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TUNEL POLANA
POLANA TUNNEL
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uvob

_Tunel Polana je stcastou dialni¢ného tiseku D3 Svr¢inovec—Skalité.
DlZka navrhovanej trasy dialhice je cca 12,3 km so zaciatkom v kriZovatke
pri obci Svréinovec a koncom v mieste napojenia na uz rozostavany dia-
Ini¢ny usek Skalité-hranica SR/PR v obci Skalité. Predmetny tsek dialni-
ce sa nachddza v Zilinskom kraji, v okrese Cadca. Dialnica D3 je st&astou
multimodalneho dopravného koridoru €. VI., ktory po dobudovani umoZni
kvalitné a rychle prepojenie severnej a juznej Eur6py. Navrhovand dialhni-
ca prechddza velmi Clenitym a morfologicky naro¢nym prostredim. Cely
usek dialhice bude budovany v plnom profile kategérie D24,5/80. Projekt
stavby bol spracovany na drovni dokumentdcie pre stavebné povolenie
a dokumentdcie na ponuku zdruZenim projektovych spolo¢nosti: ALFA
04, a. s., Basler & Hofmann Slovakia, s. r. 0., Basler & Hofmann AG,
Ingenieure und Planer, Pragoprojekt, a. s. a Mott MacDonald Limited—org.
slozka a dalSich organizacii.

DIALNICNY USEK D3 SVRCINOVEC-SKALITE

Usek Svr¢inovec—Skalité je stcastou dialni¢ného tahu D3, ktory sa
v krizovatke HriCovské Podhradie napdja na dialhicu DI, tvoriacu
v Slovenskej republike zdkladny tah v smere vychod-zdpad. Dialhica D3
dop]na dialnind siet’v smere Zilina—Kysucké Nové Mesto-Cadca—Skalité,
¢im vytvéra s tsekom D1 od Bratislavy jednu zo severo-juznych doprav-
nych osf Slovenska. V celom dseku D3 je v sticasnosti doprava vedend po
existujicich cestdch I/11 a 1/12, ktoré s vyuzivané aj tranzitnou medzi-
Statnou prepravou. V sledovanom tseku Svr¢inovec—Skalité prechddzaji

tieto komunikdcie intravilinmi obci, o vyrazne znizuje plynulost
arychlost'dopravy, znehodnocuje Zivotné prostredie a ohrozuje bezpecnost’

ich obyvatelov. Obe komunikdcie vyustiji na hrani¢nych priechodoch —
cesta I/11 na priechode Svr¢inovec a cesta 1/12 na priechode Skalité.
Hrani¢ny priechod Skalité, ako aj samotnd cesta 1/12 nevyhovuji poZia-
davkdm ndkladnej dopravy. RieSenim nepriaznivej dopravnej situdcie
v izemli je vybudovanie novej stibeZnej kapacitnej komunikdcie. Dialnica
D3 bude mat’ vyznam aj z hladiska tranzitnej medziStitnej dopravy.
Napojenim na rozostavany usek Skalité—hranica SR/PR a vyuZivanim
suvisiaceho hrani¢ného priechodu sa umozni priechod nakladnej dopravy
v smere do Polska a spit, ¢im bude odlahceny najblizsi hramcny prlechod
Trstend. Vybudovanim kriZovatky Svr¢inovec bude vyrieSené prepojenie
dialhice a cesty I/11 vo Vsetkych dopravngch smeroch, ¢im sa v tomto bode
vytvori moZnost’ prepojenia troch eurépskych $tdtov — Polska, Ceska
a Slovenska. Ugelom navrhovanej stavby dialnice je zlepsit'dopravnii situ-
dciu v SirSom meradle ako je len stavbou dotknuté tizemie. Vybudovanie
tejto stavby pozitivne ovplyvni dopravnu situdciu a prerozdelenie dopravy
medzi severo-juznymi koridormi na tzemi Slovenska.

Stavba zaCina tesne pred kriZovatkou Svr¢inovec, kde sa napoji na tisek
D3 Cadca (Bukov)—Svrcmovec Za krizovatkou vstupuje do tunela
Svréinovec dlzky cca435m.V daljom tseku trasa vedie okrajom zdstav-
by obci Svréinovec a Cierne, po svahoch tidolia rieky Clernanky V tejto
Casti tizemia je navrhnuté aj obojstranné odpocivadlo Cierne, ktoré bude
sticastou dialni¢ného vybavenia. Nasledne dialhica vystupuje na masiv
hrebena Valy, v ktorom vedie v hlbokych zdrezoch nad okrajom svaho-
vych deformdcii, ktorymi je postihnuté tpitie tohto masivu. Vstup aj
vystup z tohto hrebena je charakterizovany vedenim komunikdcie na roz-
siahlych mostnych objektoch. Po zostupe z hrebena Valov preklenie trasa
dialhnice tdolie toku Cadecky a dalej sa dostdva na svahoch az nad okraj
zdstavby obce Skalité. Za tdolim potoka Rieka, obchddzajic zédstavbu
obce, vsttipi dialhica do masivu Polany dialni¢nym tunelom Polana dlzky
cca 890 m. Koniec tseku je napojeny na rozostavany usek D3
Skalité—hranica SR/PR.

CHARAKTERISTIKA TUNELA

V mieste horského masivu Polana prekondva dialnica juzné tbocie
kopca Gazdikov grun tunelom s ndzvom Polana. Zapadny portdl bol
pomenovany podla potoka Rieka a vychodny podla osady Pazderovci.

INTRODUCTION

The Polana tunnel is part of the Svr¢inovec — Skalité section of the D3 motor-
way. The length of the proposed motorway route is about 12.3km. It starts at an
intersection at the village of Svr¢inovec and its end is in the village of Skalité, in
the location where it connects to the Skalité — the Polish border motorway secti-
on, which has been under construction. The given motorway section is found in
the Zilina Region, the Cadca District. The D3 motorway is part of the Multimodal
Traffic Corridor VI, which, after completion, will make quality and fast conne-
ction between northern and eastern Europe possible. The proposed motorway
passes through very rugged and morphologically difficult terrain. The full profi-
le category D24.5/80 will be applied to the entire motorway section. The con-
struction design was carried out at the final design and tender purposes level by
a consortium of following engineering consultancy firms: ALFA 04 a.s., Basler &
Hofmann Slovakia sr.o., Basler & Hofmann AG, Ingenieure und Planer,
Pragoprojekt a.s., Mott MacDonald Limited-org. unit and other organisations.

SVRCINOVEC — SKALITE SECTION OF D3 MOTORWAY

The Svr¢inovec - Skalité section is part of the D3 motorway route. At the
Hricovské Podhradie intersection, the D3 motorway links the D1 motorway,
which forms a basic motorway route in Slovakia in the east-west direction. The
D3 motorway is added to the motorway network to provide connection in the
direction Zilina - Kysucké Nové Mesto - Cadca - Skalité, thus it forms, toget-
her with the D3 section from Bratislava, one of north-south traffic axes in
Slovakia. Throughout the D3 section traffic currently led along the existing
I/11 and /12 roads, which are even used by international transit transport.
These roads pass through villages in the Svr¢inovec — Skalité section, which
significantly reduces fluency and speed of traffic, damages the environment
and jeopardises the safety of their inhabitants. Both roads lead to border cros-
sings: I/11 road at the Svr¢inovec border crossing and 1/12 at the Skalité cros-
sing. The Skalité border crossing as well as I/11 road do not meet requirements
of haulage. The unfavourable transportation situation in the area will be solved
by developing a new parallel capacity road. The D3 motorway will be impor-
tant even in terms of interstate transport. Owing to the connection to the Skalité
— Polish border, which is under construction, and the use of the related cros-
sing, passage of freight traffic to Poland and back; thus the burden on the nea-
rest border crossing, Trstend, will be relieved. By constructing the Svr¢inovec
intersection, the connection of the motorway and /11 road will be solved for
all directions of traffic, thus the possibility of interconnecting three European
states — Poland, the Czech Republic and Slovakia, will be opened. The purpo-
se of the proposed motorway construction is to improve the traffic situation on
a scope that will be wider than the area affected by the construction. This pro-
ject will positively affect traffic situation and re-distribution of traffic between
the north-south corridors existing in Slovakia.

The construction starts just before the Svr¢inovec intersection, where it will
connect to the Cadca (Bukov) — Svréinovec section of the D3 motorway. After
the intersection, it enters the about 435m long Svr¢inovec tunnel. The route of
the following section passes through the outskirts of the villages of Svr¢inovec
and Cierne, on the slopes of the Cierfianka River. This part of the area will con-
tain the Cierne double-sided lay-by, which will be part of motorway equipment.
Subsequently, the motorway ascends to the Valy mountain range, where it runs
along deep open cuts above the edges of the landslide areas which exist at the
foot of the mountain range. The entry to the ridge as well as the exit is charac-
terised by the road alignment leading on large bridge structures. When the
motorway route has descended from the ridge, it crosses a valley of the Cade¢-
ka stream and then gets on slopes up to the edge of buildings of the village of
Skalité. After the Rieka stream valley, it bypasses the village and enters the
Polana mountain massif through the about 890m long Polana motorway tunnel.
The end of the section is connected to the Skalité — Polish border section of the
D3 motorway, which is under construction.

TUNNEL CHARAKTERISTICS

In the location of the Polana, the motorway overcomes a southern slope of
Gazdikov Grun hill by means of a tunnel named Polana. The western portal
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Obr. 1T, ranseuropska cestnd siet’ v SR a pripravovany iisek dialhice D3,
Svréinovec—Skalité

Fig. 1 Trans-European road network in the SR and the Svrcinovec — Skalité
section of the D3 motorway under preparation

Smerovo je trasa tunela vedend v dvoch protichodnych oblikoch pre-
pojenych prechodnicou. Pozdlzny sklon tunela je prevazne 2%. Priecny
sklon vozoviek sa meni od 3,5 % az do -3 % v zavislosti na smerovom
vedeni. Tunel je tvoreny dvoma tunelovymi rirami a ich vzdjomnd vzdia-
lenost’ osi je premenlivd, pricom minimalne hodnoty st cca 25 az 29 m
v portdlovych oblastiach a 45 m v strednej Casti tunela. Obe tunelové riry
st rozdelené na tseky budované hlbenim a razenim. Pre razend Cast’ sa
predpokladd metéda NRTM (Novd rakiska tunelovacia metdda)
s pouzitim mechanického rozpojovania a rozpojovania trhacimi pracami.
Tunelové ostenie je navrhnuté dvojpldstové tvorené primarnym
a sekunddrnym ostenim, oblikového tvaru. Tunel bude obsahovat’3 pri-
eCne prepojenia, nudzovy zdliv v strede kazdej tunelovej rury
a technologické vybavenie potrebné pre bezpecnu prevddzku tunela.
Tunel bude v zakladnom reZime prevadzkovany jednosmerne.

Tab. 1 Parametre tunela

Juzna tunelova
rira (PTR)

Popis Severna tunelova
rara (LTR)

2T - 8,0 (Sirka medzi obrubnikmi
8,0 m, chodniky 2x1,0 m)

Kategéria tunela

Typ tunela ) Dvojriirovy dialni¢ny tunel

Celkova stavebna dlzka 8920 m 898,1 m
Razena Cast’ 8460 m 8670 m
Hibend Cast 16+30 m 16+15,1 m
Priechodny prierez 48x80m

Predpokladany cas zaciatku 2011
vystavby objektu

Predpokladany cas 2014
uvedenia do prevadzky

Ditka tunela podla NV ¢. 344/2006 Zz., § 2, odst. (b) uzavretej Casti tunela je:
889,57 m.

GEOMORFOLOGICKE A GEOLOGICKE POMERY

Podla regiondlneho geomorfologického clenenia Slovenska (Atlas
SSR, 1980, Maziir, Lukni) patri tizemie severne od Cadce po Skalité do
oblasti Zdpadnych Karpdt, ktoré na iizemie zasahuji geomorfologickym
celkom — Jablunkovskym medzihorim, ktorého reliéf bol sformovany
pocas Stvrtohor periglacidlnou modeléciou a rie¢nou erdziou. Jeho hor-
ninové prostredie je tvorené magurskym tektonickym celkom zasttipe-
nym rac¢anskou litofacidlnou tektonickou jednotkou — zlinskym suivrst-
vim (stredny eocén, Potfaj, 2003). V rdmci zlinskeho sdvrstvia podla
Potfaja tizemie v trase dialhice je tvorené vsetinskymi vrstvami. Tieto
vrstvy sa vyznacuju prevahou hrubych vrstiev lastirnato odlu¢nych
ifloveov s lavicami jemno- aZ strednozrnnych pieskovcov s glaukonitom.
Prekédzkou, ktord tunel prekondva, je juzné tibocie kopca Gazdikov gran
(710 m n. m.) masivu Polany nad tidolim rieky Cieriianka, severne od
obce Skalité. Vyska prekondvanej prekdzky presahuje o viac ako 82 m
droven trasy dialnice. Masiv, ktorym prechddza tunel Polana, je charak-
terizovany sdvrstvim paleogénnych hornin zastipenych vrstvami flovca
a pieskovca, s prevahou flovcovych vrstiev. S ohladom na rozdielnu cit-
livost horniny na exogénne Cinitele je masiv ilovcov a pieskovcov
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was named after the Rieka stream and the eastern after the village of
Pazderovci.

The horizontal alignment of the tunnel consists of two reverse curves con-
nected by a transition curve. The longitudinal gradient of the tunnel is most-
ly 2%. The transverse gradient of the roadway varies from 3.5% to -3%,
depending on the horizontal alignment. The tunnel is formed by two tunnel
tubes. The distance between their axes is variable, with the minimum values
are about 25 to 29m in portal areas and the distance of 45m in the central part
of the tunnel. Both tunnel tubes are divided into cut-and-cover sections and
mined sections. The NATM (New Austrian Tunnelling Method) is assumed
to be used for the mined part, with both mechanical rock disintegration and
the drill-and-blast. The vaulted double-shell tunnel lining consisting of
a primary and secondary linings is designed. The tunnel will contain 3 cross
passages, a lay-by in the middle of each tunnel tube and equipment required
for the safe operation of the tunnel. During the basic regime, the tunnel will
have one-way traffic.

Table 1 Tunnel parameters

Southern tunnel
tube (NTT)

Northern tunnel
tube (NTT)

Description

Tunnel category 2T — 8.0 (curb-to-curb width

8.0m, walkways 2x1.0m)

Tunnel type Twin-tube motorway tunnel

Total structural length 892.0 m 898.1 m
Mined part 846.0 m 867,0 m
Cut-and-cover part 16+30 m 16+15.1 m
Clearance profile 48x80m

Expected commencement time 2011
Expected commissioning time 2014

The tunnel length of the closed part of the tunnel according to the Decree of the
Government of the SR No.344/2006 Coll., §2, section (b) is 889.57 m.

GEOMORPHOLOGICAL AND GEOLOGICAL CONDITIONS

According to the regional geomorphological division of Slovakia (Atlas
SSR, 1980, Mazir, Luknis), the area north of Cadca up to Skalité belongs to
the Western Carpathians, to which area it extends through the Jablunkov
Uplands geomorphological unit, the topography of which was formed
during the Quaternary period by periglacial modelling and river erosion. The
rock environment in the area is formed by the Magura tectonic complex,
which is represented by the Raca litofaccial tectonic unit — the Zlin Member
(Middle Eocene, Potfaj, 2003). Within the Zlin Member, according to Potfaj,
the area along the motorway route consists of the Vsetin Member. This
member is distinguished by prevalence of coarse layers of conchoidally
fractured claystones with beds of fine-grained to medium-grained sandsto-
nes with glauconites. An obstacle the tunnel must overcome is the southern
slope of Gazdikov Grdn hill (710m a.s.l.) in the Polana massif, above the
Cierfianka stream valley, north of the village of Skalité. The elevation of the
top of the obstacle to be overcome is by 82m higher than that of the motor-
way alignment. The massif the Polana tunnel passes through is characteri-
sed by series of measures of Palacogene rocks represented by claystone and
sandstone layers with the majority of sandstone layers. As a result of vary-
ing sensitivity of the rock mass to exogenous factors, the claystone and
sandstone massif is markedly heterogeneous, with various depths of weat-
hering, intensity and degree of decomposition, various sizes and types of
blocks. The massif is disturbed by a system of continuous zones of faults
and faults, which were interpreted on the basis of geophysical works and
documentation of individual rounds during the excavation of the galle-
ry. Two main directions were determined according to the character of
faulting. One of them has the character of transverse to oblique faults,
while the other one has the character of parallel zones, parallel with the
axes of the tunnel tubes.

Several stages of exploration were conducted with the aim of obtai-
ning information sufficient for the knowledge of the engineering geolo-
gical and geotechnical conditions for the Polana tunnel. The engineering
geological exploration for the Polana tunnel was solved during the ori-
entating survey stage (Panek et al., 1997; 1998) for the original design
variant. The detailed exploration was conducted during the surface engi-
neering geological and hydrogeological survey stage (Zithurecky et al.,
2006) and the geotechnical monitoring stage, of which the exploration
gallery for the Polana tunnel was a part.

The exploratory gallery location is in the cross section of the left tun-
nel tube. The total length of the gallery is 302.1m, of that length about




Obr. 2 Ortofotomapa
Fig. 2 Ortophotomap

vyrazne heterogénny, s rozdielnymi hibkami zvetrania, intenzitou
a stupfiom rozpadu, rozdielnou velkostou a typom bloku. Masiv je poru-
Seny systémami priebeZnych poruchovych zén a zlomov, ktoré boli
interpretované na zdklade geofyzikdlnych prac a dokumentacie jednot-
livych zaberov pri realizovani Stélne. Podla charakteru porusenia boli
vyclenené dva hlavné smery, z ktorych je jeden charakteru prie¢nych az
Sikmych zlomov a druhy systém je charakteru paralelnych zén, stibez-
nych s osami tunelovych rur.

Za tcelom ziskania dostatocne vypovedajicich informacii o inZi-
nierskogeologickych a geotechnickych pomeroch tunela Polana boli rea-
lizované viaceré etapy prieskumu. InZinierskogeologicky prieskum pre
tunel Polana bol rieSeny v etape orientacného prieskumu (Panek et al.,
1997; 1998) v pdvodnom variantnom rieSeni. Podrobny prieskum bol rea-
lizovany etapou povrchového inZinierskogeologického a hydrogeo-
logického prieskumu (Zathurecky et al., 2006) a etapou geotechnického
monitoringu, ktorého sticastou bola realizacia prieskumnej §tdlne tunela
Polana.

_ Prieskumnd §t6lia je vedend v mieste favej tunelove; riry a jej celkovd
dlzka je 302,1 m, z toho cca 25,54 m sa nachddza v mieste budiceho hlbe-
ného tunela a Cast’ dlzky 276,56 m je vedend v profile razeného tunela.
Pocas vystavby Stolne sa zistili velmi komplikované geologické pomery,
¢o spdsobilo, Ze takmer celd Cast’$tdlne bola budovand pod ochranou mik-
ropilétového ddZzdnika, resp. pod ochranou ihiel.

Po preruseni geologickych prac pri razeni $tlne bol prieskum ukonce-
ny doplnkovym, povrchovym inZinieskogeologickym prieskumom for-
mou zvislych, prieskumnych jadrovych vrtov, kopanych Sach-
tic, povrchovych geofyzikdlnych merani a vodorovnych jadrovych vrtov,
vitanych zo $tolne do masivu pravej tunelovej riry (Sekyra et al., 2008).

Na zdklade ziskania hodnovernych vysledkov z povrchovych inZinier-
skogeologickych prieskumov a z vysledkov geotechnického monitoringu
pocas razenia prieskumnej §tdlne boli pre jednotlivé tunelové riry vycle-
nené zdkladné kvazihomogénne bloky. Pre lavi tunelovi riru 12 dsekov
a pre pravu tunelovi riru 10 tdsekov. V tychto dsekoch bolo rozpitie inZi-
nierskogeologickych a geotechnickych charakteristik v nasledovnych roz-
sahoch:

RQD od 5-25 do 50-70 %, QTS od 33,5 bodu po troven 69 bodov,
NRTM od triedy 3 po triedu 5a.

Hydrogeologické pomery tzemia tunela Polana st podmienené klima-
tickymi pomermi spolu s geomorfologickymi, odtokovymi pomermi,
geologicko-tektonickou stavbou a dal§imi Cinitelmi (zalesnenie a pod.).
Od tychto Cinitefov zdvisi podiel infiltrovanych zrazok, ktory sa podiela
na doplnani zdsob podzemnych voéd v geologickych Struktirach
a formovani ich fyzikdlno-chemickych vlastnosti. Hydrogeologické
pomery boli podrobne overené prieskumnou §tdliiou a vo zvy$nom tseku
trasy boli hydrogeologické pomery overené vrtnymi pracami realizova-
nymi pod droven nivelety tunela. Komplex spevnenych paleogénnych
sedimentov vytvara hydrogeologicky masiv bez vyznamnejsich sivislych
hydrogeologickych kolektorov vrstvového typu s obehom podzemne;j
vody prevazne v pripovrchovej zéne a v pdsmach puklinového
a tektonického poruSenia.
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25.54m are in the location of the future cut-and-cover tunnel and
a 276.56m long portion leads within the profile of the future mined tun-
nel. Very complicated geological conditions were identified during the
gallery driving, which was the reason why nearly the entire part of the
gallery was constructed under the protection of a micropile umbrella or
forepoles.

After the suspension of the geological work during the gallery excava-
tion, the exploration was completed by additional surface engineering
geological survey having the form of vertical rotary cored boreholes, dug
holes, surface geophysical measurements and horizontal cored boreholes,
drilled from within the gallery into the rock mass, into the cross section
of the future right tunnel tube (Sekyra et al., 2008).

Basic quasi-homogeneous blocks were determined for individual tun-
nel tubes on the basis of credible results of the surface engineering geo-
logical explorations and results of the geotechnical monitoring carried
out during the excavation of the exploratory gallery — 12 sections for the
left tunnel tube and 10 sections for the right tunnel tube. The ranges of
the engineering geological and geotechnical characteristics in these sec-
tions were as follows:

RQD from 5-25 to 50-70%, QTS from 33.5 points to the level of 69
points, NATM from class 5a.

Hydrogeological conditions in the area of the Polana tunnel depend on
climatic conditions together with geomorphological run-off conditions,
the geological-tectonic structure and other factors (wooding etc.). The
proportion of the infiltrating precipitation which contributes to the ground
water recharging in geological structures and forming their physical-che-
mical properties depends on these factors. The hydrogeological conditi-
ons were verified in detail by the exploration gallery and, in the remai-
ning section of the tunnel route, the hydrogeological conditions were
verified by drilling under the tunnel alignment level. The complex of con-
solidated Palacogene sediments forms a hydrogeological massif without
more significant continuous hydrogeological aquifers of the layer type,
with ground water circulation occurring in mainly in the surface layer and
in fissure-type and faulted zones.

TUNNEL STRUCTURE

The tunnel design is carried in a way guaranteeing that the lining
structure, waterproofing, ventilation, escape routes and tunnel equip-
ment complied with the requirements imposed on tunnels in the EU
and, at the same time, met requirements imposed by the legislation of
the Slovak Republic. The cross sections of the left tunnel tube and right
tunnel tube are identical in terms of dimensions. We designed the
dimensions and geometry of the cross section taking into consideration
the dimensional parameters of the clearance profile, the roadway width
and the minimum width of walkways. The tunnel axis is always per-
pendicular to the roadway, therefore the cross section of both tunnel
tubes will be rotated in the vertical plane relative to the transverse gra-
dient of the roadway; thus the volume of unnecessary excavation is
reduced.
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KONSTRUKCIA TUNELA

Technické rieSenie tunela je navrhované tak, aby konStrukcia ostenia,
izol4cie, vetranie, tinikové cesty, technologické vybavenie z hladiska bez-
pecnosti a riadenia prevadzky zodpovedali poziadavkdm kladenym na
tunely v EU, a zdroven splnali poziadavky platnej legislativy SR. Prierezy
lavej a pravej tunelovej riry sd rozmerovo zhodné. Pri ndvrhu velkosti
a tvaru priecneho rezu tunela sme vychadzali z rozmerovych parametrov
prejazdného prierezu, Sirky vozovky a min. Sirky chodnikov. Tunelova os
je vzdy kolmd na vozovku, prierez bude teda v oboch tuneloch natdcany
v stilade s jej klopenim, ¢im sa obmedzi razenie jalového vyrubu.

Hlbeny tunel bude budovany v otvorenej stavebnej jame a konstrukcia
blokov a zdkladovej dosky je kolmd na vozovku obdobne ako v razenej
Casti. Zakladova doska ma hribku 800 mm, a klenba tunela 400 mm.
Samotny portdl je zrezany v sklone 60° a v spodnej ¢asti mad navrhnuté
Cielka, ktoré umoZnia priame napojenie beténového zvodidla.
KonStrukcia klenby a zdkladovej dosky je Zelezobeténova z vodotesného
beténu (C 30/37). .

Stavebné jamy budd hlbené postupne v jednotlivych stuprioch.
Zaistenie stien vykopu sa zabezpedf strickanym beténom v kombindcii so
zvaranymi sietami, kotevnymi prahmi a lanovymi kotvami. Doplnkové
prvky budd tvorit'klince a ako pomocny prvok pod prahmi si navrhnuté
mikropilty. Definitivna tprava portdlov tunela bude tvorend prevaZne
vystuZzenym ndsypom.

Obe tunelové riry budi budované sti¢asne dovrchnym razenim zo stra-
ny zdpadného portdlu. Na zdklade IGP sa predpokladd nasadenie troch
vystrojovacich tried VT3, VT4, VT5a (tab. 2) Vystrojovacia trieda 3 sa
predpoklada len v dlzke 65 m. Razenie tunelovych rir bude po dlzke roz-
delené horizontdlnym ¢lenenim na kalotu, stupen a dno. V mieste nidzo-
vého zélivu bude kalota Clenend aj vertikélne. Protiklenba bude realizova-
nd v celej dlzke razenych tunelov. Primdrne ostenie je na zdklade static-
kého vypoctu dimenzované tak, aby spolahlivo zabezpecilo stabilitu vyru-
bu tunela v Case prerozdelenia napiti v horninovom masive do vybudova-
nia sekundarneho — definitivneho ostenia.

Tab. 2 Prvky primdrneho ostenia v zdkladnych vystrojovacich triedach

VT3 Striekany beton, ocelové zvarané siete, ocelové priehradové obliky,
maltované a samozéavrtné svorniky
VT4 Striekany beton, ocelové zvarané siete, ocelové priehradové obliky,
maltované a samozdvrtné svorniky, ihly, sklolamindtové kotvy v celbe
VT5a Striekany betén, ocelové zvarané siete, ocelové priehradové obliky,
samozdvrtné svorniky, mikropildty, sklolamindtové kotvy v celbe

Unikové cesty budi razené paralelne s postupom razenia tunelovych
rtr. SuibeZne s razenim v dostato¢nom odstupe predpokladdme zaciatok
betondrskych prac (betondz zdkladovych konstrukcii, izolatérskych prac
a nasledne betondZ sekundédrneho ostenia). Unikové cesty vicsieho pro-
filu budu vyuzité na privod vetrania k ¢elbe a odvoz ribaniny druhou
tunelovou rdrou. Sekundarne — definitivne ostenie je dimenzované na
zataZenie od celého tlaku horniny, tj. nepredpokladd sa spolahlivost’ pri-
marneho ostenia v obdobi pozadovanej Zivotnosti tunela a pocita sa so
sekundarnym ostenim ako so samostatnou nosnou Castou. Definitivne
ostenie je navrhnuté Zelezobeténové z beténu (C 30/37) hr. 400 mm
v klenbe a 600 mm v protiklenbe. Betondz bude vykondvand po dsekoch
rovnakej dlzky — 10 m. Vzhladom ku kratkej dlzke tunela predpoklada-
me nasadenie jedného debniaceho vozna. V osteni budd zabudované
chréanicky a prechodky z bezhalogénového materidlu, ktoré sliZia pre
kablové vedenia napdjané z chodnika do stropného priestoru tunela.
Hydroizol4cia tunela je navrhnutd ako medzilahld, hribky min. 2,5 mm,
s ochrannou signdlnou vrstvou na licnej strane. Na strane primarneho
ostenia bude f6lia chranend proti poskodeniu geotextiliou. Ako doplnok
k plosnej féliovej izoldcii je navrhnutd rastrova izoldcia, ktord bude osa-
dend v mieste vyklenkov a v oblastiach zvySenych priesakov vody.
V mieste pracovnej $kary vzajomne susediacich blokov bude izolacia
zosilnend (zdvojend) pasom z izolacnej félie Sirky 500 mm, resp.
v miestach zvySenych pritokov okrajovym dilatatnym pdsom.
Podzemné vody presakujice z horninového prostredia v okoli tunelo-
vych rir budd zberané do perforovaného drendZneho potrubia rubovej
drendZe tunela DN 200 mm. Z tohto potrubia budd cez Cistiace Sachty
prie¢ne zvedené do reviznych Sacht hlavnej stoky tunela. Tu tvori PP
rira DN 400 mm pre vysoké zdtaZe, ktord je ulozend pod vozovkou
v strede jazdného pruhu. Revizne Sachty na potrubi hlavnej stoky budu
osadené v dlZzkovych intervaloch do 50 m (v oboch tuneloch). Poklopy
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The cut-and-cover tunnel will be built in an open trench; the structure
of the blocks and the base slab is perpendicular to the roadway, similar to
the mined section. The base slab and the vault are 800mm and 400mm
thick respectively. The portal itself is inclined at 60° ; it has heads at the
bottom part which will render connecting a concrete barrier possible. The
vault and base slab structures are of water retaining reinforced concrete
(C 30/37).

The excavation of construction trenches will be divided into stages.
The walls of the trenches will be stabilised by shotcrete in combination
with welded mesh, anchored walers and cable anchors, complemented
by dowels and, as an auxiliary element, micropiles under the walers.
The final tunnel portals will be mainly formed by a stabilised embank-
ment.

Both tunnel tubes will be constructed simultaneously. The excavation
will proceed uphill from the western portal side. It is expected on the
basis of the EGE that three excavation support classes VT3, VT4 and
VT5a will be used (see Table 2). Excavation support class 3 is expected
to be encountered only at a length of 65m. The excavation of the tunnel
tubes will be divided horizontally into the top heading, bench and invert.
The top heading in the location of the lay-by will be even divided verti-
cally. The invert will be constructed throughout the length of the mined
tunnels. The primary lining is designed on the basis of a structural analy-
sis, based on the requirement to reliably guarantee stability of the tunnel
during the process of redistribution of stresses in the rock mass until the
secondary - final lining is completed.

Table 2 Primary lining elements for basic excavation support classes

VT3 Shotcrete, welded mesh, lattice girders, grouted rockbolts, self-drilling
rockbolts
VT4 Shotcrete, welded mesh, lattice girders, grouted rockbolts, self-drilling
rockbolts, dowels, GRP anchors into excavation face
VT5a Shotcrete, welded mesh, lattice girders, grouted rockbolts, self-drilling
rockbolts, micropiles, GRP anchors into excavation face

Escape routes will be driven simultaneously with the advancing excavati-
on of the tunnel tubes. Concurrently with the excavation, at a sufficient
distance from the excavation face, the concrete casting operations are plan-
ned to start (casting of foundation structures, installation of the waterproofing
system and subsequently the casting of the secondary lining). Larger profile
escape routes will be used for the supply of fresh air to the excavation face
and mucking out through the other tunnel tube. The secondary — final lining
is calculated for the load of the whole rock pressure, which means that the
reliability of the primary lining throughout required the tunnel life is not
counted in and the secondary lining is considered as an independent load-
bearing part. The final lining is designed as a reinforced concrete (C 30/37)
structure 400mm thick in the upper vault and 600mm in the invert. The conc-
rete casting will proceed in section with identical lengths of 10m.
Considering the short length of the tunnel, we assume that only one tunnel
form traveller will be used. Conduits and sleeves of a non-halogen radiating
material will be cast in the lining for cables leading from the walkway to the
tunnel roof space. The waterproofing is an intermediate System using
a 2.5mm thick membrane with a protective signal paint layer on the inner
side. The membrane will be protected against damaging on the primary lining
side by geotextile. As an addition to the areal waterproofing system; a raster

Obr. 3 Prieskumnd $télna tunela Polana, zdpadny portdl (portdl Rieka)
Fig. 3 Exploration gallery for the Polana tunnel, western portal (Rieka portal)
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Obr. 4 Pozdfiny geologicky rez pravou (juZnou) tunelovou riirou: 1 — interpretované zlomy, 2 — predpokladand hranica medzi kvartérom a paleogénnym podlo-
zZim, 3 — predpokladané litologické hranice, 4 — predpokladany dosah silného zvetrania aZ zvetrania paleogénnych hornin, 5 — interpretované ohranice-
nie svahovych deformdcii, 6 — predpokladané vrstvy pieskovca, 7 — predpokladané vrstvy ilovca

Fig. 4 Longitudinal geological section through right (southern) tunnel tube: 1 — interpreted faults, 2 — assumed border between Quaternary and Palaeogene sub-
base, 3 — assumed lithological borders, 4 — assumed range of heavy weathering to weathering of Palaeogene rock, 5 — interpreted limits of slope deformati-

ons, 6 — assumed sandstone layers, 7 — assumed claystone layers

na Sachtdch budu liatinové s uzatvdranim proti samovolnému otvdraniu.
V rovnakych intervaloch — oproti reviznym Sachtdm — budi osadené Cis-
tiace Sachty na rubovej drendzi, a to vo vyklenkoch cistenia. Poklopy
cistiacich vyklenkov boli na Ziadost investora navrhnuté bezhalogénové
sklolamindtové. Sklolamindtovy kompozit ma voci kovovému poklopu
tretinovd hmotnost, a vyrazne sa tak zjednodusi manipulacia a pracnost’
pocas udrzby. Tvar Cistiaceho vyklenku zamedzuje vniknutiu kolesa
vozidiel, pricom samotnd wnosnost’ navrhnutého sklolamindtového
poklopu je triedy C 250. Voda v systéme drendZzneho odvodnenia je
vedend gravitatne smerom od vychodného portdlu k zdpadnému.
Jednotlivé potrubia hlavného odvodnenia smeruji z tunelovych rir
k sttokovej Sachte situovanej pred portdlom, odkial je voda vedend
riirou PP DN500 do nasledujicej $achty a bud zdsobuje akumulacni
nddrz poziarneho vodovodu o objeme 150 m3, alebo pokracuje cez
lomovi Sachtu do sedimentacnej nddrze. Za nddrzZou je Cistend v ORL
a nésledne je zadstend do recipienta. Odvodnenie pocas vystavby polo-
hovo kopiruje definitivne rieSenie, priCom stistava obsahuje navyse aj
docasnd chemickd dpraviiu vody a rozSirend sdstavu sedimentécie.
Chemickd dpravia a sedimentaéné nddrZe budi ponechané v prevadzke
aZ do doby prirodzeného vycistenia zberanych vdd a ndsledne po kon-
trole kvality vody moZe byt spriepustnend vetva urcend pre zasobovanie
akumulacnej nddrZze. Nddrz ma zabezpecené zdsobovanie aj
z vodovodne;j pripojky.

Vody z oplachu vozovky, resp. tekutiny, ktoré vyteCd pri havdrii,
budu zachytdvané do pozdlZzneho Strbinového zlabu a odvddzané tymto
zlabom cez sifénové — Cistiace Sachtice von z tunela pred portdl do
zéchytnej nadrze kontaminovanych vod o objeme 150 m?.

Spodné vrstvy vozovky si chranené drendZnou a protimrazovou vrst-
vou zo $trkodrvy v podklade vozovky. PozdlZne odvodnenie tejto vrst-
vy je zaistené perforovanou PVC rirou DN150. Voda z tohoto odvod-
nenia je prostrednictvom zbernych Sachiet odvadzana do hlavného
odvodnenia tunela.

Obr. 5 Vizualizdcia vychodného portdlu tunela (Banské projekty, s. r. 0.)
Fig. 5 Visualisation of the eastern tunnel portal (Banské projekty, s. r. 0.)

waterproofing system is designed for niches and locations with increased see-
page of ground water. The thickness of the waterproofing membrane will be
increased (doubled) on construction joints between neighbouring blocks
using 500mm wide mats of the waterproof membrane or, in the locations with
increased inflows, by waterstops. Ground water seeping from the rock mass
surrounding the tunnel tubes will be collected by DN 200mm perforated dra-
inage pipelines, which will be installed on the outer side of the lining. From
these pipelines, water will be diverted via inspection manholes and transver-
se branches to inspection manholes on the main tunnel sewer. The sewer con-
sists of DN 400mm heavy duty PP tubes laid under the roadway, in the cent-
re of the traffic lane. Inspection manholes on the main sewer will be installed
at spacing not exceeding 50m (in both tunnel tubes). Manhole covers will be
of cast iron, secured against accidental opening. Inspection manholes on the
outer drains will be installed at the same intervals, in cleaning niches, in front
with the inspection manholes on the sewer. Non-halogen glass reinforced
plastic covers were designed for the cleaning niches at the request of the
owner. The advantage of a GRP composite cover over a metallic cover is that
its weight is a third of the metallic cover, thus the handling is simpler and
work expenditure lower during the maintenance. The shape of the cleaning
niche prevents wheels of vehicles from entering, whilst the load-bearing
capacity of the GRP cover is of C 250 class. Water will run through the dra-
inage system by gravity in the direction away from the eastern portal to the
western. Individual pipelines of the main sewer lead from the tunnel to
a junction manhole, which is located in front of the portal. From the manho-
le, water will flow through a PP DN500 pipeline to the next shaft. It either
supplies a 150m3 fire protection reservoir or continues via a break-point
manhole to a sedimentation basin. After the basin, it is treated in an oil sepa-
rator and, subsequently, it is discharged to a receiving water course. The lay-
out of the drainage system used during the course of construction is identical
with the final solution, with the addition of a temporary chemical treatment
plant and an expanded sedimentation system. The chemical treatment plant
and sedimentation basins will remain under operation until collected water is
purified naturally. Subsequently, after testing the water quality, the branch
designed to supply water to the fire protection reservoir. Water supply to the
reservoir is also secured through a water-service pipe.

Roadway rinsing water or liquids which will leak during an accident will
be collected in the longitudinal slotted drain, diverted through the drain via
traps in inspection manholes and discharged in front of the tunnel to a 150m3
contaminated water catch basin.

The road subbase is protected by means of a drainage and frost blanket
course of crushed run rock This course is longitudinaly drained through
DN150 perforated PVC pipes. The water from this drain is diverted via col-
lection shafts to the main tunnel sewer.

Unreinforced concrete road cover is designed for the Polana tunnel. Tunnel
category 2T-8.0 with the curb-to-curb width is designed for the tunnel width
configuration. This category was granted a dispensation from the Ministry of
Transport of the Slovak Republic in the context of a revision of STN 737507
standard, which is under preparation (February 2008). The road cover will con-
tain slipping dowels and anchors in longitudinal and transverse sawed joints.
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Obr. 6 Vzorovy priecny rez tunela Polana so spodnou klenbou: 1 - teoreticky
vyrub, 2 — primdrne ostenie (striekany beton), 3 — geotextilia, 4 — plos-
nd izoldcia, 5 — sekunddrne ostenie, 6 — odvodiiovaci vozovkovy Zlab, 7
— kandl pre kdble, 8 - filtracny beton, 9 — drendZ medzilahlej izoldcie
DN 200, 10 - prefabrikovany obrubnik, 11 — cementobetonovy kryt hr.
120 mm, 12 — tlakové potrubie pre poZiarnu vodu DN 150 mm, 13 — ISD
chrdnicky DN 40/43, 14 — hlavné odvodnenie tunela, 15 — odvodnenie
drendznej a protimrazovej vrstvy, 16 — CB kryt dvojvrstvovy, 17 — oba-
lované kamenivo hrubozrnné, 18 — asfaltovy postrek — modifikovany,
19 - cementovd stabilizdcia, 20 - drendZna a protimrazovd vrstva

Fig. 6 Typical cross section of the Polana tunnel with invert: 1 — theoretical
excavation, 2 — primary lining (shotcrete), 3 — geotextile, 4 — areal
waterproofing, 5 — secondary lining, 6 — slotted drain, 7 — cable duct, 8
— porous concrete, 9 — DN 200 drainage of the intermediate waterproo-
fing, 10 — precast curb, 11 — concrete cover 120mm thick, 12 — DN
150mm hydrant pressure line, 13 — DN 40/43 ISD conduits, 14 — main
tunnel sewer, 15 — drainage of the drainage and frost blanket course, 16
— double-course concrete cover, 17 — coarse-grained coated aggregates,
18 — Bituminous spray — modified, 19 — Cement stabilisation, 20 —
Drainage and frost blanket course

Pre tunel Polana je navrhnuta nevystuZena cementobeténova vozovka.
Sirkové usporiadanie vozovky v tuneli je navrhnuté pre kategriu tunela
2T-8)0, Sirky 8 m medzi obrubnikmi, pre ktord bola udelend vynimka
MDPT SR, a to v nadvéznosti na pripravovanu aktualizdciu STN 737507
(februdr 2008). Vozovka bude obsahovat klzne tfne a kotvy v mieste
pozdlZnej a priecnej rezanej Skdry.

Standardna skladba vozovky je:

CB kryt dvojvrstvovy 70/180 mm CB1 250 mm
Obalované kamenivo hrubozrnné OKH I 50 mm
Asfaltovy postrek — modifikovany PI, EKM 0,50 kg/m?
Cementova stabilizdcia SCI 160 mm
Drendzna a protimrazova vrstva SD 0-45 350 mm

V mieste nidzového zdlivu a v mieste hiben)'/ch tunelov je skladba
mierne modifikovand. Prechod z CB vozovky na vozovku s bitumenovym
povrchom bude zrealizovany pomocou kotevného prahu hr. 450 mm.

Chodniky sd tvorené cementobetéonovym krytom hr. 120 mm
s jednotnym spddom 2 %. V priestore pod chodnikom sui vedené kablové
trasy a poziarny vodovod.

BEZPECNOSTNE STAVEBNE UPRAVY A TECHNOLOGICKE
VYBAVENIE TUNELA

Tunel je vybaveny nidzovymi chodnikmi po strandch vozovky,
obsahuje 3 tnikové cesty, jednostranny nidzovy zéliv pre kazdd tune-
lovi rdru. Pred vychodnym aj zdpadnym portdlom s situované ndstup-
né plochy pre integrovany zdchranny systém, nidzové plochy pre letec-
ki zdchrannt sluzbu a k portdlom st privedené samostatné zdsahové —
obsluzné komunikédcie. Napdjanie a ovlddanie technologického vyba-
venia tunela sa nachddza pri zdpadnom portdli (Pazderovci) v budove
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The standard construction of the road pavement is as follows:

Two-course concrete cover 70/180 mm  CB I 250 mm
Coated aggregate: coarse-grained OKH I 50 mm
Bitumen spray - modified PILEKM  0.50 kg/m?
Cement stabilisation SCI 160 mm
Drainage and frost blanket course SD 0-45 350 mm

The construction is slightly modified in the lay-by and cut-and-cover tun-
nels. The transition from the concrete cover to the bituminous surface road
will be carried out using a 450mm thick anchoring sill.

Walkways consist of 120mm thick cement cover at a unified gradient of
2%. Cable ways and a hydrant line are led in the space under a walkway.

STRUCTURAL SAFETY MEASURES AND TUNNEL
EQUIPMENT

Each tunnel tube will be equipped with emergency walkways on both sides
of the roadway and it will contain 3 escape routes, a single-sided lay-by.
Assembly areas for the integrated rescue system, emergency areas for air
ambulance are located in front of both the eastern and western portal.
Separate intervention — service roads will lead to the portals. The tunnel equ-
ipment power supply and control systems are located at the western portal
(Pazderovci), in the tunnel services building (PSB). The PSB will be unman-
ned. The primary control of the Polana, Svr¢inovec and Horelica tunnels will
be carried out from the regional control centre in Cadca (in the initial stage
the Horelica tunnel control centre will be expanded and, in the next stage,
directly in the Center of Administration and Maintenance of Motorways,
when it is complete). The standard tunnel equipment comprises a heated, wet
hydrant line, SOS call stations, lighting, traffic signalling and escape route
markings. It contains monitoring systems, tunnel closure facilities, commu-
nications systems and emergency power supply systems. A longitudinal ven-
tilation system has been designed for the Polana tunnel: 8 jet fans are in the
southern tunnel tube (four 2-unit groups) and 10 fans in the northern tube
(five 2-fan groups).

SAFETY DOCUMENTATION PACKAGE AND RISK ANALYSIS RESULTS

Safety in a road tunnel requires a series of measures. It is directly affected
by the tunnel structure, geometry of the cross section, amount of safety equ-
ipment,, traffic signalling, information and escape route markings, traffic
management, training of emergency services and management of sudden fai-
lures, awareness of rules of conduct in tunnels as well as improvement in
communications between relevant administrative bodies and emergency ser-
vices such as the Police, fire fighters and ambulance.

Securing a minimum level of safety in tunnels in the Trans — European
road network is required by the Directive of the European Parliament and of
the Council No. 2004/54/ES [1]; in Slovakia, the Decree No. 344/2006 Coll.
on minimum safety requirements for tunnels in the road network [2] was
issued. These regulations define minimum requirements for safety equipment
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Obr. 7 Schéma metodiky postupu pri vyhotovovani kvantitativnej analyzy rizik,
priklad pre tunel Poluna so zohladnenim dopravy nebezpecnych ndkladov
1 - ohranicenie systému: indikdtor $kod a usmrteni, 2 — tvorba scendrov:
poZiar, explozia a mrak toxického plynu, 3 — vznik pravdepodobnosti sce-
ndrov, 4 — rozsah §kéd scendrov, 5 - riziko jednotlivych scendrov, 6 — cel-
kové riziko tunela Poltina pre posiidenie v diagrame W/A

Fig. 7 Chart of the quantitative risk analysis methodology, the example for the
Poluna tunnel with transport of dangerous goods allowed for. 1 - System
boundaries: Damage indicator, 2 - Development of scenarios: fire, explosion
and cloud of toxic gas, 3 -Development of probability for scenarios, 4 -Extent
of damage for scenarios, 5 - Risk for individual scenarios, 6 - Total risk for
Polana tunnel for assessment in the W/A diagram
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Obr. 8 Vysledky kvantitativnej analyzy rizik bez dopravy nebezpecnych veci
pre tunel Polana (obidve riry) posidenie v diagrame W/A, A — prav-
depodobnost’vyskytu [1/rok], B — polet usmrtenych oséb, 1 — jednotli-
vé rozsahy scendru poZiar (5 MW / 30 MW, / 100 MW), 2 — sithrnnd
krivka celkové riziko, 3 — riziko neakceptovatelhé, 4 — ALARP oblast,
5 - riziko akceptovatelé

Fig. 8 Results of the quantitative risk analysis without transport of dangerous
goods for the Polana tunnel (both tubes) assessment in the W/A dia-
gram, A- probability of occurrence [1/year], B- number of fatalities,
1 - individual ranges of the fire scenario (5 MW /30 MW, / 100 MW),
2 — total risk summation curve, 3 — unacceptable risk,4 — ALARP area,
5 — Acceptable risk

prevadzkovo-technického objektu (PTO). PTO je navrhnuty ako bez-
obsluzny. Primdrne ovladanie tunela Polana, Svréinovec a Horelica
bude realizované z regiondlneho dispe¢ingu v Cadci. V prvej etape len
roz$irenim dispe€ingu tunela Horelica a v druhej etape po vybudovani
priamo v objekte SSUD Cadca. Tunel je tandardne vybaveny vyhrie-
vanym zavodnenym poZiarnym vodovodom, stanicami nidzového
volania (SOS), osvetlenim, dopravnym a tunikovym znacenim.
Obsahuje monitorovacie systémy, zariadenia na uzavretie tunela,
komunikalné systémy, systémy nidzovej dodédvky elektrickej energie.
Tunel Polana md navrhnuté pozdlZzne vetranie, juznd tunelovd rira
obsahuje 8 pridovych ventildtorov (4 skupiny po 2 jednotkéch)
a v severnej rure sa nachddza 10 pridovych ventildtorov (5 skupin po 2
ventilatoroch).

BEZPECNOSTNA DOKUMENTACIA A VYSLEDKY
ANALYZY RIZIK

Bezpecnost'v cestnom tuneli si vyZaduje cely rad opatreni a priamo ju
ovplyviuje konstrukcia tunela, geometria profilu, rozsah bezpe¢nostnych
zariadent, dopravné znacenie, informac¢né a inikové znacenie, manaZment
dopravy, Skolenia pohotovostnych sluZieb a manazmentu nahlych portch,
informovanost’ uzivatelov o pravidlach spravania sa v tuneloch, ako aj
zlepSenia komunikédcie medzi prislu§nymi tdradmi a pohotovostnymi sluz-
bami ako policiou, hasi¢émi a zdchrannou sluzbou.

Zabezpecenie minimdlnej drovne bezpecnosti v tuneloch transeurdp-
skej cestnej siete stanovuje (Smernica eurépskeho parlamentu a rady
2004/54/ES) a na Slovensku (Nariadenie vlddy SR ¢. 344/2006
Z. z. o minimdlnych bezpecnostnych poziadavkach na tunely v cestnej
sieti) [2]. V tychto predpisoch su definované minimalne poZiadavky na
bezpecnostné zariadenia pre kazdy tunel na zaklade druhu a dlzky tunela
a taktiez o¢akdvanej intenzity preméavky. Od tychto poziadaviek moézu byt
povolené obmedzené odchylky, ak tdaje ku nasledovnym bodom kladne
posiidi prislusna komisia EU:

e do tvahy berie obmedzenid odchylku(y);

e do tvahy berie obmedzenid odchylku pre nutné dévody;

e riziko znizujice alternativne opatrenie, ktoré mozno pouzit alebo
zosilnit, aby bola zabezpe€end rovnocennd troven bezpecnosti v<ita-
ne dokazu, v tomto pripade vo forme analyzy zdvaznosti rizika.

Samotnd bezpecnostnd dokumentdcia posudila rozsah navrhovanych
opatreni v aktudlnom stave projektovania. Postidenie preukdzalo, Ze su
splnené vietky poziadavky, ktoré vyplyvaji zo smernice EU a NV SR.
V niekolkych bodoch tunel Polana dokonca prevySuje minimélne poZia-
davky, napriklad ¢o sa tyka poc¢tu nidzovych vychodov, vykonu vetrania
a dostupnosti vody na hasenie.

Obr. 9 Vysledky kvantitativnej analyzy rizik s dopravou nebezpecnych veci
pre tunel Polana (obidve riiry) posiidenie v diagrame W/A, A — prav-
depodobnost’vyskytu [1/rok], B — polet usmrtenych oséb, 1 — jednotli-
vé rozsahy scendru poZiar (5 MW | 30 MW, | 100 MW), 2 — explozia
(50 kg / 18 t propdn), 3 — mrak toxického plynu (50 kg / 20t chlor),
4 — suhrnnd krivka celkové riziko, 5 - riziko neakceptovatelhé,
6 — ALARP oblast, 7 - riziko akceptovatelhé

Fig. 9 Results of quantitative risk analysis with transport of dangerous goods
for the Poluna tunnel (both tubes), assessment in the W/A diagram,
A- probability of occurrence [1/year], B- number of fatalities, 1 — indi-
vidual ranges of the fire scenario (5 MW |/ 30 MW, /| 100 MW),
2 — explosion (50 kg / 18 t propane), 3 — cloud of toxic gas (50 kg /
20t chlorine), 4 — total risk summation curve, 5 — unacceptable risk,
6 —ALARP area, 7 — Acceptable risk

for each tunnel on the basis of the tunnel type and length and the anticipated
traffic volume. Limited deviations from the requirements are permitted if the
data on the following items are confirmed by a relevant EU committee:

e it takes into consideration the limited deviation(s);

e it takes into consideration the limited deviation for inevitable reasons;

e arisk reducing alternative measure which can be used or intensified so

that equivalent level of safety is secured, including the proof; in this case
in the form of an analysis of the seriousness of the risk.

The safety documents package itself assessed the extent of the proposed
measures in the actual condition of the work on the design. The assessment
has proved that all requirements following from the above-mentioned EU
directive and the decree of the SR government have been met. In several
points, the Polana tunnel even exceeds the minimum requirements, for exam-
ple those which are related to the number of emergency exits, the ventilation
capacity and availability of fire water.

In the meaning of the EU directive (annex 1, chapter 1.1.3) or the decree
of the SR government (annex 2, article 1.1.3), a risk analysis has to be carri-
ed out if a tunnel:

e exhibits a special characteristic with respect to specific parameters, or

e the minimum requirements are not met.

The only remarkable special characteristic of the Polana tunnel is the high
proportion of heavy traffic. Because of the high proportion of heavy traffic
and with respect to the possible future development of the traffic volume, the
risk analysis was carried out. No unified methodology is available for the
quantitative risk analysis which would be prescribed by the EU or Slovak
legislation. The EU methodology is in the stage of preparation, therefore the
methodology used in Austria and Switzerland was chosen. As shown in Fig.
7, a usual indicator has been chosen for the first step, i.e. fatalities. The risk
can be determined and assessed by examining the frequency and extent of
damage associated with individual situations.

Risk analysis — without transport of dangerous goods

To allow the risk assessment (see Fig. 8), this diagram contains the
ALARP scope (As Low as Rationale Possible or As Low as Reasonably
Practicable). This area was designed by the Austrian Tunnel Safety Board for
the purpose of the risk analysis for the 1km long Fasenstaub tunnel in
Switzerland, and it must be adequately adjusted to the length of the tunnel to
be assessed. Figure 8 shows the summation curve for the total risk for both
Polana tunnel tubes. It follows from the aspect of the quantitative risk analy-
sis, where the total risk curve is found inside the ALARP area and in the
acceptable risk area, that no additional safety measures are necessary.
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V zmysle smernice EU (priloha I, kapitola 1.1.3), resp.

NV SR (priloha ¢. 2 ¢lanok 1.1.3) musi byt'vyhotovend ana-
Iyza rizik, ak tunel:
e s ohladom na Specifické parametre vykazuje zvlastnu 1E
charakteristiku;
e alebo ak nie sd splnené minimdlne poZiadavky.

Ako zvlaStna charakteristika tunela Polana je ndpadny 1E-04 -

len velky podiel tazkej prepravy. Z dovodu vysokého po-
dielu tazkej prepravy, ako aj s ohladom na mozny budiici A
vyvoj intenzity premdvky, bola vyhotovend analyza rizik.
Pre vykondvanie kvantitativnej analyzy rizik nie je
k dispozicii Ziadna jednotnd metodika, ktord by predplso—
vala EU alebo slovensky zdkonodarca. Metodika EU je
v Stadiu pripravy, a preto bola zvolend metodika, ktord sa

pouZiva v Rakiisku a vo §Vajéiarsku. Ako ukazuje (obr. 7), 1.E-0T

je v prvom kroku zvoleny obvykly indikétor §kody — mftvi.
Vysetrenim frekvencie a rozsahu $kdd jednotlivych situdcii
mozno nakoniec ich riziko ur€it’a posudit.

Analyza nebezpecenstva — bez dopravy nebezpecnych veci

Pre postdenie rizik (obr. 8) je v tomto diagrame zakresleny aj rozsah
~ALARP — As Low As Rationale Possible (nazyvany aj ,,As Low As
Reasonably Practicable*). Tato oblast’bola v zmysle analyzy rizik navrh-
nutd raktiskou komisiou pre bezpecnost'v tuneloch pre 1 km dlhy $vajci-
arsky tunel Fasenstaub a mus{ byt dlzke posudzovaneho tunela zodpove-
dajiico prispdsobend. Obrazok 8 zndzoruje stctovi krivku celkového
rizika pre obidve rury tunela Polana. Z pohladu kvantitativnej analyzy
rizik s priebehom celkového rizika v oblasti ALARP, ako aj v oblasti
akceptovatelného rizika, vyplyva, e nie si potrebné Ziadne dalSie bez-
pecnostné opatrenia.

Analyza nebezpecenstva — s dopravou nebezpecnych veci

Podmienky prepravy nebezpecnych veci v cestnej sieti SR definuje
zdkon €. 168/1996 Z.z. o cestnej doprave a opatrenia definuje NV SR
¢. 344/2006 Z.z. To znamend, Ze prepravu nebezpecnych nédkladov je

mozné vykonat'len za mimoriadnych podmienok a preprava musi splnat’

zdkonom stanovené bezpecnostné poziadavky.

Rovnako ako pre situdciu bez prepravy nebezpecnych veci je pre sta-
novenie rizika potrebné vytvorit’ sictovi krivku s celkovym rizikom
(obr. 9).

Priebeh sictovej krivky s celkovym rizikom, ktory zahimia jednotlivé
scendre poziaru, explézie a mraku toxického plynu jasne ukazuje, Ze
dominuje predovSetkym riziko poziaru.

Pre ziskanie porovnania s inymi tunelmi ukazuje (obr. 10) vysledky
kvantitativnej analyzy rizik pre 13 rakiskych cestnych tunelov.

Celkové zavere¢né zhodnotenie mozno chépat’ ako odborny posudok
bezpecnosti pre tunel Polana a zdvery su nasledovne.

Na zdklade vykonaného postidenia bezpecnosti a kvantitativnej analy-
zy rizik nevyplyva pre cestny tunel Polana nutnost dal$ich bezpecnost-
nych opatreni. Tunel Polana je podla sic¢asného stavu projektovania vyba-
veny vietkymi, v zmysle NV SR &. 344/2006 Z.z. a predpisov EU potreb-
nymi bezpe¢nostnymi opatreniami. Pldnované si dokonca dodato¢né bez-
pecnostné opatrenia, ktoré vyzaduje EU len pre dlhsie cestné tunely alebo
tunely s vicSou intenzitou premédvky. Na zdklade dobrovolhe vyhotovenej
analyzy rizik sa preukdzalo, Ze Ziadne rizikd nemozno oznacit’ ako ne-

akceptovatelné a Ze z pohladu kvantitativnej analyzy rizik moze byt

dokonca povolena aj preprava nebezpecnych veci.

ZAVER

Dialnica D3 sa svojim charakterom radi medzi najtazsie tseky budo-
vané na izemi SR. Dialhi¢ny dsek Svréinovec—Skalité po svojom dobu-
dovani doplni vyznamnu Cast planovanej dialhice D3 a velkou mierou
prispeje k ochrane Zivotného prostredia, zlepsi bezpecnost’ a dopravni
situdciu v dotknutom regiéne. Samotny tunel Polana bude prvy z piatich
tunelov s ktorymi sa vodici prichddzajici z PR na dialnicnom dseku D3
stretn.

Préce na projektovej dokumentécii tunela, ale aj samotnej dialhice si
vyziadali vynaloZenie velkého tsilia celého kolektivu. Vsetkych by pote-
Sila realizécia celej stavby ¢o mozno v najkratSom Case.
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Obr. 10 Vysledky kvantitativnej analyzy rizik s dopravou nebezpecnych
ndkladov pre 13 cestnych tunelov v Rakiisku a pre tunel Poluna.
A — pravdepodobnost’vyskytu [1/rok], B — pocet usmrtenych osob

Fig. 10 Results of quantitative risk analysis with transport of dangerous
goods for 13 road tunnels in Austria and for the Polana tunnel.
A- probability of occurrence [1/year], B- number of fatalities

Risk analysis — involving transport of dangerous goods

Dangerous goods transport conditions are defined for the road network of
the Slovak Republic by the Law No. 168/1996 Coll. on road transport, and
measures are defined by the Decree of the SR Government No. 344/2006
Coll. It means that transporting dangerous goods is allowed only under extra-
ordinary conditions and the transport has to meet safety requirements presc-
ribed by the legislation.

The summation curve with the total risk must be created for the purpose of
the determination of the risk (see Fig. 9), the same as that created for the situ-
ation without transport of dangerous goods.

The course of the summation curve with the total risk containing indivi-
dual scenarios of a fire, explosion and a toxic gas cloud clearly shows that the
risk of fire dominates.

The comparison with other tunnels is possible from Figure 10, showing
the results of a quantitative risk analysis carried out for 13 Austrian road tun-
nels.

The overall final assessment can be considered as an expert opinion for the
Polana tunnel, with the following conclusions:

No need for additional safety measures arises for the Polana tunnel from
the completed assessment of safety and the quantitative risk analysis. The
Polana tunnel is equipped in compliance with the current state of tunnel
design by all, in the meaning of the Decree of the Gvt. of the SR No.
344/2006 Coll. [2] and EU regulations required safety measures. Even such
additional safety measures are planned which are required by the EU only for
longer road tunnels or tunnels carrying greater traffic volume. The voluntari-
ly conducted risk analysis proved that none of the risks can be marked as una-
cceptable and, from the viewpoint of the quantitative risk analysis, even tran-
sport of dangerous goods can be permitted.

CONCLUSION

Owing to its character, the D3 motorway ranks among the most difficult
sections built in the Slovac Republic. The Svr¢inovec - Skalité motorway
section will, when it is finished, complement a significant part of the planned
D3 motorway and will substantially contribute to natural protection, impro-
ve safety and traffic situation in the given region. The Polana tunnel itself will
be the first of the five tunnels which the drivers arriving from Poland will
meet in the D3 section.

The work on the tunnel design and also on the whole motorway required
great effort of the whole team and I believe that all of its members would be
pleased if the entire project was implemented as early as possible.
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