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GEOLOGICKE SLEDOVANI MECHANIZOVANYCH TBM RAZEB
NA USEKU KAT2 TUNELU KORALM

GEOLOGICAL MONITORING OF TBM DRIVES IN KAT2 SECTION
OF THE KORALM TUNNEL

TOMAS SVOBODA

ABSTRAKT

Tunel Koralm s celkovou délkou priblizné 32,9 km je nejvyznamnéjsi konstrukci Koralmské Zeleznice s ndvrhovou rychlosti 200 km/h, kterd
nové propoji sousedské spolkové zemé na jihu Rakouska Korutany a Styrsko, konkrémé jejich hlavni zemskd mésta Graz a Klagenfurt. Tunel
prochdzi horskym masivem Koralpe s maximdlni vyskou nadloZi priblizné 1200 m. Trasa tunelu je rozdélena do tri jednotlivych stavebnich usekii
KATI, KAT2 a KAT3. Ndsledujici ¢ldnek je zamereny na iisek KAT2 délky cca 21,3 km, ktery predevsim zahrnuje razby jednokolejnych trato-
vych tunelii pomoct plnoprofilovych tunelovacich strojii TBM do skalnich hornin, ale i pomoci NRTM, ddle pak razby nouzové stanice a tune-
lovych propojek. Cldnek je zaméfen na inZenyrskogeologické sledovini TBM raZeb tratovych tunelii, které zahrnuje dokumentaci inZenyrskoge-
ologickych podminek v nezajisténém prostoru raZeb, odbér vzorku hornin a podzemni vody, dokumentaci a vyhodnocent priizkumnych predvrtii.
Tato dokumentace je podkladem pro ndslednd technickd opatreni, progndzy v oblasti geologické stavby, ovéreni a optimalizaci predstihového
prizkumu a stanoveni smluvné definovanych charakteristickych hodnot horninového masivu.

ABSTRACT

The Koralm tunnel with the total length of approximately 32.9km is the most important structure on the Koralm railway with the design speed
of 200km/h. It will newly interconnect neighbouring federal states in the south of Austria, Kdrnten and Steiermark, concretely Graz and
Klagenfurt, their capitals. The tunnel passes through the Koralpe mountain range with the maximum overburden height of roughly 1200m. The
tunnel route is divided into three separate construction lots, KATI, KAT2 and KAT3. The following paper is focused on the 21.3km long KAT2
section, which first of all comprises driving single-track running tunnels using full-face hard-rock TBMs, but also using the NATM, as well as the
excavation of an emergency station and cross passages. The paper is focused on the engineering geological monitoring of the TBM driving of
running tunnels, comprising the documentation of engineering geological conditions in the unsupported space of the excavation, the collection of
samples of rock and groundwater, the documentation and assessment of pre-drilled exploratory probe holes. This documentation is the basis for
subsequent technical measures, prognoses regarding the geological structure, the verification and optimisation of the advance survey and the
determination of the rock mass characteristic properties to be defined by the contract.

uvob INTRODUCTION

Tunel Koralm je soucdsti koralmské Zeleznice o délce priblizné The Koralm tunnel is part of the approximately 127km long
127 km, kterd nové propoji sousedské spolkové zemé na jihu Koralm railway, which will newly interconnect neighbouring federal
Rakouska Korutany (Kidrnten) a Styrsko (Steiermark), konkrétné states in the south of Austria, Kérnten and Steiermark, concretely
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neZ jednu hodinu. Dokonceni razeb
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v roce 2023 (obr. 1).

TUNEL KORALM

Nejvyznamnéjsi konstrukei ko-
ralmské Zeleznice je samotny tunel
Koralm s celkovou délkou pribliz- zdrojlsource: OB
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prochdzi horskym masivem Koral- Fig. 1 Baltic-Adriatic railway axis in Austria, the Graz — Klagenfurt section, with the Koralm tunnel section
between the towns of Wettmannstiitten and St. Andra marked in it
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Obr. 2 Rozdéleni tunelu Koralm do zdkladnich iseku, zobrazeni pruzkumnych podzemnich dél a vymezeni konvenénich a mechanizovanych razeb
Fig. 2 Koralm tunnel division into basic sections, representation of underground exploratory workings and specification of conventional and mechanised

drives

priblizné 1200 m. Investorem stavby je OBB Infrastruktur AG
a naslednym provozovatelem budou Rakouské spolkové drahy
OBB. Jedn4 se o dva jednokolejné tunely, které jsou po 500 m
propojeny tunelovymi propojkami. Priblizné uprostred tunelu je
situovana nouzova stanice o délce 920 m. Trasa tunelu je oriento-
vdna priblizné v Z — V sméru.

Trasa tunelu Koralm je rozdélena do tif zdkladnich stavebnich
dseku (obr. 2), na kterych pasobi raznd sdruZeni dodavatelskych
firem, dédle firmy a jejich sdruZeni zajiStujici v§echny inZenyrské
¢innosti a individudln{ experti.

Usek Koralm 1 (KAT1) je na vychodé vymezen portilem
v tdoli Frauental ve spolkové zemi Styrsko a pokratuje do oblas-
ti mésta Deutschlandsberg, pred prazkumnou Sachtu Leibenfeld.
Tento tusek je stavebné dokonfen a zahrnoval hloubené
a konvend¢né razené Cdsti tunela o délce priblizné 2,5 km v kazdé
tunelové troubé. Razby probihaly v obdobi 2010-2012.
Zhotovitelem stavebnich praci bylo konsorcium firem ,,ARGE
KAT1* zahrnujici spolecnosti Wayss & Freytag Ingenieurbau AG
a Granit GmbH.

Usek Koralm 2 (KAT2) je vymezen od zafizeni staveni§té pri-
zkumné Sachty Leibenfeld smérem na vychod prorazkou do sta-
vebniho tseku KAT1 a na zdpad do tseku KAT3. Pruzkumnd pod-
zemni dila se zapocala v roce 2005 vyhloubenim 60 m hluboké
pruzkumné Sachty Leibenfeld a prizkumného tunelu Leibenfeld
o délce cca 1,87 km. Usek KAT?2 o délce dseku priblizné 21,3 km
zahrnuje razby tratovych tuneld prevdZzné pomoci tunelovacich
stroju TBM, v men§im rozsahu konven¢né razenych, déle kon-
vencni razby nouzové podzemni stanice a tunelovych propojek.
Razby na tseku KAT?2 byly zahdjeny v roce 2011. Zhotovitelem
stavebnich praci je zde konsorcium ,,ARGE KAT2“ spolecnosti
Strabag AG a Jdger Bau GmbH, které tento dsek vysoutéZilo
v roce 2010 za 570 mil. eur. Podrobnosti o useku KAT?2 jsou uve-
deny v dal$im textu.

Usek Koralm 3 (KAT3) je na zdpadé vymezen portilem
v ddoli Lavanttal ve spolkové zemi Korutany a prordzkou do
stavebni ¢asti KAT2. Usek KAT3 zahrnuje piiblizné 10,6 km

Graz and Klagenfurt, their capitals. The Koralm railway forms an
important section on the international high-speed railway corridor,
the Baltic-Adriatic Axis, which was proposed by the European Union
and which interconnects the Baltic Sea with the Mediterranean via
Helsinki, Gdansk, Warsaw, Vienna, Venetia and Bologna. The newly
designed track with the design speed of 200km/h will reduce the time
of travel between Klagenfurt and Graz from the current 3 hours to
less than one hour. The completion of the tunnelling operations is
planned for 2019; bringing the line into service is expected in 2023
(see Fig. 1).

THE KORALM TUNNEL

The most important structure of the Koralm railway is the
Koralm tunnel itself with the aggregated length of approximately
32.9km, passing at the border between the federal states of Kirnten
and Steiermark through the Koralpe Range, with the maximum
overburden height of roughly 1200m. The project owner is OBB
Infrastruktur AG and the tunnel will subsequently be operated by
Austrian Federal Railways (Osterreichische Bundesbahnen, OBB).
The tunnel consists of two single-track tunnel tubes interconnected
by cross passages every 500m. An emergency station, 920m long)
is located approximately in the middle of the tunnel length. The tun-
nel route is oriented approximately in the W — E direction.

The Koralm tunnel route is divided into the following three basic
construction sections (see Fig. 2), which are carried out by various
consortia of contractors. In addition, there are firms and their con-
sortia, as well as individual experts, providing all engineering.

The Koralm section 1 (KAT1) is defined in the east by the por-
tal in Frauental valley in the federal state of Steiermark and it con-
tinues to the area of the town of Deutschlandsberg, via the
Leibenfeld exploratory shaft. The civil works on this section have
been completed. They comprised cut-and-cover and conventionally
driven parts of tunnels at the aggregated length of each tunnel tube
of approximately 2.5km. The tunnel construction lasted from 2010
to 2012. The civil engineering contractor was done by “ARGE
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konven¢nich razeb v jizni tunelové troubé a 12,1 km mechanizo-
vanych a cca 0,7 km konvencnich razeb v severni tunelové trou-
bé, dale kratké hloubené dseky v oblasti povrchového pristupu
Mitterpichling. Pruzkumnd podzemni dila byla zahdjena v roce
2004 vyhloubenim pruzkumné Sachty Paierdorf o hloubce 120 m
a pruméru 10 m. Z ni byly na prevdzném useku jizni trouby roz-
razeny konven¢nim zpasobem prizkumné tunely o profilu kaloty
budouciho tunelu (cca 48 m2), a to konkrétné pruzkumny tunel
Paierdorf délky cca 4,74 km a prizkumny tunel Mitterpichling
délky cca 3,05 km. Pocdtecni tseky obou tunelovych trub ze
zapadniho portdlu o délce 0,7 km k pristupovému mistu
Mitterpichling byly vyraZeny konven¢né v prubéhu roku 2014.
Zbyvajici tseky jizni tunelové trouby jsou raZzeny konvenéné
k hranici s ¢asti KAT2 a stavajici dseky s prazkumnymi tunely
budou rozsifeny na plny profil tunelu. Severni tunelova trouba
bude raZzena mechanizované na tvodnich cca 5 km v neogennich
terciérnich sedimentech pomoci plnoprofilového tunelovaciho
stroje v médu zeminového §titu (EPB), aby nésledné byl stroj pre-
stavén na horninové TBM se §titem v predem pripravené kaverné
o délce 40 m. Price byly zahdjeny koncem roku 2013 a razby
zapocaly v lednu 2014. Zhotovitelem stavby tseku KAT3 je spo-
le¢nost Porr AG.

GEOLOGICKE POMERY

Z&jmové lzemi je v okrajovych oblastech trasy tunelu tvoreno
severozdpadnim vybézkem Panonské péanve, kterd je zde zastou-
pena mélce marinnimi sedimenty a dédle intramontdnni
Lavanttalskou panvi. Ze stratigrafického pohledu se jednd
o sedimenty neogenniho stari. Horninové prostredi je zde tvoreno
predevsim ulehlymi pisky a mélo zpevnénymi pisCitymi prachov-
ci az hrubozrnnymi piskovei. Mocnost a prubéZnost jednotlivych
typl hornin je velmi proménlivd, a to pfedevsim v oblasti lavant-
talského ddoli, coz vede k vyrazné heterogenité horninovych pod-
minek v tunelu.

Prevaznd ¢ast trasy tunelu je vSak tvofena metamorfovanym sle-
dem hornin koralmského krystalinika (obr. 3), které ndleZi tzv.

TuHel

KAT1” consortium consisting of Wayss & Freytag Ingenieurbau
AG and Granit GmbH.

The Koralm section 2 (KAT2) is constructed from the con-
struction site facility located at the Leibenfeld exploratory shaft and
is limited at the east by lot KAT1 and at the west by the breakt-
hroughs to lot KAT3, respectively. The underground exploratory
workings commenced in 2005 by excavating the 60m deep
Leibenfeld exploratory shaft and driving the ca 1.87km long
Leibenfeld exploratory tunnel. The about 21.3km long KAT?2 secti-
on comprises the driving of running tunnels mostly by TBMs and,
to a smaller extent, conventionally. Conventionally are constructed
cross passages and the emergency station between the tunnel tubes.
Tunnelling operations on KAT2 section commenced in 2011. The
civil engineering contractor for this section was awarded to the
“ARGE KAT?2” consortium consisting of Strabag AG and Jdger
Bau GmbH in 2010, for the cost of EURO 570 million. Details
regarding KAT?2 section are presented in the text below.

The Koralm 3 section (KAT3) is defined in the west by the por-
tal in Lavanttal valley in the federal state of Kérnten and in the east
by the breakthrough into construction section KAT2. KAT3 section
comprises approximately 10.6km of conventional tunnelling in the
southern tunnel tube and 12.1km of mechanised tunnelling and ca
0.7km of conventional driving in the northern tunnel tube; in addi-
tion, there are short cut-and-cover sections in the area of the
Mitterpichling at-grade access. Exploratory underground operati-
ons started in 2004 by sinking the 120m deep and 10m-diameter
Paierdorf exploratory shaft. Exploratory tunnels were driven con-
ventionally from this shaft in the major part of the southern tunnel
tube, with the cross-sections corresponding to the top heading of
the future tunnel (the excavation cross-sectional area of ca 48m?2),
concretely the 4.74km long Paierdorf exploratory tunnel and the ca
3.05km long Mitterpichling exploratory tunnel. The initial 0.7km
long sections of both tunnel tubes from the western portal to the
Mitterpichling access point were driven conventionally during 2014.
Remaining sections of the southern tunnel tube are driven conventi-
onally up to the border with KAT?2 part; the existing sections formed

legenda / legend
tunel Koralm / Koralm tunnel
prizkumny tunel Liebenfeld / Leibenfeld investigation tunnel

prizkumna $achta Paierdorf / Paierdorf investigation shaft
prizkumny tunel Paierdorf / Paierdorf investigation tunnel
prizkumna Stola Mitterpichling / Mitterpichling investigation tunnel

G. Speikkogel

Wolfsburg

*amfibolity / Amphibolites

nouzova stanice
emergency station

geologie - legenda / geology legend
neogenni sedimenty / Neogene sediments
slidnatd bfidlice — souvrstvi bfidlic a rul / Mica schist - schistgneiss squences

souvrstvi mramord / Marble sequences

souvrstvi jemnozrnych rul / Fine grained gneiss sequences
souvrstvi hrubozrnnych rul / Corse grained gneiss sequences
souvrstvi deskovych rul / Plate gneiss sequences

poruchova zéna / Fault zone

Deutschlandberg

Obr. 3 Geologie horského masivu Koralpe a tunelu Koralm
Fig. 3 Geology of the Koralpe mountain range and the Koralm tunnel

zdroj/source: OBB




koridenskému komplexu krystalinika Lavanttalskych Alp. Jde
o polymetamorfni horniny kiidového stari, které jsou zastoupeny
predev§im masivnimi jemnozrnnymi a hrubozrnnymi pararulami,
deskovitymi rulami, bridli¢natymi rulami aZ slidnatymi bridlice-
mi, s polohami amfiboliti a ddle s méné hojnym vyskytem eklo-
gitd, mramory, pegmatitd. V tektonickych zénédch se pak jednd
o tektonické brekcie s Casto jilovitou vyplni.

Z tektonického hlediska se jednd o vyrazné postiZenou oblast.
Piikrovova stavba a ploché zvrasnéni masivu je variského pavo-
du, rozdilné strukturni vlastnosti rul pak predstavuji alpinsky duk-
tilni smykovy horizont. Neogenni tektonické zlomy a vyzdvihy
ndsledné vedly k sou¢asnému vzhledu koralpského masivu.

Prevladajici smér ploch nespojitosti a poruchovych pdsem je
SSZ — JJV sméru, tedy priblizné kolmy na osu tunelu, s dal$im
systémem kolmym na tento smér. Plochy nespojitosti jsou prevaz-
né strmé uklonény (50° az 90° k VSV). Prevladajici smér diskon-
tinuit koresponduje s orientaci lavanttalského zlomu, ktery, co se
tyCe tektonického vyvoje oblasti, predstavuje vyznamnou struktu-
ru, na které doSlo k vyzdviZzeni Koralpského krystalinika
a uklonéni smérem k vychodu. Tento zlom byl nédsledné prekryt
sedimenty lavanttalské panve. Trasa tunelu protind tento zlom
v blizkosti zdpadniho portalu.

Vyskyt podzemni vody je v drovni tunelu vdzén predevs§im na plo-
chy bridli¢natosti, polohy mramort a tektonické poruchové zony.

PRUZKUMNA PODZEMNI DILA

V letech 2003 a7 2010 byla realizovédna &tyfi pruzkumnd pod-
zemni dila v rdmci podrobného inZenyrskogeologického pruzku-
mu, jehoZ vysledky se staly podkladem pro ndvrh projektu, reali-
za¢ni dokumentaci stavby a soucasn€ pro vybérové fizeni na zho-
tovitele stavby. Souddsti prizkumnych praci byla realizace hlou-
bené Sachty a tunelu Leibenfeld v blizkosti vychodniho portilu
z duvodu ovéfeni geologickych a geotechnickych podminek kon-
taktu neogennich sedimentu s krystalinikem a tektonického systé-
mu ohraniCujictho masiv krystalinika. Ze stejného duvodu byla
realizovéna pruzkumna Sachta Paierdorf u zdpadniho portdlu tune-
lu, a z této Sachty prazkumny tunel Mitterpichling a Paierdorf,
ktery mel za dkol upresnit polohu a podminky lavanttalské poru-
chové zény. Ob€ Sachty v soucasné dobé slouzi jako ventilaéni
Sachty a z&asti k prepravé pracovnika.

STAVEBNI USEK KAT2

Spolecnost 3G Gruppe Geotechnik Graz ZT GmbH (spolecnik
Ceské spolecnosti 3G ConsultingEngineers s. r. 0.) v pracovnim
konsorciu se spole¢nosti POYRYPLC pod oznagenim GEO KAT2
zajistuje inZenyrskogeologické sledovdani mechanizovanych
a konvenénich raZeb tuneld na stavebnim dseku KAT?2 a ¢éstedné
stavebni dozor investora OBB. Geotechnicky dozor investora pro-
vadi spolecnost Geoconsult ZT GmbH. Vzhledem k ¢innosti firmy
3G CE na projektu se ¢lanek déle zabyva vyhradné tsekem KAT2.

Celkové délka tseku KAT2 ¢ini priblizné 31 km, z toho cca
21,3 km pfipadd na razbu dvou jednokolejnych tunelt, a to
v piipadeé severni tunelové trouby 17,2 km na mechanizované
a 4,1 km na konvenéni razby. V pripadé jizni tunelové trouby pak
16,2 km na mechanizované a 5,1 km na konvencni. Dale 920 m
konvenénich raZeb pripadd na nouzovou stanici a v prubéhu
mechanizovanych raZzeb jsou realizovany i pri¢né tunelové pro-
pojky o délce cca 40 m.

Tunely jsou navrzeny prevazné jako dvouplastové, kde primarni
osténi je tvoreno segmentovym prstencem s rozvrzenim 6 + 0, ddle
mezilehld deStnikovd izolace a sekunddrni osténi z monolitického
betonu. V tsecich s predpokladem priznivych geologickych pod-
minek (tvrdé, masivni ruly) je uvazovano pouze vodotésné seg-
mentové osténi. Standardni segmenty jsou z betonu tridy C35/45
XC4 XAIL tloustky 35 cm, vnitini monolitické osténi pak
z betonu C25/30. Pro poruchovd pasma jsou pripraveny specidlni
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by exploratory tunnels will be enlarged to the full tunnel profile.
The northern tunnel tube will be driven mechanically in the initial
ca Skm long section through Tertiary Neogene sediments using
a full-face EPB TBM; the machine will subsequently be overhauled
to a hard rock TBM in a 40m long cavern prepared in advance. The
operations commenced at the end of 2013 and tunnelling started in
January 2014. The contractor for KAT 3 section is Porr AG.

GEOLOGICAL CONDITIONS

The edge regions of the tunnel route area of interest are formed
by the north-western protrusion of the Pannonian Basin, which is
represented there by shallow marine sediments and farther by the
intramontane Lavanttal Basin. From the stratigraphical point of
view, there are Neogene sediments there. The ground environment
is formed mainly by compact sand and little solidified siltstone to
gravelly sandstone. The thickness and persistence of individual
ground types is very variable, first and foremost in the area of
Lavantall Valley, which in fact leads to the significant heterogenei-
ty of the ground conditions in the tunnel.

Anyway, the major part of the tunnel route is formed by
a metamorphosed sequence of rock types forming the Koralm cry-
stalline complex (see Fig. 3), which is part of the so-called Koriden
crystalline complex of the Lavanttal Alps. The rock types are poly-
metamorphosed, of the Cretaceous age and are represented mainly
by massive fine-grained and coarse-grained paragneiss, tabular
gneiss, schistose gneiss up to mica schist, with amphibolite inter-
layers and with the less ample occurrence of eclogite, marble and
pegmatite. In fault zones, there are fault breccias, frequently with
clayey filling.

In terms of tectonics, the area is significantly affected. The nape
structure and the flat folding of the massif are of the Variscan ori-
gin; the various structural properties of the gneiss represent the
Alpine ductile shear horizon. Neogene faults and structural highs
subsequently led to the current appearance of the Koralpen massif.

The prevailing trend of discontinuity surfaces and fault zones is
NNW — SSE, approximately perpendicular to the tunnel axis, with
another system perpendicular to this direction. The discontinuity
surfaces mostly steeple dip (50° to 90° ENE). The prevailing trend
of discontinuities corresponds to the orientation of the Lavanttal
fault, which, as far as the tectonic development of the area is con-
cerned, represents an important structure along which the Koralpen
crystalline complex got uplifted, dipping east. This fault was sub-
sequently overlain by Lavanttal Basin sediments. The tunnel route
cuts through this fault in the vicinity of the western portal.

The occurrence of groundwater at the tunnel level is bound main-
ly to schistosity surfaces, layers of marble and tectonic weakness
zones.

Underground exploratory works

Four underground exploratory works were realised within the
framework of the detailed engineering geological survey during the
2003-2010 period. The survey results became a basis for the design
draft, the final design and, at the same time, for the tendering pro-
cess. The realisation of the shaft and the Leibenfeld tunnel in the
vicinity of the eastern portal was part of the exploratory activities.
Its target was to verify geological and geotechnical conditions on
the contact of Neogene sediments with the crystalline complex and
the fault system bordering the crystalline complex massif. The
same reason applied to the realisation of the Paierdorf exploratory
shaft at the western portal of the tunnel and the Mitterpichling and
Paierdorf exploratory tunnels driven from it, which were designed
to refine the location and conditions of the Lavanttal Fault Zone.
The two shafts currently serve as ventilation structures and, partial-
ly, for the transport of workers.
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segmenty s vetSim mnozstvim vyztuze, pripadné i z vyssi tiidy
betonu C50/60. Pro tseky pri¢nych tunelovych propojek jsou téz
betonu a pro velmi nepfiznivé podminky i s ocelovymi trny.

Centrem stavby KAT?2 je zarizeni stavenisté Leibenfeld, které je
situovdno 3,5 km zédpadné od vychodniho portalu na okraji mésta
Deutschlandsberg. Zarizen{ stavenisté zahrnuje kanceldfe investo-
ra, zhotovitele, Zelezni¢ni napojeni, dvé betondrny s napojenim na
vyrobni zafizeni segmentu a jejich skladisté, ddle deponie pro ulo-
Zeni, pretridéni a dalsi vyuzZiti vytéZzeného materidlu.

Price na tdseku KAT?2 byly zahdjeny v roce 2011, a to nejprve
realizaci dvojité, rozepiené Sachty hloubky 60 m a prifezu 800 m?2.
Sachta byla vyhloubena za ticelem transportu jednotlivych &dsti
razicich stroju a nyni je vyuZivana k dopravé materidlu (segmen-
ty, rubanina, technicky materiél, apod.). Ndsledné byly konvenc¢-
nim zpusobem vyraZeny obé tunelové trouby (respektive v jiZni
troubé rozsiten profil stavajiciho pruzkumného tunelu) délky cca
4 km, a to do mista startu mechanizovanych razeb, v€etné kaveren
pro sestaveni stroju, a do prordzky s tsekem KAT1.

Pocatkem roku 2013 byly na KAT2 zahdjeny mechanizované
razby pomoci plnoprofilovych tunelovacich stroji TBM do skal-
nich hornin s dvojitym S$titem dodanych spole¢nosti Aker—Wirth
(obr. 4). Prumér fezné hlavy stroje je 9,93 m a vykon kazdého
stroje ¢inf 8000 kW a rota¢ni moment 30 000 kNm. Dohromady
obé TBM vyrazi 32,8 km. Soucasné s mechanizovanymi razbami
probihad konvencni razba propojek mezi severni a jizni troubou.
V soucasné dobe¢ (kvéten 2015) bylo v jizn{ troubé vyrazeno cca
11,1 km a v severni 11,4 km.

INZENYRSKOGEOLOGICKE SLEDOVANI

InZenyrskogeologické sledovani zahrnuje predevsim dokumentaci
inZenyrskogeologickych podminek v nezajisténém prostoru razeb,
odbér vzorkt hornin a podzemni vody a dokumentaci a vyhodnoceni
pruzkumnych pfedvrti. Dokumentace je podkladem pro ndslednd
technickd opatfeni, prognézy v oblasti geologické stavby, ovéreni
a optimalizace predstihového prizkumu a stanoveni smluvné defi-
novanych charakteristickych hodnot horninového masivu.
InZenyrskogeologicka dokumentace

Po udcely provadéciho projektu na kontraktu KAT2 byla geolo-
gickym dozorem investora, spolecnosti 3G Gruppe Geotechnik
Graz, pripravena ,, Geologickd (inZenyrskogeologickd) dokumen-
tace“, kterd je rozdélena na jednotlivé dokumenty pro konvenéni
a mechanizované razby. Zpracovani dokumentu bylo realizovano

zdrojlsource: OBB
Obr. 4 TBM do skalnich hornin s dvojitym Stitem od spolecnosti Aker-Wirth
Fig. 4 Double-shielded hard rock TBM manufactured by Aker-Wirth
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KAT2 CONSTRUCTION SECTION

3G Gruppe Geotechnik Graz ZT GmbH (a partner of the
Czech company of 3G Consulting Engineers s. r. 0.) and
POYRY PLC, in a working consortium titled GEO KAT?2, pro-
vide the engineering geological monitoring of the mechanised
and conventional drives of tunnels within KAT2 construction
section and, partially, the client’s (the OBB) supervision.
Client’s geotechnical supervision is carried out by Geoconsult
ZT GmbH. With respect to the activity of 3G CE on the project,
the paper further deals exclusively with KAT2 section.

The total length of KAT?2 section amounts approximately to
31km. An approximately 21.3km long part of this length falls
on the excavation of two single-track tunnels, namely, in the
case of the northern tunnel tube, 17.2km of mechanised drives
and 4.1km of conventional drives. In the case of the southern
tunnel tube, 16.2km will be driven mechanically and 5.1km
conventionally. In addition, 920m of the conventional tunnel-
ling falls on the emergency station and approximately 40m long
cross passages are being carried out during the course of the
mechanised tunnelling.

The tunnels are mostly designed as double-shell structures con-
sisting of primary linings formed by 6+0 segmental rings, umb-
rella-type intermediate waterproofing and cast-in-situ secondary
concrete linings. In the sections where favourable geological con-
ditions are expected (hard, massive gneiss), only a watertight seg-
mental lining is assumed. Standard 35cm thick segments are pro-
duced from C35/45 XC4 XA1L grade concrete, whilst the cast-in-
situ concrete lining is from C25/30 grade concrete. Special seg-
ments containing more reinforcement or produced using higher
concrete grade, C50/60, are prepared for fault zones. Segments
with increased content of reinforcement, using a higher concrete
grade and, for the cases of unfavourable conditions, even provi-
ded with steel dowels, are designed for cross passages.

The Leibenfeld construction facility is the centre of KAT2. It
is located 3.5km west of the eastern portal, on the outskirts of
the town of Deutschlandsberg. This construction facility com-
prises client’s and contractor’s offices, a railway connection,
two batching plants with a connection to the segment casting
yard and a segment stocking facility, yards for depositing, re-
sizing and other use of muck.

The work on KAT?2 section commenced in 2011, first by the
realisation of a 60m deep and 800m? cross-section braced twin-
celled shaft. The shaft was excavated for the purpose of tran-
sporting individual parts of the tunnelling machines. It is cur-
rently used for the transport of materials (segments, muck, tech-
nical materials etc.). The two ca 4km long tunnel tubes were dri-
ven (respectively, in the southern tunnel tube, the profile of the
existing exploratory tunnel was enlarged) to the starting point of
the mechanised drives, inclusive of caverns for the assembly of
the machines, and to the breakthrough into KAT1 section.

Mechanised tunnelling using double-shielded hard-rock
TBMs supplied by Aker-Wirth commenced at KAT2 at the
beginning of 2013 (see Fig. 4). The diameter of the cutterheads
is 9.93m and the power of each of the machines amounts to
8000kW, their torque is 30,000kNm. Both TBMs will jointly
drive 32.8km. Concurrently with the mechanised drives, the
conventional excavation of cross passages proceeds between
the northern tube and the southern tube. At the moment (May
2015), ca 11.1km and 11.4km of the excavation has been finis-
hed in the southern tube and northern tube, respectively.

ENGINEERING GEOLOGICAL MONITORING

The engineering geological monitoring comprises first of all
the documentation of engineering geological conditions in




zdrojlsource: OBB, 3G
Obr. 5 Skica pri¢ného inZenyrskogeologického rezu Celby se zakreslenymi
hlavnimi strukturnimi prvky, vlevo skica podélného rezu
Fig. 5 A sketch of the engineering geological cross-section through the hea-
ding with the main structural elements drawn in it; a sketch of the longitudi-
nal section on the left side

s cilem sjednotit definice pojmu a klasifikaci a umoZnit tak i pfimé
porovndni tdaju a parametru v geotechnické zpraveé s geologickou
dokumentaci razeb.

Geologickd kanceldr na strané investora je obsazena tfemi pozice-
mi, hlavn{ geolog, asistent hlavniho geologa a dokumentacni geolog.
Pracovni cyklus dokumenta¢niho geologa sestdva z 8 dni na stavbé
a 6 dni volna. V tomto cyklu se stfidaji dva geologové (3G
a POYRY). Hlavni geolog a asistent maji standardni pracovni tyden.

SoubéZné k dokumentaci sdruzeni GEO KAT2 (3G, POYRY)
existuje geologicky dohled zhotovitele, sdruZeni spole¢nosti
AGTXK2 (Dr. Plinninger Geotechnik, geo.zt gmbh, miiller+hereth
gmbh), které provadi vlastni tzv. konsenzudlni geologickou doku-
mentaci, odsouhlasenou investorem stavby. Dokumentace jsou
témér identické, li§i se zpusobem zakresleni &elby, kdy
v konsenzudlni dokumentaci AGT.K2 se zakresluji vyhradné
fyzicky dokumentované c&asti Celby, bez méfitka (napr. bez
zohlednéni skuteéné vzddlenosti diskontinuit), zatimco
v dokumentaci GEO KAT?2 se celba extrapoluje do dalsich ¢4sti se
zohlednénim méfitka (obr. 5).

InZenyrskogeologické sledovani mechanizovanych razeb zahr-
nuje dokumentaci horninového prostredi nasledujicich oblasti:

Oblast Fezné hlavy: predev§im dokumentace skrze otvory
v fezné hlavé pro ucely oprav a udrzby hlavy tzv. ,Mannlocher* —
kruhovité prulezy o pruméru cca 80 cm (obr. 6a); déle skrze otvo-
ry za&iStovacich dldt (obr. 6b) a otvory feznych disku.

Oblast teleskopického Stitu: otvory ve Stitu tzv. ,,geologickd
okna‘“, kterd jsou umisténa priblizné 5 metru za feznou hlavou;
v pripadé zatazeni teleskopického Stitu dokumentace kompletniho
horninového prstence ve vzddlenosti cca 3 m za Celbou.

Otvory v segmentech: dokumentace skrze otvory v segmentech
prvniho prstence za Stitem (otvory v segmentech jsou osazeny
zavitem s vikem a slouzi k injektaZi prostoru mezi prstencem
a horninovym masivem) (obr. 6¢).

Dokumentace rubaniny na pirepravnim pasu
pired prvni drtickou

Dokumentace &elby v prostoru fezné hlavy predstavuje nejdule-
horninovych typu a celkové posouzeni chovani horninového masi-
vu pii razbe. Zbyvajici oblasti pak slouzi jako doplnujici podklad
pro ovéfeni podminek dokumentovanych na ¢elbé, dalsiho vyvoje
chovani nezajisteného horninového masivu podél Stitu a pripadne
k ovéfeni dat z raziciho stroje. VySe uvedené typy dokumentace

s w2

zaujimaji ve zpracovani dokumenta¢nich list vlastni &4sti.
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unsupported excavated spaces, collecting samples of rock and
groundwater and the documentation and assessment of pre-dril-
led exploratory boreholes. The documentation provides a basis
for subsequent technical measures, prognoses in the field of the
geological structure, the verification and optimisation of the
exploration ahead of the excavation face and the determination
of the characteristic properties of the ground mass to be defined
by the contract.

ENGINEERING GEOLOGICAL DOCUMENTATION

“The geological (engineering geological) documentation”
was prepared by client’s geological supervision, the company
of 3G Gruppe Geotechnik Graz, for the needs of the final
design for the KAT2 contract. It is divided into individual
documents for conventional and mechanised tunnelling. The
document was carried out with the aim of unifying the defini-
tions of terms and classifications, thus allowing even for the
direct comparison of the data and parameters contained in the
geotechnical report with the geological documentation of the
drives.

The client’s office of geology employs three positions — the
main geologist, main geologist’s assistant and a documentation
geologist. The documentation geologist’s working cycle con-
sists of 8 days spent on site and 6 days off. Two geologists
alternate in this cycle (3G and POYRY). The main geologist
and his assistant have a standard working week.

Contractor’s geological supervision performed by the
AGT.K2 consortium (Dr. Plinninger Geotechnik, geo.zt gmbh,
miiller+hereth gmbh) exists in parallel to the documentation
carried out by GEO KAT2 consortium (3G, POYRY). It carries
out its own so-called “consensual” geological documentation
approved by the project owner. The documentations are nearly
identical. They differ in the method of plotting the excavation
face, where exclusively physically documented parts of the
face are plotted without scaling (e.g. without taking actual spa-
cing of discontinuities into consideration) in the AGT.K2 con-
sensual documentation, whilst the face is extrapolated into
other parts, taking the scale into account, in the GEO KAT2
documentation (see Fig. 5).

The engineering geological monitoring of mechanised drives
comprises the documentation of the ground environment in the
following areas:

The cutterhead area: it is first of all the documentation carri-
ed out through openings in the cutterhead used for repairs and
maintenance of the cutterhead (the so-called MannlGcher),
i.e. circular man-holes ca 80cm in diameter (see Fig. 8a); in
addition it is carried out through gates for the trimming cutters
(see Fig. 6b) and gates for the disk cutters.

The telescopic shield area: holes in the shield, the so-called
“geological windows”, which are located approximately Sm
behind the cutterhead; in the case of the telescopic shield
retracted; the geological documentation of a complete ring of
rock ca 3m behind the excavation face.

Openings in segments: the documentation through holes in
the segments forming the first lining ring behind the shield (the
ports in the segments are provided with fittings with inner thre-
ads and lids and they serve to injecting grout into the annulus
between the ring and the rock mass) (see Fig. 6¢).

Documentation of muck on the belt conveyor
before the initial crusher

The documentation of the heading in the space of the cutter-
head represents the reference part most important for the deter-
mination of the proportional representation (percentage) of
ground types and the overall assessment of the rock mass
behaviour during the excavation. The remaining areas are used
as supplementary bases for the verification of the conditions
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Ohledné struéného popisu dokumentace razby kazdy list obsa-
huje obecné informace o razeném dile. Na prvnim listu je ru¢né
kreslend skica dokumentované a ddle prostorové interpretované
Celby. Druhy list obsahuje zastiZené a procentudlné vymezené
horninové typy. Téch je v ramci projektu KAT?2 a razeb tykajicich
se hornin krystalinika vymezeno 27 typu, a to podle: anizotropie,
stupné rozpukani horninového masivu, jednoosé pevnosti (UCS),
stupné zvétrani, piipadné vyskytu krasovych jeva a v piipadé
zastizeni tektonickych poruchovych zon a pasem charakter mate-
ridlu jejich vypIn€. Dale obndsi vyznadeni horninovych typu smé-
rodatnych pro chovéani nezajisteného vyrubu pri razbé (véetné
tvorby nadvylomu), obecny geologicky popis, strukturni charakte-
ristiky horninového masivu, pfitomnost a charakter podzemn{
vody, lepivost na ¢elbé a fezné hlavé a dalsi pozndmky k razbé.
Podrobné jsou ndsledné popsény jednotlivé horninové typy (tj.
napriklad vzdalenost ploch bridli¢natosti, blokovitost masivu,
rozevienost puklin, detailni litologie) a zatfidéna vyuZzitelnosti
rubaniny (tj. pfifazeni materidlové tfidy, ze které vyplyva tran-
sport na prislu$nou deponii a odpovidajici zpétné vyuziti). Ddle
charakteristika zdokumentovanych ploch odluc¢nosti (typ diskon-
tinuity, pripadné systém diskontinuit, vzdalenost, drsnost, zvinéni,
rozevieni, vypli, povlaky). Nésledujici listy jsou zaméfeny na
fotodokumentaci vysSe uvedenych oblasti. Poslednf list je doku-
mentace rubaniny (foto, popis — geologicky, zrnitostni, vyuZzitel-
nost atd.).

Inzenyrskogeologicka dokumentace in-situ

InZenyrskogeologickd dokumentace razeb probihd v obou tune-
lovych troubdch kazdy den rédno, a to jak geologem zhotovitele,
tak investora. Piijaté feSenf plyne z duvodu ovéreni geologické
situace jednotlivymi stranami a soucasné spliiuje podminky bez-
pecnosti. Spole¢né s geology se dokumentace tcastni geotechnik
a stavebni dozor za investora a déle stavbyvedouci a technik TBM
za zhotovitele.

Vlastni pribéh dokumentace in-situ zac¢ind v 7 hodin rdno
odjezdem dulniho vlaku z Sachty na &elbu jednoho z tunelu.
V soucasné dobe cesta zabere cca 40 min jizdy. Pokud nedojde
k zastiZen{ technologické pauzy (napt. vyména feznych disku, rea-
lizace prizkumného predvrtu, apod.), je mozné okamZit€é zdoku-
mentovat rubaninu na prepravnim pésu pred drtickou. V prabéhu
nékolika minut obsluha z divodu geologické a geotechnické
dokumentace zastavi razici stroj, couvne s feznou hlavou
o nékolik desitek centimetra (cca 20-30 cm) a umoZni pifstup do
komory pred hlavou. Ve vétSiné priipadd, a je to vhodnéjsi
i z hlediska dokumentace Celby, je pfistupnd dolni polovina komo-
ry (obr. 7) a skrze otvory je mozné fotograficky a fyzicky zdoku-
mentovat horninové prostiedi, tedy Celbu a lokdlné bocni stény
vyrubu. Standardné viditelnd oblast elby z otvoru v hlavé je pred-
métem obr. 8a. V ojedinélych pripadech je prostor mezi ¢elbou
a reznou hlavou zcela (kompletn€) pristupny. VétSinou se tak
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documented at the excavation face, the subsequent develop-
ment of the behaviour of the unsupported rock mass along the
shield body and, if necessary, for the verification of the data
from the tunnelling machine. The above-mentioned documen-
tation types take up their own parts in the preparation of docu-
mentation sheets.

Regarding the brief description of the excavation documen-
tation, each sheet contains general information on the working
being excavated. A hand-drawn sketch of the heading being
documented and the heading being subsequently spatially inter-
preted are on the first sheet. The second sheet contains the
encountered types and the ground types defined by the percen-
tage. 27 types are determined within the framework of KAT2
design and the tunnelling through the crystalline complex rock,
with respect to: anisotropy, the degree of rock mass fracturing,
the uniaxial compression strength (the UCS), the degree of
weathering or even the occurrence of karst phenomena and, in
the case of encountering fault zones, the character of the mate-
rials filling the cracks. In addition, it contains the marking of
rock types decisive for the behaviour of the unsupported exca-
vation during the work on it (inclusive of overbreaks), a general
geological description, structural characteristics of the rock
mass, the presence and character of groundwater, the stickiness
at the excavation face and on the cutterhead and other notes
regarding the excavation. Individual rock types (for example
the spacing of schistosity surfaces, rock mass blockiness, aper-
ture of cracks, detailed lithology) are subsequently described in
detail and the usability of muck (the material classes from
which the transport of muck to the respective stockpile is deter-
mined and from which the corresponding muck re-use follows)
is categorised. In addition, the sheet contains the characteristics
of the documented discontinuity surfaces (the type of the dis-
continuity or the system of discontinuities, the spacing, rough-
ness, undulation, aperture, filling, coating). The following she-
ets are focused on the photo documentation of the above-men-
tioned areas. The last sheet contains the documentation of
muck (photos, description — geological, grain-size related, usa-
bility etc.).

In-situ engineering geological documentation

The engineering geological documentation of drives is carri-
ed out in both tunnel tubes by both the client’s and contractor’s
geologists every morning. The adopted solution follows from
the verification of the geological situation by individual parties
and, at the same time, meets the safety requirements. Together
with the geologists the geotechnician and client’s supervisor, the
site manager and TBM technician on behalf of the contractor
take part in the documentation.

The in-situ documentation process begins at 7h a.m. by the
departure of the mine train from the shaft to the heading of one

zdrojlsource: OBB, 3G

Obr. 6 Fotografickd dokumentace Celby skrze otvory v Fezné hlavé, tj.“Mannloch®, otvory zalistovacich dldt, a ddle mezery mezi segmentovym prstencem

a horninou v klenbé

Fig. 6 Photo documentation of the excavation face carried out through openings in the cutterhead, the so-called “Mannlicher, gates for the trimming cutters

and the gap between the segmental ring and the rock in the crown




zdrojlsource: OBB, 3G
Obr. 7 Provddeéni inZenyrskogeologické dokumentace Celby ze dna razici ko-
mory skrze prilezy v fezné hlavé Stitu
Fig. 7 Carrying out the engineering geological documentation of the excava-
tion face from the excavation chamber bottom through openings in the cut-
terhead

stane pouze v obdobi praci na ddrzbé stroje, které jsou podmine-
ny maximdlni stabilitou Celby (obr. 8b). Opakem je obr. 8c, kdy
Celba vykazuje vyrazné blokovité vylomy.

Pred samotnym vyklonénim se k Celbé je nutné se presvedcit
o stabilité Celby, Cili ptitomnosti volnych bloka, vzniku odpryski
apod. Vzhledem ke stisnénému prostoru a ¢asovému omezeni na
dokumentaci (cca 10 minut v pfipadé zastaveni razby vyhradné
z duvodu geologické a geotechnické dokumentace) je nutné jednat
rychle a soucasné opatrné vzhledem k vySce stroje. Nejprve je
Celba fotografovana v riznych na sebe kolmych smérech pohledu.
Viditelné strukturni prvky se popisi, jejich orientace a sklon jsou
odhadovény, jelikoz geologicky kompas nepracuje spravné
z diivodu magnetického pole razictho stroje. Pevnost horniny je
overovana geologickym kladivem. Z prostoru komory je déle
mozné zkontrolovat zanesen{ Stitu stroje. Po ukonceni dokumen-
tace Celby ndsleduje dokumentace ,,geologickych oken“ v te-
leskopickém $titu a v dal§im kroku kontrola otvoru v segmentech
a mezery mezi prstencem a horninovym masivem jednoho aZ
dvou prstencu piistupnych hned za $titem stroje. Kontrola se pro-
vddi z divodu odhaleni nadvylomi — rozvolnéni horninového
masivu a dosednuti vétSich bloka na prstenec, jeZ mohou zapfici-
nit vznik trhlin v segmentech.

V prubéhu &ekéni na dulni vlak, ¢i pfimo v ném, jsou vyplnény
jednotlivé dokumentacni listy konsenzudlni inZenyrskogeologické
dokumentace, a to za spoluprédce geologu obou stran. Identickym
zpusobem se postupuje i v pifpadé druhé trouby, kdy je nejprve
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of the tunnels. The travel currently takes about 40 minutes. If
no technological break is encountered (e.g. the replacement of
disk cutters, the realisation of exploratory boreholes ahead of
the excavation face etc.), it is immediately possible to docu-
ment the muck on the belt conveyor before the crusher. The
operators stop the tunnelling machines during several minutes
to allow for the geological and geotechnical documentation.
They move the cutterhead several centimetres back (ca
20-30cm) and allow for the access to the chamber ahead of the
cutterhead. It is in the majority of cases, and it is more suitab-
le even from the aspect of the documentation of the excavation
face, that the lower half of the chamber is accessible (see Fig.
7) and it is possible to document the rock environment, i.e. the
excavation face and locally even the sidewalls of the excavated
space, photographically and physically through the openings.
The area of the excavation face commonly visible from the
openings in the cutterhead is presented in Fig. 8a. In rare cases,
the space between the excavation face and the cutterhead is
completely accessible. It mostly happens only during the
machine maintenance periods, which are conditional on the
maximum stability of the face (see Fig. 8b). An opposite case
is in Fig. 8c, where the excavation face exhibits distinct blocky
features.

It is necessary before leaning out of the space behind the cut-
terhead toward the excavation face to check the stability of the
face, i.e. to inspect the presence of loose blocks, the develop-
ment of rock bursting etc. With respect to the confined space
and the restricted time for the documentation (ca 10 minutes in
the case of stopping the excavation solely for the purpose of the
geological and geotechnical documentation) it is necessary to
act quickly and, at the same time, carefully taking into consi-
deration the height of excavated tunnel. First, pictures of the
face have to be taken from various angles of view perpendicu-
lar to each other. Visible structural elements are described, their
orientation and dip are guessed because of the fact that the geo-
logical compass does not work correctly with respect to the
magnetic field of the tunnelling machine. The rock strength is
verified by a geological hammer. It is further possible to check
the choking of the shield from the chamber space. The docu-
mentation of the “geological windows* in the telescopic shield
follows after the completion of the documentation of the face.
The openings in segments and the annulus between the ring and
the rock mass along one or two rings accessible just behind the
shield are inspected in the next step. The inspection is carried

zdrojlsource: OBB, 3G

Obr. 8 Pfiklady dokumentace Celby: a) pohled z ,,Mannlochu* vzhuru na stabilni éelbu s otisky Feznych disku, b) stabilni, kompletné pristupnd celba v obdobi
drZby stroje, c) vyrazné blokovité vylomend éelba dokumentovand z ,,Mannlochu‘

Fig. 8 Examples of the documentation of the excavation face: a) a view from the “Mannloch” up to the stable excavation face with tracks of disk cutters in it,
b) stable, completely accessible excavation face during a maintenance break, c) excavation face with distinct blocks broken from it, documented from the

“Mannloch”
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nutné dulnim vlakem dosdhnout prvni pruchozi pii¢né propojky
a dal$im vlakem pokracovat na ¢elbu. Pokud doslo k cerstvému
odstrelu na prave realizované propojce, je dokumentovana cestou
z &elby na zvlastni list i ona. Casova ndroénost dokumentace obou
(pripadné trech) Celeb je aktudlné priblizné 3,5 hodiny.

S dokumentaci razeb souvisi i kazdodenni odbér reprezentativ-
nich vzorkd rubaniny na vysypce a provedeni zkouSky pevnosti
horniny pri bodovém zatiZeni — Point load test a stanoveni pev-
nosti v jednoosém tlaku (UCS).

Denni zpracovani geologické dokumentace

Na inzZenyrskogeologickou dokumentaci in-situ navazuje oka-
mzité zpracovani fotografické dokumentace pro dcely pravidelné
dopoledni schuzky tzv. ,,geotechnické &tvrthodiny“, kterd se kond
v pul dvandcté a déastni se ji zdstupci investora a zhotovitele (geo-
logové, geotechnici, geofyzici, stavbyvedouci, stavebni dozor
a dalsi), kde jsou prezentovany aktualni geologické, geotechnické
a celkové technické podminky razeb a jejich postup (ddle napr.
progndzy raZeb, odsouhlaseni zmény typu pouZitych segmentu,
dalsi technicka opatren{ apod).

Déle navazuje vyplnéni dokumentacnich listu, zhotoveni skici
Celby a celkova digitalizace dat vyuZzitim softwaru 2DOC uprave-
ného pro stavbu KAT?2. Zakresleni, a tedy kazdodenni aktualizace
podélného a horizontdlniho geologického profilu tunelu ru¢né je
nutné vzhledem ke spoluprici s geotechnikem a geofyzikem.
Jelikoz dokumentace probihd jednou za den, je nutné vyrazeny
usek do dalSi dokumentace Celby interpretovat (denni postup
razeb na jedné tunelové troub¢ az 35 m). K danému dcelu jsou
vyuzivana geotechnicky zpracovand data z raziciho stroje (hodno-
ty pritlaku, kroutictho momentu, rychlost penetrace, zatizeni drti-
Ce, tfenf na plésti, hodnoty stabilizdtoru a zpétné odvozend pev-
nost v prostém tlaku horninového masivu UCS). Vyuzitim téchto
dat 1ze usuzovat na rozmér a orientaci geologickych struktur.

Identickd dokumentace a digitalizace geologickych dat se tyka
téZ pri¢nych tunelovych propojek raZenych prevdzné ze severni
trouby do jizni v odstupu cca 1 km za stroji.

Denné jsou vkldddna strukturni data do pocitate pro jejich
ndslednou analyzu vyuzitim softwaru Sphaira (obr. 9).

PREDSTIHOVY PRUZKUM V PRUBEHU RAZEB

V prubéhu TBM raZeb je pravidelné provddén predstihovy pri-
zkum a ndslednd prognéza geologickych a geotechnickych podmi-
nek razeb. Cilem je identifikace vyznamnych tektonickych poruch
&i poruchovych zén a zdroju pritoku podzemni vody. Metody pou-
Zivané pro tyto tcely zahrnuji jak geofyzikdlni metody, tak rota¢ni
priklepové bezjadrové predvrty a prileZitostn€ i jadrové vrty.

SF - bidli¢natost / schistosity

K - plocha odluénosti-diskontinuity
discontinuity;

K — diskontinuita s ohlazy
slickensided discontinuity

K - tektonicka zéna, pasmo,
porucha
tectonical zone

H=SF-H paralelni se SF

parallel with SF/H

@ ST=SFviz vy$e / see above

¢ ¢ OO0

o]

—+— osa vrasy / foldaxis

—=0sa tunelu/ tunnelaxis

zdrojlsource: 3G
Obr. 9 Zpracovani strukturnich dat v programu Sphaira
Fig. 9 Processing structural data using the Sphaira software
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out with the aim of revealing overbreaks — loosening of the
rock mass and larger blocks pressing on the ring, which could
cause the development of cracks in the segments.

Individual documentation sheets of the consensual enginee-
ring geological documentation are filled jointly by the geolo-
gist of both parties during the time of waiting for the mine train
or directly on its board. An identical procedure is applied to the
other tunnel tube, where it is first necessary to reach the first
cross passage passable for pedestrians on the mine train and to
continue to the excavation face on another train. If fresh blas-
ting took place in the cross passage being just realised, the
cross-passage is also documented on a separate sheet during the
travel from the face. The time demands of the documentation of
both (or three) excavation faces currently amount to 3.5 hours.

The daily collection of representative samples of muck at the
dump, the execution of the Point Load Test and the determina-
tion of the Uniaxial Compression Strength (the UCS) are asso-
ciated with the documentation of the drives.

Daily processing of geological documentation

The processing of the photo documentation for the use in the
regular morning meeting, the so-called “geotechnical quarter of
an hour”, which is held at half pas eleven and is attended by
representatives of the client and the contractor, is immediately
followed by the in-situ engineering geological documentation
(geologists, geotechnicians, geophysicists, site managers, cli-
ents’ supervisors and others). Current geological, geotechnical
and general technical conditions of the drives and their proce-
dures (as well as, for example, excavation prognoses, approvals
to changes in the type of the segments to be used, other techni-
cal measures etc.) are presented in the meetings.

Filling the documentation sheets, drawing the face sketch
and overall digitalisation of data using the 2DOC software
(modified for the KAT2 construction) follows. Plotting the
data, therefore the daily updating of the longitudinal and the
horizontal geological profiles of the tunnel, has to be carried
out manually with respect to the collaboration with the geo-
technician and geophysicist. Because of the fact that the docu-
mentation is conducted once in a day, it is necessary to interpret
the completed excavation section (the daily advance rate for
one tunnel tube reaching up to 35m) into the subsequent docu-
mentation of the face. The processed data from the tunnelling
machine (the values of thrust, torque, penetration rate, crusher
loading, skin friction, values of stabilisers and retrospectively
derived unconfined compressive strength (the UCS) of the rock
mass) are used for this particular purpose. By using these data,
it is possible to deduce the dimension and orientation of the
geological structures.

In addition, identical documentation and digitalisation of the
geological data concerns the cross passages driven mostly from
the northern tube to the southern tube at the distance of ca 1km
behind the tunnelling machines.

The structural data are daily entered into the computer to be
subsequently analysed using the Sphaira software (see Fig. 9).

ADVANCE SURVEY DURING THE DRIVES

Advance surveying and subsequent prognoses of geological
and geotechnical conditions of the excavation are regularly
conducted during the course of the TBM drives. The objective
is to identify significant faults or fault zones and sources of
groundwater inflows. The methods used for these purposes
comprise both the geophysical methods and percussive-rotary
full-hole drilling and, occasionally, even rotary coring ahead of
the excavation face.

Of the geophysical methods, the Tunnel Seismic While
Drilling (TSWD) system, where the tunnel boring machine is
applied as a source of seismic waves, is used. These seismic




Z geofyzikdlnich metod je jednd o seismicky systém progndzy
TSWD (tunnel seismic while drilling), kdy plnoprofilovy razici
stroj je vyuZivan jako zdroj seismickych vin. Geofony, osazené
v radidlnich vrtech hloubky 10 m, ve tfech profilech o vzdjemné
osové vzddlenosti cca 150-250 m prijimaji tyto seismické viny.
Data jsou denné vyhodnocovidna s prognézou na vzdalenost cca
100 m pred Eelbu tunelu. Vyznamnym omezenim této metody je
nemoznost detekce tektonickych zén, které sviraji s osou tunelu
thel mensi nez cca 30°.

Predvrty realizované rota¢né-priklepovym bezjadrovym vrtd-
nim predstavuji nejdaleZit€j$i metodu predstihového pruzkumu.
Standardné je provéadén jeden cca 100 metru dlouhy, piiblizné
subhorizontdlni predvrt skrze vrtné prostupy v pldsti stroje.
Predvrt je realizovdn v zdvislosti na poznatcich geofyzikdlniho
pruzkumu a jejich doporudeni. Piitomnost geologa a celkova
dokumentace realizace predvrtu je téZ soucdsti geologické doku-
mentace in-situ. Ta zahrnuje petrograficky popis vynosu z vrtu
zachytavaného na situ. Na zdkladé charakteru rozvrtané horniny
a pozorované rovnomérnosti rychlosti vrtani lze pfiblizné odhad-
nout stupen rozpukanosti horninového masivu. Ze zvySeného
zakaleni vrtného vyplachu, vyrazné nerovnomérného prabéhu
vrtan{ a dlomku hornin na sité (nebo jejich Gplné absence) 1ze usu-
zovat na zastiZzeni poruchové zény a odhadnout jeji charakter.
V piipadé piitoku podzemni vody do vrtu je provddén odbér
a popis vzorku podzemni vody. Po ukonéeni pfedvrtu je geologic-
kda dokumentace porovndna a vyhodnocena s ohledem na data
z vrtné soupravy (tj. rychlost vrtdni, priklep, tlak vody, pritlak
vrtné soupravy apod.) a je soucdsti progndzy chovani horninové-
ho masivu na razbu v ndsledujicich cca 100 metrech. V pfipadé
zastizeni vyznamné poruchové zény je nejprve tato zéna prosto-
rové ovérena dal§imi vrty, aby se v pripadé nutnosti pristoupilo
k vrtu jadrovému skrze feznou hlavu. Dal$i metodou pro odhad
charakteru materidlu vyplné dané zény jsou vodni tlakové zkous-
ky. Pokud dojde k zastizen{ vyrazné zvodnélych poruch (napr. pfi-
tok do vrtu cca 20-30 1/s), jsou opét podle nutnosti realizovany
dal§i vrty z davodu odvodnéni horninového masivu. V misté
budouci pfi¢né propojky je pruazkumny predvrt realizovan vZdy.

V pravidelnych intervalech, v misté pricnych tunelovych pro-
pojek (kazdych 500 m) nebo v piipadé vyznamné zmény geotech-
nickych podminek razby jsou provddény jadrové vrty o praméru
50 nebo 100 mm pro laboratorni stanoveni jednoosé pevnosti hor-
niny v tlaku (UCS) a abrazivity horniny podle CAI (Cerchar
Abrasivity Index). Vysledky slouzi k upfesnéni charakteristik hor-
ninového masivu a ke stanoveni tfid vyrubu.

PROGNOZA

Souhrnné vysledky z jednotlivych &ésti predstihového prizku-
mu jsou zpracovany do prehledné prognézy geologickych
a geotechnickych podminek razeb v ndsledujicich priblizné 100
metrech budouciho dseku tunelu.

Geologicka prognéza

Obr. 10 zobrazuje zadznam z vrtani predstihového bezjadrového
vrtu a geologickou prognézu na cca 100 m razby. Pfedmétem je
predevsim petrograficky a strukturni popis horninového masivu,
pritomnost a charakter podzemni vody, obecné pozndmky
k prabéhu vrtdni (rovnomérnost atd.) a vyznaceni z geologického
hlediska vyznamnych oblasti horninového masivu.

Celkové shrnuti prognézy z predstihového pruzkumu zahrnuje
charakteristiku dokumentovanych aspekti horninového prostiedi
s ohledem na nadchézejici razbu useku, neboli stanoveni pfizni-
vosti zastiZzenych geologickych podminek. Dokumentovanymi
charakteristikami v pripadé geologického dohledu jsou: dosaZeni
koneéné hloubky vrtu, pritok podzemni vody, jeji zbarveni, vynos,
tlak, déle zastiZeni poruch, jejich mocnost a projev na zdznamu
z vrtani, dals$i doporuCeni ohledné vrtu. V pripadé geofyziky se
jedna o indikaci tektonické poruchy, jeji vzdalenosti od celby, ori-
entace vuci razbé, mocnosti a podobnosti k zastiZzenym poruchdm.
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waves are received by geophones installed in 10m deep radial
boreholes, in three profiles spaced at ca 150-250m. The data is
daily assessed, with a prognosis ca 100m ahead of the excava-
tion face. The fact that fault zones making an angle smaller
than ca 30° with the tunnel axis cannot be detected is
a significant limitation of this method.

Holes drilled ahead of the excavation face using percussive-
rotary full-hole drilling are the most important method of the sur-
vey ahead of the excavation face. One 100m-long, approximately
sub-horizontal, drillhole is carried out ahead through drilling gates
in the machine skin as a standard. The borehole is realised ahead
of the excavation face depending on the findings of the geophysi-
cal survey and its recommendations. The presence of the geologist
and the overall documentation of the process of drilling ahead of
the excavation face is also part of the in-situ geological documen-
tation. It comprises the petrographical description of the recovery
from the borehole retained on a screen. The degree of the rock
mass fracturing can be approximately estimated on the basis of the
character of the rock being subjected to drilling and the observed
steadiness of the drilling penetration rate. Encountering a fault
zone and guessing at its character can be deduced from the incre-
ased turbidity of the drilling fluid, the distinctly non-uniform cour-
se of drilling and the rock fragments on the screen (or the total
absence of them). Groundwater samples are collected and descri-
bed in the cases of groundwater flows into the borehole. When the
drilling ahead of the face is finished, the geological documentati-
on is compared and assessed taking into consideration the data
from the drilling rig (the drilling penetration rate, percussion,
water pressure, drilling thrust force etc.) and becomes part of the
prognosis of the rock mass response to the excavation along the
following ca 100-metre section. If a significant fault zone is
encountered, it is first spatially verified by additional boreholes so
that drilling of a cored hole through the cutterhead is proceeded to
only in the case of necessity. Another method of estimating the
character of the filling material in the particular zone is water pres-
sure testing. When a significantly water-bearing fault is encounte-
red (the rate of flow into the borehole of about 20-301/s), additio-
nal boreholes necessary for draining the rock mass are carried out.
A survey borehole ahead of the excavation face is always carried
out in the location of the future cross passage.

Cored boreholes 50 or 100mm in diameter are carried out at
regular intervals, at cross passages (every 500m) or in the case
of a significant change in geotechnical conditions for the exca-
vation for the laboratory determination of the uniaxial com-
pressive strength (UCS) of rock and the rock abrasivity accor-
ding to the Cerchar Abrasivity Index (CAI). The results are
used for refining the rock mass characteristics and determining
the excavation support classes.

PROGNOSIS

The summary results from individual parts of the survey
ahead of the excavation face are incorporated into a synoptic
prognosis of geological and geotechnical conditions for the
excavation in the subsequent approximately 100-metre section
of the tunnel ahead.

Geological prognosis

Fig. 10 presents a record from full-hole drilling ahead of the
excavation face and a geological prognosis for ca 100m long
excavation section. Its main objective is the petrographical and
structural description of the rock mass, the presence and cha-
racter of groundwater, general notes regarding the course of
drilling (penetration steadiness etc.) and marking of the rock
massif areas significant from the geological point of view.

The overall summarisation of the prognosis based on the sur-
vey ahead of the excavation face comprises characteristics of
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zdrojlsource: OBB, 3G
Obr. 10 Zdznam 7 realizace predstihového bezjdadrového vrtu a geologickd
prognoza
Fig. 10 Record from the realisation of a non-cored borehole and the geologi-
cal prognosis

Geologickd prognéza pro s odstupem raZzenou druhou troubu je
obvykle omezena pouze na interpretaci geologickych a geo-
technickych podminek z prvni tunelové trouby. Pokud vsak byla
prvni troubou zastizena vyznamnd poruchova zdéna, pristupuje se
té7 k realizaci predvrtu z duvodu ovéfeni skutecné pozice
a rozsahu zény. Ddle rozsah predstihového prizkumu
v nésledujici troubé zdvisi na vzdjemné vzddlenosti stroju.
Geotechnické zhodnoceni

Ke geologické prognéze je vzdy pripojeno struéné geotechnic-
ké zhodnoceni pro dany cca 100 m dlouhy dsek. Hodnoceno je
predev§im ocekdvané chovani horninového masivu, tj. stabilita
Celby a bo¢nich stén vyrubu a popis pric¢iny vzniku mozné nesta-
bility a celkovéa doporuceni k razbe.

VYHODNOCENI CHOVANI ZAJISTENEHO VYRUBU
(CHOVANI SYSTEMU)

V pravidelnych casovych obdobich je vyhodnocovdno chovéani
systému horninové prostredi — konstrukce (tj. zajisténého vyrubu),
a to formou porovnani geologické dokumentace s geotechnickymi
daty =z razictho stroje a monitoringu deformaci prstenca
v odpovidajicich mefenych profilech. Vztah téchto dat je patrny z obr.
11, kde je uvedeno porovndni zdokumentovaného podélného
a horizontdlniho geologického fezu z vyrazené &asti tunelu (TM
10970 — 11170) s geotechnickymi daty z TBM. Na geologickych
fezech jsou vyznaCeny dseky, které byly osazeny jednotlivymi typy
segmentu (t]. ve stru¢nosti Typ Ila pro zhorSené podminky, Typ I1I pro
poruchové zény, Typ IIb pro priznivé podminky a Typ Q-III pro tsek
pri¢né propojky v priznivych podminkéch). Nasazeni jednotlivych
typt segmentu plyne z vysledka predstihového prazkumu a z aktudln{
geologické dokumentace razby. V profilu prevazuji ,,specidlni seg-
menty, nebot’se jednalo o tsek, kde byly zastizeny mirné az siln¢ roz-
pukané ruly s prechodem aZ k poruchovym pasmum, coZ dokazuje
nerovnomérnost dat z TBM. Na prikladu je evidentni, Ze poruchova
pdsma ¢i zmena na kvalitativné hor$i horninovy typ koresponduji se
sniZzenou hodnotou pritlaku stroje a soucasné se zvySenymi hodnota-
mi rotaénitho momentu a specifické penetrace. Sledovéna je i velikost
treni na plasti Stitu a zatizeni drtiCe, jejichz hodnoty téZ
v poruchovych, rozvolnénych zéndch vyrazné rostou (obr. 11).

SHRNUTI

InZenyrskogeologicky dozor je realizovén jak na strané zhoto-
vitele, tak investora, a to ze zminénych davoda moZnosti ovéfeni
geologickych podminek, ndroku zhotovitele a piipadné dalSich
nesrovnalosti. Dokumentace probihd kazdy den a je prabézné
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the documented aspects of the rock environment with respect to
the coming tunnelling section, which means the determination
of the favourableness of the geological conditions encountered.
In the case of the geological monitoring, the documented cha-
racteristics comprise: reaching the final depth of the borehole,
the inflow of groundwater, its colour, the recovery, pressure,
encountering faults, their thickness and manifestation in the
drilling record, other recommendations regarding the borehole.
As far as the geophysics is concerned, the prognosis comprises
the indication of a tectonic fault, its distance from the excava-
tion face and the similarity to the already encountered faults.

The geological prognosis for the other tunnel tube driven at
a distance behind the face in the first tube is usually limited to
a mere interpretation of geological and geotechnical conditions
from the first tunnel tube. Although, if the first tube encounters
a significant fault zone, the hole is also drilled ahead of the face
with the aim of verifying the actual location and extent of the
zone. In addition, the extent of the survey ahead of the face
depends on the distance between the tunnelling machines.
Geotechnical assessment

A brief geotechnical assessment for the particular ca 100m
long section is always attached to the geotechnical prognosis.
The assessment mainly deals with the expected behaviour of
the rock mass, i.e. the stability of the face and the excavation
sides, as well as the description of the cause of the origination
of the potential instability and general recommendations regar-
ding the excavation.

ASSESSMENT OF THE BEHAVIOUR OF UNSUPPORTED
EXCAVATION (SYSTEM BEHAVIOUR)

The behaviour of the rock environment — structure system (i.e.
the supported excavation) is assessed at regular intervals of time,
in the form of comparing the geological documentation with geo-
technical data from the tunnelling machine and the monitoring of
deformations of the rings in the respective measured profiles. The
relationships among these sets of data are obvious from Fig. 11,
presenting the comparison of the documented longitudinal and
horizontal sections from the completed excavation (tunnel chaina-
ge metres TM 10970 — TM 11170) with geotechnical data from the
TBM. The sections lined with particular segment types (in brief:
type Ila for worsened conditions, type III for fault zones, type Q-
IIT for the cross passage section driven in favourable conditions)
are marked on the geological sections. The application of indivi-
dual segment types follows from the results of the survey ahead of
the excavation face and from the current geological documentati-
on of the excavation. The “special segments” prevail in the profi-
le because it was a section where moderately to heavily fractured
gneiss with a transition even to fault zones were encountered,
which is a proof of the unevenness of the data from the TBM. It is
evident on the example that the fault zones or the change into
a qualitatively worse rock type correspond to the reduced value of
the machine thrust and, at the same time, to the increased values
of the torque (rotational moment) and the specific penetration rate.
The friction on the shield skin and the crusher loading, the values
of which also significantly grow in fault zones and loosened
zones, are also monitored (see Fig. 11).

SUMMARY

The engineering geological supervision is carried both by the
contractor and the project owner for the above-mentioned rea-
sons, i.e. the possibility of verifying geological conditions, con-
tractor’s claims or other discrepancies. The documentation is car-
ried out daily and is assessed continually. The categorisation into
individual excavation support classes is adjusted on the basis of
the results of the continual documentation and the documentation
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Obr. 11 Porovndni inZenyrskogeologické dokumentace razby s nasazenim ruznych typu segmentu a s daty z raziciho stroje, mezi daty je patrnd vyznamnd korelace
Fig. 11 Comparison of engineering geological documentation of a drive with various types of segments applied with the data from the tunnelling machine;

a significant correlation is visible among the data values

vyhodnocovéna. Na zdkladé vysledku prubéZné a predstihové
dokumentace je upravovéano zatiidéni do jednotlivych razicich
trid, je navrhovéna aplikace specidlnich segmentd osténi, je vyu-
Zivano dopliikového prizkumu a zkouSek atd. Duslednd doku-
mentace a jeji vyhodnoceni jsou dileZitym podkladem pro pre-
dikci podminek razeb v ndsledujici tunelové troubé, zvlaste
v pfipade poruchovych pasem.

VySe popsané inZenyrskogeologické sledovani mechanizova-
nych raZeb neni popsdno v kompletnim rozsahu, vybrdny byly
nejdulezitéj$i Cinnosti, které probihaji soubéZné s raZbami.
V pravidelnych perioddch je provddéno souhrnné geologicko-geo-
technické vyhodnoceni a vysledky jsou vzdy porovndviny
s predpoklady pred zahdjenim razeb.
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