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TUNEL DOLNi RADECHOVA — VYZNAMNY PRVOK
~ OBCHVATU NACHODA
DOLNi RADECHOVA TUNNEL — A KEY ELEMENT
OF THE NACHOD BYPASS

MICHAL MARICAK

ABSTRAKT

Tunel Dolni Radechovd predstavuje vyznamny stavebny objekt v rdmci stavby 1/33 Ndchod — obchvat, ktorej cielom je zlepsit dopravnii
situdciu v Ndchode a jeho okoli. Tunel je navrhnuty ako jednoriirovy obojsmerny tunel s celkovou dizkou 363 m. Cldnok pribliZuje zdkladné
informdcie o technickom rieseni, geologickych podmienkach, pouZitej technologii razenia a organizdcii vystavby.

ABSTRACT

The Dolni Radechovd Tunnel represents a significant construction element within the 1/33 Ndchod — bypass project, which aims to
improve traffic conditions in Ndchod and its surroundings. The tunnel is designed as a single-tube, bidirectional tunnel with a total length
of 363 meters. This article presents basic information about the technical design, geological conditions, tunneling technology used, and

construction organization.
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i INTRODUCTION

The town of Nachod, located
near the Czech-Polish border, has
long struggled with excessive traffic
load, which negatively affects both
the quality of life of its residents
and the smooth flow of traffic. The
international first-class road 1/33,

grade-separated
junction Béloves

connecting Hradec Kralové with the
Polish town of Kudowa-Zdrdj, is an
important transport artery. However,
its route through the center of
Nachod causes traffic congestion,
noise, and increased emissions.

Obr. 1 Prehladnd situdcia stavby
Fig. 1 Plan view of the construction site
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Mesto Nachod, ktoré sa nachadza pri Cesko-polskej hranici,
dlhodobo zapasi s nadmernou dopravnou zéitaZou, ktora nega-
tivne ovplyviuje kvalitu Zivota obyvatelov i plynulost dopravy.
Medzinarodna cesta prvej triedy 1/33, spdjajica Hradec Kralové
s polskym mestom Kudowa-Zdrdj, je ddleZitou dopravnou tepnou,
avsSak jej trasa cez centrum Néachoda spdsobuje dopravné zapchy,
hlu¢nost a zvySenu emisni zataz.

Vystavba obchvatu Nachoda je strategickym rieSenim tejto si-
tudcie. Tunel Dolni Radechové [1] (obr. 1), ako jeden z vyznam-
nejSich objektov stavby, prekonava vyskovy rozdiel a ¢lenity terén
severne od mesta a zdroven minimalizuje zdsah do zastavaného
uzemia. V tomto ¢lanku je podrobne predstaveny navrh tunela, po-
stup vystavby, ako aj prekdzky, ktoré je potrebné pocas realizicie
prekonat.

Objedndvatelom stavby je Reditelstvi silnic a dalnic s. p. a zho-
tovitefom je ,,Spolec¢nost obchvat Nachoda®, ktord zdruzuje fir-
my: EUROVIA CZ a.s., Stavby mostt a.s., Marti a.s. a EURO-
VIA SK, a.s. Spolo¢nost Marti a.s. je zhotovitelom stavebnej Casti

The construction of the Nachod
bypass is a strategic solution to this
situation. The Dolni Radechova
Tunnel [1] (Fig. 1), as one of the
major structures of the project, overcomes the elevation difference
and rugged terrain north of the town while minimizing impact on
the built-up area. This article provides a detailed overview of the
tunnel design, construction process, and the challenges that must
be overcome during construction.

The client of the project is the Directorate of Roads and
Motorways (Reditelstvi silnic a dalnic s. p.), and the contractor
is the “Nachod Bypass Joint Venture,” which includes the com-
panies: EUROVIA CZ a.s., Stavby mostll a.s., Marti a.s., and
EUROVIA SK, a.s.

Marti a.s. is responsible for the structural part of the Dolni
Radechova Tunnel, while EUROVIA CZ a.s. is responsible for the
technological part of the tunnel.

The realization documentation (PDPS) was prepared by
“RSD BIM MAX 2020 — SAS4RP” Joint Venture led by
SATRA, spol. s r.o., in cooperation with AFRY CZ s.r.o.,
AF-Infrastructure AB, SAGASTA sro., 4roads s.r.o., and Pontex
spol. s r.o.




TuNel

tunela Dolni Radechova, spolo¢nost EUROVIA CZ, a.s. je zhoto-
vitelom technologickej Casti tunela.

Dokumentaciu na vykonanie stavby (PDPS) vypracova-
la spolo¢nost ,,Spole¢nost RSD BIM MAX 2020 — SAS4RP*
s vedudcim spoloénikom SATRA, spol. s.r.o a spolo¢nikmi
AFRY CZ s.r.o., AF-Infrastructure AB, SAGASTA s.r.o., 4roads s.r.o.
a Pontex spol. s r.o. Zhotovitelom realizacnej dokumentacie
stavby (RDS) je spolocnost ,,Sdruzeni 1/33 4ROADS-SATRA-
-VALBEK-PONTEX*“ s vedicim spolocnikom 4roads s.r.o
a spolo¢nikmi SATRA, spol. s.r.o, Valbek, spol. s.r.o.
a Pontex spol. s r.o.

ZAKLADNE INFORMACIE O TUNELI

Hlavnym dovodom névrhu tunela Dolni Radechova na trase ces-
ty 1/33 je potreba prekonat geomorfologicky ¢lenité uzemie juho-
vychodne od obce Dolni Radechova. Tunel prekondva dva chrbty
s nadmorskou vyskou 391,1 a 394,0 m, pricom nadloZie dosahuje
miestami vySku az 25 metrov. Medzi tymito chrbtami, pribliZne
v strede tunela, sa nachadza priecne udolie, kde sa bude tunel
vzhladom na nizke nadloZie a nepriaznivé geologické podmienky
budovat v otvorenej stavebnej jame. Tunelo-
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“I/33 4ROADS-SATRA-VALBEK-PONTEX” Joint Venture led
by 4roads s.r.o., with partners SATRA, spol. s r.o., Valbek, spol. s r.o.,
and Pontex spol. s r.o. is responsible for the detailed design
documentation (RDS).

BASIC INFORMATION ABOUT THE TUNNEL

The main reason for designing the Dolni Radechovd Tunnel along
the I/33 road route is the need to overcome the geomorphologically
rugged terrain southeast of the village of Dolni Radechova. The
tunnel crosses two ridges with elevations of 391.1m and 394.0m,
with the overburden reaching up to 25 meters in some places.
Between these ridges, approximately in the middle of the tunnel,
lies a transverse valley where, due to the low overburden and
unfavorable geological conditions, the tunnel will be constructed
in an open cut. The tunnel tube will thus be divided into two mined
sections and three cut-and-cover sections (see Fig. 2).

According to CSN 73 7507 — Design of Road Tunnels, the Dolni
Radechova Tunnel is classified as a short tunnel. The tunnel tube

is divided into sections constructed by mining and cut-and-cover
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Tab. 1 Zdkladné technické parametre tunela Dolni Radechovd

Obr. 2 Schematické zndzornenie tunela Dolni Radechovd
Fig. 2 Schematic representation of the Dolni Radechovd tunnel

Table 1 Basic technical parameters of the Dolni Radechovd tunnel

Pocet tunelovych rur 1 Number of tunnel tubes 1

Vedenie premavky obojsmerné Traffic flow bidirectional

Kategéria tunela podia CSN 73 7507 T-95 Tunnel category (CSN 73 7507) T-95

Navrhovana rychlost 70 km/h Design speed 70km/h

Celkova dizka tunela podfa CSN 73 7507 363 m Total tunnel length (CSN 73 7507) 363m

Qiika razenych usekov tunela 166,07 m /13531 m Length of mined sections (part 1/ part 2) 166.07m / 135.31m

(Cast 1/ Cast2) Length of cut-and-cover sections 21.98m/39.33m /

Dizka hlbep\'(ch ﬂse[(qv tunela, pprtél Qolm’ 21,28 m /39,33 m/ (Dolni Radechova portal / central section / oaeam

Radechova / stredny usek / portal Babi 24,64 m Babi portal)

Pozdiiny sklon ggeg?gglg/iy do 3,95 % Longitudinal gradient }’%”;%%7% 10 3.95%
S jednqstrann)'/mo one-sided camber:

PrieEny skion glggigﬁaﬁ%n? K cross siope tzv;/%-giéoéd camber: 2.5%
klopenim 2,5 % 1 piece,

Unikova §tolia IlolTr?;é na tunelovd rdru eespealen Foe[ﬁﬁr?gﬁﬂfé

Pocet nudzovych zélivov 0 Number of emergency bays 0

Vyska prejazdného prierezu 48m Clearance height 4.8m

Sirka chodnikov 1,0m Sidewalk width 1.0m

Svetla vyska nad chodnikom 22m Headroom above sidewalk 2.2m
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16 kusov systémovych prefabrikatov. Na portal unikovej Stolne
nadvézuje priblizne 13,6 m dlha unikova cesta v zareze. Steny
zarezu budu z oboch stran zabezpeCené opornou konStrukciou
z gabiénov s premenlivou vySkou 2,5-3,5 m. Na dnikovu cestu
nadvizuje zhromazdovacia plocha so $irkou 5,3 m a dizkou 13 m
s pristupovou komunikdciou §irky 2,5 m a dizky 60,3 m. Tunelova
rura dalej obsahuje osem vyklenkov pre revizne Sachty drendze
(Styri vpravo, Styri vlavo), Styri zdruzené vyklenky (dva vpravo,
dva vlavo) pre osadenie SOS kabin, revizne Sachty drenaze a tak-
tiez vo vyklenkoch na lavej strane v smere stanicenia budd umiest-
nené poziarne hydranty.

Zakladné technické parametre tunela Dolni Radechovd st uve-
dené v tab. 1.

GEOLOGICKE A HYDROGEOLOGICKE PODMIENKY
TUNELA DOLNi RADECHOVA

Z geologického hladiska je trasa tunela Dolni Radechova tvore-
nd kvartérnym pokryvom a predkvartérnym podloZim.

Kvartérny pokryv je najvyznamnejsi v dseku strednej jamy
(obr. 3), kde je zaznamenand najvicsia mocnost kvartérnych ze-
min, ktord dosahuje az 5,2 m. Tento usek je charakterizovany mor-
fologickym zniZenim terénu, tzn. mensim ddolim, ktoré umoZznilo
vznik hrubsej vrstvy kvartérnych sedimentov. Kvartér tvori nie-
kolko vrstiev geologickych formacii. Prvd vrstva — humdzna
pokryvka — je zloZené predovsSetkym z hnedych premenlivo pie-
socnatych hlin, ktorych mocnost sa pohybuje v rozmedzi 0,30 aZ
0,40 m. Dalej nasleduje vrstva deluviofluvidlnych zemin, ktoré sa
vyznacuju variabilitou v granulometrii. Tato vrstva mdZe dosaho-
vat mocnost cez 2 m a je klasifikovana ako geotyp Q2a alebo Q4.

V terénnych depresiach, kde sa miestne zvySuje mocnost kvar-
térnych zemin, je tato deluviofluvidlna vrstva Casto pokryta eolic-
ko-deluvialnymi flovito-prachovitymi hlinami, ktoré maju eolicky
povod (sprase). Tato vrstva mdze dosiahnut az 2,8 m.

Pod kvartérnymi zeminami v trase tunela Dolni Radechova je

spravidla pritomnd eluvidlna pokryvka skalného podloZia, kto-
ra sa skladd z premenlivo hlinitych pieskov aZ piescitych hlin
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methods and will operate bidirectionally with a design speed of
70km/h. The total length of the tunnel tube is 363 meters.

The tunnel includes an escape gallery approximately 44 meters
long, located roughly in the middle of the tunnel tube and
oriented perpendicular to it. The monolithic section of the
gallery (connecting to the cut-and-cover tunnel) is approximately
4.4 meters long. The remaining portion consists of 16 prefabricated
segments. At the portal of the escape gallery, there is a 13.6-meter-
long escape route in a trench. The trench walls will be secured
on both sides with gabion retaining structures of variable height
ranging from 2.5 to 3.5 meters.

The escape route leads to an assembly area with a width
of 5.3 meters and a length of 13 meters, with an access road
2.5 meters wide and 60.3 meters long.

The tunnel tube also includes eight niches for inspection
shafts of the drainage system (four on the right, four on the
left), four combined niches (two on the right, two on the left)
for SOS emergency cabinets, drainage inspection shafts, fire
hydrants located in the niches on the left side in the direction of
stationing.

GEOLOGICAL A HYDROGEOLOGICAL CONDITIONS
OF DOLNI RADECHOVA TUNNEL

From a geological perspective, the route of the Dolni Radechova
Tunnel consists of Quaternary cover and pre-Quaternary bedrock.

The Quaternary cover is most prominent in the central cut-and-
cover section (Fig. 3), where the greatest thickness of Quaternary
soils is recorded up to 5.2 meters. This section is characterized
by a morphological depression in the terrain, i.e., a small valley
that allowed for the accumulation of a thicker layer of Quaternary
sediments. The Quaternary deposits consist of several geological
formations. The first layer, the humic cover is composed mainly of
brown, variably sandy clays, with a thickness ranging from 0.30
to 0.40 meters. This is followed by a layer of deluvio-fluvial soils,
which are notable for their granulometric variability. This layer
can exceed 2 meters in thickness and is classified as geotype Q2a

or Q4.

Lo

Obr. 3 Vykopové prdce v oblasti strednej jamy — priamy prechod kvartérneho pokryvu na skalné podloZie
Fig. 3 Excavation works in the central trench area — direct transition from Quaternary cover to bedrock

In terrain depressions where the thickness
of Quaternary soils increases locally, the
deluvio-fluvial layer is often overlain by
eoliano-deluvial clayey-silty clays of aeolian
origin (loess). This layer can reach up to
2.8 meters.

Beneath the Quaternary soils along the
tunnel route, there is typically an eluvial
cover of the bedrock, composed of variably
clayey sands to sandy clays with a thickness
of up to 1.6 meters (geotypes Pla, P1b). In
some locations, however, this soil layer is
absent, resulting in a direct transition to
bedrock composed of reddish-brown Permian
sandstones and conglomerates (geotypes P2
and P3), which exhibit intense weathering
and fracturing. This layer has a variable
thickness, usually up to 2 meters, but in areas
affected by tectonic fissures, it can reach up
to 5 meters.

In deeper layers, a slightly weathered
to moderately weathered bedrock massif
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s mocnostou do 1,6 m (geotypy Pla, P1b). V niektorych miestach
vSak tato vrstva zemin chyba, ¢o vedie k prechodu priamo na skalné
podloZzie, ktoré je tvorené Cervenohnedymi permskymi pieskovcami
a zlepencami (geotypmi P2 a P3), ktoré vykazuju intenzivne
zvetrdvanie arozpukanie. Tato vrstva mé premenlivd mocnost, kto-
rd sa pohybuje obvykle do 2 m, ale v oblastiach postihnutych tek-
tonickymi puklinami mdZe dosiahnut az 5 m. V hlbsich vrstvach
je overeny mierne zvetrany aZ navetrany skalny masiv prevaZne
tvoreny Cervenohnedymi permskymi zlepencami a pieskovcami
(geotypy P4 a P3), kde rozpukanie dosahuje aZ decimetre a nie-
kedy aj viac ako 0,5 m.

V ramci menej zvetraného skalného masivu boli tiez identifi-
kované zény a vrstvy s intenzivnej$im tektonickym rozruSenim
a naslednym zvetranim, ktoré boli klasifikované ako geotechnicky
menej priaznivé (geotypy P2 a P3). Tieto vrstvy, obvykle o moc-
nosti rddovo jednotiek metrov, vznikli v dosledku tektonického po-
stihnutia masivu a pritomnosti ciest pre podzemné vody, ktoré si
klucovym faktorom pre zvetravanie. Vyskyt tychto vrstiev bol po-
tvrdeny ako geologickymi vrtmi, tak geofyzikdlnym prieskumom,
ktory identifikoval subvertikdlne zony.

Tieto geotechnické podmienky predstavuju zhorSené podmien-
ky pre razenie tunela, a preto boli tieto iseky vyclenené ako samo-
statné kvazihomogénne celky, ¢o umozZiiuje optimalizaciu postupu
razenia.

V oblasti tunela Dolni Radechové bola identifikovana aj loka-
lizovand pritomnost podzemnej vody, najmé v miestach tektonic-
kych portuch a deluviofluvidlnych zemin. Podzemné vody mozu
spdsobit oslabenie geotechnickych vlastnosti materidlov, ¢o bude
vyZadovat opatrenia na odvodnenie a stabiliziciu tunelovej Celby
pocas vystavby (napr. skritenie dizky zaberu, ponechanie oporné-
ho jadra, kotvenie predpolia Celby, odvodnenie masivu pred Cel-
bou odvodiiovacimi vrtmi, vertikdlne delenie celby) (obr. 4).

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
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has been confirmed, predominantly composed of reddish-brown
Permian conglomerates and sandstones (geotypes P4 and P3),
where fracturing reaches dimensions of several decimeters and
sometimes exceeds 0.5 meters.

Within the less weathered bedrock massif, zones and layers
exhibiting moreintense tectonic disruption and subsequent weathering
were also identified. These were classified as geotechnically less
favorable (geotypes P2 and P3). These layers, typically several
meters thick, were formed as a result of tectonic deformation of the
massif and the presence of pathways for groundwater, which is a key
factor in the weathering process. The occurrence of these layers was
confirmed both by geological boreholes and by geophysical surveys,
which identified subvertical zones.

These geotechnical conditions represent more challenging
circumstances for tunnel excavation. Therefore, these sections
were designated as separate quasi-homogeneous units, allowing
for optimization of the excavation process.

Localized presence of groundwater was also identified in the
Dolni Radechova tunnel area, particularly in zones of tectonic
disturbance and deluvio-fluvial soils. Groundwater can weaken
the geotechnical properties of the materials, which will require
drainage and stabilization measures during tunnel face excavation.
These may include shortening the excavation advance length,
maintaining a support core, anchoring the tunnel face, pre-
drainage of the rock mass using drainage boreholes, and vertical
division of the tunnel face (see Fig. 4).

TUNNEL EXCAVATION

The structure of the mined tunnel consists of a two-layer lining
(primary and secondary), with an intermediate drainage and
protective layer, and a sheet waterproofing membrane. Excavation
will be carried out according to the principles of the New Austrian
Tunneling Method (NATM). The proposed tunneling classes and
their anticipated distribution along the mined sections of the Dolni
Radechova Tunnel are shown in Table 2.

In all excavation classes, the tunnel face is divided into the
calotte (upper part) and the bench (lower part). For excavation class

stavebni jama
construction pit
- - =
i L
L niveleta g STl
elevation profile *I =] L
= s -

délka tunelu 363,00 m
tunnel length 363.00m

1. Gsek razeb 164,30 m
first excavation section 164.30m

plivodni terén
original terrain g

e

Cislo kvazihomogenniho Useku tunelu
number of the quasi-homogeneous tunnel section

litologické charakteristika
lithological characteristics
geotyp v oblasti vyrubu

eotype in the area of the excavation

tunelova tfida NRTM dle projektu
NATM tunnelling class according to the project

hloubeny Usek tunelu
cut-and-cover section
of the tunnel

hlinto/jilovito-piscité pokryvné zeminy, nize permskeé piskovce a slepence
clayey/silty-sandy cover soils, below Permian sandstones and conglomerates
Q2a, Q4, P1a, P3, P5

e

permskeé arkézovité piskovce a slepence
Permian arkosic sandstones and conglomerates

P5, P4 (misty P3)
P5, P4 (sporadically P3)

TT2 TT3 TT2

TT3

Obr. 4 Geologicky pozdliny profil tunela
Fig. 4 Geological longitudinal profile of the tunnel
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Tab. 2 Navrhnuté technologické triedy vyrubu a ich predpokladané zastiipenie v trase razeného tunela Dolni Radechovd

Cast 2 - usek medzi strednym tsekom
a portalom Babi

Technologicka trieda

Cast 1 - usek medzi portalom Dolni
Radechova a strednym tisekom

Tuel

Spolu ¢ast 1 + ¢ast 2

dizka [m] zastlpenie [%)] dizka [m] zastdpenie [%] dizka [m] zastlpenie [%)]
TT2 74,3 25 0 0 74,3 25
TT3 56 19 50 17 106 55
TT4 0 0 49 16 49 16
TT 4P 30 10 30 10 60 20
TPS — tunelovy predtitok 5,77 2 6,31 2 12,08 4
Spolu 166,07 59 135,31 45 301,38 100

Table 2 Proposed tunneling classes and their anticipated distribution along the mined sections of the Dolni Radechovd tunnel

Section 1 - between Dolni Radechova

Section 2 - between central section

Total Section 1 + Section 2

Tunneling class portal and central section and Babi portal
length [m] share [%] length [m] share [%] length [m] share [%]
TT2 74.3 25 0 0 74,3 25
T3 56 19 50 17 106 35
T4 0 0 49 16 49 16
TT 4P 30 10 30 10 60 20
TPS - tunnel forepoling 5.77 2 6.31 2 12.08 4
Total 166.07 55 135.31 45 301.38 100

podla zasad Novej rakiskej tunelovej metddy. Navrhnuté techno-
logické triedy vyrubu, ako aj ich predpokladané zastipenie v trase
razeného tunela Dolni Radechova, su uvedené v tab. 2.

Pri vSetkych technologickych triedach sa celba deli na kalotu
a stupen (opéfi). V ramci technologickej triedy TT 4P sa v pri-
pade potreby zrealizuje taktieZ spodné klenba. Na obr. 5 a 6 je
znazorneny postup razenia a vystrojenia v najviac zastipenej vy-
strojovacej triede TT 3 (s dizkou zaberu v kalote 1,5 aZ 1,9 m, bez
obmedzenia dizky odstupu stupiia od kaloty).

Konstrukcia primarneho ostenia pozostdva zo striekaného be-
ténu, vystuznych prvkov (zvarané ocelové siete, ocelové priehra-
dové nosniky typu ARCUS), systémového radidlneho kotvenia
a z opatreni pre stabilizaciu obrysu vyrubu, nadloZia a predpolia
Celby (kotvenie, ihlovanie a mikropilétové dazdniky). Na zéklade
geologickych podmienok sa ocakava, Ze rozpojovanie hornin bude

TT 4P, a lower invert arch may also be constructed if necessary.
Figures 5 and 6 illustrate the excavation and support procedure for
the most prevalent excavation class TT 3, with an advance length
in the calotte ranging from 1.5 to 1.9 meters, and no restriction on
the bench excavation offset distance from the calotte.

The primary lining of the mined tunnel consists of sprayed
concrete, steel reinforcement (welded steel meshes and ARCUS-
type steel lattice girders), systematic radial anchoring, and
stabilization measures for the excavation walls, roof, and tunnel
face (anchoring, spiling, and micropile umbrellas). Based on
geological conditions, rock disintegration is expected to be
carried out primarily using drilling and blasting techniques.
In portal areas, especially in excavation class TT 4P, rock
disintegration beneath the micropile umbrella will be performed

mechanically.

stavebni jama 45,70 m
construction pit 45.70m

ptivodni terén

or|g|na| terrain \

_,-_

2. Usek raZeb 133,00 m
second excavation section 133.00m

Spojnice ustalene hladiny podzemm vody v puklinovém prostedi skalniho podlozi vyjadfuje interpretaci

tlakového potenciélu zvodné v roviné fezu. Zobrazend linie tak nevyjadruje spojitost zvodnéni. =
The lines connecting the stabilized groundwater levels in the fractured environment of the bedrock

represent an interpretation of the pressure potential of the aquifer in the cross-sectional plane The

displayed line therefore does not represent the continuity of the aquifer. -
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Permian arkosic sandstones and conglomerates

hlinto/jilovito-piscité pokryvné zeminy, nize permské piskovce a slepence
clayey/silty-sandy cover soils, below Permian sandstones and conglomerates
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Obr. 5 Postup razenia a ndvrh vystrojenia TT 3 (priecny rez)
Fig. 5 Excavation procedure and support design for TT 3 (cross-section)
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Drilling rigs Atlas Copco E2C
will be deployed for drilling blast
holes as well as for installing
support elements (anchors, spiles,
micropile umbrellas). Excavated
rock will be removed using front-
end wheel loaders and dumpers,
which will transport the muck to
designated disposal sites. After
disintegration and removal, the
reinforcement phase follows, i.e.,
construction of the primary lining.
Sprayed concrete will be applied
using MEYCO Potenza spraying
with
output of 20m3 of sprayed concrete

equipment, a theoretical
per hour.

An overview of the excavation
equipment for tunnel construction

is provided in Table 3.
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height 176mm
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Obr. 6 Postup razenia a ndvrh vystrojenia TT3 (pozdlZny rez)
Fig. 6 Excavation procedure and support design for TT 3 (longitudinal section)

Tab. 3 Strojno-technické vybavenie na razenie tunela Dolni Radechovd

Table 3 Machinery and equipment for excavation of the Dolni Radechovd tunnel

Pocet Number

Skupina Nazov mechanizmu nasadenych Group Equipment name of units

kusov deployed
tunelbager Liebherr R950 1 tunnel excavator Liebherr R950 1
Bager tunelbager Liebherr R944 1 Excavator tunnel excavator Liebherr R944 1
minibager CAT 305 1 mini excavator CAT 305 1
Striekaci stroj Meyco Potenza 2 Spraying Unit Meyco Potenza 2
Dumper Volvo A25 3 Dumper Volvo A25 3
Naklada¢ Liebherr L566 2 Loader Liebherr L566 2
Vrtny voz Atlas Copco E2C 2 Drill Rig Atlas Copco E2C 2
PloSina GTA Normlifter 1600D 2 Platform GTA Normlifter 1600D 2
Manipulator Merlo TF30 1 Telehandler Merlo TF30 1
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Obr. 7 Vzorovy priecny rez — beZny profil v razenom tuneli
Fig. 7 Typical cross-section — standard profile in the mined tunnel

prebiehat najméd pomocou vrtno-trhacich prac. V priportalovych
usekoch, najma v TT 4P, bude rozpojovanie hornin pod mikropil6-
tovym dazdnikom prebiehat mechanicky.

Na vftanie vyvrtov pre ndloZe trhavin, ale aj pre aplikdciu zabez-
pecovacich prvkov (kotiev, ihiel, mikropildtového dazdnika) budd
nasadené vrtné vozy Atlas Copco E2C. Odtazba rozpojenej horni-
ny bude realizovana ¢elnymi kolesovymi naklada¢mi a dumprami,
ktoré rubaninu vyvezi na ur¢ené miesto. Po rozpojeni a odtazeni
nasleduje faza vystuzZovania, resp. budovania primarneho ostenia.
Striekany betén bude aplikovany pomocou striekacich zariadeni
MEYCO Potenza s teoretickym vykonom 20 m?* strickaného beto-
nu/h. Prehlad strojno-technického vybavenia pre razenie tunela je
uvedeny v tab. 3.

Vzhladom na kritku dizku tunelovej riry sa bude tunel razit
z jednej strany — z portalu Dolni Radechova. Razenie bude prebie-
hat v nepretrzitej prevadzke 24 hodin denne sedem dni v tyZdni.
V procese razenia tunela sa na priprave, organizacii a realizacii
bude podielat 14 technickych pracovnikov, 26 tuneldrov a pod-
pornych pracovnikov, 11 pracovnikov strojnej a elektro udrzby,
subdodavatelia na geodetické merania a geotechnicky monitoring
(obstardvany objednavatelom RSD s.p.).

SEKUNDARNE OSTENIE

Definitivnu nosnu konstrukciu razeného tunela tvori sekundarne
ostenie pozostavajice z dvoch zakladnych Casti — zo zédkladovych
konstrukcii a hornych klenieb.

Due to the short length of the tunnel tube, excavation will
proceed from a single side specifically from the Dolni Radechova
portal. Excavation will be carried out in continuous operation,
24 hours a day, seven days a week.

The tunnel excavation process will involve 14 technical staff,
26 tunnel workers and support personnel, 11 mechanical and electrical
maintenance workers, subcontractors for geodetic surveying and
geotechnical monitoring (procured by the client RSD s.p.).

SECONDARY LINING

The final load-bearing structure of the mined tunnel consists
of a secondary lining composed of two main components: the
foundation structures and the upper vaults.

Given the expected geological conditions at the foundation
level (weathered to sound Permian sandstones, conglomerates,
and siltstones), reinforced concrete strip foundations made
of C 30/37 XA2 are designed along the entire tunnel length.
These strip foundations are 1500mm wide and 750mm
high.

Together with the construction of the strip foundations, the
tunnel drainage system will be implemented. The design includes
lateral drains behind the lining and a central collector.

Before reinforcing the upper vaults, an intermediate sheet

waterproofing membrane will be installed between the primary
and secondary linings.
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Tab. 4 Skladba konstrukcie vozovky v tuneli Dolni Radechovd
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Table 4 Pavement structure composition in the Dolni Radechovd tunnel

Konstrukéna vrstva I;I/:g?vv Norma Structural Layer Thli-:lz:;ss Standard
Asfaltovy koberec mastixovy - . Stone mastic asphalt with pre-coated CSN EN 13108-5,
modifilgovany s posypom predobalenym 40 mm C%I\éﬁ ’\7131 212? ° aggregate, SMA 11S PMB 45/80-65 Uiy CSN 73 6121
kam.enlvo,m, ik e PMI,B L Bonding spray of polymer-modified GSN EN 13808
Spojovaci postrek z polymérom ' GSN EN 13808 cationic asphalt emulsion, 0.35kg/m2, = &s '
modifikovanej kationaktivnej asfaltovej - ESN 736129 PS-CP N736129
i 2 - =
Cinibio 0 s k g/, va (,:P Modified asphalt concrete for base layers, CSN EN 13108-1,
Asfaltovy betén pre lozné vrstvy 80 mm CSN EN 13108-1 ACL 225 PMB 25/55-60 80mm GSN 73 6121
Spoac Pt pobmécon 18— | Bodng e of pomermodies PoE—
e . , - : ,
modifikovanej kationaktivnej asfaltovej - g e o SESIEICITE BETL A2 T SN 736129
emulzie 0,35 kg/m?, PS-CP =
Asfaltovd zmesg s vysokvm modulom CSN EN 13108-1 High-stiffness asphalt mix, VMT 22 TSA 90 CSN EN 13108-1,
tuhost, VMT 22 TSA 20/30 omm | &SN 736140 20/30 M| CsN736140
Postrek infiltraény z kationaktivnej NEN 1 Infiliration spray of cationic asphalt CSN EN 13808,
asfaltovej emulzie 0,6 kg/m? s posypom — CCSSN i 6312%8 ‘29;2“'3'0% 8|-(6|;9/212|;'\|”tcf; HDK aggregate - BSN 73 6129
HDK fr. 2/4 (3,0 kg/m?), PI-C mm (3.0kg/m?), PI- i
i . : CSN 73 6126-1, i i CSN 73 6126-1,
Mechanicky spevnené kamenivo, 200mm | GSNEN 13285 (’\)/}ggrl]arglcél)\ly l\sllt;ﬁ"'led aggregate, 200mm | CSNEN 13285,
fr.0/32 GA, MZK CSN EN 3242+4A1 z CSN EN 3242+A1
min CSN 73 6126-1, ) min CSN 73 6126-1,
Strkodrva, fr. 0/32 GB, SDA 150 X ,CSN EN 13285, Crushed stone base, 0/32mm GB, SDA 150 m'm _CSN EN 13285,
MM | ESN EN 3242+Af CSN EN 3242+Af
min. min.
Celkom 560 mm Total 560mm B

Vzhladom na ocakdavané geologické prostredie na trovni za-
kladovej Skary (zvetrané aZz zdravé permské pieskovce, zlepence
a prachovce) st v celej dizke tunela ako zdkladové konstrukcie
navrhnuté zdkladové pésy zo Zelezobetonu C 30/37 XA2. Za-
kladové pasy st Siroké 1500 mm a vysoké 750 mm. Spolu s vy-
stavbou zdkladovych pasov sa za¢ne realizovat drendZny systém
tunela, ktorého navrh pozostava z postrannych drendzi za rubom
ostenia a stredového zberaca.

Pred armovanim hornych klenieb sa poloZi medzilahla féliova
izolacia medzi primarnym a sekundarnym ostenim.

Horné klenby sekundérneho ostenia st navrhnuté zo Zelezobeto-
nu triedy C35/45 XF4, XA2 XD3. Beton je vystuzeny betonarskou
ocelou B500B a zviranymi sietami @ 8/150/150 mm. Standardna
diZka bloku je 12,5 m. Minimalna hribka sekundarneho ostenia je
400 mm, u pitiek sa zvicSuje aZz na 600 mm (obr. 7).

Sekundarne ostenie sa vzhladom na to, Ze ide o kratky jedno-
rurovy tunel, zacne realizovat po prerazeni druhej Casti tunela.
S pracami na betondZi sa zac¢ne, rovnako ako pri razeni, od portalu
Dolni Radechova smerom na stredny tsek. Tam sa vynecha hibe-
ny usek a debniaci voz bude pokracovat az na portdl Babi. Nosna
konstrukcia ostenia v hibenych tisekoch tunela (iseky na oboch
portéloch a taktiez v strednej jame) md rovnaky svetly profil ako
pri razenom tuneli. Oproti razenej Casti je vSak minimalna hribka
ostenia 600 mm, pri zakladoch sa zvi¢iuje az na 1300 mm. Hibené
useky sa zacnu realizovat po ukonceni betondZe hornych klenieb
v razenej Casti. Najprv sa zrealizuje isek na portali Babi, ndsledne

Tab. 5 UvaZované mnoZstvd nosnych materidlov a vytaZenej horniny

Material i engﬁg;ﬁa Mnozstvo
Vlyrazena hornina z razenia m® 31843
Hornina z vykopov portalov m3 55 059
Striekany beton m® 5275
Zaistovacie prvky — kotvy, ihly ks 3 626
Mikropildty m 2805
Ocel t 1317
Beton m3 7105

The upper vaults of the secondary lining are designed using
reinforced concrete of class C35/45 XF4, XA2, XD3. The concrete
is reinforced with B500B reinforcing steel and welded meshes
@ 8/150/150mm. The standard block length is 12.5 meters. The
minimum thickness of the secondary lining is 400mm, increasing
to 600mm at the springlines (see Fig. 7).

Since this is a short single-tube tunnel, the secondary lining will
be constructed after breakthrough of the second tunnel section.
Concrete works will begin just like the excavation from the Dolni
Radechova portal heading toward the central section. The cut-and-
cover section in the middle will be skipped, and the formwork
carriage will continue toward the Bab{ portal.

The load-bearing structure of the lining in the cut-and-cover
sections (at both portals and in the central trench) has the same
clear profile as the mined tunnel. However, compared to the mined
section, the minimum lining thickness is increased to 600mm, and
at the foundations it reaches up to 1300mm.

The cut-and-cover sections will be constructed after completion of
the upper vault concreting in the mined section. The sequence will
begin at the Babi portal, followed by the central section, and finally
the Dolni Radechova portal. The same formwork carriage used in the
mined section will be employed, onto which reinforcement will be
tied and then enclosed with counter-formwork.

For the construction of the concrete vaults, Marti a.s. will use
a set of specialized carriages (repair, reinforcement, and formwork
units), which the company owns.

Table 5 Estimated quantities of structural materials and excavated rock

Material Unit Quantity
Excavated rock from tunneling m3 31,843
Rock from portal excavations m? 55,059
Sprayed concrete m? 5,275
Support elements — anchors, spiles pcs 3,626
Micropiles m 2,805
Steel t 1,317
Concrete m? 7,105
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v strede tunela a nakoniec na portdli Dolni Radechova. Pre ich
realizaciu bude pouzity ten isty debniaci voz ako pri razenej Casti,
na ktory sa vyviaze vystuZ a nasledne sa zaklopi protidebnenim.

Na zhotovenie beténovych klenieb spolo¢nost Marti a.s. pouZi-
je zostavu Specidlnych vozov (vyspravkovy, armovaci, debniaci),
ktoré ma vo vlastnictve.

OSTATNE STAVEBNE OBJEKTY

Stcasne s postupom betonaze sekundarneho ostenia Zhotovitel
zacne s osddzanim obrubnikov a §trbinovych Zlabov. Tieto prvky
st sucastou odvodnenia vozovky a samotnej vozovky. Vybudova-
nie tychto konstrukcii vytvori priestor pre ukladanie a naslednu
betonaz kablovych chraniciek a zdroven vznikne kandl pre potru-
bie poziarneho suchovodu. PoZiarny suchovod zabezpeci vodu na
hasenie a v pripade poZiaru bude aktivovany (naplneny) vodou
z poZziarnej nadrZe na pozadovany pretlak do 240 s od obdrZania
signdlu z poZziarneho hlasica. Na hasenie musi byt zabezpecena
dodavka vody v mnozstve 30 1/s po dobu najmenej 60 minut. Po-
Ziarna nadrZ s objemom 117 m? je sucastou suterénu prevadzkovo
technologického objektu.

Vozovka v tuneli Dolni Radechova je totozna s prilahlou vo-
zovkou hlavnej trasy obchvatu Nachoda (SO 102). Konstrukcia je
navrhnuta v silade s TP 170 v zloZeni podla tab. 4.

VytaZena hornina z razenia tunela Dolni Radechova bude vyva-
Zana na medzidep6niu v blizkosti portalu Dolni Radechova, kde
sa predrvi a pouzije do konStrukénych vrstiev nasypovych telies.
UvaZované mnoZstvd nosnych materidlov na vystavbu tunela, ako
aj objem vytazenej horniny, si uvedené v tab. 5.

ORGANIZACIA VYSTAVBY

Tunel Dolni Radechova pozostava zo stavebnej a technologicke;j
Casti. Stavebnu Cast tvori 23 stavebnych objektov a technologicku
Cast 15 prevadzkovych stiborov. Razenie tunela sa bude realizovat
dovrchne z portdlu Dolni Radechova (obr. 8). Vzhladom na to, Ze
razend Cast pozostava z dvoch relativne kratkych Casti, a taktiez
na technickud a ¢asovi narocnost vystavby jamy v strednom tseku

L O e Y
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OTHER CONSTRUCTION STRUCTURES

Simultaneously with the progress of secondary lining concreting,
the contractor will begin installing curbs and slot drains. These
elements are part of the road drainage system and the pavement
itself. The construction of these components will create space for
the placement and subsequent concreting of cable ducts, and will
also form a channel for the fire dry riser pipeline.

The fire dry riser will provide water for firefighting and, in
the event of a fire, will be activated (filled) with water from the
fire reservoir to the required pressure within 240 seconds of
receiving a signal from the fire detector. For effective firefighting,
a water supply of 30 liters per second must be ensured for at least
60 minutes. The fire reservoir, with a volume of 117m3, is located
in the basement of the operations and technological facility.

The pavement in the Dolni Radechova Tunnel is identical to the
adjacent pavement of the main bypass route of Nachod (SO 102).
The structure is designed in accordance with TP 170 and consists
of the layers listed in Table 4.

The excavated rock from the Dolni Radechova Tunnel will
be transported to a temporary depot near the Dolni Radechova
portal, where it will be crushed and reused in the structural layers
of embankment bodies. The estimated quantities of structural
materials for tunnel construction, as well as the volume of
excavated rock, are listed in Table 5.

CONSTRUCTION ORGANIZATION

The Dolni Radechovd Tunnel consists of a structural and
a technological part. The structural part includes 23 construction
objects, while the technological part comprises 15 operational
systems. Tunnel excavation will be carried out uphill from the
Dolni Radechova portal (see Fig. 8). Given that the mined section
consists of two relatively short segments and considering the
technical and time demands of constructing the central trench,
the central excavation pit will be built first. This will be followed
by the construction of the excavation pit at the Dolni Radechova

Obr. 8 Pohlad na trasu tunela (v popredi portdl Dolni Radechovd, ndsledne stredny isek v blizkosti cintorina)
Fig. 8 View of the tunnel route (foreground: Dolni Radechovd portal, followed by the central section near the cemetery)
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sa ako prva zacne budovat prave stavebna jama v strednom useku.
Nasledne sa bude pokraCovat s vystavbou stavebnej jamy — portél
Dolni Radechovi a ako posledna sa vybuduje jama na portéli Babi.
Vsetky tri jamy st naplanované tak, aby boli pripravené v dostatoc-
nom ¢asovom predstihu, aby nedoslo k obmedzeniu raziacich prac.

Po vybudovani stavebnej jamy na portali Dolni Radechova sa
pristipi k samotnému razeniu tunela. Pocas razenia prvej ¢asti tune-
la sa budd dokoncovat prace na zaisteni strednej jamy a budu pre-
biehat prace na vystavbe stavebnej jamy — portal Babi. Po prerazeni
prvej Casti tunela sa demontuje vedenie lutiiového tahu a presunie sa
ventilator, ktory je sicastou separatneho vetrania, do strednej jamy.
To umoZni, aby sa v prvej prerazenej Casti mohlo pristipit k praicam
na profilacii primarneho ostenia a po ustdleni konvergencii k reali-
zacii zékladovych pasov sekunddrneho ostenia. Po prerazeni dru-
hej Casti tunela tak bude v prvej Casti tunela pripravené pracovisko
pre realizaciu drenazneho odvodnenia a hydroizola¢ného suvrstvia,
ktoré predchadzaju realizicii sekunddrneho ostenia. Nésledne sa
osadia Strbinové Zlaby a obrubniky. Vznikne priestor pre uloZenie
poZiarneho suchovodu a kdblovych chraniciek. Po ukonceni uvede-
nych prac bude mozné realizovat samotné chodniky, vozovku, nater
ostenia, budovu prevadzkovo technologického objektu, ako aj kéb-
lovody na oboch strandch tunela. Po vystavbe objektov stavebnej
Casti, ale aj v subehu s ich vystavbou, sa zacne s technologickou
casfou tunela Dolni Radechova.

Prevadzkovo technologicky objekt predstavuje pozemnu stavbu
na zdruZenej ploche pri portdli Dolni Radechovd. Ide o jednopod-
lazny, Zelezobetonovy presypany objekt s plochou strechou ob-
diZnikového podorysu s rozmermi 14,7 x 5,8 m. V objekte bude
umiestnené technologické vybavenie potrebné pre prevadzku tune-
la (napr. velin, slabopriidova rozvodiia, rozvodiia nizkeho napiitia,
UPS, dieselagregat, Cerpacia stanica, GSM zariadenia). Pod objek-
tom bude taktieZ umiestnena poZiarna nadrz.

ZAVER

Tunel Dolni Radechova sice patri medzi kratSie tunely, no aj
napriek tomu predstavuje pre Zhotovitela technicky naro¢nu stav-
bu. Technickym problémom je najmé skuto¢nost, Ze nad vSetkymi
stavebnymi jamami sa nachddzaji vedenia vysokého a velmi vy-
sokého napitia, o komplikuje nasadzovanie zdvihacej techniky
a mechanizicie s vdcSou vyskou.

Portél Dolni Radechovd sa nachddza v tesnej blizkosti priemy-
selného aredlu, ktory bude pocas vystavby v plnej prevadzke. Tr-
hacie price preto bude nutné vykonavat tak, aby ich seizmické
ucinky boli minimélne a neovplyvnili okolité objekty. Stavebna
jama v strednom useku zase susedi s cintorinom, ¢o si vyZaduje
citlivy pristup a prispdsobenie pracovnych postupov s dérazom na
reSpektovanie pietneho charakteru miesta.

V cCase pisania ¢lanku sa zacalo s vystavbou stavebnej jamy
na strednom useku. Zhotovitel veri, Ze vdaka profesiondlnemu
pristupu vsetkych zucastnenych stran sa podari toto dielo zreali-
zovat v planovanom termine (03/2028) a v pozadovanej kvalite.

Ing. MICHAL MARICAK,
michal. maricak @martias.sk,
Marti a.s.

Recenzoval Reviewed: Ing. Tomd§ Ebermann, Ph.D.
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portal, and finally, the pit at the Babi portal. All three pits are
scheduled to be completed well in advance to avoid any delays in
tunneling operations.

Once the excavation pit at the Dolni Radechova portal is
completed, tunneling will begin. During excavation of the first
tunnel section, work will continue on securing the central pit
and constructing the Babi portal pit. After breakthrough of the
first tunnel section, the ducting system will be dismantled and
the ventilation fan part of the separate ventilation system will
be relocated to the central pit. This will allow profiling of the
primary lining in the first section and, after convergence stabilizes,
construction of the secondary lining’s foundation strips.

Following breakthrough of the second tunnel section, the first
section will be ready for installation of the drainage system and
waterproofing layers, which precede the secondary lining. Slot
drains and curbs will then be installed, creating space for the
fire dry riser and cable ducts. Once these works are completed,
sidewalks, pavement, tunnel lining coating, the operations and
technical building, and cable routes on both sides of the tunnel can
be constructed.

After completion of the structural components, and in parallel
with their construction, the technology installation in the Dolni
Radechova Tunnel will begin.

The operations and technological building are a surface structure
located on a shared site near the Dolni Radechova portal. It is
a single-storey, reinforced concrete, cut and cover structure with
a flat roof and a rectangular footprint measuring 14.7 x 5.8 meters.
The building will house the tunnel’s operational technology (e.g.,
control room, low-voltage switchgear, UPS, diesel generator,
pumping station, GSM equipment). A fire water reservoir will also
be located beneath the building.

CONCLUSION

Although the Dolni Radechova Tunnel is classified as a short
tunnel, it nonetheless presents a technically demanding challenge
for the contractor. One of the main technical issues is the presence
of high-voltage and very high-voltage power lines above all
excavation pits, which complicates the deployment of lifting
equipment and taller machinery.

The Dolni Radechova portal is located in close proximity to
an industrial complex that will remain fully operational during
construction. Blasting operations will therefore need to be carried
out in such a way that seismic effects are minimized and do not
impact surrounding structures. The central excavation pit borders
a cemetery, requiring a sensitive approach and adaptation of work
procedures with respect for the solemn nature of the site.

At the time of writing, construction of the central excavation
pit has commenced. The contractor is confident that, thanks to the
professional approach of all involved parties, the project will be
completed within the planned timeframe (March 2028) and to the
required quality standards.

Ing. MICHAL MARICAK,
michal.maricak @martias.sk,
Marti a.s.

[1] Spole¢nost RSD BIM MAX 2020 — SAS4RP Dokumentace pro provedeni Stavby (PDPS) , Dostupné z https://tenderarena.cz/
dodavatel/seznam-profilu-zadavatelu/detail/Z0003026/zakazka/711131.





