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TUNEL LALIKI - PRVY CESTNY RAZENY TUNEL V POLSKU
LALIKI TUNNEL - THE FIRST MINED ROAD TUNNEL IN POLAND

ROBERT ZWILLING, JOZEF BARTOS

uvob

Predmetom vystavby rychlostnej komunikédcie S-69 Bielsko—
Biala—Zywiec—Zwardon, tisek C2 bol poloviény profil rychlostnej komu-
nikécie s jednou tunelovou rirou. Po ukonceni stavebnych prac prebie-
hali asi 3 mesiace skusky technologického vybavenia. Tunel s tsekom
rychlostnej komunikdcie bol do prevddzky odovzdany 5. 3. 2010.

Tunel je prvym cestnym razenym tunelom v Polsku. Nachddza sa
v juznom Polsku nedaleko hrani¢ného priechodu Skalité-Zwardon
medzi Slovenskou republikou a Polskom. Svoje pomenovanie dostal
podla obce Laliki, v ktorej blizkosti sa nachddza. Tunel pretina chrbat
Sobczakowej Grapy s nadmorskou vySkou 766,3 m.

Razenie prebiehalo podla zdsad Novej rakiskej tunelovacej metdédy.
Geologicku stavbu zaujmového tzemia tvorili paleogénne flySové
vrstvy ilovcov a pieskovcov, ktoré mali v zéne zvetrania a tek-
tonického porusenia charakter {lu, resp. sute flovito-kamenite;j.

Identifika¢né tidaje stavby

Nézov stavby: Budowa drogi ekspresowej S-69
Bielsko—Biala—Zywiec—Zwardoﬁ,

usek C2: Szare—Laliki km 40+475 — km 43+155,74
Generalna dyrekcja drég krajowych i autostrad
Konzorcium firiem Bogl a Krysl, k. s., Praha —
Doprastav, a. s., Bratislava

Zhotovitel tunela: Doprastav, a. s., Bratislava

Projektant zhotovitela: Basler&Hofmann Slovakia, s. r. 0., Bratislava
Geotechnicky dozor
zhotovitela:

Investor stavby:
Dodadvatel stavby:

Geofos, s. 1. 0., Zilina, Arcadis Geotechnika a. s.,
Geoexperts, s. I. 0., Zilina

Autorsky dozor: Mosty Katowice, Katowice
Technické udaje
Typ tunela: jednortrovy, obojsmerny
Sirkové usporiadanie: volna Sirka medzi obrubnikmi 8 4 m
Sirka jazdnych pruhov: 2x3,5 m
Sirka chodnikov: 1,7 m
Dizka hlavného tunela: 678 m (razeny tunel 630 m)
Dizka unikovej Stdlne: 678.49 m (razend $tolna 630,49 m)

Vyska priechodného prierezu cestného tunela: o 4Tm
Pocet a dlzka prepojovacich chodieb: 4x jednotnej dizky 22 m
Realizicia: 11.2007-11. 2009

Uvedenie do prevadzky: marec 2010
Celkové investicné ndklady pre tseky C1 a C2 s tunelom: viac ako 88 mil. eur

ZMENY TECHNICKEHO RIESENIA TUNELA

V Polsku zatial chyba dostatocnd legislativa na projektovanie
tunelov. Pri projektovanf{ sa sice preberaju skisenosti zo zahranicia,
hlavne z nemecky hovoriacich krajin, ale na druhej strane sa do pro-
jektu dostavaji rdzne poziadavky, ktoré nie st v tuneloch Standard-
né. Spomentt je treba hlavne Sirkové usporiadanie tunela, kde pri
volnej Sirke vozovky medzi obrubnikmi je 8,4 m a Sirke jazdného
pasu 3,5 m vznikd spevnend krajnica $irky 0,45 m. Dal§im Specifi-
kom Sirkového usporiadania je extrémna Sirka chodnikov 1,7 m.
Pocas pripravy sme navrhovali upravenie Sirkového usporiadania
a tym zmensenie Sirky prechodového prierezu. Napriklad pri porov-
nani s nasou kategdriou tunela T8.,0 a Sirkou chodnika 1 m by sa dalo
usetrit' na svetlej Sirke tunela 1,8 m. Z pozadovanych priestorovych
ndrokov vyplyval aj celkovy, nie celkom staticky vhodny tvar tune-
la. V pripade zmeny tvaru by sa dalo hovorit'aj o vyraznych tisporach
na stavebnych nakladoch.

Pocas realizacie sme predkladali r6zne moznosti tiprav tunela podla
naSich zvyklosti, ale vo vicSine pripadov sme neuspeli. V tuneli bolo
v zaddvacej dokumentdcii navrhnuté drendZne odvodnenie
z kameninovych rir so vzdialenostou Cistiacich §acht 75 m, resp.
150 m. V tomto pripade sme navrhovali zmenu materidlu rdr

INTRODUCTION

The subject of the construction of section C2 of the S69 speedway
between Bielsko—Biala—Zywiec—Zwardoh was a half of the profile of
the expressway with one tunnel tube. When the civil works had been
completed, an about 3 months long period followed during which the
tunnel equipment was being tried. The tunnel together with the speed-
way section was inaugurated on 05/03/2010.

The tunnel is the first mined road tunnel in Poland. It is found in
southern Poland, near a border crossing between the Slovak Republic
and Poland. It was given its name after the village of Laliki in the vici-
nity of which it is located. The tunnel cuts through the Sobczakowa
Grapa ridge with the altitude of 766.3m above sea level.

The tunnel was driven using the New Austrian Tunnelling Method.
Geology of the area of operations comprised Palacogene, flysh layers
of claystone and sandstone, having the character of clay or clayey-
stony debris in the weathered and tectonically disturbed zone.

Identification data on the project

Project name: Budowa drogi ekspresowej S-69

Bielsko—Biala—Zywiecfzwardoﬁ, Section C2: Szare —

Laliki km 404475 — km 43+155.74

Project owner: Generalna dyrekcja drég krajowych i autostrad

Construction contractor: Consortium of companies consisting of Bogl
a Krysl, k. s. Praha —Doprastayv, a. s.,
Bratislava

Tunnelling contractor: Doprastav, a. s., Bratislava

Design Consultant

to Contractor: Basler&Hofmann Slovakia, s. r. 0., Bratislava

Contractor’s geotechnical

supervision: Geofos, s. 1. 0., Zilina, Arcadis Geotechnika a. s.,

Geoexperts, s. I. 0., Zilina
Architect’s Supervision: Mosty Katowice, Katowice

Technical data on the construction

Tunnel type: single-tube, bi-directional
Roadway width geometry: curb-to-curb width of 8.4m
Traffic lane width: 2 x 3.5m
Walkway width: 1.7m
Main tunnel length: 678m (mined tunnel 630m)
Escape gallery length: 678.49m (mined gallery 630.49m)
Height of the road tunnel clearance profile: 4.7m
Number and lengths of cross passages: 4; uniform length of 22m
Construction time: 11/2007 — 11/2009
Opening to traffic: March 2010
Total investment cost of the C1 and C2 sections with the tunnel: over 88 mil. euro

CHANGES IN THE TECHNICAL SOLUTION FOR THE TUNNEL

For the time being, Poland is missing sufficient legislation on
designing tunnels. On the one hand, designers use foreign experien-
ce, mostly from German speaking countries; on the other hand, vari-
ous requirements are incorporated in the design which are not typi-
cal for tunnels.

It is necessary to remember, first of all, the tunnel width configu-
ration, where a hard shoulder originates at the curb-to-curb width of
8.4m and the traffic lane width of 3.5m. Another specific feature is
the extreme width of walkways of 1.7m. We proposed during the
planning stage that the width configuration be changed and, as
a result, the width of the transition cross section be reduced. For
example, compared with our tunnel category T8.0 and walkway
width of 1.0m, the net tunnel width could be reduced by 1.8m. In
addition, the spatial requirements affected the overall tunnel geomet-
ry, which is not too convenient in structural terms. If the geometry
had been changed, it would have been possible to speak about signi-
ficant savings in the construction cost.
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Obr. 1 Situdcia tunela
Fig. I Tunnel layout

a zniZenie vzdialenosti §dcht na 48 m, respektive 60 m. V tnikovej
$t0lni podla zaddvacej dokumentdcie bol navrhovany vodovod
s hydrantmi, a naopak pri vchode do tnikovych ciest v tunelovej riire
hydrant chybal. Navrhované zmeny z pohladu investora a autorského
dozoru neprichddzali do tvahy.

Boli vSak aj zmeny, ktoré sa podarilo presadit. PoCas realizacie pri-
marneho ostenia bola doplnend vystrojovacia trieda s mikropilétovym
dézdnikom, kde v pripade nepresadenia zmeny by mohli nastat’ obrov-
ské problémy. Podarila sa presadit’aj zmena predpisanych pozZiadavok
na striekané betény a doplnenie poZiadavky na pociato¢né ndrasty pev-
nosti striekanych beténov. Pri hlbenych tuneloch sa musel zo statické-
ho hladiska zmenit tvar prie¢neho rezu tunela. Dal3ou akceptovanou
zmenou bola zmena tvaru a vystuZenia spodnej protiklenby a sposob
vystuzenia hornej klenby sekunddrneho ostenia. V sekunddrnom oste-
ni sa dalo na zdklade vykonanych statickych vypoctov usetrit na mnoz-
stve vystuZe a mohlo sa usetrit’aj na zniZeni pevnostnej triedy beténu.

INZINIERSKOGEOLOGICKE POMERY

Geologicki stavbu zdujmového tizemia tvoria paleogénne flySové
vrstvy flovcov a pieskovcov. Ide o striedanie {lov, ¢iasto¢ne vapena-
tych a pieskovcov prevazne glaukonitickych. V zéne zvetrania
a tektonického porusenia mali charakter {lu, resp. sute kamenito-ilovi-
tej a flovito-kamenitej. Z vrstevnatych ilovych minerdlov obsahovali
chlorit, illit, vzacne kaolinit.

Dominantnymi odlu¢nymi plochami v tomto horninovom prostred{
boli vrstevné plochy diskontinuit, vytvdrajice spolu s vrstevnatostou
rozpad horninového masivu na doskovité a hranolovité dlomky
a bloky.

Na zdklade inZinierskogeologickych a geotechnickych vlastnost
bolo mozné vyclenit nasledovné typy hornin:

— {lovce zvetrané doskovité, sivej az tmavosivej farby, vapnité (slie-
novce), prevazne slabo az silno zvetrané, doskovitej vrstevnatosti,
miestami slabo piescité, na styku s vodou mali tendenciu rozpadat’
sa Criepkovito;

—ilovce zvetrané laminované, boli pritomné v polohdch doskovi-
tych flovcov. Zvetrané {lovce boli tvorené tenkolaminovanymi
flovcami hnedej az tmavohnedej farby, na styku s vodou criepko-
vito sa rozpadajice, miestami a7 charakteru zeminy. Casto boli
tektonicky porusené, charakteru malych tilomkov a zeminy;

— pieskovce zvetrané, boli sivej az hnedosivej farby, prevazne slabo
zvetrané, doskovitej az lavicovitej vrstevnatosti, jemnozrnné, vap-
nité.

Z hydrogeologického hladiska v tuneli neboli vyrazné pritoky pod-

zemnej vody a voda prenikajica do tunela zdvisela od mnoZstva

During the course of the construction we submitted proposals for
various possible changes in the tunnel design, corresponding to our
customs, but they were mostly refused. The final design required the
tunnel drainage to be from clayware pipes, with the distance between
cleaning manholes of 75m or 150m. In this particular case we propo-
sed that the material be changed and the distance between shafts be
reduced to 48m or 60m. A water main with hydrants was required by
the final design to be in the escape gallery, while a hydrant was mis-
sing at the entrance to escape routes in the tunnel tube. The proposed
changes were out of the question from the client’s and consulting engi-
neer’s supervisor’s points of view.

Nevertheless, there were also changes which were successfully
implemented. A new excavation support class was added during the
work on the primary lining, comprising canopy tube pre-support. In
this case serious problems could have been encountered if this propo-
sal had not been approved. A change in the requirements for sprayed
concrete and an addition of the requirement for the shotcrete early
strength build-up were successfully pressed. As far as cut-and-cover
tunnels are concerned, the cross-section geometry had to be changed
as required by the structural analysis. Another change which was
successfully implemented was a change in the geometry and reinfor-
cement of the invert and the system of reinforcing the upper vault of
the secondary lining. It was possible on the basis of the structural cal-
culations which were carried out to reach savings in the amount of
reinforcement and achieve other savings by reducing the concrete
strength grade.

ENGINEERING GEOLOGICAL CONDITIONS

The geology in the area of operations consisted of Palacogene, flysh
layers of claystone and sandstone, namely alternation of clays, partly
calcareous, and mostly glauconitic sandstone. In the weathering and
faulting zone they had the character of clay or stony-clayey and clay-
ey-stony debris. Of bedded clay-forming minerals, they contained
chlorite, illite and rarely kaolinite. The bedding planes predominant in
this ground environment were discontinuity bedding planes together
with the bedding forming the disintegration of the rock mass into pla-
tes, rectangular fragments and blocks.

The following rock types were determined on the basis of the engi-
neering geological and geotechnical properties:

Claystone — weathered, tabular, grey to dark-grey, calcareous (marl-
stone), mostly weakly to heavily weathered, tabularly bedded, locally
weakly sandy, prone to disintegrating into small fragments on contact
with water.

Claystone — weathered, laminated (it was present in the tabular
claystone beds). The weathered claystone was formed by thinly lami-
nated claystone, dark brown, disintegrating into small fragments on
contact with water, locally even of the character of soil.

Weathered sandstone, grey to brown-grey, mostly weakly weathe-
red, tabular to banket bedding, finely grained, calcareous.

From the hydrogeological point of view, there were no significant
inflows of ground water and water flowing into the tunnel depending
on the amount of precipitation on the surface. Another factor affecting
the ground mass condition was the process water which was used for
flushing during drilling of boreholes for elements of the primary exca-
vation support. The water degraded and changed properties of the rock
mass.

In terms of the excavation procedure and rock mass stability, the fol-
lowing risk factors appeared to be the most important:

— percentage of the presence of laminated claystone,

— density of discontinuities and their direction compared with the

direction of excavation,

— aperture and filling of discontinuities,

— presence of ground water,

— interaction and combination of the above-mentioned factors cau-

sed local, but also permanent, deterioration of the rock mass pro-
perties, overbreaks and instability of the face.

TUNNEL DESIGN SOLUTION

The tunnel was driven using the NATM, with the excavation support
provided by two lining layers — the primary lining consisting of shotc-
rete and secondary lining in reinforced concrete. An intermediate
waterproofing layer consisting of geotextile and a waterproofing mem-
brane is installed between the primary and secondary linings. Five
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zrdzok na povrchu. Dal3im faktorom, ktory ovplyvioval stav masivu,
bola technologickd voda, ktord sa pouZzivala na vyplach poCas vitania
prvkov vystrojenia primdrneho ostenia. Tdto degradovala a menila
vlastnosti horninového masivu.
Vzhladom na postup razenia a stabilitu masivu ako najvyznamnej-
Sie sa javili tieto rizikové faktory:
— percentudlne zastipenie laminovanych flovcov,
— hustota diskontinuit a ich orientdcia vo¢i smeru razenia,
— otvorenost’a vypln diskontinuit,
— pritomnost’ podzemnej vody,
—ich vzdjomné spolupdsobenie a kombindcia sposobovali lokdlne
ale aj permanentné zhorSenie vlastnosti masivu, vznik nadvylo-
mov a nestabilitu celby.

PROJEKTOVE RIESENIE TUNELA

Tunel bol razeny metédou NRTM so zabezpecenim dvomi vrstvami
osteni — primdrne ostenie zo striekaného beténu a sekunddrne ostenie
zo Zelezobeténu. Medzi primarnym a sekunddrnym ostenim je medzi-
lahld hydroizolacna vrstva tvorend geotextiliou a hydroizola¢nou f6li-
ou. Razenie prebiehalo v 5 vystrojovacich triedach zdvislych na geo-
logickej stavbe masivu. Razilo sa prevazne z juzného portdlu dovrch-
ne. Objekt tunela sa sklada z hlavného cestného dvojpruhového tune-
la a tnikovej §tdlne, ktord je prepojend s tunelom Styrmi prie¢nymi
prepojkami. Trasa je vedend v obliku a na priamy tdsek je prepojend
prechodnicou. PozdlZzne vedenie vozovky tunela je v konStantnom
sklone 4 %. Prie¢ny sklon vozovky sa meni z 5,5% preklopenim na 2%
v zavislosti na smerovom vedeni.

Hlavna tunelova rira

V tunelovej rdre sa nachddzaji vyklenky pre SOS kabiny
a hydranty. Vyklenky st umiestnené v mieste priecneho prepojenia
s dnikovou S§tdlnou a v strede medzi prie¢nymi prepojeniami.
Vzdialenost' medzi SOS kabinami je cca 75 m. SOS vyklenky su roz-
delené na dve miestnosti. V jednej miestnosti sa nachddza poZiarna
hldska, v druhej je umiestnend rozvodna elektrickej energie. Kazda
miestnost md samostatny pristup z tunelovej rdry. Vyklenky pre
hydranty si umiestnené v strede medzi prieCnymi prepojeniami.
Velkost’ vyklenkov pre SOS kabiny a hydranty je totozna.

Unikova §tdlna

V tunikovej §tdlni je vybudovany poZiarny vodovod. Hydrantovy
vyklenok je miestneny v miestach prepojenia s hlavnou tunelovou
rirou.

Priecne prepojenie

Hlavnd tunelovd riira je s inikovou $toliou prepojend Styrmi chod-
bami jednotnej dlZky 22 m. Na poZiarne oddelenie chranenej tinikovej
cesty a tunelovej riry su v prie¢nom prepojeni dve Zelezobeténové
steny s osadenymi jednokridlovymi dverami velkosti 1,05x2,06 m.
Vzdialenost stien v prie¢nom prepojeni je 2,5 m.

Hibené &asti tunela

Hibené Casti hlavného tunela a tnikovej Stolne boli budované
v portdlovych jamach. Useky hibengch tunelov s zaloZené na Zelezo-
beténovej doske. Vnitorny profil hornej klenby tunela je totoZny
s razenou Castou tunela.

Prilahlé svahy a portdlové steny boli zabezpecené striekanym beto-
nom s vystuzenim ocelovymi sietami a s prikotvenim pomocou samo-
zéavrtnych kotiev Titan.

Pocas odkopu boli osadzované v portélovej jame nivelatné body na
sledovanie pohybov svahu pri hlbeni stavebnej jamy ako aj pri zacati
razenia tunelov. Na severnom portdli, vzhladom na zld geologickui
situdciu, bolo osadenych aj niekolko inklinometrov nad hornou hranou
vykopu.

Zasyp tunela bol tvoreny z materidlov vytazenych z priestoru tune-
la. Vzhladom na to, Ze iSlo hlavne o sidrZzny materidl, boli v spdtnom
zasype vytvorené drendZne plochy zo Strkopiesku hribky 0,5 m
so sklonom 2 % . Tieto plochy poméhaji odvodnovat' zdsyp a tym ho
aj stabilizovat’. Obklad svahu tvoria gabiénové kose v sklone 1:1.5.

Primarne ostenie tunela

V prvej faze bolo budované primdrne ostenie cestného tunela
a unikovej $tolne. Primdrne ostenie tunela bolo budované podla zdsad
NRTM.
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Obr. 2 Vzorovy priecny rez razenym tunelom
Fig. 2 Typical cross-section through the mined tunnel

excavation support classes were specified for the driving, depending
on the geological structure of the rock mass being passed through by
the tunnel. The majority of the excavation was carried up from the
southern portal, on an uphill gradient. The tunnel structure comprises
a double-lane road tunnel and an escape gallery, which is interconne-
cted with the tunnel by four cross passages. The horizontal alignment
is on a curve, which connects to the straight stretch by a transition
curve. The vertical alignment of the road in the tunnel is at a uniform
gradient of 4%. The transverse slope of the roadway is rotated from
5.5% to 2%, depending on the horizontal alignment.

The main tunnel tube

There are SOS cabins and hydrants in the tunnel tube. The niches
are located at the mouths of the cross passages and in the middle,
between the cross passages. The spacing of the SOS cabins is about
75m. The SOS cabins are divided into two rooms. The first room
houses the emergency call station, while power switchgear is instal-
led in the other room. Each room has its own, independent entrance
from the tunnel tube.

Recesses for hydrants are located in the middle, between the cross
passages.

Dimensions of the recesses for SOS cabins and for hydrants are
identical.

Escape gallery
The hydrant line is installed in the escape gallery. The hydrant
recess is located at the intersections with the main tunnel tube.

Cross passages

The main tunnel tube is interconnected with the escape gallery by
four cross passages with the uniform lengths of 22m. Two reinforced
concrete walls with one-leaf doors 1.05 x 2.06m are installed in the
cross passages to provide fire separation of the escape route from the
tunnel tube. The distance between the walls in cross passages is 2.5m.

Cut —and-Cover Sections of the Tunnel

The cut-and-cover sections of the main tunnel and the escape gal-
lery were constructed in pre-portal trenches. The cut-and-cover tun-
nels are founded on reinforced concrete slabs. The internal profile of
the upper vault of the tunnel is identical with the profile of the mined
part of the tunnel.

The adjacent slopes and portal walls were stabilised by shotcrete
and welded mesh and fixed with Titan self-drilling anchors to the
rock mass.

Levelling points were installed in the pre-portal trench during the
slope-cutting operations to monitor movements of the slope both
during the trench cutting and at the beginning of the tunnel excavati-
on. In addition, several inclinometers were installed above the upper
edge of the trench at the northern portal, taking into consideration the
geological conditions.
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Obr. 3 Juzny portdl — realizdcia hibeného tunela
Fig. 3 Southern portal — cut-and-cover tunnel construction

Vylomové prace sa realizovali len mechanickym rozpojovanim hor-
niny. V pripade vyskytu vicSieho zastipenia pieskovca v Celbe by boli
vhodnejSie trhacie prace, tie vSak neboli povolené, takze dodavatel
stavby bol tak odkdzany len na mechanické rozpojovanie horniny.

V projektovej dokumentacii pre zhotovitela stavby bolo na razenie
cestného tunela navrhnutych 5 typov vystrojovacich tried. Oproti
zaddvacej dokumentdcii poskytnutej doddvatelovi stavby bola doplne-
nd vystrojovacia trieda 4s. V nej prebiehalo razenie pod ochranou mik-
ropilétovych ddzdnikov. Vystrojovacia trieda 4s bola navrhnutd pre
portdlové oblasti, Uvodné useky razenia a do poruchovych zoén.
Ostatné vystrojovacie triedy boli upravené oproti predchddzajicemu
projektu z hladiska technologickych moZnosti doddvatela stavby a boli
modifikované pocas razenia s ohladom na skuto¢ne zastihnutd geolo-
gickd situdciu na trase tunela.

Na razenie tnikovej §t6lne boli navrhnuté Styri vystrojovacie triedy.
Opiit bola pridand dal§ia vystrojovacia trieda, v ktorej sa poéitalo
s ochranou pod ddzdnikom vytvorenym z troch radov samozdvrtnych
svornikov. Tdto vystrojovacia trieda nakoniec nebola pouZitd.

Primdrne ostenie predstavuje striekany betén triedy C20/25 vystu-
Zeny ocelovou sietou a priehradovymi nosnikmi z ocele triedy Bst500S.
Hribka ostenia sa menila od 180 mm az do 300 mm. Vyrubova plocha
hlavného tunela sa pohybovala v rozpiti 109-120 m?. Na radidlne kote-
nie tunela sa pouZili v prevaznej miere samozdavrtne svorniky.
V projekte pre doddvatela stavby bolo uvazované aj s pouZzitim malto-
vanych a hydraulicky rozpinanych svornikov.

Tunel a tnikova §tdlna sa razili v prevaznej miere od juzného portd-
Iu dovrchne so stipanim 4 %.

Projektom stanovené deformdcie primarneho ostenia sa v prevaznej
miere naplnili. Po¢as razenia nedoSlo z vyraznej$im vynimoc¢nym

Obr. 4 Realizdcia primdrneho ostenia hlavného tunela
Fig. 4 Installation of the primary support of the main tunnel excavation

The tunnel backfill consisted of the muck obtained from the tunnel.
Drainage layers 0.5m thick, inclining at 2%, were created in the
backfill because of the fact that the muck was mostly cohesive. These
layers help to evacuate water from the backfill, thus also to stabilise
it. The slope is covered with gabions at the gradient of 1 : 1.5.

Primary Lining of the Tunnel

During the first phase, the road tunnel and the escape gallery were
provided with a primary support. The primary support of the tunnel
was carried out using the New Austrian Tunnelling Method.

The excavation was performed only by mechanically disintegra-
ting the rock mass. It would have been reasonable to use also the drill
and blast technique in a case of a larger extent of presence of sand-
stone at the face, but this technique was not approved, therefore the
contractor had to break rock mechanically.

The detailed design specified 5 excavation support classes.
Compared with the final design which was handed over to the con-
tractor, class 4s was added in the detailed design. This class required
the use of canopy tube pre-support. Class 4s was proposed for portal
areas, initial sections of the excavation and fault zones. The other
excavation support classes were adjusted compared with the original
design, taking into consideration technological abilities of the con-
tractor, and were modified during the course of the work with respect
to the actual geological conditions encountered during the course of
the tunnel excavation.

Four excavation support classes were designed for the gallery
excavation. Again, one excavation support class was added, requiring
a canopy pre-support consisting of three tiers of self-drilling bolts.
This class eventually remained unused.

The primary lining consisted of C20/25 shotcrete, welded mesh
and lattice girders from Bst5005 grade steel. The lining thickness
varied from 180mm to 300mm. The excavated cross-sectional area
ranged from 109 to 120m?. Radial anchoring of the excavation was
carried out mostly by means of self-drilling rock bolts. The final
design even expected the use of grouted bolts and hydraulically
expanded bolts.

The major part of the road tunnel and the escape gallery was dri-
ven from the southern portal, on the uphill gradient of 4%.

The prediction of the primary lining deformations which was con-
tained in the design was mostly fulfilled. No more significant excep-
tional states delaying the completion of the construction took place
during the excavation. In the northern portal area, the portal wall
cracked at the beginning of the excavation and great deformations of
the completed part of the top heading of the main tunnel developed.
In this location, the contractor had first to finish the overall stabilisa-
tion of the slope, including additional support measures required by
the situation which had developed. When the stabilisation was com-
pleted, the tunnel excavation could proceed. The thickness of the pri-
mary lining was increased and the excavation was carried out under
the protection of canopy tube pre-support, quickly closing the whole
tunnel profile. The contractor managed to meet the deadline for the
works completion, despite this delay.

Technical specifications for sprayed concrete

Requirements for sprayed concrete were prescribed by technical
specifications which were contained in the tender documents.

The sprayed concrete had to be suitable for applying in several lay-
ers. The thickness of layers was not to be greater than 150mm and
smaller than 70mm. Shotcrete was required to have good bond to the
substrate or previous shotcrete layers, to be without rebound and to
encase well the reinforcement, without falling off. In addition, it was
to meet the following requirements:

— the grain size was not allowed to exceed 4mm,

— the minimum grade of B25 (C20/25) was required for sprayed

concrete,

— resistance to being torn off the substrate (bond strength) after fre-

eze-thaw tests > 1.5 MPa,

— frost resistance testing using a 2% salt solution, applying 300 fre-

eze-thaw cycles; loss in mass < 5%,

— water retaining concrete was required, with the maximum per-

missible water penetration depth up to 30mm.

Cement CEM [42.5 N — HSR/NA was prescribed for sprayed conc-
rete. But this cement is not suitable for using in sprayed concretes and
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stavom, ktoré by oddialili ukoncenie stavby. V oblasti severného por- had to be replaced by cement CEM I 42.5 R, which was imported
talu pri zaciatku razenia doslo k prasknutiu portdlovej steny a velkej from Slovakia. This cement met all requirements for properties: reac-
deformdcii uz vyrazenej kaloty hlavného tunela. Tu musel dodavatel tivity, fineness of grinding and volume stability.

najskor ukoncit’ celkovi stabilizdciu svahu vritane dodato¢ného Technical specifications failed to mention concrete strength
zabezpecenia, ktoré si vyziadala vzniknutd situdcia. Po zastabilizova- development rates. For that reason the rates were added to the
ni sa pokraCovalo v razeni tunela. Primdrne ostenie bolo zosilnené design by the contractor.

a razilo sa vyhradne pod mikropilétovym déZdnikom s rychlym uza- Another change which was made compared with the final design
tvaranim celého profilu tunela. Aj napriek tomuto zdrZaniu dodédvatel was the addition of the aggregate fraction 4/8. The other require-
splnil stanoveny termin dokoncenia stavby. ments of the technical specifications were met. Even the require-

ment for the 300-cycle frost resistance, which was in our opinion
exaggerated, was complied with. We consider the primary lining to
be a temporary structure, which will be sufficiently protected aga-
inst these effects once the secondary lining is completed.

The concrete which was supplied to the site met quality require-
ments specified in the design. Requirements for maintaining the
consistency during the specified time were ensured by applying
Delvocrete T super-plasticising additive. This additive made

Technicka Specifikacia striekaného beténu

PoZiadavky na striekany bet6n boli predpisané technickou Specifi-
kéciou, ktord bola sicastou zaddvacej dokumentacie stavby.

Striekany betén mal byt vhodny na nanasanie vo viacerych vrstvéach.
Hribka vrstiev nemala byt vdc¢sia ako 150 mm a menSia ako 70 mm,
s dobrym prilnutim k podkladu alebo predchadzajicim vrstvam strie-
kaného beténu, s dobrym upevnenim vystuZe v beténe a bez odpada-

vania. Dalej striekany betén mal splfat'nasledujice poZiadavky: extending of the time during which concrete remains workable up
— kamenivo nesmelo byt viicSie ako 4 mm, to 10 hours possible. No event of decreased rate of early strength
— strickany betén musel zodpovedat’ minimélnej triede B25 development was registered during the construction. The average
(C20/25), dosage of Meyco SA 180 accelerator additive was 5.85 per cent

— odolnost’ voci odtrhdvaniu od podkladu po vykonani mrazuvzdor- throughout the construction time.

nych testov > 1,5 MPa,

— mrazuvzdornost testovand v 2% roztoku soli v 300 cykloch, tby- Geotechnical monitoring during the tunnel excavation
tok hmotnosti < 5% Geotechnical monitoring continued during the tunnel excavation

operations. Its results, which were available for all parties on-line
through the Internet, were regularly updated. All information on
particular measurements was available during the construction for
representatives of individual participating organisations, i.e. the
client, client’s supervision engineer, contractor and designer. The
monitoring comprised the following activities during the tunnel
excavation:

— measuring surface deformations; development of settlement
trough in the transverse direction and monitoring deformations
of portal walls by means of levelling points stabilised on the
terrain surface,

— measuring deformations of the excavated opening,

— measuring deformations in the zone affected by the excavation
and observing the slope stability — inclinometer measurements
in boreholes,

— measuring the degree of loosening of ground mass in the exca-
vation surroundings — extensometer measurements from the
surface,

— measuring stress at the interface between rock mass and the
primary lining, using pressure cells,

— measuring stress in primary lining concrete,

— engineering geological monitoring of the excavation including
hydromonitoring, system checking and surveillance during the

— betén musel byt vodonepriepustny s maximalnou pripustnou hib-
kou preniku vody do 30 mm.

Do striekaného beténu bol predpisany cement CEM I 42.5 N —
HSR/NA. Tento cement vSak nie je vhodny na pouzitie do strieckanych
beténov, preto musel byt nahradeny cementom CEM 142.5 R, ktory sa
dovédzal zo Slovenska. Tento cement uz splnal vSetky poZzadované
vlastnosti: reaktivitu, jemnost'mletia a stalost.

Technickd Specifikdcia vobec neurCovala ndbehové pevnosti beténu,
a preto boli do projektu doddvatela stavby dodatocne doplnené.

DalSou presadenou zmenou oproti zaddvaciemu projektu bolo dopl-
nenie frakcie kameniva 4-8. Ostatné poziadavky technickej Specifikd-
cie boli splnené. Podarilo sa tiez preukazat’ splnenie poziadavky na
mrazuvzdornost’ 300 cyklov, ktord bola prehnand. Primdrne ostenie
povazujeme za docasnid konstrukciu a po vybudovani sekundarneho
ostenia je dostatocne chranené aj proti tymto vplyvom.

Doddvany betén na stavbu splial projektom predpisant kvalitu.
UdrZanie konzistencie v poZadovanom Case bolo zabezpecené prisa-
dou do beténu — superplastifikdtorom Delvocrete T. Prisada umoZnila
predlZit’dobu spracovatelnosti beténu az na 10 hodin. Pocas celej stav-
by nebol zaznamenany jediny pripad poklesu pociato¢nych ndbeho-
vych pevnosti beténu. Priemerné ddvkovanie urychlovacich prisad
Meyco SA 180 za cely ¢as stavby bolo 5,85 %.

Geotechnicky monitoring pocas razenia tunela excavation,

Pocas razenia tunela prebiehal geotechnicky monitoring a jeho — observing the actual excavation contour and overbreaks.
vysledky boli pravidelne aktualizované a pristupné pre dcastnikov on- Locations and the number of measurement stations were desig-
line cez internet. Zastupcovia jednotlivych zainteresovanych organiza- ned in accordance with the predicted engineering geological con-
cif investor, stavebny dozor, zhotovitel’ stavby a projektanti tak mali ditions.
moznost rychleho pristupu ku vietkym informacidm z jednotlivych Results of the geotechnical monitoring provided a basis for opti-
meran{ pocas realizécie stavby. mising the primary support, reassessing the use of individual exca-

Cinnosti monitorovania, ktoré boli vykondvané pocas razenia tune- vation support classes and, if required, implementing the measures
la, boli nasledovné: designed to improve safety at work during the tunnel excavation.

—meranie deformdcif na povrchu, vyvoj poklesovej kotliny
v priecnom smere a sledovanie deformdcii portdlovych stien Tunnel Waterproofing

pomocou stabilizovanych nivelaénych bodov na povrchu terénu, Protection of the mined and cut-and-cover tunnels against water
— meranie deformacif vyrubu, seeping from the rock mass in the upper vault area is provided by
— meranie deformdcif v z6ne vplyvu vyrubu a sledovanie stability a waterproofing membrane, which is fixed to the surface of the pri-

svahu — inklinometrick€ merania vo vrtoch, mary lining. In the cut-and-cover sections, the membrane is appli-
— meranie stupiia rozvolnenia horniny v okol{ vyrubu — extenzome- ed to the final concrete surface. Originally the waterproofing mem-

trické merania z povrchu, brane protection was designed to be provided by shotcrete reinfor-
—meranie napéti na kontakte horniny a primédrneho ostenia ced with steel mesh. In the detailed design, the membrane is pro-

s pouZitim tlakomernych krabic, tected by PE mats. When installing the waterproofing system, it is
— meranie napiti v beténe primarneho ostenia, important to install the protection very quickly so that the cut-and-
— inzinierskogeologické sledovanie razenia, vratane hydromonito- cover tunnels can be backfilled immediately.

ringu, systematickd kontrola a dozor v priebehu razenia, The waterproofing system consists of a minimum 500g/m? pro-
— sledovanie skuto¢ného vyrubu a nadvylomov. tective and drainage geotextile and a 2mm thick waterproofing
Rozmiestnenie a pocet meracich profilov a bodov bolo navrhnuté membrane. Seeping water is diverted through the geotextile, which

podla predpokladanych inZinierskogeologickych pomerov. is fixed directly to the surface of the primary lining, to
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Obr. 5 Realizdcia plosnej hydroizoldcie a vystuZe v tinikovej §tolni
Fig. 5 Installation of the waterproofing system and reinforcement in the escape
gallery

Na zdklade vysledkov geotechnického monitoringu sa primdrne
ostenie optimalizovalo, prehodnocovali sa pouZitia jednotlivych
vystrojovacich tried a v pripade potreby boli vykondvané opatrenia na
zvySenie bezpecnosti prace pocas razenia tunela.

Hydroizolacia tunela

Ochrana razenych a hiben}’/ch tunelov pred vodou prenikajticou
z horninového masivu je v oblasti hornej klenby zabezpecend plosnou
hydroizoldciou upeviiovanou na povrch primdrneho ostenia.
V hlbenych castiach tunela je hydroizoldcia ukladand na definitivny
betén. Pdvodne bola ochrana hydroizoldcie navrhnutd striekanym
beténom s vystuzenim ocelovymi sietami. V projekte pre zhotovitela
sa pouzila ochrana izoldcie z PE rohoZi. Pri realizdcii ide o velmi rych-
le vytvorenie ochrany izoldcie s moZznym okamZitym realizovanim
spétného zasypu hlbenych tunelov.

Plosna hydroizoldcia je tvorend vrstvou ochrannej a drendznej geo-
textilie minimélnej hmotnosti 500g/m? a hydroizolagnej félie hribky
2 mm. Presakujica voda je zvddzand prostrednictvom geotextilie
umiestnenej priamo na povrchu primdrneho ostenia do pozdlZzneho
drendzneho odvodnenia v pitich sekunddrneho ostenia. PozdlZne dre-
ndzne potrubie je vytvorené z kameninovej drendznej riry DN 200
obsypanej filtratnym beténom.

V tnikovej $tdlni v hlbenej a razenej Casti a v priecnych prepojeni-
ach je izolovany cely profil Stolne.

Sekundarne ostenie tunela

Definitivne ostenie tunelovych objektov sa realizovalo zo Zelezobe-
ténu ukladaného do posuvného debnenia. DlZka bloku betondze defi-
nitivneho ostenia bola 12 m, resp. 6 m.

Ako debnenie na definitivne ostenie cestného tunela hornej klenby
slizil pojazdny debniaci voz dlzky 12 m. Betondz definitivneho oste-
nia sa mohla zacat vykondvat, ked rychlost deformécii primarneho
ostenia klesla pod hodnotu 1 mm za mesiac.

Sekunddrne ostenie tunela bolo rozdelené pracovnou Skdrou na
horni a spodni klenbu. Tunel bol navrhnuty v celej dlzke so spodnou
klenbou.

Konstrukcia sekundarneho ostenia sa nesmela oddebnit’ skor, ako sa
dosiahla dostatocna pevnost’ beténu, ktora zarucila prenesenie najne-
priaznivejSicho mozného zataZzenia bez toho, aby vznikli $kody.
V projekte pre dodédvatela stavby bola stanovend minimélna oddebno-
vacia pevnost’beténu 5 MPa. Pripustnd geometrickd odchylka vntitor-
ného povrchu definitivneho ostenia bola stanovend na +/— 40 mm.
Minimadlne krytie vystuze pre definitivne ostenie tunelov bolo 50 mm.

Sekundérne ostenie je z beténu triedy C40/50 s vystuZzenim ocelo-
vou vystuzou triedy Bst 500S. Ocelova vystuz je tvorend z ocelovych
siet{ a pridavnych pritov profilov & 8, 12 a 16 mm. Ako poZiarna
ochrana sekunddrneho ostenia bola navrhnutd v krycej vrstve beténu
z vnutornej strany tunela ocelovd pozinkovana siet’8/100x8/100. Této
ocelova siet neplnila v priereze ostenia staticku funkciu.

Samonosnost’ vystuZe sekundarneho ostenia pred betonazou zabez-
pecovali pomocné ocelové nosniky tvorené Styrmi pritmi priemerov
20 mm pre hlavny tunel a 16 mm pre dnikovi §tdlnu a prie¢ne prepo-
jenia.

a longitudinal drain located at the foot of the secondary lining. DN
200mm clayware pipes are designed for the longitudinal drainage
to be embedded in porous concrete.

The cut-and-cover and mined sections of the escape gallery and
the cross passages have the whole cross-section covered with the
waterproofing membrane.

Secondary Tunnel Lining

The final lining of the tunnel structures was constructed in rein-
forced concrete, which was cast behind a travelling form. The cas-
ting blocks of the final lining were 12m or 6m long.

A 12m long travelling form was used for casting of the upper
vault of the final lining of the road tunnel. The casting of the final
lining was allowed to commence when the rate of deformation of
the primary lining dropped under Imm per month.

The secondary lining of the tunnel was divided into the upper
vault and the invert by a construction joint. The invert was desig-
ned for the whole tunnel length.

The formwork of the secondary lining structure was stripped
when a sufficient strength of concrete had been achieved, guaran-
teeing that even the most unfavourable loading would be carried
without damage. The detailed design set the minimum stripping
strength of concrete at SMPa. The permissible geometrical devia-
tion of the internal contour of the final lining was set at +/- 40mm.
The minimum concrete cover over the final lining reinforcement
was 50mm.

The secondary lining is in C40/50 concrete reinforced with Bst
500S grade steel bars. The steel reinforcement consists of steel
mesh and additional 8, 12 and 16mm diameter bars. Galvanised
mesh 8/100x8/100mm embedded in the cover course was designed
for fire protection of the inner surface of the secondary lining. This
steel mesh did not fulfil a structural function in the cross section of
the lining.

The self-supporting capacity of the secondary lining reinforce-
ment before concrete casting was provided by additional lattice
girders consisting of four 20mm-diameter bars and four 16mm-
diameter bars in the escape gallery and a cross passage, respecti-
vely.

Concrete specifications
The final design set the following concrete grades to be used,
which had to be used even in the detailed design:
C 40/50 XF4 the mined tunnel and cut-and-cover
tunnel secondary lining
C 35/45 XC4 XD3 XF1 concrete walkways in the tunnel
C 16/20 X0, XCl1 concrete bed and infill concrete
The following properties were prescribed by the technical speci-
fications:
— The use of CEM 142,5 N — HSR/NA cement
— Maximum cement content of 450 kg/m?
— Entrained air content should not exceed 2% in the case of
using an air-entraining agent
— Concrete mix consistency should not be lower than the plastic
consistency marked in the PN-88/B-06250 standard by
a symbol K-3 (S3)
— Maximum aggregate fraction 8/16
The greatest problems were caused by the concrete mix consi-
stency which was prescribed by the design. For that reason also S4
consistency was submitted for approval. This consistency was tes-
ted with the conclusion that it was easy to pump (without pumping
impulses), water flowing on the bottom of the invert did not cause
the segregation of the concrete, energy of the concrete was suffici-
ent and there was no need for using immersion vibrators to great
extent during concrete casting. Nevertheless, despite the fact that
these quality advantages had been proved, the client’s supervision
insisted that S3 consistency of concrete mix be preserved.

Road Pavement and Walkways in the Tunnel

The walkways are placed on the tunnel invert. They are formed
by concrete which is divided into a bed and a reinforced upper
part. The walkway bed is in C16/20 concrete. The upper part is in
C35/45 concrete reinforced with steel mesh.

There are casing pipes for tunnel equipment, tunnel drainage and

manholes embedded in the walkway.



Technicka Specifikacia beténu

V zaddvacom projekte boli stanovené triedy beténov, s ktorymi bolo
potrebné uvaZovat aj v projekte pre dodédvatela stavby:

C 40/50 XF4 razeny a hlbeny tunel — sekunddrne

ostenie

C 35/45 XC4 XD3 XF1  betén chodnika v tuneli

C 16/20 X0, XC1 podkladné a vyplniové vrstvy

Predpisané vlastnosti technickymi $pecifikdciami boli:

— pouzitie cementu CEM 1425 N — HSR/NA,

— maximalne mnozstvo cementu 450 kg/m3,

— obsah vzduchu v beténovej zmesi, by nemal presahovat’ hodnotu

2 % — v pripade pouZitia prevzdusnujicich primest,

— konzistencia beténovych zmesi by nemala byt'redsia od plastickej,

oznacenej v norme PN-88/B-06250 symbolom K-3 (S3),

— maximdlna frakcia kameniva 8-16.

NajvicSie problémy spdsobovala konzistencia beténovej zmesi pred-
pisand projektom, preto bola na schvélenie predloZend aj konzistencia
S4. Této konzistencia bola skiSand a preukdzala Tahkd cCerpatelhost
(ziadne velké rdzy Cerpadla), pretekajiica voda na dne spodnej klenby
nerozdelovala betdn, energia beténu bola dostatocnd a nebolo potrebné
pri ukladani beténovej zmesi vo velkom mnozstve pouZivat ponorné
vibratory. Dozor stavby, napriek preukdzaniu tychto kvalitativnych
prednosti, trval na zachovani konzistencie beténovych zmesi S3.

Vozovka a chodniky v tuneli

Chodniky su polozené na spodnej klenbe tunela. Su z beténu rozde-
leného na podkladni Cast’a na vystuzend hornu ¢ast. Spodna podklad-
nd Cast’ chodnika je z beténu triedy C16/20. Vo vrchnej Casti sa pouZil
betén C35/45, vystuzeny ocelovymi sietami.

V chodniku sa nachddzaji chranicky na technologické vybavenie
tunela, kanalizdcia tunela a technologické Sachty.

Pod cementobeténovou vozovkou je vytvorend podkladnd
a drendZna vrstva vozovky. Vypln dna tunela spodnej klenby je
z betdénu triedy C16/20 vystuZeného ocelovymi sietami.

odvodnenie tunela

Odvodnenie tunela je rozdelené na odvodnenie horninovej
a odvodnenie povrchovej vody v tuneli.

Odvod drenaznych vod

Odvodnenie horninovych vod je rieSené len v hlavnej tunelovej
riire. Unikové $toliia a prie¢ne prepojenia si izolované po celom
obvode.

Na odvodnenie boli technickymi Specifikdciami stavby predpisané
riry z kameniny s obsypom zo Strku (obsyp bol zmeneny na filtrany
betén). Pri drendZnych rirach sa pozadovalo vniitro riry hladké a rira
musela byt's dostatocnou perfordciou po obvode. Vnitorny priemer
rir bol 200 mm a dlzka rdry 1 m. Spoje rur bolo potrebné z hladiska
priestorovych ndrokov realizovat bez prirub. Odporucenim projektan-
ta bolo, aby spoje zohladnovali pracovné Skdry blokov sekundarneho
ostenia vzhladom k moZznym pohybom medzi nimi.

Cistiace 3achty drendzneho odvodnenia si zriadované vo vyklen-
koch sekundédrneho ostenia spolo¢ne s SOS kabinami a hydrantom.
Poklopy na Sachtdch museli zabezpecit’ ochranu pred vnikanim zneci-
stenej vody do drendZneho odvodnenia. DrendZne odvodnenie prebieha
bez priecneho prepojenia do kanalizicie, tj. voda z celej dlZky tunela je
zvedend jednou rurou na juZny portdl, kde pokracuje do recipienta.

Odvod povrchovej vody z tunela

Povrchovd voda je odvddzand z vozovky Strbinovymi Zlabmi.
V oblasti smerového obluka (priecny sklon vozovky 5,5 %) od sever-
ného portdlu je voda zo Strbinovych Zlabov zvddzana do sifénovych
S4cht a dalej je vedend potrubim pod $trbinovym Zlabom DN 250 mm.
V prechodnici sa meni prie¢ny sklon na opacny a z tohto dovodu pre-
chadza odvodnenie na druhd stranu tunela. V tejto Casti je tunel sme-
rovo vedeny v priamej linii s prieénym sklonom vozovky 2 %. Pod
chodnikom je zabudované samostatné odvodnenie z rir DN 300mm
s kanaliza¢nymi Sachtami. Voda zo sifénov $trbinového odvodnenia je
zvedend do kanalizatnej Sachty a dalej pokraluje potrubim DN
300 mm.

Riry na odvodneni su z glazirovanych kameninovych rir typu
Inliner. Strbinové Zaby a sifénové Sachty st z polymérbeténu.

Z drenaznej vrstvy pod vozovkou je voda zvedend drenaznym
potrubim DN 200 mm do kanalizaénych Sacht.
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Obr. 6 BetondZ sekunddrneho ostenia tunela
Fig. 6 Casting of the secondary tunnel lining

A bedding and drainage course is under the concrete pavement.
The invert bottom is filled with C16/20 concrete reinforced with
steel mesh.

Tunnel Drainage
The tunnel drainage system is divided into the rock mass drai-
nage and surface water drainage in the tunnel.

Drainage water removal

Removing of drainage water is solved only for the main tunnel
tube. The escape gallery and cross passages are provided with the
waterproofing around the full circumference.

Gravel-packed stoneware pipes were prescribed for the drainage
by the specifications (the gravel packing was later switched to
porous concrete). A smooth inner surface of the drainage pipes was
required and the pipe had to have sufficient perforation on the cir-
cumference. The inner diameter and length of the pipes were
200mm and 1m respectively. Because of constrained space condi-
tions, the joints between the pipes had to be without soc-
kets/flanges. In addition, the designer recommended that the con-
struction joints between the secondary lining blocks be allowed
for, with respect to the possibility of movements between them.

Drainage cleaning manholes are built in recesses in the seconda-
ry lining, together with SOS cabins and hydrants. Manhole covers
had to ensure protection against intrusion of polluted water into the
drainage system. The drainage is not connected by transverse lines
to the sewerage. Water collected from the whole tunnel length

Obr. 7 Betondz chodnikov tunela
Fig. 7 Casting of tunnel walkways
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Obr. 8 Pohlad na hotové sekunddrne ostenie tunela
Fig. 8 View of the completed secondary tunnel lining

Poziarny vodovod

PoZiarny vodovod v tuneli bol naprojektovany z tvdrnej liatiny trie-
dy K9 s izoldciou proti premizaniu z rir DN 150 mm a DN 80 mm.
Vniitorna vystelka riry je cementovd a obal riry je z pozinkovaného
plechu. Riry na stavbu boli privezené uz s izoldciou. Pocas nizkych
teplot je uvaZované s cirkuldciou vody v celom systéme poZiarneho
vodovodu.

PoZiarny vodovod mé dve vetvy. Jedna vetva je v hlavnej tunelovej
rire, druhd v tnikovej §t6Ini. Celkovo je v hlavnom tuneli 5 hydranto-
vych vyklenkov, v tinikovej $t6lni st 4 a po jednom hydrante su vyba-
vené portalové oblasti. Hydranty su z nehrdzavejiicej ocele DN 80.

PoZiarny vodovod je napojeny priamo na vodovodné potrubie
v tejto oblasti a to z oboch strdn tunela.

Na juznom portdli bola navrhnutd a vybudovand vypustacia Sachta
sliziaca na vypustenie celého systému vodovodu v pripade opravy,
revizie a pocas nizkych teplot pri potrebe cirkuldcie vody v potrubi.
Vypustanie je napojené na kanalizaciu v najnizSom bode v oblasti juz-
ného portdlu.

Technologické vybavenie tunela

Technologické vybavenie tunela predstavuje vetranie, osvetlenie,
ozvucenie, videodohlad, elektronicky poZiarny systém, centrdlny ria-
diaci systém, telefon, SOS kabiny a rddio.

V portdlovych oblastiach sa nachddzaji technologické doméeky. Na
severnom portdli je vytvorené pracovisko pre obsluhu tunela. Po dobu-
dovani dal§ich tunelov na trase bude vytvorené jedno centrdlne praco-
visko obsluhy.

ZAVER

V projekte pre doddvatela stavby bola zaddvacia dokumenticia
doplnend a rozpracovand. Pri spracovdvani dokumentdcie sa prihliada-
lo na technologické moznosti zhotovitela stavby.

V niektorych pripadoch bolo potrebné prepracovat technoldgiu
vystavby a zmenit technické Specifikdcie stavby stanovené
v zaddvacom projekte.

Stavebna a technologickd Cast’ stavby bola ukoncend v novembri
2009 a tunel bol uvedeny do prevadzky zaciatkom marca 2010.

V Polsku je tento tunel oznaCovany ako ,,prvy cestny razeny tunel*
a mal by odstartovat’ vystavbu dal§ich cestnych tunelov, ktoré sd
v stcasnosti v §tadiu projektového rieSenia.
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flows through a single pipeline to the southern portal, from which
it continues to a recipient.

Evacuation of surface water from the tunnel

Surface water is evacuated from the pavement through slotted
drainage ducts. In the area of the horizontal curve (the transverse
pavement slope of 5.5%) from the northern portal, water from the
slotted ducts is diverted to inverted siphon shafts to continue
through a DN 250mm pipeline under the slotted drainage duct.
The transverse slope changes to the opposite slope along the tran-
sition curve. For that reason the drainage traverses to the opposi-
te side of the tunnel. In this section the horizontal alignment of the
tunnel is straight, with the pavement cross fall of 2.0%. A separate
drain formed by DN 300mm pipes with manholes is under the
walkway. Water from siphons on the slotted drainage duct flows
to a sewerage manhole and continues through a DN 300mm pipe-
line.

The vitrified-clay drainage pipes are of the Inliner socket-less
type. The slotted drainage ducts and siphon shafts are made of
polymer concrete.

Water from the drainage layer under the pavement is collected
by a DN 200mm drain and diverted to sewerage manholes.

Hydrant Line

The tunnel hydrant line was designed to be from DN 150mm
and DN 80mm, K9 ductile iron pipes, insulated against freezing.
The pipes are provided with cement inner lining and galvanised
sheet casing. The pipes which were transported to site had been
provided by the insulation in advance. Water circulation within
the whole hydrant line system is designed for low temperature
periods.

The hydrant line has two branches. One branch is in the main
tunnel tube, whilst the other branch runs through the escape galle-
ry. There are five hydrant niches in total in the main tunnel and
four hydrants in the escape gallery; one hydrant is in each portal
area. The DN 80mm hydrants are in stainless steel.

The hydrant line is directly connected from both sides to a water
main existing in the area.

A discharge shaft is designed and constructed at the southern
portal for discharging of water from the whole water distribution
system in the case of a repair, inspection or during low temperatu-
res, when the water circulation in the pipeline is necessary. The
discharge is connected to the sewerage in the lowest spot, in the
southern portal area.

Tunnel Equipment

The tunnel equipment comprises ventilation, lighting, public
address, video surveillance, fire alarm and detection system, cent-
ral control system, telephone, SOS cabins and radio communicati-
on system.

Service buildings are found in the portal areas. A facility for tun-
nel operators is located at the northern portal. When other tunnels
are completed on the route, one central workplace for operators
will be established.

CONCLUSION

The design solutions were added and adjusted in the detailed
design. The technological capacity of the contractor was also allo-
wed for when working on the design.

In several cases it was necessary to redesign the construction
technology and change the technical specifications set out in the
final design.

The civil works and installation of tunnel equipment were com-
pleted in November 2009 and the tunnel was opened to traffic at
the beginning of March 2010.

This tunnel is referred to as “the first mined road tunnel” in
Poland. It should start off the development of other road tunnels,
which are currently in the designing stage.
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