el ¢

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

iy




WWW.minova.cz KOTVENI

. UTESNENI
BREVNENI
ACE

k prednim dodavate[um kotevnf tech‘mﬁwﬂ-‘-
injekcnich systémt, cerpacia vrtne tec-hnlﬁy

.-,_.s

Nabizime ucelené portfolio teqhnolggu a proqutt‘.’l,
které bylo provéreno radou uspésnych realizaci
v Ceské a Slovenske republice a zahraniu

Nasim partnerum standardne~poskytt.ueme o=
technické poradenstvi'pro reseni obtlznych s
situaci pfi vystavbé ¢i sanacich véech typl objektu-
podzemniho a pozemniho stavitelstvi
a geotechniky.

QJMINOVA

THE EARTH. UNDER CONTROL.



26. rocnik, €. 4/2017

TuouHel

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

OBSAH

MK CRE 7122
ISSN 1211 - 0728

Editorial:

Ing. Otakar Krésny, ¢len redak¢ni rady Casopisu Tunel ................ 1
Uvodniky:

Ing. Ondrej Fuchs, generdlni feditel Subterraa.s. ..................... 2
Ing. Petr Kucera, feditel spole¢nosti Minova Bohemia s.r.o. ............ 3

Kolektor Hldvkuv most — zkuSenosti po zahdjeni razeb
Ing. Viclav Dohnalek, Subterra a.s., Ing. Radek Kozubik,

Ing. Martin Speta, HOCHTIEF CZ a.5. . ....ooouvieeeeaneen.. 14
Forbifart Stockholm — projekt FSE209, raZeny tunel Skiirholmen

Bc. Tomas Némecek, Subterra a.s., SBT Sverige AB ................. 17
Ad44 tunel Spitzenberg

Ing. Jifi Patzdk, Ing. Jifi Matéji¢ek, Subterra a.s., Dipl.-Ing. Martin Fischer,
BeMo Tunnelling, Dipl.-Ing. Wojciech Kedzierski,

DEGES - Deutsche Einheit Fernstraenplanungs- und -bau GmbH . . .. .. 30
Zivotni cyklus stavebnich materialu a principy trvale udrZitelného rozvoje
Dr. Alun Thomas, Ing. Adam Janicek, Minova International,

Ing. Jana Kodymova, Ph.D., VSB-TU Ostrava, Dipl.-Ing. Markus Will,
University of Applied Sciences Zittau/Gorlitz . ...................... 35
Trikilometrovy prekop v tisicimetrové hloubce

Ing. Petr Cada, Ph.D., Pavel éespiva, Ing. et Ing. Pavel Dvordk, Minova
Bohemia s.r.0., Ing. Jiti Golasowski, Ph.D., Tadeusz Konieczny, OKD, as. .. a3
Moderni materialy pro efektivni sanace osténi tunelu

Zbynék Drienovsky, Minova Bohemia $.r.0. ..., 49
BIM v dopravnim stavitelstvi ve Spolkové republice Némecko

s prikladem jeho pouZiti na tunelu Rastatt

Ing. Linda Cernd Vydrovd, Ph.D., Ing. Pavel Ruzi¢ka, Ph.D.,

HOCHTIEF CZ as., divize Dopravni stavby ....................... 54
Fotoreportaz ze slavnostni prorazky severni tunelové trouby tunelu

Ejpovicedne 7.¥(jna 2017 ...... .. ... .. ... ..., 65
Fotoreportaz z odborného zdjezdu CzTA2017 .................... 66
FotoreportaZ zo dia otvorenych dveri na tuneli Povazsky Chlmec . . .67
Ze svéta podzemnich staveb ................................... n
Zpravy z tunelarskych konferenci .......... ... ... ... ... 75
Aktuality z podzemnich staveb v Ceské a Slovenské republice . ... ... n
Z historie podzemnich staveb .................................. 81
Z &innosti pracovnich skupin CZzTA ............................ 84
Zpravodajstvi Ceské tunelarské asociace ITA-AITES .............. 85

REDAKCNI RADA/EDITORIAL BOARD

Volume 26, No. 4/2017

TuoHel

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 CR E 7122
ISSN 1211 - 0728

Editorials:

Ing. Otakar Krdsny, a member of the Editorial Board ............... 1
Ing. Ondrej Fuchs, General Director of Subterraa.s. ................ 2
Ing. Petr Kucera, Director of the company Minova Bohemia s.ro. ...... 3
Hlavkuv Bridge Utility Tunnel Experience

after Tunnel Excavation Commencement

Ing. Véaclav Dohnalek, Subterra a.s., Ing. Radek Kozubik,

Ing. Martin Speta, HOCHTIEF CZ a. 5. ... ... ..oveeaianann.. 4
Forbifart Stockholm — Project FSE209, Skirholmen Mined Tunnel

Bc. Tomds Némecek, Subterra a.s., SBT Sverige AB . ............... 17
A44 Tunnel Spitzenberg

Ing. Jifi Patzék, Ing. Jifi Mat¢jicek, Subterra a.s., Dipl.-Ing. Martin Fischer,
BeMo Tunnelling, Dipl.-Ing. Wojciech Kedzierski, DEGES — Deutsche
Einheit Fernstralenplanungs- und -bau GmbH .................... 30
Life Cycle of Building Materials and Principles of Sustainable
Development Dr. Alun Thomas, Ing. Adam Jani¢ek, Minova International,
Ing. Jana Kodymova, Ph.D., VSB-TU Ostrava, Dipl.-Ing. Markus Will,
University of Applied Sciences Zittau/Gorlitz . .................... 35
Three Kilometre Long Cross Tunnel at One Thousand Metre Depth
Ing. Petr Cada, Ph.D., Pavel Cespiva, Ing. et Ing. Pavel Dvoidk, Minova
Bohemia s.r.o0., Ing. Jifi Golasowski, Ph.D., Tadeusz Konieczny, OKD, as. .. 43
Modern Materials for Effective Rehabilitation of Tunnel Linings
Zbynék Drienovsky, Minova Bohemia s.r.o. ...................... 49
BIM in Transport Engineering Construction in the Federal Republic
of Germany, with an Example of its Application to Rastatt Tunnel

Ing. Linda Cern4 Vydrova, Ph.D., Ing. Pavel Ruzic¢ka, Ph.D.,

HOCHTIEF CZ as., divize Dopravni stavby ..................... 54
Picture Report from the Ceremonial Ejpovice Tunnel

Breakthrough on 7 October 2017 ............................ 65
Picture Report from Technical Excursion of the CzZTA 2017 . . .. ... 66
Picture Report from Doors Open Day at Povazsky Chlmec Tunnel .67
The World of Underground Constructions ..................... 72
News from Tunnelling Conferences ........................... 75
Current News from the Czech and Slovak Underground Construction . .77
From the History of Underground Constructions ............... &1
Czta Working Groups .................c.oueuininieeonon... 84
Czech Tunneling Association ITA-AITES Report ............... 85

Cesti a slovensti ¢lenové / Czech and Slovak members

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

Ing. Miloslav Frankovsky — Terraprojekt a.s.

prof. Ing. Matous$ Hilar, MSc., Ph.D., CEng., MICE — 3G Consulting Engineers s.r.o.
doc. Ing. Vladislav Hordk, CSc. — VUT Brno, FAST

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

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

Ing. Viktéria Chomovd — STA

Ing. Jan Korej¢ik — Mott MacDonald CZ, spol. s r.0.

Ing. Otakar Krasny — GeoTec-GS, a.s.

Ing. Jan Kusnir - REMING CONSULT a.s.

Ing. Libor Mafik - HOCHTIEF CZ a.s.

Ing. Sofia Masarovi¢ova — ZU, Stav. fakulta

Ing. Miroslav Novidk —- METROPROJEKT Praha a. s.

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

Ing. Boris Sebesta — Metrostav a.s.

Ing. Michal Serdk — InZenyring dopravnich staveb a.s.

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

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

VYDAVATEL

Ing. Viclav Vesely — SG Geotechnika a.s.

Ing. Jan Vintera — Subterra a.s.

Ing. Jaromir Zldmal — POHL CZ, a.s.

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

Zahrani¢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

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

DISTRIBUCE

by the Czech Tunnelling Association and the Slovak Tunnelling Association ITA-AITES

DISTRIBUTION

Clenské staty 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.: +420 702 062 610
e-mail: pruskova@ita-aites.cz
web: http://www.ita-aites.cz

Vedouci redaktor:
Odborni redaktofi:

Ing. Markéta Pruskovd, Ph.D.

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

RNDr. Radovan Chmelar, Ph.D., Ing. Jozef Frankovsky
Grafické zpracovani: DTP Martin Pek, ndm. T. G. Masaryka 737,290 01 Podébrady
Tisk: HR.G. spol. s r. 0., Litomysl

Foto na obdlce: Pohled do kolektorové trasy vyrazené pod Vltavou z ostrova
Stvanice k Hole3ovicim (foto Ivan Bérta, HOCHTIEF CZ a. s.)

ITA-AITES Member Nations

ITA-AITES EC members

CzTA and STA corporate and individual members

external subscribers and obligatory issues for 35 libraries and other subjects

OFFICE

Délnickd 12, 170 00 Praha 7, tel./fax: +420 266 793 479
e-mail: pruskova@ita-aites.cz

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

Editor-in-chief:
Technical editors:

Ing. Markéta Pruskova, Ph.D.

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

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

DTP Martin Pek, nam. T. G. Masaryka 737,290 01 Podébrady
H.R.G. spol. s 1. 0., Litomys]

A view down the utility tunnel route driven under the Vltava
from Stvanice island toward HoleSovice (foto courtessy of Ivan
Bérta, HOCHTIEF CZ a. s.)

Graphic designs:
Printed:
Cover photo:



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

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

CzTA:

STA:

Cestni clenové:

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

Ing. Pavel Marik (T)

Clenské organizace:

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

office: Zeleny pruh 95/97

140 00 Praha 4

AMBERG Engineering Brno, a.s.
Ptasinského 10
602 00 Brno

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

AQUATIS as.
Botanickd 834/56
656 32 Brno

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

BASEF Stavebni hmoty
Ceskd republika s.r.0.
K Médjovu 1244
53701 Chrudim

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

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

Fakulta dopravni CVUT v Praze
Konviktska 20
110 00 Praha 1

Fakulta stavebni CVUT v Praze
Thakurova 7
166 29 Praha 6

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

Fakulta stavebni VUT v Brné
Veveii 331/95
602 00 Brno

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

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

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

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

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

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

KELLER - specidlni zakladani, spol. s . o.

Na Pankrdci 1618/30
140 00 Praha 4

METROPROIJEKT Praha a.s.
I. P. Pavlova 1786/2
120 00 Praha 2

METROSTAV as.
Kozeluzska 2450/4
180 00 Praha 8

Minova Bohemia s.r.0.
Lihovarska 1199/10
Radvanice

716 00 Ostrava

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

OHLZS, ass.
Buresova 938/17
602 00 Brno-Vevefi

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

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

Promat s.r.0.
V. P. Ckalova 22/784
160 00 Praha 6

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

REDITELSTVI SILNIC A DALNIC CR

Cercanska 12
140 00 Praha 4

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

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

SG Geotechnika a.s.
Geologicka 4/988
152 00 Praha 5

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

SMPCZ, as.

Pobreini 667/78

186 00 Praha 8

SPRAVA ULOZIST .
RADIOAKTIVNICH ODPADU
Dlézdéna 1004/6

110 00 Praha 1-Nové Mésto

Subterra a.s.
Kozeluzskd 2246/5
180 00 Praha 8 - Liben

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

S7DC,s. o.
Dlézdéna 1003/7
110 00 Praha 1

UNIVERZITA PARDUBICE
Dopravni fakulta Jana Pernera
Studentskd 95

532 10 Pardubice

USTAV GEOLOGICKYCH VED

Prirodovédecka fakulta
Masarykovy univerzity v Brné
Kotldiskd 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

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

Cestni élenovia:

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. r. 0.
Somolického 819/1
811 06 Bratislava

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

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

BASLER & HOFMANN SLOVAKIA,
S.T.0.

Panenska 13

811 03 Bratislava

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

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

DPP Zilina s.r.0.
Legiondrska 8203
010 01 Zilina

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

P.O.BOX 34

820 05 Bratislava

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

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

HOCHTIEF CZ as.
org. zlozka Slovensko
Mileticova 23

821 09 Bratislava

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

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

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

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

NARODNA DIALNICNA
SPOLOCNOST, a.s.
Mlynské nivy 45

821 09 Bratislava

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

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

OHL 7S, as.,0.z.
Furmanska 8
841 03 Bratislava 47

PERI, spol. s . 0.
Samorinska 18/4227
903 01 Senec

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

PRIRODOVEDECKA FAKULTA UK
Katedra inZinierskej geoldgie
Mlynska dolina G

842 15 Bratislava

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

RENESCO, a. s.
Panenskd 13
811 03 Bratislava

SIKA SLOVENSKO, spol. s r. 0.
Rybnicna 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.
Lamacdska cesta 99
841 03 Bratislava

Spel SK spol. s r.0.
FrantiSkanska 5
917 01 Trnava

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

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

STU, Stavebna fakulta
Katedra geotechniky
Radlinského 11

813 68 Bratislava

TAROSIc.c.,s.r.o.

Sldvicie tddolie 106

811 01 Bratislava

TECHNICKA UNIVERZITA

Fakulta BERG

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

042 00 Kosice

TERRAPROJEKT, a. s.
Podunajska 24
821 06 Bratislava

TUBAU, a.s.
Bytcickd 89
010 09 Zilina
TuCon, a.s.

K cintorinu 63
010 04 Zilina - Béanové

TUNGUARD, s.r.0.
Osloboditelov 120
044 11 Trstené pri Hornade

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

USTAV GEOTECHNIKY SAV
Watsonova ul. 45
043 53 Kosice

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

VUIS-Zakladanie stavieb, spol. s r. 0.
Kopcianska 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



26. rocnik - €. 4/2017

Drazi ¢tenari,

v ruce drZite jiz &tvrté letosni &islo Gasopisu Tunel. Hned v tivodu je viak nutno konstatovat, 7e z pohledu Ceské republiky moc diivo-
du k radosti neni. Jak bylo trefné konstatovano v poslednim Cfsle étrndctideniku spolecnosti Metrostav — po prordzce na severni troubé
tunelu Ejpovice se poprvé v moderni historii CR nerazi zddné podzemni dilo vétsiho profilu! O ¢em tato skuteCnost svédci? Ze jsme
snad zemi, kterd nemrhd penézi za zbytecné drahé a snad i nepotiebné tunely? Tak to urdité nenf a byt nemuze. O prospéSnosti a Casto
nenahraditelnosti podzemnich staveb nemuZe byt pochyb a pokud ano, tak pouze z neznalosti. Ta viak, jak vime, neomlouva.

Velmi dobrym piikladem technického pokroku je podnikatel a inovétor Elon Musk. Jeho firma SpaceX dokdzala diky novator-
skému a odvaznému pristupu provést revoluci v oboru raketového inZenyrstvi, kterd mé usnadnit a zlevnit pfistup ¢lovéka do ves-
miru. Dal3{ spolecnost Tesla s tispéchem vstoupila na trh elektromobill a strhava s sebou prakticky viechny velké automobilky svéta.
O to zajimavéjsi byla zprdva z listopadu lonského roku, kdy vyse zminény podnikatel v Kalifornii zalozil spole¢nost s vtipné dvoj-
smyslnym ndzvem The Boring Company (TBC). Cilem firmy je zménit stav, kdy vétSina klasické dopravy funguje prakticky ve 2D
rezimu, tedy plosné na povrchu mést a krajiny. Zcela spravné uvadeji zndmou poucku, Ze v dopravé tunely predstavuji opravdovy treti rozmér, ktery by mel by,
a do budoucna bude muset byt, vyuZit co nejvice. Detaily zdméra této spolecnosti se dajf snadno nalézt na internetu. Co je vSak duleZité zduraznit, je zfejmé zara-
zeni podzemniho stavitelstvi mezi perspektivni a potfebné obory budoucnosti. Je tak dkolem celé zainteresované (a to nejen technické) obce vyuZiti tunelli pro-
sazovat vSude tam, kde mohou piinést uZitek. A je chybou investort vSeho druhu, kdyZ se podzemni stavby nepfipravuji a hlavné nerealizuji.

Jaké ¢lénky na vds ekaji uvnitf Casopisu? Nejdifve se zminim o trojici pifspévku spolecnosti Subterra. Prvni od Ing. Dohndlka se vénuje projektu kolektoru
Hlavkav most v Praze, ktery je duleZitou propojkou pod Vltavou mezi tiseky severniho predpoli Hldvkova mostu a ndbieZ{ Ludvika Svobody. Kolektor podchd-
zi fadu stavajicich konstrukei na povrchu dzemi a je ke cti zhotoviteli, Ze i v dobé zavére¢né tretiny raZeb nejsou evidovany prakticky Zddné negativni dopady
razby. Dalsi ¢lanek od kolegy Némecka informuje o zahdjeni zahrani¢niho projektu ve Stockholmu — tunelu Skérholmen, ktery je dalsi ¢dsti silni¢niho obchva-
tu mésta. Projekt s velkym objemem razeb predpokldda realizaci klasickou severskou metodou Drill&Blast s dokoncenim v roce 2022. Treti ¢lanek od kolekti-
vu autorll popisuje stavbu nového délni¢niho tunelu Spitzenberg v Némecku. Ten je souddsti pruchodu 60 km dlouhého dseku délnice skrz morfologicky sloZité
tizemi. Rozpoet projektu je pldnovén na 1,8 mld. € a trasa je feSena soustavou tunelovych a mostnich staveb. Z dalSich referatd je ur¢it€ zajimavy ¢lanek Zbynka
Drienovského o pouziti modernich materidlti pro sanaci osténi tunelil. Vyzdvihnuty jsou vyhody kompozitnich materidli, které nachazeji stle vice uplatnéni pre-
devsim diky vysoké Zivotnosti a funk¢énosti. Dals{ ¢lanek od Dr. Aluna Thomase et. al. predchozi potvrzuje a dopliuje pohled na véc z Ghlu celého Zivotniho
cyklu pouzivanych vyrobka a jejich stopy v Zivotnim prostredi. Velmi zajimavy je prispévek kolektivu autort ze spole¢nosti Minova, ktery s odstupem 5 let hod-
noti prubéh vyjimecného projektu razby titkilometrového piekopu mezi tehdejsimi doly Karvind a Darkov. Podzemni dilo si muselo poradit s prichodem skrz
uhelné sloje i pasmy tektonickych poruch a to vse pfi velkém nadloZi s intenzivnimi tlakovymi projevy. Poslednim publikovanym pak je ¢ldnek Ing. Vydrové
aIng. Ruzi¢ky z firmy HOCHTIEF CZ a.s., ktery hodnoti moznosti vyuZiti prostfedi BIM v dopravnim stavitelstvi na prikladu tunelu Rastatt v Némecku. Metody
na principu BIM se ve stavebnictvi uplatriujf stdle vice a je dobré na riznych prikladech vidét, kde mohou byt v daném projektu pifnosem.

Uspésné zakonceni roku 2017 vém preje OTAKAR KRASNY, clen redakcni rady

Dear readers,

You are holding the already fourth this year’s issue of TUNEL journal in hand. It is however necessary to state just in the beginning that there are not many
reasons for joy from the point of view of the Czech Republic. As it was pertinently stated in the last issue of Metrostav’s bi-weekly — it is for the first time in the
modern history of the Czech Republic after the breakthrough of the northern tube of the Ejpovice tunnel that no larger-profile underground working is being cur-
rently excavated! What does this fact suggest? That we are perhaps a country which does not waste money for unnecessarily expensive and possibly unnecessa-
ry tunnels? It is certainly not and cannot be so. No doubt can be about the usefulness and often irreplaceable character of underground structures and, if it can, it
is only because of ignorance. But, as we know, ignorance is no excuse.

Mr. Elon Musk, a businessman and innovator, is a very good example of technical progress. Owing to the innovative and bold approach, his firm, Space X,
managed to make revolution in the field of rocket engineering, which is intended to facilitate and make cheaper the access of humans to the space. Another com-
pany, Tesla, has successfully entered the electromobile market and is followed by virtually all large car makers in the world. What’s more interesting was the news
from November 2016 that the above-mentioned businessman founded in California a company named wittily and equivocally The Boring Company (TBC). The
objective of the company is to change the condition where the major part of classical transport is carried out practically in the 2D regime, it means in a planar
system on the surface of cities and the landscape. He completely correctly presents the well-known proposition that tunnels in the field of transport represent the
real third dimension, which should be and will have to be in the future used as much as possible. Details of the intentions of this company can be easily found
on the internet. What is however necessary to emphasise is the obvious ranking of underground construction among perspective and necessary industries of the
future. It is therefore a task for the entire stakeholder community (not only technical) to promote the use of tunnels wherever they can bring benefits. It is a mis-
take of all kinds of investors when underground construction projects are not planned and, above all, are not realised.

Which papers wait for you inside the journal? First I will mention three papers submitted by Subterra a. s. The first one by Ing. Dohndlek is dedicated to the
Hldvkuy Bridge utility tunnel project in Prague. It is an important interconnection under the Vltava river between the sections on the northern bridge head and
on the Ludvika Svobody Embankment. The utility tunnel passes under many structures existing on the surface of the area and, to the honour of the contractor,
practically no negative impacts of the excavation have been registered even during the final third of the excavation. The other paper, by colleague Némecek,
informs about the commencement of the work on a foreign project in Stockholm — the Skérholmen tunnel, which is the next part of the city by-pass road. The
completion of the project with a great volume of underground excavation assuming the use of the Drill&Blast classical Nordic method is planned for 2022. The
third paper by a collective of authors describes the construction of the new motorway tunnel in Germany, the Spitzenberg. The tunnel is part of the 60km long
motorway section passage across a morphologically complicated area. The project budget is planned for 1.8 billion € and the route is solved by the construction
of a system of tunnel and bridge structures. Of the other reports, the paper by Zbynék Drienovsky on the application of modern materials to rehabilitation of tun-
nel linings is certainly interesting. It emphasises benefits of composite materials, which find more and more use first of all owing to their longevity and functio-
nality. The other paper by Dr. Alun Thomas et. al. Confirms the previous information and adds a view of the problem from the aspect of the whole life cycle of
the products used and their environmental footprints. The paper by a collective of authors from the company of Minova, which evaluates with a 5-year delay the
course of an exceptional project — the excavation of a 3km long cross tunnel between the at that time existing Karvind and Darkov Mines — is also very interes-
ting. The underground working had to cope with passing through coal seams and zones of tectonic faults, all of that under high overburden with intense pressu-
re manifestations. The last paper published in the journal issue is a paper by Ing. Vydrova and Ing. Ruzic¢ka from HOCHTIEF CZ a. s. It assesses the possibiliti-
es of the use of the BIM environment in transport engineering on the example of the Rastatt tunnel in Germany. The BIM-based methods are more and more
applied in civil engineering and it is good to see on various examples where they can be beneficial for a particular project.

Successful conclusion of the year 2017 is wished to you by OTAKAR KRASNY, Member of Editorial Board




VAZENI CTENARI,

kdyz se mi dostalo potéSeni setkat se s vami na
strankdch tohoto Casopisu posledné, bylo to v roce
2014. Tehdy jsme si pripominali bohatou padesitiletou
historii nasf firmy, kterou v druhé puli Sedesétych let
zacCala psat Zelivka®. V témZe roce jsme ,,u prilezi-
tosti vyro¢i* (jak se dfive fikavalo) zménili své sidlo
a v Praze se prest¢hovali z Braniku do Libné. A zmé-
nilo se i mnoho dalsich véci.

Tou zdsadn{ bylo razantn{ prohlouben{ naseho puso-
beni v zahrani¢i na projektech dopravni infrastruktury, v ,,tunelafi-
ne&“ predevsim. A¢ jsme se snazili dostat myslence (a stile jsme ji
neopustili), Ze ¢innost v zahrani¢i ma byt dopliikem naseho domé-
ctho podnikdni, nikoli jeho ndhradou, musime si pfiznat, Ze nyni
ndhradou je. Jak jinak bychom mohli udrZet nase tuneléarské kapa-
city a logiku jména Subterra, kdyZ dvé prorazky podzemnich dél
z po&dtku fijna (ta slavnostni Ejpovického tunelu u Metrostavu a ta
neslavnostni na Kolektoru Hlavkuv most u nds) byly zfejmé na
dlouhou dobu posledni, k nimz v Cechéch doslo? A tak jsme v cizi-
né v lonském roce celkove prostavéli priblizn€ o 30 % vice nez
pred tfemi lety a zahrani¢ni zakdzky tvori v soucasnosti zhruba tie-
tinu naseho celkového obratu. Letos jsme dokoncili ddlni¢ni tunel
Bancarevo v Srbsku, v Némecku byl slavnostné zahdjen provoz
nami rekonstruovaného vice neZ étyrkilometrového Zelezni¢niho
tunelu Alter Kaiser-Wilhelm, v realizaci jsou zde délni¢ni tunely
Spitzenberg a Herrschaftsbuck, ve Svédsku nase dcefind spolec-
nost pracuje na, svymi parametry impozantnim, tunelu Skirholmen
na ddlniénim obchvatu Stockholmu. O ném, stejné jako
o Spitzenbergu, se blize doCtete uvnitf tohoto &isla. A tunel
Milochov na Slovensku, na$ dalsi projekt nyni v realizaci, je vlast-
né také v zahrani¢i. ,,KdyZ nejde hora k Mohamedovi, musi
Mohamed k hore . KdyZ jsme nemohli zménit domdci vnéjsi pro-
stfedi, museli jsme se zménit sami. Nebylo to jednoduché a neby-
lo to zadarmo. Kazdy, kdo kdy ve stavebnictvi ¢elil nastrahdm pod-
nikdni v zahrani¢i, vi, o ¢em je fe¢ a Ze toto téma by vydalo na
samostatnou publikaci.

Doba adventu, kdy vychdzi toto ¢islo, ma byt nejen casem lid-
ského smifeni a porozuménti, ale i Casem ocekévani, Casem, kdy se
na néco te§ime. TéSme se tedy, Ze i v eském stavebnictvi a ,,tune-
lafin€* nastanou lepsi zitiky. Pokud by se naplnila aspon ¢dst z ple-
jady volebnich slibii a tahaki, dychalo by se nam lépe. Skoda jen,
7e nékteré z nich — napiiklad zahdjeni vystavby rychlych Zeleznic
— spadaji do doby, kdy se Elon Musk chysta vystrelit na Mars prvn{
raketu. Nemusime vSak sméfovat k takto smélym vizim a brdt si za
vzor Ameriku, stalf si jen priznat, Ze i par kilometra za naSimi hra-
nicemi, napriklad za rakouskym Freistadtem, to zatim uméji ne-li
1épe, tak rozhodné rychleji a zfejme i bez negativnich medidlnich
kampani, skandalu a policejnich vySetfovéni. Snazme se (touto
vyzvou se neobracim jen na stavebni firmy), umét pracovat také
tak. Ale jak jsem se jiz zminil, ¢as adventni je ¢asem nadéje...

Na vIn€ optimismu bych vdm, vdZeni ¢tendri, rad popral radost-
né a klidné proziti vanocnich svétka a do nového roku hodné zdra-
vi, spokojenosti, $tésti a dspéchul.
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DEAR READERS,

The last time I received the pleasure of meeting you on
the pages of this journal was in 2014. At that time we com-
memorated the rich history of our company, which started
to be written in the second half of the 1960s by the
“Zelivka” tunnel construction. In the same year, “on the
occasion of the anniversary” (as it was spoken about in the
past) we changed the seat of our company in Prague and
moved from Branik to the district of Libenl. Even many
other things have changed.

The fundamental change lied in the radical deepening of our activiti-
es abroad associated with transport infrastructure construction projects,
primarily in the field of tunnel construction. Even though we tried to
keep the idea (and we have not abandoned it yet) that foreign activities
are to be a supplement to our domestic business instead of its replace-
ment, we have to admit that they currently fulfil this role. How else could
we maintain our tunnelling capacities and the logics of our name,
Subterra, when the two breakthroughs of underground workings carried
out from the beginning of October (the ceremonial one in the Ejpovice
tunnel for Metrostav and the non-ceremonial one for our own contract in
the Hlavkuv Bridge utility tunnel) were obviously for a long time the last
breakthroughs performed in the Czech Republic? So last year we earned
abroad by approximately 30% more than three years ago and foreign
contracts currently make up about a third of our overall turnover. This
year we finished the Bancarevo motorway tunnel in Serbia, the operati-
on of the over four kilometres long Alter Kaiser-Wilhelm railway tunnel
reconstructed by our company was ceremonially brought into service in
Germany and the Spitzenberg and Herrschaftsbuck motorway tunnels
are under construction there and, in Sweden, our daughter company
works on the Skédrholmen motorway tunnel on the motorway bypass of
Stockholm, which is really impressive in its dimensions. You will find
closer information about this tunnel and the Spitzenber tunnel in this
journal issue. By the way, as a matter of fact, the Milochov tunnel in
Slovakia, another of our construction projects currently under construc-
tion, is also abroad. ,,If the mountain will not come to Muhammad, then
Muhammad must go to the mountain.“ This is to say that if we could not
change the domestic external environment, we had to change ourselves.
It was neither simple nor free. Anyone who has ever faced pitfalls of
doing business in the construction industry abroad knows what that’s all
about and that this topic could fill a separate publication.

The Advent time during which this journal issue is published is to be
not only the time of human reconciliation and understanding, but also
the time of expectation, the time when we are looking forward for
something. Let us therefore look forward that better tomorrows will
come even in the Czech construction industry and the field of tunnelling.
If at least a part of the plethora of election promises and pullers is fulfil-
led, our breathing will be easier. The only pity is that some of them — for
example the commencement of the development of fast railway corri-
dors — fall into the time when Elon Musk is preparing to launch the first
rocket to Mars. Of course, we do not have to head towards such bald
visions and take the pattern of America. It is enough if we only admit that
even several kilometres behind our border, for example behind Austrian
Freistadt, they still know it if not better so certainly faster than us and
probably even without negative media campaigns, scandals and police
investigations. Let us try (and this appeal is not addressed only to con-
struction companies) to be able to work in the same
way. But, as [ have already mentioned, the Advent time
is the time of hope ...

On a wave of optimism, I would like to wish you, dear
readers, joyful and peaceful Christmas and great health,
contentment, happiness and success in the New Year.

ING. ONDREJ FUCHS

generalni feditel Subterra a.s.
General Director of Subterra a.s.
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VAZENI KOLEGOVE A CTEN.
CASOPISU TUNEL,

velmi si vdzim moZnosti, Ze vdm mohu prostiednictvim pres-
tizniho Casopisu Tunel predstavit aktudlni stav spole¢nosti Minova
Bohemia s.r.o., kterd je pro mnohé z vés dlouhodobym partnerem
nejen v oblasti podzemni vystavby. Nase spolecnost prosla a pro-
chdzi turbulentnim obdobim, jehoZ zdkladni charakteristikou je
restrukturalizace firemnich aktivit s hlavnim zameéfenim na reali-
zalni zakdzKy v oblasti sanaci a geotechniky. Nicméné doddvky
zboZi a technologif pro podzemni vystavbu se zaméfenim na kot-
veni a injektovéni jsou nadile predmétem nasi ¢innosti. Mrzi mne stejné jako
fadu z vds, 7e stav podzemni vystavby v Ceské republice se limitné blizi nule
arovnéZ i my tak musime, stejné jako vSechny ostatni spolecnosti z tohoto seg-
mentu, hledat a nachdzet piileZitosti na zahrani¢nich trzich. Nase pozice je lehce
komplikovanéjsi v tom, Ze mame v rdmci evropského prostoru sesterské orga-
nizace Minovy, tedy naSe moZnosti jsou touto skutecnosti do jisté miry ovliv-
nény. Na druhou stranu musim vyzdvihnout odbornou erudici svych kolegl ve
spole¢nosti Minova Bohemia s.r.o., ktefi jsou svym vnitinim potencidlem
a nezbytnym know-how schopni se prosadit pii feSeni riznych problému pii
podzemn{ vystavbé v zahrani¢i, a to jak realizaéné, tak véetné dodavek techno-
logif a zboZi. Statisticky jsme pusobili ve vice neZ dvaceti zemich svéta, hlavné
v Evrope, ale také v Asii. ZkuSenosti z predchozich let, kdy podzemni vystav-
ba jesté naplno probihala i na naSem tizemi a kdy jsme se aktivné podileli na
vystavbé nebo sanaci cca 65 tuneld a podzemnich dél na dizemi CR, se snazime
zhrodit v naSich aktivitdch v zahranilf, se zvlastnim durazem na slovensky trh,
kde podnikéme jiz pres 12 let formou plné funkéni organiza¢ni slozky.

Dovoluji si predpoklddat, Ze fada z vés vi, ze dlouhodobé je nasim nejvetsim
obchodnim partnerem spolecnost OKD, a.s., kterd stejné jako Minova Bohemia
s.r.0. prochdzi v tomto Case, slusné feceno, slozitym obdobim. BohuZel se viemi
negativnimi dusledky, které rezultuji z vyhlaSeného dpadku spole¢nosti, fese-
ného reorganizacnim pldnem spolecnosti OKD, a.s., nejen pro samotnou hor-
nickou Cinnost, tolik tradi¢ni pro Ostravsko, ale také pro cely tento region.
Z tohoto duvodu, véfim, Ze vés ¢lanek vénovany hornické problematice zaujme,
stejné jako ostatni , klasické* tunelové prispévky.

Nadéle zustévd na$fm cilem piedstavovat pro nase partnery dodavatele spo-
lehlivych, provéfenych materidlt a technologif, podporenych kvalitnim tech-
nickym zdzemim a byt rovnocennym konzultantem projekénim kanceldrim
a realizanim firmdm v oboru podzemni vystavby. Pozadavky na technicky
névrh feSen{ nebo pomoc pfi realizaci specidlnich praci v oblasti kotveni a injek-
tovani zustdvaji ze strany naSich partnert velmi &asté. Diky stdlému sledovani
trendu, inovacim a blizkému kontaktu s realizovanymi stavbami jsme v nasi
snaze Uspésni a jsem osobné presvédéen, Ze budeme dspésni i naddle.
Potvrzenim této skute¢nosti je stdly zdjem a prizen lokdlnich spole¢nosti a rov-
néZ spolecnost{ ze zahranici.

K rozvoji informovanosti o novych materidlech a technologiich prispivd
spole¢nost Minova Bohemia s.r.o. spolupofdddnim kazdoro¢niho a dnes jiz
tradi¢niho mezindrodniho semindre ,,Kotveni, zpeviiovani a t€snéni hornino-
vého masivu a stavebnich konstrukci“, na kterém se spolupodilime
s VSB-Technickou univerzitou v Ostravé, katedrou geotechniky a podzemni-
ho stavitelstvi pii Stavebni fakulté. V rdmci programu semindfe jsou prezento-
vany mimo jiné technologické novinky, zajimavé technickd feSeni a referenc-
ni stavby z CR i ze zahranici.

Ji7 23. roénik semindre se uskute¢ni v terminu 15. 2.-16. 2. 2018, na ktery
vés vSechny chei srde¢né pozvat.

Véfim, Ze i v dal$im obdobi budeme moci vyuZit své profesni schopnosti
v kombinaci s kvalitnim produktovym portfoliem a sluzbami, abychom byli pro
vas stdle zadanym partnerem, schopnym spolu s vami Celit vyzvam, které pro-
stedi podzemnich staveb piindsi, a to s dirazem na maximdlni bezpe¢nost
a efektivitu provadénych ¢innosti.

Ke splnénf tohoto pfani ndm vsem chyb jiz dlouhou
dobu dostatek takovychto vyzev, tedy podzemnich sta-
veb. Zdvérem chci poprat viem Ctendfum Casopisu
Tunel a vSem Clenim CzTA a STA pevné zdravi
a mnoho zajimavych tunelovych staveb, v jak pevné
doufam, blizké budoucnosti.

ING. PETR KUCERA

DEAR COLLEAGUES
AND TUNEL JOURNAL READERS,

[ deeply appreciate the opportunity to introduce through the presti-
gious TUNEL journal the current condition of the company of
Minova Bohemia s.r. 0., which is a long-time partner for many of you
not only in the field of underground construction. Our company pas-
sed and is passing through a turbulent period of time the basic cha-
racteristics of which is restructuring of company activities with the
main focus on realisation contracts in the area of rehabilitation and
geotechnics. Nevertheless, supplies of goods and technologies for
underground construction with the focus on anchoring and grouting remain to be the
subject of our activities. Me as well as many of you are sorry that the condition of
underground construction in the Czech Republic is close to the zero limit and even
our company, the same as all other companies in this segment, has to seek and find
opportunities on foreign markets. Our position is slightly more complicated by the
fact that we have sister Minova companies active within the European space, there-
fore our possibilities are to some extent influenced by this fact. On the other hand,
I must praise the professional erudition of my colleagues in Minova Bohemiass. r. 0.,
who are able through their inner potential and the necessary know-how to assert the-
mselves in solving various problems in underground construction abroad, both as far
as the realisation and supplying technologies and goods are concerned. Statistically,
we have worked in over twenty countries of the world, mainly in Europe, but also in
Asia. We are trying to capitalise on the experience from previous years, when
underground construction was in full swing even in the Czech Republic and we acti-
vely participated in construction or refurbishment of ca 65 tunnels and underground
workings, in our activities abroad, with a special emphasis put on the Slovakian mar-
ket, where we have been doing our business already for 12 years through our fully
functional organisational unit.

Let me assume that many of you know that the largest of our business partners is,
in the long term, the company of OKD, a. s., which, just like Minova Bohemias.r. 0.,
is currently passing through, decently said, a complicated period of time.
Unfortunately, it is so with all consequences resulting from the declared bankruptcy
of the company being solved by a reorganisation plan of the company of OKD, a. s.,
which are negative not only for mining activities themselves, which are so traditio-
nal for the area of Ostrava, but also for the entire region. This is the reason why I beli-
eve that our paper dedicated to mining problems will draw your attention as well as
other “classical” papers on tunnels.

Our objective remains to represent a supplier of reliable and proven materials and
technologies supported by good quality technical background and to be a consultant
equal to designing offices and realisation companies in the field of underground con-
struction. Requirements of our partners for technical proposals to solutions or assi-
stance in the realisation of special works in the area of anchoring and grouting remain
very frequent. Thanks to the permanent observation of trends, innovations and close
contact with construction projects being realised, we are successful in our efforts and
I am personally convinced that our success will continue. The permanent interest and
favour of local companies as well as companies abroad is a confirmation of this fact.

Minova Bohemia s. r. 0. contributes to the development of awareness of new
materials and technologies by co-organising the annual, and today already traditio-
nal, international seminar ““Anchoring, reinforcement and sealing of ground massif
and building structures” which we participate in jointly with the Department of geo-
technics and underground construction of the Faculty of civil engineering of the VSB
— Technical university of Ostrava. Technology innovations, interesting technical
solutions and reference construction projects in the Czech Republic and abroad are
presented within the framework of this seminar programme.

The already 2314 annual seminar will take place from 15t to 16th February 2018.
[ would like to cordially invite you all to visit it.

I believe that we will be allowed to use our professional capacity in combination with
ahigh quality product portfolio and services to be a permanently desired partner for you,
capable of facing jointly with you the challenges brought by the underground construc-
tion environment, with the emphasis on maximum safety and
effectiveness of the work.

We all have already for a long time missed enough chal-
lenges of this kind, underground construction projects, which
are necessary for fulfilling this wish. To conclude, I would
like to wish all TUNEL journal readers and all members of
the CzTA and STA great health and lots of interesting tunnel
construction projects in, I firmly hope, the near future.

reditel spolecnosti Minova Bohemia s.r.o.
Director of the company Minova Bohemia s.r.0.
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KOLEKTOR HLAVKUV MOST - ZKUSENOSTI PO ZAHAJENI RAZEB
HLAVKUV BRIDGE UTILITY TUNNEL EXPERIENCE AFTER TUNNEL
EXCAVATION COMMENCEMENT

VACLAV DOHNALEK, RADEK KOZUBIK, MARTIN SPETA

ABSTRAKT

Vystavba kolektorii md v Praze bohatou tradici. Byla zahdjena v roce 1969 a k zdsadnimu rozvoji doslo v devadesdtych letech
minulého stoleti. Ke stdvajict siti hloubenych a raZenych kolektorii o celkové délce témer 91 km pribude cca 0,5 km hlubinného
kolektoru Hldvkiiv most. Dojde tak k propojeni jiZ vybudovanych kolektori Severni predmosti Hldvkova mostu (SPHM)
a Rekonstrukce ndbrezi Ludvika Svobody (RNLS) na obou biezich Vitavy a ostrova Stvanice. Jednd se o velmi sloZitou geotechnic-
kou stavbu v blizkosti historickych budov a tésném kontaktu s telesem Hldvkova mostu. Geotechnicky monitoring a realizacni doku-
mentace byly pFizpusobeny maximdlnim moZnym zpusobem pro eliminaci jakéhokoliv rizika vznikajiciho pFi ¢innosti provddéné hor-
nickym zpusobem. Na zdkladé jiZ provedenych razeb véetné doposud vyhodnocenych vysledku sledovdni geotechnickym monitorin-
gem lze konstatovat minimdlni ovlivnéni povrchové zdstavby a prilehlych objektii. Technické Feseni kolektoru Hldvkiiv most, které je
odlisné od FeSeni razenych konstrukci drive realizovanych kolektorii, by mohlo naznacit trend dalstho smérovdni vystavby kolekto-
rii nejenom v Praze.

ABSTRACT

The construction of utility tunnels in Prague has a long tradition. It started in 1969 and experienced major development in the
1990s. The existing network of cut-and-cover and mined utility tunnels with the total length of nearly 91km will be extended by ca
0.5km of the Hldvkiiv Bridge deep-level utility tunnel. This will lead to the interconnection between the already finished utility tunne-
Is, the tunnel on the Northern HoleSovice-side Head of Hldvkiiv Bridge (hereinafter referred to as the SPHM) with the Reconstruction
of the Ludvika Svobody Embankment utility tunnel (hereinafter referred to as the RNLS) located on both banks of the river Vitava and
Stvanice island. This project is geotechnically very complex, located in the vicinity of historic buildings and in close contact with the
body of Hldvkiiv Bridge. The geotechnical monitoring and the design of means and methods (the so-called realisation design) were
adapted in a minimal possible way so that any risk originating during the course of activities involving mining was eliminated. It is
possible to state on the basis of the already completed underground excavation, including the results of the observation by geotech-
nical monitoring evaluated so far, that the influence on existing buildings and adjacent structures has been minimal. The technical
solution to the Hldvkiv Bridge utility tunnel, which is different from the solution to the mined structures of the previously realised uti-

lity tunnels, could indicate the trend of the further direction of the development of utility tunnels, not only in Prague.

uvob

Dne 15.9.2016 byla zahdjena vystavba hlubinného kolektoru
I1. kategorie ,,Hlavkav most*. Jeho zdkladni funkci je prevedeni
stavajicich inZenyrskych siti vedenych v télese mostu do podze-
mi, aby ndsledné mohlo dojit k jeho rekonstrukci. TaktéZ dojde
k propojeni jiz vybudovanych kolektora RNLS a SPHM.
Investorem stavby je hlavni mésto Praha zastoupené mandatdrem
Zavos s.r.o., generdlnim dodavatelem stavby ¢. 8615 ,,Kolektor
Hlavkav most pak sdruZeni Subterra a.s. a HOCHTIEF CZ as.,
projekéni prace realizuje Ingutis s.r.o. a geotechnicky monito-
ring zajiStuje Inset a.s.

V ramci realizace bylo vyraZzeno 385 m nové trasy, dve technic-
ké komory o celkové délce 28 m, vyhloubeny Ctyfi Sachty o cel-
kové hloubce 130 m a hloubeny kolektor na ostrové Stvanice
o délce 100 m. V tuto chvili se jednd o jednu z médla raZeb pro-
vadénych NRTM probihajicich na tizemi Ceské republiky.

Koncem srpna 2017 byly vyhloubeny vSechny Sachty, vyraze-
ny technické komory a razba kolektorové trasy se dostala do své
posledni tretiny. Realizace této vyznamné stavby jiz tedy pokro-
Cila tak daleko, Ze je moZné z pohledu zhotovitele porovnat
predpoklady geologickych a hydrogeologickych podminek
a podminky skute¢né zastizené pfi razbach, dédle porovnat zvo-
lend technicka reSeni v zadavaci dokumentaci a technicka rese-
ni v realizaéni dokumentaci a upozornit na nekteré zajimavosti
z vlastni realizace.

Po dokonceni razeb bude ndsledovat vystavba definitivniho
osténi trasy a Sachet. Definitivn{ osténi je v realiza¢ni doku-
mentaci navrzeno bez mezilehlé izolace z monolitického

INTRODUCTION

The construction of the category II “Hldvkav Bridge” deep
level utility tunnel started on 15™ September 2016. The basic
function of the tunnel is to transfer existing utility networks run-
ning underground along the bridge body so that it is subsequ-
ently possible to reconstruct the bridge. In addition, the already
completed RNLS and SPHM utility tunnels will be interconne-
cted. The project owner is the Capital City of Prague represen-
ted by the limited liability company of Zavos s. r. 0.; the gene-
ral contractor for the Contract No. 8615 “Hlavkuv Bridge
Utility Tunnel” is a consortium consisting of the companies of
Subterra a. s. and HOCHTIEF CZ a. s.; the design work is rea-
lised by the limited liability company of Ingutis s. r. 0. and geo-
technical monitoring is provided by the company of Inset a. s.

The project comprises the excavation of 385m of a new route,
two technical chambers with the total length of 28m, sinking of
shafts with the total depth of 130m and a cut-and-cover utility
tunnel on Stvanice island with the total length of 100m. At the
moment, the excavation of the tunnel is one of the few mining
works being carried out in the Czech Republic using the NATM.

As of the end of August 2017, the sinking of all four shafts and
excavation of the technical chambers have been finished and the
excavation of the utility tunnel route has progressed to its last
third. The realisation of this significant construction has therefo-
re progressed so far that it is possible, from contractor’s point of
view, to compare the assumptions of geological and hydrogeolo-
gical conditions with the conditions actually encountered during
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vodonepropustného Zelezobetonu. Mezilehld izolace je zde
navrZena pouze na hloubenych objektech.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Podle geomorfologického &lenéni CR patii tizemi k Prazské
kotling, jeZ je soudasti Ceské tabule. V tomto zdjmovém tizemi
se znacné projevila erozni ¢innost Vltavy. Ri¢ni koryto se
zahlubovalo do podloZnich zvrdasnénych a tektonicky poruse-
nych ordovickych hornin. Pivodni morfologie terénu byla
narusena vlivem lidské Cinnosti pfi vystavbé ndbreznich zdi
a komunikaci na levém i pravém brehu Vltavy a ostrova
Stvanice.

Geologické poméry zdjmového uzemi lze charakterizovat
jako pomérné slozité a zna¢né proménlivé. Na ordovickém
skalnim podlozi lezi fluvidlni sedimenty a navazky. Déle
budou popsdny horniny skalniho podkladu. Z archivnich
a novych prizkumnych praci byla v zdjmovém dzemi zastiZe-
na geologickd souvrstvi letenské, vinické a zahoranské.

Souvrstvi letenské — sedimenty tohoto souvrstvi tvori prede-
v§im droby a kfemence s vlozkami jilovitych bridlic. Bridlice
jsou jemn¢ az hrubé slidnaté, deskovité az lavicovité vrstevna-
té. Kfemence jsou jemnozrnné, deskovité odlué¢né s mocnosti
6-20 cm. Celkovy charakter sedimentu do jisté miry pfipomi-
na flys. Pevnost v prostém tlaku je o, = 25-45 MPa u bridlic a
55-140 MPa u kiemennych piskovcu a kiemencu.

Souvrstvi vinické — na rozdil od mladsiho letenského sou-
vrstvi se jednd o sedimenty hlub§iho more a je tvoreno Cerny-
mi jilovitymi bridlicemi s hojnym obsahem slidy. Zpravidla se
vyskytuji jesté s pisCitou primési, kterd misty prechdzi do
CoCek a vrstev drob a piskovcu. Pevnost v prostém tlaku je
O, = 25-43 MPa.

Zahoranské souvrstvi — je tvoreno predevsim prachovci a pra-
chovitymi bridlicemi, hrub¢ slidnatymi s velmi hojnou faunou.
Vlastnostmi je toto souvrstvi v zastizeném tzemi velmi blizké
vinickému. Pevnost v prostém tlaku je o, = 20—50 MPa, u vape-
nitého prachovce az 80 MPa.

Hydrogeologické poméry lze v zdjmovém tzemi radit ke
dvéma typum — podzemni voda v prostiedi s prulinovou pro-
pustnosti (v sedimentech) a v prostiedi s puklinovou propust-
nosti (horniny skalniho podkladu). V misté provadéni hloubeni

the course of the underground excavation, further to compare
the chosen technical solutions contained in the design for tende-
ring with the technical solutions contained in the design of
means and methods and to draw attention to some interesting
facts about the works realisation itself.

After the completion of the underground excavation, the con-
struction of the final lining of the route and the shafts will fol-
low. The design of means and methods requires the cast-in-situ,
water resistant reinforced concrete final lining without interme-
diate waterproofing. Intermediate waterproofing is designed
only for cut-and-cover structures.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

According to the geomorphological division of the Czech
Republic, the construction area is part of the Prague Basin,
which is part of the Czech Plateau. The erosion activities of the
river Vltava significantly manifested itself in this area of ope-
rations. The river bed sunk into the folded and tectonically faul-
ted underlying Ordovician rock. The original terrain morpholo-
gy was disturbed by the influence of human activities during
the construction of embankment walls and roads on both the
left and right banks of the river Vltava and Stvanice island.

Geological conditions in the area of operations can be charac-
terised as relatively complex and significantly variable. The
weathered Ordovician bedrock is covered with fluvial sediments
and man-made ground. The rock substratum composition will be
described below. From the archive and new surveys, the Letnd,
Vinice and Zahorany geological formations were encountered.

The Letnd Formation — sediments of this formation consist
mainly of greywacke and quartzite with clayey shale interbeds.
The shales are finely to coarsely micaceous, tabularly/platy
bedded. The quartzite is fine-graded, tabularly bedded with the
beds 60—20cm thick. The overall character of the sediment
resembles, to a certain extent, the flysch. The unconfined com-
pressive strength o, = 25-45MPa (shales) and 55-140MPa
(quartzose sandstones and quartzites).

The Vinice Formation — in contrast with the younger Letna
Formation, this formation is formed by sediments of a deeper
sea, consisting of numerous clayey shales with a high content
of mica. They in addition usually occur with a sandy addition,
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Obr. 1 Schema podélného profilu trasy
Fig. 1 Longitudinal profile of the route
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Obr. 2 Situace stavby
Fig. 2 Construction site layout

Sachet pod hladinou podzemni vody v sedimentech je zabrané-
no vniknuti vody do dila prevrtavanymi pilotami pfipadné pili-
fi tryskové injektaze. Zavére¢nd zprdava podrobného inZenyr-
skogeologického a hydrogeologického pruzkumu zpracovand
spole¢nosti PUDIS a.s. v ervnu 2006 predikovala pritok do
dila Q = 12,3 L.s"'. Zvysené piitoky byly ocekdvany pfi razbé
v letenském souvrstvi a v tektonickych poruchdch. Pri ¢éste¢-
ném propojeni se zvodnélymi $térky byly ofekdvany havarijni
piitoky az 50-80 1.5

Pro ovéfeni geologickych a hydrogeologickych pomért
v predpoli se provddeji subhorizontdlni jadrové predvrty
dl. 20 m s prekrytim 3 m, soucasné se provadéji georadarova a
seismickd méreni.

V zaddvaci dokumentaci stavby bylo rozhrani mezi leten-
skym a vinickym souvrstvim predpoklddano pod Vltavou na
holeSovické strané, tedy v tseku kolektorové trasy TK103—
J104 a prechod mezi vinickym a zahoranskym souvrstvim na
karlinské strané, tedy v dseku J101-J102 (obr. 1). Pfi realizaci
vak byl prechod mezi letenskym a vinickym souvrstvim zasti-
Zen jiz pri razbé kolektorové trasy J102-TK103. Byl reprezen-
tovdn masivnéjSimi pritoky podzemni vody po diskontinui-
tach. Prechod mezi vinickym a zahoranskym souvrstvim byl
zastizen podle predpokladu na kolektorové trase J101-J102.

SACHTY

V trase kolektoru jsou navrzeny 4 Sachty (J101, J102, J103
a J104, obr. 2). Sachty J101 a J104 jsou Sachty koncové a sou-
béiné s osou Hldvkova mostu propojuji oba brehy Vltavy.
V prvni fazi vSechny Sachty slouzi jako téZebni. V kone¢né
fazi budou mit Sachty pomérné §iroké vyuZiti.
Sachta J101

Sachta J101 ma kruhovy profil o vnéjiim priméru 6,06 m
a celkovd hloubka je 32,24 m. Pred zahdjenim hloubeni byla
Sachta zajiSténa 30 kusy pfevrtdvanych pilot o priméru
900 mm. Piloty jsou vzdy dovrtdny az do tnosného skalniho
podloZi (siln€ aZ mirné zvétralé bridlice).

Ingutis s.r.o. Ingutis s.r.o.

which locally passes to greywacke and sandstone lenses and
layers. The unconfined compressive strength o, = 25-43MPa.

The Zahorany Formation — it is mainly made up of siltstone
and silty shales, coarsely micaceous, with very abundant
fauna. In terms of the properties, this formation in the encoun-
tered area is very close to the Vinice Formation. The unconfi-
ned compressive strength o, = 20-50MPa, calcerous siltite till
80MPa.

Hydrogeological conditions in the area of operations can be
rated as the following two types: groundwater in the intrinsic
permeability environment (in sediments) and groundwater in
the fissure permeability environment (basement rocks). The
intrusion of water to the excavation in the locations where
a shaft is being sunk in sediments under the water table is pre-
vented by means of secant pile walls or jet grouted pillars. The
final report of the engineering geological and hydrogeological
survey prepared by the company of PUDIS a. s. in June 2006
predicted the rate of the inflow into the excavation
Q =12.3L.s". Increased inflow rates were expected during the
excavation through the Letnd formation and through tectonic
faults. Emergency inflow rates of up to 50—-80L.s™ were expec-
ted in the case of the partial interconnection with water-bea-
ring gravel layers.

Sub-horizontal 20m long cored holes drilled ahead of the
excavation face with 3m overlapping are carried out for the
purpose of the verification of the geological and hydrogeolo-
gical conditions, together with the survey with a ground pene-
tration radar and seismic measurements.

In the tender design, the interface between the Letnd and
Vinice Formations was assumed to be under the VItava, on the
HoleSovice side of the river, hence in the utility tunnel secti-
on between technical chamber TK103 and shaft J104, where-
as the transition between the Vinice and Zahorany Formations
was assumed to be on the Karlin side, hence in the section bet-
ween shafts J101 and J102 (see Fig. 1). However, during the
works realisation, the transition between the Letnd and Vinice
Formations was encountered by the tunnel excavation between
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Po zajisténi Sachty ndsleduje jeji hloubeni za soulasné
vystavby provizorniho osténi. V mistech, kde je Sachta po celé
vySce zajisténa pilotami, je provizorni osténi doplnéno KARI
siti 100/100-8/8 mm a stiikanym betonem C25/30-XC2
(SB30/typ II/obor J2, suchd smés) v tloustce 70-175 mm.
V misté pat pilot jsou ve dvou trovnich osazeny samozdvrtné
svorniky IBO o pruméru 32 mm, délky 4 m s tlakovou injek-
tazi smési napr. CEM 42,5 R. Pod urovni takto zajisténych pat
pilot pokracuje provizorni osténi z piihradovych rdmu v osové
vzdalenosti 1,5 m za soucasného vkladani KARI siti 100/100—
8/8 mm pri obou povrsich rdma a stiikaného betonu C25/30—
XC2 (SB30/typ Il/obor J2, suchd smés) v tlouStce 250 mm.
V rozmezi cca 1,5 m pod patou pilot je také navrZeno opatieni
proti seddni Zelezobetonovym prstencem zakoncenym vyla-
movacimi listami délky 800 mm. Provizorni dno Sachty je
zajisténo deskou z betonu C20/25-XC2 s vlozenim KARI siti
100/100-8/8 mm pfi obou povrsich.

Rozpojovani hornin v Sachté J101 bylo realizovadno strojnim
zpUsobem. Z hornin skalniho masivu se v daném tizemi vysky-
tuje souvrstvi zahoranské.

Sachta J102

Sachta J102 je kruhového profilu o priméru 8,16 m a celko-
va hloubka je 36,96 m. Pred zahdjenim hloubeni byla Sachta
zaji§téna 36 kusy prevrtdvanych pilot o pruméru 1000 mm.
Piloty jsou vZdy dovrtdny aZ do dnosného podloZi (silné az
mirné zvétralé bridlice).

Po zajisténi Sachty opé€t pokracuje jeji hloubeni a zajisténi
provizorniho osténi obdobné jako u Sachty J101 (obr. 3).

Rozpojovani hornin v Sachté J102 zpocatku probihalo stroj-
nim zpusobem (cca 24 metri), a déle bylo provadéno pomoci
trhacich praci az na droven pocvy kaloty hlavni trasy pro razbu
smérem od Sachty J102 k Sacht€ J101. AZ po ukonéeni razeb

shaft J102 and technical chamber TK103. It was represented by
more massive inflows of groundwater along discontinuities. The
transition between the Vinice and Zahorany Formations was
encountered in compliance with the assumption, i.e. on the uti-
lity tunnel route between shafts J101 and J102.

SHAFTS

Four shafts (J101, J102, J103 and J104, see Fig. 2) are
designed to be carried out on the utility tunnel route. Shafts
J101 and J104 are at the ends of the tunnel route. This section
connects both Vltava banks in parallel to the longitudinal axis
of Hldvkuv Bridge. In the first tunnel excavation phase all
shafts are used as hoisting shafts.

Shaft J101

Shaft J101 has a circular profile with the external diameter
of 6.06m and the total depth of 32.24m. Before the commen-
cement of the shaft sinking operations, the shaft was secured
by a secant pile wall consisting of 30 pieces of 900mm dia-
meter piles. The boring of the piles always ended in compe-
tent bedrock (heavily to moderately weathered shales).

After the installation of the excavation support, the shaft
sinking operations follow, including the concurrent installati-
on of the temporary lining. In the locations where the shaft
excavation is supported throughout its depth by piles, the tem-
porary lining is complemented by 100/100-8/8mm KARI
welded mesh and 70-175mm thick layer of C25/30-XC2
shotcrete (SC30/type 11/ class J2, dry mixture). At the bottoms
of the piles, 4m long and 32mm-diameter self-drilling IBO
rock bolts, pressure-grouted, for example, with CEM 42.5 R,
are installed at two levels. The temporary lining formed by
lattice girders spaced at 1.5m, 100/100-8/8mm KARI welded
mesh installed concur-
rently at both surfaces

of the lattice girders and
a 250mm thick layer of
C25/30-XC2 shotcrete
(SC30/type Il/class J2,
dry mixture). In additi-
on, a settlement preven-
ting measure in the
form of a reinforced
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Obr. 3 Pri¢ny ez primdrnim osténim Sachty J102
Fig. 3 Cross-section through the primary lining of shaft J102

Formation is encoun-
tered in the particular

area.
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v kaloté hlavni trasy TK103-J102 a J102-J101 byla Sachta
strojnim zpusobem dohloubena na provizorni dno.

Z hornin skalniho masivu se v daném tzemi vyskytuje sou-
vrstvi vinické.

Sachta J103

Sachta J103 je kruhového profilu o priméru 6,8 m a celko-
va hloubka je 29,3 m. Pred zahdjenim hloubeni byla Sachta
zajiSténa 40 kusy prevrtdvanych pilot o pruméru 750 mm.
Piloty jsou vZdy dovrtiany az do dnosného podlozi (siln¢ az
mirné zvétralé bridlice).

Po zajisténi Sachty opét nasleduje jeji hloubeni a zajisteéni
provizorniho osténi obdobné jako u predchozich Sachet.
Rozpojovdni hornin v Sachté J103 zpocatku probihalo strojnim
zplisobem (cca tvodnich 14 metra), ddle bylo provddéno
pomoci trhacich praci.

Z hornin skalnfho masivu se v daném tzemi vyskytuje sou-
vrstvi letenské.

Sachta J104

Sachta J104 je elipsovitého profilu o rozmérech 6,42 x 5,68 m
a celkovd hloubka je 32,2 m.

Oproti ostatnim Sachtdm je horni ¢ast Sachty zajiSténa
31 kusy tryskové injektdZe o priméru 1200 mm aZ do dnos-
ného podloZi. Priblizné ve 2/3 obvodu jsou tryskové injektdze
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Shaft J102

Shaft J102 has a circular profile with the external diameter
of 8.16m and the total depth of 36.96m. Before the commen-
cement of the shaft sinking operations, the shaft was secured
by a secant pile wall consisting of 36 pieces of 1000mm dia-
meter piles. The boring of the piles always ended in compe-
tent bedrock (heavily to moderately weathered shales).

After the installation of the excavation support, the shaft
sinking operations again follow, including the concurrent
installation of the temporary lining, similar to the operations
at shaft J101 (see Fig. 3).

The rock in shaft J102 was in the beginning disintegrated
mechanically (ca 24m); subsequently rock was disintegrated
by blasting up to the level of the bottom of the top heading on
the main route for the excavation in the direction from shaft
J102 towards shaft J101. After the completion of the excava-
tion in the top heading of the main route of the TK103-J102
and J102-J101 sections, the sinking of the shaft was finished
mechanically up to the temporary bottom.

Of the rock mass rock types, the Vinice Formation is
encountered in the particular area.

Shaft J103
Shaft J103 has a circular profile with the external diameter

of 6.8m and the total depth of 29.3m. Before the commence-
ment of the shaft sinking
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Shaft J103 has an ellipti-
cal profile with the dimensi-
ons of 6.42 x 5.68m and the
total depth of 32.2m.

As opposed to the other
shafts, the upper part of the
shaft is supported by 31 jet
grouted columns 1200mm
in diameter, reaching up to
the competent bedrock. The
jet grouting has been carried
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provedeny standardnim zpusobem, u zbylé 1/3 obvodu Sachty
jsou tryskové injektdze uklonény tak, aby nezasahovaly do
stdvajiciho kolektoru SPHM (obr. 4: droven vrtdni tryskovych
injektdZ{). Do v8ech vrta tryskové injektdZe jsou vloZeny trub-
ky TR108/10. Provizorni osténi z pfihradovych rdmu, dvou
vrstev. KARI siti 100/100-8/8 mm a stfikaného betonu
C25/30-XC2 (SB30/typ Il/obor J2, suchd smés) je v tomto
pripadé provedeno v celé vysce Sachty J104. Prvnich pét pri-
hradovych rdmu je kotveno trny pruméru 32 mm, délky 0,5 m
do sloupu tryskové injektdZe (vyjma propoje do SPHM).

Rozpojovéni hornin v $achté J104 probih4 strojnim zpusobem
do hloubky 8 m (trhaci prace zde nejsou povoleny) a posléze
pomoci trhacich praci. Z hornin skalniho masivu se v daném
uzemi vyskytuje souvrstvi letenské.

Price na Sachtich probihaly v prevazné vétSiné 24 hodin
denné 7 dni v tydnu. Pramérnd rychlost hloubeni Sachet byla pri-
blizné 0,5 m za den.

Vyuziti vybudovanych Sachet

Sachta J101 propoji nové budovany kolektor Hldvkiv most se
stavajicim kolektorem RNLS, ddle z této Sachty probehla razba
technické komory TK101 a v budoucnu umozni propoj s kabe-
lovodem (KK1). Sachta J102 je umisténa na ostrove Stvanice
pred byvalym zimnim stadionem Stvanice. V této Sachté bude
umistén $plhavy vytah, ktery bude slouzit pfi provozu kolektoru
k prileZitostné prepravé osob a ndkladu z povrchu na dno jamy.
Dale bude v horn{ ¢asti Sachty J102 vedeno hlavn{ vétrani kolek-
toru. Sachta J103 umisténd rovnéz na ostrové Stvanice slouzi
predevs§im k vyvedeni podpovrchového kolektoru napri¢ pod
Hlavkovym mostem (hloubené odbocné vétve), ktery bude
uréen pro budouci pripojeni inZenyrskych siti. Posledni Sachta
J104 umisténd v ndjezdu z ndbfeZi kpt. Jaro$e na Hldvkuv most
je koridorem propojena se stdvajicim kolektorem SPHM.

TECHNICKA KOMORA TK101

Technickd komora TK 101 je raZena ze Sachty J101 pod dvo-
jici proplachovacich kandla vedoucich z TéSnova do Libné tla-
mového profilu 3500 x 1700 mm zhotovenych na pocatku 20.
stoleti sedm metrd od budovy ministerstva zemédélstvi.
Vzdalenost dna proplachovactho kandlu od klenby TK101 je
13,5 m. Komora je 9 m §iroka, 9,76 m vysoka o délce 18,87 m.
V Celni sténé komory je navrzen zarodek v profilu raZzeného
kolektoru pro budouci pokracovani ve sméru ke kolektoru
Centrum o délce 2,69 m. V levé ¢asti komory se nachdzi zaro-
dek napojeni na kabelovy tunel PRE v profilu 3545 x 3840 mm
o délce 2,68 m.

Vyska skalniho nadloZi je proménlivad od 4,1 m do 4,7 m. Nad
timto nadloZim se nachdzeji fluvidlni sedimenty Vltavy (pisky
a Stérk Spatn€ zrnény) a antropogenni navazky. Razba probihala
v zahotranském souvrstvi. Vzhledem k velikosti profilu, nizké-
mu skalnimu nadlozi a podchdzeni dvojice proplachovacich
kandlt se jednalo o velmi sloZitou etapu raZeb s vylou¢enim
trhacich praci. Razbé predchdzelo zajisténi klenby proplachova-
ciho kanélu podpurnou konstrukei, kterd musela byt instalovdna
potdpéci za plného provozu kandlu.

V zaddvaci dokumentaci byla razba komory ¢lenéna horizon-
talné na tfi vyskové trovne. V realiza¢ni dokumentaci byl vyrub
¢lenén horizontdlné i vertikdlné na Ctyfi diléi vyruby. Byly navr-
Zeny tfi technologické tfidy NRTM 3, 4 a Sa. Tyto tfidy vycha-
zely z predpokladu, Ze 1. dil¢i vyrub mél charakter pilotni $toly,
a tedy byl stejny ve vSech technologickych tfiddch. Poskytl
detailni informace o geologické a hydrogeologické situaci.
Podle zastizené technologické tfidy byl navrZen zpusob razby

out in a standard way approximately around 2/3 of the shaft
circumference; along the remaining 1/3 of the shaft circumfe-
rence the jet grouted columns are inclined so that they do not
reach the existing SPHM utility tunnel (see Fig. 4: the level of
drilling for the jet grouting). TR108/10 tubes were inserted
into all jet grouting boreholes. The temporary lining consisting
of lattice girders, two layers of 100/100-8/8mm KARI welded
mesh and C25/30-XC2 shotcrete (SC30/type II/class J2, dry
mixture) is in this case installed throughout the J104 shaft
depth. The initial five lattice girders are anchored into the jet
grouted columns (with the exception of the connection to the
SPHM) with 0.5m long, 32mm-diameter bars.

The rock in shaft J104 is disintegrated mechanically up to
the depth of 8m (blasting is not permitted there) and deeper by
blasting. Of the rock mass types, the Letnd Formation is
encountered in the particular area.

The work on the shafts was mostly carried out round-the-
clock for 7 days a week. The average shaft sinking rate was
approximately 0.5m per day.

The use of completed shafts

Shaft J101 will interconnect the newly constructed Hldvkav
Bridge utility tunnel with the existing RNLS utility tunnel. In
addition, technical chamber TK101 was excavated from this
shaft. This shaft will allow for the connection to KK1 cable
duct in the future. Shaft J102 is located on Stvanice island, in
front of former Stvanice winter stadium. A mast climbing
platform will be installed in this shaft. It will be used during
the utility tunnel operation for occasional transportation of
people and loads from the ground surface to the bottom of the
shaft. In addition, the main ventilation system of the utility
tunnel will lead through the upper part of shaft J102. Shaft
J103, which is also located on Stvanice island, is used for lea-
ding the subsurface utility duct (the cut-and-cover branch)
across under Hldvkav Bridge. The duct will be used for the
connection of utility networks in the future. The last shaft
J104, which is located in the on-ramp from Capt. Jaros
Embankment to Hldvkuv Bridge, is interconnected with the
existing SPHM utility tunnel by the corridor.

TECHNICAL CHAMBER TK101

Technical chamber TK101 is being excavated from shaft
J101 under a pair of 3500 x 1700mm mouth cross-section
flushing ducts leading from the district of TéSnov to the
district of Liben. The ducts were constructed at the beginning
of the 20th century at the distance of 7m from the building of
the Ministry of Agriculture. The distance between the flushing
duct bottom and the TK101 vault amounts to 13.5m. The
chamber is 9m wide, 9.76m high and 18.87m long. A short
length (2.69m) of a tunnel with the cross-section correspon-
ding to the mined utility tunnel is designed to be driven
through the headwall of the chamber. It is to allow for the
future continuation in the direction of the Centrum utility tun-
nel. In the left-hand part of the chamber, there is a 2.68m long
stub of the tunnel passage (cross-section of 3545 x 3840mm)
to the PRE (Prazskd Energetika a. s.) cable tunnel.

The height of the rock cover is variable, ranging from 4.1m
to 4.7m. Above the rock cover, there are fluvial sediments of
the river Vltava (sand and poorly graded gravel) and anthropo-
genic fills. The tunnel was driven through the Zahorany
Formation. With respect to the profile dimensions, the thin rock
cover and the passing under the pair of flushing ducts, this stage
of tunnel excavation with blasting operations excluded was
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Obr. 5 Pricny Fez primdrni vyztuZi technologické tridy IV
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Fig. 5 Cross-section through the primary support for the excavation support class IV

dalsich dil¢ich vyrubi. RaZba probihala v technologické tridé
NRTM 4 pouze se strojnim rozpojovanim (obr. 5).

Primarni konstrukce byla navrzena z prihradovych rdmu
v osové vzdédlenosti max. 1000 mm se stfikanych betonem
C25/30-XC2 (SB30/typ Il/obor J2, suchd smés) doplnénych
o KARI sit’ 100/100-8/8 mm pri obou povrsich vyztuZe.
Primdrni osténi bylo doplnéno o radidlni samozévrtné svorniky
typu IBO o praméru 32 mm dl. 4000 mm.

Nejdiive byla zahdjena razba 1. dil¢tho vyrubu z udrovné
pocvy. Nasledné byl profil rozsifen a byla vybourdna do¢asnd
opéra, poté se prohloubila Sachta J101 na dno a zahdjila se razba
3. a 4. dil¢iho vyrubu (obr. 6).

V komore byly nainstalovany Ctyfi pétibodové konvergenéni
profily. Byla predpokldddna maximadlni svisla deformace 45 mm,
vodorovnd u vrcholového bodu 15 mm a u ostatnich bodu
35 mm. Vzhledem ke konzervativnimu zpusobu razby byla
naméfena na konvergen¢nim profilu 05.51 maximdlni hodnota
vodorovné deformace 6,1 mm a na konvergencnim profilu 05.50
maximdalnf{ svisld deformace 8,2 mm, coZ jsou hodnoty na 20 %
predpokladanych hodnot deformaci.

Aktudlneé se provadi pripravné prace na zahdjeni betondze
definitivniho osténi technické komory.

TECHNICKA KOMORA TK103

Tato razend komora se nachazi na ostrové Stvanice v t&sné
blizkosti Sachty J103 mezi Vilou Stvanice a Hldvkovym mos-
tem. Je vyraZzena v technologické tfidé 4 za pomoci trhacich

very complicated. The excavation was preceded by the stabili-
sation of the vaults of the flushing ducts by a supporting struc-
ture, which had to be installed by divers, with the operation of
the ducts uninterrupted.

In the tender design, the excavation of the chamber was
divided horizontally into three levels. In the design of means
and methods, the excavation was divided horizontally and
vertically into four partial sequences. Three NATM excavati-
on support classes, 3, 4 and 5, were designed. The design of
those classes was based on the assumption that the first sequ-
ence (first partial excavation) had the character of an explora-
tion gallery, therefore it was identical for all excavation sup-
port classes. It provided detailed information on the geologi-
cal and hydrogeological situation. The methods of excavation
for the other sequences were proposed with respect to the
excavation support classes encountered by the gallery. The
excavation proceeded through NATM support class 4 only
mechanically (see Fig. 5).

The primary lining structure design comprised lattice gir-
ders spaced centre-to-centre at the maximum of 1000mm and
C25/30-XC2 shotcrete (SC30/type Il/class J2, dry mixture)
complemented by 100/100-8/8mm KARI welded mesh at
both surfaces of the lining structure. The primary lining was
complemented by self-drilling IBO rock bolts 32mm in dia-
meter and 4000mm long.

The 1st sequence excavation from the bottom level started
first. Subsequently the profile was expanded and the temporary
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Obr. 6 Schéma postupu razby TK101
Fig. 6 Chart of the excavation procedure for TK101

praci. Rozméry komory jsou délka 10,9 m, vyska 9,76 m a Sitka
9,01 m, tj. pficny profil 73,31 m’. Podle dokumentace pro vybér
zhotovitele se v celé své délce méela nachdzet ve vinickém sou-
vrstvi a méla byt podle harmonogramu raZzena rozSifenim profi-
lu kolektorové trasy od Sachty J102 s razbou délenou vyskové
na tfi lavky (profil rozdélen priblizné na tfetiny). Propoj této
komory a Sachty J103 profilu 18,97 m’, $fiky 3.8 m, vy3ky 5.4 m
a délky zhruba 4 m s délenim na dvé horizontdln{ lavky se
nachdzel v dolni poloviné vysky bo¢ni stény komory a mél byt
razen po dokoncéeni komory ze Sachty podobné jako tunelovy
vyklenek.

Ve skuteCnosti se komora nachdzela v letenském souvrstvi.
Dal§i zménou byl zpasob razby komory. Pfi¢inou bylo velké
mnozstvi inZenyrskych siti v misté Sachty J102, které zapriCini-
ly zpoZdéni jejiho hloubeni a Sachta J103, kde se Zddné inZe-
nyrské sit€ nenachdzely, byla zhotovena drive. Proto se rozhod-
lo o razbé komory z upraveného propoje ze Sachty J103, tedy
z bo¢ni stény komory a nikoliv z ¢elni stény, tedy z trasy. Z toho
duvodu byl propoj o 2,1 m zvySen, o 0,4 m rozsifen, coZ umoz-
nilo prujezd techniky nutné pro razbu. Profil se tim zvétsil na
275 m’. Samotny postup razby technické komory TK103 byl
provadén v ndvaznosti na raZbu propoje a hloubeni Sachty J103.
V prvni f4zi byla vyraZena Stola ze Sachty J103 kolmo na osu
komory aZ ke vzddlenéjii bo¢ni sténé komory. Stola byla zaji3-
teéna vyztuzi TH29 s jednou vrstvou KARI siti 100/100-8/8 mm
a stifkanym betonem C25/30-XC2 (SB30/typ II/obor J2, suchd
smés). Poté bylo ve druhé fézi zakotveno pristropi pres masivni
podélny piithradovy rdm v ose $toly a demontovédna Cést levé

Ingutis s.r.o. Ingutis s.r.o.

side wall was broken out. Subsequently shaft J101 was sunk up
to the bottom and the excavation sequences 3 and 4 commen-
ced (see Fig. 6).

Four five-point convergence measurement profiles were
installed in the chamber. The maximum values of 45mm,
15mm and 35mm were assumed for the vertical deformation,
the horizontal deformation at the top measurement point and
the other points, respectively. With respect to the conservati-
ve excavation method, the maximum value of horizontal
deformation measured in convergence measurement point
05.51 amounted to 6.1mm, whilst the maximum vertical
deformation in convergence profile 05.50 amounted to
8.2mm. These values make up 20 per cent of the assumed
values of deformations.

At the moment, preparation for commencing the casting of
the technical chamber final lining concrete is underway.

TECHNICAL CHAMBER TK103

This mined chamber is located on Stvanice island, in close
proximity to shaft J103, between Stvanice Villa and Hlavkav
Bridge. It was excavated through the NATM excavation sup-
port class 4 using the blasting. The chamber is 10.9m long,
9.76m high and 9.01m wide, it means the excavated cross-sec-
tional area amounting to 7331m’. According to the tender
design, the tunnel excavation should have passed through the
Vinice Formation throughout its length and, according to the
works schedule, should have been carried out by expanding
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Obr. 7 Schéma postupu vystavby technické komory TK103 po otvirku kaloty, 1 — podélny Fez $tolou otvirky komory (Cervené); 2 — podélny rez
s dodateénym zajisténim pristropi §toly pred zahdjenim raZby kaloty komory (Cerveneé); 3 — podélny rez §tolou s pricnym rezem kaplicky razby
prvniho vyrubu kaloty komory (¢ervené); 4 — pri¢ny rez K-K’ §tolou ze Sachty J103 (zelené)

Fig. 7 Chart of the excavation procedure for technical chamber TK103 for opening up the top heading, 1 — longitudinal section through gallery
for the opening up the chamber excavation (red); 2 — longitudinal section with additional support of the gallery top heading before the com-
mencement of the excavation of the chamber top heading (red); 3 — longitudinal section through the gallery with the cross-section through a part
of the initial top heading excavation sequence (red); 4 — K-K’ cross-section through the gallery running from shaft J103 (green)

poloviny (ve sméru razby) osténi z TH29. V treti fazi probihala
razba kaloty komory nové rozdélend vertikdlne na levou a pravou
st (obr. 7). Takto vytvoreny prostor se pak jen snizoval dobir-
kou dna po dvou vyskovych trovnich az na definitivni dno,
vzdy nejdiive hloubeni v Sachté, poté razba v propoji a Stole
vedouci do komory, nakonec v samotné komore.

Razba propoje do komory byla zahdjena pred Vanocemi
v roce 2016 a komora byla kompletné doraZzena s uzavienim
osténi ve dné v poloviné mésice brezna 2017.

Primdrni konstrukce zustala po obvodu komory v zdsadé beze
zmén. Je navrZzend z prihradovych rdma v osové vzddlenosti
0,9 m se stifkanym betonem C25/30-XC2 (SB30/typ II/obor J2,
suchd smés) doplnénym o KARI sit’ 100/100-8/8 mm pfi obou
povrsich z vyztuze BS00B v celkové tloustce osténi 280 mm.
Prihradové rdmy jsou navrZeny po celém obvodu tak, aby po
vyrazeni celého profilu tvorily uzavieny rdm. Dal$im navrze-
nym typem zajisténi bylo systematické radidlni kotveni vyrubu
tlakov€ injektovanymi svorniky IBO o pruméru 32 mm a délce
4 m. Jedingmi zménami bylo vnitfn{ Zebro o sile 250 mm ve ver-
tikdlne délené kalote, jez bylo vyztuzeno ramem z profilu TH21,
stifkanym betonem C25/30-XC2 (SB30/typ Il/obor J2, suchd
smés) a doplnéné o KARI sit’ 100/100-8/8 mm pfi obou povr-
Sich z vyztuze B500B v celkové tloustte osténi 250 mm.
Uzavirani dna jednotlivych lavek mohlo byt alternativné prove-
deno z prihradového nosniku, opét dvou vrstev KARI siti
a shodnym stfikanym betonem.

Cela komory jsou zaji§téna stifkanym betonem C25/30-XC2
(SB30/typ Il/obor J2, suchd smés) doplnénym o KARI sit’

the profile of the utility tunnel route from shaft J102, with the
excavation divided into three benches (levels) dividing the
profile approximately into thirds. The connection between the
chamber and shaft J103 (3.8m wide, 5.4m high and ca 4m
long, the cross-excavated sectional area 18.97m2) with the
excavation divided into two horizontal benches was located in
the lower half of the chamber sidewall. It was to be excavated
after the completion of the chamber from the shaft, similarly
to the excavation of a tunnel niche.

In reality, the chamber was located in the Letnd Formation.
Another change lied in the method of the chamber excavation.
The cause of the change was the fact that the process of sin-
king the shaft J102 was delayed due to great numbers of utili-
ty networks in the location of shaft J102 whilst shaft J103,
where no utility networks existed, was carried out earlier. For
that reason the decision was made that the chamber would be
excavated from the modified connecting tunnel (passage)
from shaft J103, it means from the chamber sidewall instead
of the headwall (from the utility tunnel route). For that reason
the height and width of the connecting tunnel were increased
by 2.1m and 0.4m, respectively. This measure allowed for the
passage of the equipment necessary for the excavation. The
excavated cross-sectional area was increased to 27.5m’ in this
way. The excavation procedure for technical chamber TK103
itself followed up on the excavation of the connecting tunnel
and sinking of shaft J103. In the first phase, a gallery was dri-
ven from shaft J103, perpendicularly to the axis of the cham-
ber, up to the more distant wall of the chamber. The gallery
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100/100-8/8 mm pfi obou povrsich z vyztuze B500B. Mimo
mista budoucich rozrdZek (tj. v mistech pruniku profilu komory
a hlavnich tras kolektoru) budou v téchto Celech rozmistény
svorniky délky 3,0 m v poctu 1 ks pro zajisténi celkové stabili-
ty Cel komor. Kolem kleneb kaloty budoucich rozrazek jsou
destniky z 15 ks jehel IBO o praméru 32 mm dl. 3,0 m s odklo-
nem 15° v podélném sméru s tlakovou injektazi (obr. 8).

KOLEKTOROVE TRASY

RaZenymi trasami kolektoru dojde k propojeni nejen vsech
podzemnich objekta kolektoru, ale také obou vltavskych breha
v trase vedouci zdpadné od Hldvkova mostu. Stani¢eni kolekto-
ru za¢ina na holeSovickém predmosti O tm v Sachté J104 a kon¢{
na té§novském predmosti 430,25 tm v rozrazce technické komo-
ry TK101 smérem na budouci kolektor Centrum I. RaZena
kolektorova trasa pri¢ného profilu 23,2 m’ z toho &ni 38423 m
a zbytek jsou technické komory a Sachty. Soucdsti kolektorové
trasy je také hloubend odbotnd vétev na ostrové Stvanice
o délce 99,6 m, kterou budou v budoucnosti vyvedeny veskeré
inZenyrské sité na ostrov.

Razba je rozd€lena podle projektové dokumentace na tfi
objekty. Podle staniceni je to objekt SO204, kterym budou pod
Vltavou propojeny Sachta J104 na holeSovickém predmosti
a technickd komora TK 103 na ostrové Stvanice o délce 138,7 m.
Dile pak objekt SO202 pod ostrovem Stvanice propojujici zmi-
nénou komoru s Sachtou J102 o délce 78,58 m. Nakonec je to
usek objektu SO201 o délce 166,95 m, jimz se spoji pod Vitavou
Sachta J102 se Sachtou J101 na té$novském predmosti.

Pri¢ny profil §toly kolektorové trasy je ovélny s protiklenbou,
vychdzi z prifezu kolektoru II. kategorie a je 232 m’. Sitka
vyrubu je 4,5 m a vySka 5,94 m. Cely kolektor véetné tras je
vyspadovan smérem k Sachté J103, kde se nachdzi Zumpovni
jimka. Mocnost skalniho nadloZi nad kalotou je od 10,2 m na
Tesnove, po 15,3 m v HoleSovicich. V J102 dochdzi k mirnému
smérovému lomeni sméru trasy.

Podle zadavaci dokumentace nebylo rozliSeno v technologic-
kych tfidich NRTM, zda se razi pod vodnim tokem, ¢i mimo
vodni tok. Ve viech tfidach je vyrub zajistén prihradovymi ramy
se stiikanym betonem C25/30-XC2 (SB30/typ II/obor J2, suchd
smes) doplnénym o KARI sit’ 100/100-8/8 mm pri obou povr-
Sich z vyztuze B500B a doplnujici zajisténi tvorily 4 m dlouhé

sv o

radidlni svorniky injektované tlakovou injektdZi. Pod dnem

. Suien bterra a.s. a HHTIEF CZ a. s. Consortium of Subterra a.s. and HOCHTIEF CZ a. s.
Obr. 8 Pohled na prunik technické komory TK103 se $tolou kolekto-
rové trasy a propojem do Sachty J103

Fig. 8 A view of the intersection between technical chamber TK103
with the gallery of the utility tunnel route and the passage to shaft J103

excavation was supported with TH29 ribs, one layer of
100/100-8/8 mm KARI welded mesh and C25/30—XC2 shotc-
rete (SC30/type II/class J2, dry mixture). Subsequently, in the
second phase, the top heading excavation was stabilised with
anchors installed through a massive longitudinal truss beam on
the gallery centre line and a part of the left-hand half (viewed
in the direction of excavation) of theTH29 support. In the third
phase, the top heading of the chamber was excavated. The
excavation was newly divided vertically into the left-hand and
right-hand parts (see Fig. 7). The height of the space created in
this way was subsequently only enlarged downward by exca-
vating the bottom at two levels, up to the final bottom (always
first in the shaft and then in the connecting tunnel and the gal-
lery leading to the chamber; finally in the chamber itself).

The excavation of the passage to the chamber commenced
before Christmas 2016 and the excavation of the chamber was
completed and the lining of the bottom was closed in the
middle of March 2017.

The primary structure around the chamber circumference
remained in principle unchanged. Its design comprises lattice
girders spaced centre-to-centre at 0.9m, a 280mm thick layer
of C25/30-XC2 shotcrete (SC30/type Il/class J2, dry mixtu-
re), complemented by 100/100-8/8mm KARI steel mesh
(steel grade B500B) at both surfaces of the lining structure.
The lattice girders are designed to be installed around the
whole circumference so that they create closed frames after
the completion of the excavation of the whole chamber profi-
le. Another excavation support design lied in systematic radi-
al anchoring of the excavation with 4m long pressure-grouted
IBO rock bolts 32mm in diameter. The only change lied in the
250mm thick internal rib in the vertically divided top heading,
which was reinforced with a frame from TH21 steel section,
C25/30-XC2 shotcrete (SC30/type 11/ class J2, dry mixture),
complemented by 100/100-8/8mm steel mesh (BS00B grade)
at both surfaces; the total lining thickness amounts to 250mm.
The bottoms of the individual benches could be alternatively
carried out using a lattice girder, again two layers of KARI
steel mesh and the identical shotcrete.

The front and end walls of the chamber are supported with
C25/30-XC2 shotcrete (SC30/type Il/class J2, dry mixture)
complemented with 100/100-8/8mm steel mesh (B5S00B steel
grade) at both surfaces. With the exception of the locations of
future tunnel stubs (i.e. in the locations of the intersection bet-
ween the chamber profile and the main routes of the utility
tunnel), 3.0m long rock bolts will be installed at those walls
at the density of 1 piece per m’ designed to ensure the overall
stability of the front and end walls of the chambers. Umbrellas
formed by 15 pieces of 3.0m long and 32mm-diameter pres-
sure-grouted IBO forepoles deviating 15° in the longitudinal
direction are installed around the vaults of the top heading of
the future tunnel stubs (see Fig. 8).

UTILITY TUNNEL ROUTES

The mined routes of the utility tunnel will interconnect not
only all underground structures of the utility tunnel, but also
both banks of the river Vltava, by the route running west of
Hldvkav Bridge. The utility tunnel chainage begins at the
HoleSovice-side bridge head in shaft J104 (tunnel metre 0)
and ends at the TéSnov-side bridge head at the tunnel stub
heading from technical chamber TK101 in the direction of the
future Centrum I utility tunnel (tunnel metre 430.25). The
mined utility tunnel route with the excavated cross-sectional
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6-7 ks svorniki IBO R32 délky 3 m na kazdy zabér
6-7 3m long IBO R32 rock bolts in each round
na kazdy druhy zabér

18 groutable 3m long IBO R32 spiles

18 ks injektovanych jehel IBO R32 délky 3 m

area of 23.2m’° makes up 384.23m of this
length and the remaining length is formed
by technical chambers and shafts. The
99.6m long cut-and-cover branch on
Stvanice island is also part of the utility tun-
nel route. All utility networks will get to the
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island through this branch.

According to the design, the excavation
is divided into three building structures. In
terms of the tunnel chainage first is the
138.7m long building structure SO204,
through which shaft J104 at the
HoleSovice-side bridge head will be con-
nected under the Vltava with technical
chamber TK103 on Stvanice island. The
other building structure is the 78.58m long
S0202 under Stvanice island, connecting
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Obr. 9 Schematické zndzornéni vyztuzeni TT4 pod vodnim tokem

Fig. 9 Schematic chart of the TT4 excavation support under a water stream

vyrubu byla navrZena drenaz DN150 mm. Jednotlivé tridy se
ligily ndsledujicim zpasobem. V TT3 byl rozestup os rdmu 1,2 m
a doplriujici zajisténi tvorily 3 ks svornika v lichém rdmu a 4 ks
svornikll v sudém rdmu. V TT4 byl navrZen rozestup os rdmu
1 m a dopliiujici zajisténi tvorilo 6 ks svornikt v lichém ramu
a 7 ks svorniki v kazdém sudém rdmu. Posledni technologic-
kou tfidou byla TT5a s navrZenym odstupem os ramu 0,8 m
a doplnujici zajistén{ tvorilo 7 ks svornika v lichém rdmu a 8 ks
svorniku v sudém rdmu.

Pozornost byla vénovana i mistu, kde kolektor Hldvkuv most
podchazi pilit Hlavkova mostu ve stani¢eni 325 tm. V tomto
misté je jako opatfeni v technologické tridé 4 NRTM v délce
10 m na obé strany navrZeno zdvojeni pfihradovych rdmu na
jeden zabér.

K rozdéleni technologickych tfid pod vodnim tokem a mimo
vodni tok doSlo v realiza¢ni dokumentaci, do které byla na
zakladé zdvazného prikazu Obvodniho banského dradu zapraco-
vana opatfeni zajiStujici vySsi bezpeCnost razeb pod vodnim
tokem a 10 m od vodniho toku, kterd doporucil odborny znalec
ve svém posudku. V kazdé tridé se Celba mela zajistit stabili-
za¢nim néstiikem. Nové tridy se pak odliSovaly zejména dale
popsanymi opatrenimi. Pro TT5a pod vodnim tokem byla dopl-
néna provizorni protiklenba v kaloté ze strikaného betonu
a KARI siti pfi obou povrsich, ddle v kazdém zabéru ochranny
destnik z jehel IBO o priméru 32 mm dl. 4 m v poctu 18 kusu
na zabér a v pripadé zvodnélé horniny v prevazné plose Celby
doplnéno zajisténi Celby o sklolamindtové svorniky délky 3 m
v poctu 1 kus na 3 m’ vyrubu. Pro TT4 pod vodnim tokem v pfi-
padé nestability nebo zvodnéni vyrubu bylo zajisténi éelby dopl-
néno o jehlovani v kazdém zdbéru po obvode¢ dila v poétu 18
kust 3 m dlouhych jehel IBO @ 32 mm (obr. 9). A nakonec
v TT3 pod vodnim tokem byla sniZena vzddlenost os rdmia na
1 m. Mimo vodni tok zustaly zachovdny tiidy viceméné podle
zaddvaci dokumentace.

Postup praci na raZbach kolektorovych tras byl nésledujici.
Razby byly zahdjeny zacatkem dnora 2017 na trase ze Sachty
J101 smérem k J102, kde bylo vyrazeno 29,2 m celého profilu
kolektoru. Na zacatku unora téhoz roku zapocaly razby i ze
Sachty J102 dvéma zardzkami v kaloté obéma sméry v omezené
strojni sestavé. Po jejich dokonéeni byl do Sachty na zalatku
brezna spusten razici kombajn Alpine AMS50, razby pokracovaly
smérem k J103 (obr. 10). Vzhledem k prechodu geologického

the above-mentioned chamber with shaft
J102. Finally it is the 166.95m long secti-
on of building structure SO201, through
which shaft J102 will be connected under
the Vltava with shaft J101 at the Té$nov-side bridge head.

The cross-section of the utility tunnel route is an oval with an
invert. It proceeds from the cross-section of category II utility
tunnel. The cross-sectional area amounts to 23.2m’. The exca-
vation width and height are 4.5m and 5.94m, respectively. The
whole mined utility tunnel inclusive of cut-and-cover structures
are on a gradient falling toward shaft J103 containing a cess-
pool. The thickness of the rock cover above the top heading
ranges from 10.2m in Té$nov to 15.3m in HoleSovice. A slight
break in the horizontal alignment is located in shaft J102.

In the tender design, the fact whether the excavation passes
under a water stream or outside a water stream was not distin-
guished by NATM excavation support classes. The excavati-
on is supported with lattice girders, C25/30-XC2 shotcrete
(SC30/type Il/class J2, dry mixture) and100/100-8/8mm
KARI steel mesh (steel grade BSO0OB), complemented by 4m
long pressure-grouted radial rock bolts. DN150mm drainage
was designed to be under the excavation bottom. Individual
excavation support classes differed in the following way: In
TT3 class design, the centre-to-centre spacing of the girders
amounted to 1.2m and the complementary support consisted
of 3 rock bolts at an odd frame and 4 rock bolts at an even
frame. In TT4 class design, the centre-to-centre spacing of the
girders amounted to 1m and the complementary support con-
sisted of 6 rock bolts at an odd frame and 7 rock bolts at and
even frame. In the last excavation support class design, TT5a,
the centre-to-centre spacing of the girders amounted to 7 rock
bolts at an odd frame and 8 rock bolts at an even frame.

Attention was also paid to the location where Hldvkav
Bridge utility tunnel passes under the bridge pillar at the tun-
nel chainage m 325. In this location, doubling of lattice gir-
ders per one excavation advance round is designed as the
measure for the NATM excavation support class 1V, to be
installed up to the distance of 10m on either side.

The division of excavation support classes under a water stre-
am and outside a water stream was introduced in the design of
means and methods, into which measures recommended by an
expert in his technical opinion, ensuring higher safety of exca-
vation under a water stream and 10m from the water stream,
were incorporated on the basis of a binding order issued by the
Regional Mining Authority. The excavation face was to be sup-
ported by the application of a stabilisation layer of shotcrete for

Ingutis s.r.o. Ingutis s.r.o.
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Obr. 10 Razba pomoci raziciho stroje s frézou na vyloZniku Alpine
AM50

Fig. 10 Underground excavation using Alpine AM50 cutter boom
machine

souvrstvi z 1épe rozpojitelného vinického do hife rozpojitelné-
ho letenského doslo v tomto tseku k nahrazeni strojni razby
trhacimi pracemi. ProraZeno zde bylo na konci dubna a poté
byla znovu zahdjena razba z této Sachty i smérem k Sachté J101
v zahoranském souvrstvi s mechanickym rozpojovanim a zaro-
ven byly zahdjeny i razby s trhacimi pracemi od komory TK103
smerem k Sachté J104 v letenském souvrstvi. Po¢atkem srpna
2017 doslo k prordZce v Gseku mezi Sachtami J101 a J102 a na
konci srpna mezi komorou TK103 a Sachtou J104. Price na raz-
béch probihaly 24 hodin denné 7 dni v tydnu. Pramérnd rychlost
razby byla priblizné 1,5 m za den v kaloté a 3 m za den ve dné.

Povrchovou soucdsti kolektorovych tras je hloubend odbo¢na
vétev na ostrové Stvanice budovand v otevieném vykopu
a vedouci od Sachty J103 kolmo na trasu kolektoru pod oblou-
kem Hldvkova mostu smérem k tenisovému stadionu Stvanice.
Hloubeni{ bylo navrZeno jako svahovany predvykop prumérné
hloubky 1,7 m kvili nedostatku mista pod mostovkou Hldvkova
mostu. Z tohoto predvykopu bylo navrZeno pouziti ocelovych

Sdruinl’Subterra as.a OCHIEF CZ a. 5. Consortium of Subterra a.s. an(l HOCHTIEF CZ a.s.
Obr. 11 Pohled do predvykopu, poloZené izolace na tretim dilataénim
tiseku stropu hloubené odbocné vétve

Fig. 11 A view down the pre-cut, waterproofing installed on the third
expansion block of the roof deck of the cut-and-cover branch

each support class. The new classes differed from each other
mainly by the measures described below. Regarding TTS5a class
under a water stream, a temporary invert from shotcrete and
KARI mesh at both surfaces was added in the top heading, as
well as a protective umbrella consisting of 18 pieces of 4m
long, 32mm-diameter IBO forepoles per an excavation advan-
ce round to be installed in each excavation round and, in the
case of water-bearing ground, additional excavation face sup-
port with 3m long glassfibre reinforced plastic rock bolts instal-
led into a major part of the excavation face with the density of
1 piece per 3m” of the excavation surface. Regarding TT4 class
for excavation under a water stream in the case of instability or
saturation of the excavation with water, the excavation face
support was complemented by forepoling around the excavati-
on circumference with 18 pieces of 3m long IBO forepoles
@ 32mm (see Fig. 9). Finally, in the case of TT3 class under
a water stream, the centre-to-centre spacing of the frames was
reduced to 1m. The classes for excavation outside a water cour-
se remained more or less identical with the tender design.

The following sequence of the excavation operations was
applied: The excavation commenced at the beginning of
February 2017 on the route leading from shaft J101 toward
shaft J102, where the excavation of 29.2m of the whole utility
tunnel profile was completed. At the beginning of February
2017, the excavation started also from shaft J102 by breaking
out two starter tunnels in the top heading, in both directions
from shaft J102, using a limited set of equipment. After the
completion of the starter tunnels, at the beginning of March, an
Alpine AMS50 cutter boom machine was lowered to the shaft
and the excavation continued in the direction of shaft J103 (see
Fig. 10). With respect to the transition of the geological forma-
tion from the easier to excavate Vinice Formation to the harder
to excavate Letna Formation, the mechanical excavation was
replaced with blasting operations in that section. The breakt-
hrough took place at the end of April. The further mechanical
excavation from this shaft even in the direction of shaft J101
through the Zahorany Formation subsequently recommenced
and, at the same time, the excavation through the Letna forma-
tion using the blasting commenced from chamber TK 103 in the
direction of shaft J104. The breakthroughs in the sections bet-
ween shafts J101 and J102 and between chamber TK 103 and
shaft J104 took place at the beginning of August 2017 and at the
end of August, respectively. The excavation work was carried
out round-the-clock, 7 days a week. The average excavation
advance rate amounted approximately to 1.5m per day in the
top heading and 3m per day at the bottom.

The cut-and-cover branch on Stvanice island is an at-grade
part of the utility tunnel routes. It leads from shaft J103, per-
pendicularly to the utility tunnel route, under a vault of
Hlavkiv Bridge, in the direction of Stvanice tennis stadium.
Because of the lack of space under Hldvkuv Bridge deck, the
excavation started by digging a sloped pre-cut with the average
depth of 1.7m. The subsequent excavation of the trench proce-
eded from the pre-cut bottom, using VL 604 sheet piles for sta-
bilising the vertical walls of the trench throughout the length of
the cut-and-cover branch. The sheet piles were 6.90m up to
7.36m long, depending on the level of the terrain surface, and
were embedded into the bedrock up to the minimum depth of
Im. The excavation between the sheet pile walls was stabilised
by two tiers of HEB 200 walers with TR 168/8 tube braces
installed at 4m intervals, and by primary casting of the 240mm
thick bottom concrete with 100/100-8/8mm KARI welded



Stétovnic VL 604 pro zajisténi stability kolmych stén vykopu
v celé délce hloubené odbo¢né vétve s vetknutim do skalniho
podlozi minimédlné 1 m a délkou od 6,90 m po 7,36 m podle
drovné terénu. Vykop mezi $tétovnicemi byl zajistén dvéma
vySkovymi drovnémi prevdzek HEB 200 s trubnimi rozpérami
TR 168/8 v osové vzddlenosti 4 m a primdrni betondzi dna
z betonu C25/30 v tloustce 240 mm s vloZenou KARI siti
100/100-8/8 mm (pri obou povrsich). Shodny beton je navrZen
i pro primdrni osténi kolektoru, které slouZi jako podklad pro
izolaci.

V Cele definitivni konstrukce hloubené odbo¢né vétve pro
inzenyrské sité jsou v primarnich i sekunddrnich konstrukcich
Celni stény navrZeny chrdni¢ky se zdslepkami. Primdrni
i sekundarni konstrukce Zelezobetonu odbo¢né vétve jsou roz-
déleny dilataénimi sparami na tfi dilatacni useky. Projekt uva-
zoval pouzit hydroizolace z asfaltovych povlakovych modifi-
kovanych pdsu SBS (Elastek a Glastek, obr. 11) a asfaltovou
hydroizolaéni dvoukomponentni stérku na Celni sténé v misté
prostupu.

Definitivni Zelezobetonova konstrukce je navrzena z monoli-
tického betonu tfidy C30/37-XC2-XA2 a vyztuze B500B. Kryti
vyztuze je vSude 50 mm. Stykovani vyztuZe bude vZdy mini-
madln€ 40 priméra vyztuzného prutu.

S vystavbou hloubené odbo¢né vétve bylo zapocato na konci
listopadu 2016 a hloubeni bylo dokonceno v prosinci téhoz
roku. Primdrni konstrukce byly betonovény prabézné s hloube-
nim za pomoci zimnich opatfeni a dokonéeny na konci ledna
2017. Nésledovaly izolace a pribézné i betondZze sekundédrniho
osténi smérem od stadionu Stvanice k $achté J103 v&etné beto-
naze pritézovacich lavic branicich v pripadé povodné vyzved-
nuti odbo¢né vétve vztlakem. Ke konci srpna 2017 byly prove-
deny témér kompletni zasypy a zbyvalo uz jen vybetonovat spa-
dovy beton dna, namontovat montdzni a tnikové poklopy a jera-
bovou drazku.

ZAVER

Ke konci zari 2017 byla ukoncena razba hlavni kolektorové
trasy mezi J101 a J104. Diky konzervativnimu zpusobu razby
zatim nejsou na povrchu a budovéach v zéné ovlivnéni zddné
negativni dopady z &innosti provddéné hornickym zpusobem.
Realizaéni tym sloZeny z odborniki dvou organizaci se musel
zhostit slozitého tkolu, kdy provddél razby ze tii Celeb soucas-
né. Lze doufat, Ze vystavba kolektoru Hlavkiv most nebude na
Cas posledni akci tohoto typu a bude pokracovat rozvoj hlubin-
nych kolektort v metropoli. O pifnosu kolektorizace inZenyr-
skych siti neni pochyb.

Ing. VACLAV DOHNALEK, vdohnalek@subterra.cz,
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mesh installed at both surfaces. An identical concrete type was
designed for the utility tunnel primary lining, which provides
the substrate for the waterproofing membrane.

At the end of the final structure of the cut-and-cover branch
designed for utility networks there are blinded casing pipes in
the primary as well as final structure of the end wall. The rein-
forced concrete primary and secondary structures of the branch
are divided by expansion joints into 3 expansion blocks. The
design assumed the application of a waterproofing system
using SBS modified asphalt membrane sheets (Elastek and
Glastek — see Fig. 11) with a two-component waterproofing
asphalt compound on the end wall around the openings.

The final cast-in-situ reinforced concrete structure is from
concrete grade C30/37-XC2-XA2 and reinforcing steel grade
B500B. Concrete cover is everywhere 50mm thick. The mini-
mum splicing length of reinforcement bars is always equal to
40 diameters of the bars.

The construction work on the branch commenced at the end
of September 2016 the excavation of the trench was finished in
December 2016. The concrete primary structures were con-
structed continuously, concurrently with the excavation, app-
lying frost protection measures, and were finished at the end of
January 2017. The installation of the waterproofing followed,
concurrently with continuous casting of the secondary lining
concrete in the direction from Stvanice stadium toward shaft
J103, including casting of surcharging concrete preventing the
branch structure from uplifting due to buoyancy in the case of
flooding. As of the end of August 2017, nearly all backfilling
of the branch structure was finished and the only operations to
be completed comprised casting of sloped concrete on the bot-
tom, installation of the assembly and escape covers and the
crane track.

CONCLUSION

As of the end of September 2017, the excavation of the
main utility tunnel route between shafts J101 and J104 has
been finished. Owing to the conservative method of the
underground excavation no negative consequences of the
work involving mining have been registered on the surface
and on buildings within the affected zone. The realisation
team comprising professionals from two organisations had to
cope with the complicated task to drive the tunnel concurrent-
ly from three headings. It is possible to hope that the con-
struction of Hldvkuv Bridge utility tunnel will not become for
some time the last event of this type and the development of
deep-level utility tunnels in the capital will continue. There
are no doubts as to the benefits of placing utility networks into
utility tunnels.
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Subterra a.s.,

Ing. RADEK KOZUBIK, radek.kozubik@hochtief.cz,
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FORBIFART STOCKHOLM - PROJEKT FSE209
RAZENY TUNEL SKARHOLMEN

FORBIFART STOCKHOLM - PROJECT FSE209
SKARHOLMEN MINED TUNNEL

TOMAS NEMECEK

ABSTRAKT

V prvnim Cisle casopisu Tunel v roce 2017 byl publikovdn ¢&ldnek popisujici zahdjeni praci na silni¢nim obchvatu mésta
Stockholmu, které zacaly razbou pristupovych tunelii pro tunely hlavni trasy obchvatu (Projekt FSE210). Ndsledujict text bude
hovoFit o navazujicim projektu FSE209, ktery Subterra a.s. realizuje skrze svou dcerinou spolecnost SBT Sverige AB. Ta pode-
psala smlouvu o dilo v prosinci 2016 a samotné prdce zacaly v iinoru ndsledujiciho roku. Cldnek nabidne zdkladni popisné
informace o projektu a také postrehy a zkuSenosti z prvnich mésicu jeho realizace. Ddle se okrajové zmini i o pFistupu zada-
vatele k projektové dokumentaci stavby a komunikaci se zhotovitelem.

ABSTRACT

The first issue of TUNEL journal published in 2017 contained a paper describing the commencement of the work on a road
bypass of Stockholm, which started by driving access tunnels for the tunnels on the bypass main route (Project FSE210). The fol-
lowing text will deal with the follow-up project, FSE209, which is been realised by Subterra a. s. through its daughter company,
SBT Sverige AB. This company signed the works contract in December 2016 and the works started in February 2017. The paper
will offer basic descriptive information about the project and observations and experience from the initial months of the reali-
sation. Further it will marginally mention the attitude of the project owner to the construction design and the communication

with the contractor.

1 ZAKLADNI INFORMACE O FSE209

Jednd se o jeden z celkem osmi samostatnych projektu, do
kterych jsou rozdéleny stavebni prdce na obchvatu
Stockholmu. Podle objemu praci se tento projekt fadi mezi tfi
nejvetsi tunelové stavby celého obchvatu. Projekt FSE209
primo navazuje na prace projektu FSE210, ktery Subterra a.s.
ve sdruZeni se spolecnosti STI s.r.o. ukoncila v tnoru roku
2017. Konec soucasného projektu se predpoklddéd na sklonku
roku 2022.

Projekt FSE209 tvoii dva paralelni tubusy tunelt hlavni
trasy obchvatu dlouhé 4015 m (km 9/935 — km 13/950), Ctve-
fice ndjezdovych nebo vyjezdovych tunelovych ramp
a mnoho podzemnich objektu, jako jsou tunelové propojky &i
vyklenky. Situace je Cdste¢né€ patrnd z obr. 1, ktery zndzornu-
je usek projektu FSE209 mezi stani¢enimi km 10/500 a km
13/000. Prave dvojice tunelovych ramp RT211 a RT212 zajis-
tuje napojeni na silnici E4 vedouci smérem k centru
Stockholmu, a to skrze navazujici hloubené tunelové dseky
sousedniho projektu FSE215, ktery bude predmétem pldno-
vaného vybérového fizeni. V opa¢ném sméru je pak obchvat
se silnici E4 propojen skrze hlavni tunely trasy (HT201,
HT202) a navazujici hloubené tunelové useky projektu
FSE105, které realizuje §védska spole¢nost Skanska. Severni
hranice projektu FSE209 kon&i na ostrové Kungshat, kde
zaCinaji prace dodavatele projektu FSE308 tunel Sodra Lovd,
kterym je sdruZeni Vianini a CMC.

Naplni projektu FSE209 nejsou pouze rozsdhlé razici
price, ty ¢ini zhruba 50 % z celkového objemu praci.
Zbylych 50 % tvori price na vodovodni siti, elektroinstalaci,
definitivnim osténi betonovych konstrukcich v tunelu i na
povrchu ¢i povrchové vrtné prace, které Subterra a.s. bude
realizovat zejména pomoci vlastnich kapacit.

1 BASIC INFORMATION ON FSE209

It is one of the total of eight independent projects the con-
struction work on the Stockholm bypass road is divided into. In
terms of the volume of work, this project ranks among three lar-
gest tunnel construction projects of the whole bypass. The
FSE209 project directly follows up the work on the FSE210
project Subterra a. s. completed in a consortium with the com-
pany of STI s.r.o. in February 2017. The end of the current pro-
ject is expected at the end of 2022.

The FSE209 project comprises two parallel tunnel tubes on
the 4015km long (chainage km 9/935 — km 13/950) main route
of the bypass, four tunnel on ramps or off-ramps and numerous
underground structures, such as tunnel cross passages or reces-
ses. The situation is partially obvious from Fig. 1, which shows
the FSE209 section between chainages km 10/500 and km
13/000. The pair of tunnel ramps RT211 and RT212 provides
the connection to the E4 road leading in the direction of the
Stockholm centre, through connecting cut-and-cover tunnels of
the neighbouring FSE215 project, which will be the subject of
a planned tender. In the opposite direction, the bypass is inter-
connected with the E4 road through the main tunnels on the
road (HT201, HT202) and the connecting cut-and-cover tunne-
Is of the FSE105 project, which are being realised by Swedish
Skanska. The northern border of the FSE209 project ends on
Kungshat island, where work of the contractor for the FSE308
tunnelling project, the S6dra Lovd (a consortium consisting of
the companies of Vianini and CMC) ends.

The FSE209 project does not comprise only extensive tun-
nelling operations. These make up approximately 50% of the
total volume of the works. The remaining 50% is made up of
the work on water distribution network, electrical installations,
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Obr. 1 Situace projektu FSE209 s barevné vyznacenym vychozim stavem v dobé zahdjeni projektu
Fig. 1 FSE project layout with the starting point at the time of the project commencement marked in colour

2 GEOLOGICKE POMERY

JelikoZ se ¢ast ndsledujiciho textu vénuje popisu jednotli-
vych tuneld projektu a zejména postupu raZeb ve slozitych
dsecich, je vhodné na tvod stru¢né popsat geologické prostre-
di, v némz razby probihaji.

AZ na dvodni tunelové pasdZe a mista s nizkym nadloZim se
razi ve skalnim prostredi, které tvofi ruly a ruzn€ zrnité Zuly,
jez jsou pro stockholmsky region typické. Na zdkladé inZenyr-
skogeologického pruzkumu je hornina klasifikovdna a rozdé-
lena do péti horninovych tfid podle indexu Q (Barton et al.),
ktery dale slouzi pro urceni tfidy vyztuZeni vyrubu a stupen
tésnici injektdze. Tridy vyztuZzeni vyrubu urCuji miru a typ
zajisténi, tedy kotevni prvky a stiikany beton, popripad¢ spe-
cidlni opatieni pro horninové tfidy III, IV a V. Stupné tésnici
injektaze existuji tfi (A, B a C). Kazdy stupen md predepsanou
maximélni povolenou vzddlenost konct vrtu pro tésnici injek-
tdz, ¢imz je ureno jejich mnozstvi. V pripadé profilu o veli-
kosti 120 m?2 se jednd o 20—60 vrtii v z4vislosti na daném stup-
ni tésnici injektaze.

Geologickd prognéza puvodniho inZenyrskogeologického
prizkumu projektu FSE209 byla béhem realizace projektu
FSE210 upravena na zdkladé dat z geologického sledovani
vyrubu, ziskanych bé€hem raZeb pristupovych tuneld, které
prokazaly vyskyt oslabené zony v oblasti stavebni jamy
v lokalité Skdrholmen. Aktudlni progndza a rozdéleni hornino-
vych tfid v dseku projektu FSE209 predikuje, Ze vice neZ polo-
vina razicich praci bude probihat v dobrém horninovém pro-
stiedi s indexem Q>10. Kompletni prehled nabizi tabulka 1.

the final lining of concrete structures in the tunnel and on the
surface or the drilling from the ground surface, which will be
carried out by Subterra a. s. using its own capacities.

2 GEOLOGICAL CONDITIONS

Because of the fact that a part of the following text is dedica-
ted to the description of individual tunnels forming the project,
first of all the procedure of excavation applied to complicated
sections, it is appropriate to briefly describe in the beginning the
geological environment which the underground excavation pas-
ses through.

With the exception of the initial excavation section and loca-
tions with shallow overburden, the excavation proceeds
through rock environment formed by gneiss and variously gra-
ined granite, which are typical of the Stockholm region envi-
ronment. The rock mass is classified on the basis of engineering
geological survey. It is divided into five rock classes according
to Q-values (Barton et al.), which is further used for the deter-
mination of the excavation support class and the degree of sea-
ling grouting. The excavation support classes determine the
degree and type of the support, i.e. anchoring elements and
shotcrete, or, as the case may be, special measures for rock clas-
ses III, IV and V. There are three degrees of sealing grouting
(A, B and C). The maximum prescribed spacing of the ends of
boreholes for sealing grouting is prescribed for each particular
degree. The quantity of the boreholes is determined in this way.
In the case of a cross-sectional excavated area of 120mZ, 20-60
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Tab. 1 Prehled horninovych tiid a jejich predpoklddany vyskyt v jednotlivych
tunelech

Table 1 Overview of rock classes and the assumed occurrence of the classes
in individual tunnels

procentualni rozdéleni horninovych tid
distribution of rock classes in percents

tunel HT I HT Il HT Il HT IV HTV
tunnel 0>10 | 4<Q<10 | 1<Q<4 | 0,1<Q<1 | Q<01
HT201 52 5 15 23 5
HT202 53 9 10 22 6
RT211 55 17 13 9 6
RT212 54 23 9 14 0
RT213 61 21 8 10 0
RT214 46 34 7 13 0

3 POSTUP RAZEB A TECHNICKY POPIS TUNELOVEHO
KOMPLEXU

Predesly projekt FSE210 mél za tikol zpfistupnit pomoci cel-
kem tf{ pracovnich tuneli oba tunely hlavni trasy HT201
a HT202, dédle ndjezdovou tunelovou rampu RT211 a vyjezdo-
vou tunelovou rampu RT212, pficemZ dva z téchto pristupo-
vych tuneld vedou do dvou mist tunelu hlavni trasy od sebe
vzdéalenych priblizné 2 km. Prvni z mist se nachdzi v méstské
¢asti Skiarholmen (km 10/525 hlavni trasy) a druhé v nedaleké
méstské Casti Sdtra (km 12/225 hlavni trasy). V lokalité
Skdrholmen se nachazeji vSechny &tyfi tunelové rampy, pri-
Cemz tunelové rampy RT213 a RT214 jsou vubec prvnimi
tunely, které jsou ze stavebni jamy v této lokalité razeny. Po
uvodnich 70 m tunelové rampy RT213 zalind prvni pracovni
tunel AT1 dlouhy 240 m. Ten zajistuje pristup do tuneld v nizs{
drovni, jimiZ jsou tunelové rampy RT211 a RT212. Ve stanice-
ni km 0/115 pracovniho tunelu AT1 zacind druhy pracovni
tunel AT2 dlouhy 250 m vedouci do jiZ zminéného stanice-
ni km 10/525 hlavni trasy obchvatu, odkud jsou raZeny oba
tunely hlavni trasy HT201 a HT202. Primarni kol projektu
FSE210 v této oblasti nebyl k tinoru 2017 splnén zcela podle
planu. Vychozi stav projektu FSE209 v Skdrholmenu byl tako-
vy, Ze razby na tunelech hlavni trasy nemohly byt zahdjeny,
jelikoZ pracovni tunel AT2 byl vyraZen pouze z 95 %. Na misto
toho bylo ale vyraZeno nad rdmec projektu FSE210 a podle
dohody s objednaltelem cca 300 m tunelové rampy RT214
a byly nachystdny rozrdzky v tunelovych rampach RT211
a RT212 z pracovniho tunelu AT1. Vychozi stav projektu
FSE209 je zachycen na obr. 1, ktery barevné zobrazuje stav
razeb na projektu FSE210 k dnoru 2017 v dobé jeho ukondeni.

Pristupovy tunel AT292 v lokalité Sétra se rovnéZz nepodarilo
vyrazit do konce v rdmci projektu FSE210, a tak v tnoru 2017,
kdy se jiz mélo pracovat na tunelech hlavni trasy, se stdle pra-
covalo na jejich zpfistupnéni. Zbyvalo vyrazit 150 m pristupo-
vého tunelu AT292 zakonéeného rozmérnou kavernou pro
budouci ventilacni systémy. Prvni odpal tunelu hlavni trasy
v Sitre se uskte¢nil v bfeznu 2017, a to v tunelu HT202. Od této
chvile probihaji razici prace na celém projektu v plném rozsahu,
tedy na 14 Celbéch stfidavé, opomeneme-li propojky mezi hlav-
nimi tunely a delSi propojovaci tunely tunelovych ramp. Tento
objem praci realizuji ¢tyfi plnohodnotné strojni sestavy zajistu-
jici hlavni operace skandindvské razici metody Drill&Blast,
kterd zahrnuje vrtani, trhaci prace, odtéZeni rubaniny, obtrhan{
vyrubu, tésnici injektdz, stiikany beton a kotveni (obr. 2).

boreholes are required, depending on the particular degree of
the sealing grouting.

The geological prognosis provided by the original enginee-
ring geological survey for the FSE209 project was modified
during the course of the realisation of the FSE210 project on the
basis of the data from geological mapping which was obtained
during the course of the excavation of access tunnels, which
proved the occurrence of a weakness zone in the area of the
construction pit in the locality of Skdrholmen. The current pro-
gnosis and division of rock classes in the FSE209 project secti-
on predicts that over a half of the excavation work will pass
through a good rock environment with the value Q>10. The
complete overview is presented by Table 1.

3 TUNNEL EXCAVATION PROCEDURE AND TECHNICAL
DESCRIPTION OF THE COMPLEX OF TUNNELS

The previous FSE210 project had a task to provide access to
two tunnels on the main route, HT 201 and HT202, the RT211
tunnel on ramp and the RT212 off-ramp by means of three wor-
king tunnels; two of the access tunnels lead to two locations on
the main route tunnel, which are approximately 2km apart. The
first of the locations is in the Skidrholmen municipal district
(main route chainage km 10/525) and the other one in the near-
by Sétra municipal district (main route chainage km 12/225).
All four tunnel ramps are in the Skidrholmen locality. The
RT213 and RT214 ramps are the first tunnels driven from the
construction pit in this locality. The first working tunnel, the
240m long AT, starts after the initial 70m of the RT213 tunnel
ramp. It provides access to tunnels at a lower level (the RT211
and RT212 tunnel ramps). At chainage 0/115 of the AT1 wor-
king tunnel, the other working tunnel, the 250m long AT2 tun-
nel leading to the above-mentioned chainage km 10/525 of the
main bypass route starts. Both tunnels on the main route, the
HT201 and HT202, are driven from this chainage. The primary
task for the FSE210 project in this area was not fulfilled fully
according to the plan by February 2017. The starting condition
of the FSE209 project in Skdrholmen was that the excavation in
the main route tunnels could not commence because the exca-
vation of the AT2 working tunnel was finished only at 95%.
Instead, according to an agreement with the client, ca 300m of
tunnel ramp RT214 were excavated over the framework of the
FSE210 project and points of attack were prepared in tunnel
ramps RT211 and RT212 from the working tunnel AT1. The
starting condition of the FSE209 project is shown in Fig. 1,
which depicts in colour the condition of the excavation for the
FSE210 project before February 2017, at the moment of its
completion.

Even the excavation of the AT292 access tunnel in the locali-
ty of Sétra was not finished up to the tunnel end, so the access
to the main route tunnels was still worked on in February 2017,
when the excavation of the main route tunnels was already to
be in progress. The excavation of 150m of the AT292 access
tunnel terminated by a large cavern for the future ventilation
systems remained to be carried out. The first shot firing in the
main route tunnel in Sétra took place in the HT202 tunnel in
March 2017. From that time on, the excavation work has been
proceeding on the whole project in full, alternatively at 14 hea-
dings (not mentioning the cross passages between the tunnels
and the longer connecting tunnels between tunnel ramps). This
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3.1 Tunely hlavni trasy

Hlavni trasu celého obchvatu tvori dvojice paralelnich tune-
14, jejichz osy jsou od sebe vzddleny 15 m. Trasa obchvatu je
dlouhd 21 km, z ¢ehoz 18 km je vedeno pod povrchem.
Ctyikilometrovy tsek projektu FSE209 za&ind ve stani¢eni km
9/935 zhruba 10 m pod povrchem a dile pokracuje tpadné az
do svého konce ve stani¢eni 13/950, kde se nachazi zhruba
60 m pod povrchem.

Tunely hlavni trasy prochdzeji v blizkosti nékolika existu-
jicich objektu &i pasdZzemi s kritickou vy$kou nadloZi. Prvni
ze sloZitych tseku se nachédzi mezi stani¢enimi km 10/760 —
km 10/860. Zde totiZ tunely hlavn{ trasy prochdzeji pod tune-
lovymi rampami RT212 a RT214 a horninovy pilif mezi tune-
ly bude dosahovat mocnosti okolo 8 m. Toto je patrné z fezu
ve stani¢eni km 10/805 hlavn{ trasy (obr. 3). Umisténi tohoto
fezu je vyznaCeno na obr. 1. Stoji za zminku, Ze v tomto
misté jeSté nad tunelovymi rampami ve vzdilenosti 10 m
vede stavajici linka stockholmského metra, coZ bohuzel neni
patrné z obr. 3. Projekt tuto ¢ast razeb identifikoval jako tsek
s omezenou délkou zdbéru a pravdépodobnou nutnosti ¢lenit
vyrub za dcelem minimalizace seismickych déinku trhacich
praci na blizkou tunelovou rampu RT212 a RT214. Podobna
situace nastane jeSté nékolikrat, jelikoz dalSi propojovaci
tunely tunelovych ramp, které jdou zhruba od stani¢eni km
10/900 paralelné s hlavnimi tunely, vedou nad tunely hlavni
trasy.

Dalsi komplikaci pfi razbdch tuneld hlavni trasy jsou
useky prochézejici pod chranénymi prirodnimi rezervacemi
nachdzejicimi se mezi stani¢enimi km 10/900 — km 11/320
a km 11/500 — km 11/800, které projekt klasifikuje jako treti
geotechnickou kategorii, coZ znamend, Ze razby sleduje geo-
technickd rada. Tato rada obvykle poZaduje bliZsi sledovani
postupu a ndsledné Cetnd bezpeénostni opatfeni zpomalujici
postup praci.

Za zminku stoji také ¢4sti, kde se na hlavni tunely napoju-
ji tunelové rampy. V téchto pomérné dlouhych dsecich napo-
a dosahuji plochy vyrubu 250 mZ. Toto je markantni nériist
v porovnani s typickym pri¢nym fezem, ve kterém dosahuji
tunely hlavni trasy $itky 15,5 m a plocha vyrubu lehce presa-
huje 120 m?2.

Posledni vyznamnou pasdZi se znaCnymi restrikcemi pro
razici prace je ¢dst pod jezerem Milaren mezi stanicenimi km
12/500 a km 12/700. VeSkerym pracem v této oblasti bude
predchédzet dodatedny pruzkum nadloZi i predpoli tunelu ure-
ny k ovéfeni kvality horninového masivu. Prizkum se bude
opirat o mnoZstvi vrtd do stropu tunelu dlouhych 29-31 m,
které budou mapovat horninovy masiv do vysky 15 m nad
kalotou tunelu. Z téchto predvrti budou ziskdvana tzv. MWD
data (Mesurement While Drilling) slouZici pro stanoveni kva-
lity horninového masivu. Dal$im podkladem pro kvalitativni
posouzeni horninového masivu budou jadrové predvrty dlou-
hé 47 m, postupné mapujici cely kriticky dsek (obr. 4).
Geologické sledovdni vyrubu a data ziskand z dodate¢nych
vrti by mély zajistit spolehlivé posouzeni a zatfidéni horni-
nového masivu, podle kterého projektovd dokumentace urcu-
je miru zaji§téni vyrubu a predpoli, maximdlni pripustnou
délku zéaberu, ¢lenéni vyrubu, délku tésnici injektdze ¢i kon-
vergenéni méreni osténi. Specidlni opatieni jsou aplikovana
jiz v horninové tride IIT (1<Q=4), kde dokumentace predepi-
suje vyrazit nejprve jadro v Sifce 5-8 m, nasledné opéfi
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Obr. 2 Tunely hlavni trasy HT202 pri nabijeni Celby trhavinou za pomoci
vrtaciho vozu

Fig. 2 HT202 main route tunnels during charging of explosives using the
drilling rig

volume of work is being realised by four full-fledged equip-
ment sets carrying out the main operations of the Scandinavian
Drill&Blast tunnelling method comprising drilling, blasting,
loading of muck, scaling, sealing grouting, shotcrete and
anchoring (see Fig. 2).
3.1 Main route tunnels

The main route of the entire bypass road is formed by a pair
of parallel tunnels, the centre lines of which are 15m apart. The
bypass route is 21km long and 18km of this length are underg-
round. The four kilometres long section of the FSE209 project
starts at chainage km 9/935, approximately 10m under the ter-
rain surface, and continues on a down gradient up to its end at
chainage 13/950, where it is roughly 60m under the surface.

The main route tunnels run in the vicinity of several existing
buildings or through sections with a critical height of the over-
burden. The first of the complicated sections is between chai-
nages km 10/760 — km 10/860. In this location the main route
tunnels pass under the tunnel ramps RT212 and RT214 and the
width of the rock pillar between the tunnels will amount to ca
8m. This is obvious from the cross-section at chainage km
10/805 of the main route (see Fig. 3). It is worth mentioning
that an existing Stockholm metro line leads above the tunnel
ramps at the distance of 10m. Unfortunately this cannot be seen
in Fig. 3. The design identified this part of the excavation as
a section with a limited excavation advance length and with
a probability of the necessity for dividing the excavation face to
minimise seismic effects of blasting operations on the close
tunnel ramps RT212 and RT214. A similar situation will be
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Obr. 3 Prostorové uspordddni zastiZenych celeb ve stani¢eni km 10/850 hlavni trasy zndzorniujici horninovy pilit mezi tunely
Fig. 3 Spatial arrangement of excavation headings encountered at chainage km 10/850 of the main route, showing the rock pillar between the tunnels

s kalotou. Horninova trida IV (0,1<Q<1) priddva zajisténi
predpoli pomoci 6m SN jehel do pfistropi kaloty a zkracuje
zabér na polovinu, tzn. na 3 m. Pfed dal$im postupem musi
byt vyrub zcela zajistén stiikanym dratkobetonem tloustky
minimalné 50 mm a aktivovanymi radidlnimi SN kotvami,
jejichz délku, typ a pocet zvoli geolog na zdkladé geologic-
kého sledovani vyrubu. V této tfidé maze volit systémové i
selektivni kotveni (popripadé kombinaci obojiho) v projek-
tem doporucené délce 4 m. Toto kompletni zajisténi vyrubu,
které je podminkou pro dal$i postup, znaéné zpomaluje
postup raZzeb. Posledni tfida V déle zkracuje zabér na 2,5 m
a omezuje §itku jadra na maximdlné 5 m. Okamzité po vyra-
Zeni jadra je potreba vyrub zajistit 50 mm stfikaného drétko-
betonu, ktery plni funkci do¢asného zajisténi a bude nésled-
né vybouran. Po dosazeni plného profilu je nutné vyrub zaji-
stit min. 100 mm stfikaného dratkobetonu a systémovym
kotvenim podle instrukci geologa, pric¢emz soucasné je nutné
pri razbé pocitat s prostorem minimdlné 400 mm v celém
obvodu vyrubu pro pripadnd dodatecnd opatreni k jeho zajis-
téni. V pripadé, Ze se tato horninovd tfida vyskytne v tdseku
dels$im nez 10 m, budou do osténi osazeny merické body pro
méfeni konvergenci, pro néz jsou popsany tfi varovné stavy:
2 mm, 4 mm a 6 mm. ZvI4stni pozornost je vénovéna tésni-
ci injektdzi predpoli, kterd v béznych podminkdch probihd
v délce 24 m, coz dovoluje tfi plné postupy pred dalsi injek-
tdzi. V pasdzi pod jezerem Milaren projektova dokumentace
popisuje ndsledujici omezeni. Budou-li v tunelu naméreny
pritoky vody vétsi 50 1/min, dojde ke zkrdceni injektdZe na
12 m a receptura injektdZzni smési bude muset byt upravena.
Nastane-li situace, kdy okolnosti budou vyzadovat aplikovat

encountered several times again because other tunnels inter-
connecting the tunnel ramps, running approximately from cha-
inage km 10/900 in parallel with the main tunnels, lead above
the main route tunnels.

Another complication during the excavation of the main
route tunnels lies in the sections passing under natural reserves
located between chainages km 10/900 — km 11/320 and km
11/500 — km 11/800, which are classified by the design as the
third geotechnical category, which means that the excavation is
observed by the geotechnical board. This board usually requi-
res closer monitoring of procedures and subsequent numerous
safety measures reducing the excavation advance rate.

Worth mentioning are also the parts where tunnel ramps con-
nect the main tunnels. In those relatively long sections of the
connection (about 300m) the width of the tunnels continuously
increases up to 27m and their excavated cross-sectional area
reaches 250m?2. This is a marked increase in comparison with
the typical cross-section, where the width of the main route tun-
nels reaches 15.5m and the excavated cross-sectional area
slightly exceeds 120m2.

The last important section with significant restrictions for tun-
nelling work is the part under the Milaren lake between chaina-
ges km 12/500 and km 12/700. All work operations in this area
will be preceded by the complementary survey of the tunnel
overburden and the face-advance core, designed to verify the
quality of the rock mass. The survey will rely on a great number
of 29-31m long boreholes into the tunnel crown, which will map
the rock massif up to the height of 15m above the tunnel top hea-
ding. The so-called MWD data (Measured While Drilling) used
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for the determination of rock
mass quality will be obtained
from those advance boreholes.
Another source for the qualitati-
ve assessment of the rock mass
will be obtained by 47m long
cored boreholes into the face-
advance core, gradually map-
ping the entire critical section
(see Fig. 4). The geological
mapping and the data obtained
from additional boreholes
should provide a reliable assess-
ment and classification of the
rock mass, according to which
the design documents determine
the degree of support for the
excavation and the face-advan-
ce core, the maximum allowab-
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Obr. 4 Dodatecny pruzkum v oblasti jezera Miilaren — jadrové predvrty

Fig. 4 Complementary survey in the area of the Miilaren lake — cored boreholes into the face-advance core

kombinaci vice z vySe popsanych opatfeni soucasné, stane se
téchto 200 m kritickym dsekem razicich praci.

Dal$imi objekty, které jsou souldsti raZeb tuneld hlavni
trasy, jsou tunelové propojky a pracovni tunely. Jednd se
o celkem 50 tuneld kolmych na osu trasy obchvatu spojujici
oba hlavni tunely. Tunelové propojky spojuji tunely hlavni
trasy kazdych 100 m a pracovni tunely pak kazdych 500 m.
Délka propojek je 15 m s plochou vyrubu do 70 m2. Tunelové
propojky budou ukryvat mnohé z findlniho vybaveni tunelu
a rovneZ skrze né povedou unikové trasy. Béhem realizace
budou prevazné vyuzivany logisticky jako alternativni trasy
pro pohyb mechanizace pri soubéhu razeb a ndslednych praci
v tunelech. Stru¢ny prehled zdkladnich parametra vSech vyse
popsanych objektu je v tabulce 2.

3.2 Tunelové rampy a jejich propojovaci tunely

Tunelové rampy plni funkci podzemniho kfiZeni a napoje-
ni tunelu hlavni{ trasy na stdvajici povrchové komunikace.

V pripadé ramp RT213 a RT214 se jednd o spojeni hlavnich
tunell a centra méstské ¢asti Skirholmen, kde se nachdzi auto-
busové nddrazi, z néhoz budou jezdit autobusové spoje vyuzi-
vajici obchvatu mésta. Tyto dvé tunelové rampy budou slouzit

Tab. 2 Prehled zdkladnich parametru tunelu hlavni trasy a jejich propojovacich tunelu véetné pracovnich tunelu
Tale 2 Summary of basic parameters of the main route tunnels and the cross passages between them, including working tunnels

le length of the excavation
advance round, the division of
the excavation into sequences,
the length of drilling holes for sealing grouting or convergence
measurements of. Special measures are contained already in the
tunnel excavation support class III (1<Q=4), where the design
prescribes that a 5-8m wide core is excavated first, and the bench
with top heading subsequently. Rock class IV (0.1<Q=<1) adds the
stabilisation of the core with 6m long SN spiles into the top hea-
ding crown and reduces the length of excavation rounds to a half,
i.e. to 3m. Before the next excavation advance, the excavated
space has to be completely supported by a shotcrete layer at least
50mm thick and with activated radial SN anchors the length, type
and quantity of which is chosen by a geologist on the basis of
geological mapping. In this class the geologist can chose pattern
anchoring or selective anchoring (or a combination of the two
systems) at the length of 4m recommended by the design. This
complete support of the excavation, which is a condition for the
next excavation advance, significantly reduces the excavation
advance rate. The last class, class V, further reduces the excavati-
on advance per round to 2.5m and restricts the advance core width
to the maximum of 5m. Immediately after the excavation of the
core, the excavated space has to be stabilised by a 50mm thick
layer of steel fibre reinforced shotcrete, which fulfils the function
of temporary support and will be subsequently broken out. After
reaching the full profile
the excavation has to be
stabilised by a minimal-
ly 100mm thick layer of

tunel plocha vyrubu Sitka vy$ka délka objem

vytézené rubaniny steel fibre reinforced
tunnel excavated width height length volume S_hOtcrete and an anChO‘
cross-sectional area of removed muck ring system, following
[m2] [m] [m] [m] [m3] instructions of the geo-
logist; at the same time it
HT201 120-125 15,5 8,5 4015 468 545 is necessary during the
HT202 120-125 15,5 8,5 4015 469 885 course of the excavation
: — to allow for minimally
propojky (41 objektd) 51 6 8,5 615 26 381 400mm  wide space

cross passages (41 structures) .
around the whole cir-
pracovni tunely (9 objekt() 68 8 8,5 135 6 930 cumference of the exca-

working tunnels (9 structures)

vation for contingent
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pouze méstské hromadné doprave. Razend st vyjezdové tune-
lové rampy RT 214 zacind ve stani¢eni km 0/850 a jako takovd
pokracuje az do km 0/250, kde se setkdva s tunelovou rampou
RT212. Dal$ich 250 m je pak oznacovano jako zakonceni ramp
RT214/RT212. Razba této tunelové rampy se potykd s podob-
nymi omezenimi jako raZba tunelu hlavni trasy. Jedna se o razbu
v blizkosti existujicich podzemnich objektu a o prichod pod
chranénou pfirodni rezervaci. K srpnu 2017 zde bylo vyraZzeno
priblizné 450 m. Toto zahrnuje prace projektu FSE210.

Razby ndjezdové tunelové rampy RT213 byly projektem
FSE210 zahdjeny ze stani¢eni km 0/200. Tato rampa je dlouhd
1231 m, pri¢emz poslednich 365 m se plynule napojuje na
rampu RT211. K srpnu 2017 bylo vyraZzeno priblizné¢ 300 m
véetné praci projektu FSE210. V useku km 0/675 — km 0/745
prochézi tunelovd rampa RT213 oblasti s nizkym nadloZim, jeZ
z Casti tvori skalni masiv ¢aste¢ne doplnény pilifi tryskové injek-
taze, a to v mistech, kde je inZenyrskogeologickym pruzkumem
predikovdna morénova vrstva zasahujici do profilu razeného
tunelu (obr. 5). V dob¢, kdy se razby pribliZi tomuto dseku, nebu-
de tryskovd injektdZ pravdépodobné jest€ z Casovych davodu
provedena. Proto bude nejprve v celé délce tseku vyrazen pilot-
ni tunel Sitky 6 m a vysky 7 m (obr. 6). Maximalni povoleny
z4bér je stanoven na 2 m a dal3i zdbér muZe byt zahdjen aZ po
kompletnim zaji$téni vyrubu strikanym betonem tloustky
75 mm a systémovymi SN kotvami délky 3 m, v rastru 2 x 2 m.
Vzhledem k tomu, Ze se jednd o doCasnou vystroj, mohou byt
pouzity lamindtové kotvy splnujici kritérium minimalni pev-
nosti v tahu 225 kN. Pro kontrolu dostate¢né dimenze zajiste-
ni budou slouzit konvergenéni méreni. Po dokonéeni tryskové
injektdZe bude povoleno pristoupit k rozsiteni tunelu do plné-
ho profilu. Technologicky postup z projektové dokumentace
predepisuje ndsledujici postup. Zajisténi predpoli razby je
pomoci 6 m dlouhych jehel s presahem minimdlné 3 m.
Zajisténi vyrubu je provadéno pomoci dvou vrstev stifkaného
betonu, kdy druhd vrstva silnd 250 mm bude nanesena po nain-
stalovani prihradovych rame-

additional measures for its stabilisation. If this excavation support
class is encountered along a section longer than 10m, convergen-
ce measurement points for which 3 warning states are described
(2mm, 4mm and 6mm) will be embedded into the lining. Special
attention is dedicated to sealing grouting into the face-advance
core, which is in common conditions carried out along the length
of 24m, which allows for 3 full excavation rounds before the next
grouting step. In the section under the Mélaren lake, the design
describes the following restrictions: If water inflow rates measu-
red in the tunnel exceed 50L/min, the length of grouting holes will
be reduced to 12m and the grouting mixture formula will have to
be changed. If a situation where the concurrent application of
combinations of several above-mentioned measures is necessary
due to the circumstances, this 200m long section will become
a critical section of the tunnelling work.

Other structures forming parts of the main route tunnels exca-
vation are the tunnel cross passages and working tunnels. There
are 50 tunnels perpendicular to the route centre line of the bypass
connecting the two main tunnels. The tunnel cross passages inter-
connect the main route tunnels every 100m and the working tun-
nels do it every 500m. The cross passages are 15m long and the
excavated cross-sectional area of each cross passage amounts to
70m?. The tunnel cross passages will house numerous items of the
final tunnel equipment and escape routes will lead along them.
During the course of the realisation they will be used logistically
as alternative routes for the movement of excavation equipment in
the case of concurrence of the excavation work and follow-up
operations in the tunnels. A brief overview of basic parameters of
structures described above in Table 2.

3.2 Tunnel ramps and tunnels interconnecting them

The tunnel ramps fulfil the function of underground crossing and
connecting the main route tunnels to the existing at-grade roads.

nétu od sebe vzdélenych 1 m.
Diéle budou ve sténéch tunelu &

instalovdny systémové kotvy
délky 4 m v rastru 1,3x 1,3 m.
Projektem stanoveny zabeér je
2 m, priCemZ po kazdém
odpalu musi byt ¢elba zajiste-
na vrstvou nevyztuZeného
stfikaného betonu tloustky
50 mm. Detailni popis zajis-
tovacich prvku je déle speci-

418,00 m

fikovan na obr. 7. Funk¢nost o

zajisStovacich prvka bude
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méfenim.
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Obr. 5 Tunelovd rampa RT213 - tryskovad injektdZ nadloZi
Fig.5 RT213 tunnel ramp - jet grouting into the overburden
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In the cases of the RT213 and RT214 ramps,
their function is to connect the main tunnels to
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the centre of the municipal district of
Skidrholmen, where the bus station from which
bus lines using the city bypass will ride is
located. These two ramps will be used only for
urban mass transit. The mined part of the
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pilite tryskové injektaze
jet grouted pillars

tfida vyrubu horniny 1
rock excavation Class 1

RT214 tunnel off-ramp starts at chainage km
0/850 and continues up to chainage km 0/250,
where it encounters the RT212 tunnel ramp.
The next 250m long section is called the ter-
mination of the RT214/RT212 ramps. The
excavation of this tunnel ramp stands up to
restrictions similar to restrictions on the exca-
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vation of the main route tunnels. This excava-
tion runs near existing underground structures
and passes under a protected natural reserve.
Approximately 450m of this excavation was
finished before August 2017. It comprises the
work on the FSE210 project.

The RT213 on-ramp excavation was started
by the FSE210 project from chainage km
0/200. This ramp is 1231m long, with the
365m long end section fluently connecting the
RT211 ramp. As of August 2017, approximate-
ly 300m of the excavation have been finished,
including all items of the work on the FSE210

Obr. 6 Rez tunelovou rampou RT213 v dseku pod piliii tryskové injektdZe zndzornujici pilotni

tunel a ndslednou dobirku, kterd bude raZena aZ po dokonceni tryskové injektdiZe

Fig. 6 Cross-section through the RT213 tunnel ramp in the section under the jet grouted pillars
showing the pilot tunnel and the subsequent drawing back operation which will be carried out

after the completion of jet grouting

Naopak automobily jedouci z jizni ¢asti mésta mohou vyuZit tune-
lovou rampu RT211 k vjezdu do tunelu hlavni trasy pri cesté na
sever pres jezero Milaren. Razba obou tunelovych ramp probiha
skrze pristupovy tunel AT1, ktery je do téchto ramp napojen
zhruba v % jejich délky. Razba probihd soufasné v obou profi-
lech v obou smérech. Vychodnim smérem se razi dovrchné, jedi-
nou ocekdvanou prekdzkou jsou dseky s nizkym nadlozim, ve
kterych se uvaZuje se stejnymi opatfenimi jako v pripadech
popsanych dfive. Razba opaénym smérem také nepfinese nic
nového. Problematické budou useky kiiZzeni s tunely hlavni trasy,
mista napojeni na tunelové rampy a tunelu hlavni trasy, v nepo-
sledni fadé pak citlivé useky prochdzejici pod chranénymi pri-
rodnimi rezervacemi.

Tunelové rampy budou spojeny delSimi propojovacimi tunely
mensiho profilu do 70 m2. Jedna se o celkem 13 tuneli v délce od
20 m do 150 m. Tyto tunely budou spojovat tunelové rampy nacha-
zejici se vedle sebe ve stejné vyskové trovni. Také budou vyraze-
ny propojky mezi rampami v ruznych vyskovych hladinéch, jeZ
budou mit na svém konci obvykle hloubenou Sachtu vedouci do
drovné druhé rampy. Propojky budou béhem uZivani dila slouZit
zejména jako tnikové cesty a prostor pro nékteré technologie
v tunelu. Béhem razby hraji zdsadn{ logistickou roli a budou vyu-
zivany jako trasy mechanizace pri soub¢hu razeb a praci na defi-
nitivnim osténi. Tabulka 3 nabizi prehledny souhrn zdkladnich
parametra tunelovych ramp a jejich propojovacich tunelt.

3.3 Ostatni podzemni objekty
Kromé tunelt bude vyraZeno nékolik podzemnich prostor pro
vSechny technologie potfebné k provozu tunelu. Mezi zajimavé

project. In the section km 0/675 — km 0/745,
the RT213 ramp runs across a shallow over-
burden area, which is partially formed by rock
mass partially complemented by jet grouted
pillars in locations where the engineering geo-
logical survey predicts a moraine layer extending into the
mined tunnel profile (see Fig. 5). At the moment when the
excavation gets close to this section the jet grouting probably
will not be finished for reasons of time. For that reason a 6m
wide and 7m high pilot tunnel (see Fig. 6) will be first driven
throughout the length of the section. The maximum allowable
advance per round is determined at 2m and the following
round is permitted only after completion of the excavation
support with a 75mm thick layer of shotcrete and the installa-
tion of a system of 3m long SN anchors at a 2 x 2m grid.
Taking into consideration the fact that this support purpose is
only temporary, it is possible to use glassfibre reinforced plas-
tic anchors meeting the requirement for the minimum tensile
strength of 225kN. Convergence measurements will be used
for checking on the sufficiency of the excavation support
dimension. The expansion of the tunnel to the full profile will
be permitted after the completion of jet grouting. The method
statement contained in the design prescribes the following
procedure: Stabilisation of the excavation front zone with 6m
long spiles with a minimum 3m overlapping. Supporting the
excavation with two layers of shotcrete, where the 250mm
thick second layer is applied after the installation of lattice
girders spaced at Im is finished. In addition, a system of
4m long anchors will be installed in the tunnel walls at
a 1.3 x 1.3m grid. The design prescribes the excavation advan-
ce length of 2m, with the excavation face stabilised with
a 50mm thick layer of unreinforced shotcrete. The detailed
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Obr. 7 Zajisténi vyrubu v tunelové rampé RT213 v useku s nizkym nadloZim

Fig. 7 Excavation support in the RT213 tunnel ramp in the shallow overburden section

patii napiiklad Cerpaci stanice, prostory pro rozvodnd zarizeni
elektrické energie a prostory pro fizeni ventilace v pripadé poZaru.

Cerpaci stanice jsou v tdseku tohoto projektu celkem tii,
vSechny se nachdzeji v tunelu hlavni trasy HT202, a to ve stani-
Cenich km 10/950, km 12/450 a km 13/150. Jsou to rozmérné
podzemni objekty razené kolmo na osu hlavniho tunelu v délce
20 m. Jejich vyska je 13 m, pficemz dno leZi 4 metry pod drov-
ni dna hlavniho tunelu.

Prostory pro rozvodné stanice se nachdzeji jak v hlavnich
tunelech, tak v tunelovych rampach. Celkem se jednd o deset
objekta velmi podobnych &erpacim stanicim. Rozdilem je, Ze
dno hlavniho tunelu a tohoto vyklenku je ve stejné drovni.
V soucasné dobe jsou dokonceny dva vyklenky (obr. 8).

Ve stani¢eni km 12/225 hlavnich tunel se nachdzi 70 m dlouh4
kaverna dosahujici vy$ky 22 m. Jednd se o zakonCeni pristupové-
ho tunelu AT292, ze kterého se razi oba tunely hlavni trasy (obr. 9).

Tab. 3 Prehled zdkladnich parametri tunelovych ramp a jejich propojovacich tunelu
Table 3 Summary of basic parameters of tunnel ramps and tunnels interconnecting them

description of the support elements is further specified in
Fig. 7. The functionality of the support elements will be chec-
ked by convergence measurements.

The RT212 tunnel off-ramp and the RT211 tunnel on-ramp
connect the main route tunnels with the E4 road in the direc-
tion of the centre and away from the centre. Thus the cars dri-
ving along the bypass road from the north to the south can, if
they want to continue in the direction of Stockholm, go out
along the RT212 tunnel ramp. Conversely the cars driving
from the southern part of the city can use the RT211 tunnel
ramp for entering the main route tunnel while travelling north
across the Milaren lake. The excavation of both tunnel ramps
proceeds through the AT1 access tunnel, which is connected
to the ramps approximately at % of their length. The excava-
tion proceeds concurrently in both profiles, in both directions.
The excavation heading
east proceeds inclined

upwards; the only
tunel plocha vyrubu Sitka vy$ka délka objem expected obstacles are
vytéZené rubaniny the shallow overburden
tunnel excavated width height length volume sections, for which the
cross-sectional area of removed muck application of the same
m?] [m] [m] [m] [m3] measures as those desc-
R211 90 10-12 7,5 1785 82 201 ribed above is planned.
The excavation in the
R212 90 10-12 7,5 1947 68 951 opposite direction will
R213 90 10-12 7,5 1231 67 489 also bring nothing new.
Problems will be en-

R214 90 10-12 7,5 850 52 585 . .
countered in sections
propojovaci tunely (13 tuneld) 50-70 6,5 7,5 700 34 165 crossing the main route

connecting tunnels (13 tunnels)



Obr. 8 Tunelovd rampa RT211 zachycujici pohled na elektrovyklenek ELDU
26H (vlevo) a vyusténi pristupového tunelu ATI, ze kterého vedou lutny pro
vétrdni v tomto tunelu

Fig.8 The RT211 tunnel ramp with a view of the ELDU 26H electrical instal-
lation niche (for the left) and the AT1 access tunnel mouth from which ven-
tilation ducts lead to this tunnel

V prostoru kaverny, ktery se nachdzi nad profilem tuneld hlavni
trasy, vznikne betonovd konstrukce stropu s pruduchy, kterymi
bude v pripadé pozaru fizeno odvétrani zplodin z tunelu. Pri razbé
této kaverny se nejdrive vyrazila kalota v celé své délce. Poté, co
byl vyrub kompletné zajistén pomoci kotev délky 6 m a strikané-
ho dritkobetonu tloustky 100 az 150 mm, se pokrac¢ovalo dobirkou
dna. Celkem zde bylo vytéZeno 15 500 m3 rubaniny. Piehled
zdkladnich parametru objektu popsanych v této kapitole se nacha-
z{ v tabulce 4.

Tab. 4 Prehled zdkladnich parametru ostatnich rozmérnych podzemnich objekti

Table 4 Summary of basic parameters of the other underground structures
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tunnels, in locations of connections to the tunnel ramps and
the main route tunnel and, at last but not least, sensitive secti-
ons passing under protected natural reserves.

The tunnel ramps will be interconnected by longer conne-
cting tunnels with smaller profiles up to 70m2. They compri-
se the total of 13 tunnels with the lengths ranging from 20m
to 150m. Those tunnels will interconnect the parallel tunnel
ramps found at the same height levels. Cross passages betwe-
en the ramps at different height levels will also be driven.
They will usually have a shaft sunk at the end, leading to the
level of the other ramp. The cross passages will be used
during the use of the works mainly as escape routes and as
a space for some tunnel equipment. They play a fundamental
role in logistics and will be used as routes for moving exca-
vation equipment in the cases of the excavation and work on
the final lining being carried out concurrently. Table 3 offers
a synoptic list of basic parameters of tunnel ramps and the
tunnels interconnecting them.

3.3 Other underground structures

Apart from tunnels, several underground spaces will be
excavated for all items of equipment necessary for the tunnel
operation. Among the interesting ones, there are, for exam-
ple, pumping stations, spaces for electric power distribution
equipment and spaces for controlling the ventilation in the
case of a fire.

There are three pumping stations within the section cove-
red by this project. All of them are located in the HT202 main
route tunnel, at chainages km 10/950, km 12/450 and km
13/150. These large underground structures are excavated at
the length of 20m perpendicularly to the main route tunnel.
They are 13m high, with the bottom lying 4m under the main
tunnel bottom level.

The spaces for power distribution stations are both in the
main route tunnels and in the tunnel ramps. There are ten
distribution station structures in total. They are very similar
to the pumping stations. The difference lies in the fact that the
bottom of the main tunnel and this recess are at identical
levels. At the moment, two recesses have been finished (see
Fig. 8).

At chainage km 12/225 of the main tunnels, there is a 70m
long cavern with the height reaching 22m. It provides the ter-
mination of the AT292 access tunnel, from which both main

route tunnels are exca-
vated (see Fig. 9). In
the space of the
cavern, which is loca-

tunel plocha vyrubu Sitka vySka délka objem ted above the profile

vytézené rubaniny of the main route tun-

tunnel excavated width height length volume nels, a concrete struc-

cross-sectional area of removed muck ture of the roof deck

[m2] [m] [m] [m] [m?3] will originate, with

elektro vjklenky (10 objekti) 160 20 8 120 19 488 ventilation holes in it

electrical installation niches (10 objects) through which com-

, ; ) ) bustion products will
Cerpaci stanice (3 objekty) 130 10 13 60 7 800 N .

. ) . be evacuated from the
pumping stations (3 objects) )

tunnel. During the

kaverna 220 10 22 70 15 500 excavation of this

cavern

cavern, the top hea-
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4 STRUCNY POPIS KONSTRUKCE DEFINITIVNIHO
OSTENI TUNELU

Soucdsti praci projektu FSE209 je mimo jiné také realizace
definitivniho osténi tunelu. Projekt o definitivnim osténi hovo-
i pouze obecné, jelikoZ jeho ndvrh je na zhotoviteli. Zadan{
vychazi z doporucenych technickych specifikaci, kvalitativ-
nich pozadavkl a zejména pak z 3D informa¢niho modelu.
V této véci Subterra a.s. spolupracuje s mistni projekéni kan-
celari, jejiz hlavnim tdkolem je projekt nejen definitivniho
osténi, ale veskerych betonovych konstrukei, mezi které patri
naptiklad dva hloubené tunely v lokalité Skéirholmen, betono-
vé konstruce v tunelovych propojkiach a ve vyklencich, casti
ventilaéniho systému v Sitfe véetné podzemni poZarni stanice.

Definitivni osténi v tunelech obchvatu slouzi jako findlni
pohledovd konstrukce ddvajici tunelu konec¢ny tvar a ddle
ukryva izolaéni vrstvu proti vod€. Postup pri realizaci defini-
tivniho osténi za¢ind navrtdnim instalaénich kotev ruzné
délky do stropu tunelu a jedné ze stén tunelu tak, aby bylo
dosazeno pozadovaného tvaru tunelu. Na tyto kotvy bude pfi-
pevnéna hydroizola¢ni félie z LLDPE tloustky 1,1 mm.
Dalsim krokem je zavéSeni prefabrikovanych sténovych ele-
mentl o rozmérech 5 x 3 x 0,2 m na strop tunelu pomoci pri-
pravenych instalacnich kotev, a to po obou strandch tunelu,
pri¢emz na stran€, kde neni hydroizolaéni félie, bude element
priloZen tésné ke sténé tunelu. Na druhé strané bude odsazen
o 1,5 m, aby vznikl prostor pro instalace a inZenyrské sité.
Nasledné bude hydroizolace napojena na sténové elementy

Obr. 9 Kaverna na konci pristupového tunelu AT292, misto odkud jsou raZe-
ny tunely hlavni trasy z lokality Séitra

Fig. 9 The cavern at the end of the AT292 access tunnel, the location from
which the main route tunnels are driven from the Siitra locality

ding was excavated first, throughout the cavern length.
Drawing back the bottom continued after the installation of
the complete support with 6m long anchors and a 100 to
150mm thick layer of steel fibre reinforced shotcrete. The
total volume of muck removed from the tunnel amounted to
15,500m3. The overview of basic parameters of structures
described in this chapter is presented in Table 4.

4 BRIEF DESCRIPTION OF THE FINAL TUNNEL
LINING STRUCTURE

Part of the works on the FSE209 project is, among other
operations, the realisation of the final tunnel lining. The
design mentions the final lining only generally because the
lining design is provided by the contractor. The design is
based on recommended technical specifications, qualitative
requirements and, first of all, on a 3D information model.
From this aspect, Subterra a. s. collaborates with a local
designing office. The main task of this office is the design not
only the final lining but also design all concrete structures, for
example two cut-and-cover tunnels in the Skdrholmen locali-
ty, concrete structures in tunnel cross passages and recesses,
parts of the ventilation system in Sétra including an underg-
round fire station.

The final lining in the tunnels on the bypass road is used as
a final architectural structure providing the final shape for the
tunnel and hiding the waterproofing layer. The final lining
realisation procedure starts by drilling for the installation of
anchors with various lengths into the tunnel crown and one of
the tunnel walls required for achieving the designed tunnel
shape. The 1.Imm thick LLDPE waterproofing membrane
will be fixed to the anchors. The next step lies in suspending
5 x 3 x 0.2m precast wall elements from the tunnel vault along
both tunnel sides using the prepared installation anchors. On
the side where no waterproofing membrane is applied the ele-
ment will be attached tightly to the tunnel sidewall. On the
other side it will be offset by 1.5m so that a space for the
installations and utility networks originates. Subsequently the
waterproofing membrane will be connected to the wall ele-
ments and will be covered by a 150mm thick shotcrete layer.
The whole structure of the final lining is presented in Fig. 10.

5 DESIGN DOCUMENTATION IN THE FORM OF THE
BIM INFORMATIONAL MODEL AND COMMUNICATI-
ON WITH THE CLIENT

As the client responsible, among other things, for the
design, Trafikverket uses a highly sophisticated system of
communication with the contractor, even in the area of han-
ding all documents concerning the construction over. When
only the design of means and methods (realisation design) is
concerned, the client uses software named Chaos, which pro-
vides a database of all documents concerning the constructi-
on, both the source documents for realisation and documents
mapping the actual condition. On the one hand, the client, in
collaboration with designers and consultants, updates the rea-
lisation source documents for the design, on the other hand
the contractor files all qualitative records or survey data ser-
ving at the same time as source documents for invoicing and
source documents for the creation of the information model of
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Obr. 10 Pri¢ny rez tunelem hlavni trasy zndzornujici konstrukci definitivniho osteni
Fig. 10 Cross-section through a main route tunnel showing the final lining structure

a prestiikand vrstvou stiikaného betonu tloustky 150 mm.
Celd konstrukce definitivniho osténi je znazornéna na obr. 10.

5 PROJEKTOVA DOKUMENTACE VE FORME
INFORMACNIHO MODELU BIM A KOMUNIKACE
SE ZADAVATELEM

Trafikverket, jakoZto zadavatel nesouci kromé jiného zod-
povédnost za projektovou dokumentaci, vyuziva velice pro-
pracovany systém komunikace se zhotovitelem, a to
i v oblasti preddvani veskerych podkladi. Hovori-li se pouze
o dokumentaci realizacni, vyuzivd software zvany Chaos,
ktery je databédzi veSkerych dokumentu tykajicich se stavby,
a to jak podklada pro realizaci, tak dokumenti mapujicich
skuteny stav. Na jedné strané tedy zadavatel ve spoluprici
s projektanty a konzultanty aktualizuje realiza¢ni podklady
projektu a na druhé strané dodavatel ukldda veskeré kvalita-
tivni protokoly ¢i geodetickd data slouZzici zaroven jako pod-
klad pro fakturaci, tak tvorbu informa¢niho modelu BIM
skute¢ného stavu dila. Pokud se bude vénovat pozornost
podkladim pro samotné raZby, marné by se hledalo mnoZstv{
vykresu, které presné definuji, co je tfeba vyrazit. VétSina
poskytnutych vykrest je pouze schematickd a slouZi jako
podklad technickych specifikaci nékterych technologii
razeb. Existuje totiZ 3D informac¢ni model vyrazZeného tune-
lIu uréeny pro realizaci, ktery slouzi geodetovi jako podklad
pro vedeni dila. Vzhledem ke sloZitému systému tunell na
obchvatu se jednd pravdépodobné o nejlepsi zpusob, jak
dodavateli poskytnout potfebné podklady. BohuZel je model
velmi teoreticky, a to ve smyslu detailu v jakém je zpraco-
van. Tato skuteCnost velmi zaméstndava cely geodeticky tym,
ktery musi denné generovat nové podklady pro razbu. Dalo by se
fici, Ze kazdy jeden odpal je unikdtni a pri mnozZstvi Celeb, které
se soucasné razi, je prace s modelem zna¢né€ ndro¢nd. Je velmi
Casté, Ze se teoreticky profil dila vyrazné méni na nékolika mélo

the actual condition of the works, the BIM. If the attention is
dedicated to the source documents for the excavation itself,
the effort to find a great number of drawings exactly defining
what is to be excavated would go in vain. The majority of sub-
mitted drawings are only schematic, serving as source docu-
ments for technical specifications for some excavation tech-
nologies. The reason is the fact that there is a 3D information
model of the tunnel where the excavation has been finished. It
is to be applied to the realisation and is used by surveyors as
a source document for guiding the excavation. With respect to
the complex system of tunnels on the bypass road, this is pro-
bably the best way of providing the contractor with required
source documents. Unfortunately, the model is highly theore-
tical in the meaning of the detail in which it is processed. The
whole surveying team is very busy owing to this fact because
it has to daily generate new source documents for the excava-
tion. It is possible to say that each single firing event is uni-
que and, taking into consideration the quantity of headings
worked on simultaneously, the work with the model is very
demanding. It is a very frequent situation that the theoretical
design of the tunnel significantly changes within several met-
res and, for that reason, it is not realistic to excavate the tun-
nel exactly in compliance with the 3D model and the project
has to continuously prepare viable simplifications. The whole
situation is further complicated by the fact that, when the data
required for the excavation guidance are to be generated, it is
necessary to work gradually with several software systems so
that the data can be really used.

Documents for all other work operations, such as the rea-
lisation of the final lining, the water distribution network or
electrical installations, are also submitted in the form of the
3D model. However, this model is not identical with the
model for the excavation. In this case the models contain




26. rocnik - €. 4/2017

metrech, a proto vyrazit dilo presné podle 3D modelu nenf redl-
né a projekt si musi neustale pripravovat proveditelnd zjednodu-
Seni. Celou situaci jeSté zt€Zuje fakt, Ze k vygenerovani dat
potrebnych pro vedeni dila je tfeba pracovat postupné s néko-
lika softwary tak, aby je bylo mozné redlné pouzit.

Veskeré dalsi préce, jako je realizace definitivniho osténi,
vodovodni sité ¢i elektroinstalace, jsou zaddny rovnéz ve formeé
3D modelu. Nejednd se vSak o totozny model jako pro razby.
V tomto pripadé obsahuji modely vice informaci nez pouze geo-
metrii objektl a jsou mnohem detailnéjsi. Obsahuji veliké mnoz-
stvi drobnych objektl. Geodetické softwary, které jsou na pro-
jektu vyuzivany, nejsou bohuzel s témito modely kompatibilni,
a tak projekt musel pofidit dalsi, typu Autocad Civil 3D. Kvali
obtiznosti prace s modely vznikl tym lidi vénujici se pouze tvor-
bé vykresové dokumentace nezbytné pro planovani a vyrobu.

Projekt Forbifart Stockholm je prvnim podzemnim dilem ve
Svédsku, kde se pracuje podle informa¢niho 3D modelu. Je
tedy pochopitelné, Ze procesy jeSté nejsou idedlné nastaveny
a moznosti BIM zdaleka nejsou vyuZzity. Rozhodné se vSak
jednd o optimalizaci, kterd v budoucnu usnadni jak préci pro-
jektantu a zhotovitela, tak bude velmi uzite¢na béhem uZziva-
ni dila.

6 ZAVER

V z4ri 2017 mél za sebou projekt osm mésicu praci, a proto
nelze zatim objektivné hodnotit jeho soucasny stav, z ekono-
mického ani casového hlediska. Zacdtek projektu byl zkompli-
kovany pratahy spojenymi s podpisem smlouvy. Ndsledny tlak
zadavatele na okamZity start neposkytoval dostatek Casu na
kompletni mobilizaci. Prvni mésice tedy probihaly s pracovni-
mi kapacitami a mechanismy, které byly dostate¢né pouze pro
razbu piistupovych tunelt projektu FSE210. Postupné se viak
dafilo navySovat kapacity a dosdhnout planovanych vykonu
11 000 m3/tyden na vSech 14 &elbdch pomoci 4 strojnich
sestav. V soucasné dobé se planuje optimalizovat organizaci
prace a tak dosahnout jesté vysSich vykonu.

Ke konci zari 2017 bylo v tunelech hlavni trasy vyraZeno cel-
kem 978 m. Ve vSech tunelovych rampdach pak dalSich 994 m.
Celkem tak bylo odtéZeno cca 229 tis. m? rubaniny. PfestoZe se
jedna o rozsahly a velmi komplikovany projekt, béhem kterého
zhotovitele Cekd vyfesit mnoho detaild, veetné vétsiny geotech-
nicky naro¢nych useku, lze véfit, Ze se podafi cely projekt
uspésné zvladnout a dokondéit v pozadovanych terminech.

Zadavatel, ktery prokdzal své kompetence jiz béhem projektu
FSE210, je s ucasti Subterry a.s. na obchvatu velmi spokojen.

Bc. TOMAS NE'MEC‘EK, tnemecek@subterra.cz,
Subterra a.s., SBT Sverige AB

Recenzovali Reviewed: Ing. Viadimir Prajzler,
Ing. Ota Hasik
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more information than only the geometry of structures and
are much more detailed. They contain many small structu-
res. The survey software systems used on the project are
unfortunately not compatible with those models. For that
reason the project had to obtain another one of the Autocad
Civil 3D type. Because of the difficulty with the work with
models, a team of people originated dedicating themselves
to the preparation of drawings necessary for planning and
production.

The Forbifart Stockholm project is the first underground
construction project in Sweden where the work proceeds
according to the 3D information model. It is therefore under-
standable that the processes have not been set ideally yet and
the possibilities of the BIM are far from exhausted. Anyway,
it is the optimisation which will facilitate both the work of
designers and contractors and will be very useful during the
use of the works.

6 CONCLUSION

In September 2017, the project had eight months behind it
and, for that reason, it is for the time being impossible to
assess its current condition objectively, both from the econo-
mic and time-related points of view. The beginning of the pro-
ject was complicated by delays associated with signing the
contract. The subsequent pressure applied by the project
owner to the immediate start did not give time for complete
mobilisation. For that reason the initial months passed with
the working capacities and mechanical equipment sufficient
only for the excavation of access tunnels for the FSE210 pro-
ject. Nevertheless, the capacities were successfully gradually
increased and the planned output of 11,000m3 per week was
achieved at all 14 headings using 4 sets of mechanical equip-
ment. Optimising the organisation of work is currently plan-
ned so that higher performance is reached.

As of the end of September, the total of 978m of the exca-
vation of the main route tunnels were finished. Other 994m
were finished in all tunnel ramps. The volume of removed
muck amounts to 229 thousand m3. Even though the project is
very large and complicated and many details will have to be
solved during the course of its realisation, including the majo-
rity of geotechnically difficult sections, it is possible to belie-
ve that the whole project will be successfully coped with and
required deadlines for finishing it will be met.

The client, who proved its competences already during the
FSE210 project, is very content with the participation of
Subterra a.s.

Bc. TOMAS NEMEC'EK, tnemecek@subterra.cz,
Subterra a.s., SBT Sverige AB
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A44 TUNEL SPITZENBERG
A44 TUNNEL SPITZENBERG

JIRI PATZAK, JIRI MATEJICEK, MARTIN FISCHER, WOJCIECH KEDZIERSKI

ABSTRAKT

Cldnek popisuje stavbu nového ddlnicniho tunelu Spitzenberg v Némecku, ve spolkové zemi Hesensko. Tento tunel leZ{ na nové
budované ddlnici A44, kterd spoji mésta Kassel a Eisenach. Dotceny usek této ddlnice v délce priblizné 60 km je s ohledem na mor-
fologii terénu a na smerové vedeni trasy mimo obce de facto soustavou tunelovych a mostnich staveb s celkovymi ndklady cca
1800 mil. eur. Samotnd stavba tunel Spitzenberg zahrnuje dvé dvoupruhové tunelové trouby o délce témér 600 m (véetné hloubenych
&dsti) a prilehly iisek ddlnice délky cca 500 m vietné hlubokého zdrezu do kopce Lerchenberg. Tunely jsou budovdny metodou
NRTM, pocitd se s pouZitim trhacich praci na cca 70-80 % délky tunelii.

ABSTRACT

The paper describes the construction of the Spitzenberg tunnel, a new motorway tunnel in Germany, the federal state of Hessen. The tun-
nel is located on the A44 motorway being newly built, which will connect the cities of Kassel and Eisenach. The approximately 60km long
motorway section in question, with respect to the terrain morphology and the horizontal alignment of the route leading out of villages, is
a de facto set of tunnel and bridge structures at the total cost of ca 1800 million euros. The construction of the Spitzenberg tunnel itself com-
prises two double-lane tunnel tubes nearly 600m long (inclusive of cut-and-cover parts) and a ca 500m long adjacent section including a deep
cutting into Lerchenberg hill. The tunnels are being constructed using the NATM; the application of blasting is expected for ca 70-80% of

the tunnel lengths.

ZAKLADNI UDAJE O STAVBE

A44 Tunel Spitzenberg + trasa BA2
DEGES Deutsche Einheit
FernstraBenplanungs- und -bau GmbH
sdruzeni firem BeMo Tunnelling — Subterra
- Stutz

A44, Usek BA2 (obr. 1)

Udoli Wehretal, spolkova zemé Hesensko
599 m

Zelezobeton, mezilehla féliova izolace
02/2017 (zahajeni praci) — 06/2020
(planované ukonéeni praci)

40 mil. eur

nazev:
investor stavby:

zhotovitel stavby:

trasa:

umisténi stavby:
délka tunelovych trub:
def. osténi:

termin stavby:

naklady stavby:

GEOLOGICKE POMERY

Obé tunelové trouby prochédzeji kopcem Spitzenberg,
s maximdalnim nadloZim 40 m. Oblast dotcend stavbou tunelu
z hlediska regiondlni geologie patfi do stiedni ¢dsti Hesenské
uzlabiny a nachazi se v jeji jihozdpadni ¢asti v dolnim toku
feky Werry. Blizko k povrchu tvofi Hesenskou tZzlabinu
permské (paleozoikum) a mezozoické sedimentdrni horniny.
Tektonickd ¢innost na konci mezozoika a v obdobi terciéru
vedla ke vzniku jak paralelnich, tak vzdjemné se krizicich
poruchovych zon.

Geologické vrstvy v dotéené lokalité odpovidaji globdlni-
mu geologickému usporadani v celé oblasti a jsou lokdlné
naruSeny tektonickou ¢innosti. Poruchy jsou vyplnény nesou-
drznymi horninami, v nékterych oblastech v mocnostech az
10 m. Nejmlads$i vrstvy soudrZznych hornin predkvarterniho
podloZi tvori jilovce, prachovce a slinovce, v hornich polo-
hdch navétralé az zvétralé. Dominujici soudrzné horniny
skalnfho predkvarterniho podloZi v oblasti raZenych tunelt
jsou jemno- aZ hrubozrnné piskovce, které se stiidaji s pra-
chovci a jilovei.

Nejsou ofekaviny zadné vyrazné pritoky podzemni vody.

BASIC CONSTRUCTION DATA

A44 Tunnel Spitzenberg + BA2 route
DEGES Deutsche Einheit
FernstraBenplanungs- und -bau GmbH
Consortium BeMo Tunnelling — Subterra —
Stutz

Ad4, section BA2 (see Fig. 1)

Wehretal valley, federal state of Hessen
599m

reinforced concrete, intermediate waterpro-
ofing membrane

06/2017 (works commencement) — 06/2020
(planned works compl.)

40 million euros

name:
project owner:

construction contractor:

route:

construction location:
length of tunnel tubes:
final lining:

construction deadlines:
project cost:

GEOLOGICAL CONDITIONS

Both tunnel tubes run through Spitzenberg hill, with the
maximum overburden height of 40m. From the regionally
geological point of view, the area affected by the tunnel con-
struction is part of the central Hessen Ravine and is located in
its south-western part, on the lower reaches of the river Werra.
Close to the surface, the Hessen Ravine is formed by Permian
and Mesozoic ground types. Tectonic activities at the end of
the Mesozoic and during the Tertiary period led to the origi-
nation of both parallel and mutually crossing fault zones.

Geological strata in the particular location correspond to the
global geological arrangement in the whole area and are local-
ly disturbed by tectonic activities. The faults are filled with
incoherent rock types, in some areas up to 10m thick. The
youngest layers of coherent rock are formed by claystone, silt-
stone and marlite, which are slightly weathered to weathered
in the upper layers. The coherent rock types dominating in the
area of the mined tunnels comprise fine-grained to coarse-gra-
ined sandstone alternating with siltstone and claystone.

No significant groundwater inflows are expected.
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Obr. 1 Mapa tiseku ddlnice A44
Fig. 1 Map of the A44 motorway section

KONCEPT TECHNICKEHO RESENI

Tunel Spitzenberg je raZzen NRTM, a to od severniho porté-
lu. Zajisténi vyrubu je navrZeno systémem jehel, radidlnich
kotev a vyztuZenym stfikanym betonem. Definitivni osténi
bude Zelezobetonové, s mezilehlou izolaci. Hloubené casti
budou zhotoveny z tzv. vodostavebniho betonu. Rozpojovani
horniny probihd strojné, podle vysledkt inZenyrsko-geologic-
kého prizkumu by po vyraZzeni 100-150 m mélo byt zahdjeno
rozpojovani pomoci trhacich praci.

Zafizeni stavenisté

Pred zahdjenim samotnych stavebnich praci bylo vybudova-
no zafizeni staveni$té. Na severnim portdlu byla instalovdna
mimo jiné mobilni betondrna a montdzni hala (obr. 2), stavba
byla kompletné napojena na inZenyrské sité. Odpadni voda ze

DEGES Deutsche Einheit F

und -bau GmbH

CONCEPT OF TECHNICAL SOLUTION

The Spitzenberg tunnel is being driven from the northern por-
tal using the NATM. The excavation support design comprises
a system of forepoles, radial anchors and reinforced shotcrete.
The final reinforced concrete lining will be cast on an intermedi-
ate waterproofing layer. The cut-and-cover tunnel sections will
be made of watertight concrete. The rock is disintegrated mecha-
nically and, according to the EG survey results, disintegration
using blasting operations should commence after the completion
of a 100—150m long excavation section.

Site arrangement

The site arrangement was built prior to the commencement
of the construction work itself. Among other facilities,
a mobile concrete batching plant and an assembly shed as
a workshop were installed at the nort-
hern portal (see Fig. 2). The site was

Sdruzent Tunel

g + trasa BA2

completely connected to utility net-
works. Waste water from the con-
struction site is treated through
a waste water plant with a neutralisa-
tion station at the end. Water is dis-
charged to a drainage ditch along the
public treatment road.

The construction site arrangement
at the southern portal was only of
a temporary character (a diesel
generating set, a tank for process
water, etc.). The construction site
was handed over after the completi-
on of the work on the portal to the
consortium carrying out the follo-
wing bridge structure.

Temporary portals (pre-cuttings)

Spitzenberg Tunnel + BA2 Route Consortium

Obr. 2 Zarizeni stavenisté na severnim portile
Fig. 2 Construction site arrangement at the northern portal

The construction operations com-
menced by the excavation for the
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Obr. 3 Jizni portdl

Fig. 3 Southern portal

stavby je upravovdna pres vodni hospodarstvi, na konci s neu-
traliza¢n{ stanici, a poté vypousténa do odvodnovaciho priko-
pu u prilehlé vefejné komunikace.

Na jiznim portdlu bylo zafizeni staveni$te¢ pouze docasné
(dieselova elektrocentrala, cisterna na technologickou vodu,
atd.) a po dokonceni praci na predzarezu bylo staveni$té pre-
déno sdruZeni provadéjicimu navazujici mostni stavbu.
Provizorni portaly (pfedzarezy)

Stavebni prace byly zahdjeny severnim a jiZnim provizor-
nim portdlem (pfedzarezy). Hloubeni a zajiSténi svaha probi-
halo po etdzich. Zajisténi bylo provedeno samozadvrtnymi IBO
svorniky a SN svorniky délek 4—10 m, injektovanymi cemen-
tovou suspenzi a poté stifkanym betonem tloustky 15-20 cm
vyztuZenym svafovanymi sitémi (jizni portdl obr. 3, severni
portal obr. 4).

V koruné portalovych stén byly zfizeny odvodnovaci Zlaby
pro odvedeni srdzkovych vod. V pravidelném rastru byly
v portdlovych sténdch zfizeny odlehfovaci vrty DNSO pro
odvedeni pfipadnych vsaku za portdlovou sténu.

-, = =
SdruZeni Tunel Spitzenberg + trasa BA2 Spitzenberg Tunnel + BA2 Route Consortium

.

Obr. 4 Severni portdl
Fig. 4 Northern portal

northern and southern portals (pre-cuttings). The excavation
and stabilisation of slopes proceeded at stages. The stabilisa-
tion was carried out using 4-10m long IBO rock bolts and
SN rock bolts grouted with cement suspension, followed by
a 15-20cm thick layer of shotcrete reinforced with welded
mesh (for the southern and northern portals see Fig. 3 and Fig.
4, respectively).

Drainage ducts for the evacuation of storm water were car-
ried out at the top of portal walls. Relieving holes DN50 for
draining the possible seepage water behind the portal wall
were carried at a regular grid.

In the portal walls, reinforcing collars were carried out by
increasing the thickness of shotcrete layers and installing
additional reinforcement in the area above the tunnel crown.
Subsequently, holes for initial protective umbrellas were dril-
led into them.

Tunnel excavation

The tunnel excavation started on 28th May 2017 in the wes-
tern tunnel tube. Excavation support classes 7A and 6A were
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Obr. 5 Vyrez z projektové dokumentace (pri¢ny rez)
Fig. 5 Cutout from design documents (cross-section)
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Obr. 6 Vyrez z projektové dokumentace (podélny Fez)
Fig. 6 Cutout from design documents (longitudinal section)

V portdlovych sténdch byly zesilenim vrstvy stfikaného
betonu a pridavnou vyztuzi vytvoreny vyztuzné limce. Do
nich byly potom vrtdny dvodni ochranné deStniky v oblasti
vrchliku tunelu.

RazZba tunelu

Razba tunelu byla zahdjena 28. 5. 2017 v zdpadni troubé,
puvodné byla navrZena v technologickych tfiddch 7A a 6A,
s délenim na kalotu, opéfi a dno, vzZdy pod ochrannym destni-
kem z jehel. Po vyraZeni prvnich 30 m zdpadni trouby byla na
zékladé vysledkl konvergen¢nich méfeni provedena zdsadni
zména technologie razby — ochranny destnik je provadén
z mikropilot délky 15 m (ocelové trubky 139,7/8, perforace po
50 cm, injektdZ cementovou suspenzi) a razba je pod timto
desStnikem provadéna s vertikdlnim i horizontdlnim ¢lenénim
Celby po dil¢ich zabérech délky 80 cm. Vzdy je vyraZzena prvni
bo¢ni $tola na délku cca 10 m, véetné rozsiteni ve vnéjsi paté
kaloty, nasledné je raZena druha bocni §tola a poté jadro. Celba
je vzdy rozdélena na dvé az tfi dil¢i plochy a je zajiSténa samo-
zavrtnymi kotvami délky 12 m a stfikanym betonem tloustky
15 cm. Nésledné po uzavrieni kaloty provizorni protiklenbou je
provedeno opéfi a definitivni dno primdrniho osténi (vyrez
z realizaéni projektové dokumentace obr. 5, 6). Zajisténi vyru-
bu je ddle tvoreno radidlnimi samozdvrtnymi kotvami.

Primarni osténi ze stfikaného betonu je provdadéno v tloust-
ce 35 cm (soucasnd razba obr. 7). Timto zpusobem bude pro-
bihat razba i ve vychodni tunelové troubé. Podle zastiZenych
geologickych podminek a po vyhodnoceni konvergencnich
méfeni v kazdém kroku (10 m) bude rozhodnuto o dalS§im
postupu. Rubanina bude ukldddna na meziskladce a jeji velka
¢dast bude pouzivédna jako materidl do ndsypu pro navazujici
stavbu v rdmci A44 (Koppelhude).

Definitivni osténi

Definitivni osténi bude ze Zelezobetonu C30/37. V zavis-
losti na geologickych pomérech jsou tunely rozdé€leny na
useky s protiklenbou a bez protiklenby (zdkladové pasy).

BeMo Tunneling BeMo Tunneling

originally proposed, with the excavation face divided into the
top heading, bench and invert, always under the protecting of
forepole umbrella arches. A fundamental change in the tun-
nelling technique was carried out on the basis of the results
of convergence measurements after the completion of initial
30 metres of the western tunnel tube excavation — the protec-
tive umbrella is carried out using 15m long tubes (steel tubes
139.7/8 perforated at 50cm intervals, grouting with cementi-
tious suspension); the excavation under this canopy tube sup-
port is divided into both vertical (side drifts and central pil-
lar) and horizontal (top heading, bench and invert) sequences
with excavation advance rounds 80cm long. The first side-
wall drift is always carried out at the length of approx. 10m,
including the widening on the outer side of the top heading
abutment; the other sidewall drift is carried subsequently and
the bench excavation follows. The excavation face is always
divided into two to three partial areas and is stabilised with
12m long self-drilling anchors and a 15cm thick layer of
shotcrete. The excavation of the bench and the final invert of
the primary lining is carried out subsequently, after closing
the top heading circumference by a temporary invert (see the
cutout from the detailed design, Figures 5 and 6). The exca-
vation support further consists of radial self-drilling anchors.

The primary lining shotcrete layer is carried out at the
thickness of 35cm (see the current excavation, Fig. 7). The
excavation in the eastern tunnel tube will be carried out using
the same procedure. The subsequent procedure will be deci-
ded on according to the geological conditions encountered
and after assessing the convergence measurements in each
excavation advance step (10m). The muck will be disposed
on an intermediate stockpile and a big part of it will be used
as the material for embankments of the following constructi-
on within the framework of the A44 (Koppelhude).

The tunnel excavation is at the moment carried out in paral-
lel in both tunnel tubes, with the necessity for maintaining
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Obr. 7 Razba tunelu
Fig. 7 Tunnel excavation

Izolace je navrZena féliova — v dsecich s protiklenbou uza-
viend, v usecich bez protiklenby de$tnikova s rubovou drena-
7. Ukoncen{ izolace bude provedeno v raZené ¢dsti tuneld.

Hloubené ¢4sti budou provedeny z tzv. vodostavebniho betonu,
s tésnicimi sparovymi pdsy v dilatacnich a pracovnich sparach.
Tunelové propojky

V tunelu jsou navrzeny dvé tunelové propojky po vzdale-
nosti 200 m. V dobé razeb budou slouzit jako dopravni cesta
pro odvoz rubaniny a soucasné jako unikova cesta.

Zafez Lerchenberg

Soucdsti popisované stavby je také zarez v kopci Lerchen-
berg, kterym bude ddlnice pfivedena od nového mostu pres
udoli Wehretal k tunelu Spitzenberg.

Z duvodu nestabilnich povrchovych vrstev je navrZeno
zajidténi svahl hiebikovdnim. Vzhledem k tésné blizkosti pfi-
lehlé chranéné oblasti ,,Fauna-Flora-Habitat* bude svah pro-
veden se sklonem 60° od vodorovné. Tim bude minimalizo-
véana §itka odrezu a tedy zaji$téna Setrnost zdsahu do chrané-
né oblasti. Maximalni vyska odfezu bude cca 35 m.

ZAVER

Razba je v soucasnosti provddéna paraleln€ v obou tunelo-
vych troubéch, pricemz musi byt dodrzen minimdlni odstup
Celeb v zdpadni a vychodni troubé 30 m.

Aktudlne (ke dni 25. 9. 2017) je v zdpadni troubé v kaloté
vyrazeno 49 m a ve vychodni troubé 13 m. Ukonceni razeb je
planovano na jare 2018.
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a minimum distance of 30m between excavation faces in the
western tube and the eastern tube.

Currently (as of 15th September 2017) 45m and 6m of the
excavation have been finished in the western tube and the eas-
tern tube, respectively. The completion of the tunnel excava-
tion is planned for spring 2018.

Final lining

The final lining will be from reinforced concrete C30/37.
The tunnels are divided into sections with inverts and sections
without inverts (with footings), depending on the geological
conditions.

A PVC waterproofing membrane is designed for the lining.
It is of the closed type in the sections with the invert structu-
re or of the umbrella type where drainage is on the outer sur-
face in the sections without invert. The termination of the
waterproofing membrane will be carried out in the mined
parts of the tunnels.

The lining structures of the cut-and-cover parts will be car-
ried out using watertight concrete, with waterbars on expansi-
on and construction joints.

Tunnel cross passages

Two tunnel cross passages are designed for the tunnel at the
intervals of 200m. During the tunnel excavation they will be
used as a route for the transport of muck and, at the same time,
as an escape route.

Lerchenberg cutting

The cutting into Lerchenberg hill is also part of the con-
struction being described. It will allow the motorway to be
brought from the new bridge over Wehretal valley to the
Spitzenberg tunnel.

Because of instable surface layers, nailing is designed for
stabilising the slopes. With respect to the close proximity of
the adjacent “Fauna-Flora-Habitat” protected area, the slope
will be carried out at an angle to horizontal of 60°. In this way
the width of the side-hill cutting will be minimised, thus the
friendliness of the intervention into the protected area will be
ensured. The maximum height of the side-hill cut wall will
amount to ca 35m.

CONCLUSION

The tunnels are currently being excavated in parallel in both
tubes, whilst it is necessary to maintain the minimum distan-
ce of 30m between the headings in the western and eastern
tubes.

Currently (as of 25th September 2017) 49m and 13m of the
excavation have been finished in the western and eastern tun-
nel tube, respectively.
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ZIVOTNI CYKLUS STAVEBNICH MATERIALU A PRINCIPY
TRVALE UDRZITELNEHO ROZVOJE

LIFE CYCLE OF BUILDING MATERIALS AND PRINCIPLES
OF SUSTAINABLE DEVELOPMENT

ALUN THOMAS, ADAM JANICEK, JANA KODYMOVA, MARKUS WILL

ABSTRAKT

Kazdy produkt ¢i stavebni vyrobek ovliviiuje naSe Zivotni prostredi po celou dobu svého Zivotniho cyklu, pricemZ v kazdé své fdzi jinou
mérou. Kuprikladu nékteré jsou zdtéZi predevsim ve fazi vyroby a jiné az po skonéeni jejich Zivotnosti — ve fdzi likvidace. Zivotni cykly
vyrobkii jsou proménlivé z hlediska casu a kazdy jednotlivy vyrobek miiZe mit nékolik variant svého Zivotniho cyklu. V rdmci evropské
metodiky LCA (Life-Cycle Assessment), v souladu s normami EN ISO 14 040 a EN ISO 14 044 je mozné Zivotni cykly porovndvat a vyhod-
notit materidly, které jsou v ramci nabidky nejSetrnéjsi k Zivotnimu prostredi. Tato problematika je v ¢ldnku ilustrovdna na prikladu hor-

ninového svorniku.

ABSTRACT

Each product or building product affects our environment throughout its life cycle, in each phase to a different extent. For instance,
some products impose burdens in the phase of production, whilst others only after the end of their life — in the disposal phase. The life
cycles of products are variable in terms of time and each particular product can have several variants of its life cycle. Within the fra-
mework of the European LCA (Life-Cycle Assessment) methodology, in compliance with EN 1SO 14 040 and EN ISO 14 044 standards,
it is possible to compare life cycles and assess the materials which are environmentally most considerate. This issue is illustrated in the

paper on the example of a rock bolt.

ovoD

Podobneé jako v jinych oblastech lidské ¢innosti je i ve své-
tovém tuneldiském prumyslu vSeobecné uzndvdna potieba
zvySovat trvalou udrzitelnost rozvoje. VSichni lidé by chtéli
»naslapovat leh¢eji* pfi zanechavani nasi stopy na Zivotnim
prostredi a spole¢nost se dostdva do obdobi, kdy se musi teo-
retické poznatky prevést do praxe. Jiz v souc¢asné dob¢ vstu-
puji na trh vyspélych evropskych stiti (napiiklad Anglie,
Norsko, gvédsko, §V§/carsko a Némecko) nové legislativni
predpisy, které tzce souviseji s pozadavky na dokladovani
ekologické/emisni stopy stavebnich vyrobki pouZivanych na
stavbach ve veétsim objemu. Stavebni spole¢nosti, ticastnic{
se vybérovych fizeni anebo findlni vystavby, pak pochopitel-
né tyto predpisy dodrZuji a pfi vybéru materialt logicky zva-
Zuji nejen technické parametry a cenu, ale i Setrnost k Zivot-
nimu prostfedi prezentovanou vyrobci s transparentni kalku-
laci podle metodiky LCA.

Jako priklad 1ze uvést spole¢nost London Underground
(Londynské metro), kterd dokonce poZaduje, aby v prubéhu
jednotlivych stadii pfipravy stavby bylo kalkulovdno a sle-
dovdno pruvodni mnozstvi oxidu uhli¢itého emitovaného na
stavbé samotné a pri vyrobé materidlu na stavbé pouZiva-
nych. Oxid uhlidity je povazovan za prvek vyznamné prispi-
vajici ke globdlnimu oteplovani, ale nenf jedinym ani nejvi-
ce Skodlivym sklenikovym plynem. Podobné plati, Ze glo-
bélni oteplovéni neni jedingm zpusobem, jakym lidé mohou
pusobit na své Zivotni prostredi. Pro zachyceni celé sloZitos-
ti dopadu na Zivotni prostredi pfi nasich posouzenich staveb
tunell je potfebny komplexnéjsi pristup. Na prikladu horni-
novych svornikd se v tomto ¢ldnku autofi snaZi ukézat
v obecné drovni metodu posuzovani zivotniho cyklu s timto
komplexnéjsim pristupem, kterd je aktualné uplatnovina
u vétsiny produktu spole&nosti Minova.

INTRODUCTION

As in other areas of human activity, the necessity for inc-
reasing the sustainability of development is generally ack-
nowledged even in the global tunnelling industry. All peo-
ple would wish to “tread lightly” while leaving our traces
on the environment and the society gets into the period
when theoretical knowledge has to be put into practice.
New legislation closely related to the requirements for
documenting the environmental/emission footprint of buil-
ding materials used on construction sites in larger volumes
enter the market of developed European states (for instance
England, Norway, Sweden, Switzerland and Germany)
already at present. Of course, construction companies par-
ticipating in tenders or in the final construction comply
with regulations and logically take into consideration not
only technical parameters and costs, but also the environ-
mental friendliness presented by manufacturers with the
transparent calculation according to the LCA methodology.

The London Underground company can be used as an
example. It even requires that the original amount of carbon
dioxide emitted on construction sites and during the produc-
tion of materials used on sites is calculated and monitored
during the course of individual construction planning stages.
Carbon dioxide is considered to be an element significantly
contributing to global warming, but it is neither the only nor
most harmful greenhouse gas. Similarly, global warming is
not the only way people can influence their environment.
A more comprehensive approach is necessary for capturing
the full complexity of the environmental impact in our assess-
ments of tunnel construction projects. Authors of this paper
try on the example of rock bolts to show the life cycle assess-
ment method using this more comprehensive approach, which

is currently applied to the majority of Minova products.



POSUZOVANI ZIVOTNIHO CYKLU

Metoda posuzovani Zivotniho cyklu (LCA) je zaloZena na
vzdjemné zdvislosti vztaht v rdmci Zivotniho prostiedi.
Vychazi z predpokladu, Ze kazdy produkt je s Zivotnim pro-
stredim provazédn nejen svymi vstupy (materidl a energie),
ale také svymi vystupy (litky uvolinované do Zivotniho pro-
stiedi pti vyrobé, spotiebé a likvidaci).

Hlavni ¢ésti posuzovéni Zivotniho cyklu vyrobku je presnd
identifikace a vyhodnoceni vstupt a vystupt a zji$téni jejich
potencidlniho dopadu na Zivotni prostiedi v jeho celém pru-
béhu (Curran 2015, Klopffer 2014). Pti posuzovani Zivotni-
ho cyklu se mapuji toky mezi jednotlivymi stadii produktu
(t€Zba zdroju, vyroba, doprava, skladovani, spotfeba a jeho
likvidace) a zivotnim prostfedim. Cilem této metody je urcit
a kvantifikovat veskeré potencidlni dopady posuzovaného
produktu na Zivotni prostfedi.

Posuzovani Zivotniho cyklu ma vétSinou &tyfi faze, jejichz
popis ndsleduje.

1. Pfi vymezeni cile a rozsahu se vytvari rdmec studie.

Pati{ sem mimo jiné popis systému (definice produktu
a jeho pouziti), ktery je predmétem studie, hranice
systému, funkéni jednotky a postupy alokace stejné
jako kategorie dopadu na Zivotni prostredi.

2. Inventarizace Zivotniho cyklu (LCI) spocdiva ve sbéru
a analyze kvantifikovanych dat tykajicich se téZby
zdroju a emisi vytvofenych vSemi relevantnimi procesy
(napt. emise do ovzdusi a vody, tvorba odpadu a spo-
tieba zdroju). Cely Zivotni cyklus je pak mapovan
v pristupu zvaném ,,cradle-to-grave®, tedy doslova od
kolébky do hrobu, zahrnujicim veSkeré ekologické
zatéze od ziskani surovin, pfes vyrobu a pouZivani az
po kone¢nou likvidaci, v&etné recyklace, pripadného
znovupouziti a ziskani energie z odpadu.

3. Posouzeni dopadu Zivotniho cyklu (LCIA) je odhadnu-
ti potencidlnich dopadt na Zivotni prostfedi, na klima-
tické zmény, tvorbu smogu, vy&erpavani zdroju, okyse-
lovéani pud a ovzdusi nebo dlinky na lidské zdravi atd.
Dopady na zivotni prostfedi jsou spojovdny se zdsahy
do zivotniho prostiedi, které lze pripsat Zivotnimu
cyklu produktu.

4. Interpretace kalkulace s uvedenim zdvéra a doporudeni
a také jasné formulovanych predpokladt a omezeni stu-
die (omezeni jsou Casto spjata s presnosti vstupnich
idaju).

Obecné plati, ze kazdy produkt je v interakci se Zivotnim
prostiedim po celou dobu svého Zivotniho cyklu. Zivotni
cykly vyrobka se zna&né 1isi svou délkou trvéani (napf. v pfi-
padé potravin obvykle nejsou del$i nez 2 tydny, u budov
a staveb infrastruktury jde o desitky let). Zivotni cyklus lze
ucelove ovlivnit s cilem ziskat shodny vyrobek s odlisnym
dopadem na Zivotni prostfedi — napriklad volbou alternativ-
niho zdroje suroviny, odliSnou vyrobni technologii, je-li
k dispozici, odli$nostmi ve zpusobu pouZivani stejného pro-
duktu a odli§nostmi ve zpusobu jeho likvidace.

MISTO POSUZOVANI ZIVOTNIHO CYKLU MEZI
OSTATNIMI PRISTUPY

Metodologie posuzovani Zivotniho cyklu se opird o normu
EN ISO 14040. Tato norma pomdahd ucinit tuto metodologii
transparentni. Vysledky jsou proto srovnatelné s ostatnimi
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LIFE CYCLE ASSESSMENT

The Life Cycle Assessment (LCA) method is based on
interdependence of relationships within the field of envi-
ronment. It is based on the assumption that each product is
interconnected with the environment not only through its
inputs (material and energies), but also through its outputs
(the matters released into the environment during the pro-
duction, consumption and disposal).

The main part of the process of assessing the life cycle of
products is the accurate identification and assessment of
inputs and outputs and determination of their potential
environmental impact during the entire cycle of life
(Curran 2015, Klopffer 2014). When the life cycle is being
assessed, the flows between individual stages of the pro-
duct (resource extraction, production, transport, storing,
consumption and its disposal) and the environment are
mapped. The objective of this method is to determine and
quantify all potential impacts of the product on the envi-
ronment.

The life cycle assessment has mostly four main phases:

1. The study framework is created when the objective
and the scope are being specified. Its parts are, among
others, description of the system which is the subject
of the study (definition of the product and its use), the
system borders, functional units and allocation proce-
dures, as well as the categories of environmental
impact.

2. The Life Cycle Inventory (LCI) lies in collecting and
analysing quantified data concerning extraction of
resources, emissions created by all relevant processes
(e.g. emissions into the atmosphere and water, creati-
on of waste and consumption of sources). The entire
life cycle is than mapped in the approach called ,,cra-
dle-to-grave* encompassing all environmental bur-
dens from gathering raw materials through the pro-
duction and the use, up to the final disposal, including
recycling, contingent reusing and obtaining energy
from the waste.

3. The Life Cycle Impact Assessment (LCIA) is asses-
sing of potential impacts on the environment, climatic
changes, creation of smog, exhaustion of resources,
acidification of soil and air or effects on human
health, etc. The environmental impacts are connected
with environmental interventions which can be attri-
buted to the product life cycle.

4. The interpretation of the calculation with the presen-
tation of conclusions and recommendations, as well as
clearly formulated preconditions and limitations of
the study (the limitations are often associated with the
accuracy of input data).

It generally applies that each product is in interaction
with the environment throughout its life cycle. Life cycles
of products significantly differ in their duration (e.g., in the
case of foodstuffs they usually are not longer than 2 weeks,
in the case of buildings and infrastructural structures they
are tens of years long). The life cycle can be affected on
purpose with the aim of obtaining an identical product with
a different environmental impact — for example by choo-
sing an alternative resource of raw materials, different pro-
duction technology (if it exists), differences in the way of
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a existuje zdkladni kontrola pouZzitych informaci a srovnatel-
nost moznych dopadd na Zivotni prostredi.

Pokud se srovnavd studie posuzovani Zivotniho cyklu se
studii uhlikové stopy, studie posuzovani Zivotniho cyklu je
vyznamné komplexnéjsi, protoZe postihuje vice environmen-
talnich kategorii. Studie posuzovéni Zivotniho cyklu muZe
zahrnout vice neZ 20 riznych environmentélnich indikdtoru
— tj. toxicita, ubyvani ozonové vrstvy, ubyvani vodnich zdro-
ju (vodni stopa), eutrofizace, tvorba prachovych &astic, oky-
selovani, nebezpecny odpad, ubyvani zdrojovych surovin
a dalsi. Priklad téchto kategorii je uveden v ndsledujici pri-
padové studii.

LCA metodika posuzovéni stavebnich vyrobku je v Evropé
Casto vyuzivana ve fazi projekce staveb postupem BREEAM
(Building Research Establishment Environmental As-
sessment Method), predstavujici standard nejlepSich postupu
pti projekci s dirazem na trvalou udrZitelnost. Hodnoceni
staveb podle BREEAM se tykd presné specifikace budovy
a jejiho provedeni, konstrukce a uzivani stavby po celou
dobu nédvrhové Zivotnosti. Posouzeni stavebnich vyrobku
podle LCA metodiky je rovnéZ vyuzitelné pro klasifikaci
podle LEED (Leadership in Energy and Environmental
Design), predstavujici americkou a méné komplexni obdobu
BREEAM.

Priklad pfipadové studie: posouzeni Zivotniho
oykiu horninovych svornikt pro tunely

Pro ilustraci lze pouZit studii dopadu na Zivotni prostredi
tykajici se horninového svorniku — bézného prvku pouziva-
ného ke stabilizaci hornin v podzemi. Toto srovnani zahrno-
valo svorniky pouZivané pri tunelové vystavbé v severni
Evropé pochdzejici z evropské produkce anebo ¢asto vyuZzi-
vané asijské alternativy. S ohledem na fakt, Ze severské zemé
pouzivaji odli$ny pristup k navrhovdni podzemnich dél,
mimo jiné s vyuZitim trvalych horninovych svornika, byly
posuzovény dva takovéto typy: 1. horninovy svornik s povr-
chovou vrstvou kombinujici Zarové zinkovani a epoxidovy
néstrik a 2. kompozitni horninovy svornik s konstrukci ze
skelnych vldken a specidlni pryskyfice. V obou pfipadech se
predpoklddalo, Ze oba druhy horninovych svorniku se ukot-
vuji do horniny pomoci syntetické pryskyfice.

Posuzovani zivotniho cyklu se od ostatnich metod posuzo-
véni vliva na Zivotni prostredi odlifuje tim, Ze jde o relativ-
ni pristup zaloZeny na funkéni jednotce a specificky pro hra-
nice systému. Funk¢ni jednotka je popis kvantifikovaného
pusobeni produktového systému. PouZiva se jako referencni
jednotka, coZz znamend, Ze veSkeré dopady na Zivotni pro-
stiedi se vztahuji na tuto funkéni jednotku. V popisovaném
pripadé je pouzitou funkéni jednotkou:

1 m svorniku s ndvrhovou Zivotnosti 100 let

[dopady na Zivotni prostredi na (1 m*100 a)].

Tato funkéni jednotka byla vybrana pro zajisténi srovna-
telnosti s jinymi studiemi.

Do studie byla zahrnuta vSechna stadia Zivotniho cyklu
uvedena na obr. 1 se zvld§tnim zaméfenim na procesy vyro-
by a instalace, kde byly pouZity pavodni ddaje. Pfedchazejici
a nasledné procesy, zejména procesy dopravy, byly modelo-
vény s pomoci generickych ddaju z databdze Ecoinvent
(verze 2.2). Pokud nebyly k dispozici zddné udaje o proce-
sech, byly provedeny odborné odhady nebo pouzity udaje
o procesech pro podobné procesy nebo produkty.

using the same product and differences in the method of its
disposal.

THE PLACE OF LIFE CYCLE ASSESSING
AMONG OTHER APPROACHES

The methodology of assessing the life cycle is grounded
on the EN ISO 14 040 standard. This standard helps to
make this methodology transparent. The results are therefo-
re comparable with other ones and a basic control of the
information used and the comparability of possible envi-
ronmental impacts exists.

When the life-cycle assessment study is compared with
the carbon footprint study, the life-cycle assessment study
is significantly more comprehensive because it encompas-
ses more environmental categories. The life-cycle assess-
ment study can encompass over 20 various environmental
indicators, such as toxicity, depletion of the ozone layer,
decreasing water sources (the water footprint), eutrophica-
tion, creation of dust particles, acidification, hazardous
waste, depletion of the source raw materials etc. An exam-
ple of those categories is presented in the case study below.

The LCA methodology for assessing building products is
often used in Europe in the construction designing phase
using the BREEAM (Building Research Establishment
Environmental Assessment Method) method, representing
a standard for best designing procedures with emphasis on
sustainability. The BREEAM assessment of construction
projects relates to the accurate specification for a building
and its construction, the structure and use of the building
throughout the design life. The assessment of building pro-
ducts according the LCA methodology is also applicable to
the LEED (Leadership in Energy and Environmental
Design) classification, representing the American and less
comprehensive analogy to the BREEAM.

Case study example: assessment of the life cycle
of rock boilts for tunnels

It is possible to use for illustration the study on environ-
mental impacts concerning a rock bolt — a common element
used for the stabilisation of rock mass underground. This
comparison encompassed rock bolts used during tunnel
construction in northern Europe, originating from European
production or the frequently used Asian alternatives. With
respect to the fact that Nordic countries use a different app-
roach to designing underground structures, among others
using permanent rock bolts, the following types were asses-
sed: 1. A rock bolt with surface layer combining hot-dip
galvanisation with zinc phosphate and spray-applied epoxy
coating and 2. A composite rock bolt with the structure for-
med by glass fibres and a special resin. It was assumed in
both cases that both types of rock bolts are anchored into
rock mass using synthetic resin.

Assessing a life cycle differs from the other methods for
assessing environmental impacts in the fact that it is a rela-
tive approach based on a functional unit and is specific for
the system borders. The functional unit is a description of
the quantified effect of a product system. It is used as
a reference unit, which means that all environmental
impacts are related to this functional unit. The functional

unit used in the case being described is:
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faze vyroby
production phases

phases
pro studii byly pouZity hlavné udaje z databa-
ze Ecoinvent, které jsou zménény referencnimi
dokumenty o nejlepsich dostupnych technikach
(BREF)

data from Ecoinvent database changed using
reference documents on the best techniques
available (BREF) were used for the study

faze dopravy produktu
product transportation

ve studii byly posouzeny dvé
varianty:
1) lodni doprava z Ciny
2) kamionova doprava v Evropé
only the following variants were
assessed in the study:
1) shipping from China
2) truck transport in Europe

montaz a udrzba produktu
product assembly
and maintenance

tato faze zahrnuje vyvrtani otvo-

ru a osazeni svorniku zasaze-
nim do polyesterové pryskyrice

nebo cementové smési

this phase covers drilling of

a hole and installation of a rock

bolt into polyester resin or

cement mixture

Obr. 1 Stadia Zivotniho cyklu horninového svorniku posuzovand v této studii
Fig. 1 Stages of life cycle of a rock bolt assessed in this study

Dopad na zivotni prostiedi byl posouzen s pouzitim meto-
dologie CML (Centrum voor Milieuwetenschappen Leiden).
Tato metodologie pouZziva tzv. midpointové kategorie dopa-
du, kdy se stupen dopadu na Zivotni prostiedi vyjadiuje
v ruznych Kkategoriich dopadu (toxicita, ubyvani ozonu
v atmosfére, ubyvani vodnich zdroju — vodni stopa, eutrofi-
zace atd.). Nemodeluje se vSak zddné poskozeni oblasti
ochrany, jakymi jsou pfirodni ekosystémy, lidské zdravi
nebo zdroje. Vysledné indikatory v kazdé kategorii dopadu
se vyjadfuji ve vztahu k referen¢ni latce zpusobujici stejny
stupen dopadu na zivotni prostredi. Tzn., Ze potencial glo-
balniho oteplovani metanu je vyjadrovan ve vztahu k oxidu
uhlic¢itému v ekvivalentech CO,. Studie prezentuje vysledky
jako indikatory kategorii dopadu a normalizované vysledky.
Vysledky studie

Pfi srovndvani obou produktovych systému na zikladé
funk¢ni jednotky ,,jeden metr svorniku s Zivotnosti 100 let*,
bylo vychédzeno z fady predpokladu, pficemZ napiiklad fak-
tory vlivu typu dopravy a dopravni vzdalenosti jsou znazor-
nény v nasledujicim grafu (obr. 2). 100 % predstavuje zvole-
nou referenéni hodnotu, vudi které jsou jednotlivé typy
dopravy a produkty porovnavany — tedy ocelovy svornik
dopravovany z Ciny lodi reprezentuje nejnevyhodnéjsi fese-
ni. Bylo rovnéz predpokladano, Ze udavand Zivotnost svorni-
ku z oceli s povrchovou tpravou 100 let je velmi nejistd, pro-
toze béhem dopravy a montdZe muze dojit k poSkozeni
ochranné vrstvy. Aby ocelové svorniky mély Zivotnost 100
let, Casto musi mit vice zpusobu ochrany proti korozi (napfi-
klad dodate¢ny plastovy povlek). V praxi Casto dochdzi
k ,,prekotveni* celého podzemniho dila, a to z divodu znag-
né koroze ocelovych svornika.

Oproti tomu kompozitni trvalé horninové svorniky jsou
problému koroze zcela uSetfeny a v pripad€ jejich sprav-
ného osazeni presahuje jejich skute¢nd Zivotnost stoletou
hranici.

Vysledky charakterizace ukazuji, Ze dopady kompozitu na
Zivotni prostredi jsou o vice neZ 35 % mensi nez dopady
vzniklé v kategoriich okyseleni a eutrofizace. V pripadé
téchto dvou kategorii je dopad kamionové dopravy v Evropé
0 50 % mensi neZ pri lodni dopravé z Ciny (pro piikladovou
studii byla stavba tunelu situovdna do Skandindvie). Dale I1ze
vidét rozdily v kategoriich ubyvani abiotickych zdroja, glo-
balni oteplovéani a fotochemické oxidanty. V pripadé téchto

Im long rock bolt with a 100-year design life

[environmental impacts for (1 m*100 a)].

This functional unit was chosen so that the comparability
with other studies is ensured.

All stages of the life cycle presented in Fig. 1 were incor-
porated into the study with a special focus on production
and installation processes, where the original data was
used. The preceding and subsequent processes, mainly the
transportation processes, were modelled using generic data
from the Ecoinvent database (version 2.2). Expert estimati-
on was carried out or data on similar processes or products
was used where no data on processes was available.

The environmental impact was assessed using the CML
(Centrum voor Milieuwetenschappen Leiden) methodolo-
gy. This methodology uses the so-called midpoint catego-
ries of the impact, where the environmental impact degree
is expressed in various categories of impact (toxicity,
depletion of ozone in the atmosphere, decreasing water
resources — the water footprint, eutrophication, etc.). But
no damage to protected areas, such as natural ecosystems,
human health or resources is modelled. The resultant fac-
tors in each category of impact are expressed in relation to
the reference matter causing the same degree of the envi-
ronmental impact. It means that the potential of global
warming for methane is expressed in relation to carbon
dioxide in CO; equivalents. The study presents the results
as indicators of the impact categories and the normalised
results.

Study results

Many assumptions were used as the basis when compa-
ring both product systems on the basis of functional units
“one metre of rock bolt with 100-year design life”, for
example transportation and transport-distance factors are
illustrated in the following graph (see Fig. 2). The chosen
reference value of 100% represents the value to which indi-
vidual types of transportation and product are compared —
it means that a steel rock bolt transported from China by
ship represents the most disadvantageous solution. It was in
addition assumed that the indicated life length of coated
steel rock bolts of 100 years is very uncertain because the
protective layer can be damaged during the transport and
installation. If steel rock bolts are to have a lifetime of 100
years, they must often be provided with more corrosion
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Obr. 2 Charakterizace svorniku — doddvka z Ciny a E vropy (midpointovd kategorie, metoda CML)
Fig. 2 Rock bolt characterisation — supplied from China and Europe (the midpoint category, the CML method)

tif kategorii je vyznamny rozdil mezi jednotlivymi produk-
tovymi systémy ddn odliSnymi zpusoby dopravy.
(Kamionova doprava svornikt na nepfili§ velké vzdélenosti
je o 7-15 % Setrnéjsi k Zivotnimu prostredi nez lodn{ dopra-
va na velkou vzdalenost.) Mensi dopad kamionové dopravy
je zpusoben hlavné 10krat krat$i vzddlenosti neZ v pripadé
lodni dopravy z Ciny. Tento vypodet samoziejmé ovlivni

protection systems (for instance an additional plastic coa-
ting). Repeated anchoring of the entire underground wor-
king occurs often in the practice because of significant cor-
rosion of steel bolts.

In contrast, composite permanent rock bolts are comple-
tely spared corrosion problems and, in the case of correct
installation, their duration exceeds the 100-year border.
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Obr. 3 Normalizované vysledky u svorniku — doddvka z Ciny a Evropy (midpointovd kategorie, metoda CML)
Fig. 3 Normalised results for a rock bolt — supplied from China and Europe (the midpoint category, the CML method)




skute¢nost, kde se doty¢na stavba nachdzi a kde sidli poten-
cidlni dodavatelé, ale vyznam tohoto Cinitele je zcela zfejmy.

Koncept tzv. ,,potravinovych mili* byl poprvé pouzit pro-
fesorem Timem Langem v 90. letech minulého stolet{ a dnes
je vSeobecné znamy ve spojitosti s nakupovanim potravin
a na$im vlivem na Zivotni prostiedi. Je to samozrejmé jen
jeden prvek celkového vlivu, ale pozornost vénovand mu
jako vyznamnému vlivu pomohla prosadit pozitivni trendy
v zdjmu udrZiteln€j§i vyroby potravin. Ve stavebnim pru-
myslu by se mély podobné zalit povaZovat ,materidlové
mile* za duleZity aspekt pfi zvySovan{ udrZitelnosti staveb.
V této studii byl pouZit model dopravy zaloZeny na tdajich
z databdze Ecoinvent 2. V pripadé lodni dopravy bylo kalku-
lovdno pouze s dopravou z pristavu do pristavu, protoze
vzdalenost z pristavu na misto stavby byla zanedbatelnd
(mensi neZ 1 % celkového dopadu). Predpoklddand prumér-
nd vzdélenost byla 20 000 km pro lodni dopravu a 2000 km
pro kamionovou dopravu.

Tento rozdil v celkovém dopadu je také viditelny na grafu
na obr. 3, kde jednotlivé kategorie dopadu byly pro snadn¢j-
$i interpretaci normalizovany. (Podstatou normalizace je
vztaZeni indikétoru kategorie dopadu na stanovené referenc-
ni hodnoty. Indikétory kategorie dopadu se rozdeli podle sta-
novenych referencnich hodnot, které se ur¢i s ohledem na
evropské zemé, Budavari, 2011 [2].)

Posouzeni Zivotniho cyklu muze poskytnout bliz$i ndhled
na jednotlivd stadia Zivotniho cyklu (vyrobu, dopravu
a udrzbu), coZ je znazornéno na obr. 4.

Z téchto tdaju je jasné, Ze doprava md zdsadni vliv na
dopad vyrobku na Zivotni prostfedi. V pripadé ocelového
svorniku dopravovaného z Asie (hmotnost 2,85 kg/m) je jeho
lodni doprava z celkového hlediska vyznamnéjsi neZ jeho
samotnd aplikace. V pripadé evropské produkce a kamiono-
vé dopravy je z hlediska dopadu na Zivotni prostredi faze
jeho montdZe dominantnéjsi nez jeho doprava.

Puvodni studie prokézala vliv nizké hmotnosti kompozitt
(09 kg/m) na dopravni fdzi a rovnéZ prokazatelné vyssi
zivotnost. Celkové tak kompozitni horninové svorniky maji
vyznamné niz§{ dopad na Zivotni prostfedi, neZ je tomu
u srovnatelnych ocelovych prvka.

VSEOBECNE O POUZIVANI METODY POSUZOVANI
ZIVOTNIHO CYKLU

Metoda posuzovéni Zivotniho cyklu je v soucasnosti pova-
7ovdna za jeden z nejperspektivnéjSich ndstroju usnadnuji-
cich zavddéni zdsad trvale udrzitelného rozvoje do praxe.
Presto pouZivani této metody se muze v ruznych zemich lisit.

Jako priklad nejlep$iho praktického postupu v evropskych
zemich se metoda posuzovani Zivotniho cyklu pouZziva obvy-
kle pri ekoznaeni (vétSinou ekoznaceni typu I a III podle
EN ISO). Ekoznadeni typu I se fidi EN ISO 14024
Environmentdlni znacky a prohlaSeni (ISO 14024, 2000)
a ndrodnim programem environmentalniho znaceni jednotli-
vych zemi. Narodni program environmentdlniho znaceni
zavadi dva druhy ekoznaceni typu I — ekologicky Setrny
vyrobek (na ndrodni drovni) a ekoznacka EU nazyvand
evropskd kvétina (na evropské trovni). V pripadé znacek
typu I se metoda posuzovani Zivotniho cyklu obvykle pouzi-
véa pri tvorbé pravidel pro vyrobek (,,directive standard®).
Vyrobci nemuseji vytvaret specifické posouzeni Zivotniho
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The results of the characterisation show that the environ-
mental impacts of composites are over 35% smaller than
impacts originated in the categories of acidification and
eutrophication. Regarding those two categories, the impact
of truck transport in Europe is by 50% smaller than the
impact in the case of shipping from China (for the purpose
of the case study, the construction site was located in
Scandinavia). In addition, it is possible to see differences in
the categories of the depletion of abiotic sources, global
warming and photochemical oxidants. In the case of those
three categories, there is a significant difference between
individual product systems given in various ways of tran-
sport. (Truck transport of rock bolts to not too great distan-
ce is by 7-15% more considerate towards environment than
shipping over long distances. The smaller impact of truck
transportation is mainly the result of the 10-times shorter
distance than in the case of shipping from China. This cal-
culation will certainly be affected by the fact where the par-
ticular construction site is located and where potential
suppliers are based, but the importance of this factor is
fully obvious.

The concept of the so-called foodstuff miles was for the
first time used by Professor Tim Lang in the 1990s and is
today generally known in connection with purchasing food
and our influence on the environment. Of course, this is
only one element of the overall influence, but the attention
paid to it as an important influence helped to enforce posi-
tive trends in the interest of sustainable food production. In
the construction industry, the “material miles” should start
to be considered to be an important aspect in increasing the
sustainability of structures. The transportation model used
in this study was based on data from the Ecoinvent 2 data-
base. In the case of shipping, only the port-to-port transport
was taken into the calculation because the distance from the
port to the construction site was negligible (less than 1% of
the overall impact). The average distance was assumed at
20,000km for shipping and 2,000km for truck transport.

This difference in the overall impact is also obvious in
the following graph (see Fig. 3), where individual impact
categories were normalised for easier interpretation. (The
essence of normalisation lies in relating the indicators of
the category of impact to the determined reference values.
The impact category indicators are divided by the referen-
ce values, which are determined with respect to European
countries, Budavari, 2011 [2].)

The life cycle assessment can provide a closer view of
individual stages of the life cycle (production, transport and
maintenance), which is illustrated in Fig. 4.

It is obvious from the data that transportation fundamen-
tally influences the environmental impact of the product. In
the case of the steel rock bolt transported from Asia (weight
of 2.85kg/m) the shipping of the bolt is more important
from the overall point of view than its application itself. In
the case of European production and truck transport, the
phase of its installation is more dominant than its transport
as far as the environmental impact is concerned.

The original study proved the influence of the low weight
of composites (0.9kg/m) on the transportation phase and
also the provably longer life. Overall, the composite rock
bolts have significantly smaller environmental impact than
comparable steel elements.
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vechna stadia Zivotniho cyklu svornik (lodni doprava)

all stages of the life cycle of rock bolts (shipping)
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vechna stadia Zivotniho cyklu svornikli (kamionova doprava)
all stages of the life cycle of rock bolts (truck transport)
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GENERALLY ON APPLICATI-
ON OF THE LIFE-CYCLE
ASSESSMENT METHOD

vyroba ocelovych The life-cycle assessment met-
\pl))r/ééltzc‘ltion of steel hod is currently considered to be
reinforcement one of most perspective tools
montaz a Udrzba facilitating the introduction of the
ﬁf;ﬁ?;ﬁg’nigd sustainable development princip-
o kontejnerové lod les into practice. However, the
containership application of this method may
vary in various countries.

As an example of the best prac-
tical procedure in European
countries, the life-cycle assess-
ment method is usually applied to
Eco-labelling (mostly Eco-label-
ling types I and III according to
EN ISO). The Eco-labelling type
I follows the EN ISO 14024
Environmental Labels and De-

, , clarations (ISO 14024, 2000) and
vyroba ocelovych . .
a Wtz national programmes of environ-
production of steel mental labelling in individual
reinforcement

countries. The national program-

montaz a (drzba me of environmental labelling

assembly and mainte-

nance introduces two Eco-labelling
= kamion types, type I — environmentally
truck

friendly product (at the national
level) and EU eco-label, which is
called the European flower (at the
European level). In the case of the
type I labelling, the life-cycle
assessment method is applied to
the creation of rules for the pro-
duct (the ,,directive standard‘).
Producers do not have to create
a specific assessment of the life

Obr. 4 Podil jednotlivych stadii Zivotniho cyklu na celkovém dopadu = 100 % (midpointovd kategorie, meto-

da CML)

Fig. 4 The share of individual life-cycle stages in the overall impact = 100 % (the midpoint category, the

CML method)

cyklu pro svij vyrobek; museji pouze prokdzat soulad s pri-
sluSnymi pravidly (,,directive) pro vyrobek.

Ekoznacky typu III se fidi EN ISO 14025 Environmentaln{
znacky a prohlaseni (EPD) — Environmentdlni prohlaseni
o produktu (ISO 14025, 2006). Kdyz vyrobce chce ziskat
tento typ znacky, musi provést komplexni studii posuzovani
zivotniho cyklu svého produktu a na zakladé této studie se
vypracuji materidly pro EPD. Proto je v tomto pfipadé studie
posuzovani zivotniho cyklu kliCovym ndstrojem a musi byt
vytvorena a overena pro kazdy jednotlivy produkt. Napriklad
v Ceské republice je v sou¢asnosti na narodni tGrovni certifi-
kovano 27 EPD znacek (9 z nich je certifikovdno na evrop-
ské drovni) a dal§ich 12 EPD znacek je v soucasnosti v pred-
certifikaénim stadiu. Vétsina registrovanych a predcertifiko-
vanych produkti jsou jednoduché vyrobky jako napiiklad
zéakladni chemické latky, ndbytek a stavebni materidly.

V soucasné dobé 1ze postiehnout prudky rozvoj EPD znace-
ni stavebnich materidlt podle EN 15 804 UdrzZitelnost staveb
— Environmentdlni prohlaseni o produktu (EN 15804, 2012).

cycle for their products; they only
have to prove the compliance
with relevant rules (,,directive®)
for the product.

The Eco-labelling type III fol-
lows the EN ISO 14025 standard on Environmental Labels
and Declarations (ISO 14025, 2006). When a producer wis-
hes to obtain this labelling type, he has to carry out a com-
prehensive study on assessing the life cycle of its product
and materials for the EPD are prepared on the basis of this
study. For that reason the Life Cycle Assessment Study is the
key tool in this case and it has to be created and verified for
each individual product. For example in the Czech Republic,
27 EPD labels have been currently certified at the national
level (9 of them are certified at the European level) and other
12 EPD labels are currently at the pre-certification stage. The
majority of the registered and pre-certified products are sim-
ple products, such as basic chemical matters, furniture and
building materials.

At present, it is possible to notice rapid development of
the EPD labelling of building materials according to the EN
15 804 standard on Sustainability of construction works —
Environmental product declarations (EN 15804, 2012).



ZAVERY

Metoda posuzovani Zivotniho cyklu je uZitecny a kom-
plexni zpusob posuzovédni veskerych dopadi stavebniho
materidlu na Zivotni prostiedi, postihujici cely Zivotni cyklus
obraz dopadut na Zivotni prostfedi neZ napfiklad ¢asté posou-
zeni pouze podle emisi oxidu uhli¢itého. Vyzaduje to vSak
vétsi snahu a je tfeba, aby vyrobci poskytovali vice ddaju do
takovych databazi, jakou je napfiklad Ecoinvent. Vyrobci
mohou byt ndpomocni ve fazi od dopravy na stavenisté a je
tieba, aby uZivatelé poskytovali vlastni posouzeni dopravy
(na své staveniste), pouziti a likvidace, protoZe v tomto pfi-
padé jde vidy o podminky specifické pro danou konkrétni
stavbu.

Metoda posuzovéni Zivotniho cyklu je také dynamickou
metodou pronikajici do jinych néstroju a metod, které mohou
byt pouZivany v tuneldfském pramyslu jako napiiklad BRE-
EAM, LEED, uhlikovd stopa, udrZitelné budovy nebo rizné
typy environmentélniho znaceni produkta.

Z hlediska zdejsi tuneldrské praxe je mozno metodu LCA
uplatnit pro jakykoli produkt v rdmci vystavby. V uvede-
ném piikladu byly posouzeny ruzné horninové svorniky,
lisici se konstrukéné i mistem vyroby. Detailni posouzeni
zivotniho cyklu upozornilo na silny nepfiznivy dopad
dopravni vzdélenosti — obecné plati, Ze velké ,,materidlové
mile“ znaéné zvySuji dopad na Zivotni prostiedi. V tomto
konkrétnim pripadé byly po zohlednéni vSech aspektu jako
nejudrziteln€j$i moznost vyhodnoceny sklolamindtové
svorniky.

Lze predpoklddat, Ze tuneldfsky priamysl zdokonali svou
analyzu dopadd na Zivotni prostfedi pouzivdnim takovych
néstroju, jakym je posuzovani Zivotniho cyklu, a sniZovéni
dopadu na Zivotni prostfedi bude poklddédno za stejné duleZi-
té jako sniZovéni finan¢nich ndkladu na stavbu.
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CONCLUSIONS

The Life-Cycle Assessment Method is a useful and com-
prehensive way of assessing all environmental impacts of
building materials, covering the entire life cycle of the
material or its part. It brings much more complete picture of
environmental impacts than, for example, the frequent
assessing according to carbon dioxide emissions. However,
it requires greater efforts and it is necessary that producers
provided more data for such databases as, for instance, the
Ecoinvent. Producers can be helpful in the phase beginning
at the transportation to construction site and it is necessary
that users provide their own assessments of the transporta-
tion (to their construction sites), the use and disposal
because, in this case, the conditions are always specific for
the particular construction.

The life-cycle assessment method is also a dynamic met-
hod spreading into other tools and methods, which can be
used in the tunnel construction industry, such as for exam-
ple, the BREEAM, Leed, carbon footprint, sustainable buil-
dings or various types of environmental labelling of pro-
ducts.

From the point of view of the current tunnel construction
practice, the LCA method can be applied to any product
within the framework of the construction development.
Various rock bolts differing in structures and locations of
production were assessed in the above presented example.
The detailed assessment of the life cycle has drawn attenti-
on to the strong adverse environmental impact of transpor-
tation distance — it applies in general that great “material
miles” significantly increase the environmental impact. In
this particular case glass fibre reinforced plastic rock bolts
were assessed after taking all aspects into consideration as
most sustainable.

It is possible to assume that the tunnel construction
industry will improve its analysis of environmental impacts
by using such tools as the life-cycle assessment and the
effort to reduce the environmental impacts will be conside-
red to be equally important as reducing construction costs.
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TRIKILOMETROVY PREKOP V TISICIMETROVE HLOUBCE

THREE KILOMETRE LONG CROSS TUNNEL AT ONE THOUSAND
METRE DEPTH

PETR CADA, PAVEL CESPIVA, PAVEL DVORAK, JIRI GOLASOWSKI,
TADEUSZ KONIECZNY

ABSTRAKT

V letoSnim roce uplyne jiZ 5 let od vyraZeni nejhlubsiho diilniho spojovactho prekopu v Ceské republice — technologického pro-
pojeni mezi tehdejsSimi Doly Karvind a Darkov. Smyslem raZby tohoto dilniho dila bylo propojeni dobyvacich prostorii dvou doli
pro moznost dopravy materidlu, technologickych celkii, pracovnikii aj. a predevsim pro podzemni prevedent vytéZeného surového
uhli z Dolu Karvind, lokality CSA na moderni, velkokapacitni iipravau Dolu Darkov. Délka spojovaciho prekopu razeného dvéma
protismérnymi celbami v tisicimetrové hloubce je 3031 metrii. Diilni dilo bylo vyraZeno prevdiné v profilu 24 m?.

ABSTRACT

Five years will lapse this year from the excavation of the deepest mine crosscut in the Czech Republic — the technological inter-
connection between the former Karvind and Darkov mines. The purpose of the excavation was to connect working districts of two
mines to allow for the transport of materials, equipment complexes, workers etc., but first of all for the underground transport of
raw coal extracted from the CSA locality of the Karvind Mine to the modern, large-capacity dressing plant of the Darkov Mine.
The interconnecting cross tunnel, which was excavated with two headings moving towards each other at the depth of one thou-

sand metres, amounts to 3031m. The cross-sectional area of the mine working was mostly 24m?.

ZAKLADNI INFORMACE

Uvahy o realizaci tohoto dila vznikly jiZ v roce 2008 (obr. 1). Projekt
spojovaciho prekopu mezi Dolem Karvind a Dolem Darkov (dnes po
reorganizaci jiZ lokalitami Dalnfho zdvodu 1) byl vypracovan spole¢-
nosti GEOENGINEERING s.r.o. Na dil¢ich strojnich projektech spo-
lupracovala spolecnost FITE. V podminkéch ¢ernouhelného hornictvi
se jednalo o unikdtni nasazeni technologie klasického cyklického raze-
ni velkorozmérovych dilnich dél (obr. 2) (od 24 m? a v mistech rozsi-
feni az do 38 m?) provadénych protismémé dvéma celbami pomoci
trhacich praci zabirkou celého profilu ¢elby. Operace vrtdni, nakladan{
i odtéZeni byly provadéné s vyuzitim strojnich zarizeni z produkce
némecké firmy Deilmann-Haniel. Razici price byly realizovany pol-
skou dodavatelskou firmou Pol-Alpex. Zakladem dspéchu bylo propo-
jeni dvou méfickych siti mezi Doly Karvind a Darkov s presnosti 6
centimetrt. Prace provadél kolektiv dulnich méfi¢t OKD pod vedenim
hlavniho dulniho méfice a geologa Ing. Radima Gabrysze.

Prdce zaCaly v breznu roku 2011 ze strany

BASIC INFORMATION

The realisation of this working was under consideration as long
time ago as 2008 (see Fig. 1). The design for the interconnecting
cross tunnel between the Karvind Mine and Darkov Mine (today,
after reorganisation, the localities of Mining Plant 1) was carried
out by the company of GEOENGINEERING s.r.o. The company
of FITE a. s. collaborated on partial mechanical designs. In the
conditions of black-coal mining it was a unique application of
classical cyclic excavation of large-dimensional mine workings
(see Fig. 2) (from 24m? up to 38m? in expanded sections), per-
formed with two full-face headings moving towards each other,
using explosives. The drilling, loading and muck removal opera-
tions were carried out using mechanical equipment manufactu-
red by the Germany-based company of Deilmann-Haniel. The
tunnel excavation was carried out by Poland-based contractor,

Dolu Darkov razbou prekopu pod &islem
2983.1. Samotna razba mela celkem 3 etapy
(celkem 1580 m):
e prekop ¢.2983.1 — 70 metra v ocelové | . =
obloukové vyztuzi v profilu OO-
0O-18 TH29, raZeno od brezna do Cerv-

‘ _(unﬁfava

na 2011;
e prekop ¢. 2983.2 a &. 2983.3 — 151 <
metri v ocelové obloukové vyztuZi 275

v profilu OO-0O-16 TH29, raZeno od
Cervna do zari 2011;

e prekop €. 2983 — 1359 metru v ocelové
obloukové vyztuzi v profilu 4DVRK s
TH29, raZeno od zari 2011 aZ po prora-
Zeni se do protismérné razby z Dolu k

Karvina.

"

LAZNE
DARKOV

! Sty - B B

Stona‘ua“ N

Zéroven s razbou z Dolu Darkov zapocaly

prace ze smeru Dolu Karvind razbou prekopu

Obr. 1 Situace spojovaciho prekopu
Fig. 1 Layout of the interconnecting cross tunnel




JSotoarchiv OKD, a. s. photo archive of OKD, a. s.
Obr. 2 Priprava razby odbocky spojovaciho prekopu ¢. 01196 na Dole Karvind
Fig. 2 Preparation of the excavation of the interconnecting cross tunnel
No. 01196 branch at the Karvind Mine

¢. 01196. Razba zacala v mésici dubnu 2011 na tirovni —718,9 m
a byla roz¢lenéna do tif etap (celkem 1451 m):

e prekop €.01196/1 — 255 m v profilech OO-O-18 TH 29 (129 m)
a4DVRK 6700 x 4550 TH 29 (126 m) za obdobi duben — srpen
2011;

e prekop ¢. 01196 — celkem 853 m prevazné v profilu 4DVRK
6700 x 4550 TH 29 za obdobi zari 2011 — prosinec 2012 (obr. 3);

e prekop ¢. 01196/2 — celkem 343 m prevazné v profilu 4DVRK
6100 x 4225 TH 29 za obdobi tinor — ijen 2012.

GEOLOGICKE POMERY

Razba spojovaciho prekopu a jeho ¢asti byla vedena mimo uhelné
sloje v blizkosti hranic mezi karvinskym a ostravskym souvrstvim,
konkrétné v okoli sloje ¢. 491 (mocnost 0,3-0.9 m) v porubskych
vrstvach ostravského souvrstvi v hornindch sladkovodniho horizontu
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Pol-Alpex. The basis of success lied in the interconnection of two
surveying networks between the Karvind and Darkov mines with
the accuracy of 6 centimetres. The work was carried out by
a team of OKD’s mine surveyors under the leadership of
Ing. Radim Gabrysz, the main surveyor and geologist.

The work started in March 2011 from the Darkov Mine side, by
driving the cross tunnel No. 2983.1. The tunnel excavation itself
was divided into 3 stages (1580m in total):

e cross tunnel No. 2983.1 — 70 metres of tunnel supported with
0O0-0-18 TH29 steel arches; driven from March to June
2011;

e cross tunnel No. 2983.2 and No. 2983.3 — 151 metres of tun-
nel supported with OO-0-16 TH29 steel arches; driven from
June to September 2011;

e cross tunnel No. 2983 — 1359 metres of tunnel supported
with 4DVRK TH29 steel arches; driven from September
2011 up to the breakthrough to the tunnel driven in the oppo-
site direction from the Karvind Mine.

The work from the direction of the Karvind Mine commenced
by driving cross tunnel No. 01196, concurrently with the excava-
tion from the Darkov Mine. The excavation started in April 2011
at the level of 718.9m; it was divided into 3 stages (1451m in
total):

e cross tunnel No. 01196/1 — 255m of tunnel supported with

00-0-18 TH 29 arches (129 m) and 4DVRK 6700 x 4550
TH 29 arches (126m); driven from April — August 2011;

e cross tunnel No. 01196 — 853m in total, mostly supported
with 4DVRK 6700 x 4550 TH 29 arches; driven from
September 2011 to December 2012; (see Fig. 3)

e cross tunnel No. 01196/2 — 343m in total, mostly supported
with 4DVRK 6100 x 4225 TH 29 arches; driven from
February — October 2012.
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Obr. 3 Rez dizlnim dilem v profilu 4DVRK 6700 x 4550

fotoarchiv OKD, a. s. photo archive of OKD, a. s.

Fig. 3 Cross-section through the mining working with the 4DVRK 6700 x 4550 profile
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Jfotoarchiv OKD, a. s. photo archive of OKD, a. s.
Obr. 4 Geologickd struktura &elby spojovaciho prekopu ¢. 01196

Fig. 4 Geological structure of the excavation face of interconnecting cross
tunnel No. 01196

Otakara. Generdlni tklon vrstev byl 7° severozapadnim smérem.
Razba probihala prevazné v celistvych piskovcich (obr. 4) nebo
piscitych prachovcich o pevnostech v jednoosém tlaku od 50 do
100 MPa a abrazivnosti od 1 do 10 mg.m™!. V nékolika tsecich se
vSak razby setkaly s prechodem tektonik nebo uhelnych sloji, prede-
v$im sloje ¢. 40 ze sméru od Darkova.

POUZITA TECHNOLOGIE

Veskeré diléi razby spojovaciho prekopu byly raZeny
pomoci trhacich praci, vrty byly provadény dvoulafetovymi
vrtacimi vozy DH-DT2 (obr. 5). Délka vrtu pro trhaci prace
se odvijela od zastizené horniny a jeji kvality, nejéastejsi
zabirka Cinila 1,5 m, v dobrych geologickych podminkach
i 2 m. OdtéZeni horniny bylo provddéno pdsovym naklada-
¢em s bo¢nim vyklopem DHL 1200 pres hieblovy dopravnik
PF1 500/632 s nainstalovanym drticem DLB 1000 a poté
soustavou pasovych dopravniku TP 630/1000 pozdé&ji nahra-
zenych centrdlnim pretéZovacim dopravnikem HESE 1400.
Celkova délka hreblového dopravniku az k pfesypu na pdso-
vy dopravnik ¢inila 50 m. Spojovaci prekop byl razen vétsi-
nou v profilu 4DVRK 6700 x 4500 mm, tj. étyfdilnou ocelo-
vou vyztuzi hmotnostniho stupné prevdzné TH29.

V mistech roz§ifenych profild (vyhybny, pfesypy, kiiZze
aj.) byla pouZita vyztuz o hmotnostnim stupni TH36 v kom-
binaci s lanovymi kotvami. Kotvy HTT-UXG délky 8 m
byly nejprve u kofene zalepeny polyesterovymi ampulemi
LOKSET a ndsledné injektovany cementem. Standardni
hustota budovani byla 0,5 metru, v mistech prechodu tekto-
nik, zvySenych tlakd nebo silné porusenych hornin byla hus-
tota upravena na krok 0,3-0,3-0,5 m. Vyztuz byla v nestan-
dardnich podminkédch doplnéna o podvlaky, pripadné tyce
z Zebirkové oceli a IBO tyCe v kombinaci se zpevnujici
injektdzi polyuretanovou pryskyfici Bevedol — Bevedan
WE. O pripadném pouziti dopliujici svornikové vyztuze
bylo rozhodovano sménovymi preddky operativné na zdkla-
de situace na Celbé. Soucinnost poddajné ocelové oblouko-
vé vyztuZe s horninou byla po celou dobu razby spojovaci-
ho prekopu po obvodu zajistovdna betonovou vyplni pomo-
ci ru¢né vklddané technologie Bullflex. Obvod dalniho dila
byl nejprve nad TH vyztuzi zapazen pomoci ocelovych siti
nebo betonovych paZin a prostory mezi konstrukci ocelové
vyztuZe a horninovym masivem byly na bocich konstrukce
vyztuZe vyplnény betonem B15, v klenbové &dsti se pouZi-
valy specidlni polypropylénové vaky z produkce fy Minova
ndsledné plnéné rychletuhnouci smési (obr. 6, 7, 8).

GEOLOGICAL CONDITIONS

The excavation of the cross tunnel and its parts was led out
of coal seams, close to the border between the Karvina and
Ostrava formations, concretely in the vicinity of coal seam
No. 491 (0.3-0.9m thick) in the Poruba layers of the Ostrava
formation, through the Otakar fresh water horizon ground.
The general dip of the layers was 7° north-west. The exca-
vation proceeded mostly through massive sandstone (see
Fig. 4) or sandy siltstone with the uniaxial compression
strength varying from 50 to 100MPa and abrasivity ranging
from 1 to 10mg.m"'. However, the excavation encountered
the passage through tectonic faults or coal seams, first of all
coal seam No. 40 driven through from the direction of
Darkov

MECHANICAL EQUIPMENT USED

All partial excavation of the interconnecting cross tunnel
was carried out using explosives; drilling was performed
using DH-DT2 twin-boom drilling rigs (see Fig. 5). The
length of drilling for blast holes depended on the encounte-
red rock and its quality; the most frequent excavation round
was 1.5m long, in good geological conditions even 2m. The
muck was loaded by a DHL 1200 tracked side-discharge
loader and was transported via a PF1 500/632 scraper con-
veyor with a DLB 1000 crusher installed on it. Sub-
sequently, it was transported on a system of belt conveyors
TP 630/1000, which were later replaced with a HESE 1400
central transfer conveyor. The total length of the scraper
conveyor up to the point of transfer to the belt conveyor
amounted to 50m. The cross tunnel was driven mostly with
the the support provided by 4DVRK 6700 x 4500mm ar-
ches, i.e. four-part steel support arches, mostly of the TH29
weight degree.

Excavation support weight class TH36 combined with
cable bolts was used in the locations of expanded cross-sec-
tions (passing areas, transfer points, crossings etc.). The 8m
long HTT-UXG cable bolts were in the beginning bonded at
the roots with LOKSET polyester capsules and subsequently
were grouted with cement. The standard density of the instal-
lation was 0.5 metre. It was modified to the 0.3-0.3-0.5m
sequence in locations of the transition between tectonic
faults, increased pressures or heavily disturbed rock. The
excavation support was complemented in non-standard con-
ditions by baulks or deformed steel bars and IBO bars in

Jfotoarchiv OKD, a. s. photo archive of OKD, a.s.

Obr. 5 Pohled na éelbu a na vrtaci viiz

Fig. 5 A view down the excavation heading and the drilling rig



Specidlni rozméry bullflexovych vicekomorovych vaki vychd-
zely z délky zabirky a denniho postupu razby. Pouzivané vaky
byly bud dvoukomorové o rozmérech 0,5 x 1 x 6 m anebo tfi-
komorové 0,5 x 1 x 9 m, jako vyplnovd smes byla pouzita smes
na bdzi cementu Adibet W15 s findlni tlakovou pevnosti po
28 dnech 15 MPa. Kvalita pouZit€ého materidlu a jeho zpra-
covani byly pravidelné ovérovany na vzorcich z namatkové
odvrtdvanych jadrovych vrta. Pro miseni a zacerpani zahus-
téné cementové pastovité smési do vaki bylo pouZivéno sta-
ciondrni elektrické cerpadlo PuMa se Snekovym podavacem
o vykonu az 2.4 m3/hod betonové smési s jiZz vyvdzanou
vodou. Zvlastni zietel byl vénovén logistice big-bagu a cyk-
lickému premistovani Cerpadla za postupujici ¢elbou spojo-
vaciho prekopu a dislednému vypliiovdni obCasnych vice-
vylomu dodate¢nymi vaky dlouhych 2-3 m. Vypliové vaky
zajistujici spolupuisobeni poddajné obloukové vyztuze
s horninovym masivem byly po naplnéni objemové stabilni
a v kontaktu s horninou, protoZe byly vypliované vystup-
nim tlakem z Cerpadla az 3 MPa, ktery umoznoval jejich
rozpinani.

RESENI ANOMALNICH SITUACI

Pfi razb¢ prekopu se bylo nutno vyporadat s feSenim néko-
lika geologicky mimofadnych situaci. Slo o prechody tekto-
nickymi poruchami (napr. LeZatd, Jindri$skd, Eliska s ampli-
tudami o velikosti desitek metri) a uhelnymi slojemi ¢. 37 c,
d, e, ale predevsim sloji ¢. 40.

Sloj ¢. 40 (Prokop) geologicky patfi k tzv. sedlovym vrst-
vam karvinského souvrstvi, je jeho posledni sloji, ndsledo-
vanou Gaeblerovym morskym horizontem jako hranici mezi
karvinskym a ostravskym souvrstvim. Sloj ma obecné moc-
nost nékolika metrt, v mistech spojeni se sloji &. 39 (napf.
v oblasti 3. dobyvaci kry Dulniho zdvodu 2) &ini jeji moc-
nost vice nez 10 metru.

Tato sloj je na zédkladé regiondlni prognézy zarazena do
sloji ohrozenych nebezpeéim vzniku otfesu. To znamen4, Ze
pri razeni nebo dobyvdni musi byt provadény prostredky
aktivni protiotfesové prevence v zdvislosti na zafazeni
daného dila do konkrétniho stupné nebezpedi otfesu (1.-3.)
v souladu s vyhldskou CBU 659/2004 Sb., o bezpe&nosti
a ochrané zdravi pri praci a bezpecnosti provozu v dolech
s nebezpeéim dulnich otfest, a ndvaznymi pracovnimi pra-
vidly pro provadeéni lokdlni prognézy. Konkrétnimi pro-
sttedky je vrtani vrtnych testd s ndslednym provedenim
odleh¢ovaci otrasné trhaci prace pro vytvoreni ochranné
z6ny v okoli dalniho dila. Tato opatfeni v§ak nebylo nutné
realizovat.

fotoarchiv Minova Bohemia s.r.0. photo archive of Minova Bohemia s.r-o.
Obr. 6, 7 a 8 Technologie vypliiovini volnych prostor ,,vakovdnim nad vyztuZi k zabezpeceni aktivace dulni vyztuze
Fig. 6, 7 and 8 Technology of filling empty spaces by placing bags above the support ribs designed to activate the colliery arches

combination with strengthening grouting carried out using
Bevedol — Bevedan WF polyurethane resin. The contingent
use of complementary rock bolt support was decided on ope-
ratively by lead miners of the gangs on shift on the basis of
the situation at the excavation face. The composite action of
the supporting yieldable steel arches with rock was secured
around the excavation circumference throughout the time of
driving the interconnecting cross tunnel with concrete filling
using the manually inserted Bullflex equipment. The cir-
cumference of the mine working was in the beginning braced
with steel sieves or concrete lagging and the spaces between
the steel ribs and rock mass on the excavation sides were fil-
led with B15-grade concrete, whilst in the crown part, speci-
al Minova’s polypropylene bags were installed and subsequ-
ently filled with a rapid-set mixture (see Figures 6, 7, 8).
Special dimensions of the Bullflex multi-chamber bags resul-
ted from the length of the excavation rounds and the daily
excavation advance lengths. The bags used were either of
double-chamber types with the dimensions of 0.5 x 1 x 6m or
three-chamber types 0.5 x 1 x 9m. An Adibet W15 cement-
based mixture with the final compressive strength after
28 days of 15MPa was used for filling the bags. The quality
of the material used and its processing was regularly verifi-
ed on specimens gathered from randomly drilled cored
holes. A stationary electrical pump PuMa with a 2.4m3/h out-
put screw feeder of concrete with already bound water was
used for mixing and pumping a densified pasty cement mix-
ture into the bags. Special attention was paid to the logistics
of the big-bags and the cyclic moving of the pump behind
the advancing face of the interconnecting cross tunnel exca-
vation and to thorough filling of occasional overbreaks with
additional 2-3m long bags. After filling, the bags providing
the composite action between the yieldable support arches
with rock mass were volume-stable. They were in contact
with rock mass because of the fact that they were filled at the
pump output pressure up to 3MPa, which allowed for their
expansion.

SOLUTIONS TO ANOMALOUS SITUATIONS

During the course of the cross tunnel excavation it was
necessary to cope with solutions to several geologically
extraordinary situations, namely passages across tectonic
faults (e.g. the LeZatd, Jindrisskd and Eliska faults with the
amplitudes amounting to several tens of metres) and coal
seams No. 37 ¢, d and e, but first of all coal seam No. 40.
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, a. s. photo archive of OKD, a. s.

Obr. 9 Misto prordZky protismérnych raZeb
Fig. 9 The location of the counter-headings breakthrough

Sloj byla zastiZena pri razbe prekopu €. 2983 ze strany teh-
dejstho Dolu Darkov ve stani¢eni cca 1057-1080 metru.
Vzhledem k tomu, Ze razba byla vedena pouze s ¢dsteCnym
podilem sloje v profilu (do 1 metru), byla razba zarazena do
1. stupné€ nebezpeli otfesu a jako prostredek protiotiesové pre-
vence bylo uzivano pouze tzv. individudlniho pozorovéani. Tato
metoda je zaméfena predev§im na sledovani geomechanickych
projevu jako mistni zpevnéni uhelného pilite (tj. ndhlé zvy3eni
pevnosti rozpojované uhelné hmoty v duasledku pusobicich
tlaku), intenzita a ¢etnost stropnich nebo pilifovych ran (rdzi)
a odpryskavani uhli nebo hornin na obvodu dulniho dila. V pfi-
padé, Ze se néktery z jevu projevuje s vySsi intenzitou, neZ je
s prihlédnutim k okolnim podminkdm obvyklé, je nutno pri-
stoupit k provddéni vrtnych testa.

Pro zamezeni vypaddvéani uhelné hmoty z nadloZi v klenbé
dila, s pfipadnym rizikem jeho zavaleni, bylo v§ak nutno tuto
éast jiz v predpoli uméle zpevnit. K tomu bylo vyuZivdno
systému ochranného destniku do predpoli nadloZi dulniho dila.
Ten se podle podminek pouzival bud jako vytvoieny z hfebi-
kovanych ty¢i délky 3 metry v kombinaci s tzv. PUR patrona-
mi nebo ze samozavrtavacich ty¢i R25 se ztracenou korunkou
a ndsledné zainjektovanych pomoci dvouslozkové polyureta-
nové napénujici hmoty Bevedol — Bevedan. Specidlni vysoko-
tlaké injektdZze pistovymi pneumatickymi cCerpadly GX-45
zajiStovala po celou dobu razby firma Minova Bohemia s.r.o.

Stejny postup byl vyuZit i pri reSeni dalSich geologickych
anomdlii, predev§im pri prechodu tektonickych poruch
,Eliska“ a ,,Jindri§sk4*.

ZAVER

Dne 12. 12. 2012 ve 12 hodin a 12 minut do§lo k prordzZce
obou protismérnych razeb za ucelem propojeni tehdej$ich
Dola Karvind a Darkov (dnes Dalni zdvod 1) pomoci jednoho
dalniho dila, tzv. spojovaciho prekopu (obr. 9). Toto dulni dilo
je unikdtni nejen svymi rozmeéry a délkou, ale také mimorad-
nou presnosti razby, kdy maximdlni odchylka sméra proticeleb
pri prordZce byla fadove v centimetrech. Celkové bylo vytéze-
no 100200 m3 horniny. Pro vystavbu spojovaciho piekopu
bylo spotfebovéano priblizné 10 600 tun suchych betonovych
smési, bylo nainstalovdno celkem 9066 m potrubnich fadu
v provedeni VICTAULIC (DN 100 az DN 200). Rukama pra-
covniku pro$lo a bylo nainstalovdno celkem 4050 tun vystro-
jovacitho materidlu (obr. 10). Pro zajiSténi zdvésné dopravy na
3km tseku bylo nainstalovdno 215 tun komponentd zdvésné
drazky.

In geological terms, coal seam No. 40 (Prokop) belongs
among the so-called saddle layers of the Karvind formation; it
is the last coal seam of the formation and is followed by the
Gaebler marine horizon as a border between the Karvina and
Ostrava formations. The thickness of the coal seam generally
amounts to several metres; in the locations of the connection
with seam No. 39 (e.g. in the area of the coal extraction block
No. 3 of the Mining Plant 2) the thickness exceeds 10 metres

This coal seam is categorised on the basis of a regional pro-
gnosis among the seams threatened with danger of the origi-
nation of a rockburst. This means that the means of active
rockburst prevention had to be applied during the course of
the excavation or extraction, depending on the categorisation
of the particular working into the concrete degree of danger of
a rockburst (1-3) in compliance with the Decree of the Bureau
of Mines of the Czech Republic No. 659/2004 Coll. on safety
and occupational health and safety hazards in mines with
rockburst hazard and follow up working rules for carrying out
local prognosis. The concrete means comprise drilling for
drilling tests with subsequent relieving shaking blasting
designed to create a protective zone around the mine working.
However, this measure did not have to be realised.

A coal seam was encountered during the excavation of cross
tunnel No. 2983 proceeding from the side of the formed
Darkov Mine, at chainage metres ca 1057—-1080. With respect
to the fact that the excavation was led with only a partial pro-
portion of the coal seam located inside the profile (up to 1m),
it was categorised as rockburst danger degree 1 and only the
so-called individual observation was carried out as the means
of rockburst prevention. This method is focused first of all on
the monitoring of geomechanical manifestations, such as for
example local strengthening of the coal pillar (i.e. a sudden
increase in the strength of the coal mass caused by acting
pressures), the intensity and frequency of seismic events
bangs in the roof or coal pillar (shocks) and spalling of the
coal or rock around the mining working circumference. In the
case that some phenomenon manifests itself with intensity
higher than usual taking the surrounding conditions into con-
sideration, it is necessary to proceed to carrying out the dril-
ling tests.

It was necessary to artificially strengthen the overburden so
that falling of coal mass from the excavation vault associated
with contingent risk of the excavation collapse was prevented.
Strengthening was carried out by means of a protective umb-
rella system installed into the front zone of the mine working
overburden. Depending on the conditions, the umbrella was
created either from 3m long spiling rods in combination with
the so-called PUR cartridges or from self-drilling rods R25
with sacrificial drill bits subsequently grouted with the
Bevedol — Bevedan two-component polyurethane foaming
resin. Special high-pressure grouting using piston-type pneu-
matic pumps GX-45 was provided throughout the time of the
excavation by Minova Bohemia s.r.o0.

An identical procedure was used even when other geotech-
nical anomalies were being coped with, first of all during the
crossing of tectonic faults ,,Eliska“ and ,,Jindrisska“.

CONCLUSION

On 12th December 2012 at 12 o’clock and 12 minutes, both
tunnels driven against each other with the aim of interconne-
cting the former Karvind Mine and the Darkov Mine (today
the Mining Plant 1) by means of a single mine working, the so



fot;»::c‘};iv OKD, a.s. photo archive of OKD, a. s.
Obr. 10 Dokonceny a vystrojeny spojovaci prekop s pdsovym dopravnikem
HESE 1400 umoZiiujicim dopravovat az 2500 t téziva za hodinu

Fig. 10 Completed interconnecting cross tunnel provided with excavation
support; HESE 1400 belt conveyor allowing for transportation of up to 2500t
of excavated material per hour

Nejvyssi mesicni postup ze strany Dolu Darkov byl dosa-
Zen pri razbé prekopu ¢. 2983 v mésici lednu 2012. V daném
mésici bylo vyraZzeno 95 m pfi prumérném dennim postupu
3,33 m. Jednd se o nejvyssi mési¢ni postup pri razbé celého
spojovaciho prekopu. Nejvy$si mési¢ni postup ze strany Dolu
Karvind byl dosaZen prfi razbé prekopu ¢. 01196 v mésici
listopadu 2012. V uvedenych mésicich bylo vyrazeno 74 m
pfi primérném dennim postupu 2,46 m, resp. 2,55 m. Z4-
sadnim faktorem ovliviiujicim vykony byly geologickd odlis-
nost prostedi a dklon razeb omezujicich efektivitu pouzitych
technologii.

Cil projektu byl splnén, doposud bylo spojovacim prekopem
na Diilnim zdvodé 1 pretéZeno z lokality CSA na lokalitu Darkov
okolo 3,1 miliont tun surové t€Zby. Potencidl metody a techno-
logie raZeni pfekopu zustdvd ve vlastnictvi OKD, a.s. a umoZiu-
je planovat dal§i vyznamnd propojeni, napriklad mezi doby-
vacimi prostory Dulniho Zdvodu 1 v rdmci dotéZovéani{ uhel-
nych zdsob ukryvajicich se v ochranném pilifi Dulniho
Zavodu 2, nebo umoznuje také vyrazit nové chodby zpfistup-
nujici zasoby koksovatelného uhli ukryvajiciho se v ochran-
nych jamovych pilifich nebo také v ostravském souvrstvi pro-
vozovanych dalnich zdvodu.
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called interconnecting cross tunnel, broke through (see
Fig. 9). This mining working is unique not only in its dimen-
sions and length, but also in the extraordinary accuracy of the
excavation, where the maximum directional deviation of the
counter-headings at the moment of the breakthrough was in
the order of centimetres. The total volume of the excavated
rock amounted to 100,200m3. Approximately 10,600 tonnes
of dry concrete mixtures were consumed and 9,066m of VIC-
TAULIC (DN 100 to DN 200) pipelines were installed for the
development of the interconnecting cross tunnel. The total of
4,050 tonnes of excavation support materials passed through
the hands of workers and was installed (see Fig. 10). A roof-
mounted monorail system for the 3km long transport route
comprised 215 tonnes of components.

The best monthly progress from the side of the Darkov
Mine was achieved during the excavation of cross tunnel No.
2983 in January 2012. In the particular month, 95m of the tun-
nel were excavated, with the average daily advance rate of
3.33m. It was the greatest monthly advance achieved during
the excavation of the entire cross tunnel. The highest month-
ly advance from the side of the Karvind Mine was achieved
during the excavation of cross tunnel No. 01196 in November
2012. In the particular months, 74m of the tunnel were exca-
vated at the average daily advance rate of 2.46m and 2.55m,
respectively. The fundamental factor affecting the outputs lied
in the geological divergence of the environment and the exca-
vation incline limiting the effectiveness of the technologies
applied.

The objective of the project was met; about 3.1 million ton-
nes of raw coal were transferred from the CSA locality to the
Darkov locality through the interconnecting cross tunnel at
Mine Plant 1. The potential of the excavation method and the
technology of the excavation of cross-cuts remains within the
ownership of OKD, a. s. It allows for planning other impor-
tant interconnections, for example between the working
districts of Mining Plant 1 within the framework of finishing
the extraction of coal reserves hidden in the protective bank
of Mining Plant 2, or allows for driving new access galleries
to the reserves of cokeable coal hidden in protective shaft pil-
lars or in the Ostrava formation of the operating mining
plants.
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MODERNI MATERIALY PRO EFEKTIVNI SANACE OSTENI TUNELU

MODERN MATERIALS FOR EFFECTIVE REHABILITATION
OF TUNNEL LININGS

ZBYNEK DRIENQVSKY

ABSTRAKT

Poruchy podzemnich staveb jsou nejcastéji spojeny se stabilitou ostent, jeho degradaci v ¢ase a problémy s pFitoky ¢i dlouho-
dobym piisobenim vody. Cldnek predstavuje moZnosti pouZiti modernich materidlii pri sanacich podzemnich staveb, které byly

v neddvné minulosti ispesné dokonceny na vizemi Ceské republiky.

ABSTRACT

Defects of underground structures are most frequently associated with the stability of linings, degradation of linings with time
and problems with inflows of groundwater or long-term effects of water. The paper introduces the possibilities of the application
of modern materials to the underground construction rehabilitation projects which have been recently finished in the Czech

Republic.

uvoD

Prestoze Ceska republika je svou geomorfologii vzdale-
na horskym podminkdm alpského regionu nebo Skan-
dindvie, patfi diky hustoté infrastruktury a historii mezi
zemé, kde je tuneldfstvi duleZitou soucdsti stavebnich
praci. Podzemni vystavba ma zde dlouhou tradici a kvali-
tu, nicméné v kazdém podzemnim dile se dfive nebo
pozdéji muze vyskytnout porucha a nastdva potfeba jeho
sanace. Specifikem sanaci je predev§im dlraz na co nej-
krat$i dobu realizace, tedy presnéji feeno na maximalni
zkraceni nutného vylouceni podzemniho dila z provozu
a snizeni finanéni ztraty s tim spojené. Ponékud stranou
Casto stoji technicka stranka sanaci a v minulosti se zejmé-
na majitelé a provozovatelé podzemnich dél Casto ridili
filozofif ,,udrzba podzemniho dila za minimdlni ndklady*.
Moderni materidly pouzivané pro sanace podzemnich dél
by mély mit kromé pozadovanych technickych parametru
napriklad dlouhou Zivotnost a odolnost, které jsou velmi
dulezité pravé prfi sanacnich zédkrocich. Pro dokresleni
nezbytnosti mit k dispozici specidlni materidly pro sanace
podzemnich dél lze pfipomenout, 7e na tzemi Ceské
republiky se nachdzi napriklad 162 Zelezni¢nich tunelq,
pricemz valnd vétSina (125) byla vybudovana jiz pred
rokem 1918.

Spole¢nost Minova Bohemia s.r.o. se pohybuje vice nez
20 let v prostredi tunelové vystavby a vyvoje technologii
a materidlu, ktery je v posledni dobé dsteCné zaméfen
pravé pro specializované sanacni prace v podzemi.

Typickymi produkty Minovou vyrabénych a pouZiva-
nych pfi sanaénich pracich jsou trvalé injekéni pryskyfice
pro dodate¢né kotveni osténi, zpevnujici injektdZe horniny
a osténi, pripadné pro tésnici injektaze. Tyto specializova-
né injek¢ni materidly jsou mimo jiné testovany akcelero-
vanou zkouSkou stadrnuti a dosahuji i v agresivnim pro-
stfedi zivotnosti presahujici 80 let. Z modernich vyztuz-
nych prvku jsou zcela jisté trendem kompozity s predpo-
klddanou Zivotnosti presahujici 100 let. Jsou pouZzivany ve
formé vyztuznych siti nebo horninovych svorniku. Pro

INTRODUCTION

Even though the Czech Republic is in terms of its geo-
morphology far from mountain conditions of the Alpine regi-
on or Scandinavia, it belongs, owing to the density of its
infrastructure and its history, among the countries where the
tunnel construction industry is an important part of civil engi-
neering operations. Underground construction has a long tra-
dition and long-term quality in the Czech Republic.
Nevertheless, a defect may sooner or later occur in any
underground structure and its rehabilitation becomes necessa-
ry. A specific feature of rehabilitation work is first of all the
stress put on the shortest duration of the realisation, more pre-
cisely stress put on maximum reducing of the time necessary
for the exclusion of the underground working from operation
and reducing the financial loss associated with it. Somewhat
aside is often the technical side of the rehabilitation and, in
the past, owners and operators of underground structures
often followed the “underground working maintenance for
minimum costs” philosophy. Modern materials used for the
rehabilitation of underground structures should, apart from
meeting required technical parameters, feature, for example,
long duration and resistance, which are very important espe-
cially during rehabilitation operations. For sketching in the
necessity for having special materials available for rehabilita-
tion of underground structures it is possible to bring back to
mind the fact that, for instance, there are 162 railway tunnels
in the Czech Republic, the major proportion of which (125)
were constructed before 1918.

The company of Minova Bohemia s. r. 0. has been operating
in the environment of tunnel construction and development of
technologies and materials for over 20 years. This develop-
ment has recently been partly focused on specialised rehabili-
tation work underground.

Typical products manufactured and used during rehabilitati-
on operations by Minova are permanent injection resins used
for additional anchoring of linings, strengthening injections of
rock mass and linings, possibly for sealing injections. These
specialised injection materials are tested, among others, by
accelerated tests of ageing and their lifespan exceeds 80 years



sloZitéjsi horninové podminky jsou pak k dispozici ocelo-
vé vyztuZe se specidlni povrchovou tpravou kombinujici
zinkovani s epoxidovym nastfikem (tzv. Twin-Coat).

Pro sanacni priace nejen v podzemi je povazovdna za
dulezitou technologie stfikanych hydroizolaci s vyuZitim
EVA-polymerni membrany. Zatimco v rdmci nové vystav-
by je pro realizaci hydroizolace k dispozici vice moZnosti
(predevsim féliové systémy), tak pri sanacich se v nékte-
rych piipadech fe§i pouze lokdlni problémy s prusaky
anebo se hydroizola¢ni vrstva musi nanaSet na existujici
osténi. Témer vzdy se jednd o situace, kdy je podklad
nerovny (osténi z rizné opracovanych kamennych kvadra,
pripadné primo skalni podklad). Dal§im problémem jsou
zmény geometrie osténi zpusobené napiiklad existenci
bezpe¢nostnich vyklenka, prechody tunelovych pasu
z ruznych materidlt, dilatacn{ spdry apod.

BOHUSLAVICKY TUNEL

Diky pokrokovému pristupu projekéni kancelare
Amberg Engineering Brno, a.s., se jedna z prvnich akci
s vyuzitim zminénych kompozitnich vyztuzi realizovala
jiz v letech 2007-2009 v rdamci rekonstrukce Bohu-
slavického tunelu na Zelezni¢ni trati Jaroméf — Kra-
lovec.

Jednokolejny tunel, jehoZ stavba byla dokoncena v roce
1868, je dlouhy 187,5 m s osténim ze zdiva z piskovco-
vych kvadru. Posledni rekonstrukce v roce 1973 byla pro-
vedena ve smyslu opravit jen nejnutnéjsi a co nejlevnéji.
Ve vysledku bylo osténi na mnoha mistech siln€ poskoze-
no, jednotlivé kvadry doslova vypaddvaly. Nekolik tunelo-
vych pasu bylo provizorné podskruZeno ocelovymi rdmy
a dfevénymi pazinami.

Zamérem projektanta bylo zajiSténi stdvajici klenby
v ploSe pomoci materiélt, které nejsou naro&né na prostor
(nedojde ke zmensSeni prujezdného profilu), nepritizi klenbu
a budou mit dlouhou Zivotnost. Jako zdkladni prvek byly
zvoleny kompozitni sité s nizkou konstrukéni vyskou na
bdzi trvalé vinyl-esterové pryskyfice a skelnych vldken, kot-
vené pres osténi pomoci trvalych kompozitnich horninovych
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even in an aggressive environment. Of the modern excavation
support elements, composites with the design life exceeding
100 years are certainly the current trend. They are used in the
form of reinforcing mesh or rock bolts. Steel excavation sup-
port elements with special surface treatment combining gal-
vanisation with zinc phosphate and sprayed epoxy coating
(the so-called Twin-Coat) are available for more difficult
ground conditions.

We consider the spray-applied waterproofing using the
EVA-polymer membrane to be important not only for rehabi-
litation work and not only underground. Whilst there are more
possibilities for realisation of waterproofing within the frame-
work of new construction (first of all plastic membrane sys-
tems), only local problems with seepage are in some cases
solved by rehabilitation, where the waterproofing layer has to
be applied to already existing linings. Nearly always these are
the situations where the substrate is uneven (linings from vari-
ously trimmed stone blocks or application directly on the rock
substrate). Another problem lies in changes in the lining geo-
metry caused, for example, by the existence of safety reces-
ses, transition between tunnel blocks from various materials,
expansion joints, etc.

BOHUSLAVICE TUNNEL

Thanks to the progressive approach of Amberg Engineering
Brno, a. s., designing office, one of the first cases where the
above-mentioned composite support elements were used was
realised in 2007-2009 within the framework of the recon-
struction of the Bohuslavice tunnel on the Jaromér-Krélovec
rail line.

The single-track tunnel, the construction of which was finis-
hed in 1868, is 187.5m long. It is lined with sandstone blocks.
The last reconstruction in 1973 was carried out with the aim
of repairing only the most necessary things at the cheapest
way. In the result, the lining remained at many places heavily
damaged and individual stone blocks were falling out of the
lining. Several tunnel blocks were temporarily provided with
steel frames and wooden lagging.

Designer’s intention was to stabilise the surface of the exis-
ting vault by means of materials which are not space-intensive

Obr. 1 Provizorni podskruZeni (vlevo) a po odstranéni osazeni trvalou kompozitni siti a svorniky (vpravo)
Fig. 1 Temporary centering (for the left) and installation of permanent composite mesh and rock bolts (for the right) after its removal




Obr. 2 Sanace Strelenského tunelu s vyuzitim kompozitnich siti Powermesh
Fig. 2 Rehabilitation of the Strelnd tunnel using composite Powermesh

svorniki. Horninové svorniky byly do horniny lepeny
pomoci okamzité unosné kotevni tixotropni pryskyfice.
V porovndni s kovovymi prvky kompozity nevyZaduji
ochrannou vrstvu stiikaného betonu, kterd by klenbu priti-
Zila a predev§im zmenSila prujezdny profil (obr. 1).

V kriti¢tejSich mistech byla injekéni technologif za pazi-
ny aplikovédna specidlni pryskyfice vyplnujici malé kaver-
ny v osténi a stabilizujici zaklddku bezprostfedné za osté-
nim. Nasledné bylo podskruzeni odstranéno bez rizika
lokalni poruchy, provedeno dokotveni kompozitnimi hor-
ninovymi svorniky a byla obnovena vypln spar vyzdivky.
Bezmala 10 let od provedeni sanacnich praci je tunel bez
problému a pln{ svoji funkci bez omezeni.

V uplynulych letech byly kompozitni sité firmy Minova
Bohemia s.r.o. upraveny v ramci genera¢ni obmény a stej-
né tak byly pro sanaéni priace nové vyvinuty kompozitni
matice s nizkym profilem pro dodatecné kotveni v tune-
lech (tzv. Low-profile Nut). Presto je v principu feSeni
pouZzité spolecnosti Amberg Engineering Brno, a.s. apliko-
vatelné i dnes na dal$i podzemni dila se stabilitnimi pro-
blémy osténi. Kompozitni prvky jsou vysoce trvalé
i v prostfedi se zvySenou agresivitou, nevyzaduji Zadnou
protikorozni nebo jen minimalni ochranou kryci vrstvu,
jsou lehké, s vysokymi pevnostnimi parametry. DalSim
davodem pro jejich pouZiti v konstrukecich je vyskyt blud-
nych proudu, které diky kompozitni vyztuzi nemohou
negativné ovlivnit vyztuZzené betonové konstrukce. Této

(the clearance profile is not reduced), do not apply a surchar-
ge to the vault and will have a long life. Composite mesh
with a low structural height, based on a permanent vinyl-ester
resin and glass fibres, anchored with permanent composite
rock bolts, was chosen to be the basic element. The rock bolts
were bonded into rock by means of a thixotropic resin imme-
diately bearing a load. In comparison with metallic elements,
composites do not require a protective shotcrete layer which
would apply surcharge to the vault and, first of all, would
reduce the clearance profile (see Fig. 1).

A special resin filling small caverns in the lining and stabi-
lising the backfill immediately behind the lining was applied
in more critical locations behind the lagging, using an injecti-
on technology. Subsequently the temporary support was
removed without a risk of a local failure, the additional ancho-
ring with composite rock bolts was finished and the filling of
joints in the lining was renewed. The tunnel is trouble-free
and fulfils its function without restriction nearly 10 years after
the completion of the rehabilitation.

Our composite mesh products have been recently modified
within the framework of the generational change and low-pro-
file composite matrices were developed for additional ancho-
ring in tunnels (the so-called Low-profile Nut). Despite this
fact, the solution used by Amberg Engineering Brno, a.s., is in
principle applicable even today to other underground structu-
res suffering from stability problems of the lining. Composite
elements are highly durable even in an increased corrosivity
environment. They need no corrosion protection or need only
a minimum protection layer, are light-weight with high
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Obr. 3 Aplikace strikané hydroizolacni membrdny v Pavlovickém tunelu
Fig. 3 Spray-applied waterproofing membrane in the Pavlovice tunnel

vlastnosti bylo vyuZito napriklad pfi rekonstrukci
Strelenského tunelu na trati Horni Lide¢ — Pidchov, kde
byly kompozitni vyztuzné sité instalovany na zarubnich
zdech obou portdlovych tseku v kombinaci se stiikanym
betonem (obr. 2).

PAVLOVICKY TUNEL

V tomto pripadé byly sanaéni prdace spojeny s problé-
mem pronikdni vody. Jednokolejny tunel vybudovany
v roce 1871 o délce 220,8 m byl prestavén v letech 1965—
1967. Prestavba spocivala v rozsiteni klenby v souvislosti
s elektrifikaci daného tratového tseku. Vznikla tak kom-
binace osténi z puvodniho fddkového zdiva a Zelezobeto-
nové klenby vykazujici nizkou pevnost.

Puvodni projekt predpoklddal pouze lokdlni opravy
ndsledku déinku prosakujici vody a opravu povrchu osténi.
Nasledné mél byt povrch oSetfen krystalizaénim natérem,
ktery byl ovSem v tomto tunelu aplikovdn v predchozich
letech a zcela se neosvédCil. NasvédCovaly o tom Cetné
vapenné vyluhy na lici klenby a v zimnich mésicich se tvo-
fici ledové rampouchy zasahujici az na trakci. Proto byl
projekt zdsadné prepracovén s vyuzitim tésnicich injektazi,
instalaci povrchovych drendZnich svodnic (Alfa/Omega
drendzni 7labky) a findlnim ndstfikem polymer-cemento-
vou pruznou hydroizolaéni membranou (obr. 3) s kryci
vrstvou stfikaného betonu. Prace v tomto tunelu byly pro-
vadény v roce 2010 v rdmci modernizace Zelezni¢ni trati
Stifbro — Pland a byla to tak jedna z prvnich staveb v CR,
kde se obdobny typ stfikané hydroizolace uplatnil pro
sanacni prace.

RovnéZ v tomto pripadé bylo cilem vyraznéji nesniZit
prujezdny profil tunelu, coZ se diky tenké stiikané vrstvé
podarilo. Kombinace chemické injektdze za osténi a stfi-
kané izolace aplikované na osténi tunelu predstavuje efek-
tivni a rychlé feSeni problému s vodou v rekonstruovanych
tunelech. Dodate¢na izolace za osténi je komplikovana
(pri plosném injek&nim feSeni) nebo vyzaduje odstranéni
stdavajiciho osténi, coZ je spojeno s radou rizik.

strength-related parameters. Another reason for their applica-
tion in structures is the occurrence of stray currents, which
cannot negatively influence reinforced concrete structures
thanks to the composite reinforcement. This property was for
example taken advantage of during the reconstruction of the
Strelnd tunnel on the Horni Lide¢ — Pichov rail line, where
composite reinforcing mesh was installed in combination
with shotcrete (see Fig. 2) on revetment walls in both portal
sections.

PAVLOVICE TUNNEL

In this case, the rehabilitation operations were associated
with problems with the intrusion of water. This 220.8m long
single-track tunnel was constructed in 1871 and was recon-
structed in 1965-1967. The reconstruction lied in the expan-
sion of the tunnel vault in connection with the electrification
of the particular rail line section. It gave rise to a combinati-
on of the original coursed masonry lining and a reinforced
concrete vault exhibiting low strength.

The original design assumed only local repairs of defects
caused by water seeping through the lining and repairs of the
lining surface. The surface was to be subsequently treated
with crystallisation coating. However, the coating had been
applied in this tunnel during past years and had not fully
acquitted itself. Frequent lime leachates on the lining internal
surface and icicles developing during winter months and rea-
ching down up to the catenary line indicated this problem.
The design was for that reason fundamentally reworked,
using sealing grouting, installation of subsurface drainage
(Alfa/Omega drainage channels) and the final spray-applied
flexible polymer-cement waterproofing membrane (see
Fig. 3) with a shotcrete covering layer. The work in this tun-
nel was carried out in 2010, within the framework of the
modernisation of the Stfibro — Plana rail track. It was one of
the first projects in the Czech Republic where a similar type
of spray-applied waterproofing was used for rehabilitation
operations.

The objective not to more significantly decrease the height
of the tunnel clearance profile was pursued also in this case.
Owing to the thin spray-applied layer, the objective was met.
The combination of chemical grouting behind the lining and
waterproofing spray-applied on the tunnel lining represents an
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Obr. 4 Sanace Sedlejovického tunelu — vychodni portdl, vlevo pred sanaci, vpravo po sanaci
Fig. 4 Rehabilitation of the Sedlejovice tunnel — eastern portal before rehabilitation (for the left) and after rehabilitation (for the right)

Stejnd technologie byla aplikovdna ve stejné dobe i na
byvalém tunelu Zizkovském v Praze (dnes stary Vit-
kovsky), kde v ramci budovani tzv. Nového spojeni vznik-
la cyklostezka. Na zdkladé docileni vyborného vysledku
po provedeni této technologie Minova aplikovala stejny
postup a skladbu materidla vcetné stiikané izolace pri
rekonstrukci tunelu Rigelského na trati Liberec — Cer-
nousy v prubéhu roku 2015.

ZAVER

Sanace a rekonstrukce podzemnich dél se pomalu, ale
jisté stavaji nedilnou souddsti tunelaistvi v CR a jejich
podil pravdépodobné naddle poroste. A to nejen diky
absenci nové vystavby, ale predevs§im diky technickému
stavu staveb (obr. 4) a zvySujicich se ndroku na jejich pro-
vozovani. Spole¢nost Minova Bohemia s.r.o. uvedla na trh
ucelenou fadu materidla, které z aplikaéniho hlediska
i z hlediska svych parametrd umoznuji efektivni a trvalé
feSeni problému tykajicich se stability a prusaku vody. Je
potfeba si uvédomit, Ze na sanacni prace a na sanacéni
materidly jsou kladeny ponékud jiné pozadavky neZ na
materialy pouzivané pri razbé a hloubeni podzemnich dél.
Predev§im je minéna pozadovand dlouhodoba odolnost
tzv. trvalych prvkd v porovnani s prvky tzv. do¢asnymi
uréenymi pro razby podzemnich dél. Vyssi kvalita special-
nich materidld neznamend vZzdy jen zvySenou cenu — pied-
stavuje predevsim garanci dlouhé funk&nosti a Zivotnosti
provedenych sanacnich praci bez nutnosti opakovaného
vylouceni podzemniho dila z provozu v krdtkém Ccase.
Investice do takovychto materidla, v porovndni s naklady
spojenymi s odstdvkou napiiklad Zelezni¢nich tunelu, se
mnohondsobné vyplati.

ZBYNEK DRIENOVSKY,
zbynek.drienovsky @minovaglobal.com,
Minova Bohemia s.r.o.

Recenzovali Reviewed: doc. Ing. Vladislav Hordk, CSc.,
Ing. Jaroslav Lacina

effective and fast solution to problems with water in tunnels
being reconstructed. Additional waterproofing behind the
lining is complicated (in the case of a sheet membrane sys-
tem) or requires that the existing lining is removed. However,
this operation is associated with numerous risks.

The same technology was applied at the same time also to the
former Zizkov tunnel (today old Vitkov tunnel) in Prague,
where a cycle way originated within the framework of the New
Link construction project. Minova applied the same procedure
and selection of materials, including spray-applied waterproo-
fing membrane, on the basis of achieving excellent result after
implementing this technology, to the reconstruction of the
Rigel tunnel on the Liberec — Cernousy rail line during 2015.

CONCLUSION

Rehabilitation and reconstruction of underground structures
become slowly but surely inseparable parts of our tunnelling
industry and their proportion will probably further grow. It is
so not only owing to the absence of new construction projects,
but first of all due to the technical condition of the structures
(see Fig. 4) and increasing demands on operating them.
Minova Bohemia s. r. 0. has brought to market a complete
range of materials, which, from the application point of view
as well as the aspect of its parameters allow for an effective
and permanent solution to problems regarding the stability and
seepage of water. It is necessary to realise that the require-
ments imposed on rehabilitation operations and rehabilitation
materials are slightly different than requirements for materials
used during underground excavation and sinking of shafts.
First of all we mean the required long duration of the so-cal-
led permanent elements in comparison with the so-called tem-
porary elements designed for underground excavation. Higher
quality of special materials does not always mean only increa-
sed costs — it first of all represents a guarantee of long functi-
onality and duration of completed rehabilitation work without
the necessity for repeated exclusion of the underground wor-
king from operation in a short time. Investment into such
materials many times pays off in comparison with the costs
associated with an outage, for example of railway tunnels.

ZBYNEK DRIENOVSKY,
zbynek.drienovsky@minovaglobal.com,
Minova Bohemia s.r.o.
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BIM V DOPRAVNIM STAVITELSTVI VE SPOLKOVE REPUBLICE NEMECKO
S PRIKLADEM JEHO POUZITI NA TUNELU RASTATT

BIM IN TRANSPORT ENGINEERING CONSTRUCTION IN THE FEDERAL
REPUBLIC OF GERMANY, WITH AN EXAMPLE OF ITS APPLICATION
TO RASTATT TUNNEL

LINDA CERNA VYDROVA, PAVEL RUZICKA

ABSTRAKT

Digitdlni technologie poskytuji pro projektovdni a vystavbu enormni potencidl z hlediska kvality, transparentnosti, efektivity
a spolehlivosti procesii. Jeho prostrednictvim lze vyznamné optimalizovat ¢as, ndklady a rizika vystavby. Nezbytnym predpokla-
dem pouZiti BIM (digitdlni reprezentace fyzikdlnich a funk&nich viastnosti daného objektu vytvdrejici zdroj pro sdileni poznatkui
a informaci, které tvori spolehlivy zdklad pro rozhodovdni behem Zivotniho cyklu stavby od ndvrhu aZ po demolici) je, aby zada-
vatelé i dodavatelé disponovali dostate¢nou znalosti metod a procesii BIM a byli pripraveni navzdjem spolupracovat. BIM must
také nalézt svou cestu do systému vy$siho vzdeldvdni a odborné pripravy, aby tak bylo mozné uspokojit rostouci poptdvku po kva-
lifikovanych odbornicich. Cldnek struéné popisuje situaci ohledné BIM v Evropé a bliZe se vénuje uplatnéni tohoto principu
v Nemecku, kde stejné jako napriklad v Norsku je zavedeni BIM poZadovdno stdtem. Ddle jsou popsdny némecké pilotni projekty,

mezi kterymi je samostatnd kapitola tykajici se tunelu Rastatt.

ABSTRACT

Digital technologies provide an enormous potential for designing and construction as far as the quality, transparency, effecti-
veness and reliability of processes are concerned. We can significantly optimise construction time, costs and risks through them.
An indispensable condition for the application of the BIM (the digital representation of physical and functional properties of
a particular object creating a source for sharing knowledge and information, which form a reliable base for making decisions
during the life cycle of a structure, from design to demolition) is that contracting authorities and contractors have sufficient know-
ledge of BIM methods and processes and are prepared to work together. The BIM has in addition to find its way to the system of
higher education and professional preparation so that it is possible to satisfy growing demands for qualified professionals. The
paper briefly describes the situation regarding the BIM in Europe and dedicates itself closer to the application of this principle
in Germany, where, the same as for example in Norway, the introduction of the BIM is required by the state. Further on, German

pilot projects are described, with a chapter concerning the Rastatt tunnel among them.

uvob

Proces optimalizace je v poslednich letech neodmyslitel-
né spojen s digitdlni platformou BIM, popripade digitaliza-
ci prumyslu obecné, tzv. Primysl 4.0 (Stavebnictvi 4.0).
BIM v sobé spojuje vSechna relevantni data, plany, postupy
vystavby a v digitalni podobé zobrazuje cely Zivotni cyklus
stavebniho projektu od ndavrhu pres vystavbu aZ po provoz
a udrzbu.

CO JE BIM

Zakladni podminkou pro §ir$i uplatnéni BIM je jasnéjsi
a obecn€j$i chdpani toho, co znamend BIM. Building
Information Modeling (BIM), informa¢ni modelovani sta-
veb, se dd chdpat jako proces pro optimalizaci pripravy,
provadéni a provoz stavebnich konstrukci. Podle tohoto
pristupu je zdkladem BIM 3D pocitacovy model, obohacen
pridanim dalSich informaci, jako jsou Cas, ndklady, sprava
objektu a vznikd tak 4D, 5D pripadné nD model. Informace
dostupné z modelu lze pouZit partnery projektu pro ruzné
ucely. Spojenim dil¢ich ¢asti modelu vznikd vysoce koor-
dinovany soubor daju, které mohou byt pouZity v prubé-
hu celého Zivotniho cyklu objektu. Proto neni BIM soft-
warovy balicek, ale zpusob préce, spoluprdce, navrhovéni,

INTRODUCTION

Optimization process has in recent years been inherently
associated with the BIM digital platform, possibly with the
digitisation of industry in general, the so-called Industry 4.0
(Construction Industry 4.0). The BIM combines all relevant
data, plans, construction procedures and, in a digital form,
depicts the entire life cycle of a civil engineering project,
from the design through construction up to operation and
maintenance.

WHAT IS THE BIM

The basic condition for wider application of the BIM lies
in clearer and more general understanding of what the BIM
means. The Building Information Modelling (BIM) can be
understood as a process for optimisation of planning, con-
struction and operation of building structures. According to
this approach, the BIM is based on a 3D computer model
enriched by the addition of other information, such as the
time, costs and the use, to a 4D, 5D or even nD model. The
information accessible from the model can be used by pro-
ject partners for various purposes. By combining partial ele-
ments of the model, a highly coordinated package of data
originates, which can be used during the whole project life
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Fig. 1 Types of individual models in various phases of the construction development process

projektovani, fizeni vystavby a jeji provozovéni (obr. 1).
Pro jeho zavedeni je vSak, kromé jiného, nezbytné nutné
standardizovat jednotlivé procesy a zavCas provazat
vSechny ucastniky.

Po celém svété je ovSem riznymi institucemi a odborni-
ky z praxe prijimdna pro BIM definice podle Amerického
narodniho vyboru pro BIM standard uvedend na zacdtku
¢lanku.

BIM muZe byt také chdpén jako koncept, ktery umoZziiu-
je vybudovani objektu se vS§emi ndleZitostmi nejprve virtu-
alné a poté fyzicky. Kontrola a koordinace projektu zkva-
litnuji celé projektovani, snizuji poet chyb a nepresnosti
v dokumentaci, urychluji a upfesnuji vykazy vymeér.
Simulace vystavby umoznuje odhaleni chyb nejen v dobé
pripravy projektu, ale po celou dobu vystavby, nebot
umoznuje vizualizaci v redlném Case. D4 se predpokladat,
Ze touto digitdlni metodou bude zdsadné ovlivnéna
budoucnost pripravy staveb, projektovani, realizace a pro-
vozu.

Podminky digitalniho projektovani

Priace s BIM vyZzaduje jasnd smluvni ujednani, dzkou
spolupraci a tymového ducha v ramci projektovani.
Modely individudlnich disciplin vSech zainteresovanych
stran — napft. architekta/projektanta, stavebniho inZenyra,
statika nebo dodavatele technologii — je tfeba realizovat
v dzké spolupraci a pravidelné kontrolovat jejich konzi-
stentnost, aby tvorily souldst koordinovaného modelu.
Krok smérujici k tomu, aby vSechny strany podilejici se
na procesu projektovani a vystavby partnersky spolupra-
covaly, predstavuje ,,zménu kultury” a vyZzaduje nové
role a funkce, aby spoluprdace hladce fungovala. Role
a povinnosti musi byt definovany jiZ pred zahdjenim pro-
jektovéni s vyuZitim procestt BIM. Nezbytnym predpokla-
dem spoluprice v ramci BIM je vyména digitdlnich dat
mezi v§emi stranami, aniz by se data ztracela. Zdkladem
komplexniho vyuziti BIM tedy je, aby vSichni vyrobci
softwaru pouZzivali tytéZ standardizované a neproprietarni

cycle. For that reason the BIM is not a software package; it
is a way of work, collaboration, proposing, designing,
managing the construction and operation. (see Fig. 1).
However, it is necessary for its introduction, among others,
to standardise individual processes and timely interconnect
all participants.

Various institutes and professionals from the practice
around the whole world accept the BIM definition accor-
ding to the American national committee for the BIM stan-
dard mentioned in the beginning of the paper.

The BIM can also be understood as a concept allowing
for the development of an object with all requisites, first
virtually and then physically. Project checking and coor-
dination increase the quality of the entire process of
designing, reduce the quantity of errors and inaccuracies
in documents, accelerate and refine bills of quantities.
The simulation of construction allows for detecting errors
not only during the project planning stage but throughout
the construction period because of the fact that it allows
for a real-time visualisation. It is possible to assume that
this digital method will fundamentally influence the futu-
re of construction planning, designing, realising and ope-
rating.

Conditions for digital designing

The work with the BIM requires clear contractual arrange-
ments, close collaboration and a team spirit. Models of indi-
vidual disciplines of all parties involved — e.g. the archi-
tect/consulting engineer (designer), civil engineer, structural
engineer or contractor for technological equipment — should
be realised in close collaboration and their consistency
should be regularly checked so that they form a component of
a coordinated model. A step heading towards partnering colla-
boration of all parties participating in the process of designing
and construction represents a “cultural change” and requires
new roles and functions to function smoothly. The roles and
functions have to be defined already before the start of desig-
ning using the BIM processes. An indispensable condition for
collaboration within the framework of the BIM lies in the




formdty (oteviené forméty bez pravnich omezeni pro pou-
Zivani) vymény dat a knihovny obsahu.

Dals$i podminkou vyuzivani BIM jsou dostate¢né odbor-
né znalosti pri aplikaci digitdlnich metod napfi¢ dodavatel-
skym fet€zcem i na strané klienta. Klienti a zadavatelé musi
byt schopni definovat své pozadavky na BIM pfi zaddvani
projekénich a stavebnich praci. Za timto icelem musi zada-
vatelé ziskat nezbytné know-how v dostate¢ném predstihu.
TotéZz plati pro dodavatele. Poc¢dtecni impulz k Sirokému
zavadéni BIM musi prijit ze strany klienta (zadavatele).
Zadavatelé se musi naucit vyuzivat BIM a je tfeba, aby
dokdzali specifikovat pozadavky tykajici se digitdlni
vystavby pro jednotlivé konkrétni projekty.

Vybrané obecné terminy BIM

e BIM model: parametricky 3D model s pfidanymi infor-
macemi o vlastnostech, rozmérech, materidlech a dal-
$ich informaci podle daného stupné dokumentace.

* 5D model: 5D model propojuje informace o nakladech
v Case s jednotlivymi prvky 3D modelu. Vznika tak 5D
model, pro ktery plati 5D=3D+cas+ndklady.

* nD model: nD model integruje dalsi informace do vir-
tudlntho BIM modelu. MuZe obsahovat naptiklad
puvod jednotlivych prvku, specifické poZadavky na
udrzbu nebo provoz. nD model je tedy vyjadritelny
jako nD = 3D + ¢as + ndklady + dal3i informace.

e BIM implementa¢ni plan: implementacni plan je
dokument, ktery obsahuje doporuceni pro jednotlivé
role a odpovédnosti a osvédéené obchodni postupy
v rdmci projektu. Definuje rozsah vyuziti BIM projek-
tu, popisuje jeho cile a podrobné postupy, jak jich ma
byt skrze fizeni a sledovani informaci dosaZeno.
V zahranic¢{ je implementacni plan zahrnut do pravni-
ho dokumentu BEP (BIM Execution Plan).

* BIM implementace: standardizace a nastaveni obchod-
nich procesu a vztahd, analyza potfeb projektu a sub-
jekta na projektu se podilejicich, definice roli a nasta-
veni matice odpovédnosti, nastaveni individudlnich
potieb a adaptace BIM do zavedenych organizacnich
struktur.

* LOD (Level of Development): urcuje detailnost infor-
maci o jednotlivych stavebnich prvcich. Vyviji se od
nejnizsi drovné, kterou je priblizny koncept, az po tro-
ven nejvyS$si, kterd vykazuje vysokou presnost.
Americky institut architektu (AIA) pfijal pét zdklad-
nich drovni LOD.

* EIR (Employer's Information Requirements): pozadav-
ky zadavatele na zhotovitele BIM, které tvori soucast
zaddvaci dokumentace (které modely je nutné vytvorit
v kazdé fézi projektu spole¢né s pozadovanou trovni
detaild, v jakém softwaru, jak se bude zachazet s daty,
rozdéleni odpovédnosti, stanoveni, kdy se dosdhne
urditych predem danych cilu).

e LOI (Level of Information): urcuje detailnost negrafic-
kych atributi. LOI a LOD pro ruzné modely nemusi
byt na stejné drovni.
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exchange of digital data among all parties without losing the
data. Therefore, the basis of comprehensive use of the BIM is
the condition that all software producers use identical stan-
dardised and nonproprietary formats (open formats without
legal restrictions on the use) of the data exchange and the con-
tents library.

Another condition for the use of the BIM is that the
expertise in the application of digital methods across the
supply chain is sufficient even on client’s side. Clients and
contracting authorities have to be capable of defining their
requirements for the BIM when design and construction
work is being procured. For this purpose contracting aut-
horities have to gain the necessary knowledge in sufficient
advance. The same applies to contractors. The initial
impulse to the wide introduction of the BIM has to come
from the side of the client (contracting authority).
Contracting authorities have to learn to use the BIM and it
is necessary that they are able to specify their requirements
regarding digital construction for individual concrete pro-
jects.

Selected BIM general terms

* BIM model: a parametric 3D model with information
about properties, dimensions, materials and other added
to it, depending on the particular documentation stage.

* 5D model: a 5D model links information about costs in
time with individual elements of the 3D model. In this
way a 5D model originates to which it applies that
5D = 3D + time + costs.

* nD model: an nD model integrates other information into
the virtual BIM model. It can contain, for example, the
origin of individual elements, specific requirements for
maintenance or operation. The nD model can therefore be
expressed as nD = 3D + time + costs + other information.

e BIM implementation plan: an implementation plan is
a document containing recommendations for individu-
al roles and responsibilities and acquitted commercial
procedures within the framework of the project. It defi-
nes the scope of the BIM project use, describes its
objectives and detailed procedures for achieving them
through the management and monitoring of informati-
on. Abroad, the implementation plan is incorporated
into the BEP (BIM EXECUTION PLAN) legal docu-
ment.

e BIM implementation: standardisation and setting of com-
mercial processes and relationships, an analysis of requi-
rements of the project and subjects participating in the
project, a definition of roles and setting of the responsi-
bility matrix, setting of individual requirements and
adaptation of the BIM to well-established organisation
structures.

* LOD (Level of Development): determines the detail of
information about individual construction elements. It is
developed from the lowest level, the approximate con-
cept, up to the highest level which exhibits high accuracy.
The American Institute of Architects (AIA) has adopted
five basic LOD levels.

* EIR (Employer's Information Requirements): contracting
authority’s requirements for the BIM contractor, forming
a part of tender documents (which models have to be
developed in each phase of the project together with the
required level of detail, in which software, how the data
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Evropské normy pro BIM

Trendem v Evropské unii je tvofit v procesech BIM pre-
devsim statni zakdzky. Ve Velké Britdnii je jiz platnd legis-
lativa pro zaddvédni verejnych zakdzek pomoci metodiky
BIM a vystupy BIM jsou definovéany jako povinna soucdst
zaddvani vefejnych zakdzek od roku 2016 u vSech typu
verejnych budov a infrastruktury. V Norsku ¢i Finsku je jiz
nékolik let pozadavkem tvorit projekty vefejnych zakdzek
pomoci principtt BIM a v souvislosti s tim jsou budovany
databdze stavebnich vyrobku jako nezbytny predpoklad
jednotného ndrodniho systému. Ve Francii bude model BIM
pozadovan pfi zaddvani vefejnych zakédzek od leto$niho
roku. Ve Spanélsku bude povinné pouZivani BIM pro verej-
né stavebni projekty od prosince 2018 a pro infrastrukturni
projekty od Cervence 2019. Evropsky parlament prijal
smérnici 2014/24/EU o zadavani vefejnych zakdzek, ze
které vyplyva, Ze ve vefejnych zakdzkach je mozné poZza-
dovat BIM. Lze oCekdvat, Ze do budoucna prijdou i dalsi
zmény legislativy. Jiz dnes néktefi vyznamni ¢esti investo-
fi a stavebni firmy vyZaduji pro své projekty data z BIM
modelu s cilem digitalizovat postupné procesy vystavby.

V oblasti technické normalizace EU se pripravuje vyuZi-
ti mezinarodnich norem ISO, napriklad ISO 16739 specifi-
kujici format pro vyménu dat, ISO 12006 pro klasifikaci
informaci o stavbé. S organizaci ISO tzce spolupracuje
i CEN/TC 442 pro technické normy pro BIM, které budou
platné v ramci EU.

BIM V NEMECKU

Spole¢nym cilem némeckych zemi je, aby se digitélni,
respektive digitalizované projektovani a realizace staly
standardem. Spolkové ministerstvo pro dopravu a digitdlni
infrastrukturu (BMVI) jako vefejnd instituce vychdzi
tomuto zdméru vstiic, mimo jiné vypracovdnim implemen-
taénitho planu zajistujictho do roku 2020 pouzivani BIM
u novych velkych projekti pro dopravni infrastrukturu
a poskytovanim finan&nich prostiedku v celkovém objemu
3,8 mil. eur uréenych k financovéni &tyr pilotnich projektu
BIM vcetné souvisejiciho vyzkumu v sektorech silni¢ni
a zelezni¢ni infrastruktury. Vysledky jsou zatim pozitivni,
te¢nych ndkladu. Nyni byl zahdjen jesté druhy stupeni, kde
je metoda BIM nasazena u 13 Zelezni¢nich projektt, 10
projektu tykajicich se silniéni sit€¢ a jednoho projektu
vodni cesty.

V oblasti délnic financuje BMVI dva projekty vystavby
dalnic, které realizuje spolecnost DEGES (Deutsche
Einheit Fernstralenplanungs- und -bau GmbH). V soucas-
né dobé planuje BMVI v koordinaci se 16 spolkovymi
zemémi, které zodpovidaji za implementaci BIM jménem
spolkové vlady a které se jiz podilely na pfipravé imple-
mentaéniho pldnu, dal$i projekty silni¢ni infrastruktury.
Spolkové ministerstvo dopravy a digitalni infrastruktury pfi-
pravuje také pilotni projekty v rdmci vybérovych fizeni s vyu-
zitim PPP v sektoru ddlnic. BIM ma byt vyuZito také v ramci
prvniho projektu ,nové generace — ddlnice A 10/A 24
v Braniborsku — na dalni¢nim udseku, ktery dosud nebyl sta-
noven. V oblasti Zelezni¢ni infrastruktury podporuje BMVI
probihajici pilotni projekty némecké spravy zZelezniéni
infrastruktury (DB Netz AG). DB Netz AG planuje urych-
lené zavedeni BIM a implementa¢niho planu v sektoru

will be handled, the distribution of responsibility, defini-
tion of when certain predetermined objectives are achie-
ved).

e LOI (Level of Information): determines the level of detail
of non-graphical attributes. The LOI and LOD for various
models do not have to be at the same level.

European standards for BIM

The trend set in Europe is to prepare first of all state con-
tracts using the BIM processes. In Great Britain, the legislati-
on on public procurement using the BIM methodology has
been valid since 2016; BIM performances are defined as a part
of the public procurement obligatory for all types of public
buildings and infrastructure. In Norway or Finland, there has
been already for several years a requirement for creating pub-
lic procurement using BIM principles and, in this context,
databases of building products have been developed as a pre-
requisite for a unified national system. In France, a BIM model
will be required in public procurement from this year. In Spain,
the application of the BIM will be compulsory for public con-
struction projects from December 2018 and for infrastructural
projects from July 2019. The European Parliament adopted the
Directive 2014/24/EU on public procurement, from which it
follows that it is possible to require the BIM in the area of pub-
lic procurement. It is possible to expect that even other legisla-
tive changes will take place in the future. Some important
Czech clients and contractors require data from the BIM
models to be provided for their projects with the aim of gradu-
al digitising construction processes.

In the area of the EU technical standardisation, the use of
international ISO standards, such as the ISO 16739 standard
specifying the data exchange format, or the ISO 12006 stan-
dard for the classification of construction information, is
under preparation. Even the CEN/TS 442 for technical stan-
dards for the BIM which will be valid within the framework
of the EU closely collaborates with the ISO organisation.

BIM IN GERMANY

A common objective of German countries is that digital, res-
pective digitised designing and realisation become a standard.
The federal ministry for transport and digital infrastructure
(BMVI) as a public institution accommodates this intention,
among others by developing an implementation plan ensuring
the BIM use for new large projects for transportation infrastruc-
ture and providing funds at the total volume of 3.8 million euros
for funding four pilot BIM projects including associated research
in the sectors of road and railway infrastructure. For the time
being the results are positive, the work in the BIM environment
is effective and its certainty in the area of real costs is higher. The
second stage has now begun, where the BIM method is applied
to 13 railway construction projects, 10 projects concerning the
road network and one water way project. .

In the area of motorways, the BM VI provides funding for two
motorway construction projects, which are realised by the com-
pany of DEGES (Deutsche Einheit Fernstra3enplanungs- und
-bau GmbH). At present, the BMVI is planning other road
infrastructure projects in coordination with 16 federal countri-
es, which are responsible for the implementation of the BIM
on behalf of the federal government and which have already
participated in the preparation of the implementation plan. The
federal ministry for transport and digital infrastructure is in
addition preparing pilot projects within the framework of selec-
tion procedures using the PPP in the sector of motorways. The



Zelezni¢ni infrastruktury. Spravce Zelezni¢nich stanic DB
Station & Service AG pokrocil pfi zavadéni BIM do té
miry, Ze od letoSniho roku pldnuje projektovani i vystavbu
vSech Zelezni¢nich stanic s vyuZitim BIM.

Ustfednim aspektem planu postupu je vydefinovani mini-
malnich kritérif u ,,irovné vykonua 1 vyzadovanych meto-
dou BIM od roku 2020 u vSech nové pripravovanych pro-
jektd. Vefejni zadavatelé spadajici do pusobnosti BMVI
musi byt do té doby schopni vyuzivat zde specifikované
pozadavky v nové vypisovanych vefejnych vybérovych
fizenich na projektové a stavebni prace.

Uroveri vykont 1

Zadavatel musi ve svych ,Pozadavcich zadavatele na
informace® presné stanovit, kdy a jakd data potrebuje.
Vsechny provddéné vykony je nutno predat v digitdlni
podobé na zakladé odborné provedeného modelu praci.

* Ve vybérovych fizenich je nutno vyzadovat datové forma-

ty nezavislé na zhotoviteli, aby byla moznd vyména dat.

e BIM je nutno zakotvit do smluv jako predepsany

ndstroj pro projektovani. Postupy, rozhrani, interakce
a pouzivané technologie je nutno definovat v ,Reali-
zaénim planu BIM“. Je nutno vytvorit ,.spole¢né
datové prostredi“ pro organizovanou spravu a beze-
ztratovou vyménu dat vznikajicich v rdmci procesu
projektovani a stavebni realizace staveb.

K BIM ve tiech stupnich

Prvni stupen (do 2017) popisuje pfipravnou fézi, ve které
jsou s vyuZitim BIM procesu realizovdny a védecky vyhod-
noceny prvni pilotni projekty. Pilotni projekty vyuzivaji
BIM z¢asti pouze soubézné nebo jen v urcitych bodech. Na
zdkladé prvnich zkuSenosti byla iniciovdna opatfeni pro
standardizaci doporuceni dal$itho postupu tak, aby bylo
mozné pripravit druhy stupen.

V nyni zahajovaném druhém stupni (2017-2020) je zvySo-
véan pocet pilotnich projekta, aby bylo moZné nashromdzdit
zkuSenosti ze vSech fazi projektovani a realizace staveb.
Pilotni projekty pak jiZ maji byt realizoviany s poZadavky
budouci drovné vykonu 1, kterd bude podrobné definovana
v ramci tohoto druhého stupné. Bude vypracovana rada smér-
nic, checklistu a pracovnich vzoru, které bude moZné vyuZi-
vat u v8ech budoucich projekti. K tomu patii i vyjasnéni
pravnich otdzek. Kromé toho bude vypracovana koncepce pro
databaze, které by mély vyrazné uleh¢it praci s BIM.

Od roku 2020 bude tfetim stupném zahdjena radnd imple-
mentace drovné vykonu 1 u vSech nové projektovanych
projektu v rdmci celé dopravni infrastruktury v Némecku.
Podporované pilotni projekty

Od Cervna 2015 jsou v rdmci pripravné faze podporo-
vany ze strany BMVI Ctyfi pilotni projekty vyuzivajici
procesy BIM véetné jednoho vyzkumného projektu. Jednd
se o dva projekty Zelezni¢nich staveb (tunel Rastatt a most
Filstal) a dva projekty silni¢nich staveb (most pres
Petersdorfer See a most Auenbachtal), které se nachazeji
v ruzné fazi projektové pripravy &i realizace. V fijnu 2016
byly dodate¢né zarazeny jeSté dva projekty v oblasti
vystavby pozemnich komunikaci (silnice B 31n stavebni
objekty 19/30, 20 a 27 a silnice B 87n mezi municipalita-
mi Eilenburg a Mockrehna). DuleZitym cilem téchto pilot-
nich projektu je popsat, analyzovat a vyhodnotit struktury,
prub€hy procesu a interakce mezi zicastnénymi subjekty
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BIM is also to be used within the framework of the first “new
generation” project — the A10/A24 motorway in Brandenburg —
on a motorway section which has not been selected yet. In the
area of railway infrastructure, the BMVI supports the ongoing
pilot projects of the German railway infrastructure administrati-
on (DB Netz AG). The DB Netz AG is planning accelerated
implementation of the BIM and the implementation plan in the
railway infrastructure sector. The administrator of railway stati-
ons, the DB Station & Service AG, progressed in introducing the
BIM to the extent that from this year it plans designing and con-
struction of all railway stations using the BIM.

The administrative aspect of the plan of actions lies in defi-
ning the minimum criteria for the “performance level 1” requ-
ired by the BIM method from 2020 for all projects under pre-
paration. Public contracting authorities falling within the com-
petence of the BMVI have to be able until then to use the here-
in specified requirements in new public calls for bids for
designing and construction.

Performance level 1

The contracting authority has to precisely determine in the
document “Contracting authority’s requirements for informa-
tion” when and which data they need. All performances to be
carried out have to be submitted in a digital form on the basis
of a professionally carried out model.

e In calls for bids it is necessary to require data formats inde-
pendent of the contractor so that the exchange of data is pos-
sible.

e The BIM has to be anchored in contracts as the tool presc-
ribed for designing. Procedures, interfaces and technolo-
gies used have to be defined in the “BIM implementation
plan”. It is necessary to develop a “common data envi-
ronment” for organised administration and lossless
exchange of data originating within the framework of the
designing and construction realisation processes.

Regarding three BIM stages

The first stage (until 2017) describes the preparation phase
in which the first pilot projects are realised and scientifically
assessed using the BIM. The pilot projects apply the BIM part-
ly only in parallel or only in particular points. Measures were
initiated on the basis of initial experience required for the stan-
dardisation of recommendations for the next steps so that it is
possible to prepare the second stage.

In the second stage, being currently commenced (2017-
2020), the number of pilot projects is being increased so that it
is possible to gather experience from all phases of designing
and realisation of construction. Subsequently the pilot projects
have already to be realised in compliance with requirements of
the future performance level 1, which will be defined in detail
within the framework of this second stage. A range of directi-
ves, checklists and working patterns will be drawn up. They
will be available for the application to all future projects. The
clarification of legal issues will be part of the pilot projects. In
addition, a concept will be prepared for the databases. It should
significantly facilitate the work with the BIM.

From 2020, the regular implementation of the performance
level 1 will be started by the third level for all newly designed
projects within the framework of the entire transportation
infrastructure in Germany.
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pri pouziti BIM. Ziskané poznatky jsou vyhodnocoviny
nejdiive ve vztahu ke konkrétnimu projektu, nasledné
jsou zahrnuty do celkové syntézy. Na zdklad¢ otestovani
na prvnich prfipadech jsou stanovovana opatfeni pro
budouci pouZiti procest a metody BIM.

Pilotni projekt .tunel Rastatt”

Tunel Rastatt tvori duleZitou &dst roz$iteni stdvajici
a vystavby nové Zelezni¢ni trati mezi Karlsruhe a Basileji.
Planovand provozni rychlost pro ddlkové osobni a ndkladni
vlaky je 250 km/h. Tunel prochdzejici pod celym meéstem,
které mu dalo jméno, a ddle pod prfirodni rezervaci je reali-
zovan ve sdruZeni spole¢nosti HOCHTIEF Infra-
structure/Ziiblin. Celkova délka tunelu s vné&j§im prumérem
10,6 m razeného tunelovacimi plnoprofilovymi Stity Cini
4270 m. Razba prochazi pisCito-Steérkovitymi geologickymi
vrstvami pod hladinou podzemni vody a je nepfiznivé ovliv-
néna velmi nizkym nadlozim (misty pouhych 3-4 m).
Vzdalenost mezi jednokolejnymi tunelovymi rourami je
26,5 m, propojky jsou umistény po 500 m. Portdly tunelu jsou
provedené jako tzv. protihlukové vany Sonic-Boom a jsou
realizovany jako soucdst vystavby tunelu. Realizace hrubé
stavby tunelu je planovéna na tfi roky tak, aby bylo mozné
uvést zelezniéni trat’ do provozu koncem roku 2022. [10]

Vystavba v komplikovanych podminkach si vyZzadala
tvarei pristup a fadu inovaci. Bentonitovy $tit Wilhelmine
zatal razit v kvétnu 2016 zdpadni tunelovou troubu. Stit
razi rychlosti v pruméru 2 ot/min a maximalni postup &inil
19,5 m/den. Zdarné prosel pod prirodni rezervaci, kde bylo
vzhledem k citlivému geologickému prostiedi a vySce
nadlozi pouhych 4-5 m pristoupeno k technologii zmrazo-
vani. Druhou tunelovou troubu zacal razit shodny bentoni-
tovy $tit pojmenovany Sybilla Augusta na konci zari 2016
a razba timto Stitem v prakticky identickych podminkach je
planovana taktéZ na dobu jednoho roku (obr. 2).

Celkové ndklady projektu dosahuji 312 miliont eur. Tunel
Rastatt je nejveétsim ze C&tyf projektu financovanych
Federalnim ministerstvem dopravy, na kterych je vyuzivana
priace v BIM a jednd se o jeden ze dvou pilotnich projekta
pro budouciho spravce DB, ktery vyuziva smluvnich pod-
minek méfeného kontraktu.

Obr. 2 Virtudlni montdz raziciho Stitu tunelu v pilotnim projektu ,,Tunel Rastatt

Supported pilot projects

Four pilot projects using the BIM processes, including one
research project, have been supported from the side of the
BMVI since June 2015 within the framework of the prepara-
tory phase. They comprise two projects on railway structures
(the Rastatt and Filstal tunnels) and two projects on motorway
structures (the bridge over Petersdorfer See and the
Auenbachtal bridge), which are in various phases of the
design preparation or realisation. In October 2016, other two
projects from the field of road construction were additionally
incorporated (the B 31n road construction objects 19/30, 20
and 27 and the B 87n road between the municipalities of
Eilenburg and Mockrehna). An important objective of those
pilot projects is to describe, analyse and assess the structures,
the flows of processes and interactions between participating
subjects using the BIM. The obtained knowledge is assessed
first in relation to the particular project and subsequently will
be incorporated into the overall synthesis. Measures are deter-
mined for the future use of the processes and the BIM method
on the basis of testing of the initial cases.

"Rastatt tunnel” pilot project

The Rastatt tunnel is an important part of the expansion of
the existing railway line between Karlsruhe and Basel and the
development of a new railway line between these cities. The
planned operating speed for long-distance passenger trains
and freight trains is 250km/h. The tunnel passing under the
whole town which gave it its name and further under a natural
reserve is being realised by a consortium consisting of
HOCHTIEF Infrastructure and Ziiblin. The total length of the
tunnel with the outer diameter of 10.6m, driven using TBM
tunnel boring machines, amounts to 4270m. The tunnel exca-
vation runs through sandy-gravelly geological layers, under
the water table, and is unfavourably affected by very shallow
overburden (locally only 3—4m thick). The distance between
centres of the single-track tunnel tubes is 26.5m; cross passa-
ges are spaced at 500m. The tunnel portals are designed as
Sonic-Boom noise-attenuation boxes and are realised as parts
of the tunnel construction. The realisation of the tunnel struc-
ture fabric is planned for 3 years so that the rail track can be
brought into service at the end of 2022. [10]

The construction in the complicated conditions required a cre-
ative approach and many innovations. The Wilhelmine bentoni-
te slurry TBM started to drive the wes-
tern tunnel tube in May 2016. The
TBM cutterhead rotates at the average
speed of 2 revolutions per minute and
the maximum excavation advance rate
amounted to 19.5m per day. It
successfully passed under the natural
reserve, where the ground freezing
method was applied with respect to
the sensitive geological environment
and the overburden height of a mere
4-5m. Identical bentonite slurry TBM
named Sybilla Augusta started to
drive the other tunnel tube at the end
of September 2016 and driving the
tunnel using this TBM through practi-
cally identical conditions is planned
also for one year (see Fig. 2).

The total costs of the project reach
312 million euros. The Rastatt tunnel

DB Netz AG DB Netz AG

Fig. 2 Virtual assembly of a tunnel boring machine (TBM) in the “Rastatt Tunnel” pilot project



BIM byl na tomto projektu pouzit k zajisténi informaci na
zdkladé digitdlnich modelu, kontrole kolizi, odvozeni Caso-
vych planu, stanoveni vykazu vymér a pldnovani prubéhu
stavby na zdkladé digitdlnich modelu, popisu vykonu, kal-
kulaci a controllingu s vyuZzitim 5D modelu a kontrole
postupu vystavby. Féze pripravy a projektovani stavby
s vyuzitim BIM je uzaviend od dubna 2016. Spole¢nost DB
Netz AG, v jejiz rezii jsou cely proces BIM a poZadavky na
tento proces od pocdtku nastaveny, ma tak poprvé k dispo-
zici kvalitni diléf modely s pfifazenymi terminy a soupisy
praci a vykont pro hrubou stavbu u komplexniho tunelové-
ho projektu. V rdmci téchto modelu je v soucasnosti spra-
vovdno celkem cca 35 000 prvku, které jsou provdzané
s cca 3000 aktivitami harmonogramu a cca 3500 polozkami
vykazu vymér a stavebnich doddvek. Tim bylo mimo jiné
prokazéno, Ze je mozné vytvareni takto komplexnich struk-
tur informa¢nich modelu.

V dal§im prubéhu pilotniho BIM projektu ,,Tunel Rastatt*
je dulezité dosdhnout avizované cile ve fdzi realizace a pro-
vozu. Prostfednictvim vytvofenych 5D modelt musi byt
efektivné fizena a uCetné vedena realizace stavby. Me-
todika BIM je pro fazi realizace integrovdna do klasickych
postupt vystavby tunelu, takZe stavba muze jiZ dnes profi-
tovat z pouziti novych digitdlnich pracovnich metod. Zis-
kané zkuSenosti jsou nyni vyuZivdny pro vypracovani
smérnic a pokynd slouZicich pro standardizaci BIM
v oblasti infrastruktury. Dal$im poznatkem z dosavadni
prace s BIM je, ze predpokldadaného prinosu je mozZno
dosdhnout v plné vysi pouze tehdy, pokud se podafi pouZi-
vat a implementovat BIM komplexné a s partnerskym zapo-
jenim vSech subjektu podilejicich se na projektu.

DB pozadovala a zadala proces BIM v dobé vybéru zho-
tovitele a to tak, Ze zhotovitel mél za dkol krom standard-
niho pfistupu pripravit ndvaznost v§ech dat v dobé soutéze,
jako jsou cena za projekt, harmonogram, planovani vystav-
by a dal$i nélezitosti na jiz predpripraveny 3D model, ktery
si nechalo DB v predstihu taktéz vytvorit. DB nésledné
poZaduje po zhotoviteli krom standardni cesty vystavby,
paralelné udrzovat a kontinudlné doplnovat model o aktual-
ni data z vystavby. Diky tomu, Ze DB ma za cil odzkouSet
si na pilotnich projektech to, jak cely proces fizeni vystav-
by funguje, veskera fakturace probihd na zdkladé skutecné
provedenych praci na stavbé, az kdyz jsou zaneseny do
interaktivniho 3D prostredi, které je zaroven navazano na
Zivy harmonogram stavby, ktery se automaticky upravuje
podle praveé provedenych praci. Nicméné cely proces BIM
bézi paralelné k redlnému standardnimu procesu vystavby,
proces BIM je tedy doplnkovy a smluvné zdvazny a rozho-
dujicf je stdle standardni proces vystavby. K tomuto zpuso-
bu zavedeni BIM presel investor po zkuSenostech ze zahra-
ni¢i, kde je takto BIM také vétSinou zavadén. Je to z toho
davodu, aby stavbu nemohly v uritém okamZiku brzdit
neocekdvané uddlosti, ke kterym by v nezndmém procesu
spolupréce a fizeni vystavby mohlo dojit. Paralelni proces
BIM je samoziejmé vyhodnocovdn a pravidelné svazan
s redlnym zdvaznym procesem vystavby, tim si investor sli-
buje, Ze odladi pfipadné problémy, nau¢i viechny zaintere-
sované strany se s novym prostiedim vystavby sZit a zdro-
ven mu to umozni cely proces BIM zdvazné po roce 2020
pozadovat jako standard pri vystavbé infrastrukturnich pro-
jektu. JelikoZ hlavnimi a zdsadnimi cili, kterych chce DB
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is the largest of the four projects funded by the Federal minis-
try of transport where the work is carried out using the BIM.
It is one of the two pilot projects for the DB administrator
using the conditions of the measured contract.

The BIM was used on this project for ensuring information
on the basis of digital models, for checking of collisions, deri-
vation of time schedules, determination of the bill of quantity
and planning of the construction process on the basis of digi-
tal models, the description of performances, calculations and
controlling using the 5D model and for checking the construc-
tion progress. The construction planning and designing phase
using the BIM has been closed since April 2016. The compa-
ny of DB Netz AG, directing the whole BIM process and set-
ting the requirements for this process from the beginning, has
good quality partial models with deadlines and lists of works
and performances for the structure fabric of the comprehensi-
ve tunnel construction project for the first time available. Ca
35,000 elements linked with ca 3000 activities of the time
schedule and ca 3500 items of the bill of quantities and con-
struction supplies are currently being administered within the
framework of those models.

During the further course of the “Rastatt tunnel” pilot BIM
project it is important that the objectives announced for the
phases of realisation and operation are achieved. The con-
struction realisation has to be effectively managed and con-
struction realisation accounts be kept through the completed
5D models. The BIM methodology for the realisation phase is
integrated into classical tunnel construction procedures, there-
fore the construction can already today profit from the appli-
cation of new digital working methods. The experience obtai-
ned is currently used for drawing up directives and instructi-
ons used for the standardisation of the BIM in the area of
infrastructure. Another piece of knowledge from the previous
work with the BIM is that the assumed benefit can be achie-
ved in full only if the use and comprehensive BIM implemen-
tation is successfully achieved, with all subjects participating
in the project involved as partners.

DB Netz AG required and ordered the BIM process during
the contractor selection time. The task of the contractor was,
apart from the standard approach, to prepare all data at the
moment of the competition, such as the project cost, works
schedule, construction planning and other requisites, to follow
up the already pre-prepared 3D model the DB had also crea-
ted in advance. The DB subsequently requires the contractor
to maintain and continually complement the model by adding
current construction data in parallel with the standard con-
struction way. Owing to the fact that the DB has an objective
to try on pilot projects how the entire construction manage-
ment process works, all invoicing process is based on the work
really completed on the construction site and incorporating it
into the interactive 3D environment, which is at the same time
linked to the live construction schedule, which is automatical-
ly modified according to the just completed work.
Nevertheless, the whole BIM process runs in parallel with the
real standard construction process. The BIM process is there-
fore a complementary and contractually binding matter and
the standard construction process remains to be deciding. The
investor accepted this way of introducing the BIM after expe-
rience gained abroad, where the BIM is mostly introduced in
this way. The reason is the intention to prevent hindering of
the construction at a certain moment by unexpected events,
which could take place in the unknown process of collaborati-
on and construction management. Of course, the parallel BIM
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dosdhnout, jsou zpresnéni vystavby, lepsi fizeni ndkladu na
projektu v Case, presnéjsi rozhodovani o pripadnych zmé-
nach a jasné podklady, DB pristoupilo k roz§iteni zakladni-
ho 3D modelu pouze do tzv. 4D, tedy Casového rozprostie-
ni vystavby do harmonogramu a 5D s navdzanym polozko-
vym rozpo¢tem na harmonogram. Investor si slibuje, Ze
jako vysledek prebere souhrnnou digitalizovanou doku-
mentaci skute¢ného provedeni stavby, nicméné nebude ji
prozatim vyuzivat pro spravu projektu po uvedeni do pro-
vozu. Tento cil DB odlozilo pro odzkouSeni aZ po roce
2020, kdy bude BIM do rozsahu 5D poZadovan jako stan-
dard a bude as proces zpresnovat i naddle pro vyuZivani
pri sprave celé stavby.

Prvni vyhody, které se po spusténi procesu BIM projevi-
ly, jsou veSkeré diskuse nad zménami mezi zhotovitelem,
investorem a dal§imi zainteresovanymi stranami. Ve 3D
modelu kazdy vidi souvislosti a nutnost pripadnych zmén.
To zrychluje cely proces projedndvani a i ndsledného
schvalovani oproti zaddni. VSechny zainteresované strany
jsou navic na zdkladé dostupnych online dat schopny mno-
hem lépe predvidat budoucnost vystavby z ruznych pohle-
du (finan¢nich, technickych ndleZitosti, zmén, atd.). Dals{
vyhodou je, Ze investor md prakticky okamzity prehled
o provedenych pracich, financovani a aktudlnim harmono-
gramu, protoze stavbyvedouci jsou povinni diky mobilnim
aplikacim bez prodleni informovat o aktudlnim déni na
stavbé a zandSet tato data do digitdlniho prostredi. Diky
tomuto procesu tak odpadla i fada béZzné pouZivanych
papirovych dokumentu, které musi zhotovitel v prubéhu
stavby doklddat a vétSinou je finalizuje az po dokonceni
dila (obr. 3).

Na druhé strané nevyhodou celého procesu je, Ze se ves-
kery persondl musel nechat proskolit na dané aplikace,
a zdroven jak investor, tak i projektant a zhotovitel museli
vybavit svd pracovi§té pomérné drahym vybavenim, které

tuto praci umoznuje. Pro investora byl tento proces obzv1ast’

slozity, protoZe musel nastavit také veskeré mantinely pro
zainteresované strany tak, aby proces fungoval podle oce-
kdvani. K tomu bylo tfeba pfizpusobit pravidla pro pribéh

process is assessed and regularly tied in with the real binding
construction process. The investor promises to himself that
possible problems will be debugged in this way, all interested
parties will familiarise themselves with the new construction
environment and, at the same time, he will be allowed to requ-
ire the BIM to be binding for the implementation of infrast-
ructural projects after 2020. Since the main and fundamental
objectives the DB wishes to achieve comprise giving precisi-
on to the construction process, better management of project
costs in time, more accurate deciding on possible changes and
clear source data, the DB proceeded to expanding the basic 3D
model only to the so-called 4D, which means spreading the
construction time into a schedule and 5D model with an ite-
mised budget tied to the schedule. The investor promises to
himself that, as a result, he will take over the summarised digi-
tised as-built documents; nevertheless, he will not use it for
the time being for the project administration after bringing the
project into service. The DB postponed this objective for tes-
ting until after 2020, when the BIM up to the scope of 5D is
to be required as a standard and there will be time for further
refining of the process for the application to the administrati-
on of the whole building.

The first advantage which appeared after starting the BIM
process lied in the origination of all discussions over changes
among the contractor, investor and other stakeholders. In
a 3D model, everybody can see the links and the necessity for
contingent changes. It accelerates the whole process of nego-
tiations and subsequent approving the changes in contrast to
the order. All stakeholders are in addition capable of much
better predicting the construction future from various aspects
(financial, technical requisites, changes etc.) on the basis of
the data available. Other advantage is the fact that the inves-
tor has a practically immediate overview of the completed
work, funding and current schedule because site agents are,
owing to mobile applications, obliged to inform without
delay about the current situation on site and record the data in
the digital environment. Owing to this process a range of
commonly used paper documents which the contractor has to
maintain during the course of the construction are avoided
and he mostly finalises them only after the works completion
(see Fig. 3).

On the other hand, the disadvantage of the
whole process is that all personnel had to be
trained for particular applications and, at the
same time, the investor, designer and contrac-
tor had to provide their work places with rela-
tive expensive equipment enabling this work.
This process was especially complicated for
the investor because he had to set limits for
stakeholders so that the process worked as
expected. It required the rules for the course of
the construction from realisation through
supervision up to approving construction pro-
cesses and invoicing for the work. Of course,
he had consultants hired for these activities
who had already set a similar process and used
it on other continents and had certain experi-
ence with it. At the same time, the basic and
crucial element without which the BIM pro-
cess cannot work is fulfilled here. It is the fact
that the investor really wished to start open

Obr. 3 Hotovy tunel Rastatt v BIM
Fig. 3 Rastatt tunnel completed in the BIM

Planen Bauen Planen Bauen

collaboration of all parties to the project, set
for them the conditions for open collaboration



vystavby od realizace, pres dozorovani az po schvalovani
a fakturaci stavebnich postupu a praci. Na tuto ¢innost mél
samoziejmé najaté konzultanty, ktefi jiz obdobny proces
nastavovali a pouZivali na jinych kontinentech a maji s nim
tak jisté zkuSenosti. Zaroven je zde splnén zédkladni a kli-
¢ovy element ze strany investora, bez kterého proces BIM
nemuze fungovat, a to je, Ze investor skutedné chtél zadit
s otevienou spolupraci vSech stran na projektu, nastavit jim
podminky pro otevienou spolupraci a zaroven chtél nasta-
vit cely proces vystavby a fizeni projektu transparentnéji,
nez tomu bylo doposud. Pokud jsou takto podminky od
investora nastaveny a jasné definovany od pocdtku vystav-
by, pak lze také predpoklddat, Ze ani projektant nebo zho-
tovitel nemaji v imyslu skryt€ dohdnét proti zdjmum inves-
tora své pripadné neo¢ekdvané ztraty, ke kterym dochazi ve
standardnim procesu zaddni z duvodu nedostate¢né odladé-
né soutézni dokumentace.

Védecky monitoring a vysledky

Aby bylo mozné formalizované a jednotné hodnoceni
miry dspésné implementace metodiky BIM v ramci jednot-
livych pilotnich projektd, byla vyvinuta metrika pro stupefi
zvladnuti BIM. Podkladem pro jeji vyvoj byly dfive zverej-
néné mezindrodni priace. Tato metrika zohlednuje dulezitd
specifika némeckého trhu a byla cilené vyvinuta pro hod-
noceni infrastrukturnich projektia. Sklddd se z celkem 62
otdzek, které pokryvaji ruzné aspekty pouZiti BIM u infra-
strukturnich zdmeéra. U kazdé otdzky je zvlddnuti pouZiti
BIM hodnoceno body na stupnici od 0 do 5. Nula pritom
znamend ,,neexistuje/neni pouzivdno“ a 5 bodu odpovidd
hodnoceni ,,pouzivano optimalné“. Aby bylo pridélovani
bodu co nejtransparentnéjsi, byly pro jednotlivé kategorie
stupné zvladnuti stanoveny podrobné pokyny.

PouZitd technologie byla ve vétsiné pripadu dobfe pouzi-
telnd. Pro infrastrukturni oblast je vSak dosud k dispozici
pouze malo objektovych knihoven. Proto byly v rdmci
pilotnich projekti vytvoreny i odpovidajici predlohy pro
vybrané stavebni prvky. Vyména dat mezi jednotlivymi
softwarovymi ndstroji byla z&4sti mozna pouze na zakladé
manuélnich dprav. Investorim byla poskytovdna podpora
ze strany kompetentnich poradct pro BIM a odpovidajicim
zpusobem bylo zaji§téno i vzdélani tymu pro BIM na stra-
né zhotovitela.

Nasazeni BIM v ruznych fazich vykonu a pfi ruznych
stupnich dokonéeni u jednotlivych projektu umoZiiuje na
jedné strané sledovani velké §ife aplikace BIM, na druhé
stran€ vSak ztéZuje porovnatelnost vysledki mezi projekty.

Dosud neni mozné definitivni zhodnoceni prenosu dat
mezi navazujicimi fdzemi vykonu. VyzkouSeni pouZiti
otevieného formdtu pro vyménu dat bylo z divodu chybé-
jicich standardu moZné pouze Caste¢né. PoZzadavky zadava-
teld na informace byly k dispozici pouze v omezeném roz-
sahu, pripadné byly vytvdfeny aZ dodate¢né. Aspekty, jako
jsou smlouvy, procesy zaddvani a provoz, byly zatim dotce-
ny pouze ve velmi omezené mire. Jednou z hlavnich pri¢in
tohoto stavu jsou chybéjici standardizované popisy vykonda,
predlohy, katalogy a vzorové smlouvy. Tyto dokumenty
budou déle zpracovavéany v ramci druhého stupné.

STANDARDIZACE V OBLASTI INFRASTRUKTURY

Jednoznaéné potiebny je jak jednotny standardizovany
format pro predavani dat, tak i jasné zadani pro okamzik
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and, at the same time, wished to set the entire construction pro-
cess and the project management in a way more transparent
than before. If the conditions are set and clearly defined by the
investor in this way from the beginning of construction, it is
possible to assume that neither the designer nor contractor
intend to secretly compensate against the investor’s interests
for their unexpected losses occurring in the standard procure-
ment process due to insufficiently debugged tender documents.
Scientific monitoring and results

Metrics was developed for the determination of the degree
of mastering the BIM to allow for formalised and unified
assessment of the rate of success of the BIM methodology
implementation within the framework of individual pilot pro-
jects. The source documents for its development were contai-
ned in previously published international works. This metrics
takes into account important specifics of the German market
and was purposefully developed for assessing infrastructural
projects. It consists of a total of 62 questions covering various
aspects of the BIM application to infrastructural intentions.
Mastering of the BIM application is rated for each question on
a scale of 0 to 5. Zero means “non-existent/unused” and 5
points correspond to the “used optimally” assessment.
Detailed instructions were determined for individual maste-
ring category degrees so that assigning of points was as trans-
parent as possible.

The technology used was well applicable to the majority of
cases. However, only few object libraries are still available for
the area of infrastructure. For that reason adequate models
were created for selected structural elements within the frame-
work of the pilot projects. The data exchange among individu-
al software tools was partly possible only on the basis of manu-
al modifications. Investors received support from the side of
BIM advisors and even the education of BIM teams on the side
of contractors was provided in an appropriate manner.

The application of the BIM in various phases of performan-
ces and at various degrees of completion at individual projects
allows on the one hand for monitoring of a wide BIM appli-
cation width, on the other hand makes the comparability of
results among projects difficult.

Definitive assessing the transmission of data between fol-
low-up performance phases is not yet possible. Testing of the
application of the open format for the exchange of data was
possible only partially due to missing standards. Requirements
of contracting authorities for information were available only
to a limited extent or were created subsequently. Until now,
the aspects, such as contracts, procurement processes and ope-
ration, have been touched on to a very limited extent. One of
the main causes of this state lies in missing standardised desc-
riptions of performances, patterns, catalogues and sample con-
tracts. These documents will be further handled with within
the framework of the second stage.

STANDARDISATION IN THE FIELD
OF INFRASTRUCTURE

The unified standardised format for transmission of data as
well as a clear task for the moment and extent of the data
transmitted in the direction of the contracting authority and
among subjects participating with each other in the project are
umabiguously necessary.

The motive force for the creation of the IFC standard, the
central standard for data exchange within the framework of the
BIM, is buildingSMART International, a global organisation for
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a rozsah dat pfeddvanych smérem k zadavateli i mezi sub-
jekty podilejicimi se na projektu navzdjem.

Hybnou silou pri tvorbé standardu IFC, dstfedni normy
pro vyménu dat v rdmci BIM, je buildingSMART Inter-
national, celosvétova organizace na podporu digitalizace ve
stavebnictvi, kterd se v tésné spolupraci s Mezinarodni
organizaci pro standardizaci (ISO) a Evropskym vyborem
pro standardizaci (CEN) podili na vypracovani standarda
BIM. BuildingSMART vypracovala prvni ndvrh standardi-
zace, ktery bude finalizovan ze strany ISO na mezindrodni
a ze strany CEN na evropské trovni. Od roku 2015 pracuje
technickd komise CEN/TC 442 na jednotnych evropskych
normdch pro BIM.

V CESKE REPUBLICE

K zajisténi dlouhodobé konkurenceschopnosti CR v glo-
balnim konkuren&nim prostiedi byl usnesenim vlidy CR ze
dne 2. listopadu 2016 stanoven postup pro zavedeni BIM ve
stavebni praxi. Smérnice Evropského parlamentu a Rady
¢. 2014/24/EU o zadavani verejnych zakazek jiz umoziuje
vyzadovat v oblasti vefejného investovani pouziti zvlast-
nich elektronickych ndstroju, jako jsou elektronické grafic-
ké programy pro stavebni informace a obdobné ndstroje
véetné ndstroji informacniho modelovdni. Do Ceského
pravniho prostedi je tato smérnice transponovédna novym
zakonem ¢. 134/2016 Sb., o zaddvani vefejnych zakdzek,
ktery nabyl G¢innosti 1. fijna 2016.

Vldda jmenovala Ministerstvo pramyslu a obchodu ges-
torem pro zavddéni metody BIM do praxe a toto minis-
terstvo predlozilo koncepci zavadéni metody BIM
v Ceské republice, na které budou tizce spolupracovat
i dalSf ministerstva, zejména ministerstvo dopravy, finan-
ci a Skolstvi. Predlozend koncepce je ve schvalovacim
procesu. V souvislosti s timto krokem vznikla pod zasti-
tou Statniho fondu dopravni infrastruktury pracovni sku-
pina pro zavddéni procesu BIM v dopravnim stavitelstvi.
SFDI jako investor infrastruktury hrazené z vefejnych
zdroju mé seznam pilotnich projektu v dopravni infra-
strukture, pro které bude BIM pouZit. Slibuje si od toho
dsporu vynaloZenych finanénich prostiedki. Souddsti
pracovni skupiny, jejimz cilem je stanovit jasné kroky
k zavedeni procesu BIM na pilotnich projektech, jsou
zastupci Ministerstva dopravy, Reditelstvi silnic a délnic
a Spravy a udrzby Zelezni¢nich dopravnich cest — tedy
stdtnich organizaci, které piimo vefejné zakazky
v dopravni infrastrukture zadavaji. Soucdsti pracovni sku-
piny jsou také i nékteré podpurné organizace, které jsou
schopny zajistit pfenos potfebného ,.know-how* z okol-
nich stitd, kde proces BIM jiZ néjakou dobu funguje,
nebo ho jiz zavadéji.

ZAVER

Diky tésné spolupraci projektant, identifikaci kolizi na
zdkladé pocitacovych nédstroju a kontrole kvality vycha-
zejicich z dodrzovéni pravidel se lze ve vét§i mife vyva-
rovat chyb a slabych mist pri pripravé projektu. U projek-
tovani tak lze napiiklad automaticky, a tudiZ efektivnéji
kontrolovat, zda je v souladu s nejruznéj$imi predpisy.
Obé tyto vyhody jsou zdsadni, protoze pomdhaji predcha-
zet zménovym fizenim a zvySovéani ndkladu formou vice-
ndkladd. Dalsi vyhoda spoivd v tom, Ze jsou neustéle

the support of standardisation in civil engineering, which parti-
cipates closely together with the International Organisation for
Standardisation (ISO) and the European Committee for
Standardisation (CEN) on drawing up the BIM standards.
BuildingSMART draw up the initial proposal for standardisati-
on, which will be finalised from the ISO side at the internatio-
nal level and from the CEN side at the European level. The
CEN/TC 442 technical committee has been working on unified
European standards for the BIM since 2015.

IN THE CZECH REPUBLIC

A procedure for the BIM introduction into construction
practice was established by the Decree dated 02 November
2016 of the Government with the aim of ensuring long-term
competitiveness of the Czech Republic within the global com-
petitive environment. The Directive of the European
Parliament and of the Council No. 2014/24/EU on public pro-
curement already allows for requiring the use of special elec-
tronic tools, such as electronic graphic programs for construc-
tion information and similar tools, including information
modelling, in the area of public investment. The Directive is
transposed to the Czech legal environment by the new Law
No. 134/2016 Coll. on public procurement, which came into
force on Ist October 2016.

The Government appointed the Ministry of Industry and
Trade as gestor for the introduction of the BIM method into
practice and this ministry submitted a conception of the int-
roduction of the BIM method in the Czech Republic, on
which even other ministries will closely collaborate, mainly
the ministries of transport, finance and education. The sub-
mitted conception is in the process of approving. A working
group for the introduction of the BIM process in the transport
engineering industry originated in the context of this step
under the auspices of the State Fund for Transport
Infrastructure (the SFDI). The SFDI as an investor for the
infrastructure funded from public sources has a list of the
pilot projects in transportation infrastructure to which the
BIM will be applied. It promises itself from it that savings
will be achieved in the expended financial means. Parts of the
working group the objective of which is to determine clear
steps to the introduction of the BIM process on pilot projects
are representatives of the Ministry of transport, the Road and
Motorway Directorate and the Railway Infrastructure
Administration, which are the state organisations directly int-
roducing public procurement in the transportation infrastruc-
ture. Some supporting organisations which are able to ensure
the transfer of the required know how from neighbouring
countries where the BIM process already works for some
time or is already being introduced are also parts of the wor-
king group.

CONCLUSION

Thanks to the close collaboration of designers, the identi-
fication of collisions on the basis of computer tools and qua-
lity control based on keeping rules, it is possible to a greater
extent to avoid mistakes and weaknesses during the project
preparation. In the case of designing, it is for example pos-
sible to automatically, therefore more effectively, check
whether it is in line with various regulations. The two advan-
tage cases are crucial because they help to prevent the chan-
ge proceedings and increasing the costs in the form of addi-
tional costs. Other advantage lies in the fact that relevant



k dispozici relevantni informace v ramci jediného spoleh-
livého a zabezpeceného zdroje. Transparentni, robustni
a komplexni data prispivaji k lep§Simu rozhodovani ve
vSech fazich vystavby.

V dubnu 2013 byla byvalym spolkovym ministerstvem
dopravy, vystavby a méstského rozvoje zalozena Komise
pro reformu vystavby velkych projektt (Komise) sklddajici
se z 36 uzndvanych expertl ze soukromého sektoru, akade-
mické obce, vefejného sektoru a asociaci. Jednim z ¢lend je
napfiklad Dr. Hansgeorg Balthaus, feditel Hochtief
Engineering a uzndvany odbornik pro dopravni infrastruk-
turu v Némecku.

Komise navrhuje, aby se rozhodovani o udéleni zakazky
na stavebni prdce ve vét§i mife, neZ je stdvajici praxe,
zakladalo na kvalitativnich kritériich. Zakazky prili§ ¢asto
ziskdva uchazec, ktery nabidne nejniz$i cenu, kterd vSak
nepokryva ani jeho vlastni ndklady. Takovy uchazec¢ se pak
snaz{ tento nedostatek kompenzovat naslednymi zmeénovy-
mi pozadavky, jak je béZzné zndmé i v nasi stavebni praxi.
Pfi projektovani metodou a procesy BIM je snazsi identifi-
kovat chyby v projektovani a pripraveé projektu nebo nedo-
statky ve specifikaci, které by mohly v pozdéjsich fazich
projektu vést ke zménovym fizenim a vicendkladum. Lze
tak s vetsi transparentnosti urcit, kterd nabidka je ekono-
micky nejvyhodnéjsi.

Nezbytnym predpokladem pouziti BIM je, aby zadavate-
1é i dodavatelé disponovali dostate¢nou znalosti metod
a procest BIM a byli pfipraveni navzdjem spolupracovat.
BIM musi také nalézt svou cestu do systému vys§iho vzde-
lavani a odborné pripravy, aby tak bylo mozné uspokojit
rostouci poptavku po kvalifikovanych odbornicich.
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linda.cernavydrova@hochtief.cz,

Ing. PAVEL RUZICKA, Ph.D.,
pavel.ruzicka@hochtief .cz,

HOCHTIEF CZ a.s., divize Dopravni stavby

Recenzovali Reviewed: Ing. Katerina Adamovd,
Ing. Dominik Wallenfels,
Ing. Dominik Slima
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information is always available within the framework of
a single reliable and secured source. Transparent, robust and
comprehensive data contributes to better decision making
process in all construction phases.

In April 2013, the Committee for reform of development of
large-scale projects (hereinafter referred to as the Committee)
was founded by the former Federal ministry of transport, con-
struction and urban development. It consisted of 36 renowned
experts from the private sector, the academic community and
associations. One of the members was, for example,
Dr. Hansgeorg Balthaus, director of Hochtief Engineering
and recognised expert for transportation infrastructure in
Germany.

The Committee proposes that deciding on awarding con-
struction contracts is based on qualitative criteria to a grea-
ter extent than the current practice is. Contracts are too often
awarded to the tenderer who offers the lowest bid, which
does not even cover own costs. Such a tenderer then tries to
compensate for this shortcoming by subsequent applications
for approvals to changes. It is commonly known even in our
construction practice. When the BIM method and processes
are applied to designing, it is easier to identify errors in
designing and project preparation or shortcomings in the
specification, which could lead to change approval procee-
dings and additional costs in later phases. In this way it is
possible to determine with higher transparency which tender
is economically more advantageous. The use of the BIM is
a prerequisite for contracting authorities and contractors to
have sufficient knowledge of the BIM methods and proces-
ses and be prepared for mutual collaboration. The BIM has
in addition found its way into the system of higher educati-
on and training so that it is possible to satisfy the growing
demand for qualified professionals.

Ing. LINDA CERNA VYDROVA, Ph.D.,
linda.cernavydrova@hochtief.cz,
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pavel.ruzicka@hochtief.cz,
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FOTOREPORTAZ ZE SLAVNOSTNI PRORAZKY SEVERNI TUNELOVE
TROUBY TUNELU EJPOVICE DNE 7. RIJNA 2017

PICTURE REPORT FROM THE CEREMONIAL EJPOVICE TUNNEL
BREAKTHROUGH ON 77H OCTOBER 2017

FOTO ARCHIV/PHOTO COURTESSY OF METROSTAV A.S.
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FOTOREPORTAZ Z ODBORNEHO ZAJEZDU CZTA 2017

PICTURE REPORT FROM TECHNICAL EXCURSION
OF THE CZTA 2017

Obr. 1 Uéastnici odborného zdjezdu v prostoru lomu Erzberg
Fig. 1 Participants of the technical excursion in the area of the Erzberg mine

foto Ing. Prukovd photo Ing. Pruskovd
Obr. 3 Zarizeni staveniste v Gloggnitzu, bdazovy tunel Semmering
Fig. 3 Site arrangement in Gloggnitz, the Semmering base tunnel

Jfoto doc. Hordk photo doc. Hordk
Obr. 5 Prostor pristupovych Sachet Frioschnitzgraben bdzového tunelu Sem-
mering
Fig. 5 The area of Frioschnitzgraben access shafts of the Semmering base
tunnel

foto prof. Hilar photo Prof. Hilar
Obr. 2 Portdl vyzkumného Zeleznicniho tunelu projektu Research@ZaB,
Erzberg

Fig. 2 Portal of the Erzberg research railway tunnel of the Research@ZaB
project

Obr. 4 Infobox Gloggnitz
Fig. 4 Infobox Gloggnitz

foto Ing. Novik photo Ing. Novik
Obr. 6 Semmering-Basistunnel, Géstritz — pristupovy tunel k Sachte 1
Fig. 6 Semmering-Basistunnel, Gostritz — access tunnel to shaft 1
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FOTOREPORTAZ 20 DNA OTVORENYCH DVERI
NA TUNELI POVAZSKY CHLMEC

PICTURE REPORT FROM DOORS OPEN DAY
AT POVAZSKY CHLMEC TUNNEL

Obr. 1 Juznd tunelovd rira, zdpadny portdl
Fig. 1 The southern tunnel tube, the western portal

Obr. 3 Operdtorské pracovisko prevddzkovo-technologického objektu na
zdpadnom portdli — vizualizdcia riadiaceho systému

Fig. 3 Operator’s workplace of the operation-technology object at the western
portal — visualisation of the control system

A

Obr. 5 Prejazdné priecne prepojenie s technologiou
Fig. 5 A vehicular cross passage with tunnel equipment

Obr. 2 Pohlad zo severnej tunelovej riiry
Fig. 2 A view from the northern tunnel tube

Obr. 4 Priecne prepojenie pre peSich
Fig. 4 A pedestrian cross passage

Obr. 6 Simuldcia dopravnej nehody a reakcia centrdlneho riadiaceho systé-
mu tunela na dopravnom znaceni

Fig. 6 Simulation of a traffic accident and a central managing system reacti-

on on traffic signs
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< GEOS

Novinky a vylepsSeni

Firma FINE pfichazi s novym programem pro
geotechnické inzenyry, inZenyrské geology

a hydrogeology. Cilem programu je shromazdit
veskera data o provedenych IG prizkumech,
jednoduse vytvorit prehlednou dokumentaci

a vytvorit digitalni model podlozi. Vytvorena data
Ize pouzit nejen pro dalsi vypoéty v programech
GEO5, ale vérime ze se stanou i soucasti predavané
dokumentace o provedeném IG prizkumu.

g Stratigrafie

+ Zadavani a import viech provedenych vrtd a polnich zkousek.
« Tvorba geologickych profilti ze zkousek (CPT, SPT, DMT ...).

« Jednoduché vytvareni 3D modelu podlozi.

+ Snadna tvorba geologickych rezu.

+ Napojeni na ostatni programy GEOS.

* Geologicka dokumentace v modulu IG prizkum.

IG Prazkum
(modul Stratigrafie, vydani v pribéhu roku 2018)

+ Snadna tvorba geologické dokumentace sond a fezil.

+ Kopané sondy, hydrogeol. vrty, CPT, SPT, dynamické penetrace.

+ MozZné grafické zadavani typl vystrojeni sond.
+ Snadneé vkladani fotografii do protokold.
+ Velky vybér preddefinovanych protokold.

Edice 2018

Program je urcen k navrhu a
posouzeni plosnych zakladid

na zaklade vysledka statickych
penetracnich zkousek (CPT)

a standardnich penetracnich
zkousek (SPT). Program provadi
vypocet svislé unosnosti, sedani
a dimenzovani nosné vyztuze.

Dalsi novinky a vylepseni naleznete na: www.fine.cz/verze/

Fine spol. s ro.

Zéverka 12 www.fine.cz
169 00, Praha 6 S

Tel.: +420 233 324 889 hotline@fine.cz
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MEDAILE NA UKONCENI RAZEB TUNELU EJPOVICE

Moz

U prilezitosti ispésného dokonceni razeb jednokolejnych ejpo-
vickych tuneli byla vyrobena pamétni medaile. Jeji vyrobu na
vlastni ndklady zajistili zhotovitel stavby Metrostav a.s. a dodava-
tel geotechnického monitoringu GEOtest, a.s.

Ideovy ndvrh medaile vznikl spolupraci dodavatele monitorin-
gu a zhotovitele stavby a jeji konecnd podoba je dilem grafika
Pavla Dulika.

Medaili vyrazil Znak Mala Skdla, druzstvo hodinérské a ume-
lecké vyroby, v poctu 400 ks.

Razba je provedena v alpace (pakfong) s povrchovou tpravou
starostfibro. Medaile je kulatd o pruméru 60 mm a tloustce 4 mm.

Hlavnim motivem tohoto pamétniho dila na proraZeni nejdel-
$tho Zelezni¢niho tunelu v Ceské republice je tunelovaci stroj
Viktorie. Na medaili nechybi stavovsky symbol tuneldru a vro-
Ceni obdobi razeb tuneli. Podoba medaile je patrnd z priloZené-
ho obrazku.

Ing. TOMAS EBERMANN, Ph.D., GEOtest, a.s.

Obr. Medaile tunely Ejpovice
Fig. Tunnels Ejpovice Medal

KONTROLA POZARNEBEZPECNOSTNICH ZARIZENI FIRMY PROMAT DLE VYHLASKY 246/2001 SB.
VE ZNENI POZDEJSICH PREDPISU V TUNELOVEM KOMPLEXU BLANKA

Jiz tomu budou témér dva roky, kdy se uvedl tunelovy kom-
plex Blanka do zkusebniho provozu a zacal citelné¢ pomdhat pre-
tizené dopravni situaci v Praze. Byl to samozfejmé i moment,
kdy ,,naostro“ zacCaly byt pripraveny k funkci systémy poZarni
ochrany, které byly na tuto vyjimecnou stavbu dodany firmou
Promat s.r.o.

Jednalo se predevsim o zdkrytovy systém zarizeni odvodu koure
a tepla v raZenych ¢4stech vlastnich tunelovych trub, systémy poZar-
niho tésnéni instalaci a spér, utésnéni osazeni klapek u VZT potrubi,
vybranych poZérnich pri¢ek ve spojovacich chodbach apod.

K rozsdhlym legislativnim poZadavkim stanovujicim pravidla
pro ndvrh, montaZz, provoz a kontrolu provozuschopnosti poZar-
nébezpeénostnich zafizeni patii i provddeéci vyhlaska k zdkonu
o pozarni ochrané ¢. 246/2001 Sb., kterd byla novelizovdna
vyhlaskou ¢. 221/2014 Sb. ze dne 15. 10. 2014 (o stanoveni pod-
minek pozarni bezpecnosti a vykonu pozarniho dozoru).

Z téchto duavodu je tedy nutné uvedené poZdrni konstrukce
a technologie pravidelné kontrolovat tak, aby byla zajiSténa
jejich bezproblémova funkcénost po dobu Zivotnosti stavebniho
dila. V této vyhldsce v ¢asti druhé v prvnim oddilu je uvedeno
., Vybaveni prostor prdvnickych a fyzickych osob vecnymi pro-
stredky poZdrni ochrany a poZdrnébezpecnostnimi zarizenimi“.
Zde je v § 2, odst. 4 detailné rozepsano, jaké jsou druhy poZar-
nébezpecnostnich zafizeni a co do tohoto rozsahu spada.

Jednim z mnoha je i kontrola pozarnich prepazek a ucpavek,
jakoZto ,,nevyhrazeného pozarnébezpetnostniho zarizeni*.

Pro tyto konstrukce plati pravidlo, Ze kontrola téchto zarizeni
se provadi minimdlné 1x ro¢né, pokud vyrobce nebo projektant

Obr. 1, 2 Provozuschopné ucpdvky, Obr. 3,4 a 5 PoSkozené ucpdvky
Fig. 1, 2 Functional fire seals, Fig. 3, 4 and 5 Damaged fire seals

nestanovi jinak. V technickych podkladech firmy Promat s.r.o. je
uvedeno, Ze kontrola se provadi v této stanovené periodé za pred-
pokladu, Ze osoba dodrz{ technologické predpisy a postupy systé-
mu Promat. Z téchto divodu a pro poskytnuti detailnéjsich infor-
maci ke kontrole poZdrnébezpe€nostnich zafizeni firmy systému
Promat s.r.o. je pordddano specidlni skoleni viz www kontrolni-
technik.cz.

Vlastni kontrola jednotlivych ucpédvek a prepazek se pak pro-
vadi predevsim vizudlné, kdy je ndsledné zaznamendn skute¢ny
stav konstrukce. V pripadé, Ze poZzarni konstrukce nejevi zndm-
ky poskozeni, je uznana jako provozuschopna. V opa¢ném pri-
padé, pri viditelném poskozeni, se dana konstrukce zdokumen-
tuje a do pripravené pasportizace je oznacena jako ,,neprovozu-
schopné®. V nejbliz§im mozném terminu a za prijeti nezbytnych
opatfeni majitelem nebo povérenym spravcem objektu je nutné
konstrukci opravit, tzn. zpravidla uvést do puvodniho ,,funkéni-
ho* stavu. Samozfejmé i proces vlastni opravy se provadi v sou-
ladu se zminovanou vyhldskou a technickymi listy vyrobce
a garanta systému.

Timto postupem a za dodrzeni uvedené legislativy je zajisténo
v maximdlni mozné mite, Ze zminéné konstrukce jsou priprave-
ny v pripadé pozaru zafungovat tak, aby se podilely na zajistén{
celkové pozarni bezpecnosti tunelového komplexu Blanka.

Na obrézcich jsou uvedeny priklady provozuschopnych (obr. 1
a 2) a poskozenych pozarnich ucpdvek (obr. 3, 4 a 5) v dobé
vlastni kontroly — prostupy elektroinstalaci.

Ing. PETR KEJKLICEK, Promat s.r.o.
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MOZAIKA ZE SVETA

B Inovace razby problematického iseku délky 800 m tune-
lu Bossler

Dvoutrubovy Zelezni¢ni tunel Bossler délky 8,8 km je soucds-
ti stavby nové rychlostni Zeleznice mezi Stuttgartem a Ulmem.
Tunel prochdzi jurskymi kiidovymi horninami a pivodné mél
byt cely razen metodou NRTM. Po podrobnéjsim vyhodnoceni
geotechnickych podminek bylo rozhodnuto pouZzit razbu zemi-
novymi S$tity s vyjimkou tdseku priblizné uprostfed trasy
nevhodného pro tunelovaci stroje, ktery mél byt vyrazen kon-
venéné pomoci pristupového tunelu Umfental délky 948 m.
V jedné ze dvou trub v tomto useku meéla byt vybudovana
demontdzni komora $titu, ktery mél byt znovu smontovan
u spodniho startovaciho portdlu. Odtud by razil druhou troubu
soubézné s prvni troubou jiZ vyrazenou.

Na konci pfistupového tunelu mimo trasu hlavnich tunelt
byla jesté vyhloubena 50 m hlubokd Sachta. Z nf se vyrazila pri-
zkumni §tola délky 25 m ve vrstvéach horniny, kterd byla pavod-
né na zdkladé jen omezenych znalosti specifikovdna jako
nevhodna pro razbu $titem. Sachta a priizkumna §tola presvéd-
¢ive ukdzaly, ze geotechnické vlastnosti problematickych vrstev
horniny jsou lepsi, neZ se puvodné ocekdvalo.

Na zakladé vSech novych poznatku bylo rozhodnuto, Ze kon-
venéné razeny usek bude zkrdacen z predpoklddanych skoro
2000 m na asi 800 m, coz vyrazné pomohlo dodavateli, ktery jiz
delsi dobu zvaZoval, zda by nebylo ekonomické konvencni tsek
Stitem projet a pokraCovat v razbé horniho dseku tunelu bez
demontdZe Stitu a jeho nového nasazeni na razbu druhé trouby
od spodniho portélu.

Zvazovéany byly tfi varianty:

1. Po kompletnim provedeni konvenéni razby vletné provi-
zorniho osténi ze stfikaného betonu se osadi do spodni
Casti kolejnice, po kterych §tit tsek projede. Pohybovat se
bude pomoci spodnich §titovych list, které se budou opirat
o postupné montované provizorni dnové segmenty.
Stit pak bude pokracovat v razbé horniho tiseku tunelu a na
zavér se v konvencéné vyrazeném dseku provede klasické
monolitické osténi.

2. Konvenéné se vyrazi jen kalota tunelu, pri¢emz povrchova
vrstva stifkaného betonu bude geometricky provedena tak,
aby feznd hlava Stitu pri razbé z ni odfezdvala nékolik cen-
timetru betonu, ¢imZ vznikne ve stfikaném betonu valcova
plocha. Ta by poskytla oporu horni ¢4sti Stitu proti jeho
vybocovani pri razbé smérem nahoru. S pomoci této horni
opery by stroj vyrazil jadro a dno v rostlé horniné. Stabilitu
jadra pri razb€ se uvazovalo vylepSit pomoci betonové
VIStvy.

3. Konveéné se vyrazi cely profil iseku a geometrie lice stii-
kaného betonu opét jako ve var. 2 umozni, aby z ného
feznd hlava odfezala nékolik centimetrit betonu. Ve dné se
osadi kolejnice pro vedeni Stitu pfi posunu. Spodni ast
profilu se vyplni do tdrovné 85 cm pod stfed stroje vélco-
vanym hubenym betonem (pisek 0/2: 767 kg/m?; drcené
kamenivo 6/45 z vhodné rubaniny: 1420 kg/m3; cement
70 kg/m? a voda 100 I/m3).

Po vSech vypoétech posuzujicich stabilitni chovani $titu pri
razbé byla schvélena 3. varianta, ktera se ukdzala také nejeko-
nomictéjsi. Stit pak tspésné projel konvenéné vyrazenym tse-
kem véetné jeho vystrojeni segmentovym osténim. Prumérny
postup byl 26,7 m za pracovni den.

Pak zeminovy §tit pokracoval v razbé horniho dseku vychod-
niho tunelu, kterou dokon¢il v listopadu 2016. Nésledovalo pre-
misteén{ Stitu k spodnimu portdlu zapadni trouby, jejiz razba byla
zahdjena v dubnu 2017. Dokoncenf razby je pldnovdno na pod-
zimni mésice roku 2018.

B Provedeni do¢asné opérné stény v rece Neckar z gabionu
Mimoradny projekt Stuttgart 21 zahrnuje nejen rozsdhlé nové
podzemni nddrazi a velky objem tuneldfskych praci, ale i dalsi

Tuel

naro¢na inZenyrskd dila. Mezi nimi je i novy most pres feku
Neckar v centru Stuttgartu, pro ktery bylo potfebné piimo
v reCisti provést vrtané piloty jako zdkladové konstrukce pro
pilite mostu.

P1i vytvareni pracovni plochy pro vrtné soupravy bylo pouZi-
to neobvyklé feSeni — gabionové opérné stény budované v fece.
Ty mély ohraniéit prostor do¢asného nasypu, na kterém by pra-
covaly tézké vrtné stroje.

Stény se sklddaly z gabionu velikosti 2x1x1 m, které byly
plnény kamenivem v lomu vzdidleném 20 km od stavenisté
(jejich zhotovitelem byla slovenskd firma Rockbuilt z Bratis-
lavy). Hotové gabiony se prevezly do fi¢niho pristavu
a v potfebném Case se dopravily lodémi na staveni$té. Pri sesta-
vovani gabionovych stén pod hladinou feky spolupracovali pota-
péci. Celkovy objem gabionovych stén byl 1720 m3.

Po dokonéeni stavebnich praci byl zdsyp odt¢Zen a gabionové
stény demontovdny s tim, Ze gabiony budou pouZity na jiné stavbé.
B Bazovy tunel Mont Cenis

Mozna ponékud ve stinu ndm blizSich velkych tunelovych sta-
veb, kterymi jsou bdzové tunely Brenner, Semmering a Koralm,
jiz delsi dobu probiha stavba klicového prvku nové vysokorych-
lostn{ trati Lyon — Turin, kterym je 57,5 km dlouhy tunel Mont
Cenis. Tunel spoji alpskd tdoli Maurienne ve Francii (portdl je
u mésteCka Sv. Jan v Maurienne) s tdolim Susa v italském
Piemontu. Celkem 78 % délky bdzového tunelu lezi ve Francii,
zbyvajicich 22 % v Itdlii. Tunel je dvoutrubovy s propojkami po
333 m a je navrZen na rychlost 250 km/hod., pfi¢emz se pocita
s provozni rychlosti 220 km/hod. Souédsti tunelu budou tfi bez-
pecnostni stanice a jedna hloubend ventilacni Sachta. Tunel pro-
chdzi ruznorodymi a slozitymi geotechnickymi podminkami,
které zahrnuji velmi tlacivé horniny, poruchové zény, vysoké
nadloZi (v nékterych dsecich pres 2000 m — hrozi skalni odprys-
Ky a horské tlaky).

Rizikem jsou také hydrologické poméry, kde se predpoklada
propojeni podzemnich vod na vodotece v nadloZi.

Prizkumné prdce

Prazkumné préce zahrnovaly kromé vrtnych a geofyzikdlnich
praci také pristupové tunely.

Ve sméru od koncového portalu na francouzské strané to byly
tunely:

Sv. Martin La Porte délky 2400 m, vyrazen konvenéné mezi
roky 2003 az 2010 pres nestabilni a tlacivé uhlonosné vrstvy.
Zde se projevily velké deformace i pfi nadlozi 300 m. V ostén{
ze stiikaného betonu byly instalovdny deformaéni niky.

La Paz délky 2480 m, vyraZen konven¢né mezi roky 2005 az 2009.

Villarodin-Bourget/Modane délky 4000 m, razen konve¢né
v letech 2002 az 2007.

Na italské strané byl razen pruzkumny tunel La Maddalena
délky 7600 m z portdlu vedle délnice Frejus, ktery se nachazi asi
2 km severné od méesteCka Chiamonte. Jeho razba probihala od
roku 2012 do dnora 2017. Prvnich 200 m se razilo konvenéné,
pak razba pokracovala TBM od firmy Robbins o pr. 6,3 m. Ve
svém staniéeni 3,500 km pruzkumny (a pristupovy) tunel doséhl
trasy budoucich bdzovych tuneli v jejich staniCeni cca
52,500 km. Ddle byl razen uprostred mezi nimi soubézné s jejich
budoucf trasou.

Tento piistupovy a pruzkumny tunel pfinesl tdaje o masivu
Ambin, pfi¢emZ razba probihala prevdzné v ruldch a zuldch pri
nadlozi vétSinou pres 2000 m. Proto se projevily horninové
odprysky, kvuli kterym byly v klenbé instalovény sit€ a v kriti¢-
tejSich mistech se instalovaly ramendty, na kterych byly v pfis-
tropi v dhlu 120° v malych rozte¢ich podélné prichyceny ocelo-
vé tyce.

Tunel La Maddalena po uvedeni do provozu bézovych tunelu
bude slouzit pro ventilaci a jako tinikova cesta.

Protesty proti stavbe

Pripravu a provadéni tunelu La Maddalena provazely v obdo-
bi 2011 az 2016 dramatické okolnosti. Portdl mél byt puvodné




v ddoli Susa, jehoZ obyvatelstvo proti celé stavbé bazového
tunelu prudce protestovalo. Proto portél pristupového tunelu byl
premistén k méste¢ku Chiamonte k ddlnici Frejus. Ani pak ale
nezavladl na stavbé klid. Policie musela staveniSte nepretrzite
hlidat. Probéhly na néj stovky dtoku, doslo ke zranéni mnoha
policisti a obyvatelstvo se chovalo nendvistné i k délnikam.
Probéhly sabotdze proti dodavatelskym firmdm a dokonce i na
provozované Zeleznici.

V roce 2015 byla zahdjena konven¢ni razba odbocky z pristu-
pového tunelu sv. Martin La Porte a z ni se pak razil konvenéné
pro ovéfeni postupu v rizikovych uhlonosnych vrstvach dsek
jizni trouby v délce 128 m. Na ten pak jiz pomoci hlavniho pfi-
stupového tunelu navazala razba komory pro montaz otevreného
TBM francouzské vyroby o pr. 11,26 m. Montazni komora ma
plochu vyrubu 420 m?2, délku 45 m, §itku 23 m a vysku 22,2 m.
Razila se pod nadloZim 600 m sestupné ve 4 krocich s vyuzitim
deformacnich nik.

Po smontovéni z ni v ¢ervnu 2017 TBM zahdjilo také z pru-
zkumnych divodu razbu tseku jiZni tunelové trouby délky
9000 m. Razba skonéi v demontdZni komore, kterd bude vybu-
dovana na konci pristupového tunelu La Paz.

Zdver

V3echny uvedené razby poskytly mnoZstvi ddaji o geotech-
nickych a hydrogeologickych podminkéch, které se vyuZzivaji
pro definitivni projekt stavby bazovych tunela.

Zacatkem roku 2017 byla mezi Francii a Itdlii podepsdna
dohoda o vlastni razbé bdzovych tunela. Hlavni vybérovd fizent,
z nichz prvni bylo vypsdno na francouzské strané v roce 2016,
by méla pokracovat v roce 2017 a 2018.

B Tunel Rohtang v indickém Himalaji — prorazka kaloty

V Tunelu ¢&. 2/2017 byla v Mozaice ze svéta podzemnich sta-
veb uvefejnéna informace o postupu razeb na v soucasnosti
nejdelsim silni¢nim tunelu budovaném v indickém Himaélaji ve
vysce pres 3000 m n. m.

Diky usili vSech dcastnika vystavby se tunel dlouhy necelych
9000 m priblizil k prordzce kaloty. Dne 15.9. 2017 zbyvalo nece-
Iych 150 m, a jelikoz se v tomto obdobi razilo z obou stran
ve vystrojovaci tfidé RC 3 s prumérnym postupem okolo 8 m/den,
tak raZend prordzka se predpoklddala do poloviny Fijna 2017.

V mésici srpnu se vyrazilo v kaloté z obou portdli celkem
198,40 m a bohuZel predevsim kvuli kratké (dvoudenni) stavce
mistnich délnikt nebyla pfekrofena meta 200 m, coZ by se mélo
v zari 2017 povést, protoze v té dobé byly geologické a geo-
technické podminky na obou celbdch kaloty velmi podobné
a vcelku priznivé. Jednalo se o stiiddni témér zdravych fylitic-
kych kiemencu s kiemennymi fylity. Razba probihala v suchém
prostredi s nadloZim zhruba 1300 m az 1400 m.

Geotechnické podminky razby se natolik zlepSily oproti jar-
nim mésicum (v piipadé severniho portdlu oproti pozastaveni
razeb na konci roku 2016, resp. oproti zahdjeni raZeb na konci
kvétna roku 2017), Ze tym supervizord, vedeny Ceskymi geo-
techniky, mohl zatfidit razby do priznivéjsi vystrojovaci tridy
RC 3 bez instalace ocelovych ramenétu BTX (projektovana fada
vystrojovacich tfid je od RC1 do RC7).

Stavba tunelu md velké zpozdéni kvali 500 m dlouhé
a extrémne nepfiznivé poruchové zoné zvané Seri Nala, kterd
ovlivnila razbu v letech 2012 az 2015 (viz informace v Mozaice
2/2017). Po prordzce budou razeny zbyvajici ¢asti operi, déle
opéfi a spodni klenba v extrémné nepriznivych podminkéch
z6ny Seri Nala. Jenom v ni bude instalovdna po celém obvodu
tunelu vodotésnd izolace, a to od stanic¢eni 1+887 do 2+474.,5.

Zhotovitel musi samozfejme dokoncit zbyvajici tseky defini-
tivniho osténi tl. 500 mm v horni klenbé, které bude vyztuzené
jen v poruchové zéné Seri Nala (k 15. 9. zbyvad vybetonovat
dohromady z obou stran zhruba 5450 m). Na obou portdlech
zacala v roce 2017 vystavba obsluznych budov a definitivni
zajisténi portdlovych dseku, které budou z&4sti obsahovat i krat-
ké hloubené tunely. Dokonéeni celé stavby lze redlné ocekdvat
do poloviny roku 2020.
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Obr. 1 JiZni portdl tunelu Rohtang
Fig. 1 Southern portal of Rohtang tunnel

Nemalou zajimavosti z pohledu ¢eskych geotechnika je sku-
te¢nost, Ze po pripojeni Ing. Radka Bernarda k tymu supervizo-
ri v roce 2014 (tehdy jako Senior Tunnel Engineer — dnes coby
Project Leader) se koncem kvétna 2017 stal soucdsti tymu jiz
tieti Cesky inZenyr Ing. Jan Korej¢ik na pozici Senior Tunnel
Engineer. V dobé prordzky budou tedy pusobit v rdmci supervi-
ze na projektu tii CeSti geotechnici v téch nejvyssich technickych
pozicich — Radek Bernard, Jan Korej¢ik a Lukds Kunc. Posledné
jmenovany zde pracoval trvale v letech 2012 aZz 2014 a stale pro-
vadi vzddlenou podporu tymu supervizort. VSichni zminovani
pracuji v dresu spolec¢nosti D2 Consult International GmbH,
Linz (Engineer — FIDIC Contract).

Pozn.: Viastni prordzka kaloty probéhla v predstihu 11. 10.
2017 a slavnostni se konala za ucasti indické ministryné obrany
15.10.2017.

(zpracovano podle podkladu zaslanych Ing. Radkem Bernardem)

B 40 let spolecnosti Herrenknech a 75 let jejiho zakladatele
dr. Martina Herrenknechta

Jak vyplyva z nadpisu, v roce 2017 méli u Herreknechtu dva
mimorddné davody k oslavdm. Ale dr. Martin Herrenknech
vyhradil na oslavu svych narozenin s prateli a rodinou pouze tfi
dny, nebot’, jak fekl, povinnosti volaji. Tim také vyjadril, Ze se
jesté do duchodu nechysté, coz doklddd i skute&nost, Ze asi 150
dnu v roce je na cestdch a firemni letadlo je vZdy na mistnim
letisti v Lahru pripraveno vzlétnout. Nicméné se zdd, Ze
o ndstupce je postardno. Jeho tficetilety syn Martin-David je
strojni inZenyr a ve spolecnosti Herrenknecht prokazuje své
kvality.

Svou firmu Herrenknecht GmbH zalozil dr. Herrenknecht ve
svych 35 letech v roce 1977. Potrebny kapital pro zaloZeni spo-
le€nosti ve vysi 25 tis. DM si nepujcil v bance, ale poskytla mu jej
jeho matka. Prvnimi produkty nové firmy byly tfi typy stroju vyvi-
nutych v jeho inZenyrské kanceldfi pro mechanizované protlaco-
vani trub v zemindch. Od té doby pozvedl firmu jeji zakladatel
k mimorddnému celosvétovému uspéchu, jehoZ jsme sveédky.

B Novy tunel Belchen na Svycarské dalnici A2 proraZzen

Jak bylo uvedeno v Mozaice v Tunelu 3/2015, dva stdvajici
tunely Belchen délky 3,2 km na délnici A2 vybudované v 70.
letech minulého stoleti potrebuji naléhavé opravu, protoZe jejich
osténi je zna¢né poskozené bobtnanim horniny za osténim.

Protoze ddlnice A2 je kli¢ovou dopravni tepnou Svycarska
(tunely projizdi denné 55 tis. vozidel), bylo rozhodnuto vyrazit
treti soubeézny tunel a po jeho uvedeni do provozu postupné
rekonstruovat staré tunely.

RaZba byla provedena Stitem Herrenknecht o pr. 13,91 m
béhem 16 mésicu od dnora 2016 do &ervna 2017 navzdory
tomu, Ze probihala jen v jedné sméné od pondéli do patku ve
slozitych geotechnickych podminkach, kdy byly zastiZeny
mekké i tvrdé horniny, krasové jevy, vodonosné vrstvy a bobt-
navé horniny. Vyhodou byla znalost geologie ziskana pfi stav-
bé puvodnich tuneld.

Zprovoznéni nového tunelu se predpokladé v roce 2021.
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B 50 let inZenyrské kancelare ILF

Pred padesiti lety, tj. v roce 1967, zalozil v Innsbrucku Pius
Lisser konzultaéni kanceldr. K nému se o dva roky pozdéji
pripojil jako partner Adolf Feizlmayer. Nikdo tehdy netusil,
Ze jejich firma se stane jednou z vudéich svétovych inZenyr-
skych kanceldfi a Ze bude mit v roce 2017 celkem 2000
zaméstnancu, ze kterych 510 pracuje v Rakousku, a 40 pobo-
&ek na péti kontinentech a Ze vypracuje okolo 6000 projekta
ve 150 zemich.

Prvni roky cinnosti firmy byly tzce spojeny s podcho-
dem ropovodu z Terstu do Ingolstadtu pod Alpami. Oba pano-
vé pak v roce 1969 vytvorili inZenyrskou spolecnost Lisser-
Feizlmayer, pro kterou se ustdlila zkratka ILF.

B Posledni prorizka na kanalizaénim sbéra¢i Emscher

V Casopise Tunel €. 1/2015 byl v Mozaice popsdn mimo-
fadny vodohospodérsky projekt, ktery mad zajistit, aby reka
Emscher protékajici prumyslovym Porifim nebyla nadéle sto-
kou, ale stala se opét prijatelné Cistou rekou. Na kanalizaénim
sbéraci celkové délky 51 km probéhla v Eervnu 2017 posled-
ni prorazka dvéma zeminovymi Stity firmy Herrenknecht
o pruméru 3,397 m, za kterymi bylo montovéno segmentové
osténi s vnitfnim pr. 2,6 m. Jednd o jeden z nejmenSich pru-
méru segmentového osténi montovaného za razicim $titem na
SVEtE.

Systém je postupné uvadén do provozu s tim, Ze provozu
celého systému bude dosazeno v roce 2020.

B Znovuotevreni prvniho kanadského Zelezni¢niho tunelu
Prvni kanadsky Zelezni¢ni tunel se nachdzi v provincii
Ontario poblizZ mésta Brockville a je dlouhy 525 m. Jeho stavba

byla zahéjena v roce 1854 a kvuli problémum s financovdnim
byl tunel uveden do provozu az v roce 1860. Zelezniéni pro-
voz v ném skon¢il v roce 1969. Tunel a jeho vyzdivané osté-
ni pak chatraly, dokud se mésto Brockville nerozhodlo o jeho
rekonstrukci s cilem nabidnout jej pro volnocasovou aktivitu
obyvatel mésta i jeho ndvstévniku. Vzdyt tunel je skute¢nou
technickou pamadtkou a nezaslouzil si, aby se na n¢j zapo-
mnélo.

Nejprve musela byt zastavena fada pritoku podzemni vody
a odstranény vrstvy v tunelu vysrdazenych minerdlnich latek,
pak nésledovala sanace vyzdivky, provedeni betonové vozov-
ky na dné tunelu a potrebné technické vybaveni tunelu (osvét-
leni, vétrani, protipoZarni, komunikaéni a bezpe¢nostni zabez-
peceni).

Tunelem bude vozit navstévniky turisticky vlacek s koly
vybavenymi pneumatikami. Lidé mohou za jizdy sledovat na
ostén{ promitanou prezentaci o stavbé tunelu, jeho technickém
feSeni a geologii. Vlacek jesté pojede priléhajici rokli a mist-
nim parkem.

Pro toto nové vyuziti byl tunel otevien v srpnu 2017.

H Novy dokument ITA WG 6

Pracovni skupina ITA-AITES &. 6 ,,Udrzba a opravy* vyda-
la dokument zabyvajici se stavebnimi protipoZarnimi opatreni-
mi u silni¢nich tunelG (Structural Fire Protection for Road
Tunnels). Dokument je pristupny na webovych strankdach ITA-
AITES.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI NEWS FROM TUNNELLING CONFERENCES

66. GEOMECHANICKE KOLOKVIUM V SALZBURGU
66™ GEOMECHANICS COLLOQUIUM IN SALZBURG

The 66t Geomechanics Colloquium was held on 12th and
13th October in Salzburg. Part of the colloquium was an accom-
panying program in the form of three workshops and
a Saturday excursion to the Brenner Base Tunnel being under
preparation. After its completion and connection to the already
operating double-track Inntal tunnel, this railway tunnel will be
the longest tunnel of the world with the length of 66km. The
topics of the workshops comprised the experience with the
directive on geotechnical planning of conventionally driven
tunnels, grouting and rock mechanics problems in connection
with the application of EUROCODE 7. The Geomechanics
Colloquium itself was already traditionally divided into several
blocks of lectures. The first block concerned geomechanical
aspects of current tunnel construction projects, the second
block dealt with the operation and maintenance of road and
railway tunnels and geotechnical structures. The Friday after-
noon was, already traditionally, dedicated to the panel discus-
sion of representatives of designers, contractors and project
owners. This year’s topic was titled “Engineering geological
documentation — quo vadis?”

Ve dnech 12. az 13. fijna se v Salzburgu konalo jiz 66. Geo-
mechanické kolokvium, jehoZ soucasti byl i v predstihu uvede-
ny doprovodny program v podobé tii workshopu a sobotni
exkurze na pripravovany Brennersky bazovy Zelezni¢ni tunel,
ktery bude po svém dokonceni a napojeni na jiZ provozovany
dvoukolejny tunel Inntal s celkovou délkou 66 km nejdelSim
tunelem svéta. Tématem workshopu byly zkuSenosti se smér-
nici pro geotechnické pldnovani konvenéné raZzenych tuneld,

injektovdni a problematika mechaniky hornin v souvislosti
s pouzitim EUROCODE 7.

Vlastni geomechanické kolokvium bylo jiz tradi¢né tematic-
ky rozdéleno do nékolika blokl predndsek. Po zahdjeni konfe-
rence predsedou rakouské spolenosti pro geomechaniku,
panem prof. Wulfem Schubertem, byla, tak jako kazdy rok,
slavnostné preddna cena Leopolda Miillera.

Prvni blok prednasek byl vénovan geomechanickym aspek-
tam aktudlnich tunelovych projektu. Prvni predndska se tykala
tunelu Koralm v useku KAT3, ve druhé prednasejici predstavi-
li zkuSenosti s razbou nouzové podzemnf stanice jako soucasti
bazového tunelu Semmering a v posledni prednésce pred pre-
stdvkou byly sdéleny zkuSenosti z razby prizkumné Stoly
bazového tunelu Brenner se zaméfenim na vyuziti ziskanych
vysledkd a moZnosti optimalizace technického fesen{ tratovych
tunelt a podzemnich stanic. Blok pfednéasek pokracoval infor-
maci o postupu vystavby na projektu Stuttgart 21 na tunelu
Albaufstieg — Steinbiihl. Posledni prednaska tohoto bloku se
tykala vyuziti kompenzacnich injektdZi na prikladu tunela
Crossrail C510.

Druhy blok prvniho dne konference se tykal provozovani
a Udrzby silni¢nich a Zelezni¢nich tuneld a geotechnickych
konstrukci. Prvni predndska poukazovala na problematiku
sanaci a roz§ifovani stdvajicich ,historickych® Zelezni¢nich
tunelt v siti némeckych drah. V roce 2014 bylo do rekonstruk-
ce stavajicich tunell investovdno 125 milionu eur, do roku
2018 tato ¢dstka stoupne na 213 milionu eur a ve sttednédobém
horizontu se pocitd s investici do oprav a roz§irovani stavaji-
cich tunela s Cdstkou jedné miliardy eur. Na piikladu tunelu
Kirchberg v SRN byl ukdzan postup pri rozhodovani o vhodné
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Obr. Deponie Padastertal pro 7,7 mil. m3 rubaniny
Fig. Padastertal stockpile for 7.7M m3 of muck

metodé sanace tunelu, pficemz bylo posuzovéano pét variant od
klasického konvenéniho prerubdni a zajisténi stability klenbou
ze stiikaného nebo monolitického betonu pres metodu ,,tunel
v tunelu® umoznujici zvétSeni profilu s minimédlnim omezenim
provozu az po vystavbu nového tunelu. Dalsi prispévek zpra-
covali zastupci ASFINAG (rakouskd obdoba naSeho RSD)
a tykal se udrzby a provozovani ddlni¢nich tunelt s ohledem na
zajisténi pozadované bezpecnosti provozu a Zivotni cyklus
technologického vybaveni tunelu i stavebnich konstrukefi, které
jsou souddsti tunelt. Celkovd délka v souCasné dobé firmou
ASFINAG spravovanych tunelt dosahuje 385 km a jejich efek-
tivni kontrola a udrzba vyZzaduji sofistikovany pristup pri vyna-
klddani finanénich prostiedku. Dal$i prispévek se tykal ddrzby
tunelt v siti rakouskych spolkovych drah se zaméfenim na pro-
blematiku udrzby jejich drendZniho systému. Dalsi, spiSe teo-
reticky prispévek se tykal posuzovdni tnosnosti dhlovych zdi
s ohledem jejich Zivotnost a na korozni ubytky jejich vyztuze.
Posledni dva prispévky odpoledniho bloku popisovaly rozsiro-
véni stdvajicich tuneld. Prispévek autort z rakouskych spolko-
vych drah a projekéni kanceldre Laabmayr&Partner dokumen-
toval inovativni metodu rozsiteni stdvajicich rakouskych tune-
It Rekawinkler a Kleiner Diirreberg za provozu pomoci speci-
dlniho stroje umoznujiciho oddélit provozovanou a sanovanou
¢ast tunelu. Hornina byla pfi této metodé rozpojovédna special-
ni soustavou kotouCovych pil. Ve druhém prispévku priprave-
ném zdstupci Amberg Engineering AG a Rhitische Bahn AG
autori poskytli informace o rozSifovani stavajicitho tunelu
pomoci vklddaného prefabrikovaného osténi. Redlnost techno-
logie postupného rozsirovéni a zajisténi vyrubu pomoci prefab-

TUNELARSKE ODPOLEDNE 3/2017
TUNNEL AFTERNOON 3/2017

The third Tunnel Afternoon was held on the theme “Current
tunnel construction projects abroad”. Prof. Ing. Matou§
Hilar, M.Sc., Ph.D., CEng., MICE and Ing. Jakub Nosek, Ph.D.
were the first lecturers with their lecture theme “Recon-
struction of a collapsed water supply tunnel in Turkey”. In the
second lecture titled “TBM driving through weakness zones in
the KAT2 section of the Koralm tunnel in Austria — prognosis
and realisation” RNDr. Tomas$ Svoboda, Ph.D. dedicated
himself to the large project for construction of the Koralm rail-
way tunnel. Mgr. Jifi Zmitko continued with another interesting
project in Austria, which certainly is the “Construction of the
Granitztal railway tunnels”. The following lecture was deli-
vered by Petr Saldk, CEng., MICE, CMgr MCMI, with the
theme “Tunnel construction projects in Great Britain”. The
theme presented by Ing. Michal Uhrin related to the Crossrail
project, concretely to the optimisation of the original project
for a rail crossover at Whitechapel station. Ing. Ale§ Gothard
took the audience to northern Europe — he spoke about the

rikovaného osténi byla pred vlastni realizac{
ovéfena ve Stole Hagerbach. Technologie byla
pouzita na 334 m dlouhém tunelu Glatscheras
ve Svycarsku. Uvedené piispévky ukazuji, Ze
problematika rozsirovani tuneld za provozu je
v souvislosti s vedenim trati v tunelech sta-
rych 100 a vice let ziva v Rakousku, Némecku
i Svycarsku a bude nutné ji fesit ve viech
zemich, které chtéji stavajici tunely pouZivat
pro moderni Zelezni¢ni dopravu.

Péte¢ni dopoledne bylo jiz tradi¢né vénovano
panelové diskusi zdstupcu projektanta, stavebnich
firem a investora. LetoS$ni téma ,,Kam krac¢i sta-
vebnégeologickd dokumentace se dotykalo pro-
blematiky etiky pri zpracovani stavebnégeologic-
ké dokumentace a jeji objektivity. Diskusi pred-
chézely prispévky na téma pouZiti reflexni seismi-
Ky pfi zpracovéni stavebnégeologické dokumenta-
ce pii vystavbeé bazového tunelu Brenner, moznosti digitalni doku-
mentace a charakteristiky horninového masivu pii vystavbé tunelt
nebo porovnani geologické progndzy a skutecné zastizenych geotech-
nickych podminek pri vystavbé bazového tunelu Semmering.

Zavereény blok prednések patril tlakovym $toldm, jejich pro-
jektovani, dimenzovani a sledovani. SpoleCnym jmenovatelem
téchto prednasek bylo vyuziti tlakovych §tol u vodnich elektra-
ren. Prvni prispévek pojednaval o geotechnickém planovani,
provadeéci dokumentaci a zkuSenostech z vystavby na stavbé
Obervermuntwerk II. Druhy prispévek publikoval vysledky
deformacénich méfeni na prechodu pancérovaného tseku tlako-
vé Stoly a volné vedeného potrubi ve vodni elektrarné
Kaunertal. Ve tfetim prispévku se autori zabyvali mySlenkou
ziskavani energie kombinaci preCerpavani a geotermie, resp.
ohrevu vody slune¢ni energii.

Velmi zajimava byla i exkurze na bazovy tunel Brenner na
staveni$t€¢ Wolf a Padastertal, kde méli ndvstévnici exkurze
moznost navstivit jak tunelové stavby v oblasti budouci pod-
zemni stanice St. Jodok, tak deponii vytéZeného materidlu vcet-
né tunelu, ktery propojuje stavenisté s ddolim, ve kterém je
rubanina na deponii uklddéna.

Konference byla nejen mistem odbornych prednasek a zaji-
mavé vystavy nebo postert s geotechnickou tematikou, ale
i vyznamnou spoleenskou uddlosti, ke které patfil jak tradi¢ni
komorni koncert v sdle univerzity, tak spoleCensky vecer.
Konferenénim jazykem je némcina a angliCtina se zajisténim
kvalitniho tlumoceni do obou jazyku.

Ing. LIBOR MARIK, HOCHTIEF CZ a. s.

Espoonlahti station of the Lansimetro in Helsinki, Finland.
Ing. Jiri Sach was the last lecturer. His topic was the construc-
tion of the Joberg tunnel in Norway he was in charge of.

Treti Tuneldrské odpoledne se konalo ve stredu 20. z4ri 2017
na téma Soucasné zahranicni tunelové projekty. Tunelarské
odpoledne zahjil a fidil ¢len predsednictva Ceské tuneldiské
asociace ITA-AITES prof. Ing. Matous Hilar, M.Sc., Ph.D.,
CEng., MICE.

Jako prvni vystoupili prof. Ing. Matous§ Hilar, M.Sc., Ph.D.,
CEng., MICE a Ing. Jakub Nosek, Ph.D. (3G Consulting
Engineers s.r.0.) s t¢matem Rekonstrukce zavaleného vodovod-
niho tunelu v Turecku. Popsali zajimavosti z této stavby tykaji-
ci se nejen odbornych zdlezitosti, ale také ty, které vyplyvaji
z kulturnich odlisnosti.

Ve druhé predndSce s nazvem TBM razby poruchovymi
pdsmy na tiseku KAT2 tunelu Koralm v Rakousku — prognoza
a realizace se RNDr. Tomas Svoboda, Ph.D. (3G Consulting
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Engineers s.r.o.) vénoval rozsdhlému projektu vystavby
Koralmského Zzelezni¢niho tunelu délky 32,9 km, uvedl situa-
ci a geologickou stavbu useku KAT2, zminil prognézu poru-
chovych pasem z TBM, metody prazkumu a opatfeni pro razbu
v téchto problémovych usecich. Vice podrobnosti je v ¢ldnku
v Tunelu 3/2015.

Mgr. Jiri Zmitko (3G Consulting Engineers s.r.0.) pokracoval
dalsim zajimavym projektem z Rakouska, kterym jisté je
Vystavba Zelezni¢nich tuneli Granitztal. Tomuto tématu byl
vénovdn i ¢lanek v Casopise Tunel 3/2017. Tunely Granitztal
jsou také soucdsti Koralmské Zeleznice, tvofi propojeni mezi
Styrskem a Korutany.

Pred prestivkou jeSt¢ vystoupil Ing. Petr Salak, CEng.,
MICE, CMgr MCMI (Dr. Sauer&Partners Ltd.) s tématem
Tunelové projekty ve Velké Britdnii. Nejprve nastinil moZnou
budoucnost dopravy ve formé¢ hyperloopu a popsal nckteré
z anglickych projektl, napr. Crossrail 2, High Speed 2. Na
konec svého vystoupeni se vénoval podrobnéji vystavbe stani-
ce Farrington na projektu Crossrail 1.

Ing. Michal Uhrin (Mott MacDonald CZ spol. s r.0./SUDOP
Praha a.s.) zustal svym piispévkem na pudé Velké Britdnie,
i jeho téma se tykalo projektu Crossrail, konkrétné optimaliza-

ce puvodniho projektu kolejové spojky u stanice Whitechapel.

Ing. Ale§ Gothard (Metrostav a.s.) zavedl posluchace do
severni Evropy — hovorfil o Lansimetro, stanici Espoonlahti
v Helsinkdch ve Finsku. Vystavba Lansimetro je soucasnym
nejveétsim infrastrukturnim projektem ve Finsku, ma dopravné
propojit mesta Helsinky a Espoo. Trasa helsinského metra ma
byt diky tomu prodlouZena o celych 21 km a 13 stanic.

Poslednim prednaSejicim byl Ing. Jifi Sach (Metrostav a.s.),
ktery mel na starosti vystavbu tunelu Joberg v Norsku. Tento
tunel je dlouhy 2,8 km a probihal prevdazné metodou
Drill&Blast. Na krat§im tseku byla pouzita i metoda NRTM,
jednalo se o prvni aplikaci NRTM v Norsku, tudiz byl o stavbu
znacny odborny i medidlni zdjem. Vice podrobnosti je v ¢lanku
v Tunelu 2/2016.

Celkem se Tuneldrského odpoledne zicastnilo asi 70 poslu-
chac¢u. Vétsina prezentaci je umisténa na webovych strankdch
CzTA www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
C7TA ITA-AITES, z. s.

V1. ROCNIK MEZINARODNI KONFERENCE POZARNI BEZPECNOST TUNELU 2017
VI™ ANNUAL INTERNATIONAL CONFERENCE FIRE SAFETY IN TUNNELS 2017

The international conference Fire Safety in Tunnels was
held in RoZnov pod Radhostém from 26th to 27th September.
Lectures concerning ensuring fire safety in civil engineering
and technology equipment parts of road tunnels were delive-
red in the conference. In addition, lectures regarding the cur-
rent condition of tunnel construction projects in the Czech
Republic and the Slovak Republic were presented there.

Ve dnech 26. 9.-27.9. 2017 se v Roznové pod Radhostém
konala mezindrodni konference PoZdrni bezpecnost tunelu.
Byly zde predneseny predndsky tykajici se pozarniho zabez-
peceni stavebni a technologické &ésti silni¢nich tuneld.
RovnéZ zde zaznély prednaSky o soucasném stavu vystavby
tuneld v Ceské a ve Slovenské republice. Ing. Beb&dk Ph.D.
uvedl predndsku o provedenych zkouskéch asfaltovych povrcha
v silni¢nich tunelech, které resi v rdmci grantu TACR TA
04031642. Mgr. Frantisek Rainer, RSD CR sezndmil pfitomné
s navrhem unifikace technologické a stavebni Cdsti tuneld.

Ing. Peter Schmidt, NDS a.s. a Ing. Ales$ Lebl, RSD CR popsali
aktudlni stav vystavby a provozu délni¢nich tunelt ve Slovenské
a Ceské republice. Dvoulety provoz v tunelovém komplexu
Blanka v Praze zhodnotil Ing. Lukas Réakosnik, SATRA spol.
s.r.0. ZkuSenosti z problematiky poZdrniho vétrdni tunelt ve
Svycarsku uvedl Ing. Petr PospiSil, IP Engineering GmbH.
Pozarni zabezpeCeni v soucasné budovaném nejdel$im délnic-
nim tunelu ve Slovenské republice prednesl Ing. Jdan Dekdnek,
Cognitio s.r.o. Problematikou $ifeni zplodin horeni v tunelu se
zabyval ve své prednasce Ing. Stefan Zelendk, Ph.D., Banské
projekty s.r.o. a modelovani $iteni pozaru v tunelu CFD tech-
nologif fesil kolektiv Ustavu informatiky SAV a Zilinské uni-
verzity v Ziliné. Dile zde byly prezentovany nové systémy
technologického vybaveni zaméfené na pozarni bezpecnost
silni¢nich tuneld od mnoha dal3ich firem.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a.s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

Na sobotu 7. 10. 2017 byl pro plzenskou ¢tvrt’ Doubravka pripra-
ven slavnostni akt spojeny s dokonéenim razeb Zelezni¢nich tunelt
Ejpovice provadénych konvertibilnim tunelovacim strojem. Dlouho
oCekdvand ceremonie se uskutecnila za velkého zdjmu vefejnosti
a také za pritomnosti ministra dopravy Ing. Dana Toka, generalniho
feditele SZDC Ing. Pavla Surého a generdlniho feditele realizatni
firmy Metrostav a.s. Ing. Pavla Pilata. Pravé na jeho pokyn pilot
v 1idici kabiné tunelovaciho stroje S-799 pojmenovaného jako
Viktorie provedl veskeré zdvére¢né tikony k zahdjeni dokonéeni
razeb severniho Ejpovického tunelu. Krétce po jedenécté hodiné tak
Viktorie prorazila portdlovou sténu a po vice neZ roce opét spatiila
svétlo svéta. V Ceské republice dosud nejvétsi nasazeny tunelovaci
stroj tak dokondil svoje poslani, kdy béhem svého nasazeni vyrazil
pres 83 km jednokolejnych tratovych tuneld, osadil
33 000 dilcti segmentového osténi a odtéZil vice nez 630 000 m*
horniny. Béhem své cesty podzemim vytvofil rekordni denni postup

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

The ceremonial act associated with the completion of the excavati-
on of the Ejpovice railway tunnels carried out using a convertible tun-
nel boring machine (TBM) was prepared in the Doubravka district of
Plzen for Saturday the 7t October 2017. The long-awaited ceremony
was held with great public interest and also in the presence of Ing. Dan
Tok, the minister of transport, Ing. Pavel Sury, the general director of
the Railway Infrastructure Administration and Ing. Pavel Pildt, general
director of Metrostav a.s., the contractor. At his command the pilot in
the control cabin of the Viktorie S-799 tunnel boring machine carried
out all final operations required for the commencement of the comple-
tion of the excavation of the Ejpovice northern tunnel tube. Viktorie
broke through the portal wall shortly after eleven o’clock to see the
light of the world after more than a year. Thus the largest TBM ever
used in the Czech Republic finished its mission. During the course of
its work, it drove over 8.3km of single-track running tunnels, installed
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38 m a rekordni mési¢n{
postup 704 m jiz hotové-
ho tunelu.

Prace na vystavbé Ej-
povickych tunela vSak
jesté  zdaleka nekondi.
Pracuje se napriklad na
realizaci propojek. Na
propojkdch ¢. 7 a 8 se
dokonCuji razby provade-
né pomocf klasické meto-
dy NRTM. Ostatni pro-
pojky se potom nachazeji
v ruzném stupni realizace
izolaci, armovani nebo
betonazi definitivniho os-
téni. V jizni tunelové trou-
bé se pak pripravuje beto-
ndz kabelovodu a rovnéZ betondZ hloubené ¢asti viezdového portalu.
V severni tunelové troubé probihd demontdZ doCasného vystrojeni
tunelu a priprava pro zahdjeni betondZe dna tunelu. V neposledni fadé
se rovnéZ pracuje na demontdzi tunelovaciho stroje Viktorie na vyjez-
dovém portile.

Ing. BORIS SEBESTA,
boris.sebesta@metrostav.cz, Metrostav a.s.

SLOVENSKA REPUBLIKA
TUNELY NA DIALNICNEJ SIETI

Tunely Ovéiarsko a Zilina

Na tiseku D1 Hri¢ovské Podhradie — Lietavskd Liicka s dizkou
13,2 km sa nachddzaji dva dialni¢né dvojrirové tunely:
Ov¢iarsko a Zilina. )

Tunel Ov¢iarsko s dlzkou 2367 m sa zacal razit' 12. 9. 2014.

V STR su kompletne dokoncené price na sekunddrnom osteni
hornej klenby, kde bolo zabeténovanych vsetkych 184 blokov.
K terminu 9. 10. 2017 sa formy sekunddrneho ostenia presivaji
na nasadenie do JTR a tym sa urychli realizdcia sekunddrneho
ostenia v JTR.

Zaciatok realizacie sekundarneho ostenia bol 29. 9. 2016, aktu-
dlne je zabeténovanych 137 blokov z celkovych 187 blokov raze-
nej Casti JTR, ¢o predstavuje 73,26 % z celkovej dlzky sekunddr-
neho ostenia razenej Casti JTR. Prace sa urychlia nasadenim tech-
nologickej zostavy vozikov zo severnej tunelovej rury, ktord
pdjde z vychodného portalu.

Kompletne zrealizované je aj sekunddrne ostenie na 5 priec-
nych prepojeniach z celkovo 8 PP, v stcasnosti sa realizuje
sekunddrne ostenie na PP6.

Tunel Zilina je 687 m dlhy dvojrirovy tunel na stavbe DI
Hri¢ovské Podhradie — Lietavskd Liicka. Slavnostné prerazenie
JTR bolo 5. 12.2016 a STR 9. 2. 2017.

Ku dnu 9. 10. 2017 je v JTR uz ukonCené aj sekunddrne ostenie
tunela, posledny blok hornej klenby bol zabeténovany dna 3.7.2017.

Na STR je v sticasnom obdobi v plnom tempe realizdcia sekun-
darneho ostenia, k 8. 10. 2017 bolo zabeténovanych 35 blokov
z celkovych 52 blokov razenej &asti STR tunela Zilina.
Predpoklad ukoncenia sekunddrneho ostenia na STR je v novem-
bri 2017.

Priamym zhotovitelom tunela je ZdruZenie spolo¢nosti
Doprastav, a.s. Bratislava a Metrostav a.s.

Tunel Cebrat

Stcastou dialni¢ného iseku D1 Hubova — Ivachnov4 je dvojri-
rovy tunel Cebrat’ (1994 m).

V uplynulych mesiacoch boli diagnostikované rozsiahle
problémy so stabilitou tzemia na zdpadnom portdli tunela
Cebrat’ a nadvézujicom tseku dialnice, ktoré si vyZadujui rozsi-
ahle zmeny v technickom rieSeni. Z tohto dovodu sd aj
k 9. 10. 2017 este stdle prace na tomto tuneli pozastavené.

33,000 lining segments
and excavated over
630,000m* of ground.
During its travel through
the underground it crea-
ted a record daily advan-
ce of 38m and a record
monthly advance of
704m of the already
finished tunnel.
However, the work on
the construction of the
Ejpovice tunnels is far
from ending. It conti-
nues, for example, on
the realisation of cross
cuts. The excavation
using the classical
NATM is being finished in cross-cuts No. 7 and 8. The exca-
vation of the other crosscuts is at various degrees of completi-
on of the final concrete lining — installation of waterproofing,
concrete reinforcement or casting the concrete. Casting of cab-
leway concrete and casting of concrete for the cut-and-cover
part is under preparation in the southern tunnel tube. In the
northern tunnel tube, the temporary tunnel excavation support
disassembly and preparation of casting the bottom concrete are
underway. At last but not least, the work on dismantling
Viktorie tunnel boring machine is also underway at the exit
portal.

= O EID
untly |

Ing. BORIS SEBESTA,
boris.sebesta@metrostav.cz, Metrostay a.s.

THE SLOVAK REPUBLIC
TUNNELS ON MOTORWAY NETWORK

Ovdéiarsko and Zilina tunnels

There are two twin-tube motorway tunnels in the 13.2km long
Hricovské Podhradie — Lietavska Licka section of the D1 motor-
way: the Ovéiarsko and the Zilina.

The excavation of the 2367m long Ovciarsko tunnel commenced on
12th September 2014.

In the NTT, the work on all 184 concrete casting blocks of the
secondary lining of the upper vault has been completely finished. As
of 9th October 2017, the secondary lining formwork sets are being
moved to the STT so that the realisation of the secondary lining in
the STT is accelerated.

The realisation of the secondary lining started on 29th September
2016; currently the casting of 137 concrete blocks of the total of 187
blocks existing in the mined tunnel section is completed; it means
that 73.26% of the total length of the secondary lining in the mined
section of the STT have been finished. The work will be accelera-
ted by the installation of the technological travelling sets from the
northern tunnel tube; it will proceed from the eastern portal.

The secondary lining in 5 cross passages of the total of 8 passages
has been completed; the lining in cross passage No. 6 is currently
being realised.

The Zilina is a 687m long twin-tube tunnel structure in the
Hri¢ovské Podhradie — Lietavskd Luicka section of the D1 motor-
way construction. The ceremonial breakthrough of the STT and
NTT took place on 5th December 2016 and 9th February 2017, res-
pectively.

As of 9th October 2017, even the secondary tunnel lining has been
finished; the last block of the concrete upper vault was completed
on 3rd July 2017.

In the NTT, the realisation of the secondary lining is currently in full
swing; as of 8th October 2017, 35 concrete casting blocks have been
finished of the total of 52 blocks of the mined tunnel section of the
NTT tube of the Zilina tunnel. The completion of the secondary
lining in the NTT is assumed to take place in November 2017.
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Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS, as.,
a Vahostav — SK, a.s.

Tunel Povazsky Chimec

Dvojrirovy dialni¢ny tunel Povazsky Chlmec (juzna tunelova
rdra 2186,5 m, severna tunelova rdra 2249 m) je sucastou dia-
Ini¢ného tseku, ktory tvori juhozapadny obchvat mesta Zilina D3
Zilina (StréZov) — Zilina (Brodno).

K 13. 10. 2017 st stavebné prace na tuneli Povazsky Chlmec
a prisldchajdcich stavebnych objektoch ukoncené. Na vicSine
stavebnych objektov tunela prebehlo preberacie konanie a si
odovzdané objedndvatelovi — Ndrodnej dialhi¢nej spolo¢nosti,
a.s. Taktiez je ukonCend montdZ technologickych objektov
a vybavenia tunela. V sicasnosti prebiehaji funkéné skusky jed-
notlivych technologickych stiborov, centrdlneho riadiaceho systé-
mu a komplexné skusky.

Zhotovitel' pripravuje tunel na hlavnd tunelovd prehliadku
a spolocne s objedndvatelom a Integrovanymi zachrannymi zloz-
kami (IZS) pripravuje taktické cvicenie IZS.

Finalizuju sa aj prilahlé objekty a Casti stavby (estakdda cez
Hricovskud priehradu a most cez rieku Kysuca) a napojenia na
existujicu cestnu siet. Cely usek bude pripraveny na uvedenie do
prevadzky k datumu 8. 11. 2017.

Zhotovitelom stavby je zdruzenie Eurovia a.s., Hochtief
a.s. a Stavby mostov Slovakia, a.s.

Tunel ViSihiové
V druhej polovici roku 2017 pokracuje aj vystavba najdlhsieho
slovenského dialni¢ného tunela Visnové s dlzkou 7537 m. Tunel
je sucastou dseku dialnice D1 Lietavska Lucka — Visnové —
Dubna Skala.
Na zaciatku oktobra 2017 prebieha razenie od oboch portalov
v oboch tunelovych rdrach. Od zdpadného portdlu je vyraze-
nych 2424 m STR a 2263 m JTR. Od vychodného portélu je
v priaznivejSich geologickych podmienkach vyrazenych
3176 m STR a 3011 m JTR. Celkovo je teda zaciatkom oktob-
ra 2017 vyrazenych 10 875 m, ¢ize viac ako 70 % dlzky raze-
nych tunelovych rir. Zaroven s razenim tunelovych rir prebie-
ha aj razenie prieCnych prepojeni, pricom v sti¢asnosti je prera-
zenych 18 prie¢nych prepojeni z celkového poctu 29. V sibehu
s razenim prebieha tieZ betondz sekundarneho ostenia od oboch
portélov, pricom je v okt6bri 2017 ukoncenych celkom 3292 m
tunela, o predstavuje viac ako pitinu dlzky tunelovych rur.
Pokracuje tieZ vystavba vetracej Sachty betondzami definitiv-
neho ostenia.
Zhotovitelom stavby je zdruzenie firiem Salini Impregilo S.p.A
a Duha, a.s.
Ing. MILAN MAJERCIK,
milan.majercik@ndsas.sk, NDS a.s.

TUNELY NA MODERNIZOVANEJ ZELEZNICNEJ TRATI

Tunel Diel

Tunel Diel prechddza masivom vrchu Diel, ktory tvori centrl-
nu Cast meandru Vdhu (obr. 1). Tunel je dlhy 1081,7 metrov.
Bude razeny v masive popod kupele Nimnica. Zdpadny portdl je
situovany na okraji obce Nimnica, vychodny portdl bude zreali-
zovany v Uzemi lesa nad cestou druhej triedy I1/507, ktord vedie
z Pichova so Povazskej Bystrice po pravom brehu priehrady.
Tunel Diel bude mat tinikovu §tdlnu, ktord bude ustit’do priesto-
ru vychodného portélu.

Price na zdpadnom portdli pokraCuji razenim kaloty, kde sa
Celba nachddza 80 metrov od portalu. Masiv je tvoreny zvetrany-
mi a zvrasnenymi {lovcami. Stdle nie je vytvorend horninova
klenba a z dovodu konvergencii sa muselo pristipit k realizacii
docCasného dna kaloty zo striekaného beténu a ocelovych sieti.
Dno kaloty je po strandch podchytdvané injektovanymi mikropi-
I6tami. Postup prebieha pod ochranou mikropilétového ddZzdnika.

The direct contractor for the construction of the tunnel is a con-
sortium consisting of Doprastav, a. s. Bratislava and Metrostav a. s.

Cebrat tunnel

The 1994m long, twin-tube Cebrat’ tunnel is part of the Hubovd —
Ivachnova section of the D1 motorway.

Extensive problems with the stability of the area at the western por-
tal of the Cebrat’ tunnel and the adjacent section of the motorway
were diagnosed during the recent months. They require major chan-
ges in the technical solution. For that reason, as of 9th October 2017,
the work on this tunnel has still been suspended.

The construction contractor is a consortium formed by OHL 7S,
a.s., and Vahostav — SK, a. s.

The Povazsky Chimec tunnel

The Povazsky Chlmec twin-tube motorway tunnel (the 2186.5m
long southern tunnel tube and the 2249m long northern tunnel tube)
is part of the motorway section forming the south-western by-pass
of the town of Zilina, the D3 Zilina (StrdZov) — Zilina (Brodno).
As of 13th October 2017, the construction work on the Povazsky
Chlmec tunnel and adjacent construction objects has been finished.
The majority of the tunnel construction objects have passed the
take-over proceedings and have been handed over to the client -
Nérodna dialhi¢nd spoloc¢nost, a. s. (the National Highway
Company). The installation of the technology structures and the tun-
nel equipment has also been finished. The final testing of individu-
al technical systems and the central control system, as well as com-
prehensive testing, are in progress.

The contractor is preparing the tunnel for the main tunnel inspecti-
on and, together with the client and the Integrated Rescue Units
(IRU), is preparing a tactical exercise of the IRU.

Adjacent objects and parts of the project (the viaduct over the
Hricov dam reservoir and the bridge over the river Kysuca) and
connections to the existing road network are also being finalised.
The whole section will be prepared for opening to traffic on 8t
November 2017.

The contractor for the construction is a consortium formed by
Eurovia a. s., Hochtief a. s. and Stavby mostov Slovakia, a. s.
Vishiové tunnel

The construction of the longest Slovakian motorway tunnel, the
7537m long Visnové tunnel, has proceeded in the second half of
2017. The tunnel is part of the Lietavskd Licka — Visnové — Dubna
Skala section of the D1 motorway.

At the beginning of October 2017, the excavation from both portals
continues in both tunnel tubes. The lengths of 2424m and 2263m of
the excavation have been finished from the western portal in the
NTT and the STT, respectively. It means that 10,875m of the exca-
vation, making up over 70% of the total length of the tunnel tubes,
have been completed until the beginning of October 2017. The
excavation of tunnel cross passages proceeds concurrently with the
excavation of tunnel tubes, the excavation of 18 cross passages of
the total number of 29 has yet been finished. The casting of the
concrete secondary lining proceeds from both portals concurrently
with the tunnel excavation; as of October 2017, the total length of
3292m has been finished, representing over one fifth of the length
of the tunnel tubes. The construction of the ventilation shaft also
continues by casting of the final concrete lining.

The contractor is a consortium consisting of Salini Impregilo

S.p. A and Diuha, a. s.

Ing. MILAN MAJERCIK,
milan.majercik@ndsas.sk, NDS a.s.

TUNNELS ON THE MODERNISED RAILWAY LINE

Diel tunnel

The Diel tunnel passes through the ground massif of Diel Hill,
forming the central part of the Vih meander (see Fig. 1). The tun-
nel is 1081.7 metres long. It will be driven through the massif under
Nimnica Spa. The western portal is located at the edge of the muni-
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Obr. 1 Tunel Diel, zapadny portal
Fig. 1 Diel tunnel, western portal

Obr. 3 Tunel Milochov, vychodny portdl
Fig. 3 Milochov tunnel, eastern portal

Niekde medzi 90 a 100 metrami od portélu sa predpoklada poru-
cha, za ktorou by uz mali nasledovat’ pevnejsie horniny.

Na vychodnom portdli pokracuje vystavba pristupovej komu-
nikdcie dal§imi droviiami gabiénového oporného miru.
Zaroven prebieha aktualizdcia projektovej dokumentécie na
spresnené geologické podmienky.

Tunel Milochov

Na preklenutie upitia vrchu Stavnd, juzne od miestnej Casti
Horny Milochov — mestskej casti Milochov mesta PovaZzska
Bystrica, je navrhnuty novy tunel Milochov. Projektovana dlzka
tunela je 1861 metrov. Tunel bude mat jednu tnikovu $tdlnu.

Zéapadny portal (obr. 2) tunela sa pomaly dostdva do findlnej
drovne dna, z ktorej sa zacne razit' tunelova rira. Buduje sa
Stvrta droven zabezpeCenia svahov prefabrikovanymi rozndsa-
cimi prahmi. Dokon¢ujd sa odvodnovacie rigoly.

Na vychodnom portali (obr. 3) z dévodu pritomnosti plastic-
kych ilov velkej mocnosti sa zacala realizdcia spevnenia pod-
lozia tryskovou injektdZou. Takto spevnené podloZie v smere
budiceho tunela umoZni ukotvit’ rozndSacie prahy na Celnej
stene portdlovej jamy, aby sa mohla vyhlbit' az na troven dna,
z ktorého sa zacne razit. Z toho istého dévodu prostredia z plas-
tickych lov sa spracovdva zmena projektovej dokumentdcie na
razenie tunela. Statickymi vypoctami sa ur¢i potreba rozdelenia
profilu na ¢iastkové celby.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spoloc-
nosti Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel
Diel bude realizovat’spolo¢nost TUBAU, a.s. a tunel Milochov
spolo¢nost’ Subterra a.s. Generdlnym projektantom pre investo-
ra Zeleznice Slovenskej republiky je spoloénost REMING
CONSULT a.s.

Ing. JAN KUSNIR, kusnir@reming sk,
REMING CONSULT a. s.
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Oy —
Obr. 2 Tunel Milochov, zdpadny portdl
Fig. 2 Milochov tunnel, western portal

cipality of Nimnica; the eastern portal will be located in the area of
a forest above the II/507 secondary road leading from Puchov to
Povazska Bystrica, along the right-hand bank of the dam reservoir.
The Diel tunnel will have an escape gallery, which will have its
mouth in the area of the eastern portal.

The work on the western portal continues by the excavation of the
top heading, where the excavation face is at the distance of 80 met-
res from the portal. The massif is formed by weathered and folded
claystone. The natural ground arch has not developed yet and it was
necessary because of convergences to proceed to the realisation of
a temporary tunnel bottom from shotcrete reinforced with welded
mesh. The top heading bottom is underpinned on the sides by grou-
ted micropiles. The excavation advances under the protection of
canopy tube pre-support. A fault is expected to be encountered
somewhere between 90 and 100 metres from the portal. More com-
petent rock should follow behind the fault.

At the eastern portal, the construction of the approach road pro-
ceeds by carrying out other levels of the gabion retaining wall. At
the same time, the design documents are being updated taking the
refined geological conditions into consideration.

Milochov tunnel

The new Milochov tunnel is designed to overcome the foot of
Stavna hill, south of the local part Horny Milochov of Milochov, the
municipal district of the town of PovaZzskd Bystrica. The tunnel
design length is 1861m. The tunnel will have one escape gallery.

The western portal (see Fig. 2) of the tunnel is slowly getting to
the final level of the bottom from which the excavation of the tun-
nel tube will commence. The fourth level of the stabilisation of slo-
pes by pre-cast spreading beams is currently being constructed.
Drainage gutters are being finished.

At the eastern portal (see Fig. 3), the work started on strengthe-
ning of the sub-grade by jet grouting because of the presence of very
thick layers of plastic clays. The sub-grade reinforced in this way in
the direction of the future tunnel will allow us to anchor the sprea-
ding beams on the front wall of the portal pit so that the pit can be
excavated up to the level of the bottom from which the tunnel exca-
vation will start. For the same reason, i.e. the existence of environ-
ment formed by plastic clays, a change in the design documents for
the tunnel excavation is being prepared. The need for dividing the
tunnel profile into partial excavation faces will be determined by
structural calculations.

The whole construction is realised by the Nimnica consortium
consisting of Doprastav — TSS Grade — SUBTERRA — EZ Praha.
The Diel tunnel will be realised by the company of TUBAU, a. s.,
whilst the Milochov tunnel will be carried out by Subterra a.s. The
general designer for Slovak Republic’s Railways, the project owner,
is REMING CONSULT a. s.

Ing. JAN K U§NfR, kusnir@reming sk,
REMING CONSULT a.s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S MESTSKYMI TUNELY = POKRACOVANI
PICTURE POSTCARDS WITH URBAN TUNNELS — CONTINUATION

In this part of the series of picture postcards showing tunnels, we
are today introducing six urban tunnels in Europe and the seventh one
as far away as Australia. The first structure (in Salzburg) is at least
very important from the historical point of view; the second of the
presented structures is not an urban tunnel in the meaning of this word
— it is an old railway tunnel running at a small depth across a town.
Tunnels in Rome and a short tramway tunnel in Budapest are also his-
torically interesting (with respect to their rather unsettled destiny).
The urban subsea tunnel in Sydney is quite technically remarkable.

V dal8im dilu seridlu s tunelovymi pohlednicemi dnes predstavu-
jeme Sest méstskych tunelt v Evropé a sedmy az v daleké Australii.
Prvni stavba (v Salzburgu) je z historického hlediska prinejmensim
velmi vyznamnd, druhy z uvddénych objekt potom méstskym tune-
lem, ve smyslu toho slova, ani neni — jde o stary Zelezni¢ni tunel
vedeny v nevelké hloubce napri¢ méstem. Historicky zajimavé
(s prihlédnutim k jejich dosti pohnutému osudu) jsou také tunely

Obr. I Salzburg, nimesti Siegmundsplatz. Vodni bazén Pferdeschwemme
a Novd brdna (Neutor). Cosy-Verlag, Alfred Griindler, Salzburg,
Gefreidegasse Nr. 22. 1964. [sbirka autorii]

Na pohlednici je vichodni portdl tunelu na ndmésti plivodné nazyvaném (podle
sv. Zikmunda) Sigmundsplatz. Pferdeschwemme byla vodni nddrz pro plavent
koni. Jeji podoba z konce XVIII. stol., v iipravé architekta J. B. Fischera
2 Erlachu (také autora kasny Parnas na Zelném trhu v Brné) je ziejmd z pravé
poloviny pohlednice. Kofiské stdje v pozadi jsou kryty zdi s freskami ofii od F.
A. Ebnera. Plastika koné vystupujictho z vodni plochy od M. B. Mandla odka-
zuje k Bucefalovi, koni Alexandra Velikého. Budova plné vlevo je zndmé diva-
dlo Grosses Festspielhaus. Dnes je ndmésti pojmenovdno podle dirigenta
Herberta v. Karajana. Krdsné zdobeny portdl tunelu nese dedikaci a portrét se
znakem arcibiskupa Schrattenbacha. Nad znakem je latinsky ndpis ., Te saxa
loquutur* (,,Kameny mluvi o vds*“). Po strandch portdlu jsou vytesdny dekora-
tivni obelisky.

Fig. I Salzburg, Siegmundsplatz square. Pferdeschwemme water pool and the
New Gate (Neutor). Cosy-Verlag, Alfred Griindler, Salzburg, Gefreidegasse
Nr. 22. 1964. [authors® collection]

The picture postcard presents the eastern portal of the tunnel in the square ori-
ginally named Sigmundsplatz (after St. Sigmund. Pferdeschwemme was a basin
for taking horses into water. Its shape from the end of the 1 8th century designed
by architect J. B. Fischer from Erlach (also the author of Parnas fountain on the
Green Market in Brno) is obvious from the right half of the picture postcard.
Horse stables in the background are covered by a wall with frescoes of steeds by
F. A. Ebner. The statue of a horse emerging from the water surface by M. B.
Mandl refers to Bucephalus, the horse of Alexander the Great. The building to
the left is the famous theatre Grosses Festspielhaus. Today the square is named
after conductor Herbert v. Karajan. The beautifully decorated tunnel portal car-
ries a dedication and a portrait with the crest of Archbishop Schrattenbach.
There is a Latin inscription ,, Te saxa loquutur“ (,,the stones are speaking about
yourself*). Decorative obelisks are carved on the sides of the portal.

v Rimé a kratky tramvajovy tunel v Budapesti. Znacné technicky
pozoruhodny je méstsky podmorsky tunel v Sydney.

SALZBURG — SIGMUNDSTOR TUNEL

Sigmundstor tunel (tunel Zikmundova brdna), zvany také Neutor
(Novobransky) — obr. 1, spojuje v Salzburgu centrum starého mésta
s méstskymi ¢4stmi Riedenburg, Maxglan a Leopoldskron. Razba
pod vrchem Monchenberg byla zahdjena 14. 5. 1764, prorazka pri-
padlana2.9.1765. Pro pravidelnou dopravu byl 135 m dlouhy tunel
otevieny v r. 1766 a az ndvazné byly v 1. 1766-1972 dokonceny por-
taly. Dilo, jehoz stavebnikem byl kniZe-arcibiskup Schrattenbach, je
povazovano za nejstars{ silniéni tunel v Rakousku a v tomto sektoru
podzemnich staveb i za treti nejstar$i v Evropé. Naklady na tunel
Cinily 5565 zlatych a 50 krejeart (a Gdajné cca o 1/3 méné oproti
puvodnimu predpokladu!). Celkové komunikace pri§la na 19 820
zlatych, z &ehoZ pfipadlo na vyzdobu portdla plnych 11 538 zlatych.

Mezi lety 1915 az 1940 projizdély tunelem tramvaje, které byly
posléze nahrazeny trolejbusy. V druhé poloviné XX. stol. byla sever-
n¢ od tunelu zfizena soubéznd podzemni chodba pro pési a cyklisty.
V soucasnosti je komunikace mimoradné dopravné pretizend.

Kuriozity, které se vdzou k objektu: v r. 1896 byla na obou bra-
nach instalovdna znament ,,Zdkaz praskani bicem!“ majici zabranit
plaseni koni a dile i to, Z¢ po pripusténi automobild do tunelu
v 1. 1900, byla jejich rychlost omezena na pouhych 6 km/hod. [1, 2]

BIELITZ (BILSKO/BIELSKO) — ZELEZNICNI TUNEL

Bielsko je mésto nachdzejici se v puvodné rakouském Slezsku
(resp. TéSinsku), pri hranici s Hali¢i. Od r. 1945 ndleZi Polsku a od

s “ = S 2

Obr. 2 Bielitz (Bilsko/Bielsko). Zamecky bazar s tunelem. A.B.B. Kolorovand
fotografie. 1914. [sbirka autorii]

PrevdZnou ¢&dst pohlednice zabird Zdmeckd ulice se zdmkem kniZat
Sutkowskich; v soucasnosti se jednd o objekt Historického muzea. Arkddy
zdmecké rampy s krdmky tehdejsiho bazaru jsou dnes volné. V pravém dolnim
rohu pohlednice je jizni portdl predmétmého Zelezni¢niho tunelu. Zajimavost:
na rubu postou neproslé pohlednice je vdlecné razitko: ,Stdtni drdha —
Nemocnicni viak ¢. 62. Akademicky pomocny legion — Polni kolona — 1914 .
Fig. 2 Bielitz (Bilsko/Bielsko). Castle bazaar with the tunnel. A.B.B. Coloured
photograph. 1914. [authors’ collection]

The major part of the picture postcard is occupied by the Castle Street with the
castle of the dukes of Sutkowskich; currently it is the building of the History
Museum. Arcades of the castle ramp with shops of the former bazaar are today
empty. There is the southern portal of the railway tunnel in the bottom right cor-
ner of the picture postcard. Interesting thing: There is a war-time rubber stamp:
“State railways — hospital train No. 62. Academic auxiliary legion — Field
column — 1914 there.




ROMA - Tennai soffc Il Quirinale

Obr. 3 Rim — tunel pod Quirinalem. Visto UfficioRevisioneStampa Terni.
Kolorovand fotografie. 1918. [sbirka autori]

Na pohlednici je zobrazena iiprava jihovychodniho portdlu tunelu z r. 1905, se
dvéma schodisti vedoucimi na Via Picenza resp. k Via Quirinale.

Fig. 3 Rome — tunnel under Quirinal. Visto UfficioRevisioneStampa Terni.
Coloured photograph. 1918. [authors’ collection]

The arrangement of the south-eastern portal of the tunnel from 1905 with two
staircases leading to Via Picenza and Via Quirinale, respectively.

r. 1951 tvori dvojmésti s Biatou. Pres stfed mésta je vedeny Zeleznic-
ni tunel dl. 268 m, postaveny v letech 1876-1877 na odboCce Severni
drdhy z Bielska do Ziwca. Jejim stavebnikem byl arcivévoda
Albrecht. Dnes se jednd o trat’polskych Zeleznic ¢. 139.1kdyz je tunel
stavén jako dvoukolejny, jsou obé koleje instalovany pouze v jeho
severni poloviné. Vyska tunelu je 6 m a nadloZi Cini vzhledem
k vozovce ulice cca pouhych 1,5 m — obr. 2. Hluboké zarezy v obou
predportalich predstavuji velkou prekazku pro soucasny rozvoj meésta.

V noci z 2. na 3. zar{ 1939 byl tunel zavalen polskymi Zenisty, nic-
méne jiz po nékolika tydnech opét slouzil Zelezni¢nimu provozu.
0Od 80. let XX. stol. je planovano tdplné zdvoukolejnéni tunelu, a to
veetné jeho elektrifikace. [3]

RIM - TUNEL UMBERTA I.

Tunel Umberta L. (Traforo Umberto I) v Rimé predstavuje dulezi-
tou spojnici Via Milano a Via del Traforo pod pahorkem Quirinale,
nejsevernéj§im ze zndmych sedmi starovékého Rima. Pozdéji
(1583) bylo na tomto kopci postaveno letni sidlo papeZzi. Paldc
s rozsdhlymi zahradami byl od r. 1870 rezidenci italského krédle a od
r. 1946 slouzi prezidentu republiky.

Préce na tunelu kone¢né délky 347,7 m, §. 17 m a v. 8,5 m,
byly zahdjeny v Cervnu 1900, prordzka horni Cdsti probehla
15. 1. 1901. Tunel byl slavnostné otevien 20. 10. 1902 a pojme-
novén po 2. kréli sjednocené Itdlie. Vnitini obloZeni bylo puivod-
né provedeno z charakteristickych bilych dlazdic; jejich malé
zbytky se dochovaly aZ do soucasnosti. Tunel byl zpocétku urce-
ny pouze pro tramvaje (obr. 3), posléze po stranich pribyly
chodniky. Dnes je provoz predevs§im automobilovy (ve tfech
pruzich) a v mensi mife i pési.

Za 2. svetové vilky, resp. bezprostiedné po ni, se prostory tunelu
staly doCasnym ttoCis§t€ém az pro 4500 osob, prevazné uprchliku.
V roce 2007 prosel tunel rozsdhlou opravou. [4, 5]

TRAMVAJOVY TUNEL V BUDAPESTI

Tramvajovy tunel se nachdzi na pravém bfehu Dunaje, v Budg,
a to v bezprostiednim zdpadnim predpoli znamého ,,Retézového
mostu® (Széchenyi Léanchid). Jen zcela nedaleko od néj je vyhlase-
ny (a v tomto seridlu rovnéz predstaveny) tunel pod Budinskym hra-
dem — Alagiit. Nevelkd stavba predmétného tramvajového tunelu
trvala dlouhych 11 let — 1897 az 1906, s prujezdem prvni tramvaje
v 1. 1907 — obr. 4. Tunel byl budovén jako hloubeny a jeho pribliz-
nd délka ¢inf jen 55 m.

V 1. 2015-2016 byl objekt celkoveé zrekonstruovan nakladem
884 mil. HUF. Nosné stiedové ocelové sloupy byly ponechény jen
v poloviné délky tunelu a soucasné byla upravena geometrie obou kole-
ji. Dnes tunelem projizdéji vozy tramvajovych linek ¢. 19 a 41. [6, 7]
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v vilkamos vasul alagitia a Lanc-hidndl,
Cunnel der electrizchen Bahn bef der Kettenbriicke.

Budapest

Obr. 4 Budapest. Tunel elekirické drdhy u Retézového mostu. 1668-1907
Divald Kdroly, Budapest. 1907. [sbirka autorii]

Na pohlednici je videt jizni vstup do tunelu. V soucasnosti je vzhled okoli, stej-
né jako portdlii docela zménény. Zde se nachdzejici budovy byly zniceny ke
konci 2. svevtovg' vadlky. Bezprostredné nad tunelem je dnes kruhovy objezd na
ndmeésti Cldrk Addm.

Fig. 4 Budapest. Tunnel on electric railway at the Chain Bridge. 1668-1907
Divald Kdroly, Budapest. 1907. [authors’ collection]

The southern entrance to the tunnel can be seen in the picture postcard. The
appearance of the surroundings and the portals is currently completely chan-
ged. The buildings located there were destroyed at the end of World War II.
A roundabout on Cldark Addm square is today immediately above the tunnel.

Obr. 5 Spoleto. Hrad a most s veZi. Elle Gi Genova. 1963. [sbirka autoru]

V centru pohlednice je jizni portdl silnicniho tunelu vedeného pres pahorek
s pevnosti Albornoziana (Spoleto) pFiléhajici k vychodni édsti mésta. Opevneénit
nechal vystavét pape? Innocent VI., a to v souvislosti s ndvratem papezii do
Rima po sedmdesdti letech avignonského vyhnanstvi. V pravé cdsti pohlednice
je akvadukt ze 14. stol., spocivajici pravdépodobné na Fimskych zdkladech.
Fig. 5 Spoleto. Castle and bridge with the towers. Elle Gi Genova. 1963. [aut-
hors¢ collection]

In the middle of the picture postcard there is the southern portal of the road
tunnel leading across the hill with the Albornoziana (Spoleto) fortress adjoi-
ning the eastern part of the town. Pope Innocent VI had the fortress built in
connection with the return of popes to Rome after seventy years of the Avignon
exile. In the right part of the picture postcard there is the aqueduct from the
14 century, resting probably on Roman foundations.

SPOLETO - SILNICNI TUNEL

Tunel se nachdzi pod hradem ve Spoletu — obr. 5. Pfevadi zde ve tfech
pruzich statnf silnici SS3 (Strada Statale 3) pojmenovanou ,,Flvaminia“,
sledujici stopu stejnojmenné staré fimské silnice vedené z Rima na
sever-severovychod do jaderského pristavu Fano. Délka tohoto pod-
zemniho objektu ¢ini 490 m a byl vyrazen v 60. letech XX. stol. [§]

TUNEL ALEXANDERPLATZ V BERLINE

Silni¢ni tunel pod jihovychodnim okrajem Alexandrova namésti
(Alexanderplatz) v samém srdci Berlina. Je zndmy rovnéZz jako
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Obr. 6 Berlin, hlavni mesto NDR. Dum ucitelii, Kongresovd hala
a Automobilovy tunel pod Alexandrovym ndméstim. Verlag Felix Setecki,
1054 Berlin. Foto: Lachmann. 1972. [sbirka autorii]

Na pohlednici je jihovychodni portdl tunelu. Pohlednice je vyraznd architekturou,
charakteristickou podle vzoru Moskvy pro socialisticky urbanismus hlavniho
mésta DDR. Velmi ndpadnd je nizkd intenzita dopravy v pocdtku 70. let XX. stol.
Fig. 6 Berlin, the GDR capital. House of Teachers, Congress Hall and the
Automobile tunnel under Alexander Square. Verlag Felix Setecki, 1054
Berlin. Photo: Lachmann. 1972. [authors’ collection]

There is the south-eastern portal of the tunnel in the picture. The picture post-
card is noticeable owing to the architecture according to the pattern of Moscow,
which is characteristic for socialist urbanism of the GDR capital. The low traf-
fic flow volume at the beginning of the 1970s is very striking.

Gruner Tunnel (tunel na Grunerove ulici) — obr. 6. Jednd se o krat-
ky usek federalni silnice B1/B5 postaveny jako soucést socialistic-
ké rekonstrukce centra Berlina. Tunel byl realizovdn hloubenim

Obr. 7 Tunel. Fotograf: Margareta Rush. © Sydney Harbour Tunnel
Company Ltd. © Historic Commemorative View (02) 438 1181. 1992. [sbirka
autori]

Fig. 7 Tunnel. Photographer: Margareta Rush. © Sydney Harbour Tunnel
Company Ltd. © Historic Commemorative View (02) 438 1181.1992. [authors’

collection]
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v letech 1967 az 1969, se slavnostnim otevienim 26. 4. 1969. Jeho
délka dosahuje 290 m.

V letech 20032004 byl objekt zdsadné obnoven. Dopravni situ-
ace v mist€ je nicméné trvale velmi sloZitd — odhaduje se prujezd
cca 50 tis. vozidel/den. [9]

SYDNEY - PRISTAVNI TUNEL

Silni¢ni tunel pres pristav v Sydney ¢ita dvé dvoupruhové trouby —
obr. 7. Byl realizovan s cilem sniZit vysoké dopravni zatiZeni na zna-
mém, v podstaté soubézném, mostu (Sydney Harbour Bridge) — obr.
8. Tunel md po délce tii vyrazné konstrukéni ¢asti. Jde o hloubené
rampy — severni dl. 900 m a jizni dl. 400 m — a 960 m dlouhy cent-
ralni podmorsky tsek; celkova délka tunelu tedy ¢ini 2260 m. Vlastni
stredova sekce, nachdzejici se v hloubce 25 m pod hladinou, sestava
z osmi prefabrikovanych &ésti ulozenych do ryhy predem provedené
v morském dné. Jednotlivé dily byly postaveny v Port Kembla, cca
100 km od Sydney a na misto naplaveny. Tunel byl otevreny 30. 8.
1992. Celkové néklady na projekt jsou uvddény 554,25 mil. AUS $.
V roce 2008 projelo tunelem cca 90 000 vozidel/den. Od r. 2009 se
plati myto, v zdvislosti na denni dobé 2,50 az 4 AUS $. [10]
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Obr. 8 Pristavni tunel v Sydney. Podélny vez tunelem. © Historic
Commemorative View (02) 438 1181. 1992. [sbirka autorii]

V levé cdsti pohlednice je velmi dobre patrnd silueta slavné sydneyské opery.
Fig. 8 Sydney Harbour Tunnel. Tunnel longitudinal section. © Historic
Commemorative View (02) 438 1181. 1992. [authors’ collection]

The silhouette of the famous Sydney Opera House is very well visible in the left
part of the picture postcard.
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Z CINNOSTI PRACOVNICH SKUPIN CZTA CZTA WORKING GROUPS

MIMORADNA UDALOST NA STAVBE TUNELU RASTATT

EXTRAORDINARY EVENT ON RASTATT TUNNEL CONSTRUCTION SITE

A collapse happened on the Rastatt tunnel construction site in
August 2017. The twin-tube tunnel has two 4.27km long single-track
tunnel tubes, which are parts of the new railway line (17km long)
which will double the transport capacity of the existing railway corri-
dor Karlsruhe-Basel in the Rhine valley. The tunnels are being driven
using a pair of TBMs ca 11m in diameter. The overburden height ran-
ges from 4m to 19m. The event took place on 12th August 2017 in the
location where the excavation passes under the above-mentioned rail-
way track with the overburden 4m high. The tunnel is driven there
through water-carrying sand and gravel. Because of those extremely
complicated geological conditions and the fact that the excavation pas-
ses one of the main European railway tracks (about three hundreds of
trains travel there a day, of that ca 200 freight trains) it was proposed
that the section in the space of the track is improved in advance by
ground freezing using freezing brine and the TBM would pass through
the frozen soil environment ring.

Benedikt Spether, www.railfreight.com Benedikt Spether, www.railfreight.com
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tunelu, ke kterému doslo v srpnu leto$niho roku na stavbé tunelu
Rastatt. Shodou okolnosti se jednd o tentyz tunel, ktery zminuji ve
svém Clanku v tomto Cisle autofi Ing. Linda Cernd Vydrova

Obr. 1 Nehodou poskozeny Zeleznicni svrsek
Fig. I Trackwork damaged by the collapse

0 vy

a Ing. Pavel Ruzicka (BIM v dopravnim stavitelstvi ve Spolkové repub-

lice Nemecko s prikladem jeho pouZiti na tunelu Rastatt).
Informace byly &erpdny z otevienych zdroju, predev§im z ¢lanku na
serverech TunnelTalk (https://www.tunnel-
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talk.com/Germany-21Aug2017-Rastatt-TBM-
rail-tunnel-collapse-brings-rail-traffic-to-a-
halt.php, https://www.tunneltalk.com/Discus-
sion-Forum-Sep2017-Extra-correspondence-
following-Rastatt-TBM-tunnel-collapse.php)
a RailEngineer (https://www.railengineer.uk/20-
L 17/10/03/why-europes-busiest-railway-
Groven terénu
ground level collapsed-at-rastatt/) . .
L4 Jednd se o dva 4,27 km dlouhé jednokolejné
tunely, jeZ jsou soucasti nové Zeleznicni trati (dl.
17 km), kterd zdvojndsobi dopravni kapacitu sté-
vajictho Zelezni¢niho koridoru Karlsruhe —
Bazilej v ddoli Ryna (ke stdvajici dvoukolejné

. ’ Basel —
feky Ryna

i, N S:tt]/i:jczin/a'l'gl?/lvi Ig;’l trati pribydou dalsi dvé koleje). Tunely jsou raze-
mg p;;ums:;:do:rlszt e ! ny dvojici tunelovacich stroji TBM o pruméru

cca 11 m. Vyska nadlozi ¢ini 4 m az 19 m.
Zhotovitelem stavby je sdruZeni Ziiblin/Hochtief.

Nehoda se stala v sobotu 12. srpna 2017
v mist¢, kde razba podchédzi zminénou trat’s vys-
kou nadloZi 4 m (cca 1/3 praméru vyrubu!). Tunel
je zde razen ve zvodnélych piscich a Stércich.

Obr. 2 Schéma vyplnéni tunelu
Fig. 2 Diagram of filling the cavity

www.railengineer.uk www.railengineer.uk

Kvili témto extrémné sloZitym geologickym
podminkdm a skuteCnosti, Ze razby podchazeji
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jednu z hlavnich evropskych Zelezni¢nich trati (projedou zde asi tfi stov-
ky vlaku denné, z toho je cca 200 vlaku ndkladnich), bylo navrZzeno tsek
v prostoru traté v predstihu zlepsit zmrazovanim solankou a razicf stroj
mél nasledné timto prstencem zmrazeného zeminového prostredi projit.

Béhem oné soboty doslo ve vychodnim tunelu k rozevieni spar
nékolika segmentt (tloustka segmenta 500 mm, délka 2 m) a vniknuti
vody a zvodnélého zeminového prostredi do tunelu. Vlastni stit byl v tu
chvili jiz asi 50 m za timto mistem, tj. za Zelezni¢ni trati. Do konce
razeb vychodniho tunelu zbyvalo asi 500 m.

Deformovand Zelezniéni trat'je vidét na obr. 1. Ze dochazi k problé-
mu, bylo signalizovdno automatickym monitorovacim systémem sle-
dujicim deformace traté — byl pozorovan rychly pokles koleji az
500 mm. Zadny vlak nastésti v tu chvili po trati neprojizdél.

Dutina pod kolejemi a 160 m dlouhy usek tunelu byly vyplnény
betonem (uloZeno bylo piimo do dutiny a vrty z povrchu do tunelu asi
10,5 tisice m3 betonu béhem pfiblizné 13 dnd, obr. 2). Zatim také neni
jasné, jakym zpusobem bude vychodni tunel dokoncen.

Provoz na Zelezni¢ni trati byl obnoven 2. fijna 2017 (zdroj
http://www.railwaygazette.com).

Pri¢iny kolapsu budou pfedmétem dalstho vySetfovani, z prvnich
informaci se jevi, Ze doslo ke kombinaci, jak uz to byva, nékolika
nepfiznivych faktort — nedostate¢nd vypliiova injektdz za rubem seg-
mentového osténi a nedostateCné G¢inny systém zmrazovani.
Informace v raznych ¢ldncich se ne dplné shoduji, coZ je nejspi§ dano
i tim, Ze celd véc je prili§ erstvd a Ze cena za likvidaci havdrie, v¢.
ndkladu spojenych se sedmitydennim uzavienim hlavni Zelezni¢ni
traté v tidoli Ryna, bude v fadu desitek aZ stovek milionu eur.

Za pozornost stoji i to, v jakém rozsahu a v jakém kratkém Case od
nehody se o ni piSe, na rozdil od zvyklosti tuzemského tunelarského
trhu. Pokud nékdo z Ctendfu bude schopen ziskat dalsi informace
o tomto zajimavém problému a ochoten se o né podélit, prosime, necht
tak ucini v nékterém z pristich Cisel Casopisu Tunel.

9

Ing. TOMAS EBERMANN, Ph.D.,
clen PS MT a redakéni rady

ZPRAVODAIJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

ZPRAVA Z ODBORNEHO ZAJEZDU CESKE TUNELARSKE ASOCIACE

DO RAKOUSKA VE DNECH 4. AZ 7. RIJNA 2017

REPORT FROM THE TECHNICAL EXCURSION OF THE CZECH TUNELLING ASSOCIATION TO AUSTRIA

HELD ON 4™ TO 7™ OCTOBER 2017

This year, the target for the technical excursion was the area
of the Vienna Alps with trips to the Erzberg iron ore open cast
mine (http://www.abenteuer-erzberg.at) and the research cent-
re of the University of Mining (Montanuniversitit) in Leoben
(http://zab.unileoben.ac.at/) and the Semmering base tunnel
project (www.oebb.at/semmering).

Letos byla cilem odborného zdjezdu oblast Videnskych Alp
s exkurzemi do povrchového Zeleznorudného dolu Erzberg
(http://www.abenteuer-erzberg.at) a vyzkumného centra Horské uni-
verzity v Leobenu (http://zab.unileoben.ac.at/) a na projekt bazové-
ho tunelu Semmering (www.oebb.at/semmering).

V Erzbergu se Zeleznd ruda téZi asi 1300 let. Dnes je to jeden z nej-
vétsich povrchovych dold v Evropé, ne-li nejvétsi, nepocitdme-li

Obr. 1 Pohled na dul od informacniho centra
Fig. 1 The mine viewed from information centre

ruské doly (obr. 1). Roéni produkce rudy je kolem 3 milionu tun pfi
cca 230 zaméstnancich (z toho 200 horniku). Provozovatel dolu jako
dumpery po lomu, pozorovani odpalt apod.). To v8ak nebyl davod,
pro¢ sem Cesti a slovensti tuneldri zamifili. Cilem bylo vyzkumné cent-
rum leobenské univerzity, které roste v jedné z opusténych Casti dolu.

Vyzkumné centrum je ditétem profesora Roberta Gallera. Je to
ambicidzni projekt, jehoZ cilem je vybudovat evropské vyzkumné pra-
covi§té pro zvySeni efektivity vystavby a bezpecnosti provozu tunel.
Profesor Galler, dlouholety pracovnik rakouské firmy GEOCON-
SULT, se od roku 2006 seberealizuje v jeho budovéni pod zastitou uni-
verzity v Leobenu. Nasel vhodnou lokalitu — opusténou &dst dolu se
spoustou opusténych dilnich chodeb, dohodl se s dolem na spole¢ném




www.oebb.at + Pavel Tiima www.oebb.at+Pavel Tiima
Obr. 2 Schéma systému rozrdzek a komor
Fig. 2 Chart of the system of points of attack and chambers

fungovdni a synergii a predevsim nasel zdroj financovani — rakouskou
vladu.

V ramci strediska bude, kromé jiného, vybudovano 2x cca 400 m
dvoupruhovych silni¢nich a 2x cca 400 m jednokolejnych Zeleznic-
nich tuneld v&. propojek. Jsou to vlastné cvi¢né/pokusné tunely.
Tunelové tubusy budou kompletné vystrojeny (vozovky, Zeleznicni
svrsek, technologie), pri¢emz vSak pouze v jednom z dvojice silnic-
nich a Zelezni¢nich tunelt bude provedeno definitivni osténi. Po jejich
dokonéeni bude v tunelech mozno provadét cviceni sloZek integrova-
ného zédchranného systému i vefejnosti pro pripad poZiru v tunelu.

Zelezni¢ni tunely se razi od roku 2016, je vyraZeno nékolik desitek
metrd. Razby silni¢nich tunelt by mély zacit v roce 2018. Préce prové-
déji rakouské stavebn{ firmy, které si najimd vyzkumné centrum. VSech
technickych praci (od budovani prvka monitoringu, zajistovani portal
az po vlastni prace na Celbe) se aktivné tcastni studenti. Ménf si role,
takZe si vyzkousi prici na stavbeé z pozice zhotovitele i technického
dozoru investora. Vedou pod dozorem svych pedagogt kontrolni dny
stavby. Z provadéni vSech Cinnosti univerzita potizuje obrazovy a zvu-
kovy zdznam, aby i piisti ro¢niky studenta, v dobé kdy budou tunely
hotové, dostaly informace o pribéhu a zptsobu jejich budovéni.

V neposledni fadé centrum porddéd placené kurzy pro zahrani¢ni
studenty, ktefi zde ziskdvaji védomosti o principech Nové rakouské
tunelovaci metody (NRTM), které si odvézeji zpét do svych zemi,
a tim je podporovan vyvoz rakouského know-how.

Centrum je otevieno ke spoluprdci i pro Ceské védecké instituce,
k ¢emuz, mimo jiné, vyzval behem své poutavé prednasky profesor Galler.

Dalsi fotografie z navstévy dolu a vyzkumného centra jsou uvede-
ny v rubrice Fotoreportdz.

Projekt bazového tunelu Semmering je novym Zelezni¢nim spoje-
nim, které doplni malebnou stdvajici trat’ vinouci se po tbocich a pod
vrcholy Videnskych Alp. Budou to dva jednokolejné Zelezni¢ni tune-
ly délky 27 km, spojujici mésta Gloggnitz a Miirzzuschlag. Stavba je
rozdélena na 3 tseky.

Prvnim z nich je Tunel Gloggnitz dl. 7 km. Razi se z portdlu
v Gloggnitzu konvenéné NRTM. Aktudlné jsou vyrazeny asi 2 km
tunelt. Druhd Celba bude oteviena v Gostritzu z pristupovych §tol dl.
1 km a navazujicich piistupovych Sachet hl. 250 m. V rdmci exkurze
probehla prohlidka infocentra v Gloggnitzu s predndskou pana
Wolfganga Schwengerera z projekéni a konzulta¢n{ kanceldre iC con-
sulenten Ziviltechniker GesmbH. Cist ti¢astniki exkurze zfirala do
pristupové Stoly v Gostritzu a vidéla razbu sytému rozrazek a komor
pro zahdjeni hlouben{ vlastnich piistupovych Sachet. Vyklad zajistili
panové Dieter Haas a Gerold Lenz ze sdruZeni zhotoviteld, firem
Implenia a Hochtief. Schéma systému rozrazek a komor je uvedeno na
obrézku 2 (na obrézku je ¢ervené vyznaceno misto, z kterého je pori-
zena fotografie na obr. 3), fotografie z komory pro t€Zni stroj je na
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Pavel Tima Pavel Tiima

Obr. 3 Pohled do komory pro teZni stroj, v popredi druhd propojovaci Sachta
do tézni komory
Fig. 3 A view down the chamber for hoisting machine, the other interconne-
cting shaft to the hoisting chamber is in the foreground

obrédzku 3 (za pozornost stoji masivni svornikovéni a dilatacni vlozky
v primdrnim ostén{ — razilo se v poruchové zoné).

Tunel Froschnitzgraben dl. 13 km bude raZen z pfistupovych Sachet
hl. 400 m mechanizované dvojici tunelovacich stroju TBM francouz-
ského vyrobce NFM (dl. 9 km) a konvenéné NRTM (dl1. 4 km). V tuto
chvili jsou vyhloubeny piistupové Sachty a razi se montdzni komory,
ve kterych piiblizné v lednu za¢ne montdZ razicich stroju. Zahdjeni
raZeb se ocekdvd asi v dubnu 2018. Kazda ze Sachet o pruméru cca
20 m je vybavena trojici vytaht pro dopravu razicu, rubaniny, seg-
mentu osténi a dalitho materidlu. V bezprostfedni blizkosti zafizenf
staveniSt¢ je pro vefejnost vybudovana rozhledna a infocentrum.
Tento tusek stavby provadi sdruzeni firem Implenia a Swietelsky.
V ramci exkurze probehla prohlidka infocentra s vykladem
Wolfganga Schwengerera.

Tretim usekem stavby je Tunel Grautschenhof dl. 7 km, raZeny
z pristupovych Sachet hl. 100 m. Razi se konven¢né NRTM v kombi-
naci s metodou drill and blast. Stavbu provadi firma Marti, resp. sdru-
Zeni tvorené jeji rakouskou a §vycarskou slozkou.

Divodem rozd€leni stavby na tii dseky byly, kromé jiného, kom-
plikované geotechnické podminky, které neumoznuji nasadit jednu
technologii razeb. Celkové predpoklddané naklady stavby ¢ini asi 3,3
miliardy eur. Trasa tunelu byla z nékolika variant vybrana v roce 2007,
stavebni prace byly zahdjeny v roce 2012, uvedeni tunelu do provozu
se ocekdvd v roce 2026.

Zajimavosti projektu je i to, Ze trasa tunelu méla byt pivodné vede-
na v jiné stop€ a mélo se jednat o jeden dvoukolejny tunel dl. 22 km
(zdroj https://www.tunneltalk.com/Austria-Feb1996-Semmering-
baseline-railway-pilot-tunnel.php). V této stopé byla v devadesatych
letech minulého stoleti zahdjena raZba prazkumné Stoly, ale byla
ukoncena zacdtkem tohoto tisicileti po vyraZeni cca 3 km. Podle infor-
maci, které sdelil pan Wolfgang Schwengerer, se tak stalo proto, Ze
razba Stoly zaCala negativné ovliviiovat zdsoby podzemni vody
v jimacim tizemi, ze kterého je zdsobovana Viden. Z obav, jaké Skody
by na zdsobach podzemni vody mohlo pokracovani razby Stoly napa-
chat, potazmo razba vlastnitho dvoukolejného tunelu, bylo od projek-
tu upusténo. Toto vysvétleni je spiSe historkou pro navstévniky stav-
by z rad laické vefejnosti, ale je to proste tak — Stola bude v rdmci pro-
bihajici stavby ve své tivodni &asti o dl. cca 200 m vyplnéna betonem
a zbyly dsek bude ponechdn svému osudu.

Dalsi fotografie z navstevy projektu Semmering jsou uvedeny
v rubrice FotoreportdZ. Podrobné informace o tomto zajimavém pro-
jektu maZe Ctendr najit napr. v ¢ldnku autort Roberta Vanka a Alfreda
Faschinga v Casopise Tunel ¢. 2/2013.

Zavérem autor dékuje kolegovi Ondrejovi Mrvikovi z GEOtestu,
a.s., ktery obe exkurze vymyslel a s rakouskymi partnery domluvil.

Zdar Buh na piistim odborném tuneldiském zdjezdu.

Ing. TOMAS EBERMANN, Ph.D., ¢len redakéni rady
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