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1. UVOD

Ceské podzemni stavitelstvi a hornictvi, obory, které se vzdjemnd
vyznamnym zpusobem ovliviiuji, maji dlouhou a slavnou historii, na svém
konté vyznamné stavby i rozvoj Skolstvi, techniky a technologif a znacnou
persondlni provédzanost ve vSech dobdch svého vyvoje.

Konference Podzemni stavby 2010 navazuje rovnéZ na jiz dlouhou tra-
dici, gradovanou pofddanim svétového tuneldrského kongresu v roce 2007
v Praze, ktery doCasné prerusil kontinuitu konferenci, nicméné vyznamné
prispél k moZnosti prezentovat dspéchy Ceského tuneldrfstvi a zhodnotit
jeho vyvoj a vysledky. Je dobrou tradici na techto konferencich predstavit
vie, co se v mezidobi mezi jejich pordddnim v oboru udélo, predstavit hlav-
ni nové realizovand dila a budouci rozvoj. Na PS 2003 i WTC 2007 byly
nékteré realizace (Mrdzovka, metro, kolektory) predstaveny, v tomto pris-
pevku se budeme predevsim vénovat nejvyznamnéjsim realizacim od roku
2003.

Zminime se také v kap. 3 stru¢né o havdriich pri provadéni podzemnich sta-
veb, kterym je vesmés pii prezentacich vénovana mensi pozornost nez tune-
lafskym tspéchim. Urcité ale jsou soudsti redlného Zivota.

Tuneldrské uméni v Ceskych zemich bylo vzdy determinovéno prirodni-
mi a geotechnickymi poméry a ohrani€enosti rozsahu tunelovych staveb.
To na jedné strané vyZzadovalo zvladat sloZité a velmi proménlivé podmin-
ky dané geologii ¢eskych zemi, na strané druhé relativné malymi rozsahy
staveb, které neumozZnily rozvoj modernich technologii typu TBM. Tento
stav pretrvéval a prakticky pretrvavd do dnesni doby, i kdyZ se zalind blys-
kat na lepsi Casy v projektech Zelezni¢nich koridorovych tunelt (Praha—Be-
roun) nebo tuneld metra (trasa C Dejvice-Motol).

Charakteristickym rysem obdobf, jehoZ stavby chceme predstavit, je pre-
devsim to, Ze prakticky vSechny tunely i Stoly jsou raZeny a vyztuzZovany
podle zédsad a principi NRTM, kterd se stala prakticky jedinou tuneldrskou
metodou a kterd se technicky i technologicky stdle rozviji a zdokonaluje.
Vyznamnym prvkem tohoto rozvoje je i skutecnost, Ze Ceské tunelarstvi
rychle prejimé evropské i svétové zkusenosti z aplikaci této metody a samo
k nim pfispivd svym podilem.

Chceme-li predstavit reprezentativni stavby obdobi let 2003 az 2010
a dals{ planované stavby, musime pouZit jejich klasické roztfidéni na tunely:

— silni¢n{

— Zelezni¢ni

— ostatn{ tunely a Stoly inZenyrského urceni (metro, kolektory, kanaliza-
ce apod.) .

V oblasti silniénich a dalni¢nich tunelu bylo v CR v roce 2009
v provozu celkem 11 800 m tunelt. Kromé star3ich, vesmés krétkych tune-
10 1ze uvést jako nejreprezentativnéjsi nasledujici:

— tunel Valik (D5)

— tunel Panenska a Libouchec (D8)

— tunel Klimkovice (D1)

— tunel Hiebec a Liberec (1/35)

— tunel Pisdrecky (VMO Brno)

— tunel Husovicky (VMO Brno)

Je nutno uvést, Ze zprovoznénim prvniho délni¢niho tunelu v CR, tune-
lu Valik v roce 2003, investorské organizaci (RSD CR) piibyl novy tikol
spocivajici v povinnosti zajistit bezpe¢nost uZzivateli tunelt z hlediska
pozarni bezpecnosti a nebezpeci vybuchu. Tato okolnost vedla k rozsdhlym
opatfenim v oblasti projektovéni, vystavby a provozu, které pred rokem

1. INTRODUCTION

The Czech underground construction industry and mining industry, which
significantly affect one another, have a long and glorious history, having out-
standing constructions and a well developed teaching system, technique and
technology on their accounts and significant personal links during all peri-
ods of their development.

The conference “Underground Constructions 2010 is also a follow-up to
the long term tradition, which was enhanced by the organisation of the World
Tunnel Congress 2007 in Prague, which, on the one hand, temporarily inter-
rupted continuity of the conferences but, on the other hand, greatly contri-
buted to the opportunity to present achievements of the Czech tunnelling
industry and appraise its development and results. It has become a good tra-
dition in these conferences that they introduce everything that happened wit-
hin the industry during inter-conference periods, present main newly imple-
mented projects and outline the future development. Some principal projects
(the Mrazovka tunnel, Prague metro, utility tunnels) were presented in the
UC 2003 and WTC 2007. This paper is dedicated first of all to the most
important projects which have been implemented since 2003.

We will, in addition, briefly mention in Chapter 3 incidents experienced
during underground construction operations, which are usually paid smaller
attention in presentations than tunnelling successes. But even these events
are definitely parts of real life.

The development and tunnelling arts in Czech provinces have always
been determined by natural and geotechnical conditions and by limitation of
the extent of tunnel structures. For that reason it was necessary, on the one
hand, to cope with complicated and very variable geological conditions exis-
ting in the Czech provinces and, on the other hand, to cope with the relati-
vely small extent of tunnelling projects, which did not allow modern tech-
nologies, such as the use of TBMs, to develop. This lasted and practically
exists even today, even though better times seem to be coming in the form
of tunnels on railway corridors (Prague — Beroun) or metro tunnels (Line C
from Dejvice to Motol).

A feature distinctive of the period the projects of which we want to intro-
duce is, first of all, the fact that virtually all tunnels and galleries have been
excavated and supported according to the NATM principles. The NATM,
which has become practically the only tunnelling method, has been continu-
ally developed and improved. An important element of this development is
also the fact that the Czech tunnelling industry has quickly learned lessons
from the European and worldwide experience gained from applications of
this method, and has contributed its own share to it.

If we want to introduce representative projects of the 2003-2010 period
and other projects being planned, we must use the traditional division into:

— road tunnels

—railway tunnels

— other tunnels and galleries for civil engineering purposes (metro, utility

tunnels etc.)

In the field of road and motorway tunnels, there were 11,800m of ope-
rating tunnels in the Czech Republic (the CR) in 2009. Apart from older,
mostly short tunnels, the following tunnels can be presented as the most
representative ones:

— Valik tunnel (D5 motorway)

— Panenskd and Libouchec tunnels (D8 motorway)

— Klimkovice tunnel (D1 motorway)
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2005 nebyly v CR aplikovany a které znatnou mérou ovlivnily i investi¢ni
néklady na tunely.

Kromé provozovanych tunel byla k roku 2009 v projekci nebo vystav-
bé tada dalSich tunelt, ze kterych je zapotiebi uvést tyto:

— tunel 518 Suchdol a Rybérka (R1)

— tunel 519 Zamky (R1)

—tunel 511 Na Vysoké (R1)

— tunely 513 Komorany a 514 Lochkov

— tunel Prackovice—Radej¢in (DS)

— obchvat Néachoda (1/33)

— tunel Dobrovského (VMO Brno)

Celkem jde o 9400 m tuneld projektovanych a 11 500 m tuneld ve
vystavbe.

V etapé vyhleddvacich studif a investi¢nich zaméru je fada dal3ich tune-
10 na silnicich L. tfidy, rychlostnich komunikacich i na délnici D3. Jsou to
tunely:

— Kubova Hut (1/4)

— Smrzovka (I/10)

- Bilina, Rynoltice, StrdZ nad Ohi{ (I/13)

— Jizerni Vtelno (I/16)

— Plzen (1/20)

— Zelezna Ruda (1/27)

— Turnov (I/35)

— Zddr nad Sazavou (1/37)

— Cerveny Kopec a Ligen (VMO Brno)

— Bystficka (1/57)

— Détrichov (R35)

— Vizovice (R49)

— celkem 9 tunelt na stavbé D3

Jejich délky nejsou dosud upfesnény, pfesto svéd¢i o impozantnich
zamerech RSD CR.

V dalsi ¢ésti prispévku struéné predstavime nejvyznamnéjsi tunely dané
do provozu od roku 2003 a tunely ve vystavbé.

Historie Zelezni¢nich tunelu v Seskych zemich sahd do poloviny 19. sto-
leti (Trebovicky tunel), které bylo v celé Evropé zlatym vékem tuneldfstvi,
do kterého vlozili svij um i mnozi eSti tuneldfi, zejména zakladatel
moderntho tunelovéni prof. Rziha. Rozvoj Zeleznice a Zelezni¢nich tunel
ukazujf ndsledujici tdaje:

Rozsah Zeleznién{ sité SZDC (k 1. 1.2009)

viechny na stavbé
délni¢niho okruhu
kolem Prahy

délkatraticelkem ........ ... ... .. .. ... .. 9 486 km
elektrizovan€ trat€ .. ...t 3078 km
trat€ normalniho rozchodu ............................ 9 464 km
uzkorozchodné trat€ ............. ..., 22 km

jednokolejné traté .. ...... ... .. 7 557 km
dvou- a vicekolejné traté . ........... .o 1 890 km
MOSEY  © vt vttt 6691 ks
TUNCLY .« .ot 158 ks
celkovaddélkatunelll ...........ouiniiiii 42927 m

Soucasnd doba je charakterizovatelnd pomérné rozsdhlou projekéni pri-
pravou a vystavbou ZelezniCnich tunevlﬁ, predevsim na tratich tranzitnich
koridort. Podobné jako RSD CR i SZDC se musi zabyvat jak otdzkami
souvisejicimi s investiéni vystavbou tunelovych objektd, tak i neméné
dulezitymi otdzkami zaji$téni bezpe¢ného provozu tunelu.

Na tratich 1 koridoru byla rekonstruovdna fada dfive vybudovanych
tunelt (Blanenské tunely, Nelahozeveské tunely), nejnovéji realizovdn pak
tunel Veprek.

Pifmo na II. tranzitnim koridoru se nenachdzejf Zidné tunelové stavby,
ale na spojce I. a II. koridoru na trati Ceskd Tfebovd—Prerov byly dva sta-
vajici tunely (Tfebovicky a Tatenicky) zruSeny a na preloZce trati v tiseku
Trebovice—Krasikov byly vybudovdny tfi nové tunelové objekty. Také
v navazujicim tseku Zdbreh—Krasikov byly vybudovédny tfi tunely.
V tabulce 1 jsou uvedeny zdkladni charakteristiky vSech jiz t. ¢. provozo-
vanych tuneld.

Tabulka 1 / Table 1
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— Hrebe¢ and Liberec tunnels (I/35 road)

— Pisarky tunnel (Large City Circle Road in Brno — the LCCR Brno)

— Husovice tunnel (the LCCR Brno)

It is necessary to note that the owner of these projects (the Road and
Motorway Directorate of the Czech Republic) had to undertake a new task
when the first motorway tunnel in the CR (the Valik tunnel) was opened to
traffic in 2005. The task comprises the duty to ensure safety of tunnel users
in the field of fire safety and explosion risk. This condition led to extensive
measures in the field of designing, construction and operation, which had not
been applied in the CR before 2005 and which significantly affected also the
capital costs of tunnels.

Apart from operating tunnels, many other tunnels were under design or
under construction in 2009. The following ones are worth mentioning:

— 518 lot tunnels Suchdol and Rybarka

(R1 expressway)

— 519 lot tunnel Zamky (R1 expressway)

— 511 lot tunnel Na Vysoké (R1expressway)

— 513 lot Komorany and 514 lot Lochkov tunnels

— Prackovice and Radej¢in tunnels (D8 motorway)

— a tunnel on Nachod bypass road (I/33 road)

— Dobrovského tunnel (the LCCR Brno)

In total, there were 9,400m of tunnels under design and 11,500m of tun-
nels under construction there.

A range of other tunnels on primary roads, expressways and the D3
motorway are found in the stage of search studies and project concepts. The
following ones are in question:

— Kubova Hut' (I/4)

— Smrzovka (I/10)

— Bilina, Rynoltice, StraZ nad Ohri (I/13)

— Jizerni Vtelno (I/16)

— Plzen (1/20)

— Zeleznd Ruda (1/27)

— Turnov (I/35)

— Zdér nad Sdzavou (I/37)

— Cerveny Kopec and Ligen (LCCR Brno)

— Bystficka (I/57)

— Détrichov (R35)

— Vizovice (R49)

—9 tunnels in total on the D3 motorway construction

Even though their lengths have not been specified yet, they give evidence
of the grand plans of the Road and Motorway Directorate of the CR.

In the following part of the paper we will briefly introduce the most impor-
tant of the tunnels which have been opened to traffic since 2003 and tunnels
which are currently under construction.

The history of railway tunnels in Czech provinces extends back to the
middle of the 19th century (the Trebovice tunnel), which was the golden age
of tunnelling throughout Europe. Even many Czech tunnellers, namely
Prof. Rzika, put their skills in it. The development of railways and rail tun-
nels is shown by the following data:

The extent of railway network controlled by the Railway Infrastructure
Administration (as of 1st January 2009):

all of them

on the motorway
ring around
Prague

total length of rail lines . .......... ... ... ... o i 9.486 km
electrified lines ......... ... ... . i 3.078 km
standard gauge lines ............ ... o oL 9.464 km
narrow-gauge lines . ........... .. i i 22 km
single-track lines . ............ o i 7.557 km
double- and multiple-track lines .......................... 1.890 km
number of bridges . .......... . 6.691
number of tunnels .......... ... 158
total length of tunnels ............ ... . ... ... i 42927 m

The present time is characterised by relatively extensive design develop-
ment and construction of rail tunnels, first of all tunnels on transit corridor
lines. Similarly to the Road and Motorway Directorate of the CR, also the

Railway Infrastructure Administration must deal with
both the issues associated with new construction of tun-

Razens &4st (m) nels and no less important issues of ensuring safe ope-

ration of tunnels.
A number of tunnels built in the past on the Corridor
I (the Blansko tunnels, the Nelahozeves tunnels) were

reconstructed; the newest completed tunnel is the
Veprek tunnel.

No tunnel structures are found on the Transit

Corridor II, but two existing tunnels (the Trebovice and

the Tatenice tunnels) were cancelled on the Ceska
Tiebovd — Prerov line, connecting Corridor T with

Tunel Celkova délka (m) Zpusob vystavby

Tunnel Total length (m) Construction technique Mined section (m)
Trebovicky novy tunel 550 Podzemni stény Cely pod ochrannou konstrukef
New Trebovice tunnel Diaphragm walls top-down process
Krasikov I 1098.3 NRTM 1030

Krasikov II 140,65 NRTM 84,65

Mala Huba 3324 NRTM 2700

Hnévkovsky I 1860 NRTM 90

Hnévkovsky 1T 4522 NRTM 430

Corridor II, and three new tunnels were built on the
track diversion in the section between Zabreh and
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Casti 111 a IV. koridoru, které nejsou soubézné s tseky I. a II. koridoru,
jsou v soutasné dobé budovany. Na IV. koridoru v tdseku Praha-C.
Budéjovice se realizuje varianta, kterd obsahuje 10 tunelovych staveb
o celkové délce cca 7960 m (myj. tzv. 4 Votické tunely jiZ v realizaci).

Z tunelérského hlediska je vyznamnou stavbou rekonstrukce II. tunelo-
vé trouby Jablunkovského tunelu rozsifovaného pro dvoukolejny provoz.
Lze uvést, 7e geologické pomery u tohoto tunelu jsou srovnatelné obtizné
jako byly u tunelu Tiebovice v poloviné 19. stoleti. Do této geotechnické
kategorie Ize zaradit i u nés nejdel§i tunel Bfezno u Chomutova (1758 m).

Pocty stdvajicich Zelezni¢nich tuneli a specifikace podle jejich délek
uvadi ndsledujici tabulka:

tunely do délky 350 m . ...t 124
tunely od 350 m do 1000 m,ztoho ........................ 22
tunely nad 500 m .. ... 17
tunely nad 1000 m .. ...t 6

Z kategorie ostatnich podzemnich staveb (§tol a tunell) je nutno zminit
predevsim stavby kolektort

— Vodic¢kova a Véclavské ndmesti

— kolektor Centrum (Ostrava)

a radu realizovanych kanaliza¢nich Stol budovanych v poslednich letech
(Karvind apod.).

V této souvislosti je tieba uvést, 7e Ceskd ,,kolektorova Skola“ je na $pic-
ce v urovni i rozsahu vyuzivani podzemi pro infrastrukturni tucely
v zastavénych méstskych dzemich.

2. PREDSTAVENI NEJVYZNAMNEJSICH TUNELU DOPRAVNI
INFRASTRUKTURY VYBUDOVANYCH V LETECH 2003-2009

V nésledujici ¢asti budou predstaveny, podle naseho ndzoru, nejvyznam-
néj§i a nejzajimavéjsi tunelové stavby dopravni infrastruktury, které byly
ddny do provozu v obdobi let 2003-2009. Jde predevsim o tunely Valik,
Klimkovice, Nové spojeni. Z ostatnich tunelovych staveb danych v tomto
obdobi do provozu je tfeba pripomenout tunely Panenskd a Libouchec
a nejdeli Cesky Zelezni¢ni tunel Bfezno. Informace o téchto stavbéch byly
Siroce publikovany v Ctvrtletniku Tunel a prezentovany v tuneldrské vefej-
nosti pri prileZitosti tuneldfskych odpoledni a na dalSich seminarich. Stavby,
které jsou pred dokonCenim (tunel Prackovice a Radejcin) a stavby
v souasné dobé budované, jako napr. tunel Blanka, tunel Dobrovského

a Jablunkov, budou vesmés podrobné prezentovany na této nasi konferenci.

2.1 Tunel Valik

Tunel Valik byl dokonCen v roce 2005 a dén do provozu jako prvni ddl-
ni¢n{ tunel v ddlni¢ni siti Ceské republiky na ddlnici DS Praha—Rozvadov.

Vystavba tohoto dila byla témér 10 let zdrojem stfett mezi technickymi
odborniky a ekologickymi aktivisty, coZ spolu s orgdny stitni spravy
a mistnich Gfadu ovlivnilo stavbu jako takovou. Z hlediska bezpe¢nostniho
vybaveni je tunel Valik zatfidén do nejvys$si kategorie TA a dimenzovén na
intenzitu dopravy 18 125 vozu/24 hodin v jednom sméru.

Z inZenyrskogeologického a geotechnického hlediska byl tunel budovan
ve vrchu Valik v slabé metamorfovanych zvétralych az silné zvétralych
proterozoickych bridlicich. Hloubka navétrani a zvétrani se pohybovala od
3 do 20 metrt, coZ spolu se silnym tektonickym postizenim vytvorilo velmi
ndrotné geotechnické prostredi pro raZeni. Vyska nadloZ{ tunelu byla od 8
do 14 metru, coZ zvlast komplikovalo razbu a vyztuZovéni a bylo také
divodem k tomu, aby byl podrobny geologicky pruzkum proveden pomo-
cf razené Stoly umisténé zhruba uprostied budouciho stfedového tunelu.

Z hlediska konstrukce tunelu je tunel tvofen dvéma tunelovymi rourami
pro kazdy smér, kazdd tunelovd trouba ma dva jizdn{ pruhy $itky 3,75 m
a 1 nouzovy pruh §itky 3,25 m. Délka tunelu je 380 (JTT) a 390 (STT) m.
Priijezdny profil je 4,8 m vysoky, mimofddné je moZno dopravovat tune-
lem i ndklad vysky 5,2 m. Sitka vozovky mezi obrubniky &ini 11,5 m,
chodniky maji $itku 1 m.

Obe tunelové trouby jsou uloZeny tésné vedle sebe bez horninového
mezipilite, maji ale spolecny stiedovy Zelezobetonovy pilit (obr. 1). Toto
feSeni bylo zvoleno s ohledem na potfebu minimalizovat trvalé zdbory
pozemku u portdlu a potiebu minimalizovat 3iiku poklesové kotliny na
povrchu. Timto feSenim se tunel Valik stal vyjime¢nou konstrukei v rdmci
Ceského tunelového stavitelstvi.

Razba tunelu byla provddéna NRTM, pfi¢emZ prvnim vybudovanym
dilem byl stredovy tunel véetné stredového pilite (obr. 3). Zakladni ¢lenéni
vyrubu bylo kombinované (vertikdlni bo¢ni Stoly, kalota a opérf). Primérni
osténi bylo provedeno ze stifkaného betonu a pithradovych obloukt Bretex
112-25, pravidelného svornikovéni a siti. TlouStka primérniho osténi byla
250 mm ze stifkaného betonu C20/25-XO0. Z hlediska geotechnickych pod-
minek a fyzikdlné-mechanickych vlastnosti hornin byla razba zafazena do
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Krasikov. The Table 1 presents basic characteristics of all of the tunnels,
which are today already in service.

Parts III and IV of the corridor, which do not run in parallel with sections
I and IIT of the corridor, are currently under construction. A design variant
comprising 10 tunnel structures at the total length of about 7,960m is being
implemented on the Corridor IV section between Prague and Cské
Budéjovice (among others, the 4 Votice tunnels which are already under con-
struction).

From the tunnelling point of view, the reconstruction of the 2nd tube of the
Jablunkov tunnel, converting it into a double-track tunnel, belongs among
important projects. It is possible to say that the difficult geological conditions
of the tunnel are comparable with the difficulties encountered at the
Trebovice tunnel construction in the middle of the 19th century. Even the lon-
gest tunnel in the CR, the Bfezno u Chomutova tunnel (1,758m) can be pla-
ced into this geotechnical category.

Numbers of existing rail tunnels distributed according to their lengths are
presented in the following Table:

tunnels up to 350mlong ........ ... . i 124
tunnels 350m to 1000m long, of that .......................... 22
tunnels over S00m long ........... ... i 17
tunnels over 1000m ........ ... .. . 6

From the other underground structures category (galleries and tunnels), it
is necessary to mention above all utility tunnel structures

— the Vodic¢kova and Wenceslas Square utility tunnels

— the Centrum utility tunnel (Ostrava)

and a range of sewerage galleries completed in recent years (Karvind etc.).

It is worthwhile mentioning in this context that that the Czech “utility tun-
nelling school” is at the cutting edge in terms of both the level and the extent
of using the underground in developed urban areas for infrastructural purposes.

2. INTRODUCTION OF THE MOST IMPORTANT TUNNELS OF THE
TRANSPORTATION INFRASTRUCTURE BUILT IN THE
2003-2009 PERIOD

The following part of the paper introduces tunnel structures which were
opened to traffic in the 2003-2009 period and which are, in our opinion, the
most important and most interesting, namely the Valik, Klimkovice and New
Connection tunnels. Of the other tunnel structures which were brought into
service in this period, it is necessary to remember the Panenskd and
Libouchec tunnels and the longest Czech rail tunnel, the Brezno. Information
on these constructions has been broadly published in TUNEL quarterly jour-
nal and was presented within the tunnelling public on the occasions of
Tunnellers’ Afternoons and other seminars. The constructions which are just
before completion (the Prackovice and Radej¢in tunnels) and tunnels being
under construction, e.g. the Blanka, Dobrovského and Jablunkov tunnels,
will be presented in detail in this conference.

2.1 The Valik tunnel

The Valik tunnel on the DS motorway between Prague and Rozvadov was
completed in 2005. It was inaugurated as the first tunnel on the motorway
network in the Czech Republic.

The implementation of this project was a source of conflicts between techni-
cal experts and environmental activists nearly for 10 years. These conflicts,
together with activities of governmental agencies and municipal authorities,
influenced the construction process. As far as the tunnel equipment is concer-
ned, the Valik tunnel, which was designed for the traffic volume of 18,125 vehic-
les per 24 hours in one direction, has been assigned the highest category, TA.

From the engineering geological and geotechnical point of view, the tunnel
was driven through Valik Hill, consisting of weakly metamorphosed, weathe-
red to heavily weathered Proterozoic shales. The depth of weak weathering and
weathering varied from 3 to 20 metres. This condition formed, together with
heavy faulting, an environment which was very complex for driving a tunnel.
The overburden height varied from 8 to 14 metres. This fact especially com-
plicated the excavation and installation of support and was also the reason for
which the geological survey was carried out by means of a gallery, the route of
which roughly followed the centre line of the future central tunnel.

In terms of the tunnel design, the tunnel has two tubes carrying traffic in
both directions. Each tube has two 3.75m wide traffic lanes and 1 emergen-
cy lane 3.25m wide. The tunnel tubes are 380m (STT) and 390m (NTT) long.
The clearance profile is 4.8m high; loads up to 5.2m high are exceptionally
allowed to pass through the tunnel. The curb-to-curb width of the roadway is
11.5m, the walkways are Im wide.

The two tunnel tubes run alongside without a rock pillar between them, but
they have a common central reinforced concrete pillar (see Fig. 1). This solu-
tion was chosen with the aim of minimising the plan area of permanent works
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technologické tiidy NRTM 5A. Razba byla provddéna dovrchné, pricemz se
ukdzalo, Ze osténi pruzkumné Stoly velmi dobre zajiStovalo stabilitu celby
stfedntho tunelu. Pro vlastni raZeni tunelu bylo po zhodnoceni vysledku geo-
technického monitoringu rozhodnuto razit celou kalotu stfedniho tunelu veet-
né opéfi na plny profil. Obdobné byly slouceny diléi vylomy v kaloté (4A, 4B
a5A a 5B - viz obr. 1 a 2) pfi razbé tunelovych trub.

S ohledem na geotechnické poméry a zcela mimoradné zatiZen{ stfedni-
ho Zelezobetonového pilite byla v predstihu pred jeho budovdnim prove-
dena sanace horninového prostedi jak v podloZi, tak i v nadloz{ pilife
pomoci kotev IBO R25 délky 6 m (strop) a trubkovych mikropilot rovnéz
délky 6 m (obr. 3). Stfedovy pilit je vysoky 7.4 m a Siroky 3-3,58 m
(dole/nahote). Sitka pilife ve stfedu vyiky &ini pouze 1,23 m (obr. 4).
V horni i dolni &dsti pilite jsou provedena vybran{ pro ukotveni primdrniho
osténi a pro opfeni protiklenby do betonovych patek. Délka bloku pilite je
10 m, pri¢emz délici spry jsou svislé bez zazubeni, coz umoznuje piipad-
né malé pootoceni jednotlivych bloku.

Razba vlastnich tunelovych trub byla vedena dovrchné (cca 40 %o
z rozvadovského portdlu). Nejprve byly razeny bocni §toly tunelovych trub,
ndsledné hlavni kalota a opéii. Razba bo¢nich $tol predbihala razbu kaloty
o0 cca 20-30 m. Stredni pilit byl betonovan vzdy min. 40 m pred ¢elbou
kaloty tak, aby byla zarucena jeho pevnost. Stabilita ¢elby u vSech dil¢ich
vyrubu byla zajiStovana stitfkanym betonem.

Rozpojovéni bylo provddéno prevdzné bez pouziti trhacich praci
s mechanickym rozpojovdnim. Doba razby kazdé z tunelovych trub byla
asi 7 mésicu.

Jako soucdst technologického postupu NRTM byl realizovan geotechnicky
monitoring, ktery zajiStovala nezavisld firma. V rdmci monitoringu byly sle-
dovany vybrané parametry chovéni vSech konstrukei z hlediska dosazenych
varovnych stavu a limitnich hodnot. Zajimavé vysledky byly zaznamenany pri
méfent zatizenf stfedniho pilife pomoci dynamometrt, které ve vétSiné piipa-
du potvrdily predpoklady statickych feSeni. Je tieba uvést, 7e piipadné namé-
fené odchylky od predem stanovenych hodnot a trendu byly viceméné vyji-
mecné a slouzily pro doplnéni technologickych postupt a vyztuZzovéni.

Zavérem je rovnéZ zapotiebi uvést, ze pred spuSténim provozu tunelu
byly v tunelu Valik provedeny jako v prvnim délni¢nim tunelu pozarn{
zkousky pro ovéreni funkce vétréni.

2.2 Tunely Nového spojeni

Vitkovské tunely tzv. Nového spojen fesi napojeni centra Prahy na
budouci vysokorychlostni traté z vychodu a severu CR. UmozZni také pro-
pojeni piiméstské a meziméstské dopravy napfi¢ hlavnim méstem. Nové
spojeni je prakticky posledni stavbou tplné prestavby Zelezni¢niho uzlu
Praha hlavni nadrazi. Vystavba byla zahdjena v roce 2004 a ukoncena
v roce 2008.

Tunely jsou tvofeny dvéma hloubenymi dseky, ve kterych se ve spolec-
né oteviené jamé spojuji jednotlivé Zelezni¢ni traté s raZenymi tunely pod
vrchem Vitkov. Na zépadni strané navazuji na ¢tykolejnou estakddu a na
vychodni strané na dvoukolejnou estakddu a trat'v zédrezu.

Smérové jsou tunely vedeny v podélné ose skalniho hibetu vrchu Vitkov.
Osovd vzdalenost paralelné vedenych tuneld je prumérné 30 m a pod
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Obr. 1 Zdpadni portdl v prubéhu raZeb
Fig. 1 Western portal during the course of the excavation

at the portal and minimising the width of the settlement trough on the surfa-
ce. Owing to this solution the Valik tunnel has become an exceptional struc-
ture within the framework of Czech tunnel engineering.

The tunnel was driven using the NATM, with the central tunnel including
the central pillar being carried out as the first operation (see Fig. 3). The basic
excavation sequence was combined (vertical sidewalls, top heading and
bench). The primary lining consisted of shotcrete, Bretex 112-25 lattice gir-
ders, a system of rock bolts and mesh. The primary lining in C20/25-XO
shotcrete was 250mm thick. Taking into consideration the geotechnical con-
ditions and physical-mechanical properties of the rock mass, the driving was
categorised as NATM excavation support class SA. The tunnel was driven
uphill. It became obvious during the excavation that the lining of the explo-
ratory gallery provided very good stability of the central tunnel face.
Regarding the tunnel excavation itself, the decision was made after evalua-
ting results of the geotechnical monitoring that the top heading of the central
tunnel be driven full face, together with the bench. Similarly, the partial top
heading faces (4A,4B and 5A and 5B — see Figures 1 and 2) of the main tun-
nel tubes were excavated in one go.

With respect to the geotechnical conditions and absolutely exceptional
loads acting on the central reinforced concrete pillar, the rock mass in its bed
and overburden was stabilised in advance of the construction of the pillar by
6m long IBO R25 anchors (in the roof) and 6m long tube canopy (see Fig.
3). The central pillar is 7.4m high and 3-3.58m wide (bottom/top). In the
middle of its height, the pillar is only 1.23m wide (see Fig. 4). There are mor-
tises in the bottom and the top of the pillar allowing the primary lining to be
anchored and the invert to be propped against the concrete foo-
tings. The pillar casting blocks are 10m long; small angular rota-
tion of individual blocks is possible thanks to the fact that there
are no shear keys in the construction joints between them.

The tunnel tubes themselves were driven on an uphill gradient
(about 40 %o up from the Rozvadov portal). Sidewall drifts were
carried out first in the tunnel tubes, followed by the main top
heading and bench. The sidewall drift headings were about 20-
30m ahead of the top heading. The central pillar was always cast
at a minimum distance of 40m ahead of the top heading face so
that its strength was ensured. Stability of faces of all partial hea-
dings was provided by shotcrete.

The rock mass was disintegrated mostly without blasting,
using mechanical equipment. The excavation of each of the tun-
nel tubes took approximately 7 months.

Geotechnical monitoring, which was performed as a part of
the NATM technological procedure, was carried out by an inde-
pendent firm. The monitoring comprised the observation of
selected parameters of behaviour of all structures from the aspect
of reaching warning states and limit values. Interesting results
were recorded during the measurement of the loads acting on the
pillar by means of tension dynamometers, which mostly confir-
med assumptions of structural analyses. It is necessary to say
that the contingent deviations from predetermined values and
trends which were measured were more or less exceptional and
were used for complementing the technological procedures and
the reinforcing system.
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Obr. 3 Pricny rez stiednim tunelem se Zelezobetonovym strednim pilirem
Fig. 3 Cross-section of the central tunnel containing the central reinforced
concrete pillar

objektem Ndrodniho pamétniku 42 m. Trasy jsou vedeny Castecné
v piimém sméru a ve dvou obloucich. Minimaln{ sklon nivelety je 0,33 %.

Skalni prostredi, ve kterém byly tunely razeny, je tvoreno paleozoickymi
stiedné ordovickymi Sdreckymi bridlicemi a dobrotivskym souvrstvim ve
facii skaleckych kiemencta. Horniny jsou slabé metamorfovény a podél puk-
lin a povrchovych z6n jsou prohnétené a7 drcené. Ubo&i svahu Vitkov je
s vyjimkou navdZek tvofeno hlinitokamenitymi svahovymi sutémi.
Porusenost horninového masivu byla obecné podminéna blizkosti prazského
zlomu, ktery probihd podél dpati Vitkova a prochézi pres pilit stén vychod-
nich portalu. Tunely svoji délkou (JTT 1365 m, z toho 1250 m razeno, STT
1316 m, z toho 1150 m raZeno) patif do prvni pétice Zeleznicnich tuneld
v Ceské republice. Portdlové tiseky hloubenych tuneli jsou 58 m (zdpad)
a 107 m (vychod). Pfi¢né rozméry a tvar tunell jsou ziejmé z obr. 5.

Tunely jsou vzdjemné propojeny tyfmi chodbami, slouZicimi jako tdni-
kové cesty vybavenymi bezpenostnim zatizenim (poZdrni dvefe, poZzarni
klapky, ventildtory). Do prostoru pred vjezdovy i vyjezdovy portél tunelu
je umoZnén piistup pozérnim vozidlim.

Tunely byly raZeny podle zdsad NRTM a primérni ostén{ je ze stitkané-
ho betonu C16/20 tloustky od 0,2 do 0,3 m vyztuZeného dvéma ocelovymi
sitémi a ocelovymi pithradovymi oblouky BTX. Horninové prostredi bylo
zpeviiovano hydraulickymi svorniky. Vlastni razba byla provadéna
v horizontdlnim €lenéni vyrubu. Délka zdbéru se pohybovala od 1 do 2
metru podle strukturnich pomért horninového prostredi a v tsecich ohro-
Zenych nestabilitou stropu byly pouzivdny zavrtdvané ocelové jehly.
Vzddlenost vyrubu kaloty a opéfi se pohybovala od 50 do 120 m.
Maximéln{ vyrubové plocha v technologické tiidé Va Cinila cca 108 m?.
Vlastni razeni bylo z¢dsti provedeno mechanickym rozpojovanim

Obr. 5 Vzorovy priény fez
Fig. 5 Typical cross-section

Obr. 4 Vyztuz Zelezobetonového stiedniho pilire s pojizdnym bednénim
Fig. 4 Reinforcement of the central reinforced concrete pillar and the travel-
ling formwork

To conclude, it is also necessary to state that fire tests designed to verify
functioning of the ventilation system were carried out in the Valik tunnel
before its inauguration.

2.2 The New Connection tunnels

The Vitkov tunnels, which are parts of the so-called New Connection pro-
ject, solve the problem of connecting the centre of Prague to future high-
speed rail lines from the east and the north of the CR. In addition, they will
allow commuter traffic and intercity transportation to be interconnected and
pass across the capital. The New Connection is practically the last project of
the scheme called Reconstruction of Prague Main Station Rail Junction. The
construction work started in 2004 and was completed in 2008.

The tunnels comprise two cut-and-cover sections in which individual rail
lines are connected in a common trench to mined tunnels running under
Vitkov Hill. On the western side, the tunnels link to a four-track viaduct, while
on the eastern side, they link to a double-track viaduct and an open-cut track.

The horizontal alignment runs on the longitudinal axis of the rock crest of
Vitkov Hill. The distance between centres of the parallel tunnel tubes is 30m
on average (42m under the National Monument). The horizontal alignment
of the tubes is partially straight and partially on two curves. The minimum
gradient of the alignment is 0.33 %.

The rock environment the tunnels were driven through comprises the
Palaeozoic, Middle Ordovician Sérka Shale and the Dobrotiv Member in the
Skalec Quartzite facies. The rocks are weakly metamorphosed; they are knea-
ded to crushed along fissures and fault zones. Apart from made ground, the
Vitkov Hill’s sloping flank consists of loamy-stony slope debris. The disturbed
character of the rock mass was generally associated with the closeness of the
Prague Fault, which runs along the bottom of Vitkov Hill and crosses the rock
pillar at the eastern tunnel portal. With their lengths (STT 1,365m, 1.250m of
this length mined; NTT 1,316m, 1,150m of that length mined) the tunnels rank
among first quintuple of rail tunnels in the Czech Republic. The portal sections
of the cut-and-cover tunnels are 58m (west) and 107m (east) long. Cross-sec-
tional dimensions and geometry of the tunnels are shown in Fig. 5.

The tunnels are interconnected by four cross passages serving as escape
routes. They are equipped with safety facilities (fire doors, fire dampers,
fans). The areas in front of the entrance and exit portals are accessible for fire-
fighting vehicles.

The tunnels were driven in compliance with principles of the NATM.
The 0.2-0.3m thick primary lining is in C16/20 shotcrete reinforced by two
layers of steel mesh and BTX steel lattice girders. The rock mass was



Obr. 6 Vychodni portdl tunelu
Fig. 6 Eastern portal of the tunnels

v prevazné délce pouZitim trhacich praci. Rychlost raZeni omezend predpi-
sy pro pouzivani trhacich praci se pohybovala od 100 do 130 m plného pro-
filu za mésic.

Kromé portdlovych dseku, které vyzadovaly sloZité a mohutné zajisténi,
s jezdeckou sochou Jana Zizky na vrchu Vitkov. Razba probihala cca 40 m
pod timto objektem a jeji priprava i kontrola vliva tunelovéni vyZadovala
velmi dikladnou kontrolu déinku tunelovani. Lze uvést, Ze ani jezdecka
socha, jejiz konstrukce nebyla v nejlep$im stavu, ani velmi citlivé obloZe-
ni stén hlavniho sdlu Nédrodnfho pamdtniku nezaznamenaly Zddné djmy.

Trvalé osténi bylo navrZeno a realizovdno s useky s vyztuZzenym
inevyztuzZenym monolitickym betonem v poméru délek cca 50/50 % a bylo
realizovdno pomoci posuvnych bednéni o délce past 12,5 m. Druhou, veli-
ce citlivou a ndrocnou konstrukef byly samotné portaly (obr. 6, 7), kdy mezi

Obr. 7 Zdpadni portdl tunelu
Fig. 7 Western portal of the tunnels
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strengthened by hydraulically expanded rock bolts. The excavation sequ-
ence consisted of top heading, bench and invert (the so-called horizontal
sequence). The round length varied from 1 to 2 metres, depending on struc-
tural conditions of the rock environment. Self-drilling steel anchors were
used in the sections which were threatened by instability. The distance bet-
ween the top heading and bench excavation ranged from 50 to 120m. The
maximum excavated cross-sectional area for excavation support class Va
amounted to about 108m?2. The excavation itself was carried out partially
mechanically, using the drill and blast technique in the major part of the
length. The advance rate, which was reduced because of regulations restric-
ting the use of blasting, varied from 100m to 130m of the full profile per
month.

Apart from the portal sections, which required complex and massive sup-
port measures, the most important protected structure was the National
Monument building with an equestrian statue of Jan Zizka on Vitkov Hill.
The tunnel was driven roughly 40m under the monument and the preparati-
on and checking of tunnelling impacts required very thorough monitoring of
the tunnelling effects. It is possible to state that neither the equestrian statue,
the structure of which was not in best condition, nor the very sensitive wall
cladding in the main hall in the National Monument suffered any harm.

The permanent lining was designed and constructed with sections in rein-
forced concrete and sections in unreinforced, cast in situ concrete, with the
ratio of approximately 50/50 per cent. The 12.5m long blocks were cast
using travelling forms. The other very sensitive and difficult structures were
the portals themselves (see Figures 6 and 7), where rock pillars originated
between the cut-and-cover tunnels and mined tunnels with the minimum
width of 3.5 to 10m. Walls of the pillars were formed by a 15 — 27m high
double-stage, vertical , anchored micropile wall consisting of steel tubes. The
mictropile walls were stabilised by 8 — 22m long permanent cable anchors.
The final treatment of the walls was carried out by shotcrete. The roots of
anchors are fixed in the crown area of an old railway tunnel. For that reason
exceptional attention was paid to the old tunnel lining during the anchoring
and grouting operations. The use of the old railway tunnel is also interesting.
It is expected that it will serve as a cycle track connecting the park existing
in front of Praha Hlavni Nddraz{ station and the area of Balabenka.

2.3 The Klimkovice tunnel

The beginning of 2008 saw the inauguration of another section of the D47
motorway between Bilovec and Bohunin. This nearly 10km long section
contains the Klimkovice tunnel. The tunnel itself is 1,080m long. It is found
about 1km from the Klimkovice Spa grounds. If the tunnel had not been
built, the area would have been inconsiderately and relatively drastically
divided by the busy motorway. It will allow future development of this area,
which can be termed a recreational and leisure zone.

The tunnel is a twin-tube structure with double-lane tubes.

Both tunnel tubes have identical spatial parameters of a T9.5 category
unidirectional tunnel; the structural design is also identical. The carriageway
passing through the tunnel is superelevated and the curb-to-curb width is
9.50m. The height of the clearance profile above the roadway is 4.80m. The
minimum width of the walkways, running on both sides of the tunnel, is
1.10m. The net width of the tunnel is 12.204m (see Figures 8 and 9).

In the longer sections, both tunnels were driven through the rock mass,
while in shorter pre-portal sections the cut-and-cover technique was used,
with the tunnels built in open trenches and subsequently backfilled. The tun-
nel structures in the cut-and-cover sections have a single shell, with external
umbrella-type waterproofing. The concrete vault blocks are supported by
continuous longitudinal footings. In the mined sections, the tunnels are
double-shell structures, with a closed intermediate waterproofing system.

The two tunnel tubes are interconnected by a total of five cross passages,
which are intended to allow safe escape of people and to house the tunnel equ-
ipment. With respect to the anticipated truck traffic volume on the motorway,
both tunnel tubes were provided with an emergency lay-by in the middle of
their lengths. They were also provided with a necessary number of niches with
SOS boxes, which are equally spaced throughout the tunnel length.

The longitudinal tunnel ventilation system uses reversible fans suspended
from the crown of the vault.

The tunnel excavation passed through the bedrock formed by the Non-
Productive Carbonaceous — Culm Measures. A combination of pelitic clays-
tone and siltstone with greywacke and subgreywacke in the form of flysh
measures (see Fig. 10) was typical of the rock environment. This rhythmical
flysh alternation of claystone and sandstone posed geotechnical problems.

The angle of dipping of the measures slightly changed along the tunnel
route (60°-70°). The measures were interwoven with numerous discontinui-
ties, which were mostly perpendicular to the bedding planes. Five significant
weakness zones were identified, cutting the tunnel alignment at an angle.
Ground water was mainly bound to fissures and tectonic disturbances.
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Obr. 8 Pohled do tunelu (foto Pechman)
Fig. 8 View down the tunnel (photo Pechman)

hloubenymi a raZenymi tunely vznikly horninové pilife min. §itky od 3,5
do 10 m. Stény pilifu byly tvofeny dvoustupfiovou svislou kotvenou mik-
ropilotovou sténou z ocelovych trubek s vyskami od 15 do 27 m. Pro sta-
bilizaci mikropilotovych stén byly pouzity trvalé lanové kotvy délek od 8
do 22 metrt. Konec¢nd tprava stén byla provedena ze stifkaného betonu.
Koreny kotev jsou upnuty do klenbovych oblasti starého Zelezni¢niho tune-
lu, a proto byla pri jejich instalaci a injektovéani vénovdna mimoradnd
pozornost i ostén{ starého tunelu. RovnéZ budouci vyuziti starého Zeleznic-
niho tunelu je zajimavé, protoZe se predpoklddd, Ze bude slouzit jako cyk-
lostezka spojujici park pred stanici Praha hlavni néddrazi a oblast
Balabenky.

2.3 Tunel Klimkovice

Zacdtkem roku 2008 byl slavnostné uveden do provozu dalsi tsek
budované délnice D47 Bilovec—Bohumin. Na tomto tiseku dlouhém nece-
Iych 10 km se nachdz{ i tunel Klimkovice. Tunel samotny je dlouhy
1080 m a nachdzi se ve vzddlenosti asi 1 km od objektu klimkovickych
lazni. Pokud by nebyl tunel realizovan, bylo by izemi nesetrné a pomérné
drasticky rozdéleno frekventovanou délnici. Do budoucna umozn{ rozvoj
tohoto uzemi, které lze vzhledem k poloze a charakteru oznacit za rekre-
acni a oddychovou zénu.

Tunel je veden ve dvou samostatnych tunelovych rourdch, které jsou
feSeny jako dvoupruhové.

Oba tunely majf stejné prostorové parametry jednosmérného dvoupru-
hového tunelu kategorie T9,5 a stejné konstrukén{ usporddani. Dopravni
pds v tunelu md jednostranny pri¢ny sklon a $itku mezi obrubniky
9,50 m. Vyska prijezdného prifezu nad vozovkou je 4,80 m.
Oboustranné chodniky maji §ifku minimélné 1,10 m. Tunel mé svétlou
§itku 12,204 m (obr. 8, 9).

Oba tunely byly v delsich dsecich razeny ve skalnim masivu, v kratSich
priportdlovych dsecich byly budovdny jako hloubené v otevienych sta-
vebnich jamdch s néaslednym presypanim. V hloubenych tdsecich jsou
konstrukce tuneli jednopldstové, s rubovou destnikovou hydroizolaci
a s ulozenim jednotlivych klenbovych pdsu na prubéznych podélnych
zékladovych pdsech. V raZenych usecich jsou konstrukce tuneld dvou-
plastové, s uzavienou mezilehlou hydroizolaci.

Obé tunelové roury jsou propojeny celkem péti tunelovymi spojkami
uréenymi pro bezpecny tnik osob a pro technologické vybaveni, upro-
stred délky opatfeny nouzovym zdlivem. V nezbytném poctu jsou rovnéz
opatfeny vyklenky s SOS skiinémi, rovnomérné umisténymi po délce
tunelu.

Vétrani tunelt je feSeno jako podélné, pomoci reverznich ventildtort
zavesenych ve vrchliku klenby.

Razba tunelu probihala ve skalnim podloZi neproduktivniho karbonu —
kulmu. Typickym horninovym prostiedim byla kombinace pelitickych
jiloveu a prachovet s drobami a drobovymi piskovei ve formé flySovych
souvrstvi (obr. 10). Rytmické stfiddni jilovitych a piskovcovych vrstev
prindsi geotechnické potiZe a problémy.

Sklon vrstev se v prub&hu raZzeni mirné ménil ( 60°~70°) a byl protkdn
Castymi nespojitostmi, vétSinou kolmo k vrstevnatosti. Bylo indikovdno
pet vyznacnych poruchovych pasem prochdzejicich Sikmo k ose tunelu.
Podzemni voda byla védzdna predev§im na pukliny a tektonické poruchy.

V obou hloubenych usecich u portdlu byly velmi slozité geologické
poméry dané vyraznym hloubkovym zvétravanim hornin, rozsdhlymi
poruchovymi pasmy a fosilnimi sesuvy.

RaZena Cast tunelu A - sekundarni osténi ~ “*
Mined part of tunnel A - secondary lining

sl ey ran
S i
e

s [

i
¢

Zékladni profil - vykres tvaru
Basic profile - formwork drawing

Obr. 9 Geometrie tunelu
Fig. 9 Tunnel geometry

Geological conditions within both cut-and-cover sections were very com-
plicated due to deep weathering of the rock mass, extensive weakness zones
and fossil landslides.

Both pre-portal construction trenches were excavated in Quaternary soils
and Culm rock. Secondary loess and clayey deluvial sediment prevailed
among the soils.

Hydrogeological conditions in the rock mass were relatively favourable
for the excavation. An impact on the stability of the excavation and deve-
lopment of overbreaks were recorded only exceptionally, when passing
through an environment formed by siltstone, with water seeping along dis-
continuity surfaces.

The tunnel excavation was carried out using the NATM with the applicati-
on of shotcrete; the so-called horizontal excavation sequence (top heading,
bench and invert) was used. The first to be driven was the top heading, at full
width, with the excavated area of about 65m? and the minimum height at the
crown of 6.10m. The lower part of the excavated cross section was further divi-
ded into three parts. For geological and time-related reasons, all excavation in
the top heading and bench was performed by the drill and blast technique.

Obr. 10 Strme uloZené aleuropelity v Celbé kaloty s antiformni strukturou
vpravo (tunelovd trouba B, km 141,864) (foto Stach)

Fig. 10 Steeply bedded aleuropelites at the top heading face, with an antiform
structure on the right-hand side (tunnel tube B, km 141.864) (photo Stach)




TuHel 19. rotnik - €. 2/2010

Obe priportdlové stavebni jamy byly hloubeny v kvartérnich zeminéach The primary excavation support consists of shotcrete with lattice girders,
a kulmskych hornindch. PfevaZujici zeminou byly spraSové hliny steel mesh and rock bolts. The primary support class IIIA prevailed, com-
a jilovité deluvidlni sedimenty. prising a C20/25 shotcrete layer, one layer of mesh on both surfaces, lattice

Hydrogeologické poméry v horninovém masivu byly vzhledem k razbé girders and, in the necessary extent, rock bolts, anchors and forepoling. An
veelku priznivé. Pouze vyjimecné byl zaznamendn vliv na nestabilitu average excavation round length of 1.60m was specified for this class.
vyrubu a vznik nadvylomd v prostfedi prachoveu s prisaky vod podél Construction trenches were excavated in the Brno and Ostrava portal
ploch diskontinuit. areas. The dividing elements between the mined part and cut and cover parts

Razba tunelu byla provddéna NRTM s uplatnénim stitkaného betonu of the tunnel were formed by temporary portals, to which the slopes of the
s horizontdlnfm ¢lenénim vyrubu. V prvnim kroku byla raZena kalota construction trenches were connected. The temporary portals and slopes of
v plné 3iice, o plose vyrubu cca 65 m? a minimdlni vySce ve vrchliku the construction trenches were supported by a combination of temporary
klenby 6,10 m. Dolni etd? profilu byla dale prostorové &lenéna na ti engineering measures — reinforced concrete walers, cable anchors, rod-type
Casti. Z geologickych i Casovych divodu byl kompletni vylom realizo- anchors, dowels and shotcrete_ reinforceq Wiﬂ} KARI mesh. )
vin s pouZitim trhacich praci v plném profilu, a to jak u kaloty, tak Canopy tube pre-support with protective reinforced collars were installed

at the portal walls, around the circumference of the future tunnel openings.

An increase in horizontal deformations of the right-hand slope, connected
with the rainy period in June 2006, occurred in three measurement profiles
during the excavation of the Brno-side construction trench excavated for the
cut-and-cover tunnel parts.

The support of the unstable part of the slope was designed on the basis of
a structural analysis. It consisted of the removal of the Quaternary surface
layers and installation of an additional tier of rod-type anchors using 12.0m
long TITAN 40/20 self-drilling rods (see Fig 11).

The final lining of the Klimkovice tunnel was carried out in C30/37 rein-
forced concrete. The concrete reinforcement consisted of lattice girders fab-
ricated from concrete reinforcement bars, two layers of KARI mesh (on both
surfaces) and strap pieces.

The Klimkovice tunnel is the first tunnel where the secondary lining was
cast using polypropylene fibre reinforced concrete with the aim of increa-
sing the fire resistance properties of the concrete vault. This solution was
chosen because the coarser aggregate fraction was based on greywacke.
Concrete fire resistance tests confirmed that this decision was justified — the
secondary reinforced concrete lining satisfied the tests.

For the purpose of observing the interaction between the lining and the
rock mass, a geotechnical monitoring design was carried out, following the
NATM principles, comprising a range of measurements of parameters of the

iu opefi.

Primérn{ osténi zajiStujici vyrub je ze stitkaného betonu s vyztuznymi
ocelovymi sitémi, prihradovymi oblouky a svorniky. Prevlddajicim
typem zajisténi vyrubu bylo primdrn{ ostén{ IIIA, pro které v daném geo-
logickém prostredi byl predepsén stiedni krok zdbéru 1,60 m a strikany
beton tiidy C20/25 s vyztuzi rubovou a licovou siti, doplnéné navic oce-
lovymi piihradovymi oblouky, v potfebném rozsahu opatiené svorniky,
prikotvenim a jehlovénim.

Po dobu vystavby byly v oblasti obou portdld vyhloubeny stavebni
jamy (Brno, Ostrava). Délicim prvkem mezi raZenou a hloubenou &dsti
tunelu byly provizorni portdly, na které navazovaly svahy stavebni jamy.
Provizorn{ portély i stény stavebnich jam byly ji§tény kombinaci doCas-
nych technickych opatfeni — Zelezobetonovymi prevdzkami, lanovymi
kotvami, tyCovymi kotvami, hfebiky a stffkanym betonem vyztuZenym
ocelovymi sit¢tmi KARI.

V portédlovych sténdch byly po obvodu zarazky budoucich tunelt zho-
toveny ochranné mikropilotové destniky a ochranné Zzelezobetonové
limce.

V prubéhu hloubeni stavebni jdmy Brno pro hloubené &dsti tuneld
doslo k nédrustu vodorovnych deformaci pravého svahu, které byly spoje-
ny s deStivym obdobim v ¢ervnu 2006.

Na zékladé statického posouzeni bylo navrZeno zajisténi nestabilni interaction; the tunnel excavation and excavation support installation pro-
Casti svahu, sklddajici se z odtéZeni povrchovych kvartémich vrstev cess was controlled according to the results of the measurements. The instal-
a provedeni dodateCné etdZe tycovych kotev ze samozdvrtnych tyci lation of thermal and strain gauge sensors in the secondary lining and mea-
TITAN 40/20 délky 12,0m (obr. 11). surements of the rock mass temperature at the distance of 1m beyond the

Definitivni osténi tunelu Klimkovice bylo provedeno jako Zelezobeto- lining, which was the first application of these measurements to motorway
nové z betonu C30/37. Jako vyztuz byly pouzity svafované obloukové tunnels, was one of the features of the measurements.
nosniky z betondfské vyztuZe, vyztuznd KARI sit ve dvou vrstvéch (rub Long-term observation of the thermal gradient has shown that the maxi-
a lic) a prilozky z prutové vyztuze. Zikladni délka tunelového pasu je mum difference between temperatures on the outer surface and inner surfa-
12 m. ce of the secondary lining of both blocks being monitored is up to 3°C.

Sekunddrn{ osténi tunelu Klimkovice mé jedno prvenstvi — pro zvyse- Measurements of average strain have proved that the secondary lining is for
ni protipozarni odolnosti betonu kleneb byl uplatnén beton the time being loaded only by its own weight and loads induced by tempe-
s rozptylenymi polypropylenovymi vldkny. Volba na toto feSeni padla rature changes. The long-term trend has suggested that the loads are slowly
proto, Ze hrubsi frakce kameniva do betonu byla na bazi drob. ZkouSky building up with time.
pozérni odolnosti betonu potvrdily oprdvnénost tohoto rozhodnuti — The owner established a Monitoring Board (MOBO), which acted throug-
zkouSeny Zelezovy beton sekunddrniho osténi vyhovél. hout the construction period as an advisory body. It became a high quality

Pro sledovéni interakce osténi horninového masivu byl v intencich and well functioning tool for all parties involved in the construction (on the
NRTM zpracovédn projekt geotechnického monitoringu, ktery zahrnoval client and contractor sides) for assessing the observed quantities and deci-
fadu méfen{ parametrt této interakce a podle vysledki méfeni byl proces ding on the excavation means and methods and construction processes. The
razeni a vyztuzovani fizen. Zajimavosti z hlediska méfen{ a prakticky personnel composition of the MOBO guaranteed both the independence of
prvnim pouZitim tohoto méfenf v oblasti ddlni¢nich tunelt byla instalace the board and the direct influence on the contractors for both tunnel tubes.
teplotnich a tenzometrickych ¢idel v sekunddrnim osténi a méfent teplot The ceremonial opening of the tunnel to traffic was attended by many
masivu ve vzdélenosti 1 m za osténim. official figures representing the owner (the Road and Motorway

Dlouhodobé sledovéni teplotniho spadu ukazuje, Ze rozdil teplot na Directorate), contractors (Subterra, Metrostav), the Moravian-Silesian
rubu a lici sekunddrniho osténi obou monitorovanych bloku je max. do Region and representatives of the municipality of Klimkovice (see Fig. 12),
3 °C. Méfeni pomérnych pretvofeni prokazuje, Ze sekunddrni osténi je which is most of all enjoying the reduction in the traffic volume resulting
zatim zatiZeno pouze vlastni tthou a zménami teploty. Dlouhodoby trend from the busy traffic on the I/47 road. This reduction is even more notice-
naznacuje pozvolny ndrist zatiZen{ v Case. able after the opening of the entire motorway to traffic in 2009.

The Klimkovice tunnel construction was awarded the title Construction of

Po celou dobu vystavby tunelu byl investorem ustaven poradni orgdn i as dn ¢ -
the Year at the regional level and the nationwide level in 2009 (see Fig. 13).

RAMO (Rada monitoringu), kterd se pro vSechny zicastnéné strany —
investora i zhotovitele stala kvalitnim a fungujicim ndstrojem pro vyhod- 2.4 Centrum Utility Tunnel, Ostrava

nocovdni observovanych veli¢in a feSeni postupil raZeb i vystavby. Information on Centrum Ultility Tunnel in Ostrava, the construction of
Persondln{ slozenif RAMO zajiStovalo jak jeho nezédvislost, tak primy vliv which commenced in 2003 and was completed at the end of 2005, is
na zhotovitele obou tunelovych trub. presented first of all because of the complex natural environment in which
Slavnostniho uvedent tunelu do provozu se ziicastnila fada oficidlnich the tunnel was built, and also because of the fact that this is the first utility
osobnosti investora RSD, zhotovitelu (Subterra, Metrostav) a zdstupcl tunnel housing sewers inside its cross section.
MS kraje a obce Klimkovice (obr. 12), kterd nejvice pocituje ndsledné The ever increasing numbers of various utility networks in developed
sniZeni dopravni zdtéZe intenzivni dopravou na silnici 1/47. Toto sniZen{ areas have virtually encountered limitations following from requirements for
je jesté vyraznéjsi po uvedent celé stavby dédlnice do provozu v roce 2009. maintenance and repairs, which present ever more extensive interference
Stavba tunelu Klimkovice byla v roce 2009 vyhodnocena jak na kraj- with the life in a city and its traffic and social infrastructures. For these rea-

ské, tak celostdtn{ trovni jako stavba roku (obr. 13). sons, the process of transition of locating engineering networks to shallower
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Obr. 11 Schéma rozmisténi prvkit monitoringu na &dsti jizni stény stavebni jamy hloube-
ného iiseku Brno spolecné s naznacéenou lokalizaci dodateénych opatieni pro sanaci

svahu (foto Stach)

Fig. 11 Layout of monitoring elements on a part of the southern wall of the construction
trench for the Brno cut-and-cover section, together with locations of additional slope-

stabilising measures (photo Stach)

2.4 Kolektor Centrum Ostrava

Informace o kolektoru Centrum v Ostravé, jehoZ stavba byla zahdjena
v roce 2003 a dokonéena koncem roku 2005, jsou uvddény predev§im
z duvodu realizace tohoto dila ve sloZitém pifrodnim prostiedi a také
z davodu, Ze tento kolektor je prvnim kolektorem, ktery je vyuZivan i pro
vedeni kanaliza¢nich fadu v profilu kolektoru.

Vedeni stdle vétstho mnoZstvi ruznorodych inZenyrskych siti
v zastavénych oblastech jiZ prakticky narazilo na omezen{ dand pozadav-
ky na ddrzbu a opravy, kterd predstavuji stle rozsdhlejsi zdsahy do Zivo-
ta mésta a jeho dopravni a spoleCenské infrastruktury. Z téchto duvodu jiz
pred vice nez 30 lety doglo ve svété a prakticky soucasné i v nékterych
méstech Ceské republiky (Praha, Brno, Jihlava) k pfechodu umistovani
inZenyrskych siti do mél¢ich ¢ hlubich podzemnich dél — kolektorl —
které tesi jak otdzky zvétSeného poltu podzemnich vedeni, tak jejich
tdrzby, oprav a dopliiovani. Kolektorova vedeni bylo moZzno budovat
z povrchu v otevienych vykopech nebo jako razené Stoly hornickym zpu-
sobem. Pozitivni zkuSenosti provozovateli ve méstech, kterd k této kon-
cepci pristoupila, vedly k dvahdm vyuzit tato dila mj. i k veden{ kanali-
za¢nich fadi, které nejsou obvyklou souddsti kolektoru.

Stav kanaliza¢ni sité centra Ostravy vyvolal poZadavek, aby sou¢asné
s vystavbou kolektoru Centrum bylo feSeno i bezproblémové odvadén{
destovych a splaskovych vod. Pavodni studie feSeni kolektoru v centru
Ostravy navrhovala uloZeni nové kanalizatni péteini stoky v pocvé
kolektorové chodby (obdoba feSeni pouzitych v brnénskych kolektorech).
Tato koncepce umisténi stoky vyvolala potfebu fesit problémy
s preCerpdvanim odpadnich i destovych vod, nutnost provozovat kanali-
zalni Cerpaci stanice v centru mésta, vyrazné zvySeni provoznich ndkla-
du kolektoru a problém nédvaznosti dalSich etap kolektorizace v centru
Ostravy.

Z téchto davodu si generdlni projektant dila stanovil jako cil zajistit
gravitaéni odvadéni splaskové i destové vody, coz bylo fesitelné pouze

Fig. 12 Ceremonial cutting of tape (photo Pechman)

or deeper underground structures — utility tunnels — took place in
the world and at the same time in some cities in the Czech Republic
(Prague, Brno, Jihlava, Bratislava) over 30 years ago. The tunnels
solve the issues of the increased numbers of underground networks,
their maintenance, repairs and additions. It was possible to build
utility tunnels either as cut-and-cover structures or as mined galle-
ries using mining techniques. The positive experience gathered by
operators in the cities which had approached this concept led to
deliberations that these structures could be also used for housing
sewers, which have not been common parts of utility tunnels.

The condition of the sewerage network in the centre of Ostrava
brought about the requirement that the trouble-free evacuation of
storm water and sewage be solved simultaneously with developing
the Centrum Utility Tunnel. The original study for the utility tunnel
in the centre of Ostrava proposed that the new trunk sewer be pla-
ced on the bottom of the utility tunnel (an analogy to the solution
used in Brno utility tunnels). This concept of locating the sewer
brought about the need for solving problems with pumping of
sewage and storm water, the necessity to operate sewerage pum-
ping stations in the centre of the city, a significant increase in ope-
rating costs of the utility tunnel and a problem of succession of
other stages of utility tunnel constructions in the centre of Ostrava.

For the above reasons, the general designer for the works pur-
sued an objective to ensure gravity evacuation of sewage and
storm water. This could be solved only by locating the sewer in the
space under the crown of the utility tunnel. This concept raised many doubts
and comments regarding the long-term functionality, the construction itself
and possibility of maintenance and repairs.

Centrum utility tunnel links to Podébradova utility tunnel and is termina-
ted by a connection to a sewer in the area of the New Town Hall in Ostrava.
The utility tunnel is 1,657.88m long.

The utility tunnel was driven at the depth of about 10m, through
a complicated natural environment which was characterised by the follo-
wing geological profile:

— Pre-Quaternary bedrock at depths of 8-11m, consisting of Miocene

plastic clays and claystone;

— Terrace gravel-sand layers of variable thickness (4-8m);

— a soft-consistency fluvial loam layer;

— anthropogenic deposits and fills.

The utility tunnel bottom was located on the interface between Miocene
clays and terrace gravel-sands, or was embedded in the upper part of
Miocene clays.

A utility tunnel profile with atypical increased height was used (see Fig.
14), taking into consideration the requirement for the tunnel height (4.5m)
relating to the possibility to evacuate sewage and storm water gravitational-
ly. As a result, the upper part of the utility tunnel excavation extended into
fluvial loams and made ground. The water table was found virtually in all
cases at the level of the excavated tunnel profile, sometimes reaching even
up to two thirds of the excavated profile height.

The original predictions of the geological conditions along the utility tun-
nel route (based on the EGS) were mostly confirmed by the excavation.

Structural calculations were carried out to determine dimensions and
composition of excavation support structures. They consisted of C20/25
sprayed concrete reinforced by steel lattice girders ASTA and two layers of
mesh. The spacing of the lattice girders was 0.7m and 0.5m for the utility
tunnel and chambers, respectively. Parameters of ASTA lattice girders and

W A o
Obr. 13 Pohled na vjezd do tunelu (brnénsky portdl) (foto Pechman)
Fig. 13 View of the tunnel entrance (the Brno portal) (photo Pechman)




umisténim kanaliza¢niho fadu do prostoru piistropi (kaloty) kolektoru.
Tato koncepce vyvolala fadu ndmitek i pochybnosti o své dlouhodobé
funké&nosti, vlastni realizaci i moZnosti provadét idrZbu a opravy.

Kolektor Centrum navazuje na kolektor Podébradova a je ukoncen
propojenim na kanalizaéni fad v prostoru pred Novou radnici
v Ostravé. Délka kolektoru ¢ini 1657,88 m.

Kolektor byl raZen v hloubce cca 10 m ve slozitém piirodnim pro-
stredi, charakterizovaném ndsledujicim geologickym profilem.

— predkvartérni podloZi v hloubkdch 8-11 m tvorené miocennimi

plastickymi jily a jilovci;

— vrstvami terasovych $térkopisku proménlivé mocnosti (4—8 m);

— vrstva ndplavovych hlin mekké konzistence;

— antropogenni uloZeniny a navazky.

Po¢va kolektoru byla lokalizovdna na rozhrani miocennich jila
a terasovych $térkopisku, piipadné zahloubena do horni &dsti miocen-
nich jilu.

Vzhledem k poZzadované vysce kolektoru (4,5 m), souvisejici
s moznosti gravitatné odvadét odpadni a deStové vody, byl pouZit
ponékud atypicky prevySeny profil kolektoru (obr. 14), takZe stropni
¢ast kolektoru byla v fadé mist raZena v ndplavovych hlindch
a navédzkédch. Hladina podzemni vody prakticky ve vSech piipadech
vyrazné zasahovala do profilu razeného dila, nékdy az do vysky dvou
tfetin razeného dila.

Pavodné predpoklddané geologické poméry (na zékladé IGP) v trase
kolektoru byly razenim vesmes potvrzeny.

Statickymi vypoCty byly navrZzeny dimenze a skladba vyztuznich
konstrukei, pro které byl pouZit stifkany beton C20/25 vyztuZeny oce-
lovymi piihradovymi oblouky ASTA a dvojitou mfiZovinou.
Vzdalenost vyztuznich oblouku byla 0,7 m u kolektoru a 0,5 m
u komor. Parametry oblouki ASTA i tloustka osténi zdvisela na geo-
technickych podminkéch a zatiZen{ povrchu (dynamické zatiZeni téz-
kym provozem kamionu a tramvaji). Zdkladni tlouStka vrstvy stifkané-
ho betonu byla 250 mm, u komor kolektoru pak 300 mm.

Razba dila probihala s vyuzitim klasickych hornickych technologif,
pro ochranu stropu dila bylo vesmés aplikovdno jehlovéani, prip.
ochranné destniky z injektovanych kotev. Zabirka pfi razbé odpovida-
la vzdélenosti vyztuznich pfihradovych oblouku. Pro zajiSténf stability
pocvy v polotuhych jilech byly provizorné pouZity vdlcované nosniky
s Zelezobetonovym pazenim, zajiStujicim roznos axidlnich sil ze svis-
Iych stén do podlozi. Definitivni dno kolektoru bylo provedeno jako
Zelezobetonova armovand deska s pri¢nymi nosniky HEB (obr. 14).

Pri razbé kolektoru bylo zaznamendno nékolik nepfiznivych jevu
vesmés souvisejicich s nestabilitou antropogennich navézek, se zvod-
nélymi oslabenymi zénami apod. Prakticky po celou dobu stavby nedo-
Slo k vykominovan{ stropnich vrstev aZ na povrch, prestoZe nékteré
zvlast exponované komory dosahovaly celkové vysky 7 m a byly raze-
ny s malym krytim kolektoru za nepreruseného dopravniho provozu
(jizda trolejbust a kamiond).

Pro napojeni okolnich budov byly vybudovany kolektorové chranic-
ky propojujici kolektor s budovami (obr. 15). Tyto chrani¢ky byly pro-
vedeny bezvykopové fizenym vrtanim z prostoru kolektoru. Do kazdé
budovy byly pripraveny chrdni¢ky pro topnou a pitnou vodu, plynovou
pripojku, pfipojku nizkého napéti a slaboproudu a pro kanalizaéni pri-
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the lining thickness depended on geotechnical conditions and the loads
acting on the surface (dynamical loading induced by heavy truck and tram
traffic). The basic thickness of the sprayed concrete layers was 250mm and
300mm for the tunnel and chambers, respectively.

The excavation was carried out using traditional mining techniques, with
spiling or forepoling consisting of grouted anchors providing the support of
the excavation roof. The excavation round length corresponded to the spa-
cing of the lattice girders. Rolled-steel sections with reinforced concrete lag-
ging were temporarily used to stabilise the bottom in semi-stiff clay. They
provided the transmission of axial forces to the sub-base. The final bottom
of the utility tunnel was carried out as a reinforced concrete slab with trans-
verse HEB beams (see Fig. 14).

Several unfavourable phenomena were registered during the utility tunnel
excavation, which were mostly associated with the instability of the anthro-
pogenic fills, water-bearing weakness zones etc. No “daylight” collapse
happened practically throughout the construction time despite the fact that
some exceptionally complicated chambers were up to 7m high and were
excavated under a shallow cover, with the traffic (trolleybuses and heavy
trucks) uninterrupted.

Protective sleeves were installed allowing connections to buildings (see
Fig. 15). The sleeves were installed by means of a trenchless technique,
directional drilling from within the utility tunnel. The protective sleeves for
heating water and drinking water, gas connections, low tension and weak
current connections and sewerage connections were prepared for each buil-
ding. Sewerage services from street inlets were connected with the sewer in
the utility tunnel via new connecting shafts, also by drilling without a need
for digging trenches. The new connecting shafts make controllable conne-
ction of house services and street inlets possible and, at the same time, allow
subsequent connection of new sewerage pipes. The existing storm water and
sanitary sewers were connected in a phased manner to the new trunk sewer.

The overall utility tunnel equipment is shown in Figures 14 and 15. It is
necessary to note that the length of drilling for protective sleeves exceeded
7km, in the conditions of the city centre containing a dense network of buri-
ed lines. The drilling operations were frequently complicated and delayed
owing to the necessity to solve collisions with existing networks.

Owing to the installation of the sewerage pipeline inside the utility tunnel
makes, gravitational evacuation of sewage and storm water is possible. The
new sewer is placed under the existing sewerage throughout its route length,
therefore phased turning over is possible. The lower part of the utility tun-
nel space houses a drinking water pipeline, 2 insulated heat pipelines (water
or steam), a gas pipeline and cable trays.

Placing the sewer to the space of the utility tunnel calotte is a non-traditio-
nal and unique solution. This solution was chosen taking into consideration
references submitted by the manufacturer of tubes and its capability to produ-
ce fittings and its own system of joining the tubes (Hobas glassfibre reinforced
plastic tubes). Owing to the placement of the pipeline under the tunnel roof, the
problem with the need to build pumping stations was removed. The DN 600 to
DN 1400 sewerage pipeline was laid on steel supports, which structurally
interact with the utility tunnel lining structure (see Fig. 16).

Owing to the spacing of the supports of about 2.8m, it was possible to use
2.8 and 5.6m long tubes. The tubes and fittings were transported to the uti-
lity tunnel via assembly shafts; all other handling of the tubes and fittings
was by means of specially modified material trucks. The total of 1,265m of

sewerage pipeline with 562 fittings was installed during the

course of the construction. As far as water pipelines are concer-
JEDNOTNA KANALIZACE nfzd, .the ‘total of 1,494m of DN‘ 150 — DN250mm and DN4QO
1 COMBINED STORM AND pipelines was assembled (pressure class PM10). Changes in
— FOUL WATER SCHEME directions in chambers and break points in the utility tunnel
were performed using fittings which were produced on site
from stainless steel.

PROSTOROVA REZERVA | " HORKOVODNI POTRUBI Apart from the sewerage pipelinff, there is a water pipeline
PRO POTRUBI PLYNU 5 1] 1I! . - HORKA VETEV located at the tunnel bottom. It lies on concrete supports.
SPACE RESERVE FOR GAS = -~ 2 HaBTWﬁEER LINE Stainless steel fittings were used for crossings and branching
PIPELINE B = points. The main reason for using stainless steel, pressure resi-
d \ stant fittings was the fact that they met demanding requirements
: pa— " 4 POTRUBI PITNE VODY for the length of life of the water pipeline. Glassfibre reinforced
, K ~ |+ DRINKING WATER LINE plastic tubes Hobas, the same ones as those used for the sewer,

L = £ 14 were used for straight stretches of the water pipeline.
B ) ) The choice of this non-traditional, and in many aspects uni-
BRI RORTY i B 3 t'%g}}%%o}&”' POTRUBI 2;1;,1 degignlfgr (lioc}?tingla sewer line in a utility tunnel signifi-
CABLE SHELVES 13 —= HOT WATER RETURN y simplified the solution for the sewerage networlf m.the
PIPE centre of Ostrava. Some sections of sewers and water pipelines
were put into service yet during the construction; the proposed
and implemented solution was sufficiently tested by this trial

Obr. 14 Pricny rez kolektorem
Fig. 14 Cross-section through the utility tunnel

operation.
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pojku. Kanaliza¢ni ptipojky
od uli¢nich vpusti byly pfi-
pojovany do novych napojo-
vacich Sachtic rovnéz bez-
vykopové s kanalizaci v ko-
lektoru. Nové napojovaci
Sachti¢ky umoznuji kontro-
lovatelné pripojeni domov-

CHRANICKA PRO PRIPOJKU WANALIZACE
PIPE SLEEVE FOR CONRECTION OF
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nich pripojek a uli¢nich
vpusti a zdroven zajistuji
moznost dodate¢ného pripo-
jovani novych kanalizac-
nich trub. Do nového pater-
niho kanalizaéniho sbérace
byla postupné napojena std-
vajici destova i splaskova
kanalizace.

Celkové vybaveni kolek-
toru je ukdzdno na obr. 14
a obr. 15, pficemZ je nutno
uvést, ze vrtané kolektorové
chranicky dosdhly délky vice
nez 7 km v podminkdch
husté zasitovaného centra.
Bylo Casto nutno fesit kolize
s existujicimi sitémi, coz
vrtdni komplikovalo a prod-
luzovalo.

Kanaliza¢n{ potrubi, umis-

g 2
L ]

VODOIESME & VIDUCHOTESAE UZmRDM CRieCxY
WATER TG D TCHT [MOLOSMC OF PR SUEDWE

®)

tené do kolektoru, umoznuje
gravitacni odvedeni odpad-
nich a deStovych vod. Nové
kanalizacni potrubi je v celé
trase uloZeno pod stdvajici kanalizaci a umoZnuje jeji postupné prepo-
jovani. Ve spodni Cdsti kolektorové chodby je vedeno potrubi pitné
vody, dvé izolovand potrubi topné vody, prip. pary, plynové potrub{
a lavky pro kabely.

Jako netradi¢ni a unikdtni feSeni je umisténi kanalizace v kaloté
tubusu kolektoru. Pro volbu tohoto feSeni rozhodly reference poskyt-
nuté vyrobcem trubniho materidlu a jeho moZznosti vyroby tvarovek
a spojovéni potrubi (sklolamindtové trouby Hobas). Umisténi rozvodu
ve vrcholu chodeb odstranilo problémy s budovdnim preerpdvacich
stanic. Kanaliza¢ni potrubi v profilech DN600 az DN1400 bylo umis-
téno na ocelové podpéry, které staticky spolupracuji s konstrukei osté-
ni kolektoru (obr. 16).

Vzddlenosti podpér cca 2,8 m umoznily pouZit trouby v délkéch 2,8
a 5,6 m. Trubni kusy véetné tvarovek byly do kolektoru dopravovény
pres montdzni jamy, veSkerd dal§i manipulace s trubnim materidlem
byla realizovdna pomoci specidlné upravenych manipulaénich
a transportnich voziku. Pfi vystavbé bylo realizovdno celkem 1265 m
kanalizacniho potrubi s 562 ks tvarovek. Pro vodovody bylo smonto-
véano celkem 1494 m potrubi v profilech DN150 — DN 250 a DN400
v tlakové tfidé PM 10. Zmény sméru v komordch a lomovych bodech
kolektorovych chodeb byly zhotoveny z tvarovek vyrobenych na misté
z nerezové oceli.

Vedle kanaliza¢niho potrubi je u dna kolektoru umisténo vodovodn{
potrubi na betonovych podpérdch. Mista kifZeni a zmén vedeni trasy
jsou vystrojena z tvarovek z nerezové oceli. Hlavnim divodem pouzi-
ti nerezovych tlakovych tvarovek bylo splnéni niroénych pozadavku
na trvanlivost vodovodniho potrubi. Pro pfimé tiseky vodovodu bylo
pouzito sklolamindtové potrubi Hobas stejné jako v pripadé kanalizac-
niho fadu.

Volba tohoto netradiéniho a v mnoha smérech unikédtniho feSeni
umisténi kanalizaéniho potrubi v kolektoru vyrazné zjednodusila fese-
ni stokové sit€ v centru mésta Ostravy. Je§t€ beéhem vystavby byly
nékteré useky kanalizaci a vodovodu zprovoznény a tento ovéfovaci
provoz dostateCné provéril navrzené a realizované feSent.

3. HAVARIE PODZEMNICH STAVEB V CR V POSLEDNICH
15 LETECH

Havdrie podzemnich staveb jsou bezpochyby soucdsti rizika, které-
mu se kazdy zhotovitel vystavuje pii realizaci projektu. Podle faktord,
které danou havarii zpusobily, 1ze vnéjsi projevy a obraz havdrie roz-
delit do neékolika skupin:

— havdrie, pfi kterych vznikl povrchovy kriter,

Obr. 15 Schéma bezvykopového napojeni objektu
Fig. 15 Chart of the trenchless connection to buildings

3. COLLAPSES OF UNDERGROUND STRUCTURES IN THE CR
DURING THE PREVIOUS 15 YEARS

Collapses of underground structures are undoubtedly part of the risk
which each contractor has to cope with during the course of a construction.
External manifestations and patterns of collapses can be divided into groups
according to the factors which caused the particular collapse:

— collapses during which a surface crater originated on the surface

— collapses which took place only in the underground (caving, fall of

ground, face failures, roof failures etc.)

— ground water breakouts

— collapses of portals and fall of rock

For examples see Figures 17-21.

Obr. 16 UloZeni kanalizace v kolektoru
Fig. 16 Installation of the sewer in the utility tunnel




Obr. 17 Autobus zapadly do krdteru po havdrii tunelu v Mnichové
Fig. 17 A coach fallen to a crater due to a tunnel collapse in Munich

— havdrie, které probéhly pouze v podzemi (zdvaly, vyvaly, porusen{

celby, stropu apod.),

— pruvaly podzemni vody,

— havdrie portdla a skalnf zficeni.

Priklady viz obr. 17-21.

Ve vétSiné pifpadu havirii podzemnich staveb je pomérné obtiZzné
urCit jeji hlavni pri¢inu. Pfi¢iny havérie totiz obvykle spoCivaji
v synergickém pusobeni vice faktoru. Tyto faktory mohou byt jak pii-
rodniho, technického, technologického, tak i legislativné-smluvniho
charakteru. Nejvyssi zastoupeni mezi faktory zapriCinujicimi havérie
podzemnich staveb maji samoziejmé sloZzité geologické a hy-
drogeologické poméry. Nedokonale provedeny inZenyrskogeologicky
pruzkum, nevhodné vedeni razicich a vyztuZovacich praci, chybny
ndvrh, konstrukéni nedostatky, Spatnd organizace vystavby
a nedostate¢nd zkusenost Gc¢astnikl vystavby jsou také pomérné obvy-
klymi faktory, které se v nejednom priipadé podilely na havirii pod-
zemn{ stavby.

Slozitymi geologickymi poméry je minén nekvalitni, silné tektonic-
ky poruSeny horninovy masiv, popripadé jinak oslabeny horninovy
masiv. Toto oslabeni miZe byt zpusobeno napf. prostoupenim hornino-
vého masivu velmi tenkymi vrstvami jilu, velmi rychlym stiiddnim
horninovych vrstev a rozdilnych hodnot napéti béhem jednoho typu
horniny. Stabilita v takovém horninovém masivu je také zdvisld na cet-
nosti, ale predevsim na orientaci a stavu ploch nespojitosti.

Za slozité hydrogeologické poméry horninového masivu je povazo-
védno horninové prostfedi, kde je vysoké zvodnéni horninového masi-
vu, vyskyt Stérkopiskovych lavic s vysokou hladinou podzemni vody,
popiipadé zvyseny vyskyt maloprostorovych izolovanych kolektort,
rychlost pronikdni povrchovych vod do hlubsich zvodni je velmi vyso-
kd, nebo kdy hladina podzemni vody komunikuje s blizkou fekou, ¢i
jinym vodnim zdrojem.

Nedokonale provedeny inZenyrskogeologicky pruzkum muZe byt
zapri¢inén skutecnosti, Ze pruzkumné vrty jsou provadény ve vétSich

Obr. 19 Havdrie opérové Cdsti tunelu, ktery je soucdsti elektrarny Queimado
v Brazilii
Fig. 19 Breakdown of a sidewall part of a tunnel which is part of Queimado
power plant in Brazil

Obr. 18 Povrchovy krdter Jablunkovského tunelu (listopad 2009)
Fig. 18 A surface crater after a collapse of the Jablunkov tunnel (November 2009)

In the majority of collapses of underground structures it is relatively dif-
ficult to determine the main cause. Collapses are usually caused by synergic
actions of several factors. These factors may be both of natural, technical or
technological character and a legislative-contractual character. Of course,
geological and hydrogeological conditions are represented most of all
among the factors. Imperfect engineering geological survey, improper
management of excavation and support installation work, erroneous design,
structural flaws, poor organisation of construction and inadequate experien-
ce of the parties to the construction are also relatively customary factors
which have several times contributed to a collapse of an underground struc-
ture.

The term , difficult geological conditions® is for low quality, heavily faul-
ted ground mass or ground mass weakened in another way. This weakening
may be caused, for example, by pervasive laminas of clay existing in the
ground mass, very quick alternation of ground layers and varying values of
stress within one type of ground. Stability in such a ground mass also
depends on frequency, but above all on orientation and condition of discon-
tinuity surfaces.

Such hydrogeological conditions of a ground mass are considered to be
complicated where the ground environment displays high degree of water
saturation, where gravel-sand banks with high level of the water table or
small isolated aquifers are encountered, where the velocity of surface water
intruding into deeper aquifers is very high or where the water table commu-
nicates with an adjacent river or another water source.

Imperfection of an engineering geological survey can result from the fact
that exploratory boreholes are drilled at greater distances than it would be
suitable for the particular area or some of important properties of ground
mass are missed out during the survey. Nevertheless, incorrect conclusions
may be made even if the engineering geological survey is adequate, first of
all due to improperly assessing of the obtained data.

The management of excavation and support installation operations can be
branded unsuitable in the situation where the design values of the maximum
distance between the excavation face and the bottom excavation are exceeded,

Obr. 20 Pruval podzemni vody v tunelu Kaponig v Rakousku
Fig. 20 Groundwater breakdown in the Kaponig tunnel, Austria
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Obr. 21 Havdrie portdlové stény v Hreb¢i v dubnu 1995
Fig. 21 Collapse of a portal wall in Hrebed, April 2006

vzdélenostech, nez by bylo pro danou oblast pithodné, nebo je-li pfi
pruzkumu opomenuta nékterd z duleZitych vlastnosti horninového
masivu. I z dostate¢né provedeného inZenyrskogeologického pruzku-
mu vSak Ize dojit k chybnym zdvéram, a to predev§im nevhodnym
vyhodnocenim ziskanych dat.

Za nevhodné vedeni razicich a vyztuZovacich praci lze oznacit situ-
aci, pfi které dojde k prekroCeni ndvrhové hodnoty maximaélni vzdéle-
nosti provddéni po¢vy za vylomem Celby, funkce plo$né stabilizace
vylomu je sniZena zaostdvanim druhé vrstvy ndstiiku strikaného beto-
nu za vylomem Celby, nebo pokud dynamika provddéni razicich
a vyztuzovacich praci vyrazné zaostdvd za predpokladem ndvrhu.

Pri provddéni ndvrhu muzZe dojit k velkému mnoZstvi chyb. Mezi ty
nejpodstatnéjsi, ke kterym vSak jiz v minulosti do$lo, patfi napr.
nesprdvné pouZity matematicky model horninového prostredi
v projektové dokumentaci, nedokonalé vyloZzeni zahrani¢ni normy,
které miZe mit za ndsledek podstatné sniZen{ statické bezpecnosti pro-
jektu, nevhodny vybér pouZité technologie raZzeni a vyztuZovani do
danych geologickych a hydrogeologickych poméru, ndvrh nevyhovuji-
citho monitorovaciho systému a také mnozstvi jinych projektantskych
chyb.

V pripadé konstruk&nich nedostatkd podzemnich staveb se maze jed-
nat o pritomnost nedokonale oSetfenych pracovnich spér, nedokonale
provedenou hydroizolaci, injektdZi za osténim a v krajnim pripadé
i o pouziti nekvalitnich materidld.

Spatnd organizace vystavby je ve vétSiné pripadi ddna predev§im
faktem, Ze nad technickymi kritérii prevazi kritéria ekonomickd
a politickd. Déle muZe byt zapri¢inéna také nestandardnim smluvnim
vztahem mezi GCastniky vystavby, ktery kazdému presné nevymezuje
jeho kompetence a povinnosti.

Zku3enost Gcastniki vystavby nékdy neni na drovni potieb rychlé
a ucinné reakce na zmény podminek razeni a vyztuZovani.

Na vzniku havérie se mohou podilet i jiné faktory, mezi které patii
napr. vliv d¢inku seismického zatiZeni, vliv extrémnich srdZek nebo
extrémné zvySend hladina reky.

Vétsina téchto faktori se rovnéz podilela na vzniku ndsledujicich
nejvyznamndjsich havarii tuneli (Stol) v CR v poslednich 15 letech.

Havdrie silni¢niho tunelu Hiebe¢ v dubnu 1995, Hiebed

Havdrie jamy Do-IV Dolu Doubrava v ¢ervenci 1998, Orlova

Zatopeni prazského metra v srpnu 2002, Praha

Havirie Zelezni¢niho tunelu Bfezno v kvétnu 2003, Bfezno

u Chomutova

Havarie kolektoru Vodic¢kova v lednu 2005, Praha

Havdrie vodovodniho privadéce Svafec—Bélet 1 v z4i{ 2005, Brno

Havdrie Zelezni¢niho tunelu v Jablunkové v dubnu 2008, Jablunkov

Havdrie silni¢niho tunelu Blanka v kvétnu 2008 a v fijnu 2008, Praha

Havdrie Zelezni¢niho tunelu Jablunkov v listopadu 2009, Mosty

u Jablunkova

V tabulce 2 jsou uvedeny jednotlivé havdrie a faktory, které se na
jejich vzniku vyznamné podilely. Pokud se na vzniku havérie podilelo
synergické pusobeni vice faktort, jsou tyto oznaceny symbolem [X],
pokud je vSak zrejmé, Ze nektery faktor vyrazné prevySoval nad ostat-
nimi, je oznacen symbolem [XX].

Na nésledujicich obrézcich je vyjddreno procentudlni zastoupeni jed-
notlivych faktort, které jsou nejcastéji pri¢inami havérii podzemnich
staveb v CR a ve svété. Podle téchto grafi a také podle vieobecného

TuoufHel

where the function of the areal waterproofing system is corrupted due to
delaying the application of the second layer of shotcrete behind the excavati-
on face or where dynamics of the excavation and support installation operati-
ons is significantly lower that it was assumed by the design.

A great number of mistakes can originate during the work on the design.
Among the most significant which, however, have already been encountered
in the past, we can mention for instance an improperly used mathematical
model of the ground environment in design documents, imperfect explanati-
on of a foreign standard, which can result in substantial diminishing of struc-
tural safety of the design, unsuitable selection of the excavation means and
methods to be used in the particular geological and hydrogeological conditi-
ons, unsuitable design of the monitoring system and many other designing
errors.

As far as structural flaws of underground structures are concerned, they
may be caused by imperfect treatment of construction joints, imperfect
installation of waterproofing layers, imperfect backgrouting and, in the
extreme, by the use of poor quality materials.

Poor organisation of construction is in the majority of cases a result of
making decisions, where economic and political criteria outweigh technical
criteria. In addition, it can result from non-standard contractual relations-
hips between parties to the construction, which do not exactly specify com-
petences and obligations of each party.

Sometimes the experience of parties to the construction is not adequate to
the need for quick and effective response to changing driving conditions.

Even other factors can participate in the origination of a collapse, e.g. the
influence of seismic loads, influence of extreme precipitation or extremely
increased level of a river.

The majority of these factors also participated in the following most sig-
nificant collapses of tunnels (galleries) in the CR during previous 15 years:

The Hrebet road tunnel collapse, April 1995, Hiebed

Collapse of shaft Do-1V at the Doubrava mine, July 1998, Orlova

Inundation of Prague metro, August 2002, Prague

Collapse of the Bfezno rail tunnel, May 2003, Bfezno u Chomutova

Collapse of Vodickova utility tunnel, January 2005, Prague

Collapse of the Svarec — Béle¢ water tunnel, September 2005, Brno

Collapse of a rail tunnel at Jablunkov, April 2008, Jablunkov

Collapses of the Blanka road tunnel, May 2008 and October 2008, Prague

Collapse of the Jablunkov rail tunnel, November 2009, Mosty

u Jablunkova

The table 2 shows individual collapses/incidents and factors which signi-
ficantly contributed to their origination. Where the synergic effects of more
factors participated in the origination of the collapse, the factors are marked
by symbol [X], although, if it is obvious that some factor significantly over-
weighed the others, it is marked by symbol [XX].

The pictures below show the percentage of contribution of individual fac-
tors which have been the most frequent causes of collapses of underground
structures in the CR and worldwide. According to these charts and according
to general expectation, it is possible to unambiguously determine that the
most frequently represented factors causing defects in underground structu-
res are complicated geological and geotechnical conditions. These two fac-
tors are among the causes of the majority of collapses of underground struc-
tures. The question remains whether they contributed to the origination of
the particular collapse critically or were only factors which allowed the col-
lapse to develop, while another of the factors was the main cause.

Figure 23 was plotted using an analysis of collapses in the world in the
same period of time, which was conducted for a total of 55 collapses which
have happened since 1994.

Even though the history of the underground construction industry dates
back as far as the 9th century in which the unpreserved Semiramis Tunnel
was built, it is even today impossible to avoid incidents, never mind whet-
her minor or larger. Unfortunately, it is not exceptional that serious injuries
or even fatalities happen during the collapses. Whether collapses originate
depends first of all on the fact that geological conditions are never repea-
table, therefore each underground construction is a unique piece of work,
where the beginning of the excavation cycle is always the most critical point
in the entire excavation process, not only from geological aspects but also
geomechanical and personnel ones. Every underground construction should
present a new challenge for all parties to the construction, requiring profes-
sional skills and experience, which should be refreshed even during the
excavation. Learning ability therefore plays an important role, first of all at
the beginning of the excavation.

New pieces of knowledge are even drawn, after detailed analyses, from
collapses, to be subsequently used for preparation of recommendations for
designing and execution of underground construction works. This process
was applied, for example, in the case of the Heathrow tunnel collapse, which
happened at the time when the NATM was little used for clay environments
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Tab. 2 Prehled faktort zpiisobujicich jednotlivé havirie v CR
Table 2 Survey of factors causing individual collapses/incidents in the CR

JEDNOTLIVE HAVARIE

INDIVIDUAL
COLLAPSES / INCIDENTS
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COLLAPSE/INCIDENT CAUSES

Slozité
geologické
pomeéry
Complicated

geological
conditions

Slozité hydro-
geologické
poméry
Complicated

hydrogeol.
conditions

Nedokonale
provedeny
IGP

Imperfect
engineering
geological
survey

Nevhodné
vedent
razicich praci

Unsuitable
management
of mining
operations

Chybny
navrh

Faulty
design

Konstrukéni
nedostatky

Structural
flaws

§patné
organizace
vystavby a zkusenost
tcastnik vystavby
Poor organisation
of construction
and experience of
parties to
the construction

Jiné
priciny
havirie

Other

collapse
causes

Havarie silni¢niho tunelu
Hrebed v dubnu 1995, Hrebel
The Hrebe¢ road tunnel
collapse, April 1995, Hrebe¢

Havirie jamy Do-IV
Dolu Doubrava

v Cervenci 1998, Orlova
Collapse of shaft Do-IV
at the Doubrava mine,
July 1998, Orlova

X0

Zatopen{ prazského

metra v srpnu 2002, Praha
Inundation of Prague
metro, August 2002,
Prague

XX

Havarie Zelezni¢niho tunelu
Brezno v kvétnu 2003,
Brezno u Chomutova
Collapse of the Brezno
rail tunnel, May 2003,
Brezno u Chomutova

Havirie kolektoru Vodickova
v lednu 2005, Praha

Collapse of Vodickova
utility tunnel, January 2005,
Prague

X4

Havdrie vodovodniho

privadéce Svarec-Belec [

v zari 2005, Brno

Collapse of the Svarec—Béle¢
water tunnel, September 2005,
Brno

X®

Havarie zelezni¢niho tunelu
v Jablunkoveé v dubnu 2008,
Jablunkov

Collapse of a rail tunnel
at Jablunkov, April 2008,
Jablunkov

Havirie silni¢niho tunelu
Blanka v kvétnu 2008, Praha
Collapse of the Blanka
road tunnel, May 2008,
Prague

XX

Havirie silni¢niho tunelu Blanka
v fijnu 2008, Praha

Collapse of the Blanka

road tunnel, October 2008,
Prague

XX

XO

1) Mezi priciny této havdrie patii i naruSeni struktury horninového masivu v disledku vlivu predchozi havdrie jamy, kterd probéhla v roce 1986 a také vliv extrém-

nich srdazek v cervenci 1997.

3) PFicinou této havdrie mohlo byt i zemétiesent s epicentrem v zdpadnich Cechdch, které se tésné pred samotmou havdrii projevilo v prazském regionu intenzitou,
kterd zde nebyla zaznamendna v priibéhu poslednich 26 let.

4) Sufoze zemin v dusledku poruch vodovodnich radii.

5) Nedokonalé zapliiovdni prostoru za osténim.
1) Disturbance of the rock mass due to a previous collapse of the shaft in 1986 and the effect of extreme rains in July 1997 also belong among the causes of this collapse.
2) The main cause of this incident was the level of water in the Vltava River, which reached about 2m above the 100-year recurrence flood level.
3) This collapse may have been caused even by an earthquake with its epicentre in Western Bohemia, which manifested itself just before the collapse in the Prague

region with an intensity which had not been recorded in this region during previous 26 years.
4) Soil suffosion as a consequence of defects of water pipelines.

5) Imperfect backfilling of the space behind the lining.
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oCekdvani lze jednoznaéné urdit, Ze nejlasteji
zastoupenymi faktory zpusobujicimi poruchy
podzemnich staveb jsou sloZité geologické
a hydrogeologické poméry. Tyto dva faktory
jsou totiz zastoupeny ve vyctu piicin vétSiny
havérii podzemnich staveb. Otdzkou vzdy
zUstdvéa, zda se na vzniku havdrie podilely
mirou prevdznou, nebo zda byly pouze fakto-
rem, ktery vznik havdrie umoznil a hlavni prici-
nou byl néktery z jinych faktoru.

Pro sestaveni obr. 23 byla vyuZita analyza
pri¢in havdrii ve svété ve stejném Casovém
obdobi, provedend pro celkem 55 havdrii, ke
kterym doslo od roku 1994.

I kdyZ se historie podzemniho stavitelstvi
tdhne aZ do 9. stol. pf. n. 1., kdy byl postaven
nedochovany asyrsky Semiramidin tunel,
i v soucasné dobé neni mozné vyvarovat se
havdriim, a to jak mensiho rdzu, tak i téch
dalekosdhlejsich. Bohuzel neni vyjimkou, Ze
pri téchto havariich dojde i k vdZnym ujmam

Procentualni zastoupeni jednotlivych faktord v CR
Percentage of contribution of individual factors in the CR

Slozité geologické poméry
B Complicated geological conditions

Slozité hydrologické poméry
® Complicated hydrological conditions

Nedokonale provedeny IGP
Imperfectly performed EGS
Nevhodné vedeni raziéskych praci
a |mproper management of excavation
operations

Chybny navrh
B Erroneous design

Konstrukéni nedostatky

Structural flaws

Spatna organizace vystavby

a zkusenost tcastnikd vystavby
Poor organisation of construction
and insufficient experience of parties
to the construction

Jiné piiciny havérie

Other causes of collapse

na zdravi, pripadné i ztrdtdm na Zivotech.
Vznik téchto havérif je ddn predevsim skutec-
nosti, Ze geologické podminky nejsou nikdy
zcela opakovatelné, a proto je kazdd podzem-
ni stavba ojedinélym dilem, u kterého je poca-
tek razictho cyklu vzdy nejkriti¢téj$im mistem v prabéhu celého
raZzeni a nejednd se jenom o geologické aspekty, ale také geome-
chanické a persondlni. Kazda podzemni stavba by méla byt novou
vyzvou pro vSechny tdcastniky vystavby a vyZaduje odborné zna-
losti a zkuSenosti, které by mély byt dopliiovany i v prubéhu raze-
ni. Schopnost uceni tudiZz hraje vyznamnou roli, a to predev§im
v pocate¢ni fazi razby.

Ze samotnych havdrif jsou po jejich podrobné analyze Cerpany
nové poznatky, které jsou poté vyuzity k doporueni pro projekto-
vani a provadéni podzemnich staveb. Stalo se tomu tak i napf.
v pripadu havdrie tunelu Heathrow, kdy byla NRTM je$té méné
pouZivanou metodou v prostiedi jila, tim vice pfi aplikaci
v zemindch. Pfi této havdrii se v8ak potvrdilo, Ze pfi provadéni
podzemnich staveb pomoci zdsad NRTM musi byt bran zvyseny
zietel na vysledky geotechnického monitoringu a také jak vyznam-
nd je existence nezdvislého geotechnického dozoru.

Pied provddénim samotného projektu je velmi dulezity inZzenyr-
skogeologicky pruzkum. Jeho kvalita se u jednotlivych podzem-
nich staveb velmi li§i. Tento fakt je ddn predevsim tim, Ze vitézem

previous 15 years

vétSinou pusobi negativné na kvalitu, ale predevsim na komplex-
nost inZenyrskogeologického pruzkumu.

Obr. 22 Procentudlni zastoupeni jednotlivych faktorii zpiisobujicich havdrie podzemnich staveb v CR
v poslednich 15 letech
Fig. 22 Percentage of individual factors causing collapses of underground structures in the CR during

and even less for applications in soils. It was confirmed in the case of this
collapse that increased attention must be paid to results of geotechnical
monitoring when executing underground construction works according to
the NATM principles and how important the existence of independent geo-
technical supervision is.

It is important to carry out engineering geological surveys prior to starting
the construction work itself. Their quality significantly differs at individual
underground constructions. This fact follows first of all from the system
where the lowest bid wins in public competitions. As a result, quality and,
above all, the comprehensiveness of the engineering geological survey are
negatively affected. This is so because most clients do not fully realise that,
on the one hand, a high quality engineering geological survey requires cer-
tain cost, but on the other hand, it is only a fraction of the costs which will
be incurred in case of contingent rehabilitation operations, speaking nothing
of the works delays. A designer can cope with imperfections in a geological
engineering survey only by a conservative attitude to the design. However,
this attitude again increases the cost of the works.

Another important factor affecting the success of the entire project even
before the construction starts is the selection of the method to be applied to
the underground construction works. The reason is that serious underesti-
mation of properties of the rock mass surrounding the underground struc-
ture was experienced in several cases or, taking into consideration other

Vétsina investorQ si totiZz zcela neuvédomuje
skutecnost, Ze kvalitné provedeny inZenyrsko-
geologicky pruzkum vyZzaduje sice urcité
néklady, ale jedna se pouze o zlomek nékladu,
které musi byt vénovény pripadnym sanaénim
pracim, a to nemluvé o ¢asovém zpozdéni pro-
jektu. Nedokonale provedenému inZenyrsko-
geologickému pruzkumu muZe nédsledné Celit
projektant pouze konzervativhim ndvrhem,
ale tim opét zvySuje cenu projektu.

DalS$im vyznamnym faktorem ovliviiujicim
uspésnost celého projektu jesté pred jeho
samotnym zapocetim je vhodny vybér meto-
dy, kterou bude podzemni stavba provadéna.
V nékterych pripadech totiz doslo k hrubému
podcenéni vlastnosti horninového masivu
v okoli podzemnf stavby, popfipadé byla kvuli
jingm faktoram vybrdna metoda, kterd se do
danych podminek ne zcela hodila. Jen v Ceské
republice jsou v poslednich 15 letech zndmy
dvé havdrie, u kterych se vyrazné podilel na

Procentualni zastoupeni jednotlivych faktor( ve svété
Percentage of contribution of individual factors in the world

u SloZité geologické poméry
Complicated geological conditions

w Slozité hydrologické poméry
Complicated hydrological conditions

= Nedokonale provedeny IGP
Imperfectly performed EGS
Nevhodné vedeni razi¢skych praci
Improper management of excavation
operations

Chybny néavrh

Erroneous design

Konstrukéni nedostatky

Structural flaws

Spatnd organizace vystavby

a zkuSenost ucastnikl vystavby
Poor organisation of construction
and insufficient experience of parties
to the construction

Jiné pficiny havarie

Other causes of collapse

jejim vzniku vybér metody. Jednd se o havarii
jémy Do-1V Dolu Doubrava v ¢ervenci 1998,
kdy byla pouZita metoda litého betonu, coz
predstavovalo pouZiti nevyztuZenych prstencu

Obr. 23 Procentudlni zastoupeni jednotlivych faktoru zpusobujicich havdrie podzemnich staveb ve svété
v poslednich 15 letech

Fig. 23 Percentage of individual factors causing collapses of underground structures in the world
during previous 15 years
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s propustnou lozn{ sparou ve velmi slozitych hydrogeologickych factors, a method was selected which was not perfectly suitable for the
pomérech, a havdrii Zelezni¢niho tunelu Bfezno v kvétnu 2003, given conditions. Only in the Czech Republic there are two collapses
kdy byla pouZita metoda obvodového vrubu, kterd byla mnoha known from the period of past 15 years, where the choice of the construc-
odborniky do danych podminek kritizovand. Tato kritika byla ale tion method significantly contributed to their origination. The first one is

the collapse of shaft Do-IV at the Doubrava Mine in July 1998, where the
cast-concrete method was used, i.e. unreinforced concrete rings with per-
meable course joints, which were used in very complex hydrogeological
conditions. The other one was the collapse of the Bfezno rail tunnel in May
2003, where a pre-lining method was used, the application of which in the
particular conditions had been criticised by many experts. Unfortunately,
the criticism was strongly refused by the project owner and the designer.

vzdy razantné odmitdna ze strany investora i projektanta.

Pfi samotném projektu maze dojit také k mnoha nedostatkim ¢i
zdvaznym pochybenim. JiZ pti ndvrhu do$lo v minulosti nejednou
k vyskytu velmi hrubych pochybeni. K tém nejzdvaznéj$im pripa-
dum fadime predevs§im projektantské chyby pii havdrii tunelu
v Singapuru v dubnu 2004, kde si projektanti $patné vylozili brit-

skou normu a pouZili mensf profily ocelovych prvkii, coz zdsadné Many imperfections or serious errors can originate during the work on the
sniZilo statickou bezpeCnost projektu. Navic byla provedena design itself. Very serious mistakes have been made in the past even in the
nevhodnd analyza zemin, protoZe ve vypoCtovém modelu designing stage. Among the most serious cases, we can rate above all desig-
s vyuzitim metody kone¢nych prvki byly zaddny parametry ners’ mistakes in the case of the collapse of a tunnel in Singapore in April
odvodnéné zeminy, pfi¢emz mély byt pouZity parametry pro neod- 2004, where designers misapprehended a British standard and used smaller
vodnéné zeminy, a tim doslo k poddimenzovéni. Za dal$i vyraznou sections for steel elements, which fact reduced structural safety of the
chybu lze povaZovat i velmi optimisticky matematicky model hor- design. In addition, the analysis of soils which was carried out was inap-
ninového prostiedi pouzity v projektové dokumentaci u tunelu propriate because parameters of drained soil were used in the FEM calcu-
v Mnichové v z4aH 1994. lation model, whilst undrained soil parameters were to be used. As a result,

the structure was underdesigned. The very optimistic model of the rock
environment which was used in the design for a tunnel in Munich,
September 1994, can be considered another significant error.

Geotechnical monitoring is very important component when underground
structures are being constructed, first of all in the case of the currently very
widespread NATM. The task of geotechnical monitoring is to compare pro-

Pii provddéni podzemnich staveb, a to predev§im u dnes velmi
roz§ifené NRTM, je duleZitou slozkou geotechnicky monitoring.
Ukolem geotechnického monitoringu je porovndni progndzy se
samotnym méfenim deformaci a stavu napjatosti osténi a okolniho
horninového masivu. Vysledkem je optimalizace provadéni pod-

zemnich staveb. Pokud jsou navrhované tpravy v intencich platné gnoses with results of measurements of deformations and the state of stress
projektové dokumentace, rozhodovaci proces se odehrava na stav- in the lining and the surrounding rock mass. This process leads to optimised
be, potazmo pifmo na elbé. V pifpadé, Ze situace vyZaduje zdsad- execution of underground structures. If the proposed changes remain within
ni zmény presahujici mantinely vymezené projektovou dokumen- intentions of the valid standard, the decision-making process takes place on
taci, je svoldno jednéni za dcasti zdstupc vSech ucastnika vystav- site or directly at the excavation face. When the situation calls for substan-
by. Denni interpretace vysledki komplexniho geotechnického tial changes, exceeding the limits set out in the design, a meeting of repre-
monitoringu musi byt nepfetrZita, aplikace vysledki a doporuceni sentatives of all parties to the construction is summoned. The daily interpre-
okamyzitd a bezprostiedni. Zhotovitel geotechnického monitoringu tation of results of the comprehensive geotechnical monitoring must be

uninterrupted and the results and recommendations must be implemented
immediately. The contractor for the geotechnical monitoring must have cle-
arly defined competences and relationships with the other parties to the con-
struction. From the client’s point of view, it is beneficial if the uninterrupted
presence of the monitoring personnel on site is taken advantage of, hiring
them as site supervisors. Then the site supervision becomes an optimal tool
allowing operative influencing of construction operations. Monitoring of

musi mit také jasn€ definované kompetence a vztahy vuci ostatnim
Gcastnikim vystavby. Z pohledu investora je vyhodné vyuZit
nepfetrzitou pritomnost zaméstnanci monitoringu na stavbé pro
funkci stavebniho dozoru. Pak je vykon stavebniho dozoru opti-
madlni ndstroj pro moZnost operativniho ovlivnéni vystavby.
Monitoring podzemnich staveb musi byt komplexni, protoZe pouze

vyhodnoceni méfen{ viech monitorovacich prvki ve vzdjemnych underground structures must be comprehensive because relevant predictions
souvislostech umoZni relevantni prognézy a zdvéry. Souasnd apli- and conclusions can be made only when all measured monitoring elements
kace spojeni monitoringu a dozoru umoZiiuje nejefektivnéjsi are assessed taking into consideration all relationships among them. The
a nejrychlejsi reakce na zastizené podminky. current application of the system combining the monitoring with site super-
Dal3i velmi dualeZitou sloZkou provddéni podzemnich staveb, vision makes the most effective and fastest responses to the encountered
kterd byla v minulosti pomérné nedocenéna, je organizace a fizeni conditions possible.
vystavby. Tento faktor se podilel na vzniku mnoZstvi havérii pod- ~ Another very important element of implementing underground construc-
zemnich staveb. V t&chto pfipadech doslo k ustoupeni ekonomic- tion projects, which was quite underestimated in the past, is construction

organisation and management. This factor also contributed to origination of
many collapses of underground structures. In these cases economic criteria
prevailed over engineering criteria, according to which the excavation had
to be suspended, the causes of excessive deformations be found and ade-
quate technical or technological measures be implemented. This situation
existed, for example, in the case of the Heathrow tunnel collapse in October

kym kritériim pred kritérii technickymi, podle kterych bylo nutné
razbu pozastavit, nalézt pfi¢iny nadmernych deformaci a prijmout
vhodnd technickd ¢&i technologickd opatfeni. Tato situace se
vyskytla napf. pfi havdrii tunelu Heathrow v f{jnu 1994, nebo
havarii tunelu Gotthard v dubnu 2002. Pfi havarii tunelu Heathrow

pfinutil investor prové(%e]icio firmu k pokr a}’éf)\{ém’ razicich 1994 or the Gotthard tunnel collapse in April 2002. As far as the Heathrow
a vyztuzovacich praci z duvodu dodrZeni terminu jejiho dokonce- tunnel is concerned, the client coerced the contractor into continuing to
ni, a to i presto, Ze vysledky geotechnického monitoringu jedno- excavate the tunnel and install the support so that the deadlines for the com-
zna¢né vyzadovaly opak. Stejné tak tomu bylo i v piipadé havdrie pletion were met, despite the fact that the monitoring results unequivocally
tunelu Gotthard. required the contrary. The same situation was in the case of the Gotthard tun-
Pfi samotném provadéni razicich a vyztuZovacich praci je potre- nel collapse.
ba zvySend opatrnost na kvalitni realizaci hydroizolace, a to prede- When excavating and installing support of underground openings, it is
viim v horninovém masivu se sloZitymi hydrogeologickymi pomé- necessary to heed increased caution regarding quality of the installation of
ry. V opacném piipadé totiz miZe dojit ke vzniku privald pod- the waterproofing, first of all within a rock mass featuring complex hydro-

geological conditions. Failing that, ground water breakout can happen, as
it did in the cases of the Los Angeles metro collapse in 1995 or the Haivan
tunnel collapse in 2001 (Vietnam).

Failing to maintain a safe distance from excavation face at which the top
heading or the tunnel is to be strengthened by the invert belongs among
other errors which can be made during excavation and support installation
operations. This serious failure to meet requirements of a design happened,

zemni vody, jako tomu bylo pfi havérii metra v Los Angeles v roce
1995, popripadé havdrii tunelu Haivan v roce 2001 (Vietnam).
Mezi dalsi nedostatky, které se béhem razicich a vyztuzovacich
praci mohou vyskytnout, patii nedodrZeni bezpe¢né vzddlenosti od
celby, ve které ma byt dokonceno vyztuzZovani kaloty nebo protik-
lenby. K tomuto vyraznému nedodrzeni ndvrhu do§lo mimo jiné pfi

havarii tunelu Chienberg v tnoru 2002 (Svycarsko). Zcela nepfi- for example, when the Chienberg tunnel (Switzerland) collapsed in
pustné je také zaostdvani druhé vrstvy néstfiku stifkaného betonu. | February 2002. Absolutely inadmissible is also delaying of application of
Tento nedostatek se vyskytl v pripadé havérie tunelu Horelica the second layer of shotcrete. This mistake was identified in the case of the
v bfeznu 2001. Vyskyt téchto nedostatkd Ize eliminovat predev§im Horelica tunnel collapse in March 2001. These mistakes can be avoided

existenci kvalifikovaného geotechnického dozoru. first of all by qualified geotechnical supervision.
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Nedostatecné zkuSenosti Glastnikd vystavby podzemni stavby
a technického dozoru z prace v daném prostredi, které mnohdy neod-
povidaji potfebé rychlé a G¢inné reakce na zmény podminek raZeni
a vyztuZovéni. Prosté srovnéni pfedpokladu inZenyrskogeologického
prazkumu, které je navic idealizované v geologickych podkladech
projektu zarazenim do geotechnickych kategorii nebo obecného
doporugeni technologickych postupu, s realitou horninového prostie-
di nenf dostaCujici a samo o sobé& nijak zvlast' vyznamné bez odpovi-
dajici korekce, protoZe obecné charakteristiky prostfedi nemohou
vyjadrit rozsah, miru a dopad lokdlnich, ale pro pouZitou technologii
velmi vyznamnych zmén. Tyto zmény vedou nutné k potiebé oka-
mzité kvalifikované reakce odpovédnych pracovnikl a technického
dozoru, pokud nemaji mit vyznamnéjsi dopad.
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