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VAZENI CTENARI CASOPISU TUNEL,

Je mi velkou cti i potéSenim, Ze v dobé, kdy nase spole¢nost
Stavebni geologie GEOTECHNIKA zavrsila 77 let své nepfretr-
Zité aktivity, se na Vas mohu obratit prostfednictvim ¢asopi-
su naSeho narodniho komitétu Mezinarodni tunelafské aso-
ciace ITA/AITES.

Kdo i jen zpovzdali sleduje vyvoj naseho podniku, nemize
nevidét, Ze zejména béhem poslednich 10 let prodélal znac-
né zmény. Firma, ktera se kdysi specializovala jen na geo-
technické, hydrogeologické a inZzenyrskogeologické prizku-
my, se zménila v moderni nezavislou konzultaéni spolecnost, jejimz hlavnim
cilem je poskytovéani Sirokého souboru odbornych sluzeb v celém spektru sta-
vebnictvi a Zivotniho prostiedi. Kromé specializovanych ¢innosti v oboru geo-
techniky dnes nabizime i organizovani a fizeni projektl v oblasti inzenyrskych
i jinych druht staveb. NaSe celkové finanéni vykony se v roce 2002 pfiblizily
k hranici 300 milionl K¢, zrealizovanych zhruba 150 pracovniky.

Kli¢ovym segmentem nasi ¢innosti jsou v soucasnosti pravé podzemni stav-
by. Dokumentuje to skuteénost, 7e se v Ceské republice bez nasi ugasti v lofi-
ském roce nestavél ani jeden tunel. A Ze jich je dnes hodné. Jmenuji jen
namatkou tunely prazského metra IVC1, Zelezni¢ni tunely Bfezno a Krasikov,
prazkumné Stoly pro tunely Panenska, Valik, Dobrovského, nebo pravé dokon-
¢eny vyznamny tunel na prazském silniénim okruhu Mréazovka. Za zminku téz
stoji nas prispévek pfi likvidaci povodiiovych Skod v zatopenych podzemnich
Usecich tras metra A, B a C v Praze.

V této oblasti nase firma nelituje prostfedkl do technického rozvoje novych
metod a do investic v oblasti moderni méfici techniky. Kromé jiz dobre zabéh-
lého konvergenéniho méfeni a komplexniho souboru monitorovacich metod
bych rad jako pfiklady uvedl georadarovou soupravu do vrtd, kterd muize
vyznamnym zpUsobem zpfesnit znalosti o geologickém prosttedi jak v dobé
prazkumnych praci, tak i béhem raZeb, laserovy scanner Cyrax, se kterym lze
presné urCovat polohu osténi tunelu nebo objemy nadvylomi. V oblasti
matematického modelovéni disponujeme nejmodernéj$imi zahraniénimi soft-
wary, napfiklad poslednim upgradem PLAXIS pro modelovéni ve 3D. Co se
tyée metodik, jsme dnes pfipraveni nové provadét rizikové analyzy véetné
ekonomickych porovnani riznych variant projektovych a technologickych
feSeni vystavby tuneld.

Vyznamnou udalosti v Zivoté nasi firmy bylo, Ze se nas dosavadni majoritni
akcionar, znama francouzska firma SIMECSOL, nedavno stal soucasti jednoho
z nejvétsich uskupeni inzenyrskych a konzultagnich firem na svété. Toto usku-
peni s ndzvem ARCADIS sidlici v Nizozemsku zaméstnava okolo 8500 specia-
listd a dociluje ro¢ni objem vykon( okolo 800 milioni EUR. Poskytuje své
sluzby v oblasti dopravni infrastruktury, stavebnictvi, vystavby primyslovych
komplext, Zivotniho prostiedi a telekomunikaci. Jeho prostiednictvim mame
my, a nasim prostiednictvim i vSichni nasi klienti, pfistup k know-how nejvét-
§ich svétovych podzemnich staveb.

Vazeni kolegové, nasim prvoradym cilem je poskytovat odborné sluzby tak,
abychom co nejlépe uspokojili Vase poZadavky k UspéSnému projektovani,
fizeni a vystavbé podzemnich dél a abyste prostfednictvim nasich sluzeb co
nejvice zvysili efekt své vlastni ¢innosti i vlastni konkurenceschopnost. Véfim
proto , Ze se i nadale budeme schéazet na mnohych stavbach nasi sou¢asnosti
i nejbliz§i budoucnosti.

DEAR READERS OF THE TUNEL MAGAZINE,

It is my great honor and pleasure, that in times when our
company Stavebni geologie GEOTECHNIKA has just cele-
brated 77 years of its consecutive activity, | am able to speak
to you through this magazine issued by our national com-
mittee of ITA/AITES association.

Even those who follow the development of our company
from longer distance must have noticed that it has gone
through significant changes in the past 10 years. A compa-
ny, which had previously specialized only in geotechnical,
hydrogeological and engineering-geological exploration,
has become a modern independent consultant, whose main aim is to pro-
vide a wide range of professional services within the entire field of civil
engineering and environment. Beside specialized activities in the field of
geotechnics, we are today also offering organization and management of
projects in the field of engineering as well as other kinds of structures. Our
total financial output, realized by app. 150 employees, has risen close to 300
million K¢ in 2002.

Underground works are currently the very key element of our activity. It is
proved by the fact, that there has been no single tunnel realized in the Czech
republic in the last year, which would be without our participation. And there
is obviously a good deal of them. | can randomly name tunnels of the Prague
subway IV-C 1, railway tunnels Bfezno and Krasikov, exploratory galleries for
the tunnels Panenskd, Valik and Dobrovského, or the just completed impor-
tant tunnel Mrézovka on the Prague city ring road. Worth mentioning is also
our contribution to the liquidation of material damages following the flood-
ing of underground sections of the Prague subway lines A, B and C.

As for this field, our company does not regret the investments into technical
development of new methods and modern measuring devices. Beside the
already well proved convergence measurement and a complex set of moni-
toring methods, | would like to point out a georadar set for bores, which can
significantly improve the knowledge about geological environment both dur-
ing the times of exploratory works and the excavation proper, the laser sys-
tem Cyrax, which can accurately determine the position of tunnel lining or
volumes of overbreaks. In the field of mathematical modeling we possess the
newest foreign software, for instance the last upgrade of PLAXIS for 3D mod-
eling. As far as methodological procedures are concerned, we are now pre-
pared to carry out risk assessments including economic comparisons of var-
ious alternatives of designing and technological solutions of tunnels.

In a recent event, significant for life of our company, our majority share-
holder, renowned French company SIMECOL, has become part of one of the
largest groups of engineering and consulting firms in the world. This group
called ARCADIS with the headquarters in the Netherlands employs over 8500
specialists and generates an annual output worth 800 million Euro. It pro-
vides services in the fields of traffic infrastructure, civil engineering, con-
structions of industrial complexes, environment and telecommunications.
Through this group we have, and through us our clients do have, an access
to know-how from the largest underground structures in the world.

Dear colleagues, it is our primary goal to provide specialized services
in order to fully satisfy your needs to design, manage and construct under-
ground structures, so that through them you would be able to maximize
the effectiveness of your own activity as well as your competitiveness.
| therefore believe that we will still be meeting at numerous projects of our
present time as well as at those soon to come.

Doc. Ing. Alexandr Rozsypal, Csc.
predseda predstavenstva a feditel spole€nosti, Stavebni geologie - Geotechnika, a. s.
CEO and head of the board of directors
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KOMPLEXNI APLIKACE GEOTECHNICKYCH METOD
PRI RAZBE JEDNOLODNI STANICE METRA KOBYLISY

COMPREHENSIVE APPLICATION OF GEOTECHNICAL METHODS TO
THE EXCAVATION OF THE KOBYLISY ONE-VAULT METRO STATION

ING. RADKO BUCEK, PhD., ING. KAREL KOLESA, DOC. ING. ALEXANDR ROZSYPAL, CSc., ING. OTAKAR VRBA
STAVEBNI GEOLOGIE - GEOTECHNIKA, a. s.

uvob

V rémci 1. etapy vystavby IV. provozniho Useku trasy C prazského metra byla
uskuteénéna stavba jednolodni stanice Kobylisy. Stani¢ni kaverna velkych roz-
mérl byla vyraZena v siti prazského metra poprvé. Bezesporu vytvofi novou,
velmi zajimavou podzemni dominantu, kterou oceni nejen odborna verejnost,
ale i uzivatelé. Stanice je umisténa v centru Kobylis, v Gzemi s relativné hustou
povrchovou zastavbou, s fadou vyznamnych inZenyrskych siti a komunikaci.
Stavba stanice byla realizovana ve slozZitych geologickych pomérech a nepfiz-
nivych geotechnickych podminkach. Razba kaverny velkych rozmérG si proto
vyzadala komplexni a rozsahlé vyuziti vétsiny dnes dostupnych geotechnickych
metod a méreni.

HLAVNi UDAJE O JEDNOLODNI STANICI

Celkova délka stanice: 148 m
Celkova plocha hrubého vyrubu: 220 m?
MnoZstvi vytézené horniny v rostlém stavu: 32560 m*
Viyska vyrubu: 138 m
Sitka vyrubu: 212 m
Mocnost nadloZi: 220t1m

VYCET POUZITYCH GEOTECHNICKYCH METOD

V prabéhu pfipravy stavby, projektovani i vlastni razby kaverny stanice

realizovala specializovana geotechnicka firma nasledujici ¢innosti:

- inZenyrskogeologické a geotechnické prizkumné préace

- spolupréci pfi zpracovani projektové dokumentace

- vypracovani realizatniho projektu komplexniho geomonitoringu

- matematické modelovani reakce horninového masivu na razbu

- trvalé geotechnické sledovéani vyrubli se zatfidovanim do technologickych
tfid NRTM

- komplexni geotechnicky monitoring véetné centralni evidence vSech dat

- geodetické zaméreni skutecného stavu primarniho osténi

- geotechnickou asistenci a konzultace

POPIS RAZBY KAVERNY

Protoze $lo o razbu velké podzemni kaverny ve mésté, kde v nadlozi probihal
intenzivni provoz na vyznamnych komunikacich a nad kavernou se nachazely

Obr. 1 Schematické znazornéni postupu razby - ¢lenéni vyrubu
Fig. 1 Schematic representation of the excavation sequence

INTRODUCTION

The construction of the one-vault station Kobylisy has been carried out with-
in the framework of the Phase 1 of the operational section IV of the Prague
Metro line C (the IVC1 line). The large station cavern has been excavated for
the first time in the Prague metro network. It will undisputedly become a new
and very interesting underground dominant appreciated not only by the pro-
fessional public but also by passengers. The station is located in the centre
of the Kobylisy district, within a relatively densely developed area with many
major utilities and roads. The station has been built in complex geology and
unfavourable geotechnical conditions. This is why the large cavern excava-
tion required comprehensive and extensive application of most of the cur-
rently available geotechnical methods and measurements.

MAIN DATA ON THE ONE-VAULT STATION

Total station length: 148 m
Excavated cross section 220 n?
Natural rock excavation volume 32,560 m*
Excavation clearance 13.8 m
Excavation width 21.2m
Overburden depth 220t 1m

THE LIST OF GEOTECHNICAL METHODS APPLIED

A specialist geotechnical company carried out the following activities in the phas-

es of the station construction planning, designing and the cavern excavation:

- engineering-geological and geotechnical investigation

- cooperation in elaboration of the design documents

- elaboration of a detailed design for the comprehensive geomonitoring

- mathematical modelling of the rock response to the excavation

- continual geotechnical monitoring of headings and determination of the
NATM technological classes

- comprehensive geotechnical monitoring inclusive of a central data logging

- geodetic survey of the actual condition of the primary liner

- geotechnical assistance and consulting

DESCRIPTION OF THE CAVERN EXCAVATION

Because the large cavern was to be excavated in a city with an intensive traf-
fic on major roads and relatively dense older community and residential
development with utilities found above the cavern, the excavation method
was selected which would restrict deformations of the excavation and the
surrounding rock maximally and minimise the ground surface settlement.
For that reason the Kobylisy one-vault station was excavated by the NATM
technique, with both horizontal and vertical sequencing. The observation
method principle was applied to this work, with a relatively wide scope of
measurements of the deformational response of the rock mass to the exca-
vation. The selection of the excavation sequence was carried out on the
basis of a geomechanical model of the rock mass, which was developed on
the basis of a comprehensive assessment of the geotechnical investigation
results. The geomechanical model was subjected to a confrontation with a
3D mathematical model. Subsequently it was adjusted in the course of the
cavern excavation according to the results of the measurement of the actual
rock mass behaviour.

First, the station excavation was divided vertically to 2 partial sidewall drifts
with gothic vaults. The drifts were 7.2m wide at the working bottom level.
Then the 6.8m wide central part was excavated. The lower part of the station
cross section was excavated and the invert closed step by step subsequently,
with the rounds 2.5 to 10m long. The excavation took place in the NATM techno-
logical classes 4 and 5a. The excavation sequence is shown in Fig. 1 and 2.

ENGINEERING-GEOLOGICAL CONDITIONS

Engineering-geological and geotechnical conditions are very complicated in
the given location. Moreover, they differ significantly from the conditions
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pomérné hustd star$i obytnd a obfanska zéstavba a fada inZenyrskych siti, byl
zvolen takovy zplsob razby, aby se maximalné omezily deformace vyrubu a pfi-
lehlého horninového prostiedi, a tim se minimalizovaly poklesy terénu. Jedno-
lodni stanice Kobylisy byla proto vyrazena technologii NRTM, s ¢lenénim vyru-
bu jak vertikalnim, tak horizontalnim. Pfitom byl vyuZit princip observaéni meto-
dy s pomérné velkym rozsahem méreni deformacni reakce horninového masivu
na razbu. Volba postupu razby byla provedena na zakladé geomechanického
modelu dotéeného horninového masivu, ktery byl vytvofen na zékladé kom-
plexniho zhodnoceni geotechnického priizkumu. Geomechanicky model se pod-
robil konfrontaci s matematickym modelem ve 3D a poté se béhem razby kaver-
ny upfesiioval podle vysledk( méreni skutecného chovani horninového masivu.
Razba stanice byla nejprve vertikalné ¢lenéna na 2 bo¢ni dil¢i vyruby s gotickou
klenbou. Ty mély v drovni pracovniho dna $itku 7,2 m. Poté se proved! vyrub
stfedni Casti s Sifkou 6,8 m. Spodni ¢ast stani¢niho vyrubu s postupnym uzavi-
ranim spodni klenby byla dobirana teprve nasledné, a to po pficnych pasech
s délkou zabéru 2,5 aZz 10 m. Razba probihala v technologickych tfidach
4 a 5a dle NRTM. Schéma ¢lenéni vyrubu je patrné z obr. 1 a 2.

Obr. 2 Pohled na razbu pfi vertikdlnim ¢lenéni vyrubu
Fig. 2 Excavation at the vertical sequencing

existing in other parts of Prague where the metro tunnels and other transit
tunnels were built. The station excavation was performed in Ordovician rock
types, in the Skalec facii of the Dobrotivy series of strata (the Skalec
quartzites — geotechnical type SK, laminated shales — geotechnical type LB),
just under the heavily saturated Cretaceous sandstone interface (geotechni-
cal type KCP). A diagrammatic engineering-geological profile of the IV C1
metro line is shown in Fig. 3.

The rock environment is characterised by a complex geology, extraordinary
inhomogeneity of the rock environment and significant heterogeneity of
geotechnical properties (strength, stress-strain properties, shear strength
along discontinuities, stability, saturation, permeability). Particularly
unfavourable fact is the intensive fossil Pre-Cretaceous weathering of the
facii of the Skalec quartzites with clayey shale interbeds up to a depth of 8 -
10 m, i.e. in the area of the tunnel excavation crown.

The intensive fossil weathering has affected primarily the strata of the Skalec
quartzites (gt type SK) containing rhythmic alternations of shale interbeds 20
- 200mm thick decomposed to solid consistency clay. These interbeds create
dangerous predisposed sliding surfaces if they are 50 - 100 mm thick (in SKZ
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Obr. 3 Prehledny inzenyrskogeologicky profil trasy metra IVC1 (isek km 15,0 - 15,65)
Fig. 3 Diagrammatic engineering-geological profile of the IVC1 metro line (section km 15.0 - 15.65)
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INZENYRSKOGEOLOGICKE POMERY

InZenyrskogeologické poméry a geotechnické podminky v dané lokalité jsou
znaéné komplikované a navic se vyrazné odlisuji od podminek v ostatnich ¢as-
tech Prahy, v nichZ se dosud tunely metra a dopravni tunely stavély. Stanice je
vyrazena v ordovickych horninach, ve skalecké facii dobrotivského souvrstvi
(skalecké kfemence - geotechnicky typ SK, laminované bfidlice - geotechnicky
typ LB) tésné pod rozhranim se silné zvodnélymi kfidovymi piskovci (geotech-
nicky typ KCP). Pfehledny inZzenyrskogeologicky profil trasou metra IV.C1 je zna-
zornén na obr. 3.

Horninové prostiedi se vyznacuje sloZitou geologickou stavbou, mimoradnou
nehomogenitou horninového prostfedi a velkou heterogenitou geotechnickych
vlastnosti (pevnost, deformacni vlastnosti, smykova pevnost na diskontinuitach,
stabilita, zvodnéni, propustnost). Mimoradné nepfiznivou skutecnosti je inten-
zivni fosilni predkiidové zvétrani facie skaleckych kfemencd s vlozkami jilovych
bidlic do hloubky 8-10 m, a to v oblasti horni klenby tunelového vyrubu.
Intenzivnim fosilnim zvétranim jsou postizeny zejména vrstvy skaleckych kie-
mencu (gt typ SK), které obsahuji rytmicky se opakujici vlozky bfidlic o moc-
nosti 20-200 mm rozloZenych na jil pevné konzistence a které vytvéreji pfi
mocnosti vétsi nez 50-100 mm nebezpecné predisponované smykové plochy
(v gt typu SKZ, SKN). Naopak partie laminovanych bfidlic (gt typ LB) maji vyraz-
né priznivéjsi geotechnické vlastnosti, nebot jsou do mensi hloubky a méné
intenzivné poruseny ucinky fosilniho zvétravani. Partie geotechnického typu LB
pfi sklonu vrstev 70 + 5° vytvafeji pfi tunelovani pfiznivé subvertikalni ,zpev-
fujici pilite” v horninovém masivu.

Priznivou skute¢nosti je existence 10-12 m mocného subhorizontélniho sou-
vrstvi cenomanskych kvadrovych piskovct (gt typ KCP), které v nadlozi vyrubu
stanice vytvareji de facto rigidni nosny element, a tak pfiznivé ovliviiuji vyvoj
deformaci nad tunelovym vyrubem a na povrchu terénu. Naopak nepfiznivou
okolnosti je silné zvodnéni masivu kvadrovych piskovci - jedna se o prostredi
s velkou puklinovou propustnosti a hydrostatickym tlakem viéi stropu vyrubu
0,1-0,15 MPa.

Dulezitym prvkem horninového masivu je gt typ KCJ - jedna se o subhorizon-
talni bazalni kiidové sedimenty charakteru zemin (jil se Stérkem, pisek se $tér-
kem). Jejich mocnost €ini pouze 0,5-1,5 m (vyjime¢né az 2,5 m), ale jedna se
o nejslabsi prvek horninového masivu. Mistni poméry jsou znézornény na
obrézcich 3 a 4.

Pri razbé dvoukolejnych tunelli, prlizkumné $toly, eskalatorovych tunell a vyta-
hové Sachty se diléi inicidlni pfitoky na pfidi vyrubu pohybovaly v rozpéti 1-5 I/s
a celkové pritoky vody z téchto vyrubd v rozpéti 15 - 30 I/s. Pfed zapocetim razby
vlastni stanice se podafilo ¢erpanim vody z vy$e uvedenych objektl vyrazné sni-
Zit hladinu podzemni vody v nadloZi stanice, a tim snizit hydrostaticky tlak pod-
zemni vody, a proto pfitoky vody do dil¢ich vyrubd pfi razbé stanice byly jiz
vyrazné mensi. Nejprve pfi razbé levého boéniho vyrubu ¢inily 1-5 I/s, ale pfi
razbé dalsich dil¢ich vyrubu stanice jiz byly pfitoky vody malé (< 0,5 I/s).

v.n.m.
a.s.l.
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and SKN gt type). On the contrary, the geotechnical properties of the parts
of the laminated shales (gt type LB) are much more favourable as they are
deteriorated by the fossil weathering to lower depth and less intensively.
The parts of the geotechnical type LB create sub-vertical “pillar supports”
in the rock mass favourable for the excavation process if the dip of the lay-
ersis 70t 5°.

The existence of a 10 - 12 m thick sub-horizontal series of strata of the Ceno-
many quartzites (gt type KCP) is favourable. Those strata create de facto a rigid
load-bearing element above the station excavation. It affects the development
of deformations above the opening and at the surface level favourably. Con-
versely, the heavy saturation of the thick-bedded sandstone is an unfavourable
condition. This environment features a high level of fissure-type permeability
and hydrostatic head of 0.1 - 0.15 MPa at the excavation crown level.

An important element of the rock mass is the gt type KCJ, sub-horizontal
basal Cretaceous sediments having a character of soils (clay with gravel,
sand with gravel). They are 0.5 - 1.5 m thick only (exceptionally up to 2.5 m),
but they are the weakest element of the rock mass. Local conditions are
shown in Fig. 3 and 4.

Partial initial inflows at the heading faces during the excavation of the dou-
ble-track tunnels, exploration gallery, escalator tunnels and lift shaft varied
between 1- 5 litre/s, and aggregated inflows from those faces between 15 -
30 litre/s. The water table existing above the station crown was lowered suc-
cessfully by pumping water from the above-mentioned structures. This
action lowered the hydrostatic head significantly. As a result the water
inflows to the partial heading faces during the station excavation were much
lower. At the beginning, during the excavation of the left sidewall drift, the
inflow amounted to 1 - 5 litre/s, but the following partial excavations expe-
rienced low water inflows (< 0.5 litre/s).

GEOMONITORING

An inseparable part of the NATM technique of construction of mined under-
ground structures, which takes the advantage of the interplay between the
rock mass and primary lining, is a set of measurements and monitoring of
the stress-strain behaviour of this combined load-bearing system.

The aim of the set of measurements and the comprehensive geomonitoring,
which was applied during the excavation, was gathering data allowing eco-
nomic and safe excavation of the cavern, assessment of its stability and
impact on surrounding surface structures and utilities. Design assumptions
were also continually confronted with the reality. The technological proce-
dure for the excavation and particular design of the primary lining were also
modified on the basis of the geomonitoring results.

The following measurements and monitoring results were used for the

above-mentioned purpose:

- continual geological and geotechnical monitoring of quality of the rock at
the excavation face, determination of the NATM technological classes

- convergence measurement for the monitoring of the primary lining stability

- extensometer measurements for monitoring of the rock mass deformations

- measurements of the loading on the primary lining by the rock pressure

QH GEOTECHNICKE TYPY HORNINOVEHO PROSTREDI
GEOTECHNICAL TYPES OF THE ROCK ENVIRONMENT

laminované bidlice - ordovik
KCS laminated shales - Ordovician

Skalecké kiemence — ordovik

Skalec quartizites - Ordovician

KCP

PORUSENI HORNINOVEHO MASIVU UCINKY ZVETRANI
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Obr. 4 PFicny inZenyrskogeologicky profil v misté stanice
Fig. 4 Engineering-geological profile of the station
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KCJ (sniZené pevnost, intenzivni rozpukani, snizena
smykova pevnost a nepfiznivé stabilitni chovani)

DETERIORATION OF THE ROCK MASS DUE TO WEATHERING
(reduced strength, intensive fracturing, reduced shear strength,
and unfavourable stability behaviour)

zéna silného zvétrani (W4 - W5)
heavy weathering zone (W4 - W5)
zéna navétrani (W2 - W3)

slight weathering zone (W4 - W5)
extenzometry ve vrtech

borehole extensometers
konvergenéni body

convergence points

snimace hydrostatického tlaku
hydrostatic pressure transducers
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GEOMONITORING

Nedilnou soucasti technologie vystavby razenych podzemnich objektt meto-
dou NRTM, ktera vyuziva spoluplsobeni horninového masivu s primarnim
osténim, je soubor méreni a sledovani pretvarného a napjatostniho chovani
celého tohoto nosného systému.

Cilem souboru méfeni a sledovani komplexniho geomonitoringu, ktery byl pfi
razbé aplikovan, bylo tedy ziskani podkladt, které umoznily ekonomické a pfi-
tom bezpecné vyrazeni kaverny, posouzeni jeji stability a jejiho vlivu na okolni
povrchovou zastavbu a inZenyrskeé sité. Rovnéz byly pribéziné ovérovany pred-
poklady projektu se skutecnosti. Na zakladé vysledk( geomonitoringu byl upra-
vovan technologicky postup razeb a konkrétni provedeni priméarniho osténi.

Pro tento tcel byla pouzita nasledujici méfeni a sledovani:
- priibéZné geologické a geotechnické sledovéni kvality horniny na ¢ele vyrubu
se zatfidovanim do technologickych tfid NRTM;

- measurements of the hydrostatic pressure on the secondary lining

- seismic and acoustic measurements for the monitoring of the effects of blasting
- geodetic monitoring of the ground surface and surface structures settlement
- monitoring of tilting of buildings (surface inclinometry)

- visual monitoring of the condition of buildings; checking of discal crackmeters
- hydrogeological monitoring of the water table in neighbouring wells and

observation boreholes
- measurement of ground water inflows to the opening during the excavation

The measurement elements were arrayed in 2 complex cross sections - sta-
tions (see Fig. 4). The complex stations were 60m apart. Additional stations
were established in the underground for convergence measurements only.
Those convergence stations were 10m apart, and each consisted of 13 targets.
An example of the assessment of the rock mass response to the excavation is
shown in Fig. 5 (settlement measured by multi-level extensometers in vertical
boreholes). Fig. 6 shows a comparison of the anticipated and actual time-set-
tlement curves relating to the surface settlement (the Loss of Ground method).
The results of the convergence measurements are shown in Fig. 7 and 8.

5 30
o + 28
5 zhlavi T 26

-10 A : head-piece zhlavi 1 24
-15 4 L © \ —m s5m head-piece 12
-20 o0 L L —&—im +20
-25 T e PR ] —s—160m 1 48
-30 T QU ok o8 o
35 L Be 68 | —e—21om 116
- Lo S S teplota °C
-40 : g ﬁ g ﬁ temperature °C + 14
-45 Ss SE 112
- £ 38 B3 < 41
V1 gE S8 2% E 0
51 ET a3 Za £°8 T8
= c = = o
60 1z 8 38 88 g gg 1 6
65 1 T8 o= 5= [ 1 4
SE 39 a2 e
-70 o = e Qe
@ o2 o2 =] 1
-75 £ 3 £33 wn. <
3S% 3% » > e+ o0
-80 s 3 2 7 @
S 23 4] 03 -2
-85 5] S L
@ @ £8 14
-90 2 e 2F
-95 < < 28 +-6

-100 | . 1 -8

-105 cas 10
10.5.2002 25.5.2002 9.6.2002 24.6.2002 9.7.2002  24.7.2002 8.8.2002 23.8.2002 7.9.2002 22.9.2002 7.10.2002 22.10.2002 6.11.2002

Obr. 5 Casovy priibéh sedéani kotev ve vicetroviiovém extenzometrickém vrtu

Fig. 5 Time history of subsidence of anchors in a multi-level extensometer borehole
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Obr. 6 Srovnani skute¢ného a pfedpovézeného pribéhu poklest povrchu terénu v misté komplexniho monitorovaciho profilu
Fig. 6 Comparison of actual and anticipated settlement of the surface at the complex monitoring profile
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- konvergenéni méfeni ke sledovani deformaci a stability primarniho osténi;

- extenzometricka méreni ke sledovani deformaci horninového prostredi;

- méreni zatizeni primarni obezdivky horninovym tlakem;

- méfeni hydrostatického tlaku na sekundarni obezdivku;

- seismicka a akusticka méreni ke sledovani Gcinka trhacich praci;

- geodetické sledovani deformaci povrchu terénu i objektl povrchové zastavby;

- sledovani naklonl objektl nadzemni zastavby (povrchova inklinometrie);

- vizualni sledovani stavu objektl zastavby s kontrolou osazenych teréovych
meéridel trhlin;

- hydrogeologické sledovani hladiny podzemni vody v okolnich studnich a pozo-
rovacich vrtech;

- méreni pfitok(l podzemni vody do vyrubu pfi razbé.

Méfici prvky byly uspofadany do 2 komplexnich pfi¢nych profil zpGsobem,
ktery je ziejmy z obr. 4. Komplexni profily byly od sebe vzdaleny 60 m a byly
doplInény profily v podzemi, ve kterych bylo pouze konvergenéni méfeni. Tyto
konvergencni profily byly od sebe vzdaleny 10 m a v kazdém bylo 13 bod.
P¥iklad vyhodnoceni reakce horninového masivu na razbu je na obr. 5, kde jsou
znazornéna sedani méfend vicedrovilovymi extenzometry ve svislych vrtech.
Na obr. 6 je zndzornéno porovnani predpokladaného a skutecného pribéhu
poklesu povrchu terénu za pouziti metody Loss of Ground. Na obrazcich 7 a 8
jsou znazornény vysledky konvergenéniho méreni.

Maximalni namérené hodnoty posun( konvergencnich bodl dosahovaly hod-
not cca 50-60 mm. PFiblizné do jednoho mésice po prichodu jednotlivych dil-
¢ich vyrubl dochazelo k ustaleni deformaci. K nejvétsimu nartstu deformaci,
prakticky o 100 % i vice, dochazelo pfi dobirce dna pro spodni klenbu. Po uza-
vieni spodni klenby se deformace ustalily do jednoho tydne aZ deseti dnd.

Z grafu celkovych sedani, zjistovanych v extenzometrickych vrtech v jednotlivych
sledovanych Urovnich véetné terénu, jsou patrné jak mirné nadzdvizeni prostiedi
v predpoli postupujiciho vyrubu kaverny, tak i pozvolné poklesy, pfiblizné shod-
né ve véech urovnich pfi prichodu obou bocnich vyrub(. Teprve pfi prichodu
stfedniho stani¢niho vyrubu dochézelo k diferenciaci vertikalnich deformaci na

v hloubce 21 m (cca 1 m nad vyrubem) celkovy pokles o 105 mm. Z vysledku
extenzometrického méreni Ize rovnéZ usuzovat na pozitivni Glohu existence
souvrstvi kvadrovych piskovcli v nadloZi stani¢ni kaverny a jeho tlumiciho Ggin-
ku vuaéi indukovanym deformacim na povrch terénu a nadzemni zastavbu.
Srovnénim namérenych deformaci v extenzometrickych vrtech s vysledky kon-
vergencéniho méfeni v komplexnich profilech Ize usuzovat i na velikost tzv. pred-
konvergence. Ta v tomto pfipadé dosahovala az 50 %. S ohledem na stavebni
prace na povrchu terénu v misté extenzometru nebylo bohuzel mozno sledovat
vyvolané deformace aZ do jejich koneéného ustaleni.

Z celkovych sedani na povrchu terénu, které dosédhly maximalné 75 mm, pfi
sklonu poklesové kotliny 1 : 330, Ize 40 % pfisoudit vlivu razby obou boénich
vyrubd, 35 % postupu stiedniho staniéniho vyrubu a zbyvajicich 25 % dobirce
dna pro spodni klenbu.

Pro operativni praci se zmérenymi daty byl vytvofen specialni programovy sou-
bor pro centralni evidenci vSech dat. Byla provadéna sprava databazi ze vSech
méfeni a komplexni vyhodnocovani vysledki méfeni s on-line vystupy pro
investora, zhotovitele stavby a projektanta. V pfipadé dosazeni nékterého z pre-
dem stanovenych varovnych stav(i byli vSichni Gcastnici vystavby okamzité
informovani a byla pfijimana prfedem pfipravena opatfeni. Schéma databaze
a toku dat je na obrazku 9.

Obr. 7 Vektory deformace osténi vyhodnoceny z konvergenéniho méfeni
Fig. 7 Lining deformation vectors determined on the basis of the conver-
gence measurement

The maximum measured values of the displacement of convergence points
amounted to about 50 - 60 mm. The deformations settled approximately one
month after the individual headings passed the relevant station. The highest
increase in the deformations, virtually by 100% or more, was measured at
the invert excavation. The deformations settled within a week or ten days
after the completion of lining by casting the invert.

The chart of the total settlement measured in extensomentre boreholes at
particular monitored levels (including the surface level) shows both a mod-
erate heave of the environment at the front zone ahead of the progressing
cavern excavation and gradual subsidence (approximately identical at all
levels during the passage of the two sidewall drifts). It was during the pas-
sage of the central station section that a differentiation of the vertical dis-
placements occurred at the lowest monitored level. Based on this fact,
deduction of the magnitude and limits of the increased deformations could
me made and a concentration of higher compression stresses could be
recognised.

The extensometer installed on the station centreline showed a total subsi-
dence of 105mm at the lowest monitored level at a depth of 21m (about Tm
above the excavation crown). It can also be guessed on the basis of the
extensometer measurement results that the role of the series of strata of the
thick-bedded sandstones above the station cavern was positive and that it
reduced the effect of induced deformations on the ground surface and exist-
ing buildings. The magnitude of the so called pre-convergence can be
deduced by comparing the deformation measurements carried out in the
extensometer boreholes and convergence measurements taken at the com-
plex stations. In the given case the pre-convergence reached up to 50%.
Unfortunately, the monitoring of the deformations until the final settling was
impossible because of the construction activities taking place at surface
level, at the extensometer location.

Out of the total settlements at the surface level (maximum 75 mm), at the
gradient of the settlement trough of 1: 330, it is possible to allocate 40%
to the influence of the excavation of the two sidewall drifts, 35% to the
advancing central station excavation, and remaining 25% to the invert
excavation.

Special software was developed for the operative work with the measured
data and central recording of the data. The databases from all measure-
ments were maintained and the measurement results interpreted compre-
hensively. Outputs were submitted to the client, contractor and designer.
All construction parties were informed immediately when any of the pre-
determined warning levels were reached, and in advance prepared mea-
sures were adopted. The scheme of the database and the data flow are
shown in Fig. 9.

MATHEMATICAL MODELLING OF THE ROCK RESPONSE TO
THE EXCAVATION

The mathematical modelling by means of the finite element method (FEM)
was one of methods used for the comprehensive geotechnical assessment of
the excavation procedure and proposal on the cavern lining design.

With respect to the fact that most problems to be assessed by the mathe-
matical modelling methods had a typical three-dimensional character, the
possibility to use a simplified 2D model was excluded. For that reason spe-
cial software FEM Plaxis — Tunnel 3D allowing three-dimensional solution
was used.

The comprehensive assessment contained verification of basic stress-strain
and shear parameters of the rock environment identified by the investiga-
tion, assessment of stability of the rock pillar at the end of the station and
stability and deformations of the rock mass around the station during the
excavation.

The FEM calculation for the one-vault station was carried out before the
excavation beginning with the aim of confirming the basic design assump-
tions. The design assumed that both the bearing capacity of the temporary
pillars during the station excavation and permanent pillars at the station
beginning is sufficient and that the layer of sandstones above the station
will be capable of carrying its own weight and the weight of the overbur-
den. Another question the calculation looked an answer for was the degree
of stability of the quartzite and laminated shales strata forming the station
excavation roof. This question was crucial considering the dimensions of
the station. No back analysis was required in the course of the excavation.
The initial support was modified continually according to the measurement
results of the actual behaviour of the rock during the excavation.

The calculation was divided to four steps:

- assessment of the stability of the pillar at the beginning of the cavern;
assessment of the deformational response of the sandstone layer above
the cavern for various stress-strain properties of the sandstones

- assessment of stability of the neighbourhood of the station top heading -
mainly in quartzites
assessment of stability of the neighbourhood of the station top heading -
mainly in laminated shales (see Fig. 10)

- Vertical displacement at the face of the sidewall drifts are shown in Fig. 12
and vertical displacements for the entire station excavation in Fig. 13.

—
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MATEMATICKE _MODELOVANi REAKCE HORNINOVEHO
MASIVU NA RAZBU

Matematické modelovani s pomoci metody koneénych prvkd (MKP) bylo jed-
nou z metod, jejichZz prostiednictvim se provedly komplexni geotechnické
posouzeni postupu razeb a névrh zplsobu provedeni osténi kaverny.
Vzhledem k tomu, Ze vétSina uloh zadanych k posouzeni prostfednictvim mate-
matického modelovani méla typicky tfidimenzionalni charakter, byla pro tento
Ucel vyloucena moznost pouZziti zjednoduseného modelu ve 2D. Byl proto pou-
Zit speciélni software MKP Plaxis - Tunnel 3D umoZiujici prostorové feseni.
Komplexni posouzeni se tykalo ovéfeni zakladnich deformacnich a smykovych
parametrd horninového prostiedi zjisténych prlizkumem, posouzeni stability
horninového pilife v Usti stanice a stability a deformacnich projevd horninové-
ho masivu v okoli stanice v pribéhu razby.

Vypodet MKP jednolodni stanice byl proveden jesté pred zapocetim razeb za uce-
lem potvrzeni zékladnich predpokladd projektu. Ten pfedpokladal, Ze jak docasné
pilife pfi razbé stanice, tak i trvalé pilife v Usti stanice maji dostate¢nou tinosnost
a Ze vrstva piskovcl nad stanici bude mit schopnost pfenést vlastni tihu i tihu
nadloZi. Dalsi otazkou, na kterou vypocet hledal odpovéd, byla mira stability vrs-
tev kiemenct a laminovanych bfidlic tvoficich bezprostiedni strop stanice. S ohle-
dem na velké rozméry stanice byla tato otazka naprosto kli¢ova. Zpétna analyza
béhem razZeb jiz nebyla vyZadovana, vyztuzeni primarniho osténi se upravovalo
predevsim podle vysledk(i méfeni skutecného chovani masivu béhem razeb.

mm

The following conclusions were drawn from the above studies:

- The stability of the pillar between the running tunnels at the beginning
of the station is sufficient. The pillar would have to be reinforced by
anchoring installed from both running tunnels within a length of 25m from
the beginning of the station if the horizontal displacement of the conver-
gence points during the excavation exceeded 35mm.

- Sandstones above the station satisfied the loading required for all calcu-
lated cases.

- The roof on the immediate contact with the station, both for the excavation
in quartzites and laminated shales, manifested a tendency to create no arch
and, instead of that, to rest with its entire weight on the lining. Therefore
the designer had to take to consideration the fact that it will not be the rock
column found above the tunnel. In fact the liner will be loaded with the rock
block limited by inclined surfaces running through the tunnel sides, thus
the loading will be nearly twice as high as the loading by the weight of the
column above the tunnel contour.

- The cavern lining can be laded on the other side eccentrically by rock
blocks weighing 50t or 1200t.

It was stated that it would have been very risky to rely on the structural
strength of shotcrete shell. Based on the mathematical modelling, reinforc-
ing of the rock cover was designed by means of anchors. Surveying consul-
tant took all of the above modelling results into consideration in the formu-
lation of recommendations on modifications of the cavern excavation proce-
dures.
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Obr. 8 Casovy priibéh svislych deformaci vyhodnocenych z konvergenéniho méfeni
Fig. 8 Time history of vertical deformations determined on the basis of the convergence measurement
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Obr. 9 Schéma toku dat zjisténych monitoringem
Fig. 9 Data flow chart determined by the monitoring
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Vypocet byl rozdélen do étyf kroku:

- posouzeni stability pilife v Usti kaverny a posouzeni deformacni odezvy vrstvy
piskovcl v nadlozi kaverny pfi riznych deformacnich vlastnostech piskovcd;

- posouzeni stability bezprostfedniho okoli stropu kaloty stanice - prevazné
v kiemencich;

- posouzeni stability bezprostifedniho okoli stropu kaloty stanice - prevainé
v laminovanych bridlicich (viz. obr. 10).

- svislé posuny na lici boénich vyrubd jsou vyznaceny na obr. 12 a svislé posu-
ny pro cely vyrub stanice na obr. 13.

Zavéry vyplyvaijici z téchto studii byly nasleduijici:

- stabilita pilife mezi tratovymi tunely v Usti stanice je vyhovujici. Za pfedpo-
kladu, Ze by horizontalni deformace konvergencnich bodl presahly béhem
razby 35 mm, bylo doporuéeno cely pilif stdhnout kotvami z obou tratovych
tunell alespoii v délce 25 m od Usti stanice;

- piskovce nad stanici vyhovély poZzadovanému zatizeni pro vSechny pocitané pripady;

- bezprostredni strop stanice pfi razbé jak v kiemencich, tak i v laminovanych
bridlicich projevoval v modelu tendenci nevytvéfet klenbu nad tunelem, ale
namisto toho dolehnout plnou vahou na osténi. Projektant proto musel vzit
pfi ndvrhu osténi v Gvahu skuteénost, Ze na osténi nedolehne pouze sloupec
horniny pfimo nad tunelem, ale ve skutecnosti bude osténi zatizeno blokem
horniny omezenym Sikmymi plochami probihajicimi boky tunelu a zatizeni
bude téméF dvojnasobné v porovnani s vahou sloupce nad obrysem tunelu;

- osténi kaverny muze byt na druhé strané excentricky zatéZzovano bloky horniny
o tize 50 t, resp. 1200 t.

Bylo konstatovéano, Ze za této situace by bylo velmi riskantni spolehnout se
pouze na strukturni pevnost skofepiny ze stfikaného betonu. Na zakladé mate-
matického modelovani bylo proto doporuceno zpevnit nadlozi pomoci kotev.
Vsechny tyto vysledky modelovani vzal geotechnicky konzultant v Uvahu pfi
formulaci doporuceni Uprav postupu razeb kaverny.
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Obr. 10 Matematicky model pro vypocet 3 D - MKP pro tunel pfevainé
v bfidlicich

Fig. 10 Mathematical model for the 3D-FEM calculation - for the tunnel
mostly in shales

Obr. 14 Méfici souprava Cyrax 2500
Fig. 14 Cyrax 500 measurement set

LASER SCANNING OF THE ACTUAL CONDITION OF THE
PRIMARY LINING

Precise geodetic survey of the actual shape of the completed primary lining
of the one-vault station. was carried out after the cavern excavation. Cyrax
2500 laser scanner was used for this survey (see Fig. 14). The scanner allows
very quick and efficient collection of exact and comprehensive set of infor-
mation on the geometry of the underground structure in individual con-
struction phases. The overall length of the surveyed section was of 148m,
which is the length of the entire one-vault station.

The purpose of the precise survey of the actual condition was to identify
deviations of the actual condition of the primary lining from the design, or to
locate places requiring removal of concrete reaching beyond the line of the
designed primary lining. A map of deviations of the lining shape from the
designed profile was elaborated using special modules of the Atlas software.
The map is in a form of a flattened out surface of a tunnel ring (see Fig. 15).
The deviations in the primary lining surface shape from the design were
visualised by means of a colour range. Tunnel cross sections were drawn at
prescribed locations, again using colours to distinguish the deviations (see
Fig. 16).

CONCLUSION

The comprehensive application of geotechnical methods contributed sig-
nificantly to the success of the excavation of the large cavern for the one-
vault metro station Kobylisy in complex geotechnical conditions. The
geomechanical model of the geological environment allowed the defini-
tion of sensitive spots which the design could respond to timely and opti-
mally. The combination of the comprehensive geomonitoring and mathe-
matical modelling allowed, through the observation method, operative
and effective responses to the rock mass deformations while respecting

Obr. 11 Plastické oblasti v masivu
Fig. 11 Plastic regions in the massif

Obr. 13 Podélny fez v ose stanice - svislé posuny
Fig. 13 Longitudinal section through the station centreline - vertical displacements

—
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LASEROVE SKENOVANI SKUTECNEHO STAVU PRIMARNI-
HO OSTENI

Po vyraZeni kaverny bylo provedeno pfesné geodetické zaméreni skute¢ného
tvaru dokonéeného primarniho osténi jednolodni stanice. Pro zaméreni byl
pouZzit laserovy skener Cyrax 2500 (viz. obr. 14), ktery umozniuje velmi rychlé
a efektivni ziskani presnych a komplexnich informaci o geometrii podzemniho
dila v jednotlivych etapach vystavby. Celkova délka zaméfovaného Useku byla
148 m, tedy cela jednolodni stanice.

Presné zaméreni skutecného stavu mélo za cil zjistit odchylky skute¢ného stavu
primarniho osténi od projektu, pfipadné ur€it mista vyZadujici odstranéni beto-
nl, presahujicich projektovany profil primarniho osténi. Pomoci specialnich
modulu softwaru Atlas pak byla vytvofena mapa odchylek tvaru osténi od pro-
jektovaného profilu jako rozvinuty povrch tunelového pasu viz obr. 15. Odchyl-
ky tvaru povrchu primarniho osténi od projektu byly zndzornény pomoci barev-
né skaly. V pfedepsanych mistech byly vykresleny pfi¢né profily tunelu, opét
s barevnym zobrazenim odchylek, viz. obr. 16.

ZAVER

Komplexni aplikace geotechnickych metod byla vyznamnym pfispévkem
k uspésnému vyrazeni velkorozmérové kaverny jednolodni stanice metra Koby-
lisy ve sloZitych geotechnickych podminkach. Geomechanicky model geolo-
gického prostredi umoznil definovat citliva mista, na kterd mohl projekt vcas
optiméalné reagovat. Kombinace komplexniho geomonitoringu a matematické-
ho modelovani umoznila prostfednictvim observaéni metody béhem razby
operativné a efektivné reagovat na deformace horninového masivu a respekto-
vat ekonomické hledisko. PouZiti laserového skeneru pak umoznilo velmi pres-
né ,popsani” odchylek tvaru primarniho osténi od projektu.

Lze bez nadsazky konstatovat, Ze v tésné spolupraci vSech partner( vystavby
(zhotovitel Metrostav, technicky dozor stavby IDS, projektant Metroprojekt,
geomonitoring SG - Geotechnika) se podafilo Uspésné vyrazit a dokonéit hru-
bou stavbu jednolodni stanice a okolnich tuneld metra bez nezadoucich pro-
bléma a bez vyznamného dotceni povrchové zastavby.

il
o

G

economic aspects. The application of the laser scanner allowed very pre-
cise description of the deviations of the shape of the primary lining from
the design.

It is possible to state without any exaggeration that the one-vault station and
neighbouring running tunnels were excavated and the fabric constructed
successfully without undesirable problems and without any significant
impact on the surface development.
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Obr. 15 Rozvinuta ¢ast zaméreného osténi stani¢niho tunelu
Fig. 15 Flattened part of a measured up station tunnel lining

Obr. 12 Svislé posuny na lici bo¢nich vyrubt
Fig. 12 Vertical displacements on the intrados
of the sidewall drifts

Staniéeni: 15.445 km
Chainage: 15.445 km

Elevation scale: 1:100
S. rovina: 247.50
Reference plane: 247.50

Min. odchylka: -109 mm
Min. deviation: -109 mm
Max. odchylka: 379 mm
Max. deviation: 379 mm
Stied. odchylka: 147 mm 2
Mean deviation: 147 mm 2
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Scale of deviations:

--100 mm
- -50 mm
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Obr. 16 Pricny profil stanice — odchylky skute¢ného [ room
tvaru osténi od projektu

Profil km 15.445
Profile km 15.445

Fig. 16 Cross section of a station tunnel - deviations
of the actual shape of lining in comparison
with the designed one
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RAZBA PRVNI JEDNOKLENBOVE STANICE
NA TRASE IVC1 PRAZSKEHO METRA

EXCAVATION OF THE FIRST ONE-VAULT STATION
ON THE IVC1 LINE OF THE PRAGUE METRO

ING. MILOSLAV ZELENKA - METROSTAY, a. s.

uvob

V soucasné dobé je realizovano prodlouZeni praiského metra vystavbou
1. &asti IV. provozniho useku trasy C smérem k severnim sidlistnim celkim
Kobylistim, Ladvi a Proseku. Celkova délka pravé budované ¢asti trasy IVC1 je
3,9 km a jeji soucasti jsou i dvé stanice - hloubena stanice Ladvi a razena jed-
noklenbova stanice Kobylisy. Uvedeni do provozu se predpokladéa v poloviné
roku 2004.

Vyskové vedeni trasy zacina za odstavnymi kolejemi doposud kone€né stani-
ce trasy C Nadrazi HoleSovice, kde prechazi do maximalniho klesani, aby bylo
mozno tunelem podejit fecisté Vitavy. Pod fekou se spad tratového tunelu
obraci a pfechazi naopak do maximélniho stoupani s ohledem na nutnost pfe-
konani 112 m celkového vyskového rozdilu do stanice Ladvi.

Od odstavnych koleji stanice Nadrazi HoleSovice na levému brehu Vitavy je
trasa vedena v kratkém hloubeném tunelu, ktery navazuje na dva Zelezobeto-
nové tubusy metra vysunuté ze stavebni jAmy na pravém biehu feky. Zhruba
400 m od trojského brehu feky (za ulici Povitavska) konéi hloubeny Usek trasy,
nebot terén zacina prikie stoupat. Pravé zde zacina razena ¢ast trasy tvorena
dvoukolejnym tunelem. V misté k¥izeni s ulici Trojska na néj navazuje tunel
realizovany v oteviené stavebni jameé. Zbyvajici ¢ast trasy je vedena v raze-
ném dvoukolejném tunelu s vyjimkou kratkych jednokolejnych tunell pfileh-
lych ke stanici Kobylisy, aby mohlo byt provozovano stfedové ostrovni nastu-
pisté jednolodni stanice. Razen4 ¢ast od portalu Povltavska aZ do hloubeného
Useku pred stanici Ladvi je dlouhd skoro 2700 metrt. Na trase byly uplatnény
dvé novinky jak v oblasti navrhu, tak z hlediska stavebniho postupu. V prvni
fadé originalni feSeni vysouvanych tuneld blize popsané v ¢asopise Tunel
1/2002 na stranach 18 az 29. Druhou podzemni konstrukci dosud neprovadé-
nou na prazském metru je vystavba jednolodni stanice Kobylisy, jejiz projek-
tovana koncepce je popsana rovnéz v ¢isle Tunel 1/2002 na stranach 30 az 33.

GEOLOGICKE A HYDROGEOLOGICKE POMERY RAZENE
STANICE KOBYLISY

InZenyrskogeologické poméry stanice byly zdokumentovéany z archivnich
a nové provedenych geologickych sond. Upfesnéni geologickych podmi-
nek bylo mozné diky realizaci objektd pFistupové Stoly a Sachty pro vytah
uréeny pro osoby se snizenou pohyblivosti. Na navrh dodavatele byla pro
pFistup do trasy a stanice namisto tézni Sachty zvolena Upadni pfistupova
§tola ze staré zastavby v Kobylisich od kfizovatky ulic Na pésinach a Pod
statky s vyuZitim plochy starého dosluhujiciho koupali§té. Stola, kterd ma

Obr. 1 PFi€ny fez jednolodni stanici
Fig. 1 Cross section through the one-vault station

INTRODUCTION

Currently the Prague Metro extension is carried out by the construction of
the 1st part of the operational section IV of the line C towards northern sub-
urbs of Kobylisy, Ladvi and Prosek (see Fig. 1). The total length of the section
IV C1 being under construction amounts to 3.9km. This section contains two
stations, i.e. the Ladvi cut-and-cover station and Kobylisy mined one-vault
station. The commissioning is scheduled for mid-2004.

Regarding the vertical alignment, the line starts behind the stabling tracks of
the till now terminal station on the line C, the NédraZi Holesovice Station,
where the maximum down gradient starts in order to allow the tunnel to dip
under the Vitava River bed. The gradient of the running tunnel reverses
under the river, with a transition to the opposite extreme, i.e. maximum ris-
ing grade designed with respect to the necessity to overcome an altitude dif-
ference of 112m, to get to the Ladvi station.

From the stabling tracks of the NadraZi HoleSovice Station on the left bank of
the Vitava River, the route is led through a short cut-and-cover tunnel, which
connects to two reinforced concrete tubes of the metro launched across the
river from a construction trench on the right bank. The end of the cut-and-
cover section is roughly 400m from the right bank (the Troja district, behind
Povitavské Street), at a place where the surface starts to rise steeply. A mined
part of the line, i.e. a twin track tunnel, begins at this place. A tunnel built in
an open trench follows starting from the crossing of the route with Trojské
Street. Remaining portion of the line is a mined twin track tunnel, with an
exception of short single-track tunnels adjacent to the Kobylisy Station
(designed to allow the operation of the central-island platform in the single
vault station). The mined section between the Povitavské portal to the cut-
and-cover section before the Ladvi station is nearly 2,700m long. Two inno-
vations have been applied to the line, both in the region of the design and
the construction method. First, it is the original design of launched
(immersed) tunnels, which was described in detail in the TUNEL 1/2002 ma-
gazine on pages 18 to 29. The other underground structure that has never
been built on the Prague Metro is the one-vault station Kobylisy. The con-
ception given by the design is also described in the issue 1/2002 of the
TUNEL magazine, pages 30 to 33.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS AT
THE KOBYLISY STATION

Engineering-geological conditions at the station location were documented
using archive and newly executed geological probes. The information on the
geological conditions was refined using the data gained during the excava-
tion of an access adit and disabled access lift. Based on the contractor’s pro-
posal, an inclined access adit leading from the old housing development
area in Kobylisy (from the crossing of Na Pésinach and Pod Statky streets)
replaced the originally designed hoisting shaft. Premises of an old swim-
ming pool, nearly at the end of the service, were used for this purpose. This
adit (a horseshoe shaped profile, length of 261m, excavated cross section of
27.4m?) served, in addition to the refinement of the geological information
and determination of hydrogeological conditions, also as a model allowing
the experience gained from the excavation in the given geotechnical condi-
tions to be applied to the station proper.

Although, the main reason why the adit was chosen for the access to the route
(instead of the originally designed hoisting shaft) was the intention to avoid
vertical transport in the process of excavation of underground spaces (the
total natural rock volume removed via this adit is about 63,000 m°). It must be
noted that when the construction is completed, the adit will be used for the
construction of final structures of the ventilation system of the line IV C1.

The tunnel tube of the one-vault station is positioned in a Dobrotivy series of
strata of facies of Skalec quartzites formed by a belt in the NE - SW direction
above measures of Sarka shales. The direction of the steeply inclined strata
of quartzites and laminated clayey shales is very close to the direction of the
longitudinal centre line of the one-vault station. The quartzite strata alternate
irregularly with thinly laminated several centimetres to several meters thick
layers of clayey shales. The Skalec quartzites are intensively fractured, vary
in colour from white-grey to rusty-brown, from time to time even dark red,
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podkovovity tvar, délku 261 m a plochu vyrubu 27,4 m? slouzila kromé geo-
logické dorozvédky (tedy k upfesnéni geologickych informaci i vysledovani
hydrogeologickych pomért) zarovei jako model, umoziujici prevzeti
vybranych zkusenosti z razby v danych geotechnickych podminkach pro
razbu vlastni stanice.

Hlavni diivod volby Stoly jako pfistupu do trasy (oproti plivodné navriené
Sachté) vSak bylo vylouceni svislé dopravy pfi razeni podzemnich prostor.
Celkova kubatura horniny vytéZena touto $tolou totiZz predstavuje v rostlém
stavu cca 63 000 m*. Nutno dodat, Ze po ukonéeni vystavby bude $tola vyuzi-
ta pro vybudovani definitivnich objekt( vétrani trasy IVC1.

Vlastni tunelova trouba jednolodni stanice lezi v dobrotivském souvrstvi facie
skaleckych kfemencd, kterou tvofi pruh ve sméru severovychod - jihozépad
nad polohami Sareckych bfidlic. Smér strmé uloZzenych vrstev kiemencl
a tence vrstvenych poloh jilovitych bfidlic se velmi blizi sméru podélné osy
jednolodni stanice. Vrstvy kiemencu se stfidaji nepravidelné s polohami jilo-
vitych, tence vrstevnatych bfidlic mocnych od nékolika cm az po nékolik
metrd. Skalecké kiemence jsou znacné rozpukané, zbarveni je rizné od béla-
vé Sedych aZ po rezavé hnédé, ob&as i do tmavé ¢ervena a témér vidy vedou
vodu s ohledem na jejich napojeni na spodni vrstvy kfidy, kterymi je ordovic-
ké souvrstvi v celém prostoru stanice vodorovné prekryto.

Spodni vrstvy v podstaté vodorovného kiidového souvrstvi jsou tvofeny pra-
chovitymi jilovci, které obsahuji nahodile $térkové polohy. Sedé a7 rezavé
zbarvené jilovce pak smérem k povrchu prechézeji do piskovcl. Cenomanské
piskovce v nadloZi jili jsou rezavé Zluté, stfedné zpevnéné a rozpukané. Polo-
ha téchto piskovcU je cca 10 m mocna. Pred provadénim razeb existoval pred-
poklad, Ze pravé tyto piskovce mohou podstatné eliminovat vliv razby na
poklesy povrchu terénu. Sedimentace piskovcl je ukonéena zelenosedymi
jilovitymi jemnozrnnymi glaukonitickymi piskovci o mocnosti 4 - 5 m. Zbytek
nadloZi aZz k povrchu je pak tvofen 4-5 m mocnou vrstvou hlin a navazek.
Vyznamnym prvkem na pocatku razi¢skych praci byla ustalena hladina pod-
zemni vody v cenomanskych piskovcich cca 6 m nad povrchem nepropust-
nych jilovca.

VYVOJ KONCEPCE STANICE

V dokumentaci pro UR z roku 1997 bylo o stanici Kobylisy je$té uvazovano
jako o tradiéni stanici metra se tfemi stani¢nimi tunely, pficemzZ v krajnich
tunelech byla bo¢ni nastupisté a stfedni tunel byl navic koncipovén pro vyu-
Ziti technologie. Na koncich nastupist by byly krat$i Useky stfedniho tunelu
vyuzivany pro propojeni krajnich stani¢nich tunell pfi vyusténi eskalatoro-
vych tunell situovanych do stfedni ¢asti stanice.

VySe uvedend koncepce by v8ak vyZadovala vyfe$eni fady provoznich pro-
blémd. Proto se po pfemisténi prevainé ¢asti technologického zafizeni do
zépadniho vestibulu a za vyuZiti kabelové Sachty (umisténé mezi tratové tune-
ly v blizkosti stanice) stanice pozménila na stanici dvouklenbovou se dvéma
samostatnymi stani¢nimi tunely s dvéma pfi¢nymi spojovacimi chodbami, do
kterych by ustily tunely eskalatorové.

Toto feSeni se na pozadavek investora jesté pred zahajenim realizace zméni-
lo na stanici jednolodni s ostrovnim nastupistém tak, aby pfi¢né propojovaci
chodby nejzatizenéjsi z hlediska pohybu cestujicich byly vylouceny.

Stanice Kobylisy je tedy prvni razena jednolodni stanice na prazském metru.

km 15,509 = 15,508.615 L.K.

Stred stanice
Centre of station

Technologicka Sachta
Technological shaft

Obr. 2 Podélny fez jednolodni stanici
Fig. 2 Longitudinal section through the one-vault station

and they nearly always convey water as a result of their connection to the
lower cretaceous layers (covering horizontally the Ordovician series of stra-
ta within the entire area of the station).

The lower layers of the basically horizontal Cretaceous assembly consist of
silty claystone containing random measures of gravel. Towards the surface,
the grey to rusty coloured claystones change to sandstones. The Cenomany
sandstones overlaying the clays are rusty-yellow, medium consolidated and
fractured. This layer of sandstones is about 10m thick. There had been a
presumption before the excavation begun that it would be these sandstones
what could significantly eliminate the impact of the excavation on the
ground surface settlement. The sedimentation of the sandstones ends by a
green-grey clayey fine grained glauconitic sand layer 4 - 5 m thick. Remain-
ing part of the overburden reaching up to the surface consists of a 4 -5 m
thick layer of loam and made ground. A factor important at the beginning of
the excavation work was the ground water standing level in the Cenomany
sandstones found about 6 m above the surface of the impermeable clay-
stones.

DEVELOPMENT OF THE STATION CONCEPTION

The planning permission documents from 1997 considered the Kobylisy sta-
tion as a traditional metro station with three station tunnels, with side plat-
forms in the side tunnels and the central tunnel drafted for installation of
the equipment in addition to the basic purpose. Short sections at the ends
of the central tunnel would have been used to provide interconnection
between the side station tunnels. Escalator tunnels led to the central part of
the station.

The above conception would have required solution to a series of operational
issues. Therefore the major part of the equipment was relocated to the west-
ern ticket hall and, using also the cable shaft located between the running tun-
nels in the vicinity of the station, the station was changed to a two-vault sta-
tion with two cross passages and escalator tunnels leading to those passages.
This solution had been changed before the commencement of the works (on
a client request) to a one-vault station with an island platform. Thus the issue
of movement of passengers through the cross passages was eliminated.
The Kobylisy station is the first mined one-vault station in the Prague Metro
network.

THE STATION STRUCTURE - TECHNICAL SOLUTION

The Kobylisy station is a one-vault station excavated by the NATM tech-
nique, with double-shell lining and intermediate 3mm-thick PVC waterproo-
fing membrane; the primary shotcrete lining (SC 20) and secondary lining
C 30) is 400 mm and 600 mm thick respectively. The total length of the sta-
tion tunnel is 147.9 m.

It was decided to excavate the station in a series of headings and benches,

with both vertical and horizontal sequencing. The reasons were as follows:

- big size of the excavated cross section of the station of 228 m? (the exca-
vation width of 21 m)

- excavation of the station within an area with existing surface buildings

- geotechnical conditions for the mining operations were assessed as unsat-
isfactory considering the results of the engineering-geological investiga-
tion and the size of the excavated cross section.

invalidni vytah

Sachta pro
Shaft for
invalid lift

UT 284,10
TK 251,49
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KONSTRUKCE STANICE, TECHNICKE RESENI

Stanice Kobylisy je jednolodni stanice razena technologii NRTM s dvouvrst-
vym osténim a mezilehlou foliovou izolaci z PVC o tloustce 3 mm; tloustka pri-
marniho osténi ze stfikaného betonu je 400 mm (kvalita SB 20) a sekundarni-
ho osténi 600 mm (B 30). Celkové délka staniéniho tunelu je 147,9 m.

Bylo rozhodnuto razit stanici po dil¢ich vyrubech s ¢lenénim vertikalnim i hori-

zontalnim z nasledujicich divodu:

- znaéna velikost vyrubu stani¢niho profilu - 228 m? (Sitka vylomu cca 21 m);

- raZba stanice na Uzemi se souvislou zastavbou na povrchu;

- dle vysledkl inZenyrskogeologického prizkumu ve vztahu k velikosti vyrubu
byly geotechnické podminky pro razbu vyhodnoceny jako nepfizniveé.

Tri zékladni vyruby, z nichZ bo&ni maji v pfistropi tvar gotické klenby, se ver-
tikalné déli dle asového odstupu pobirani kazdy na dvé ¢asti. Kalotu s jad-
rem, které se odebiraji najednou a spodni protiklenbu rovnéz ve tvaru nesou-
mérné gotické klenby.

Obéma cely stanicnich tunel vychodnim i zapadnim prochazeji jednak eska-
latorové tunely s plochou vyrubu cca 42 m? a na stranach dva jednokolejné
tratové tunely pfivadéjici kolej metra k bokiim ostrovniho nastupisté ve sta-
nici. V misté zaUsténi vychodniho eskalatoru je umistén vytah pro osoby
s omezenou pohyblivosti.

V blizkosti ¢el nastupisté budou umistény tlakové uzavéry, umoziujici v pfi-
padé potieby uzavfit prostor stanice.

Na jafe 2001 byla vyrazena jako vibec prvni podzemni dilo v misté budouci
jednolodni stanice Sachta pro vytah. Z ni bylo ¢erpano z horizontu cca 14 m pod
terénem (z tehdejsi Urovné spodni vody v kifidovém souvrstvi) pfiblizné 7-8
litr podzemni vody za vtefinu.

Jiz béhem razby boénich tunelli ¢lenéného vyrubu stanice (LST, PST) se uka-
zalo, Ze geologické sloZeni masivu a jim dané mnozstvi vody pfitékajici do
vyrubu budou mit vyrazny vliv na chovani horniny a vlastni osténi tunel.
V levém boénim tunelu dochézelo (po vyrazeni prvnich cca 50 m, kdy geolo-
gii tvorila v podstaté pouze bfidlice bez vétsich vyronl vody) k velice pestré-
mu a ¢astému stfidani bfidlic s kfemenci (ty doprovazely vidy silnéjsi vyrony
vody a7 v rozsahu cca 3-5 I/sec v ¢elbé) az do konce profilu stanice. V pravém
boénim tunelu byl vyvoj v podstaté v celé délce stanice (cca 150 m) mono-
téonni - bridlice, témér suché v dobé razby a teprve pozdéji se projevoval dre-
nazni u€inek podzemniho dila charakteristicky stahovanim okolni vody poévou
tunelu do vyrazeného dila.

Dlouhodobé bylo v priméru z podzemniho dila pfistupovou $tolou ¢erpano
cca 20-25 I/sec. Bylo to Cerpani z celé délky tuneld té Casti trasy, kterd byla
pfes pfistupovou Stolu raZena.

Razi¢ské prace byly zahajeny v kvétnu 2002 a byly ukonceny v listopadu 2002.
Razba byla zahéjena razenim boénich tunell v Grovni horniho patra pfiblizné
s jednomésicnim vzajemnym odstupem. O dal$i mésic pozdéji byla zahajena
razba spojky mezi bo¢nimi vyrubnimi prafezy pfiblizné v jedné tretiné délky
stanice.

S ohledem na silné zvodnéni vyrubu zejména v levém boénim (stani¢nim)
tunelu (LST cca 3 az 5 I/sec) v8ak dochazelo béhem razby k rozmaceni a zbah-
néni docasné pocévy bocnich vyrubl stanice, a tim i ke zpomaleni postupu
razeb. Hornina byla v pfevazné mife rozru§ovana beztrhavinovym zplisobem
(levy a stfedni stani¢ni tunel) tunelbagrem Liebherr 932. Pouze v pravém sta-

- LST
PST

150

Obr. 3 Schéma pobirani stanice
Fig. 3 Excavation process of the station

Each of three basic excavations, out of which the side excavations have
crowns shaped as gothic vaults, is divided vertically into two sections accord-
ing to the time sequence of the excavation, i.e. the top heading and bench
(excavated concurrently) and invert (also shaped as an asymmetric gothic
vault).

Escalator tunnels with excavated cross section of 42 m* join the station exca-
vation at both eastern and western end. On the sides, two single-track run-
ning tunnels carry the metro tracks to the sides of the island platform in the
station. The disabled access lift is positioned to the place where the eastern
escalator connects to the station.

Pressure proof gates allowing a closure of the station in case of a necessity
will be installed in the vicinity of the ends of the platform.

The first underground work carried out in the area of the future one-vault
station was the lift shaft sinking (Spring 2001). The shaft was used for pump-
ing groundwater from a horizon about 14 m under the ground surface, i.e.
from the ground water level existing then in the bottom layers of the Creta-
ceous series of strata (7 - 8 litres per second).

It was found already in the course of the excavation of the sidewall tunnels
of the divided station excavation (LST, RST) that the geological composition
of the massif and the volume of water flowing into the opening (predestined
by this composition) would affect the rock behaviour and the tunnel lining
significantly. Very diverse and frequent alternating of shales and quartzites
occurred in the left sidewall tunnel (after excavating the initial 50m-long sec-
tion where the geology comprised basically only shale without larger water
strikes). It continued up to the end of the station profile. The alternations
were always accompanied by stronger water strikes at the face ranging from
3 to 5 I/s. The development in the right tunnel was basically monotonous
along the entire length of the station (about 150m), i.e. shales, nearly dry
during the excavation, and subsequent manifestations of the drainage effect
of the underground opening in a form of surrounding water drawn to the
tunnel through the invert.

In the long term, about 20 - 25 litre/s of water were pumped from the under-
ground works via the access adit. The water was pumped from the entire
length of the tunnels of the relevant part of the route which was excavated
using the access adit.

The excavation operations started in May 2002 and they were finished in
November 2002. The operations started by excavating the sidewall tunnels
at a level of the upper floor, the first tunnel approximately one month after
the first one. Another month later the excavation of a cross passage between
the sidewall excavation profiles started (roughly at one third of the station
length).

The temporary bottoms of the sidewall tunnels became waterlogged due
to intensive inflows of water, to the left station tunnel (LST) above all
(about 3 to 5 litre/s), thus the advance rate of the excavation was slowed
down. The rock was mostly disintegrated without blasting, using the
Liebherr 932 tunel excavator (the left and central station tunnel). Blasting
operations were used on the right station tunnel (RST) only, as nearly
entire length of this tunnel passed through shales conveying no water.
The blasting was carried out beyond night hours and was applied to a
part of entire cross section of the sidewall tunnel. Regarding the central
part of the station excavation (CST), groundwater appeared sporadically
only. Virtually no water was encountered at the face during the excava-
tion work. Only when the primary shotcrete lining had been completed
and additional 3m-long roof anchors installed as originally requested by
the designer was the water remaining in the bottom layers of the Creta-
ceous series of strata drawn to the tunnel. This fact suggests that the
drainage effects of the previous excavation of the sidewall tunnels were
sufficient. In the time when the excavation of the central station tunnel
took place the two escalator tunnels had already been excavated and

1 2 3
4 5 6
Obr. 4 Schéma ¢lenéni razby stanice
Fig. 4 Sequencing of the excavation
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niénim tunelu, ktery byl razen v podstaté po celé délce bfidlicemi, které
nevedly vodu, se pouzivaly mimo noéni dobu trhaci prace z¢asti, pfipadné
v celém prhfezu boéniho tunelu. Ve stiedni ¢asti vylomu stanice (SST) se pod-
zemni voda objevovala pouze sporadicky. Na ¢elbé béhem razeni v podstaté
vibec ne, teprve po nastfiku primarniho osténi pfi kotveni stropu, které
plvodné poZzadoval projektant, se kotvami o délce 3 m stahla do tunelu zbyt-
kova voda ze spodnich vrstev kfidy. Z toho Ize usuzovat, Zze drenazni uéinky
predchozich razeb boc¢nich tunelli byly dostate¢né. V dobé, kdy se razil stied-
ni tunel stanice, byly jiZ vyrazeny oba eskalatorové tunely a zajistény primar-
nim osténim ze stfikaného betonu. Tato dila ,pfetala” vodonosnou vrstvu
pred i za stanici, a prispéla tak k odvedeni ¢i snizeni Urovné podzemni vody
nad klenbou jednolodni stanice.

Po vyraZeni a vycisténi hornich ¢asti bocnich tunell v celé délce stanice se
provizorné vybetonovala jejich dna (viz. obr. 4). Poté néasledoval vyrub stfed-
ni ¢asti stanice opét v hornim patie, ktery byl realizovan z jiz zminéné spojky
zhruba ve tietiné stfedniho stani¢niho tunelu obéma sméry vpred i vzad (viz.
obr. 3). Vzhledem k zastiZené relativné suché horniné pfi razbé kaloty stfedni
Casti stanice bylo mozné bez probléml opakované vysvahovat dostate¢né
dlouhou rampu mezi vnitfnim osténim bocnich tuneld, po které se pouzivana
mechanizace dobfe pohybovala. Za postupujicim vyrubem kaloty a jadra
stifedni ¢asti vyrubu stanice bylo vidy na polovinu probirdno dno celé stani-
ce a budovana protiklenba (viz. obr. 4). Jednalo se tedy vlastné o kombinaci

secured by shotcrete primary lining. These tunnels cut through the water
bearing layer before and behind the station, thus they contributed to the
removal of ground water or lowering of the water table above the one-
vault station roof.

When the excavation and cleaning the upper portions of the sidewall tun-
nels had been finished within the entire station length, the bottoms were
supported temporarily with concrete (see Fig. 4). Then the excavation
of the central portion (its upper part) of the station followed. This exca-
vation was carried out from the above-mentioned cross passage located
at one third of the central station tunnel length, in both driving directions,
i.e. forward and back (see Fig. 4). Thanks to the fact that the rock encoun-
tered in the course of the top heading of the central part of the station
was relatively dry, it was possible to repeatedly develop a sufficiently
long ramp between the internal liners of the sidewall drifts for the move-
ment of the construction equipment. The excavation of one and subse-
quently the other half of the entire station bottom and casting of the
invert followed the excavation of the top heading and bench of the cen-
tral part of the station (see Fig. 4). This means that the excavation
sequence was a combination of horizontal and vertical sequencing sys-
tems. Average monthly advance rates on the sidewall tunnels varied
between 50 to 60 m. Similar rates (maximum daily excavation advance
rate of 2m per 24 hours on one excavation face) were achieved on the top
heading of the central part of the station (CST).

Obr. 5 Detail prostupu jednokolejného a eskalatorového tunelu do ¢ela staniéniho profilu
Fig. 5 Single-track tunnel and escalator tunnel entering the station profile
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horizontalniho a vertikalniho ¢lenéni dila. Primérné mésicni postupy na raz-
bach bocnich tuneli se pohybovaly mezi 50 az 60 m. Na razbé kaloty stiedni
¢asti vyrubu stanice (SST) bylo dosazeno obdobnych postupl s maximalnim
dennim vykonem 2 m za 24 hod. na jedné celbé.

STROJNIi SESTAVA

Razba jednolodni stanice byla realizovana klasickou strojni sestavou pro

NRTM:

- mensi bocni vyruby (horni patro LST a PST) byly razeny za pomoci raziciho
a nakladaciho stroje ITC 312 SCHAEFF. Diky hieblovému dopravniku tohoto
stroje bylo mozné nakladani rubaniny pfimo na dumpry;

- VEtsi stfedni ¢ast vyrubu (SST) byla rozpojovana beztrhavinové tunelbagrem
Liebherr 932 a nakladana strojem VOLVO 120;

- doprava rubaniny ze vSech ¢eleb byla uskutecriovana dempry VOLVO 25;

- stiikany beton SB 20 aplikovany mokrym zplsobem byl na vyrub nan&sen pomoci
»SpritzmobilG” MEYCO a ALIVA pi pouziti urychlujici pfisady Ekosal L/LD;

- v ptipadé trhaci prace byla ¢elba navrtavana vrtacimi stroji Atlas Copco Boomer
L2C, variantné 352, kterymi byly provadény rovnéz vrty pro osazovani kotev;

- stavba rdmu a montéz siti primarniho osténi se provadély s pomoci ploSin
Atlas - Copco DC 16/HL.

MERENI

Béhem razby se detailné sledovaly deformace na povrchu i v podzemi. Proto-
Ze razba tak velkého vyrubu, jako je jednoklenbové stanice, probihala v mést-
ské zastavbé, bylo nutno minimalizovat uéinky razby na povrch, a tedy v pfi-
padé nutnosti rychle reagovat na konvergenéni méfeni na p¥iklad doplnénim
o systémové osazeni kotev délky 6,0 m s vétsi Gc¢innosti. Zahrani¢ni odborni-
ci v technické radé, ktera cely pribéh razby od pocatku sledovala, odhadli vliv
vyrazené stanice na povrch do 100 mm. Snahou technickych pracovnikl zho-
tovitele bylo tuto hodnotu nepfekro€it.

Vétsina deformacnich kfivek méla velmi podobny pribéh, kdy po okamzité
deformaci po vylomu dochazelo k rychlému uklidnéni v fadu nékolika dnt. Pfi
vzdjemném porovnani deformaci vyrubd obou bocnich tunell (LST oproti
PST) byly patrné vyrazné lepsi deformace PST z divodu geologickych pod-
minek, nebot vyrub v celé délce byl provadén pouze v bfidlicich nepropou-
§téjicich vodu. V PST se namérené hodnoty poklesu klenby pohybovaly kolem
15 mm, zatimco v LST dosahly ojedinéle az hodnoty 40 mm v mistech, kde
razba prochézela pAsmem zvodnélych kfemenct. Pravé tato mista byla doda-
te€né dokotvena jiz zminénymi kotvami délky 6 m, které spolehlivé zachytily
dal$i deformace lice primarniho osténi. Lze konstatovat, Ze pfes velmi malou
vzajemnou vzdalenost obou razenych bocnich tuneld, ktera Cinila 6 az 7 m, se
dodate¢né konvergence projevily velmi malo. Maximalni hodnota ¢inila 5 mm.
Rovnéz brzy po zahdjeni razby stfedni ¢asti stani¢niho tunelu bylo zfejmé, ze
vliv razicich praci na deformace nebude tak velky, jak se plivodné ocekavalo.
Po ustaleni vSech pohybu mérenych bodd na osténi hodnoty deformaci

Obr. 6 Razba stiedni ¢asti kaloty stanice
Fig. 6 Excavation of the central part of the top heading

MECHANICAL EQUIPMENT

The one-vault station was excavated using a conventional set of equipment

typical for the NATM:

- The smaller sidewall drifts (the upper parts of the LST and RST) were exca-
vated using the ITC 312 SCHAEFF heading and loading machine. The drag
conveyor (part of the machine) allowed loading of muck directly into
dumpers.

- The larger central part of the excavated cross section (CST) was excavated
by the Liebherr 932 tunnel excavator, without blasting, and VOLVO 120
loaded the muck

- VOLVO 25 dumpers removed the muck from all headings.

- Wet shotcrete SC 20 was applied to the excavation face by MEYCO and
ALIVA mobile sets (with Ekosal L/LD accelerating additive).

- Blast holes, wherever needed, were drilled by Atlas Copco Boomer L2C
or 352 drilling sets. These machines drilled anchor holes as well.

- The erection of lattice girders and installation of welded mesh (primary lining)
was carried out using Atlas - Copco DC 16/HL lifters.

MEASUREMENT

Detailed monitoring of deformations both on the surface and in the under-
ground was performed during the excavation operations. Because such
a large profile as a one-vault station is was excavated in a developed area,
the excavation impact on the surface had to be minimised. It was necessary
to be able to respond rapidly to the results of the convergence measure-
ment, e.g. by adding systematic 6m long anchors featuring higher efficiency.
Foreign experts participating in the Technical Board, which followed the
excavation operations from the very beginning, anticipated the surface set-
tlement not to be higher than 100mm. Contractor staff’s aim was to keep the
settlement under this value.

Most stress-strain curves were very similar, i.e. the deformation settled
rapidly (in the order of several days) after the initial immediate reaction
on the excavation. If we compare the deformations of the two sidewall
tunnels (LST and RST), the RST deformations were significantly more
favourable due to geological conditions (the excavation was carried out
through impermeable shales along the entire tunnel length). The values
of the RST arch settlement fluctuated around 15mm, while they achieved
40mm in isolated cases (in the locations where zones of water bearing
quartzites were passed through. Those locations were additionally sup-
ported by the above-mentioned 6m-long anchors, which prevented fur-
ther deformations of the primary lining reliably. We can state that
despite very short axial distance of the mined sidewall drifts amounting
to 6 to 7m the extent of additional convergences was very small. The
maximum value amounted to 5mm. It was also obvious very soon after
the beginning of the central part of the station tunnel that the effect of
the excavation on the deformations would not be so big as expected ini-
tially. Once all the displacement and convergences measured on the lin-
ing had settled, the values rose by additional one-third as a maximum.

Obr. 7 Dobirani dna a uzavirani osténi jednoklenbové stanice
Fig. 7 Bottom excavation and closing of the invert

—
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Obr. 8 Vrtaci prace na ¢elbé boéniho tunelu v ¢lenéném vyrubu stanice Kobylisy
Fig. 8 Drilling the face of the side-wall drift as a part of the sequential excavation of the Kobylisy station
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Obr. 9 Zahajeni izolaénich, armovacich a betonarskych praci ve dné stanice
Fig. 9 Beginning of waterproofing and reinforcement placing and concrete casting work at the station bottom

Obr. 10 Tunel stanice po betonaZzi spodni klenby, instalace izola¢nich folii
Fig. 10 Application of waterproofing membrane after completion of the invert




tunel casopis 12/3

15.8.2003 14:27 Strénka 17

—p—

7 12. ROCNIK, &. 3/2003

Tunel

vzrostly navic maximalné o jednu tfetinu. PFi vyrazené kaloté na celou $itku
stanice bez uzavieného dna dosédhly hodnoty nivelace poklesu na terénu
v mistech nad podélnou osou jednolodni stanice maximalné 45 mm. Proka-
zalo se, Ze ,piskovcova deska” nad vyrubem stanice vytvofila prvek, ktery
prenesl zatizeni nadloZi i nad tak velkym vyrubem, jakym jednoklenbové sta-
nice bezesporu je.

Jedinou méfenou veli¢inou, kterd béhem razby znamenala znepokojeni, bylo
naklanéni budov v poklesové kotliné stanice. Pfikladem je zakladni umélecka
skola u vychodniho eskalatoru, kde se naklon z pdvodnich cca 1 : 2 600
s postupem razeb eskalatoru a boc¢nich tuneld stanice, zménil az na 1 : 500.
Nutno v$ak dodat, Ze tento naklon byl doprovéazen pouze vlasovymi trhlinami
na fasadé budovy.

ZAVER

V dobé, kdy vyjde tento €lanek v asopise Tunel, budou hlavni stavebni prace
ve stanici Kobylisy dokon¢ovany. Intenzivné budou naopak nabihat ¢innosti
souvisejici s technologickym a provoznim vybavenim stanice. Stavba stanice
byla Uspésna i pres problémy, které vychazely z relativné kratkych Ihit stano-
venych pro jednotlivé etapy vystavby a z toho vyplyvajici obtizné organizace
kumulovanych praci. Razby 148 m dlouhé stanice byly provedeny od kvétna
do poloviny listopadu 2002, definitivni osténi bylo vybetonovano v obdobi
prosinec 2002 az kvéten 2003 a vnitini konstrukce budou dokonceny v zafi
2003. Domnivam se, Ze prvni razena jednoklenbové stanice metra Kobylisy
zlistane vyznamnym technickym inZenyrskym dilem, kde investor, projektant
i zhotovitel dobte zvladli rychlou a bezpe€nou vystavbu zejména ve vzajemné
relaci slozitych geologickych podminek a velikosti vyrubu i ve vztahu k stava-
jici méstské zastavbé nad stanici.

Obr. 11 Zelezobetonova klenba osténi stanice a pojizdné bednéni
Fig. 11 Reinforced concrete vault and the traveller formwork

The maximum values of the settlement above the centreline of the one-
vault station measured by levelling of the ground surface after the exca-
vation of the top heading within the entire station width without closing
the bottom reached 45mm. It was proved that the “sandstone slab”
above the station opening created an element which carried the over-
burden load even above the large cross section excavation required for
the one-vault station.

The only measured data causing some concern during the excavation oper-
ations was the tilting of buildings inside the settlement trough above the
station. For example the tilt of the school of applied arts at the eastern
escalator grew from an original value of 1: 2600 to 1: 500 with the advanc-
ing excavation of the escalator tunnel and sidewall drifts. It is however nec-
essary to add that the tilting caused hairline cracks in the front wall only.

CONCLUSION

The first mined one-vault station Kobylisy is certainly a significant piece of
work in terms of civil engineering. In terms of the urban environment which
this structure is located in, and with respect to the large cross section, this
immense underground project is an outstanding deed accomplished jointly
by the owner, designer and contractor.
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RESENI STABILITNICH PROBLEMU V OBLASTI SEVERNIHO
PORTALU TUNELU MRAZOVKA

SOLUTION OF STABILITY PROBLEMS AT THE NORTHERN
PORTAL OF THE MRAZOVKA TUNNEL

ING. RADKO BUCEK, PhD.
STAVEBNI GEOLOGIE - GEOTECHNIKA, a. s.

Béhem razby dvojice tunelovych trati tunelu Mrézovka doslo k neocekavanym
problémuim na severnim portalu.

Nepfipustné sedéni béhem razby zapadni tunelové trouby doprovézené véi-
vychodni klenby, predstavovaly naro¢nou inZenyrskou vyzvu jak pro dodavatele
stavby, tak pro geotechnického supervizora.

TUNELY MRAZOVKA

Tunel Mrazovka je soucasti jihozapadniho méstského okruhu v Praze. Tunel
tvofi dvé tfipruhové trouby - zadpadni (ZTT) a vychodni (VTT). Tunel podchazi
dva vrchy, Mrazovku a Pavi vrch a husté zastavéné mezilehlé udoli. Obé tunelo-
vé trouby maiji Sitku vyrubu 16,62 m a vysku 12,5 m pfi plose vyrubu 165,00 m?,
viz. obr. 1.

GEOLOGICKY PROFIL

Predpokladany geologicky profil pred zapocéetim razeb v oblasti severniho
portélu je uveden na obr. 2.

V oblasti severniho portalu prochéazela razba letenskymi bfidlicemi, pfekrytymi
znacnou vrstvou deluvii. Bridlice byly v této ¢asti tunelové trasy postizené tek-
tonickym porusenim a zvétranim ve vy$s$i mife nez v jinych ¢astech tunelu.

PRUBEH RAZEB

Jako prvni byla razena ZTT a nasledné VTT. Razba probihala z obou portald
metodou ¢lenéného vyrubu. V pribéhu razeb doslo v oblasti severniho por-
talu k fadé technickych problém, které vyvrcholily v éervnu 2001 vyraznymi
deformacemi v ZTT i VTT s naslednym porusenim primarni vystroje tunelu.

a) Pribéh razeb ZTT

Po vybudovéni a zakotveni severniho portalu se zacala razit ZTT smérem od
severniho portélu (viz obr. 3) pfi horizontalnim €lenéni vyrubu (viz. obr. 4).
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Obr. 1 Severni portal tunelu Mrazovka
Fig. 1 Northern portal of the Mrazovka tunnel

Unexpected problems occurred at the northern portal during the excavation
of the twin-tube tunnel Mrédzovka,.

Unacceptable surface settlement during excavation of the western tunnel
tube, accompanied by severe stability problems in both tubes during exca-
vation of the eastern vault, represented a demanding engineering challenge
both for the structure contractor and the geotechnical supervisor.

MRAZOVKA TUNNELS

The Mrézovka tunnel is a part of the southwestern Prague City Ring Road.
The tunnel consists of two three-lane tubes - western (WTT) and eastern
(ETT). It passes under two hills, Mrazovka and Pavi Vrch, and a densely pop-
ulated valley inbetween. The excavations of the tunnel tubes are 16.62
m wide and 12.5 m high, with cross section profiles of 165.00 m* (see Fig. 1)

GEOLOGICAL PROFILE

The geological profile anticipated prior to the launch of excavation at the
northern portal is illustrated in Fig. 2.

In area of the northern portal the excavation proceeded through Letna-type
shales, covered by a significant layer of deluvia. Shales in this section of the
tunnel length were tectonically faulted and eroded in larger scale than in
other tunnel sections

COURSE OF EXCAVATIONS

The WTT was excavated first, the ETT subsequently. The excavation pro-
ceeded from both portals by the sequential excavation method. Several tech-
nical problems occurred during the course of the excavation of the northern
tunnel, which culminated in June 2001 by severe deformations in both WTT
and ETT with subsequent damaging of the primary tunnel support.

a) Course of excavation of the WTT

Following construction and anchoring of the northern portal, excavation of
the WTT began from the northern portal (see Fig. 3) using horizontal
sequencing of the face (see Fig. 4).
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Vyrub kaloty (vyrub 1, obr. 4) byl zajistén hydraulicky rozpinanymi svorniky

typu boltex 4 a 6 m dlouhymi (pozdéji 6 m dlouhymi SN kotvami v patach

klenby) a vrstvou stfikaného betonu vyztuzenou piihradovymi nosniky typu

Bretex a dvéma svafovanymi ocelovymi sitémi.

Brzy po zacatku razby se ukazalo, Zze deformace v okoli tunelu a nasledné

hodnot, neZ se oc¢ekavalo. Navic doslo mezi portalem a propojkou T5 k podél-

nému prasknuti obezdivky ze stfikaného betonu v délce nékolika metrd.

Prasklina byla sanovéana injektovanymi kotvami 6 m dlouhymi.

Dlivody a mechanismus neocekavanych deformaci Ize struéné popsat nasledovné:

- Po vyrazeni zabéru byla nastfikana vrstva stfikaného betonu a osazen Bretex
a poté byla dosttikana obezdivka do 60 % své tloustky. Obezdivka v tuto chvi-
li méla dostate€nou tuhost, aby prenesla zatizeni. Tim neni mysleno, Ze byla
dostate¢né tuha na to, aby prenesla celé zatizeni od deformujici se horniny,
ale byla dostate¢né tuha na to, aby zatizeni prenesla do opor v patkach.

- Jak se vaha rozvolnéné horniny oprela do patek osténi, celé osténi se zatalo
stejnomérné zaborovat do podloZi. Tento jev je zndmy ve svété pod nazvem
,Leg subsidence” a neni novinkou ani pfi razbé tunelii v CR.

- Pokusy zastavit deformace rozsifenim patek klenby &i jejich podeprenim mik-
ropilotami se ukazaly netginné.

- NarUstajici sedani primarni obezdivky v§ak umoznilo nad vyrubem deformace
v rozsahu postacujicim k vytvoreni horninové klenby a deformace se uklidnily.

- Popsané problémy dovedly projektanta s dodavatelem k rozhodnuti prejit
v prostoru propojky T5 z horizontalniho na vertikalni ¢lenéni (obr. 6). Toto
opatieni se ukazalo jako u¢inné.

b) Pribéh razeb VTT

VTT se zacala razit zaroveft smérem od severniho portalu a na obé strany od

propojky T5 (viz obr. 5) pfi vertikalnim €lenéni vyrubu (obr. 6).

Razba probihala na v§ech frontach v sekvencich dle schématu na obr. 6. Délka

kotev 6 m byla pro velikost vyrubu boé¢nich $tol 1 a 2 vyhovujici. Rovnéz tech-

nologicka kézen byla odpovidajici. Pouziti kotev typu Boltex a jejich funkénost
byly umoznény mensimi deformacemi nepfesahujicimi 6 cm.

Presto ve dnech 13. a 14. 7. 2001 do$lo v severnim pfiportadlovém tseku VTT

k nahlému zrychleni deformaci s naslednym vybocenim vnitinich (do¢asnych)

stén opérnych tunelt (1-LOT a 2 -POT, obr. 5) na strané do¢asného pilite.

Na obr. 7 je situace razeb v dobé pocatku problémd, kdy ZTT byla vyraZena

v celém rozsahu a svétlé plochy ukazuji vyrazené ¢asti VTT.

Elipsy zndzorfiuji oblast zvySenych deformaci v tunelu i na povrchu z doby

razby ZTT. Z rozsahu a priibéhu deformaci Ize pfedpokladat, ze ve VTT

(v oblasti ohrani¢ené na obr. 7 rdmeckem) doslo k vycerpani inosnosti docas-

ného pilife mezi LOT a POT ve VTT a k jeho ¢astecnému poruseni. Nasledné

doslo k pretizeni hlavniho pilife mezi VTT a ZTT.

Dlvody pretizeni pilift v oblasti severniho portélu jsou:

- Nizké nadloZi tvofené slabou vrstvou prevazné zvétralych bfidlic a kvartérnim
pokryvem a pfitomnost poruchy, charakterizované milonitizovanymi bfidlice-
mi v kritickém misté.

- Mocnost pilite mensi nez primér jedné razené trouby.

- Rozvolnéni masivu vlivem razby ZTT.

- Nedostateéné kotveni pilite ze ZTT.

- Deformace z razby VTT pfispély spolu s efektem rychle se svazujiciho terénu
k odstartovani nepredvidanych deformaci v oblasti severniho portalu.

K problémm rovnéz pfispélo:

- Poruseni primarni obezdivky v ZTT z prabéhu razby ZTT a jeji dalsi oslabeni
v dlsledku preprofilovani.
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Obr. 2 Predpokladany geologicky profil
Fig. 2 Anticipated geological profile

The top heading (cut 1, Fig. 4) was secured by 4 and 6 m long hydraulic-
expansion rock bolts Boltex (later 6 m long SN anchors at the vault spring-
ing) and a layer of shotcrete, reinforced by lattice girders Bretex and two lay-
ers of welded steel mesh.

Soon after the excavation started it was found out, that deformations in the
tunnel’s surrounding and consequently in the overburden rose to several
times higher values than those estimated already after the excavation of the
calotte. Furthermore, there was a several meters long axial fracture in shot-
crete lining between the portal and the cross passage T5. The fracture was
sealed by 6 m long grouted anchors.

Causes and mechanisms of the unexpected deformations can be briefly

described as follows:

- Following excavation of a round, a layer of shotcrete was applied, Bretex
installed and then the lining concrete sprayed up to 60 % of the lining thick-
ness. At this point, the lining was hard enough to carry the load. That does
not mean, however, that it was hard enough to carry the entire load due to
the rock deformation, but it was hard enough to carry the load onto spring-
ing of the arch.

- Once the weight of the loosened rock fully rested on the lining legs, the
entire lining began to steadily penetrate into the bed. Such phenomenon is
known worldwide as the “Leg subsidence” and it is nothing new at tunnel
excavations in the CR either.

- Trials to prevent deformations by widening the vault legs or their under-
pinning by micropiles proved ineffective.

- But the increasing settlement of the primary lining enabled deformations
above the opening, sufficient for development of the natural arch and the
deformations ceased.

- The described problems led the designer along with the contractor to
a decision to switch from the horizontal to vertical sequencing (Fig. 6) in
the area of the cross passage T5. Such the measure proved effective.

b) Course of excavation of the ETT

Excavation of the ETT began simultaneously from the northern portal and in

both directions from the T5 cross passage (see Fig. 5) using a vertical

sequence (Fig. 6).

The excavation proceeded at all sections in phases according to table on Fig.

6. Anchor length of 6 m was convenient for the size of the excavation of the

cross passages 1and 2. Also the technological discipline was correspondent.

The use of Boltex rockbolts and their function were enabled by smaller

deformations, not exceeding 6 cm.

Nevertheless, a sudden acceleration of deformations with subsequent sway-

ing of the inner (temporary) walls of supporting tunnels (1-LST and 2 - RST,

Fig. 5) at the side of the temporary pillar occurred at the northern ETT by-

portal section during July 13-14, 2001.

Fig. 7 illustrates the situation of excavations by the time the problems began,

when the WTT was fully excavated (light spaces show excavated sections of ETT).

Ellipses show the area of higher deformations in the tunnel as well as on the

surface by the time of excavation of WTT. From the range and course of

defomations it can be assumed that bearing capacity of the temporary pillar
between LST and RST in the ETT was exceeded and it got partially damaged.

Subsequerntly, the main pillar between ETT and WTT was overloaded.

The reasons of the pillar overloading in the area of the northern portal are

following:

- Low overburden consisting of a thin layer of mostly eroded shales, quater-
nary cover and an occurrence of a weakness zone, characterized by miloni-
tized shales at the critical spot.

- Pillar width lower than radius of one excavated tube.

- Loosened massif due to the excavation of the WTT.

ZTT TS5

Severni portal

N smér razby Northern portal

direction of excavation

Obr. 3 Schéma postupu razby v ZTT

Fig. 3 Table of excavation procedure

Obr. 4 Clené&ni vyrubu
Fig. 4 Face excavation sequences

N
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Progresivni vyvoj trhlin v osténi ZTT

V souvislosti s udéalostmi ve VTT byl dne 3. 8. 2001 zji§tén progresivni vyvoj trhlin
v osténi ZTT. Doslo k odprysku vnitini vrstvy osténi véetné svarovanych siti
i k vyboceni rdmu Bretex. Hloubka nékterych trhlin byla viditelné vétsi nez 100 mm.
Konvergenéni méfeni ukazala deformace osténi smérem do vyrubu s rychlo-
sti 2-3 mm/tyden.

Severni portal

‘\Northern portal

ZTT

VIT

¥ smér razby
direction of excavation

Obr. 5 Schéma dokonceni razeb ve VTT u severniho portalu
Fig. 5 Completion of the excavation at the northern portal of the ETT
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intaktni ¢ast
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intact part

of the pillar

vychodni tunel
eastern tunnel tube

zapadni tunel
western tunnel tube

(D deluvialni sedimenty a navazky
diluvial sediments
and made-ground

[ zbéna kolem vyrubu rozvolnéna
vlivem raZzby a relaxace horniny
zone around the opening loosened
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decomposed rock

=== injektované tycové svorniky 10 m,
osazené v pfipadé, Ze by se
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grouted rod-type bolts 10m long,
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weathered rock
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installed in case of deformations
@hornina zdravd spreading to the tunnel exterior
sound rock

=== injektované tyéové svorniky
12 m, osazené okamzité
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installed imediately

sméry deformaci a toku napéti
directions of deformations
and stress flow

Obr. 8 Sanace hlavniho pilite mezi ZTT a VTT a sanace patek klenby ZTT
pomoci injektovych kotev

Fig. 8 Reinforcement of the main rock pillar between the WTT and ETT,

and underpinning of the springing of the WTT by means of grouted anchors

- Insufficient pillar anchoring from the WTT.

- Deformation due to the ETT excavation along with the effect of fast
descending terrain contributed to the launch of unpredictable deforma-
tions in the area of the northern portal.

To the problems also contributed:
- Damage to the primary lining of the WTT during the course of the WTT
excavation and its further weakening due to reprofiling.

Progressive evolution of faults in the WTT lining

In connection to events in the ETT, a progressive development of defects in
the WTT lining was revealed on August 3, 2001. It developed into detach-
ment of the inner lining layer including the welded mesh and also into bend-
ing of the Bretex frame. Depth of some cracks was visibly higher than 100
mm.

Convergence measurements showed lining deformations towards the exca-
vation opening with speed of 2-3 mm/week. Another increased activity of the
old defects as well as formation of many new ones occurred between Tues-
day and Thursday August 8, 2001. Also water leaking into the tunnel in-
creased. Immediately following August 8, the contractor began installing
6 m long rockbolts Boltex.

Based on survey of the lining condition in the WTT and activation of conver-
gence movements in the WTT it was agreed, that situation at northern por-
tal of the Mrazovka tunnels was serious and required immediate action.

Problem solution

Excavation works were put on hold and a meeting was called on August 15,
2001, where SG - Geotechnika submitted a proposal for immediate start of
remedial works on the main pillar between WTT and ETT and on the vault
feet in the WTT using grouted anchors (Fig. 7). This solution was accepted.
At the same time, the contractor began installing a timbering in WTT. Fol-
lowing the client’s intervention, based on the supervisor’s recommendation,

z6na zvySenych deformaci
zone of increased deformations

Severni portal
Northern portal

4 Xz

[ 1 vyrazena ¢ast tunelu
excavated tunnel part

Obr. 7 Situace razeb v okamzZiku vzniku zvy$enych deformaci
Fig. 7 Excavation state at the moment of occurrence of increased deformations

Obr. 6 Vertikalni ¢lenéni vyrubu
Fig. 6 Vertical excavation sequence
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Od utery do ¢tvrtka 9. 8. 2001 doslo k dalsimu vyraznému oZiveni pohybu na
starych trhlinach a ke vzniku mnoha novych. Za¢alo téZ dochazet ke zvySenym
prasakim vody do tunelu.

OkamZité po 3. 8. 2001 zacal dodavatel osazovat 6 m dlouhé kotvy typu Boltex.
Na zékladé rekognoskace stavu obezdivky v ZTT a na zakladé aktivace kon-
vergencénich pohybl v ZTT bylo akceptovano, Ze situace tuneld Mrazovka
u severniho portalu je vazna a vyzaduje okam?zité reseni.

Reseni problému

Razby byly zastaveny a na 15. 8. 2001 bylo svolano jednani, kde SG - Geo-

technika predloZila ndvrh na okamZité zapoceti praci na sanaci hlavniho pilife

mezi ZTT a VTT a na sanaci patek klenby v ZTT pomoci injektovanych kotev

(obr. 7) a feSeni bylo akceptovano.

Soubézné dodavatel zacal s instalaci vydrevy v ZTT. Po zasahu investora byla

na zakladé doporuceni supervizora hustota drevénych rdm0 oproti navrhu

zmensena na polovinu a nakonec po postaveni ¢ty rami byla instalace dalsi

vydfevy zastavena.

Na nasledujicim jednani bylo rovnéz odsouhlaseno injektovani pilife a klenby

nad tunelem.

Kotvy byly osazovany systematicky dle schématu na obr. 8 a soubézné doché-

zelo k dokotvovani v zavislosti na vyvoji méfenych deformaci, mistné az s roz-

teci kolem 1 m.

Opatfeni se ukazalo jako funkéni, a tak po ustéleni deformaci byla provedena

planovana sanace pilite injektovanymi mikropilotami.

Zajisténi pilite mikropilotami a injektazi se ukazalo byt vyhovujici a pilif se

nadale choval jako tuhy.

V Fijnu 2001 byly rovnéz provedeny sanace stropu ve VTT v okoli propojky T5.

Dokonéeni sanaéni injektaze

V lednu 2002 zacaly probihat injektaZe stropu v ZTT. Rozsah injektaZi i injek-

tazni tlaky byly dohodnuty a schvaleny na jednanich za pfitomnost investora

a supervizora na zakladé pfedchozi podrobné rekognoskace stavu obezdivky

v ZTT v pfiportalové oblasti.

Stanovenym cilem injektaZe bylo sanovat bezprostiedni okoli primarni obezdiv-

ky tak, aby nasledné mohla byt provedena jeji oprava a ¢astecné prestrojeni.

Dohodnuty rozsah injektazi:

- V Useku bezprostfedné pred a za propojkou provést injektaz v pIném rozsahu
z dGvodu ochrany rohl propojky a ochrany pilife oslabeného propojkou.

- Déle provést injektaZe v plném rozsahu v misté vydrevy a v ¢astech, kde doslo
k prasknuti obezdivky na obou stranéach klenby.

Pribéh injektazi nepfinesl Zadné neotekavané deformace (maximalni defor-

mace nepfesahly 5 mm) a probéhl bez problém.

Oprava obezdivek v ZTT

V Unoru 2002 doslo k odstranéni dfevénych polygont v ZTT a zapocaly opra-

vy primarni obezdivky. Pribéh oprav probéhl bez problém( s minimalni

deformacni odezvou.

Odstranéni dfevénych polygond a prestrojeni obezdivky v misté polygonu

vyvolalo maximalni deformace 2 mm. Lze tedy odvodit, Ze polygony nepre-

nasely Zadné vyznamné zatizeni.

Rozsah oprav obezdivky:

- Mista s prasklym, pfipadné vypouklym stfikanym betonem. - Odstranil se ves-
kery uvolnény beton vcetné prvni sité (pokud porucha pokracovala za siti),
instalovala se nova sit a prestiikala se.

- Mista s prasklym, pfipadné vypouklym stfikanym betonem a zkroucenym bre-
texem. Stejné jako za a), avSak v pfipadé, Ze bretex zasahoval do profilu, nebo
porucha zasahovala za bretex, byla vyfiznuta i pfislu§na ¢ast ramu a navare-
na ¢ast nova.

- Souvislejsi poruchy s prohybanymi a potrhanymi bretexy a sitémi. V tako-
vémto pFipadé bylo tfeba kompletné odfiznout a nahradit porusené osténi az
k zdravému betonu nad i pod poruchou (oblast polygoni a ¢aste¢né oblast za
propojkou T5, kde doslo k poruseni obezdivky na obou stranach klenby).

Pokraéovani razeb ve VTT

Projektant vypracoval projekt na dokonéeni razby VTT, ktery predpokladal, Ze
jesté pred razbou kaloty dojde k osazeni 2 spodnich fad 12 m IBO kotev
z opérného tunelu VTT a pfi razbé osazeni tieti fady z kaloty.

Razba, ktera probéhla dle projektu, byla bezproblémové a deformace od razby
kaloty nepfesahly 10 mm.

Uzavieni dna ve VTT pfineslo deformace vétsi nez dorazeni kaloty. Tyto defor-
mace se v dobé uzavirani dna v prostoru propojky T5 blizily 2 cm.

3. ZAVER

Po zvladnuti problém kolem severniho portélu jiz razby probéhly bez vétsich
prekvapeni a lIze jiz dnes konstatovat, Ze toto komplikované dilo je spoleénym
Uspéchem dodavatelli, tedy firem Metrostav, a. s., a Subterra, a. s., projek-
tanta, kterym byla firma SATRA, s. r. 0., zastupce investora, kterym byla firma
VIS, a. s. Ne nepodstatnou Ulohu zde sehral geotechnicky konzultant a super-
vizor. Tyto €innosti pro investora vykonévala firma SG - Geotechnika, a. s.

the spacing of timber frames was diminished to one half according to the
proposal and finally after erecting four frames further installation of timber-
ing was stopped.

At the following meeting, it was also agreed to carry out grouting of the pil-
lar and vault above the tunnel.

Anchors were installed systematically according to the table on Fig. 8. Simul-
taneously, final anchoring proceeded in dependence on the development of
measured deformations, locally with spacing up to 1T mm. Such measure
proved functional and thus, following stabilization of deformations, planned
remedial work on the pillar using grouted micropilots was realized.

Support of the pillar by micropiles and grouting proved convenient and the
pillar further acted as a firm one.

In October 2002, remedial work on the roof in the ETT in area of the T5 cross
passage was also carried out.

Completion of the remedial grouting

Grouting of the roof in the WTT began in January, 2002. Range of the grout-
ing as well as grouting pressures were discussed and adopted at sessions
with the client and construction supervisor, based on previous detailed sur-
vey of the lining condition in the WTT by-portal section.

The determined goal of the grouting was to treat immediate surrounding of
the primary lining, so that its repair and partial replacement of the support
elements could be subsequently carried out.

Agreed range of the grouting:

- In the section immediately in front of and behind the cross passage to real-
ize a full-scale grouting due to protection of the passage corners and pro-
tection of the pillar weakened by the passage.

- Further to realize a full-scale grouting in the section supported by timber-
ing and in places where the lining fractured on both sides of the vault.

- Course of the grouting did not bring any unexpected deformations (maxi-
mal deformations did not exceed 5 mm) and proceeded without problems.

Rectification of lining in the WTT

In February 2002, timber polygons were removed from the WTT and repairs
of the primary lining began. Repairs proceeded without problems and with
minimal deformation response.

Removal of the timber polygons and repair of the lining in the locations of
the polygons caused maximal deformations of 2 mm. It can be therefore
assumed that the polygons carried no significant load.

Range of the lining repair:

- Places with fractured, eventually bulging shotcrete - All of the loosened
concrete including the first layer of mesh (if the fracture went on behind it)
was removed, new mesh was installed and resprayed with concrete.

- Places with fractured, eventually bulging shotcrete and twisted Bretex —
Same as before, but in case Bretex interfered into the profile or the fracture
went on behind Bretex, also the accordant frame section was cut out and
a new one welded.

- Consistent fractures with twisted and broken Bretex and mesh - In this case
it was necessary to fully cut out and replace the fractured lining all the way
to solid concrete above and below the fracture (area of polygons and par-
tially area behind the T5 cross passage, where the lining was fractured on
both sides of the vault).

Resumption of excavation in the ETT

The designer elaborated a design for the completion of excavation of the
ETT, which expected, that still prior excavation of the calotte, installation of
2 lower rows of 12 m IBO anchors will proceed from the ETT supporting tun-
nel, and during the excavation, installation of the third row will follow from
the calotte.

Excavation, which proceeded according to the project, was without problems
while deformations due to the calotte excavation did not exceed 10 mm.
Closing of the ETT bottom brought larger deformations than final excavation
of the calotte. These deformations were, by the time of the bottom closing in
the area of the T5 cross passage, close to 2 cm.

3. CONCLUSION

After successful handling of the problems with the northern portal, the exca-
vations proceed without major surprises and therefore it can be already
today stated, that this complicated work is a common success of the con-
tractors, companies Metrostav a.s. and Subterra a.s., the designer, company
SATRA, s. r. 0., and the company VIS, a. s. managing and supervising the
project on behalf of the client. A significant role has been also played the
geotechnical consultant and supervisor. These activities have been per-
formed on behalf of the client the company SG - Geotechnika, a. s.
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INZENYRSKOGEOLOGICKY PRUZKUM
PRO TRASU METRA IV.C2 (LADVi - LETNANY)

ENGINEERING-GEOLOGICAL EXPLORATION
FOR THE IVC2 METRO LINE (LADVI - LETNANY)

JAKUB BOHATKA, Mgr. LUCIE URBANOVA, ING. ANNA ABRAMCUKOVA
STAVEBNI GEOLOGIE - GEOTECHNIKA, a. s.

Prispévek prezentuje struc¢né vysledky inZenyrskogeologického prizkumu
celé trasy metra IV.C2, podrobnéji prfedstavuje poméry razenych usekd trasy
a detailnéji popisuje problémy, které bude nutno resit pfi razbé useku SO 13.

uvobp

Nase organizace realizuje inZenyrskogeologické prizkumné prace pro pod-
zemni drédhu v Praze jiz od roku 1954, kdy jsme navazali na predvale¢né kon-
cepéni prizkumy nasich predchudc (fy Zaruba-Pfeffermann). V letech 1969
az 2003 jsme se podileli na prizkumu, sledovaci a expertni ¢innosti témér na
vSech trasédch metra.

Jako posledni z vy$e uvedenych €innosti jsme realizovali pro trasu IVC2 kom-
plexni podrobny a dopliikovy inZenyrskogeologicky priizkum. Prazkum
podrobny probéhl v obdobi fijen 2001 - bfezen 2002 a doplitkovy pak v listo-
padu 2002 az lednu 2003.

Pfedmétem prlizkumi byla trasa metra IVC2 v useku Ladvi - Lethany (obr. 1),
jejiz celkova délka ¢ini 4,6 km (km 9,595 — 14,194). Pfipravovana trasa zahrnuje
stavebni oddily hloubenych stanic (SO 10 - Prosek |, SO 12 - Prosek Il, SO 14 -
Letiiany), stavebni oddily hloubenych ¢asti tratovych tunell (SO 08, SO 11)
a Useky provadéné kombinovanou technologii hloubenim a razenim (H/R): SO
09-13,3% H, 86,7 % R a SO 13-10 % H, 90 % R. Celkova délka hloubenych ¢asti
je 2339 m, tj. 50,9 % trasy a celkova délka razenych ¢asti ¢ini 2260 m, tj. 49,1 %
trasy. Do prizkumu byly také zahrnuty nezbytné prelozky inZenyrskych siti,
zejména kanalizace a pfistupova $tola do tratového tunelu SO 13.

Pro vyfeSeni komplexu otazek podrobného inzenyrskogeologického a hydro-
geologického prizkumu byly provedeny vrtné prace, polni zkousky a méfeni,
laboratorni zkousky zemin, hornin a vody.

Tabulka 1. Pfehled praci provedenych v terénu

This contribution briefly presents results of engineering-geological explo-
ration of the entire subway line, and more in detail presents conditions in the
mined line sections and describes problems, that will have to be dealt with
during excavation of the section SO 13.

INTRODUCTION

Our organization has been realizing engineering-geological exploratory
works for the Prague subway already since 1954, when we resumed the lega-
cy of pre-war conceptional explorations of our predecessors (company Zaru-
ba-Pfeffermann). Between 1969 and 2003, we have taken part in exploration,
monitoring and consulting activity at almost all subway lines.

As a last one of the aforementioned activities, we have realized a complex
detailed and additional engineering-geological exploration for the IVC2
line. The detailed exploration proceeded between October 2001 and March
2002, the additional then between November 2002 and January 2003. Sub-
ject of the exploration was the subway line IVC2 in section Ladvi - Letriany
(Fig.1), whose total length reaches 4,6 km (km 9.595 - 14.194). The
designed line includes construction sections of cut-and-cover stations (SO
10 - Prosek I, SO 12 - Prosek Il, SO 14 - Letriany), construction sections of
cut-and-cover parts of running tunnels (SO 08, SO 11) and sections realized
by a combined cut-and-cover and mining technique (CaC/E): SO 09-13,3%
CaC, 86,7% E and SO 13-10% CaC, 90% E. The total length of cut-and-cover
sections is 2339 m, i.e. 50,9% of the line, and total length of mined sections
is 2260 m, i.e. 49,1% of the line. Required utility diversions, namely sewer
network and access adit to the running tunnel SO 13, were included in the
exploration. Boring works, field tests and measurements, laboratory tests
of soils, rocks and water have been all carried out in order to solve the set
of questions within the detailed engineering-geological and hydrogeologi-
cal exploration.

Table 1. Overview of works realized in the field

Pocet sond Vystrojené sondy Presiometr. méfeni Karotaz. méfeni MSK Prohlidka televizni Seismicka tomografie HG zkousky
Celkova délka sondou
No. of probes Probes with casing Pressiometric Borehole survey MSK Survey by Seismic tomography HG tests
Length measurement a TV probe
71ks 33 ks 15 ks etéazi 15 ks 21 ks 10 ks 2x2ks 26 ks
1269.9 m
71 pcs 33 pcs 15 level pcs 15 pcs 21 pcs 10 pcs 2x 2 pcs 26 pcs
1269.9 m

Pfi hodnoceni byly vyuzity naSe zkuSenosti z praci v obdobnych pomérech.
Dale byl proveden stavebnétechnicky prizkum vybranych objektd v zajmo-
vém Uzemi trasy metra.

Doplrikovy prizkum vychazel z vysledkl predesié etapy. Byl zaméfen prevaz-
né na zpfesnéni hydrogeologickych pomeéru trasy (hlavné SO 13 a SO 14)
a zjisténi archivnich indicii staré dudlni ¢innosti v okoli SO 13.

GEOLOGICKE POMERY TRASY IVC2

Geologicka stavba zkoumaného tizemi je pomérné pestra a slozita. Pred-
kvartérni podklad je v nejhlubsi Grovni, mimo dosah projektované stavby,
tvoren zvrdsnénymi horninami barrandienského ordoviku, na nichZ jsou sub-
horizontalné ulozeny sedimenty svrchni kfidy.

Bazalni kfidova sedimentace cenomanska - K, (vrstvy perucke), tvofena pfe-
vaziné jilovci a jily, misty se stfidanim piskovcu, pfi bazi i slepencu. Jsou vyvi-
nuty v plo§né omezenych reliktech v depresich ordovického podlozi. Dosahuji
mocnosti az 10 m. Casto obsahuji zuhelnatélé zbytky rostlin, misty pfechézeji
az do uhelného jilovce s tenkymi slojkami uhli. Na sladkovodni aZ brakické
sedimenty peruckych vrstev nasedaji v prostoru trasy metra morské korycan-
ské piskovce. Mocnost piskovct kolisa, obvykle tvofi polohu cca 10 m mocnou,
v mistech depresi dosahuje mocnosti az 17 m. Strop korycanskych piskovct
tvofi obvykle poloha glaukonitického jilovitého piskovce o mocnosti 1-2 m.

Our experience from works in similar conditions has been used in the evaluation.
Moreover, a construction-technical exploration of selected structures was
carried out within the subway line’s area of influence.

The additional exploration was based on results of the previous phase. It
was focused mainly on increasing of accuracy of hydrogeological conditions
along the route (especially SO 13 and SO 14) as well as discovering of resid-
ual signs of old mining activity close to SO 13.

GEOLOGICAL CONDITIONS OF THE LINE IVC2

Geological structure of the examined area is relatively heterogeneous and
complicated. There is Pre-quaternary underlier in the deepest level, outside
of reach of the designed structure, consisting of folded rocks of the Barran-
diene Ordovician, on which the Upper Cretaceous sediments are sub-hori-
zontally laid.

Basal Cenomanian Cretaceous sedimentation - K, (Perucian measures), con-
sisting mainly of claystones and clays, locally alternating with sandstones, at
base even with conglomerates. The reach thickness of up to 10 m. They often
contain meroleims, which locally pass to carbonized claystone with thin streaks
of coal. Freshwater to fluviomarine sediments of Perucian measures lay under
the Korycanian marine sandstones in the area of the subway line. Thickness of
sandstones varies, commonly it creates an app. 10 m thick layer, and in zones
of depression reaches a thickness of even 17 m. Top of the Korycanian sand-
stones usually consists of 1-2 m thick layer of glauconitized clayey sandstone.

—
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Spodnoturonska sedimentace - K; (b&lohorské souvrstvi) zagind polohou
homogennich, svétle Sedych jilG pfechazejicich do nadloZi do Zlutohnédych az
Zlutosedych jilovel desti¢kovité odluénych. Tato bazalni poloha m& mocnost
3-5m. Nad ni je poloha pis¢itych jilovcl aZ prachovcd, o mocnosti 2 m, kterd
vznikla odvapnénim pavodnich slinovct a vapnitych prachovcl v pasmu spod-
noturonského obzoru podzemni vody. V nadloZi je pak poloha pevnych slinov-
cu az jilovitych vapenct (,,opuky”) o maximalni mocnosti 13 m. Smérem k okrajim
kfidové tabule mocnost ,,opuk” klesé s povrchem terénu az pod 5 m (stanice
Ladvi). Povrchové partie bélohorského souvrstvi jsou obvykle nakyprené a pro-
vifené periglacialnim promrzanim a prekryty sprasemi a soliflukéni hlinou.

V useku km 13,4-14,2 jsou v nadlozi bélohorského souvrstvi zachovany piscité
sedimenty pliocénni fiéni terasy zdibského stadia terciéru (T).

Kvartérni pokryvné utvary (Q) jsou zastoupeny eolickymi, deluvidlnimi
a deluviofluvialnimi uloZeninami. Eolické sprase a sprasové hliny maji cha-
rakter rozsahlého plosného pokryvu a dosahuji maximalni mocnosti az 8 m.
Deluvialni, prevazné soliflukéni hliny a pisky tvofi obvykle 1-2 m mocnou
polohu na bézi spraSového komplexu a na rozdil od sprasi maji zvy$eny podil
UlomkG hornin. Deluviofluvialni hliny se vyskytuji pouze lokalné ve 2 spla-
chovych depresich. Antropogenni uloZeniny tvofi zejména navazky v opusté-
nych téZebnéch a nésypy komunikaci o mocnosti az 10 m.

Zastizené zeminy a horniny byly dle geotechnickych vlastnosti rozdéleny na
geotechnické typy, které uvadime v nésledujici tabulce.

Tabulka 2. Pfehled geotechnickych (gt) typu

Lower Turonian sedimentation - K; (Bila Hora measures) begins with a layer
of homogeneous, pale gray clays passing to the cover of brown-yellow to
gray-yellow claystones with plate jointing This basal layer is 3-5 m thick.
Above it there is a 2 m thick layer of sandy claystones to siltstones, which ori-
ginated by decalcification of the original marlstones and limey siltstones in the
zone of lower Turonian horizon of groundwater. There is a layer of solid marl-
stones to clayey limestones with maximal thickness of 13 m in the overburden.
In direction to edges of the Cretaceous plateau, the thickness of clayey lime-
stones decreases along with surface terrain below 5 m (Ladvi station). Surface
sections of the Bila Hora measures are usually loosened and affected by
periglacial frost penetration and covered by loess and solifluction loam.

In the section 13,4-14,2, sandy sediments of the Pliocene river terrace from
the Zdiby stadium of the Tertiary (T) are preserved in the overburden of the
Bila Hora measures.

Quaternary superficial deposits (Q) are represented by eolic, delluvial and
diluvial-fluvial deposits. Aeolian loess and loess loams comprise a vast areal
sheet and reach a maximal thickness of 8 m. Diluvial, mainly loams and
sands which originated by solifluction usually form a 1-2 thick layer on the
base of loess complex, and unlike loess they have an increased portion of
rock fragments. Delluviofluvial loams occur only locally in two outwash
depressions. Anthropogenic deposits form mainly landfills within aban-
doned sand pits and road embankments with thickness up to 10 m.
Encountered soils and rocks have been classified according to their geome-
chanical properties into geotechnical types, as illustrated by the following table.

Table 2. Overview of geotechnical types (gt)

GT Typ Popis Geotechnicka GT Type Description Geotechnical
Strati- charakteristika Strati- characteristics
grafie  |Symbol| horniny Symbol (tfida) graphy  |Symb Rocks Symbol (class)
SN 73 1001 CSN 73 1001
antropogenni sedimenty, velmi riznorodé, Anthropogenic sediments, very heterogeneous,
pestré geotechnické vlastnosti, jilovito-pis¢ité various geotechnical properties, clayey-sandy
N navazky | zeminy, s proménlivym mnozstvim hrubozrnné F4/CS, F6/Cl N landfills | loams, with variable amount of coarsely-grained F4/CS, Fé6/CI
primési (hlina, pisek, kameny, cihly, asfalt, admixture (loam, sand, stones, bricks, asphalt,
beton) concrete)
piscita hlina, hlina, jil, vapnité, pfevazné tuhé Sandy loam, loam, clay, limey, mainly F3/MS, F4/CS,
Kvartér SR sprase, az pevné, misty s primési tlomku slinovce, F4/CS, F6/CL-l, Quaternary SR loess, consistent to solid, locally with admixture F6/CL 6’5 GC hs
Q) splachy | misty mékké, vyplné mélkych splachovych F5/MI @ outwash | of marlstone fractures, locally soft, fillings 4 4
depresi (R) of shallow outwash depressions (R)
N P ” . Solifluction loams and clays with variable
3?(')'2%0;: QJ;% g éllli\r/]gv':::ﬁorpuehné!“a’\“z/?e?/?éahem content of main/){ marlstone fragments, firm to
hliny, | prechazeji hloubgji do zvétralin slinovca (E) F3/MS, F4/CS, loams, | stiff, deeper passing to weathered maristones | gao acs
D(E) o K A, - D(E) clays (E) in form of soft sandy loam; commonly on
jily charakteru jemné piscité hliny; obvykle na bazi | F6/CL, G5/GC, R6 the base of Quaternary below loess, eventually F6/CL, G5/GC, R6
kvartéru pgd sprasi, pfip. svahové hiiny pod slope loams below the edge of the Cretaceous
okrajem kiidové tabule
plateau
s wox L e Loamy sand with gravel, clayey sand with
. hlinity pisek se stérkem, jilovity pisek se Stérkem, sands, . .
Terciér Disky, | bisek se Stérkem, ulehié, na bazi misty poloha | S4/SM, S3/G-F, Tertiary gravel, | 9ravel, sand with gravel, sedimented, S4/SM, S3/G-F,
m T | S| Bliny s Glomky a valouny, tuhé a pevné (terasa G4/GM M R V| criti s ezl o [y i s G4GM
hliny 2dibského stadia) ! and nuggets, consistent to solid (terrace
of the Zdiby stadium)
horniny stfedni az vysoké pevnosti, misty Rocks of medium to high strength, at the base
jilovité na bézi s polohou odvapnénych jilovitych clayey locally a layer of decalcified clayey siltstones
A prachovci az prachovitych jilovet, lavicovité _ . to silty claystones, thick-bedded to plate _
SL Z?I.‘:]ir\‘/i‘:’ az deskovité odluéné, stredné rozpukang, R2-R3(R4) SL %’Zﬁfsm?s’ jointing, medium fracturing, at the surface R2-R3(R4)
pfi povrchu zvétralé az navétralé (prevazné weathered or semi-weathered (predominantly
se jednd o tzv. ,opuky”) clayey limestones)
Kfida Cretaceous
turon Turonian
(Ky) (Kr)
jilovce velmi nizké pevnosti a jily pevné Claystones of very low strength and clays solid
J jilovce, az tvrdé (vyjimecné tuhé konzistence), R (R5) J claystones, | to tough (rarely consistent), mostly non-limey, R6 (R5)
jily prevazné nevapnité, na bazi misty glaukonitické clays at the base locally glauconitized sandy
piséité jilovce a prachovce claystones and siltstones
piskovce nestejnozrnné az jemnozrnné, Inequigranular to fine-grained sandstones,
Piskovce | s rdznym stupném diagenetického zpevnéni, _Ra_ in various degree of diagenetic solidification, _Ra_
P(GL) | (glaukoni | variabilni pevnost, s pevnéj$imi limonitizova- ?(‘;SL _'?&.)_RRSS) P(GL) {s‘}’:jﬁ,?g:; variable strength, with tougher limonitized (R(:;;L -T;E—RRGS)
tovce) nymi polohami, nejvyssi polohu tvori g layers, highest layer of glauconitized clay,
glaukoniticky jil. piskovec (GL) az prachovec sandstone (GL) to siltstone
Kfida Cretaceous
cenoman Cenomanian
(Ke) (Ked
L L . L P claystones, | Claystones locally with carbonized admixture
J!|OVCe, “Io‘,’c.e ',"'Sty o uhelnf:u DEIES) {pip. viozkami R4 - R6 sandstones, | (eventually layers of coal) and sandstones R4 - R6
u spIIeSkg\r:gz thzh)al d;;l:léo(v:erusclﬁzifgtsv;lene, snadno Fé/Cl u conglo- | with low strength, easily loosening (Perucian Fe/Cl
P P P W merates | measures)
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Tektonickeé poruseni kiidovych hornin

Komplex kfidovych sedimentl je uloZen subhorizontalné s generelnim mirnym
Uklonem k severovychodu az vychodu (do 5°). V uloZeni kiidovych vrstev se pro-
jevuje lokalni zvinéni v rozpéti cca 2-3 m, zplsobené sedimentaci na nerovném
erodovaném povrchu ordoviku. Ojedinéle se projevuji i vétsi vyskové rozdily,
zpusobené patrné zlomy saxonské tektogeneze. Z archivni vrtné dokumentace
byly zjistény indicie moznych zlomovych poklesti o vysce skoku 5-6 m sméru
SZ-JV, které se projevuji nejen v kiidé, ale i v ordovickém podloZi.

Piskovce i ,opuky” jsou nejcastéji poruseny 2 systémy parovych subvertikalnich
puklin sméru SZ-JV a SV-JZ. Tyto sméry byly pfednostné sledovany pfi podzem-
ni tézbé pisku, nebot podél puklin jsou piskovce zvétralé do vétsi hloubky.

Hydrogeologické poméry

Obéh podzemni vody je v zajmovém Uzemi trasy metra vazan na dva obzory pod-
zemni vody, které jsou od sebe oddéleny izolantem jilG a jilovcl baze spodniho
turonu. Svrchni obzor podzemni vody ve spodnoturonskych slinovcich gt typ SL
bélohorského souvrstvi, stfedné az silné rozpukanych, se vyskytuje témér v celé
trase. Horniny tohoto kolektoru jsou prostifedim s puklinovou propustnosti (koe-
ficient filtrace znaéné kolisa). Urovei hladiny podzemni vody kolisa v rozmezi két
cca 283 az 273 m n. m. Nepropustné podloZi zde neni rovné a v zavislosti na jeho
modelaci se také méni mocnost zvodnéni.

Spodni obzor podzemni vody v cenomanskych, pfevazné slabé az stiedné roz-
pukanych piskovcich gt typu P (perucké a korycanské souvrstvi) vytvafi stiedné,
misty aZ silné propustny kolektor s vyraznou puklinovou propustnosti a je vyvi-
nut v celé trase metra. Preferencni zény proudéni podzemni vody predstavuiji
subvertikalni plochy nespojitosti (oteviené pukliny kvadrovych piskoved). Moc-
nost zvodnéni v cenomanskych piskovcich je zavisla na morfologii nepropustné-
ho ordovického podloZi a na odtokovych pomérech.

Hladina spodniho cenomanského obzoru je tedy vétSinou 20-25 m (30 m) pod
povrchem terénu, to je 0 10-15 m hloubéji neZ hladina svrchniho turonského
obzoru a tedy 5-10 m pod bazi izolantu. Pokladédme za znacné pravdépodobné, ze
v celém Gzemi mé spodni cenomansky obzor volnou hladinu podzemni vody.

RAZENE USEKY TRASY IVC2

Priblizné polovinu z projektované trasy IVC2 predstavuiji razené tunely. Jedna se
o dva dvojkolejné tunely o délce 910 m a 1350 m (v¢etné pfechodové dvojice jed-
nokolejnych tunell v délce 65 m). Typicka plocha vyrubu je projektovana cca 60 m?
pri $ifce vyrubu 10-12 m.

Geotechnické podminky tunelovani byly v zavére¢né zpravé souhrnné zpracova-
ny formou podélného geotechnického profilu, charakteristickych geotechnickych
modeld a tabulky geotechnickych podminek se zatfidénim. Trasa je rozdélena
v podélném profilu na geotechnické Useky, ve kterych jsou relativné konstantni
podminky razby a primarni vystroje. V podélném profilu je uveden soubor infor-
maci, hodnoticich podminky razby (pfitoky vody, stabilita vyrubu), mimoradné
okolnosti a vlivy a také vysledné zatfidéni dle NRTM. P¥i zpracovani souboru vyse
uvedenych informaci byla pouzita klasifikace CSN 721001 a Giéelové zpracované
pracovni klasifikace pro prazské metro.

Geologicka, hydrogeologicka a geotechnicka situace razenych tuneli
Razeny dvoukolejny tunel SO 09 (910 m, mocnost nadlozi 10-20 m) navazuje na
hloubenou predportalovou ¢ast SO 08 (264 m) za stanici Ladvi z etapy IVC1
a kon¢i pred hloubenou stanici Prosek | (SO 10).

Vrstevni sled v tomto stavebnim oddile je od povrchu tvofen kvartérnimi zemi-
nami gt typu S, D a N, mocnost az 7 m. V oblasti zdpadniho portéalu pak i gt typu
T (mocnost max. 3 m). Dal$i polohu tvofi horninovy komplex gt typu SL mocnosti
az 15 m. Horniny jsou riizného stupné zpevnéni, hustota diskontinuit je stfedni,
misty aZ velka. Vrstevni sled ukoncuje poloha jilti aZ jilovel - gt typ J mocnosti az
7 m. Nize nasleduji piskovce - gt typ GL (mocnost max. 2 m) a P. Stfidaji se polo-
hy s rlznym stupném diagenetického zpevnéni, hustota diskontinuit je mala.
Mocnost tohoto souvrstvi je vétsi nez 10 m, baze zde nebyla priizkumem ovéro-
vana.

Obzor svrchni turonské zvodné vytvafi pouze nesouvisly horizont podzemni
vody, mocnost zvodnéni je minimalni. V celém Gzemi podél trasy SO 09 existuje
spodni cenomansky obzor s hladinou v hloubce mezi 18-30 m pod terénem. Hla-
dina se zde vyskytuje kolem 8 m pod Grovni stropniho izolatoru, tvofeného turon-
skymi jily a jilovci.

Priblizné polovina tunelu SO 09 bude tedy razena v pomérné pfiznivych podmin-
kach geotechnického typu P, odpovidajici pfevazné 3. tfidé NRTM (lokéalné 4.
tfid&). Druhda polovina razby, véetn& podchodu mimotroviiového kfizeni (MUK)
dvouproudych komunikaci Liberecka a Strelniéna, probéhne prevainé v 5. tridé
NRTM, a to v dusledku vyskytu problematického geotechnického typu J s maxi-
malni mocnosti ve vyrubu pravé v misté podchodu MUK.

Razeny tunel v iseku SO 13 o celkové délce 1350 m (km 10,175-11,525) zadina
u severniho portalu (za stanici Letriany), kde je projektovana dvojice jednokolej-
nych tunelti délky 65 m s projektovanym profilem vyrubu o $ifce cca 6,0 m a plose
28-30 m2 V dal$i ¢asti bude razeno 1285 m dvoukolejného tunelu o Sifce vyrubu
cca 10 m a plose cca 60 m2 V Useku pfechodu z jednokolejnych tuneld do dvou-
kolejnych tunelt bude zvétSeny profil vyrubu (b = 10-12 m, F = 60-80 m?).

Tectonic faulting of Cretaceous rocks

Complex of Cretaceous sediments is deposited sub-horizontally with gener-
ally slight dip towards northeast or east (5°). Local undulation with range of
2-3 m occurs in the deposits of the Cretaceous layers, caused by sedimenta-
tion on the rough weathered surface of the Ordovician. Rarely there are also
higher altitude differences, probably caused by fractures of the Saxon tecto-
genesis. Archive records from the boring documentation suggest signs of
potential gravity fault with superelevation of 5-6 m in the NW-SE direction,
which take place not only in the Cretaceous, but also in the Ordovician under-
lier.

Sandstones and clayey limestones are mostly faulted by two systems of
paired sub-vertical cracks in direction NW-SE and NE-SW. These directions
were primarily monitored during the subsurface mining of sand, because
along the fissures are the sandstones weathered up to greater depth.

Hydrogeological conditions

Groundwater flow within the subway line’s area of influence is bound to
two groundwater horizons, which are from one another divided by insula-
tion of clays and claystones of lower Turonian. Upper groundwater horizon
in lower Turonian marlstones gt type SL of the Biléd Hora measures, with
medium to high fracturing, occurs along the almost entire route. Rocks in
this collector comprise an environment with fissure permeability (coeffi-
cient of filtration severely fluctuates). The groundwater level fluctuates
between altitudes 283 and 273 meters above sea level. Impermeable under-
lier is not even, and in dependence on its morphology also the thickness of
watering changes.

Lower groundwater horizon in Cenomanian, mainly with low to medium frac-
turing, sandstones gt type P (Perucian and Korycanian measures) forms
a medium, locally even highly permeable collector with high fissure perme-
ability and is developed along the entire tunnel line. Preferential zones of
groundwater flows represents sub-vertical areas of discontinuity (open fis-
sures of thick-bedded sandstones). Thickness of watering in the Cenomanian
sandstones is dependent on morphology of the impermeable Ordovician
underlier and on the draining conditions.

Level of the lower Cenomanian horizon is therefore mostly 20-25 m below the
surface, and that 10-15 m deeper than level of the upper Turonian horizon and
thus 5-10 below the insulation base. We consider highly probable, that
throughout the entire area the lower Cenomanian horizon has a free ground-
water level.

MINED SECTIONS OF THE LINE IVC2

Mined tunnels represent approximately one half of the designed line IVC2.
These are two double-track tunnel in lengths of 910 m and 1350 m (including
a pair of transition single-track tunnels in length of 65 m). Typical cross pro-
file of app. 60 m?, 10-20 m wide is designed.

Geotechnical conditions of tunneling have been summarily elaborated in the
final report by means of the longitudinal geotechnical profile, characteristic
geotechnical models and tables with geotechnical conditions with classifica-
tion. In the longitudinal profile, the route is divided into geotechnical sec-
tions, which experience relatively constant conditions for excavation as well
as primary equipment. In every longitudinal profile, it shows a file of infor-
mation, evaluating the excavation conditions (water inflows, stability of the
excavation), special circumstances and impacts as well as final classification
according to NATM. During elaboration of the file of aforementioned infor-
mation, a classification of CSN 721001 and particularly elaborated opera-
tional classification for Prague subway have been used.

Geoloiqical, hydrogeological and geotechnical situation of the mined
tunnels

Mined double-track tunnel SO 09 (910 m, overburden thickness 10-20 m)
links on the cut-and-cover pre-portal section SO 08 (264 m) behind the Ladvi
station of phase IVC1 and ends in front of the cut-and-cover station Prosek
(S0 10).

Layer sequence in this construction section from the surface consists of Qua-
ternary soils gt type S, D and N with thickness of up to 7 m, in area around
the western portal then also type T (thickness of up to 3 m). Another layer is
formed by rock complex gt type SL with thickness of up to 15 m. Rock are in
various degree of solidification, the density of discontinuities is medium,
locally high. The layer sequence is terminated by a layer of clays to clay-
stones - gt type GL (thickness of up to 2 m) and P. Layers with various degrees
of diagenetic solidification are alternating, the density of discontinuities is
low. Thickness of this series of measures is not larger than 10 m; base has not
been the subject of the exploration.

Horizon of the upper Turonian watering forms only a discontinuous ground-
water horizon, the thickness of watering is minimal. There is a lower Ceno-
manian horizon with level in depth between 18 and 30 m below surface along
the entire route of SO 09. The level occurs about 8 m below level of the top
insulator, formed by Turonian clays and claystones.

Approximately one half of the SO 09 tunnel will be thus excavated in favor-
able conditions of the geotechnical type P, corresponding to mainly class 3 of
the NATM (locally class 4). Second part of the excavation, including under-
passage of the elevated crossing (EC) of two-lane roads Liberecka and Strel-
nicna, will proceed mostly in class 5 of the NATM and thus as a result of
occurrence of the problematic geotechnical type J with maximal thickness in
the excavation exactly at the spot of underpassage of the EC.

—
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Ve stfedni ¢asti tunelového Useku je projektovana ,pfistupova Stola”, ktera se
napojuje na tratovy tunel v km 10,732, délka $toly je 35 m. Pred portalem Stoly
bude oteviena sjezdova rampa délky cca 100 m tvofend zafezem hlubokym az
16 m, v pidorysu tvaru pismene ,U". RaZen4 ¢ast tunelu konéi portalem pred sta-
nici Prosek Il. Mocnost nadlozi v useku SO 13 kolisa v rozpéti 7 az 16 m.

V useku SO 13 je vrstevni sled v zasadé obdobny jako v SO 09 a je od povrchu
tvoren kvartérnimi zeminami gt typu S, D a N o mocnosti od 2 do 5 m. Dalsi polo-
hu tvofi horninovy komplex gt typu SL (slinovce), celkovd mocnost kolisa od
5 m do 9 m. Vrstevni sled bélohorského souvrstvi ukonéuje poloha gt typu J,
homogennich, svétle Sedych jili aZ ZlutoSedych jilovcd destickovité odlucnych,
o stabilni mocnosti 4 T 1 m. NiZe nasleduji piskovce korycanského souvrstvi, tvo-
fené gt typy GL a P. Gt typ GL je tvofen polohou glaukonitického jilovitého
piskovce 0 mocnosti 1-2 m. Gt typ P je tvofen souvrstvim piskovcli o mocnosti
10-15 m. Piskovce korycanského souvrstvi jsou zde kiemenné, pfevazné jemno-
zrnné az nestejnozrnné. V subhorizontalnich vrstvach mocnosti nékolika metrti se
stfidaji polohy s rliznym stupném diagenetického zpevnéni a pevnosti (R3-R4).
Lokélni mékéi polohy jsou drolivé a snadno rozpadavé na pisek. Hustota diskon-
tinuit je mald, hornina ma blokovitou az kvadrovitou odlu¢nost se dvéma hlavni-
mi subvertikalnimi systémy puklin, navzajem témér kolmymi (zékladni, prevlada-
jici sméry SZ-JV a SV-JZ). Treti systém tvofi subhorizontalni vrstevni plochy. V km
11,200 se trasa pfiblizuje k horni hrané strmého okraje kfidové ploSiny na mini-
malni vzdalenost 100 m. Nedaleky strmy svah je zde porusen fosilnimi pleisto-
cennimi blokovymi pohyby. Blokové rozvolnény okraj piskovct se pohyboval po
plastickych podloznich jilech peruckych vrstev ¢i rozloZzenych ordovickych bridli-
cich. Blokové deformace v kvadrovych piskovcich (gt typ P) se projevovaly nad
okrajem ploSiny Sirokym rozevrenim existujicich subvertikalnich diskontinuit
mezi bloky piskovce, a to ¢asto na celou mocnost souvrstvi (rozevieni v rozpéti
0,2-0,5 m, vyjime¢né i kolem 1 m, misty s hlinito-kamenitou vyplni). Toto roze-
vieni puklin mizZe zasahovat do vzdalenosti az 100 * 20 m od horniho okraje
plosiny. Gt typ JU (bazalni kiidové souvrstvi) v podobé jild, jilovel se stfidanim
piskovcl byl v tomto SO ovéren v km 10,300-11,000, pficemz jeho mocnost
(cca 6 m) byla ovérena pouze nékterymi archivnimi vrty. Strop polohy predpo-
kladame v celém SO stabilné na koté 259 * 1 m n. m. Jedna se o uhelné jily
s lokélnimi slojkami uhli, které byly v $ir§im zajmovém Gzemi misty dobyvany
hlubinnym zplisobem.

Mistni hydrogeologické poméry jsou v SO 13 trasy metra IVC2 znacné sloZité
a také dosti variabilni. Ke sloZitosti vyznamnou mérou pfispivaji i antropogenni
faktory (dUlIni ¢innost, velké mnozstvi vrtd z minulého stoleti a kontaminace pod-
zemni vody v aredlu byvalého CSAD Kligov). Voda vytvati dva obzory podzemni
vody v kfidovych horninach, pro oba je typicky puklinovy reZim proudéni.
I. svrchni obzor je vazan na turonské slinovce a vapence, Il. spodni obzor existu-
je v cenomanskych piskovcich.

Svrchni turonsky obzor podzemni vody existuje ve slinovcich (gt typ SL) a je vyvi-
nut jako souvisly horizont v celé délce trasy tunelti v SO 13. Hladina podzemni
vody je v hloubce 6-10 m. V okoli km 10,400 trasy existuje hydrogeologicka roz-
vodnice mezi povodim Labe a Vltavy (hladina podzemni vody na kété cca 277 m).
Mocnost zvodnéni v severni ¢asti trasy je 3-7 m, v jihozapadni a zapadni ¢asti
trasy je mocnost zvodnélé vrstvy do 1 m. Jedné se o prostiedi s puklinovou pro-
pustnosti, ktera je velmi proménliva. Podzemni voda neni agresivni na stavebni
materialy. Bazi turonského obzoru tvofi jilovce a jily gt typu J, které vytvéareji
funkéni izolant.

Spodni cenomansky obzor podzemni vody je vyvinut v cenomanskych kvadro-
vych piskovcich a vytvafi souvisly horizont v hloubce kolem 20 m pod terénem.
Hladina je na koté cca 260 m a ma zcela minimalni spad. O poloze hladiny je k dis-
pozici minimum informaci. Volna hladina podzemni vody tohoto obzoru leZi pod
Urovni projektovanych tunelll. Pouze vyjimeéné mlzZe dno tunelového vyrubu
zasahnout do tohoto horizontu v nejnizsich Usecich nivelety. V této souvislosti je
tfeba upozornit na skutegnost, 7e v arealu byvalého CSAD Kligov existuje kolem
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Obr. 1 Situace trasy metra IVC2
Fig. 1 Situation of the subway line IVC2

Mined tunnel in section SO 13 in total length of 1350 m (km 10.175-11.525)
begins at the northern portal (behind the station Letriany), where a pair
of 65 m long single-track tunnels with excavated cross profile of 28-30 nv,
app. 6 m wide, is designed. In the next section, 1285 m of a double-track tun-
nel with app. 10 m wide excavation and cross profile of 60 m? will be exca-
vated. In section of passing of the single-track tunnels into double-track one,
there will be an augmented profile of the excavation (b = 10-12 m, F = 60 -
80 m?). An “access adit” is being designed for middle section of the tunnel
route, which would connect to the running tunnel at km 10.732. The adit is
35 m long. An app. 100 m long exit ramp will be opened in front of the adit
portal, it will be formed by up to 16 m deep cut, with ground plan in shape
of the letter “U”. Mined part of the tunnel ends with portal in front of the sta-
tion Prosek Il. Thickness of the overburden in section SO 13 fluctuates
between 7 and 16 m.

Section SO 13 experiences a similar layer sequence as the SO 09 and from
the surface it is formed by Quaternary soils gt type S, D and N with thick-
ness from 2 to 5 m. Next layer consists of complex gt type SL (marlstones),
total thickness fluctuates between 5 and 9 m. Layer sequence of the Bila
Hora measures is terminated by a 4m thick layer of laminated gt type J,
homogeneous pale gray clays to yellow-gray claystones. Lower there are
sandstones of the Korycanian measures, formed by gt types GL and P. Gt
type GL is formed by a layer of glauconitized clayey sandstone with thick-
ness of 1-2 m. Gt type P is formed by a series of measures of sandstones
with thickness 10-15 m. These sandstones of the Korycanian series of mea-
sures are quartziferous, mostly fine-grained to varigrained. Within sub-hori-
zontal layers with thickness of several meters, layers with a various degree
of diagenetic solidification and strength (R3-R4) alternate. Locally softer lay-
ers are crumbling and easily loosening to sand. The density of discontinu-
ities is low, the rock has a thick-bedded to rectangular jointing with two
main sub-vertical systems of fissures, almost perpendicular to one another
(basic, predominant dip towards NW-SE and NE-SW). The third system is
formed by sub-horizontal layer areas. At km 11.200, the line comes as close
as 100 m to upper rim of a sharp edge of the Cretaceous plateau. The neigh-
boring precipice is here faulted by fossil Pleistocene block movements. The
edge of sandstones loosened into blocks moved on the plastic underlying
clays of Perucian measures or decomposed Ordovician shales. Blocks
deformation within rectangular sandstones (gt type P) proved above the
plateau edge by wide outstretching of the existing sub-vertical discontinu-
ities among sandstones blocks, and usually throughout the entire thickness
of the series of measures (outstretching between 0,2 and 0,5 m, rarely up to
1 m, locally with sand-gravel filling). This fissure outstretching can pene-
trate up to 100t 20 m away from upper edge of the plateau. Gt type JU
(basal Cretaceous series of measures), represented by clays, and claystones
alternating with sandstones, was confirmed in this SO between km 10.300
and 11.000, while its thickness (app. 6 m) was confirmed only by several
recorded bores. We estimate the layer top to be stable in the entire SO in
the altitude of 259 m above the sea level. It is formed by carbonized clays
with local thin streaks of coal, which had been in the wider area of interest
locally gained by deep mining.

Local hydrogeological conditions in SO 13 of the tunnel line IVC2 are very
complicated and also very variable. Anthropogenic factors (mining activity,
large amount of bores from the previous century and contamination of
groundwater below the former bus depot CSAD Klicov) significantly con-
tribute to these complications. Water forms two groundwater horizons in Cre-
taceous rocks; fissure currents are typical for both. . upper horizon is bound
to Turonian marlstones and limestones, Il. lower horizon occurs in Cenoman-
ian sandstones.

The upper Turonian groundwater horizon occurs in marlstones (gt type SL)
and is developed as a continuous horizon along the entire tunnel routes in
SO 13. The groundwater level is in depth of 6 - 10 m. At km 10.400 of the
route, there is a hydrogeological dividing point between the river basin of
the Labe and Vlitava rivers (groundwater level in altitude of app. 277 m).
Thickness of watering in the northern route section if 3-7 m, in southwest-
ern and western route section the water layer is up to 1 m thick. It is an envi-
ronment with fissure permeability, which is very variable. Groundwater is
not aggressive towards construction materials. Base of the Turonian hori-
zon is formed by claystones and clays gt type J, which form a functioning
insulator.

The lower Cenomanian groundwater horizon is developed in rectangular
sandstones and forms a continuous horizon in depth of app. 20 m below
surface. The level is in altitude of app. 260 m and has only a minimal gra-
dient. There is very little information about position of the level. Free level
of groundwater in this horizon lies below level of the designed tunnels.
Only exceptionally can the bottom of the tunnel excavation interfere with
this horizon in lowest sections of the elevation. In this context it is neces-
sary to mention the fact, that there are about hundred various old bores in
area of the former bus depot CSAD Klicov, mostly 25-30 m deep, which
connect both hydrogeological groundwater horizons. These are old
exploratory bores, which have not likely been sealed by capping (age of
bores 30-35 years). Therefore it cannot be neglected, that some bores
might be encountered by the tunnel excavation and thus an unexpected
water effluence would occur.

There is a somber reality in contamination of groundwater with petroleum
derivatives in area of the bus depot CSAD Kli¢ov and below Dopravni podnik.
Geotechnical conditions of the SO 13 structure (see Fig. 2) are significantly
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stovky rtiznych vrtd, hlubokych vétsinou vice nez 25-30 m, které propojuji oba
hydrogeologické obzory podzemni vody. Jedna se o staré priizkumné vrty, které
pravdépodobné nebyly uzavieny tamponazi (stari vrtt 30-35 let). Nelze vylougit,
Ze nékteré vrty mohou byt zastizeny tunelovym vyrubem a Ze by mohlo dojit
k ne¢ekanému vyronu vody.

Zavaznou skute¢nosti je kontaminace podzemni vody ropnymi derivaty v oblasti
arealu CSAD Kli¢ov a pod arealem Dopravniho podniku.

Geotechnické podminky stavby SO 13 (viz obr. 2) vyrazné ovliviiuje heterogenita
horninového prostfedi. V celé trase jsou dominantni geotechnické typy SL,
J a GL+P. Gt typy SL a GL+P maji pomérné pfiznivé vlastnosti. Tvofi viceméné
kompaktni horninovy masiv z relativné pevnych hornin se tfemi dominantnimi
puklinovymi systémy (2 subvertikalni a 1 subhorizontalni). Pfetvarné vlastnosti
i smykova pevnost jsou vcelku priznivé. Stabilitni chovani ve vyrubu oceriujeme
stupném 3, u slinovcu lokalné 3-4, u piskoved naopak 2-3.

Do tzemi s uréitym rizikem vyskytu otevienych puklin v gt typu P se trasa dosta-
va v Useku km 11,100-11,200 a mensi doznivani tohoto jevu nelze vyloucit
v celém useku mezi km zhruba 10,700-11,300. Pfi razbé by mohly tyto pukliny
nepfiznivé ovlivnit stabilitu vyrubu a rovnéz by mohly pfispét ke zvétSeni indu-
kovanych deformaci v nadloZi se zastavbou.

Pokud bude razba tunell probihat v gt typech SL nebo P (bez vyznamné pfitom-
nosti gt typu J v aktivni zoné vyrubu), plati zatfidéni do 3.- 4. tfidy NRTM. V pfi-
padeé razby v gt typu P nad hladinou podzemni vody cenomanského obzoru (coz
je prevladajici situace) by se jednalo prevazné o 3. tfidu.

Naopak gt typ J ma nepfiznivé vlastnosti. Jedna se o jily pfevazné pevné konzi-
stence az jilovce extrémné nizké pevnosti (< 1,5 MPa). Tomu odpovida mala pev-
nost ve smyku a nepfiznivé pretvarné vlastnosti.

Podminky razby v jilovcich a jilech nepfiznivé ovliviiuje existence svrchniho
turonského obzoru podzemni vody v nadlozi gt typu J. To plati pro celou trasu SO 13.
Z vlastnosti hornin a pfitomnosti vody v bezprostfednim nadlozi vyplyva proble-
matickéa stabilita vyrubu v gt typu J, a to zejména pokud se jilovce budou vysky-
tovat v oblasti stropni klenby vyrubu, resp. v horni poloviné tunelu. Proto stabi-
litni chovani gt typu J ve vyrubu ocefiujeme stupném 4 (az 5). Pro tunelovani
v tomto geotechnickém typu je tfeba uvazovat 5. tfidu NRTM.

V prevainé Casti trasy SO 13 budou vyrubem tunelu zastizeny vzdy dva geotech-
nické typy hornin diametralné odlisnych vlastnosti (a to bud typy SL a J, nebo
J a GL +P), coz znamena méné pfiznivé geotechnické podminky razby, a proto
zafazujeme tuto ¢ast do 4.-5. tfidy NRTM. Predpokladame zésadni rozdil mezi
chovanim horninového prostredi v horni ¢asti vyrubu (kalota, klenba) a v dolni
Casti vyrubu (dobirka dna, resp. spodni klenba). Pouze v km 10,530-11,000 bude
razba probihat v gt typech GL a P a gt typ J bude v aktivni zoné nad stropem vyru-
bu, v disledku toho jsou zde relativné nejpfiznivéjsi geotechnické podminky
tunelovani (zatfidéni NRTM: 3. a 4. tfida).

influenced by heterogeneity of the rock environment. Geotechnical types SL,
J and GL+P are predominant along the entire tunnel route. Gt types SL and
GL+P have relatively favorable properties. They form a more or less compact
rock massif of relatively solid rocks with three major fissure systems (two
sub-vertical and one sub-horizontal). Mutability properties as well as shear
strength are rather favorable. We evaluate stability properties in the excava-
tion by grade 3, locally 3-4 for marlstones and 2-3 for sandstones.

There in an area with a certain level of risk of occurrence of opened fissures
in gt type P between the line km 11.100 and 11.200 and lower version of this
phenomenon cannot be excluded in the entire line section between km 10.700
and 11.300. The fissures could negatively influence stability of the excavation
and could also contribute to greater induced deformations in the overburden
with structures.

In case the excavation will proceed in gt types SL and P (without significant
occurrence of gt type J within active zone of the excavation), class 3-4 of the
NATM applies. In case of excavation in gt type P above the groundwater level
of the Cenomanian horizon (which is the predominant setting), mostly class
3 would apply.

On the other hand, gt type J bears unfavorable properties. It mostly concerns
clays of mainly solid consistence to claystones of extremely low strength
(< 1,5 MPa). That corresponds to low shear strength and unfavorable stress-
strain properties.

Excavation conditions in claystones and clays are negatively influenced by
occurrence of the upper Turonian groundwater horizon gt type J in the over-
burden. That applies for the entire route of SO 13. A rather problematic sta-
bility of the excavation in gt type J derives from the rock properties and pres-
ence of water in the immediate overburden and especially should the clay-
stones occur | area of top vault of the excavation, i.e. in upper half of the tun-
nel. Therefore, we evaluate stability properties of gt type J in the excavation
by grade 4 (even 5). It is necessary to consider NATM class 5 for tunneling in
this geotechnical type.

The tunnel excavation in major section of the SO 13 will encounter always
two geotechnical types with utterly different properties (either types SL and
J, or J and GL+P), and that means less favorable geotechnical conditions for
excavation and therefore we file this section within the 4.-5. NATM class. We
assume a fundamental difference in properties of rock environment in the
upper (calotte, vault) and lower part of the excavated cross section (bottom,
i.e. the invert). Only km 10.350-11.000 will experience excavation in gt types
GL and P while the gt type J will be active in zone above top of the excava-
tion, thus as a result here will be the most favorable geotechnical conditions
for tunneling (NATM classification : 3. and 4. class)

Water inflows from the upper Turonian horizon, which occurs mainly in upper
section of the excavation or immediate overburden, will be important for the
tunneling. Within middle section of the mined tunnels, the base of Turonian
collector is separated from the excavation by a layer of claystones and clays.
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10,2 10,3 10,4 10,5 10,6 10,7 10,8 10,9 11,0 11,1 11,2 11,3 1,4 1,5 11,6
Riziko poddolovani 10,55 - 10,62 urcité neovérené riziko tézby uhli 11,3 - 11,4 uréité neovérené riziko tézby uhli + pisku
Risk of undermining 0,55 - 10,62 certain unverified risk of coal mining 11,3 - 11,4 certain unverified risk of coal mining

Legenda: / Legend: N - navazka / made ground
S - spras / loess
D+E - hlina, jil / loam, clay

SL - slinovec / marlstone

J - jilovec / claystone

GL - glaukonitovec / glauconitized rock
P - piskovec / sandstone

JU - uhelny jilovec / carbonaceous shale

Obr. 2 Geotechnické hodnoceni podminek tunelovani SO 13
Fig. 2 Geotechnical evaluation of conditions for tunneling in SO 13
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Vyznamné pro tunelovani budou pfitoky podzemni vody ze svrchniho turonskeé-
ho obzoru, ktery se vyskytuje pfevézné v horni ¢asti vyrubu nebo v bezprostied-
nim nadlozi. Ve stfedni ¢asti Useku razenych tunell je baze turonského kolektoru
oddélena od vyrubu vrstvou jilovcl a jild. Pokud nedojde ke vzniku vétsich strop-
nich nadvylomu, budou pfitoky podzemni vody z nadloZi pouze ojedinélé.

V souvislosti se zndmym vyskytem rozsahlych podzemnich prostor po tézbé pis-
kovel, situovanych pfi okraji prosecké plosiny, byla v ramci doplrikového prizku-
mu zpracovana podrobna barsko-historicka a geologicka studie k této problema-
tice. Zasadni zavéry této studie ve vztahu k razbé tuneli v SO 13 jsou nasledujici:
a) Poddolovani v km cca 10,550-10,620 na Kli¢ové .

V 1. 1864 byla zfizena dulni mira se zamérem tézby uhli v uhelnych jilovcich, které
zde jsou v hloubce 25-30 m, €ili vice nez 3 m pode dnem tunelového vyrubu.
S nejvétsi pravdépodobnosti zde kutani nebo i dolovani bylo zahajeno, ale o jeho
rozsahu nebyly v archivech zjistény zadné dalsi informace. PovaZujeme za prav-
dépodobné, Ze rozsah dobyvani nebyl pfili§ velky.

b) GeofyzikaIni anomalie v tiseku mezi km 11,300-11,400.

Pfi studiu archivnich podkladi o ddlini ¢innosti bylo zjisténo, Ze v mistech geofy-
zikalni anomalie zjisténé geofyzikalnim prizkumem v r. 2001 je zaznamenano
vyhrazené kuti$té na uhli. Shoda téchto dvou informaci naznacuije, Ze zde skutec-
né nelze vyloucit ddini ¢&innost. V tomto pfipadé by se mohlo jednat o pokus tézby
uhelnych jilovcl. Nelze ale vyloudit, Ze v misté (netispésného?) kutani na uhli
doslo pozdéji také k tézbé piskd, a to podobného charakteru, jako na nedalekych
lokalitach Krocinka a Mocalka. Rizika, ktera souviseji s moznym porusenim hor-
ninového masivu, bude tfeba pfi razbé tunelu respektovat.

V Useku trasy km cca 11,300-11,400 dochazi k velmi nepfiznivé kumulaci dvou
mimoradnych vlivd: urcitého, nedostatecné ovéreného rizika poddolovani a rizi-
ka pridatného sedani v dlsledku snizeni hladiny podzemni vody. V trase metra
existuje zastavba obytnych domU ve Stoupajici a Satalické ulici, pficemZ objekt
¢. p. 785 a ¢. p. 786 ve Stoupajici ulici ma velmi problematicky technicky stav.
Jedna se o sloZité a nejasné konstrukéni feseni, problematickou kvalitu staveb-
nich praci, nevhodné zatizeni stfe$ni terasy ,zahradou” - nasledné doslo k poru-
Seni jizni Casti objektu trhlinami a k sanaci metodou tryskové injektéze. T¢. je jizni
Cast objektu zaloZena na pasech, podeprenych sloupy tryskové injektaze, kdezto
severni ¢ast je na plivodnich zakladovych pasech. Ze stavebné-technického pra-
zkumu jsme dospéli k zavéru, Zze deformacni odolnost objektu je v podstaté
vycerpana a hodnotime ji stupném 4 (aZ 5) podle pracovni klasifikace. Existuje
zde mimoradné riziko vzniku nepfipustnych deformacnich ucinkli na uvedeném
objektu. Proto jsme tento tsek (km 11,300-11,350) zafadili do zvlastni tfidy NRTM,
oznacené 5S.

HLOUBENE USEKY TRASY IVC2

Stredni ¢ast trasy IVC2 tvofi tfi hloubené stavebni oddily: mezistani¢ni tsek SO
11 (794 m) a k nému prilehlé hloubené stanice Prosek | (SO 10, 211 m) a Prosek
11 (SO 12, 204 m).

Zvlastni pozornost zasluhuje hloubena stanice Letiiany (SO 14). Jedna se o sta-
vebni oddil, ktery zahrnuje stavbu stanice Letfiany, stavbu hloubenych tuneld
pred stanici a stavbu hloubenych tunelt odstavnych koleji. Bude zde oteviena
stavebni jAma mimoradnych rozmérG o délce v drovni nivelety 580 m, hloubce
prevainé 12-14 m (u portalu razenych tuneld az 17,5 m). Sitka jamy v trovni dna
vykopu bude vétSinou 17-25 m, misty bude jesté vétsi. Sitka stavebni jamy
v Urovni terénu dosahuje kolem 50 m, v mistech sjezdovych ramp je jesté vétsi.
Velikosti a rozméry se jednd o jednu z nejvétsich stavebnich jam v historii Ceské-
ho stavebnictvi (objem vytéZené horniny v rostlém stavu bude 250 000 az 300 000 m?).
Jama bude oteviena v nékolika geotechnickych typech a zahloubena 6-8 m pod
hladinu podzemni vody. Nezbyvé nezZ konstatovat, Ze se jedna o velmi narocné
stavebni dilo a to nejenom co do rozmérd dila, ale zejména co do malo pfiznivych
geotechnickych podminek realizace.

ZAVERY PRUZKUMU

Geotechnické podminky hloubenych objektt jsou pfevazné pfiznivé, pouze SO
14, tj. usek hloubenych tuneli se stanici Letiiany ma dosti sloZité a malo pfizni-
vé geotechnické podminky, které odpovidaji 3. geotechnické kategorii.

Trasa dvou raZenych tuneli ma znaéné proménlivé geotechnické podminky
tunelovani. Trasa byla rozdélena do kvazihomogennich geotechnickych Useku
s pfiblizné stejnymi podminkami tunelovani. Tunelové Useky byly zatfidény do
tfid NRTM néasledovné:

3. tiida NRTM ....... celkova délka 348 m, tj. 15,4 %

4. tfida NRTM ....... celkova délka 1 233,5 m, tj. 54,6 %

5. tfida NRTM ....... celkova délka 678,5 m, tj. 30,0 %

Objekty razenych tunelli v celé trase (SO 09, SO 13) jsme zaradili do 3. kategorie
podzemnich objektii ve smyslu CSN 73 7501. Jedna se o naro¢né konstrukce ve
slozitych geotechnickych podminkach.

Stavba useku trasy metra IVC2 predstavuje velmi naroénou inZenyrskou stavbu
v proménlivych a misty znaéné nepfiznivych geotechnickych podminkach. Pro
uspésnou realizaci stavby bude nezbytna uzka spoluprace mezi investorem, pro-
jektantem, zhotovitelem stavby a geotechnikem, a to nejen ve fazi zavéreéné
pfipravy stavby, ale i pfi vlastni realizaci.

In case there will be no larger overbreaks at the top, groundwater inflows
from the overburden will be rare.

Due to known occurrence of vast underground chambers left from the mining
of sandstones, located at the edge of the Prosek plateau, a detailed mining-
historic and geological study on this issue was elaborated as part of the addi-
tional exploration. The following are basic conclusions of this study in rela-
tion to tunnel excavations in SO 13:

a) Undermining at km app. 10.550-10.620 at Klicov.

In 1864, a mining gauge was determined with a purpose of mining coal from
the carbonized claystones, which in this place lay in depth of 25-30 m, i.e.
more than 3 m below bottom of the tunnel excavation. Burrowing or even
mining had been also most likely started, but no other archive records of its
extent have been found. We consider it likely, that extent of the mining had
not been large.

b) Geophysical anomalies in section between km 11.300 and 11.400.

By studying of archive records about the mining activity it was revealed,
that there is specified burrowing location of coal in places where the explo-
ration discovered geophysical anomalies in 2001. Such coincidence sug-
gests, that the mining activity cannot really be neglected after all. In such
case, it might have been an experimental mining of carbonized claystones.
It cannot be ruled out, however, that the place of (unsuccessful?) coal bur-
rowing later experienced a mining of sands of similar properties as in the
adjacent localities Krocinka and Modcalka. Risks, connected with potential
faulting of the rock massif, will have to be taken in to consideration during
the tunnel excavation.

Line section km app. 11.300-11.400 experiences a very unfavorable accumula-
tion of two extraordinary impacts : certain, insufficiently verified level of risk of
undermining and the risk of additional settlement due to lowering of the
groundwater level. There is a group of residential housed along the tunnel
route in streets Stoupajici and Satalicka, while structures no. 785 and no. 786 in
the Stoupajici street are in very problematic technical condition. It concerns
complicated and unclear framework solution, questionable quality of the engi-
neering works, inadequate burdening of the roof terrace with a “garden” - the
structure was subsequently damaged by fractures at its southern side and
treated by jet grouting. At the time, southern side of the structure is founded on
foundation strips, supported by pillars of jet grouting, while its northern side
still stands on the original foundation strips. Engineering technical exploration
led us to conclusion, that deformation stability of this structure is almost
exhausted and we evaluate it with degree 4 (even 5) according to the opera-
tional classification. There is a significant risk of occurrence of intolerable
deformation impacts on the aforementioned structure. Therefore, we classified
this section (km 11.300-11.350) into special NATM class, called 5S.

CUT-AND-COVER SECTIONS OF THE LINE IVC2

Middle part of the line IVC2 is formed by three cut-and-cover project sections:
interstation section SO 11 ((794 m) and adjacent cut-and-cover stations
Prosek | (SO 10, 211 m) and Prosek Il (SO 12, 204 m).

Special attention is to be paid to cut-and-cover station Letriany (SO 14). It is
a project section, which includes construction of the Letriany station, con-
struction of cut-and-cover stations in front of the tunnel and construction of
cut-and-cover tunnels for dead-end tracks. There will be a construction cut of
rare dimensions opened, with length of 580 m in the elevation level, in depth
of mainly 12-14 m (up to 17,5 m at portals of the mined tunnels). The cut will
be mainly 17-25 m wide at the bottom level, locally even larger. It will be app.
50 m wide at the surface level and even larger in places of the exit ramps.
Judged its size and dimensions, this will be one of the largest open cuts in the
history of Czech civil engineering (the volume of natural mined rock will be
250 000 to 300 000 m®). The cut will be opened in several geotechnical types
and located 6-8 m below the groundwater level. There is nothing left but to
state, that it will be a very demanding engineering work not only due to its
dimensions, but also as far as hardly favorable geotechnical conditions for
realization are concerned.

EXPLORATION CONCLUSIONS

Geotechnical conditions of the cut-and-cover structures are mainly favor-
able, only SO 14, i.e. the section of cut-and-cover tunnels with station
Letiiany, experiences complicated and less favorable geotechnical condi-
tions, which correspond to the 3. geotechnical class.

Route of the two mined tunnels experiences very variable geotechnical con-
ditions for tunneling. The route was divided into quasi-homogeneous geot-
echnical sections with approximately identical conditions for tunneling. Fol-
lowing are the classifications of tunnel sections into the NATM classes:

3. class NATM ....... total length of 348 m, i.e. 15,4 %

4. class NATM ....... total length of 1233,5m, i.e. 54,6 %

5. class NATM ....... total length of 678,5 m, i.e. 30,0 %

We have classified mined tunnels along the entire route (SO 09, SO 13) into
class 3 of underground structures in accordance with CSN 73 7501. They are
demanding constructions within complicated geotechnical conditions.
Construction of the subway section IVC2 represents a very demanding civil engi-
neering work in variable and locally very unfavorable geotechnical conditions.
Close cooperation between the client, designer, contractor as well geotechnical
supervisor will be essential for successful realization of the structure, and not
only during final preparation of the work, but also during the work execution.
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SANACE STARYCH A OPUSTENYCH DULNICH DEL
A JEJICH GEOTECHNICKE PROBLEMY

TREATMENT OF OLD AND ABANDONED MINING
STRUCTURES AND THEIR GEOTECHNICAL PROBLEMS

ING. MARTIN SEFRNA, STAVEBNI GEOLOGIE - GEOTECHNIKA, a. s.

uvob

Pfi hlubinném dobyvani rudnych i nerudnych nerostnych surovin vznikaly zejmé-
na v minulosti v podzemi vydobyté prostory. V disledku piimych a nepiimych
rozvoliiovacich procest pak dochézi v jejich nadloZi k propaddm a poklestim
povrchu. Rychlost postupu rozvoliiovacich procesti a moznost vzniku uvedenych
deformaci na povrchu jsou ovlivnény mnoha faktory. Jedna se zejména o veli-
kost, tvar a hloubku vydobytych prostor, mocnost, geomechanické vlastnosti
a porusenost nadlozniho horninového masivu. Velikost téchto deformaci na povr-
chu je zavisla, kromé jiz uvedenych skutecnosti, také na plosném a hloubkovém
rozsahu vydobytych prostor, zpisobu jejich zaloZeni (zékladky suché, plavené)
a na pfipadném rozsahu zavaleni téchto prostor.

Existence vydobytych prostor v fadé pfipadi ohroZuje stabilitu povrchu nahlymi
propady a nerovnomérnymi poklesy, jez jsou zplisobené postupem rozvolfiovacich
procest do nadloZi vydobytych prostor. V zastavénych oblastech a v oblastech
s projektovanou vystavbou (napf. novych liniovych staveb) na poddolovaném
Uzemi je stuper nebezpecnosti téchto deformaci vyznamny, viz. obr. 1. Deformace
vyvolané vydobytymi prostorami v podloZzi mohou omezit nebo zcela znemoznit
vyuzivani pozemnich, podzemnich a liniovych staveb pro tcely, ke kterym byly zfizeny.

Obr. 1 Propad silnice 1/18 v P¥ibrami naproti zdravotnickému stfedisku
Fig. 1 Subsidence of road I/18 in Pfibram across the medical center

Obr. 2 Geotechnicky vrtny priizkum rozsahu poddolovani v podloZi Zelez-
ni¢ni traté Plzeri - Cheb

Fig. 2 Geotechnical boring exploration of the extent of undermining under-
neath the railway track Plzeri - Cheb

INTRODUCTION

Especially in the past, stoped-out workings arose following a subsurface
mining of ores as well as non-metallic mineral resources. Subsidence of the
overburden and terrain settlement took place as a result of direct and indi-
rect loosening processes. Advancing speed of the loosening processes and
possibility of occurrence of the aforementioned surface deformations
depend on many factors. To these belong mainly size, shape and depth of
the stopes and thickness, geomechanical attributes a level of faulting of the
overburden rock massif. Beside these facts, size of these surface deforma-
tions also depends on the areal and depth extent of the stopes, method of
their backfilling (dry backfill, flushing) and the eventual extent of caving in of
the these spaces.

The existence of stoped-out workings in many cases threatens the surface
stability with sudden subsidences and unsteady settlements, which are
caused by advance of the loosening processes in the overburden of stopes.
Residential areas and areas with planned constructions (for instance new lin-
ear structures) built in undermined areas bear a significant level of risk of
these deformations, see Fig. 1. Deformations caused by stoped-out workings
underneath can either restrict or outright prevent the use of surface, under-
ground and linear structures to purposes for which they had been con-
structed.

GEOTECHNICAL EXPLORATION

Areal and depth extent and shape of the stoped-out workings depends main-
ly of genetic type (sedimentary, metamorphogeneous, hydrothermal etc.) and
quality of the deposit (metal content, amount of resources). Based on these
factors, the method of deposit development and mining convenient for mining
of the given mineral resource was selected in the past. This knowledge is
required for preliminary estimate of the extent and shape of the stopes as well
as for geotechnical exploration. In many cases it is thus essential to be aware
of accurate areal and depth extent of the undermining and thickness and qual-
ity of rock massif in the overburden of a particular structure. Based on such

Zeleznigni zatez Plzeft - Cheb
Open cut for the Pilsen - Cheb railroad track
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Obr. 3 Pricny GT fez podlozim Zelezniéniho zarezu; vydobyté a zaloZené
prostory na Zilné struktufe v podloZi Zelezni¢ni traté Plzer - Cheb
(dokumentace ptistupnych dilnich dél)

Fig. 3 GT cross section through the bedrock underneath the railway cut;
worked out and backfilled spaces within a vein system in the bedrock
underneath the railway track Plzeri - Cheb (documentation of the accessible
mining structures)
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GEOTECHNICKY PRUZKUM

Plosny, hloubkovy rozsah a tvar vydobytych prostor jsou zavislé predevsim na
genetickém typu loZiska (sedimentéarni, metamorfogeni, hydrotermalni, apod.)
a bilanénosti loZiska (kovnatost, mnoZstvi zasob). V zavislosti na téchto faktorech
byly v minulosti voleny zplsob rozfarani loZiska a dobyvaci metoda vhodné pro
téZbu nerostné suroviny. Znalost téchto informaci je potfebna pro predbéiny
odhad rozsahu a tvaru vydobytych prostor a pro navrh geotechnického priizku-
mu. Ve vétsiné pripadu je totiz nezbytné pro konkrétni stavbu znat presny plosny
a hloubkovy rozsah poddolovani, mocnost a kvalitu horninového masivu v nadlo-
Zi. Na zékladé téchto informaci je mozné posoudit miru rizika poddolovani
a nezbytnost realizace sanacnich opatfeni. Vysledky geotechnického prizkumu
provedeného za timto Ucelem slouZi pro navrh zpisobu sanace a jako podklady
pro zpracovani realizacniho projektu sanacnich praci.

Ve vétsing pfipadu neexistuje dostateéna mapova dokumentace rozsahu poddo-
lovani, a to zejména v oblastech historickych rudnich, ale i uhelnych revird. Vét-
Sinou je dochovana dokumentace novodobé tézby, ale rozsah tézby realizované
nasimi ,starci” zcela chybi. A pravé tyto vydobyté prostory jsou nejvice nebez-
a pfipovrchovych partiich loZisek, o jejichz rozsahu vydobyti nejsou dochovany
zadné informace. Nebezpecénost téchto starych dulnich dél spociva kromé mélké-
ho vyraZeniiv jejich nepravidelném plo§ném a hloubkovém rozmisténi. Na poly-
metalickych Zilnych strukturach se pouzivala k tézbé surovin prevainé nepravi-
delnd dobyvaci metoda charakteru sestupkového dobyvéni bez zéakladky
a vystupkového dobyvani s ¢&stecnym zaloZenim vydobytych prostor, viz. obr. 3.
Cilem téchto dobyvacich metod bylo vytéZeni nejbohatSich partii loZiska, teprve
aZ s postupem Casu se zacaly téZit i méné bohaté partie.

Pro geotechnicky prizkum tohoto charakteru jsou vhodné pfimé prizkumné
metody, jako jsou vrtny prizkum a vizualni dokumentace pfistupnych dilnich dél.
V pfipadé vrtného prizkumu je nezbytné provadét priibéznou interpretaci pribé-
hu vrtani a geotechnickou dokumentaci. Vrtny prizkum je vhodné doplnit
o kamerovou prohlidku pokragovani vydobytych prostor pro spravnou lokalizaci
nasledujiciho prizkumného vrtu. GeofyzikaIni nepfimé metody jsou pro tyto
Gcely vhodné jen v konkrétnich pfipadech, a to pouze pfi vyhledavacim prizku-
mu. Vysledky z geofyzikéInich prizkumu jsou predevsim zavislé na kvalité inter-
pretace namérenych vysledkd.

Viyskovy dostup piimych rozvoliiovacich procesti (PRP) do nadlozi mize byt
obrovsky. Nazornym prikladem je pfipad z Kutné Hory. Znamy rozsah novodobé
téZzby (otevienych komor) byl zmapovan mezi 2. a 4. patrem. Strop komory
nachazejici se nejblize povrchu byl zmapovén v trovni 2. patra, v hloubce 140 m.
V disledku postupu PRP smérem k povrchu, po zrudnéném a tektonicky predis-
ponovaném pasmu v minulosti intenzivné téZzeném, dostoupily tyto pfimé roz-
volriovaci procesy za spoluptisobeni prisakovych vod do Grovné 20 m pod sou-
¢asnou uroven terénu. Na obr. 4 a 5 jsou uvedeny vysledky GT priizkumu plos-
ného a hloubkového rozsahu této nové vzniklé dutiny a ovéreni geotechnické
stavby nadloZniho horninového masivu pro moiné posouzeni jeho stability.
Smérna délka dutiny ¢ini 52 m. Sitka dutiny je ddna mocnosti zrudnéného pasma

17,5 - 19,5 m. Objem ovéiené ¢asti dutiny ¢ini cca 24 230 m®.
POUZIVANA OPATRENI

V zavislosti na vysledcich geotechnického prizkumu a na posouzeni mozného
vlivu vydobytych prostor na povrch se realizuji nezbytna opatieni. Mezi nejcasté-
ji pouZivana opatteni patfi:

Obr. 4 Situace dutiny ovéfené GT prlizkumem, jejiz strop se nachazi 20 m
pod Urovni terénu, plo$ny rozsah dutiny 52 x 17 m

Fig. 4 Situation of the cavity verified by geotechnical exploration with its
top 20 m below the terrain surface, areal extent of the cavity 52 x 177 m

information it is possible to evaluate the level of risks of undermining and
necessity to carry out remedial measures. Results of a geotechnical explo-
ration realized for this purpose serves as a basis for proposal of treatment
method and for elaboration of performance design of the remedial works.

In most cases, there is not a sufficient mapping documentation of the extent
of undermining, especially in areas of historical ore, but also coal deposits.
Documentation of newer mining has been mostly preserved, but the extent
of mining realized by our ancestors is completely missing. And these stopes
are exactly the most dangerous ones, as our ancestors in the beginning
mined within subsurface and near-to-surface parts of deposits, about whose
extent of stoping there is no information. Beside shallow excavation, danger
of the old mining works also lies in their irregular areal and depth distribu-
tion. For mining within polymetallic vein systems, our ancestors used pre-
dominantly irregular mining methods of underhand stoping without backfill-
ing and overhand stoping with partial backfilling of the stopes, see Fig. 3.
The aim of these mining methods was to mine out the richest deposit parts,
only after some time also the poorer parts began to be mined as well.
Direct exploratory methods, such as boring exploration and visual docu-
mentation of the accessible mining works, are convenient for geotechnical
exploration of such type. In case of boring exploration, it is necessary to per-
form continuous interpretation of the boring progress and geotechnical doc-
umentation. Boring exploration can be conveniently supplemented with
a camera survey of the spaces ahead in order to correctly determine location
of the following exploration bore. Indirect geophysical methods are suitable
for these purposes only in certain cases and solely for searching exploration.
Results of the geophysical explorations are mainly dependent on the quality
of interpretation of the measured values.

The height the direct loosening processes (DLP) in the overburden reach can
be tremendous. There is an illustrative example from Kutng Hora. Known
extent of recent mining (open chambers) was mapped between second and
fourth flour. Ceiling of the chamber, located closest to the surface, was
mapped at the level of second floor at a depth of 140 m. As a result of the
DLP advancing towards the surface through a mineralized and tectonically
pre-disposed zone, in the past extensively exploited by mining, these direct
loosening processes ascended, with a contribution of groundwater leaks, up
to a level of 20 m below the current terrain surface. Fig. 4 and 5 show results
of a geotechnical exploration of areal and depth extent of this newly arisen
cavity and verification of the geotechnical structure of the covering rock
massif for eventual evaluation of its stability. Approximate length of the cav-
ity reaches 52 m. Width of the cavity is bound by the thickness of the miner-
alized zone and in its widest place reaches 17 m. Top of cavity is at a depth
of 17,5-19,5 m. Verified section of the cavity has a volume of 24 230 m°.

APPLIED MEASURES

Necessary measures are being performed based on results of the geotech-
nical exploration and evaluation of potential impact of the stopes on the sur-
face. To the most frequently applied measures belong:

Monitoring of advance of the direct loosening processes towards the sur-
face using rod-type extensometers

These passives measures are aimed to inform in time about he processes
going on in the underground and thus warn about imminent danger. Correct
location of anchor of the rod extensometer in the overburden of the stopes
and periodical measurements are the prerequisite of success.

JJz GT-5 GT-4

GT-1 (V3) Holuby
GT-2 z

2107 m n.m.

stafiny
i

Legenda:
Legend:

=~z Navazky charakteru skladky podlozni pararuly a migmatity
made ground (dump) paragneiss and migmatite bedrock
sprasové hliny, kiidovy jil ohraniéeni dutiny
l:l loess loams, chalky clay cavity boundary
zrudnéné pasmo volnéa prostora vznikla PRP
mineralized zone free space due to the DLP

Obr. 5 Podélny GT fez ovéfenou ¢asti dutiny a jejim nadloZim
Fig. 5 Axial GT cross section through verified section of the cavity
and its overburden
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Sledovani postupu pfimych rozvoliiovacich procesi smérem k povrchu pomoci
tycovych extenzometri

Tato pasivni opatfeni maji za cil véas informovat o procesech probihajicich v pod-
zemi a upozornit na hrozici nebezpedi. Podminkou Uspésnosti je spravna lokalizace
kotvy ty€ového extenzometru v nadloZi vydobytych prostor a periodické méreni.
Tato opatreni byla nasazena na Zilnych strukturach napf. v Pfibrami a v Hornim
Slavkoveé, kde slouzi pro sledovani postupu PRP v podloZi liniovych a pozemnich
staveb. Této metody je vhodné pouZito i pro sledovani poklest zasypt jam likvi-
dovanych nezpevnénym materidlem, kde Usti téchto jam je pfevazné nepfistup-
né stavajici méstskou zéstavbou.

Sanace vydobytych prostor vypliiovou injektazi

Patfi mezi nejcastéji pouzivané metody. Pokud nejsou vydobyté prostory pristup-
né z povrchu, je nezbytné vyhloubit sanaéni vrty, kterymi je smés dopravovana
do dulnich dél. K sanaci Ize pouZit i vhodné vystrojené priizkumné vrty. Dle pou-
Zité smési Ize vydobyté prostory zaplnit zpevnénym, nebo nezpevnénym materi-
alem v zavislosti na geotechnickych pomeérech ddlnich dél. Zaplnénim vydoby-
tych prostor se zamezi moznosti vzniku a postupu PRP smérem k povrchu. Prob-
lematika tohoto zpUsobu sanace spociva ve volbé vhodného sanacniho materia-
lu a v zamezeni Gniku sana¢ni hmoty mimo zajmovy prostor do navazujicich dul-
nich dél. Pfitomnost podzemnich a dlilnich vod v sanovanych prostorach proble-
matiku sanace zvysuje.

Této metody bylo pouZito napt. pfi sanaci podloZi silnice /219 Vejprty - Jachy-
mov - Karlovy Vary, viz. obr. 6. Zde byl sanovan kriticky Usek $toly s navazujici
dobyvkou, jejiz strop se nachazel 2,2 m pod trovni silnice. V dobyvce byly patr-
né nadvylomy, zpisobené opadem hornin z nadlozi. Mocnost nadlozi v misté
nadvylomu ¢inila 1,4 m.

Obdobny pfipad sanace byl feSen v obci Lukavice v podloZi kfizeni obecnich
komunikaci. V hloubce 3,5-4,0 m se nachézel strop vzajemné se kfiZicich nékoli-
ka chodeb o profilu cca 8 m2 Tyto prostory byly v kritickém tseku sanovany zpev-
nénou smeési na bazi popilku, kterd po 28 dnech zrani dosahuje pevnosti v pro-
stém tlaku 4,1 MPa, viz. obr. 7 (pribéh zapliovani).

Sanace ¢astecné zaloZenych a zavalenych prostor tlakovou injektazi

Patfi rovnéZ mezi €asto pouZivané metody, ponévadz se kombinuje s vyplfiovou
vystrojeni sanacnich vrt(. Pri téchto sanacnich pracich musi byt vrty vystrojeny
perforovanymi manzetovymi trubkami. Problematika je obdobna jako u vyplrio-
vé injektaze, ale vzrista zde riziko nekontrolovatelného uniku sanacni hmoty.
Vlyhoda metody spociva v zaplnéni i dutin, které nejsou zpfistupnény sanacnimi
vrty a s vyhodou ji Ize vyuzit ke stabilizaci nezpevnénych zékladek dilnich dél
a nezpevnénych zasypl opakovanych propadu.

Na obr. 8 je uveden podélny geotechnicky fez podlozim silnice 1/18 v Pribrami
v misté vychozu Zilné struktury. Hloubka prizkumnych vrt(i se pohybovala v inter-
valu 13-25 m. S ohledem na nepravidelnost historického dobyvani zde ¢inila roz-
te¢ vrtl misty 2,0 m. Prlizkumné vrty zde byly po vystrojeni pouZzity k tlakové
injektazi. K sanaci byla pouZita popilkocementova (PC) smés s pevnosti v prostém
tlaku po 28 dnech zrani 3-4 MPa, viz. obr. 9.

Tlakova injektaZ byla rovnéZ pouZita i pfi sanaci propadu jamy Goppelschacht
situované v tésné blizkosti frekventované komunikace, viz. obr. 10. Propad mél
0 4,0 m a hloubku 3,5 m. Navazujici tahové trhliny a poklesové deformace nasvéd-
Covaly o skutecnosti, Ze se jedna o aktivni propad s tendenci se rozsifovat. Geo-
technickym vrtnym prizkumem bylo ovéreno, Ze se jedna o nestabilni nezpevné-
ny mezerovity a misty zaklenbovany zasyp jamy s navazujicimi vytéZzenymi a neza-
lozenymi prostorami, do kterych zasyp jamy ,pretéka”. Na zakladé téchto skutec-
nosti bylo rozhodnuto o zaplnéni ovérenych volnych prostor vhodnou sanaéni
smési a o stabilizaci nezpevnéného zasypu jamy tlakovou injektazi. V posledni fazi

These measures were applied at vein systems for instance in Pfibram and
Horni Slavkov, where they serve for observation of advance of the DLP in the
bedrock underneath linear and underground structures. This method can be
also conveniently used for observation of settlement of backfilling of shafts
realized by unconsolidated materials, where mouths of these shafts are pre-
dominantly inaccessible due to existing urban development.

Treatment of stoped-out workings using backgrouting

It is one of the most frequently used methods. In case the stopes are not
accessible from the surface, it is necessary to realize remedial bores, which
transport the mixture into the mining structures. Suitably equipped explo-
ration bores can be also used for the treatment. By means of the used mix-
ture the stopes can be filled with either consolidated or unconsolidated
material, based on geotechnical conditions in the mining structures. Back-
filling of the stopes will prevent the potential occurrence and advance of DLP
towards the surface. Problems with this type of treatment lie in selection of
suitable remedial material and prevention of spreading of the remedial
material from desired spaces out into adjacent mining structures. Presence
of mining- and groundwater within treated spaces only amplifies the prob-
lems. This method was used for instance by treatment of overburden of the
road 1l/219 Vejprty-Jdchymov-Karlovy Vary, see Fig. 6. A critical gallery sec-
tion with a connecting stope, whose ceiling was located 2,2 m below the
road surface, was treated here. There were obvious overbreaks in the stope,
caused by rock falling from the overburden. Overburden thickness in place
of the overbreak was 1,4 m.

A similar treatment case was solved in village of Lukavice within the
bedrock underneath a crossing of municipal roads. A roof of several mutu-
ally crossing corridors with cross profile of app. 8 m*> was located at
a depth of 3,5-4,0 m. These spaces were in their critical section treated by
consolidated mixture of fly ash, which after 28 days of maturing reaches an
uniaxial compressive strength of 4,1 MPa, see Fig. 7 (backfilling proce-
dure).

Treatment of partially backfilled and caved-in stopes using pressure grouting
It also belongs to the more frequently used methods, because it is combined
with backgrouting of empty cavities. It is significantly more demanding as
far as technical equipment and equipment of the remedial bores are con-
cerned. Bores have to be equipped with perforated tube-a-manchette pipes.
There are similar problems as by the backgrouting, only the risk of uncon-
trolled spreading of remedial material is higher. The advantage of this
method is represented by also filling of those cavities, that had been made
accessible by remedial bores, so it can conveniently used for stabilization of
unconsolidated backfill of mining structures and unconsolidated fill-ins of
locations of repeated subsidence.

Fig. 8 shows axial geotechnical cross-section of the bedrock underneath the
road /18 in Pfibram at a spot of the vein system outlet. Depth of the explo-
ration bores ranged between 13 - 25 m. With regards to irregularity of his-
torical mining, bore spacing locally reached 2 m. After installation of casing,
the exploration bores were used for pressure grouting. Fly ash-cement (FAC)
mixture with uniaxial compressive strength of 3-4 MPa after 28 days of
maturing was used for the treatment, see Fig. 9.

Pressure grouting was also used during treatment of subsidence of the
shaft Géppelschacht, located in immediate vicinity of a frequently used
road, see Fig. 10. The subsidence area had a diameter of U 4,0 m and depth
of 3,5 m. Linked tension fractures and settlement deformations suggested,
that the subsidence was active, with an intensifying tendency. Geotechnical
exploration verified that it is an unstable unconsolidated discontinuous and
partially vaulting shaft backfill with linked empty stopes, in which the back-

JV
asti sklepa - okraj silnice ul. AleSova ul. Kolarova
\ Cellar mouth - edge of the road , Alsova Street , Kollérova Street \ rodinny dam
' 6.8m i 6,0m ' 3.6m ! family house

&.p.758

silnice 11/219
road 1l/219

Legenda sanatni vrty poro dopravu smési rulové eluvium a deluvium sanatni vrt Gsti sklepa dobyvka
Legend: boreholes for concrete transport gneiss eluvium and diluvi ° i O b © s
oparné zdEné kameno-betonové hraze horninovy rulovy masiv portal stoly stary sklep komin
: reinforcing dams from stone and concrete gneiss rock massif O jortal of the gallery @ old cellar D ise
podzemni prostory sanované zpevndnou smési zékladka na pocve stoly a dobyvky g portal sklepa @ operni hréz @Sl
stopes supported by consolidated mixture £ backfill at the bottom of the gallery © portal of the cellar reinforcing dam ® gallery
and the stope o ocelova mfiz 0 nadvylom @ odvodnéni
steel grill overbreak drainage

Obr. 6 Rez sanovanou &asti $toly a dobyvkou v podloZi silnice II. tf.

Fig. 6 Cross section of the treated gallery part and stope underneath a Il. class road
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Legenda: l:l piskovce spodniho kambria

Legend: sandstones of the Lower Cambrian
zzzzzz) eluvium, haldovina, podklad silnice
eluvium, refuse, road substurcture

dutiny - volné nezaloZené vydobyté prostory
cavities - free stopes without backfill

] nezpevnéné mezerovité zakladky
a zavalené prostory s drobnymi dutinami

sanované dutiny popilkocementovou smési
cavities remedied by fly ash - cement mixture
proinjektované zakladky a zavalené prostory
grouted backfill and collapsed spaces

unconsolidated porous backfill and collapsed
spaces with small voids

Obr. 8 Podélny GT fez podlozim silnice I/18 v Pfibrami

Fig. 8 Axial geotechnical cross section of the bedrock underneath the road I/18 in Pfibram

Obr. 7 Pohled do ze 3/4 zapInénych dilnich dél zpevnénou smési na bazi
popilku, podloZi kfiZzovatky v obci Lukavice

Fig. 7 View into mining structures up to 3/4 filled with consolidated mixture
of fly ash underneath a road crossing in village of Lukavice

byl zaplnén vlastni propad jamy vypliiovou smési. V zavéru akce byly provedeny
kontrolni jadrové vrty kvality zaplnéni volnych prostor a proinjektovani zasypu
jdmy. Pouzita sanacni smés méla pevnost v prostém tlaku 3,0-3,5 MPa.

Sanace pristupnych dulnich dél hornickym zptisobem

V soucasné dobé je snaha zachovat néktera zvlasté historicka dulni dila pfistup-
na pro dal$i generace. V téchto pfipadech se tato dulini dila nesanuji zpevnénym
nebo nezpevnénym materidlem, ale zajistuji se klasickymi nebo plvodnimi
vyztuznymi prvky (ocelové, drevéné, kamenné suché zdi a klenby, apod.).
V mnoha pfipadech jsou tato dilIni dila ¢aste¢né nepfistupna a je nezbytné je nej-
dfive vyzméhat a kritickd mista nasledné zajistit. Vzhledem k charakteru starych
dulnich dél je nezbytné fesit fadu geotechnickych problému souvisejicich se sta-
bilitou téchto dllnich dél. Disledna dokumentace a zhodnoceni geotechnického
stavu jsou nezbytnou podminkou k zajisténi dlouhodobé stability téchto dllnich
dél a objektl nachazejicich se v nadlozi.

Jednim z hlavnich problémU pfi zpfistupriovani starych ddlnich dél je zmahani
a zajistovani starych zavall, propadl a naplavenin. Tento problém byl fesen
napriklad pfi hloubeni nové vétraci a tézni jamy (profil cca 8 m?) v komplexu sta-
rych diilnich dél byvalého cinového dolu Jeronym v lokalité Cist. Prizkumnym
vrtem zde byly v nadloZznim migmatitovém a rulovém horninovém komplexu
ovéreny partie starych dulnich dél zcela zaplnénych jilovito-piscitym splachovym
materialem se zavalovymi bloky hornin. Vlastni horninovy komplex byl v jednom
Useku navic postizen rozvoliiovacimi procesy, které zpUsobily uvolnéni ¢asti hor-
ninového masivu vychodnim smérem. Tyto rozvolfiovaci procesy se v jadmé pro-
jevily otevienymi tahovymi trhlinami rozevienymi az 12 cm, viz. obr. 11. V dlsled-
ku zmény barsko-geologickych pomérd byl zménén projekt zpisobu hloubeni
a zejména vyztuzovani jamy. Vzhledem k historické hodnoté ddlinich dél, do kte-
rych méla byt jdma proraZena (15. az 16. stoleti, obr. 14 a 15), bylo hloubeni jamy
realizovano ruéné, bez pouZiti trhacich praci (hloubka 24 m), s okamZitym zajisto-
vanim ocelovou vyztuzi ze zavéSovanych ocelovych rama v kroku 1,0 m a paze-
nych ocelovym pazenim, viz. obr. 13. Tzn., Ze kazdy nové vyhloubeny metr byl
nasledné zajistén trvalou ocelovou vyztuzi. S ohledem na vysledky vrtného pra-
zkumu byly provadény bezpe¢nostni predvrty a v kritickych mistech, kde se pro-
chazelo zavaly a splachy, byly stény jamy zajistovany jehlami, viz. obr. 12. Po

fill of the shaft “overflows”. Based on these facts, it was decided to fill the
verified free spaces using a suitable remedial mixture and to stabilize the
unconsolidated shaft backfill using a pressure grouting. The shaft top sub-
sidence was filled by grouting in the last phase. In the end, checking core
bores were carried out to determine quality of filling of the free spaces and
grouting of the shaft backfill. Used remedial mixture had a compressive
strength of 3,0-3,5 MPa.

Obr. 9 Vrtné jadro z kontrolniho vrtu z Pfibrami, proinjektovany zasyp
injektazni PC smési a vyplriova PC smés ze zaplnéné dutiny

Fig. 9 Boring core from of the checking bore in Pribram, the backfill grouted
using the PC mixture and the backgrouting PC mixture from the filled cavity

£ [ 1] =™

m Odval (haldovina) / Rock damp

- Skalni podlozi, kiem. porfyr / Bedrock, Quartziferous porphyry
- Dutiny v zésypu a dobyvky / Cavities in the backfill and stopes
Jémovy zésyp hutny / Compact backfill of the shaft

Pokles
oSuhsidence

Propad jam
[ pad jamy

Subsidence ot the shaft 225 Mezerovity jamovy zésyp / Porous backill ot the shaft
Téleso vozovky Zékladka a napadavky / Backfill and cavings
© Roadbed E

E:_-'_ul-'_] Pistito-kamineté eluvium / Boulder sand eluvium

Obr.10 Podélny GT fez propadem jamy a navazujicimi dobyvkami
Fig. 10 Axial GT cross section of the shaft subsidence and linked stopes
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vyhloubeni a vyztuZeni jdmy ocelovou vyztuzZi s ocelovym pazenim a prostupy do
vytéZenych komor byla postupné provedena vzestupna betonaz jadmy za pomoci
montovaného ocelového bednéni. Zaroven bylo provedeno zaplnéni mezipros-
toru stény jamy a ocelové vyztuze jamy betonovou smési. Cimz byly ¢aste¢né
sanovany rozeviené trhliny v horninovém masivu, zptsobené rozvolfiovacimi
procesy, vyvolané existenci dosud nezndmych a zavalenych vydobytych prostor.

4. ZAVER

Z vy$e uvedenych prikladl je nanejvys ziejmy vyznam geotechnického prizkumu
rozsahu poddolovani v konkrétnich pfipadech a nezbytnost ovéfeni pficin vznik-
lych deformaci na povrchu. Na zékladé znalosti geotechnickych pomérd dulnich
dél je mozné zvolit vhodnou a efektivni metodu sanacnich a zajistovacich praci
a vyresit mnohdy velmi sloZité geotechnické poméry souvisejici s vyrazenymi
starymi a opusténymi dalnimi dily.

5. Literatura

Vlysledky geotechnickych prizkumnych a sanaénich praci realizovanych firmou
Stavebni geologie - Geotechnika, a. s.

Vlevo: Obr. 11 Rozeviené pribézné tahové trhliny ovéfené pfi hloubeni jamy
Left: Fig. 11 Open running tension fractures, verified during the ditch excavating

Vpravo: Obr. 12 Zajisténi stén jaAmy jehlami v nestabilnim zavalovém a spla-
chovém materiédlu a nasledné zajisténi ocelovym pazenim

Right: Fig. 12 Support of the ditch walls by spikes within unstable cave-in
and outwash material and subsequent support by steel sheet bracing

1
| .

Obr. 13 Hloubeni jamy s odtéZovanim rubaniny v okovu a pomoci drapaku
s pribéznym zajistovanim stén jamy ocelovou vyztuZi s ocelovym pazenim,
ocelové ramy v kroku 1,0 m, hloubka 16 m

Fig. 13 Sinking of the shaft with disposal of muck in a sinking bucket and
using a grabber, with continuous support of the shaft walls by steel rein-
forcement with steel sheet bracing, steel frames every 1,0 m, depth of 16 m

Obr. 14 PGvodni ruéné razena propojovaci chodba mezi komorami se stopami
po Zelizkach a s vyklenkem pro kahanec (15. az 16. st.)

Fig. 14 Original manually excavated cross passage between chambers with
traces of hack irons and a lamp niche (15th - 16th century)

Treatment of accessible mining structures using the conventional method
Currently there is an effort to keep some, especially historical, mining struc-
tures accessible also for future generations. In these cases, the mining struc-
tures are not treated by consolidated or unconsolidated material, but
secured by conventional or even original supporting elements (steel, wood-
en, stone dry walls and vaults etc.). However, in many cases these mining
structures are partially inaccessible and it is necessary to first support them
and subsequently secure critical places. With regards to character of the old
mining structures it is essential to deal with several geotechnical problems
connected with their stability. Consistent documentation and evaluation of
their geotechnical condition are essential prerequisites in order to provide
long-term stability of these mining structures as well as structures in the
overburden.

Dissolution and support of old collapsed locations, subsidence areas and
deposits are the main problems in making the old mining structures acces-
sible. This problem was for instance solved during sinking of the new ven-
tilation and mining shaft (cross profile app. 8m?) within complex of old min-
ing structures of the former tin mine Jeronym in the Cista locality. Explo-
ration bore here verified parts of old mining structures, completely filled by
clayey-sandy outwash material with fallen rock blocks, in the overburden of
migmatite and gneiss rock complex. The own rock complex was moreover
suffering of loosening processes in one section, which caused one section
of the rock massif to loosen in eastern direction. These loosening process-
es were demonstrated by open tension fractures in the shaft, opened up to
12 ¢cm, see Fig. 11. As a result of changed mining-geological conditions, the
project changed the method of sinking and especially the shaft support.
Considering historical value of the mining structures into which the ditch
was to be driven (15th — 16th century, Fig.14 and 15), the excavation was
realized manually, without the use of blasting (depth of 24 m) and with
immediate support by steel reinforcement from suspended steel frames
every 1,0 m and braced by steel sheets, see Fig. 13. That means that every
newly excavated meter was subsequently secured by a permanent steel
reinforcement. With regards to results of the exploration bore, safety fore-
bores were realized and in critical places, where cave-ins and outwashes
were passed through, the shaft walls were secured by spiling, see Fig. 12.
Following excavation and support of the shaft by steel reinforcement with
steel sheet bracing and penetration into the stopes, the shaft was cast from
the bottom upwards using assembled steel formwork. At the same time, the
space between the ditch and the steel support was filled with a concrete
mixture. Open fractures in the rock massif, caused by loosening processes
due to existence of yet unknown and collapsed stopes, have been partially
treated this way.

4. CONCLUSION

From the aforementioned examples it is highly obvious that geotechnical
exploration of the extent of undermining is in particular cases of major sig-
nificance while there is also a need to verify causes of the arising deforma-
tions at the surface. Based on knowledge of the geotechnical conditions in
mining structures it is possible to select a suitable and effective method of
remedial and securing works and often thus to solve very complicated geot-
echnical conditions connected with old and abandoned stopes.

References
Results of geotechnical exploration and remedial works realized by Staveb-
ni Geologie - Geotechnika, a.s.

Obr. 15 Pavodni komorové dobyvani metodou ,sazeni ohném” (15. a7 16. st.)
s ponechanym mezikomorovym pilifem

Fig. 15 Original chamber mining by means of fire (15th - 16th century) with
a room fender maintained
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VLIV RAZEB PRUZKUMNYCH STOL TUNELU DOBROVSKEHO

NA OBJEKTY POVRCHOVE ZASTAVBY V BRNE
A APLIKACE OBSERVACNI METODY

IMPACT OF EXPLORATION GALLERIES FOR THE DOBROVSKEHO
TUNNEL ON SURFACE DEVELOPMENT IN BRNO;
APPLICATION OF THE OBSERVATION METHOD

ING. IGOR ZEMANEK, ING. JAROSLAV LOSSMANN, ING. KAREL SOCHA
STAVEBNI GEOLOGIE - GEOTECHNIKA, a. s.

Resumé:

Pfi razbé prizkumnych $tol budouciho tunelu Dobrovského v Brné se provadi
v rdmci observacni metody hodnoceni vlivu $tolovani na celkovou stabilitu povr-
chové zastavby. Vychazi se pfi tom z predikce tvaru poklesové kotliny, ktera je
stanovena na zakladé teorie objemové ztraty zeminy (loss of ground.) a statické
odolnosti jednotlivych objektd predpokladané statikem. V pribéhu razicich praci
se pribézné provadi a vyhodnocuje komplex méfeni a uréuje se predné zatizeni
objektli nerovnomérnym sedanim. Pro kazdy objekt jsou stanoveny varovné
stavy a k nim pfifazeno konstrukeni feSeni vyztuZeni objektl po jejich dosazeni.
Tyto préce fidi investor stavby RSD - Brno.

Stavebni Geologie GEOTECHNIKA, a. s., zajistuje souhrnné hodnoceni vysledki
v8ech typt méfeni, vztahujicich se na objekty povrchové zastavby a navrhuje
zplsob sledovani objektli, vyhodnoceni monitoringu a navrh statického zajisté-
ni objekt.

V predlozeném ¢&lanku se uvadi postup a metodika observace budov a zplsob
zajisténi statické stability objektd pred Gcinky podtunelovani.

1. Zakladni Gdaje )
Nézev stavby: Silnice 1/42 BRNO, VMO Dobrovského A, Tunely DOBROVSKEHO
- PRUZKUMNE STOLY

Investor: Reditelstvi silnic a dalnic CR, sprava BRNO

Celkové investi¢ni naklady stavby: cca 280 mil. K&

2. Struény popis Stol a technologie razby )

Stoly budou konstrukéni soucasti vystavby tuneli DOBROVSKEHO
(projektant: Amberg Engineering Brno, a. s.).

V profilu budouciho tunelu DOBROVSKEHO | byla razena prizkumné $tola Ib
a v profilu tunelu DOBROVSKEHO Il byly razeny dvé priizkumné Stoly lla a lIb.
Stola Ib (zhotovitel: Metrostav, a. s.)

Doba zahéjeni a ukon&eni razby: kvéten 2002 - Fijen 2002

Délka $toly Ib v pidorysném primétu je 365,0 m

Stola lla (zhotovitel: ZS BRNO, a. s.)

Doba zahéjeni a ukonéeni razby: duben 2002 - ¢ervenec 2003

Délka stoly lla v plidorysném primétu je 831,0 m

Resumé:

An assessment of the impact of gallery drifting on the overall stability of sur-
face development has been carried out within the framework of the observation
method during the excavation of exploration galleries for the planned con-
struction of the Dobrovského tunnel in Brno. The assessment is based on the
prediction of the shape of the settlement trough, which is determined on the
basis of the loss of ground theory and structural resistance of individual build-
ings assumed by a structural engineer. An array of measurements has been
continually carried out and assessed in the course of the drifting. Loads on the
structures due to differential settlement have been determined above all. Warn-
ing levels have been specified for each structure and a structural solution how
to reinforce the structure when the levels are reached have been designed.
The above work is controlled by RSD - Brno (Directorate of Roads and
Motorways).

Stavebni Geologie GEOTECHNIKA, a.s. provides a summary assessment of
results of all types of measurement relating to the surface structures. It also
proposes methods of the monitoring, assessment of the monitoring and
structural support to the buildings.

The paper contains the procedure and method of the observation of build-
ings and the method of securing structural stability of buildings to resist the
effects of undermining.

1. Basic data

Project name: Road 1/42 BRNO, VMO Dobrovského A,

DOBROVSKEHO tunnels - EXPLORATION GALLERIES

Owner: Directorate of Roads and Motorways of the Czech Republic, Depart-
ment BRNO

Total investment cost: approximately K¢ 280 million

2. Brief description of the galleries and the excavation technique
The galleries will become a structural part of the construction of the
DOBROVSKEHO tunnels (designer: Amberg Engineering Brno, a.s.). The
exploration gallery Ib was excavated inside the cross section of the planned
tunnel DOBROVSKEHO |, and two exploration galleries lla and Ilb were dri-
ven inside the profile of the DOBROVSKEHO Il tunnel.

Obr. 1 Pohled na provizorni portal (zaéatek prizkumnych §tol)
Fig. 1 Temporary portal (the beginning of the exploration galleries)
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Stola lIb (zhotovitel: SUBTERRA, a. s.)

Doba zahajeni a ukonceni razby: duben 2002 - ¢erven 2003

Délka stoly Ilb v pidorysném priimétu je 831,0 m

RaZba byla provadéna prevéazné technologii strojniho razeni, do¢istovani vyrubu
bylo klasickou ruéni razbou. V pocateénich tsecich byly realizovany mikropilo-
tové destniky. Ve v8ech tfech $tolach byl pouzit razici stroj ITC 112. Osténi
a pocva §tol jsou tvoreny stfikanym betonem SB20 s KARI siti a tuhou dtlni
vyztuzi K24. Délka jednoho zébéru byla 1,0 m. Plocha vyrubu jedné $toly je 13 az
14 m? (dle staniceni).

3. Geologické poméry

PFi vrtani MP deStnik(i a z mapovani Celby bylo zdokumentovéno, Ze Stoly Ilb
(Subterra) a zvlasté lla (ZS BRNO) mély v Gvodnim Gseku (do vzdalenosti 50,0
m od portélu) kromé prevladajicich neogennich jilG tuhé az pevné konzistence
také vrstvu nesoudrZnych vodonosnych pis¢itych $térkl - Stérkd pfimo ve stro-
pé ¢i tésné nad stropem. Stola Ib (Metrostav) méla ve stropé kryti vrstvou jilu
a pouze lokalné narazila na zvodnélé ¢ocky stérku. V dlsledku bezprostiedni bliz-
kosti Stérkové vrtstvy zaznamenala $tola lla soustavné pfitoky vody, ktera se,
v dlsledku pocatecniho upadniho sklonu tuneld, hromadila na éelbé, rozbridala
dno tunelu a komplikovala pokladani TH vyztuZe. Rovnéz prispivala k nestabilité
stropu i ¢elby. Dal$i Useky razby $tol byly jiz pouze v neogennich zeleno$edych
aZ Sedych jilech, konzistence prevéainé pevné.

4. Vznik neoc¢ekavanych sedani nad stolami tunel Dobrovského
Kratce po zahajeni razby priizkumnych §tol tunelt Dobrovského doslo k vyraz-
nym deformacim jili v okoli $tol. PrirGstky deformaci ve Stole a na povrchu
v dobé prachodu razby nékolikanasobné prekroCily plivodné projektované maxi-
malni hodnoty. To mélo za nasledek celkovy velky nardst deformaci na povrchu,
zvIasté v mistech stavajici obytné zastavby a vzniku poruch na podchazenych
objektech.

Provedena konvergencéni méreni a méfeni pevnych bodl ve Stole, nivelacni
méreni na povrchu, inklinometricka a extenzometrickd méreni umoznily provést
analyzu problémd. Na zakladé zmérenych udaji bylo mozné definovat hlavni
mechanismy, které se na prekvapivych deformacich podilely:

* InZzenyrskogeologické poméry.

« Vliv vrtani a injektovani mikropilotovych destnik(.

+ Vzéjemné ovlivnéni razby $tol lla a Ilb.

+ Zaborovani TH vyztuze do podloZi.

* Pojezdy techniky pfes nekrytou TH vyztuz.

+ Unosnost doc¢asného pilite mezi $tolami lla a llb.

5. Opatieni pro razbu a podchyceni stavajici zastavby

Na vzniklou situaci neocekavané vysokych deformaci bylo nutné pfijmout nova
opatieni pro dal$i postup razby, zvlasté s ohledem na prichod $tol pod obytnou
zéstavbou.

Byl vypracovan navrh opatieni a obecné zésady pro podchod §tol pod objekty
na ul. Palackého a ul. Veleslavinova. Dale byla stanovena nové prognoza pfi¢né
a podélné poklesové kotliny v misté stavajici zastavby na ul. Palackého a Vele-
slavinova.

6. Opatieni ve Stolach

Hlavni zésady:

« Ukonéeni realizace ochrannych MP destnik(. Pod ul. Palackého se jiz nepfedpo-
kladal vyskyt vrstev nesoudrznych vodonosnych piscitych $térki ve vyrubu (viz.
geologicky fez).

IG pfiény profil pod ul. Palackého (ve sméru razby)
EG cross section under Palackého Street (in the direction of the excavation)

Staniceni km 1.380 tunelu Dobrovského / Dobrovského tunnel chainage of km 1.380

24 26

28 0 20 30 32 34

@
&
Veleslavinova ul.
I
&

Legenda:

—-~ rozhrani vrstev

povrch neogenniho podlozi
—— hladina podzemni vody

Popis vrstev: @ Osastoly 11B
navazka @ 0sa tunelu Dobrovského Il
sprasova hlina, svétlé hnédé, tuha a7 pevné @ Osa stoly IIA
jilovitd hlina, tmavé hnédd, tuhd O 0sa Stoly 1B

jilovitd hlina, tmavé hnédd, tuhd az mekka @ 0sa tunelu Dobrovského |
hlinitopis€ity Stérk. zvodnély © Osa toly IA (nerealizovano)
jil zelenohnédy - Sedy, tuhy
Legend: Description of layers: @ gallery IIB axis
—-—interlayer interface made-ground @ Dobrovského Il tunnel axis
neogene bedrock surface loess loam, light-grey, rigid to solid @ gallery lIA axis
—— groundwater table clay loam, dark-brown, rigid O gallery IB axis

@ Dobrovského | tunnel axis
@ gallery IA axis (not realised)

clay loam, dark-brown, rigid to soft
loamy gravel, water-bearing
green-brown to grey clay, rigid

Obr. 2 Geologicky fez Palackého ulici
Fig. 2 Geological section through Palackého Street

Gallery Ib (contractor: Metrostav, a.s.):

Commencement and completion of the excavation: May 2002 - October 2002
Gallery Ib ground plan length 365.0 m

Gallery lla (contractor: ZS BRNO, a.s.):

Commencement and completion of the excavation: April 2002 - July 2003
Gallery lla ground plan length 831.0 m

Gallery Ilb (contractor: SUBTERRA, a.s.):

Commencement and completion of the excavation: April 2002 - June 2002
Gallery Ilb ground plan length 831.0 m

The galleries were excavated mostly mechanically, with conventional man-
ner of manual scaling. Canopy tube pre-support was applied in the initial
sections. ITC 112 tunnelling machine was used for all three galleries. The lin-
ing and bottom of the galleries are from shotcrete SC20 with KARI mesh and
rigid colliery frames K24. The round length was of 1.0 m. Excavated cross
section of one gallery is 13-14 m? (depending on the chainage).

3. Geological conditions

It was documented during the drilling for the tube pre-support, as well as by
mapping the excavation face, that the galleries Ilb (SUBTERRA) and mainly
lla (ZS BRNO) encountered, apart from prevailing Neogene clays with con-
sistency varying from rigid to solid, also a layer of non-cohesive water-bear-
ing sandy gravels - gravels directly at the roof or just above the roof in the
initial section (up to a distance of 50m from the portal). A layer of clay cov-
ered the roof of the gallery Ib (METROSTAV); water charged lenses of gravel
were encountered locally only. Continuous inflows of water to the gallery lla
were caused by the immediate closeness of the gravel layer. The water accu-
mulated at the excavation face as a result of the initial downhill gradient of
the tunnels. It waterlogged the tunnel bottom and complicated the installa-
tion of the TH frames. It also contributed to instability of the excavation roof
and face. The other sections of the excavation of the galleries took place in
Neogene green-grey to grey clays with mostly rigid consistency.

4. Unexpected subsidence above the galleries for the Dobrovského tunnels
Expressive deformations of clays surrounding the galleries appeared soon
after the beginning of the excavation of the exploration galleries for the
Dobrovského tunnels. The increments to the deformations in the gallery and
on the surface in the time of the excavation passage exceeded the maximum
values expected in the original design several times. This resulted in a gen-
eral substantial increase in the deformations at the surface level, primarily in
areas of existing residential development, and caused defects to the build-
ings being passed under.

The convergence measurements and survey of fix references in the gallery,
levelling on the surface, and inclinometric and extensometric measurements
performed made an analysis of the problems possible. The measured data
made it possible to define the following main mechanisms that contributed
to the surprising deformations:

* Engineering-geological conditions

¢ Impact of drilling and grouting for the tube pre-support umbrella

* Interaction between the excavation of the gallery lla and gallery Ilb

« Sinking of the TH frames down into the bottom

* Trips of the equipment over the unprotected TH frames

* Load-bearing capacity of the temporary rock pillar between the galleries lla and llb

5. Measures for the excavation and underpinning of existing buildings
It was necessary to respond to the new situation regarding the unexpected-
ly high deformations by adopting new measures allowing further continua-
tion of the excavation, primarily with respect to the passage of the galleries
under the existing buildings.

A proposal for the measures and general rules solving the passage of the
galleries under the existing buildings on Palackého and Veleslavinova
Streets was developed.

6. Measures for the galleries

Principal rules:

* To suspend the work on the tube pre-support umbrellas. The occurrence of
layers of incohesive water-bearing gravels within the excavated cross sec-
tion was no more expected (see the geological profile). B

« To eliminate the interaction between the excavation of the gallery lla (ZS
BRNO) and Ilb (SUBTERRA). To increase the distance between the two
excavation faces.

* To remove muddy or damaged layers of clay on the bottom of the gallery
just before placing the TH frames on the bottom of the gallery.

« To restrict the subsidence of TH frames by placing the frames on spread
footings.

* To prevent equipment trips directly over the TH frames.

* To reduce the TH frames spacing under the existing buildings twice com-
pared to the designed spacing (with the round length of 1.0m maintained)

7. Measures on the surface
Basic categorisation of buildings according the type and character; Main
rules for the assessment.

7.1 Basic types of masonry buildings
¢ Low-storied masonry buildings
- massive structures from stone, brick or mixed masonry:
- well maintained,
- maintenance neglected (corrosion of plastering, masonry, influence
of moisture, corrosion of the structure of trusses, verandas, annexes)
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« Eliminovat vzajemné ovlivnéni od razeb ve $tole lla (ZS BRNO) a Ilb (SUBTERRA).
Prodlouzeni vzdalenosti odstupu ¢eleb od sebe.

* Bezprostredné pred pokladanim TH vyztuZe na dno $toly odstranéni rozméklé ¢i
porusené vrstvy jilu na dné Stoly.

+ Omezeni sedani ramu opfenim (zaloZzenim) ramu na roznaseci patky.

+ Zamezeni pojizdéni techniky pfimo po TH vyztuzi.

+ Pfi zachovani délky jednoho zabéru 1,0 m zahustit vzdalenost ram0 TH na dvoj-
nasobek oproti PD (pro priichod pod obytnou zastavbou).

7. Opatieni na povrchu. Zakladni rozdéleni budov podle jejich typu
a charakteru, hlavni zasady pro jejich posuzovani

7.1. Zakladni typy zdénych konstrukci
* nizkopodlazni zdéné konstrukce (budovy)
- masivni stavby z kamene, cihel nebo smiseného zdiva
- dobfe udrzované
- zanedband Udrzba (koroze omitek, zdiva, vliv vlhkosti, koroze konstrukce
krov,verand, pfistavby)
- chatrné stavby z méné kvalitniho cihelného zdiva
- dobfe udrzované
- zanedbana udrzba (koroze omitek, zdiva, vliv vihkosti)
« vicepodlazni zdéné konstrukce (budovy)
- dobfe udrzované
- zanedbana udrzba (koroze omitek, zdiva, vliv vlhkosti, koroze konstrukei
balkont nebo pavlaci)

1.2. Zakladni metodicky postup

Jako klasifikaéni norma je pouzita CSN 730038 ,Navrhovéani a posuzovani sta-
vebnich konstrukei pfi prestavbach” véetné jejiho komentare.

Ve véci konzultace stavu objektu bylo postupovéano pfimérené a podle zasady, Ze
vypovédi jsou podkladem subjektivnim a nelze se o né bezvyhradné opirat, ale
nesméji byt prehlédnuty. Rozhodujicim podkladem jsou vSak objektivné zjisténé
skutecnosti.

Technicka diagnostika soubori budov na trase postupovala ve své zasadé podle
zékladniho prizkumu konstrukce, ale pro rozhodujici prvky nosnych konstrukci
bylo pouzito vysledkd doplriujiciho prizkumu konstrukce.

Ze sledovaného hlediska je moZno konstatovat, Ze pfi pouZiti dané metodiky Ize
aplikovat zku$enosti z obdobnych budov obdobného stafi a v obdobnych pod-
minkach pusobeni, coZ je zcela v souladu s komentafem k zakladni pouZzité
norme.

Metodicky se proto nadale postupovalo podle zékladnich péti klasifikacnich hle-
disek metodiky meznich stav(, kterymi jsou:

+ skupiny meznich stavl (inosnost a pouZitelnost)

+ stadia plisobeni konstrukce (vyrobni a provozni)

« situace konstrukce v historii (normalni a nehodova)

* spolehlivostni systémy a spolehlivostni schémata

« statistika (matematicko-pravdépodobnostni Givahy a vypocty)

7.3. Clenéni nutnych zabezpeéovacich praci
« Zabezpe&ovaci préce z hlediska trvani konstrukce
- stavebni prvky a Upravy trvale ponechavany v konstrukci
- stavebni prvky provizorni, které budou po razbé odstranény
+ Zabezpecovaci préce z hlediska postupu razby
- konstrukce a €innosti provadéné pred razbou $tol
- konstrukce a €innosti provadéné v priibéhu razby stol
- konstrukce a €innosti provadéné v pripadé nepredvidatelného vyvoje
poruch v budové
* stavebni prace provadéné v souvislosti s odstrafiovanim provizornich
konstrukei

Obr. 3 Situace sledované oblasti a pficna poklesova kotlina
Fig. 3 Layout plan of the monitored area and the settlement trough

- shabby structures from lower quality masonry

- well maintained

- maintenance neglected (corrosion of plastering, masonry, influence
of moisture)

* multiple-storied masonry buildings

- well maintained,

- maintenance neglected (corrosion of plastering, masonry, influence
of moisture, corrosion of the structure of balconies or covered ways)

7.2 Basic methodological procedure

The CSN 73 0038 “Design and assessment of building structures in the
process of refurbishment” including the commentary is used as the classifi-
cation standard.

Consultations on the condition of the structure were conducted adequately,
keeping to the principle that statements are subjective data and it is not pos-
sible to use them unconditionally. They cannot, however, be neglected. The
deciding items of data are objectively determined facts.

Technical diagnostics of sets of buildings existing along the route proceed-
ed in principle according to the basic survey of the structure, but results of
additional supplementary survey of the structure were used for the assess-
ment of the deciding elements of the load-bearing structures.

From the selected aspect it is possible to state that the experience gained
from similar buildings of similar age and in similar conditions of effects can
be utilised in the application of the above method. This is fully in compliance
with the commentary to the basic standard.

For that reason the methodology of the further procedure remained
unchanged, according to five basic classification criteria given by the
methodology of limit states, i.e.:

* groups of limit states (load-bearing capacity and practicability)

* phases of the activity of the structure (production and operation)

« situation of the structure in the history (normal and accidental)

« reliability systems and reliability schemes

« statistics (mathematical-probabilistic considerations and calculations)

7.3 Division of the protection measures

* Protection actions from the aspect of the structure duration:
- permanent structural elements and adjustments to be left in the structure
- temporary structural elements to be removed after the excavation.

* Protection actions from the aspect of the excavation progress
- structures and actions executed before the excavation of the galleries
- structures and actions executed in the course of the excavation of the galleries
- structures and action carried out in case of an unpredictable development

of defects in the building

- construction work carried out on removing the temporary structures

8. Application of the observation method

Basic principle, i.e. the flow chart of the observation method, can be briefly

expressed in the following way:

« perfect investigation defining the general character, features and proper-
ties of the rock environment and the affected surface buildings

» assessment of the most probable conditions of operation of the structures
and the most unfavourable deviations from those conditions

* proposal for measures based on a working hypothesis of the behaviour
according to the prediction considering the most probable conditions of
operation

« selection of the variables to be monitored during the excavation; and cal-
culation of the anticipated values of the variables according the working
hypothesis

* a preventive set of measures or modifications of the proposal for every pre-
dictable significant deviation determined in the course of the measurement
of the deviations which were predicted on the basis of the hypothesis

» modification of proposals so that they correspond with the real conditions
of operation

A note to the procedure using the observation method:

The basic criterion for deciding on contingent necessary measures in the

course of the construction of the galleries was the development of deforma-

tions and defects of masonry structures, including lightweight built-in partition

walls.

According to usual experience, marks of deformations of old building are:

activation of origination of fissures and cracks in door and window head-sills

or other weakened parts of integral cross sections, origination of cracks in

the soffit of stair flights, or origination or development of cracks in vaulted

structures. A bigger number of structurally insignificant fissures or cracks

(joist ceilings and their coving, cracks in thin partition walls, defects of plas-

tering or wall painting) occur in the conditions of differential lateral settle-

ment and expansion of the building. This situation cannot affect the load-

bearing capacity and stability of the structures, nor can it affect the safety of

the operation taking place in the building.

The fundamental deciding document used in the basic assessment of all the

above-mentioned defects will be the survey of affected structures conducted

before the excavation. This survey (passportisation) will be also important in

negotiations on contingent compensation for damages.

In general, it is possible to state that the above-mentioned defects develop

even in those cases where the preventive structural protection of the build-

ings is carried out. This means that the measures do not have to be neces-

sarily always totally effective.
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8. Aplikace observacni metody

Zakladni princip, postupové schéma, observacéni metody je mozno strucné

vyjadfit nasledovné:

« stavebni dokonaly priizkum pro definovéani vSeobecné povahy, rysi a vlastnosti
horninového prostiedi a dotéené povrchové zastavby

« stavebni vyhodnoceni nejpravdépodobnéjsich podminek plsobeni konstrukci
nejnepriznivéjsich odchylek od téchto podminek plisobeni

« stavebni navrh opatteni zaloZeny na pracovni hypotéze chovani dle predpovédi
za nejpravdépodobnéjsich podminek plsobeni

« stavebni vybér veli¢in, jeZ budou sledovany béhem razby, a vypocet jejich oce-
kavanych hodnot podle pracovni hypotézy

« stavebni preventivni sestava souboru opatfeni nebo modifikaci navrhu pro kaz-
dou predvidatelnou vyznamnou odchylku zjisténou pfi pribéhu méfeni od
odchylek, které byly pfedpovézeny na zékladé hypotézy

« stavebni modifikace navrh(, aby odpovidaly realnym podminkadm pusobeni

Pozndmka k postupu observaéni metodou:

Zakladnim kritériem pro rozhodovani o pfipadné nutnych opatfenich v priibéhu

vystavby $tol byl vyvoj deformaci a poruch na zdénych konstrukcich véetné leh-

kych vestavénych pricek.

Podle obvyklych zkusenosti se deformace na starych budovach projevuji oZive-

nim nebo vznikem trhlinek a trhlin v nadprazi dvefi a oken nebo jinych oslabe-

nych &asti celistvych prifezd, vznikem prasklin ve spodnim lici schodistovych

ramen, jakoZ i vznikem nebo vyvojem trhlin ve zdénych klenutych konstrukcich.

Pfi nerovnomérném pficném poklesu a roztazeni budovy dochazi v mnoha pfi-

padech ke vzniku vétSiho poctu staticky bezvyznamnych trhlinek nebo trhlin

(podhledy trdmovych strop a jejich fabiony, praskliny v tenkych pfickach, poru-

chy omitek nebo malby), coZ nemizZe mit vliv na inosnost a stabilitu nosnych

konstrukci a také neovlivni bezpecnost provozu v budoveé.

Pfi zékladnim hodnoceni vSech uvedenych poruch bude zakladnim rozhodujicim

elaboratem pasportizace budovy pred stavbou, coz bude pozdéji vyznamné rov-

néz i pfi jednani o pfipadné nahradé skod.

Obecné Ize konstatovat, Ze k vyvoji uvedenych poruch dochazi rovnéz i v pfipa-

dech provadéni preventivniho statického zajisténi budov, které proto nemusi byt

vzdy zcela efektivni.

9. Navaznost vizualniho sledovani budov béhem razeb a po razbach
Vizuélni sledovani budov, které musi navazovat na pasportizaci, pfedstavuje jak
opticky, tak fotograficky monitoring vSech sledovanych budov. Timto zpisobem
se tedy navazuje na pasport (technickou diagnostiku budov), zpracovany pred
zahéjenim vystavby, ktery popisuje stav objektu v dotéené oblasti pred zahaje-
nim stavebnich praci.

Podle stavebné technického stavu pfislusné posuzované budovy (podle klasifi-
kace diagnostiky) bude uréena i etnost sledovani budovy. Cilem sledovani bude
pribézna a pravidelna kontrola vSech dotéenych prostord v budové, a to v zavis-
losti na technologickych postupech nové vystavby.

Pfi uvedeném sledovani a kontrole se zjistuje, zda nedochazi ke vzniku jevi
charakterizujicich poruchy na budovach, coZ prakticky znamena vznik novych
nebo zvétSovani starych trhlin vlivem nové vystavby, dale olupovani malby,
porusovani omitek, porusovani obkladl, deformacni projevy v podlahach
suterénd, odtrzeni nebo naklony zdi, pficek nebo fasadovych prvki, vée posu-
zovano vizualné.

O pribéhu sledovani je vhodné vésti zaznam, pfipadné fotodokumentaci s pres-
nym datovym tdajem. Pokud se pocnou vyvijet nékteré ze systému uvedenych
poruch, provede prohlidku statik, ktery posoudi jejich zavainost a rozhodne
o navrhu dalSich opatieni, napf. doporuéi osazeni sadrovych indikatort, defor-
mometrického méreni ¢&i jiné jednodu$si geometrické sledovani, popfipadé
i korekci stavebniho postupu. Vidy je dlleZité poskytnuti zdvainé informace
veas. Pracovnik provédéjici vizuélni sledovani budov zaméfuje svoji pozornost
ve zvySeném rozsahu na budovy, kde vysledky provadénych méfeni signalizuji
vétsi hodnotové rozdily oproti nulovému, tedy vstupnimu &teni. Vysledky
a dokumenty vzniklé z této Cinnosti jsou jednim z dUleZitych faktorl pfi feseni
pozadavkd majitelt ¢i hospodarskych spravcl budov na nahradu $kod, které

9. The seguence of the visual monitoring of buildings during the exca-
vation and after the excavation

Visual monitoring of buildings, which has to follow after the passportisation,
comprises both optical and photographical monitoring of all concerned
buildings. This is the way how to tie up with the passport (technical diag-
nostics of buildings) worked out before the construction beginning, describ-
ing the condition of the building found inside the concerned area before the
commencement of the construction work.

The frequency of monitoring of the building will be specified depending on
the technical condition of the respective assessed building (according to the
diagnostics classification). The aim of the monitoring will be a continual and
regular inspection of all affected spaces in the building, and whatever
depends on the technological procedures of the new construction.

The above-mentioned monitoring and inspection consist of the determina-
tion whether any phenomena originate characteristic of defects of buildings
(i.e. origination of new or deterioration of old cracks due to the new con-
struction, leafing of wall painting, damaging of plastering, damaging of
cladding, deformation of floor in basements, separation or tilting of walls,
partition walls or external wall cladding). Everything is assessed visually.

It is advisable to keep records of the monitoring proceeding, or photograph-
ic documentation wit exact dates in it. If any of the systems of the above
defects start to develop, a structural engineer will carry out a survey. He will
assess how serious the defects are and decide on the proposal on further
measures, e.g. recommend on installation of plaster indicators, deformation
measurement or another simpler observation, even a refinement of the con-
struction procedure. Always important is to provide serious information
timely. The worker who carries out the visual observation of buildings focus-
es especially on the buildings where the results of measurements signal big-
ger differences in the values compared to the zero condition, i.e. to the ini-
tial reading. The results and documents originating during this work are one
of important factors in the process of settling the claims of owners or build-
ing administrators for damages made to the investor or contractor as con-
sequences of their activities conducted in their neighbourhood.

The building monitoring process was not always continual, and inspections
in plants or flats had to be subjected to the time-related requirements of
operators or flat users. This meant inspections of buildings also beyond reg-
ular working hours, even in at night.

Once the monitoring of the buildings is finished in the time when the area of
the construction site is declared as steady in terms of the measurements and
in terms of the construction activities, it will be reasonable to carry out a final
(shortened) diagnostics (a brief passportisation of the buildings) describing
the final technical and structural condition of the buildings after the excava-
tion completion. In general cases this is a rather complex analysis of devel-
opment of already starting natural failures in various areas of the buildings.
The technical issues and probabilistic patterns in the development of defects
are solved by classification criteria of the methodology of limit states.

10. Main principles and phases of the measurement of the excava-
tion effects

First measurement phase
The first phase contains a prognosis on the behaviour of rock and proposal
on suitable measures based on current knowledge, inclusive of studying of
structural systems.
The first step of the first phase is collection and analysis of data on the cur-
rent condition and parameters of the building and proposal on the construc-
tion technique.
The second step of the first phase is a prognosis of probabilistic conditions
of the construction (excavation).
The transversal settlement trough in Palackého Street is schematically
demonstrated on the following situation. The situation expresses a predict-
ed idealised settlement trough developed on the basis of previous levelling.

Obr. 4 Provizorni vydfeva klenby v suterénu objektu
Fig. 4 Temporary timber support under the vault in a building basement

Obr. 5 Priklad trhliny na fasadové zdi
Fig. 5 Example of a crack in a front wall

—



tunel casopis 12/3

15.8.2003 14:30 Strénka 37

—p—

»  12. ROCNIK, &. 3/2003

Tunel

pozdéji uplatiiuji na investorovi nebo na zhotoviteli dila jako dlsledky jimi pro-
vadénych sousednich ¢innosti.

Cinnost sledovani budov béhem vystavby nebyla vidy souvisla a prohlidky
v provozech ¢i v bytech musely tedy byt mnohdy podfizeny ¢asovym pozadav-
kiim provozovatell ¢i uzivatell bytl, coZ tedy predstavuje prohlidky budov
i mimo béZnou pracovni dobu a vecer.

Po ukonceni sledovani budov v dobé, kdy je z hlediska méreni, jakoZ i z hlediska
stavebni ¢innosti oblast stavenisté prohlasena za uklidnénou, bude tcelné pro-
vést zavéretnou kone€nou (zkrédcenou) diagnostiku (struénou repasportizaci
budov), kterad zhodnoti, jaky je vysledny stavebné technicky a staticky stav budov
po realizaci razeného dila. V obecnych pfipadech se jedna o sloZitéj$i analyzu
vyvoje jiz nastoupenych pfirodnich poruch v riznych oblastech budov. Technickou
problematiku a pravdépodobnostni zakonitosti vyvoje poruch fesi klasifikacni
hlediska metodiky meznich stav.

10. Hlavni zasady a faze méfeni vlivii od razby

Prvni faze méfeni
Prvni faze obsahuje prognézu o chovani hornin a navrh vhodnych opatteni na
zékladé stavajicich znalosti, véetné studia konstrukénich soustav.
Prvnim krokem prvni faze je shromazdéni a rozbor dat o stavajicim stavu, para-
metr( stavby a navrhu technologie vystavby.
Druhym krokem prvni faze je prognéza pravdépodobnych podminek vystavby
(razby).
Na nésleduijici situaci je schematicky znazornéna pfi¢na poklesova kotlina v Palac-
kého ulici, ktera vyjadtuje prognézovanou idealizovanou poklesovou kotlinu zkon-
struovanou na zékladé jiz uskute€nénych nivelaénich méfeni. Vlastni prognéza
poklesové kotliny je uvedena na dalSim obrazku. Na zékladé metody objemové
ztraty zeminy (loss of ground) jsme vyjadfili prognozu tvaru poklesové kotliny po
prichodu obou §tol. Je ziejmé, Ze sklon v inflexnim bodé 1:930, vodorovny posun
6 a pomeérna deformace v tahu zakladové spary jsou hodnoty malé a nebudou mit
vliv na statickou stabilitu objektt nachazejicich se na této kfivce.
Z tohoto dlivodu nebude preventivné provedeno zadné statické zajisténi v objek-
tech, ale v priibéhu razby se bude postupovat podle varovnych stavii observac-
ni metody.

Druha faze méfeni
Druhd faze zahrnuje vypracovani programu polnich méfeni, a to co, kde, jak
a kdy méfit. Je nutno dosahnout urcité vyvazenosti mezi poctem druhi mére-
ni, poétem mist a ¢etnosti méreni. Nesmi se zanedbavat vizualni sledovani,
které je Casto ekvivalentni metoddm sloZité pfistrojové techniky. V pfipadé
méfeni pohybd je dlleZité pokryt siti pozorovacich bodu celou plochu mozné-
ho pohybu. Byvé Casto nespravné soustiedit se pouze na kritickd mista. Je
nutno instalovat pfistroje dfive, neZ se zapo¢ne se stavebnimi pracemi. Vyz-
namné je nékolikrat opakované vstupni (nulové) éteni. Obdobi odegitani tdajl

a s dodavatelem.

Treti faze méfeni
Treti faze spada obvykle do rdmce zodpovédnosti firmy, kterd je specializovana
na méfeni a na interpretaci jeho vysledkd. Méfi¢i zodpovidaji za spolehlivost
odeditanych Udaju, nikoliv vak za jejich vyhodnoceni (spolehlivost méreni se
ni méfeni je zpracovani dat a jejich vyhodnoceni, nebot zde muze dojit etnym
omyllim, nejasnostem a ke zdrzenim.

11. Souhrnny zavér pro aplikaci observaéni metody

Na zakladé obecné ovérenych postupl se ze vSech technickych i ekonomickych
hledisek jevi jako optimalni aplikace observatni metody, a to pfi postupu mére-
ni, pi sledovani, jakoZ i pfi hodnoceni vSech sledovanych parametr(, tj. nega-
tivnich vlivli na zastavbu. Observacni metodu, jako uceleny program, ktery zahr-
nuje v8echny mozné kroky, nelze schematizovat pouze do dvou dosud ¢asto
nejobvyklejSich postup, tj. feSeni neocekavané vzniklych problémd az v dobé
plného rozbéhu vystavby a provadéni pouze bézného monitoringu k ovéreni
platnosti prvniho navrhu.

Aplikaci hlavnich zasad, observa¢ni metody pro objekty povrchové zastavby, byl
umoznén uspésny prichod prizkumnych Stol na ul. Palackého a ul. Veleslavi-
nova v Brné.
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The prognosis of the settlement trough proper is shown in the other picture.
Based on the Loss of Ground method, we expressed the prognosis of the
shape of the settlement trough after the passage of the two galleries. It is
obvious that the gradient at the inflexion point amounting to 1:930, horizon-
tal displacement d and relative deformation at the level of the foundation
base are small values and they will not affect the structural stability of the
buildings found on this curve.

For the above reason no preventive structural support will be provided in the
buildings, but the procedure during the excavation will be controlled accord-
ing to warning states determined for the observation method.

Second measurement phase

The second phase comprises the development of a programme of field mea-
surements, where and when to measure. It is necessary to reach a certain
balance between the number of types of the measurements, the number of
locations and frequency of the measurements. The visual observation must
not be neglected. It is always equivalent to the methods using complex
instruments. It is important in case of measurement of movements to cover
the entire area of possible movement with a network of observation points.
It is often incorrect to focus on critical places only. Instruments must be
installed before the construction work starts. The several times repeated ini-
tial (zero) reading is important. The period of reading the data in the course
of the construction means very intensive co-operation between the design-
er, surveyors and the contractor.

Third measurement phase

The third phase is usually the responsibility of the company specialised in
the measurement and interpretation of the results. Surveyors are responsi-
ble for reliability of the data read, not for the interpretation (reliability of
measurements is generally considered more important than the precise-
ness). The data processing and interpretation is even more significant than
the measurement proper since numerous errors or ambiguities may origi-
nate in this process, followed by delays.

11. Summary conclusion on the application of the observation method
Based on generally proven procedures, the application of the observation
method is considered as optimal from all technical and economic aspects for
the phases of measurement, monitoring and assessment of all monitored
parameters (i.e. negative impacts on buildings). The observation method, as
a comprehensive programme comprising all steps possible, cannot be sim-
plified as consisting of two till now the most usual procedures, i.e. solution
of unexpectedly emerging problems in the time of the construction work
being in full swing, and execution of common monitoring to prove the cor-
rectness of the initial proposal.

The application of the main principles of the observation method to existing
surface buildings allowed the successful passage of the exploration galleries
under Palackého and Veleslavinova Streets in Brno.
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Obr. 6 Predikce poklesové kotliny po razbé obou stol
Fig. 6 Prediction of the settlement trough after excavation of the two galleries
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DALNICNI TUNEL PLASINA

PLASINA MOTORWAY TUNNEL

ING. MILAN PRAZAK, SUBTERRA, a. s., PRAHA
ING. DAVOR LUGOMER, HIDROELEKTRA NISKOGRADNJA, d. d., ZAGREB

uvob

S rychlym rozvojem stfedni a vychodni Evropy vznikla potfeba vystavby
moderniho silni¢niho spojeni mezi severem Chorvatské republiky a pfistavy,
letovisky na pobieZi Jaderského mote. Dalnice Bregana — Zahteb — Dubrovnik
o celkové délce témér 500 km je v soucasné dobé nejvyznamnéjsim infra-
strukturnim projektem v Chorvatské republice.

ProtoZe dalnice svou pfevaznou ¢asti prochdazi horskymi oblastmi, tvofi ji i 13
tunell, které jsou ve vystavbé. Celkova délka tuneli je pres 40 kilometrl
(pocitaje vZdy oba paralelni tunelové tubusy, jejichZ osova vzdalenost je v roz-
mezi 30 m az 50 m).

Tunel Plasina je tfetim nejdel$im tunelem chorvatské dalnice, jeho razba
a provizorni zajisténi ve vapencovém masivu je provadéno technologii NRTM.

ZAKLADNI UDAJE O STAVBE

Investor: Hrvatske Autoceste, d. o. 0., Zagreb
Zhotovitel: Subterra, a. s.

Obr. 1 Severni portél
Fig. 1 North portal

PLASINA TUNNEL

Plasina Tunnel is one of many tunnels on the Bregana - Zagreb - Dubrovnik
route which will connect Central Europe with the Adriatic Sea with a mod-
ern motorway. Construction of this motorway is a part of the
Croatia’s development plan, whose aim is to connect the Croatian coastline
with the Hungarian and Slovenian border. The Plasina Tunnel is a 2300
m long twin-tube tunnel construction, executed in carbonate rocks by the
NATM method.

GEOGRAPHICAL POSITION AND MAIN FEATURES OF THE
PROJECT

The rapid advancement of central and eastern Europe has been followed by
a need for the development of a modern road connection between the south
of the Croatian republic and ports and resorts found along the Adriatic sea
shore. The Bregana — Zagreb — Dubrovnik motorway with a total length of
nearly 500 km is currently the most important infrastructure project in the
Croatian republic.

Obr. 2 Trhaci préace na ¢elbé
Fig. 2 Blasting works in the heading

—
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Délka kazdého tubusu: 2,3 km

Definitivni svétly profil tubusu: 56,5 m?
Site komunikace celkova: 7,7 m

Site jizdnich pruhd: 3,5 m

Doba vystavby: 22 mésicl, do 30. 6. 2004

TECHNICKE ASPEKTY PROJEKTU

Razba tunelu probiha z obou stran, tedy na 4 ¢elbach. Poprvé v Chorvatsku je
zhotovitelem spolecnost Subterra, a. s., Praha, prostfednictvim své chorvat-
ské provozovny Subterra Zagreb. Razba tunelu zacala na severnim portalu
v listopadu r. 2002 a v bfeznu 2003 na jiznim portalu (po pfedchozim vybudo-
vani pfijezdovych cest, portall a zafizeni stavenist). Prorazky obou tunelovych
tubust jsou planovany v lednu r. 2004. Soubézné s razbami se budou prova-
dét betonaze tunelového definitivniho osténi. V tomto kontraktu nejsou obsa-
Zeny dodavky elektrickych zafizeni, osvétleni a tunelovych instalaci (jsou
pfedmétem nasledného kontraktu), ventilani systém mé byt podéiny. Z bez-
pecnostniho hlediska provozu tunelu je projektovéno pét propojovacich cho-
deb, ve vzdalenostech 383 metrd, propojujicich tunelové tubusy. Budou to
Ctyfi prichody pro chodce a jeden prajezd pro vozidla - pro pfipad nutnosti
pfesmérovat dopravu. Projekt zahrnuje Etyfi vyklenky délek 43 m pro pfipady
docasného odstaveni vozidel.

Obr. 3 Jizni portél v bfeznu 2003
Fig. 3 South portal in March 2003

Construction of this motorway is part of the Croatia’s development plan. It
connects the Croatian coastline with Hungarian and Slovenian road net-
works.

As a major part of the motorway passes through mountainous regions, it
also contains 13 tunnels, which are under construction. The aggregated
length of the tunnels exceeds 40 kilometres (if we count separately each of
two parallel tubes spaced from 30m to 50m on centres).

With its length of 2,300m the Plasina tunnel is the third longest tunnel on this
motorway. The tunnel passes under Plasina Hill found between Otocac and
Licko LeSce communities.

ECONOMIC-TECHNICAL DATA ON THE PROJECT

The contractual cost of the construction of the two tunnel tubes Plasina at
a length of 2,300m is about EURO 30 million, the tunnel casting operations
are scheduled for completion on 31/06/2004. The tunnel excavation is carried
out from both sides, i.e. at 4 headings.

It is for the first time in Croatia that Subterra a.s. Prague is the contractor,
through its Croatian branch Subterra Zagreb together with the Croatian sub-
contractor Hidroelektra Niskogradnja d.d. Zagreb. The tunnel excavation
started at the northern portal in November 2002, and in March 2003 at the
southern portal (after the completion of access roads, portals and construc-
tion site facilities). Both tunnel tubes are scheduled for breaking through in

- T
Obr. 4 Jizni portal - obé tunelové trouby
Fig. 4 South portal - both tubes

PREDPOKLADANE A SKUTECNE RAZENE KATEGORIE
ANTICIPATED TO ACTUAL ROCK MASS CATEGORY RATIOS

ke dni 30.04.2003 / as of 30.04.2003
60
Eﬂ' | —
40
skifatné
% 30 B actua
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Kategorie horniny
Rock category

Diagram 1 Pomér kategorii horniny
Diagram 1 Ratio of rock mass categories
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Tabulka 1. Pomér kategorii in situ

Table 1. Anticipated to actual rock category ratios

Kategorie ] 1] v Vv CELKEM Category I n 11 v TOTAL
In situ (%) 4,34 22,62 39,09 33,95 100,00 In situ (%) 4,34 22,62 39,09 33,95 100,00
Odhadované (%) 33,50 49,00 5,00 12,50 100,00 Anticipated (%) 33,50 49,00 5,00 12,50 100,00

GEOLOGICKE POMERY

ProtoZe vrch Plasina je soucasti horského masivu Velebit, ktery je typickym
véapencovym krasem charakteristickym pro celou oblast severniho Stfedomo-
fi, narazilo se jiz béhem prvniho kilometru razby (do kvétna r. 2003) na celou
fadu jevl, které jsou typické pro vapencovy kras. Byly to kaverny, vétsi roz-
sedliny vyplnéné zeminou, jdmy a prolakliny vzniklé erozi vapence pod vli-
vem silnych pfivalovych tok( v destovych obdobich. Tyto Utvary se objevo-
valy na severnim portalu v ¢asti pocatecnich sto metrech od portélu, kde
nadloZi nepfesahovalo 60 m. Lze ocekavat, Ze ve stfedni ¢asti tunelu, ve které
nadloZi presahuje 200 m, budou jiz tyto jevy vzacnéjsi. Vlivem velkého tlaku
vody za destového obdobi mohou byt Utvary i vétsich rozméra.

Kategorie horniny podle kategorizace v priibéhu prvniho kilometru je znazor-
néna v diagramu 1.

Po prvnim kilometru razby tunelu je ziejmy rozdil podilu vyrazenych metrt
dle kategorie hornin odhadovanych se skuteénymi kategoriemi horniny. Pro-
toZe se geomechanické vlastnosti vapencovych skal vyznamné méni s vyskou
nadlozZi a s pribyvajicim postupem razeb se ofekava i prechod z paleogenni
vapencové brekcie do vapence z dolni kfidy, neni vylouc¢eno, Ze se pomér
kategorii in situ pfiblizi pfedpokladanym.

TECHNOLOGIE VYSTAVBY A REALIZOVANE POSTUPY

Razby a navazujici vyztuZeni tubusl tunelu jsou provadény dle NRTM. Pri-
marni osténi tvofi stfikany beton o tloustce 5 cm aZ 15 cm se zabudovanou
armaturni siti a 3 m dlouhymi adhesivnimi kotvami 0 25 mm. V paté katego-
rii zatfidéni horniny je tloustka stfikaného betonu 20 cm aZ 30 cm, kombino-
vana s prihradovymi vyztuznymi oblouky 95/20/30, dvojitou armaturni siti
a samozavrtavacimi svorniky 0 32 mm délky 4 m az 6 m. ProtoZe vépenec této
zony charakterizuje pomérné nizka jednooséa pevnost v tlaku 40 MPa az 100
MPa a pod vlivem intenzivni tektoniky jeho vyraznd rozpukanost, zvlastni
pozornost se pfi razbé soustieduje na presny odpal vapencové horniny, aby
nevznikaly nezadouci nadvylomy. Pravidelné je sledovdna geometrie razby,
pozornost se soustfeduje na vyuZiti obrysovych nélozi. PouZivaji se neelek-
trické rozbusky pro aktivaci nalozi, pouZivané v horskych oblastech z diivodu
atmosférickych vybojli. Nasazeny jsou vrtaci stroje - Atlas Copco, Tamrock.
Na stavenisti byla vybudovéna betonérka s kapacitou 80 m?h, zabudovén
drti¢ s tfidickou kamene pro dodéavku frakci do betonérky (vyuzivé se kvalitni
¢ast odtéZzovaného véapence). Stfikany beton se zabudovava do tunelu stroji
Cifa. Vétrani tubust je zajisténo ventilatory Korfmann o vykonu 180 kW umis-
ténymi na portalech. Rozvod ¢erstvého vzduchu lehkym potrubim 0 2 m, 35 m3/s
vzduchu na kazdou ¢elbu.

Planované postupy razby a primarniho zajisténi v tunelovém tubusu jsou dle
projektu a dle kategorie horninového zatfidéni: 10,8 m denné v Il. kategorii;
6,75 m denné v lll. kategorii; 4,05 m denné v IV. kategorii a 2,7 m denné
v V. kategorii. Uvedené postupy jsou s ohledem na vybavenost stavby dosa-
hovany a presahovéany az o 10 %.

ZAVER

Tento Uspésny projekt vystavby tunelu Plasina, jeho mezinarodni otevieni se
trhu, na jehoZ realizaci se podileji renomované stavebné tunelarské spolec-
nosti, je pfikladem vytvéareni podminek pro vzajemnou vyménu zkuSenosti
a spolupraci i v oblasti podzemnich staveb. Vysledkem bude dilo citlivé zacle-
néné do zZivotniho prostredi, které bude i mezindrodné Siroce vyuzito, spole¢-
né s navazujicimi objekty, z divodu vyrazného zkraceni pfepravni vzdalenos-
ti a doby prepravy z vnitrozemi k pobfezi Chorvatska.

January 2004. The final tunnel lining will be cast concurrently with the exca-
vation. This contract does not contain electrical and mechanical installations
(they are the subject-matter of a following contract). Axial ventilation system
is to be installed into the tubes. In terms of operational safety in the tunnel,
five cross passages at 383m centres are designed to interconnect the tunnel
tubes. Four cross passages are for pedestrians and one passage is for vehi-
cles (in case of a necessity to reverse the traffic flow direction). The design
also contains four breakdown bays, 43m long.

GEOLOGY

As Plasina is part of the Velebit mountain range, which is a typical limestone
karst massif characteristic of the entire northern Mediterranean area, a num-
ber of phenomena were encountered as early as during the excavation of the
first kilometre (till May 2003) typical of the limestone karst, i.e. caverns, soil-
filled crevasses, depressions and gullies resulting from the process of the
limestone erosion due to torrential flows during rainy seasons. These forms
were encountered at the northern portal within the initial hundred-metre
section (the overburden thickness was less than 60m). Rather scarce occur-
rence of the karst phenomena can be expected in the central part of the tun-
nel where the cover thickness exceeds 200 m.

Anticipated rock mass categories and actual categories encountered during
the excavation of the first kilometre - see Diagram 1.

The difference between the actually encountered rock categories and antici-
pated categories has been obvious since the excavation of the first kilome-
tre of the tunnel. Geomechanical properties of the limestone rock vary sig-
nificantly with the overburden thickness. A transition from the Palaeogene
limestone breccia environment to limestone of the Lower Cretaceous rock
formation is expected with the growing progress of the excavation. There-
fore one cannot exclude that the gap between the anticipated and actual rock
categories will become narrower.

EXCAVATION TECHNIQUE AND CROSS PASSAGES

The excavation and subsequent support of the tunnel tubes is carried out by
the NATM. Primary lining comprises 5 - 15cm thick shotcrete with welded
mesh and 3m-long adhesion-type anchors, 25mm in diameter. For the fifth
rock category, the shotcrete layer thickness varies from 20cm to 30cm, and
is combined with lattice girders 95/20/30, two layers of mesh and self-drilling
rockbolts (32mm in diameter, 4 - 6m long). The limestone in this zone is
characterised by low uniaxial compression strength of 40 MPa to 100 Mpa;
the rock mass is expressively broken due to an intensive tectonics.
Particular attention is paid to precise blasting operations in the limestone so
that undesired overbreaks are prevented. The excavation geometry is moni-
tored regularly, with focusing on the application of contour blasting. Charges
are initiated by non-electric detonators, which are in use in mountainous
regions because of atmospheric discharges typical for those regions.

Atlas Copco and Tamrock drilling rigs are deployed. The construction site is
equipped with a batching plant with a 80 m*/h capacity, and a crusher with
a sizing machine supplying aggregates for the batching plant (a quality part
of the limestone debris is used). Shotcrete is applied in the tunnel using Cifa
machines. The tunnel tubes are ventilated by 180 kW Korfmann fans in-
stalled at the portals. Fresh air is distributed by 2m-diameter ducts supplying
35 m’/s to each heading.

Planned advance rates of the excavation and primary support installation in
the tunnel tube given by the design are, depending on the rock category:
10.8m per day in category Il; 6.75m per day in category lll; 4.05m per day in
category IV and 2.7m per day in category V.

The above advance rates have been exceeded by up to 10%.

CONCLUSION

This successful Plasina Tunnel project is open for the international market.
Two renowned civil engineering tunnelling companies from central and
southeastern Europe share the construction work. The tunnel is an example
of how to create conditions for mutual exchange of experience and collabo-
ration in the sphere of underground construction.

The resulting structure will be incorporated into the environment, which will
be widely internationally used together with relevant traffic structures. Dis-
tances will become shorter significantly, and driving safety will be improved.
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HODNOCENI RIZIK TUNELU MESTSKEHO OKRUHU V PRAZE

RISK ASSESSMENT IN TUNNELS AT PRAGUE CITY RING ROAD

DOC. ING. PAVEL PRIBYL, CSc.
ELTODO EG, a. s.

Abstrakt

V ¢lanku je popisovana metodika hodnoceni rizik v silnicnich tunelech zalozena
na kauzalnich sitich. Princip spoéiva ve vypoctu pravdépodobnosti nehody nebo
pozéru pro dané stavebni, technologické a organiza¢ni uspofadani tunelu. Meto-
da byla aplikovana na stavajici a nové projektované tunely na méstském okruhu
v Praze. Z jedné strany bylo prokazano, Ze vSech $est zkoumanych tunell vyho-
vuje z hlediska kritéria rizik, na druhé strané pouZzitd metoda umoziiuje posoudit
velikost pfinost v naristu bezpecnosti i pfi diléim zlepseni vybaveni tunelu.

uvobp

V Praze jsou jako souc¢ast vnitfniho komunikaéniho okruhu, nazyvaného Mést-
sky okruh, v provozu tunely Strahov a Zlichov. V roce 2004 bude uveden do
provozu tunel Mrazovka a v nasledujicich Iétech budou postupné budovany
tunely s pracovnimi nazvy StfeSovice, Dejvice a Stromovka. VSechny tyto
tunely by mély skytat pfiblizné stejnou miru bezpe€nosti pro G¢astniky silnic-
niho provozu. Cilem projektu, ktery fesilo pét organizaci pod vedenim Satra, s. . 0.,
bylo navrhnout metodu pro ocefovani rizik a touto metodou ohodnotit rizika
v hotovych i pfipravovanych tunelech méstského okruhu. Pfi hodnoceni tune-
10 pFipravovanych pro vystavbu se pouZzivaly projektované parametry.

Pro toto ocefiovani byla pouzita pfi¢inna (kauzalni) sit vyuZivajici Bayesovu
metodu. Podrobny rozbor s konkrétnimi vysledky je uveden v lit. [1]. Cilem
rozboru byla kvantifikace rizik poskozeni zdravi v kazdém z tunel(, jako pod-
klad pro pfipadné upravy ve stavebnim nebo technologickém vybaveni.

1. PRINCIP POUZITE METODY

V prvnich krocich feSeni byly popsany stavovym modelem dvé zakladni udé-
losti majici vliv na ohroZeni osob a materialni ztraty. Jednalo se o udalost
typu dopravni nehoda a pozar. Na zjisténi udalosti a jejim feseni se podili fada
subsystémd. Ty byly rozloZeny az na uroven prvkd, které byly expertem ohod-
noceny ve stupnici 1 az 5. Nasledné bylo hodnoceni vioZeno do kauzalni sité
a softwarovym produktem HUGIN byla vypocitana rizika pro kazdy z tuneld.
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Summary

The article describes the methodology of risk assessment in road tunnels
based on causal networks. The principle lies in calculation of probability of
an accident or fire for the given structural, technological or administrative
setup of the tunnel. This method has been applied on existing and newly
designed tunnels on the Prague city ring road. On one hand it was proved,
that all six examined tunnels comply with the risk criteria, on the other the
used method enabled to determine the contribution to increased safety by
even partial improvement of the tunnel equipment.

INTRODUCTION

The tunnels Strahov and Zlichov are currently in operation as part of the
inner road circuit in Prague, called the City ring road. The Mrézovka tunnel
will be put into operation in 2004 and in the following years, tunnels with
operational names StreSovice, Dejvice and Stromovka will be constructed
one after another. All these tunnels should offer approximately the same
level of safety for the traffic participants. The goal of the project, solved by
five organizations under the leadership of Satra s.r.o., was to propose
a method for risk assessment and use this method to evaluate risks in con-
structed and as well as designed tunnels at the city ring road. Designed para-
meters were being used by evaluations of tunnels still under preparation.

A causal network, utilizing the Bayes method, has been used for this evalua-
tion. For detailed analysis with particular results see lit. [1] The goal of the
analysis was to quantify risks of health impacts in each tunnel, as a basis
for potential adjustments in the engineering or technological equipment.

1. USED METHOD PRINCIPLE

As a first step, the two basic events that have an impact on human and
material casualties were defined by a condition model. The conditions, i.e.
the events were a car accident and a fire. Several subsystems take part in
detecting the event and its solution. These were decomposed to a level of
units, which experts marked on the scale 1 through 5. Subsequently, these
values were entered into the causal network and risks for each tunnel cal-
culated by the HUGIN software product.
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Al Stavebni usporddani / Constructive form
A2 .Denni doba / Daily time
A3 .Intenzita dopravy / Traffic intensity

A4 .Misto zastaveni / Stop point

B. .Ocenéni identifikace / Evalution of identification

C. .Ocenéni fidiciho systému / Control system evalution

D. .Ocenéni dispecera / Dispatcher evalution

E. .Ocenéni informacniho systému / Information system evalution
F.. .Ocenéni technologie / Technology evalution

G. .Ocenéni akceptace / Acceptance evalution

X. \Varovéni / Warning

yA— Pocet ohrozenych osob / Number of person in danger

Obr. 1 Diagram stavl tunelového systému pro udalost typu ,Nehoda”
Fig. 1 Table of tunnel system conditions for the category “accident”
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Kvalitativni hodnoceni subsystému

Qualitative evaluation of subsystems

Tunel Vykon . Tunnel Traffic o )

Délka 7a rok Vyznamné faktory a jejich hodnoceni section volume Significant factors and their values

useku v 1 sméru length per

[km] [mil. voz. | Dopravni Stavebni Dopr.inf. Pfistup. ~ Pozarni  Vétraci Technol. [km] yearin 1 | Traffic Structural  Traffic Access Fire Ventilation Techno-

/délka km] feSeni feSeni systém aunikové bezpet-  systém vybaveni /tunnel direction | solution  solution information and safety system logical

tunelu cesty nost length [mil. systems  escape equip-

[km] [km] veh. km] ways ment

(02) (01) (0) (1) (2) (3) (4) (5) (6) (02) (01) (0) (1) (2) (3) (4) (5) (6)

1. Tunel 1|3 2,1 32 25 2,2 19 15 23 1. Tunnel 1| 3 2,1 32 25 22 19 15 2,3
1,5/0,2 1,5/0,2

2.Tunel 2 | 16 2,6 32 25 2,7 23 17 19 2. Tunnel 2| 16 26 32 25 2,7 23 17 19
1,313 1313

3. Tunel 3 | 40 23 2,8 29 36 3,0 23 25 3. Tunnel 3| 40 2,3 28 29 36 30 23 25
2,3/2.3 2,3/2.3

4.Tunel 4 | 18 23 31 23 11 18 15 1,6 4. Tunnel 4| 18 2,3 31 23 1,1 18 15 16
1414 1,4/1,4

5. Tunel 5 | 14 24 23 23 11 18 17 1,6 5. Tunnel 5| 14 24 23 23 1,1 18 17 16
1,6/1,2 1,6/1,2

6. Tunel 6 | 35 24 1,7 23 11 1.7 14 1,6 6. Tunnel 6 35 24 17 23 1,1 17 14 16
3,5/3,0 3,5/3,0

Tab. 1 Vyhodnoceni $esti tunelti méstského okruhu

1.1 STAVOVY MODEL UDALOSTI V TUNELU

Pro ocenovani rizik byly jako rozhodujici z hlediska bezpe¢nosti hodnoceny
udalosti kategorie ,Nehoda” a ,PoZar”. Popis chovani systému se pro obé
tyto udalosti lisi a na ukazku je popsan stavovy model typu ,Nehoda”, obr. 1.
Na vznik udalosti maji vliv vstupni podminky (Zluté bloky - stavebni uspofa-
dani, intenzita dopravy, apod.). Udalost mUze byt identifikovana nékolika zp(-
soby (zelené bloky - kamery, SOS sk¥ing, apod.). Po zji§téni udalosti nasledu-
je reakce systému (Cervené bloky), napfiklad prostfednictvim dopravnéinfor-
macniho systému je nutné sdélit Fidii, Ze mize/musi reagovat danym zpuiso-
bem (modré bloky - radio, dopravni znacky ...).

V pfipadé udalosti typu dopravni nehoda je tedy zakladem zjisténi udalosti,
reakce systému a pfedani pokynt ucastnikim provozu dopravnéinformacnim
systémem. Ve stavovém modelu jsou tedy zachyceny jednotlivé subsystémy
vykonavajici globalni (makro) funkce.

METODIKA OCENOVANI SUBSYSTEMU

Subsystémy tedy vykonavaji nadfazené makrofunkce. P¥i jejich ocefiovani je
nutné provést rozklad kazdého subsystému na prvky realizujici elementarni
funkce. Tyto funkce jsou pak expertné posouzeny a je jim pfifazena iselna
hodnota mezi 1 a 5: Cislo 5 oznacuje zcela nevyhovujici funkci, ¢islo 3 se pfi-
déluje pro standardni funkci a 1 pro nadstandardni funkci. Komplexni posou-
zeni nékolika stovek funkci vyZadovalo pracovat v databazovém systému
ACCESS. Pro kazdy prvek byl zpracovan formular, umoziiujici do znaéné miry
objektivizovat expertni ohodnoceni. Pfiklad formulare pro tfidu Pozarni sen-
zory a prvek Liniovy hlasi¢ v tunelu je na obr. 2.

SUBSYSTEMY OVLIVNUJICI BEZPECNOST TUNELU
Po diskusich v fesitelském kolektivu a testovani riznych metod byla pro
ohodnocovani rizik zvolena metoda kauzalni sité navrzena prof. Holickym.
Vstupem do kauzalni sité jsou vystupy ocenéni nasledujicich subsystému zis-
kané na zakladé expertniho pfistupu popsaného v predchazejicim textu:
Dopravni feSeni - ocefiuje dopravni FeSeni, intenzity dopravy, moZnosti
manévrl vozidel v tunelu, skladby vozidel apod.
Stavebni feSeni - ocefuje trasu v tunelu, provedeni komunikaci, kfizovatkové
Useky, barevné provedeni apod.

P RS b g B . B L ™

Tab. 1 Evaluation of 6 tunnels on the City Ring Road route

1.1 CONDITION MODEL OF EVENTS IN THE TUNNEL

The event categories "accident” and "fire” were crucial for risk assessment
from the viewpoint of safety. Description of the system behavior for both of
these events differ, for illustration there is a described condition model of cate-
gory “accident” on Fig. 1. Input conditions (yellow fields - structural setup, traf-
fic intensity etc) have an impact on occurrence of the event. The event can be
identified by several methods (green fields — cameras, SOS boxes etc). After
detecting of the event, system response follows (red fields), for instance by
means of the traffic — information system it is necessary to inform the driver,
that he can/must respond in the given way (blue fields - radio, traffic signs etc)
In case of event of the category “traffic accident”, the principle is detecting
the event, the system response and passing of instructions to the traffic
participants using the traffic - information system. Thus in the condition
model, individual subsystems are recorded performing global (macro)
functions.

METHODOLOGY FOR EVALUATION OF SUBSYSTEMS
Subsystems are thus now performing superior macro-functions. In their
evaluation, it is necessary to carry out decomposition of each subsystem
into units performing elementary functions. Experts then evaluate these
functions and mark them by numbers 1 through 5 : where 5 denotes
absolutely substandard function, 3 denotes standard function and 1 above
standard function. A complex evaluation of several hundred functions
required working in the ACCEESS database system. There was a form
elaborated for each unit, allowing to a certain extent to provide objective-
ness for the experts’ evaluation. For the example of form for the class Fire
sensors and the unit Linear tunnel detector see Fig. 2.

SUBSYSTEMS WITH IMPACT ON TUNNEL SAFETY
After discussions within the project team and testing of various methods,
a method of causal network proposed by Prof. Holicky was selected for the
risk assessment. Input of the causal network is represented by output of
evaluations of the following subsystems, based on the expert approach
described in the previous paragraph:
Traffic solution - evaluates traffic solution, traffic intensity, possibility for
vehicle maneuvering in the tunnel, distribution of vehicles etc.
Structural solution - evaluates the tunnel alignment, design of roadways,
intersections, color design etc.
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Obr. 2 Formular pro vyhodnocovani prvkl subsystému (nazev a kategorie hodnoceni).
Fig. 2 Form for evaluation of subsystem units (name and category of evaluation)
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Dopravnéinformacni systém: ocenuje dopravni znaceni, informacni systémy,
moznost zastaveni vozidel apod.

Pristupové a unikové cesty: ocefuje pozice a mnozstvi Unikovych cest, jejich
provedeni, pfistupové cesty pro zachranné slozky apod.

PoZarni bezpeénost: komplexné ocefuje pozarni zabezpeceni, hydranty, moz-
nosti a rychlost zasahu, organizaéni zajisténi apod.

Vétraci systém: ocenuje ventilaéni zafizeni hlavné z hlediska pozaru, vykon-
nost, moznost separace koufe apod.

Technologické vybaveni: ocefiuje Fidici systém, osvétleni, napéjeci soustavu,
manudly pro obsluhu, organiza¢ni opatieni apod.

Zakladni vystupy ocenéni subsystému jednotlivych tunell jsou zachyceny
v tab. 1. V rozboru se uvazuje Sest tunell (uvedenych v tabulce pod ¢isly 1 az
6) a sedm subsystému uvedenych ve sloupcich tabulky pod ¢isly (0) az (6).
Prognézované vykony dopravy udané ve vozo-kilometrech [voz. km] jsou pro
jednotlivé tunely uvedeny ve sloupci (01).

1.2 KAUZALNI SiT

PFi¢inna (kauzalni) sit, ktera byla pouZita pro ohodnocovani rizik, je znadzorné-
na na obr. 3 a zachycuje vy$e uvedené subsystémy majici vliv na bezpeénost
tunelu. Sit obsahuje sedm subsystém( (rozhodovaci uzly s ¢isly 0 aZ 6), sedm
nahodnych uzli (s ¢isly 7 az 13) a sedm uZitkovych uzl (s gisly 15 az 21). Jde
o Bayesovskou kauzalni sit, lit. [5] a [6], sestavenou pro analyzu rizik v silni¢-
nich tunelech. Uzly sité jsou spojeny Sipkami, které zachycuji jejich pfi¢inné
vazby. Pri¢inné vazby mezi jednotlivymi uzly jsou popséany vstupnimi Gdaji
(podminénymi pravdépodobnostmi a ukazateli rizika).

U kazdé vazby se rozliuji pfi¢inné (rodic¢ovské) uzly a uzly nasledné (potom-
ci). Sit na obr. 3 zahrnuje jeden pocatec¢ni uzel (0-Doprava) bez pfi¢inného uzlu
a sedm koncovych uzld (vSechny uZitkové uzly 15 az 21) bez néslednych uzl(.
V provedené analyze se uvaZzuje pouze o riziku poskozeni zdravi znazornéné
uzitkovym uzlem 21. Vazby na ostatni uZitkové uzly (15 az 20) a vazby na pfi-
sluné uzly jsou na obrazku zachyceny s ohledem na dal$i naklady spojené
s pfipadnou Upravou existujicich tuneld nebo se zménou sou€asné projekto-
vé dokumentace.

ROZHODOVACI UZLY (0 AZ 6)
Rozhodovaci uzly predstavuji Uroven subsystému a vyuzivaji hodnoty odhad-
nuté expertem na zakladé skute¢ného stavu nebo navrhovaného stavu podle
projektové dokumentace. Vysledna hodnoceni, které jsou uvedena v tab. 1,
jsou vyjadrena ¢iselnou hodnotou v rozmezi 1 az 5.
0. Doprava. Popisuje dopravni feSeni a usporadani jizdnich pruhti v tunelech
(smérové oblouky, stoupani, klesani, pfipojovaci pruhy, odbocovaci pruhy
a fadu dalsich prvka). Vysledek expertniho hodnoceni je ve sloupci (0) tab. 1
1. Stavba. Popisuje stavebni feseni tuneld (délku, spad, pocet a Sitka pruh, atd.).
2. Informaéni systém. Popisuje dopravnéinformacni systém vyznacujici
dopravni vyuziti jizdnich pruhl v tunelu; pfi hodnoceni se vychazi ze skutec-
ného stavu nebo ocekavaného feseni v projektové dokumentaci.
3. Unikové cesty. Popisuje vzdalenosti a kapacitu zasahovych a Gnikovych
cest. V rozboru se uvazuje hodnoceni hasi¢skych expertd.
4. Pozarni bezpeénost. Popisuje rozsah instalace protipozarniho vybaveni.
Urovné uvedené v tab. 1 vyplyvaji z expertniho vyhodnoceni.
5. Vétrani. Popisuje Uroven vétraciho systému (napf. ventilacnich Sachet,
kanal(, atd.).
6. Technologicky systém. Popisuje Uroven technologického vybaveni tunelu
(napf. vybaveni nezbytné pro funkci svételnych orientacnich tabuli, které
ovliviiuje funkci dopravnéinformaéniho systému (uzel 14), protipozarniho
vybaveni (uzel 10), vétraciho systému (uzel 12) a pfimo ovliviiuje riziko posko-
zeni zdravi (uzel 21).
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Obr. 3 PFi¢inna sit pro rozbor rizik tunell
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Traffic-information systems: evaluates traffic signs, information systems,
possibility to stop cars etc.

Access and escape ways: evaluates positions and number of escape ways,
their design, and access ways for rescue units etc.

Fire safety: evaluates comprehensively fire safety, hydrants, possibility
and speed of intervention, administrative measures etc.

Ventilation system: evaluates ventilation equipment mainly from the view-
point of fire, efficiency, possibility of smoke separation etc.

Technological equipment: evaluates the control system, illumination,
power network, manuals for personnel, administrative measures etc.

For basic output of subsystem evaluations in individual tunnel see . The
analysis considers six tunnels (in rows 1 through 6 in the table) and seven
subsystems (in columns under numbers 0 through 6). For estimated traffic
output in vehicle-kilometers in individual tunnels see column (01).

1.2 CAUSAL NETWORK

Causal network, which was used to evaluate risks, is illustrated by Fig. 3
and shows the aforementioned subsystems with impact on tunnel safety.
The network has seven subsystems (decision-making nodes with numbers
0 through 6), seven random nodes (with numbers 7 through 13) and seven
utility nodes (with numbers 15 through 21). It is a Bayesian causal network,
see lit. [5] and [6], designed for risk assessment in road tunnels. Network
nodes are linked by arrows, which denote their causal relations. Causal
relations between individual nodes are defined by the input data (condi-
tional probabilities and risk indicators).

For every relation, there are causal (parental) nodes and consequent
nodes (descendant). Network in Fig.3 includes one original node (0-traffic)
without a causal node and seven terminal nodes (all utility nodes 15
through 21) without any consequent nodes. The elaborated analysis con-
siders only one risk of injury to health, illustrated by the utility node 21.
Relations to other utility nodes (15 to 20) and relations to correspondent
nodes are illustrated with regards to the additional expenses due to
potential adjustments of existing tunnels or change in existing design
documentation.

DECISION-MAKING NODES (0 THROUGH 6)
Decision-making nodes represent the level of subsystems and use the
value estimated by an expert, based on real condition and the proposed
one according to design documentation. Final values, which are illustrated
by, are expressed by numbers on scale 1through 5 :
0. Traffic. Defines traffic solution and layout of traffic lanes in tunnels
(directional curves, ascending, descending, merging lanes, turning lanes
and other elements). For the result of expert evaluation see column (0)
of the Tab. 1.
1. Structure. Defines structural solution of the tunnel (length, slope, num-
ber and width of lanes etc).
2. Information system. Defines traffic information system, marking the traf-
fic use of lanes in the tunnel, evaluation was based on either the real con-
dition or the expected solution according to design documentation.
3. Escape ways. Defines distances and capacity of rescue access and
escape ways. Evaluation of fire brigade experts is considered in the analy-
sis.
4. Fire safety. Defines the range of installation of the fire-fighting equip-
ment. Levels in derive from the expert evaluation.
5. Ventilation system. Defines the level of the ventilation system (ventila-
tion shafts, canals etc)
6. Technological system. Defines level of technological equipment in the
tunnel (for instance equipment essential for functioning of illuminated ori-
entation signs, which has an impact on function of the traffic information
system (node 14), fire-fighting equipment (node 10) and directly influences
the risk of injury to health (node 21)).
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Fig. 3 Causal network for the analysis of risks tunnels
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NAHODNE UZLY (7 AZ 14)
7. Pocet nehod. Popisuje pocet vaznych nehod (nehody se zranénim a poZzarem)
v jednotlivych tunelech v zavislosti na dopravnim a stavebnim feseni.
8. Pocet osob. Popisuje pocet vazné ohroZenych osob v tunelu pfi dopravni nehodé.
9. Vznik poZaru. Popisuje pravdépodobnost iniciace pozaru.
10. Funkce 4. Popisuje funkéni schopnost vétraciho systému.
11. PIny pozar. Popisuje pravdépodobnost pIného rozvinuti pozaru v zéavislos-
ti na uzlech 9, 10 a 12.
12. Funkce 5. Popisuje funkéni schopnost vétraciho systému.
13. Kout. Popisuje intenzitu koufovych plynl v zavislosti na pfi¢innych uzlech
11a12.
14. Funkce 2. Popisuje funkéni zplsobilost dopravnéinformaéniho systému
(uzel 2) v zavislosti na urovni technologického vybaveni (uzel 6).

UZITKOVE UZLY (15 AZ 21)

Néklady na vybudovéni ¢i zdokonaleni existujiciho dopravnéinformaéniho
systému (15. C2), naklady na vybudovani ¢i zdokonaleni pfistupovych a Uni-
kovych cest (16. C3), naklady na pofizeni nebo zdokonaleni protipoZarniho
vybaveni (17. C4), ndklady na zmény ventilaéniho systému (18. C5), naklady
na zmény technologického vybaveni (19. C6) a Skody zptsobené plnym rozvi-
nutim poZzaru (20. C11) se v rozboru zatim neuvazuji. UvaZuje se vSak nepfi-
mé poskozeni zdravi (21. Zdravi), které zachycuje miru nepfimého poskozeni
zdravi pfi dopravni nehodé (jednotkou poskozeni zdravi je smrtelny draz).
V rozboru se uvazuje mira poskozeni zdravi v zavislosti na stavech pfi¢innych
uzld 6, 8, 11 a 13 podle tabulky 8.

2. VYSLEDKY HODNOCENI

Vysledna rizika pfi jedné nehodé, obr. 4, se pohybuji v rozmezi od nejmensi
hodnoty 0,014 u tunelu 1, do nejvétsi hodnoty 0,0204 u tunelu 3. Rizika za rok
se v8ak pohybuji v §ir§im rozmezi od nejmensi hodnoty 0,011 u tunelu 1, do
nejvétsi hodnoty 0,192 u tunelu 3. Konecéné socialni rizika za rok na jeden kilo-
metr trasy se pohybuji v rozmezi od nejmensi hodnoty 0,011 u tunelu 6, do
nejvétsi hodnoty 0,083 u tunelu 3.

Hodnoty socialnich rizik za rok Ize interpretovat jako pocet smrtelnych urazl
v tunelu za jeden rok. Riziko u tunelu 3 tedy naznacuje, Ze na jednom km tune-
lu by mohlo v priméru dojit k jednomu smrtelnému urazu za 12 let. U vSech
tunell je riziko vztazené na jeden kilometr a jeden rok nizsi nez pozadovana
limitni hodnota 0,1 (viz déle), a proto u Zddného tunelu neni nutné uvazovat
o0 Upravéch s cilem zlepsit subsystémy.

Jako priklad vysetfovani rizik v zavislosti na vybaveni technologii muze slouzit
tunel 3. Ten mé zakladni riziko ohodnocené na 0,083, coz se jiZ bliZi hranici 0,1.
Snizeni rizika v tomto tunelu je mozné zlepsenim dopravnéinformacniho systé-
mu (instalace svételnych navéstidel a informacnich tabuli v tunelu) a zlepSe-
nim technologického vybaveni, viz. obr. 5. Sou¢asnou trovei sociélniho rizika
na rok a jeden kilometr 0,083 Ize sniZit na hodnotu 0,05 jestlie se oba sub-
systémy zleps$i na uroven tunelli 4 az 6, u kterych je hodnoceni dopravnéinfor-
macniho systému 1,8 a hodnoceni technologického vybaveni 1,5.

jedna za rok na 1 km
one per year per 1 km
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Obr. 4 Socialni rizika tuneld, pfi jedné nehodé, za rok a za rok na 1 km
Fig. 4 Social risks in tunnels, with one accident, per year and per year per 1 km

Tunel
RANDOM NODES (7 THROUGH 14)

7. Number of accidents. Defines the number of severe accidents (accidents
with injuries and fire) in individual tunnels in dependence on the traffic and
structural solution.

8. Number of persons. Defines the number of seriously endangered per-
sons during the accident

9. Fire ignition. Defines the probability of fire ignition.

10. Function 4. Defines functioning ability of the ventilation system.

11. Full-spread fire. Defines the probability of full-spread fire in depen-
dence on the nodes 9, 10 and 12.

12. Function 5. Defines functioning ability of the ventilation system.

13. Smoke. Defines intensity of smoke gases in dependence on the causal
nodes 11 and 12

14. Function 2. Defines functioning ability of the traffic information system
(node 2) in dependence on the level of the technological equipment (node 6).

UTILITY NODES (15 THROUGH 21)

Cost of construction or improvement of the existing traffic-information sys-
tem (15. C2), cost of construction or improvement of access and escape
ways (16. C3), cost of foundation or improvement of the fire-fighting equip-
ment (17 C4), cost of improvement of the ventilation system (18. C5), cost
of changes in the technological equipment (19. C6) and material casualties
caused by full-spread fire (20. C11) are not yet considered in the analysis.
What is considered, however, is the indirect injury to health (21. health),
which expresses the level of indirect injury to health from traffic accident
(fatal injury is the unit of the injury to health). The analysis considers the
level of injury to health in dependence on the conditions of causal nodes 6,
8, 11 and 13 according to table 8.

2. EVALUATION RESULTS

Resultant risks by one accident range between a minimum of 0,014
in tunnel 1 to a maximum of 0,0204 in tunnel 3. Risks per year, however,
have a wider range between a minimum of 0,011 in tunnel 1 to a maxi-
mum of 0,192 in tunnel 3. Finally the social risks per year per one kilo-
meter range between a minimum of 0,011 in tunnel 6 to a maximum
of 0,083 in tunnel 3.

Values of the social risks per year can be interpreted as a number of fatal
injuries in the tunnel per one year. Risk in the tunnel 3 thus suggests, that
there could be in average one fatal injury per one tunnel kilometer every 12
years. In all tunnels is the risk, related to one kilometer and one year, lower
than the required minimal value of 0,1 (see further) and therefore there is
no need to consider adjustments to improve the subsystems in any of the
tunnels.

The tunnel 3 can serve as an example for investigation of risks in depen-
dence on the technological equipment. It has a basic risk of 0,083, which is
already close to 0,1. Risk in this tunnel can be reduced by improvement of
the traffic-information system (installation of light and information signs in
the tunnel) and improvement of the technological equipment, see Fig. 5.
The existing level of social risk per year per one kilometer 0,083 can be
reduced to 0,05, in case both subsystems will improve on the level of tun-
nel 4 through 6, which have the value 1,8 for traffic-information system and
1,5 for the technological equipment.

2.1.1 CRITERIA OF SOCIAL RISKS
Comparison of derived estimates of social risks of subsystems and the
entire tunnel system with generally acceptable values illustrated by Fig. 6
is an important part of the analysis as well as the risk assessment.
International standard is based on the widely accepted value of annual
individual risk of fatal injury 10-6. The generally acceptable value of risk for
more persons endangered by one accident is commonly derived from the
relation

P(R> N) < A N*

where R is the estimate risk (number of fatal injuries), N is the acceptable
number of fatal injuries, A and k are convenient parameters, lit. [4], [5]
shows three alternatives of this criterion:

Upper limit for A=0,Tand k = 1,

Mean for A=0,1Tand k = 2,

Lower limit for A = 0,01 and k = 2.

The upper limit defines highest acceptable values, lower limit then gener-
ally accepted values of risks. Area between the upper and lower limit is
often determined as ALARP (As Low As Reasonably Possible), within which
it is recommended to reduce the actual values if possible. Mean value of
the acceptable risk corresponding to parameters A = 0,1 a k = 2 was con-
sidered by assessment of the Westerschelde tunnel, lit. [9], (per year per
one tunnel km) and therefore it is also recommended for assessment of
tunnel structures in the Czech republic.

According to this criterion, risk in the tunnel can be considered as accept-
able, if there is one fatal injury per year per one kilometer of tunnel with
probability lower than 0,1. As implies from the elaborated analysis, this cri-
terion is fulfilled in each of the examined tunnels.
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Obr. 5 Socialni rizika tunelu 3 za rok a jeden km v zavislosti

na kvalité dopravnéinformaéniho systému a technologickém vybaveni

Fig. 5 Social risks in tunnel 3 per year per 1 km in dependence

on the quality of traffic information system and the technological equipment

2.1.1 KRITERIA SOCIALNICH RIZIK
DulezZitou soucasti rozboru a hodnoceni rizik je porovnani odvozenych odha-
du sociélniho rizika subsystému a celého tunelového systému se spolecensky
pfijatelnymi hodnotami znazornénymi na obr. 6.
Mezinarodni norma vychéazi z obecné pfijimané hodnoty ro¢niho individual-
niho rizika smrtelného Urazu 10-6. Spolecensky pfijatelnd hodnota rizika pro
vice ohroZenych osob pfi jedné nehodé se obecné udéava vztahem

P(R>N) <A N*
kde R je odhadnuté riziko (pocet smrtelnych Grazd), N je pfijatelny pocet smr-
telnych Urazd, A a k jsou vhodné parametry, lit. [4], [5]. Obr. 6 ukazuje tfi vari-
anty tohoto kritéria:
Horni hranice proA=0,1ak=1,
stfedni trovefi proA=0,1ak=2,
dolni hranice pro A=0,0Tak=2.
Horni hranice udava nejvyse pfijatelné hodnoty, dolni hranice pak véeobecné
pfijatelné hodnoty rizik. Oblast mezi horni hranici a dolni hranici se ¢asto
oznacuje zkratkou ALARP (As Low As Reasonably Possible - co moZno nej-
niz8i hodnoty), ve které se doporucuje skute¢né hodnoty pokud mozno sniZit.
Stfedni Uroven pfijatelného rizika odpovidajici parametrim A=0,1ak =2 se
uvazovala pfi hodnoceni tunelu ve Westerschelde, lit. [9] (na jeden km tunelu
a jeden rok), a doporucuje se proto také pro hodnoceni tunelovych staveb
v Ceské republice.
Podle tohoto kritéria Ize riziko tunelu povaZovat za pfijatelné pokud k jedno-
mu smrtelnému Urazu na jednom km tunelu za rok dojde s pravdépodobnos-
ti mensi nez 0,1. Jak plyne z provedeného rozboru, je toto kritérium u vSech
zkoumanych tunell dodrzeno.

ZAVERY

PFi hodnoceni bezpeénosti tunelovych staveb se vétsinou silné projevuji sub-
jektivni nazory, které ¢asto vedou na jedné strané ke zbyte¢nému predimen-
zovani systému, coz s sebou nese vysoké investi¢ni a provozni naklady, nebo
na druhé strané se tunel nevybavi potfebnymi systémy a lidské Zivoty jsou
v pfimém ohroZeni. Vyuziti metodiky expertniho posouzeni subsystému
s naslednym hodnocenim rizik kauzalni siti do znaéné miry objektivizuje posu-
zovani tunell.

Uvedeny rozbor socidlnich rizik pro Sest tunelovych staveb v Praze ukazuje, Ze
Uroven rizik na jeden km a jeden rok se pohybuje v rozmezi od 0,01 do 0,1.
U v8ech tunelll je vSak dodrZena pozadovana hodnota 0,1 smrtelného Urazu na
jeden kilometr a jeden rok a neni tedy nutné navrhovat 7adné dodate¢né upra-
vy. U v8ech tunell je sledované riziko vSak nizsi nez poZzadovana 0,1, je vSak
vy$$i nez hodnota 0,01 (u nékterych tunell jen mirné) a pohybuje se tedy
v oblasti ALARP, pro kterou se obecné doporucuje zvazit moznost vhodnych
Uprav s cilem zlepsit jeSté bezpe€nost provozu. Nejvétsi riziko je u tunelu 3,
u kterého dosahuje hodnoty 0,083 a u tunelu 2, u kterého dosahuje hodnoty
0,057.

PFi ndvrhu Zadoucich uprav tunell je vSak tfeba pfihlédnout k technickym
moznostem a ekonomické naro¢nosti Upravy v jednotlivych tunelech. Podkla-
dem pro nejvhodnéjsi feSeni uvazovanych tprav mohou byt dodate¢né roz-
bory a optimalizace celkovych néakladd, které by vedle socialnich rizik zahrno-
valy ekonomické néaklady na zamyslené Gpravy.
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Obr. 6 Spolecensky pfijatelna socialni rizika.
Fig. 6 Generally acceptable social risks

CONCLUSIONS

During evaluation of safety in tunnel structures, subjective opinions very often take
place, which generally lead either to needless over-dimensioning of the system,
which brings high investment and operating costs, or insufficient equipment of the
tunnel with essential systems and human lives are thus in direct danger. Use of the
methodology of expert evaluation of the subsystems with subsequent risk assess-
ment by causal network gives the tunnel evaluation a certain level of objectiveness.
The aforementioned analysis of social risks in 6 tunnel structures in Prague shows,
that the level of risks per one kilometer per year ranges between 0,01 and 0,1. The
required level of fatal injuries 0,1 per one kilometer per year is kept in all tunnels
and therefore it is not necessary to propose any additional adjustments. Although
the observed risk in all tunnels is lower than 0,1, it is higher than 0,07 (only slight-
ly in some tunnels) and therefore it falls within the ALARP area, for which it is gene-
rally recommended to consider the possibility of appropriate adjustments with
a goal to still improve the safety of operation. The highest risk is in tunnel 3 with
value of 0,083 and in tunnel 2, where the value reaches 0,057.

Nevertheless, by proposals for desired adjustments in tunnels it is necessary to
take into consideration technical feasibility as well as economic demands of the
adjustments in individual tunnels. A supplementary analysis and optimization
of total costs, which would beside social risks also include economic costs
of the proposed adjustment, could be the basis for the most favorable solution
of the considered adjustments.

Literatura / Literature

1) Dvorak J. a kol.: ,Studie bezpecnosti provozu tunelovych staveb zapadni
casti méstského okruhu v useku Barrandovsky most-Pelc Tyrolka, Satra,
no. 014/02-100, July 2002, page 74

2) Thamm B. Sicherheitsfragen beim Betrieb von Strassentunneln: Eine
Analyse europdischer Regelungen. Studiengessellschaft fiir unterirdis-
che Verkehrsanlagen e.V., STUVA, Kéin, 2001.

3) Holicky M. & Schleich J.-B.: Modelling of a Structure under Permanent
and Fire Design Situation. Proc. of Safety, Risk and Reliability - Trends in
Engineering. International Conference, Malta, 21/23.3.01, A.A. Balkema,
Rotterdam, pp. 789-794, ISBN 3-85748-120-4, 2001.

4) Holicky M. & Schleich J.-B. 2001. Probabilistic Risk Analysis of a Structure in Nor-
mal and Fire Situation Including Life Safety. Proc. of the International Confer-
ence ICOSSAR 2001, Newport Beach, California, USA, to be published, 2001.

5) Finn V. Jensen: Introduction to Bayesian networks. Aalborg University,
Denmark, 1996.

6) Hugin System, Version 5.7, professional. Hugin Expert A/S, Niels Jernes
Vej 10, DK-9220 Aalborg, 2001.

7) 1ISO 2394 General principles on reliability for structures. ISO, Geneva, 1998.

8) A. Vrouwenvelder, M. Holicky, C.P. Tanner, D.R. Lovegrove, E.G. Canisius:
CIB Report. Publication 259. Risk assessment and risk communication in
civil engineering. CIB, 2001.

9) Worm E.W. Safety concept of Westershelde tunnel, manuscipt of an arti-
cle submitted by the SARA company in 2002.

10) Melchers R.E. Structural Reliability Analysis and Prediction. John Wiley
& Sons, Chichester, 1999, 437 p.

11) Steward M.S. & Melchers R.E. Probabilistic Risk Assessment of Engi-
neering System. Chapman & Hall, London, 1997, 274 p.

12) Ellingwood B.R. Probability-Based Structural Design: Prospect for
Acceptable Risk Bases. Application of Statistics and Probability Icasp 8.
Balkema Rotterdam, 1999, pp. 11-18.

13) Holicky, M. Fuzzy Probabilistic Optimisation of Building Performance.
Automation in Construction, V. 8/4, 1999, pp. 437- 443.

14) Holicky M. & Schleich J.-B. 2001. Probabilistic Risk Analysis of a Struc-
ture in Normal and Fire Situation Including Life Safety. Proc. of the Inter-
national Conference ICOSSAR 2001, Newport Beach, California, USA,
ICOSSAR 01, A.A. Balkema Publishers, 2001, ISBN 905809 197 X, p. 127.

—



tunel casopis 12/3

15.8.2003 14:31 Strénka 46

re

—p—

% 12. ROCNIK, &. 3/2003

Tunel

ZLEPSENi POZARNIi BEZPECNOSTI TUNELU NA PET PISMEN

IMPROVEMENT OF FIRE SAFETY IN TUNNELS
WITHIN FIVE LETTERS

ING. JIRI STEFAN, ING. JIRI REHAK
ELTODO DOPRAVNI SYSTEMY, s. r. o.

Abstrakt: Clanek seznamuje ¢tenare s projektem Evropské unie UPTUN, ktery je
zaméfen na zvySovani poZarni bezpecnosti stavajicich tunelovych staveb na
celém Gzemi Evropy. Projektu UPTUN se G¢astni 41 statnich a soukromych orga-
nizaci z ¢lenskych zemi Evropské unie a asociovanych zemi. Cilem projektu je
nalézt nové inovativni technologie, které mohou vyznamnym zpisobem pfispét
ke zvy$eni pozarni bezpecnosti tunel(.

Pokud bychom s nadsazkou poloZili tuto otazku i zkusenému lustiteli kiizovek,
asi by se nenaslo pfili§ spravnych odpovédi. A to prestoZe evropsky projekt,
jehoz nazev obsahuje pét pismen - UPTUN - je zatim nejvétsi akci podobného
typu co do mnoiZstvi zi€astnénych partnert i co do objemu vynalozenych pro-
stfedkd. Samotny akronym nézvu projektu UPTUN (v originale Upgrading Met-
hods for Fire Safety in Existing Tunnels) vyjadtuje, Ze je zaméfen na zlepSeni
poZzarni bezpe¢nosti jiZ existujicich tuneld.
Cela evropska ekonomika je velmi zavisla na dopravnim systému a tunely v ném
hraji klicovou roli, protoze v nasich geografickych podminkéch jsou tim tuzkym
mistem, jehoZ do¢asné vyrazeni je velmi citelné. Bezpe€nostni vybaveni téchto
staveb by mélo podobnym pfipadiim pfedchazet nebo alespor omezit dusledky
nehod, bylo vsak vétSinou projektovano na mensi dopravni zatéz pred deseti ¢i
vice lety.

Tento projekt, finanéné podporovany Evropskou komisi, si klade nelehky ukol -

v celoevropskych podminkach zlepsit pozarni bezpecnost existujicich silni¢nich

i Zeleznitnich tunelu. VyuZiti vysledkd tohoto projektu pfinese uzitek véem pro-

vozovatellim tunelovych technologii, a to pfi pouZiti finanéné efektivnich metod.

Oficialni zahajeni probéhlo po roce pfipravnych praci na spolecném mitinku

v zafi 2002 v holandském Delftu a harmonogram praci pocita se 4 roky vzajem-

né koordinovanych €innosti.

Snaha zlepsit bezpe€nost provozu v tunelech neni Zadny novy poZzadavek

a velmi mnoho ¢tenért tohoto odborného ¢asopisu se s témito otazkami jiz set-

kalo, ma o jejim feSeni fadu poznatk( nebo i pfimo ve své praci se touto otaz-

kou zabyva. Kazda organizace, ktera tyto otazky ze své profese fesi, ma v této
oblasti za sebou kontinuitu pohledu na otazku bezpecnosti provozu v tunelech

a specialné pozarni bezpeénosti - zacina od navrhu stavebni ¢asti tunelu, pokra-

Cuje pres jeho technologické vybaveni a konéi u provozniho fadu tunelu. Proto

je potieba, pokud nékdo chce pfijit s novymi pohledy na tuto problematiku, aby

pouZil jiny pfistup - tim je v tomto pfipadé skutecné nejvétsi pocet ucastnikl ze
vs§ech obdobnych projekti. Samotny pocet 41 Gcastnik(l ze 17 stétl je sice Ucty-
hodny, ale neméné duleZity je jejich vybér. Spektrum ucastnikG v projektu

UPTUN saha od specialistli zabyvajicich se detaily konstrukce stavebni ¢asti pres

firmy pusobici ve vyvoji a vyrobé technologického vybaveni aZ po organizace

zabyvajici se dopravou véeobecné. Uplny vycet najde zdjemce spolu s jejich cha-
rakteristikou na prehlednych  webovych  strdnkdch na adrese
http://www.uptun.net. Ze strany Ceské republiky byly organizatory projektu
vybrény organizace Centrum dopravniho vyzkumu (TRC-CDV), firmy Cervenka
consulting a ELTODO dopravni systémy. Samotné spektrum ¢innosti téchto tfi

Ucastnikl (vypocty a modelovani v dopravé, numericka analyza struktur a tvor-

ba fidicich systém() dokumentuje Siroky rozsah projektu UPTUN.

Hlavni cile projektu predstavuji zejména:

- vyvoj novych inovativnich metod zamérenych na ohodnoceni miry pozarniho
rizika, stanoveni obecného modelu ohodnocovani pozarni bezpecnosti;

- vyvoj novych progresivnich technologii, které mohou vyraznym zplisobem zvy-
Sit poZarni bezpecnost stavajicich tunelovych staveb. Dlraz je kladen na oblast
detekce a monitorovani pozéru, technologie zabrafujici Sifeni pozaru a techno-
logie zabrariujici strukturdlnimu poskozeni vlastni stavebni ¢asti tunelu. Cilem je
nalézt takova opatreni, kterd budou pokud mozno finanéné nenarocna a zaroven
je bude mozné snadno nasadit v kombinaci se stavajicim technologickym popfi-
padé stavebnim vybavenim tunelu;

- preneseni vystupl projektu do povédomi odborné verejnosti a tim i jejich pre-
neseni do praxe.

Predpoklada se zaroven, Ze v dlsledku zvySeni pozarni bezpeénosti tunell dojde
k obnoveni diivéry ob&ant k tuneliim jako bezpeéné ¢asti dopravnich tras a zéro-
ven k odstranéni psychologickych obchodnich bariér, které predstavuji potenci-
alné nebezpecné tunely.
Takové velké mnozstvi ¢innosti rozdélenych mezi pracovisté po celé Evropé
nejde koordinovat bez vhodné organizaéni struktury. Pracovni ¢innosti jsou roz-
déleny do sedmi technickych skupin (WP1 az WP7 - Work Packages), osma pra-
covni skupina predstavuje management projektu (WPO0). V cele projektu stoji
fidici vybor (Steering Board). Koordinaci s ostatnimi projekty Evropské unie
zamérenymi na problematiku bezpeénosti tuneld zajistuje poradni vybor (Advi-
sory Group).

Prvni &tyfi pracovni skupiny (WP1-4) jsou zaméfeny na vyvoj novych technolo-

gii v oblasti snizovani pravdépodobnosti vzniku a zmirfiovani dusledk( pozaru.

Cilem pété a Sesté pracovni skupiny (WP5-6) je nalezeni kombinace vhodnych

Abstract: The article informs readers about the UPTUN, the European
Union’s project focused on the improvement of fire safety in existing tun-
nels throughout Europe. Forty-one governmental and private organisa-
tions from member countries of the European Union and associated coun-
tries currently take part in the UPTUN project. The objective of this project
is to find new innovative techniques which can significantly contribute to
the improvement of fire safety in tunnels.

We would probably receive no great number of correct answers if we asked
even experienced crossword puzzles users about a five-letter term for the
system of improvement of fire safety in tunnels. This would be so despite
the fact that the European project UPTUN is currently the most significant
activity of its type, in terms of the number of participants and the volume
of the means expended. The acronym of the UPTUN project means the
Upgrading Methods for Fire Safety in Existing Tunnels.
The entire European economy considerably depends on the transport sys-
tem. Tunnels play a key role in this system as, in our geographical condi-
tions, they are the bottleneck whose temporary closing has very severe
impacts. Safety equipment of tunnel structures should prevent the occur-
rence of such events, or should at least limit consequences of accidents.
However, this equipment was mostly designed ten or more years ago for
conditions of lower traffic intensity.
This project, supported financially by the European Commission, set itself
a difficult task of improving the fire safety in existing road and railway tun-
nels throughout Europe. The application of results of this project, using
cost-effective methods, will be profitable for all operators of tunnel equip-
ment. The official opening took place, after a year of preparation work, in
a joint meeting in September 2002 in Delft, the Netherlands. The work
schedule allows for 4 years of jointly co-ordinated activities.
The effort to improve the operational safety in tunnels is no new require-
ment. Many readers of this professional magazine have met the related
issues, have quite good knowledge of how they are solved or deal with
them professionally. Each organisation whose business involves solving
these issues possesses a thorough awareness of the issue of operational
safety in tunnels and especially the fire safety. The issue begins from the
structural design of the tunnel, continues through to its equipment, and
ends in the tunnel operation regulations. Therefore, if somebody wants to
come up with new views of this issue, he or she must use a new approach.
This new approach requires using the highest possible number of partici-
pants from all similar projects. The figure of 41 participants from 17 coun-
tries may be respectable, but their selection is no less important. The
spectrum of the UPTUN project participants reaches from specialists deal-
ing with structural detailing through to companies having their business
in equipment development and manufacturing, to organisations involved
in the sphere of transport in general. A complete list of the participants,
together with their description, can be found on the web site
http://www.uptun.net. The project organisers selected the following
organisations from the Czech Republic: Centrum dopravniho vyzkumu
(TRC-CDV, Traffic Research Centre), Cervenka Consulting and ELTODO
Dopravni Systémy. The spectrum of activities of its three participants (cal-
culations and modelling in traffic, numerical analysis of structures and
development of control systems) itself documents the wide scope of the
UPTUN project.
Main objectives of the project consist above all of:
- development of new innovative methods focused on the assessment of fire
risk, development of a general model of fire safety assessment
- development of new progressive equipment capable of improving fire safe-
ty in existing tunnels. Stress is placed on fire detection and monitoring, fire
spread prevention equipment and equipment preventing damages to tun-
nel structures. The goal is to find such measures which will be as finan-
cially undemanding as possible, and at the same time will be easily applied
in combination with existing equipment or tunnel structures.
- Implementation of the project results in the awareness of the professional
public, thus their transfer to practice.
At the same time it is expected that the improved fire safety in tunnels will
result in restoration of citizen trust in tunnels as a safe part of transport
routes, and at the same time in removal of psychological trade barriers
represented by potentially dangerous tunnels.
Such a large scope of activities distributed among work places throughout
Europe cannot be co-ordinated without an adequate organisation struc-
ture. The work activities are divided into seven technical packages (Work
Packages WP1 to WP7). The eighth work package deals with project man-
agement (WP0). The UPTON is headed by the Steering Board. Co-ordina-
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opatieni, kterd ve svém dusledku vyrazné zvysi pozarni bezpecnost tunelovych
staveb. Sedma pracovni skupina (WP7) si klade za Ukol seznamovat odbornou
vefejnost s vysledky celého projektu a takto vyraznym zplisobem pfispét k zave-
deni vysledku projektu do praxe. Informacni toky mezi jednotlivymi pracovnimi
skupinami jsou zndzornény na obrazku 1, na kterém je patrna Uzka vazba na dalsi
projekty Evropské unie, jako jsou FIT a DARTS.

V dal$im textu bude uveden kratky popis ¢innosti v rdmci jednotlivych pracov-
nich skupin:

WP1 PREVENCE, DETEKCE A MONITOROVANI

Pro dosazeni cilli - tj. zvySeni pozarni bezpecnosti existujicich tunelli - je nejprve
nutno zmapovat stavajici situaci. Tato pracovni skupina ma velmi rozséhly tkol
vytvoreni databaze vSech silnicnich a Zelezni¢nich tunelli v Evropé. Udaji databa-
ze budou informace o vlastnostech tuneltl a sahaji od geografickych dat (zemé-
pisna poloha, zemé) pres technické provedeni (se specializaci na detekéni a moni-
torovaci systémy) az po Udaje souvisejici s provozem konkrétniho tunelu (pocet
nehod, jejich nasledky a konkrétni poznatky z feseni jednotlivych pfipadi). Samo-
statnym problémem, ktery bude také feSen v rdmci této pracovni skupiny, je pou-
Ziti novych metod detekce poZaru a stanoveni jeho rozsahu. Stavajici metody
detekce pozaru v tunelovych stavbach vyuzivaji techniky obvyklé ve standardnich
kancelarskych budovach nebo primyslovych komplexech. Snahou je nalézt tako-
vé technologie, které se oprosti od stavajicich metod detekce pozaru a budou
vyuzivat zcela novych postupl (napfiklad detekce pozaru uvniti nakladového
prostoru vozidla, techniky detekce poZaru prostrednictvim analyzy obrazu systé-
mU videodohledu, detekce pozaru v prostoru pfed tunelovymi portaly apod.).

WP2 VYVOJ POZARU A STANOVENI UCINNEHO POSTUPU
PRO ZMIRNENI NASLEDKU POZARU

Tato pracovni skupina si klade za cil zjistit pomoci matematickych simulaci opti-
malni metody pro minimalizaci nasledk(i poZaru. Prostfedkem, kterym chce
tohoto cile dosahnout, je predevsim optimalizace ¢innosti ventilaéniho systému
pfi poZarech a pfipadné poufZiti systému pracujiciho s vodni mlhou. Optimalizo-
vany scénar ¢innosti ventilace bude zohledfiovat konkrétni podminky na daném
tunelu (napf. délku, sklon, prafez, tnikové cesty, typ provedeni - 1 nebo 2 tubu-
sy) a bude dynamicky zohlednovat vstupy od méficich systém( CO, viditelnos-
ti, teploty, detekce poZaru aj. V ramci této pracovni skupiny budou déale prohlu-
bovany techniky tzv. vzduchovych zétek, které v pfipadé pozaru zabrani Sifeni
koure a jedovatych zplodin tubusem tunelu. Pracovni skupina se bude kromé
hledani moznych zplsobu konstrukce téchto vzduchovych zatek zabyvat volbou
vhodnych mist pro umisténi vzduchovych zatek nebo technikami jejich véasné
dopravy k mistu poZaru.

WP3 LIDSKE ZDROJE (LIDSKY FAKTOR)

Jak ukazuji dosavadni pFipady kritickych udalosti, velmi ¢asto se stalo, Ze cho-
vani lidi za¢astnénych v této udalosti, a tim jsou minény obsluhy operatorskych
pracovist, ¢lenové zachrannych tymu i lidé, ktefi se nahodou ocitli v déni uda-
losti, nebylo ekvivalentni jeji povaze €i rozsahu. Rozhodnuti byla ¢asto vydava-
na na zakladé nedplnych ¢i Zadnych informaci a byla ¢inéna ve stresu zplisobe-
ném rychle se ménici situaci, rychlym $ifenim toxického dymu a salavého horka.
Aby se zabranilo dal$im pfipadtim, kdy cestujici navzdory pokracujicimu vyvinu
dymu zistanou sedét ve svych vozidlech nebo obsluha tunelové technologie
spusti ventilaci v nespravném sméru, je predmétem prace této skupiny. V ramci
¢innosti této pracovni skupiny budou hledany nové techniky koordinace ¢innos-
ti mezi jednotlivymi zachrannymi slozkami, snahou bude prevzit zkuSenosti
z evakuacnich plana jinych staveb, jako jsou stadiony, letisté apod. Dlraz bude
kladen na vyvoj novych zafizeni zamérenych na poskytnuti informaci ohrozenym
osobam o evakuacnich cestach i v podminkéach velmi snizené viditelnosti.

|
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Obr. 1 Informacni toky mezi WP
Fig. 1 Information flows between the WPs

tion with the other European Union projects that are focused on the issues
of safety in tunnels is carried out by the Advisory Group.

The first four work groups (WP1 - WP4) are focused on the development of
new technologies in the sphere of reducing the likelihood of a fire and min-
imizing consequences. The goal of the fifth and sixth work groups (WP5
and WP6) is to find a combination of suitable measures which will result in
a substantial improvement in fire safety of tunnel structures. The task of
the seventh work group (WP7) is to inform the professional public about
the results of the entire project, thus to contribute substantially to the
introduction of the results of the project into practical use. The information
flow between individual work groups are shown in Fig. 1. The close rela-
tionship with other European Union’s projects, e.g. the FIT or DARTS, is
obvious.

A brief description of the activities dealt with in the framework of individual
work groups:

WP1 PREVENTION, DETECTION AND MONITORING

The first task to be fulfilled if we want to reach the goals, i.e. to improve
the fire safety in existing tunnels, is to map the current situation. This
work group has an extremely comprehensive task of developing a data-
base of all road and railway tunnels in Europe. The database will contain
data regarding properties of the tunnels, starting from geographical data
(geographical position, country) through technical design (with a speciali-
sation to detection and monitoring systems) to data connected with the
operation of a particular tunnel (number of incidents, their consequences
and concrete knowledge gained in solving individual cases). A separate
issue, which will also be solved by this work group, is the application of
new methods of fire detection and identification of the extent of the fire.
Current methods of fire detection in tunnels use equipment common in
standard administration buildings or industrial complexes. The objective is
to find such techniques which will replace the current methods of fire
detection with totally new procedures (e.g. detection of a fire inside the
cargo space of a vehicle, detection of a fire in the area in front of tunnel
portals etc.).

WP2 DEVELOPMENT OF A FIRE AND DETERMINATION OF AN
EFFICIENT METHOD TO ALLEVIATE THE FIRE CONSEQUENCES

This work group has set a goal to find, by mathematical simulation, opti-
mal methods of how to minimise fire consequences. The group is going to
reach this goal primarily by means of optimisation of the operation of the
ventilation system during fires and alternatively the application of a sys-
tem working with water mist. The optimised scenario of the ventilation
operation will take into consideration specific conditions existing at the
given tunnel (e.g. its length, gradient, cross section, escape routes, config-
uration - 1 or 2 tubes) and will dynamically allow for the data provided by
CO, visibility and temperature measurement systems, fire detection sys-
tems etc. As a part of this work package, the techniques of so-called air
plugs, which prevent smoke and noxious gases from spreading through
the tunnel tube in case of a fire, will be improved. Apart from searching for
possible methods of construction of the air plugs, the work group will deal
with the selection of locations suitable for the installation of air plugs or
techniques of their transport to the location of fire on time.

WP3 HUMAN RESOURCES (HUMAN FACTOR)

As previous cases of critical events show, it happened very frequently that
the behaviour of people involved in the event, which means the staff of
operating centres, members of rescue teams, even people who were
caught in the particular event by chance, was inappropriate regarding the
nature and extent of the fire. Decisions were often rendered on the basis of
incomplete or no information, and they were made under stress due to
a rapidly changing situation, fast spreading of toxic smoke and radiating
heat. The subject of the WP3 group’s work is how to prevent new fire
events in which passengers remain sitting in their vehicles despite contin-
uing development of smoke, or operators of the tunnel equipment turn the
ventilation on in the wrong direction. In the frame of this group’s work,
new techniques of co-ordination of activities among respective compo-
nents of the rescue system will be sought. The group will try to utilise the
experience gained from evacuation plans developed for other structures as
stadiums, airports etc. Stress will be placed on the development of new
facilities to provide endangered persons with information about escape
routes, even in very low visibility.

WP4 THE IMPACT OF FIRE DEPENDING ON THE TUNNEL
STRUCTURE - CONSEQUENCES FOR THE STRUCTURE FABRIC

The objective of this work group is to propose how to optimise structural
design of existing tunnels. As opposed to the WP2, this package is focused
directly on the structural design, with the aim of proposing changes and
construction procedures to minimise the impact of a fire (the heat compo-
nent above all) on tunnel structure, procedures and materials to accelerate
repairs to damaged areas, and eventually to specify new safety recom-
mendations for tunnel design, and complement existing guidelines for tun-
nel structures.
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WP4 UCINKY POZARU V_ZAVISLOSTI NA KONSTRUKCI
TUNELU - NASLEDKY VE STRUKTURE STAVBY

Cilem této pracovni skupiny je navrhnout optimalizaci stavebnich ¢asti stavajicich
tunell. Na rozdil od WP2 je pfimo zamérena na konstrukci staveb s cilem navrh-
nout Upravy a stavebni postupy, které by minimalizovaly vliv poZaru (pfedevs§im
tepelné slozky) na tunelovou stavbu, postupy a materialy, které zrychli opravy
poskozenych mist a nakonec ustanovi nova doporuceni pro navrh tunelovych
staveb z hlediska bezpe¢nosti i doplni stavajici doporuceni pro tunelové stavby.

WP5 ZVYSENi UROVNE BEZPECNOSTI A VYLEPSENI STA-
VAJICICH TUNELU

Tato pracovni skupina tvofi jadro celého projektu. NaplIni ¢innosti je shromazdit
poznatky pracovnich skupin 1 az 4, vyhodnotit a navrhnout kombinaci vhodnych
opatfeni, ktera maximalnim zplisobem zvysi bezpecnost stavajicich tunell. Velky
diraz bude kladen na technicko-ekonomickou proveditelnost navrzenych opat-
feni. Vysledky prace této skupiny budou postupné predavéany pracovni skupiné
Cislo 6, ktera bude provadét ovérovani vhodnosti navrzenych opatieni prostred-
nictvim modelovani.

WP6 EXPERIMENTALNI ZKOUSKY A TESTOVANI

Experimentalni ovéreni teoretickych vystupl je pracovni napini Sesté skupiny.
Zde se oveéri vysledky praci prvnich péti skupin a pokud budou potvrzeny, nic
nebude branit jejich predani posledni sedmé skupiné. Pfedpoklada se ovéreni
vysledkl prostfednictvim nasledujicich model(:

- model vyvoje pozaru v zavislosti na navrzenych protipozéarnich opatfenich;

- model odezvy stavebnich ¢asti v priibéhu vyvoje pozaru;

- dynamicky model chovani osob;

- socialné-ekonomicky model dusledki nehod uvnitf tuneld.

Uvedené modely umozni postupnou optimalizaci navrzenych bezpecénostnich
opatfeni s vyuZitim metod numerickych optimalizaci a expertnich systém.

WP7 OSVETA, PROPAGACE CINNOSTI, DALSi VZDELAVANI
A SKOLENI

Jak je z posledniho bodu ziejmé, je diraz kladen na to, aby se vysledky ¢innos-
ti tohoto projektu dostaly mezi vefejnost na spravna mista — na vyzkumné pra-
covisté, projekéni kancelare, skoly, slozky dopravni policie, provozovatele tune-
lovych technologii, vladni organy a vefejnost vibec. ProtoZe uzitek z toho pro-
jektu, jak jiz bylo v Gvodu naznageno, mohou mit vSichni, i ti, ktefi se ho pfimo
aktivné nelcastni.

Na obrazku ¢islo 2 je graficky znazornéna pisobnost jednotlivych pracovnich
skupin na zjednoduseném modelu vyvoje poZaru v tunelu. Na ose x modelu je
vynesen ¢as od vzniku poZaru, na ose y pak vzdalenost od ohniska poZaru.
Prvni vysledky projektu UPTUN, ktery je nejvyznamnéj$im projektem zamére-
nym na zvy$ovani bezpecnosti tuneld v Evropé, budou znamy v jiz v pribéhu
roku 2003. Budeme o nich prostiednictvim ¢asopisu Tunel informovat i ¢eskou
odbornou vefejnost.

WP5 IMPROVEMENT OF SAFETY LEVEL AND UPGRADING
TO EXISTING TUNNELS

This work package lies at the core of the entire project. The work group
actions consist of gathering the knowledge gained by the work groups 1 to
4, assessing the measures and proposing a combination of suitable mea-
sures to maximise safety improvements in existing tunnels. Particular
attention will be paid to technical and economic feasibility of the proposed
measures. The results of this work will be regularly handed over to the
work group no. 6, who will verify the suitability of the measures proposed
by the modelling.

WP6 EXPERIMENTAL VERIFICATION AND TESTING

Experimental verification of theoretical outputs is the specific task of the
sixth group. This group will verify results of the work carried out by the
first five groups. Nothing shall prevent handing over the results to the last
group, group 7, if they are confirmed. The following models are expected
to be used for the verification of results:

- a model of development of a fire based upon the fire precautions proposed
- a model of response of structural parts in the course of the developing fire
- dynamical model of behaviour of passengers

- social-economic model of consequences of incidents inside tunnels

The above models will allow a progressive optimisation of the safety mea-
sures proposed, with the application of methods of numerical optimisa-
tions and expert systems.

WP7 AWARENESS PROGRAMS, PROMOTION OF THE
ACTIVITY, OTHER EDUCATION AND TRAINING

As stressed in the previous paragraph, the results of the activity of this pro-
ject must be disseminated throughout the public, via appropriate places,
i.e. research workplaces, design offices, schools, traffic police units, tunnel
equipment operators, governmental bodies and the public in general. This
is because, as indicated at the beginning, this project can bring profit to
everybody, even those who are not involved in it directly and actively.

Fig. 2 shows the activities of individual work groups on a simplified model
of a tunnel fire development. The axes x and y represent the time from the
outbreak of the fire and the distance from the seat of fire respectively.
Initial results of the UPTUN project, the most important project focused on
the improvement of fire safety in tunnels in Europe, will be known as early
as during 2003. The Czech professional public will be kept informed
through Tunel magazine.
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Obr. 2 Model vyvoje pozaru v tunelu vzhledem k plisobnosti jednotlivych pracovnich skupin
Fig. 2 Model of a tunnel fire development with regard to the fields of action of individual work groups
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

OBTIZE PRI RAZBE DRUHEHO HERZOGBERGSKEHO
TUNELU U STYRSKEHO HRADCE V RAKOUSKU

Rakouskéa dalnice A2 je vyznamnou dopravni tepnou pro spojeni vychodni
a jizni Evropy. Jihozapadnim smérem asi 30 km od Styrského Hradce dalnice
prochdzi pomoci tunelu Herzogberg v nadmofrské vysce asi 1000 m n. m. hre-
benem Koralpe. Prvni trouba tohoto tunelu byla dokonéena v roce 1981. NarGst
dopravy a zvy$ené pozadavky na bezpecnost vyvolaly nutnost vystavby druhé-
ho tunelu délky 1956 m. Jeho stavba byla zahéjena v kvétnu 2001 a razil se
metodou NRTM.

Geologie

Tunel prochazi rulami, slidnatymi bfidlicemi a amfibolity. Horniny jsou vsak
velmi porusené. Pro8ly intenzivnimi tektonickymi pochody v tfetihorach a byly
vystaveny intenzivnimu zvétravani, naposledy v obdobi posledni doby ledové.
Z razby prvého tunelu byly zndmy dvé velké poruchové zény - ,Modriach” bliz-
ko zédpadniho portalu a zvodnéla porucha pfiblizné 1 km od téhoZ portalu. Ta
zplsobila pfi razbé prvni trouby dva zavaly s tim, Ze pfitok do dila byl 30 I/sec
a poklesl po dvou mésicich na 18 I/sec.

Stanoveni geotechnickych podminek pro razbu druhého tunelu zajistoval
investor. Vychazelo se pfitom z dokumentace skute¢nosti pfi razbé prvého
tunelu, pouze oblast portalG byla prozkoumana jadrovymi vrty a v oblasti
poruchovych zén, uvedenych vyse, byla provadéna geofyzikalni méfeni. Hor-
nina v prvni zoné byla popséna jako znacné nesoudriné s tendenci k tvorbé
velkych nadvylomi.

Planovany postup razeb

Zadavaci dokumentace predpokladala postup razby od zépadniho portalu. Trha-
ci prace se mély pouZivat ve zdravé horniné, v poruchovych zénach mél rozpo-
jovani zajistovat tunelbagr. Kalota o profilu 46 m? méla byt razena aZ do stanice-
ni 1,000 km, za ni se mélo razit jadro o plose 24,5 m? az k bezpe¢nostnimu zali-
vu priblizné ve staniceni 0,950 km. Nasledovala by razba kaloty aZ k proraice
u vychodniho portélu a zpétna razba jadra smérem od vychodniho portélu.
Planovany postup vSak nebyl dodrzen. Divodem byly predev§im geotechnické
obtize i zména projektu (zvétSeni profilu i po¢tu spojovacich chodeb - misto 3
byly razeny 4).

Postup razeb

Razba byla zahajen na zapadnim portéle 11. kvétna 2001 a postupovala po zabé-
rech délky 1,7 m. Hlavni obtiZe se vyskytly ve staniceni pfiblizné 0,1168 km,
0,4799 km a mezi km 1,047 a 1,080.

Zaval v km 0,1168
Problémy zacaly, kdyz celba, tvofena zvétralou rozldmanou rulou lezici na amfy-
bolitu, dosahla vzdalenosti od portalu 116,8 m. V horni ¢asti se objevila prosa-
kujici voda, ktera ale netvorila souvislé vyrony. Pfi provadéni stfikaného beto-
nu zacal opadavat stabilizacni nastfik z ¢elby a zaCaly se uvolfiovat i horninové
Ulomky. Stabilizacni nastfik se nékolikrat obnovoval, ale postupné se stavalo
ziejmym, Ze stabilita ¢elby nemuzZe byt udrzena a osadka byla stazena. Zaval
nastal 11. srpna 2001 v 10.00 hod. dopoledne, kdy z pfistropi a ¢elby vypadlo
asi 60 m*® kamenitého materialu. Posledni pfihradovy oblouk byl zcela strzen
a predposledni byl ¢asteéné poskozen. Nadvylom dosahoval 3 m nad vrchol
klenby a v podélném sméru mél délku 6 m. Vznik nadvylomu vyrazné ovlivnil
systém ploch nespojitosti a smykovych ploch, z nichZ jedna prudce upadala do
¢elby ve sméru razby a byla patrné hlavni pfi¢inou zéavalu.
Bylo rozhodnuto zajistit nadvylom stfikanym betonem, znovu instalovat znice-
ny prihradovy oblouk a postupovat po zabérech snizenych z 1,7 m na 1 m.
Vypadly material byl ¢aste¢né odtéZen, zbytek byl pouZit jako opérny klin ¢elby.
Kazdy zabér byl rozdélen s pfihlédnutim k aktualnim podminkam az na 8 dilcich
vyrubd, které byly ihned zajistovany stfikanym betonem. Pro zvySeni stability
celby se pouzival opérny klin a v kazdém zébéru se instalovaly tfi IBO kotvy dI.
12 m. Na délku 5 metri bylo zesileno primarni osténi na 50 cm pfi sou¢asném
vyztuzeni ocelovymi trubkami v horni ¢asti kaloty. Soucasné byly instalovany
kotvy Superswellex dI. 4 m a SN kotvy délky 6 m. Pak mél byt prostor nadvylo-
mu vyplnén odlehéenym betonem o objemové hmotnosti 1500 kg/m®.
Kdyz osédka nainstalovala pfihradovy oblouk ve vzdalenosti 120,2 m od porta-
lu a provadéla stfikany beton osténi, vypadlo znovu 15-20 m® materialu z horni
Casti zabezpecené Celby. Diky rychlé reakci pracovnikli nedoslo k Zadnému zra-
néni ani §kodam na strojich. Zaval se zastavil o opérovy klin a nasledné byl spo-
le¢né s narusenou ¢elbou stabilizovan stfikanym betonem.
Nasledovalo podepreni poslednich 7 metr( kulatinou ve vzdalenostech 1 m.
Pak se ve dvou krocich zabetonoval nadvylom. Soucasné s odstranovanim dre-
véné vyztuze byl strop zajistovan 6 m dlouhymi kotvami Swellex. V ¢elbé se
provedly IBO kotvy a zainjektovaly se dutiny pfed ni. BEhem provéadéni téchto
opatreni pokracovala razba jadra az do vzdalenosti 70 m od portalu.
Po deseti dnech od prvniho zavalu se pokracovalo s razbou dal$ich 8 m kaloty
s nasledujicimi opatfenimi:
- délka zabéru 1T m;
- v kazdém zabéru v pfistropi kotvy Superswellex dl. 6 m a na bocich 6 m dlouhé
kotvy SN;
- opérny klin u éelbé;
-az 6 ks IBO v Celbg;
- injektovany destnik pred celbou;
- rozdéleni zabéru na dil¢i vyruby (podle potieby).

COMPLICATIONS DURING EXCAVATION OF THE SECOND
HERZOGBERG TUNNEL NEAR GRAZ IN AUSTRIA

Austrian highway A2 is a signiﬁcant traffic artery connecting east and south of
Europe. Apﬁroximately 30 km southwest of Graz the highway passes through
1000 m high mountain shoulder by a tunnel. First tube of this tunnel was com-
pleted in 1981. Increased traffic intensity and higher requirements on safety
evoked the need to construct a second 1956 m long tunnel. Its construction star-
ted in May 2001 using the NATM method.

Geology

The tunnel ﬁasses through gneisses, marlstone shales and amphibolites. Howe-
ver, the rocks are severely faulted. They had gone through intensive tectonic pro-
cesses in the Tertiary and were exposed to intensive weathering, for the last time
during the last ice age. There were two big faulted zones known from the exca-
vation of the first tunnel - “Modriach” near the western portal and water-bearing
weakness zone approximately 1 km away from the same portal. This one cau-
sed two cave-ins during excavation of the first tube with water inflows into the
structure of about 30 I/sec that were after two months reduced to 18 I/sec.
Determination of geotechnical conditions for excavation of the second tunnel
was provided by the investor. It was based on documented reality from exca-
vation of the first tunnel, only the areas around portals were explored by core
bores and geophysical measurements carried out in places of the aforementio-
ned faulted zones. Rocks in the first zone were described as very non-cohesive
with a tendency for large overbreaks.

Planned procedure of excavation works

Design documentation expected the excavation course starting from the western
portal. Drill-and-blast technique was to be used in the sound rock; an excavator
was supposed to break the rock in the faulted zones. Calotte with cross section of
46 n?* was to be excavated until 1,000 km chainage, then there was a core with
cross section of 24,5 n? excavated until the safety niche in about chainage 0,950
km. Excavation of calotte to the point of the breakthrough to the eastern portal
and backward excavation of core from the eastern portal should have followed.
The planned procedure was not, however, kept. The reason for it lied in geo-
technical complications as well as design change (enlargement of cross section
and number of connecting corridors - 4 instead of 3).

Procedure of excavations

The excavation started at the western portal on May 11, 2001, and proceeded
by 1,7 m long rounds. Main complications occurred at chainages 0,1168 km,
0,4799 km and between km 1,047 and 1,080.

Cave-in at km 0,1168
Problems began when the face, formed by weathered and fractured gneiss lying
on amphibolite, reached the distance of 116,8 m from the portal. Leaking water
appeared in the upper section, nevertheless did not form consistent inflows. Sta-
bilizing shotcrete began to fall off the face during spraying and small fragments
of rock began to detach as well. The stabilizing shotcrete layer was renewed seve-
ral times, but slowly it became clear that stability of the face cannot be kept and
the mining crew was withdrawn. The cave-in occurred on August 11, 2001, at
10 a.m., when app. 60 7’ of rock material fell off the ceiling and face. The last lat-
tice g/rder was destroyed outright and the one before partially damaged. The
overbreak reached 3 m above the vault top and was 6 m long in axial direction.
The formation of overbreak was s:gn/ﬁcant/y affected by the system of disconti-
nuities and slide areas, one of which was sharply dipping to the excavation in the
direction of excavation and thus was probably a main cause of the collapse.
It was decided to secure the overbreak by shotcrete, to reinstall the destroyed
lattice girder and to further proceed with the round lengths reduced from 1,7 to
1,0 m. Fallen out material was partially removed, the rest was used a wedge
supporting the face. With regards to particular conditions, each round was divi-
ded in up to 8 partial cuts, which were immediately secured ?, shotcrete. The
supporting wedge was used to increase stability of the face and three 12 m long
IBO anchors were installed in each round. Thickness of the primary lining was
in 5 m lengths increased to 50 cm with simultaneous support by steel pipes
installed in upper section of the top heading. At the same time, 4 m lon,
Superswellex anchors and 6 m long SN anchors were installed. The overbrea
space then should have been filled with light-weight concrete with volume
weight of 1500 kg/m’.
When the crew installed the lattice girder 120,2 m away from the portal and was
spraying the lining concrete, again some 15-20 nm?’ of material fell off from the
upper section of the secured face. Due to prompt reaction of the crew, there
were neither injuries nor material damage on machines. The cave-in was stop-
ped by the sup#Jortin wedge and was subsequently stabilized by shotcrete
along with the faulted face.
Supporting of the last 7 m by roundlogs with 1 m spacing followed. The overb-
reak was then backfilled with concrete in two phases. Along with removal of the
wooden supports, roof was secured by 6 m long rockbolts Swellex. At the face,
IBO anchors were realized and cavities in front of it grouted. Excavation of core
up to 70 m away from the portal proceeded during realization of the afore-
mentioned measures.
10 days after the first cave-in, another 8 m of the top heading excavation pro-
ceeded with the following measures:
- 1m long round;
- 6 m long Superswellex anchors at the roof and 6 m long SN anchors at sides
of each round;
- supporting wedge at the face;
- up to 6 pcs of IBO anchors at the face;
- grouted umbrella in front of the face;
- division of the round excavation into partial cuts (as necessary).
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Zaval v km 0,4799

Dalsi razba probihala celkem hladce az do stanic¢eni 0,456 km, kdy se objevily
znovu potize. V horni ¢asti byla nestejnoroda hornina, bloky horniny byly vice
nebo méné narusené, vypln spar tvoril jil.

Zabér se snizil z 1,5 m na 1,3 m, posléze na 1,1 m. Zvysila se délka kotev v pfi-
stropi i na bocich a v kazdém zabéru se pouzily 3 m dlouhé trubky jako jehly. Ve
stani¢eni 0,4799 se na Celbé objevila prakticky svisla smykovéa plocha porucho-
vé zony. Soucasné se na jiznim boku kaloty zacaly objevovat na poslednich 9
metrech radialni trhliny. Razba byla zastavena a instalovaly se IBO kotvy, pfi
jejichz zavrtavani vytékala voda, takZe pro odlehéeni vodniho tlaku se provedly
drenazni vrty. Deformace se podafilo zastavit a pokracovalo se v razbé, av§ak
jizni strana kaloty se opét dala do pohybu. Razba byla ihned zastavena a osad-
ka stazena. Deformace nartstaly az na 230 mm ve vodorovném sméru a verti-
kalni az na 330 mm. Rezerva v profilu kaloty byla vyCerpana, takze muselo byt
pristoupeno k reprofilaci. Postupovalo se v malych zabérech s pribéznym zajis-
tovanim vyrubu stiikanym betonem a kotvenim. Primarni osténi bylo zesileno
na 250 mm.

Bez vétSich potizi se obnovil projektovany profil znovu skoro do staniceni
0,4799. Tésné pred dokoncenim reprofilace zacal material na boku vypadavat
soucasné s vyrony vody. Sanace stfikanym betonem nebyla G¢inna a situace se
rychle zhorSovala. Mechanizmy i osadka byly rychle z ¢elby stazeny. Béhem
nékolika hodin vypadlo vice nez 150 m*® materialu a primarni osténi na posled-
nich 11 m se zhroutilo. Vznikl nadvylom vy$ky 7 m nad stropem kaloty, délka
nadvylomu byla 6 m.

Zaval byl pfekonan podobnym zplisobem jako pfedchazejici, sou¢asné se razi-
lo jadro az do staniceni 0,350.

Poruchova zéna mezi km 1,047 a 1,080

Velka poruchové zéna se ocekavala ve staniceni 0,970, a proto jiz v predstihu byly
provadény z ¢elby prizkumné vrty. Se zhor§ovanim stavu horniny byl zabér od
staniceni 1,0366 snizen na 1,0 m. Prvni velky pfitok z vrtd se objevil v km 1,0453.
V km 1,047 bylo zahajeno kotveni ¢elby kotvami délky 18 m a soucasné se pro-
vadél dvojity destnik z injektovanych kotev IBO délky 9 m. Navic se na pravé stra-
né ve tfech urovnich provedlo 3 x 6 odvodiovacich vrti délky az 26 m.

Presto se pfitok az 20 I/sec nezmensil. Dochazelo k vyplavovani poruseného
materialu z pravé strany, a to i v ¢elbé. Pritok také vyrazné komplikoval uzavi-
rani primarniho osténi kaloty spodni klenbou. Razba musela byt zastavena
a provadély se pruzkumné vrty, které prekvapivé ukazaly, Ze porucha kfizuje
trasu $ikmo a zasahuje profil nejméné dal$ich 33 m, tj. do km 1,080.

Dalsi razbu bylo rozhodnuto provadét pod ochranou destnikl z injektovanych
mikropilot. Vrtaly se od pravé strany smérem k vrcholu s odstupem mezi trub-
kami 400 mm. Prvni destnik byl dlouhy 11 m, dal$i dva 12 m, vzdy s pfesahem
3 m. Mensi délka mikropilot umoziovala lep$i ucinky injektaze pro tésnéni
masivu. Pri nasledné razbé byl pfitok skutecné vyrazné nizsi, nebyly zadné pro-
blémy se stabilitou bokil a s vyplavovanim poru$ené horniny. Celba byla otvi-
rana po dilCich vyrubech, které byly ihned zajistovany.

Pfi provadéni druhého destniku byl odpor pfi vrtani na pravé strané podstatné
vy$si, takze vzhledem k lep$imu stavu horniny mohly zde byt vzdalenosti mezi
mikropilotami zvétSeny. ProtoZe porucha ustupovala vlevo ve sméru razby,
bylo moiné z tretiho destniku realizovat pouze mikropiloty na levé strané.
Béhem provadéni destnikli pokracovala razba jadra.

Dalsi postup

Dals$i razba kaloty jiz probihala bez vétSich problémd, i kdyZz na zbytku trasy
tunelu prevladaly nepfiznivé geotechnické podminky.

Proréazka kaloty se uskutecnila 12. fijna 2002 se zpozdénim asi 4 mésice. Razba
jadra byla ukonéena v lednu 2003. Betonaze definitivniho osténi se zahajily
v listopadu 2002 a dokonéeni je planovano na ¢erven 2003, coz by mélo umoz-
nit dokonéeni tunelové trouby koncem leto$niho roku. Po jejim uvedeni do pro-
vozu je v roce 2004 planovano uzavieni a rekonstrukce prvni, tj. severni tune-
lové trouby.

Podle zahranicnich podkladii zpracoval: Ing. Miloslav Novotny

Tunel
Cave in at km 0,4799

Excavation then proceeded smoothly up to the chainage of 0,456 km, where
complications appeared again. There was a heterogeneous rock in the upper
section, blocks of rock were more or less broken, and cracks were filled with clay.
Round length was reduced from 1,5 m to 1,3 m, later even to 1,17 m. Lengths of
the roof and side anchors were augmented and 3 m long pipes were used as spi-
les in each round. Almost vertical slide area of faulted zone appeared at the face
at chainage 0,4799. At the same time, radial fractures began to emerfqe at sout-
hern side of last 9 meters of the calotte. Excavation was put on hold and IBO
anchors installed, during whose boring water flowed in. draining bores had to
be realized to reduce the water pressure. Deformations were successfully reme-
died and excavation resumed, but southern side of the calotte again began to
move. Excavation was immediately halted and the mining crew pulled away.
Deformations rose up to 230 mm in horizontal direction and 330 mm in vertical.
Reserve in cross section of the calotte was exhausted, so a re-profiling has to be
performed. It proceeded in small advances with continuous support of the ope-
ning by shotcrete and anchoring. Primary lining thickness was increased to 250
mm. Until the chainage 0,4799, the designed cross section was almost fully res-
tored without major complications. Closely before completion of the re-profiling,
the material began to fall off the sides along with water inflows, Treatment by
shotcrete was ineffective and situation worsened rapidly. Machines as well as
personnel were quickly pulled away from the face. More than 150 n¥* of materi-
al fell out within few hours and primary lining of the last 11 m collapsed. There
was an overbreak 6 m long and reaching 7 m high above the calotte top.

The cave-in was surpassed in similar way as the previous one; core was exca-
vated up to chainage 0,350 at the same time.

Faulted zone between km 1,047 and 1,080
There was an anticipated large weakness zone at chainage 0,970, and therefo-
re exploration bores had been carried out ahead of the face. Along with deteri-
oration of rock condition, round length was reduced to 1,0 m from the chaina-
ge 1,0366. First large water inflow from bores appeared at km 1,0453. At km
1,047, 18 m long anchors were applied at the face and a double umbrella from
9m long é)routed IBO anchors was realized at the same time. Moreover, there
vyelge 3 é( draining bores with length up to 26 m realized in three levels at the
right side.

evertheless, the water inflow of 20 I/sec did not alleviate. Faulted material
from the right side floated up, at the face as well. The inflow also significantly
complicated closing of the primary calotte lining by the invert. Excavation had
to be put on hold and exploration bores carried out, which have surprisingly
showed that the faulting crosses the alignment askew and penetrated the cross
section at least next 33 m, i.e. until the chainage 1,080. .
It was decided to carry out the following excavation under the protection of
umbrellas from grouted micropiles. They were bored from right side towards
the top with spacing between pipes of 400 mm. The first umbrella was 11 m
long, nexttwo 12 m, alwa%s with a 3 m overlapping. Shorter length of the mic-
ropiles enabled higher effects of the sealing grouting. And the subsequent
excavation truly experienced significantly lower water inflows; there were no
problems with stability of sides or outwashing of fractured rock. The face was
opened in partial cuts, which were immediately secured.

oring resistance at the right side during realization of the second umbrella was
much higher, therefore, with regards to better condition of rock, the distances
between micropiles could be increased. Because the fracturing moved to the left
side of the excavation, only micropiles on the left side were realized from the
third umbrella. Excavation of core proceeded during realization of the umbrellas

Further procedure

Further top heading excavation proceeded without major problems, although
unfavorable geotechnical conditions prevailed at remaining length of the tunnel.
The top heading breakthrough took place with about 4 months delay on Octo-
ber 12, 2002. Excavation of core was completed in January 2003. Concrete pla-
cement of the final lining began in November 2002 and the completion is plan-
ned on June 2003, which would allow to finish the tunnel tube by the end of
this year. When it will have been put into operation in 2004, closing and refur-
bishment of the first, e.g. northern, tunnel tube will be carried out.

Based on foreign materials elaborated by: Ing. Miloslav Novotny

ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES ITA/AITES AMSTERODAM 2003

Nizozemské krélovstvi, respektive jeho hlavni mésto Amsterodam, hostilo ve
dnech 12.-17. dubna 2003 svétovy tunelafsky kongres ITA/AITES. Kongres
se konal v kongresovém centru RAI a jeho zékladni moto bylo ,Ziskavéni
(znovuziskani) podzemniho prostoru” - ,(Re)Claiming the underground
space”.

Nizozemsti organizatofi zamérenim kongresu védomé navazali na staleté zku-
Senosti jejich zemé s vytvarenim nového prostoru pro Zivot lidi z Uzemi zatope-
ného mofem. Mnohdy se jednalo i o znovuziskani ploch, které lidé uzivali, ale
mofe je nésledné zatopilo a bylo nutno vynaloZit mnoho Usili, aby byly znovu
vysu$eny a upraveny pro zemeédélstvi nebo jiné ucely.

V urbanizovanych oblastech je dnes obecné ploch na povrchu Gzemi nedosta-
tek. Tunelarské technologie nabizeji stale efektivnéjsi moznosti vyuzivani pro-
storu pod povrchem. Pfesto situace neni uspokojiva. Chybi lepsi systematic-
nost pfi planovani vyuZiti podzemi, lep$i znalosti o podzemi (geotechnické
parametry, existujici zafizeni a objekty), lep$i vyuZiti socialné-ekonomickych pfi-
nosU vyuZiti podzemi pfi rozhodovani o nové vystavbé i dal$i zlepSovani
v oblasti smluvni. S tim samoziejmé souvisi i stalé technické i ekonomické zlep-
Sovani tunelarskych technologii.

THE WORLD TUNNELING CONGRESS ITA/AITES AMISTERDAM 2003

The Kingdom of Netherlands, its capital Amsterdam respectively, hosted
the world tunneling congress ITA/AITES during April 12-17, 2003. The con-
gress took place in the congress center RAl and its basic motto was “(Re)
Claiming the underground space”.

Dutch organizers have with focus of the congress knowingly linked of the
several hundred years of experience of their country with creation of new
living space for areas below the sea level. Often it also concerned reclai-
ming of areas, which had been used by people before the sea subsequ-
ently flooded them, and a lot of strength had to be invested in their repea-
ted drainage and adjustment for agricultural or other purposes.

Within urbanized regions, there is generally a lack of surface areas. Tunneling
technologies are offering always more effective capabilities to use the sub-
surface space. Nonetheless, the situation is not satisfactory. There is a lack of
better systematic planning of use of the underground, better knowledge
about the underground (geotechnical parameters, existing installations and
structures), better use of the socioeconomic contributions of use of the
underground in the decision-making process of new constructions as well as
further improvement in the contractual area. Of course, further technical and
economic improvement of tunneling technologies is connected to it as well.

—
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Jednani konference probihalo po jednotlivych sekcich, coz umoZiiuje Géastni-
kovi vybrat prednasky, které ho nejvice zajimaji, soucasné to ale pribéh konfe-
rence ponékud atomizuje. Najit lepsi model nebo vyvéazeny kompromis, ktery
by znamenal omezeni poCtu prezentovanych pfispévkl (a tim mozna i Ucastni-
kt), se zatim nedafi.

Session of the conference proceeded within individual committees, which
allows the participant to choose lectures that he is most interested in, but it also
fragments the conference at the same time. It has not yet been achieved to find
a better model or a balanced compromise, which would result in reduction of
amount of the delivered contributions (thus also amount of participants).

Clenské staty zastoupené na Valném shromazdéni ITA/AITES / Member nations represented:

South Africa, Germany, Saudi Arabia,Australia, Austria, Belgium, Brazil, Bulgaria, Canada, China, Colombia, Korea, Croatia, Denmark, Egypt, Spain, United States
of America, Finland, France, Greece, Hungary, India, Italy, Japan, Morocco, Norway, New Zealand, Netherlands, Poland, Portugal, Romania, United Kingdom, Rus-
sia, Singapore, Slovakia, Slovenia, Sweden, Switzerland, Czech Republic, Thailand, Turkey.

Nepfitomné ¢lenské staty / Member nations not represented:

Algeria, Argentina, Chile, Iran, Iceland, Israel, Lesotho, Malaysia, Mexico, Ukrania, Venezuela.

Nové sloZeni Vykonného vyboru IT/-yAITES/ New Executive Council:
Clenové / Members Clensky stat / Member nation

A. Assis Brazil

A. M. Muir Wood United Kingdom
A. Haack Germany

H. Parker USA

H. Oud Netherlands
J.-P. Godard France

J. Hess Czech Republic
A. Nordmark Sweden

K. Ono Japan

H. Wagner Austria

J. Zhao Singapore

Y. Erdem Turkey

M. Knights United Kingdom
F. Vuilleumier Switzerland

C. Berenguier

Expert

S. Calinescu Roumania

Clenstvi / Membership

Funkce / Office Do / Until
President 2004
Honorary President
Past President 2004
Vice President 2004
Vice President 2004
Past Vice President 2004
Past Vice President 2004
2004
2004
2005
2004
2005
2006
Pokladnik / Treasurer 2004
Generalni sekretar / Secretary General 2005
Internal Auditor 2004

Asociace zaregistrovala clenstvi 45 novych pfidruZzenych ¢lenti (25 organizaci a 20 jednotlivei). Celkovy soucasny stav po zapoéteni novych i resignujicich lent

je 52 Elenskych zemi a 276 pridruZenych ¢lend (113 organizaci a 163 jednotlivcti).

The Association has registered the membership of 45 new Affiliate Members (25 Corporate Members and 20 Individual Members); the total results to 52 Member
Nations and 276 Affiliate Members (113 Corporate Members and 163 Individual Members) taking into account radiations and resignations.

Ceska i slovenska Gcast na konferenci hyla vyrazna. Do dvoudilného sborniku
prispévkl byly zatazeny tfi prispévky z Ceské republiky:
- Hasik, RGzi¢ka, Bucek, Zelenka: Prague metro one nave station
Autofi v prispévku popsali technické feseni, sloZité geotechnické podminky
a postup razeb prvni jednolodni stanice realizované na trase IVC1 prazského
metra v Praze - Kobylisich.
- Vitek: Metro tunnels under the Vltava river
V prispévku byly zhodnoceny priibéh a ziskané zkuSenosti z pfipravy a reali-
zace tuneld prazského metra podchazejicich feku VItavu mezi Holesovicemi
a Trojou. Jejich stavba byla provedena unikatni technologii vysouvani Zelezo-
betonovych tubust pod hladinou feky ze suchého doku (jimky), kde byly
vybetonovany, smérem k holeSovickému biehu.
- Bucek, Hert, Smida: Tunneling in an undermined area
Predmétem prispévku byla realizace Zelezni¢niho tunelu Brezno v severnich
Cechach nedaleko od Chomutova. PouZila se predepsana technologie razby
metodou obvodového vrubu, ktera byla konfrontovana s nepfedpokladanym
rozsahem starych dulnich dél.
Organizatofi zafadili vSechny tfi mezi pfispévky uréené k prezentaci. Pfispévky
o jednolodni stanici Kobylisy a tunelu Bfezno prednesl Prof. Bucek a realizaci
tuneld metra v Praze-Troji prezentoval doc. Vitek. Prezentace byly Uspésné, pre-
devsim pak mimoradnou pozornost vyvolala technologie vysouvanych tuneli
pod hladinou feky Vltavy. Znovu se prokazalo, Ze tato stavba byla skute¢né uni-
katni technickym feSenim i podminkami, ve kterych byla realizovana. To t&si
i s ohledem na to, Ze vétSina posluchacl byla ze zemé, ktera ma obrovskou tra-
dici v naplavovanych a potapénych tunelech i jinych, ¢asto mimoradnych, inZe-
nyrskych objektech umistovanych pod hladinou fek i more. Pfipomerfime
pouze, Ze v Praze se provedlo vysunuti dvou Zelezobetonovych tubusi délky
cca 160 m zakfivenych horizontélné i vertikaIné a jejich definitivni usazeni v pre-
dem pfipraveném zéfezu pod dnem feky.
V pribéhu konference se, jak je obvyklé, konalo valné shroméazdéni ITA/AITES
i jednéni exekutivy a pracovnich skupin.

Struénou zpravu o €innosti pracovnich skupin s uvedenim Ceskych zastupcu
obsahuje prehled na nasledujici strané.

There was a significant Czech as well as Slovakian attendance at the confe-
rence. Three contributions from the Czech republic have been filed into the
two-volume proceedings:
- Hasik, RuZicka, Bucek, Zelenka: Prague metro one-vault station
Authors in the contribution described the technical solution, complicated
geotechmcal conditions and procedure of construction of the first single-
ay station realized on the metro track IVC1 in Prague — Kobylisy.
- Vitek: Metro tunnels under the Vlitava river
This contribution evaluated the course and gained experience from
preparation and realization of the Pr?gue metro tunnels underpassing the
Vitava river between HoleSovice a Troja. Their construction was carried
out using a unique technique of launching the reinforced concrete tubes
below the riverbed towards the bank of Holesovice from a dry dock (cof-
ferdams), where the tubes had been concreted.
- Bucek, Hert, Smida: Tunneling in an undermined area
Realization of the tunnel Bfezno in northern Bohemia near Chomutov was
the subject of this contribution. A recommended technology of peripher-
al pre-cut was used, which was confronted with unexpected occurrence
of old mining structures.
The organizers classified all three contributions among those suitable for
presentation. Contributions on the single-bay station Kobylisy and tunnel
Brezno was delivered by Prof. Bucek, and realization of the metro tunnels
in Prague- Troja by Ing. Vitek. Presentations were successful; especially the
technique of launching tunnel tubes below the riverbed drew extraordina-
ry attention. Again it was proved that this construction was absolutely uni-
?_ue, both by the technical solution and conditions in which it was realized.
hat is delightful also with regards to the fact, that majority of the audien-
ce came from a country, which has a vast experience with floated and
immersed tunnels as well as other, often extraordinary engineering works
located below river or seabed. Let us only remind, that Prague saw a
successful launching of two app. 160 m long tubes of reinforced concrete,
horizontally and vertically curved, and their subsequent final laying into
pre-excavated trench below the riverbed.
Session of General assembly of the ITA/AITES as well as sessions of the
executive board and workgroups took place during the course of the confe-
rence as usual. The overview on the following page contains a brief report
on activities of the workgroups along with names of Czech representatives.

—
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Cislo Nazev PS Cesky delegat Cinnost PS wG WG name Czech Delegate WG Activity

PS No.

02 | Vyzkum Doc. Ing. Pavel Pribyl, CSc. Byla dokonéena finalni verze Smérnic pro hodnoceni 02 | Research Doc. Ing. Pavel Pribyl, CSc. Final version of the Guideline for Tunneling Risk
(Research) ELTODO, a.s. rizik pfi tunelovani (Guideline for Tunneling Risk ELTODO, a.s. Management was proposed - modifications based

Dr. Ing. Alexandr Rozsypal Management) - Gpravy na zakladé pfipominek Dr. Ing. Alexandr Rozsypal on comments of the ITA/AITES executive board. Final

SG - Geotechnika vykonného vyboru ITA/AITES. Déle byly provedeny SG - Geotechnika modifications of the document Settlement Induced
posledni Gipravy dokumentu Sedani vyvolané tunelo- by Tunneling were further proposed - final draft will
vanim (Settlement Induced by Tunnelling) - vysledné be submitted to the ive board for evaluation in
znéni bude v lété pfedano vykonnému vyboru summer. The workgroup will focus on the issues of
k posouzeni. Skupina se zaméfi na problematiku prad- explorations necessary for selection of construction
zkumd nutnych pro vybér stavenist a to pro fazi od sites for phases of initial activities till the start of con-
prvotnich &innosti az po zahajeni vystavby. struction work.

03 | Smluvni Ing. Jaromir Zlamal Probéhla diskuse o soucasnych pravnich socialnich, 03 | Contractual Ing. Jaromir Zldmal A discussion proceeded on the existing legal, social
praktiky POHL cz, a. s. finan¢nich aspektech a aspektech Zivotniho prostiedi Practices In POHL ¢z, a. s. financial as well as environmental aspects having
(Contractural ovliviiujicich tunelatsky priimysl a to z pohledu jed- Underground impact on the tunneling industry from the viewpoint
Practices In notlivych zemi. Bylo konstatovana potieba nalézt Construction of individual countries. The need to find independent
Underground nezavislé experty pro formulovani pfijatelného kom- experts for formulating an acceptable compromise
Construction) promisu pro tunelové stavby. Navrh procedur pro for tunnel structures was stressed.

vytipovani téchto expertl je Ukolem této pracovni
skupiny. PGvodnich 25 principl pro zmirnéni rizik pro
tunelové akce (material ITA z devadesatych let) bude
skupinou aktualizovano.

05 | Bezpeénost Neni zéstupce Neni zéstupce. Probiha revize stavajiciho materialu 05 | Health No representative Revision process of the existing Tunneling Safety
a zdravi Bezpet pFi lovani (Tu lling Safety Guieli- and Safety Guidelines advances. Final draft of the Tunneling gui-
(Health nes). Pfipravuje se finalni znéni Smérnic pro tunelo- in Works delines is being prepared for adoption at the upco-
and Safety vani pro odsouhlaseni na pfistim zasedani v Singa- ming session in Singapore (2004). The workgroup
in Works) puru (2004). Skupina shromazduije Udaje pro databa- gathers data for a legal database in the field of health

zi legislativy v oblasti zdravi a bezpe¢nosti. Déle se and safety. The workgroup further deals with the
skupina zaobira problematikou ochrany proti ohni na issues of fire protection of equipment and workpla-
zafizenich a pracovistich v tunelech. ces in tunnels.

06 | Udrzba Ing. Petr Vozarik Za Ggasti pracovniki PIARC probihala diskuse 06 | Maintenance | Ing. Petr Vozarik Discussion about the Guidelines for Structural Fire
a opravy Metrostav, a. s. o smérnicich specifikujicich poZadavky na pozarni and Repair Metrostav, a. s. Resistance for Road Tunnels proceeded by presence
tuneld odolnost konstrukei silnignich tunell s cilem revido- of Tunnels of the PIARC employees with a purpose to revise
(Maintenance vat tyto smérnice (Guidelines for Structural Fire Resi- these.
and Repair stance for Road Tunnels).
of Tunnels)

11 | Ponofované Doc. Ing.Jan Vitek, Jednéni navazovalo na prispévky, které byly predne- 11 | Immersed Doc. Ing.Jan Vitek, Session linked on the contributions delivered at the
a naplavované | CSc. seny v Seattlu na prvnim americkém seminafi. Bylo and Floating CSc. first American seminar in Seattle. It was decided to
tunely rozhodnuto aktualizovat dfive zpracovany material Tunnels update the previously elaborated materials on this
(Immersed o této technologii, rozsifit ho a vydat ve formé vhod- technology, to extend it and publish it in such way as
and Floating né pro internetové pouziti. Skupina se bude v dal$im convenient for the internet use. The workgroup will
Tunnels) obdobi vénovat problematice sedani u tohoto druhu discuss the issues of settlement in these types of tun-

tuneld. nels in future.

12 | Uziti Ing. Pavel Polak Jsou rozpracovany 3 tkoly: 12 | Shotcrete Ing. Pavel Polak There are 3 started tasks:
stiikaného Metrostav, a. s. Ukol €. 1 - soucasny stav oboru; informace zaslalo 21 Use Metrostav, a. s. Task no. 1 - current situation in the field; 21 countries
betonu zemi, do 09/2003 bude provedena sumarizace téchto bmitted information, ization of these materi-
(Shotcrete Use) materialu a prace bude predloZena vykonnému vybo- als will be elaborated till 09/2003 and final draft submit-

ru ITA k zavéreénému odsouhlaseni ted to the ITA/AITES executive board for final approval.
Ukol €. 2. - protipozarni stiikané malty (fire-protecti- Task no 2 - fire-protective sprayable mortars; inventory
ve sprayable mortars); seznam bude dokonéen v ter- will be completed in the same time period as task no. 1
minu jako tkol &. 1 Task no. 3 - shotcrete mechanisms; also here a sum-
Ukol €. 3 - mechanizmy pro stfikany beton; rovnéz zde marization will be elaborated in the same time period
bude provedena sumarizace v terminu jako u tkolu €. 1 as task no. 1

Nové Ukoly - kompilace informaci o soutasném New Tasks - collection of data about the existing sys-
systému zacviku obsluh zafizeni a o oficialnich certi- tem of personnel training and official certifications of
fikacich trysek; sumarizace pfispévkd na téma vyztu- jets; summarization of contributions on the topic of sup-
Zovaci Zebra port ribs

- piehled syntetickych vyztuzovacich prvka (fibra) do - overview of synthetic concrete reinforcing elements
beton (fibers)

- referenéni listy o tunelech provedenych technologii - references about tunnels realized by shotcreting
stfikaného betonu.

14 | Mechanizace Ing. Jifi Mosler Byl dokoncen material ,Klasifikace a definice mecha- 14 | Mechanization | Ing. Jifi Mosler The material “Classification and definition of mecha-
razicich praci Metrostav, a.s. nizovanych stitd” v¢. sborniku doporucenych hesel - of Excavation | Metrostav, a.s. nized shields” was completed including the index of
(Mechaniza-tion | Ing.Vladimir Zeman materél bude prezentovéan na webovych strankach Ing.Vladimir Zeman recommended titles - material will be published on
of Excavation) | Metrostav, a.s. ITA/AITES Metrostav, a.s. the ITA/AITES web pages. .

Dale bylo dohodnuto zpracovat zasady a data pro It was further decided to elaborate the principles and
ugiti rdznych druhd &titd (pro skalni horniny, zemni data for use of various types of shields (for hard rock,
a bentonitové tity). Prvni zavéry maji byt prezento- ground and bentonite shields). First conclusions
vény v Singapuru r. 2004. should be presented in Stngapore 2004. i
Déle se pripravuje shér Gdajd ze staveb, kde byly Collection of data is being prepared from projects
o 2 A 0 q = where mechanized shields were used, with a purpo-
pouzity mechanizované Stity s cilem specifikovat se of specification of fundamental conditions for the
zékladni podminky pro pouZiti této technologie tune- use of this t ling technology - geological explo-
lovéni - geologicky prizkum, névrh planu realizace, ration, proposal on realization programme, preventi-
preventivni méfeni a méfeni na stavbé. ve measurement and on-site measurement.

15 | Podzemi Doc. Ing. Richard Snuparek, CSc | Pripravuje se prezentace zpravy ,Proé jit do podzemi 15 | Underground | Doc. Ing. Richard Snuparek, CSc. | Presentation of the report “Why go underground -
a Zivotni Ustav geoniky AV CR - divody z hlediska ochrany Zivotniho prostiedi and Institute of Geonics by AV CR reasons from the viewpoint of environmental protec-
prostiedi a udrzitelného rozvoje”. Zprava bude vychazet z pris- Environment tion and sustainable development” is being prepa-
(Underground pévka 19 zemi, které dodaly 100 projektii na toto red. The report will be based on contributions from
and Environ- téma. 19 countries, which had submitted 100 projects on
ment) this topic.

16 | Kvalita Ing. Jifi Bélohlav WG dokongila material zabyvaiici se technickymi rysy 16 | Quality Ing. Jii Bélohlav The WG completed a material dealing with technical
(Quality) Metrostav, a. s. a postupy pro hodnoceni kvality tunelarskych praci. Metrostav, a. s. features and procedures for evaluation of the quality

Kone&ny material obsahuje souhrnou zpravu a tabul- of tunneling works. Final draft includes a summary

kovou &ast v&. postupového diagramu &innosti. Mate- report and table annex including a diagram of sequ-

riél bude prezentovan na web. strankach ITA/AITES. ence of activities. Material will be presented on the
ITA/AITES web pages.

17 | Dlouhé tunely | Neni zastupce Byla provedena sumarizace pfispévki cleni WG - 17 | Long Tunnels in| No representative Summarization of contributions from the WG mem-
ve velkych charakteristiky jednotlivych tunelt (jak silni¢nich, tak Great bers was elaborated - characteristics of individual tun-
hloubkéach i Zeleznignich) z hlediska extrémnich podminek pro- Depths nels (road and railway ones) from the viewpoint of
(Long Tunnels vadeni, které komplikuji stanoveni a zhodnoceni rizik extreme conditions for realization, which distort the
in Great Depth) ato v obdobi pfipravy, provadéni a provozu. determination and assessment of risks during prepa-

Byla definovana zakladni metodologie ohodnocovani ration works, realization and operation as well.

téchto rizik - vétsina smérnic se vztahuje k fazi plano- A basic methodology for assessment of these risks

véni a projektovani, prizkumum, zabyvaji se bezped- was defined - most guidelines are related to the pha-

nosti préce, pozadavky na ochranu zivotniho prostre- ses of planning and designing, explorations, they deal

di bghem vystavby i provozu. with the safety of work, and requirements on environ-

Material ma byt dokongen v tomto roce. mental protection during construction and operation.
The material should be completed this year.

18 | Vyevik Dr. Ing. Jan Pruka Bylo dohodnuto pfipravit seznam vysokych kol 18 | Training Dr. Ing. Jan Pruska It was decided to set up an index of universities active
(Training) Stavebni fakulta CVUT zabyvajicich se problematikou tunelovych staveb. Faculty of Engineering CVUT in the field of tunnel structures.

Doc. Ing. Karel Vojtasik, CSc. Dale se skupina zaméfi na: Doc. Ing. Karel Vojtasik, CSc. The group will further focus on the tasks: o
Vysoka kola bariska - vypracovat doporuéujici seznam kateder The Mining College - to elaborate a reco g index of ty
- piipravit zakladni $kolici a didakticky material a zaji- departments o o o
stit jeho publikaci na webovych strankéch ITA/AITES poipacie ,fjg;fc ;gggit;fgf’e /‘;%A‘]’T‘éascmf:;;i
\*Npglprglvlt stla?dg.rgyl,(tlfti(e butdo.ullpri;iar]y' ostaktr&l.rﬂ - to prepare standards to be submitted to the other
HEI7EETIEL CISELSTE O HEEELfp AER [N CES WGs for them to submit didactic materials available in
pozici v jejich zemich their respective countries.
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Cislo Nézev PS Cesky delegat Cinnost PS WG WG name Czech Delegate WG Activity

PS No.

19 | Klasické Ing. Otakar Hasik Byla pfipravena dotaznikova akce pro ¢leny WG, ve 19 | Conventional | Ing. Otakar Hasik A survey was prepared for the WG members, which
tunelovaci METROPOJEKT Praha a.s. které jsou pozadovany zakladni informace o prova- Tunneling METROPOJEKT asked for basic information on tunnels realized by
technologie Ing. Véclav Soukup dénych tunelech klasickou technologii. Sou¢asti pfis- Praha a.s. the conventional technology. A summarization of
(Conventional | Metrostav, a.s. pévkd ma byt i shrnuti smluvnich praktik. Materialy Ing. Vaclav Soukup contractual practices should be part of the contribu-
Tunnelling) maji byt zaslany do 4 mésica. Metrostav, a.s. tions. Materials are to be sent in within 4 months.

20 | Urbanistické Ing. Vaclav Vale$ Probéhlo prvni zasedéni skupiny, ktera byla ustavena 20 | Urban Ing. V4clav Vales First session of the workgroup established in Sydney
problémy - METROPROJEKT Praha a.s. v 1. 2002 v Sydney. Byly rozeslany dotazniky s poZa- Problems, METROPROJEKT Praha a.s. 2002 took place. Surveys with a request for specifi-
feseni davkem na specifikaci urbanistickych probléma, Underground cation of urban problems, that can be solved or have
podzemim které je vhodné nebo byly feSeny podzemnimi stav- Solution been solved by underground structures, were sent
(Urban Prob- bami. out.
lems, Underg-
round Solution)

Ing Miloslav Novotny, Ing Vaclav Vales, Ing. Karel Matzner
ROADWARE 2003 ROADWARE 2003

V poradi jiz devaty Mezinarodni silniéni veletrh Roadware 2003 se konal v Praze
v Primyslovém paléaci na Vystavisti ve dnech 20.-22. 5. 2003 . Tradi¢né pora-
datelem byla Ceské silniéni spole¢nost, kdy? vlastni akci zajistovala agentura
Viaco.

Leto$niho ro¢niku se zucastnilo 96 firem, s jejichz nabidkou se bylo mozno
seznamit v 78 expozicich a v katalogu vystavovatel(.

V katalogu jsou roztfidény firmy do 30 kategorii. Geotechnika, Zakladani staveb
a Podzemni stavby jsou uvedeny v giselniku 23-25 a prezentuje se v nich cca 16
firem. Z ¢lend naSeho CTUK jsou to Metrostav, a. s., Doprastav, a. s., SMP Con-
struction, a. s, ZS Brno, a. s.

Po dokonéeni strukturalnich i personélnich zmén v silniénim hospodaéfstvi se do
katalogu zaradil adresar spravci pozemnich komunikaci zahrnujici také kraje,
statutarni a povéfena mésta.

V Gvodnim predstaveni Ceské silni¢ni spole¢nosti se vedle historického prehle-
du vzniku a ¢innosti prezentuji také nynéjs$i prace a aktivity. Zde by bylo také
nutno vyzvednou praci odbornych sekci, z nichZ vyznamné pracuje sekce Sil-
niéni tunely.

CSS usiluje o zaméreni sekci tak, aby odpovidaly co nejvice nové strukture
mezinarodni AIPCR/PIARC a jejim vybordm.

Déle se pfipomina poradani pravidelnych vyznamnych odbornych akei, jako
jsou v kvétnu v Praze Roadware a celostatni silnicni konference tentokrat
7. a 8. fijna v Plzni. Ze seminafl nutno vyzvednout geotechnicky k novym nor-
mam, dale k problémim mechanizace Udrzby nebo zafijovy k otazkam majet-
kopréavnim pfipravy. Jednou za dva roky se kona také mezinarodni konference
JAsfaltové vozovky”. Ve svétové silni¢ni asociaci (AIPCR/PIARC) ma CSS
zastoupeni v 15 technickych vyborech. Pro vyuZivani informaci a poznatkd byly
pti CSS ustanoveny narodni komitety, v nich? jsou soustfed&ni odbornici a pod-
nikatelské subjekty Ceské republiky. Hlavnim mistem pro publikace védy a praxe
v oboru je ¢asopis Silnicni obzor. Lze jen s potéSenim konstatovat, Ze vzajemna
spolupréace mezi asopisem a nasim ¢asopisem Tunel se Gspé$né, vlivem pra-
covnikl tunelové sekce CSS, rozviji.

Already the ninth international fair Roadware 2003 took place in Prague in the
Industrial Palace at Vystavisté during May 20-22, 2003. It was as traditionally
organized by the Czech Road Society while the proceedings were ensured by
the Viaco agency.
96 companies took part this year, which presented their services in 78 exhibiti-
ons and an exhibition catalogue.
The companies are divided into 3 categories in the catalogue. Geotechnics,
Founding of construction and Underground works are introduced by numbers
23 through 25 are there are 16 companies presenting themselves; from our
ITA/AITES committee these are Metrostav a.s., Doprastav a.s., SMP Constructi-
ona.s, Z.S. Brno a.s.
Following the completion of structural as well as personal changes in road-rela-
ted economy, also the directory of road administrators including regions, sta-
tutory and delegated cities appeared in the catalogue.
The initial introduction of the Czech Road Society mentions not only the histo-
rical overview, but also presents current works and activities. Here it would be
convenient also to praise the work of expert sections, from which the section
Road tunnels contributes remarkably.
The CRS pursues specialization of sections that would as much as possible corres-
pond to the new structure of the international AIPCR/PIARC and its committees.
Furthermore, it mentions the planning of regular significant specialized events
such as Roadware in Prague in May and the national road conference, this time
in Pilsen during October 7-8. As far as seminars are concerned, it is necessary
to mention the geotechnical ones concerning the new standards, issues of
mechanized maintenance and property rights preparation in September. There
is also an international conference “Asphalt roads” held every two years. Wit-
hin the world road association AIPCR/PIARC, the CRS is represented in 15 tech-
nical committees. In order to gain access to information and knowledge, natio-
nal committees have been set up under the CRS, which bring together profes-
sionals and business subjects from the Czech republic. The Road Review maga-
zine is the main center for publications from science and practice in the given
field. It can be stated with delight, that mutual cooperation between this maga-
zine and our magazine Tunel successfully evolves especially due to employees
of the CSR tunnel section.

Ing. Petr Vozarik

Obr. 1 Zahéajeni veletrhu Roadware za (i¢asti ministra dopravy Ing. Simonovského
Fig. 1 Opening of the Roadware fair with participation of the Minister of Transport Ing. Simonovsky

—
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PRAZSKE GEOTECHNICKE DNY 2003

Jako kazdoroéné méli odbornici z oboru geotechniky prilezZitost setkat se v kvét-
nu na Prazskych geotechnickych dnech. Organizatorem byla tradi¢né Stavebni
geologie - Geotechnika, a. s. ve spolupréaci s Ceskou geotechnickou spolecnos-
ti a Ceskym vyborem pro mechaniku zemin a zakladani staveb.

Seminaf se vénoval rliznym pfipadiim zahrnujicim problematiku vlivu extrém-
nich podminek na geotechnické konstrukce. Soucasti seminare byl i workshop,
jehoz tématem tentokrat byla ,Role geotechniky ve strategii protipovodriové
ochrany uzemi a méstskych sidel”.

Prvni den odpoledne byla pfednesena v poradi jiz jedendacta Prazska geotech-
nicka prednaska. Jeji téma: , Geotechnical Problems at the Great Belt Crossing”
bylo inspirujici i pro odborniky z oboru podzemnich staveb (délka Zelezni¢niho
tunelu cca 8 km). Pfednasejicim byl Prof. Niels Krebs Ovesen.

Jiz po druhé byla na seminéafi vyhléSena cena Akademika Zaruby pro mladé
geotechniky do véku 35 let.

V dopolednim odborném seminéfi, ktery predchazel Praiskou geotechnickou
prednasku, byly predneseny nasledujici referaty:

- Stabilitni feseni extrémné vysokeé skladky odpadd umisténé v byvalém kamenolomu
- Geotechnicka problematika jednolodni stanice metra Kobylisy

- Geotechnické problémy protipovodfiovych hrazi

- Hloubeni mélkého tunelu v Marseille

- ZaloZeni vétrné elektrarny na uhelné vysypce s vyuzitim hloubkového zhutrovani
Pro ¢tenare Casopisu Tunel byly zajimavé predevsim prispévky tykajici se tune-
lovych staveb v zahranici.

Hloubeni mélkého tunelu v Marseille

(Jean-Michel Rescoussier, Francie, EEG SIMECSOL-ARCADIS)

Autor se zabyval ndvrhem a realizaci tunelu podchazejicim v hloubce pouze
nékolika metrd pod radnici v Marseille. Dlraz byl v pfednasce polozen na pou-
Ziti MKP pfi vypo¢tu tunelu a na technologicky postup vystavby se zamérenim
na budovéni mikropilotového destniku a na feSeni zmény vysky vyztuznych
ocelovych nosnikd s vyuzitim hydraulickych zvedaku.

PRAZSKA GEOTECHNICKA PREDNASKA

Geotechnical Problems at the Great Belt Crossing

(Prof. Niels Krebs Ovesen, Dansky geotechnicky institut, Dansko)

Profesor Ovesen vybral pro 11. Prazskou geotechnickou pfednasku téma vysti-
hujici geotechnické problémy, které je zapotfebi fesit pfi tak rozsahlych projek-
tech, jako byla vystavba 18 km dlouhého Zelezni¢niho a silniéniho propojeni
Danska a Svédska.

Soucasti celého projektu je také vychodni (zelezni¢ni) tunel délky cca 8 km, ktery
je ve skutecnosti tvofen dvéma tunelovymi troubami ve vzdalenosti 125 m, pro-
pojovanymi pfiénymi chodbami po 250 m. V této ¢asti prednasky se profesor
Ovesen kromé jiného zabyval posuzovanim rizika vyskytu balvani omezujicich

PRAGUE GEOTECHNICAL DAYS 2003

As every year in May, professionals from the field of geotechnics had an oppor-
tunity to meet at the Prague Geotechnical Days. It was as traditionally organi-
zed by Stavebni geologie - Geotechnika a.s. in cooperation with the Czech Geo-
technical Society and the Czech Committee for soil mechanics and founding
of structures.

The seminar was dedicated to different cases covering the issues of impact
of extreme conditions on geotechnical structures. A workshop called “Role
of geotechnics in strategy of anti-flood protection of urban areas and residen-
ces” was part of the seminar.

The already 11" consecutive Prague geotechnical lecture was delivered in the
afternoon on the first day. Its topic : “Geotechnical Problems at the Great Belt
Crossing” was very inspiring even for those professionals from the field
of underground works (railway tunnel length of app. 8km). Prof. Niels Krebs
Ovesen was the lecturer.

For the second time, Academician Zaruba's award for young geotechnicians up
to 35 years was given out at the seminar.

During the specialized morning seminar, which preceded the Prague geotech-
nical lecture, the following speeches were delivered:

- Stability solution of an extremely high waste disposal, located in a former quarry
- Geotechnical issues of the single-bay subway station Kobylisy

- Geotechnical issues of the anti-flood embankments

- Shallow cut-and-cover tunnel in Marseille

- Founding of a wind power plant on a coal landfill with use of deep compaction
Mostly the contributions concerning foreign tunnel structures were interesting
for readers of the Tunel magazine.

Shallow cut-and-cover tunnel in Marseille

(Jean-Michel Rescoussier, France, EEG SIMECSOL-ARCADIS)

The author dealt with a design and realization of the tunnel underpassing the
city hall of Marseille at a depth of only several meters. The lecture emphasized
the use of the FEM during tunnel calculation and the technological procedure
with focus on the construction of micropile umbrella and solution of changing
the elevation support frames using hydraulic jacks.

PRAGUE GEOTECHNICAL LECTURE

Geotechnical Problems at the Great Belt Crossing

(Prof. Niels Krebs Ovesen, Danish Geotechnical Institute, Denmark)

Professor Ovesen selected a topic for the 11" Prague geotechnical lecture,
which conveniently formulates the geotechnical problems that are to be dealt
with during large projects such as the construction of the 18 km long railway
and road connection of Denmark and Sweden.

Obr. 1 Regeni startovaci jamy pfi budovéni ochranného mikropilotového destniku
Fig. 1 Solution of the starting pit during construction of the protective micropile
umbrella

Obr. 2 Jeden ze Ctyf razicich §titl o prdméru 7,7 m
Fig. 2 One of the four driving shields with diameter of 7,7 m

Obr. 3 Letecky pohled na dokon&ené propojeni Danska a Svédska
Fig. 3 Aerial view of the completed connection between Denmark and Sweden

The entire project also includes 8 km long eastern (railway) tunnel, which in fact
consists of two tunnel tubes at a distance of 125 m, connected by cross passa-
ges every 250 m. In this part of the lecture professor Ovesen beside other dealt
with the assessment of risks of boulder occurrence, limiting the performance of
driving shields (there were four of them deployed, all with diameter of 7,7 m).
He also in detail described the method of solving the accident, when the tunnel
under construction was flooded (combination of intensive water pumping and
sealing of the seabed). He also mentioned the situation following a fire, which
prevented one of driving shields from further use.

—
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vykon razicich §titd (nasazeny byly ¢tyfi, vSechny o prdméru 7,7 m). Podrobné
rozebral i zplisob feseni havarie, pfi niz byl rozestavény tunel zaplaven (kombi-
nace intenzivniho ¢erpéani vody a tésnéni mofského dna). Zminil i situaci na stav-
bé po pozaru, ktery znemoznil dalsi vyuZziti jednoho z razicich stitG.

VySe uvedené skuteénosti vedly k tomu, Ze tunel byl dokonéen s ro¢nim zpoz-
dénim a finanéni naklady na néj vzrostly témér na dvojnasobek.

O aspésnosti celého projektu svédci fakt, Ze pocet prepravenych vozidel je dvoj-
nasobny ve srovnanim s minulosti, kdy bylo mozno vyuzit pouze trajekt.

Zaznamy prednasek na CD jsou pro zajemce k dispozici v SG Geotechnika

A. Rozsypal

VYMENA SKUSENOSTi NA VAHOSTAVE - TUNELY
A SPECIALNE ZAKLADANIA, a. s., BRATISLAVA

K udrzaniu vysokej odbornej Urovne je nevyhnutna schopnost vyuzit kazdu pri-
leZitost k pouceniu, a to aj zo skusenosti inych. Pre Vahostav — Tunely a $peci-
alne zakladania, a. s., bola takouto prileZitostou Gcast skupiny veducich pracov-
nikov - Ing. Schnierer, Ing. Sibert a Ing. Cuth - na Svetovom tunelarskom kon-
grese v Amsterdame v dioch 12.-17. aprila 2003.

Ucastnici zahranicnej cesty si ziskané poznatky nenechali pre seba a prezento-
vali ich na roz§irenej porade technickych pracovnikov spolo¢nosti dfia 28. aprila
2003. Okrem informacii o vystipeniach na pdde kongresového palaca, ktoré su
zdokumentované v zborniku, podrobne popisali svoje zaZitky z exkurzie na prave
dokonéenu stavbu tunela Westerchelde. Ucelom tejto investicie, ktord sa ma vra-
tit za 30 rokov, bolo vytvorenie jedného z poslednych chybajtcich cestnych pre-
pojeni v ostrovnej provincii Zeeland a to medzi Flamskom a centralnym Beve-
landom a tym aj s ostatnymi oblastami Holandska. Westercheldetunel vytvoril
permanentnu a nezavislu nahradu za trajektovu sluzbu, ktora spdsobovala znac-
né prestoje ¢akanim pocas hustej letnej premavky a nemoznostou prevadzky
v noci a v nepriaznivom pocasi. Pri dobe prepravy cca 30 mindt trajektova sluz-
ba prepravila 5 plavidlami v priemere 7,5 tisic automobilov denne s vyhladom
rocného prirastku okolo 2 %. Denna kapacita tunela je 27 tisic vozidiel.

S priebehom vystavby, vratane rieSenia 4 mimoriadnych situacii, vo svojej
prednaske oboznamil ucastnikov exkurzie vykonny riaditel realizujtcej organi-
zécie NV Westerscheldetunel, Wim van de Linde. Westerscheldetunel je unikat-
ne dielo. Je to najdlhsi tunel zapadnej Eurdpy, vyrazeny v mékkej hornine. Preto
bolo potrebné rozsiahle vyuZivanie skusenosti inych krajin, najma Japonska. Aj
preto je tato stavba predmetom velkého zaujmu odbornej verejnosti nielen
holandskej, ale aj zahrani¢nej. Dlzka tunela je 6,6 km, hruby priemer 11,3 m,
maximalny sklon 4,5 %, doba vystavby vratane projekcie 80 mesiacov a celko-
vé naklady 726 milionov EUR (bez DPH). Tunel pozostéava z dvoch jednosmer-
nych tunelovych rur kruhového prierezu, v ktorych su po dva jazdné pruhy sirky
3,5 m. Medzi tunelovymi rdrami je 12 m pdvodnej horniny. Rury su kazdych 250 m
vzajomne prepojené bezpecnostnou prerazkou.

Tunelové rury sa razili prevazne v ilovitej hornine a z Casti vo zvodnelych pies-
koch dvomi bentonitovymi §titmi, vybavenymi plnoprofilovymi reznymi hlava-
mi. Obidva raziace stroje nemeckej vyroby, konstruované $pecialne pre tito
stavbu, postupovali sucasne smerom k Bevelandu, priemernou rychlostou
12 m za den, so vzajomnym odstupom 2-3 mesiace. Ostenie tunelovych rur je
konstruované z betonovych prefabrikatov hrubky 450 mm. Spojky medzi tune-
lovymi rdrami sa razili v hornine zmrazenej do vzdialenosti cca 2 m od lica vyru-
bu. Primarne ostenie spojovacich prekopov tvoril striekany beton hribky 25 cm
a sekundarne Zelezobetdnovy monolit hribky 40 cm.

Na zéver prezentacie odpovedali U¢astnici zahrani¢nej cesty na mnozZstvo ota-
zok o technickych podrobnostiach a 0 moZnostiach ich vyuZitia na pracoviskéach
Vahostavu Tunely a $pecialne zakladania.

The aforementioned facts caused that the tunnel was completed with one-year
delay and financial costs almost doubled.

Success of the entire project is also evidenced by the fact, that the number
of transit vehicles is twice the number in the past, when only a ferry could be
used.

Full texts of lectures on CD can be obtained at SG - Geotechnika

A. Rozsypal

EXCHANGE OF EXPERIENCE IN VAHOSTAV - TUNELY
A SPECIALNE ZAKLADANIA, a. s., BRATISLAVA

In order to keep a high professional level there has to be an ability to use every
opportunity to learn and also from the experience of others. Participation of a
group of senior employees - Ing. Schnierer, Ing. Sibert a Ing. Cath - at the World
tunneling congress in Amsterdam in April 12-17, 2003, was such opportunity
for Vahostav - Tunely a Specialne zakladania, a.s.

Participants of the trip abroad did not keep the acquired knowledge for the-
mselves, but presented them at a plenary meeting of technical staff of the com-
pany on April 28, 2003. Beside information about presentations within the Con-
gress palace, summarized in the proceedings, they into detail described their
experience from excursion to recently completed construction of the Westers-
chelde tunnel. The purpose of this investment with return in 30 years was to
create one of the last missing road links in the island province Zeeland, and
thus between Flanders and the central Beveland and through it also with other
regions of the Netherlands. The Westerschelde tunnel created a permanent and
independent replacement for the ferry service, which experienced severe
downtimes during summer operation and was unable to operate at night or by
unfavorable weather conditions. With a travel time of app. 30 minutes, ferry
service transported a daily average of 7 500 vehicles using five ships with pro-
spects of a year-to-year increase of about 2 %. Daily capacity of the tunnel is 27
000 vehicles.

Chief executive officer of the realizing VN Westerscheldetunel company, Wim
van de Linde, held a lecture for the excursion )parﬁcipants, in which he spoke
about the procedure of construction, including four emergency situations. Wes-
terscheldetunel is a uni%ue work. It is the longest tunnel in western Europe,
excavated in soft rock. Therefore, it was necessary to use extensive experience
from other countries, especially Japan. That is also the reason why this struc-
ture is in the center of attention of not only domestic, but also international pro-
fessional community. The tunnel is 6,6 km long with gross diameter of 11,3 and
maximal slope of 4,5 %. Time of construction includin designin7g took 80
months and total costs reached 726 million Euro (excluding VAT). The tunnel
consists of two single-direction tunnel tubes of circular cross section, while
each contains two 3,5 m wide lanes. There are 12 meters of original rock bet-
ween the tubes. The tubes are connected with one another every 250 m by a
safety cross passage.

The tunnel tubes have been excavated in mainly clayey rock and partially in
water-bearing sands using two bentonite shields, equipped with full-face cut-
terheads. Both driving machines made in Germany, designed particularly for
this construction, advanced towards Beveland with average speed of 12 m per
day and time difference of 2-3 months. Lining of the tunnel tubes is construc-
ted from 450 mm thick precast concrete segments. Corridors between the tun-
nel tubes were excavated in rock that had been frozen up to 2 m away from the
excavated opening. Primary lining of the cross passages consisted of 25 cm
thick shotcrete and secondary of 40 cm reinforced monolith.

In the end of presentation, participants of the foreign trip answered many ques-
tions concerning technical details and possibilities of their use within workpla-
ces of Vdhostav - Tunely a Specidlne zakladania.

Ing. Stanislav SIBERT
Vahostav - Tunely a Speciélne zakladania, a. s.
BRATISLAVA
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Tunel

ZPRAVODAJ CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELLING COMMITTEE REPORTS

(to attention of the CTuC members: Minutes of the CTuC General Assembly)
ZAPIS

ze zasedani Valného shromazdéni Ceského tunelaiského komitétu ITA/AITES,
které se konalo dne 3. ¢ervna 2003 v hotelu Extol Inn, Pfistavni 2, Praha 7

Pritomni: 36 delegatl zastupujicich 30 &lenskych organizaci, 6 individualnich ¢lend,
6 hostd, &lenové predsednictva a sekretariatu CTuK, celkem 50 pitomnych dle prezeng-
ni listiny uloZené v sekretaridtu CTuK

Omluveni: Ing. Smolik, Ing. Stastny, Ing. Svoboda, Ing. Polék

Program jednani: podle pozvanky

Predané podklady delegatim:

* Pozvanka s programem jednani

« Vlysledek hospodareni v roce 2002 a navrh rozpoctu na rok 2003

« Pehled Pracovnich skupin (WG) ITA/AITES 2003 s uvedenim zastupcti CTuK

1. Privitani pfitomnych a zprava o ¢innosti CTuK za obdobi od podzimniho Pracovniho
shroméazdéni v Praze (Ing. Hess)

Cinnost komitétu a jeho predsednictva pokragovala ve smyslu zavér( z Pracovniho shro-
mazdéni v Praze. Byla zaméfena zejména na dobrou reprezentaci naSeho komitétu na
Svétovém kongresu v Amsterdamu, na rozvoj ¢innosti nasich dvou pracovnich skupin -
Stiikany beton a Bezpe&nost provozu v tunelech, na hospodareni komitétu a na pfipravu
konference PS Praha 2003. Predsednictvo déle projednalo nutna opatieni ke kandidatu-
fe na usporadani Svétového tunelaiského kongresu 2007 v Praze a zésadni Ukoly jeho
dlouhodobé pripravy.

2. Zprava z jednani Executive Council ITA/AITES a ze Svétového tunelaiského kongresu
v Amsterdamu (Ing. Hess)

Kongresu se zUcastnilo na 900 odbornikli ze vSech kontinentd. Prispévky prednesené
nasimi zastupci mély velmi dobrou odezvu Gcastnikli kongresu. K uspésné propagaci
naseho &asopisu Tunel a konference PS Praha 2003 piispél stanek CTuK, kde byly k dis-
pozici minuly roénik i jednotliva Cisla ¢asopisu, pfijimaly se subskripce, rozdavaly
pozvanky na konferenci a pfijimaly adresy zajemcl o Ucast. V&tSina materiald byla jiz
prvni den rozebrana. Delegéaty CTuK na Valné shromazdéni ITA/AITES byli predsednic-
tvem CTuK jmenovani Ing. B&lohlav a Ing. Romancov, na meeting EC ITA/AITES a komu-
nikaénich médii Ing. Matzner. V dopliiovacich volbach do EC ITA/AITES byl zvolen do
funkce vice-prezidenta pan Oud a jako dalsi ¢len predsednictva Anglican Knight. Vyz-
namna rozhodnuti byla pfijata v oblasti internetové komunikace a publikaéni &innosti: Tri-
bune bude vychézet jednou ro¢né jako vyrocni zprava a ITA bude mési¢né vydavat e-
mailové noviny — e-mail News, kde bude aktualné informovat o svych aktivitach a novin-
kéch v oboru podzemniho stavitelstvi. Kromé toho bude déle vedena internetova stran-
ka ITA/AITES. Tiskové komuniké z kongresu bude uvedeno v ¢. 3 ¢asopisu TUNEL.

3. Zprava o ¢innosti pracovnich skupin WG ITA/AITES a o nasem zastoupeni (Ing. Vales)
V predaném materidlu delegati obdrZeli prehled nasich zastupct ve WG, animatért
a tutor(i. Stale nemame zéastupce ve WG 5 Bezpegnost a zdravi. Vyzyvame ¢Elenské sub-
jekty, aby predaly do sekretaridtu navrhy pfipadnych zajemcu. Delegéti byli pak struéné
seznameni s rozsahem, resp. vystupy ¢innosti jednotlivych WG. Zprava o aktivitich WG
bude rovnéz otisténa v ¢. 3 TUNEL.

4. Zprava o vysledku hospodareni CTuK v roce 2002 a schvaleni rozpoétu na rok 2003
(Ing. Doubek)

Z materialt predanych delegattim vyplyva, Ze v uplynulém roce bylo dosazeno Uspory
3,9 tis. K¢ oproti planovanému schodku 100 tis. K&. PFi tom byla odepsana ¢ast nedobyt-
nych pohledévek. K vyrazné uspore doslo v edi¢nich nakladech na TUNEL v oblasti gra-
fiky vyuzivanim digitalnich forem ilustraci. Trvalym negativem jsou skluzy v platbach
STA, které ¢ini 157 637 K¢ za rok 2002. Tisnivou finanéni situaci koncem roku se nam
podafilo preklenout porozuménim nékterych nasich ¢lenskych subjektt a Ghradou ¢len-
skych povinnosti na rok 2003 v predstihu.

Rozpocet na rok 2003 byl sestaven s prihlédnutim k dosazenym vysledkiim z minulého
obdobi a k jiz schvalenému rozpoctu na konferenci PS Praha 2003. Ocekavany zisk je
pfimo zavisly na dosazeni planovaného poctu 250 Ucastnikll konference.

Delegéti hlasovanim aklamaci pfijali jednomysIné usneseni ad 3.:

Zpréva o hospodareni v roce 2002 a predloZeny navrh rozpoctu na rok 2003 se bez pri-
pominek schvaluji.

5. Zprava o stavu clenské zakladny (Ing. Matzner)

Smlouva s Pragoprojektem byla podepséana. Tim bylo dosazeno celkového pottu &len-
skych organizaci 41, tj. 0 5 vice, nez jsme evidovali pred rokem. Rozdéleni podle kategorii:
kat. A (velké dodavatelské organizace) - 3, B (malé dodavatelské) - 12,

C (velké inzenyrské) - 7), D (malé inZenyrské) - 13, E (instituce a cestné ¢lenské subjekty) - 6.
Stav individualnich ¢lend je 32 (loni 33), k tomu v8ak dnes pfibyl dalsi ¢len - Ing. Socha,
ktery byl pfitomnymi delegaty uvitan. Tim se stav vratil na pavodnich 33.

Delegéti byli vyzvani ke kontrole spojeni (adresa, tel/fax, e-mail) resp. k priibéznému hla-
$eni zmén.

6. Zprava o cinnosti nasich pracovnich skupin (Prof. Pfibyl, Ing. Hess)

Dvé pracovni skupiny Uspésné pokracuji ve své ¢innosti:

1) Vybor pro bezpeénost podzemnich staveb CTuK (predseda Prof. Piibyl)

Cinnost skupiny se zaméfuje na aplikaci nejnov&jsich poznatk(i z vyhodnoceni provoz-
nich havarii na podzemnich stavbéach z poslednich let do pfipravovanych novel predpist
v ramci CR. Tomu bude vénovano i dalsi fadné zasedani Viyboru svolané na 14. 7. 2003
do Metroprojektu Praha, I. P. Pavlovo 2, Praha 2. Hlavni néplni bude projednani navrhu
smérnice Evropského parlamentu o minimalnim vybaveni tunelli v transevropské siti
(dokument 2002/0309 COD) z hlediska dopadu na nase predpisy a standardy.

2) Pracovni skupina Stfikany beton v podzemnim stavitelstvi (pfedseda Ing. Polak)
Skupina ukongila svaj prvni vystup ,Doporuceni pro aplikaci stfikaného betonu v pod-
zemnim stavitelstvi”. Po konzultaci s Prof. Bartakem byl vystup publikovan na interneto-
vé strance CTuK.

7. Ediéni zaméry Redakéni rady éasopisu TUNEL v roce 2003/2004 (Ing. Romancov)
Vlydavame Casopis spolecné s STA, s niZ se délime o edi¢éni naklady. Skluzy v Ghradg fak-
tur tohoto podilu vazné ohroZuji vydavani ¢asopisu v dosavadnim rozsahu a kvalité, a to
i pres Uspory, kterych jsme dosahli. Casopis je u nas i ve svété vysoko hodnocen, patfi
mezi Ctyfi nejlepsi z naSeho oboru a redakéni rada je rozhodnuta z dosazené Urovné
neslevovat a drzet ji i nadale. O kvalité ¢asopisu rozhoduje nejen kvalita obsahu &lankd,
ale i uroven jejich grafickych pfiloh. Zde mame jesté rezervy. Apelujeme proto na vech-
ny autory, z nichz mnozi jsou z fad delegat(i nebo z €lenskych organizaci, aby digitalni
grafické podklady pro tisk pfedkladali vyhradné na nosici (ne e-mailem), zpracovali je
v zjednodu$ené Upravé zarucujici srozumitelnost i pfi nutném zmenseni, a popisky uved-
li dvojjazy¢né. Jinak je nutno prvky v obrazku ocislovat a mimo grafickou pfilohu napsat
odpovidajici ¢eskou legendu. Uzévérka kazdého &isla je do konce prostfedniho mésice
Ctvrtleti. Valné shromazdéni pfijalo jiz v roce 2001 usneseni, Ze kazda ¢lenské organizace
zajisti v béZném roce dva inzeraty (své &i svych subdodavatelt, kooperantd apod.) a na
kazdém dalSim shromézdéni si tento zavazek pfipomindme. Proto i dnes inzerci pfipo-
mindme jako dlleZitou polozku v prijmové Casti rozpoctu CTuK, ktery delegéti pravé
schvalili. Redakéni rada pfipravuje Cisla 3 a 4 pro ucastniky konference, pfi cemz ¢. 4
vyjde ke konferenci s tivodnikem predsedy CTuK a bude vénovéano kligovym pFispévkim
v jednotlivych sekcich konference &i jejich shrnuti.

8. Informace z ¢innosti pfibuznych odbornych spoleénosti (Prof. Aldorf)

Navazali jsme spojeni s redakci polského hornického ¢asopisu (Prof. Aldorf je ¢lenem
redakéni rady). V jeho pfistim ¢isle vyjde souhrnny ¢lanek Prof. Bartdka o ¢eském pod-
zemnim stavitelstvi a o¢ekadvame reciproéni ¢lanek z polské strany. V dalsim Cisle dosta-
vame prostor na ¢tyfi ¢lanky. Zajemci o publikaci v polslém tisku necht se pfihlasi v sekre-
tariatu CTuK. Z ginnosti pribuznych organizaci uvadime zajimavéa sympézia a konference
vC. spojeni na organizatora:

25, - 28. 8. 2003, Praha - XIlI. kongres ISSMGE, ecsmge@guarant.cz

- 19. 9. 2003, Petrohrad - mezinarodni konference: Rekonstrukce historickych mést
a geotechnické inZzenyrstvi, mbl@georec.spb.ru, www.georec.spb.ru/conference.htm

- 26. 9. 2003, Malenovice-Frydlant n/Ostravici - sympozium: Vlaknobetony a vysoko-
hodnotné betony 2003, sekurkon@sekurkon.cz, www.sekurkon.cz

13. - 15. 10. 2003, Stockholm - mezinarodni konference GeoProc 2003: Pfenos tepla,
hmoty a chemickych latek v horninovém prosttedi, info@check-out.se, www.geoproc.org

9. Stav pripravy konference PS Praha 2003 (Prof. Bartak)

Pfipravny vybor konference na pravé skonéeném jednani sumarizoval doslé prispévky
do jednotlivych tematickych okruhti a konstatoval po uzéavérce tyto podty:

Okruh A: 9

Okruh B: 27

Okruh C: 42

Okruh D: 8

Déle projednal obsah pfipravované brozury Program konference, stanovil jeji ¢asovy
porad, vybral prispévky k prezentaci na konferenci a odsouhlasil formuléf prihlasky. Dale
uzaviel seznam 86 prispévkl, které budou zahrnuty do Sborniku konference a nékteré
vratil autorm k doplnéni. TéméF tfetina pFispévki je od zahraniénich autord.

10. Organizaéni opatieni nutna k uvazovanému usporadani Svétového tunelaiského
kongresu ITA/AITES v roce 2007 v Praze (Ing. Hess, Ing. Romancov)

O misté konani kongresu 2007 a tim i misté Valného shromazdéni ITA/AITES se bude roz-
hodovat v pfi§tim roce v Singapuru. N&s zajem je nutno prezentovat jiZ letos na podzim
a oficielni Zadost o uspofadani podle stanov ITA/AITES poslat zacatkem pfistiho roku.
Protoze narodni organizace ITA/AITES je garantem akce, jeji predseda se na pfislusnou
dobu do roku konani kongresu stava clenem Executive Council. Nase soucasné pred-
sednictvo ma mandat do pfistiho roku, kdy by mély byt volby nového pfedsednictva.
ProtoZe vSak naSe zadost musi byt odeslana dfive, doporucuje stavajici predsednictvo
usporadat volby nového predsednictva, které bude za usporadani kongresu odpovidat,
jiZ letos pfi Pracovnim shromazdéni CTuK koncem listopadu. Kongres je nutno uspofa-
dat na zcela profesionalni Urovni a na zékladé smluv o obchodnich vztazich, uzavienych
néasledné po kladném rozhodnuti ITA/AITES v prvni poloviné roku 2004.

Delegéti hlasovanim aklamaci pfijali jednomysiné usneseni ad 10.:

Usporédani voleb do predsednictva CTuK v navrhovaném terminu pfi Pracovnim shro-
mazdéni v tomto roce se z prednesenych divodu bez pripominek schvaluje.

K tomu ucelu je nutné, aby ¢lenské organizace podaly navrh svych kandidatt na funkei
predsedy a élenti pfedsednictva nejpozdéji do 30. zafi 2003 do sekretariatu CTuK.

11. Riizné

Delegéti byli pozadani o zajisténi podzimniho Pracovniho shroméazdéni s moznosti pre-
zentace vlastni firmy a s pfipadnou exkurzi na zajimavou stavbu. Zajemci necht se pfi-
hlasi v sekretariatu CTuK.

12. Aktualni informace webmastera CTuK o nasi internetové strance a o strance
ITA/AITES (Ing. Mafik) .

Ing. Mafik demonstroval obsah stranky CTuK a navaznost na stranku ITA/AITES. Upo-
zornil na uvedend cisla ¢asopisu TUNEL a stranku novinek z nasich podzemnich staveb.
Clenové CTuK tuto moznost propagace &innosti vlastnich firem stale malo vyuZivaji.

13. Diskuse o aktualnich zajimavostech z podzemniho stavitelstvi v CR:

Po tvodnim slové Prof. Bartdka byly prezentovany informace s videoprojekci ze staveb:

* Nové spojeni (Ing. Grambli¢ka, SUDOP)

« Krasikovské tunely (Ing. Doubek, SUBTERRA, Ing. Cyprori, METROSTAV)

+ Jednolodni stanice prazského metra (Ing. Rizicka, METROPROJEKT, Ing. Zelenka,
METROSTAV)

Zapsal: Ing. Matzner
Ovéil: Ing. Hess

—



