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REKONSTRUKCIA ELEKTRICKOVEHO TUNELA POD HRADOM
V BRATISLAVE
RECONSTRUCTION OF TRAM TUNNEL UNDER
BRATISLAVA CASTLE

MILOSLAV FRANKOVSKY

uvob

V mdji roku 2010 sa ukonCili rekon$trukéné price v elek-
trickovom tuneli pod Bratislavskym hradom. Komplexnd rekonstruk-
cia tunela a suvisiacich podzemnych priestorov zacala v m4ji roku
2009. Investorom rekonstrukcie tunela bol Dopravny podnik
Bratislava, a. s., pri¢om Cast’stvisiacu s novym vodovodnym potrubim
financovala Bratislavskd vodarenskd spolocnost” a. s. Projektantom
rekonstrukcie bol Terraprojekt, a. s., Bratislava a zhotovitelom
Zdruzenie pre elektricku pod Hradom tvorené spoloénostami OHL ZS,
a. s., Skanska BS, a. s., a Trnavska stavebnd spolocnost’, a. s.

Elektrickovy tunel je situovany v mestskej Casti Bratislava—Staré
Mesto pod vybezkom Malych Karpat, klesajicim do tddolia rieky
Dunaj (obr. 1). Tunel lezi priamo pod Hradnym vrchom a je na
vychodnej strane napojeny do kriZzovatky ulic Kapucinska—Zamocka,
na zapadnej strane na NdbreZie arm. gen. Ludvika Svobodu.

Masiv hradnej skaly, v ktorom je tunel vybudovany, je zlozeny
prevazne zo Zuly, ktord v tychto miestach vystupuje na povrch tze-
mia a je pokrytd rozne mocnymi svahovymi sedimentmi. Zula je
prevazne rovnomerne zrnitd, miestami prestipend tensimi aj hrub-
§imi pegmatitovymi a aplitovymi Zilami rdznych smerov.
Geotechnické vlastnosti horninového masivu st zhorSené tektonic-
kymi poruchami a u¢inkami mechanického a chemického zvetrd-
vania, ktoré dosahuje hlbku 8 az 10 m, miestami az 20 m.
Priepustnost’ horninového masivu je pomerne mald, ale zvysuje sa
v miestach portich. Tektonickd Struktira masivu bola dotvorend
v tretohordch pri alpinskom vrdsneni. Vznikli pozdlzne zlomy,
v ktorych dalSie tektonické sily sposobili aj vznik prie¢nych zlo-
mov a mylonitovych pdsiem réznych mocnosti, v ktorych je Zula
rozdrvend, takZe jej povodny charakter sa tplne stratil. V hlbsich
Castiach masivu su pukliny uzavreté, preto aj menej priepustné.
V tektonicky poruSenych a zvetranych Castiach masivu vSak cirku-
luje puklinovéd voda. Horninovy masiv je chudobny na lahko roz-
pustné latky. Zrdzkova voda, ktord stekd po svahoch a vsakuje do
pokryvnych a zvetranych Casti masivu, vytvdra v masive slabo
zavodnené horizonty, pricom vydatnost priesakov je priamo zavis-
14 od intenzity zrazok.

Zakladné technické ldaje o tuneli:

Dizka tunela: 792 m
PrevySenie tunela medzi portalmi: 18,2 m
Maximalna vyska nadlozia: 63 m
Maximalny pozdizny sklon: 2,99 %
Svetla Sirka tunela medzi oporami: 11,0m
Svetla vyska tunela: 6,6 m

HISTORIA TUNELA

Tunel bol vybudovany v rokoch 1943-1949 ako cestny tunel
s vozovkou Sirky 7 m a obojstrannymi vyvySenymi chodnikmi Sirky
2 m. Svetly prierez tunela pdsobiaci parabolicky je v skutocnosti
skonstruovany z kruhovych segmentov. Stavebné prace realizovali
firmy, ktoré mali skdsenosti z vystavby Zelezni¢nych tunelov klasic-
kymi tunelovacimi metédami, najmd rakdskou metédou s poz-
dlZznikovym docasnym vystrojom — vydrevou, preto sa tito metdda
zvolila aj pre vystavbu tunela pod Hradom (obr. 2). Vystavba sa zaca-
la razenim smerovej §tdlne lichobeznikového prierezu od oboch por-
tilov tunela. Pokracovalo sa razenim stropnej $tolne, z ktorej boli
razené do smerovej Stdlne v kazdom pracovnom pdse sypacie Sachty

INTRODUCTION

Reconstruction work on the tram tunnel under Bratislava Castle
was finished in May 2010, 12 months after the work commencement.
The comprehensive reconstruction of the tunnel and associated
underground spaces started in May 2009. The client for the tunnel
reconstruction was Dopravny Podnik Bratislava, a. s. (a public tran-
sit company). A part of funding relating to a new water line was pro-
vided by Bratislavskd vodarenska spolo¢nost’a. s. (a water company).
The design for the reconstruction was carried out by Terraprojekt,
a. s., Bratislava and the contractor was ZdruZenie pre elektri¢ku pod
Hradom, a consortium consisting of OHL 7S, a.s., Skanska BS, a. s.,
and Trnavska stavebnd spolocnost, a. s.

The tram tunnel is located in the municipal district of
Bratislava—Staré Mesto, under a spur of the Lesser Carpathians dec-
lining to the Danube River valley. The tunnel is found directly under
the Castle Hill. On the eastern side it is connected to the intersection
between Kapucinska and Zamockd Streets, while General Ludvik
Svoboda embankment is on its western side.

The castle rock mass which the tunnel passes through consists mainly
of granite, which rises in this location to the surface of the area and is
covered with slope sediments of variable thickness. The granite is most-
ly uniformly grained, locally interspersed with thinner to thicker veins of
pegmatite and aplite, trending in various directions. Geotechnical pro-
perties of the rock mass are worsened by faulting and effects of mecha-
nical and chemical weathering, which reach to the depth of 8 to 10 met-
res, locally up to 20m. Rock mass permeability is relatively low, but it
increases at faults. The tectonic structure formation was completed in the
Tertiary period, during the Alpine orogeny. Strike slip faults originated,
with dip slip faults and mylonite zones of various thickness developing
as the result of other tectonic forces. The granite in the latter faults was
crushed, therefore, it completely lost its original character. Fissures in
deeper parts of the rock mass are closed, therefore less permeable.
Fissure water circulates within the broken and weathered parts of the
massif. The rock mass is poor in easily soluble matters. Rain water which
flows down the slopes and seeps into the surface parts and weathered
parts of the massif forms slightly saturated horizons in the massif, with
the seepage rate directly depending on the rate of precipitation.

Basic technical data on the tunnel:

Tunnel length: 792m
Difference between altitudes of portals: 18.2m
Maximum overburden height: 63m
Maximum longitudinal gradient: 2.99 %
Net width between side walls: 11.0m
Net height of the tunnel: 6.6m

TUNNEL HISTORY

The tunnel was constructed from 1943 to 1949 as a road tunnel
with a 7m wide roadway and 2m wide elevated walkways on both
tunnel sides. The net cross section of the tunnel, giving the impressi-
on of a parabola, consists in reality of circular segments. The con-
struction was carried out by contractors experienced in constructing
railway tunnels by traditional tunnelling methods, first of all the
Austrian Tunnelling Method using bar timbering. For that reason this
method was chosen even for the tunnel under the Castle. The con-
struction started by driving a trapezoidal cross-section pilot tunnel
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Obr. 1 Situdcia tunela na mape mesta
Fig. I Tunnel layout in a city map

na vertikdlnu dopravu ribaniny. Horizontdlna doprava ribaniny bola
zabezpecCend uzkokolajnou Zeleznicou vedenou v smerovej Stolni.
K otvédraniu plného prierezu tunela sa pristupovalo po pracovnych
pasoch maximdlne 50 m za &elom §tdlne. KedZe sa v trase tunela pred-
pokladali relativne priaznivé geologické podmienky, pri ndvrhu
docasného vystroja aj definitivneho ostenia sa volilo spravidla vyuZi-
tie TahSieho typu vydrevy a ostenia v 42 pracovnych pdsoch, resp.
slabo- az stredne dimenzovaného typu v 27 pracovnych pdsoch. Silne
dimenzovany typ vydrevy a ostenia bol navrhnuty len v 13 pdsoch pri
zdpadnom portdli, kde sa tunel budoval v otvorenom vykope
a dodato¢ne zasypal. Ostenie tunela je zhotovené z ryolitovych blokov
z kamenolomu pri Hliniku nad Hronom. Ostenie opory je z lomového
kamena, na lici upraveného ako hrubé riadkové murivo. Klenba je
z ryolitovych klendkov s opracovanym licom.

Stcastou stavby tunela bola tnikova chodba s prierezom $irky 4 m
a vySky 4 m vedend z tunela v stiipan{ a vyustend na Palisady. Kvoli
velkému pozdlznemu sklonu (17,5%) sa v chodbe vybudovalo scho-
disko. Chodba dlzky cca 135 m sa pripdja na tunel v pdse ¢. 50. Do
projektu tunela bol tiez zapracovany a pocas stavby aj vybudovany
kryt Civilnej protileteckej ochrany uréeny na ochranu dstavnych ¢ini-
telov. Vchod do krytu bol zabezpeceny priblizne 56 metrov dlhou
a 3,3 m vysokou chodbou zacinajticou v blizkosti vychodného porta-
lu a tiez kriatkou 2,5 m vysokou spojovacou chodbou v tuneli
v tunelovom pése ¢. 76. Hlavnd komora krytu tvaru tunelovej riry ma
rozmery 11x12 metrov. Osobitnou kapitolou v histdrii tunela bolo
obdobie od jina 1944 do aprila 1945, ked bol este v §tadiu rozostava-
nosti vyuzivany ako protiletecky kryt pre obyvatelstvo.

Tunel bol v obdobi rokov 1949-1981 prevddzkovany ako cestny
a sldzil aj linkdm autobusov MHD. Chodniky v tuneli v prvych
rokoch vyuZzivali aj chodci. Neskor sa z bezpecnostnych dovodov
vstup chodcom zakdzal. V rokoch 1981-1983 sa uskutocnila posled-
né velkd rekonstrukcia tunela, ktorej ndpliiou bola zmena jeho vyuZi-
tia z cestného na elektrickovy tunel. V rdmci tejto rekonstrukcie sa

from both tunnel portals. It continued by excavating the top heading.
Vertical transport of the muck was through drop shafts, which were
sunk from the top heading to the pilot tunnel in each working block.
The horizontal transport of muck was by a narrow-gauge track instal-
led in the pilot tunnel. The full tunnel cross-section was being ope-
ned in working blocks, 50m behind the pilot tunnel face. Because of
the fact that relatively favourable geological conditions were expec-
ted to be encountered along the tunnel route, a lighter type of timbe-
ring and the lining was designed for 42 working blocks, and weak to
medium strong types for 27 working blocks. Heavy timbering and
lining was designed only for the 13 blocks adjacent to the western
portal, where the tunnel was constructed in an open trench to be sub-
sequently backfilled. The tunnel is lined with rhyolite blocks obtai-
ned from a quarry near Hlintk nad Hronom. The sidewalls are in
quarry stone, with the stone sides forming a carved inner face to give
the impression of range masonry. The vault is lined with rhyolite
wedges with a bush-hammered inner surface.

An escape gallery with the cross-section 4m wide and 4m high was
part of the tunnel construction. It was driven from the tunnel on
arising gradient and ended in Palisddy Street. A staircase was built in
the gallery because of the steep longitudinal gradient (17.5%). The
135m-long gallery is connected to the tunnel lining block No. 50.
A civil air defence shelter was incorporated into the tunnel design
during the course of the construction to provide protection for con-
stitutional officials. The shelter entrance was via an approximately
56m long and 3.3m high adit starting in the vicinity of the western
portal, and via a short 2.5m high passage gallery leading from tunnel
lining block No. 76. The main shelter chamber, having the form of
a tunnel tube, is 11mx12m in cross section. The period from June
1944 to April 1945 was a special chapter in the tunnel’s history.
Despite the fact that it was still under construction, it was used as an

air-raid shelter for Bratislava residents.



Obr. 2 Schéma vydrevy tunela
Fig. 2 Tunnel timbering chart

vybudovala kolajova trat’a potrubie vodovodu priemeru 800 mm sa
uloZilo na povrch juzného chodnika. Unikova chodba z tunela na
Palisady sa poCas prevadzky elektriciek prestala pouzivat'a bola uzav-
retd. Nevyuzivany zostal aj kryt, ktorého portal od Skalnej ulice bol
postupne zasypany a dlhodobo nepristupny.

HLAVNE DOVODY REKONSTRUKCIE

Stav tunela pred komplexnou rekonstrukciou (obr. 3) zodpovedal
jeho veku, resp. ¢asu uplynutého od jeho poslednej velkej rekonstruk-
cie v osemdesiatych rokoch minulého storo¢ia. Dlhodobo neudrza-
telny stav sa tykal viacerych Casti stavby a jej vybavenia. Rozhodnutie
o rekonstrukcii sa opieralo hlavne o tieto dovody.

Podkladové panely a kolajnice boli v zlom technickom stave, hlava
kolajnic bola deformovand, ¢o spdsobovalo otrasy a hluk
v elektrickdach. Niektoré useky kolajnic boli opotrebované v takej
miere, Ze ohrozovali bezpecnost elektrickovej dopravy.

Odvodnenie tunela bolo v zlom stave, systém prie¢nych priedu-
chov, zvodnic a pozdlznych zberacov bol v niektorych tsekoch
nefunkény a napomdhal zhorSovaniu podloZia kolajovej trate.

Potrubie vodovodu DN 800 umiestnené na povrchu medzi juznou
oporou a kolajovou tratou znemoZnovalo trvaly pristup k opornej Casti
ostenia a k prvkom odvodnenia na juZnej strane tunela. Zaroven
potrubie zhorSovalo podmienky uniku o0sdb popri juznej opore
v pripade mimoriadnej situdcie.

Zabezpecenie prevadzkovej a poziarnej bezpecnosti v tuneli bolo
nedostatocné, tnikova chodba na Palisddy bola nefunk¢nd, inikové
cesty pozdlz kolajovej trate neboli oznacené a osvetlené.

Tunel v poslednom obdobi nebol osvetleny, existujice viackrat
modernizované osvetlenie bolo zdevastované a nefunkcné.

Trolejové a napdjacie vedenia a suvisiace zariadenia boli vo
velmi zlom technickom stave.

Uvedené hlavné dovody boli analyzované a zhrnuté v investorskom
zamere [1]. Nésledne bola v roku 2008 spracovana dokumentécia pre
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Obr. 3 Interiér tunela pred rekonstrukciou (foto M. Dekdnek, 2009)
Fig. 3 Tunnel interior before reconstruction (Photo courtesy of M. Dekdnek,
2009)
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The tunnel was operated as a road tunnel and was used by buses of
the urban mass transit system. The walkways in the tunnel were even
used by pedestrians during the initial years. Later the entry of pede-
strians was forbidden for safety reasons. The last major reconstructi-
on of the tunnel took place in 1981 — 1983, changing the purpose of
its use. It was changed from the road tunnel to a tram tunnel. A rail
track was laid and an 800mm-diameter water pipeline was installed
on the surface of the southern walkway. The gallery allowing escape
from the tunnel to Palisddy Street ceased to be used during the tram
operation and was closed. The shelter also remained unused. The por-
tal from Skalnd Street was gradually backfilled and was inaccessible
for a long time.

MAIN REASONS FOR THE RECONSTRUCTION

The condition of the tunnel before the comprehensive reconstruc-
tion corresponded to its age or the time which had passed since the
previous major reconstruction in the 1980s. The condition which was
untenable for a long time comprised several parts of the structure and
its equipment. The decision that the reconstruction would be carried
out was mainly based on the following reasons:

Rails carrying concrete panels and the rails were in a poor techni-
cal condition; the head of rails was deformed, causing shaking and
noise inside trams. Some stretches of the rails were worn to an extent
which jeopardised the safety of the tram traffic.

The tunnel drainage was in a poor condition, the system of trans-
verse drain holes, cross drains and longitudinal collecting drains was
out of function in some blocks, contributing to deterioration of the
rail track sub-grade.

Owing to the DN 800mm water pipeline lying on the surface bet-
ween the southern sidewall and the rail track, a permanent access to
the lining on the sidewall and elements of the drainage on the sout-
hern part of the tunnel was impossible. At the same time, the pipeli-
ne worsened conditions for the escape of people along the southern
sidewall in the case of an emergency.

The level of the operational and fire safety in the tunnel was insuf-
ficient; the escape gallery ending in Palisddy Street was out of func-
tion, escape routes along the tram track were not provided with mar-
kings and were not illuminated.

Lately the tunnel was not illuminated because the existing, several
times upgraded, illumination was devastated and out of function.

The overhead catenary and power lines, as well as associated faci-
lities were in a very poor technical condition.

The above-mentioned main reasons were analysed and summari-
sed in a project concept [1]. Subsequently the final design was carri-
ed out [4]. The tender proceedings for the reconstruction took place
at the beginning of 2009.

TUNNEL USER SAFETY

Problems associated with the safety of tunnel users had to be dealt
with during the work on the reconstruction design. A safety concept [2]
was worked out as early as the initial stages of the design preparation.
It assessed and proposed measures the objective of which was to imple-
ment a safety standard comparable with railway tunnels. The reason
was the fact that the tram tunnel is the only of its kind in Slovakia and
the number of tram tunnels in neighbouring countries is not sufficient
for creating specific regulations solving safety equipment for this type
of tunnels. It must be stressed that, according to conclusions reached by
authors of the safety concept, the risk of an incident in the tunnel carry-
ing only tram traffic is significantly lower compared to road tunnels,
which are every day passed through by thousands of cars and lorries.

The following measures were proposed as the basic elements of the
safety concept:

The gallery ending in Palisddy Street will be brought into service
to be used as an escape route in the case of a tunnel fire. The gallery,
the structure of which will be reconstructed, will be equipped with
fire shutters, a forced ventilation system and lighting.

Escape walkways on both sides of the tram track will be equipped
with guidance illumination, marking of the distance to the nearest
escape exit and hand rails.

A leaky-feeder radio communications cable running throughout the
tunnel length will be used for transmitting information, allowing
communication between the tram driver with the traffic control room.
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1 - trolejové vedenie, 2 — drendzne odvodnenie, 3 — vodovod DN 800,
4 - kolajové trat, 5 — drenazne odvodnenie

1 —catenary, 2 — drainage, 3 -DN 800 water pipeline, 4 — rail track,

5 — drainage

Obr. 4 Vzorovy priecny rez tunela po rekonstrukcii
Fig. 4 Typical cross-section through the tunnel after reconstruction

stavebné povolenie [4] a za¢iatkom roku 2009 prebehla stitaz na vyber
zhotovitela rekonStrukcie.

BEZPECNOST UZIVATELOV TUNELA

Pocas spracovania projektovej dokumentécie rekonstrukcie bolo
potrebné riesit otdzky suvisiace s bezpecnostou uzivatelov tunela. Uz
vo vstupnych §tddiach projektovej pripravy bola spracovand bezpec-
nostnd koncepcia [2], ktord zhodnotila a navrhla opatrenia, ktorych
cielom bolo zaviest bezpecnostny Standard porovnatelny so Zeleznic¢-
nymi tunelmi. Elektrickovy tunel je totiz jediny svojho druhu na
Slovensku, priCom ani v okolitych krajindch nie je pocet elektri¢ko-
vych tunelov dostatocny na to, aby existovali osobitné predpisy riesi-
ace bezpe¢nostné vybavenie tohto druhu tunelov. Je treba zdo6raznit),
Ze podla zdverov spracovatelov bezpecnostnej koncepcie je riziko
vzniku mimoriadnej udalosti v tuneli sliZiacom len elektrickovej
doprave podstatne niZSie v porovnani s cestnymi tunelmi, ktorymi
denne prechddzaju tisicky osobnych i ndkladnych vozidiel.

Ako zdkladné prvky bezpecnostnej koncepcie boli navrhované tieto
opatrenia.

Sprevaddzkuje sa chodba tstiaca na Palisady, ktord bude slizit’ ako
unikova v pripade poziaru v tuneli. Stavebne zrekonstruovana chodba
bude vybavend poZiarnymi uzdvermi, pretlakovym vetranim
a osvetlenim.

Unikové chodniky po oboch stranéch elektri¢kovej trate budii vyba-
vené orienta¢nym osvetlenim, oznacenim vzdialenosti k najblizSiemu
unikovému vychodu a drzadlami.

Na prenos informdcie bude sldZit' rddiové spojenie zabezpecené
vyzarovacim kablom po celej dlzke tunela, umoZnujice spojenie
vodica elektricky s dopravnym dispecingom.

Pred tunelmi bude doplnené premenlivé dopravné znaCenie zabranu-
juce vstupu elektri¢ky do tunela v pripade mimoriadnej udalosti v iom.

Pri portdloch tunela budu zriadené poZiarne hydranty.

Na podklade takto navrhnutého Standardu sa zacali rokovania
s predstavitelmi prezidia Hasi¢ského a zachranného zboru. Po dlhych
a Casto burlivych diskusiach bolo na zdklade poziadaviek predstavite-
Tov poZiarnej ochrany do projektového rieSenia zapracovanych nieko-
Iko daliich opatrent. )

V tuneli je zriadeny kamerovy dohlad po celej dlzke s prenosom
obrazu do dopravného dispecingu prevddzkovatela.

V tuneli je inStalované nezavodnené potrubie DN150 poziarneho
vodovodu, sliZiaceho v pripade zdsahu hasicov.

Kvaoli zabezpeceniu pozadovaného tlaku v potrubf je zriadend auto-
maticka tlakova stanica so zdloZnym zdrojom napdjania (dieselagre-
gdtom). Obe zariadenia si umiestnené v podzemnych priestoroch
byvalého krytu.

Obr. 5 Vizualizdcia interiéru tunela podlu projektu
Fig. 5 Visualisation of the tunnel interior according to the design

Variable traffic signs preventing a tram from entering the tunnel
in the case of an incident inside the tunnel will be installed in front
of the tunnel portals.

Fire hydrants will be installed at the tunnel portals.

The standard proposed in the above-mentioned way provided
a base for initial negotiations with representatives of the Fire
Rescue Service presidium. After lengthy and often heated discussi-
ons, several additional measures were incorporated into the design,
as required by the Fire Rescue Service representatives:

A camera surveillance system is installed throughout the tunnel
length. Images are transmitted to the tunnel operator’s control
room.

A DN150mm dry hydrant line is installed in the tunnel to be used
in the case of a fire intervention.

An automatic booster pump station with a backup power source
(a diesel generating set) is installed on the pipeline. Both facilities
are located in the underground spaces of the former shelter.

In the case of an extraordinary situation inside the tunnel, the
tram driver will inform the traffic operator using the radio commu-
nication system. The traffic operator will be able to identify the
condition using the camera surveillance system and announce
a contingent fire to the fire brigade. Subsequently the traffic opera-
tor will take care of switching the catenary off and filling the
hydrant line with water. The entry of other trams into the tunnel will
be prevented by means of variable traffic signs.

The situation of smoke propagation which could occur in the case
of a tram fire was analysed on the basis of requirements of repre-
sentatives of the Fire Rescue Service. Ventilation studies [3] con-
firmed that spreading of smoke back through the tunnel was impos-
sible at all meteorological variants and variants of the fire magnitu-
de being verified because the smoke propagation velocity in the
west-east direction exceeded the critical velocity. A fire interventi-
on is therefore possible from the western portal. A mobile fan will
be used in the case of an intervention from the eastern portal.

EXTENT AND COURSE OF RECONSTRUCTION OPERATIONS

The construction of the new tram track was the main part of the
comprehensive reconstruction. A ballastless track structure of the
slab track type was designed for the tram tunnel, in accordance with
requirements for future maintenance and the length of life. The
track gauge is 1,000mm. The track alignment in the tunnel is near-
ly straight, horizontal curves are found only in the vicinity of the
tunnel portals.

The track superstructure consists of the following elements:

— NT1 rail with elastomer rail pads,

— elastic fastening of rails on base plates with anchor bolts,

— a closed concrete cover reaching up to the top of rail level,

— C30/37 concrete base slab 245mm thick, reinforced with steel

mesh at the lower surface,




Obr. 6 Vystavba kolajovej trate, vpravo potrubie vodovodu v kandli
Fig. 6 Construction of the rail track; for the right: the water pipeline in the duct

V pripade mimoriadnej situdcie v tuneli sa vodi¢ elektricky spoji
prostrednictvom radiového spojenia s dopravnym dispecingom.
Dispecer mdZze pomocou kamerového dohladu identifikovat’ stav
a v pripade poziaru tento zahldsit hasi¢skej jednotke. Dispecer
nédsledne zabezpeCi vypnutie napdjania trolejového vedenia
a naplfianie potrubia poZiarneho vodovodu. Vstup daliich elektri¢iek
do tunela bude zamedzeny prostrednictvom premenlivych doprav-
nych znaciek.

Na zaklade poziadaviek predstavitelov poZiarnej ochrany bola pre-
verena aj situdcia Sirenia dymu, ku ktorej by mohlo dojst’ v pripade
poziaru elektri¢ky. Stidia vetrania [3] potvrdila, Ze pri vietkych pre-
verovanych meteorologickych variantoch a tieZ variantoch velkosti
poziaru prevySuje rychlost’ §irenia dymu v smere od zdpadu na
vychod kritickd rychlost, a teda spétné Sirenie dymu nie je mozZné.
Zasah hasicov je preto mozny od zdpadného portalu a v pripade zdsa-
hu od vychodného portélu sa pouZije mobilny ventildtor.

ROZSAH A PRIEBEH REKONSTRUKCNYCH PRAC

Hlavnou stcastou komplexnej rekonstrukcie bolo vybudovanie
novej kolajovej trate. V silade s poziadavkami na budicu prevadzku
a zivotnost bol v tuneli navrhnuty bezstrkovy elektrickovy zvrSok
typu pevnd jazdna drdha. Kolaj ma rozchod 1000 mm. Trat'v tuneli
je takmer priama, smerové obliky sa nachddzajui iba v blizkosti por-
talov tunela.

Skladba konstrukcie kolajovej trate je takdto:

— zliabkovd kolajnica NT1,

— pruzné podkladnicové upevnenie kolajnic s kotevnymi skrutka-

mi,

— uzatvoreny kryt po droven temien kolajnic z beténu,

— podkladnd beténova doska hribky 245 mm z beténu C30/37, pri

spodnom okraji vystuzend ocelovou sietou,

— elastickd rohoZ uloZend po celom obvode prierezu ,,vane® pre

konstrukciu kolaje,

— podkladova vrstva z filtratného beténu sliziaca ako drendzna

a protimrazova vrstva. )

Plan pod kolajovou tratou bola vyhlbend na skalné podloZie, pri-
¢om boli odstrdnené povodné prvky odvodnenia. Vybratd bola aj
nefunk¢énd vodovodnd ocelova rira priemeru 600 mm, nachddzajica
sa pod kolajovou tratou, ktord nebola odstranend pocCas predoslej
rekonstrukcie. Vzniknuty priestor bol vyplneny zhutnenym drvenym
kamenivom frakcie 32/63 aZ po droven vrstvy z drendZneho beténu
(obr. 4).

Odvodnenie tunela odvddza vodu z horninového masivu zvddzand
prie¢nymi zvodmi spoza ostenia, resp. prenikajicu priesakmi cez
ostenie. Prie¢ne zvody cez ostenie su napojené do dvoch pozdlznych
zberaCov umiestnenych pri oboch opordch, ktoré su pri oboch porta-
loch cez Sachty prepojené do potrubi napojenych do verejnej kanali-
zacnej siete. Do odvodnenia je napojené aj povrchové odvodnenie
kolajovej trate.

V celom rozsahu tunela st vybudované nové chodniky vytvarajui-
ce unikové cesty v pripade mimoriadnej situdcie. Pod severnym
chodnikom boli vybudované chranickové trasy pre vedenie silnopru-
dovych a slabopriidovych kdblovych vedeni. Chodniky st vybavené

Obr. 7 Prdce pred vychodnym portdilom tunela
Fig. 7 Working in front of the eastern tunnel portal

— elastic mat installed on the entire surface of the “tub” housing

the track structure,

— a sub-base layer of porous concrete serving as a drainage and

frost blanket course.

The excavation for the roadbed was carried out up to the bedrock
level. Original elements of the tunnel drainage were removed
during the excavation. The 600mm-diameter out-of-service steel
pipeline which was found under the track, which had not been
removed during the previous reconstruction, was removed. The ori-
ginating space was backfilled with compacted 32/63-fraction crus-
hed aggregate up to the porous concrete layer level.

The tunnel drainage system evacuates water from the rock mass
which is collected by cross drains from the outer side of the lining
or seeping through the lining. The cross drains passing through the
lining are connected to two longitudinal sewers running along both
side walls. The sewers are connected via shafts to the public sewe-
rage network at both portals. The drainage on the tram track surfa-
ce is also connected to the drainage system.

New walkways, forming escape routes in the case of an incident,
are built throughout the tunnel length. Cableways for heavy current
and light current cables were installed under the northern walkway.
The walkways are equipped with handrails, guidance lighting, safe-
ty marking and marking of the distance to the nearest escape exit.

The existing elevated water line was replaced by an 800mm-dia-
meter ductile cast iron pipeline placed into an underground reinfor-
ced concrete duct running next to the rail track, along the southern
sidewall. The duct is covered throughout its length with precast
slabs. The water pipeline was extended in front of both portals
during the reconstruction, The extensions were placed in
a reinforced concrete duct, similarly to the pipeline inside the tun-
nel. On the one hand, the decision that the pipeline would be exten-
ded complicated the course of the reconstruction, but on the other
hand, it brought an unambiguous positive in the form of the exclu-
sion of a possibility of disrupting the tram traffic in the case of
a defect on the pipeline.

A new catenary system was installed throughout the tunnel
length. The catenary is supplied with power by cables installed in
cableways under the walkway. New operating lighting was installed
in the tunnel in the form of lighting fixtures located under the cei-
ling and emergency fire lighting in the form of fixtures above both
walkways, which are attached to the handrails. The lighting will be
switched on during the tram traffic operation time.

Both galleries linking to the tunnel, which had not been used for
a long time, were also reconstructed. The gallery leading to Palisady
Street will be again used as an escape route. The reconstruction
covered the exit spaces in Palisddy Street and the substructure inc-
luding the drainage. An automatic booster pump station and an
emergency power supply unit are installed in the original air-raid
shelter (the gallery leading to Skalnd Street). They serve to supply
the hydrant line with water. The gallery which led from the shelter
to the space next to the portal was blinded because a multifunctional
building was under construction in the area of operations.
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drzadlami, orientacnym osvetlenim a bezpe¢nostnym znac¢enim ako
aj znackami so vzdialenostami k tnikovym vychodom.

Existujice nadzemné vodovodné potrubie bolo nahradené potru-
bim z tvédrnej liatiny priemeru 800 mm uloZenym do podzemného
Zelezobeténového kandlu umiestneného vedla kolajovej trate pri juz-
nej opore tunela (obr. 6). Kandl je v celej dizke prekryty prefabriko-
vanymi doskami. Pocas rekonstrukcie boli vybudované aj predlzema
vodovodu pred obomi portdlmi s jeho umiestnenim do Zelezobeténo-
vého kandlu podobne ako v tuneli. Rozhodnutie o predlzem vodovo-
du sice skomplikovalo priebeh rekonstrukcie, prinieslo vSak jedno-
zna¢né pozitivum v podobe vylicenia ohrozenia elektrickovej dopra-
vy v pripade poruchy na vodovodnom potrubi.

V celej dlzke tunela bolo vybudované nové trolejové vedenie.
Napdjanie trolejového vedenia je zabezpecené kdablami umiestnenymi
v chranickdch pod chodnikom. V tuneli je instalované nové prevadz-
kové osvetlenie tunela vo forme svietidiel umiestnenych pod stropom
a poziarne nudzové osvetlenie vo forme svietidiel nad obomi chod-
nikmi, ktoré si pripevnené k drzadlam (obr. 8). Osvetlenie bude
zapnuté pocas prevadzkovej doby elektriciek.

Zrekonstruované boli obe dlhodobo nevyuZzivané chodby napojené
na tunel. Chodba na Palisdady bude opit’ slizit’ ako tnikova chodba,
rekonstruované boli jej vystupné priestory na Palisddach a tieZ spod-
nd konStrukcia, vratane odvodnenia. V pdvodnom protileteckom kryte
(chodba na Skalni) je inStalovand automatickd tlakovd stanica
a ndhradny zdroj elektrickej energie, ktoré slizia pre potrubie poziar-
neho vodovodu. Chodba, ktord viedla z krytu do priestoru vedla por-
talu, bola zaslepend, lebo v dotknutom tizem{ prebieha vystavba poly-
funk¢ného domu.

Dlhodobym problémom zhorSujicim prevddzkovi bezpecnost’

v tuneli boli priesaky horninovej vody do tunela. Pre hodnotenie
zamokrenia bola pouzitd takdto klasifikdcia:
0° — ostenie je suché,
1° — na lici ostenia su vlhké plochy odliSitelné od suchych tmavsim
zafarbenim, dlan ruky ostdva po priloZeni na ne suchd,
2° — na lici ostenia si mokré plochy; voda zo stropu odkvapkava vo
viacsekundovych intervaloch,  resp. nepatrnou rychlostou
stekd po zvislych stendch, mokré plochy sa lesknd,
3° — voda zo stropu padd vo forme dazda, resp. stekd po stendch,
kde sa pripadne objavuji aj malé sustredené vytoky,
4° — velké ststredené vytoky, resp. striekanie vody (tlakova voda).
Na zdklade vysledkov prehliadky v roku 2008 a porovnania
s prehliadkou v roku 1998 bolo vyhodnotenych 24 % dlzky tunela
v stupni zamokrenia 2 a 3 % dlzky v stupni 3. Cielom bolo najmi
odstranit' zamokrenie v stupni 3 a minimalizovat’ prejavy zamokrenia
v stupni 2, najmé nad kolajovou tratou. Na tento tcel bolo navrhnuté
uplné precistenie prienych zvodov v pite ostenia v celej dizke tune-
la a vykonanie injektdZnych pric a radidlnych odlahcovacich vrtov do
ostenia a masivu v najviac zamokrenych pdsoch. Po precisteni zvodov
a navitani odlahCovacich vrtov sa neprejavil ofakdvany pozitivny
efekt na zamokrenie klenby. Po odskusan{ flocementovych injektdzi
masivu za ostenim a chemickych injektdzi klenby do hlbky cca 60 cm
bolo rozhodnuté o vykonani chemickych injektdZi na baze polyuretd-
nu v Sirke klenby 6 m nad kolajovou tratou v pasoch s pretrvavajicim
stupriom zamokrenia 2. Poas rekonstrukcie bolo zainjektovanych cca
600 m? klenby tunela, ¢im sice doslo k zlepSeniu situécie, nie vSak
k dplnému odstraneniu zamokrenia, ktoré sa po extrémne intenziv-
nych zraZkach v priebehu mesiaca mdja 2010 paradoxne prejavovalo
vo vacsom pocte pasov nez pocas celého priebehu rekonstrukcie.
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Recenzovala: Ing. Viktoria Chomovd
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Obr. 8 Interiér tunela po rekonstrukcii
Fig. 8 Tunnel interior after reconstruction

Seepage of ground water into the tunnel had been a long-term
problem, reducing the operating safety in the tunnel. The following
classification was applied to assess the degree of wetting:

0° — dry lining,

1° — moist areas on the lining surface are recognisable from wet

areas by darker colour; a palm put on the surface remains
dry,

2° — wet areas are on the lining surface; water drops from the cei-

ling at several-second intervals or flows down on vertical
walls at a very low rate; wet areas glisten,

3° — water falls from the ceiling in the form of a rain or flows

down on walls, where even small concentrated outflows may
appear,

4° — major concentrated outflows or gushing leaks (water under

pressure).

The degree of wetting was assessed on the basis of an inspection
in 2008 and the comparison with the inspection which was carried
out in 1998. Degrees 2 and 3 were determined within 24% and 3%
of the tunnel length, respectively. The objective was first of all to
remove the degree of wetting 3 and minimise manifestations of the
degree of wetting 2, first of all above the rail track. For that reason
it was proposed that the cross drains at the footings of the lining be
cleared throughout the tunnel length and grouting boreholes and
radial relief holes be drilled through the lining and into the rock
mass in the wettest blocks of the lining. Once the clearing of the
cross drains and the relief boreholes had been completed, the anti-
cipated positive effect on the degree of wetting of the vault did not
manifest itself. After trying injections of clay-cement grout into the
rock mass behind the lining and chemical grout into the vault lining
to the depth of 60cm, the decision was made that polyurethane-
based chemical grout would be injected within the vault width of
6m above the rail track in the lining blocks displaying the degree of
wetting 2. About 200m? of the tunnel vault were treated with grou-
ting. Owing to this measure the situation improved, but the com-
plete removal of the wetting was not achieved. Paradoxically, after
extremely intense rains during May 2010, the wetting manifested
itself in a higher number of the tunnel lining blocks than during the
course of the whole reconstruction work.
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