdrojem v Elektrarné Mélnik. Napdje¢ umoz-
ni i zdsobovdni rozvojovych oblasti Prahy, jednak v oblasti
HoleSovic a jednak také na druhé strané feky v oblasti Rohanského
ostrova. V uvodnich variantich reSeni se uvazovalo o podchodu
feky Vltavy pomoci shybky mélce pode dnem feky, ale posléze
zvitézila varianta podchodu realizovaného CEinnosti provadénou
hornickym zptisobem, razenou $tolou v hloubce cca 15 m pode
dnem feky a na kazdé strané¢ Vltavy po jedné hluboké Sachté.
Jednak Sachté startovaci — hlavni téZni Sachté nazvané MS 1 na
Libenském ostrové a jednak na holeSovickém brehu Vltavy cilové
$achté pod ndzvem MS 2. V rdmci vyvoje projektu se investor sou-
stiedil zejména na telnost daného reSeni stavby, a tak byl profil
Stoly modifikovdn na ekonomicky optimdlni teplovodni kandl.

Investorem stavby tepelného napdjece Liben — HoleSovice byla
Prazskd tepldrenskd, a. s. Generdlnim dodavatelem celé stavby
byla firma Tenza, a. s. Podzhotovitelem tseku razeného podchodu
pod fekou Vitavou bylo OHL ZS, a. s. Generdlnim projektantem
stavby byl Hydroprojekt, a. s., a projektantem tdseku podchodu pod
fekou Vltavou byl Ingutis, spol. s r. 0. PUDIS a.s. provadeél pro toto
podzemni dilo prizkumné geologické a geotechnické préice a ve

1 INTRODUCTION - HISTORICAL DEVELOPMENT OF THE
CONSTRUCTION SOLUTION

There are interesting construction projects which are generally
known neither to the general public nor to the professional public.
It is probably the reason why it is necessary to remind us of them.
The construction of the mined passage under the VItava River for
the Liben - HoleSovice heat supply line was also completed out of
the spotlight. The Liben - HoleSovice heat supply line solves the
connection of the heating plant in the district of HoleSovice to the
Prague heating system, which is interconnected with Mélnik power
plant. Owing to this supply line it will be possible to supply with
heat even development areas of Prague in the area of HoleSovice
and the area of Rohansky Ostrov island on the other side of the
river. The solution comprised in the initial variants counted with the
passage under the Vltava River by means of an inverted siphon
installed shallow under the river bottom, but later the variant of the
passage realised by mining techniques won, i.e. a gallery driven at
a depth of about 15m under the river bottom and one deep shaft
sunk on each side of the Vltava River with the launching shaft (the
main hoisting shaft MS 1) on Libefisky Ostrov island and the target
shaft (named MS 2) on the HoleSovice bank of the Vltava River.
During the course of the design development the project owner
focused first of all on the usefulness of the particular construction
solution. With this objective, the gallery profile was modified to the
size of an economically optimum heat supply duct.

The client for the construction of the Liben — HoleSovice heat
supply line was Prazska teplarenskd, a. s. The general contractor for
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Obr. 1 Ilustrativni umisténi podchodu tepelného napdjece Liberi — HoleSovice (PUDIS a.s.)
Fig. 1 Illustrative location of the Liberi — HoleSovice heat supply line passage under the Vitava River (PUDIS a.s.)

spoluprdci s firmou GRID a spol. a. s., provadél geotechnicky
monitoring.

Trasa tepelného napdjece ktiZi v Praze feku Vltavu v fi¢nim kilo-
metru 49,05 v blizkosti Libeniského mostu. Pfi pohledu z vyletni
lodé, plujici po proudu feky Vltavy, se toto misto nachdzi pred
Libeniskym mostem. Je to priblizné mezi plovoucim hotelem (bote-
lem) ,,Green Yacht“, kotvicim u liberiského biehu, a moderni, aty-
picky prohnutou, prosklenou stavbou Lighthouse Vltava Water-
front na strané holeSovické. Trasa $toly byla volena co nejpresnéji
kolmo na tok Vltavy, aby celkovd délka Stoly byla co nejmensi
(1724 m), vzhledem k blizkému Libeniskému mostu byla témer
rovnobéznd s jeho osou.

2 NAVRH STAVBY - PROJEKT DSP (DZS)

Dispozi¢ni usporadani

Niveleta tepelného napdjee byla pod fekou Vltavou piizpusobe-
na mistnim geologickym pomérum a podminkdm stanovenych
Obvodnim bénskym tfadem (OBU) pro podchod vodniho toku
s moZnym pravalem vod a zvodnénych zemin do raZeného profilu.
Startovaci a hlavni téZni Sachta pod ndzvem MS 1 na Libeiiském
ostrové je hlubokd cca 25 m (svétly primér MS 1 je v pilotové &ésti
4,60 m a v hlavni ¢asti 4 m) a Sachta MS 2 na holedovickém bfehu
mé hloubku 26,74 m (svétly primér celé Sachty MS 2 je 4 m). Sach-
ta MS 2 byla ndsledné prohloubena o dal$ich 5 m pro Cerpaci jimku.
§achty byly nejdfive ve zvodnélych terasovych sedimentech hlou-
beny pod zajisténim pomoci pilotovych stén z prevrtavanych pilot,
které byly vetknuty do skalniho podlozi. Hloubéji byly nasledné
Sachty dohloubeny (se zajiSténim pomoci sit€mi vyztuzeného stri-
kaného betonu) na projektovanou hloubku. Hloubka trasy $toly byla
volena do zdravych bridlic ordovického vinického souvrstvi podle
vysledka geotechnického prizkumu. Razba $toly podchodu pod
Vltavou byla realizovdna 15 m pod dnem feky s min. 6 m nadloZim
ve zdravych vinickych bridlicich. Niveleta byla realizovana
v hloubce 24,58-26,90 m pod trovni terénu. Vlastni §tola byla raze-
na v profilu podkovy se svislymi sténami $itky 3 m a vysky upro-
stred profilu 3,75 m (obr. 2). RaZba Stoly probihala podle zdsad
NRTM s dvoupldstovym osténim v délce cca 172 m. Primérni
(docasné) osténi Stoly se sklddalo ze stiikaného betonu SB 25
(tloustky 250 mm), vyztuzeného prihradovymi ramy (stavénymi po
0,9 m) a dv€éma vrstvami KARI siti (100x100 mm). Sekundarni
(trvalé) osténi bylo budovéno z litého betonu C 30/37 — XA2
(tloustky v klenbe€ 250 mm), vyztuzeného dvéma vrstvami KARI
siti (100x100 mm). Do litého betonu byla priddvana hydroizolaéni
krystalizaéni prisada. VyztuZeni §toly je zndzornéné téZ na obr. 2.

Stavba razeného podchodu tepelného napdjece pod Vlitavou byla
zahdjena vysvécenim sosky sv. Barbory dne 30. f{jna 2011. Vlastn{
razba §toly probihala od 12/2011 do 3/2012 ze dvou té€Znich Sachet
(které budou po dokoncent slouZit jako pifstupovéd mista do teplo-
vodu), a to jak z libenské strany (Sachta MS 1), tak také z ho-
leSovické strany (Sachta MS 2). Razba §toly nejprve zapolala
z hlavni t&7ebni Sachty MS 1 na Libefiském ostrové tipadné smé-
rem k holesovické achté MS 2. Z divodu zkriceni celkového
terminu dokonceni razeného teplovodu se dodavatel rozhodl také

the whole construction was Tenza, a. .s. The subcontractor for the
mined crossing under the Vltava River was OHL 7S, a.s. The
general designer was Hydroprojekt, a. s. and the designer for the
passage under the VItava River was Ingutis, spol. s r. o. PUDIS
a. s. carried out geological geotechnical survey for this project and,
jointly with GRID a spol., executed geotechnical monitoring.

The heat supply line crosses the Vltava River in Prague at the
river chainage kilometre 49.053, in the vicinity of the Libensky Most
bridge. Viewed from a ship flowing downstream, this location is
found before the Libensky bridge, approximately between the
Green Yacht botel, moored at the Liben bank, and the modern, aty-
pically curved and glazed building of the Lighthouse Vltava
Waterfront on the HoleSovice bank. The gallery route was selected
as exactly perpendicular to the Vltava River flow as possible so that
the total gallery length was as short as possible (172.4m). Taking
into consideration the Libensky Most bridge in the vicinity, the
route is nearly parallel with the bridge centre line.

2 TENDER DESIGN

Gallery layout

The alignment of the heat supply line section running under the
Vltava River was accommodated to local geological conditions and
conditions prescribed by the Regional Bureau of Mines for
a passage under a stream with a potential inrush of water or satura-
ted soil into the mined profile. The launching and main hoisting
shaft MS1 on the Libensky Ostrov island is about 25m deep (the net
diameter of MS1 in the part surrounded by piles is 4.60m, whilst it
is 4m in the main part). Shaft MS2 on the Hole3ovice side is 26.74m
deep (the net diameter of MS2 is 4m). Shaft MS 2 was subsequent-
ly deepened by additional 5m required for a pumping sump. In the
beginning, the shafts were sunk through water-bearing terrace sedi-
ments with the support provided by secant pile walls, which were
keyed into the bedrock. At the greater depth the shaft sinking was
subsequently finished up to the required depth using the support
consisting of shotcrete and welded mesh. The depth of the gallery
alignment was selected with respect to the results of the geotechni-
cal investigation, with the objective for the alignment to pass
through the sound Ordovician Vinice Shale formation. The gallery
passing under the Vltava River was driven at the depth of 15m
under the river bottom, with the bedrock cover at least 6m high, for-
med by the sound Vinice Shale. The alignment was realised at the
depth of 24.58-26.90m under the terrain surface. The gallery itself
was driven in a 3m wide horseshoe profile with vertical walls; the
height in the centre of the profile was 3.75m (see Fig. 2). The gal-
lery excavation followed the NATM principles, with a double-shell
lining, along the length of 172m. The primary (temporary) lining of
the gallery consisted of an SB 25 shotcrete layer (250mm thick)
reinforced with lattice girders (spaced at 0.9m) and two layers of
KARI mesh (100 x 100mm). The secondary (permanent) lining was
built in cast concrete C 30/37 - XA2 (the vault 250mm thick) rein-
forced with two layers of KARI mesh (100 x 100 mm).
Waterproofing crystallising admixture was added to the cast conc-
rete. The gallery reinforcement is presented in Fig. 2.
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1 Vyrub — Excavation 6
2 Provizorni osténi tl. 200 mm 1
Temporary lining 200mm thick
- Pihradové ramy a 0,9 m — Lattice girders a 0.9m
- Stfikany beton SB25 — Shotcrete SB25
- 2x Kari sit @ 6,3 100x100 mm
2x KARI mesh 6.3mm dia, 100x100mm
3 Definitivni osténi tl. 250 mm — Final lining 250mm thick
- Beton C30/37-XA 2 + krystaliza¢ni pfisada
C30/37-XA 2 concrete + crystallising additive
- 2x Kari sit 26,3 100x100 mm
2x KARI mesh 6.3mm dia, 100x100mm

4 Spadovy beton C20/25 tl. 30 — 100 mm
Sloped concrete C20/25 30 — 100mm thick
5 Definitivni osténi tl. 300 mm — Final lining 300mm thick
- Beton C30/37-XA 2 + krystalizacni pfisada
(C30/37-XA 2 concrete + crystallising additive
- 2x Kari sit @6 100x100 mm
2x KARI mesh 6mm dia, 100x100mm
6 Provizorni osténi tl. 200 mm — Temporary lining 200mm thick
- Rozpérny ram UPE 160 a 0,9 m — UPE 160 bracing frame a 0.9m
- Beton C 20/25 - C 20/25 concrete
7 Bentonitovy pasek — Bentonite waterstop
8 Prihradovy ram Lattice girder

Obr. 2 Vzorovy pricny fez + fotografie Celby (Ingutis, spol. s r. 0.)
Fig. 2 Typical cross-section + picture of excavation face (Ingutis, spol. s r. 0.)

provadeét razbu i z druhého pracovisté jako protirazbu z Sachty
MS 2 na holeSovické strané vitavského brehu. Findlni prorazka
razeb z obou stran se uskutecnila 10. 3. 2012 (obr. 4).

Vyvoj projektové dokumentace

Vyvoj projektové dokumentace pro stavebni povoleni (DSP) byl
smerovan na vetsi pri¢ny profil Stoly, ktery by mohl byt vyuZit
v budoucnu jako kolektorovy profil a kromé teplovodu 2 x DN
500 mm by bylo mozné do profilu ulozit i jiné inZenyrské sité.
Predpokladalo se vyuZiti profilu pro prelozky inZenyrskych siti pri
rekonstrukei Libenského mostu. Do vydaného stavebniho povoleni
byl tento vétsi profil stoly teplovodu odsouhlasen a kladné projed-
ndn. Celé vnitfni vybaveni, pozdrni feSeni provozu $toly, feSen{ vet-
réni apod. byly navrzeny podle pravidel kolektorové normy CSN 73
7505. V dob¢ vzniku potreby vydani dokumentace pro vybér doda-
vatele (DZS) vydal generdlni projektant pouze upravenou dokumen-
taci z hlediska pozadavka piislu§ného zakona o vefejnych zakaz-
kdch a vybérovém fizeni. Investor proved! vlastni vybérové fizeni na
vysSiho dodavatele stavby a byla vybrdna spole¢nost Tenza,
a. s. Investor poté zménil ndzor na pripadné komplexnéjsi vyuZzi-
ti Stoly teplovodniho kandlu. Bylo rozhodnuto, Ze Stola bude obsa-
hovat pouze potrubi teplovodu + doprovodny kabel signalizace.

The construction work on the heat supply line crossing under the
Vltava River commenced by the consecration of the statuette of St.
Barbara on 30th October 2011. The gallery was driven from
December 2011 to March 2012, from two hoisting shafts (which will
be used as accesses to the heat supply line), i.e. from the Liben side
(shaft MS 1) and also from the HoleSovice side (shaft MS 2). The gal-
lery driving started from the main shaft MS 1 located on Liberisky
Ostrov island, and proceedded on a downhill gradient toward the
HoleSovice shaft MS 2. Because of the intention to finish the mined
heat supply line ahead of schedule, the contractor decided to drive the
gallery even from the second workplace, from the opposite bank of
the Vltava River (shaft MS 2). The final counter-heading breakt-
hrough took place on 10th March 2012 (see Fig. 4).

Development of the design

The development of the final design (for obtaining the constructi-
on permit) was directed to a larger cross-section of the gallery, which
could be used in the future as a utility tunnel profile, allowing the
placement of other utility networks in addition to the 2 x DN 500mm
heat supply line. It was expected that the profile would be used for
diversions of utility networks during the reconstruction of the
Libensky Most bridge. This larger gallery profile had been agreed
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Na zédkladé této skuteCnosti byla zaddvaci dokumentace prepracova- and positively negotiated before the construction permit was issued.
na, tzv. modifikovdna, na mensi raZzeny a definitivni profil Stoly. The whole characteristics of the inner equipment, the fire design for
Mohly se zmensit hloubky a praméry Sachet, mohlo dojit k posunu the gallery operation, the solution to the ventilation etc. were desig-
nivelety trasy blize ke dnu toku Vltavy. V realizacni projektové ned in compliance with requirements of the standard CSN 73 7505
dokumentaci byly tyto zmény jiZ zohlednény. DuleZitym podkladem on utility tunnels. Till the moment of the origination of the require-
pro vySe zminéné zmény v projektu byly vidy geologické ment for the issuance of the tender design the general designer issu-
a geotechnické poméry zdjmové oblasti. ed only a design modified in compliance with requirements of the

respective act on public contracts and tender procedures. The project
3 PODROBNY GEOTECHNICKY PRUZKUM owner organised only the tender process for the main contractor and

awarded the contract to Tenza, a. s. The project owner later changed
their opinion on the possible more comprehensive use of the gallery
for the heat supply duct. The decision was made that the gallery
would house only the heat supply pipeline + the attending signalling
cable. The tender design was redeveloped (modified) to a smaller
final profile of the mined gallery. It was possible to reduce the depths
and diameters of the shafts and the route alignment could be shifted
up, closer to the VItava River bottom. These changes were already
incorporated into the detailed design. Geological and geotechnical
conditions in the area of operations were always an important basis
for the above-mentioned design changes.

V roce 2008 byl proveden podrobny geotechnicky pruzkum
(Vorel et al., 2008). Prazkum jednak vyhodnotil geotechnické
poméry z archivnich 7 geologickych vrtu v celé trase pod korytem
Vltavy (pruzkumné préce realizované ve Vltavé pro shybku v roce
1978 — archiv PUDIS a.s.) a jednak doplnil novy vrt v Sachté
MS 2 (HoleSovice). Posléze byl realizovan i vrt v Sachté MS 1
(Libensky ostrov). Souddsti tohoto geotechnického priazkumu bylo
i provedeni geofyzikdlniho prazkumu georadarovou metodou
z hladiny feky Vltavy. Tato geofyzikalni méfeni byla feSena geora-
darovou metodou a sonarovym sondovanim se satelitni navigact,
které byly méfeny na vodni hladiné z gumovych ¢lunu v ose geo-
fyzikdlnitho profilu, vedeného v linii projektovaného tepelného
napdjece.

Geologické poméry
Stavba dseku raZeného podchodu pod Vltavou je v rdmci stavby

3 DETAILED GEOTECHNICAL INVESTIGATION

Detailed geotechnical investigation was carried out in 2008
(Vorel et al., 2008). The investigation assessed geotechnical condi-
tions on the basis of 7 archive geological boreholes carried out

tepelného napdjece HoleSovice — Liben umistena pod a v bez- | oy ohout the length of the route under the Vltava River bed (the
prost,re(,ln'l blizkosti /kor/yta'reky .Vltayy. Z toho Ejo Znacne miry survey conducted in the Vitava River for another inverted siphon
vyplyva i geologicky vyvoj horninového prostfedi, ve kterém byl |, 1978 _ pUDIS a. s. archives) and added a new borehole in the
reahzv(zvan. Budeme-li popisovat g?ologlvcke pomerywod téch nej- location of shaft MS 2 (HoleSovice). A borehole was subsequently
mladsich VrStve(p?kryanCh 13t}varu) Smerem ke starstm hmfl}m?m realised even in the location of shaft MS 1 (Libenisky Ostrov
skalntho podloZi, je nutné zacit u postup.neho/ vyvoje ﬂuv1alr/nch island). Part of this geotechnical investigation was the execution of
sedlmentl,l /V}tavy. .NCJ?W? doslo v plelstocenu, k postupnému geophysical survey from the Vitava River surface using the
zahlubovani feky, jehoZ vysledkem jsou vltavské terasy, poprvé | oround-penetrating radar (geo-radar) method. These geophysical
popsane jiz v roce }94? vyznamnym 1I/12Venyrskym geologem, otcem | eqqurements were solved by the geo-radar method and sonar pro-
ce,skoslovenske }nzenyf§k0g6010féwk? Skoly Elff‘demlkvem Qulden{ bing, using satellite navigation. The measurements were conducted
VZarubou. A4 danerg Il’llS,tC se pak,Jedna 0 nejnizsi stupen zah.loqbve.n} from rubber boats, on the centre line of the geophysical profile led
feky Vltavy v pleistocénu, ktery potom vytvoril akumulaci piscité on the alignment of the heat supply line being designed.
a Stérkovité terasy udolni (nazyvané téZ maninské). V nasledném Geological conditions
Casovém obdobi (holocénu) vznikly nivni hlinité povodnové sedi- 9 ) . ' .
ety povery St R Vi Kb pontyosal. |15 SO o e i s Vi K
menty jeSté prekryty ¢i i promiseny s antropogennimi navdzkami * -
chara}lldjeru §t§:rkll(lrz gisku. %no kory}tla Vltavypjegpokryto cea 30 cm supply project, is located under and in close vicinity of the Vltava
mocnym hlinitopis¢itym kalem — na to upozornily archivni vty Rlv'er l?ed‘ The geploglcal history of the rock'enwronment through
v korytu Vltavy z blizkého priizkumu pro shybku. which it was reahseq l.argel}f follows from this fact. If we desgrlbe

Skaln{ piedkvartérni podloZi je v téchto mistech tvoreno ordo- the geological conditions from the youngest layers (superficial
vickymi sedimenty vinického souvrstvi. Jedna se o sedimentarn{ ff;?sflrtsznmtgarg (r)lltcilrfflzrl?iiksvf(l)rmrlr?gnthe fbf}?ro\illitﬁf}{lievc??gig
horniny starsiho paleozoika, které byly ndsledné v mladsim paleo- start trom ihe continual deveiopment of the ) © .
zoiku vyvrdsnény a mistnd i zZlomové poruseny v ramci variského sediments. In the beginning, the river depth gradually grew during

P PR . - g s the Pleistocene epoch. This process resulted in the Vltava River ter-
vrdsnéni. Souvrstvi vinické je zde vyvinuto jako ferné jilovité races, which we[;e for thepfirst time described by Academician
bridlice s prachovitou pfimési. Bridlice vinického souvrstvi patii Qui d(’) Zéruba, a prominent engineering geologist ar}; d the father of
k mékéim plasti¢téj$im hornindm stredoceského ordoviku, j ’ e ) .

fhekecim piashc cjsim norninam Sstedoreskeno ordovicd, Jsou Czechoslovak school of engineering geology. In the particular loca-

proto pomérné mekké a snadno podléhaji tektonickému poruseni. . . S
Zdravé vinické biidlice maji pevnost horninového materidlu (cca tion there is the deepest level of the Vltava bedrock existing in the

9-29 MPa). U hornin skalniho podkladu dochdzelo v geologickych Pleistocene epoch, which subseguently created the accumulatloq of
p <o r sy ¥ 2y . the sand and gravel flood plain terrace (called also the Maniny
dobédch k procesu zvétravani. VSeobecné vSak plati, Ze horniny

prekryté fluvidlnimi pleistocénnimi sedimenty, zvlasté nejmladsi Terrace). In the following epoch (the Holocene), floodplain loamy

p . . - ¥ < . s sediments originated on the terrace surface at both Vltava River
udolni (maninskou) terasou, maji ponékud mensi mocnost zvétra- . .

p . . S N . banks. In some locations the sediments are covered by made ground
nim oslabenych hornin (mnohdy je zéna zvétralych hornin zcela

erodovéna) ne horniny vystavené procesiim zvétran{ pifmo with the character of sand or gravel, or are mixed with it. The
yvy p p ’ Vltava River bottom is covered with an about 30cm thick layer of

Hydrogeologické pomeéry sandy-loam sludge — this fact was pointed out by archive boreholes
Jsou zdsadné ovlivnény bezprostredni blizkosti toku feky into the Vltava River bed carried out for the survey for the other
Vltavy. Generelné 1ze podzemni vodu v zdjmovém tzemi radit ke inverted siphon running in the vicinity of the heat supply line.
dvéma typum: The Pre-Quaternary bedrock is formed by the Vinice formation
* Podzemni voda v prostfedi s prilinovou propustnosti v pokryv- Ordovician sediments. They originated in the older Palaeozoic peri-
nych ttvarech — fluvidlnich pis¢itych a Stérkovitych sedimentech od and subsequently (in the younger Palaeozoic period) were folded
akumulace ddolni (maninské) terasy. Tato zvoden ve vysoce pri- and locally faulted during the Variscan orogeny. The Vinice forma-
linove propustném kolektoru, tvoreném prevazné bazdlnimi §ter- tion developed in this location as black clayey shales with an addi-
ky, md volnou hladinu s generelnim spadem smérem k Vltavé. tion of silt. The Vinice formation shales belong among softer and
Hladina podzemni vody se pohybuje zhruba 3—6 m pod terénem, more plastic rocks of the Central Bohemian Ordovician formation;
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Obr. 3 Podélny geologicky iez podchodem Vitavy tepelného napdjece Liberi — HoleSovice s prubéhem pevnosti horninového materidlu zastiZenych vinickych
bridlic, prubéhem namérenych maximdlnich relativnich konvergenci lice vyrubu a prubéhem pritoku podzemni vody na éele vyrubu (PUDIS a.s.)

Fig. 3 Longitudinal geological section through the Liberi — HoleSovice heat supply line passage under the Vitava River with the course of strengths of rock mate-
rial of the Vinice Shale encountered, the course of the measured maximum relative convergences of the surface of the excavated opening and the course of
groundwater inflows at the excavation face (PUDIS a.s.)

tj. na Grovni 180 m Balt p. v. a je zdvisld na trovni hladiny vody
ve Vltavé — muZeme ji tedy charakterizovat jako pori¢ni pod-
zemni vodu, kterd zde osciluje predevsim v zdvislosti na posta-
veni Trojského jezu. Podzemni voda ve fluvidlnich terasovych
sedimentech Céste¢né komunikuje i s podzemni vodou v ordo-
vickém skalnim podloZi. Takto ovlivnéné vodni prostredi je pre-
vazné slabeé agresivni na betonové konstrukce. Celé zajmové
tzemi bylo v srpnu 2002 zaplaveno vice neZ stoletou (moZnd az
petisetletou) povodnovou vinou, kdy hladina Vltavy dosahovala
aZna kétu +188 m n. m.

* V hornindch skalniho ordovického podkladu se vSak jedna
o zvoden podzemni vody v prostfedi s puklinovou propust-
nosti. Jako celek jsou horniny vinického souvrstvi (prevazné

they are therefore relatively soft and easily succumb to faulting.
Sound Vinice shales have the strength of rock material (about 9-
29MPa). The bedrock was affected by the process of weathering
during geological periods. Nevertheless, it generally applies that the
thickness of rocks weakened by weathering which are overlaid with
fluvial Pleistocene sediments, first of all the youngest floodplain
sediments (the Maniny Terrace), is a little smaller than that of rocks
directly exposed to weathering processes.

Hydrogeological conditions

They are principally affected by the immediate closeness of the
Vltava River flow. In general, groundwater in the area of operations
can be assigned to two types:

e Groundwater in an environment with intrinsic permeability in

jilovité bridlice) v neporuseném a nezvétralém stavu pro
vodu prakticky minimédlné propustné az nepropustné. Do
vétsich hloubek pronikd voda jen v tektonickych porucho-
vych zénéach.

superficial deposits — fluvial sandy and gravelly deposits accu-
mulated in the floodplain (the Maniny Terrace). The surface of
this aquifer, located in a highly intrinsically permeable collec-
tor formed mostly by basal gravels, is free, with the general
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Predpoklddany celkovy normdlni pfitok do dila byl prizkumem slope down to the VItava River. The water table level under the
stanoven cca Q = 5 ls! pfi primémém specifickém piitoku terrain ranges from 3 to 6m, which means that it is at the alti-
0,03 1.s"l. Zvysené pritoky byly odekdvany v oblasti pod Vltavou tude of 180m in the Baltic sea elevation system after adjust-
pti razbé v tektonickych poruchach. Maximadlni havarijni pritok do ment and depends on the level of the surface of water in the
dila pfi propojeni se zvodnélymi terasovymi Stérky se odhadoval Vltava River — we can therefore characterise it as riparian
na 50-80 1.s!. Skute¢né pritoky na Eele vyrubu byly nastésti mno- groundwater fluctuating in this location first of all in relation to
hokrat mensi v fadu 0,03 az 0,11 1.s’!, coz je patrné z grafu na the setting of the Troja weir level. Groundwater in the fluvial
obr. 3. Stupen korozniho ohroZeni betonovych konstrukci byl terrace sediments partially communicates with groundwater
v ramci geotechnického priizkumu uréen v souladu s CSN EN found in the Ordovician bedrock. The water environment affec-
206-1. V odebranych vzorcich byla zjisténa slabd agresivita XAl. ted in this way is mostly slightly corrosive to concrete structu-
Z archivnich chemickych rozbora vSak vyplyvalo, Ze v kapalném res. In August 2002, the entire area of interest was inundated by
prostiedi ve skalnim podkladu ordovickych hornin Ize podle CSN 100-year (possibly up to 500-year) recurrence flood wave, with
EN 206-1 ocekdvat jak slabou agresivitu XAl, tak i agresivitu the Vltava River surface reaching the elevation of 188m a. s. 1.
stiedni XA2. Proto byla na stran¢ bezpe¢nosti uvaZzovana pro osté- * On the contrary, in the Ordovicial bedrock, the groundwater
ni Stoly v ordovickém skalnim podloZzi agresivita stfedni XA2. Ta aquifer is found in the environment featuring fissure permeabi-
se vSak pri chemickych rozborech podzemni vody odebrané z bez- lity. As a whole, the Vinice formation rocks (mostly clayey sha-
pecnostnich jddrovych predvrtu z Cel vyrubu (viz kapitola 6) nepo- les) are in undisturbed and unweathered condition, practically
tvrdila, nebot’ zde dochédzi velmi pravdépodobné ke zminéné minimum permeable up to impermeable for water. Water pene-
komunikaci podzemni vody z terasovych sedimentt a podzemni trates to greater depth only through tectonically faulted zones.
vody z ordovického skalniho podloZzi. The anticipated total inflow of groundwater into the excavation

was determined by the survey to be about Q = 5L.s™! at the average
4 POZADAVKY NA BEZPECNOST RAZBY specific inflow rate of 0.03L.s™!. Increased inflow rates were antici-
POD REKOU VLTAVOU pated for the excavation through tectonic faults in the area under the

Vltava River. The maximum emergency rate of the inflow to the
excavation at the moment of its connection to the water-bearing ter-

dohled Obvodniho bafiského tadu (OBU) i na stavbé tohoto pod- race gravels was estimated at 50-80L.s™!. The real inflow rates at the

PR < . excavation face were fortunately much lower, in the order of mag-
zemniho dila. Pro dodavatele znamenal mnohd dalsi bezpecnostni . . K D . .
e nitude of 0.03 to 0.11L.s™, which is obvious from the graph pre-

Egﬁ:re;lrg ;ersli’a;zf ptzdell(ggigeg; rzl.(e}ée\flgag}{}lg?jj‘{)azlgeéilglg\g: sented in Fig. 3. The degree of the corrosive threat to concrete struc-
P y tep pajece p y tures was determined within the framework of the geotechnical

no potencidlnf nebezpetf pruvalu vod, ,,bahnin®, & rozbfedlych investigation in compliance with requirements of CSN EN 206-1.

materidld (zvodnénych zemin — vyplni tektonickych poruch skalni- . . . .
te uvg V.Od enyeh ze YPII tERIONICKYCh POTUCh § Weak concrete-aggressive action XAl was determined in the taken

Eg} go(;ll}l(;zg c;) l;])lls(lj(: n? E;e?;lzlsi }:e;izzf\Q?Jg(j)éigcrli‘f:rigk?ﬁzggz samples. Although, it followed from archive chemical analyses that,
: e L S 2 S according to CSN EN 206-1 standard, both weak corrosive action
sobem bylo upusténo od klasické protipruvalové prevence, zalozené XAl and medium corrosive action XA2 can be expected in the liqu-

na odborném stanoveni vykonu Cerpaci stanice s vice nez 100% . . . o
ey Y Tpact ¢ id environment in the bedrock formed by Ordovician rocks. For that
rezervou a na stanoveni retence zumpovnich chodeb. S ohledem na . . . .
reason, to be on the safe side, the medium corrosive action XA2

mistni pomery a na devlku po dzerr/mﬂvlo dila v naepriziivepsim pr was assumed for the gallery lining installed in the Ordovician bed-
padé 172 m, byla navrZena tpadni razba, se zajiSténim bezpecné tte- . . . .
< P R AR . < rock. However, this action was not confirmed by chemical analyses
kové cesty tak, aby se v pripadé mimoradné udélosti hladina vody ¢i . .
L 7 i of groundwater taken from safety cored probe holes drilled into the
,bahniny* proniklé do pozemniho dila ve sméru utékové cesty L . .
NI, o M . & excavation faces (see Chapter 6), very probably because of the fact
k jamé sniZovala. Trasa byla takto puvodné navrZzena od MS 1 na . 7
that the above mentioned communication of groundwater from ter-

Lllgenskpm ostrovevlipa(}ne.’k holesoy ickému brehu Vltavy,— Sachty race sediments with groundwater from the Ordovician bedrock
MS 2. Unik byl smérovan jgmou MS 1.V oblasti stanoveni preven- takes place there

tivnich opatien{ je kladen duraz i na ovéfeni vlastnosti horninového
masivu v predpoli i nejbliz§im okoli podzemniho dila jadrovymi
i bezjadrovymi predvrty.

Kvali problémum v neddvné dobé pii razbé tunelového komplexu
Blanka v obdobnych geologickych pomérech v Praze byl zpiisnén

4 SAFETY REQUIREMENTS FOR TUNNELLING

V souvislosti s ustanovenim § 70 vyhl. CBU ¢&. 55/96 Sb. UNDER THE VLTAVA RIVER
odst. 2, ve kterém je uvedeno: ,,Objevi-li se v dile v podzemi pri- Taking into consideration the problems encountered recently
znaky pruvalu vod nebo zvodnénych materiala, musi byt prace during the excavation for the Blanka complex of tunnels carried out
zastavena, ohrozené dilo zajis§téno a osoby z podzemi neprodlené in similar geological conditions in Prague, the strictness of the
odvolédny.“ Je proto nutné: supervision conducted by the Regional Bureau of Mines was incre-
1. Stanovit piiznaky nebezpe&i pruvalu vod. ased even at this underground working site. It required numerous
2. Vymezit moznost, kdy 1ze provadét zajistovani dila ohrozené- additional safety measures to be implemented during the construc-
ho pruvalem vod, aniZ by pfitom byla ohroZena bezpe€nost tion carried out under the VItava River bed. The potential risk of the
osob, které dilo zajistuji — stav ohroZeni podzemniho dila. inrush of water, mud or slushy materials (water saturated soils — the
3. Definovat varovny stav, ktery bude podnétem k realizaci pre- filling of tectonic faults in the bedrock or sands and gravels from the
dem pripravenych i operativnich preventivnich opatreni. Vltava River terrace — was defined as the most serious risk existing
Piiznakem pruvalu vody mohou byt havarijni vyvaly, pritoky during the excavation of the gallery for the heat supply line under
podzemni vody provdzené zvySenym vyplavovanim materidlu, the Vltava River. With respect to the scope of the works carried out
nebo havarijn{ pfitoky vody do podzemniho dila. in mining-like way, the idea of classical water breakout prevention
S ohledem na ustanoveni bezpecnostniho predpisu je proto based on the expert determination of an over 100 per cent reserve
nutno definovat: for the pumping station capacity and the determination of the hol-
e Stav ohrozeni podzemniho dila, pfi kterém musi byt prace na ding capacity of sump galleries was abandoned. Taking into consi-
dalsi razbé podzemniho dila zastaveny, ale je moZzno ohroZe- deration the local conditions and the length of the underground wor-
né podzemni dilo zajistit. king reaching 172m in the most unfavourable case, downhill dri-
e Stav ohroZen{ Zivotl osob v podzemi, pfi kterém je ohroZena ving was proposed for emergencies, with the escape route secured
bezpecnost osob a kdy musi vSichni opustit podzemi. in a way guaranteeing that the level of the surface of water or mud
Pro opusténi pracovisté v pripadé nouze musi byt vzdy zajisténa broken into the underground working decreased in the direction of
volnd a schidnd dnikovd cesta, kterd nesmi byt v 7ddné etapé the escape route toward the working pit. The alignment was origi-
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vystavby, a to i kratkodobé zatarasena odstavenymi stroji, sklado-
vanym materidlem ¢i jinym zafizenim. Po¢va vyraZeného tseku
Stoly byla z divodu zaji$téni dobré schudnosti upravovdna
a udrzovdna vzdy v tydennich intervalech. Pro v¢asné opusténi
jamy bylo vybudovdno lezné oddélent, ke kterému byl zajiStén pri-
stup i pri v8ech operacich spojenych s odt€Zovanim rubaniny i pri
dopravé materidlu do podzemi. Lezné oddéleni musi byt vybaveno
Sikmymi Zebfiky s moznosti vstupu na né i pri ¢aste¢ném zatopeni
jédmy. Pracovnici na Cele vyrubu by byli varovéni stoupajici hladi-
nou vody, ostatni odpovédni pracovnici havarijni signalizaci.

Konkretizace realizovanych bezpeénostnich opatieni
pii razbé pod Vitavou

S ohledem na uvedenou banskou legislativu jsou ndsledné pop-

sdna nékterd bezpecnostni opatfeni, kterd byla definovdna v rea-
liza¢nim projektu stavby:

e Pracovi§té na Celbé muselo byt v nejnepfizniveéjSim pripadé
vzdéleno od jamy 168 m, pro jeho opusténi pri rychlosti béZné
chize 4 km/hod. (67 m/minutu) by stadily asi 3 min.

* Pfi razbé bylo nutné také dbat na disledné provadén{ ochrany
proti vyjizdéni hornin z ¢ela vyrubu. Nekteré procesy nestabi-
lity nezajisténého vyrubu, jako je strukturni nestabilita horni-
nového masivu v nezajisténé ¢asti vyrubu, lze t€7ko predvidat.
Z hlediska sniZeni nebezpe¢i vyjizdéni horninového masivu
a zavalovani (§ 17 odst. 2 vyhl. 55/96 Sb.) bylo doporuceno
s postupem Celbu zajistovat ochrannym deStnikem z dostate¢né
tuhych prvku, kterymi jsou napi. IBO kotvy (svorniky), vrtané
s osovou vzdalenosti 10—15 cm s tim, Ze prekryv jednotlivych
destniki m4 byt nejméné 2-3 zabéry. Ve skutecnosti toto dopl-
nujici stabilizaéni opatfeni bylo pouzité jen lokdlné, a to na
tfech zdbérech pri razbé z Sachty MS2, v mist&, kde dochdzelo
k vyjizdéni horninovych bloka z &ela vyrubu.

* Pri razbé pod Vltavou byl zaji§tovéan vyrub ihned v rdmci pra-
covniho cyklu v co moznd nejkrat$i dobé. V pripadé, Zze by
v ramci pracovniho cyklu dochdzelo k nestabilité nezajisténé
¢asti vyrubu, byly v technologickém postupu stanoveny
s ohledem na strojni sestavu dodavatele stavby dal$i dopliuji-
cf stabiliza¢n{ opatfeni — kromé de$tnik napf. stabilizadni Cel-
bovy horninovy klin. Podle potieby i zajisténi celby pomoci
laminatovych kotev, popiipadé zpusob Cdste¢ného pobirdn{
a bezodkladného zajisténi jednotlivych &asti Celby.

5 RESENI V RAMCI REALIZACE STAVBY

Jak jiz bylo zminéné, vystavba razené Stoly podchodu tepelného
napdjece pod Vltavou byla nejprve provadéna z hlavni téZni Sach-
ty MS 1 na Libeniském ostrové tpadné smérem k holeSovické $ach-
t& MS 2. Pro zkréceni celkového terminu dokon&eni raZeného tep-
lovodniho kandlu se v§ak dodavatel rozhodl oteviit i druhé praco-
Visté z piivodné cilové Sachty MS 2. Nejprve musela rychle pro-
béhnout zména realizaéni projektové dokumentace (RDS), kterd
byla odsouhlasena Obvodnim bafiskym tfadem (OBU) a vy-
branym posuzovatelem. Na zdkladé pozadavkii OBU byla povole-
na razba z MS 2 v délce max. 60 m. Pro piipad privalu bahnin
(zvodnénych zemin) do vyrubu byla prislu§né prohloubena jimka
pod Sachtou MS 2. Tato jimka byla dimenzovéana na 80 000 1.
Jimka byla v rdmci definitivniho provedeni stavby prevzata inves-
torem jako akumula¢ni jimka pro piipadny definitivni dkap prusa-
ki béhem provozovani teplovodniho kandlu.

Pouzita technologie hloubeni Sachet a razeb stoly

Pro vyhloubeni téZnich Sachet pod ochranou pilot do hl. cca
10 m bylo vyuZito oto¢ného bagru s drapdkem a jeho prodlouZe-
nim. Ndasledné dohloubeni se provddélo pomoci minibagru 1,6 t
a t&7ni bedny 1,0 m3, pfi rozpojovani horniny s vyuZitim trhacich
praci. Nakladka rubaniny i jeji odtéZeni v takto malém prostoru
byla velmi problematickd a Casové ndro¢néjsi oproti puvodnim
predpokladim. Razba $toly z obou téZnich $achet probihala pri
pouziti trhacich praci. V dobé pripravy nabidky tohoto projektu
dodavatelem razeb bylo kalkulovédno, Ze pro rozpojovani horniny
na Celbé bude vyuZito mechanickych ndstroju raziciho stroje

Tuel

nally proposed to run downhill from MS 1 shaft on Libefisky Ostrov
island toward the HoleSovice bank of the Vltava River, i.e. toward
MS 2 shaft. The escape direction was through shaft MS 1. In the
area of preventative measures, stress is even placed on the verifica-
tion of the rock mass properties in the advance core and in the clo-
sest vicinity of the underground working by cored as well as non-
cored probe boreholes.

It is necessary in the context of provisions of the Czech Bureau
of Mines Decree No. 55/96 Coll. § 70, paragraph 2, stating: “If indi-
cations of the inrush of water or water saturated materials appear in
an underground working, the work must be stopped, the endange-
red excavation must be secured and persons must be immediately
removed from the underground.” to:

1. determine the water inrush signs;

2. define the possibility when it is possible to carry out the secu-
ring of the working endangered by water inrush without jeo-
pardising the safety of persons securing the excavation — the
state of emergency for the underground working;

3. define the warning state which will trigger the implementation
of both pre-prepared and operative preventative measures.

Signs of water inrush may comprise emergency water breakouts,
groundwater inflows accompanied by increased washing out of
material of emergency water inflows into the underground working.

With respect to the provisions of the safety regulation it is there-
fore necessary to define:

* The state of emergency for the underground working at which
the work on the underground excavation must be stopped, but
it is still possible to secure the endangered underground wor-
king.

* The life-threatening state in the underground, at which the safe-
ty of persons is jeopardised and everybody must leave the
underground.

A free and passable escape route must always be ensured for lea-
ving the workplace in the case of emergency. The route must not be
blocked by lay up machines, stored material or other equipment
during any construction stage, even in the short term. The bottom of
the completely excavated gallery was treated and maintained at
weakly intervals so that good negotiability was ensured. A manway
compartment was built with the aim of timely evacuation of the pit.
The access to it was secured during the course of all operations
associated with the removing of muck as well as the transport of
materials to the underground. The ladder compartment must be equ-
ipped with slanted ladders and it must be possible to use them even
in the case of the partial inundation of the pit. Workers present at the
excavation face would be warned by the rising water level, whilst
emergency signalling would warn the other responsible workers.

Specification of safety measures implemented during
the tunnelling under the Vitava River

Some safety measures relating to the above-mentioned mining

legislation, which were defined in the detailed design, are described
in the text below:

 The distance of the workplace at the heading was not permitted
to exceed 168m even in the most unfavourable case; about 3
minutes would have been sufficient for the evacuation at the
common walking speed of 4km/h (67m/minute).

e In addition it was necessary during the excavation to pay atten-
tion to the consistent protection against slipping of rock from
the excavation face. Some processes of the instability of the
unsupported excavation, such as structural instability of rock
mass in an unsupported part of the excavation, are hard to anti-
cipate. Regarding the diminishing of the thread of rock mass
slipping and collapsing (§ 17 par. 2 of the Decree No. 55/96
Coll.), it was recommended that the excavation be supported
by a protective umbrella consisting of sufficiently stiff ele-
ments, such as for example IBO anchors (rock bolts) installed
at 10-15cm spacing, with the overlapping of individual umb-
rellas equal at least to 2-3 excavation rounds. In reality, this
additional stabilisation measure was applied only locally, to
three excavation rounds during the excavation proceeding from




Obr. 4 Fotografie prordzky s razicim strojem SCHAEFF ITC 112 (foto PUDIS a.s.)
Fig. 4 Picture of the breakthrough with SCHAEFF ITC 112 tunnelling
machine (photo PUDIS a.s.)

(rotacni razici fréza, hydraulické kladivo). Po porovnéni doby trva-
ni pracovnich cyklu dosaZenych pfi mechanickém rozpojovéni
a vyuZiti trhacich praci v redlnych geologickych podminkach bylo
pristoupeno k vyhradnimu vyuziti trhacich praci. Provadéni odstre-
14 bylo povoleno pouze v dobé od 7:00 do 21:00 hod. Pfi soubéhu
razeb na obou pracovistich a dosahovani vykona dvou postupt za
den bylo nutné logisticky zajistit a zrealizovat ¢tyfi odstrely denné.
Pouziti trhacich praci v kombinaci se strukturni stavbou hornino-
vého masivu rozpojovanych bridlic melo za ndsledek vetsi kubatu-
ru nadvyloma, a tim i stifkaného betonu nutného k jejich vyplnéni.
Pramérny nadvylom na 1 bm ¢&inil cca 0,75 m3. Pro jednotliva pra-
covisté byly pouzity odli$né strojni sestavy. Na del$i (cca 110 m
dlouhou) tpadni razbu z MS 1 byla po vyraZeni cca 15 m nasaze-
na strojni sestava sloZend z razictho stroje SCHAEFF ITC 112
(s vyloznikem osazenym hydraulickym kladivem, lopatou
a stfednim hfeblovym dopravnikem) a z velkoobjemové tézni
bedny na kolejovém podvozku (obr. 4). Na kratSi (cca 55 m dlou-
hé) dovrchni protirazbé z MS 2 byl pouzity dilni prehazovaci
vzduchovy naklada¢ PPN a jednotné dulni vozy 1,0 m3. Na obou
pracovistich probihala vodorovna doprava pomoci kolejové drahy
rozchodu 600 mm a elektrickych vritku, svisld doprava pomoci
jefdbu AD 20, AD 25. Primdrn{ osténi ze stifkaného betonu vyztu-
zeného sitémi bylo provddéno suchou cestou — osvédéenou tech-
nologii hotové suché prefabrikované smési v silech s primym
napojenim na stiikaci stroj a ddle pomoci gumovych hadic
k trysce. V rdmci razeb byly realizovdny jadrové bezpecnostni
predvrty uvedené i v kapitole 6.
ReSeni sekundarniho osténi a konecného vystrojeni
tepelného napajece

Zelezobeton definitivniho osténi, budovany pomoci pojizdného
bednéni, obsahoval piisadu krystalizaéni miizky pro utésnéni péra
betonu a zajisténi jeho vodotésnosti. Podobnym zpusobem byla
jesté vyztuZena i svisld Sachta MS 2, kde bylo také vyhotoveno
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shaft MS 2, i.e. the location where rock blocs from time to time
slipped from the excavation face.

e During the course of the tunnelling under the Vltava River the
excavation was supported immediately, within the working
cycle, in the shortest possible time. Supplementary stabilisati-
on measures in addition to the umbrellas were specified in the
technological procedure to be implemented in case of the insta-
bility of the unsupported part of the excavation was encounte-
red within the framework of the working cycle. These measu-
res, for example a supporting rock wedge, were designed
taking into consideration the set of the contractor’s equipment.
If necessary, the excavation face could be supported by GRP
anchors or sequential excavation with immediate stabilisation
of individual headings could be applied.

5 SOLUTION WITHIN THE FRAMEWORK
OF THE REALISATION OF THE CONSTRUCTION

As mentioned above, the construction of the mined gallery for the
heat supply line under the Vltava River was in the beginning carri-
ed out from the main hoisting shaft MS 1 on the Libefisky Ostrov
island, on a downhill gradient toward the HoleSovice shaft MS 2.
Because of the intention to finish the mined heat supply duct ahead
of schedule, the contractor decided to drive the gallery even from
the second workplace, from the originally target shaft MS 2. It was
first of all necessary to change the detailed design, which had been
approved by the Regional Bureau of Mines and the selected asses-
sor. The excavation from shaft MS 2 at the maximum length of 60m
was permitted on the basis of the Regional Bureau of Mines requi-
rements. The sump under shaft MS 2 was deepened in case of the
breakout of mud (watery soils) into the excavation. This sump was
designed for 80,000 litres. It was taken over by the project owner
within the definite execution of the construction to serve as an accu-
mulation sump collecting contingent dripping and leaks during the
heat supply duct operation.

The technology applied to the sinking of shafts
and excavation of the gallery

A slewing clamshell excavator with a clamshell extension facili-
ty was used for the excavation of the hoisting shafts under the pro-
tection provided by piles up to the depth of about 10m. The subse-
quent excavation to the full depth was carried out with a 1.6t mini-
excavator and a 1.0m> sinking bucket (box), using blasting. The
muck loading and removing operation in such a restricted space was
very problematic and more time consuming compared with original
assumptions. The gallery was driven from both hoisting shafts
using the drill and blast technique. At the project bid preparation
stage the contractor calculated that the rock face would be disinte-
grated by mechanical tools of a tunnelling machine (a roadheader,
hydraulic hammer). When the duration of work cycles achieved
while using the mechanical disintegration system had been compa-
red with the duration when the drill and blast was used in real geo-
logical conditions, the work continued solely using the drill and
blast. Blasting was permitted only from 7:00 to 21:00 hours. At the
excavation proceeding simultaneously at both headings at the rate
of two excavation rounds per day it was daily necessary to provide
logistic services required for four blasts and to realise them. The
application of blasting in combination with the structural composi-
tion of the shale rock mass being disintegrated resulted in larger
volumes of overbreaks as well as the volumes of shotcrete required
for backfilling them. The average volume of overbreaks per 1m
amounted to about 0.75m?3. Different sets of equipment were used
at individual workplaces. An equipment set consisting of
a SCHAEFF ITC 112 tunnelling machine (with a hydraulic hammer
mounted on the boom, a shovel and a central scraper conveyor) and
a large-volume rail-mounted transport box was employed on the
longer (about 110m long) downhill drive from MS 1 (see Fig. 4).
A PPN pneumatic overhead loader and unified mine muck cars
were employed on the shorter (about 55m long) uphill counter-hea-
ding from MS 2. A 600mm gauge rail-bound horizontal mucking
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posuvné bednéni uvnitf Sachty a bylo postupné vytahovdno smé-
rem od dna Sachty nahoru po ¢tyfmetrovych postupech. Obdobne
to bylo potom aplikovano i u $achty MS 1. Jako hydroizolaéni
systém byla zvolena krystalizaéni pfisada XYPEX AC1000NF do
betonu definitivniho osténi. V pracovnich a dilata¢nich spardch byla
vodotésnost feSena systémovymi prvky (ocelové plechové profily,
bentonitové pasky, vnéjsi rubové pryzové pasy) instalovanymi tak,
7e vzdy tvorila zdbranu dvojice prvki. Po dokonleni betonéZi defi-
nitivniho osténi a zaslepeni drendzniho potrubi z razby Stoly se
vzhledem k absenci ploSného izolacniho systému objevily lokdln{
prasaky, které bylo nutné dotésnit. Bylo vyuZito aplikace polyure-
tanovych pryskyfic (CarboPur) a metakryldtovych gela (Carbo-
Cryl). Kone¢né mnozstvi kumulovanych prusaki méfené v éerpaci
jimee dosahlo piijatelné hodnoty do 0,1 1.s™1. PouZité feSeni popsa-
ného zpusobu budovani sekunddrniho osténi se osvéd&ilo, pruliny
vody na lici osténi byly minimélni, hluboko pod predpoklddanou
mezi stanovenou projektem. Do definitivniho osténi se posléze
montovala ocelova konstrukce, nosice pro potrubi a ovladaci kabe-
ly. Pod podlahou 3achty MS 2 je realizovana akumula&ni jimka na
pripadné tikapové vody a vody z vypousténého potrubi teplovodu,
osazend ponornym cerpadlem a plovakovym systémem na spindni
Cerpadla. Celd trasa teplovodniho kandlu je vyspadovéna k Sachté
MS 2, takZe voda z trasy muZe stékat gravitaéné az do akumula¢ni
jimky v MS 2. Na definitivni lité betonové osténi stén, podlahy
Stoly i Sachet byly ukotveny ocelové Zarove pozinkované konstruk-
ce pro uloZeni potrubi teplovodu i pro vedeni ovlddacich kabela
a osvétleni dila. Poté se provedla findlni montdZ potrubi (obr 5).
V Sachtich bylo také namontovdno definitivni ocelové lezné
oddéleni (v MS 1 Zebfikové, v MS 2 ocelové schodiité). Na jedné
z podest je umistén ventilator pro zaji$téni a urychleni provétrani
prostoru uvnitf teplovodniho kandlu. Po dokonceni montdZi potru-
bi se tspésné provedly zkousky za provoznich podminek. Mohlo
se tedy pristoupit k uzavieni obou Sachet Zelezobetonovymi

Obr. 5 Fotografie tepelného napdjece v sekunddrnim osténi pri osazovdani
teplovodniho potrubi (foto PUDIS a.s.)

Fig. 5 Picture of the heat supply gallery provided with the secondary lining
during the installation of the heat supply pipeline (photo PUDIS a.s.)

system with electrical winches was used at both workplaces, whilst
the AD20 and AD25 cranes were used for the vertical transport. The
shotcrete primary lining reinforced with welded mesh was carried
out using the dry process - the well proven technology using dry
pre-mixed material in silos directly connected to the shotcrete
machine and further through rubber hoses to the nozzle. The safety
cored boreholes were carried out ahead of the excavation face, men-
tioned also in Chapter 6, were realised within the framework of the
excavation.

Secondary lining and final outfit of the heat supply line

The final lining reinforced concrete cast behind travelling form-
work contained an addition to the crystal lattice for the sealing of
pores in concrete and improving its water retaining capacity.
Similar reinforcement was applied to vertical shaft MS 2, where
slipform was assembled inside the shaft and was pulled in 4m high
steps up from the shaft bottom. Shaft MS 1 was subsequently con-
structed using a similar procedure. Crystallising additive XYPEX
AC1000NF was selected for the waterproofing system for the final
lining concrete. The waterproofing capacity of expansion joints was
provided by system elements (steel sheet profiles, bentonite gas-
kets, external rubber waterstops). The joint always comprised two
types of the sealing elements. With respect to the absence of a sheet
membrane waterproofing system, local leaks which had to be addi-
tionally sealed appeared after the completion of the final lining cas-
ting and plugging the drainage pipeline used during the course of
the gallery excavation. Polyurethane resins (Carbo Pur) and met-
hacrylate gels were applied. The final value of the cumulative see-
page measured in the pumping sump reached an acceptable rate of
0.1L.s"!. The above-mentioned solution applied to the construction
of the secondary lining acquitted itself; water leaks on the surface
of the lining were minimum, deep under the assumed limit set by
the design. The steel structure and carriers for tubes and control
cables were subsequently fixed to the final lining. An accumulation
sump, collecting contingent dripping water and water from the heat
supply pipeline being emptied, which is equipped with a sub-
mersible pump and the pump switching float system, is carried out
under the MS 2 floor. Hot-dip galvanised steel structures designed
to carry the heat supply pipeline, the control cables and the lighting
were anchored to the final poured concrete lining of the walls and
floor of the gallery and the shafts. Then the final installation of the
pipeline was carried out (see Fig. 5). The definite manway com-
partments were installed in the shafts (with ladders in MS 1 and
a steel staircase in MS 2). A fan ensuring and accelerating the ven-
tilation of the space inside the heat supply duct is installed on one
of the stair landings. When the installation of the pipeline had been
finished, the pipeline was successfully tested under operating con-
ditions. It was therefore possible to close both shafts with precast
reinforced concrete slabs. These roof slabs are provided with water-
tight steel covers for the entry and a separate cover for contingent
installation or replacement of the heat supply line components. MS
1 is in addition equipped with a cover containing the mouth of the
fan allowing the separate ventilation of the heat supply duct before
the maintenance crew entry. It is assumed that the waterproofing
capacity of the two shafts (including entrances and exits of the heat
supply pipelines and cables) will be maintained up to the level of
0.5m above the level of the flood in 2002. The Liben - HoleSovice
heat supply line construction was finished in June 2012. The works
were handed over to the project owner subsequently. The certifica-
te of practical completion was issued on 6th November 2012.

6 GEOTECHNICAL MONITORING OF THE WORKS

Geotechnical monitoring (GTM) was an inseparable part of the
heat supply duct construction, similarly to other mined underground
structures. Individual GTM activities and their scope were carried
out in compliance with requirements following from the tender
design section Geotechnical Monitoring carried out by Ingutis, spol.
s 1. 0. The direct client for the GTM was Prazska teplarensk4,
a. s. (Prague heat supply company). Because of the fact that the
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prefabrikovanymi deskami. Tyto stropni desky jsou opatfeny vodo- excavation ran under the Vltava River bottom, the requirements for

tesnymi ocelovymi poklopy pro vstup, samostatnym poklopem pro the GTM were slightly different; the levelling of the terrain and

piipadnou montdz nebo vyménu komponentu teplovodu, MS 1 je buildings, measurements of tilting were not conducted (all buil-

navic vybavena poklopem pro vyusténi ventildtoru slouziciho pro dings and structures were outside the anticipated settlement trough).

samostatné vétrani teplovodniho kandlu pred vstupem udrzby. Only the following most important activities were carried out wit-

Pocitd se s vodotésnosti obou Sachet (v&etné vstupu a vystupu tep- hin the framework of the GTM during the excavation under the

lovodnich potrubi a také kabeli) na povodnovou droven zédplav Vltava River:

zroku 2002 + 0.5 m. Stavba tepelného napdjece Liberi — HoleSovice e continual gallery excavation and shaft sinking engineering geo-

byla dokoncena v ¢ervnu 2012, ndsledné bylo dilo predédno investo- logical documentation,

rovi. Zavere¢nd kolaudace se uskute¢nila 6. listopadu 2012. * engineering geological documentation and assessment of cored

_ ~ boreholes carried out ahead of the excavation face,

6 GEOTECHNICKY MONITORING VYSTAVBY e convergence measurements in the gallery (relative and, on
I jako na jinych raZenych podzemnich stavbéch byl nedilnou selected profiles, absolute measurements),

souddsti vystavby tepelného napdjete geotechnicky monitoring e check measurements of the final (secondary) lining concrete

(GTM). Jednotlivé Cinnosti a rozsah GTM probihaly podle poza- strength.

davku plynoucich ze zaddvaci dokumentace (DZS) — Geotech- Other activities commonly carried out within the framework of

nicky monitoring, vyhotovené firmou Ingutis, spol. s r. 0. PFimym the GTM were provided by the construction contractor separately.

investorem (objednatelem) GTM byla PraZzskd tepldrenska, They comprised:

a. s. Jelikoz razba probihala pod fi¢nim korytem Vltavy, byly e seismic and acoustic measurements,

i poZzadavky na GTM mirné odli§né, zcela odpadlo méreni nivela- e corrosion measurements.

ci, at’ na terénu nebo objektech, méfeni naklona apod. (vSechny Engineering geological documentation of the excavation
objekty byly za predpokladanou poklesovou kotlinou). V rdmci of the gallery and the sinking of shafts

Cf.T},V{P“ razbé pod Vltavou tedy probihaly pouze tyto nejdulezi- At the beginning of the excavation, the engineering geological

documentation was carried out in compliance with the requirements
of the tender design for the monitoring, i.e. continually, 3 times
a week, at all workplaces. After several negotiations and, first of all,

predvrtd, on the basis of a binding order issued by the Regional Bureau of
« konvergen&ni méfenf ve §tole (relativni a na vybranych profi- Mines in Kladno, the engineering geological doc.umentation started

lech absolutni), to be car.rleq out every day at each Workplacg, with stress placed on
the monitoring of inflows from the excavation face and the cored
boreholes ahead of the excavation face, on the structural analysis of
the rock mass, prediction of the geological situation in the front

e prubéznd inZenyrskogeologickd dokumentace raZzeb Stoly
a hloubeni Sachet,
¢ inzenyrskogeologicka dokumentace a vyhodnoceni jadrovych

* kontrolni méfeni pevnosti betonu definitivniho (sekunddrniho)
osténi.
Dals{ Cinnosti, béZzné provadéné v ramci GTM, si zhotovitel

stavby zajistoval samostatné. Jednalo se o: zone based on the cored boreholes carried out ahead of the excava-
e seizmické a akustické méfent, tion face. The excavation proceeded through the Ordovician Vinice
e korozni méfeni. formation. In terms of lithology, it comprised sound, mostly tabu-

larly bedded clayey shales. The rock mass discontinuity spacing
was moderate to close. Only smaller tectonic disturbances (up to
50cm) were documented during the underground excavation. All
excavation was categorised as the NATM excavation support class
4. The rock cover was 9m to 14m high during the excavation under
the Vltava River bed. No emergency, operational incident or other
dangerous state defined in the Regional Bureau of Mines Decree
No. 55/1996 Coll. and the detailed design for the construction was
experienced during the course of the heat supply duct excavation.

InZenyrskogeologicka dokumentace razeb $toly
a hloubeni Sachet

InZenyrskogeologickd (IG) dokumentace byla z pocatku raZeb
podle projektu DZS geotechnického monitoringu provéddéna pru-
bézné 3x za tyden na vSech pracovistich. Po nékolika projedndva-
nich a predevsim na zakladé zavazného prikazu OBU Kladno byla
¢innost IG dokumentace ¢ela vyrubu provadéna kazdy den na kaz-
dém pracoviSti s dirazem na sledovéni pritokt z Cela vyrubu
a jadrovych predvrti, na strukturni analyzu horninového masivu,
na predikci geologické situace v predpoli raZeb z jadrovych pred- Engineering geological documentation
vrta. Razici price probihaly ve vinickém souvrstvi (ordovik). and assessment of cored boreholes carried out
Litologicky se jednalo o jilovité bfidlice, zdravé, prevazné desko- | ahead of the excavation face

vité vrstevnaté. Hustota diskontinuit horninového masivu byla For fear of encountering tectonic disturbances in the rock mass
stfedni az velkd. Béhem razby byly dokumentoviny pouze mens{ and the danger of water breakouts following from it, the tender
tektonické poruchy (max. do 50 cm). Veskeré razby byly provede- design prescribed continual execution of 20-25m long horizontal
ny v technologické tiidé¢ NRTM 4. Vyska skalniho nadloZi pfi | cored boreholes ahead of the excavation face to be carried out
razbé pod korytem feky Vitavy byla od 9 m do 14 m. V pribéhu | throughout the excavation length. With the aim of saving time and
raZeb tepelného napdjeCe nedoslo k zddné mimorddné uddlosti, | efforts to repeatedly evacuate the workplace to allow the realisation
provozni nehod¢ (havirii) ¢i jinému nebezpecnému stavu podle | of this measure, the 44mm diameter and up to 60m long cored bore-
vyhl. OBU €. 55/1996 Sb. a realizacniho projektu stavby. holes were successfully carried out using a DIAMEC 251 drilling
Inzenyrskogeologicka dokumentace a vyhodnoceni set with a double-tube core barrel. Two safety core boreholes into
jadrovych predvrti the advance core were carried out during the construction work

Z obavy pied zastizenim tektonickych poruch v horninovém from the headings at the workplace from MS 1 shaft (borehole PJ1
masivu a z toho plynouciho nebezpedi pravalu vod bylo zaddvacim — 60m long and borehole PJ3 — 40m long) and two core boreholes
projektem piedepsdno prabézné provadéni horizontdlnich bezped- into the advance core from the headings at the workplace from
nostnich jadrovych predvrti délky 2025 m v celé trase razby. Pro | MS 2 shaft (borehole PJ2 — 60m long and borehole PJ4 — 30m
tisporu ¢asu a Usili na opakované vyklizeni pracovisté na realizaci | long). Inflows from cored boreholes into the advance core were
tohoto opatieni se pomoci soupravy DIAMEC 251 s dvojitou jad- measured during the course of the drilling every 1.5m so that
rovnici podafilo provést jadrové predvrty & 44 mm délky az cca a contingent pronounced bedrock dislocation hydrogeologically
60 m. V prubéhu stavebnich praci byly odvrtdny dva jadrové interconnected with the Quaternary aquifer in terrace gravels was
bezpetnostni predvrty z eleb na pracovisti z Sachty MS 1 (vrt PJ1 encountered. These cored advance boreholes were professionally
— 60 m dlouhy a vrt PI3 — 40 m dlouhy) a dva jadrové predvrty described, attending classification tests of rock strength were con-
z Celeb na pracovisti z Sachty MS 2 (vrt PJ2 — 60 m dlouhy a vrt ducted and samples of groundwater were taken for chemical analysis
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Obr. 6 Graf vysledku relativniho konvergencniho méreni lice vyrubu (PUDIS a.s.)
Fig. 6 Graph showing results of relative convergence measurements on the inner surface of the excavation (PUDIS a.s.)

PJ4 — 30 m dlouhy). Pfitoky z jddrovych predvrtu byly béhem vrté-
ni méfeny po 1,5 m, aby byla pripadné zastizena vyraznd disloka-
ce ve skalnim podlozi, kterd by byla hydrogeologicky propojena
s kvartérni zvodni v terasovych $tércich. Tyto jadrové predvrty
byly odborné geologicky popsény, provedeny doprovodné klasifi-
ka¢ni zkouSky pevnosti hornin a také provedeny odbéry vzorka
podzemni vody pro chemickou analyzu s ohledem na agresivitu
podzemni vody na beton. Z komplexniho vyhodnoceni jadrovych
predvrti vyplynulo, Ze raZbou nebudou zastizena vyraznd poru-
chové pdsma, piitoky podzemni vody z jédrovych predvrti se po
ustdleni pohybovaly v rozmezi 0,03 1.s! — 0,11 s'! a nebyla tedy
zastiZzena zZadnd vyraznd dislokace, kterd by byla hydrogeologicky
propojena s kvartérni zvodni v terasovych Stércich. Dile
z doprovodnych laboratornich zkousek mechaniky hornin byly
ovéreny hodnoty pevnosti v prostém tlaku horninového materidlu,
které se pohybovaly od 8,8 MPa do 28,6 MPa (patrné z grafu na
obr. 3) a také byl ovéfen stupen agresivity podzemni vody na beton
podle CSN EN 206-1, ktery byl zjistén u viech vzorki XA1 (slabé
agresivni chemické prostiedi).

Konvergen&ni méreni ve §tole

JelikoZ razba $toly probihala s vyuZitim spoluptsobeni hornino-
vého masivu s primdrnim osténim, bylo bezpodmine¢né nutné
méfit pretvareni nosného systému hornina — vyztuz (konvergenéni
mereni). Pro tento Gcel bylo zvoleno relativni méfeni konvergenci
pomoci velmi presného mériciho invarového pasma INTERFELS

focused on the corrosive effect on concrete. It followed from the
comprehensive assessment of the cored advance boreholes that the
excavation would not encounter pronounced weakness zones.
Groundwater inflows from the cored advance boreholes after stea-
dying varied from 0.03L.s"! to 0.1L s°!, which means that no signi-
ficant dislocation hydrogeologically interconnected with the
Quaternary aquifer in terrace gravels was encountered. In addition,
the results of the accompanying rock mechanics laboratory tests
allowed the verification of the values of uniaxial compressive
strength of the rock material, ranging from 8.8MPa to 28.6MPa (as
obvious from the graph in Fig. 3) and verification of the degree of
the corrosive action of ground water to concrete according to CSN
EN 206-1; the XAl degree (weakly corrosive chemical environ-
ment) was determined for all samples.

Convergence measurements in the gallery

Because the gallery was excavated taking advantage of the inter-
action between the rock mass and the primary lining, it was uncon-
ditionally necessary to measure the deformation of the rock mass —
excavation support load-carrying system (convergence measure-
ments). The relative measurement of convergences using INTER-
FELS KM-15 high-precision invar tape was chosen for this purpo-
se. Selected convergence profiles were also measured absolutely by
surveying. Results of the absolutely measured deformations of indi-
vidual convergence points allowed, first of all on the vector graph,

analysing of the magnitude and direction of the deformation of the




KM-15. Vybrané konvergenéni profily byly také zaméfovany abso-
lutné — geodeticky. Vysledky absolutnich deformaci jednotlivych
konvergen¢nich bodi umoZiovaly predev§im na vektorovém grafu
analyzovat velikost a smér deformace zajisténého osténi (bylo
mozné zjistit i pripadny vertikdlni pokles —,,propadéni* celého vyru-
bu $toly). Osazeno bylo v trase Stoly celkem 13 konvergen¢nich tri-
bodovych profila do stitkaného betonu. V prubéhu konvergen&niho
relativntho méfeni byla zméfena max. hodnota konvergence
-3,69 mm (patrné z grafu na obr. 3) v horizontdlnim sméru a nebyla
tedy dosaZena maximdlni hodnota konvergence 17 mm ani varovny
stav 7 mm, které stanovil projektant realiza¢ni projektové dokumen-
tace RDS (Ingutis, spol. s r. 0.) na zékladé statického vypoctu. Graf
s vysledky konvergen¢niho méfenti je prezentovéan na obr. 6. Pfi geo-
detickém (absolutnim) méfen{ konvergenci bylo dosaZzeno maximal-
nf deformace 4 mm v poklesu i posunu konvergen¢niho bodu.

Kontrolni méfeni pevnosti betonu definitivniho
(sekundarniho) osténi

V ramci GTM bylo celkem provedeno 17 zkousek pevnosti beto-
nu sekunddrniho osténi a také tfi zkousky vodonepropustnosti
betonu. Z hlediska pevnosti splnovaly vSechny vzorky pozadova-
nou pevnostni tridu (tj. deklarovanou krychelnou pevnost 37 MPa).
Prumérnd pevnost betonu v tlaku se pohybovala mezi 39 MPa az
44,7 MPa.

Zkouska vodonepropustnosti betonu (stanovend jako hloubka
prusaku tlakovou vodou) splnila také normou uddvany limit
35 mm u viech vzorka. Nejvétsi hloubka prusaku se pohybovala
mezi 16 mm aZz 25 mm. VSechna data ziskand v rdmci Cinnosti
GTM byla ukldddna a zpfistupfiovdna Gcastnikim vystavby na
vzdaleném internetovém serveru.

7 ZAVER

Stavba tepelného napdjece Liben — HoleSovice v tdseku razeného
podchodu pod fekou Vltavou v Praze potvrdila sloZitost podminek
danych predevsim geologickymi poméry. V prubéhu vystavby bylo
nutné prizpusobit projekt i prdce na podzemnim dile nejen poZa-
davkam dozoru Obvodniho bériského tfadu, ale i poZadavkum na
urychleni doby vystavby. Realizace tepelného napdjece Liben —
HoleSovice byla dal$i cennou zkuSenosti z razby provadéné
v Praze pod korytem Vltavy. Vyznamnou roli pfi realizaci tepelné-
ho napdjeCe hral i geotechnicky monitoring, ktery napomohl ke
zdarnému a bezpec¢nému dokoncent stavby.

RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz,

MGR. LIBOR SILA, libor.sila@pudis.cz, PUDIS a.s.,
ING. JAN SOCHUREK, sochurek@ingutis.cz,
INGUTIS, spol.s.r.o.,

ING. TOMAS JUST, tjust@ohlzs.cz, OHL ZS, a.s.

Recenzovali: Ing. FrantiSek Dvordk, Ing. Radko Rieger
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lining (it was possible to identify contingent vertical subsidence —
sinking of the entire gallery excavation). The total of 13 triple-point
convergence profiles were installed in shotcrete along the gallery
route. The maximum horizontal convergence value of —=3.69mm (as
obvious from the graph in Fig. 3) was measured during the course
of the relative convergence measurements, which means that neit-
her the maximum convergence value of 17mm nor the warning state
value of 7mm set by the designer (Ingutis, spol. s r. 0.) in the detai-
led design on the basis of the structural analysis were reached. The
graph showing the convergence measurement results is presented in
Fig. 6. Maximum deformation of 4mm (both vertical and horizon-
tal) was reached by the absolute measurements of convergence by
surveying.

Check measurements of the final (secondary)

lining concrete strength

The total of 17 tests of the secondary lining concrete strength and
three tests of the concrete water retaining capacity were conducted
within the framework of the GTM. As far as the strength is concer-
ned, all samples met the requirement for the strength grade (i.e. the
declared cube strength of 37MPa). The average compressive
strength of concrete varied between 39MPa and 44.7MPa.

The result of the concrete water retaining capacity test (determi-
ned as the pressure water penetration depth) also met the limit of
35mm specified by the standard at all samples. The largest depth of
the water penetration ranged from 16mm to 25mm. All data obtai-
ned within the framework of the GTM activities was stored and
made available for parties to the project on a remote Internet server.

7 CONCLUSION

The construction of the Liben — HoleSovice heat supply line in the
section of the mined passage under the Vltava River in Prague con-
firmed the complexness of the conditions given first of all by geo-
logical conditions. It was necessary during the course of the con-
struction to accommodate the design and work on the underground
structure not only to requirements of the supervision carried out by
the Regional Bureau of Mines, but also to requirements for the
acceleration of the works. The realisation of the Liben - HoleSovice
heat supply line was another valuable experience in tunnelling in
Prague under the Vltava River bed. An important role was played
during the realisation of the heat supply line by geotechnical moni-
toring, which contributed to the successful and safe completion of
the construction.

RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz,

MGR. LIBOR SILA, libol'.sila@pudis.cz, PUDIS a.s.,
ING. JAN SOCHUREK, sochurek@ingutis.cz,
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FOTOREPORTAZ ZE STAVBY PRODLOUZENI TRASY V.A
PRAZSKEHO METRA - STANICE NADRAZ( VELESLAVIN

PICTURE REPORT FROM THE CONSTRUCTION OF THE 5™ EXTENSION
OF PRAGUE METRO LINE A - NADRAZ[ VELESLAVIN STATION

Obr. 1 Razba boénich stanicnich tunelii z hloubené jamy Veleslavin (foto
archiv Subterra a.s.)

Fig. 1 Excavation of side station tunnels from the construction pit for the
cut-and-cover part of Veleslavin station (photo Subterra’s archives)

Obr. 2 Hlava §titu EPBS ,,Adéla‘ protahovand pravym stani¢nim tunelem
(foto archiv Subterra a.s.)

Fig.2 ,,Adéla‘ EPB shield cutterhead pulling through the right-hand station
tunnel (photo Subterra’s archives)

§ g sl i
Obr. 3 Bednéni tramu definitivniho osténi levého staniéniho tunelu (foto
Ing. Jiri Junek)

Fig. 3 Formwork for the final lining beam in the left-hand station tunnel
(photo: Ing. Jiri Junek)

=

Obr. 4 Stitkand izolace klenby s barevnym odliSenim zesilenych partii v misté
pracovnich spdr (foto Ing. Jiri Junek)

Fig. 4 Spray-on waterproofing applied to the vault; thicker parts along
construction joints are distinguished in colour (photo: Ing. Jiri Junek)

- = T s, . A
- Obr. 6 RazZba kaloty stiedniho tunelu, bourdni dsti primdrniho osténi
Obr. 5 Dokoncené definitivni osténi bo¢niho stanicniho tunelu (foto Ing. Jiri bocnich vyrubui (foto Ing. Jifi Junek)
Junek) Fig. 6 Central tunnel top heading excavation, demolition of parts of the
Fig. 5 Completed final lining of a side station tunnel (photo: Ing. Jifi Junek) primary lining of side tunnels (photo: Ing. Jir{ Junek)
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FOTOREPORTAZ ZE STAVBY TUNELOVEHO KOMPLEXU BLANKA
(KVETEN 2013)

PICTURE REPORT FROM BLANKA COMPLEX OF TUNNELS
CONSTRUCTION (MAY 2013)

Obr. 1 Vystavba vjezdové rampy podzemnich gardzi Prasny most (foto Jakub
Karli¢ek)

Fig. 1 Construction of the access ramp to the Prasny Most underground
parking garages (photo: Jakub Karlicek)

Obr. 3 Kabelové rozvody pod vozovkou u tunelové propojky TP B10 (foto
Jakub Karli¢ek)

Fig. 3 Cable distribution system under the roadway at TP B10 cross passage
(photo: Jakub Karlicek)

g N » Sl
Obr. 5 Vystavba vydechového a nasdvaciho objektu v ulici Nad Krdlovskou
oborou (foto Jakub Karlicek)
Fig. 5 Construction of the ventilation exhaust and suction structure in Nad
Krdlovskou Oborou Street (photo: Jakub Karlicek)

Obr. 2 Montd? ventildtorii v severnim hloubeném tunelu (foto Jakub
Karlicek)

Fig. 2 Installation of fans in the northern cut-and-cover tunnel tube (photo:
Jakub Karlicek)

Obr. 4 Tripruhovy raZeny tunel s dvojici ventildtoru pod klenbou (foto Jakub
Karlicek)

Fig. 4 Mined triple-lane tunnel with a pair of fans under the arch (photo:
Jakub Karlicek)

Obr. 6 Portdl tunelu hlavni trasy v Troji (foto Jakub Karli¢ek)
Fig. 6 Portal of the main route tunnels in Troja (photo: Jakub Karlicek)
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

NOVE RESENI PRO ZVYSENI BEZPECNOSTI TUNELU

THE NEW SOLUTION FOR THE IMPROVEMENT OF TUNNEL’S SAFETY

Since 2010, tunnel traffic operators in the Czech Republic have used
means for their education that have till now been known rather from the
area of air traffic. Critical unpredictable events may happen in tunnel
structures, similarly to other transport branches, which require an imme-
diate response. For that reason the company of Eltodo equipped tunnel
traffic operation centres in the Czech Republic - Cholupice, Lochkov,
Klimkovice, Strahov, Mrdzovka and Zlichov — with tunnel operation
simulators, which will allow the training of tunnel traffic operators and
the checking on their ability to respond to extraordinary situations.

Dispecefi pro provoz tuneli v CR vyuZivaji od roku 2010
ke svému vzdélavani prostiedky dosud zndamé spiSe z oblasti letecké
dopravy. V tunelovych stavbéch, stejné jako v jinych dopravnich odvet-
vich, muZe dojit ke kritickym nepredvidatelnym udélostem, na které je
potieba okam?Zité reagovat. Z tohoto divodu spole¢nost Eltodo vybavi-
la tunelové dispeCinky v CR - Cholupice, Lochkov, Klimkovice,
Strahov, Mrdzovka a Zlichov tunelovymi trenazéry, které umozni Skole-
ni tunelovych dispederi a provéfeni jejich schopnosti reagovat
v mimoradnych situacich.

Takovymi situacemi muZe byt napiiklad dopravni nehoda, vznik
poZéru nebo tieba jen piitomnost osoby v prostoru tunelu. Dal$im rizi-
kem pri provozovani tunelovych staveb jsou vypadky technologickych
zarizeni nebo jejich napdjeni. V takovych pripadech musi dispecer zaji-
stit uvedeni tunelu do provozniho stavu nebo v pripadé mimoradné uda-
losti pocitat s nedostupnosti nékterych zarizeni.

Tunelové trenazéry Eltodo standardné umoZnuji simulaci dopravy
a technologie v naprosto totoZzném provedenti, jako je samotnd tunelovd
stavba. Dispecefi pak ziskané znalosti z tréninku uplatni pfimo v ostrém
provozu bez dalsi potieby vzdelavani. Rozsitend verze trenazéru obsa-
huje simulator videodohledu, ktery dispecerim umozni pohled do simu-
lované 3D scény tunelu pomoci virtudlnich kamer. Skolitel miZe akti-
vovat sled mimorddnych uddlosti a poruch technologického vybavent,
na které musi $koleny dispeer reagovat. Skoliteli je umoznén volny
pralet simulovanym 3D modelem, takZe je plné informovan
o dusledcich aktivit Skoleného dispelera.

ING. TOMAS SMERDA, smerdat@eltodo.cz,
ELTODO dopravni systémy s.r.o.

TUNEL
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Obr. 1 Vizualizace dopravniho znaceni tunelu
Fig. 1 Visualisation of traffic signalling

Obr. 2 Mimorddnd uddlost v tunelu
Fig. 2 Extraordinary event in a tunnel

Obr. 3 Pohled dispecera z instalované kamery
Fig. 3 Traffic operator's view

REKONSTRUKCE SIMPLONSKEHO ZELEZNICNIHO TUNELU

Simplonsky Zelezniéni tunel podchdzi alpsky hieben ze $vy-
carského Brigu do italské Iselle. Sestdvd ze dvou jednokolejnych
tunelovych trub, které byly vybudovany v letech 1906 az 1922.
Pii své délce 19,80 km ma 46 propojek rozmisténych po necelych

Obr. 4 Pohled Skolitele z libovolného mista simulované 3D scény
Fig. 4 Instructor's view from an arbitrary place of the scene being simulated

500 m. Pobliz poloviny tunelu, kde je také délici ¢dra mezi §vy-
carskou a italskou ¢ésti tunelu, jsou dvé kiizeni umoznujici pre-
jezd vlaku z jedné trouby do druhé.

Soulasny stav tunelu a jejich vybaveni jiZ del§i dobu neodpo-
vidd nynéj§im pozadavkim na bezpecny a spolehlivy provoz.




Proto se Svycarskd federélni Zeleznice rozhodla tunel rekonstru-
ovat ndkladem asi 140 mil. eur. V obou troubach bude instalova-
no nouzové osvétleni, zdbradli a svételné vyznaceni tnikovych
cest. Budou vybudovédny tfi nové propojky a stdvajici budou
vybaveny novymi dvefmi a novym osvétlenim. Podle potieby se
opravi drendZe, krizovéani uprostred tunelu a odstrani zbyvajici
Skody po poziru v tunelu v roce 2011. Vysokonapétové kabely
budou umistény do kabelovodu.

Béhem rekonstrukénich praci se vyfadi z provozu vzdy &ast
jedné tunelové trouby, v pripadé€ potreby i celd jedna trouba.

BAZOVY ZELEZNICNI TUNEL SEMMERING

V roce 2011 bylo vydano stavebni povoleni pro stavbu nové-
ho bdzového zZelezni¢niho tunelu Semmering v Rakousku. Se
svou délkou 27,3 km bude patfit k nejvétsim evropskym Zelez-
ni¢nim projektim. Tunel spoji Gloggnitz v dolnim Rakousku se
Miirzzuschlagem ve Styrsku. Pfipravné price byly zahdjeny
v dubnu 2012 u portalu Gloggnitz.

Tunel budou tvofit dvé rovnobeézné jednokolejné trouby
o profilu pfiblizné 10 m, které se spoji propojkami kazdych 500 m.
Nouzova stanice bude umisténa priblizné v poloviné délky tunelu.
Tunel bude raZen od obou portdla a ze dvou mezilehlych pfistupt

PODZEMNI STAVBY V CASOPISE BETON

Firma Beton TKS vyddvd 6x do roka pro Svaz vyrobcl cementu
CR, Svaz vyrobcu betonu CR, Ceskou betonafskou spolec¢nost
CSSI a pro Sdruzeni pro sanace betonovych konstrukci
s.1. 0. tasopis BETON — Technologie — Konstrukce — Sanace. Cislo
6/2012 tohoto &asopisu bylo vénovéno tunelim a méstské podzem-
ni infrastrukture.

Jiz v Uvodniku se Martin Srb téze a zdroven si odpovidd Quo
vadis Ceské tuneldrstvi... Na 16 stranach je uveden nejobsdhlej-
§i ¢lanek predmétného &isla od autord Pavia Sourka, Lukdse
Griinwalda, Vladimira PetrZilky, Pavla Kasala, Jana Kvase,
Miroslava Padeveta, Michaela RemeSe: Betonové konstrukce
na tunelovém komplexu Blanka v Praze (s dokoncenim v na-
sledujicim ¢isle Casopisu 1/2013). Architekti Michal Hlavdcek
a Zdenék Holek se prezentuji inspirujicim prispévkem Podzemni
gardZe v historickém centru Mladé Boleslavi. Matous Hilar se
zabyva novymi trendy ve vyztuzovani obezdivky strojné raZzenych
tunel v ¢lanku Prehled tunelii s prefabrikovanym segmentovym
osténim z drdtkobetonu. Nasleduje prispévek kolektivu Petr Vitek,
Boris Sebesta, Matous Hilar, Radomir Pukl: RaZba tratovych tune-
li praZského metra technologii TBM. Rozséhly Cldnek (8 stran)
Zajimavd technickd reSeni vystavby tunelii na prikladech ze zahra-
ni¢ni praxe predklada Libor Marik. Jitka Prokopicovd (rovnéz na 8
strandch) predstavuje fadu zajimavych technologii v ptispévku Am-
sterodamské metro — nocni mira, ale i unikdtni technologie. Petr
DoleZal velmi podrobné (12 stran) uvadi Rekonstrukce technolo-
gickych tunelii Ndrodniho divadla. Jiri Sritka se prezentuje ¢lan-
kem Protismykové vlastnosti CBK v tunelech, realizace, provoz
a udrZba. Poruchy betonovych konstrukci v tunelovych stavbdch
uvadeji Jird Svoboda a Vojtéch Sedmidubsky. Radek Syka predsta-
vuje Plné hydraulické bedneni pro tunelovou vystavbu. Kolektiv
Viadimir Cervenka, Tomd§ Ebermann, Lukd$ Kadlec, Viadimir
Kristek, Lukd$ Vrdblik se podileji ¢lankem Predikce vzniku a vyvoje
poruch budov vyvolanych poklesovou kotlinou v diisledku podzem-
ni ¢innosti. A v neposledni radé lze k tématu podzemnich staveb
priradit i prispévek Jiriho BroZovského a Lenky Bodndrové: VyuZiti
ultrazvukové impulzni metody pro hodnoceni miry degradace beto-
nu vystaveného iicinkiim vysokych teplot. Dva vloZené kratsi ¢lan-
ky jsou potom dilem redakce: Ladronka — park a podchod (o pre-
sypané nestandardni konstrukci podchodu pro pési a cyklisty)
a Novd trat’stockholmské primestské Zeleznice Stockholm City Line.

Je sice skuteCnosti, Ze nékterd témata uvddénd vySe uvedenymi
Clanky byla v ¢asopisu TUNEL jiz viceméné predstavena. Na druhou
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u Froschnitzgraben a Gostritz. PouZita bude jak konvenc¢ni razba,
tak razba tunelovacimi stroji (TBM). Prvni razba md byt zahdjena
v roce 2014 a dokonleni razeb se predpokldadd v roce 2021.
Zahdjen{ provozu je planovano na zavér roku 2024.

VYSTAVBA DRUHE TROUBY GOTTHARDSKEHO
AUTOMOBILOVEHO TUNELU

Svycarskd federalni rada dospéla po pellivém zkoumani
k rozhodnuti o stavbé druhé tunelové trouby Gotthardského auto-
mobilového tunelu. Hlavnimi diavody pro toto rozhodnuti je nut-
nost rekonstrukce stdvajictho tunelu a zajisténi bezpeného
a spolehlivého provozu. Zamérem projektu ale neni zvySeni pro-
vozni kapacity, coZ odpovidd rozhodnuti nezvySovat automobilo-
vou dopravu pres alpské hrebeny. Nova tunelovd trouba by méla
byt uvedena do provozu v roce 2027. Pak by nasledovala rekon-
strukce stdvajiciho tunelu s trvdnim asi dva a pul roku.
V definitivni podobé budou obé tunelové trouby vybaveny jed-
nim jizdnim a jednim odstavnym pruhem. To zajisti, Ze pro pro-
vadéni normalni udrzby nebude nutné uzavirat na noc prislu§nou
tunelovou troubu.

ING. MILOSLAV NOVOTNY, sekretdr CzTA ITA-AITES

6/2012

B ETON

TECHNOLOGIE » KONSTRUKCE * SANACE

stranu je také ziejmé, e fada prezentovanych tdajii je v CR uvedena
poprvé. Viem zdjemcum o podzemni stavby lze proto &islo 6/2012 jen
doporudit. A je soucasné tfeba podékovat vydavateli a redakéni radé
Casopisu ,,BETON...“ za to, Ze dali prostor pravé odborné tematice
podzemniho stavitelstvi. A vedle velmi dobré odborné naplné soucas-
né pochvidlit i vyte¢nou grafickou droven Casopisu.

DOC. ING. VLADISLAV HORAK, CSc.,
horak.vl@fce.vutbr.cz, Fakulta stavebni VUT Brno
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CLANEK V CASOPISE ZAKLADANI

V &asopise Zaklddéni vysel v &isle 1/2013 ¢ldnek vénovany problematice pruzkumu, sanacim a monitoringu v souvislosti s razbami trasy metra
V.A (Pruzkum, monitoring a sanace podloZi vozovky pod Evropskou tfidou v tratovém tseku Bofislavka—Dejvickd). Tyto prace byly provadény
po mimorddné uddlosti (propad ve vozovce Evropské tiidy) pod velkym Casovym tlakem po tsecich tak, aby byl postup razeb technologii EPB
TBM omezovén co nejméné. Autory ¢ldnku jsou zdstupci dodavatele prizkumu a monitoringu, projektanta a zhotovitele sanaci.

ING. TOMAS EBERMANN, Ph.D., ARCADIS Geotechnika a.s., ebermann@arcadisgt.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

12. MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2013
12™ INTERNATIONAL CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2013

Ceska tuneldiské asociace ITA-AITES usporddala
ve dnech 22. az 24. dubna 2013 svou jiz 12. mezina-
rodni konferenci Podzemni stavby Praha 2013.
Na jeji pfiprave spolupracovala také Slovenskd tune-
larskd asociace ITA-AITES. Konferenci podporila
mezindrodni tuneldrska asociace ITA-AITES.
Organizaci konference velmi dobre zajistila agentura
Guarant International s. r. 0. (obdobné jako v pripadé
WTC 2007 a PS 2010).

Podle ohlasu od tG&astniku byla konference velmi
zdafild, coz doklddd vysoky polet dcastniku, vystavovatelu
a partnert konference.

Konference se stejné jako v roce 2010 konala v Clarion
Congress Hotelu Prague v Praze-Vysocanech. Potvrdilo se, zZe
tento hotel ze vSech prazskych hotela nejlépe vyhovuje kondni
podobnych akci. Vedle odborného programu byly soucésti konfe-
rence technickd vystava, posterovd sekce a technické exkurze.

Pripravny vybor pracoval pod vedenim Ing. Alexandra Butovice,
Ph.D., a védeckou radu vedl doc. Ing. Matous Hilar, Ph.D.

S potéSenim lze konstatovat, Ze Clenstvi ve védecké radé, pri-
padné v pfipravném vyboru pfijali vyznamni zahrani¢ni odbornici:
Dr. Nick Barton (Norsko), Dr. Stojan Bratojev (Bulharsko), Heinz
Ehrbar (gvycarsko), Soren Degn Eskesen (Dansko), Miloslav
Frankovsky (Slovensko), Dr. Vojtech Gall (USA), prof. Robert
Galler (Rakousko), Piergiorgio Grasso (Itdlie), Viktéria Chomova
(Slovensko), Martin Knights (Velkd Britdnie), Dr. Davorin Kolic
(Chorvatsko), Yann Leblais (Francie), prof. Jakob Likar
(Slovinsko), Arif Rasulov (Azerbdjdzan), prof. Ignacio del Rey
(§panélsko), prof. Anna Sieminska-Lewandowska (Polsko),

Obr. 1 Pri zahdjeni uvitaci recepce promluvili Ing. Ivan Hrdina (predseda
CzTA ITA-AITES) a Mr. Martin Knights (exprezident ITA-AITES)

Fig. 1 The welcome reception was opened by Ing. Ivan Hrdina (the Chairman
of the CZTA ITA-AITES) and Mr. Martin Knights (the former president of the
ITA-AITES)

UNDERGROUND

CONSTRUCTION

The ITA-AITES Czech Tunnelling Association
held its already 12th international conference Under-
ground Construction Prague 2013 from 22" through
24th April 2013. Its preparation was carried out in col-
laboration with the ITA-AITES Slovak Tunnelling
Association. In addition, the conference was suppor-
ted by the international tunnelling association, the
ITA-AITES. The conference organisation was very
well provided by Guarant International s. r. 0. agency
(similarly as in the cases of the WTC 2007 and the
UC 2010).

According to the response from the conference attendees, the
conference was very successful, which fact is documented by the
high number of attendees, exhibitors and conference partners.

The conference was held in the same hotel as in 2010, the
Clarion Congress Hotel in Prague-Vysocany. It was confirmed that
this hotel suits the organisation of similar events best of all Prague
hotels. In addition to the technical programme, the conference
comprised a technical exhibition, a poster section and technical
excursions.

The Steering Committee worked under the leadership of Ing.
Alexandr Butovi¢, Ph.D., and the Scientific Council was led by
doc. Ing. Matous Hilar, Ph.D.

It is possible to state with pleasure that the membership in the
Scientific Council or in the Steering Committee was accepted by
prominent foreign experts: Dr. Nick Barton (Norway), Dr. Stojan
Bratojev (Bulgaria), Heinz Ehrbar (Switzerland), Soren Degn
Eskesen (Denmark), Miloslav Frankovsky (Slovakia), Dr. Vojtech
Gall (the USA), Prof. Robert Galler (Austria), Piergiorgio Grasso
(Italy), Viktéria Chomova (Slovakia), Martin Knights (Great
Britain), Dr. Davorin Kolic (Croatia), Yann Leblais (France), Prof.
Jakob Likar (Slovenia), Arif Rasulov (Azerbaijan), Prof. Ignacio
del Rey (Spain), Prof. Anna Sieminska-Lewandowska (Poland),
Prof. Wulf Schubert (Austria), Prof. Markus Thewes (Germany),
Dr. Alun Thomas (Great Britain), Prof. Walter Wittke (Germany),
Prof. Bai Yun (China).

BASIC CONFERENCE DATA

Survey of attendees

The total of 600 attendees from 26 countries of the world regis-
tered to the conference, 9 of them were attending persons and 73
exhibiting registrations. Actually present were 492 persons (wit-
hout attending persons and exhibitors).
Survey of attendees according to individual countries

the Czech Republic..........coocoiiiiiiiiiii 355
SIOVAKIA «.veiiiiiiiiciiciceeecese e 57




prof. Wulf Schubert (Rakousko), prof. Markus Thewes (Né-
mecko), Dr. Alun Thomas (Velkd Britdnie), prof. Walter Wittke
(Némecko), prof. Bai Yun (Cina).

ZAKLADNI DATA O KONFERENCI

Prehled ucastnikd

Na konferenci se zaregistrovalo celkem 600 tG&astniku z 26 zem{
svéta, z toho bylo 9 doprovodnych osob a 73 vystavovatelskych
registraci. Skute¢né pritomnych dcastniki na konferenci bylo
bez doprovodnych osob a vystavovatelt 492.

Prehled Gcastnikil podie jednotlivych zemi

Ceskd republika .. ................. . ... 355
Slovensko . ...t 57
NEMECKO ..ot 13
Rakousko ........ ... ... . . 12
Polsko, Itdlie, Rusko ............. ... .. ... .... po 6
Velkd Britdnie . ............o it 5
Irdn .. 4
Francie, f{ecko, §panélsk0, §V}’/carsko, USA ...... po 3
Beélorusko, Portugalsko, Slovinsko .............. po 2

Belgie, Bosna a Hercegovina, Cina, Dénsko,
Irsko, Kanada, Lucembursko

Pro porovnani — na konferenci PS 2010 bylo prihldseno 480 osob
z 22 zemi, fyzicky se ji zicastnilo 460 osob.

PFispévky

Poradatelé obdrzeli 143 piispévku z 18 zemi svéta (na PS 2010
bylo ve sborniku 167 pfispévki z 25 zem).
Konferen¢ni materialy

Kazdy tcastnik obdrzel sbornik piispévku na CD a ti§tény sbor-
nik abstraktu pifspévku (v estin€ nebo slovensting a v angli¢ting).
Diéle ¢islo 1/2013 casopisu Tunel, ve kterém byly vytiStény
4 tvodni prednasky (keynote lectures), Cislo 2/2013 &asopisu
Geomechanics and Tunnelling a dubnové ¢islo ¢asopisu Tunnels
and Tunnelling (International Edition). Za tuto vstficnost poradate-
1¢ dékuji vydavatelum téchto Casopisu.

Pozn.: islo 2/2013 casopisu Geomechanics and Tunnelling bylo
venovdno podzemnimu stavitelstvi v Ceské republice (Czech tunnel
projects) a v Tunnels and Tunnelling byl otistén prvni ze tri ¢ldnku
o historii praZského metra.

PROGRAM KONFERENCE

Zahajeni konference

Na tdvod konference bylo promitnuto pasmo fotografif
z podzemnich staveb v Ceské republice ukon¢ené kratkym videem
ze simultdnni prordZzky dvou zeminovych §titd, kterou byla ukon-
&ena v listopadu 2012 razba tratovych tunelt na prodlouZeni trasy
A prazského metra. Doprovodnou hudbou byla ¢dst hudebni basne
Z &eskych luhu a h4ju z cyklu M4 vlast od Bedficha Smetany.

Konferenci pak svymi projevy zahdjili:

Ing. Alexandr Butovi¢, Ph.D., predseda pripravného vyboru
konference,

Ing. Ivan Hrdina, predseda Ceské tunelaské asociace a vice-pre-
zident ITA-AITES,

Martin C. Knights, exprezident ITA-AITES.

Odborny program konference

V ramci odborného programu konference zaznély 4 tivodni
prednasky (keynote lectures):

Ermin Stehlik (Ceskd republika): Vystavba prazského metra —
historie, sou¢asnost a budoucnost
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GEIMANY .eviiiieiiieiieett ettt 13
YN 1§ 5 . PN 12
Poland, Italy, Russia ........c.cccooceeiiiniiniiiiiiieee 6 each

Great Britain

Belarus, Portugal, Slovenia..........cccccceeveenieenenee. 2 each
Belgium, Bosnia a Herzegovina, China,
Denmark, Ireland, Canada, Luxembourg ............. 1 each

For comparison — the PS 2010 conference had 480 persons regis-
tered from 22 countries; 460 were physically present.

Papers

The organisers received 143 papers from 18 countries of the
world (the UC 2010 proceedings contained 167 papers from 25
countries).
Conference materials

Each participant received the conference proceedings on a CD
and printed proceedings containing abstracts of the papers (in
Czech or Slovak and in English). It addition they received TUNEL
journal issue 1/2013 containing 4 keynote lectures, Geomechanics
and Tunnelling journal issue 2/2013 and the April issue of Tunnels
and Tunnelling (International Edition). The conference organisers
are grateful to the editors of these journals for their helpfulness.

Note: the Geomechanics and Tunnelling journal issue 2/2013
was dedicated to the underground construction industry in the
Czech Republic (Czech tunnel projects) and the Tunnels and
Tunnelling contained the first of three papers on the history of the
Prague Metro.

CONFERENCE PROGRAMME

Conference opening

A series of pictures from underground construction sites in the
Czech Republic were projected at the beginning of the conference.
The projection was ended by a short video from the simultaneous
breakthrough of two EPB shields in November 2012, which meant
the end of the driving of running tunnels on the extension of the
Line A of Prague metro. The projection was accompanied by a part
of the musical poem Z ¢eskych luhu a hdju (From Czech Meads
and Groves) from Ma Vlast (My Country) cycle.

The conference was then opened by speeches of:

nn el
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Obr. 2 Ing. Alexandr Butovié, Ph.D., a doc. Ing. Matous Hilar, Ph.D., pri
zahdjeni konference

Fig. 2 Ing. Alexandr Butovi¢, Ph.D., and doc. Ing. Matous Hilar, Ph.D., at
the conference opening



Obr. 3 Pri zahdjeni spoleCenského vecera v Brevnovském kldstere vystoupil
folklorni soubor Lucinka

Fig. 3 Lucinka folk dance group presented their performance at the opening
of the social evening at the Brevnov Monastery

Libor Marik (Ceskd republika): Historie a soutasnost NRTM
v Ceské republice

Heinz Ehrbar (Svycarsko): Pravidlo vyssich po&td v podzemnim
stavitelstvi — Zvlddani rizik pro megaprojekty — ZkuSenosti
z Gotthardského bdzového tunelu

Martin C. Knights (Velkd Britdnie): Potfeba zvySeného vyuziti
podzemniho prostoru

Dile 68 ustnich prezentaci v 7 odbornych sekcich od feéniku
ze 13 zemi svéta, z toho 9 prednasek bylo vyzvanych (na PS 2010
bylo pouze 60 udstnich prezentaci v sekcich).

Sekce konference a v nich prednesené vyzvané predndsky:
e Sekce 1 — Dopravni tunely ve méstech — projektovani
a vystavba
Dr. Vojtech Gall (USA): Alternativy pro méstské mimoiiroviiové
stavby pomoci velmi mélkych konvencnich raZeb, nepreruSujici
Jjiné dopravni trasy
Dr. Davorin Kolic (Chorvatsko): Méstské dopravni tunely
v podzemnim urbanismu
Martin Bosshard (Svycarsko): Zelezniéni ki'tzeni mésta Curych:
Razby v ndrocném horninovém prostredi mésta — hlavni idaje
e Sekce 2 — Dopravni tunely mimo mésta — projektovani
a vystavba
prof. Bai Yun (Cina): Trans-ndrodni Zeleznice pod Himdlajem
¢ Sekce 3 — Ostatni podzemni stavby — projektovani a vystavba
Prof. Wulf Schubert (Rakousko): PoZadavky na nedopravni pod-
zemni stavby
* Sekce 4 — Geotechnicky pruzkum a monitoring podzemnich
staveb
prof. Anthony O'Brien (Velkd Britdnie): Urcovadni vlastnosti hor-
nin, soucasny vyvoj a aplikace
¢ Sekce 5 — Numerické modelovani, vyvoj a vizkum podzem-
nich staveb
prof. Robert Galler (Rakousko): Numerické simulace v oblasti
geotechniky a podzemniho stavitelstvi — priklady vyzkumnych
a vyvojovych projektu
¢ Sekce 6 — Vybaveni, bezpecnost provozu a udrzba podzem-
nich staveb
Bernhard Kohl (Némecko): Bezpecnost silnic¢nich tuneli — stav
pozndni
* Sekce 7 — Rizeni rizik, smluvni vztahy a financovani pod-
zemnich staveb
Soren Degn Eskesen (Ddnsko): Reseni rizik vystavby — soucasny
vyvoj a priklady
* Posterova sekce zahrnovala 36 postert (pro porovnani — na PS
2010 bylo 16 posteru).

Ing. Alexandr Butovi¢, Ph.D., the chairman of the Conference
Steering Committee,

Ing. Ivan Hrdina, the chairman of the Czech Tunnelling
Association and vice-president of the AITA-AITES,

Martin C. Knights, ex-president of the ITA-AITES.

Conference Technical Programme

Four keynote lectures were delivered within the framework of
the conference technical programme:

Ermin Stehlik (the Czech Republic): Prague Metro construction
— past, present and future

Libor Marik (the Czech Republic): The history and present of the
NATM in the Czech Republic

Heinz Ehrbar (Switzerland): The law of large numbers in
underground construction — Risk management for megaprojects —
Lessons learned from the Gotthard base tunnel

Martin C. Knights (Great Britain): The increased use of underg-
round space needs

Further 68 oral presentations in 7 technical sections read by 68
professionals from 13 countries of the world, 9 of them were invi-
ted (only 60 oral presentations were heard in sections during the
UC 2010).

Conference sections and invited lectures delivered in them:
e Section 1 — Urban Transport Tunnels — Design and
Construction
Dr. Vojtech Gall (the USA): Non-Disruptive Alternatives for
Grade Separation Projects in Urban Settings Using Very Shallow
Conventional Tunnelling
Dr. Davorin Kolic (Croatia): Urban Transport Tunnels in Urban
Urbanism
Martin Bosshard (Switzerland): The Zurych Cross Rail:
Tunnelling the City’s Challenging Ground — Highlights
e Setion 2 — Non-Urban Transport tunnels - Design and
Construction
Prof. Bai Yun (China): Trans-National Railway under the
Himalayas
e Section 3 — Other Underground Structures — Design and
Construction
Prof. Wulf Schubert (Austria): Requirements for Non-Transport
Underground Structures
¢ Section 4 — Geotechnical Investigation and Monitoring for
Underground Construction Projects
Prof. Anthony O'Brien (Great Britain): Geotechnical
Characterisation, Recent Developments and Applications
e Section 5 - Numerical Modelling, Development and
Research for Underground Construction Projects
Prof. Robert Galler (Austria): Numerical Simulations in the field
of Geotechnics and Underground Engineering — Examples of
Research and Development Projects
¢ Section 6 — Equipment, Operational Safety and Maintenance
in Underground Structures
Bernhard Kohl (Germany): Safety in Road Tunnels — State of the Art
e Section 7 — Risk Management, Contractual Relationships
and Funding of Underground Construction Projects

Soren Degn Eskesen (Denmark): Construction Risk
Management — New Development and Case Histories
Poster Section comprised 36 posters (for comparison — 16

posters were at UC 2010).

Technickal exkursions

A total of 5 excursions took place on Wednesday the 24th April
2013:
Exkursion A — Blanka Tunnel Complex, 60 attendees registered

Exkursion B — Metro V. A, 57 attendees registered



Obr. 4 Pohled do prostoru technické vystavy
Fig. 4 A view of the technical exhibition space

Technické exkurze

Ve stredu 24. dubna 2013 probehlo celkem 5 exkurzi:

Exkurze A — Tunelovy komplex Blanka, pfihldSeno 60 uastniku

Exkurze B — Metro V.A, prihldseno 57 Gcastniku

Exkurze C — Kolektory v historickém centru Prahy, pfihlaseno
46 ucastnika

Exkurze D — Regiondlni podzemni vyzkumné centrum URC
Josef, prihlaseno 20 ucastnika

Exkurze E — Hlavni dopravni ridic{ ustfedna v Praze, pfihldSeno
20 dcastnika
SpoleCensky program

V predvecer zahdjeni konference v nedéli 21. dubna 2013 se
uskutec¢nilo setkdni ¢lent predsednictva CzTA ITA-AITES a ¢lena
pripravného vyboru konference s vyznamnymi zahrani¢nimi icast-
niky, predstaviteli statni spravy a zastupci investorskych, projeké-
nich a dodavatelskych organizaci. Na uvitaci recepci do rezidence
primatora hl. m. Prahy pfijalo pozvani 93 osob (na PS 2010 to bylo
120 osob).

Spolecensky vecer pro vsechny registrované ucastniky, dopro-
vodné osoby a partnery se uskutecnil v historickém aredlu
Brevnovského kldstera v pondéli 22. dubna 2013. Recepce se
zdcastnilo celkem 514 uéastniku (PS 2010 bylo na recepci 520
Gcastniki).

PARTNERI KONFERENCE

3 platinovi partneri:

Metrostav a.s., Sika CZ s.r.o., Subterra a.s.

4 7lati partneri:

Atlas Copco s.r.0., Arcadis Geotechnika a.s., Herrenknecht AG,
Minova Bohemia s.r.o.

27 stiibrnych partneru:

Amberg Engineering Brno, a.s., AMTEKO International s.r.o.,
Anton Vorek s.r.o., BASF Stavebni hmoty CR s.r.o., DESOI
GmbH, Doprastav a.s., Eltodo EG, a.s., FERALPI - PRAHA s.r.0.,
GEOtest, a.s., HOCHTIEF CZ as., IKP Consulting Engineers
s.r.0., INSET sr.o., InZenyring dopravnich staveb a.s., Lafarge
Cement, a.s., LIEBHERR-Stavebni stroje CZ s.r.o., MAPEI, spol.
s 1.0., METROPROJEKT Praha a.s., Mott MacDonald CZ, spol.
s.r.o., Promat s.r.o., Prominecon CZ a.s., PUDIS a.s., SMPCZ, a.s.,
SUDOP PRAHA a.s., TIWO, s.r.o., Volvo Stavebni stroje Czech
s.1.0., Zakladani staveb a.s., 3G Consulting Engineers, s.r.o.

Partnerem spolecenského vecera byla firma SWISSGREEN,
a. s., medidlnimi partnery byly odborné casopisy Tunnels &
Tunnelling International (T&TI) a World Tunnelling.

22. roénik - €. 2/2013

Obr. 5 Exkurze v hlavni dopravni ridici tistredné v Praze
Fig. 5 The excursion to main traffic control centre in Prague

Exkursion C — Utility Tunnels in the Historic Centre of Prague,
46 attendees registered

Exkursion D — Regional Underground Research Centre URC
Josef, 20 attendees registered

Exkursion E — Main Traffic Control Centre in Prague, 20 atten-
dees registered
Social Programme

The meeting of members of the ITA-AITES CzTA Board and
the Conference Steering Committee with important foreign atten-
dees, representatives of the state administration and representati-
ves of project owners, deigning organisations and contractors
took place on the eve of the Conference opening, on Sunday the
21st April 2013. Invitations to the Welcome Reception held at
Prague Lord Mayor’s residence were accepted by 93 persons
(120 persons at the UC 2010).

The social evening for all registered attendees, accompanying
persons and partners was held in the historical area of the
Brevnov Monastery on Monday the 228d April 2013. The recep-
tion was attended by 514 persons (520 attendees were present at
the UC 2010 reception).

CONFERENCE PARTNERS

3 platinum partners:

Metrostav a. s., Sika CZ s. r. 0., Subterra a. s.

4 gold partners:

Atlas Copco s. 1. 0., Arcadis Geotechnika a. s., Herrenknecht
AG, Minova Bohemia s. r. 0.

27 silver partners:

Amberg Engineering Brno, a.s., AMTEKO International s.r.o0.,
Anton Vorek s.r.o., BASF Stavebni hmoty CR s.r.o., DESOI
GmbH, Doprastav a.s., Eltodo EG, a.s., FERALPI — PRAHA
s.r.o., GEOtest, a.s., HOCHTIEF CZ a.s., IKP Consulting
Engineers s.r.o., INSET s.r.o., InZenyring dopravnich staveb a.s.,
Lafarge Cement, a.s., LIEBHERR-Stavebni stroje CZ s.r.o.,
MAPEI, spol. s r.o., METROPROJEKT Praha a.s., Mott
MacDonald CZ, spol. s.r.o., Promat s.r.o., Prominecon CZ as.,
PUDIS a.s., SMP CZ, a.s., SUDOP PRAHA a.s., TIWO, s.r.o.,
Volvo Stavebni stroje Czech s.r.o., Zakldddni staveb a.s.,
3G Consulting Engineers, s.r.0.

The partner of the social evening was the company SWISS-
GREEN, a.s. The medial partners were the scientific journals
&Tunnelling (T&TI) and World
Tunnelling.

Tunnels International
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VYSTAVOVATELE

Celkem 35 firem prezentovalo svou spole¢nost v ramci technické
vystavy, kterd zabrala 437 m? plochy. Vystavovaly nésledujici firmy:
Amberg Engineering Brno, a.s., AMTEKO International sr.o.,
Anton Vorek, ARCADIS Geotechnika a.s., Atlas Copco s.r.o., BASF
Stavebni hmoty CR s.r.o., BEKAERT Hlohovec a.s., DESOI GmbH,
Eltodo EG, a.s., FERALPI - PRAHA s.r.0., GEOtest, as.,
Herrenknecht AG, HOCHTIEF CZ as., IDEA RS suro., IKP
Consulting Engineers s.r.o., ILF Consulting Engineers s.r.0., INSET
s.r.0., KRAMPEHAREX CZ s.r.0., LIEBHERR-Stavebni stroje CZ
s.r.0., MACCAFERRI CENTRAL EUROPE s.r.o., MAPEI, spol.
s r.o., METROPROIJEKT Praha a.s., Metrostav a.s., Minova
Bohemia s.r.o., Mott MacDonald CZ, spol. s.r.0., Promat sr.o.,
PUDIS as., SIKA CZ s.r.o0., SMP CZ, as., Subterra a.s., SUDOP
PRAHA as., SYLEX s.r.o0., TIWO, s.ro0., Volvo Stavebni stroje
Czech s.r.0., 3G Consulting Engineers, s.r.o.

Vice informaci vCetné fotogalerie na www.ita-aites.cz.

Ceska tunelarska asociace dékuje vSem, kdo se zaslouZili
o uspéch konference i vSem, kteri se ji zicastnili!

Nashledanou v Praze v roce 2016!

ING. MILOSLAV NOVOTNY , novotny@ita-aites.cz,
sekretar CzTA ITA-AITES

TUNELARSKE ODPOLEDNE 1/2013
TUNNEL AFTERNOON 1/2013

The Tunnel Afternoon titled “Prague Metro V.A — Veleslavin
station and spray-on waterproofing”, held on 13th March 2013,
was the first in 2013. Part of the event was a morning excursion
to the Nadrazi Veleslavin triple-vault station being under con-
struction. Individual lectures were read in the Masaryk College
in the afternoon. They were heard by nearly ninety attendees.
Initial three lectures were dedicated to the Nadrazi Veleslavin
station. Ing. Martina Urbankovd and Tomds§ Urbdnek
(Metroprojekt Praha a. s.) spoke about the designing stage of the
station; Ing. Tomd$ Ebermann (Arcadis Geotechnika a.s.) and
Ing. Martin Vinter (Inset s. r. o.) evaluated the geotechnical
monitoring being conducted during Veleslavin station construc-
tion. The lecture of Ing. Jana Panuska (Subterra a.s.) on the rea-
lisation of the mined part of this metro station followed. The
description of the current possibilities of the application of
spray-on waterproofing in the underground followed after
a break. The lecture was presented by a foreign guest, Mr. Frank
Clement (BASF MEYCO Global, Ziirich, Switzerland).
Ing. Michal Zame&nik (BASF Stavebni hmoty Ceska republika
s. 1. 0) informed about spray-on waterproofing cases applied in
the Czech Republic till now. A lecture on details of the applica-
tion of spray-on waterproofing to the Metro V.A line given by
Ing. Otakar Hasik (Metroprojekt Praha a. s.) followed. At the
end, Ing. Linda Vydrovd (Metrostav a. s.) informed about the
experience with the application of spray-on waterproofing in
Naédrazi Veleslavin station. Lectures presented at the TA 1/13 are
available on www.ita-aites.cz.

Tunelarské odpoledne na téma ,,PraZzské metro V.A — stanice
Veleslavin a stfikané hydroizolace, které se uskutecnilo 13.
brezna 2013, bylo prvni v tomto roce. V dopolednich hodinédch
si mohli zdjemci prohlédnout stanici Nddrazi Veleslavin, kde
mohli vidét definitivni osténi bo¢nich lodi a prave probihajici
dobirku dna stfedni lodé. Exkurze, kterd byla kvali velkému
poctu zdjemct rozdélena do dvou skupin, se zdcastnilo 40 lidi.

EXHIBITORS

A total of 35 firms presented their companies within the fra-
mework of the Technical Exhibition, which occupied an area of
437m>. The following firms exhibited their trades: Amberg
Engineering Brno, a.s., AMTEKO International s.r.o., Anton
Vorek, ARCADIS Geotechnika a.s., Atlas Copco s.r.o., BASF
Stavebni hmoty CR s.r.0., BEKAERT Hlohovec a.s., DESOI
GmbH, Eltodo EG, a.s., FERALPI — PRAHA s.r.o., GEOtest,
a.s., Herrenknecht AG, HOCHTIEF CZ a.s., IDEA RS s.r.o., IKP
Consulting Engineers s.r.o., ILF Consulting Engineers s.r.o.,
INSET s.r.o., KRAMPEHAREX CZ s.r.o., LIEBHERR-Stavebni
stroje CZ s.r.o., MACCAFERRI CENTRAL EUROPE s.r.o.,
MAPEI, spol. s r.0., METROPROJEKT Praha a.s., Metrostav a.s.,
Minova Bohemia s.r.o., Mott MacDonald CZ, spol. s.r.o., Promat
s.r.o., PUDIS a.s., SIKA CZ s.r.o., SMP CZ, a.s., Subterra a.s.,
SUDOP PRAHA a.s., SYLEX s.r.o., TIWO, s.r.o., Volvo Stavebni
stroje Czech s.r.o., 3G Consulting Engineers, s.r.o.

For more information including picture report see: www.ita-aites.cz.

The Czech Tunnelling Association thanks all who contribu-
ted to the conference success and all who attended it!

We are looking forward to seeing you again in Prague 2016!

ING. MILOSLAV NOVOTNY , novotny@ita-aites.cz,
sekretdr CzTA ITA-AITES

Obr. 1 Dopoledni exkurze na trojlodni stanici metra Ndadrazi Veleslavin
(foto Ing. Libor Marik)

Fig. 1 The morning excursion to the NddraZi Veleslavin triple-vaut station
(photo courtesy of Libor Marik)




Obr. 2 Odpoledni predndsky probéhly v Masarykove koleji (foto Ing. Libor
Maiik)

Fig. 2 The afternoons lectures were read in the Masaryk college (photo cour-
tesy of Libor Marik)

V odpolednich hodindch v prazské Masarykové koleji probéh-
ly jednotlivé prednasky, které si vyslechlo témér devadesat
posluchacu. Na pifpravé odborného programu se vyznamné podi-
lel Ing. Jan PanuSka ze spolecnosti Subterra a.s. a doc. Matous
Hilar, Ph.D. z firmy 3G Consulting Engineers s.r.o.

Prvni blok prednédsek byl vénovdn budouci stanici metra
Nadrazi Veleslavin. Tématem prvni prednasky byla Projektova
priprava stanice Veleslavin. Pani Ing. Martina Urbdnkova
spolu s Tomasem Urbdnkem (Metroprojekt Praha a.s.) vysvét-
lili postup vystavby stanice a unikového objektu, pouZiti stfi-
kané hydroizolace a modelovéni pomoci 2D a 3D modelu.
Velkou ¢ast vénovali navrhovéni{ vyztuZeni trdmu mezi sloupy
a nad sloupy, které bylo mimoradné sloZité nejen kvuli nedo-
statku prostoru v okolf budouci konstrukce, ale i pro mnoZzstvi
vyztuZe a nutnost provadeéni velkych celku v jednom kroku.
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V dalsi predndsce hovorili Ing. Toma$ Ebermann (Arcadis Geo-
technika a.s.) a Ing. Martin Vinter (Inset s.r.0.) o Geotechnickém
monitoringu pii vystavbé stanice Veleslavin. Popsali monitoring pro-
vddeény v razené i hloubené ¢asti stanice a ukazali deformace, ke kte-
rym doslo na vysokych pazicich sténach. Trojlodni stanice m4 jisté
své architektonické prednosti, ale jeji provadéni bylo znacné obtiZné.

V posledni prednasce prvniho bloku — Realizace razené Casti sta-
nice Veleslavin vyslechli posluchaci od Ing. Jana Panusky mnoho
zajimavych informaci z provadéni stanice od pocatku jeji vystavby
az po soucasnost. Zajimavé bylo ovéfeni realizovatelnosti provede-
ni trdmd mezi a nad sloupy, o jejichZ sloZitosti jiz byla zminka
v prvni pfednésce. Bylo rozhodnuto, Ze dojde ke zkusebnimu vybe-
tonovéni jednoho trdmu mezi sloupy z duvodu zjisténi redlnosti
spravného provedeni jeho betondze. Nasledovalo postupné rozreza-
ni prvku pro ovéreni, jestli je dostate¢né probetonovan (kvuli husto-
t€ pouZzité vyztuze).

Po krdtké prestdvce byl zahdjen druhy blok predndsek, jehoZ
tématem byly strikané hydroizolace. Prvni prednasku — Soucasné
moznosti stifkanych hydroizolaci v podzemi prednesl Frank
Clement (BASF MEYCO Global, Ziirich, Switzerland). Nejprve
popsal vyhody a nevyhody béznych hydroizolaci a pak se vénoval
materidlu Mastrterseal 345, ktery je produktem firmy BASF. Popsal,
kdy je vhodné tento materidl pouzit, kdy jej naopak pouzit nelze.
Nakonec uvedl nékteré priklady jeho pouziti na stavbach
v zahranici.

Nésledovala predndska Ing. Michala Zamec¢nika (BASF Stavebn{
hmoty Cesk4 republika s.r.0.) s nazvem Dosavadni aplikace stiika-
nych hydroizolaci na podzemnich stavbach v CR. Stitkané hydroi-
zolace byly pouzity napriklad na stavbé prazského metra TV.C2 —
precerpdvaci jimky mezi stanicemi Prosek a Letnany, déle ve stani-
ci metra Florenc pri dostavbé vytahové Sachty, V Praze Kbelich pri
stavbé podchodu pro pési pod Zeleznici a moha dalSich.

Detaily vyuziti stifkanych hydroizolaci na trase V.A prazského
metra byly ndmétem predndsky Ing. Otakara Hasika (Metroprojekt
Praha a.s.). Popsal dal§i uziti stfikanych hydroizolaci v prazském
metru. V budouci stanici Petfiny stiikané hydroizolace zna¢né zjed-
nodusily provadeéni hydroizolaci.

Na zdavér Ing. Linda Vydrova (Metrostav a.s.) seznamila se
Zkusenostmi s aplikaci stifkané hydroizolace ve stanici Veleslavin.

Prezentace prednesené na TO 1/13 lIze vyhledat na www.ita-
aites.cz.

ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, CzTA ITA-ATIES

KONFERENCE O NOVEM GOTTHARDSKEM ZELEZNICNIM TUNELU
THE GOTTHARD BASE RAILWAY TUNNEL CONFERENCE

On Thursday the 21st March 2013 the National Technical
Library hosted an international conference dedicated to the
Gotthard Base Railway Tunnel, which is part of the NEAT
(Neue Eisenbahn-Alpentransversale) project. The conference
was organised by the Embassy of Switzerland in Prague and the
Faculty of Transport of the Czech Technical University in
Prague on the occasion of the Swiss Spring multi-genre project
and the celebration of the twentieth anniversary of the Faculty
of Transport foundation. The conference, together with
a thematic exhibition, introduced to the Czech professional
public not only the New Alpine Gotthard Railway Tunnel, but
also papers on the future of transport in the Czech Republic and
Europe.

Ve Ctvrtek 21. 3. 2013 probehla v prostorach Néarodni tech-
nické knihovny v Praze mezindrodni konference veénovana
Gotthardskému patnimu Zelezni¢nimu tunelu, ktery je soucasti

projektu NEAT (Neue Eisenbahn-AlpenTransversale). Kon-
ferenci usporadaly Svycarské velvyslanectvi v Praze a CVUT
v Praze Fakulta dopravni u prilezitosti multizdnrového progra-
mu gvycarské jaro a oslav dvaceti let od zalozeni Fakulty
dopravni. Konference spolu s tematickou vystavou predstavila
Ceské odborné verejnosti nejen novy zeleznini alpsky tunel
Gotthard, ale zaznély rovnéz prispévky o budoucnosti dopravy
v Ceské republice a v Evropé.

Konferenci zahdjili André Regli, velvyslanec Svycarska
v Ceské republice, a Miroslav Svitek, dékan CVUT v Praze
Fakulty dopravni, ktefi privitali navstévniky konference
a prednésejici. Jak velvyslanec pan Regli, tak i dékan prof. Svitek
vyzdvihli pfinos vzdjemné spoluprdce komercni a akademické
sféry a podékovali partnerim a tdlastnikim za jejich zdjem
o celou problematiku.
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Switzerland

AlpTransit

AlpTransi

Obr. 1 Vystava vénovand budovdni Gotthardského patniho tunelu (Foto Ing.
Petra Skolilova)

Fig. 1 Exhibition dedicated to the Gotthard Base Tunnel construction (photo
courtesy of Ing. Petra Skolilova)

Prvni blok konference s predndSkami hostd moderoval
doc. Bouchner z CVUT FD. Uvodni piispévek prednesl pan
Renzo Simoni, vykonny feditel spole¢nosti AlpTransit Gotthard
AG (investor stavby). Pan Simoni sezndmil tcastniky s vyvojem
stavby Gotthardského patniho tunelu od pocitecni mysSlenky
na jeho zbudovani az po jeho vystrojovéani. Ve své prezentaci,
obohacené i nékolika kratkymi dokumentdrnimi filmy, predsta-
vil technické detaily stavby, harmonogram praci, zpusob finan-
covani i vyznam stavby pro dopravu i Zivotn{ prostredi.

Jako dalSi prednéSejici se predstavili pan Petr J. Kalas,
Cesko-Svycarsky expert na problematiku Zivotniho prostfedi,
pan Milan Jasek, projektovy manazer Svycarské spole¢nosti
SIKA CZ, pan Libor Marik, vedouci oddéleni geotechniky

Obr. 2 Posluchaci béhem predndsek
Fig. 2 The listeners during the lectures

a podzemnich staveb spolecnosti IKP Consulting Engineers
a pan Ludék Sosna, reditel odboru strategie MD CR.

Ve druhé C&asti odpoledne probéhla panelovd diskuse
pod vedenim prof. Moose, prorektora CVUT, mezi prednéseji-
cimi a ucastniky konference. Diskutovalo se o dal$ich aspek-
tech Gotthardského tunelu, udrZitelnosti rozvoje dopravni
infrastruktury v Evropé, ale i otdzkéch tzce spjatych s Ceskou
republikou a jeji dopravni politikou.

Na zéaveér celé akce byla slavnostné oteviena vystava véno-
vand budovani Gotthardského patniho tunelu za pritomnosti
reditele Narodni technické knihovny pana Martina Svobody
a Svycarského velvyslance pana André Regli. Otevieni vysta-
vy bylo doprovdzeno kulturnim programem v poddni hudebni-
ho télesa Alphorn Blowers St. Moritz a zakonceno obcerstve-
nim ve Svycarském stylu.

Podékovani za podporu konference i vystavy nalezi partne-
rum akce, kterymi byly Ndrodni technickd knihovna, spolec-
nost AlpTransit Gotthard AG a Svycarské velvyslanectvi
v Praze, a medidlnim partnerum, kterymi byly Dopravni novi-
ny, UAMK, a.s., a Casopis Silnice a Zeleznice.

ING. PETRA SKOLILOVA,
ING. MILAN SLIACKY,

ING. LUKAS TYFA, Ph.D.,
CVUT v Praze Fakulta dopravni

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU MYSLBEKOVA
— PELC-TYROLKA (BLANKA)

V soucasné dobé je vétSina hrubych konstrukci podzemni ¢asti
dila v&etné raZenych a hloubenych tuneli dokonéena. Hlavni dsili
je proto v tuto chvili orientovdno na povrch s cilem uvést
v pozadovanych terminech stopu stavby do puvodniho, respektive
jiz nového provozovaného stavu. Vedle stavebnich praci také pro-
bihaji jedndni o dofinancovéni stavby a opravnénosti kone¢né
ceny dila.

PRODLOUZENI TRASY METRA V.A

Poté, co tunelovacf stroje, jejichZ pomoci byly zhotoveny jedno-
kolejné tratové tunely projektu metro V.A, dokonCily své razby
ve stanici Dejvickd, pokraCovala jejich postupnd demontdz.

THE CZECH REPUBLIC

CONSTRUCTION LOTS WITHIN
MYSLBEKOVA — PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD (BLANKA TUNNEL)

At the moment the majority of structures of the underground part of
the works, including mined and cut-and-cover tunnels, have been
finished. The main effort is therefore oriented towards the surface
with the aim of getting the construction track into the original or new
already operated condition in compliance with the required deadlines.
Apart from construction works there are also negotiations running
about the completion of the construction financing and justifiability of
the final cost of the works.

METRO LINE A EXTENSION NO. 5 (METRO LINE V.A)
The step-by-step dismantling of the full-face tunnelling machines,
which had completed the driving of single-track running tunnels for



Tunel Blanka: Tripruhovy raZeny tunel s dvojici proudovych ventildtoru
a §térbinami pro odvod koure pri poZiru (foto Jakub Karlicek)

Blanka complex of tunnels: mined triple-lane tunnel with a pair of jet fans and
gates for evacuating smoke during a fire (photo courtesy of Jakub Karlicek)

Jednotlivé dily stroje byly pres stavebni jamu El vyzveddvény na
povrch a nakldddny na vozidla, kterd je prevazela na misto jejich
docasného uskladnéni v Hornich PoCernicich. Demontdz a transport
obou stroju probihal v prvnim &tvrtleti leto§niho roku. Po dokonde-
ni demontdZi byl v podzemi rozebrdn nakonec i vlastni demontdZni
mostovy jerdb.

Na skladovacich plochdch v Hornich Pocernicich jsou stroje
uskladnény v jednotlivych celcich a chrdnény proti klimatickym
podminkdm. Stroje zde budou postupné docistény a oSetfeny pro-
stredky pro dlouhodobé skladovéni.

Po odvezeni obou §titu TBM se uvolnil tratovy tsek Cerveny
Vrch — Dejvickd pro razbu VZT propojek a dalSich navazujicich
préci. Oproti stavu ke konci ledna 2013 jsou v souc¢asné dobé vyra-
7eny dvé VZT propojky na tratovém tiseku Veleslavin — Cerveny

Metro V.A, tunel obratovych koleji stanice Nemocnice Motol (foto Josef
Husdk)

Metro V.A, the tunnel for dead end tail tracks at Nemocnice Motol station
(photo courtesy of Josef Husdk)
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the Metro V.A project up to Dejvickd station, has proceeded.
Individual components of the machines were lifted to the surface
through E1 construction pit and were loaded on vehicles transporting
them to the temporary storage area in Horni Pocernice. The dismant-
ling and transport of both machines took place in the first quarter of
2013. When the dismantling operations had been finished, the
dismantling of the overhead crane in the underground followed.

The machines are stored in individual groups in the storage areas in
Horni Pocernice and are protected against climatic conditions. The
machines will be gradually cleaned and treated with means of long-
term storage.

Once the removing of the two full-face TBMs had been finished,
the Cerveny Vich — Dejvickd track section was opened for the exca-
vation of ventilation cross passages and other linking work.
Compared with the condition at the end of January 2013, the excava-
tion of two ventilation cross passages in the Veleslavin — Cerveny
Vrch track section have been finished and the final lining in them is
being completed. It will therefore be possible after the completion of
the final lining and dismantling of supporting frames in the running
tunnels to hand another section over to workers placing blinding conc-
rete layers and trackbed concrete. At the same time the excavation of
the remaining seven cross passages in the Cerveny Vrch — Dejvicka
track section proceeds; the excavation of two of them has been finis-
hed. Regarding the stations under construction on the metro line, the
underground excavation of the entire Veleslavin station was comple-
ted on 14th March 2013 (the central station excavation). The blinding
concrete layers and tunnel drainage were finished in this station sub-
sequently. Currently spray-on waterproofing is being applied to the
tunnel bottom. Concrete reinforcement is being installed and indivi-
dual concrete blocks of the bottom are being cast depending on the
progress of the application of the waterproofing. The installation of
the final lining vault in the central tunnel is planned for the second half
of April. By the installation of this structure the three partial profiles
of the station will be interconnected to form the resultant triple-vault
cross-section. The work on the final lining will be finished by the end
of May.

The final lining of the remaining two mined stations, Petriny and
Cerveny Vich, is largely completed. As far as Motol station, the last
at-grade station on the route, is concerned, the rough structures are
being finished.

All work operations are carried out in compliance with the valid
works schedule.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

Check is being put on the work on the construction of the
Prackovice and Radejc¢in tunnels on 0805 Lovosice — Rehlovice con-
struction lot of the D8 motorway project. This is so due to the gene-
rally known problems with approving the detailed design and changes
in it which were realised during the course of the construction (the
categorisation of changes).

No construction work has been carried out in the Prackovice tunnel
(SO E 601) since the beginning of 2013. The contractor, in collabora-
tion with the client, designer, the Fire Rescue Brigade of the Usti nad
Labem Region, the Prague Technical Institute of Fire Protection and
the Faculty of Safety Engineering of the VSB - Technical University
of Ostrava, handed a Trial Fire draft to the client.

Mass fill concrete and cambered concrete layers under the roadway
courses were cast in the Radej¢in tunnel (SO F 602) within the fra-
mework of the work on SO F 602.10 structure — Structures for Internal
Equipment. Blinding concrete layers and the base slab including the
waterproofing, walls and the suspended slab have been finished wit-
hin the framework of the civils part of the operation and service struc-
ture (SO F 602.05), which means that the right-hand tunnel tube has
been structurally completed.
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Vrch a dokoncuje se v nich definitivni osténi. Po dokonéeni defini-
tivniho osténi a demontdzi vyztuznych rdmu v tratovych tunelech
tak bude mozné predat dalsi tratovy usek pro realizaci podkladnich
a kolejovych betonu. Soudasné probihd i razba zbyvajicich sedmi
propojek na tratovém tiseku Cerveny Vrch — Dejvickd, z nichZ jsou
jiz dvé vyrazeny.

Z pohledu realizovanych stanic trasy byly dne 14. bfezna 2013
kompletné dokonCeny razby a to v zastoupeni stfedniho tunelu sta-
nice Veleslavin. Ndsledne v této stanici probehla realizace podklad-
nich betonu a tunelové drendZe. V soucasné dobé jsou zde realizo-
vany stifkané izolace v ramci tunelového dna. V ndvaznosti na pos-
tup izolaci je provaddéna armatura a nasledné betondZ jednotlivych
pracovnich sekci dna. V druhé poloviné mesice dubna je planovéana
realizace definitivniho osténi klenby stfedniho tunelu. Zhotovenim
této konstrukce budou propojeny tri diléi profily stanice do vysled-
ného trojlodniho tvaru. Prace na definitivnim osténi budou dokon-
Ceny do konce mésice kvétna.

Ve zbylych dvou raZenych stanicich Petfiny a (Vjerveny Vrch je
definitivni obezdivka jiz z veétsi Casti dokonéena. V pripadé posled-
ni povrchové stanice trasy Motol jsou provadény a dokoncovany jeji
hrubé konstrukce.

Vsechny price jsou provadény v souladu s platnym harmonogra-
mem stavby.

DALNICE D8 - 0805 — LOVOSICE — REHLOVICE

Prubéh vystavby tunelt Prackovice a Radej¢in na stavbé ddlnice
D8 — 0805 Lovosice — Rehlovice se utlumuje, coZ je zapiicinéno
obecné zndmymi problémy se schvalovanim projektové dokumenta-
ce stupné RDS a zménami béhem vystavby (kategorizace zmén).

V tunelu Prackovice (SO E 601) neprobihaly od pocdtku roku
2013 zadné stavebni prace. Zhotovitel v soucinnosti s objednatelem,
projektantem, Hasi¢skym zéchrannym sborem Usteckého kraje,
Technickym dstavem pozdrni ochrany Praha a Fakultou bezpe¢nost-
niho inZenyrstvi VSB Ostrava predal objednateli koncept
ZkuSebniho poZiru.

V tunelu Radej¢in (SO F 602) byly provedeny vyplnové, podklad-
ni spadové betony pod vozovkové souvrstvi v ramci vystavby objek-
tu SO F 602.10 — Konstrukce vnitfniho vybaveni. V rdmci vystavby
stavebni ¢dsti provozne-technického objektu (SO F 602.05) jsou pro-
vedeny podkladni betony a zdkladova deska vCetné izolace, stény
a stropni konstrukce — tedy je dokoncena hrubé stavba PTO.

V poloviné dubna 2013 byly zahdjeny pripravné price na udstec-
kém portélu tunelu pro provedeni a dokon&eni zésypu hloubenych
konstrukei (SO F 602.11).

PPO (PROTIPOVODNOVA OPATRENI)
JABLONEC NAD NISOU

Slavnostni prordzkou nové odpadni Stoly 28. 3. 2013 doslo
k propojeni tpadni a dovrchni Celby a tim k ukonceni razeb tohoto dila.

V soucasné dobé probihaji soubézné betonarské prace definitivni-
ho osténi na SO 02 — Pfivodni $tola a SO 05 — Nova odpadn{ §tola.
Betonarské prace na SO 04 — Vtokovy objekt jsou v zdvereéné fazi
a do konce dubna budou ukonéeny. Tento stav umozni napousténi
nddrze VD MSeno prfi jarnim tdni.

Na ostatnich stavebnich objektech jsou ve vazbé na aktudln{ kli-
matické podminky (jesté pretrvavajici snéhova pokryvka) obnoveny
stavebni prace smétujici k jejich dokonleni. Poté budou zahdjeny
montdZze technologii.

PLZEN — USLAVSKY SBERAC

Uslavsky sbéra¢ v Plzni mé délku &tyfi kilometry, z toho polovi-
na (2 km) se provadi metodou mikrotunelovani. V sou¢asné dobé
dokoncuje stroj TCC Iseki Unclemole s modifikovanou hlavou
zavérecny dsek v profilu 800 mm v Bozkové. K dokonceni chybi
jesté néco pres sto metri. AZ bude ukoncena razba v Bozkové, bude
zbyvat jesté vyrazit zavereény 170 m dlouhy skalni dsek. Pro tento

TufHel

Enabling work on the Usti nad Labem portal for the execution and
completion of backfilling of cut-and-cover structures (SO F 602.11)
commenced in the middle of April.

FLOOD PREVENTION MESURES FOR
JABLONEC NAD NISOU

The New Outlet Tunnel breakthrough ceremony on 28th March
2013 meant that the downhill and uphill drives were interconnected
and the excavation of this tunnel was completed. At the moment final
linings are concurrently cast in the Intake Tunnel (SO 02) and the New
Outlet Tunnel (SO 05). Concrete casting work on the Intake Structure
(SO 04) is in the final phase and will be completed by the end of April.
This condition will allow the filling of the MSeno reservoir with water
during the spring thaw.

The work on the other structures having the aim of completing them
has been resumed, in relation to the current climatic conditions (snow
cover still endures). The installation of equipment will commence
subsequently.

PLZEN - USLAVA RIVER INTERCEPTOR SEWER

The Uslava River interceptor sewer in Plzefi is four kilometres
long. Approximately a half of this length (2km) is constructed by
means of microtunnelling. At present the TCC Iseki Unclemole
machine with a modified cutterhead is finishing the 800mm-diame-
ter closing section in BoZkov. About one hundred metres still rema-
in to be completed. When the tunnelling in Boskov is finished, a clo-
sing 170m long section will remain to be driven through hard rock.
For this case the modification of the tunnelling machine is being
prepared in the form of the activation of the rock-cutting head. This

Odpadni §tola protipovodriové ochrany v Jablonci (foto Josef Husdk)
The outlet tunnel of the flood prevention system in Jablonec (photo courtesy

of Josef Husdk)




Plzeri - Uslavsky sbérac, stroj pii zardZeni v Sachté (foto Karel Kratochvil)
Plzen - Uslava river interceptor sewer, the machine launching from the shaft
(photo courtesy of Karel Kratochvil)

pripad se pfipravuje tprava na stroji v podobé aktivace skalni hlavy.
S touto Upravou by mél stroj zacit razit v poloviné kvétna tohoto
roku. Prace provadi Subterra a.s., divize 1.

ING. BORIS gEBESTA, sebesta@metrostav.cz,
METROSTAV a.s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a.s.

RAZBY NA KANALIZACNI STOCE V MESTSKE CASTI
PRAHA-CAKOVICE

V lednu letosniho roku se rozbehly razby na kanalizalni stoce
v méstské Cdsti Praha-Cakovice. Zhotovitelem dila je spole¢nost
PRAGIS, a.s. Budovand kanalizace navazuje na stdvajici stoku
odpadnich vod. Stavebnimi pracemi byly doposud zastizeny pomer-
né monoténni inzenyrskogeologické pomery — jilovité tmave Sedé
zvétralé rozpukané bridlice, které jsou na puklindch pokryty povla-
ky limonitu. Pfitoky vody jsou témer v kazdém zdbéru. MnoZstvi
vody v jednom zdbéru (I m) &ini cca 0,05 az 0,10 1/s. Rozpojovani
horniny probihd kombinované — mechanicky a trhacimi pracemi.
Razba je realizovdna ze sedmi Sachet pod ulicemi VdaZzska,
Ke Stadionu a K Sedlisti s vyskou nadloZi cca 9 az 12 m. Pfi¢ny pro-
fil Stoly je lichobéznikovy (8. 2,5 x v. 2,2 m) s plochou vyrubu
49 m2. Stola je vystrojena ocelovymi rdmy (ddlni vyztuz K21)
v rozte¢i 1 m a ocelovymi priloznymi pazinami UNION. Ke dnes-
nimu dni (polovina mésice dubna 2013) je vyraZzena neceld polovi-
na délky dila z celkovych 316 m. Monitoring a inZenyrsko-
geologické sledovdni zde provddi spoleCnost ARCADIS
Geotechnika, a.s. Po vyrazeni dila bude do Sachty osazena sklola-
mindtova trubka DN 1200 a zbyly prostor Stoly bude vyplnén cemen-
topopilkovou suspenzi.

ING. MILAN KOSSLER, kossler@arcadisgt.cz,
ARCADIS Geotechnika a.s.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Vystavba dialni¢ného tunela Sibenik sa v aprili 2013 zagala vyko-
povymi pracami na zdpadnom portédli. Po vybudovani portdlového
zarezu je mozné oCakdvat zaCiatok razenia v letnych mesiacoch.
Tunel Sibenik, ktory je v siasnosti jedinym tunelom vo vystavbe
na Slovensku bude mat’dve riry s jednosmernou premavkou dlzky
cca 0,6 km. Tunel je sicastou tseku D1 Janovce — Jablonov, (II.
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Cakovice, pohled ze dna Sachty na stivajici kanalizaci (foto Maridn Kolldr)
Cakovice, a view of the existing sewer from the shaft bottom (photo courtesy
of Maridn Kolldr)

modified tunnelling machine should be launched in the middle of
May 2013. The tunnelling contractor is Division 1 of Subterra a. s.

ING. BORIS SEBES TA, sebesta@metrostav.cz,
METROSTAV a.s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a.s.

TUNNELLING WORK ON A SEWER IN THE MUNICIPAL
DISTRICT OF PRAGUE-CAKOVICE

The tunnelling work on a sewer in the municipal district of Prague-
Cakovice started in January 2013. The contractor is PRAGIS a. s. The
sewer being built links to the existing foul water trunk sewer. The con-
struction operations have encountered relatively monotonous enginee-
ring geological conditions — clayey, dark-grey, weathered and jointed
shales, with the joints coated with limonite. Water inflows are encoun-
tered nearly at each excavation round. The rate of water inflow in one
excavation round (1m long) is about 0.05 to 0.10L/s. The rock is disin-
tegrated in a combined way — mechanically and by drill and blast. The
excavation is realised from seven shafts. It runs under Vazska, Ke
Stadionu and K Sedlisti Streets. The overburden is about 9 to 12m high.
The tunnel cross-section is trapeziform (about 2.5m wide x 2.2m high),
with the excavated cross-sectional area of 4.9m?. The tunnel excavati-
on is supported by steel frames (colliery arches K21) spaced at 1m cent-
res and horizontal UNION lagging. At present (the middle of April
2013) nearly a half of the total tunnel excavation length of 316m has
been finished. The monitoring and engineering geological observation
of this site is carried out by ARCADIS Geotechnika, a.s. A DN1200mm
glassfibre reinforced plastic tube will be installed in the tunnel and the
remaining space will be filled with cement-cinder suspension.

ING. MILAN KOSSLER, kossler@arcadisgt.cz,
ARCADIS Geotechnika a.s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

The construction of the Sibenik motorway tunnel commenced by
the excavation of the trench in front of the western portal in April
2013. The commencement of tunnelling operations can be expected in
summer months, after the completion of the pre-portal open cut. The
Sibenik tunnel, which is currently the only tunnel under construction
in Slovakia, will have two unidirectional tubes about 0.6km long each.
The tunnel is part of the Janovce — Jablonov section of the D1 motor-
way (section II) with the total length of 9.5km, which is located in the
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dsek) s celkovou dizkou 9.5 km, ktory je situovany na vychode
Slovenska v blizkosti okresného mesta Levoca. Investorom stavby
je Ndrodna dialni¢nd spolo¢nost’ a.s., zhotovitelom je zdruzenie
EUROVIA SK, a.s., EUROVIA CS, as., STAVBY MOSTOV SLO-
VAKIA, a.s. UkonCenie stavby a uvedenie dialnicného tseku
do prevadzky je pldnované na rok 2015.

ING. MILOSLAV FRANKOVSKY,
Jfrankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s., Bratislava

east of Slovakia near the town of Levoca, the regional centre. The pro-
ject owner is Ndrodnd Dialni¢nd Spolo¢nost a. s., the contractor is a
consortium consisting of EUROVIA SK, a. s., EUROVIA CS, a. s.,
STAVBY MOSTOV SLOVAKIA, a. s. The construction completion
and opening to traffic is planned for 2015.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s., Bratislava

VYROCI / ANNIVERSARIES

TRI CTVRTE STOLET( JIRKY SMOLIKA

THREE-QUARTER CENTURY ANNIVERSARY OF JIRKA SMOLIK

Jsou lidé, ktefi k n¢jaké praci jen
pri¢ichnou a uZ si hledaji zase
jinou. Jsou jini, ktefi se ji vénuji
svédomité po dlouhou dobu, ale pak
ji s lehky srdcem vyméni za jinou
nebo odejdou do dichodu. A pak
jsou lidé, kterym se profese idedl-
nim zpusobem prolne celym Zivo-
tem, takZze uZ neni mozné odliSit
jedno od druhého. K takovym patti
i inZenyr Jifi Smolik ze Subterry
a.s., ktery se 17. dubna tohoto roku
dozivd — v plné pracovni zatézi —
pétasedmdesiti let.

Do kolonky ,,délka odborné praxe“ si tak muZe zapsat neuveéri-
telnych 53 let, z toho 47 v barvach Subterry a.s. Do kolonky ,,rea-
lizované stavby“ zase dlouhou fadu nesmirné zajimavych projektu,
kde kazdy by vydal na samostatnou knihu. Jen namétkou:
Kabelové tunely Praha, Kolektory, Podzemni Cistirna odpadnich
vod v Peci pod Snézkou, tunelové &ésti VD Slezskd Harta, Josefuv
dul a precerpdvaci elektrarny Dlouhé Strané, prohlaSené neddvno
za jeden ze sedmi divii Ceské republiky. Vzpominat bude ale pre-
dev$im asi zejména na vodovodni raZeny privadé¢ Zelivka, ktery
je svymi rozméry skute¢né unikdtnim dualné-stavebnim dilem
v tuzemskych koncindch.

Ze svého pracovniho eldnu a energie Jirka Smolik neztratil viibec
nic, takZe nikoho ani nenapadne se pozastavovat nad tim, Ze
v kolektivu dtvaru obchodniho feditele, kde dnes pusobi, se vysky-
tuje nékdo o dvé generace star$i nez vétSina jeho spolupracovnika.
Naopak, v§ichni by dosvéd¢ili, Ze prave on je tim, ktery prindsi nové
myslenky, sleduje nejnovéjsi trendy a vold po jejich zavadéni. Takto
se stal celozivotnim propagatorem plné mechanizovaného tunelova-
ni, tunelovacich stroju, mikrotunelingu, dratkobetonu a dalSich
a dalSich progresivnich technologii. Ale nezlstdva jen u technologif.
Dlouhodobé se angazoval i v otdzkdch kavernového umisténi Cov,
plynu a stlaceného vzduchu, v podzemnim urbanismu, vysokorych-
lostnich tratich, prujezdech Zeleznice Prahou & Brnem i nasazenim
TBM na prazském metru. To vSe nejen v barvdch Subterry a.s., ale
i v fadé spoletenskych oborovych sdruZent, jejichZ je Glenem — CSS,
PIARC a také v rdmci CzTA, kde se mimo jiné vyrazné podilel
na organizaci celosveétové konference v roce 2007.

Ostatné, tady je mozna dalsi davod, pro¢ stdle neni myslitelné,
aby odesel na odpocinek a vénoval se vice své rodiné a Sirokym
kulturnim zdjmam. Stéle totiZ u firmy neni nikdo jiny, kdo by tyto
vizionarské cile se stejnou energii a vuli sledoval. I proto si vSich-
ni pfejeme, aby mu ta energie a vale — a hlavné zdravi — vydrZely
jesté hodné dlouho.

ING. KAREL FRANCZYK, Ph.D.,
SUBTERRA a.s.

There are people who only have a taste of some job and in a short
time seek another. There are other people who earnestly devote the-
mselves to it for a long time, but then casually exchange it for anot-
her one or retire. Eventually, there are people whose profession
mingles in an ideal way with the entire life and it is impossible to dif-
ferentiate between them. Civil engineer Jifi Smolik from Subterra
a. s., who lived under the full workload to be seventy five years old
on 17t April, is one of them.

He therefore can fill the box “length of professional practice” with
unbelievable 53 years, with 47 of them spent in the colours of
Subterra a. s. The box “completed projects” could be filled with
a long series of extremely interesting structures, where each would
be sufficient for a separate book. Only randomly: Cable tunnels
Prague, Utility tunnels, Underground sewage treatment plant in Pec
pod Snézkou, tunnelled parts of the Slezskd Harta and Josefav Dul
waterworks and mined parts of the Dlouhé Strané pumped storage
power plant, which has recently been declared one of the seven won-
ders of the Czech Republic. However, he will probably first of all
remember the Zelivka water supply tunnel, which is mining-civil
engineering project really unique in our domestic region.

Jirka Smolik has lost absolutely nothing from his working enthusi-
asm and vitality. This is why it occurs to nobody to demur at the fact
that there is somebody in the sales director department team, where
he works today, who is two generations older than the majority of his
colleagues. Just the opposite, everybody would confirm that he is the
person who brings new ideas, follows newest trends and calls for
their introduction. In this way he has become the lifelong promoter
of fully mechanised tunnelling, full-face tunnelling machines, micro-
tunnelling, steel fibre reinforced concrete and other and other pro-
gressive technologies. But he does not stop with technologies. He has
got involved himself in the long term even in the issues of the place-
ment of STPs, gas and compressed air in caverns, underground urba-
nism, high-speed railway tracks, the passage of rail lines through
Prague or Brno and the employment of full-face TBMs on the Prague
metro. All of that not only in the colours of Subterra a. s., but also in
many professional associations a member of which he is - the Czech
Road Society, PIARC, and also within the framework of the CzTA,
where, among other activities, he significantly participated in the
organisation of the World Tunnel Congress in 2007.

Moreover, there may be another reason why it has still been unt-
hinkable for us to let him retire and devote himself more to his fami-
ly and the wide cultural interests. This reason is the fact that there is
nobody in the company yet to follow these visionary targets with the
same drive and determination. This is another reason why we all wish
him to maintain this drive and determination — and first of all health
— for a very long time.

ING. KAREL FRANCZYK, Ph.D.,
SUBTERRA a.s.
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60™ BIRTHDAY ANNIVERSARY OF ING. VLADISLAV HORAK, CSc.

V cervnu tohoto roku oslavi své
Sedesdté narozeniny doc. Ing.
Vladislav Horak, CSc., kterého
vSichni zndme predev§im jako
dlouholetého odbornika v oblasti
podzemniho stavitelstvi. Doc.
Hordk je roddkem z Hranic na
Moravé, priamyslovou $kolu sta-
vebni, obor vodni stavby a vodni
hospodarstvi, pak vystudoval
v Lipniku nad Be¢vou. Pfi svém
nasledném studiu na Fakulté sta-
vebni VUT Brno se pak jiz zamé-
fil na oblast geotechniky a pod-
zemniho stavitelstvi. Prvni obdobi svého profesniho Zivota
v letech 1977-1990 spojil s pusobenim ve firmé GEOtest Brno.
Vénoval se zde predeviim problematice geotechnickych pru-
zkumd, polnich geotechnickych zkousek a geotechnického
monitoringu. Z velké c¢asti byly aktivity jubilanta v tomto
obdobi smérovany do oblasti vodnich staveb. V tomto obdob{
své profesni kariéry rovnéz zpracovdaval reSerSi k planované
vystavbé podzemni tramvaje v Brné. Jiz béhem svého pusobe-
ni ve firmé GEOtest Brno ho vSak ldkala profese ucitele,
a proto soucasné externé vyucoval na katedfe geotechniky
FAST VUT. V roce 1990 se pak rozhodl vénovat se naplno pro-
fesi vysokoskolského uéitele na Ustavu geotechniky VUT
Brno, kde nejprve pusobil jako odborny asistent, pozdéji jako
docent. Na tomto dstavu pasobi doc. Hordk dosud. Vede cvice-
ni, seminare a prednasky v predmétech InZenyrskd geologie,
Mechanika hornin, Mechanika zemin, Zakladani staveb,
Podzemni stavby, Realizace staveb, studentim se vénuje
i v ramci exkurzi a vyuky v terénu. Kromé své materské fakul-
ty pusobil jako externi pedagog na Piirodovédeckych fakultdch
Masarykovy univerzity. Nedilnou soucdsti pedagogické prace
jubilanta je také vedeni vice neZ padesdti bakaldrskych, magis-
terskych, doktorskych praci a praci v ramci studentské védecké
odborné &innosti. Kromé pedagogické prace se doc. Hordk
intenzivné vénuje védecko-vyzkumné Cinnosti, podilel se
na feSeni projektu podporovanych Fondem rozvoje vysokych
Skol, Evropskymi strukturdlnimi fondy a dalSimi grantovymi
agenturami. V soucasné dobé je rovnéz védecko-vyzkumnym
pracovnikem Centra pokrocilych stavebnich materidla, kon-
strukei a technologii.

Doc. Horék je autorem vysokoskolskych u&ebnich texta pre-
devsim z oblasti mechaniky hornin, inZenyrské geologie, reali-
zace staveb, podzemnich staveb a experimentdlnich metod
méfeni a monitoringu. Publikoval fadu odbornych pfispévka
na domdcich i zahrani¢nich konferencich a v odbornych ¢aso-
pisech. Rovnéz spolupracuje vyznamné s geotechnickou praxi,
v roce 1995 ziskal autorizaci pro obor Geotechnika u CKAIT.
Je autorem vice neZ sta posudku, navrhi a expertiz zaméfenych
predev§im do oblasti geotechnickych aspekti poruch staveb-
nich konstrukci, vyznamné se podilel, mimo jiné, jako expert
pri vystavbé Kralovopolskych tuneld v Brné. Od roku 1993 je
¢lenem technické normalizacni komise ¢. 41 Geotechnika
a &lenem dalgich profesnich organizaci, jako je napfiklad Ceskd
tunelafskd asociace, Ceskd geotechnickd spolenost a Mezi-
néarodni spolecnost pro mechaniku zemin a geotechnické inZe-
nyrstvi.

Jubilant je vSak c¢lovékem nejen s Sirokymi znalostmi
a zkuSenostmi z oblasti geotechniky a podzemniho stavitelstvi,
ale i z dal3ich obord, jako jsou historie, geografie, literatura,
umeéni, drobnd plastika medaile. A pravé spojeni technické
odbornosti s uvedenymi netechnickymi obory déla z doc.
Hordka jedine¢nou osobnost. Jist¢ se vSichni vzdy téSime

Ing. Vladislav Hordk, known to all of us first of all as a long-stan-
ding expert in the field of underground construction, will celebrate
the 60th birthday anniversary in June 2013. Ing. Hordk was born in
the town of Hranice Na Morave. He finished his studies at the tech-
nical college of building, specialisation in hydraulic works and
water resources, in Lipnik nad Be¢vou. During the course of his stu-
dies at the Faculty of Civil Engineering of the Technical University
in Brno he focused himself on the field of geotechnics and underg-
round construction. Ing. Hordk connected the initial period of his
professional life (1977-1990) with the work for GEOtest Brno. In
this company he devoted himself first of all to problems of geotech-
nical investigations, field geotechnical tests and geotechnical moni-
toring. During this period large part of his activities were directed to
the field of hydraulic works. In addition, in this period of his pro-
fessional career, he worked on a search regarding the planned con-
struction of a light rail transit line in Brno. On the other hand, he was
tempted by the profession of a teacher as early as his work for
GEOtest Brno. For that reason he concurrently externally taught at
the Department of Geotechnics of the Faculty of Civil Engineering
of the Technical University (TU) in Brno.

In 1990 he decided to devote himself fully to the profession of
a university teacher at the Institute of Geotechnics of the TU in
Brno, where he initially acted as a fellow and later as an associate
professor. He works at this institute till now, conducts exercises,
seminars and lectures in the subjects of Engineering Geology, Rock
Mechanics, Soil Mechanics, Foundation Engineering, Underground
Structures and Realisation of Constructions. He devotes himself to
students even within the framework of excursions and field trai-
ning. Apart from working for his mother faculty, he worked as an
external teacher at the Faculties of Science of the Masaryk
University. Inseparable part of his teaching activities is the leading
of over fifty bachelor’s, master’s and doctoral theses and works car-
ried out within the framework of student technical activities. In
addition to his teaching work, Ing. Hordk intensely devotes himself
to scientific-research activities; he participated in the solutions to
projects supported by the University Development Fund, the EU
structural funds and other grant agencies. At the moment he is also
a scientific-research worker of the Advanced Materials, Structures
and Technologies Centre.

Ing. Hordk is the author of university textbooks, first of all in the
field of rock mechanics, engineering geology, realisation of con-
structions, buildings, underground structures and experimental
measurement and monitoring methods. He has published numerous
papers at both domestic and foreign conferences and in technical
magazines.

In addition significantly collaborates with the geotechnical pra-
xis; in 1995 he obtained authorisation for the field of Geotechnics
from the Czech Chamber of Authorised Engineers and Technicians.
He is the author of over a hundred of expert opinions, proposals and
expertises focused first of all on the field o geotechnical aspects of
failures of civil engineering structures; he significantly participa-
ted, among others, as an expert in the construction of the Krdlovo
Pole tunnels in Brno. Since 1993 he has been a member of the
Technical Standardisation Committee No. 41 Geotechnic and
a member of other professional organisations, such as for example
the Czech Tunnelling Association, The Czech Geotechnical Society
and the International society for soil mechanics and geotechnical
engineering.

However, Ing. Hordk is a man with wide knowledge and experi-
ence not only in the field of geotechnics and underground con-
struction, but also in other fields, such as history, geography, litera-
ture, art, small sculpture — medals. It is the combination of technical
expertise and the above-mentioned not-technical fields that makes
Ing. Hordk personality so unique. Of course, we all always look for-
ward to reading his papers in TUNEL journal, a long-standing and
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na jeho prispévky v Casopise Tunel, v Casopise, jehoZ redakéni
rady je doc. Hordk dlouhodobym a aktivnhim clenem. Mezi
vyznamné pociny z posledniho obdobi patii bezesporu zna¢ny
podil jubilanta na vydédni rozsahlé odborné publikace
Krélovopolsky tunel Brno.

Doc. Hordk je vyznamnou osobnosti v oblasti geotechniky,
erudovany odbornik, kvalitni, pfikladny a inspirujici pedagog
a také skvély kolega, se kterym je pfijemné a prinosné stravit
spole¢nou chvili a popovidat si nejen o odbornych problémech.

Prejeme jubilantovi predevsim hodné zdravi, eldnu, optimis-
mu a spokojenosti do dalStho Zivotniho obdobi.

DOC. RNDr. EVA HRUBESOVA, Ph.D.,
Fakulta stavebni VSB-TU Ostrava

Tuel

active member of the editorial board of which Ing. Hordk is. The
significant contribution to the edition of an extensive technical pub-
lication “The Kralovo Pole Tunnel in Brno” belongs among impor-
tant deeds of his from the past period of time.

Ing. Hordk is a person important in the field of geotechnics, an
erudite expert, a high quality, exemplary and inspiring teacher and
also a great colleague, the spending of time together with whom
and talking not only about technical problems is always pleasant
and beneficial

We wish Ing. Hordk first of all good health, vigour, optimism and
satisfaction for the future period of life.

RNDr. EVA HRUBESOVA, Ph.D.,
Faculty of Civil Engineering VSB-TU Ostrava

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

RECENZE, IMPAKTY, H INDEX... A CO DAL?

REWIEV, IMPACTS, H INDEX... AND WHAT FARTHER?

The paper describes the assessment of scientific activities on the
basis of the impact factor (used in Journal Citation Reports —
JCR), H-index and some other criteria — e.g. the eigenfactor. In
addition it acquaints the professional public with most important
electronic databases of publication activities - Thomson Reuters
Web of Knowledge and Elsevier producer’s Scopus, and their links
to other information sources.

Kdyz védec ¢i vyzkumnik dspé$né dokondi svd bddani, stoji
pred tkolem vSechny ziskané poznatky vztahujici se k danému
vyzkumu zvefejnit pomoci ¢ldnka ve formé pochopitelné Etend-
fim. Tehdy stoji autor rukopisu pred obtiZnym rozhodnutim,
ve kterém casopise publikovat, neb se periodika rozliSuji na nere-
cenzovand, recenzovand a impaktovand. Pro béZné étendre je tako-
vé rozliSovani Casopist bezpfedmétné, své Ctivo si vybird podle
oblibeného titulu, autora ¢i tématu. Jinak je tomu vSak
u védeckych pracovniku, kde jednim z kritérii hodnoceni védecké
préce je skutecnost, v jakych Casopisech jsou otiStény jejich ¢ldn-
ky. Nerecenzovany casopis ma podle pouzivanych kritérii nizkou
garanci kvality ¢ldnkd a v hodnoceni md nulovou vahu (tj. je
mezi badateli vlastné na ,,éerné listiné*). Proto jsou védci prefero-
vany Casopisy recenzované nebo jeSte 1épe impaktované, ve kte-
rych by méla byt kvalita uvedenych informaci nejvyssi.
nou recenzi. Odbornd recenze probihd tak, Ze rukopis ¢lanku je
po zkontrolovani formalnich nalezitosti zasldn k posouzeni nejmé-
né jednomu nezavislému odbornikovi v daném oboru — recenzen-
tovi. Ten ¢lanek prostuduje, nezavisle posoudi kvalitu jeho obsahu
a zpracovani a i to, zda podobny ¢lanek nebyl v minulosti jiz pub-
likovan. Vysledkem préce recenzenta je recenzni posudek, ve kte-
rém jsou shrnuty pripominky k ¢ldnku a uvedeno doporudeni, zda
¢lanek otisknout, ¢i ne. Posudek je poté preddn autorovi, ktery se
»podle svého* vyporddd se vznesenymi pripominkami, opravi,
popr. doplni rukopis svého ¢ldnku a posle ho zpét redakci Casopi-
su. Redakce cCasopisu Clanek tzv. ,,uceSe” (provede jazykovou
a odbornou korekturu), grafik provede jeho vysdzeni (zalomeni
textu, vloZzeni obrdzku apod.) a tim je ¢lanek pripraven do tisku.

Z hlediska vyznamu jednotlivych typt ¢asopisu jsou impaktované
Casopisy povazovany za nejprestiznéjsi. Je to ddno tim, Ze asopisu
je jesté navic pridéleno méfitko kvality védeckych Casopisu —
impakt faktor (ddle IF) — viz napt. [1]. IF je pomér poctu citaci,

které byly zaznamendny v poslednim ukonceném roce na vSechny
Clanky publikované v daném Casopise za predchozi dva roky
k celkovému poctu vech téchto €ldnki a je poéitdn z dat vietné
autocitaci (hodnota bez autocitaci je pak uvedena v podrobném
zdznamu o Casopisu). Z metodiky ureni IF je patrné, Ze svédei
o celkové kvalité ¢asopisu, nikoliv o citovanosti jednotlivych ¢ldn-
ku. Hodnotu IF déle ovliviiuje periodicita Casopisu (tydenik ma
vyS$§i vdhu nez Ctvrtletnik), jazyk a termin vyddvani Casopisu, jiz
vySe zminéné autocitace a v posledni fadé délka existence ¢asopi-
su ¢i pripadnd zména jeho ndzvu. Teoreticky tak ¢lanky publiko-
vané v periodikéch s IF obsahuji nejduleZit€jsi informace o urdité
problematice v daném oboru (tj. co je nebo bylo publikovédno). IF
ud€luje americkd spole¢nost Institute for Scientific Information
(ISI), kterd byla zaloZena v roce 1960 a dnes patii pod spole¢nost
Thomson Reuters. IF jednotlivych sledovanych (vybranych) ¢aso-
pisti v poétu cca 8336 (zastoupeni CR je 33 odbornymi &asopisy,
z toho 3 zastupuji technické védy: Radioengineering, Neural
Network World, Kybernetika).

IF neni jedingm hodnoticim faktorem pro védecké Casopisy.
Vedle IF existuji dalsi ohodnoceni jako napriklad: median impact
faktor, immediacy index, journal ranking, SRJ — SCImago Journal
Rank, SNIP — Source Normalized Impact per Paper ¢i indikdtory
Eigenfactor Score a Article Influence apod. Z hlediska hodnoceni
védeckych vykonu je viak nejvyznamnéjsi IF a pouZivd ho ve své
metodice také Rada pro vyzkum, vyvoj a inovace — poradni organ
vlady Ceské republiky.

Odkazy na Casopisy ohodnocené IF (a jejich ¢lanky) jsou uloZe-
ny v databazi Journal Citation Reports (JCR), kterd navic obsahu-
je statistické ddaje a kvantitativni ndstroje pro systematické
a objektivni vyhodnocovani, kategorizaci a vzdjemné porovndvani
védeckych a odbornych Casopisu. Cita¢ni databaze je rozdélena do
tif Casti: prirodni védy, spoleenské védy a humanitni védy. Podle
OSI (Open Society Institut) databdze JCR slouZzi predevsim potre-
bdm informaénich specialistl, nakladatelu a editort, vyuZivajf ji
v8ak i autofi — napfiklad k vybéru Casopisi pro publikovani
a identifikaci ¢asopisu relevantnich pro oblast jejich odborného
zdjmu. Zptistupnéni této databdze je zpoplatnéno a je mozné pres
jednotné rozhrani Thomson Reuters Web of Knowledge. Toto rozhran{
také obsahuje pristup k dal$im databdzim této spole¢nosti, jako jsou
Current Contents Connect nebo Zoological Record, ale také do databé-

z{ jinych producentd — napriklad Inspec nebo Medline.




Vedle producenta Thomson Reuters je druhé nejpouzivanjsi hodno-
ceni odbornych Casopisi producentem Elsevier, které je uvedeno
v databézi Scopus (jejiz pristup je opét zpoplatnén). Tato spolenost
pouzivd pro hodnoceni informace o celkovém poctu citaci, publikova-
nych ¢&lankd, trendu citovanosti atd. srovndvaci hodnoty SRJ —
SCImago Journal Rank a SNIP — Source Normalized Impact per Paper.
Podrobny popis téchto hodnot je v8ak jiz mimo rdmec tohoto ¢lanku.
Databéze Scopus zahrnuje pres 16 tisic vybranych recenzovanych ¢aso-
pisu (prevazné evropské produkce), véetné sborniku z konferenci, kniz-
ni edice, obchodni publikace. Unikatni jsou pak v této databazi zdzna-
my o patentech a dalsi cenné webové zdroje.

Pristup k vy$e uvedenym databézim (SCOPUS a Journal Citation
Reports) md v CR pomémné velké mnozstvi knihoven, vedle Akademie
véd to jsou zejména vysokoSkolské knihovny a nékteré krajské
a odborné knihovny (pfistup je vesmés placen z grantu). Jejich prehled
je uveden naptiklad ve zprave se statistickymi ddaji o vyuZzivani Web of
Knowledge [2]. Vedle hodnoceni komerénich firem existuje
i alternativni metoda hodnoceni ¢asopisu, kterd je volné dostupnd viem
uZivatelum internetu. Jednd se o hodnoceni indikétory Eigenfactor
Score a Article Influence, data pro hodnoceni jsou vsSak prebirana
z databdzi dostupnych v rozhrani Thomson Reuters Web of Knowledge
(vice viz [3]).

Vedle odbornych asopist jsou hodnoceny také konference, semina-
fe, workshopy a akce pomoci hodnoty Conference Proceedings Citation
Index (dfive ISI Proceedings). Databdze hodnoceni je nyni nové sou-
Casti rozhrani Web of Science. Je rozdélend na 2 asti:

e prirodovédné obory (Science — CPCI-S),

* spolecenské obory (Social Science & Humanities — CPCI-SSH).

Prohleddvat Conference Proceedings Citation Index je mozné ve
standardnim vyhleddvacim formuléri WoS dostupném z webovych stra-
nek firmy Thomson Reuters.

Hodnoceni H-indexem se vztahuje ke konkrétnimu autorovi a je uve-
deno v rozhrani Web of Science firmy Thomson Reuters. Jednd se
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o tzv. Hirschlv index, ktery by mél umoZnit odstranit problémy spoje-
né s moZnou nevyvaZenou Ucasti autora (popf. instituce) na ruznych
Clancich (hlavni autor méné citovanych praci ¢i drobny prispévatel
na jednom velmi citovaném ¢ldnku) a ohodnotit tak jeho ,,pramérny*
podil na cita¢nim indexu svych ¢ldnku. Hirschuv index je &islo oznacu-
jici pocet €lankt majicich cita¢ni index rovny ¢i vyss$i h. Ma-li napfi-
klad osmy nejcitovanéjsi ¢lanek autora citacni index 15 a devaty ¢lanek
citaéni index 7, pak pro daného védce je Hirschuv index h=8 [4].

Pokud vds zajimé dand problematika, tak vedle zdroju na webu dopo-
ruéuji knihu Spaly [5], kterd predklad4 zasvéceny pohled na padesitile-
ty vyvoj a rozvoj citacnich rejstifkli, spojeny zejména se jménem
E. Garfielda.

Pro splnéni nazvu ¢&ldnku zbyvd odpovéd na otdzku: a co dal?
Hodnoceni publika¢ni Cinnosti v Ceské veédé pomoci impakt faktoru
vyvolédva od jeho zavedeni v roce 2006 stéle bourlivé reakce a diskuse.
Pokud si projdete seznam impaktovanych casopisu, zjistite, Ze
0 VyvéZenosti mezi obory nemiZe byt ani fe¢. Z databdze JRC je také
patrné urcit€ znevyhodnéni védcu z neanglicky hovoficich zemi.
V databdzi JRC je pouze jeden Casopis Cisté vénovany tunelam. Jednd
se o titul Tunnelling and Underground Space Technology (nakladatel-
stvi Elsevier). Co se tyka databaze konferenci (Conference Proceedings
Citation Index), tak jsou v ni napfiklad pro obdobi 19902012 uvedeny
tyto sveétové tunelarské konference ITA-AITES: 33 WTC v Praze 2007,
28 WTC v Sydney 2002, 25 WTC v Oslo 1999 a 24 WTC v Sao Paulo
1998. Casopis TUNEL byl nékolikrit ocenén i zahrani¢nimi experty
a patii mezi vysoce kvalitni odbornd tuzemskd periodika. Cilem redak-
ce a pracovni skupiny ,,Odbornd vychova®“ je proto zarazeni naseho
Casopisu do nékteré databdze impaktovanych periodik. Neni to véc
vubec jednoduchd a trva pomérné dlouho, ale spolenym dsilim se to
snad podari.
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ZMENY V ORGANIZACI CASOPISU

V kuléru tohoto ¢isla asopisu Tunel se objevili zahrani¢ni ¢lenové redakéni rady, kteti prijali ¢lenstvi v redakéni radé na obdobi 2013 — 2016,
jejich asistence si velmi vdZzime. Davodem je snaha o zkvalitiovéan{ Casopisu, kterd by méla vést k zatazen{ Casopisu do nékteré z mezindrod-
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né uzndvanych databézi. Tento krok by mél zvysit mezindrodni prestiZ Casopisu a mél by vést k vy$§imu zdjmu Etendfu a autorq.
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ly to Ing. Markéta Pruskova, Ph.D.

NOVE MAILOVE ADRESY SEKRETARIATU CzTA ITA-AITES

Od poloviny kvétna 2013 pouZivejte prednostné nové mailové adresy do sekretaridtu novotny @ita-aites.cz a pruskova@ita-aites.cz. Pivodni
adresy budou vyhledové zruseny. S ohledem na rozdéleni praci v sekretariatu se se vS§emi zéleZitostmi tykajicimi se Casopisu Tunel a akei pora-
danych asociaci CzTA ITA-AITES (Tuneldiskd odpoledne apod.) obracejte prednostné na Ing. Markétu Pruskovou, Ph.D.

CHANGES IN THE SECRETARIAT EMAIL ADDRESSES

The following new email addresses to the secretariat should be preferably used from the middle of May 2013: novotny @ita-aites.cz and
pruskova@ita-aites.cz. The original addresses will be cancelled in the future. With respect to the distribution of work in the secretariat,
kindly address all matters regarding TUNEL journal and events organised by the CzTA ITA-AITES (the Tunnel Afternoons etc.) preferab-
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