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PRUZKUMNE STOLY VYUZITE PRO VYSTAVBU DOPRAVNICH
TUNELU V CR

EXPLORATORY GALLERIES USED FOR CONSTRUCTION
OF TRANSPORT TUNNELS IN THE CR

MARTIN SRB, MATOUS HILAR

1 0voD

Provedeni prizkumné Stoly pred razbou tunelu je vyuZzivdno
pro ziskdni detailnich geotechnickych informaci relevantnich
pro ndvrh a realizaci budouciho podzemniho dila. V poslednich
dvaceti letech od roku 1990 byly v Ceské republice zahdjeny
a dokonéeny razby 14 silni¢nich a 13 Zelezni¢nich tunela
s celkem cca 35 km tunelovych trub. U dvandcti z nich,
a zdroven u vSech delSich tuneld, byly pfed zahdjenim stavby
provedeny prizkumné $toly v Edste¢né, nebo plné délce budou-
cich tunelt (obr. 1). Vzhledem ke zvySené investi¢ni ndro¢nos-
ti a prodlouZeni doby vystavby u tunelovych projektu
s pruzkumnymi Stolami je nutné diskutovat otdzku pfinosu
a vhodnosti téchto $tol pro realizaci budoucich tunela.

Nasledujici ¢lanek prinasi prehled silni¢nich a Zelezni¢nich
tunelovych projektd a jejich pruzkumnych §tol realizovanych
pomoci NRTM v obdobi 1990—2011 v Ceské republice (obr. 1).
Jsou prezentovény zdkladni parametry $tol a budoucich tunelu.
Tunely jsou fazeny v chronologickém poradi podle obdobi
vystavby. ProtoZze ve zkoumaném obdobi doslo také k radé
havdrii béhem vystavby dopravnich tunell, coZ tzce souvisi
s diskutovanou problematikou, tak jsou v ¢lanku uvedeny
i vyskyty vyznamnéjsich havarii.

2 PREHLED DOPRAVNICH TUNELU S PRUZKUMNYMI
STOLAMI

2.1 Tunel Hiebed (1995-1996, priizkumna $tola 1994)

Tunel Hrebe¢ je obousmérny, tiipruhovy silniéni tunel na sil-
nici I/35 u Svitav o délce razeného tunelu 275 m. Tunel
s nadlozim do 20 m byl raZen ve sloZitych geologickych pod-
minkéch kif{dovych sedimentd opuk, jilovcu a piskoveu.

Prizkumna $tola byla provedena jeden rok pred zahdjenim
razeb v ramci prizkumnych praci. Profil pruzkumné Stoly byl
navrzen ve tvaru pravého bo¢niho opérového tunelu budouciho
tunelového profilu a Stola byla vyrazena v délce 50 m
od vychodniho portdlu dovrchné.

Razba z vychodniho portdlu byla zahdjena levym opérovym
tunelem na délku cca 80 m a poté propojenim v hote do pru-
zkumné $toly, vytvorenim profilu kaloty a razbou kaloty zpét
k vychodnimu portdlu. Pfi pfibliZzeni k portdlu doslo k zavaleni
tunelu skalnim zficenim portdlu. Stavba tunelu byla zdvalem
zdrzena pfiblizné o jeden rok. Razba po zdvalu byla provddéna
ze zapadniho portdlu Gpadné. Nezavalend ¢ast kaloty byla zpfi-
stupnéna Sachtou z povrchu.

2.2 Tunel Mrazovka (1998-2002, priizkumné $toly
1995-1998)

Tunel Mrézovka zahrnuje dvé jednosmérné tunelové trouby
razené v tfipruhovém profilu, dvoupruhové a jednopruhové &4sti
tunelu, rozplety, 5 tunelovych propojek, ddle objekty trafostani-
ce a strojovny vzduchotechniky, kterd vyustuje do vétraci Sachty.

1 INTRODUCTION

Exploratory galleries are driven prior to constructing tunnels with
the aim of gathering geotechnical information relevant to the design
and implementation of the future underground working. During the
previous 20 years, from 1990, driving of 14 road tunnels and 13 rail-
way tunnels at the aggregate length of about 35 km was commenced
and completed in the Czech Republic. Exploratory galleries were dri-
ven for twelve of them, among them all of the longest ones, before the
commencement of the tunnel construction itself, running throughout
the full tunnel length or along a part of the future tunnel length (see Fig.
1). Taking into consideration the increased project costs and extended
construction time of the tunnelling projects comprising exploratory
galleries, it is necessary to discuss the issue of the benefit and suitabi-
lity of these galleries for the construction of the future tunnels.

This paper brings a summary of all road and railway tunnel
projects and exploratory galleries driven for them by the
NATM within the 1990 — 2011 period in the Czech Republic
(see Fig. 1). They are presented by means of basic parameters
of the galleries and future tunnels. The tunnels are arranged in
a chronological order, according to the construction time. Since
several incidents happened during the period of the transport
tunnels construction being surveyed, which is a problem close-
ly associated with the problems discussed in this paper, the
more serious incidents are also mentioned.
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Obr. 1 Orientaéni poloha silniénich a Zelezniénich tunelu s pruzkumnymi
Stolami realizovanych NRTM v letech 1990-2010 na mapé CR (1 - Panenskd,
2 — Prackovice, 3 — Mrdzovka, 4 — Valik, 5 — Slivenec SOKP 514,
6 — Komorany SOKP 513, 7 — Krdlovopolsky)

Fig. 1 Orientative locations of road tunnels and rail tunnels with explorato-
ry galleries, built by the NATM from 1990 — 2010 in the map of the CR
(1 - Panenskd, 2 — Prackovice, 3 — Mrdzovka, 4 — Valik, 5 — Slivenec SOKP

514, 6 — Komorany SOKP 513, 7 — Krdlovo Pole)




Obr. 2 Pruzkumnd $tola tunelu Valik
Fig. 2 Exploratory gallery for the Valik tunnel

Délka tunelu je priblizné 1300 m, celkovd délka razenych ¢4sti je
priblizné 2200 m.

Prazkumnd $tola byla raZena pred razbou vlastni zdpadni
tunelové trouby v jeji ose smeérem od severniho portdlu.
U severniho portdlu byla $tola situovédna uprostied vysky profi-
Iu budouciho silni¢niho tunelu a postupné prechazela do vrcho-
Iu jeho klenby. Vzhledem k ruzné relativni poloze $toly vuci
tunelové troubé byl ¢dsteéné zménén i jeji tvar (méné klenuty
strop Stoly umisténé ve vrcholu kaloty). Celkovéa délka pra-
zkumné Stoly v ose zdpadni tunelové trouby byla 800 m.
V oblasti ulice Ostrovského a pred rozpletem byla vyraZzena
pruzkumna S$tola i v ose vychodni tunelové trouby (razba
z budované zdpadni trouby, délka cca 400 m). Z pruzkumné
Stoly byla v nékolika oblastech provedena zpevnujici injektdz.

Béhem razeb zdpadni a vychodni trouby v oblasti severniho
portalu deformace vyrazné prekracovaly predpoklddané hodno-
ty, deformace osténi se vSak tspé€s$né podarilo stabilizovat.

2.3 Tunel Valik (2004-2005, priizkumna $tola 2002)

Tunel Valik se nachdzi na ddlnici D 5 z Prahy do Rozvadova
na obchvatu mésta Plzen. Délni¢ni tunel je 380 m dlouhy, tunel
tvori dvé tunelové trouby $itky 11,5 m. Trouby jsou umistény
tésné vedle sebe bez horninového pilite, coz vedlo k dspore
zdboru pozemkdu, ale soudasné to znamenalo obtiznéjsi razbu.
RaZené tunelové trouby maji délku 330 m. RaZba byla realizo-
vdna ve zvétralych az silné€ zvétralych, tektonicky rozpukanych
proterozoickych bridlicich.

Prizkumnd $tola s profilem 15 m2 byla budovdna v profilu
budouciho stiedniho tunelu s profilem cca 71 m?2 (kalota 50 m?
a spodni klenba cca 21 m2) v celé délce tunelu (obr. 2). Ve
sttednim tunelu byl vybudovdn monoliticky betonovy pilif
slouzici jako opéra pro primdrni osténi pri razbé vlastnich tune-
lovych trub.

Pfi razbé stfedniho tunelu se s postupem razby odstranovalo
osténi $toly. Prizkumnd $tola, umisténd v profilu stfedniho
tunelu, méla pfiznivy vliv na razbu stfedniho tunelu, jelikoZ
pusobila jako kotva zvySujici stabilitu Eelby stfedniho tunelu.

2.4 Tunel Panenska (2003-2005, priizkumna $tola
2001-2002)
Tunel Panenskd je soucdsti ddlnice D 8, kterd vede z Prahy
kolem Lovosic a Usti nad Labem na statn{ hranici se SRN. Tunel
mad dvé dvoupruhové tunelové trouby spojené propojkami. Délka
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2 SUMMARY OF TRANSPORT TUNNELS WITH
EXPLORATORY GALLERIES

2.1 The Hiebe¢ tunnel (1995 - 1996,
exploratory gallery 1994)

The Hrebe¢ tunnel is a bi-directional triple-lane tunnel on the
1/35 road near Svitavy, with the length of the mined section of
275 m. The tunnel with the overburden up to 20 m high was dri-
ven in complicated geological conditions formed by Cretaceous
sediments of cretaceous marl, mudstone and sandstone.

The exploratory gallery was carried out one year before the
commencement of the tunnel excavation, within the framework
of geological and geotechnical exploration. The profile of the
exploratory gallery was designed to follow the shape of the
right-hand side-wall drift within the future tunnel profile. The
gallery was driven at the length of 50 m, uphill from the eastern
portal.

The excavation from the eastern portal started on the left-
hand side-wall drift at the length of about 80 m. Then it was
interconnected inside the rock mass with the exploratory galle-
ry, forming the top heading profile. The excavation proceeded
back toward the eastern portal. When the portal was being app-
roached, the tunnel collapsed as the result of a failure of the
rock mass at the portal. The tunnel construction was delayed
for approximately one year. After the collapse the excavation
proceeded downhill from the western portal. The part of the
tunnel which was not affected by the collapse was made acces-
sible through a shaft sunk from the surface.

2.2 The Mrazovka tunnel (1998 — 2002,
exploratory galleries 1995 - 1997)

The Mrazovka tunnel comprises two unidirectional tunnel
tubes, each with a triple-lane profile, two-lane and single-lane
sections, bifurcation chambers, 5 cross passages, a cavern for
a transformer station and a cavern for ventilation plant, which
is connected to a ventilation shaft. The tunnel is roughly
1,300 m long; the total length of the mined sections is about
2,200 m.

The exploratory gallery was driven prior to the western tun-
nel tube excavation, following the tunnel centre line, from the
western portal. At the northern portal, the gallery excavation
was situated at the centre of the future road tunnel and gradu-
ally passed to the vault crown. With respect to the varying rela-
tive position of the gallery relative to the tunnel tube alignment,
the cross-section geometry was partially modified (the radius
of the gallery vault was increased at the future tunnel top). The
total length of the exploratory gallery running on the centre line
of the western tunnel tube was 800 m. In the area of
Ostrovského Street and before the bifurcation, an exploratory
gallery was driven even on the centre line of the eastern tunnel
tube (about 400 m long excavation starting from the western
tunnel tube being carried out). Consolidation grouting was car-
ried out from several locations of the exploratory gallery.

During the course of the excavation of both the western and
eastern tunnel tubes in the area of the northern portal, deforma-
tions significantly exceeded the expected values. The contrac-
tor succeeded in stabilising them.

2.3 The Valik tunnel (2004 - 2005,
exploratory gallery 2002)

The Valik tunnel is found on the D5 motorway from Prague
to Rozvadov, on a by-pass around the city of Plzen. This 380 m
long motorway tunnel consists of two 11.5 m wide tunnel tubes.
The tubes run side by side, without a rock pillar. This design led
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razeného tunelu je cca 2 km. Tunel byl razen v prostfed{ tekto-
nicky poruseného rulového krystalinika prostoupeného Zilnymi
t€lesy zulovych porfyra.

Vlastni vystavbé tunelt Panenskd predchézel podrobny geo-
logicky pruzkum vcetné razby dvou prizkumnych S$tol ze
severniho a jizniho portdlu budouciho tunelu. RaZba pruzkum-
nych §tol byla zahdjena v zari 2001 a dokonéena v f{jnu 2002.
Plocha vyrubu 3tol byla 23,5 m? a celkovd délka Stol byla
300 m (150 m z kaZzdé strany). RaZba Stol a tunelu probihala
bez vyraznéj$ich problému.

2.5 Tunel Bfezno (2002-2007, priizkumna Stola 1996)

Jednokolejny Zelezni¢ni tunel Bfezno se nachdzi na Zeleznic-
ni trati na dseku Bfezno u Chomutova — Chomutov, celkova
délka raZeného tunelu je 1478 m, celkova délka tunelu je
1758 m. Tunel s nadloZim do 30 m byl raZzen v obtiZnych geo-
logickych podminkdch, které zahrnovaly prevdzné zna¢né plas-
tické jily a jilovce. Hladky povrch &etnych diskontinuit zpaso-
boval nizkou stabilitu oblasti nevyztuZeného vyrubu. Dal§im
vyznamnym faktorem bylo ovlivnéni masivu v oblasti portdlu
predchozi duln{ &innosti. Pokryvné utvary (3té€rkopisky) zasa-
hovaly do hloubky cca 6 m. Stavba tunelu zacala v roce 2002
pomoci metody obvodového vrubu s predklenbou (MOVP).
V roce 2003 po vyrazeni 860 m tunelu pomoci MOVP doslo
k zéavalu tunelu. Zbyvajici ¢ast tunelu byla vyraZena tzv.
sekvenéni metodou (obdoba NRTM), v této casti doSlo ke
dvéma zdvalum, které se propagovaly aZz na povrch. V misté
zasypaného stroje Perforex byla zbudovédna tnikova Sachta.
Tunel byl uveden do provozu v roce 2007.

V prubéhu piipravy projektu byla v roce 1996 vyraZena ,,pru-
zkumna $tola* mimo trasu budouciho tunelu, ve vychodni ¢asti
skryvkového fezu lomu Libous. Tato $tola méla ovérit prede-
v§im vlastnosti horninového masivu a jeho kratkodobé
a dlouhodobé deformacni vlastnosti, stanovit vypoctové para-
metry a umoZznit vytvoreni realistického numerického modelu.

2.6 Tunel Nové spojeni - Vitkovské tunely (2005-2006,
prizkumna $tola 2002)

Zelezni¢ni tunely nového spojeni mezi Hlavnim nddraZim
a stanicemi Liben, Vyso¢any a HoleSovice jsou tvoreny dvéma
dvoukolejnymi tunely délky 1250 m a 1150 m. RaZba probiha-
la v tektonicky ovlivnénych vrstvach bridlic a kfemencu bez
vétsich problému.

U zédpadniho portdlu tuneld byla provedena 20 m hluboka
Sachta a z ni rozrazka, kterd méla zachytit predpoklddany styk
odliSnych geologickych formaci tzv. Prazského zlomu.
Rozrazka umisténd do profilu kaloty budouciho jizniho dvou-
kolejného tunelu byla cca 100 m dlouhd o velikosti pfi¢éného
profilu 10 m2. Realizace této prizkumné 3toly byla provedena
na z4dost BU, Prazsky zlom touto §tolou zachycen nebyl.

2.7 Tunel Komorany SOKP 513 (2007-2009,
prizkumna stola 2003-2004)

Tunel Komorany se skldda ze dvou jednosmérnych tunelo-
vych trub, tunel tvori ¢ast jihozdpadniho segmentu celého
Silni¢niho okruhu kolem Prahy (SOKP). Klesajici tunelovd
trouba je dvoupruhovd, stoupajici trouba je tfipruhova, délka
razené Casti tunelu je 1680 m. Geotechnické poméry pro razbu
byly priznivé, pri razbé byly zastizeny horniny ordovického
souvrstvi, které jsou charakteristické flySovym vyvojem. Jedna
se o nepravidelné stfiddni kiemenct a bridlic. Vystavba tunela
byla zahdjena v roce 2007 dovrchni razbou nejdrive jizni tfi-
pruhové tunelové trouby z prizkumné Stoly. Nésledné zapoca-
la dovrchni razba i severni dvoupruhové tunelové trouby.
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to reducing the area of the total plan area of the permanent
works but, at the same time, to more difficult tunnelling work.
The mined tunnel tubes are 330 m each. The excavation passed
through weathered to heavily weathered, tectonically fractured
Proterozoic shales.

The exploratory gallery with the cross-sectional area of 15
m?2 was driven within the profile of the future central tunnel
with the cross-sectional area of 71 m? (top heading 50 m? and
invert about 21 m?), throughout the tunnel length (see Fig. 2).
A concrete pillar fulfilling the role of a support for the primary
lining during the excavation of the tunnel tubes themselves,
was cast in the central tunnel.

The gallery lining was being removed during the course of
the advancing central tunnel excavation. The exploratory galle-
ry position within the central tunnel cross-section favourably
affected the excavation of the central tunnel, acting as an
anchor increasing the stability of the central tunnel excavation
face.

2.4 The Panenska tunnel (2003 - 2005,
exploratory gallery 2001 - 2002)

The Panenska tunnel is part of the D8 motorway leading from
Prague around Lovosice and Usti nad Labem to the border with
the FRG. The tunnel comprises two double-lane tunnel tubes
interconnected by cross passages. The mined section is about
2.0 km long. The tunnel was driven in an environment formed
by a faulted gneiss crystalline complex with pervasive granitic
porphyry vein bodies.

The construction of the Panenskd tunnels construction was
preceded by a detailed geological survey, inclusive of the exca-
vation of two exploratory galleries, carried out from both the
northern and southern portals of the future tunnel. The excava-
tion of the exploratory galleries started in September 2001 and
finished in October 2002. The excavated cross-sectional areas
of the galleries were 23.5 m2; the aggregate length of the galle-
ries was 300 m (150 m from each side). The excavation of the
galleries and the tunnel proceeded without more significant
problems.

2.5 The Bfezno tunnel (2002 - 2007,
exploratory gallery 1996)

The Bfezno single-track railway tunnel is found on the track
section between Brfezno u Chomutova and Chomutov. The
total length of the mined tunnel and the total length of the tun-
nel are 1,478 m and 1,758 m, respectively. The tunnel with the
overburden height up to 30 m was driven in complicated geo-
logical conditions, consisting mainly of highly plastic clays
and mudstone. Polished surfaces of numerous discontinuities
caused low stability of unsupported excavation. Another
important factor was the effect of previous mining activities on
the rock mass in the portal areas. The cover (gravel-sand) rea-
ched down to the depth of about 6 m. The tunnel construction
started in 2002, using the Mechanical Pre-cutting Method
(MPM). In 2003, after completing 860 m of the drive using the
MPM, the tunnel collapsed. The remaining part of the tunnel
was driven by a sequential method (an analogy to the NATM).
Two collapses propagating themselves up to the surface hap-
pened on this section. An escape shaft was sunk in the locati-
on of the buried Perforex machine. The tunnel was commissi-
oned in 2007.

During the project planning stage, in 1996, an “exploratory
gallery” was driven off the alignment of the future tunnel, in
the eastern part of the overburden slope of the Libous opencast
mine. The objective of this gallery was first of all to verify




Obr. 3 Pruzkumnd $tola tunelu Komorany
Fig. 3 Exploratory gallery for the Komorany tunnel

Koncem roku 2007 zapocala upadni razba obou tunelovych
trub ze stavebni jamy Cholupice, takZe se razila soucasné razba
na 4 Celbach. Tunel byl uveden do provozu v roce 2010.

U dané stavby bylo rozhodnuto provést pruzkumnou $tolu
v celé délce, protoze nejobtiznéjsi geotechnické pomeéry byly
oCekdvany ve stiedni &dsti, kde méla byt také umisténa vétraci
Sachta. Tvar $toly a jeji umisténi v profilu tunelu se v pribéhu
piipravy upravovaly. Realizovala se $tola o velikosti cca 25 m?
soudkového tvaru, umisténa do osy kaloty tfipruhového tunelu
s nadvySenym stropem, ktery zustal jako ,,ztraceny* pri razbé
pIného profilu (obr. 3). Portdly Stoly byly posunuty azZ do mist
hloubenych portdla tunelu z duvodu plochy zafizeni stavenisté
limitované vykupem pozemku, pfistupem na né a zpozdénim
prelozky frekventované komunikace Komoranska. Stola byla
delsi nez razeny tunel v Cholupicich o 56 m a v Komoranech
o 175 m. Souddsti Stoly byly také rozsitrené dseky tvaru plného
profilu kaloty o délkach priblizné 30 m.

2.8 Tunel Slivenec SOKP 514 (2006—2008,
prizkumna $tola 2004)

Tunel Slivenec se sklddd ze dvou jednosmérnych tunelovych
trub. Tunel je soucasti Silni¢niho okruhu kolem Prahy (SOKP).
Leva (jizni) klesajici tunelovd trouba razené délky 1290 m je
dvoupruhd. Pravd (severni) stoupajici tunelovd trouba razené
délky 1240 m je tfipruhova, sklon tunelu je cca 4 %. Ob¢ tune-
lové trouby jsou propojeny sedmi propojkami ve vzddlenostech
200 m. Tunel byl raZen v ordovickych a silurskych horninach,
které byly tektonicky porusené a prostoupené zlomovymi
a vrasovymi poruchami. V dvodni ¢asti dpadni razby tunelu od
portdlu Lochkov byly zastizeny predev§im vdpnité bridlice,
doplnéné Cetnymi vloZkami vdpencu, a posléze i bazaltové tufy.
Druhd polovina razeb probihala stfidavé v bridlicich, piskov-
cich, pripadné tufech. Tunel byl uveden do provozu v roce
2010.

Stola o profilu 25 m? soudkového tvaru byla navrzena jako
stropni v pravém stoupajicim tfipruhovém tunelu na celou
délku tunelu (obr. 4). Vyska stoly odpovidala vySce budouci
kaloty a byla nadvySena podobné jako u $toly SOKP 513. Ve
Stole bylo realizovano sedm zvétSenych geotechnickych profi-
14 na celou $ifku kaloty v délkédch 12 az 42 m s plochou vyru-
bu cca 66 m?, které byly vyuZivany po dobu rarby i jako
vyhybny. RaZba §toly byla realizovdna v roce 2004.
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properties of the rock mass and short-term and long-term defor-
mational properties of the mass, to determine calculation para-
meters and make the development of a realistic numerical
model possible.

2.6 New Connection tunnels - the Vitkov tunnels
(2005 — 2006, exploratory gallery 2002)

The rail tunnels providing a new link between Hlavni
Ndadrazi, the main Prague station, and stations in Prague
districts of Liben, Vysocany and HoleSovice. The project con-
sists of two double-track tunnels 1,250 m and 1,150 m long,
respectively. The excavation passed through tectonically affec-
ted shale and quartzite strata, without more significant pro-
blems.

A 20 m deep shaft was sunk at the western portal of the tun-
nels and an opening drift was driven from it. The drift was
expected to encounter an anticipated interface between diffe-
rent geological formations of the Prague Fault. The opening
drift driven along the top heading of the future southern doub-
le-track tunnel was about 100 m long, with the cross-sectional
area of 10 m2. This exploratory gallery was driven at the requ-
est of the Bureau of Mines; the Prague Fault was not encounte-
red by the gallery. .

2.7 The Komorany tunnel, constr. lot 513 of the Prague
City Ring Road (2007 - 2009,
exploratory gallery 2003 — 2004)

The Komorany tunnel consists of two unidirectional tubes; it
is part of the south-western segment of the Prague City Ring
Road project. The descending tunnel tube has two traffic lanes,
while the ascending tube contains three lanes. The mined part
of the tunnel is 1,680 m long. Geotechnical conditions were
favourable for the tunnel excavation. Ordovician strata were
encountered during the excavation, which are typified by the
flysch background, i.e. the alternation of quartzite and shale.
The tunnel construction started in 2007, driving the tubes
uphill, first the southern triple-lane tunnel tube from the explo-
ratory gallery. The uphill excavation of the northern, double-
lane tube followed. At the end of 2007 the downhill excavation
of both tunnels commenced from the Cholupice construction
trench, which means that 4 headings were operating simultane-
ously. The tunnel was opened to traffic in 2010.

A decision regarding the particular construction was made
that an exploratory gallery would be driven throughout the tun-
nel length because the most difficult geotechnical conditions
were expected to be encountered in the central section, where
a ventilation shaft was to be sunk. The geometry of the gallery
cross-section and its position within the tunnel cross-section
were adjusted during the planning phase. The gallery which
was constructed was 25 m? in the barrel-shaped cross-section;
it was driven along the top heading centre line of the future
triple-lane tunnel top heading. The top of the gallery was hig-
her than the top of the tunnel. The lining of the crown remained
as a sacrifical structure when the full tunnel profile was being
excavated (see Fig. 3). The gallery portals were shifted to the
positions of portals of cut-and-cover tunnels because of the
area required for the site facility , which was limited by the
acquisition of land plots, access to them and a delay in the con-
struction of a diversion of the busy Komoranska road. The gal-
lery was longer than the mined tunnel by 56 m and 175 m in
Cholupice and Komorany, respectively. Part of the gallery were
approximately 30 m long sections where the profile was expan-
ded to copy contour of the full tunnel top heading.



2.9 Kralovopolsky tunel (2006-2010,
prizkumné Stoly 2002-2003)

Stavbu tvori dva paralelni dvoupruhové tunely raZzenych délek
cca 1050 m, které jsou soucdsti brnénského velkého méstského
okruhu (VMO). Razba probihala v tuhych az pevnych plastic-
kych neogennich jilech pomoci mnohonasobného ¢lenéni.

Souddsti pruzkumu bylo vyraZeni tii pruzkumnych $tol pfi-
blizné trojihelnikového pri¢ného profilu v prostoru tunelovych
trub na bocich kaloty (obr. 5), které byly vyuzZity pfi ndsledné
vystavbé tunelového dila. Razba $tol probihala z vychodniho
portdlu a celkova délka pruzkumnych $tol ¢inila pres 2 km (ITA
831 m, IIB 831 m a IB 365 m). Skute¢né deformacni chovani
(dlouhodobé, vétsi nez ofekdvané deformace) pruzkumnych
§tol béhem realizace a predev§im po ni bylo zohlednéno
v navrhu razeb plnych profild.

2.10 Tunel Prackovice (2008-2009,
prizkumna stola 2004-2005)

Tunel Prackovice je souddsti ddlnice D 8 v udseku pruchodu
Ceskym stfedohofim mezi Lovosicemi a Rehlovicemi. Tunel
md dvé jednosmérné dvoupruhové tunelové trouby a jednu
tunelovou propojku. Délka razené Casti je cca 150 m, celkova
délka tunelu je 270 m.

Vlastni vystavbé tunelu Prackovice predchdzel podrobny
geologicky prizkum véetné razby pruzkumné Stoly ze Sachty
provedené v blizkosti severniho (praZského) portdlu. Razba
pruzkumné $toly byla zahdjena v prosinci 2004 a dokonéena
v &ervnu 2005. Plocha vyrubu $toly byla 23,5 m?, umisténi
v profilu budouci kaloty levé (zapadni) tunelové trouby (obr. 6)
a celkova délka $toly byla 170 m. Razba Stoly a tunelu probe-
hla bez problému, vy$si deformace jizniho (prazského) portalu
byly feSeny dodateCnymi stabilizaénimi opatfenimi.

2.11 Tunel Krélovska obora - Spelc (2007-2010,
priizkumna $tola 2002-2005)

Tunel Krélovska obora, ktery je soucasti SZ &asti méstského
okruhu v Praze mezi Trojou a Letnou, je tvofen dvéma jednosmer-
nymi 2-3pruhovymi tunelovymi troubami o délkach cca 2230 m.

Prizkumn4 §tola o celkova délce 1950 m je ve své prevdzné
délce vedena v profilu budouci jizni tunelové trouby (JTT)
a umisténa excentricky do vrcholu kaloty budouciho tunelu
(obr. 7). Stola s profilem 10,5 m? byla realizovana s kolejovou
dopravou s vyhybnami po 150 m. V tdseku s nejniz§im nadlo-
7im na tdpati svahu z Letné (oblast byvalé Slechtovy restaura-
ce) a také pod Vltavou byla prizkumné $tola raZena i v profilu

Obr. 5 Pruzkumnd $tola Krdlovopolského tunelu
Fig. 5 Exploration gallery for the Krdlovo Pole tunnel
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Obr. 4 Prizkumnd $tola tunelu Slivenec

Fig. 4 Exploratory gallery for the Slivenec tunnel

2.8 The Slivenec tunnel, constr. lot 514 of the Prague
City Ring Road (2006 - 2008, exploratory gallery
2004)

The Slivenec tunnel consists of two unidirectional tunnel
tubes. The tunnel is part of the Prague City Ring Road project
(PCRR). The 1,290 m long mined section of the left-hand
(northern) ascending tunnel tube has two traffic lanes. The
1,240 m long right-hand (northern) ascending tunnel tube has
three lanes. The longitudinal gradient is about 4 %. The tunnel
tubes are interconnected by seven cross passages driven at
200 m spacing. The tunnel was driven through Ordovician and
Silurian rocks, which are frequently tectonically broken and
interspersed by faults and folds. In the initial section of the
downhill excavation of the tunnel from the Lochkov portal,
first of all cretaceous shales supplemented by numerous limes-
tone interbeds, and later even basalt tuffs were encountered.
The second half of the drives passed alternately through sha-
les, sandstone or tuffs. The tunnel was inaugurated in 2010.

The gallery with the barrel-shaped cross-section of 25 m?2
was designed as a crown drift following the future right-hand
ascending triple-lane tunnel throughout its length (see Fig. 4).
The gallery height corresponded to the height of the future tun-
nel top heading, exceeding the top heading roof level similar-
ly to the gallery for the PCRR 513. Seven 12 to 42 m long geo-
technical sections with cross-sections expanded to the full
width of the tunnel top heading (excavated cross-sectional
areas of about 66 m?) were carried out in the gallery. Among
other purposes they were used during the course of the exca-
vation as passing bays. The gallery was driven in 2004.

2.9 The Kralovo Pole tunnel (2006 - 2010,
exploratory galleries 2002 - 2003)

The construction comprises two parallel double-lane tunne-
Is with the lengths of mined sections of about 1,050 m. The
tunnels are parts of the Large City Circle Road (LCCR) in
Brno. The excavation was carried out through firm to stiff
plastic Neogene clays, using an excavation sequence divided
into multiple headings.

The excavation of three exploratory galleries was part of the
exploration. The galleries with roughly triangular cross-sections



Obr. 6 Pruzkumnd $tola tunelu Prackovice
Fig. 6 Exploration gallery for the Prackovice tunnel

budouci severni tunelové trouby (STT). V tseku s nizkym nadlo-
Zim pod parkem Stromovka byla z pruzkumné $toly déldna roz-
sdhld sanacni opatfeni pro zlepSeni podminek budoucich razeb.

Béhem razeb plnych profili doslo v oblasti Stromovky ke
dvéma havériim, které zdrZzely razby a ovlivnily jejich dalsi
provadéni.

2.12 Tunel Jablinkov (2007 — nedokon¢en)

Vystavba nového tunelu Jablunkov na Zelezni¢ni trati mezi
Tfincem a Cadcou (SK) spo&ivd v roziifeni stivajiciho jedno-
kolejného tunelu na tunel dvoukolejny v délce 565 m razené¢ho
(roz§ifovaného) dseku. Rozsifeni bylo provddéno asymetricky
s ponechdnim ptuvodni pravé opéry tunelu.

Pruzkumnd §tola se pred raZbou tunelu neprovadéla, ale sou-
Casny tunel umozioval zjisténi geotechnickych poméru v ose
dila (podrobnéjsi podklady z razby puvodniho tunelu nebyly
k dispozici).

Razba kaloty byla provdzena dvéma havdriemi, pfi razbé
opeti a spodni klenby doslo k zavaleni tunelu v délce cca 100 m.

3 TYPY PRUZKUMNYCH STOL

Za prazkumné $toly oznacujeme tunelové liniovd podzemni
dila, kterd jsou zpravidla umisténa v profilu budouciho tunelu.
Pruzkumné Stoly jsou soucdsti geotechnického prazkumu.
Velikost téchto liniovych podzemnich staveb neni omezena
a ndzev ,,$tola“ je uzivdn i u profila vétsich, neZ je obvykla for-
maln{ hranice 16 m2.

Obr. 7 Pruzkumnd $tola tunelu Krdlovskd obora
Fig. 7 Exploratory gallery for the Krdlovskd Obora tunnel
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were driven on the sides of the future tunnel top heading (see
Fig. 5). They were used during the subsequent construction of
the tunnels. The galleries were driven from the eastern portal.
The total length of the exploratory galleries exceeded 2 km (ITA
831 m, IIB 831 m and IB 365 m). The actual deformational
behaviour (long term deformations larger than expected defor-
mations) of the exploratory galleries during the construction
and, first of all, after the construction, was allowed for in the
design for the excavation of full profiles.

2.10 The Prackovice tunnel (2008 - 2009,
exploration gallery 2004 — 2005)

The Prackovice tunnel is part of the D8 motorway in the sec-
tion passing across the Ceské Stredohofi highland between
Lovosice and Rehlovice. The tunnel consists of two unidirec-
tional tubes and one cross passage. The length of the mined
part is 150 m, the total tunnel length is 270 m.

The Prackovice construction itself was preceded by
a detailed geological survey, including the excavation of an
exploratory gallery from a shaft sunk in the vicinity of the
northern (Prague) portal. The excavation of the exploratory
gallery commenced in December 2004 and was finished in
June 2005. The cross-sectional area of the gallery was 23.5 m?.
The gallery alignment followed the future top heading of the
left-hand (western) tunnel tube (see Fig. 6). The total length of
the gallery was 170 m. Both the gallery and the the tunnel were
driven without problems; larger deformations of the southern
(Prague) portal were solved by additional stabilisation measu-
res.

2.11 The Kralovska Obora - Spelc tunnel (2007 - 2010,
exploratory gallery 2003 — 2005)

The Kralovskd Obora tunnel, which is part of the NW seg-
ment of the City Circle Road (the inner ring) in Prage betwe-
en Stromovka Park and Letna, consists of two unidirectional
double- and triple-lane tunnel tubes with the lengths of about
2,230 m.

The exploratory gallery with the total length of 1,950 m runs
along the prevailing proportion of its length within the profile
of the future southern tunnel tube (STT); it is positioned
eccentrically at the crown of the top heading of the future tun-
nel (see Fig. 7). The gallery with the cross-sectional area of
10.5 m? was constructed using rail-bound transport and pas-
sing bays provided at intervals of 150 m. In the section with
the shallowest cover at the bottom of the slope from Letnd, the
exploratory gallery was even driven within the profile of the
future northern tunnel tube (NTT). In the section with the shal-
low cover under Stromovka Park, extensive stabilisation mea-
sures designed to improve conditions for the future tunnelling
were implemented from the exploratory gallery.

Two collapses happened in the area of Stromovka during
the course of the excavation of the full profiles. They delay-
ed the excavation and influenced the subsequent excavation
procedure.

2.12 The Jablinkov tunnel (2007 — not completed)

The construction of the new Jablinkov tunnel on the rail
track section between Tfinec and Cadca (the SR) lies in enlar-
ging the width of the existing single-track tunnel, converting it
into a double-track tunnel with the length of the mined (expan-
ded) section of 565 m. The expansion was carried out asym-
metrically, leaving the original right-hand sidewall of the tun-
nel in place.
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1A 1B

2A 2B

Obr. 8 Umisténi a tvary pruzkumnych §tol a jejich pfiklady (1 — SOKP 513,
SOKP 514, 2 — Krdlovopolsky Brno, 3 — Mrdzovka, Krdlovskd obora,
Prackovice)

Fig. 8 Positions and geometries of exploratory galleries and their examples
(1 — PCRR 513, PCRR 514, 2 — Krdlovo Pole tunnel, Brno; 3 — Mrdzovka,
Krdlovskd Obora, Prackovice tunnels)

Z hlediska umisténi byly v uvadénych pripadech pruzkumné Stoly
nejlastéji realizovany v nésledujicich polohdch a tvarech (obr. 8):

1 — Stola soudkovitého tvaru v ose kaloty — s nenadvy$enym
(1A) ¢i nadvySenym (1B) stropem.

2 — Stola trojihelnikového tvaru v oblasti opérového (boéniho)
tunelu — s nenadvySenym (2A) ¢i nenadvySenym (2B) stropem.

3 — Stola podkovovitého tvaru v oblasti kaloty (s nadvyse-
nym ¢i nenadvySenym stropem).

4 — Stola umisténa mimo profil tunelu (paralelni s tunelem)
vyuzitelnd pfi provozu tunelu pro déely tniku osob, vét-
rani ¢i odvodnéni.

5 — Stola umisténd mimo profil tunelu (neparalelni s tune-
lem) slouzici béhem raZeb jako pristupova Stola.

4 PRINOS PRUZKUMNYCH STOL PRO SNIZENI
GEOTECHNICKEHO RIZIKA

Z piehledu (tab. 1) vyplyvd, Ze u viech tuneldi v CR s razbami
del§imi nez 1 km byla provedena pruzkumna §tola. Prizkumné
Stoly jsou povazovdny za nejpodrobnéjsi zpusob geotechnické-
ho prazkumu pred zahdjenim razby tunelu. Zajimava je skutec-
nost, 7e skoro u viech vétsich zavald dopravnich tuneld v CR
byla pred zahdjenim razby realizovéna pruzkumnd Stola, v pri-
padé tunelu Jablinkov byl k dispozici stdvajici tunel, pouze
v pfipadé tunelu Brusnice (Blanka — MyPra) nebylo provedeno
74dné podzemni pruzkumné dilo. Z této skutecnosti je zfejmé,
Ze samotné proveden{ pruzkumné $toly, asto i s provedenou
sanaci horninového masivu, je$té nezarucuje uplnou bezpec-
nost razeb.

Aby byla realizace prizkumné $toly pfinosnd z hlediska geo-
technické bezpecnosti a zdroven ceny projektu, musi splnit
nasledujici pozadavky:

TuoufHel

No exploration gallery was driven prior to the tunnel exca-
vation because the existing tunnel allowed the designer to
identify geotechnical conditions on the tunnel centre line
(more detailed technical background from the construction of
the original tunnel was not available).

The excavation of the top heading was affected by two inci-
dents. The tunnel collapsed during the bench and invert exca-
vation at the length of about 100 m.

3 EXPLORATION GALLERY TYPES

Exploratory galleries are linear underground tunnel wor-
kings which are usually driven following the profile of the
future tunnel. Exploratory galleries are parts of geotechnical
investigation. Sizes of these linear underground structures is
not limited; the term “gallery” is used even for profiles larger
than the usual formal limit of 16 m2.

From the aspect of their position, the exploratory galleries
mentioned in this paper were most frequently driven in the fol-
lowing positions within the future tunnel cross-section, with
the following geometries (see Fig. 8):

1 — A barrel-shape gallery following the top heading centre

line — with its roof at the same level as the tunnel roof
(1A) or higher than the tunnel roof (1B).

2 — A triangular cross-section gallery driven in the area of
the sidewall drift — with its roof at the same level as the
tunnel roof (2A) or higher than the tunnel roof (2B).

3 — A horseshoe shaped cross-section gallery driven within
the area of the top heading — with its roof at the same
level as the tunnel roof or higher than the tunnel roof.

4 — A gallery driven outside the tunnel profile (in parallel
with the tunnel), which can be used during the tunnel
operation for escape, ventilation or drainage purposes.

5 — A gallery running outside the tunnel cross-section (non-
parallel with the tunnel), which is used during the tunnel
excavation as an access gallery.

4 CONTRIBUTION OF EXPLORATORY GALLERIES TO
REDUCING GEOTECHNICAL RISKS

It follows from the summary (see Table 1) that an exploratory gal-
lery was carried out for all tunnels in the CR where the mined sec-
tions were longer than 1 km. Exploratory galleries are considered to
be the most detailed way of geotechnical investigation available
before starting the tunnel excavation. It is an interesting fact that an
exploratory gallery was driven before commencing the tunnel exca-
vation nearly in all cases of bigger collapses of transport tunnels in
the CR; in the case of the Jablinkov tunnel there was the existing
tunnel available. The only case where no underground exploratory
working was carried out was the Brusnice tunnel (Blanka — MyPra).
This fact suggests that the excavation of an exploratory gallery
itself, often combined with the stabilisation of the rock mass, does
never guarantee complete safety of the excavation.

For the implementation of an exploratory gallery to be bene-
ficial in terms of geotechnical safety and, at the same time, the
construction cost, it must meet the following requirements:

— The level of geotechnical information necessary for

a quality design and execution of the works must be
improved (geotechnical parameters, deformational behavi-
our and rock mass stability, water inflows etc.).

— The above information must be made provisions for in the
geotechnical design so that the work effectiveness is inc-
reased and all risks are diminished.

— A structure reinforcing the rock mass and increasing the
stability of the excavation face, possibly even supporting

a part of the top heading, must be created.




TuHel

20. rocnik - €. 3/20M

Tab. 1 Prehled silnicnich a Zelezni¢nich tunelii realizovanych v letech 1990-2010 v Ceské republice
Table 1 Summary of road tunnels and rail tunnels constructed from 1990 to 2010 in the Czech Republic

Silniéni tunely Zahajeni razby Dokonéeni razby Délka razeb (m) Prizkumna stola Havarie pfi razbé
Road tunnels Excavation Excavation Excavation Exploratory Excavation
commencement completion length (m) gallery incidents
Hrebed 1995 1996 275 ano / yes
Pisarecky 1995 1997 600 ne /no ne / no
Mrazovka 1999 2002 2200 ano / yes ne/no
Valik 2004 2005 660 ano/ yes ne / no
Panenska 2003 2005 4000 ano/ yes ne / no
Libouchec 2005 2006 900 ne /no ne / no
Klimkovice 2004 2006 1740 ne/no ne/no
SOKP 514 2006 2008 2 550 ano / yes ne /no
SOKP 513 2006 2008 3350 ano/ yes ne / no
Prackovice 2008 2009 300 ano / yes ne / no
Kralovopolské 2006 2010 2100 ano/ yes ne / no
Radej¢in 2009 2010 1150 ne/no ne/no
Kréalovska obora (Blanka, Spelc) 2007 2010 4 400 ano/ yes ano / yes
Brusnice (Blanka, Mypra) 2009 2011 1100 ne / no

Zelezniéni tunely Zahajeni razby

Dokon¢eni razby

Délka razeb (m) Prlizkumna $tola Havarie pfi razbé

Railway tunnels Excavation Excavation Excavation Exploratory Excavation
commencement completion length (m) gallery incidents
Bfezno 2002 2006 1500 mimo tunel / outside tunnel
Veprek 2003 2003 275 ne/no ne/no
Krasikov 2003 2003 1035 ne /no ne / no
Tatenice 2003 2003 85 ne/no ne / no
Mala Huba 2003 2004 300 ne /no ne /no
Hnévkovsky | 2004 2005 130 ne/no ne/no
Hnévkovsky I 2004 2005 430 ne/no ne/no
Nové spojeni 2005 2006 2400 ano/ yes ne / no
Zahradnicky 2009 2010 1030 ne /no ne / no
Olbramovicky 2009 2010 480 ne/no ne /no
Jabllinkov 2009 610 stavajici tunel
(roz8ifeni / expansion) existing tunnel
Tomicky |. 2009 2010 325 ne/no ne / no
Tomicky II. 2010 2011 255 ne / no ne / no

— podstatné zvysit droven geotechnickych informaci potreb-
nych pro kvalitni ndvrh a provddéni (geotechnické para-
metry, deformaéni chovani a stabilita horninového masivu,
pritoky vody, atd.),

— tyto informace zohlednit v geotechnickém ndvrhu tak, aby
zvysily efektivitu provadéni a zaroven sniZzily veskera rizika,

— vytvorit konstrukci, kterd zpeviiuje horninovy masiv, zvy-
Suje stabilitu Celby, pfipadné zajistuje ¢dst pristropi,

—nezhor§it podminky razby v okoli Stoly rozvolnénim,
deformacemi nebo vyplavovanim jemnozrnnych materiala.

Sprdvnd realizace konven¢né raZenych tuneld pomoci NRTM

umoznuje flexibilni dpravy zpusobu razby, zajiSténi vyrubu
a provadeéni predstihovych a sanaénich opatreni. Predpokladem

— Excavation conditions in the gallery surroundings must
not be worsened as the result of loosening, deformations
or suffusion.

Correct construction of conventionally driven tunnels using
the NATM makes flexible adjustment of the excavation pro-
cess, excavation support and execution of stabilisation measu-
res in advance of the excavation possible. A prerequisite for
the success is that organisational, demarcation of authority
related and contractual conditions exist which permit it.

The question remains whether driving of exploratory galle-
ries for tunnels excavated by the NATM in the CR is necessa-
ry from the general geotechnical viewpoint and whether it is
beneficial.
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je ovSem vytvoreni organiza¢nich, kompetenénich a smluvnich
podminek, které to umozni.

Otdzkou tedy zustava, jestli je realizace pruzkumnych $tol
pro tunely razené NRTM v CR z geotechnického hlediska
vubec nutnd a zdali je prospésna.

5 PRINOS PRUZKUMNYCH STOL PRO PRIPRAVU
A REALIZACI BUDOUCIHO TUNELOVEHO DILA

Piiprava a realizace pruzkumnych §tol muze mit také jiné nez

geotechnické duvody, které mohou prinést fadu vyhod:

— moznost faktického predstihového zahdjeni projektu reali-
zaci prazkumné $toly na zdkladé baniskych a ne stavebnich
predpisu,

— fixovdni trasy, styk s vefejnosti, spoleCenska prijatelnost,

— snaz§{ projednavan{ a pribéh nutnych spravnich procesu,

— predstihové vytvoreni podminek pro budouci stavbu (zari-
zeni staveni$té, komunikace, doprava, energie, média),

— technologické vyhody pfi razbé (doprava v tunelu, vétrani,
pristup),

— bezpeCnost razeb (zvySeni stability Celby a pfistropi,
odvodnéni, moZnost zpevnéni horninového masivu).

Jako hlavni nevyhody lze uvést ndsledujici aspekty:

— C¢asova narocnost,

— zvySeni ndkladu stavby (pokud vystavba $toly neni kom-
penzovana jejim prinosem).

Pifnos (negeotechnicky) realizované pruzkumné Stoly pro
tunelovy projekt a jeho pripravu muZe byt z vySe uvedenych
davodu velmi vyznamny.

6 ZAVER

Realizace pruzkumnych $tol u vétSich tunelovych projektu
v Ceské republice se stala pravidlem. Pro plné vyuziti viech
vyhod, které prazkumné Stoly mohou prfinést, je tfeba jejich
spravné zatrazeni do procesu pripravy, a to predev§im Casove,
aby ziskané geotechnické informace mohly byt zpracovdny
a pouZity pro ndvrh a zadani projektu.

ZvySend investiéni ndro¢nost pii realizaci pruzkumné §toly muZze
byt kompenzovéana vyhodami, které se ale daji jen obtiZné¢ ekonomic-
ky kvantifikovat. Rozhodnutf o realizaci prazkumné $toly na budou-
cich tunelovych projektech v Ceské republice by mélo byt zalozeno
na dukladném individudlnim posouzeni konkrétniho projektu.
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TA01011816.
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5 CONTRIBUTION OF EXPLORATORY GALLERIES
TO PLANNING AND CARRYING OUT FUTURE TUNNEL
WORKINGS

Planning and execution of exploratory galleries may even
have other reasons than geotechnical ones, which may bring
about many benefits, such as:

— a possibility of starting the work on the project in advance
by driving the exploratory gallery on the basis o mining
regulations instead of building regulations

— fixing of the route, public relations, social acceptability

— easier negotiations and course of the administrative proces-
ses necessary

— creating conditions for the future construction in advance
(site facilities, communications, transport, energies, media)

— technological benefits during the tunnel excavation (tran-
sport in the tunnel, ventilation, access)

— excavation safety (increased stability of excavation face
and top heading, drainage, possibility of reinforcing the
ground mass)

The following aspect can be presented as the main disadvantages:

— demands for time

— increased construction cost (unless the gallery construction
is compensated for by its benefits)

For the above-mentioned reasons, the (non-geotechnical)
benefit of a completed exploration gallery for a tunnelling pro-
ject and its preparation can be very significant.

6 CONCLUSION

Driving exploratory galleries for larger tunnel construction
projects in the Czech Republic has become a rule. To the full
use of the advantages the exploratory galleries can provide it is
necessary to incorporate them properly into the planning pro-
cess, first of all in terms of time, so that the geotechnical infor-
mation gained by the galleries can be processed and applied to
the design and tender documents.

The increased investment demands during the course of an explo-
ratory gallery can be compensated for by advantages, even though
these advantages are hard to economically quantify. A decision on
the construction of an exploratory gallery for future tunnel con-
struction projects in the Czech Republic should be based on
a thorough individual assessment of the particular project.
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