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Zelezni¢ny tunel Turecky vrch
Railway Tunnel Turecky vrch

Jednym zo strategickych cielov Slovenskej republiky v procese
eurdpskej integracie je napojenie dopravnych vazieb Slovenska
na eurépsku dopravnu siet. PoZiadavka modernizacie vybranych
Zelezni¢nych trati ZSR vychéadza z koncepcie eurépskych doprav-
nych koridorov definovanych na II. Paneurdpskej konferencii mi-
nistrov dopravy, konanej na Kréte v roku 1994. Nadvézovala na
snahy Eurépskej Unie o rozvoj novej zeleznicnej politiky, ktora by
vyjadrovala aj integracné snahy o zjednotenie celého Zelezni¢né-
ho systému, harmonizaciu kvalitativnych ukazovatelov, zékono-
darnych opatreni a zvy3ovanie vykonnosti Zeleznic vo vietkych
eurépskych statoch aj mimo EU. Na spomenutej konferencii boli
definované dopravné koridory aj v strednej a vychodnej Euré-
pe, z ktorych sa siete ZSR tykaju tri. Na jednom z nich, koridore ¢&.
Vv Gseku vetvy A Bratislava - Zilina - Cierna nad Tisou, sa naché-
dza tunel Turecky vrch.

Zdovodnenie stavby

Na zakladné koncepcné suvislosti nadvazuje rozvojovy dokument
rozhodujuci pre Slovensku republiku: DIhodoby program rozvoja ze-
lezni¢nych ciest, schvéleny uznesenim vlady SR ¢. 166/93 a aktualizo-
vany uznesenim vlady ¢. 686/97, v ktorom boli definované zakladné
smery rozvoja zelezni¢nej dopravy na Slovensku do roku 2010 a na-
¢rtnuty dalsi vyvoj. Ako jedna z priorit je stanovena modernizacia Ze-
lezni¢ného koridoru Bratislava — Zilina — Cadca — Skalité — $tatna hra-
nica s Polskou republikou.

Aj stavba ZSR Modernizacia Zelezni¢nej trate Nové Mesto nad V4-
hom — Puchov, Zkm 100,500 - 159,100 pre tratovu rychlost do 160
km/h je sucastou uvedenych medzinarodnych koridorov a vybrané-
ho tahu Bratislava — Zilina - Cadca — Skalité — $tatna hranica s Polskou
republikou. Podla predbezného ¢lenenia ide o stcast koridoru €.V,
vetva A2, Usek Nové Mesto nad Vahom — Plchov v diZke asi 60 km.

Zakladné udaje o stavbe

|. etapou stavby 7SR Modernizécia Zelezni¢nej trate Nové Mesto nad
Vdhom - Puchov, Zkm 100,500 — 159,100 pre tratovu rychlost do 160
km/h je medzistani¢ny Usek Nové Mesto nad Vdhom — Trencianske
Bohuslavice, Zkm 100,500 — 105,245. Tato etapa nadvazuje na pred-
chéddzajuci II. isek Trnava — Nové Mesto nad Vahom, ktory sa koncil
v Zelezni¢nej stanici Nové Mesto nad Véhom v Zkm 100,500. Koniec
. etapy stavby je pred Zelezni¢nou stanicou Trencianske Bohuslavi-
ce v zkm 105,245.

Smerovo a vyskovo je modernizovand trat vedend v maximalnej
miere na podvodnom zZelezni¢nom telese s prihliadnutim na dodrza-
nie pozadovanych rychlostnych parametrov, zdkladnych podmienok
na priechodnost a priestorovu Upravu podfa STN 73 6201 (najma vo
vztahu k nadjazdom), ako aj dodrZanie pozadovanej Unosnosti mos-
tov a priepustnost pre storo¢né hladiny vody nad vodnymi tokmi.

Najvyraznejsim prvkom I. etapy stavby je zelezni¢ny tunel cez Tu-
recky vrch, ktory bol navrhnuty na dosiahnutie pozadovanej rychlosti

One of the strategic objectives of the Slovak Republic in the pro-
cess of European integration is connection of Slovak transport
communications to the European transport network. A require-
ment for modernisation of selected railway lines of ZSR is based
upon a concept of the European transport corridors defined at
the 2" Pan-European Conference of Ministers of Transportation
that was held on Crete in 1994. It was a continuation of EU efforts
for development of new railway policy, which would indicate also
integration efforts for union of the whole railway system, harmo-
nisation of quality indicators, legal measures and increase of rail-
way performance in all European countries outside the EU. At the
mentioned conference, the transport corridors were defined also
in central and Eastern Europe; three corridors relate to ZSR lines.
Tunnel Turecky vrch is located in one of them, in the corridor no.V,
in the sector of the branch A Bratislava - Zilina - Cierna nad Tisou.

Reasoning of the project

Decisive development document for the Slovak Republic: Long-term
program for development of the railway lines, approved by the gov-
ernment decree no. 166/93 and updated by the government decree
no. 686/97, is based upon the basic concept relations. In this docu-
ment, there were defined the basic directions of the development
of railway transport in Slovakia up to 2010 and there was also out-
lined the following development. Modernization of the railway corri-
dor Bratislava — Zilina — Cadca — Skalité - state border with Poland is
determined as one of the main priority.

Also the project of 7SR, Modernization of railway line Nové Mes-
to nad Véhom - Puchoy, railway kilometre (rkm) 100,500 — 159,100
for line speed up to 160 km/h is a part of mentioned international
corridors and the selected line Bratislava — Zilina - Cadca — Skalité —
state border with Poland. According to the preliminary classification
it is a part of the corridor no. V, branch A2, section Nové Mesto nad
Vdhom — Puchov with length of approx. 60 km.

Basic data about the construction

The first section of the project ZSR, Modernization of railway line
Nové Mesto nad Vahom — Puchov, rkm 100,500 - 159,100 for line
speed up to 160 km/h is the line section Nové Mesto nad Vdhom -
Trencianske Bohuslavice, rkm 100,500 — 105,245. The first section is
a continuation of the previous 2nd project Trnava — Nové Mesto nad
Vahom, which ended in the railway station Nové Mesto nad Véhom
in rkm 100,500. The end of the section 1 is in front of the railway sta-
tion Trencianske Bohuslavice in rkm 105,245.

Regarding the horizontal and vertical alignment, the modernized line
is led in maximal possible volume on the original railway body with con-
sideration of required speed parameters, basic negotiability conditions
and spatial arrangement according to STN 73 6201 (mainly with regard
to the overbridges) and in order to meet carrying capacity of bridges
and throughput above the water courses for hundred-year water levels.
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Tunel Turecky vrch v prevadzke
Tunnel Turecky vrch during operation

160 km/h, vyhladovo 190 km/h, pri pouZiti konvencnych siprav bez
nakldpace] techniky. Dfzka tunela je 1 775 m (2km 102,485 — 104,260).
Navrhnutad nové trat tu opusta povodné teleso, pretoze bez rozsiah-
lych novych zaberov Uzemia sa neda realizovat pozadovany rychlost-
ny parameter.

Zakladné udaje o tuneli

Tunel prekondva masiv Tureckého vrchu vo dvoch protismernych ob-
likoch, priblizne rovnobeZne so smerom $tatnej cesty /61 a ochran-
nej hradze Biskupického kanala, v smere stani¢enia novej trate od
juhu na sever. Trasa vychadza z velmi stiesnenych pomerov jestvu-
juceho skalného odrezu pred vjazdovym (juznym) portdlom s velmi
malym odklonom (maximélne 15°) od prevladajuceho smeru vrstev-
nic. Zelezni¢ny dvojkolajovy tunel ma dizku 1 775 m, razend cast je
dlhd 1 740 m. Stavba tunela pozostéva z komplexu povrchovych (hi-
benych) a razenych (podzemnych) stavebnych objektov. Sticastou su
aj zarubné steny pred portalmi.

Technolodgia vystavby respektovala horninové prostredie masi-
vu tvorené velmi pevnymi vdpencami a dolomitmi. Projekt navr-
hol uplatnit zésady tzv. Novej rakuskej tunelovacej metéddy s pouZi-
tim rozpojovania hornin pomocou trhacich prac. Zvysok sa realizoval
v otvorenych stavebnych jamach, presypanych tak, aby sa povrch
nad tunelom vrétil v maximalnej miere na pévodnu uroven. Tech-
nické rieSenie respektovalo pévodny charakter prostredia. Navrhom
zarubnych murov z opracovaného kamena na oboch portéloch po
vrch klenby tunela a pripravou na ozelenenie na vrchnej Urovni sa
vytvorila moznost na prirodzené rozsirenie prirodného prostredia le-
sostepi ¢o najblizsie k Zelezni¢nej trati.

Razeny dvojkolajovy Zelezni¢ny tunel je navrhnuty na prie-
chodny prierez UIC C s osovou vzdialenostou kolaji 4 200 mm vo
dvoch protismernych obldkoch R 2000 m (1 995 m) a medzipria-
mej pri minimalnych pozdfznych sklonoch 3,5 a 4,9 %o. PoZiadav-
ka stavebnika navrhnut tunel tak, aby bol pripraveny na prevadzku
suprav dosahujucich 200 km/h bola splnend tym, ze projektant pri
posudzovani ndvrhu prie¢neho rezu tunela bral do Uvahy aerodyna-
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The most distinctive element of the section 1 of construction is
the railway tunnel thought the hill called Turecky vrch, which was
designed for reaching the required speed of 160 km/h, with a pos-
sibility to reach 190 km/h when using conventional train sets with
tilting technology. The length of the tunnel is 1 775 m (rkm 102,485
- 104,260). In this area, the newly designed track leaves the original
body, in which there is impossible to perform required speed param-
eter of the track without new extensive territory utilization.

Basic data about the tunnel

The tunnel runs through the massif of Turecky vrch in two reversed
curves, approximately in parallel way with the state road I/61 and
with the earth bank of Biskupicky kandl, in direction of stationing
of the new line from the south to the north. The route comes out
from very restricted conditions of existing rocky cut-off in front of
entrance (southern) portal with very small diversion (max. 15°) from
prevailing direction of level lines. The railway, double track tunnel
has a length of 1 775 m, the tunnelled part is of length 1 740 m. The
tunnel construction consists of the complex of surface (excavated)
and tunnelled (underground) construction objects. It consists also of
breast walls in front of portals.

The building technology respected a geological environment of
the massif, consisting of very solid limestone and dolomites. The de-
sign for construction utilized principles of the New Austrian Tunnel-
ling Method for rock disintegration by blasting. The rest of works
were performed in opened construction pits by cut-and-cover so
that the surface above the tunnel was returned to the original con-
dition in maximal possible scope. The technical solution respect-
ed the original character of the environment and by the design of
breast walls on both portals of square stone up to the tunnel arch
and by preparation for planting of greenery on the upper level, it cre-
ated a possibility for natural spreading of the natural character of for-
est environment up to the minimal distance from the railway track.

A driven double-track railway tunnel is designed for the gauge
UIC C at axial line distance of 4 200 mm in two reversed curves of R
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miku sUprav (sucasnych aj pripravovanych) a jej akustické ucinky na
cestujucich pri rychlosti dopravy v = 200 km/h. Podkladom na na-
vrh bola sprdva ERRI C 218/DT 368 z juna 1998 o technickom riese-
ni ndvrhu prie¢neho rezu zelezni¢nych tunelov pre uzavreté sipravy
pri uvazovani aerodynamiky (European Rail Research Institute —
ERRI).

Vjazdovy (juzny) portdl je umiestneny v nzkm 102,485, vyjazdovy
(severny) v nzkm 104,260. Nadlozie v osi tunela dosahuje minimal-
nu hodnotu v mieste juzného razeného portélu, najvyssie je v nzkm
103,500 a dosahuje priblizne 100 m.

Profil vyrubu vratane nadvylomov mé plochu od 110 do 118 m?
(pri pouZitf protiklenby), je Siroky 13,20 m a vysoky od 8,90 do 10,06 m
(s protiklenbou). Tunel sa dispozi¢ne pripravil na instalaciu trak¢ného
vedenia, kdblovych kandlov, osvetlenia, zabezpecovacieho zariade-
nia a odvodnenia. Na obidvoch stranéch je komunikacny priestor so
sirkou 1200 mm, umoznujuci unik oséb. V sluzobnych chodnikoch
tunela sa nachadzaju potrubia poZiarneho vodovodu s nadzemny-
mi hydrantmi umiestnenymi vo vyklenkoch, umoznujlice napojenie
hasi¢skej hadice pri zdsahu v tuneli. Tvar konstrukcie je podkovovity
s kruhovou klenbou, v oblasti portélov a na miestach s vyskytom po-
rich podlozia sa zrealizovala spodnd klenba. Zelezobeténovi kon-
strukciu tvori docasné (primarne) ostenie zo striekaného beténu a tr-
valé (sekundarne) ostenie z monolitického beténu. Docasné a trvalé
ostenie oddeluje drendZna medzivrstva tvorena Specidlnou drendz-
nou féliou. Odvodnenie tunela je zabezpecené pozdiznym sklonom
tunelovej rary. V smere stanicenia stupa 0,489 % od vjazdového por-
talu az do km 103,500, odkial niveleta klesa 0,350 % na Useku dlhom
700 m do km 104,200 a nasledne 0,472 % do konca tunela smerom
k severnému portalu.

Razend unikova $tolha umozni cestujucim opustit ohrozeny
priestor zelezni¢ného tunela, pripadne aj nastup hasi¢skému za-
chrannému zboru. Stoélha je dlhd 240 m a na tunel je napojena
v nzkm 103,483. Vyustuje v mieste starého nadjazdu v szkm 104,00.
Razend $tdlha mé podkovovity profil s plochym dnom a je vybavena
systémom nutenej ventildcie a poziarnymi dverami.

Prieskum a geologické pomery

InZinierskogeologicky a hydrologicky prieskum (IGHP) na mieste tu-
nela vykonala v obdobi januar az m&j 2003 spolo¢nost GEOFOS, s.r. 0.,
Zilina. Predmetom IGHP bolo dokumentovanie vlastnosti zemin
a hornin v podloZi, ako aj vyskyt a agresivita podzemnej vody pri po-
sobeni na konstrukcie z beténu a ocele. V zmysle STN 73 0036 patrf
skimané Uzemie do rajénov s maximalne pozorovanou seizmickou
intenzitou 6 — 7° MSK-64.

Vysledkom inZinierskogeologického prieskumu bolo ¢lenenie ma-
sivu, v ktorom sa tunel razil, na kvdzi homogénne bloky, ktoré sa po-
¢as razenia stalou sluZbou geotechnického monitoringu priebezne
upravovali podfa skuto¢nych podmienok na Celbe.

Tunel sa zacal razit zo severného portalu v komplexe kvartérnych
sedimentov eolitického a deluvidlneho pévodu. Ich mocnost sa sme-
rom k svahu zmensovala. V tomto Useku sa razilo postupne na verti-
kdlne aj horizontélne rozdelenej elbe. Postupne preslo razenie od
dna smerom nahor na cely vyrub do zvetraného skalného masivu.
Prechodovy Usek tvorili v dne a jadre vrstvy dolomitov prekryté su-
vrstvim vépencov. Okrem niekolkych zlomov s vyskovymi posunmi
a vplyvu zvetrania sa ni¢ nezvycajné neobjavilo, predpokladané kra-
sové vplyvy sa zo severnej strany nepotvrdili.

Razenie z juzného portélu prebiehalo v kvalitnejsich podmien-
kach, masfv tvorili tektonicky porusené vapence, ktorych vlastnosti
sa s hibkou postupu zlepsovali. Od juzného portélu sa v uréitych Use-
koch pri odkryvani dna objavili hiboké ryhy vytvorené krasovou cin-
nostou a vyplnené sedimentmi.

Skalny masiv Tureckého vrchu tvorili mezozoické suvrstvia karbo-
natickych hornin (dolomitov a vdpencov). Karbonaticky masiv vrata-
ne zon tektonického porusenia a rozvolnenia hornin bol minimalne
zavodneny. V masive Tureckého vrchu sa nenarazilo na ziadne vyvery
podzemnych vod ani rozptylené pritoky. Mozno konstatovat, ze tu-
nel bol suchy.
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2000 m (1 995 m) and inter-straight at the minimal longitudinal gra-
dients 3,5 and 4,9 %o. A requirement of the Employer to design the
tunnel the way that it is prepared for operation of the train sets with
the speed of 200 km/h was achieved so that the designer considered
the design of the tunnel cross-section with consideration of train set
aerodynamics (existing and future) and its acoustic impacts on pas-
sengers at the transport speed v = 200 km/h. A basis for the design
was a report ERRI C 218/DT 368 from June 1998, on Technical solution
of railway tunnel cross-section design for closed train set with con-
sidering the aerodynamics (ERRI — European Rail Research Institute).

The entrance (southern) portal is located in new rkm (nrkm) 102,485,
the exit (northern) portal in nrkm 104,260. The overburden in tunnel
axis has the minimal value in the area of the southern driven portal,
the maximal value is in nrkm 103,500 and it is approximately 100 m.

The profile of excavation including overbreak has a surface from
110 up to 118 m2 (when using counter-vault); it is 13,20 m wide and
from 8,90 m to 10,06 m high (with counter-vault). The tunnel was
prepared for installation of catenary, cable channels, lighting, safe-
ty device and drainage. On both sides of the tunnel, there will be in-
stalled a communication space with width 17 200 mm that will ena-
ble escaping of persons from the tunnel. In the service pavements of
the tunnel, there is located piping of fire-fighting main with above
ground hydrants located in the niches, which enable connection
of the hose for an action in the tunnel. The construction is a horse-
shoe shaped with a circular vault; an invert vault was performed in
the area of portals and in the area with occurrence of sub-soil de-
fects. Iron concrete construction is created by temporal (primary) lin-
ing made of sprayed concrete and by permanent (secondary) lining
made of monolithic concrete. Temporal and permanent lining are di-
vided by drainage intermediate layer consisting of special drainage
foil. The tunnel drainage is provided by longitudinal gradient of the
tunnel tube. In the direction of stationing it rises 0,489 % from the
entrance portal up to the km 103,500, then it falls 0,350 % on the
length 700 m to km 104,200 and subsequently 0,472 % up to the
end of the tunnel towards the northern portal.

Excavated escape tunnel enables passengers to leave an endan-
gered space of the railway tunnel and it also enables entry of the fire-
fighting and emergency teams. The escape tunnel has length 240 m,
it is connected to the tunnel in nrkm 103,483 and it ends in the area
of the old overbridge in old rkm (orkm) 104,00. The excavated escape
tunnel is horse-shoe shaped with a flat bottom. The escape tunnel is
equipped with a system of forced ventilation and with fire-safety doors.

Survey and geological conditions
Technical-geological and hydrological survey (TGHS) for the tunnel
was performed from January to May 2003 by the elaborator GEOFOS,
s.1.0, Zilina. The aim of TGHS was to document characteristic of soils
and rocks in the sub-soil, as well as occurrence and aggressiveness of
the ground water against constructions made of iron concrete and
steel. According to STN 73 0036, the examined location belongs to
regions with the maximal observed seismic intensity 6 — 7° MSK-64.
The result of the technical-geological survey was division of the massif,
in which the tunnel was excavated, into the quasi-homogenous blocks,
which were permanently modified during driving by the permanent
geotechnical monitoring according to the real conditions at the face.
Beginning of the tunnel driving from the northern portal was in
the complex of quaternary sediments of Eolithic and Deluvial origin.
Their thickness decreased towards the centre of the massif. In this
section, the driving was performed gradually on vertically and hori-
zontally divided face. When driving continued, the whole excavating
came into the weathered rock massif. The transition section consists,
in the bottom and in the core, of the layers of dolomites covered by
the layers of limestone. Except several faults with vertical displace-
ments and influence of weathering, nothing extraordinary occurred.
Expected carst influences from the northern side were not confirmed.
Driving from the southern portal was performed in more quali-
tative conditions; the massif was created by tectonically corrupted
limestone, characteristic of which improved with the depth of ap-
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Pevnd jazdna draha v tuneli Turecky vrch
Solid track in tunnel Turecky vrch

Nadlozie v osi tunela dosahuje minimalnu hodnotu, asi 3 m
v mieste juzného razeného portdlu (nzkm 102 ,510), najvyssie je
v nzkm 103,500 a dosahuje priblizne 100 m.

Technické rieSenia
Prie¢ny rez tunela
Projektovanie jednotlivych stupriov sprevadzala diskusia o spravnej
velkosti tunela. Svetly profil bol na dané obdobie (rok 2002 - do-
kumentdcia na Uzemné rozhodnutie) navrhnuty pomerne velkory-
so so Sirkou 12,2 m a plochou 80,6 m2. Osova vzdialenost kolaji sa
navrhla na 4,20 m. Vac¢si profil vychadzal z poziadavky stavebnika
(ZSR), aby bolo vyhladovo mozné prevadzkovat stpravy s rychlos-
tou az 200 km/h, zatial ¢o dnedné predpisy umoznuju najvyssiu rych-
lost 160 km/h.

Navrh prie¢neho rezu bol posudeny z hladiska aerodynamiky
a splnal lekarske kritérium maximalnej zmeny tlaku 10 kPa v priebe-
hu jazdy vlaku tunelom a tym aj poZziadavky na tlakovy komfort ces-
tujucich vo vnutri vlaku. Vo va¢som profile vzniké aj mensi aerodyna-
micky odpor, ¢im dochéddza k nizsej spotrebe energie a je potrebny
mensi trakény vykon.

Technické Specifikacie interoperability (TSI SRT)

Rozhodnutim eurdpskej komisie zo dfia 20. decembra 2007 — TSI SRT
Bezpecnost v zelezni¢nych tuneloch sa stanovuju niektoré zdvazné
prvky tykajuce sa bezpecnosti. V dvojkolajovom tuneli st predpisa-
né unikové chodniky na oboch strandch tunela siroké najmenej 0,75
m. Vzhladom na navrhnutu velkost prie¢neho rezu sa tieto poziadav-
ky v projekte a nasledne na stavbe splnili a priecny rez, ako aj dalsie
nadvaznosti nebolo potrebné menit.
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proach. Deep grooves created by carst activity and filled with sed-
iments occurred in some sectors during uncovering of the bottom
from the southern portal.

The rock massif of Turecky vrch was created by Mesozoic strata
of carbonatic rocks (dolomites and limestone). The carbonatic mas-
sif, including the zones of tectonic corruption and loosening of the
rocks, was minimally watered. In the massif of Turecky vrch, no efflux-
es of ground water were drilled, nor dispersed influxes. It can be con-
cluded that the tunnel was dry.

The hanging wall in the tunnel axis reaches a minimal value ap-
prox. 3 m in the area of the southern drived portal (nrkm 102,510),
the highest is in nrkm 103,500 and it reaches the value approx. 100 m.

Technical solutions
Cross-section of the tunnel
Designing during the individual stages was accompanied with the
discussion about the right size of the tunnel. The clear cross section
with width 12,2 m and surface of 80,6 m? was designed very gen-
erously for that period (year 2002 documentation for territorial de-
cision). The axial distance between the lines was proposed to be
4,20 m. The greater profile arouse from the Employer's (ZSR) require-
ment to enable operation of the train set with speed up to 200 km/h,
whereby current regulations enable maximal speed to be 160 km/h.
The design of the cross-section was assessed regarding aerody-
namics and it met the medical criteria for the maximal change of
pressure 10 kPa during travel in the train and it met also the pressure
comfort of the passengers inside the train. In the larger profile, the
lower aerodynamic resistance is created, and thus lower energy con-
sumption is achieved and also lower traction performance is needed.
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Pevna jazdna draha
O pevnej jazdnej drahe (PJD) sa rozhodlo v projekte na stavebné
povolenie. PJD md oproti klasickému strkovému 16zku niekolko vy-
znamnych pozitiv. Je to predovsetkym dlhodoba stabilita kolajnic
upevnenych v beténovej doske PJD a z toho vyplyvajicich minima-
lizcii udrziavacich prac, ktoré najma v tuneli znamenaju vyluky pre-
mavky. PJD umoziiuje aj jazdu automobilov, ¢o je v pripade tunelov
vhodné na rychly zasah jednotiek hasi¢ského a zachranného zboru.

Dalsim prinosom je znizenie konstrukénej vysky Zelezni¢ného
zvrsku, ¢o zmensuje plochu nutnud na vyrub tunela. Mensia plocha
vyrubu spolo¢ne z nizsimi ndkladmi na Udrzbu znamenaju Usporu
celkovych investi¢nych nakladov, hoci zriadovacie néklady na PJD su
asi 1,5-krdt vyssie.

Pri realizacii stavby sa zvolil systém PJD RHEDA 2000 s mensou
konstrukénou vyskou, ako uvazoval projekt, to véak umoznilo zdvih-
nut dno tunela aZ 0 400 mm a tym este viac zmensit vyrub.

Vypustenie zachrannych vyklenkov
Vo vsetkych stuprioch projektovej dokumentécie boli navrhované
po celej dizke tunela zachranné vyklenky v osteni tunela po oboch
strandch vo vzdjomnej vzdialenosti 20 m. Takéto vyklenky sa navrho-
vali od ¢ias Rakusko-Uhorska a sluzili na preckanie zamestnanca v tu-
neli pocas prejazdu vlaku. Pri rychlosti 160 km/h a vyssej uz vyklenky
bezpecnost nezaistia (tlakova a podtlakové vina od vlaku by moh-
la osobu vytiahnut), a preto je potrebné prehliadky a prace v tune-
li zabezpecit inym spdsobom — organizacne, kratkodobymi vylukami.
V priebehu realizacie tunela sa podarilo prerokovat zmenu oproti
povodnej projektovej dokumentdcii a vyklenky sa z realizacie vyne-
chali, ¢im sa podstatne zjednodusila konstrukcia samotného tunela.

Razeny tunel

Tunelova rdra razeného Useku mé dizku 1 740 m (nzkm 102,510 —
104,250) a nadvazuju na nu hibené Useky juzného portalu s dizkou
25 m a severného portalu s dizkou 10 m. V celej dizke (az na dve
miesta v strede tunela) je pouzity jednotny prierez dvojkolajového
tunela. Priblizne v strede su zhotovené dve napinacie komory na
trak¢né vedenie dihé 10 m.

Uprostred tunela v km 103,483.00 je napojend 244,7 m dlhd raze-
nd Unikova $tolna Ustiaca do priestoru byvalého nadjazdu dnes uz
opustenej cestnej komunikdcie cez pdvodnu Zelezni¢nu trat.

Konstrukcia tunela je dvojplastova (primdrne a sekundarne oste-
nie) s medzilahlou féliovou izoldciou, ktord je chrdnend pred drsnym
povrchom primarneho ostenia ochrannou geotextiliou.

Primdrne (doc¢asné) ostenie je zo striekaného beténu C 16/20
s premenlivou hribkou 150 aZ 400 mm. Podla vystrojovacich tried
je okrem beténu tvorené z priehradovych ocelovych nosnikov, zva-
ranej siete s réznym priemerom a rastru, distancnych telies a ocelo-
vych, respektive sklolamindtovych svornikov.

Asymetricky zatazené sekundérne ostenie je z monolitického vy-
stuzeného, pripadne nevystuzeného beténu C 25/30 — XC1, XF1 - Cl
0,20 - D,,,,, — S3 hrubého 300 mm a viac.

Napriek tomu, Ze sa v projekte uvazovalo pouZit vo vépencoch
a dolomitoch v priebehu celého tunela ploché dno so zakladovy-
mi pasmi, v odkrytych Usekoch s mohutnymi poruchami vyplneny-
mi flovitou vypliou dfzky aj viac ako 3 m, bolo potrebné na zaklade
odporucania geotechnického dozoru doplnit spodné klenby.

Juzny (vjazdovy) portal

V Useku zarubného mura pred vjazdom do tunela sa nova trasa trate
velmi pomaly odklana od starej a vyzaduje si tak skalny odrez v p6-
vodnom strmom svahu z pevnych vapencov. Aj ked bol skalny odrez
relativne stabilny, zarubny mur z kamenného muriva v sklone 5: 1 za-
brani ndslednej erdzii a zvetraniu skalného masivu. Miesta, ktoré boli
VO vacsej miere zvetrané, sa zaistili striekanym betéonom s ocelovy-
mi sietami a tycovymi svornikmi. Nad beténovou korunou mura, na
ktorej je osadené bezpecnostné zabradlie, sa pdvodny svah spevnil
antikorovou sietou Tecco® s hydroosevom. Nad Urovriou takto spev-
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Technical specification of interoperability (TSI SRT)

The decision of the European Commission dated December 20,
2007 — TSI SRT ,Safety in railway tunnels” determines some manda-
tory safety elements. In the double track tunnel, it prescribes escape
pavements on both sides of the tunnel with minimal width 0,75 m.
Regarding the designed cross-section size, this requirements was ful-
filled in the project and in the construction, so it was not necessary
to modify the cross-section or other parameters.

Solid track

A decision regarding the slab track (ST) was made in the project for
the building permission. The slab track has in comparison with the
classic underlayer of ballast several significant advantages. It is main-
ly the long-term stability of rails fixed in the concrete slab of the ST
and resulting in minimization of maintenance works, which means
traffic closure, especially in tunnels. The slab track enables also travel
of automobiles, which in case of tunnels enables quick access of fire-
fighting and emergency units.

Another advantage is lowering of the constructional depth of the
permanent way, which decreases the necessary surface of the excava-
tion of the tunnel. The smaller surface of the excavation, together with
lower maintenance costs, means savings of the total investment costs,
although first costs for the ST are approximately 1,5 times higher.

For realization of the construction, a system RHEDA 2000 for ST
was chosen with smaller constructional depth as considered in the
project, which enabled to raise the tunnel bottom by 400 mm and
thus even more reduce the excavating.

Omission of safety niches
In all stages of the project documentation, safety niches were de-
signed on the whole length of the tunnel in the tunnel lining on
both sides in mutual distance 20 m. Such niches have been de-
signed since Austria-Hungary and they were used by railway em-
ployees to wait until train passes by. For train speed of 160 km/h and
higher, the niches will not provide safety anymore (shock and vacu-
um wave from the train could drag out the person) and therefore it
is necessary to secure inspections and works in the tunnel by some
other means — organisationally, short-term closures.

During realization of the tunnel, a change was made in the orig-
inal design and the niches were omitted from the realization, by
which also the individual design of the tunnel was made simpler.

Driven tunnel

The tunnel tube of the driven section has length 1 740 m (nrkm
102,510 — 104,250) and cut and cover sections of the southern por-
tal with length of 25 m and northern portal with length of 10 m.
In the whole length, except two areas in the tunnel centre, unified
cross-section of the double track tunnel is used. Approximately in
the centre, there are two 10 meters long tension chambers for trac-
tion mains.

In the tunnel centre, in rkm 103,483 00, there is connected 244,7
m long escape tunnel ending in the area of the former overbridge of
the abandoned road through the original railway track.

The tunnel construction is a two-casing (primary and secondary
lining) with the intermediate membrane, which is protected against
the rough surface of the primary lining by the protective geo-textile.

The primary (temporal) lining is made of sprayed concrete C 16/20
with varying thickness 150 to 400 mm. According to support classes, it
is created, except of concrete, by steel truss girders, welded net of vari-
ous diameters and raster, spacers and steel or fibreglass laminate bolts.

Asymmetrically loaded secondary lining is made of monolithic re-
inforced eventually plain concrete C 25/30 — XC1, XF1 - Cl 0,20 —
Dmax22 — S3 with thickness of 300 mm and more.

Despite the fact that in the design it was considered to use flat bot-
tom with strip foundations in the whole tunnel in limestone and dolo-
mites, it was necessary, in uncovered sections with large defects filled
with clay filling with length sometimes over 3 m, to supplement the
invert vaults upon recommendation of the geotechnical inspection.
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Turecky vrch — severny portal
Turecky vrch — the northern portal

neného svahu sa vybudovala linia ochrannych dynamickych bariér
proti padaniu predovsetkym kamennych blokov do priestoru trate.

Najvacsi problém predstavovalo rozpojovanie horniny odrezu
v tesnej blizkosti prevadzkovanej trate, navyse komplikované Urov-
novym Zelezni¢nym prejazdom na stavenisko. Zhotovovatel si viak
pri postupnom odtazovani na Urover paty zarubného muru erudo-
vane poradil aj bez predpokladanych trhacich prac, len s pomocou
rypadiel a ochrannych stien z prefabrikdtov. Tymto krokom sa znac-
ne zredukoval planovany rozsah vyluk.

Hibeny tunel je vybudovany pomocou kontradebnenia a debnia-
ceho vozu vysunutého z tunela v zrezanom tvare s limcom po obvo-
de. Jeho povrch je s¢asti obnazeny, chrdneny striekanou izolaciou na
béze Zivic a scasti obeténovany beténom s malym obsahom cemen-
tu (tzv. prostym) s povrchovou Upravou ru¢ne ukladanych drétoka-
mennych matracov. Ponad hlbeny tunel sa zrealizoval aj kameriom
vydldzdeny rigol na odvedenie povrchovych véd do poziarnej nadr-
Ze situovanej v tesnej blizkosti.

Severny (vyjazdovy) portal

Ako uz bolo spomenuté, severny portél sa nachadza v kvartérnych
sedimentoch Vahu a potoka Bo$éacky, ich mocnost je viac ako 40 m
a zasahuje az pod zakladové konstrukcie. V strmom portdlovom sva-
hu tvorenom prevazne sprasovymi hlinami bolo potrebné pocitat
s moznostou aktivécie svahovych pohybov, ¢o sa viak nepotvrdilo.

V tychto podmienkach bolo ndro¢né zvolit vhodny postup pri
zaistovani portalovej jamy. Zhotovovatel nakoniec zvolil racional-
ny sposob prace, ktorého podmienkou bolo vytvorenie pracovného
priestoru na zaistovanie kazdej Urovne odkopu a kotvenie. Prace sa
zacali vybudovanim pristupovej komunikacie na strmy svah tak, aby
bolo mozné vitat a zabudovat prvé mikropildty stien, pramencové
kotvy a tri zelezobetdnové prievlaky. Prieviaky lemujuce terén sa re-
alizovali po castiach a zaroven vytvorili definitivnu stuzujicu koru-
nu portélovych stien kotvenu trvalymi horninovymi kotvami. Viyko-
py a zaistovanie jamy pokracovali postupne nadol po jednotlivych
etdzach s vyskou asi 3 m az na druhu kotevnu Uroven. Odtial sa vita-
li piloty severnej a juznej pildtovej steny, ktoré boli kotvené, a medzi
nimi sa vybudovala spodnd rozperna doska a spodna klenba hibené-
ho tunela, obe zo Zelezobetdnu. Postup hibenia a zaistovania staveb-
nej jamy bol Uzko viazany za zaciatok razby tunela.

Definitivny zarubny mur z beténu C 25/30 lemuje steny jamy.
Sklon lica je 5: 1 a tak ako portédlové steny, aj steny jamy su oblozené
lomovym kamennym murivom. Koruny st ukonc¢ené rimsami pre-
kryvajucimi sucasne trvalé prievlaky. VSetky steny portalu su kotvené
v hornej &asti trvalymi kotvami, z ktorych vybrané su prispdsobené
na sledovanie deformécii pomocou dynamometrov.

Portalovy blok hibeného tunela je ukoneeny zvislo, ¢ast je obna-
Zend a pokrytd striekanou izolaciou, Cast je obetdnovana a oblozena
kamennym murivom.

kusnir.indd 7

Turecky vrch — juzny portal
Turecky vrch — the southern portal

e

Southern (entrance) portal

In the sector of the breast wall before the entrance to the tunnel, the
new route of the track slowly turns away from the old one and requires
a rocky off-cut in the original steep uphill made of solid limestone.
Even if the rocky off-cut was relatively stable, the breast wall made of
stone work with the slope 5 : 1 shall prevent erosion and weathering
of the rocky massif. Areas that were weathered in greater range were
secured by sprayed concrete with steel nets and bar bolts. Above the
concrete crown of the wall, on which a safety railing is installed, the
original uphill was reinforced by stainless net Tecco® with hydro-seed-
ing. Above the level of the reinforced uphill, a line of protective dy-
namic barriers against falling of rock blocks onto the track was built.

The main problem was excavation of the cut-off rocks at close
nearness of the operated track complicated even more by the lev-
el railway crossing to the construction site. The contractor solved this
problem professionally by using of excavators and pre-cast protec-
tive walls during gradual unloading up to the level of the breast wall
base even without expected blasting operations. By this step, the
planned traffic closures were significantly reduced.

Cut and cover tunnel is built by means of the lap shuttering and
the formwork car shifted from the tunnel in a cut shape with a col-
lar on the circumference. Its surface is partially uncovered protect-
ed by sprayed proofing based upon bitumens and partially covered
by plain concrete with a surface treatment made of manually placed
rock-wire boards. Above the cut and cover tunnel, there is built also
a stoned gutter for drainage of surface water into the fire reservoir lo-
cated in the near distance.

Northern (exit) portal

As mentioned before, the northern portal is in the quaternary sed-
iments of the Vah river and Bosacka stream, their thickness is more
than 40 m and it reaches up to under the foundation structures. In
the steep portal uphill created mainly by loess loams, it was neces-
sary to consider the possibility of activation of the uphill movements,
but this was not confirmed.

In these conditions, it was difficult to choose the suitable process
for securing the portal pit. Finally, the contractor chose a rational
method of work, condition of which was creation of working space
for securing of each level of excavation and anchoring. The works
started with building of the access road to the steep hill in order
to be possible to drill out and to install the first micro-piles of walls,
strand anchors and three iron concrete girders. The girders edging
the terrain were realized in parts and they created a final reinforced
crown of the portal walls anchored by the permanent rock anchors.
Excavations and securing of the pit continued gradually downwards
by the individual etages with height of approx. 3 m up to the second
anchoring level. From that, piles of the northern and southern pile
walls were bored and anchored and between them a lower spacer
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Vybavenie tunela

Sucastou tunela ako funkéného celku je jeho technologické vyba-

venie umoznujuce samotnu prevadzku a udrzbu a zabezpecujuce

bezpecné podmienky pri vietkych stavoch a situdcidch, ktoré v fiom
mozu nastat. Medzi zrealizované technologické vybavenie tunela
patria:

e bezpecnostné drzadld z nehrdzavejucej ocele umiestnené oboj-
stranne,

e adaptacné osvetlenie, prevadzkové osvetlenie a nudzové LED
osvetlenie umiestnené v drzadlach, osvetlenie vchodu do Uniko-
vej $télne,

e zdsuvkovy rozvod pre potreby Udrzby a zadsah bezpecnostnych

zloziek,

vyzarovaci kdbel na $irenie radiového a telefénneho signaly,

tlacidla elektropoZiarnej signalizacie,

liniovy poziary hlasi¢ zrealizovany na Styroch drovniach,

poziarny vodovod s nadzemnymi hydrantmi,

bezpecnostné znacenie Uniku z tunela,

kamery sledujuice oblasti portdlov tunela a vstup z tunela do uni-

kovej stolne,

zariadenie na napinanie trakcie,

o rozvody ukolajnenia trakéného vedenia,

e zabezpelovacie zariadenia (navestidld, vzdialenostné upozorrio-
vadl3, balizy),

o pretlakové vetranie $toIne atd.

Vacsina zariadent je riadend, respektive napéjana kablami, ktoré su
umiestnené v chodnikoch v kdblovych kandloch. Delia sa v kablo-
vych Sachtach a k samotnym aktivnym prvkom st vedené v ostenf
v zabetdnovanych chrani¢kach. Riadiace a napajacie zariadenia su si-
tuované mimo tunela v technologickych domcekoch na oboch por-
taloch.

Pristupové komunikacie

K vsetkym vstupom do tunela sa vybudovali pristupové komunikacie
slUZiace na Udrzbu, prevadzku a bezpecnost tunela. V rdmci nich su
vytvorené nastupné plochy v pripade zdsahu poziarnych a zachran-
nych zloziek.

Zaver

MoéZeme konstatovat, Ze projektantovi v spoluprdci so zhotovovate-
[om sa podarilo Uspedne navrhnut a realizovat dielo, ktoré reprezen-
tuje posledné trendy tunelového stavitelstva na zelezniciach. A nie je
to len vdaka stavebnej casti, ku ktorej patria velkost tunela na rych-
lost 200 km/h, pevnd jazdna draha, odstrdnenie zdchrannych vyklen-
kov atd, ale treba spomenut aj moderné technologické vybavenie, ku
ktorému patri nidzové osvetlenie umiestnené v antikorovych drzad-
lach, poZziarna nadrZ napajana priamo zo susediaceho toku, nezavod-
neny poziarny vodovod kombinovany z HDPE a liatiny alebo poZiar-
ne dvere do Unikovej stélne odolavajuce aerodynamickym tlakom.
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board and invert vault of cut and cover tunnel were built, both made
of reinforced concrete. Process of excavation and securing of the
construction pit was closely related to the start of the tunnel boring.

The final breast wall made of concrete C 25/30 edges the pit walls.
The slope of the face is 5 : 1 and, similarly as the portal walls, it is tiled
with quarry stone. The crowns are finished by edge beams overlapping
at the same time also the permanent girders. All portal walls are an-
chored in the upper part by the permanent anchors, selected ones of
which are modified for monitoring of deformations by dynamometers.

The portal block of the cut and cover tunnel is ended vertically,
one part is exposed covered with sprayed proofing, the other part is
covered with concrete and tiled with stone.

Tunnel equipment

A part of the tunnel as a logical unit is its technological equipment

that enables the individual operation and maintenance of the tun-

nel and also safety conditions in all states and situations which could
occur in the tunnel. The following belongs among executed techno-
logical equipment of the tunnel:

o safety handles made of stainless steel placed on both sides,

e adaptation lighting, operational lighting and emergency LED ligh-
ting installed in the handles, lighting of the entrance to the esca-
pe tunnel,

e socket distribution for the needs of the maintenance and opera-

tion of safety units,

radiation cable for spreading radio and telephone signal,

buttons of electro-fire signalisation,

line fire alarm installed on 4 levels,

fire water-supply with above-ground hydrants,

safety marking for escape from the tunnel,

cameras recording areas of the tunnel portals and entrance from

the tunnel to the escape tunnel,

device for traction stretching,

wiring of traction mains earthing,

interlocking (signalling devices, distance warning devices, balises),

pressure ventilation of the escape tunnel, and other.

Majority of devices is controlled, or supplied by cables, which
are placed in the pavements in the cable channels. They are divid-
ed in the cable shafts and they are lead to the individual active ele-
ments in the lining in the cable tubes buried in concrete. Control and
supply devices are located outside the tunnel, in the technological
buildings on the both portals.

Access roads

Access roads are executed to all tunnel entrances. These roads are
used for maintenance, operation and safety of the tunnel. Within the
access roads, there are created surfaces for operation of fire-fighting
and emergency units.

Conclusion

Regarding the construction, we can conclude that the designer to-
gether with the contartor successfully designed and constructed
piece of work, which represents the last trends in the tunnel build-
ing on the railways. This was achieved not only due to the construc-
tion part, to which belonge the size of the tunnel for the speed 200
km/h, slab tract, tunnel without niches and other, but it is necessary
to mention also modern technological equipment, which is repre-
sented by the emergency lighting installed in the stainless handles,
fire reservoir fed directly from the adjacent stream, unwatered fire
water-supply combined with HDPE and cast iron, or fire doors for the
escape tunnel that can withstand the aerodynamic pressures.
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