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HI'.BEUV TUNEL AVIATICKA NA LETISKU VACLAVA HAVLA
AVIATICKA CUT-AND-COVER TUNNEL AT VACLAV HAVEL AIRPORT

PETER BALAZ, MILOSLAV FRANKOVSKY, ROMAN SALY

ABSTRAKT

Hlbeny tunel Aviatickd bude siicastou novostavby Zeleznicnej stanice Praha — Letisté Viclava Havla, tvoriac isek Zeleznicnej trate na
vjazde do podzemnej stanice. Tunel s ramovou Zelezobetonovou nosnou konstrukciou bude budovany v otvorenej stavebnej jame. Vzhladom
na stiesnené pomery staveniska v zastavanom vizemi letiska bude jama zaistend kotvenymi zvislymi paZiacimi konstrukciami, zdaporovym
pazenim a pilotovymi stenami. V zmysle zadania bola projektovd dokumentdcia stavby spracovand aj v prostredi BIM s vytvorenim grafic-
kého 3D modelu a jeho naplnenim negrafickymi informdciami v poZadovanej podrobnosti.

ABSTRACT

The cut-and-cover Aviatickd tunnel will be part of the new construction of the Prague — Vdclav Havel Airport, forming a section of
railway track at the entrance to the underground station. The tunnel with a reinforced concrete structural frame will be built in an open
construction pit. Due to the cramped conditions of the construction site in the built-up area of the airport, the pit sides will be supported
by anchored vertical sheeting, soldier beam and lagging walls and pile walls. In the meaning of the assignment, the design documentation
of the construction was also processed in the BIM environment with the creation of a graphic 3D model and its filling with non-graphic

information in the required detail.

uvop

Novostavba Zelezninej stanice je jednou zo siboru stavieb
Zelezni¢ného spojenia hlavného mesta Prahy, letiska v Ruzyni
a Kladna. Je tieZ jednym z troch dsekov zabezpecujticich napoje-
nie letiska na stanicu metra NadraZi Veleslavin. Cielom realizicie
Zelezni¢ného spojenia medzi centrom Prahy, Kladnom a letiskom
Viclava Havla je zabezpecenie rychlej, pohodlnej a ekologicky pri-
jatelnej osobnej dopravy.

Zelezni¢na trat bude v tseku pred vstupom do podzemnej hibe-
nej stanice vedend v tuneli Aviatickd dizky 0,52 km, ktory je na-
vrhnuty ako dvojkolajny a budovany v otvorenej stavebnej jame
(obr. 1).

Objednavatelom stavby je Sprava Zeleznic, s.o. (stitni organi-
zace), projektantom METROPROJEKT Praha a.s., spracovatelom
projektovej dokumentacie pre tunel Aviaticka je DOPRAVOPRO-
JEKT, a.s. Bratislava.

HLAVNE PARAMETRE STAVBY

Hlavné parametre smerového
a vyskového vedenia trasy
 kolaj ¢. 1 je v tuneli v priamej a v obliku
R =340 m (s prevySenim 125 mm);
e kolaj €. 2 je v tuneli v priamej a v obliku
R =344 m (s prevySenim 125 mm);
 zdkladna osova vzdialenost kolaji v osi tune-
la je 4000 mm v priamej, v mieste kriZovania
kolaji je osova vzdialenost kolaji 4750 mm;
* kolaje €. 1 a 2 stupaju v sklone 0,25 % k vys-
kovému obliku v km 5,242.711, nasledne
stipaju v sklone 0,024 % aZ na koniec tseku.

Hlavné parametre tunela Aviaticka
* pocet tunelovych rar 1

e staniCenie zacCiatku tunela  km 4,932.098
¢ staniCenie konca tunela km 5,451.290
« celkova diZka tunela 519,192 m

e priecny rez 100,4-118,7 m?

INTRODUCTION

The new railway station construction is one of a set of
constructions forming railway connections between the capital
city of Prague, Ruzyné Airport and Kladno. It is also one of three
sections linking the airport to the Veleslavin metro station. The aim
of the railway connection between the centre of Prague, Kladno
and Vaclav Havel Airport is to ensure rapid, comfortable and
environmentally acceptable passenger transport.

In the section before entering the underground cut-and-cover
station, the railway line will run through the 0.52km long Aviaticka
tunnel, which is designed as a double-track structure built in an
open construction pit (see Fig. 1).

The project client is the Administration of Railways, s.o. (state-
owned organisation), METROPROJEKT Praha a.s. is the designer,
DOPRAVOPROJEKT, a.s. Bratislava is the processor of the design
documentation for the Aviatickd tunnel.

Obr. 1 Situdcia Zeleznicnej stanice Praha, letisko Viclava Havla s tunelom Aviatickd
Fig. 1 Plan of the Vdclav Havel airport Prague railway station with the Aviatickd tunnel
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Obr. 2 Priecny rez tunela Aviatickd v otvorenej stavebnej jame
Fig. 2 Cross section through the Aviatickd tunnel in an open construction pit

Vnitorné rozmery tunela st navrhnuté v silade s CSN 73 7508
Zelezni¢ni tunely tak, aby vyhovovali kombinovanému prierezu
tunela (obr. 2).

Zéakladna osova vzdialenost kolaji je 4000 mm a v smerovom
obluku sa zvySuje na 4750 mm. Vzdialenost osi kolaje od vonkaj-
Sich stien je 3200 mm v priamom smere a 3350 mm na vnutor-
nej strane smerového obluka, ¢im sa zabezpeci tnikova cesta na
oboch stranich tunela s minimalnou $irkou 1200 mm a minimal-
nou vyskou 2200 mm.

Zékladna svetld Sirka tunela je 10 400 mm, postupne sa zvicSuje
na 11 300 mm v smerovom obliku a 11 150 mm v priamom dseku
na konci useku v mieste kolajovych spojov. Svetla vyska tunela
od temena kolaje je 6,5 m. Svetld vySka tunela medzi spodnou
doskou a stropom je 7,5 m.

GEOLOGICKE A HYDROGEOLOGICKE PODMIENKY
STAVENISKA

Horninové prostredie, v ktorom bude tunel vybudovany, pozo-
stava z kvartérneho pokryvu a predkvartérneho podloZia (obr. 3).

Recentné navazky a kvartérne sedimenty maji mocnost celkom
3 az 4 m. Kvartérny pokryv je tvoreny sprasou a sprasovymi hli-
nami. Ide o zeminy prevazne flovitého charakteru. Miestami je
pokryv tvoreny deluvidlnymi sedimentmi, zeminami Strkovito-
hlinitého charakteru.

Predkvartérne podlozie je budované sedimentmi vrchnej kriedy
v bielohorskom suvrstvi (turon) — pies¢itymi sliefiovcami (opuka-
mi) so spongilitovymi vlozkami. Horniny podloZia nie su zvetrané
rovnomerne, stupeil zvetrania je lokdlne premenlivy a prechody
st vadsinou postupné. Uplne zvetrané horniny sa v zdujmovom
tizemi vyskytuji zriedkavo. Na vii¢Sine dizky dseku st horniny

MAIN CONSTRUCTION PARAMETERS

Main parameters of the alignment in plan and elevation
* track No. 1 in the tunnel is on a straight line and on a curve

R =340m (with superelevation of 125mm);

track No. 2 in the tunnel is on a straight line and on a curve

R = 344m (with superelevation of 125mm);

the basic axial distance of the tracks on the tunnel axis is

4000mm on a straight line, at the location of the track crossing

the axial distance of the tracks is 4750mm;

Tracks 1 and 2 incline at the gradient of 0.25% to the vertical

curve at km 5.242.711, then incline at 0.024% to the end of the

section.

Main parameters of the Aviaticka tunnel

* number of tunnel tubes 1

* tunnel beginning chainage = km 4.932.098
* tunnel end chainage km 5.451.290
* total tunnel length 519.192m

100.4-118.7m?

The internal dimensions of the tunnel are designed to suit the
combined cross-section of the tunnel in accordance with CSN
73 7508 Railway tunnels (see Fig. 2).

The basic distance between the tracks is 4000mm, increasing to
4750mm in the directional curve. The distance between the track
axis and the outer walls shall be 3200mm on a straight line and
3350mm on the inner side of the directional curve, providing an
escape route on both sides of the tunnel with a minimum width of

1200mm and a minimum height of 2200mm.

Cross section

The basic clear width of the tunnel shall be 10,400mm, gradually
increasing to 11,300mm on the directional curve and 11,150mm in
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the straight section at the end of
the section, at track crossovers.
The clearance height of the tunnel
from the top of rail shall be 6.5m.
The clearance height of the tunnel
between the bottom slab and the
roof is 7.5m.

GEOLOGICAL AND
HYDROGEOLOGICAL
CONDITIONS OF
CONSTRUCTION SITE

The rock environment in which
the tunnel will be built consists
of a Quaternary cover and pre-
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ot oznacenie vrstiev
designation of strata

Obr. 3 InZinierskogeologicky pozdliny profil tunela
Fig. 3 Engineering-geological longitudinal profile of the tunnel

v hornych vrstvach velmi az mierne zvetrané, scasti sypké, roz-
padnuté na dlomky s hlinitou vypliou, hlbsie st horniny navetrané
a zdravé, kusovito rozpadavé, vicSinou doskovité, miestami az la-
vicovito vrstevnaté.

Co sa tyka hydrogeologickych podmienok, podzemn4 voda ne-
bola zistend v Ziadnom z prieskumnych vrtov realizovanych v ram-
ci inZinierskogeologického prieskumu do hibky 20-25 m. Podla
archivnych vrtov moZno hladinu podzemnej vody ocakavat v hib-
ke cca 19-22 m pod terénom, ¢o je cca 10—13 m pod navrhovou
drovilou trate; pravdepodobne ide o mierne napétd puklinovu pod-
zemnu vodu, ktord sa vyskytuje v podloznych cenomanskych pies-
kovcoch. Druh4, len obCasnd a lokdlne premenlivd zvoden moze
byt doCasne vytvorend infiltraciou dazdovej vody do nadloznych
kvartérnych sedimentov.

Geotechnické podmienky staveniska a zloZitost stavby je mozné
charakterizovat nasledovne:

 geotechnické podmienky mozno hodnotit ako jednoduché;

« stavba je naro¢n4, hibka vykopu presahuje 3 m;

e stavba patri do 2. geotechnickej kategorie.

Co sa tyka zaradenia do tried taZitelnosti podla CSN 73 6133,
pokryvné utvary patria do triedy taZitelnosti I., mierne zvetrané
az navetrané piescité slienovce do triedy II., navetrané az zdravé
horniny s vlozkami spongilitov do triedy III. Zdravé kriedové hor-
niny (piescité slieflovce s polohami spongilitov) si horniny, ktoré
su tazko rozpojitelné. Pri vyskyte mohutnejsich lavic budd na ich
rozpojenie potrebné $pecidlne mechanizmy, napriklad impaktory.

TECHNICKE RIESENIE

Nosna konstrukcia tunela

Nosnu konstrukciu tunela tvori Zelezobeténovy monoliticky jed-
nopolovy rdm s doskovou stropnou konstrukciou s nabehmi v ro-
hoch ramu. Trieda beténu nosnej konstrukcie je C30/37 XF2, XC3
(CZ)-Cl10,4-D,  22,s maximdlnym priesakom vody 20 mm
podla CSN EN 12 390-8. VystuZ je navrhnutd triedy B500B.

Spodna zakladova doska ma hribku 800 mm. Steny maju tiez
konStantnd hribku 800 mm. Stropnd doska ma ndbehy, kde sa
hribka meni z 1200 mm pri stene na 900 mm smerom dovniitra.
Standardna dizka tunelovych nosnych blokov bude 12 m s pracov-
nymi Skdrami medzi blokmi (obr. 4). Tunelova konStrukcia bude
od nadvizujucich konstrukcii (oporné mury, stanica, inikova kon-
Strukcia) oddelend dilatacnymi Skdrami. Prvym blokom tunelovej
konstrukcie je portal tunela. Portél je navrhnuty v tvare zodpove-

dajicom prilahlym opornym mirom (obr. 5).

Quaternary bedrock (see Fig. 3).
Recent  made-ground  and
Quaternary sediments are 3 to
4m thick in total. The Quaternary cover is made up of loess and
secondary loess. These are soils of predominantly clayey character.
In places, the cover is formed by diluvial sediments, soils of gravel-
loam character.

The pre-Quaternary bedrock is built by sediments of the Upper
Cretaceous in the Belarusian series of strata (Turonian) — sandy marls
(Cretaceous marl) with spongolite interbeds. The bedrock rock is not
weathered evenly, the degree of weathering is locally variable, and
transitions are mostly gradual. Completely weathered rock is rare
in the area of interest. On the majority of the length of the section,
the rock in the upper layers is highly to slightly weathered, partly
granular, disintegrated into fragments with loamy filling of faults.
Deeper the rock is slightly weathered and fresh, with fragmentary
disintegration, mostly tabularly bedded, locally even heavily bedded.

As far as hydrogeological conditions are concerned, groundwater
has not been detected in any of the probe holes drilled within the
framework of engineering-geological survey to a depth of 20-25m.
According to archival holes, the groundwater table can be expected
at a depth of about 19-22m below the terrain, which is about 10—
13m below the design level of the track; It is probably a moderately
stressed fissure groundwater that occurs in underlying Cenomanian
sandstone. The second, only occasional and locally variable
aquifer, can be formed temporarily by infiltration of rain water into
overlying Quaternary sediments.

The geotechnical conditions of the construction site and the
complexity of the construction can be characterised as follows:

 geotechnical conditions can be assessed as simple ones;

e the construction is difficult, the depth of the trench exceeds 3m;

* the construction belongs to the 2™ geotechnical category.

As for the excavation classification according to CSN 73 6133,
cover formations belong to excavation class I, the moderately
weathered to slightly weathered sandy marlstone to class II, the
slightly weathered to fresh rock with spongolite interbeds to class III.
Fresh Cretaceous rock (sandy marlstone with spongolite interbeds)
is rock that is difficult to disintegrate. With the appearance of more
massive beds, special mechanisms, for example impactors, will be
needed to disintegrate them.

TECHNICAL SOLUTION

Structural frame of the tunnel

The structural frame of the tunnel is formed by a cast in-situ
reinforced concrete one-bay frame with a roof slab structure with
haunches on the frame sides. The grade of the bearing structure
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Obr. 4 Cast blokovej schémy tunela
Fig. 4 Part of the tunnel block diagram

Obr. 5 Vizualizdcia vjazdového portdlu tunela
Fig. 5 Visualisation of the tunnel entrance portal

Ochrana tunela pred vodou

Konstrukcia tunela je po celom obvode vybavend rubovou izo-
laciou na baze PVC f6lie s hriabkou 3,0 mm. Ochrannu vrstvu izo-
lacie bude tvorit ochranna geotextilia 500 g/m? a rohoZ z recyklo-
vanej gumy hrubky 50 mm. VonkajSie tesniace pasy z PVC budu
aplikované po celom obvode konStrukcie v pracovnych Skarach
medzi blokmi.

PozdlZne a priene tesniace pasy budi tvorit sektory izolacie,
ktoré budd vybavené injektiZnymi prvkami (flexibilné rarky
a priruby, injektaZne boxy na povrchu konstrukcie), ¢o umozni
dodatoc¢nu injektdz sektora v pripade poruchy izolacie. InjektaZne
prvky budi inStalované v stendch a stropnej doske.

Kedze hydroizolacia tunela je navrhnutd z PVC f6lie, zatial¢o
hydroizolacia objektov Zelezni¢nej stanice je navrhnutd na baze
modifikovanych asfaltov, bolo potrebné vyriesit detail ich styku.
Prechod sa rieSi pomocou $pecialnych prechodovych pasov z PVC

autor: dh architekti s.r.o. author: dh architekti s.r.o.

structure. The geometry of the portal
is designed to correspond to the
adjacent retaining walls (see Fig. 5).

Tunnel water protection

The tunnel structure is equipped
with external waterproofing based on
PVC film with a thickness of 3.0mm
around the entire circumference.
The waterproofing layer will consist
of a protective geotextile 500g/m?
and a mat made of recycled rubber
with a thickness of 50mm. External
PVC sealing gaskets will be applied
around the entire circumference
of the structure in the construction
joints between the blocks.

Longitudinal and transverse sea-
ling gaskets will form waterproofing
sectors, which will be equipped with
grouting elements (flexible tubes
and flanges, grouting boxes on the
surface of the structure), which
will allow additional grouting in
the sector in case of waterproofing
failure. Grouting elements will be
installed in the walls and the roof slab.

Since a PVC film is designed for the waterproofing of the tunnel,
while the waterproofing of the railway station objects is designed on
the basis of modified asphalt, it was necessary to solve the detail of
their contact. The transition is solved by means of special transition
strips made of PVC and asphalt, which are placed approximately
1 to 2m from the expansion joint between the objects. Protection of
the expansion joint is carried out using a sealing profile compatible
with sheet waterproofing.

'—"""'--.J;‘\L

CONSTRUCTION METHOD

Before the start of construction, preparatory operations are
carried out, the construction site surfaces and access roads are
built, and the infrastructural services conflicting with construction
are surveyed, protected or relocated.

The tunnel will be built in an open construction pit. The
construction pit will be excavated under the protection of anchored




a asfaltu, ktoré sa umiestnia priblizne 1 azZ 2 m od dilatacnej Skary
medzi objektmi. Ochrana dilatacnej Skdry sa vykona pomocou tes-
niaceho profilu kompatibilného s plo§nou izolaciou.

SPOSOB VYSTAVBY

Pred zacatim vystavby sa vykonaju pripravné prace, vystavba
ploch staveniska a pristupovych ciest a zabezpec¢i sa zameranie
inZinierskych sieti, ktoré s v konflikte s vystavbou, ich ochrana
alebo preloZenie.

Tunel sa bude budovat v otvorenej stavebnej jame. Stavebna
jama sa bude hibif pod ochranou kotvenych paZiacich konstruk-
cii a pilotovych stien odsadenych od budtcej konStrukcie tune-
la v kombindcii so svahmi zabezpecenymi strieckanym beténom
a klincami. Postup vystavby tunela je navrhnuty v etapach tak, aby
sa zachovala doprava na cestach, ktoré krizuje.

Stavebna jama je z lavej strany ohranicena zaporovym pazenim
so zvislymi ocelovymi prvkami profilu 1300 kotvenymi injekto-
vanymi horninovymi kotvami v troch az Styroch radoch. V dseku
subeznom s existujucim kolektorom sa zaporové paZenie realizuje
v dvoch stuptioch so zvislymi prvkami profilu 1280 a H140. Na
pravej strane je stavebna jama ohranicena zdporovym paZenim so
zvislymi ocelovymi prvkami profilu 1300 kotvenymi injektovany-
mi horninovymi kotvami v troch az Styroch radoch az po tusek
subezny s parkovacim domom ,,C*“. V useku parkovacieho domu
bude jama paZend velkopriemerovymi pilétami @ 1200 mm kot-
venymi injektovanymi horninovymi kotvami v dvoch trovniach.
V mieste premostenia kolektora sa vybuduju $tyri zaklady na sku-
pindch mikropil6t.

Trieda pevnosti betonu nosnej konstrukcie tunela sa navrhuje
C30/37. Zékladova doska hribky 800 mm bude vybudovand na
podkladovom beténe. Predpoklada sa, Ze zakladova Skara sa bude
nachddzat v prostredi hornin pevnostnej triedy R2, R3, R4 podla
inZinierskogeologického prieskumu. V pripade, Ze sa v zaklado-
vej Skare vyskytne nevhodnd zemina, alebo na zéklade obhliadky
a odpordcania prizvaného geoldéga bude tito zemina nahradena
Strkovym vanktdsom s minimélnou hribkou 300 mm. Na podkla-
dovy beton sa poloZzi povrchova hydroizoldcia chrdnend geotexti-
liou. Klin so zvislou stenou tvoriaci stratené debnenie pri betondzi
stien bude vybeténovany do vysky svahu a zabezpecCeny strieka-
nym beténom a klincami. Pred betondZou stien sa na beténovy
klin pomocou ter¢ov pripevni hydroizolacna vrstva. Beténova-
nie stropnej dosky bude poslednou etapou vystavby konStrukcie.
Konstrukcia dosky a stien bude chranena pred podzemnou vodou
pomocou hydroizolécie dosky, ktora bude napojena na hydroizo-
laciu spodnej Casti stien.
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sheeting structures and pile walls, offset from the future tunnel
structure, in combination with slopes stabilised by sprayed concrete
and nails. The tunnel construction process is designed at stages to
maintain traffic on the roads it crosses.

The construction pit is bounded from the left side by strutted
sheeting with I300-profile vertical steel elements anchored by
grouted rock anchors at three to four levels. In the section parallel
to the existing collector, the strutted sheeting is installed at two
stages, using 1280 and H140 vertical elements. From the left side,
the construction pit is bounded by strutted sheeting with vertical
steel elements from I300 profiles anchored by grouted rock
anchors at three to four levels. On the right side, the construction
pit is bounded by strutted sheeting with vertical 1300-profile steel
elements anchored by grouted rock anchors at three to four levels
up to the section parallel to the parking building “C”. In the section
of the parking building, the pit will be sheeted by large-diameter
piles @ 1200mm, anchored by grouted rock anchors at two levels.
At the point of the bridging of the collector, four foundation blocks
will be built on groups of micropiles.

C30/37 concrete strength grade is designed for the structural
frame of the tunnel. The 800mm thick bottom slab will be built
on blinding concrete. It is assumed according to engineering-
geological survey that the foundation base will be located in the
environment formed by rock with strength classes R2, R3, R4. In
the event that unsuitable soil occurs in the foundation base or when
the invited geologist recommends it on the basis of an inspection,
this soil will be replaced with a gravel cushion with a minimum
thickness of 300mm. Surface waterproofing membrane protected
by geotextile is laid on the blinding concrete. The wedge with the
vertical wall forming the sacrificial formwork during the concreting
of the walls will be filled with concrete up to the level of the top of
the slope, which will be stabilised by sprayed concrete and nails.
Before concreting the walls, a waterproofing layer will be attached
to the concrete wedge surface with roundels. Concreting the roof
slab will be the final stage of the construction of the structure. The
structure of the slab and walls will be protected from groundwater
with a waterproofing system, which will be connected to the
waterproofing of the lower part of the walls.

After the waterproofing and protective layers are completed, it
will be possible to continue to backfill the tunnel structure up to
the lower level of the vegetation stratum, using the ground from
the excavation of the construction pit for backfilling. The backfill
ground must be compacted, while the difference between the levels
of the backfill on the right and left sides of the structure must not
exceed 1.0m.

Measurements of deformations on the sheeting structures will
be carried out during the work on

the construction pit and the tunnel
structure as part of the geotechnical

lavy chodnik pravy chodnik . . - ) L.
left-side walkway right-side walkway monitoring until backfilling is fini-
TK20,000  TK 0,000 shed.
TK-0,172 TRto.otg T'R 0,000 TK-0,172
1% TR-0,172 TR-0,172
. . TUNNEL EQUIPMENT
] e) 00 IOOOO ] e .The Aviz.ltické tunnel is de-signed
@ (o]0 O000 with operational and safety equipment
! O 88 P 8800 © in accordance with the customer’s
\ p, requirements and valid regulations.

The trackwork in the tunnel consists
of a slab track (sleepers embedded in a

Obr. 6 Detaily chodnikov s chrdnickovymi trasami a kdblovou Sachtou
Fig. 6 Details of walkways with protective pipe routes and a cable shaft

concrete slab). The tunnel is equipped
with an electric catenary system.
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Po dokonceni hydroizolacie a ochrannych vrstiev bude mozné
pokracovat v zasypavani tunelovej konstrukcie az po spodnu uro-
vell vegetacnej vrstvy, pricom sa na spitny zasyp pouZije zemina
z vykopu stavebnej jamy. Zasypovd zemina musi byt zhutnena,
pricom vyskovy rozdiel medzi zdsypom na pravej a lavej strane
konstrukcie nesmie presiahnut 1,0 m.

Pocas vystavby stavebnej jamy a tunelovej konstrukcie az do jej
zasypania sa budd v rdmci geotechnického monitoringu vykonavat
merania deformacii na konstrukciach pazenia.

VYBAVENIE TUNELA

Tunel Aviaticka je navrhnuty s prevadzkovym a bezpecnostnym
vybavenim v zmysle poZiadaviek objednavatela a platnych predpi-
sov. Zelezni¢ny zvriok v tuneli je tvoreny pevnou jazdnou drahou
(podvaly zaliate v beténovej doske). Tunel je vybaveny elektric-
kym trakénym vedenim.

Chodniky v tuneli a tnikové cesty

Na oboch stranach tunela su tinikové cesty tvorené chodnikmi.
Pod pravym chodnikom st do betéonu uloZené kablové chranicky
v pocte 16 ks 110/94 mm a 2 ks 160/135 mm (obr. 6). Pod lavym
chodnikom su do beténu uloZené kablové chranicky v pocte 8 ks
110/94 mm a 2 ks 160/135 mm. V Zliabku pod lavym chodnikom
je uloZené poZiarne potrubie. Zlab je prekryty prefabrikovanymi
doskami. Kryty kablovych kanalov a Zlabov budu prefabrikované,
vyrobené z beténu C35/45. Na stendch tunela nad oboma chod-
nikmi sa nainStaluju madla, aby sa splnila poziadavka TSI SRT
(technicka Specifikacia pre interoperabilitu bezpecnosti v Zelez-
ni¢nych tuneloch).

V km 5,131.357 bude na pravej strane tunela nad tunelom vy-
budovany tnikovy objekt pre osoby unikajice na povrch. Je na-
vrhnuty ako hibena Zelezobeténovi Sachta so schodiskom. Objekt
bude od tunela oddeleny poziarnymi dverami, pricom jeho vnutor-
ny priestor bude vybaveny tlakovym vetranim.

Zachranné vykienky

V pravidelnej vzdialenosti 24 m si v stendch tunela vytvorené
zéchranné vyklenky s rozmermi podla ¢l. 6.3.8.2 CSN 73 7508,
Sfrka 2,0 m, hibka 0,75 m a vyska 2,2 m. Vyklenky sa umiestiiuji
oproti sebe po obidvoch stranich tunela, pricom st vzdy v strede
tunelového bloku. Niektoré zo zachrannych vyklenkov sliZia aj
ako umiestnenie poZiarneho hydrantu. Tieto si oznacené ako po-
ziarne vyklenky. Tvar poziarneho vyklenku je totoZny so zachran-
nym, pri¢om $irka sa zvic§ila na 2,4 m, aby sa zachoval priestor
zachranného vyklenku.

Na stenach tunela sa vyznacia smery a vzdialenosti uniku po-
mocou ndstreku, pri¢om medzi vyklenkami budi na stenich na-
malované orientacné pasy.

Kablové chranicky a niky v zakladovej doske a stenach
tunela

Kablové chranicky st navrhnuté v zékladovej doske medzi kéab-
lovymi kandlmi a od kablovych kanalov do stredu pevnej jazdnej
drahy k zabezpecovacim zariadeniam.

V stenach nosnej konstrukcie st navrhnuté chranicky, v ktorych
budu vedené kablové trasy od kablovych kanélov k prevadzkovym
svietidlam, zasuvkovym skriniam a dalSim zariadeniam v tune-
li. Okrem zvislych chréniciek si v kazdom bloku aj vodorovné
chranicky vedené k svietidlam. Vzhladom na moznost poSkodenia
chréaniciek pri betonaZi sa navrhuje rezerva v ich pocte. Pre zvislé
aj vodorovné kéablové trasy sa musi zabezpecit vzdy jedna nahrad-
na chranicka.

Walkways in the tunnel and escape routes

On both sides of the tunnel there are escape routes formed by
walkways. Under the right walkway, cable protection pipes in
the quantity of 16 pcs 110/94mm pipes and 2 pcs 160/135mm
pipes are laid in concrete (Fig. 6). Under the left walkway, cable
protection pipes in the quantity of 8 pcs 110/94mm pipes and 2 pcs
160/135mm pipes are laid in concrete. A hydrant water pipeline
is laid in a trough under the left walkway. The trough is covered
with prefabricated slabs. The covers of cable troughs and conduits
will be prefabricated, made of concrete C35/45. Handrails shall be
installed on the walls of the tunnel above both walkways in order to
meet the requirement of the SRT TSI (Technical Specification for
Safety Interoperability in Railway Tunnels).

At chainage km 5.131 357, an escape object for persons escaping
to the surface will be constructed on the right side of the tunnel
above the tunnel. It is designed as a sunk reinforced concrete shaft
with a staircase. The object will be separated from the tunnel by
a fire-check door, while its internal space will be equipped with
positive ventilation.

Rescue niches

At regular intervals of 24m, rescue niches are created in the
tunnel walls with dimensions according to cl. 6.3.8.2 of CSN
73 7508: the width of 2.0m, depth of 0.75m and height of 2.2m.
The niches are placed directly opposite each other on both sides of
the tunnel, always in the middle of the tunnel block. Some of the
rescue niches also serve as the location of a fire hydrant. These are
marked as fire protection niches. The shape of the fire protection
niche is identical to the shape of the rescue niche, with the width
increased to 2.4m to preserve the space of the rescue niche.

On the walls of the tunnel, the directions and distances of the
escape will be marked by spraying, with orientation strips painted
on the walls between the niches.

Cable protection pipes and niches in the tunnel bottom
slab and walls

Cable protection pipes are designed to be in the bottom slab
between cable conduits and further from the cable conduits to the
centre of the slab track to the interlocking system facilities.

In the walls of the structural frame protection pipes are designed
in which cable routes will run from cable conduits to operating
lamps, socket boxes and other devices in the tunnel. In addition to
vertical protection pipes, there are also horizontal protection pipes
in each block leading to the lighting fixtures. Due to the possibility
of damage to the protection pipes during concreting, a reserve in
their number is proposed. For both vertical and horizontal cable
routes, one piece of replacement protection pipe must be provided
at a time.

In the walls of the structural frame, niches are designed to
accommodate socket boxes, camera surveillance switchboards,
lighting control, FAD (fire alarm and detection system) buttons,
etc. In block 37, niches are designed on both sides of the track to
accommodate catenary line disconnectors.

Hydrant water supply for tunnel

In the tunnel, a dry hydrant water supply pipeline DN 100 is
designed in the trough under the walkway. The collection points
are designed as above ground hydrants with C52 bibcocks, located
in fire protection niches at a maximum spacing of 72m. A safety
valve shall be fitted on each outlet.

In the event of a fire, the hydrant water pipeline is automatically
filled based on a signal from the FAD. The hydrant water supply
shall be provided from a reservoir with an automatic water booster



V stendch nosnej konstrukcie st navrhnuté niky na umiestne-
nie zasuvkovych skriniek, na rozvddzace kamerového dohladu, na
ovladanie osvetlenia, na tlacidla EPS (elektrickej poZiarnej sig-
nalizacie) atd. V bloku 37 si na oboch stranédch trate navrhnuté
vyklenky na umiestnenie odpojovacov trakéného vedenia.

Zasobovanie tunela poziarnou vodou

V tuneli je v Zlabe pod chodnikom navrhnuty nezavodneny po-
ziarny vodovod DN 100. Odberné miesta si navrhnuté ako nad-
zemné hydranty s vypusStacimi ventilmi C52, umiestnené v po-
ziarnych vyklenkoch v maximélnej vzdialenosti 72 m od seba. Na
kazdom vytoku bude osadeny rychlozatvéraci ventil.

V pripade poZiaru sa poziarny vodovod automaticky plni na za-
klade signdlu z EPS. Zasobovanie poZiarnou vodou bude zabez-
pecené z poziarnej nadrze s automatickou tlakovou stanicou pri
portéli tunela v blizkosti vstupného priestoru. Pre potreby tunela
Aviatickd je zabezpecené mnoZstvo poziarnej vody Q = 1200 1/min
po dobu 60 mindt s vystupnym tlakom poziarnej vody 0,45 MPa
podla ¢&l. 6.3.11.3.2 CSN 73 7508.

Technologické vybavenie tunela

Tunel je vybaveny osvetlenim zahriiujicim prevadzkové osvet-
lenie na stendch tunela a nidzové osvetlenie inStalované v mad-
lach nad chodnikmi. Tunel je okrem toho vybaveny kamerami
bezpecnostného kamerového systému.

TVORBA MODELU TUNELA V PROSTREDI BIM

V zmysle zmluvného zadania mali byt Casti stavby vritane tune-
la a unikového objektu spracované v prostredi BIM. Spracovanie
modelu v BIM prostredi bolo zrealizované v troch fazach: vytvo-
renie 3D modelu stavebnych objektov, naplnenie modelu negra-
fickymi informdciami a exportovanie vymenného formatu IFC
(Industry Foundation Classes — otvorena medzinarodna norma pre
vymenu dat pre BIM).

Zakladnym cielom prac v reZime BIM bolo vypracovanie infor-
macného modelu celej stavby podla sutaznych podkladov, najmi
jednotlivych priloh Protokolu BIM, podla zdkladnych poZiada-
viek na Struktiru a ¢lenenie Informac¢ného modelu BIM. Cielom
projektu BIM bolo tiez preskimat informacné toky pocas projek-
tovych prac a pripravy Informacného modelu, t. j. nastavit opti-
malny spdsob komunikacie v rdmci projektového timu a zaroven
komunikacie medzi ¢lenmi projektového timu a zastupcami od-
bornych utvarov objedndvatela.
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pump station at the tunnel portal near the entrance area. For the
needs of the Aviaticka tunnel, the hydrant water supply rate Q =
1200L/min is provided for 60 minutes with the water discharge
pressure of 0.45MPa according to cl. 6.3.11.3.2 CSN 73 7508.

Operational equipment of the tunnel

The tunnel shall be equipped with lighting including operational
lighting on the tunnel walls and emergency lighting installed in
the handrails above the walkways. In addition, the tunnel shall be
equipped with cameras of the security camera system.

DEVELOPMENT OF TUNNEL MODEL IN THE BIM
ENVIRONMENT

According to the contract, parts of the construction, including
the tunnel and escape facility, were to be processed in the BIM
environment. The processing of the model in the BIM environment
was carried out in three phases: development of a 3D model of
construction objects, filling the model with non-graphic information
and exporting the exchange format of the IFC (Industry Foundation
Classes — an open international standard for data exchange for
BIM).

The basic objective of the work in the BIM mode was to elaborate
an information model of the entire construction according to
the tender documents, especially individual annexes of the BIM
Protocol, according to the basic requirements for the construction
and articulation of the BIM Information Model. The aim of the BIM
project was also to examine information flows during the work on
the design and preparation of the Information Model, i.e. to set the
optimal way of using communication within the designing team and
at the same time the communication between design team members
and representatives of the client’s professional departments.

Development of 3D model of the tunnel and the escape
object

The modelling of the cut-and-cover tunnel object was created
on the Bentley OpenRoads platform using line modelling with
the completion using non-corridor modelling tools (see Fig. 7).
Line modelling takes advantage of the creation of a cross section
template. The template is run along a guide line and thus creates
a 3D corridor. The guide line in the case of both the cut-and-cover
tunnel and the construction pit was represented by the geometry
of track axis No 1. The cross-section template is formed by points
that are connected to each other by the set ties. Individual points,

Vytvorenie 3D modelu tunela
a unikového objektu

Modelovanie objektu hibeného tunela
bolo vytvorené na platforme Bentley Open-
Roads pomocou liniového modelovania
s dokoncenim nastrojmi nekoridorového
modelovania (obr. 7). Liniové modelovanie
vyuziva vytvorenie Sablony prie¢neho rezu.
Ta je vedena po vodiacej linii a vytvara tym
3D koridor. Vodiacou liniou v pripade hibe-
ného tunela i stavebnej jamy bola geomet-
ria osi kolaje ¢. 1. Sablona prie¢neho rezu je
tvorena bodmi, ktoré st navzdjom prepoje-
né nastavenymi vidzbami. Jednotlivé body,
a tym aj cely tvar priecneho rezu, je preto
mozné po trase plynule menif a prispd-

sobovat  podmienkam  projektovaného
tvaru. Pomocou vodiacich ¢iar v situdcii

Obr. 7 Cast 3D modelu tunela s portdlom a prvkami zaistenia stavebnej jamy
Fig. 7 Part of 3D model of the tunnel with the portal and elements of the construction pit excavation support



33. rocnik - €. 2/2024

v spojeni s korektne nastavenymi vidzbami bodov tak bolo mozné
liniovym modelovanim vytvorit celkovy 3D tvar hibeného tunela so
zohladnenim premenlivej Sirky tunela, zmeny vysky chodnika pri
klopeni kolaje a vymodelovanim zéchrannych vyklenkov. Liniové
modelovanie bolo pouzité taktieZ pre poziarny vodovod, chranicky
a madlo. Vykop stavebnej jamy a striekany bet6n boli opét vytvore-
né liniovym modelovanim. Nasledne bolo doplnené zaistenie jamy,
kotvené zaporové pazenie, kotvené pilotové steny a klincovany
svah, a to klasickym nekoridorovym 3D kreslenim. Rovnako model
unikového objektu bol vytvoreny klasickym 3D modelovanim.

Napinenie modelu negrafickymi informaciami podla
poziadaviek BEP

Poziadavky na BIM model boli explicitne popisané v dokumente
BEP (BIM Execution Plan — Plin realizacie BIM), ktory pripravil
nositel zdkazky a odsuhlasil si ho s objednavatelom. Kazdému prv-
ku 3D modelu boli priradené negrafické informacie podla Datového
Standardu. Datovy Standard je zmluvny dokument, ktory stanovu-
je poziadavky objedndvatela na Digitdlny model stavby a v fiom
obsiahnuté a Strukturované data, v zavislosti na fiaze spracovania
diela.

Objekty tunela a stavebnej jamy boli podla BEP zadelené pod
Datovy $tandard Zelezni¢nych stavieb, tinikovy objekt pod D4-
tovy Standard Pozemnych stavieb. Parametre vlastnosti boli vy-
piiané v podrobnostiach definovanych podla Détovych §tandar-
dov, ktory urcoval pre kazdy stupeni projektovej dokumentécie
(DSP — dokumentacia pre realizaciu stavby, PDPS — projektova
dokumentécia pre realizaciu stavby) iné poziadavky. Zadavanie
negrafickych informacii do 3D modelu bolo vykonané na platfor-
me Bentley OpenRoads.

Export vymenného formatu IFC

Pre vytvorenie stiboru IFC bola pouZitd cloudové sluzba iTwin
od spolo¢nosti Bentley. Do nej boli nahraté 3D modely vytvorené
v OpenRoads vo formate DGN s pripojenymi negrafickymi infor-
maciami. Z vytvorenych iModelov na cloude iTwin boli vyexpor-
tované subory IFC. Tie boli na zaver expedované nahranim na
platformu ProjectWise.

ZAVER

Zaciatkom roku 2024 je pre stavbu Zelezni¢nej stanice Praha
— Letist¢ Véclava Havla vydané pravoplatné izemné rozhodnu-
tie a ocakdva sa aj vydanie stavebného povolenia. Pre stavbu je
uz spracovana aj projektova dokumentacia na realiziciu stavby.
V nadvéznosti na tento stav by mohol objednévatel stavby v krat-
kom Case zacat s obstardvanim stavebnych prac.
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and thus the entire shape of the cross-section, can therefore
be continuously modified along the route and adapted to the
conditions of the designed shape. Using the guide lines in situation
in conjunction with correctly set links between the points, it was
possible to create an overall 3D shape of the cut-and-cover tunnel by
line modelling, taking into account the variable width of the tunnel,
the change in the pavement height when the track is superelevated
and by the modelling of rescue niches. Line modelling was also
used for hydrant water supply, protective pipes and handrails. The
excavation of the construction pit and the sprayed concrete were
again created by line modelling. Subsequently, the pit securing, the
anchored strutted sheeting, the anchored pile walls and the nailed
slope were supplemented using classic non-corridor 3D drawing.
Likewise, the escape object model was created by classical 3D
modeling.

Filling the model with non-graphic information
according to BEP requirements

The requirements for the BIM model were explicitly described in
the BEP (BIM Execution Plan) document, which was prepared by
the public concern bearer and agreed with the client. Each element
of the 3D model has been assigned non-graphic information
according to the Data Standard. The Data Standard is a contractual
document that sets out the client’s requirements for the Digital
Model of the construction and the data contained and structured in
it, depending on the stage of the work processing.

According to BEP, the objects of the tunnel and the construction
pit were put under the Data Standard of Railway structures, the
escape object under the Data Standard of Building structures. The
parameters of the properties were filled in, in the details defined
according to the Data Standards, which determined different
requirements for each stage of design documentation (Final
Design, Detailed design). Entering non-graphic information into
the 3D model was performed on the Bentley OpenRoads platform.

Export of IFC inter-exchange format

Bentley’s iTwin cloud service was used to create the IFC file. 3D
models created in the OpenRoads in DGN format with attached
non-graphic information were uploaded to it. The IFC files were
exported from the created iModels on the iTwin cloud. They were
finally exported to the ProjectWise platform.

CONCLUSION

At the beginning of 2024, a valid land allocation permit has
been issued for the construction of the Prague — Viclav Havel
Airport railway station, and the issuance of a building permit is
also expected. The detailed design documentation has already been
prepared. In relation to this situation, the client for the project could
start to procure the construction work contractors in a short time.
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