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TUNEL OKRUHLIAK - VYZVA ALEBO RUTINA?
OKRUHLIAK TUNNEL - CHALLENGE OR ROUTINE?

ANTON PETKO, MICHAL MARICAK

ABSTRAKT

Cielom tohto ¢ldanku je obozndmit Citatelov a odbornii verejnost s tunelom Okruhliak, ktory je v poradi tretim tunelom na cestnej in-
[frasStruktiire v okoli tretieho najviicSieho slovenského mesta PreSov. Po tuneloch Presov a BikoS, ktoré sii uz v prevddzke, sa 30. septembra
2023 zacala vystavba tunela Okruhliak, ktory je siicastou II. etapy severného obchvatu. V ¢ldnku sii prezentované technické parametre tu-
nela, sposob a technologia vystavby vo viizbe na horninové prostredie, ako aj zmluvné podmienky, ktoré sii v tomto pripade mierne odlisné
od doterajsich projektov tohto typu, a pohlad zhotovitela na tiito problematiku.

ABSTRACT

The aim of this article is to acquaint readers and the professional public with the Okruhliak tunnel, which is the third tunnel on the road
infrastructure in the vicinity of PreSov, the third largest Slovak city. After the PreSov and Bikos tunnels, which are already in operation, the
construction of the Okruhliak tunnel, which is part of Phase II of the northern bypass, started on 30 September 2023. The article presents
the technical parameters of the tunnel, the method and construction technology in relation to the ground environment, as well as the
contractual conditions, which in this case are slightly different from previous projects of this type, and the contractor’s view of this issue.

uvop INTRODUCTION

Tunel Okruhliak je Castou navrhovanej rychlostnej cesty R4 The Okruhliak Tunnel is a part of the proposed expressway
Presov — severny obchvat II. etapa km (4,3-14,5), ktora je sucas- R4 Presov — northern bypass stage II (km 4.3-14.5), which is
tou severo — juzného dopravného prepojenia rychlostnou cestou | a part of the north-south transport connection by the expressway
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zdroj: dokumentdcia DRS, HBH, a. s. source: Detailed design documents, HBH, a. s.
Obr. 1 Prehladnad situdcia stavby
Fig. 1 General construction site lay-out




v useku Statna hranica SR/PR — Vys$ny Komarnik — Milhost — Stat-
na hranica SR/MR (obr. 1). Rychlostné cesta ma zabezpecit pre-
pojenie medzi dialnicou D1 a rychlostnou cestou R4. Objednava-
telom stavby je Narodna dialni¢né spolocnost a. s.

Zhotovitelom je zdruZenie firiem EUROVIA SK, a.s., EUROVIA
CS, a.s., SMS a.s., VAHOSTAV - SK, a.s., TuCon, a.s., kde
TuCon, a.s. je zhotovitelom stavebnej Casti tunela Okruhliak.
EUROVIA SK, a.s. a VAHOSTAV - SK, a.s. st zhotoviteImi tech-
nologickej Casti tunela. Projektantom zadavacej dokumenticie je
ZdruZenie ,,R4 PRESOV* zastipené HBH Projekt spol. s r.o. [1].

ZMLUVNE PODMIENKY

Medzi objednédvatelom a zhotovitelom je uzavreta zmluva o die-
lo, ktord sa zakladd na zmluvnych podmienkach FIDIC — Cervena
kniha pre stavebnu Cast tunela Okruhliak a celej trasy, vratane vSe-
obecnych poloziek (merany kontrakt, oceneny polozkovy rozpo-
Cet). Objednavatel tu ponechal v platnosti ¢lanok 13.2 ZlepSovaci
navrh, ¢o mozno hodnotit ako nekonvencny a progresivny pristup
a krok k moznym tsporam na stavebnych ¢i prevadzkovych na-
kladoch pre objednavatela a v kone¢nom ddsledku pre celd spo-
locnost. V praxi to znamend, Ze zhotovitel moZe podat zlepSovaci
navrh, ktory ak bude prijaty, urychli dokoncenie, zniZi naklady
objednévatela na realizaciu, udrzbu alebo prevadzku diela, zlepsi
vykonnost alebo hodnotu dokonceného diela. Usporent Ciastku
si objednavatel a zhotovitel, zjednoduSene povedané, rozdelia na
polovicu. Metodika pre samotné posudzovanie, oceniovanie zlep-
Sovacieho navrhu a platbu zaf je v sicasnosti v rieSeni kompetent-
nych odbornych ttvarov objednévatela.

Pre technologické vybavenie tunela (technologické stavebné ob-
jekty) vSak plati poziadavka objednévatela na vypracovanie a do-
danie, okrem iného, aj dokumentécie realizovania stavby, kde pre
realizaciu plati cena na jednotlivé stavebné objekty a zhotovitel
sam navrhne, naprojektuje a postavi dielo podla zadanych poZia-
daviek, noriem a predpisov v poZadovanej kvalite.

ZAKLADNE INFORMACIE O TUNELI

Nazov tunela, ktory zabezpeci mimouroviiové vedenie cestnej
komunikacie cez masiv, je odvodeny od 391 m vysokého vrchu
Okruhliak.

Orientécia trasy tunela podla svetovych strdn je v osi zdpad —
vychod, podla ktorej sa rozliSuju oznacenia portdlov tunela na za-
padny a vychodny. Oproti tomu tunelové riry st oznacené prava
a lava. To je zrejmé z obr. 2.
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in the state border SR/PR — VySny Komarnik — Milhost — state
border SR/MR section (Fig. 1). The expressway is intended
to provide a connection between the D1 motorway and the R4
expressway. The construction project client is Narodna dialni¢na
spolo¢nost a. s.

The contractor is a join venture of companies EUROVIA SK, a.s.,
EUROVIA CS, a.s., SMS a.s., VAHOSTAV - SK, a.s., TuCon, a. s.,
where TuCon, a. s. is the contractor for the construction part of the
Okruhliak tunnel. EUROVIA SK, a.s. and VAHOSTAV - SK, a.s.
are the contractors for the technological part of the tunnel. The
designer for the tender design is the Association ,,R4 PRESOV*
represented by HBH Projekt spol. s r.o. [1].

CONTRACTUAL CONDITIONS

The work contract is concluded between the client and the
contractor. It is based on the FIDIC Conditions of Contract —
Red Book for the construction part of the Okruhliak tunnel and
the entire route, including general items (a measured contract,
a priced bill of quantities). The project owner has retained
Article 13.2 Improvement Proposal in force. It can be seen as
an unconventional and progressive approach and a step towards
possible savings in construction or operating costs for the Project
Client and ultimately for the whole society. In practice, this means
that the contractor may submit an improvement proposal which,
if accepted, will speed up completion, reduce the client’s cost of
construction, the maintenance or operation of the works, improve
the performance or value of the completed works. The amount
saved shall, in simple terms, be divided in half between the Client
and the Contractor. The methodology for the actual assessment,
valuation of the improvement proposal and payment for it is
currently being addressed by the competent technical services of
the Client.

For the technological equipment of the tunnel (technological
construction objects), however, the client’s requirement for the
preparation and delivery of, among other things, the detailed
design, where the costs of individual construction objects applie
for the construction and the contractor himself proposes, designs
and carries out the work according to the specified requirements,
standards and regulations in the required quality.

BASIC INFORMATION ON THE TUNNEL

The name of the tunnel, which will provide a grade-separated road
through the massif, is derived from the 391m high peak Okruhliak.
The orientation of the tunnel route
according to the cardinal directions

} ) ) is in the west-east axis, according to
hibeny tunel razeny tunel hibeny tunel . . A
cut-and-cover tunnel mined tunnel cut-and-cover tunnel which the tunnel portal designations
233m 1811,99m 2013 m are distinguished as western and
] "_'li Nz B¢ eastern. In contrast, the tunnel tubes
T I are marked right and left. This can
zP PP1 [ﬂppz Lﬂpm | |PP4 Eﬂpps E]PPG VP . i .
e = be seen in the following graphical
=Nz representation (see Fig. 2).
hibeny tunel razeny tunel hibeny tunel According to STN 73 7507
cut-and-cover tunnel mined tunnel cut-and-cover tunnel .
o T80 TS m Road Tunnel Design stan'dard, thf:
R ) o Okruhliak tunnel (see Fig. 3) is
NZ  nudzovy zaliv emergency lay-by PTR prava tunelova rdra right-hand tunnel tube i .
PP prieéne prepojenie cross passage ZP  zapadny portal western portal classified as a medium-length tunnel.
LTR [lavé tunelova rira left-hand tunnel tube VP vychodny portdl eastern portal .. .
The tunnel tubes are divided into

Obr. 2 Schematické zndzornenie tunela Okruhliak
Fig. 2 Diagramatic representation of the Okruhliak tunnel

mined sections and cut-and-cover
sections, and will have one-way
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Obr. 3 Vizualizdcia portdlu tunela Okruhliak
Fig. 3 Visualisation of the Okruhliak tunnel portal

V zmysle STN 73 7507 Projektovanie cestnych tunelov je tunel
Okruhliak (obr. 3) zaradeny medzi stredne dlhé tunely. Tunelové
riry sd rozdelené na tiseky budované razenim a hibenim a budui pre-
vadzkované jednosmerne s navrhovanou rychlostou 100 km/hod.
Celkova dizka pravej tunelovej riry je 1 846,07 m a lavej tunelo-
vej rury 1 854,45 m. V kaZdej tunelovej rire sa nachadza jeden
jednostranny nuidzovy zaliv umiestneny vpravo v smere jazdy.
Sirka nidzového zalivu je 3,0 m. Stcastou tunela je pit priechod-
nych prie¢nych prepojeni a jedno prejazdné prieéne prepojenie.
Sucastou priechodnych prie¢nych prepojeni si rozvodne pre tech-
noldgiu, ktoré st od priestoru tinikovej cesty oddelené Zelezobe-
toénovou prieckou. V prejazdnom prie¢nom prepojeni je navrhnuta
rozrazka, v ktorej bude umiestnend rozvodiia a transformatorov-
na. Protipoziarne vyklenky s hydrantmi sa nachadzaju vzdy vla-
vo v smere jazdy vo vzdialenosti max. 150 m. SOS vyklenky sa

Tab.1 Zdkladné technické parametre tunela Okruhliak

traffic with a design speed of 100km/h. The total length of the right
tunnel tube is 1,846.07m and the left tunnel tube is 1,854.45m
long. There is one single-sided emergency lay-by in each tunnel
tube, located on the right side in the direction of travel. The
emergency lay-by is 3.0m wide. The tunnel includes five cross
passages passable for pedestrians and one cross passage passable
for vehicles. The cross passages passable for pedestrians include
distribution substations for equipment, which are separated
from the escape route area by a reinforced concrete partition.
An excavation stub which will accommodate a distribution
substation and a transformer station is designed in the cross
passage passable for vehicles. Fire protection niches are always
located on the left side in the direction of travel at a maximum
spacing of 150m. The SOS niches are always located on the right
side in the direction of travel at a maximum distance of 150m.

Table 1 Basic technical parametars of the Okruhliak tunnel

Pocet tunelovych rir 2-PTR/LTR Number of tunnel tubes 2-RTT/LTT
Vedenie premavky jednosmerné Traffic direction unidirectional
Kategoria tunela podla STN 73 7507 2T-75 Tunnel category according to STN 73 7507 2T-75
Navrhovana rychlost 100 km/hod Design speed 100km/hour
Celkova dizka tunela (PTR/LTR) 1846,07 m/1 854,45 m Total tunnel length (RTT/LTT) 1,846.07m / 1,854.45m
Dizka razenych tisekov tunela (PTR/LTR) 1798,50m/1811,99 m Length of mined tunnel sections (RTT/LTT) 1,798.50m / 1,811.99m
g;l;alggt)enych usekov tunela na zapadnom portali 30,03m/2233m IF.)zrritgtlh( :{_ ;:/uLt-;?rr)\d-cover tunnel sections at western 30.03m / 22.33m
([:'-!;I;tall?l!g()my(:h usekov tunela na vychodnom portali 1754m /20,13 m :z:tgtllz :{_ -IcfluLt-I-_?rr)\d-cover tunnel sections at eastern 17.54m / 20.13m
Pozdizny sklon (PTR/LTR) 1,09 % /1,08 % Longitudinal slope (RTT/LTT) 1.09% /1.08%
Prieény sklon (PTRILTR) /2255//'_23%// Cross slope (RTTILTT) /2255//_—2388//
Pocet priechodnych prepojeni 5 Number of cross passages 5

Pocet prejazdnych prepojeni 1 Number of cross passages for vehicles 1

Pocet nudzovych zélivov (PTR/LTR) 1/1 Number of emergency lay-bys (RTT/LTT) 1/1

Vyska prejazdného prierezu 48m Height of cross passage for vehicles 4.8m

Sirka chodnikov 1,0m Width of pavements 1.0m

Svetla vySka nad chodnikom 22m Clear height above pavement 2.2m
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nachddzaju vzdy vpravo v smere jazdy vo vzdialenosti max. 150 m. There are 14 fire and 14 emergency niches in each tunnel tube, of
V kaZdej tunelovej rire sa nachddza 14 poziarnych a 14 SOS | which 5 niches in each tube are combined with drainage cleaning
vyklenkov, z ktorych 5 vyklenkov v kazdej rure je zdruZenych | niches. The longitudinal slope of both tunnel tubes is designed
s Cistiacimi vyklenkami. PozdlZny sklon oboch tunelovych rir je as unidirectional, with the uphil gradient from the western portal
navrhnuty ako jednosmerny, so stipanim od zdpadného portalu towards the eastern portal of 1.09% (RTT) and 1.08% (LTT). The
smerom k vychodnému v sklone 1,09 % (PTR) a 1,08 % (LTR). cross-slope of both tunnel tubes is unidirectional, varying from
Priecny sklon oboch tunelovych rur je jednostranny, v PTR od | 2.5t02.8% in the RTT and from 2.5 to 3.8% in the LTT. The basic

R4 PreSov - severny obchvat (km 4,3-14,5)
2024 2025 2026
SO NéZOV l]lohy Trvanie 2. polrok 1. polrok 2. polrok 1. polrok 2. polrok 1. polrok 2. polrok
Stvrt.3 | Sturt.4 | Sturt. 1 | Strt.2 | Stvrt. 3 | Stvrt. 4 | Sturt. 1 | Sturt.2 | Sturt. 3 | Sturt. 4 | Stwrt. 1 | Stvrt. 2 | Stwrt. 3 | Sturt. 4
Tunel Okruhliak 948 dni | Tunel Okruhliak
— LR nim
402-00-01-11-01 | Zapadny portal na razenie a HTU 120 dni s
D A
402-00-01-12-02 | Z&padny portal KTU 60 dni mmsw
. , . . - B isLn A
402-00-02-11-01 | Vychodny portal na razenie a HTU 90 dni e i
= b 135 p— 1113
402-0002-12-02 Vychodny portal KTLJ 60 dni el
- - LN p— R
402-00-03 Hibeny tunel 79 dni . W -
402-00-04-01 Razeny tunel 580 dni acetd | wwu i
Razenie a primarne ostenie zapadny portal LTR 340 dni - | .t
Razenie a primarne ostenie zapadny portal PTR 370 dni ot | 2
Razenie a primarne ostenie vychodny portal LTR 370 dni i o
Razenie a primarne ostenie vychodny portal PTR 359 dni ,,,j:l.
402-00-04-02 Sekundar 330 dni itk ,L:l s
402-00-04-03 Vndtorné kondtrukcie 22 dni ,F‘.‘,‘:i
402-00-05 Prie¢ne prepojenie 601 dni — — ! g i
402-00-06 Drendzne odvodnenie tunela 350 dni wan * wn
402-00-07 Odvodnenie vozovky 150 dni u..T..——.’ e au
402-00-08 Vozovka a chodniky 150 dni T
402-00-09 Technologicka centéla na zapadnom portali 165 dni st 1
402-00-10 Technologicka centéla na vychodnom portali 165 dni =L
402-00-11 Kolektory a kébelovody na zépadnom portéli 120 dnf nu‘h‘u;urx
402-00-12 Kolektory a kabelovody na vychodnom portali 120 dni -uh“uf wrx
402-00-13 Potrubna Gast 120 dni 11 m—
402-00-14 Rozvodna VN pre trafostanicu 60 dni many i
R4 PreSov - northern bypass (km 4,3-14,5)
co co T k ) | D . 2024 2025 2026
askitle S | T s s P By |
Okruhliak tunnel 948 days I Okruhliak Tunnel
- mun I nas
402-00-01-11-01 | Western portal for general surface cutting 120 days ——— -
402-00-01-12-02 | Western portal for final surface cutting 60 days L b
isLn A
402-00-02-11-01 Eastern portal for general surface cutting 90 days h_“:“" ke ]
— L1
402-0002-12-02 Eastern portal for final surface cutting 60 days " u:; e
402-00-03 Cut-and-cover tunnel 79 days _ o
402-00-04-01 Mined tunnel 580 days i - .!"u
Excavation and primary lining western portal LTT 340 days st ,!l—uh
Excavation and primary lining western portal RTT 370 days "u_'_u-_
Excavation and primary lining eastern portal LTT 370 days X ' ri
Excavation and primary lining eastern portal RTT 359 days ,.J:.T=|.
402-00-04-02 Secondary lining 330 days o ,L!l A
402-00-04-03 Internal structures 22 days ,F'.'..'.';.i
402-00-05 Cross passages 601 days prv e I { K
402-00-06 Tunnel drainage 350 days LA ——— 1
402-00-07 Roadway drainage 150 days umr.—-"-'"—. B
402-00-08 Roadway and pavements 150 days = —
402-00-09 Services area at western portal 165 days N el
402-00-10 Services area at eastern portal 165 days "'_' H-h
402-00-11 Collectors and cableways at western portal 120 days luﬂ s
402-00-12 Collectors and cableways at eastern portal 120 days Iuﬂ nx
LR L]
402-00-13 Pipelines part 120 days v f—
-
402-00-14 HV distribution substation for transformer station 60 days T, e

Obr. 4 ZjednoduSeny harmonogram prdc na vystavbu tunela Okruhliak
Fig. 4 Simplified works schedule for the Okruhliak tunnel construction
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2,5do 2,8 %, v LTR od 2,5 do 3,8 %. Zakladné technické paramet-
re tunela Okruhliak si uvedené v tabulke C. 1.

GEOLOGICKE A HYDROGEOLOGICKE PODMIENKY
TUNELA OKRUHLIAK

V celom koridore tunela Okruhliak je horninovy masiv budova-
ny komplexom aleuriticko-pelitickych hornin. Komplex reprezen-
tuje suvrstvie neogénnych hornin — spodny miocén, vek egenburg.
Podla geologickej mapy severnej Casti Slanskych vrchov a Kosic-
kej kotliny sa vrstvy zaradujui k PreSovskému suvrstviu, ktoré je
zastupené dvomi litofacidlnymi vyvojmi. Sdvrstvie je sucasfou
sedimentov neogénnej panvy vyplnenej sedimentmi hlavnej mo-
lasy (egenburg — sarmat) a reprezentuje jej severozapadny okraj
— presovsku depresiu. Je ohranicena tektonicky a molasovi vyplii
poruduji zlomy troch zakladnych smerov. St to zlomy pozdizne
(SZ-JV), prie¢ne (SV-JZ) a kosé (S-J). V trase tunela sa vyskytu-
ju nasledovné typy hornin:

¢ ily ailovce Gplne zvetrané;

e flovce a siltovce silno a stredne zvetrané;

¢ ilovce slabo zvetrané a zdravé;

e siltovce slabo zvetrané a zdravé;

¢ pieskovce silno a stredne zvetrané;

 pieskovce slabo zvetrané a zdravé.

Pri raziacich pracach je nutné ocakavat vlhké az mokré prostre-
die s rozptylenymi aZ jednotlivymi, sustredenymi pritokmi do cca
1-3 1/s, ktoré vSak s postupom prac budu zniZovat svoju vydatnost.

Z ddvodu mineralogického zloZenia hornin, prachovitych ilov-
cov a siltovcov, vysokého obsahu mineralu smektit do 80-90 %,
st horniny citlivé na zmenu vlhkosti po kontakte s vodou. Na za-
klade skusok tlaku z napucania a objemovych zmien z napuicania
boli laboratérne stanovené objemové zmeny, ktoré sa pohybuji
v intervale 0,61-6,69 %. Hodnoty tlakov z napicania su v rozsahu
0,754-2,922 MPa. Aj z tohto ddvodu st horniny (ilovce, siltovce)
po vystaveni poveternostnym vplyvom (po vytazeni, odvitani) ne-
stabilné a rychlo sa rozpadaji na Glomky az drvu.

ORGANIZACIA VYSTAVBY

Tunel Okruhliak pozostdva zo stavebnej a technologickej Casti.
Stavebnu Cast tvori 18 a technologicki Cast 15 stavebnych objek-
tov. Vzhladom na to, Ze zhotovitel naplanoval zacatie razenia zo
zapadného portalu, ako prvy sa zacne realizovat stavebny objekt
~Zéapadny portdl na razenie a hrubé terénne tpravy*. Tomu vSak
eSte predchddza realizicia pyrotechnického a archeologického
prieskumu, ako aj priprava izemia pre stavebnu ¢innost, ktora ok-
rem iného pozostdva z vyrubu drevin a odstranenia ornice v trva-
lych a docasnych zaberoch stavby. Tieto prace sa v Case pisania

Tab. 2 Navrhnuté vystrojovacie triedy a ich predpokladané zastipenie v trase
razeného tunela Okruhliak

Tuel

technical parameters of the Okruhliak tunnel are presented in
Table 1.

GEOLOGICAL AND HYDOGEOLOGICAL CONDITIONS
OF THE OKRUHLIAK TUNNEL

Throughout the Okruhliak tunnel corridor, the rock mass is built
up by a complex of Aleuritic-Pelitic rock types. The complex is
represented by a Neogene rock layer — Lower Miocene, Egenburg
age. According to the geological map of the northern part of the
Slanské Hills and the KoSice Basin, the layers belong to the PreSov
Formation, which is represented by two lithofacial developments.
The stratum is part of the sediments of the Neogene basin filled
with sediments of the Main Molasse (Egenburg-Sarmatian) and
represents its northwestern margin — the PreSov Depression. It is
bounded tectonically and the molasse fill is faulted in three basic
directions. These are longitudinal faults (NW-SE), dip-slip faults
(NE-SW) and strike-slip faults (N-S). The following rock types
occur in the tunnel route:

¢ clay and claystone fully weathered;

* claystone and siltstone heavily to medium weathered;

* claystone weakly weathered and fresh;

* siltstone weakly weathered and fresh;

* sandstone heavily and medium weathered;

* sandstone weakly weathered and fresh.

During the mining work it is necessary to expect a humid to wet
environment with scattered to individual, concentrated inflows of
up to about 1-3L/s, which, however, will decrease in yield with
the progress of the work.

Due to the mineralogical composition of the rock typess, silty
clay and siltstone, the high content of the smectite mineral up to
80-90%, the rock types are sensitive to changes in the moisture
content after contact with water. On the basis of swelling pressure
tests and volumetric changes caused by swelling, volumetric
changes have been determined in the laboratory and they range
from 0.61 to 6.69%. The values of the swelling pressures are in the
range of 0,754-2,922MPa. Also for this reason, rocks (claystones,
silts) are instable after exposure to weathering (after breaking out,
drilling) and rapidly disintegrate into fragments to rubble.

CONSTRUCTION ORGANISATION

The Okruhliak Tunnel consists of a construction and a tech-
nological part. The construction part consists of 18 construction
objects and the technological part of 15 objects. As the contractor
has planned to start the mining from the western portal, the
construction object “Western portal for excavation and rough
landscaping” will be the first to be carried out. However, this is

Table 2 Proposed excavation support classes and their expected representation
in the route of the Okruhliak mined tunnel

. . | Celkomprava | Celkomlava | Zastupenie Zastupenie . . Representa- | Representa-
Vystrojovacia oV ri oV ri 5 I lavi lova Excavation Right tunnel Left tunnel ion righ ion lef |
trieda tunelova rdra | tunelova rura prgva’tune o- ava’tune ova support class | tube total [m] | tube total [m] tion right tun- | tion left tunnel
[m] [m] va rura [%] rura [%] nel tube [%] tube [%]

VT III-S1 216,0 264,0 12 15 VT I11-S1 216.0 264.0 12 15
VT IV-S1 504,0 480,0 28 26 VT IV-S1 504.0 480.0 28 26
VT Va-S1 156,0 168,0 9 9 VT Va-S1 156.0 168.0 9 9
VTV-82 535,3 504,0 30 28 VTV-82 535.3 504.0 30 28
VT Va-S2 156,0 132,0 9 7 VT Va-S2 156.0 132.0 9 7
VT Vb-S2 MP 171,2 204,0 10 11 VT Vb-S2 MP 171.2 204.0 10 11
VT Va-NZ 60,0 60,0 3 & VT Va-NZ 60.0 60.0 3 3
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i(alota
top heading

kotvy, dI. 6 m
4 ks/zéber
anchors, 4m long
4 pes per round

os tunela
tunnel axis

preceded by conducting a pyrotechnical

sklolaminétové kotvy kotvy, dI. 6 m .
16 m 13 ks (12 ks)/zéber and archaeological survey, as well as the
“bre-remforcﬁgrﬂlﬁg i | ?20,?0‘?('1‘2‘”‘;0'3)” ger round preparation of the area for the construction

activity, which consists of, among other
things, the felling of trees and the removal
of topsoil in the permanent and temporary
works. These works are being carried out at
the time of writing. The pyrotechnical survey
is carried out in this locality because the
fighting during the Second World War during
the Slovak National Uprising took place
here, and the number of ammunition finds
is very extensive, especially in the PreSov
region.

= Once the construction pit at the western
portal is finished, the excavation of the tunnel
tubes will start. During the excavation from
the west, the contractor will construct the
construction pit at the eastern portal and then
start the excavation from that side as well.

Obr. 5 Postup razenia a ndvrh vystrojenia VI'V - S2 (priecny rez)

Fig. 5 Excavation procedure and VTV — S2 excavation support design (cross-section)

This will shorten the time for the primary
lining object, for which a milestone has been
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Obr. 6 Postup razenia a ndvrh vystrojenia VI'V — S2 (pozdlzny rez)
Fig. 6 Excavation procedure and VTV — S2 (longitudial section)

¢lanku realizuju. Pyrotechnicky prieskum sa v tejto lokalite robi
preto, lebo tu prebiehali boje pocas druhej svetovej vojny a Slo-
venského narodného povstania, a najmé v PreSovskom kraji je po-
¢et ndlezov municie velmi rozsiahly.

Po vybudovani stavebnej jamy na zapadnom portdli sa zane
s razenim tunelovych rar. Pocas razenia zo zdpadu bude zhoto-
vitel realizovat stavebnu jamu na vychodnom portdli a nadsledne
zacne razit aj z tejto strany. Tym sa Cas na realizéciu objektu pri-
marneho ostenia, na ktory bol objednavatelom stanoveny milnik,
skrati. Objednavatel zaroven stanovil milnik na ukoncenie objektu
sekundédrneho ostenia, preto zhotovitel zacne tento objekt realizo-
vat stibeZne s raziacimi pracami. Sest prie¢nych prepojeni dosta-
tocného prierezu umozni prejazd vSetkym mechanizmom z pravej
tunelovej rury do lavej a naopak, ¢im sa vyrazne zlepsia logistické
moZznosti a organizdcia pric. S realiziciou sekundarneho ostenia

set by the client. At the same time, the client has set a milestone for
the completion of the secondary lining, so the contractor will start
to work on this object concurrently with the excavation works.
Six cross passages with a sufficient cross-section will allow all
machinery to pass from the right tunnel to the left tunnel and vice
versa, which will significantly improve the logistical possibilities
and the organisation of the work. The tunnel drainage will be
carried out concurrently with the construction of the secondary
lining. Subsequently, the roadway drainage will be constructed
along with the cable routes under the footpaths, the fire water
mains, the footpaths themselves, the pavement, the coating of the
lining, the buildings of the services centres, as well as the cable
ducts at both portals. After the completion of the objects of the
construction part, but also in parallel with some of them, the work
on the technological part of the Okruhliak tunnel will begin.
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Obr. 7 Vzorové priecne rezy — typ SI1 a S2
Fig. 7 Typical cross-section — types SI1 a S2

sa bude robit drendZne odvodnenie. Nasledne sa vyhotovi odvod-
nenie vozovky spolu s kdblovymi trasami pod chodnikmi, poZiar-
ny vodovod, samotné chodniky, vozovka, nater ostenia, budovy
technologickych central, ako aj kablovody na oboch portdloch. Po
realizacii objektov stavebnej Casti, ale aj v sibehu s niektorymi, sa
zacne realizovat technologicka cast tunela Okruhliak.

Na obr. 4 mozno vidiet zjednoduSeny harmonogram prac na vys-
tavbu tunela Okruhliak, z ktorého st zrejmé minimalne poZadova-
né vykony na razenie a betondZz. Aby sa dodrZal harmonogram,

Tab. 3 Strojno — technické vybavenie na razenie tunela Okruhliak

Figure 4 shows a simplified schedule of works for the construction
of the Okruhliak tunnel, which shows the minimum performance for
excavation and concreting required. In order to meet the schedule,
the contractor will be required to excavate a minimum of 3.11m of
the tunnel on average in each tunnel tube per day and to concrete
at least 1 block of the upper vault of the final lining including the
blocks for the emergency lay-by in each tunnel tube, every 48 hours.

Table 3 Mechanical-technical equipment for driving the Okruhliak tunnel

Skupina Nazov mechanizmu Pocet ::::Senych Group Type of equipment Nurt;l;:e;gy;;:ces
Tunelbager Liebherr R950 3 Tunelbager Liebherr R950 3
B Tunelbager Liebherr R944 2 Excavator Tunelbager Liebherr R944 2
Tunelbager Liebherr R924 3 Tunelbager Liebherr R924 3
Minibager CAT 305 2 Minibager CAT 305 2
Striekaci stroj Meyco Potenza 6 Shotcrete machine | Meyco Potenza 6
Komatsu HM300 1 Komatsu HM300 1
Dumper GHH MK30 3 Dumper GHH MK30 3
Volvo A25 5 Volvo A25 5
CAT966G 2 CAT966G 2
CAT966H 1 CAT966H 1
Nakladaé Komatsu WA470 1 Loader Komatsu WA470 1
Liebherr 566X 2 Liebherr 566X 2
CAT908C 1 CAT908C 1
CAT906M 1 CAT906M 1
Sandvik DT1130 2 Sandvik DT1130 2
Vi Sandvik DT820 1 Drling rig Sandvik DT820 1
Tamrcok Axera TO8 1 Tamrcok Axera T08 1
Atlas Copco E2C 2 Atlas Copco E2C 2
Dieci 3B.28 3 Dieci 3B.28 3
PloSina GTA Normlifter 1600 1 Platform GTA Normlifter 1600 1
GTA Normlifter 750 2 GTA Normlifter 750 2
Manipulator Manitou MRT 1635 2 D e Manitou MRT 1635 2
Manitou MT 932 2 Manitou MT 932 2
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TUNNEL EXCAVATION

The construction of the mined tunnel
consists of a two-layer lining (primary and
secondary layers) with an intermediate
drainage and a protective layer and sheet
waterproofing. The driving will be carried
out according to the principles of the New
Austrian Tunnelling Method. The NATM is
a cyclic method of tunnel excavation in which
the ground mass is classified into excavation
support classes, designed and marked in
accordance with TP 021 Excavation Classes
— Part 1: Cyclic Excavation. The proposed
excavation support classes, as well as their
expected representation in the route of the
Okruhliak tunnel, are shown in Table 2.

Obr. 8 3D model debniaceho voza
Fig. 8 3D model of the formwork truck

zhotovitel bude musiet v kazdej tunelovej rire denne vyrazit
v priemere minimalne 3,11 m a kaZdych 48 hodin vybeténovat
minimélne 1 blok hornej klenby definitivného ostenia, vratane
blokov pre niidzovy zaliv v kaZzdej tunelovej rure.

RAZENIE TUNELA

Konstrukcia razeného tunela je tvorend dvojvrstvovym ostenim
(primarnym a sekundarnym) s medzilahlou drendZnou a ochran-
nou vrstvou a plosnou hydroizolaciou. Razenie bude prebiehat
podla zasad Novej rakiskej tunelovej metody. NRTM je cyklicka
metdda razenia, pri ktorej sa horninovy masiv zatrieduje do vy-
strojovacich tried, navrhnutych a oznacenych v stlade s TP 021
Vystrojovacie triedy — Cast 1: Cyklické razenie. Navrhnuté vy-
strojovacie triedy, ako aj ich predpokladané zastiipenie v trase ra-
zeného tunela Okruhliak st uvedené v tabulke 2.

Pri vSetkych vystrojovacich triedach sa ¢elba deli na kalotu, stu-
peni a spodnt klenbu. Vzhladom na zastipenie hornin nachylnych
na napucanie je v trase tunela spodnd klenba navrhnuta po celej
jeho diZke. Na obr. 5 a 6 je znazorneny postup razenia a vystroje-
nia v najviac zastipenej vystrojovacej triede VT V — S2.

Konstrukcia primarneho ostenia pozostava zo striekaného bet6-
nu, vystuznych prvkov (pritova ocelova vystuz, zvarané ocelové
siete, ocelové priechradové nosniky), systé-
mového radidlneho kotvenia a z opatreni pre
stabilizdciu obrysu vyrubu, nadlozia a Celby
(kotvenie, ihlovanie a mikropilotové dazd-

In all excavation support classes, the
excavation face is divided into top heading,
bench and invert. Due to the presence of
ground susceptible to swelling, the invert is
designed along the entire length of the tunnel. Figures 5 and 6
show the excavation and support system in the most frequently
represented support class VT V — S2.

The structure of the primary lining consists of shotcrete,
reinforcing elements (steel rebar, welded steel mesh, steel lattice
girders), radial anchoring system and measures for stabilizing
the contour of the excavation, overburden and face (anchoring,
needling and micropile umbrellas). Due to the geological
conditions, it is assumed that the rocks will be mainly broken
mechanically by means of tunnel excavators. In the sections made
up of fresher and stronger rocks, the rock will be broken by means
of drilling and blasting. Sandvik drilling rig will be deployed to
drill boreholes for the charges as well as for the installation of
excavation support elements (anchors, needles, micropiles). The
removal of the broken rock will be carried out by wheeled front-
end loaders into dump trucks, which will transport the rubble to
the designated location. After breaking and removing the rock,
the supporting phase or installing the primary lining will follow.
Sprayed concrete will be applied using MEYCO Potenza shotcrete
placer truck with a theoretical capacity of 20m? of sprayed
concrete/hour.

Due to the need for concurrent excavation from both portals,

Tab. 4 Skladba konstrukcie cementobetonovej vozovky v tuneli Okruhliak

niky). Vzhladom na geologické pomery sa

predpoklada prevazne mechanické rozpojo-

vanie hornin pomocou tunelovych bagrov.

V usekoch tvorenych zdrav§imi a pevnejS$imi

horninami bude rozpojovanie hornin realizo-
vané pomocou vrtno-trhacich prac. Na vita-
nie vyvrtov pre ndloZe, ale aj pre aplikdciu
zabezpecCovacich prvkov (kotiev, ihiel, mik-

Konstrukéna vrstva Hrubka vrstvy Norma

CB | (H) betén C30/37 — XF4 (SK) — Dmax32 100 mm STN 736123
CB | (S) beton C30/37 — XF4 (SK) — Dmax32 150 mm STN 736123
GTX netkana geotextilia 500 g/m? 2,5 mm STN EN ISO 9864
Cementom stmelena zmes CBGM C5/6 22 160 mm STN 73 6124 -1
Nestmelené vrstva zo trkodrviny UMSD; 31,5 (45) GC min. 160 mm STN 736123
Celkom min. 572,5 mm

Table 4 Composition of the cement concrete roadway structure in the Okruhliak tunnel

ropilot, ddZzdnika) budd nasadené vrtné vozy

Sandvik. Odtazba rozpojenej horniny bude

realizovana Celnymi kolesovymi naklada¢mi

do dumprov, ktoré ribaninu vyvezi na urené

miesto. Porozpojeni a odtaZeni nasleduje faza

vystuZovania, resp. budovania priméarneho

Structural layer Layer thickness Standard
CB I (H) concrete C30/37 — XF4 (SK) — Dmax32 100mm STN 736123
CB I (S) concrete C30/37 — XF4 (SK) — Dmax32 150mm STN 736123
GTX nonwoven geotextile 500g/m? 2.5mm STN EN ISO 9864
Cement unbound mixture CBGM C5/6 22 160mm STN 73 6124 -1
Unbound layer of crushed gravel UMSD; 31,5 (45) GC min. 160mm STN 73 6123
Total Min. 572.5mm
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Tab. 5 Predpokladané mnoZstvd nosnych materidlov a vytaZenej horniny

Tuel

Table 5 Expected quantities of supporting materials and excavated ground

Material Merna jednotka Mnozstvo Material Measuring unit Quantity/Volume
Vyrazena hornina m3 394 240 Excavated ground m? 394 240
Hornina z vykopov m? 71137 Ground from trenches m?3 71137
Striekany betdn m3 59 782 Shotcrete m? 59 782
Zaistovacie prvky — kotvy ks 60 000 Support elements — anchors ks 60 000
Mikropiloty m 23 450 Micropiles m 23 450
Ocel t 18173 Steel t 18173
Beton m? 112 800 Concrete m?3 112 800

ostenia. Striekany betén bude aplikovany pomocou striekacich
zariadeni MEYCO Potenza s teoretickym vykonom 20 m?® strie-
kaného beténu/hod.

Vzhladom na potrebu razenia sticasne z oboch portdlov, teda
v Styroch Celbach, bude potrebné nasadenie velkého poctu zamest-
nancov, ako aj strojno-technického vybavenia. Na razeni sa bude
pracovat v nepretrzitej prevadzke 24 hodin denne 7 dni v tyZdni.
V procese razenia tunela sa na priprave, organizacii a realizécii
bude podielat 23 technickych pracovnikov, 130 tunelarov a pod-
pornych pracovnikov, 26 pracovnikov strojnej a elektro udrzby,
subdodavatelia na geodetické merania a geotechnicky monitoring.

SEKUNDARNE OSTENIE

Definitivnu nosnu konstrukciu razeného tunela tvori sekundarne
ostenie, ktoré pozostdva z dvoch zakladnych Casti — zo spodnych
a hornych klenieb.

V tuneli Okruhliak si v zavislosti od horninového prostredia
navrhnuté tri zékladné typy tvaru sekundarneho ostenia. Tvar
S1 je uvazovany v horninovom prostredi s lep§imi parametrami
hornin. Pouzitie tvaru S2 je predpokladané v priportalovych tse-
koch, v tseku pri nidzovom zélive a v horninovom prostredi tvo-
renom ilovcami, sliefiovcami a prachovcami horsich pevnostnych
parametrov. V nudzovych zalivoch bude pouZity osobitny tvar.
Vzorové priecne rezy typu S1 a S2 st zndzornené na obr. 7.

Ako zdkladové konStrukcie sekundarneho ostenia st navrhnuté
spodné klenby zo Zelezobetdnu triedy C25/30 — XC3, XF2, XA2 -
C10,20 — Dmax16 — S4. Minimalna hribka spodnej klenby pre typ
S1je 657 mm, pre typ S2 je to 923 mm a pre typ NZ je to 616 mm.
Horné klenby sekundédrneho ostenia st navrhnuté zo Zelezobeto-
nu triedy C30/37 (35/45, 40/50) — XC3, XF2(4)(SK) — C1 0,20 —
Dmax16 — S4. Ostenie tunela bude z viacerych typov vystuZenia
v zavislosti od kvality horninového masivu v mieste konkrétneho
bloku tunela. Standardna diZka bloku je 12 m. Minimalna hrdbka
sekundédrneho ostenia je 350 mm v tvare S1, 500 mm v tvare S2
a 550 mm v tvare NZ.

Realizacia sekundarneho ostenia za¢ne po vyrazeni zhruba
% dizky tunelovych rir. Zagiatok betoniZe bude rovnako ako pri
razeni od zédpadného portdlu smerom na vychod v oboch tunelo-
vych rarach. Na realizéciu betonovych klenieb spolo¢nost TuCon
pouZzije dve zostavy Specidlnych vozov (vyspravkovy, armovaci,
debniaci voz, obr. 8), ktoré ma vo vlastnictve.

Pred armovanim hornych klenieb sa bude realizovat medzilahla
izoldcia medzi primdrnym a sekundarnym ostenim. Spolu s budo-
vanim spodnych klenieb sa bude taktiez realizovat drendZne od-
vodnenie tunela, ktoré pozostava z postrannych drenazi za rubom
ostenia a zo stredového zberaca. V pripade priaznivych vysledkov
hydrogeologického prieskumu a v sdvislosti s predchadzajicimi
skisenostami Zhotovitela s vystavbou tunelov v okoli PresSova je

i.e. in four excavation faces, the deployment of a large number of
personnel as well as machinery and technical equipment will be
necessary. The excavation will be carried out on a 24-hour-a day,
7-day-a-week basis. In the tunnelling process, 23 technical
employees, 130 tunnellers and support workers, 26 mechanical and
electrical maintenance workers, subcontractors for land surveying
and geotechnical monitoring will be involved in the preparation,
organization and execution of the tunnelling.

SECONDARY LINING

Thefinalload-bearing structure of thebored tunnelisthe secondary
lining, which consists of two basic parts —the lower and upper vaults.
In the Okruhliak tunnel, three basic types of secondary lining
geometry are designed depending on the ground environment.
The S1 shape is considered for ground environments with better
ground parameters. The use of S2 shape is foreseen in the near-
portal sections, in the section near the emergency lay-by and in the
rock environment consisting of claystone, siltstone and siltstone
with worse strength parameters. A special geometry will be used
in the emergency lay-bys. Sample cross sections of type S1 and
S2 are shown in Figure 7. Typical cross-sections are demonstrated
in Fig. 7.

Inverts for reinforced concrete class C25/30 — XC3, XF2, XA2
—C10,20 — Dmax16 — S4 are designed as the foundation structures
of the secondary lining The minimum thickness of the invert for
type S1 is 657mm, for type S2 it is 923mm and for type NZ it is
616mm. The upper vaults of the secondary lining are designed in
reinforced concrete class C30/37 (35/45, 40/50) — XC3, XF2(4)
(EN) — CI1 0,20 — Dmax16 — S4. The tunnel lining will be carried
out using several types of reinforcement depending on the quality
of the ground mass at the location of the specific tunnel block. The
standard length of the block is 12m. The minimum thickness of
the secondary lining is 350mm for S1 shape, 500mm for S2 shape
and 550mm for NZ shape.

The work on the secondary lining will start after about 34 of the
tunnel tubes lengths have been excavated. The start of concrete
pouring will be the same as for the excavation from the western
portal towards the eastern portal in both tunnel tubes. TuCon will
use two sets of special trucks (repair, reinforcement, formwork truck,
Fig. 8), which it owns by itself, to complete the concrete vaults.

Before installing the reinforcement of the upper vaults, the
intermediate waterproofing between the primary and secondary
linings will be placed. Along with the work on the inverts, the
tunnel drainage, the design of which consists of side drains behind
the external surface of the lining and also a central collector, will
also be carried out. If the hydrogeology is favorable, and in line
with the contractor’s previous experience with tunnel construction
in the PreSov area, this is possible, the diameter of the side
drainage pipes will be increased and the central collector will be
abandoned.




mozné, ze dojde k zvicSeniu priemeru postrannych drendznych
rur a upusti sa od realizacie stredového zberaca.

Vypustenim stredovej drendZe by sa zniZilo riziko poSkode-
nia vozovky okolo drenaZnych S$acht, ¢o ma za nésledok niZSie
prevadzkové ndklady pocas uZivania diela. TaktiezZ by sa znizili
ndklady na Cistenie stredového zberaca a zniZilo by sa riziko za-
naSania postrannych drendZnych rir vplyvom zvySenia objemu
odvéadzanych horninovych vod.

OSTATNE STAVEBNE OBJEKTY

Sucasne s postupom betonaze sekundarneho ostenia zhotovitel
zacne s realizdciou obrubnikov a Strbinovych Zlabov. Tieto prvky
st stucastou odvodnenia vozovky a samotnej vozovky. Vybudova-
nie tychto konStrukcii vytvori priestor pre ukladanie a naslednud
betondz kablovych chréniciek, v ktorych budid vedené vysoko-
a nizkonapétové kéble. S betondZou chraniCiek zaroven vznikne
kandl pre potrubie poZiarneho vodovodu. Poziarny vodovod za-
bezpeci vodu na hasenie poziaru. Je navrhnuty v stlade s TP 099
ProtipoZziarna bezpecnost cestnych tunelov na potrebu vody pre
hasenie v objeme 20 1/s. Vodovod bude trvale zavodneny a potreb-
ny prevadzkovy tlak 0,6 az 1,0 MPa zabezpeci automaticka tlako-
va stanica. Sucastou objektu poziarneho vodovodu je aj poZiarna
nadrz s objemom 190 m®, vodovodna pripojka, odberné miesta —
hydranty a automatické vzdusSniky.

V tuneli Okruhliak je navrhnutd vozovka s dvojvrstvovym ce-
mentobeténovym krytom s povrchom s obnaZzenym kamenivom.
Skladba vozovky je uvedena v tab. 4.

Pocas vystavby tunela Okruhliak bude treba vytaZent horninu
premiestnit na potrebné miesto v radmci stavby, kde sa pouZzije do
konstrukénych vrstiev ndsypovych telies. Zhotovitel uvazuje so
stopercentnym vyuZitim vytazenej horniny. Predpokladané mnoz-
stva nosnych materidlov na vystavbu tunela Okruhliak, ako aj ob-
jem vytazenej horniny, st uvedené v tab. 5.

ZAVER

Tunel Okruhliak, zaradeny medzi stredne dlhé tunely, po dokon-
¢eni bude spliiiat §tandardy tunelov rychlostnej cesty. Zdalo by sa,
Ze v podmienkach Slovenskej republiky ¢asto pouzivana cyklicka
Nova rakiska metdda razenia a vystavby tunela by mala byt pre
skiseného zhotovitela pri danych parametroch prie¢neho priere-
zu a dizky tunela rutinou. Jeho realizcia v danych geologickych
podmienkach s vyskytom napucavych hornin, v harmonogramom
stanovenom Case a za cenu, za ktord bol projekt vysitazeny, vSak
vobec nebude lahka.

Spolu s moZnosfou a zimerom zhotovitela pontiknut objednava-
telovi zlepSovacie navrhy, ktoré by pomohli financne zefektivnit
naklady na vystavbu, to bude aj pre skuseného a zodpovedného
zhotovitela urcite vyzvou.

Ing. ANTON PETKO, PhD., anton.petko@tucon.sk,
Ing. MICHAL MARICAK, michal.maricak@tucon.sk,
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Deleting the central collector would reduce the risk of damage
to the carriageway around the drainage manholes, resulting in
lower operating costs during the use of the works. It would also
reduce the cost of cleaning the central collector and reduce the risk
of clogging of the side drains due to the increase in the volume of
ground water being discharged.

OTHER CONSTRUCTION OBJECTS

Concurrently with the concreting progress on the secondary
lining, the contractor will start to carry out the curbs and slotted
gutters. These elements are part of the roadway drainage and the
roadway itself. The construction of these structures will create
space for the laying and subsequent concreting of the cable
protection pipes in which the high- and low-voltage cables will
be led. At the same time, the concrete of the protecton pipes will
create a duct for the fire water pipeline. The fire water pipeline will
provide water for firefighting. It is designed in accordance with
TP 099 Fire safety of road tunnels for a fire water requirement
of 20L/s. The water main will be permanently wet and the
required operating pressure of 0.6 to 1.0MPa will be provided by
an automatic pressure station. The development of the fire water
supply system also includes a fire water reservoir with a volume
of 190m?, a water supply connection, hydrants and automatic air
relieve valves.

In the Okruhliak tunnel, a roadway with a two-course cement
concrete cover with a with exposed aggregate surface is designed.
The composition of the pavement is presented in Table 4.

During the construction of the Okruhliak Tunnel, the excavated
ground will have to be moved to the appropriate location within the
construction site, where it will be used in the structural layers of
the embankment bodies. The contractor envisages a 100% use of
the excavated ground. The estimated quantities of the supporting
materials for the construction of the Okruhliak tunnel, as well as
the volume of excavated ground, are given in Table 5.

CONCLUSION

The Okruhliak Tunnel, classified as a medium-length tunnel,
will meet the standards of expressway tunnels when completed.
It would seem that the cyclical New Austrian Method of tunnel
excavation and construction, often used in the Slovak Republic,
should be routine for an experienced contractor given the
parameters of the tunnel cross-section and the length. However, it
will not be easy to build it in the given geological conditions with
the presence of swelling ground, within the time schedule and at
the price for which the project was tendered.

Together with the contractor’s ability and intention to offer
the client improvement proposals that would help make the
construction costs more financially efficient, this will certainly be
a challenge even for an experienced and responsible contractor.
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