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REKONSTRUKCIA BRATISLAVSKEHO TUNELA €. 2
RECONSTRUCTION OF THE BRATISLAVA TUNNEL NO. 2

LUKAS ZATKULIAK

ABSTRAKT

Cielom cldnku je pribliZit rozsah rekonStrukcnych prdc v Bratislavskom tuneli ¢. 2 a zvolenii technologiu, ktord sa pri nich pouZila.
Trat Devinska Novd Ves — Stiirovo sa nachddza na IV. koridore a vytvdra spojenie medzi Viediiou a Prahou cez Bratislavu do Budapesti,
pricom sa Bratislavskymi tunelmi ¢. 1 a 2 prekondva masiv pohoria Malé Karpaty. Bratislavsky tunel ¢. 2 sa zacal razit 15. decembra roku
1900 a dokonceny bol v roku 1902. Z juznej strany susedi s historickym Bratislavskym tunelom . 1, ktory je najstarsim Zeleznicnym tune-
lom nielen na Slovensku, ale i v celom byvalom Uhorsku. Oba tunely a ich portdly su siicastou celku evidovaného ako Ndrodnd kultiirna
pamiatka SR. Spolocnost TuCon, a. s. zahdjila rekonstrukcné prdce v tuneli ¢ 2 v auguste roku 2022. KedZe ide o stavbu na existujiicej
Zeleznicnej infrasStruktiire, prdce bolo nutné vykondvat vyhradne vo vylukdch. Okrem samotnej sandcie kamenného ostenia tunela sa
vykonala aj montdz nového trakéného vedenia, svetelnych ndvestidiel, prevdadzkového a niidzového osvetlenia. V rdmci rekonStrukcie sa
pristipilo tieZ k vimene kolajnicovych pdsov a kdblového elektrického vedenia 6 kV, k obnove portdlovych ciel P1 a P2 a k dobudovaniu
povrchovych konstrukcii v nadportdlovej oblasti tunelov. Prdce boli v jiini 2023 iispesSne ukoncené.

ABSTRACT

The aim of the article is to present the extent of the reconstruction works in the Bratislava tunnel no. 2 and the used technology. The line
Devinska Novd Ves — Stiirovo is located on IV. corridor and it is a connection between Vienna and Prague via Bratislava to Budapest, while
the Bratislava tunnels no. 1 and 2 run through the Malé Karpaty massif. Bratislava tunnel no. 2 construction started on December 15,
1900 and was completed in 1902. On the south side, it is adjacent to the historic Bratislava Tunnel No. 1, which is the oldest railway
tunnel not only in Slovakia, but also in the entire former Austro — Hungarian Empire. Both tunnels and their portals are part of a complex
registered as a National Cultural Monument of the Slovak Republic. The company TuCon, a. s. started reconstruction work in tunnel no. 2
in August 2022. Since the tunnel was part of existing railway infrastructure, the work had to be carried out in time periods during which
the railway operations were interrupted. In addition to the rehabilitation of the tunnel’s stone masonry lining, the installation of a new
electric traction, light signals, operational and emergency lighting was also carried out. As part of the reconstruction, the replacement of
rails, and 6 kV cable power lines, the restoration of portals P1 and P2, and the completion of surface structures in the above-portal area
of the tunnels were also started. The works were successfully completed in June 2023.

1. UvoD 1. INTRODUCTION

Bratislavsky tunel €. 2 je elektrifikovany (AC 25 kV 50 Hz), jed- Bratislava tunnel no. 2 is an electrified (AC 25kV 50Hz), single-
nokolajny tunel, nachadzajici sa v defini¢nom dseku 05 ZST Bra- track tunnel, located in section 05 ZST Bratislava main station
tislava hlavna stanica (obr.1). Bol razeny klasickou rakuskou tune- | (Fig. 1). It was excavated using the classic Austrian tunneling
lovacou metddou (vtedy tzv. ,,modernou‘ ¢i ,,modifikovanou®), vo method (then called “modern” or “modified”), in mostly weathered
zvicSa zvetranej hornine, v oblasti portidlu P2 znacne zavodnenej. | rock, in the area of the P2 portal, which was heavily waterlogged.

V priebehu vystavby doSlo prave v oblasti portdlu P2 k rozsiahlemu | During construction, a large-scale collapse occurred precisely in

_f:_‘|5

e

==
—i

s

-

vchodovy portal P1
|_entrance portal P1

i

—1 =
: . | ocmatyinere sy
- - T— Wi / -
m .'.‘I|_'—I‘ .II o vycho;:ovy {J?r’géél P2 ™5
Ir, S 'I_—||_I_—.I i o J| / I exit portal
N7 100 17 k]
¥ %! t:,u:'!{rﬁm ?,’\C%/F_' oy fx:fz—f&%%%
N SN TR e
4 ’N:\‘“'- . fﬁ@ } '“/Ln«ll- L'II / fi& i

Obr. 1 Situdcia — Bratislavské tunely
Fig. 1 Situation — Bratislava tunnels




zavalu vplyvom dlhotrvajicich dazdov, coho vysledkom bolo skra-
tenie oboch tunelov o cca 110 m. Svojim vekom 120 rokov patri
Bratislavsky tunel ¢. 2 k najstar$im tunelom na Slovensku. Z cel-
kového poctu 75+2 tunelovych blokov je 43 z dovodu zvySenych
horninovych tlakov vystrojenych spodnou klenbou. Tunelové oste-
nie v klenbovej Casti dosahuje hribku 550 az 750 mm a je tvorené
z kvadrového muriva z prevazne miksich druhov skalnej horniny
(vapenec, trachyt, porézny travertin alebo zlepenec). Opora tunela
je masivna, hribky 1000 az 1600 mm, tvorena z nepravidelne opra-
covanej tvrdej Zuly.

Tab.1 Zdkladné technické iidaje stavby
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the area of the P2 portal due to prolonged rains, which resulted in
the shortening of both tunnels by approx. 110m. With its age of
120 years, the Bratislava tunnel no. 2 belongs to the oldest tunnels
in Slovakia. Of the total number of 75+2 tunnel blocks, 43 are
equipped with an invert vault due to increased rock pressures. The
tunnel lining of the invert vault reaches a thickness of 550 to 750mm
and is made of stone masonry from predominantly softer types of
rock (limestone, trachyte, porous travertine or conglomerate). The
tunnel abutments are massive, 1000 to 1600mm thick, made of
irregularly chiseled hard granite.

Tab.1 Basic technical data of the structure

Bratislavsky tunel ¢.2

Typ tunela jednokolajny
Dizka tunela 595,8 m
Z toho razend cast 586,7 m
Z toho hibené éast 9,1m
Pozdizny sklon 9,20 %o a 6,70 %o

v smere na bratislavsku stranu klesa
Pocet kolaji 1
Pocet tunelovych rar 1
Pocet prepojovacich chodieb 1
Vyska priechodového prierezu 4,85m
Max. vy$ka nadloZia 22m

2. DOVOD REKONSTRUKCIE

Stavba sa nachadza v geologickom prostredi pohoria Malé
Karpaty. V nadlozi tunela sa nachddza slienovita bridlica, vrstvy
kaolinu a roztrisené tvrdSie horniny, ako je Zula alebo pegmatit.
Vzhladom na znacne rozrusené nadloZie sa voda vyskytuje tak-
mer v celej dizke tunela. Preto uZz povodné rieSenie odvodnenia

Obr. 2 Stav Bratislavského tunela ¢. 2 pred rekonstrukciou
Fig. 2 Condition of the Bratislava tunnel no. 2 before reconstruction

Bratislava tunnel no. 2

Tunnel type single track
Tunnel length 595.8m
Underground part 586.7m
Cut and cover part 9.1m
Longitudinal slope 9.20%0 a 6.70%o

decreasing towards Bratislava side
Number of tracks 1
Number of tunnel tubes 1
Number of crosspassages 1
Height of the tunnel clearance 4.85m
Max. height of overburden 22m

2. REASON FOR RECONSTRUCTION

The structure is located in the geological environment of the Malé
Karpaty mountain range. The overburden of the tunnel contains
marly shale, layers of kaolin and scattered harder rocks such as
granite or pegmatite. Due to the significantly disturbed overburden,
water occurs almost along the entire length of the tunnel. That’s
why the original drainage solution provided for waterproofing of
asphalt strips and longitudinal drainage, supplemented by vertical
culverts, 20 x 20cm, behind the lining. Due to persistent leaks,
several construction modifications were carried out in the tunnel
no. 2, in the past. In 1966, as part of the preparations for the
electrification of the Devinska Nova Ves — Stiirovo line, shotcrete
with an average thickness of 100 mm, anchored to a steel mesh,
was applied to the tunnel vault along its entire length. As part of
the reconstruction of tunnel no. 2 in 2008, a slab trackway with
a railway was built, as well as a new central drain @ 250mm with
side drains, in the distance of 160mm from the lining. Despite
these measures, water seepage through the stone masonry lining
(especially in the tunnel vault) increased over time, which led to
peeling of the old shotcrete coating (Fig. 2), to falling of water-
saturated stone blocks or to the leaching of cement material from
the lining joints, which threatened the safety of the passengers
and the continuity of railway service. Likewise, the components
of the railway superstructure and the traction were damaged due
to moisture and regular flooding, and icing in the winter, which
had a negative impact on their service life and thus increased the
financial costs of routine maintenance.

3. RECONSTRUCTION WORKS

Following the problems described above, a set of remedial
measures and assembly work had to be carried out in the tunnel.
The investor is the state owned company, Railways of the
Slovak Republic, and the designer responsible for the project
documentation is Valbek SK Company, Ltd. The 10 months period
of reconstruction works was determined by the contract. The works
on the railway infrastructure were divided into three closure periods
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pocitalo s rubovou izoliciou z asfaltovych pasov a pozdiZznou
drenazou, doplnenou o zvislé zvodnice za ostenim s rozmerom
20 x 20 cm. Z dovodu pretrvavajucich priesakov boli v minulos-
ti v tuneli ¢. 2 vykonané viaceré stavebné tpravy. V roku 1966,
v rdmci priprav elektrifikcie trate Devinska Novd Ves — Stirovo,
bol v klenbe tunela na celd jeho dizku aplikovany striekany be-
ton v priemernej hribke 100 mm, kotveny na ocelovu sietovinu.
V ramci rekonstrukcie tunela ¢. 2 v roku 2008 bola vybudovana
pevna jazdna draha so Zelezniénym zvrSkom a tieZ nova stredova
stoka @ 250 mm s bo¢nymi drenaZzami @ 160 mm pred licom os-
tenia. Napriek tymto opatreniam sa priesaky vody cez kamenné
ostenie (najmi v klenbovej Casti tunela) v ¢ase zvySovali, ¢o vied-
lo k odlupovaniu starého torkrétového nastreku (obr. 2), k vypa-
déavaniu vodou nasytenych kamennych kvadrov ¢i k vyplavovaniu
cementového materidlu zo sty¢nych $kar ostenia, Co ohrozovalo
bezpecCnost cestujiicej verejnosti a plynulost Zelezni¢nej pre-
vadzky. Rovnako sa vplyvom vlhkosti a pravidelnym zatdpanim,
v zimnom obdobi zaladnenim, poSkodzovali komponenty Zelez-
ni¢ného zvrsku a trakéného vedenia, ¢o malo negativny dopad
na ich Zivotnost a navySovali sa tak finan¢né naklady na beznu
udrzbu.

3. REKONSTRUKCNE PRACE

V nadviznosti na vyssie opisané problémy sa musel v tuneli vy-
konat sibor sanacnych opatreni a montaznych préc. Investorom
stavby je Statny podnik Zeleznice Slovenskej republiky a spracova-
telom projektovej dokumenticie firma Valbek SK, spol. s. r. 0. Ob-
dobie realizacie rekonStrukénych prac bolo uréené zmluvou o dielo
na 10 mesiacov. Prace na Zelezni¢nej infraStruktire boli rozdele-
né do troch nepretrzitych vyluk N1, N2 a N3, v priebehu ktorych
bola vzdy prejazdna aspon jedna z tunelovych rir, a to s ohfadom

TuNel

N1, N2 and N3 of no train service, during which at least one of the
tunnel tubes was always open for traffic, with regard to the artistic
and craft restoration of the portals P1 and P2, which affected the
operation of the tunnel no. 1.

Based on the request of the tunnel operator, work on the railway
infrastructure during closure periods was carried out exclusively
with the HV cable turned off, which was routed in the trough of
tunnel no. 2.

3.1 N1 closure period

The works started during the closure period of tunnel no. 1,
which lasted 28 days. During this period, it was necessary to carry
out artistic and craft restoration on half of the areas of the portals
P1, P2, adjacent walls and the new 6kV power line 550m long
from the side of the Lamac railway station with a connection to the
existing cable running from the Bratislava main railway station.
The material composition of the tunnel portals on the Lamac side
is mainly made of sandstone and limestone, while the Bratislava
side portals are made of more durable trachyte materials from tuff
quarries. The artistic-craft restoration consisted in the removal of
unwanted vegetation and loose parts of the stone wall and masonry
joints, blasting the surface with Sponge Jet dust-free technology
and cleaning with pressurized water. After the cleaning process was
completed, the loosened and fallen parts of the portal were replaced
with sealants with mineral filler, anchored to the metal armature in
an anti-corrosion treatment, which were artistically modeled. At
the same time, the joints were filled with ash-lime joint mortar in
the upper parts of the portals and expanding thixotropic mortar in
the lower area of the portals. The masonry prepared in this way was
subsequently sealed by chemical injection. A fast-hardening two-
component polyurethane-based resin was used for these purposes.

Obr. 3 Obnovend plocha portdlu P1 v okoli Bratislavského tunela ¢. 1 po vyluke N1

Fig. 3 Renewed area of portal PI in the vicinity of Bratislava tunnel no. 1 after the N1 closure period




na umelecko-remeselni obnovu portalovych ciel P1 a P2, kto-
rd svojim rozsahom vzdy zasahovala do prevadzky vedlajsieho
tunela.

Prace na Zeleznicnej infrastruktire pocas nepretrzitych vyluk sa
na zaklade poZiadavky spravcu tunela vykondvali vyhradne pri vy-
pnutom VN kabli, ktory bol vedeny v Zlabe tunela ¢. 2.

3.1 Nepretrzita vyluka N1

Prace boli zahdjené nepretrzitou vylukou tunela €. 1, ktora trvala
28 dni. Pocas tejto vyluky bolo potrebné vykonat umelecko-reme-
selnd obnovu na polovici ploch portdlovych ¢iel P1, P2, prilah-
lych miiroch a realizaciu nového elektrického vedenia 6 kV dizky
550 m zo strany ZST Lamac s napojenim na existujiici kdbel ve-
deny od Zelezni¢nej stanice Bratislava, hlavnd stanica. Materia-
lova skladba tunelovych portilov z Lamacskej strany je tvorena
prevazne z pieskovcov a vapencov, zatial ¢o Bratislavskd strana
portalov z odolnejsich trachytovych materidlov z tufovych lomov.
Umelecko-remeselna obnova spocivala v odstrdneni neziaduce;j
vegetdcie a uvolnenych casti kamennej obmurovky a sty¢nych
Skar muriva, otryskani povrchu bezprasnou technolégiou Sponge
Jet a ocisteni tlakovou vodou. Po ukonceni Cistiacich procesov sa
pristipilo k ndhrade uvolnenych a vypadanych Casti portdlu tmel-
mi s minerdlnym plnivom, kotvenymi na kovovi armatiru v an-
tikoréznej tprave, ktoré sa umelecky domodelovali. Zarover sa
vyplnili Skary trasovo-vapennou Skdrovacou maltou v hornych
Castiach portdlov a rozpinavou tixotropnou maltou v spodnej
oblasti portalov. Takto pripravené murivo bolo nédsledne plo$ne
utesnené chemickou injektaZou. Na tieto ucely sa pouZila rych-
lotvrdnica dvojzloZkova Zivica na baze polyuretdnu. InjektaZne
vrty mali priemer 10 mm a diZku 450 mm. Rozostupy vrtov vo
vodorovnych linidch boli cca 0,66 m, vo zvislych linidch vZdy
zaviseli od skuto¢nej polohy danej $kdry kamenného muriva. Po
ukonceni chemickej injektdZe sa povrch muriva ru¢ne ocistil a fa-
rebne vyretuSoval lazirnym niterom. Nakolko sa stavba bliZila do
zimného obdobia, dokoncenie restauratorskych prac sa presunulo
do vyluky N3 planovanej do teplého obdobia. Celkovo sa podarilo
za toto obdobie zrestaurovat plochy o vymere 424,4 m* Obnovenu
plochu portalu P1 v okoli Bratislavského tunela ¢. 1 dokumentuje
obr. 3.

3.2 Nepretrzita vyluka N2

Stavebné a montazne prace v tune-
li ¢. 2 boli zacaté koncom septembra
roku 2022 nepretrzitou vylukou N2,
ktora trvala 231 dni. Prace sa zacali
demontdzou podvodného trakéného
vedenia, kablovych rozvodov osvet-
lenia a zabezpeCovacieho zariade-
nia. Po demontaZi sa na celd dizku
tunela zhotovila ochrana kolajového
zvrsku vydrevou a geotextiliou pred
jeho znecistenim a znehodnotenim.
Celkovo bolo pouZitych 165 m?
smrekového reziva. Nésledne sa
mohol zacat odstrafiovat stary strie-
kany beton z klenby tunela. Pre tito
¢innost bol pouZzity hydrodemolac-
ny robot Aquacutter 710 V s vyso-
kotlakovou pumpou, ktory dokéze
vyvinat vodny lu¢ s tlakom az do
4000 barov (obr. 4).

Obr. 4 Odstrdnenie starého torkrétového ndstreku z oste-
nia tunela hydrodemolac¢nym robotom Aquacutter 710 V
Fig. 4 Removal of old shotcrete from the tunnel lining
with the hydrodemolition robot Aquacutter 710V
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Injection drillholes had a diameter of 10mm and a length of 450mm.
The horizontal spacing of the drillholes was approx. 0.66m, the
vertical spacing always depended on the actual position of the
given stone masonry joint. After finishing the chemical grouting,
the surface of the brickwork was handcleaned and retouched with
a lacquer coating. As the construction was approaching the winter
period, the completion of the restoration work was moved to the N3
closure period planned in the warmer season. In total, during this
period, it was possible to restore areas with an area of 424.4m?. The
renewed area of portal P1 in the vicinity of Bratislava tunnel no. 1
is shown in Fig. 3.

3.2 N2 closure period

Construction and assembly work in tunnel no. 2 started at the
end of September 2022 during the N2 closure period that lasted
231 days. The work began with the dismantling of the original
traction current line, lighting distribution cables and security
equipment. After dismantling, the entire length of the tunnel was
protected with wood and geotextiles against pollution and damage.
A total of 165m? of spruce lumber was used. Subsequently, the old
shotcrete could be removed from the tunnel vault. For this activity,
the hydrodemolition robot Aquacutter 710V with a high-pressure
pump was used, which can develop a water jet with a pressure of
up to 4000 bars (Fig. 4).

The advantage of deploying this robot was that simultaneously
with hydrodemolition, the process of removing loose parts of
the tunnel lining, as well as the process of deep grouting, could
take place by simply adjusting the pressure of the water jet.
This optimization freed up time for other work operations. By
exchanging the nozzle, the demolition robot was also used to
clean the stone wall from deposits, soot and other impurities. After
removing the concrete and cleaning the lining, the joints between
the stone blocks were cut to the required depth of 80mm with
a hand-held electric tool and rinsed with a water pressure washer at
a pressure of up to 500 bar. The joints were subsequently filled with
an expanding thixotropic mortar preventing water seepage. In total,
grouting was carried out on an area of 8,116.60m> The fallen parts
of the tunnel lining were replaced with fibre-reinforced thixotropic

Obr. 5 Plombovanie vypadnutych kvddrov tunelového os-
tenia sanacnou hmotou

Fig. 5 Sealing of fallen blocks of the tunnel lining with
repair material
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dizka tunelového pasu: 5,00 m

length of tunnel section: 5.00m

licna plocha ostenia klenby: A, = 2x4,10x5,00 = 41,00 m?
face area of the lining vault: A, = 2x4.10x5.00 = 41.00m?
licna plocha ostenia opor: Aop = 2x3,40x5,00 = 34,00 m?
face area of abutments: Aap = 2x3.40x5.00 = 34.00m?

Obr. 6 Injektdzna schéma pre tunelovy blok ¢. 3
Fig. 6 Injection scheme for tunnel section No. 3

Vyhodou nasadenia tohto robota bolo, Ze sucasne s hydrodemo-
laciou mohol jednoduchou upravou tlaku vodného luca prebiehat
aj proces odstranenia uvolnenych Casti tunelového ostenia, aj pro-
ces hibkového vyskarovania. Touto optimaliziciou sa ziskal ¢as na
iné pracovné operdcie. Zdmenou koncového zariadenia sa demo-
la¢ny robot vyuzil aj na oCistenie kamennej obmurovky od usade-
nin, sadzi a inych necistot. Po odstraneni betonu a oCisteni ostenia
sa ru¢nym elektrickym naradim $kdry medzi kamennymi kvadra-
mi vysekali na projektom pozadovand hibku 80 mm a vyplach-
li vodnym tlakovym ¢isti¢om s tlakom do 500 barov. Skary boli
nésledne vyplnené rozpinavou tixotropnou maltou zabratiujicou
vodnym priesakom. Celkovo sa Skarovanie zrealizovalo na ploche
8 116,60 m>. Vypadnuté Casti tunelovej obmurovky sa nahradili
vldknami vystuZenou tixotropnou hmotou na baze cementu, ktord
sa na povrch ostenia aplikovala torkrétovacim strojom (obr. 5).
Pre lepSiu sudrznost starého muriva s aplikovanou sana¢nou hmo-
tou sa zrealizovali ocelové tine @ 10 mm chemicky ukotvené do
muriva.

Hlavnou sanac¢nou cinnostou v tuneli bola tlakova aplikacia
dvojstupriovej tesniacej injektaze (obr. 6) s pouzitim dvojzlozko-
vej polyuretanovej hmoty, ktord sa vhanala za ostenie cez injek-
tdZne obturatory umiestnené v Skarach kamenného ostenia. Prvy
stupen predstavoval preinjektovanie horninového prostredia bez-
prostredne na styku s rubom tunelového ostenia. Nakolko vrty
prvého stupiia mali @ 20 mm a dizku v klenbovej asti od 550
do 750 mm, mohli byt realizované ru¢nym akumuldtorovym né-
radim. Vrty @ 32 mm v opordch dosahovali dizku cez 1000 mm,
preto bola na ich realizdciu zvolend vrtna suprava Epiroc T15.

cement based material, which was applied to the surface of the
lining with a shotcrete machine (Fig. 5). For better cohesion of
the old masonry with the applied remedial material, steel spikes
@ 10mm chemically anchored into the masonry were installed.
The main rehabilitation operation in the tunnel was the pres-
sure application of a two-stage sealing injection (Fig. 6) using

Obr. 7 Reinjektdz? v klenbe tunela
Fig. 7 Reinjection in the tunnel vault
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Raster vrtov bol navrhnuty 1,0 x
1,0 m, pricom ich skuto¢na polo-
ha zavisela na polohe $kar ostenia.
Druhy stuperi injektaZe predstavoval
preinjektovanie samotného kamen-
ného ostenia tunela do priblizne 2/3
jeho hriabky. Aj pre tieto tcely bolo
pouZzité rucné akumulatorové nara-
die, avSak priemer vrtov bol v tomto
pripade len 14 mm. Raster vrtov vo
zvislych a vodorovnych linidch bol
0,66 x 0,66 m. V lokalitach, kde sa
po tesniacej injektdzi ukézali do-
dato¢né priesaky podzemnej vody,
bolo nevyhnutné realizovat reinjek-
taz (obr. 7) v Sachovnicovom rastri
0,33 x 0,33 m posunutom od in-
jektaznych otvorov druhého stupia
0o 100 mm. V celom tuneli vritane
portalovych ciel bolo spotrebova-
nych priblizne 390 m’ injektaZnej
zmesi.

Sucasne s injektdznymi prica-
mi sa vykondvalo niekolko dalSich pracovnych opericii. V bez-
pecnostnych vyklenkoch a v najzavodnenejSich miestach tu-
nela sa v osteni realizovali zvislé zvodnice. Tie sa najskor
zapilili stenovou pilou Husqvarna WS463 na vodiacej liSte,
vyzbijali sa ru¢nym elektrickym ndradim a nésledne sa v nich
zhotovili subhorizontdlne odvodnovacie vrty pomocou paso-
vého minibagra Bobcat s vrtnou lafetou (obr. 8). Kazdy vy-
klenok obsahoval 12 odvodiiovacich vrtov @ 76 mm s dizkou
od 6 do 12 m, do ktorych sa osadila perforovand ocelova rira
@ 60 mm.

Zvodnice sa vyustili cez PVC potrubie do existujiicej kanali-
zatnej Sachty napojenej na bo¢nu drendaz @ 160 mm v chodniku
tunela. Nasledne sa zvodnice zakryli
polystyrénom s rabicovym pletivom
a zastriekali vldknami vystuZenou
sana¢nou hmotou na hr. 50 mm
(obr. 9).

Poslednou c¢innostou sanacnych
opatreni bola aplikacia hydroizo-
lacnej elastickej membrany za-
medzujucej kvapkaniu vody na
trakéné vedenie aplikovanej do
vrcholu klenby tunela na rozvinu-
ta dizka 3,00 m v prieCnom smere.
Prace spojené s opravou a zlep-
Senim technického stavu ostenia
boli vykondvané zo Zelezni¢nych
voziiov, na ktorych bolo umiest-
nené leSenie s technickym a so-
cidlnym zazemim pre pracovnikov.
Aby bol dodrZany planovany termin
ukoncenia vyluky N2, bolo nevy-
hnutné, aby sa montdzne prace vy-
konavali sibeZne so sana¢nymi, ¢im
sa zvySili poZiadavky na organizé-
ciu a logistiku prac v tuneli. V rdmci
montaznych ¢innosti sa zrealizovalo

tight space of the safety niche

Obr. 8 Realizdcia odvodiiovacich vrtov v stiesnenych
pomeroch bezpecnostného vyklenku
Fig. 8 Implementation of drainage drillholes in the
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Obr. 9 Aplikdcia striekaného betonu na zhotovené zvod-
nice
Fig. 9 Application of shotcrete on finished culverts

a two-component polyurethane, which was injected behind the
lining through the injection obturators located in the joints of the
stone masonry lining. The first stage was done by grouting of the
rock immediately at contact with the backside of the tunnel lining.
As the first stage boreholes had @ 20mm and a length in the vault
from 550 to 750mm, they could be drilled with a hand-held battery
tool. Drilling @ 32mm in the abutments reached a length of over
1000mm, therefore the Epiroc T15 drill rig was used. The grid of
the drills was designed to be 1.0 x 1.0m, while their actual position
depended on the position of the lining joints. The second stage of
injection consisted of injecting the stone masonry lining of the tunnel
to approximately 2/3 of its thickness. Hand-held cordless tools

Obr. 10 Bratislavsky tunel ¢. 2 po ukoncenych rekonstrukcnych prdacach
Fig. 10 Bratislava tunnel no. 2 after the completed reconstruction works
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were also used for these purposes,
but the diameter of the holes in this
case was only 14mm. The grid of
boreholes was 0.66 x 0.66m. In the
locations where additional seepage
of groundwater appeared after the
sealing injection, it was necessary
to carry out reinjection (Fig. 7) in a
checkerboard grid of 0.33 x 0.33m
shifted from the injection holes
of the second stage by 100mm.
Approximately 390m® of injection
mixture was consumed in the entire
tunnel, including the portals.
Several other work operations
were carried out simultaneously with
the injection works. In the safety
niches and in the most waterlogged

i 14 .48 Zh d 4 parts of the tunnel, vertical culverts
Obr. 11 Pohlad na zrekonstruovany portdl P2 od ZST Bratislava hl. st. were built in the lining. These were
Fig. 11 View of the reconstructed portal P2 from the Bratislava main railway station first sawn with a Husqvarna WS463

wall saw on a guide rail, then

) L i hammered out with a hand-held electric tool, and
Cﬂaf;'ﬂin'ﬁ?;f,ﬂg’. 'ﬁ'ﬁ"a' P then sub-horizontal drainage drillholes were drilled
i using a Bobcat tracked mini-excavator with a drill

1 carriage (Fig. 8). Each niche contained 12 drainage
drillholes @ 76mm with a length of 6 to 12m, into
which a perforated steel pipe @ 60mm was installed.

V1,V2,V3, V4, V5 - ) The culverts exited through a PVC pipe into the
odvodriovacie vrty @ 76 mm, dl. 3,0 m .. . .

| opatrené ocelovou vypaznicou @ 60/3,0 mm existing sewer shaft connected to the side drainage
(perforécia 30 %); sklon vrtov 10 % .

| V1. V2, V3, V4, V5 - @ 160mm in the tunnel walkway. Subsequently, the
drainage drillholes @ 76mm, length 3.0m equipped r pi I T ith rofoam block

I with a steel casing @ 60/3.0mm (perforation 30%); water p pe.s We.e covered with Styro O.a b f)c s
drillinclination 10% covered with wire mesh and sprayed with a fiber-

reinforced mortar to the thickness of S0mm (Fig. 9).

I
| -\ = The last remedial work operation was the
1 . . .
i A installation of a waterproofing elastic membrane
I tunel &.1 i preventing the dripping of water on the traction line
tunnel no. 1 vi| —p . )
| \ o o applied to the top of the tunnel vault for a width of
! I” & ve 28—, 3.00m in the transverse direction. The work related
I | | . . .
existujic vpust Il'.!.' y o | to the repair and improvement of the technical
existing inlet S V7 i b condition of the lining was carried out from railway
NLre - wagons, on which scaffolding with technical and
5 ,j*_?—a — social facilities for workers was placed. In order to
= il meet the planned completion date of the N2 closure
period, it was necessary for the assembly work to be
’ ododifovaci #ab z beténovych témic 200/80/500 carried out. 51m1.11taneous1y with the rehabilitation
kablovod celk. dizka 6,8 m (13 ks tvarnic) work, which increased the demand for the
cable duct drainage trough made of concrete blocks 200/80/500mm L L. .
total length 6.8m (13 blocks) organization and logistics of the work in the tunnel.

As part of the assembly activities, new traction lines,
operational and emergency lighting, and signals were
implemented. The main works were completed by

Obr. 12 Vykres priestorového usporiadania doplnkového rieSenia v kiite portdlu P1
Fig. 12 Drawing of the spatial arrangement of the additional solution in the corner of the portal

Pl installing the 60E2, 400HT rails, on a total length of
700.00m, together with the superstructure material.
nové trakCné vedenie, prevadzkové a nidzové osvetlenie, a trpasli- | Additional activities in the tunnel included the restoration of

¢ie navestidla. Hlavné prace boli zaviSené vymenou kolajnicovych white safety coatings on the tunnel abutments, installation of
pasov tvaru 60E2 akosti 400HT, na celkovej dlzke 700 m, spolu | signs with the numbers of the tunnel blocks, signs indicating the

s materidlom zvrSku. Dopliiujicimi ¢innostami v tuneli boli obno- | direction and distance to the escape routes. The existing drainage
va bielych bezpecnostnych niterov na oporach tunela, osadenie ta- system of the tunnel was also cleaned with a Man pressure-suction
bul s ¢islami tunelovych blokov, tabdl s oznacenim smeru a vzdia- | vehicle. Reconstruction works in tunnel no. 2 were successfully

lenosti tinikovych ciest. Taktiez bol precisteny existujtci drendzny completed on 5/10/2023 and the tunnel was put into early use
systém tunela tlakovo-sacim vozidlom Man. RekonStrukéné (Fig. 10).




33. rocnik - ¢.1/2024

Obr. 13 Pohlad na celkovii situdciu portdlu P1 od ZST Lama¢ po ukoncenych prdcach
Fig. 13 View of the overall situation of the P1 portal from the Lamac railway station after the completed works

prace v tuneli €. 2 boli diia 10. 5. 2023 uspeSne ukoncené a tunel
bol uvedeny do pred¢asného uZivania (obr. 10).

Okrem préac v tuneli sa v priebehu vyluky N2 vykondvala aj
umelecko-remeselnd obnova na druhej polovici portilovych ciel
P1 a P2 v okoli tunela ¢. 2 na vymere priblizne 332,700 m? a vy-
mena poruchového kéablového vedenia 6 kV na dseku dizky tak-
mer 1,0 km v zhlavi ZST Bratislava hl. st.

3.3 Nepretrzita vyluka N3

Poslednd vyluka N3 trvala 22 dni a zhotovitel stavby si ju u ZSR
objednal pre pripad, Ze sa v priebehu prvej vyluky N1 nestihne
zrealizovat umelecko-remeselna rekonstrukcia na plochach porta-
lovych Ciel P1 a P2 v okoli tunela ¢. 1 s ohfadom na jej rozsah a Ca-
sovu naro¢nost. Tato predikcia sa ukazala ako spravna, nakolko sa
museli dokoncit lokdlne nedorobky zo zimného obdobia a findlna
uprava hydrofébnym nédterom a penetraciou povrchu na baze orga-
nokremicitanov. Pohlad na zrekonStruovany portal P2 zo smeru od
ZST Bratislava hl. st. je znazorneny na obr. 11.

Zaroven sa v spodnej Casti portdlu P1 pri schodiskovom mire
nedarilo dokoncit reStauratorské prace z dévodu opitovného vl-
hnutia muriva, a to aj napriek niekolkondsobnej tesniacej injektazi.
Preto bolo po dohode s investorom a projektantom stavby vypra-
cované doplnkové technické rieSenie (obr. 12) pozostavajiice z re-
alizacie 7 ks odvodiiovacich vrtov @ 76 mm, dizky 3 m z nového
odvodnovacieho Zlabu z priekopovych tvaroviek umiestneného
v pite portdlu. S cielom zamedzit vode presakovat cez porézny
materidl kamenného portalu sa v okoli dstia zrealizovanych vrtov
zhotovila hydroizola¢na elastickd membrana. Uvedenym opat-
renim sa dosiahol poZadovany efekt a stavba mohla byt Gspesne
odovzdana.

In addition to the work in the tunnel, during the N2 closure
period, artistic and craft restoration was also carried out on the
second half of the portal P1 and P2 areas in the vicinity of tunnel
no. 2 on an area of approximately 332,700m? and replacement of a
defective 6kV cable line on a section of almost 1.0km in length at
the proximity of Bratislava main railway station.

3.3 N3 closure period

The last N3 closure period of train service shutdown lasted 22
days, and the construction contractor requested the N3 closure
period from the owner if during the first N1 closure period, the
artistic and craft reconstruction of the portals P1 and P2 in the
vicinity of the tunnel no. 1 would not be completed with regard
to its scope and time requirement. This prediction turned out to be
correct, as the work unfinished during the winter period had to be
completed with the final treatment with a hydrophobic coating and
organosilicates based surface penetration. View of the reconstructed
portal P2 from the direction of the Bratislava main railway station
is shown in Fig. 11.

At the same time, restoration work could not be completed in the
lower part of the P1 portal near the staircase wall due to wetting
of the masonry, despite several sealing injections. Therefore, in
agreement with the investor and the project designer, an additional
technical solution was developed (Fig. 12) consisting of the
realization of 7 drainage wells @ 76mm, 3m long drilled from a new
drainage channel made of trench drainage prefab blocks located
at the foot of the portal. In order to prevent water from seeping
through the porous material of the stone portal, a waterproofing
elastic membrane was made around the mouth of the wells. The
mentioned measure achieved the desired effect and the structure
could be successfully handed over.
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3.4 Prace nezavislé na vylukach Zeleznicnej
infrastruktury

V nadportalovych oblastiach a v oblastiach pred tunelmi sa para-
lelne s pracami v tuneli zrealizovalo niekolko opatreni, ktoré mali za
ciel eliminovat priesaky vody z povrchu terénu do vnutornych pries-
torov tunelov. Pre tento el sa zrealizoval Sikmy vrt @ 93 mm s vy-
paznicou @ 89 mm, tstiaci v iZlabinovom priestore nad portalom P1
a vyvedeny cez konstrukciu portdlu do novovybudovanej reviznej
Sachty situovanej pred ¢elom portalu. Revizna Sachta je zaroveti spo-
lo¢nym vyustnym objektom aj pre tri novo realizované, vejarovo us-
poriadané, subhorizontalne vrty @ 93 mm, vystrojené perforovanou
ocelovou rarou @ 89 mm. Tie odvadzaju vodu zo spodného medzi-
tunelového priestoru. Sanacné opatrenia pozostavali z vybudovania
odvodnovacieho Zlabu spolu s prilahlou kamennou dlazbou, z obno-
vy povodnej kamennej dlazby reliéfu a odvodnovacej priekopy na
portéli P1 (obr. 13). Na portali P2 bola obnovena pdvodna kamenna
priekopa, ku ktorej sa dobudovala nova kamenna dlazba.

3.5 Neocakavané skutocnosti

Nakolko sa jednalo o rekonstrukciu 120 rokov starého tunela
a jeho portdlov, v priebehu realizcie stavby sa vyskytlo niekolko
skutocnosti, na ktoré musela stavba okamzite reagovat. Pocas bura-
cich prac starého striekaného beténu bola ihned v bloku €. 1 zistena
pritomnost striekaného beténu v hr. 250 mm, ktory bol vystuZeny
ocelovymi banskymi skruzami kolajnicového profilu spolu s ocelo-
vou siefovinou v dvoch vrstvach. Takato konstrukcia plnila pravde-
podobne okrem hydroizolacnej aj funkciu staticku, preto sa po do-
hode s investorom a projektantom rozhodlo, Ze bloky s ocelovymi
nosnikmi sa ponechaju bez biurania. Z dovodu plosného zavodnenia
v neburanych blokoch, sa tieZ pristipilo k dvojstupiiovej chemic-
kej injektazi. Takychto blokov bolo 11 ks z celkového poctu 75 ks.
Pri demolacnych pracach sa tiez zistilo, Ze kamenné ostenie pod
odstranenym starym torkrétom je vodou nasiaknuté a znacne tva-
rovo zdegradované, ¢o malo vyrazny dopad na celkové mnozZstvo
spotreby sanacnej hmoty. V oblastiach nad portalmi P1, P2 oboch
tunelov sa zas ponechali existujice kamenné priekopy v povodnom
stave bez buirania, nakol'ko sa po ich odtazeni a oCisteni preukazalo,
7e miera poSkodenia nezodpoveda predpokladu v projekte.

4. ZAVER

Realizécia tohto projektu bola pre spolo¢nost TuCon, a. s. vy-
zvou, nakolko doteraz nerealizovala na Zeleznici vela zdkaziek
s podobnym rozsahom pric. Organizdcia stavebnych cinnosti
v stiesnenych pomeroch tunela ¢. 2, zdsobovanie pracovisk vyluc-
ne Zelezni¢nou dopravou, ¢i oprava Narodnej kultirnej pamiatky
v bezprostrednej blizkosti prevadzkovanej kolaje znamenali naroc-
né podmienky pre zhotovenie diela.

Uz v Case zacatia prvej kolajovej vyluky sa ukazalo, Ze pokial
maju investor, projektant, spravcovia Zelezninej infrastruktiry
a zhotovitel spolo¢ny ciel, dielo je mozné aj napriek niekolkym
nepredvidatelnym skutoCnostiam a zmendm projektu odovzdat
vCas, v poZadovanej kvalite a v stilade so zmluvou o dielo.

Ing. LUKAS ZATKULIAK, lukas.zatkuliak@tucon.sk,
TuCon, a. s.

Recenzoval Reviewed by: Ing. Viastimil Hordk
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3.4 Works not requiring railway traffic closure

In the areas above the portals and in the areas in front of the
tunnels, several measures were implemented in parallel with the
work in the tunnel, with the aim of eliminating water seepage from
the surface of the terrain into the underground spaces of the tunnels.
For this purpose, an inclined borehole @ 93mm with a casing
@ 89mm was drilled, entering the trough above the portal P1 and
coming through the portal structure into the newly built inspection
shaft located in front of the portal face. The inspection shaft is also
a common outlet for three newly drilled, fan-shaped, subhorizontal
wells @ 93mm, equipped with a perforated steel pipe @ 89mm.
They drain water from the lower tunnel space. The rehabilitation
measures consisted of the construction of a drainage channel
together with the adjacent stone pavement, the restoration of the
original stone pavement, and the drainage ditch at the P1 portal
(Fig. 13). At the P2 portal, the original stone ditch was restored by
a new stone pavement.

3.5 Unexpected conditions

Since it was a reconstruction of a 120-year-old tunnel and its
portals, several conditions occurred during the construction, to
which the construction had to react immediately. During the
demolition work of the old shotcrete in block no. 1 a shotcrete
250mm thick reinforced with steel U shaped ribs and steel mesh in
two layers were detected. Such a structure likely had also a static
function in addition to waterproofing, therefore, after an agreement
with the investor and the designer, it was decided that the sections
with steel ribs would be left without demolition. Due to widespread
waterlogging in the non-demolished sections, a two-stage chemical
injection was also used. There were 11 such sections out of a total
of 75. During the demolition work, it was also found that the stone
masonry lining behind the removed old shotcrete is soaked in water
and significantly deformed, which had a significant impact on the
total amount of remedial material consumption. In the areas above
the portals P1, P2 of both tunnels, the existing stone trenches were
left in their original state without demolition, as it was proven
after their removal and cleaning that the degree of damage did not
correspond to the assumption in the project.

4. CONCLUSION

The project was a challenge for the company TuCon, a. s. as it
has not yet performed many railway contracts with a similar scope
of work. Organization of construction activities in the tight space of
tunnel no. 2, the supply of workplaces exclusively by rail transport,
or the repair of the National Cultural Monument in the immediate
vicinity of the operating track represented difficult conditions for
the construction.

Already at the time of the start of the first train service closure
period, it became clear that if the investor, the designer, the operator
of the railway infrastructure and the contractor have a common
goal, the work can be handed over on time, in the required quality
and in accordance with the contract, despite several unpredictable
conditions and project changes.

Ing. LUKAS ZATKULIAK, lukas.zatkuliak @tucon.sk,
TuCon, a. s.

[1]1 BILOVESKY, E. Technickd sprdva — SO 33-02 Rekonstrukcia Bratislavského tunela ¢&. 2, v ZST Bratislava hl.st. 2018. Technicka

zprava. Misto: Valbek SK, spol. s.r.o.






