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OD KONCEPTU K REALITE: VYSTAVBA PORTALOV TUNELA BIKOS
FROM CONCEPT TO REALITY: CONSTRUCTION OF BIKOS TUNNEL
PORTALS

MICHAL KREPELA, MATEJ GUZIK

ABSTRAKT

Tunel Bikos, siicast rychlostnej cesty R4 PreSov — severny obchvat, sliZi na prepojenie dialnice D1 a rychlostnej cesty R4, ¢im zabez-
pecuje dopravné odlahcenie mesta PreSov. Tunelové riiry sii navrhnuté ako jednosmerné. Projektovanie tunela prebehlo v niekolkych
projekcnych fdazach, ktoré zohladriovali dostupné poznatky o geologickej stavbe masivu a poZiadavky objedndvatela a neskor zhotovitelov.
DoleZitym aspektom bolo aj posiidenie geologickej skladby, ktord sa v oblastiach portdlov liSila, co sa prejavilo v odliSnych technickych
rieSeniach pre kaZdy z portdlov. Tieto rozdiely boli kliicové pri navrhovani stabilnych portdlovych objektov, pricom projekt zohladnil va-
riabilitu geologickych podmienok a implementoval adekvdtne konStrukcné metody.

ABSTRACT

The Bikos tunnel, part of the R4 expressway Presov — northern bypass, connects the D1 highway and the R4 expressway, thus relieving
traffic in the city of PreSov. Twin tunnels are designed for one-way traffic. The design of the tunnel took place in several design phases,
which took into account the available knowledge about the geological structure of the massif and the requirements of the client and the
contractors. An important aspect was also the assessment of the geological composition, which differed in the areas of the portals, which
was reflected in different technical solutions for each of the portals. These differences were key in the design of stable portal structures,

with the project taking into account the variability of geological conditions and implementing adequate construction methods.

TUNEL BIKOS

Tunel Biko$ sa nachddza na rychlostnej ceste R4 PreSov — se-
verny obchvat, ktord je sucastou severo-juzného dopravného pre-
pojenia rychlostnou cestou R4 v dseku Statna hranica Slovenska
republika / Polska republika — Vy$ny Komarnik — Milhost — §tét-
na hranica Slovenska republika / Madarska republika. Rychlostna
cesta zabezpeCuje prepojenie medzi dialnicou D1 a rychlostnou
cestou R4 Presov — Svidnik mimo existujici systém cestnej siete
a mimo mesto PreSov, s celkovym dopravnym odlahCenim mesta.
Tunel Bikos$ je tvoreny dvomi tunelovymi rdrami, lavou (zapad-
nou) a pravou (vychodnou), ktoré su trvalo prevadzkované jedno-
smerne. Tunel bol realizovany cyklickym razenim s rozpojovanim
horniny mechanicky a vrtnotrhacimi pracami. KonStrukcia raze-
nej Casti tunelovej rury tunela Biko$ pozostava z dvojvrstvového
ostenia s medzilahlou drendZnou a ochrannou vrstvou a ploSnou
hydroizolaciou. Sucastou tunela su tri priechodné priecne prepoje-
nia medzi tunelovymi rirami, sliZiace ako chrdnené tinikové cesty
a dva jednostranné niidzové zalivy (v kaZdej tunelove;j rire jeden).
Lavé tunelova rira (LTR) je dlzky 1144,5 m a prava tunelova rira
(PTR) je dizky 1164,5 m.

Orientécia trasy tunela je v osi juh-sever, podla ktorej sa rozlisu-
ju oznacenia portdlov tunela: juzny portél a severny portal.

Portélové objekty, ako aj samotny tunel, boli realizované zdruZze-
nim VAHOSTAV-SK — TuCon — R4 severny obchvat Presova. Stav-
ba bola obstardavana zmluvnym Standardom FIDIC cCervena kniha.

PROJEKCNE PRACE

Tunel Bikos bol projektovany v niekolkych projekénych fazach:

e technicka Stidia (TS) vypracovana spolo¢nostou DOPRAVO-
PROJEKT, a.s., 2002;

¢ dokumentécia stavebného zameru (DSZ) vypracovana spoloc-
nostou DOPRAVOPROIJEKT, a.s., 2002;

BIKOS TUNNEL

The Biko$ tunnel is located on the R4 expressway PreSov —
northern bypass, which is part of the north-south traffic connection
on the R4 expressway in the section Slovak Republic / Polish
Republic — Vys$ny Komarnik — Milhost — Slovak Republic /
Hungarian state border. The expressway provides a connection
between the D1 highway and the R4 PreSov — Svidnik expressway
outside the existing road network system and outside the city of
Presov, with overall traffic relief in the city. The Bikos tunnel consists
of two tunnel tubes, the left (west) and the right (east), which are
permanently operated for one-way traffic. The tunnel was realized
by conventional excavation with mechanical rock disintegration
and blasting works. The structure of the tunnel excavated
underground of the Biko§ tunnel consists of a double-shell lining
with an intermediate drainage and protective layer and sheet
waterproofing. The tunnel includes three cross-passages between
the tunnel tubes, serving as escape routes and two emergency bays
(one in each tunnel tube). The left tunnel tube (LTR) is 1144.5m
long and the right tunnel tube (PTR) is 1164.5m long.

The orientation of the tunnel route is in the south-north axis,
according to which the designations of the tunnel portals are distin-
guished: the southern portal and the northern portal.

The portals, as well as the tunnel, were realized by the asso-
ciation VAHOSTAV-SK — TuCon — R4 northern bypass of Presov.
The construction was procured according to the contract standard
FIDIC Red Book.

DESIGN
The Bikos tunnel was designed in several design phases:
* technical study (TS) developed by the company DOPRAVO-
PROJEKT, a.s., 2002;
 construction plan documentation (DSZ) prepared by the
company DOPRAVOPROJEKT, a.s., 2002;
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« dokumenticia pre tizemné rozhodnutie (DUR) vypracovani
spolo¢nostou HBH Projekt spol. s.r.o., 2008;
» dokumentécia pre stavebné povolenie (DSP) vypracovana spo-
lo¢nostou Basler & Hofmann Slovakia s.r.o, 2014;
e dokumenticia na ponuku (DP) vypracovania spolo¢nostou
Basler & Hofmann Slovakia s.r.o., 2017,
¢ dokumentécia na vykonanie prac (DVP) vypracovana spoloc-
nostou Basler & Hofmann Slovakia s.r.o., odovzdavana prie-
bezne pocas realizacnych prac 2019-2023;
e dokumentacia skuto¢ného realizovania stavby (DSRS) vypra-
covana spoloc¢nostou Basler & Hofmann Slovakia s.r.o., 2023.
Technické rieSenie portalovych objektov preslo medzi jednot-
livymi stupfiami projektovej dokumenticie viacerymi iterdciami
na zdklade podrobnejSich poznatkov o geologickej stavbe Gzemia
a tiez na zéklade poZiadaviek objednavatela a zhotovitelov vo faze
realizacie.

GEOLOGICKE A GEOTECHNICKE PODMIENKY JUZNEHO
PORTALU

Na zaklade vysledkov inZinerskogeologického a hydrologického
prieskumu bol predpoklad, Ze rozhodujuce prostredie (cca 60 %)
v oblasti hibenej &asti tunela a portalovych stien bude tvorit kom-
plex kvartérnych zemin v zastipeni ilov so strednou plasticitou
(tr. F6/CI) az ilov s vysokou plasticitou (tr. F8§/CH), tuhej aZ pevnej
konzistencie. Ily boli svetlo ZItasto hnedej farby, s lokdlnym vysky-
tom manganovych konkrécii. Hribka povrchovej vrstvy bola velmi
premenliva. Pohybovala sa v rozsahu od 6,5 m aZ po 10,6 m.

Pocas vykopovych prac v spodnej asti stavebnej jamy hibeného
tunela a portalovych stien sa vyskytlo predkvartérne podloZie, kto-
ré bolo tvorené komplexom paleogénnych hornin hutianského su-
vrstvia (centralnokarpatskd paleogénna panva). Pre tento komplex
je charakteristicka pritomnost ilovcov, ktoré su vo vrchnej Casti
dplne zvetrané, charakteru ilu so strednou plasticitou (tr. F6/CI),
pevnej konzistencie, s obsahom tlomkov flovca do 3-5 cm, ex-
trémne nizkej pevnosti (tr. R6), len lokédlne velmi nizkej pevnosti
(tr. R5).

Hrabka uplne zvetranych hornin bola v rozsahu 3,2 az 4,3 m.
Pod z6nou tplne zvetranych hornin vystupovali silno aZ stredne
zvetrané ilovce. V tejto polohe mal masiv vyraznd vrstevnatu tex-
tiru, s rozpadom na doskovité a Criepkovité tlomky do velkosti
5-10 cm. Pevnost tychto hornin bola velmi nizka (tr. RS). flovce

317,45 m.n.m,

313,82 m.n.m.,

1:' deluviélne ily a kamenito-ilovité sute
delluvial clays and stony clayey debris

l:l flovcové vrstvy s lokalnymi polohami pieskovcov (Ic >> Pc)
claystone layers with local sandstone layers (Ic >> Pc)

Obr. 1 Geologickd skladba juZného portdlu
Fig. I Geological structure of the southern portal
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* documentation for zoning decision (DUR) prepared by HBH
Projekt spol. s.r.o., 2008;

* documentation for building permit (DSP) developed by Basler
& Hofmann Slovakia s.r.o., 2014;

e tender documentation (DP) prepared by Basler & Hofmann
Slovakia s.r.o., 2017;

¢ detailed documentation for the construction (DVP) prepared
by the company Basler & Hofmann Slovakia s.r.o., submitted
continuously during the construction 2019-2023;

* As Built documentation (DSRS) prepared by Basler &
Hofmann Slovakia s.r.o., 2023.

The technical solution of the portals went through several
modifications between the stages of the project documentation, ba-
sed on more detailed knowledge of the geological structure of the
area and also based on the requirements of the client and contrac-
tors in the construction phase.

GEOLOGICAL AND GEOTECHNICAL CONDITIONS
OF THE SOUTHERN PORTAL

Based on the results of the engineering geological and hydrolo-
gical investigation, it was assumed that the majority of the ground
(approx. 60%) in the area of the excavated part of the tunnel and the
portal walls will be Quaternary soils represented by clays with me-
dium plasticity (tr. F6/CI) to clays with high plasticity (tr. F8/CH),
solid to firm consistency. The clays were light yellowish-brown
in color, with local occurrence of manganese concretions. The
thickness of the surface layer was very variable. It ranged from
6.5m to 10.6m.

During the excavation work in the lower part of the construction
pit of the excavated tunnel and the portal walls, a pre-Quaternary
subsoil was found, which was formed by a complex of Paleogene
rocks of the Hutian formation (Central Carpathian Paleogene basin).
This complex is characterized by the presence of claystone, which
are completely weathered in the upper part, of the nature of clay
with medium plasticity (class F6/CI), firm consistency, containing
fragments of claystone up to 3—5cm, extremely low strength (class
R6), only locally very low strength (class R5).

The thickness of completely weathered rocks was in the range of
3.2 to 4.3m. Under the zone of completely weathered rocks, stron-
gly to moderately weathered claystones emerged. In this position,
the massif had a distinct layered texture, with disintegration into
plate-like and sharp fragments up to 5-10cm in size. The strength
of these rocks was very low (class R5). The claystones were inter-
laced with silt. In this zone, the fragments were brown, filled with
iron oxides along the cracks. The extent of the weathering zone
was assumed to a depth of 20.0-22.0m depending on the tectonic
fault. The layers were mainly subhorizontal, with a direction to the
SW and a slope of 10-30°, significantly transversely intersected by
vertically oriented discontinuous cracks. At the time of the investi-
gation, the groundwater level was encountered at a level of 14.3m
below the ground which rose to a level of 9.5m below the ground.
Due to the nature, course of the subsoil and the inclination of the la-
yers, a more significant fluctuation of the groundwater level (HPV)
was assumed [1].

The results of the preliminary and detailed engineering geo-
logical investigation corresponded to the actual conditions on the
construction site (Fig. 1). During the realization of the cable
anchors, there was strong groundwater seepage, which had to be
mitigated.
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boli prevrstvené siltovitymi preplastkami. V tejto zéne boli tlomky
hnedé, po puklinach zatecCené oxidmi Zeleza. Dosah zony zvetrania
bol predpokladany do hibky 20,0-22,0 m v zavislosti od tektonic-
kého porusenia. UloZenie vrstiev bolo prevazne subhorizontélne,
so smerom skolu k JZ a velkosti sklonu 10-30°, vyrazne priecne
porusené v systémoch nepriebeznych na vrstevnatost kolmo orien-
tovanych puklin. V ¢ase prieskumu bola hladina podzemnej vody
narazend v drovni 14,3 m pod terénom a vystupila do trovne 9,5 m
pod terénom. Vzhladom na charakter, priebeh podloZia a tklon vrs-
tiev bolo predpokladané vyraznejSie kolisanie hladiny podzemnej
vody (HPV) [1].

Vysledky orientacného a podrobného inZinierskogeologického
prieskumu zodpovedali skutocne zachytenym podmienkam na
stavbe (obr. 1). Pocas realizacie lanovych kotiev sa vyskytli silné
vyvery podzemnej vody, na ktoré bolo potrebné reagovat.

TECHNICKE RIESENIE JUZNEHO PORTALU

JuZny portal bol budovany v dvoch krokoch. Ako prvé boli reali-
zované hrubé terénne tpravy s do¢asnym zaistenim stavebnej jamy.
Po prerazeni tunela a betonaZi hibeného tunela sa zacalo s realiza-
ciou definitivneho portélu.

Hrubé terénne tpravy (obr. 2) su tvorené svahovanou stavebnou
jamou s roznymi sklonmi vykopu 1:1,75 az 3:1. Zarezy v sklone 3:1
boli navrhnuté s maximélnou vyskou 3,0 m a predelené lavickami
Sirky 0,9 m az 1,5 m. Sti¢astou portalu je aj zarez pre technologickui
centralu, ktord je zaloZend v priestore portalu. Zabezpecenie sta-
bility svahov v sklone 3:1 bolo navrhnuté spésobom ,.klincovanej
zeminy* s vrstvou striekaného beténu, v kombindcii s doCasnymi
lanovymi kotvami a kotevnymi prahmi osadenymi na lavickdch.

Obr. 2 Realizdcia hrubych terénnych tiprav juného portdlu
Fig. 2 Realization of hard landscaping of the southern portal
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TECHNICAL SOLUTION OF THE SOUTHERN PORTAL

The southern portal was built in two steps. First, hard landsca-
ping was carried out with temporary support of the construction
pit. After tunnel excavation breakthrough and casting the tunnel
final lining of the cut and cover tunnel the construction of definitive
portal structure began.

Hard landscaping (Fig. 2) consists of a sloped construction pit
with different excavation slopes of 1:1.75 to 3:1. Cuts with a 3:1
slope were designed with a maximum height of 3.0 m and divided
by benches 0.9m to 1.5m wide. Part of the portal is also an exca-
vation for the technological room, which is built at the portal. The
stability of the slopes in the 3:1 slope was ensured by soil nailing
with a layer of sprayed concrete, in combination with temporary
cable anchors and anchor waling installed on benches.

The support was as follows:

 sprayed concrete class C20/25, 20cm thick;

¢ welded mesh in two layers @ 8/8-150/150, B500 B;

e ground nails from rebars @ 28, B500 B in a grid of 1.5m X
1.5m, in a borehole @ 110mm, length 6-8m;

e drainage of sprayed concrete using PVC pipes @ 100mm,
length 300mm, grid 1.5 x 2.0m;

e temporary cable anchors 3 @ Lp15.2mm and 5 @ Lp15.2mm,
Y 1860, in borehole @ 156mm, length 21/9m to 28/10m, Po
250-560kN.

In the tender documentation, monolithic reinforced concrete an-
chor waling cast in situ from class C 25/30 concrete [2] were con-
sidered. To save the construction time, were these DVP replaced by
prefabricated ones. Due to the sensitivity of prefabricated anchor
waling to the unevenness of the base, it was necessary to apply

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.




Obr. 3 Realizdcia definitivneho juZného portdlu
Fig. 3 Realization of the definitive structure of the southern portal

Pouzité prvky zaistenia su nasledovné:

e striekany beton triedy C20/25 hribky 20 cm;

e zvarané siete v dvoch vrstvach @ 8/8—150/150, B500 B;

e zemné klince z betonarskej vystuze @ 28, B500 B v rastri
1,5m x 1,5m, do vrtu @ 110 mm, dizky 6-8 m;

* odvodnenie strickaného beténu pomocou rurok PVC
@ 100 mm diiky 300 mm, raster 1,5 x 2,0 m;

e docasné lanové kotvy 3 @ Lpl52 mm a 5 @ Lpl5,2 mm,
Y 1860, do vrtu @ 156 mm, diiky 21/9 m az 28/10 m, Po
250-560 kN.

V dokumentécii na ponuku bolo uvaZzované s monolitickymi Ze-
lezobeténovymi kotevnymi prahmi beténovanymi na mieste z be-
ténu triedy C 25/30 [2]. Pre tsporu Casu potrebného na realizaciu
boli tieto v DVP nahradené za prefabrikované. Vzhladom na citli-
vost prefabrikovanych kotevnych prahov na nerovnosti podkladu
bolo potrebné tesne pred osadenim prefabrikatov do ich polohy
naniest na podklad kontaktnd vrstvu striekaného betoénu a pripad-
né medzery medzi portdlovou stenou a prefabrikdtom dodatocne
osetrit liatym beténom tak, aby bola dosiahnuta rovnhomerna a plna
kontaktna plocha [3].

Vzhladom na vysoku heterogenitu a zavodnenost geologického
prostredia sa pocas predpinania lanovych kotiev K30, K31, K34
a K36 na II. kotevnej drovni nepodarilo dosiahnut projektom sta-
novené skiSobné sily. Kotvy museli byt nahradené novymi, ktoré
boli realizované do kotevnych prahov s upravenou geometriou zo
striekaného beténu v mieste pod nevyhovujicimi kotvami [3].

Definitivna tprava juzného portalu tunela Bikos (obr. 3) pozosta-
va zo zasypu hlbenych &asti tunela, ktory bol navrhnuty v sklone
1:1,5 a v mieste medzi tunelovymi rdrami v sklone 1:1,25. Zasyp
bol realizovany postupnym zasypavanim po vrstvich maximélnej
hribky 0,3 m az po uroven pdvodného terénu. Jednotlivé vrstvy
boli zhutiiované v smere osi rychlostnej cesty, nikdy nie kolmo na

tunel. V blizkosti tunelovych rur (minimélne 1,5 m od ich rubu)
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zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

a contact layer of sprayed concrete to the base just before placing
the prefabs in their position, and any gaps between the portal wall
and the prefab should be additionally treated with cast concrete in
order to achieve a uniform and full contact surface [3].

Due to the high heterogeneity and ground water saturation of
the geological environment, the cable anchors K30, K31, K34 and
K36 of II. level failed to reach the design forces specified by the
project. The anchors had to be replaced with new ones, which were
installed into shotcrete anchor waling of modified geometry in
location below the failed anchors [3].

The finishing works of the southern portal of the Bikos tunnel (Fig.
3) consists of backfilling the cut and cover parts of the tunnel, which
was designed at a slope of 1:1.5 and in the place between the tunnel
tubes at a slope of 1:1.25. Backfilling was carried out by gradual
backfilling in layers with a maximum thickness of 0.3m up to the
level of the original terrain. The individual layers were compacted
in the direction of the expressway axis, never perpendicular to the
tunnel. In the vicinity of the tunnel walls (at least 1.5m from the
walls back side), compactors without dynamic impact, or with
minimal dynamic impacts, were used. During backfilling on the
right and left sides of the LTR or PTR a maximum height difference
of 0.3m between the levels was allowed. Local materials suitable
and conditionally suitable for the embankment according to STN
73 6133 were used as backfill material. Simultaneously with the
construction of the tunnel, the drainage backfill of the tunnel was
also built, which ensures the consistent drainage of soaked rainwater
from the body of the backfill. The drainage backfill was separated
from the rest of the backfill by geosynthetics, which prevents fines
from washing out and thus clogging the drainage backfill. A clay
layer was placed in the lower part of the backfill, which is sloped
towards the tunnel drainage.

On the backfill of the tunnel and on the portal slopes, which were
not secured with sprayed concrete and other supports, a quarry
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boli pouzité zhutiiovacie prostriedky bez dynamickych ucinkov,
pripadne s minimalnymi dynamickymi t¢inkami. Pocas realizacie
zasypu na pravej a lavej strane LTR resp. PTR bol medzi Groviiami
pripustny maximalny vySkovy rozdiel 0,3 m. Ako zasypovy mate-
ridl boli pouzité miestne materidly vhodné a podmienecne vhodné
do nasypu podla STN 73 6133. Sucasne s budovanim tunelovych
rir bol budovany aj drendzny obsyp tunela, ktory zabezpecuje
dosledné odvedenie presiaknutych zrazkovych vdd z telesa zasypu.
Drenédzny obsyp bol odseparovany od ostatnej Casti zadsypu sepa-
racnou geosyntetikou, ktora zabratuje vyplavovaniu jemnych Casti
a tym zanasaniu drendZneho obsypu. V spodnej Casti zasypu bolo
zhotovené ilové tesnenie, ktoré je spadované smerom k drendZi tu-

nela.

Tuel

stone cladding of min. 0.7m thick was placed. The quarried stone
pile at the site of the portal was placed gradually with backfilling of
the portal so that the height difference between the working level of
backfill and the upper level of the stones was a maximum of 1.5m.
The stones were arranged in such a way as to form a smooth face
structure. It was designed with the following parameters:

e grain size class CP90/250 (STN EN 13383-2);

¢ breaking resistance CS60 (STN EN 1926);

e resistance to freezing and thawing FTA (STN EN 13383-2);

* bulk density >2.3Mg/m? (STN EN 13383-2);

e absorbency <0.5% wt. (STN EN 13383-2).

At the intersection of the tunnel with the backfill, a quarry stone
lining in C20/25 concrete was designed.

The upper part of the backfill of the portal,

where the stones were not placed, was cove-
red with humus and grassed.

P <@gy~
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i Part of the final design of the portal was
also a gutter made of concrete prefabs at top
of portal (Fig. 4).

GEOLOGICAL AND GEOTECHNICAL
CONDITIONS OF THE NORTH PORTAL

The northern portal of the Biko$ tunnel is
situated on a steep slope, the morphology of
which is influenced by the incision of the To-
rysa river valley and the shaping of the slope.

The right-hand slope was significantly dis-

hibeny tunel
cut-and-cover tunnel

ostenie razeného tunela
lining of the bored tunnel

1 kotevné prahy s lanovymi kotvami 5 drenazny obsyp tunela

1 anchor waling with cable anchors 5 tunnel drainage backfill

2 striekany betén so zemnymi klincami 6 zhutneny spatny zasyp

2 shotcrete with soil nails 6 compacted stone backfill

3 pdvodna zemina 7 nahédzka z lomového kamenia
3 original soil 7 quarry stone embankment

4 8

4 8

turbed by slope movements. The most promi-
nent movements were caused by the system
of NW-SE extensional faults, which were
the continuation of the faults that bounded
the NW peak of the Biko§ massif. Combined
slope deformations also damaged the eastern
slope of the valley behind the erosion line, as
well as the western slope of the valley from
the portal. It was assumed that the massif
would be loose in the northern portal, but also
in the first 50 meters of the tunnel.

Obr. 4 PozdlZny profil juzného portdlu
Fig. 4 Longitudinal section of the southern portal

Na zasype tunela a na portalovych svahoch, ktoré neboli zais-
fované striekanym beténom a ostatnymi zaistovacimi prvkami,
bola realizovana nahadzka z lomového kamena min. hrabky 0,7 m.
Nahddzka z lomového kamena bola v mieste portdlu realizovana
postupne so zasypavanim portdlu tak, Ze vySkovy rozdiel medzi
pracovnou uroviiou hutnenia zasypu a hornou troviiou kamennej
nahadzky bol maximalne 1,5 m. Kamenna nahadzka bola urovnana
tak, aby tvorila plynuld pohladovi Strukturu. Bola navrhnuta s na-
sledujicimi parametrami:

e trieda zrnitosti CP90/250 (STN EN 13383-2);

* odolnost proti lamaniu CS60 (STN EN 1926);

e odolnost proti zmrazovaniu a rozmrazovaniu FTA (STN

EN 13383-2);

e objemovéa hmotnost > 2,3 Mg/m? (STN EN 13383-2);

¢ nasiakavost < 0,5 % hmot. (STN EN 13383-2).

V mieste prieniku tunelovych rir so zdsypom bolo navrhnuté ob-
loZenie lomovym kameniom do beténu C20/25.

Vrchna Cast zasypu portélu, kde nebola realizovana kamenna na-

hadzka, bola zahumusovana a zatravnena.

The surface layer — the quaternary cover

— was made up of deluvial slope sediments,

characterized by clays with admixture of

fragments forming a clayey debris containing variously oriented

sharp-edged fragments, mainly of sandstone. The thickness was
approximately 0.7—1.6m.

Beneath the deluvium layer there was a Paleogene formation of
sandstones and claystones, which in the surface layer was strongly
weathered to weathered, localy decomposed.

The thin-plated to thick-plated bedding joints of the sandstone
were filled with clay of a hard to soft consistency. The sandstone
layers were broken into fragments up to blocks up to 200-400mm,
rarely over 200mm, in a system of transverse cracks. Most of the
cracks were open without clay filling. The most prominent was the
loosened surface zone of sandstones to a depth of 3—4m.

Laminated to thin-plated layers of claystones were locally
weathered to varying degrees, with strong weathering even to
a depth of 7.0-8.0m, and locally altered.

The ratio of claystone to sandstone was variable.

Diluvial sediments were very poorly permeable, depending on
the amount of fine-grained fraction, with permeability class VIIL

Geotechnical evaluation and division of the massif into
geotechnical types:
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Sucastou definitivnej tpravy portalu bol aj nadzarezovy Zlab e Quaternary: diluvial clays and gravelly-clay debris, tr. F2/

z betoénovych prefabrikatov (obr. 4). CG;
~ B ~ * Paleogene: claystone-sandstone layers with a predominance

GEOLOGICKE A GEOTECHNICKE PODMIENKY SEVERNEHO of claystones, tr. R3, R2-R3;
PORTALU claystone-sandstone layers with a predominance

Severny portdl tunela Bikos je situovany v strmom svahu, kto- of sandstones, tr. R3-R4, R4-R5;
rého morfolégia je ovplyvnena zarezdvanim tdolia rieky Torysa sandstone layers, with local layers of claystones,
a formovanim svahu. tr. R2, R2-R3.

Pravostranny svah bol vyrazne poruseny svahovymi deformécia- The hydrogeological properties of the Paleogene flysch for-

mi. Najvyraznejsi podiel mal systém extenznych zlomov SZ-JV, mation were mainly characterized by fissure permeability with
ktoré boli pokracovanim zlomov, ktoré podmienili a ohrani¢ili SZ | a quite negligible proportion of intergranular permeability. The
vybeZok masivu BikoS. Kombinovanymi svahovymi deformdacia- | gradual closing of fissures in depth resulted in the creation of
mi bol poruseny aj vychodnejsi svah udolia za eréznou ryhou, ale groundwater circulation conditions without more significant hyd-
aj zapadny svah udolia od portalu. Predpokladalo sa rozvolnenie | rogeological layer-type collectors. Groundwater circulation was

masivu v severnom portdli, ale aj v prvych 50-tich metroch tunela. concentrated primarily in the subsurface zone and, to a lesser
Povrchovu vrstvu — kvartérny pokryv tvorili deluvidlne svahové extent, in subvertical steep fracture zones and zones of inten-

sedimenty, charakteru ilov s primesou tlomkov aZ sut flovitd s ob- se cracking with a genetic and spatial relationship to the course

sahom r6zne orientovanych ostrohrannych ulomkov, najmi pies- of tectonic faults. These represent hydraulic paths for the move-

kovca. Mocnost bola priblizne 0,7-1,6 m. ment of groundwater to a greater depth. It was assumed that the
Pod vrstvou delivia sa nachadzalo paleogénne suvrstvie pies- aquifer was bound to a system of open fissures of mainly tectonic

kovcov a ilovcov, ktoré bolo v povrchovej vrstve silne zvetrané az failures [1].

zvetrané, ojedinele rozloZené. The results of the preliminary and detailed engineering geolo-

Tenkodoskovité az hrubolavicovité vrstevné skary pieskovca boli gical investigation corresponded to the conditions encountered at
vyplnené ilom tuhej azZ mikkej konzistencie. Pieskovcové vrstvy | the construction site. Groundwater did not occur during excavation
sa rozvoliiovali na tlomky aZ bloky do 200400 mm, ojedinele (Fig. 5).
nad 2 000 mm, v systéme prieCnych puklin. VicSina
puklin bola otvorené bez vyplne ilu. NajvyraznejSia
bola rozvolnend povrchové zéna pieskovcov do hib-
ky 3-4 m.

Laminované aZ tenkodoskovité vrstvy ilovcov boli
selektivne zvetrané v rdznom stupni, so silnym zvet-
ranim aj do hibky 7,0-8,0 m, lokélne a7 rozloZené.

Pomer ilovca a pieskovca bol premenny.

Deluvidlne sedimenty boli v zavislosti od mnoz-
stva jemnozrnnej frakcie velmi slabo priepustné,
s triedou priepustnosti VIII.

Geotechnické hodnotenie a rozdelenie masivu do
geotechnickych typov:

o kvartér:  deluvidlne ily a kamenito-ilovité

sute, tr. F2/CG;

e paleogén: ilovcovo-pieskovcové vrstvy s pre-
vahou ilovcov, tr. R3, R2-R3;
ilovcovo-pieskovcové vrstvy
s prevahou pieskovcov, tr. R3-R4,
R4-RS5;
pieskovcové vrstvy, s lokdlnymi
polohami ilovcov, tr. R2, R2-R3.

Hydrogeologické vlastnosti flySovej forméacie pa-
leogénu boli charakterizované prevazne puklinovou
priepustnostou s celkom zanedbatelnym podielom
medzizrnovej priepustnosti. Postupné uzatviranie
puklin do hibky malo za nasledok vytvorenie podmie-
nok obehu podzemnej vody bez vyznamnejSich hyd-
rogeologickych kolektorov vrstvového typu. Obeh
podzemnej vody sa sustredoval predovSetkym do
pripovrchovej zony a v mensej miere do subvertikél-
nych strmych puklinovych z6n a pasiem intenzivne-
ho rozpukania s genetickym a priestorovym vztahom

k priebehu tektonickych portich. Tie predstavuji hyd-  opy. 5 Geologickd skiadba severného portdlu
raulické cesty pre pohyb podzemnych vdd do vicSej  Fig. 5 Geological structure of the northern portal

deluvialne ily a kamenito-ilové sute
deluvial clays and stony clayey debris

flovcovo-pieskovcové vrstvy s prevahou iloveov (Ic > Pc)
claystone-sandstone layers with claystones predominance (Ic > Pc)

flovcovo-pieskovcové vrstvy s prevahou pieskovcov (Pc > Ic)
claystone-sandstone layers with sandstone predominance (Pc > Ic)

pieskovcové vrstvy s lokalnymi polohami ilovcov (Pc >> Ic)
sandstone layers with local claystone layers (Pc >> Ic)
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=
/=
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hibky. Predpokladalo sa zvodnenie viazané na systém otvorenych
puklin prevazne tektonického porusenia [1].

Vysledky orientacného a podrobného inZinierskogeologického
prieskumu zodpovedali skutocne zachytenym podmienkam na
stavbe. Podzemna voda sa poc¢as zemnych prac nevyskytla (obr. 5).

TECHNICKE RIESENIE SEVERNEHO PORTALU

Stavebnd jama v ¢asti hibeného tunela bola rozdelen4 na tri etdZe
(obr. 6). Bo¢né svahy pokracuju v smere stani¢enia v dvoch eta-
Zach a plynule sa napdjaju na svahy prilahlych objektov. V ramci
kaZdej etdZe bolo hibenie realizované etapovite. Po betondZi hibe-
ného tunela bol realizovany definitivny portal.

Svah prvej etdZe Celnej portalovej steny bol navrhnuty v sklone
2:1. KedZe je v oblasti severného portélu strmy terén, bolo potreb-
né v prvej fize vykopovych prac (hibenie od prieniku s terénom)
zabezpecit dostato¢nu Sirku pracovnej ploSiny v pite vykopu. Svah
bol hibeny a nasledne zaistovany postupne po etapéch so zvysenou
opatrnostou. Maximalna hibka nezaisteného svahu portilovej steny
bola 2,0 m, prva troven hibenia max. 3,0 m. Zaistenie 1. etdZe bolo
navrhnuté formou ,,klincovanej zeminy*.

Pouzité prvky zaistenia sd nasledujtice:

« striekany beton triedy C25/30 hribky 15 cm;

e zvarané siete v jednej vrstve @ 8/8-150/150, B500 B;

e zemné klince z betonarskej vystuze @ 28, B500 B v rastri

1,5m x 1,5 m, do vrtu @ 130 mm, dizky 54 m;
e odvodnenie strickaného beténu pomocou rirok PVC
@ 100 mm dizky 0,5 m, 1 ks/4 m>.

Tuel

TECHNICAL SOLUTION OF THE NORTHERN PORTAL

The construction pit of the cut and cover tunnel was divided into
three levels (Fig. 6). The sloped sides continue in the direction of
the stationing in two levels and smoothly connect to the adjacent
slopes. Within each level, excavation was carried out in stages.
After concreting the excavated tunnel, the definitive portal structure
was built.

The slope of the first level of the front portal wall was designed
with a slope of 2:1. Since there is a steep terrain in the area of the
northern portal, it was necessary to ensure a sufficient width of the
working base at the foot of the excavation in the first phase of the
excavation works (excavation starting at the intersection with the
terrain). The slope was excavated and then secured gradually in
stages with caution. The maximum height of the unsupported slope
of the portal wall was 2.0m, the first level of excavation max. 3.0m.
Support of the 1% level was provided by soil nails.

The support was as follows:

» sprayed concrete class C25/30, 15cm thick;

¢ welded mesh in one layer @ 8/8—-150/150, B500 B;

e s0il nails from rebars @ 28, B500 B in a grid of 1.5m x 1.5m,

in a borehole @ 130mm, lengths 5—4m;

e drainage of sprayed concrete using PVC pipes @ 100mm,

length 0.5m, 1 pc/4m?.

The entire height of the 1% level was covered with gabion baskets.
The cladding was designed as a architectural face, without a static
function. In the tender documentation, gabions from a double-twist
wire mesh, cascaded on a gravel bed, were considered [2].

Before  construction, the proposal was

26,68 m

3 zaistenie 3. etdze striekanym beténom
a zemnymi klincami

3 stabilization of the 3 level with shotcrete and soil
nails

1 zaistenie 1. etdZe striekanym betonom, 4 vystuzeny nasyp definitivneho portalu
zemnymi klincami a gabionovym obkladom s gabionovymi tvarnicami
1 stabilization of the 1! level with shotcrete, 4 reinforced fill of the definitive structure
soil nails, and gabion cladding with gabion blocks
2 zaistenie 2. etdze zemnymi klincami 5 hibeny tunel
a systémom Krysmer 3D 5 cut-and-cover tunnel
2 stabilization of the 2" level with soil nails . ) .
and the Krysmer 3D system 6 pdvodn zemina
6 original soil

re-evaluated. Gabion baskets were designed from
welded mesh. They were laid inclined with the cut
slope and placed on monolithic concrete strips. The

- modified placing of the baskets enabled the vertical
E|NC dilation of expansion units, thus preventing adverse
E» ,q_’ ?1_: deformations of the structure, which were caused by
— the tunnel underground excavations [3].

The parameters of the cladding structure are as
ElN g follows:
2 ?Z * baskets made of welded mesh measuring 0.5 x

0.5m;
— e wire spacing min. 100 x 50mm (front panel),
100 x 100mm (other panels);

i ¢ wire diameter 4mm;
Co) £3 e anti-corrosion protection 90% Zn + 10% Al,
S 350g/m? (STN EN 10244-2);

e unit weight of filling: > 23kN/m?* (STN EN
4 13383-2);

filler grain class CP90/180 (STN EN 13383-2);
* breaking resistance CS80 (STN EN 1926);
absorbency of the filler < 0.5% by weight (STN
EN 13383-2).

To level the surface of the sprayed concrete,
a gravel layer 100mm thick, fractions 16-32mm, was
placed on the back of the gabion baskets, provided
with a filter-separation geotextile and a filter-
drainage geocomposite with a polypropylene 3D
core with a filter geotextile on the top and bottom.

The second level of the portal wall and side slo-
pes was excavated at a 1:1 slope, in stages, with

Obr. 6 PozdlZny profil severného portdlu
Fig. 6 Longitudinal section of the northern portal

a maximum excavation depth of 2.0m before support
installation. An anti-erosion geomat designed from
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Na celu vysku 1. etdze sa realizoval
obklad z gabionovych kosov. Obklad
bol navrhnuty ako pohladovd kon-
Strukcia, bez statickej funkcie. V do-
kumentécii na ponuku bolo uvazované
s gabionmi z dvojzadkrutovej siete,
kaskddovo ukladanymi na Strkové
16zko [2].

Pred realizaciou bol navrh prehod-
noteny. Gabionové koSe boli navrh-
nuté zo zvaranych sieti. Ukladané
boli v sklone zarezu a zaloZené na
monolitické beténové pasy. Upra-
veny spOsob zakladania a ukladania
koSov umoznil vertikdlny pohyb dila-
tacnych celkov, ¢im sa predchadzalo
nepriaznivym  deformécidm  kon-
Strukcie, ktoré boli vyvolané razenim
tunelovych rur [3].

Parametre obkladovej konstrukcie
su nasledujuce:

 kosSe zo zvéranych sieti rozme-
rov 0,5 x 0,5 m;

e oko min. 100 x 50 mm (¢elny
panel), 100 x 100 mm (ostatné
panely);

e priemer drotu 4 mm;

e protikorézna ochrana 90 % Zn
+ 10 % Al, 350 g/m? (STN EN
10244-2);

e objemova hmotnost vyplne:
> 23 kN/m? (STN EN 13383-2);

e trieda zrnitosti vyplne CP90/180
(STN EN 13383-2);

* odolnost proti lamaniu CS80
(STN EN 1926);

* nasiakavost vyplne < 0,5 %
hmotnosti (STN EN 13383-2).

Na vyrovnanie povrchu striekané-

ho beténu bola na rube gabionovych
koSov umiestnend S$trkovd vrstva
hribky 100 mm, frakcie 16-32 mm,
opatrend filtraCno-separacnou geotextiliou a filtra¢no-drendZnym
geokompozitom s polypropylénovym 3D jadrom s filtracnou
geotextiliou na vrchnej aj spodnej strane.

Druhd etdZ portilovej steny a bocnych svahov bola hibena

v sklone 1:1, po etapéch, s maximalnou hibkou vykopu 2,0 m pred
zaistenim. Na svah bola prikotvena protierézna georohoz navrhnu-
td z polypropylénovej a vysokohustotnej polyetylénovej trojroz-
mernej Struktiry a vystuzna ocelova dvojzakrutova Sestuholnikova
siet s poplastovanim. GeorohoZ so sietou bola ukotvena na celej
ploche svahu k skalnej stene zemnymi klincami priemeru 28 mm,
v rastri 2,0 m x 2,0 m, do vrtu priemeru minimalne 130 mm. Klince
boli opatrené protikoréznou tpravou na dizke 1 m od hlavy klinca.
Na georohoz so siefou mala byt uloZzena vrstva humusu a roz-
chodnikové pasy. Na zaklade rozhodnutia objednavatela boli roz-
chodnikové pasy nahradené bezidrzbovym systémom Krismer 3D,
ktory zaroven lepsie dotvéral vizudlnu stranku portélu [2], [3].

Systém pozostaval z 3D panelov hriibky 80 mm, ktoré boli vy-
plnené Strkom fr. 32-63 mm. Nésledne bola vrchna strana uzavre-
ta ocelovou sietou, ktora bola do konstrukcie uchytena pomocou
C-krizkov.
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zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 7 Realizdcia hrubych terénnych tiprav severného portdlu
Fig. 7 Realization of hard landscaping of the northern portal

zdroj Basler & Hofmann Slovakia s.r.o. source Basler & Hofmann Slovakia s.r.o.

Obr. 8 Realizdcia definitivneho severného portdlu
Fig. 8 Realization of the definitive structure of the northern portal

a polypropylene and high-density polyethylene three-dimensional
structure and a reinforcing steel double-twisted wire hexagonal
net with plastic coating was anchored to the slope. The geomat
with the net was anchored on the entire surface of the slope to the
rock wall with soil nails with a diameter of 28mm, in a grid of
2.0 x 2.0m, into a borehole with a diameter of at least 130mm. The
nails were provided with an anti-corrosion protection on a length
of 1m from the nail head.

A layer of humus and limestone strips should have been placed
on the geomat with a net. Based on the client’s decision, the gravel
strips were replaced with a maintenance-free Krismer 3D system,
which at the same time improved the architectural look of the por-
tal [2], [3].

The system consisted of 3D panels with a thickness of 80mm,
which were filled with gravel fr. 32-63mm. Subsequently, the upper
side was closed with a steel net, which was attached to the structure
using C-rings.

Before installing the system, it was necessary to remove the geo-
mat and the reinforcing mesh from the area of the second level.
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Pred inStalaciou systému bolo potrebné odstranit z plochy druhej
etaze georohoZz a vystuznu siet.

Raster nainStalovanych zemnych klincov bol nedostatocny pre
kotvenie systému a preto musel byt doplneny o systémové, galva-
nizované, zarazané T-profily (T-kotvy).

Tretia etdZ bola navrhnutd v Casti hibeného tunela (¢elna portalova
stena a bo¢né steny) ako do¢asna konstrukcia a po zrealizovani hibe-
ného tunela bola tato etdZ zasypana. Vykop bol hibeny v sklone 4:1,
etapovito, po trovniach maximalnej hibky 2,0 m a nésledne stabili-
zovany striekanym beténom triedy C 20/25, hribky 0,15 m, vystu-
Zenym zvaranymi sietami @ 8/8—150/150, B500 B v dvoch vrstvéch,
a doCasnymi zemnymi klincami, priemeru 28 mm, vo vrte priemeru
minimalne 130 mm, diiky 4,0 m, v rastri maximalne 2,0 x 2,0 m.

V oblasti razeného tunela boli klince nahradené samozévrtny-
mi IBO kotvami R32 L di. 8,0 m (250 kN, raster 2,0 x 2,0 m).
Cez striekany beton boli ponechané rirky PVC priemeru 100 mm,
1 ks /4 m?, pre odvedenie podzemnej vody z rubu kon$trukcie
(obr. 7).

Definitivny portal tvori konstrukcia z gabionovych koSov s vy-
stuznymi sietami z dvojzakrutovej Sesthrannej siete dizky 3,0 m.
Gabionové kose boli ukladané v 20-tich urovniach. V spodnych
11-tich urovniach boli navrhnuté geomreze s dlhodobou tahovou
pevnostou 51,28 kN/m, spojené s licovym prefabrikdtom pomocou
presahu. Licové drotené koSe vystuzného systému boli vyrobené
z poplastovanej Sestuholnikovej dvojzékrutovej ocelovej siete s ty-
pom oka 8 x 10 cm. Priemer drdtu siete bol 2,7 (vnutorny) / 3,7
(vonkaj$i) mm. Rozmery koSov boli navrhnuté 0,5 x 0,8 m. Para-
metre vyplne koSov st rovnaké ako pri prvej etazi.

Ako vypliiovy material spitného zasypu bol pouzity vhodny ma-
terial charakteru minimalne tr. G4 (obr. 8).

ZAVER

Portélové objekty boli kritické pre zaciatok a ukoncenie razenia
tunela Bikos, od ktorého sa odvijal celkovy harmonogram vystav-
by severného obchvatu PreSova. Navrhom vhodnych technickych
rieSeni bolo mozné optimalizovat dobu vystavby, ¢oho vysledkom
bol splneny harmonogram a odovzdanie diela do uZivania vcas.
Vyznam stavby Rychlostna cesta R4 PreSov — severny obchvat a jej
prinos k rozvoju dopravnej infrastruktiry v regione, potvrdzuje aj
ocenenie Stavba roka 2023 v kategorii InZinierske stavby. Tento
uspech je dokazom kvalitného planovania, realizacie a koordina-
cie, ktoré umoznili splnenie naro¢nych poZiadaviek a parametrov
tejto vyznamnej dopravne;j stavby.
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The grid of installed soil nails was insufficient for anchoring
the system and therefore had to be supplemented with galvanized,
driven T-profiles (T-anchors).

The third level was designed in part of the cut and cover tunnel
(front portal wall and side walls) as a temporary structure, and after
the cut and cover tunnel was constructed, this level was backfilled.
The excavation was cut at a slope of 4:1, in stages, with a ma-
ximum level height of 2.0m and then stabilized with shotcrete of
class C 20/25, 0.15m thick, reinforced with welded mesh @ 8/8—
150/150, B500 B in two layers, and temporary soil nails, 28mm in
diameter, in a borehole with a diameter of at least 130mm, length
4.0 m, in a maximum grid of 2.0 x 2.0m.

In the area of the underground excavated tunnel, the nails were
replaced with self-drilling IBO anchors R32 L length 8.0m (250kN,
grid 2.0 x 2.0m). PVC pipes with a diameter of 100mm, 1pc/4m?,
were left through the sprayed concrete for the drainage of ground-
water from the back wall (Fig. 7).

The final portal structure consists of gabion baskets with
reinforcing nets made of a double-twisted wire hexagonal net
3.0m long. Gabion baskets were placed in 20 levels. In the lower
11 levels, geogrids with a long-term tensile strength of 51.28kN/m
were designed, connected to the face prefab using an overlap. The
face wire baskets were made of plastic-coated hexagonal double-
twisted wire steel mesh with a mesh type of 8 x 10cm. The diameter
of the mesh wire was 2.7 (inner) / 3.7 (outer) mm. The dimensions
of the baskets were designed to be 0.5 x 0.8m. The basket filler
parameters are the same as for the first level.

A suitable material of minimum class G4 was used as backfill
material (Fig. 8).

CONCLUSION

The portal objects were critical for the start and end of the
excavation of the BikoS$ tunnel, on which the overall schedule
for the construction of the northern bypass of PreSov was based.
The design of appropriate technical solutions made it possible to
optimize the construction time, which resulted in the schedule
being met and the work being handed over for public use on time.
The significance of the construction of the R4 PreSov Expressway —
Northern Bypassanditscontributiontothe developmentoftransport
infrastructure in the region is also confirmed by the Construction
of the Year 2023 award in the Engineering Construction category.
This success is proof of high-quality planning, construction and
coordination, which made it possible to meet the demanding
requirements and parameters of this important transport
structure.
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