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TUNEL BORIK - MODIFIKOVANE PROJEKTOVE RIESENIE
V REALIZACNEJ DOKUMENTACII
THE BORIK TUNNEL - A MODIFIED DESIGN SCHEME
IN THE DETAILED DESIGN

ROBERT ZWILLING, JAN SNOPKQ

uvoD

Tunel Borik je sucastou zdkladného dialnicného tahu D1
v Slovenskej republike prebichajiceho po trase Bratislava—Zi-
lina—PreSov—KoSice—hranica s Ukrajinou. Po dobudovani bude pred-
metny tsek dialnhice sicastou eurdpskej cesty ES0, ktord prechadza
z Franciizska cez Nemecko, Cechy, Slovensko, Ukrajinu a Rumunsko
a dalej na juh. Trasa tseku dialnice D1 medzi Mengusovcami
a Janovcami lezi na Uzemi PreSovského kraja, prevazne okresu
Poprad. Horsky masiv Borik prekondva dialnica tunelom
s rovnomennym ndzvom. Tunelové rieSenie skracuje trasu dialhi¢né-
ho dseku oproti povrchovému rieSeniu — obchddzanim horského masi-
vu zo severnej strany o viac ako 3600 m a z juznej strany o cca
3500 m. Dalej umoziiuje bezkolizne vedenie dialni¢nej trasy urbani-
zovanym prostredim a chrdnenou krajinnou oblastou TANAP.
Tunelové rieSenie predstavuje najmensi zasah do prirodného prostre-
dia, a teda zdroven plni vyznamnu ekologickd funkciu — ochranu kra-
jinného prostredia. Portaly tunela sa nachddzaju v dpdtnych Castiach
chrbta Borika, ktory ma dlzku 2,5 km, $irku 0,7-1,1 km a maximdlnu
nadmorskd vysku 922,1 m.

Tunel je projektovany pre dialhi¢nd dopravu s dvomi tunelovymi
rirami, s jednosmernou premavkou. Prierezy tunelovych rdr su rieSe-
né s poziadavkami kladenymi na tunely v Eurdpskej tnii. Dlzka tune-
lovych rir je 985 m, resp. 979 m, podla nariadenia vlady 344/2006
Z.z.SR z24.5.2006. Smerovo je trasa vedend v dvoch protismernych
oblikoch s vloZenou prechodnicou. Vyskovo prebiehaji obe riry pre-
vazne v sklone cca 1 %. Vzhladom na celkovi dlzku tunela s navrh-
nuté tri prieCne prepojenia, krajné dve prechodné pre chodcov
a stredné prejazdné, Priblizne v strede kaZdej tunelovej riry sa nachdd-
za nidzovy zaliv dlzky 50 m.
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TECHNICKE UDAJE

Kategdria tunela: T-7.5

Typ tunela: Dvojpruhovy jednosmerny

Dizka lavej (severnej)

tunelovej riry:

Dizka pravej (juznej)

tunelovej riry: 978,96 m (z toho razeny tunel 931,06 m)

Vyska priechodného prierezu: 4,8 m

Pocet prechodovych chodieb: 3 z toho jedna prejazdnd pre zdsahové
jednotky

Zaciatok vystavby: 2006

Predpokladany ¢as uvedenia do prevadzky: 2009

985,40 m (z toho razeny tunel 935,04 m)

INTRODUCTION

The Borik tunnel is part of the basic motorway route D1 in the
Slovak Republic, running from Bratislava, through Zilina, PreSov and
Kosice to the Ukrainian frontiers. After completion, the motorway sec-
tion in question will become part of the European route ES0 running
from France, through Germany, the Czech Republic, Slovakia,
Ukraine and Romania further to the south. The D1 motorway section
between Mengusovce and Janovce lies in the PreSov region, mostly in
the Poprad district. The motorway crosses the mountain massif Borik
via a tunnel of the same name. Compared with an at-grade design with
the road bypassing the mountain massif on the north or south, the tun-
nel solution reduces the motorway route length by over 3,600m and
about 3,500m respectively. In addition, this solution allows the align-
ment to pass the urbanised environment and the TANAP conservation
area without any collision. The tunnel solution means the lowest envi-
ronmental impact; therefore it fulfils a significant role in terms of envi-
ronmental protection. The tunnel portals are located in foothill parts of
the Borik ridge. The ridge is 2.5km long, 0.7 — 1.1km wide, with the
maximum altitude of 922.1m a.s.l.

The tunnel is designed for motorway traffic, with two unidirectional
tunnel tubes. The tunnel cross sections are solved in accordance with
requirements applied to tunnels in the European Union. The tunnel
tubes are 985 m and 979 m long, according to the Decree of the
Government of the SR of 24.5.2006. The horizontal alignment of the
tunnel consists of two reverse curves interconnected by a transition
curve. The vertical alignment is mostly on a gradient of about 1.0%.
Three cross passages have been designed with respect to the aggrega-
te length of the tunnel: the outer two passages for pedestrians and the
central one vehicular sized. A 50m long lay-by is approximately in the
centre of each tunnel tube.
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TECHNICAL DATA

Tunnel category: T-7.5
Tunnel type: Double-lane, unidirectional
Left (northern) tunnel tube

length: 985.40m (of that - mined tunnel 935.04m)
Right (southern) tunnel tube

length: 978.96m (of that — mined tunnel 931.06m)
Height clearance: 4.8m

Number of cross passages: 3; of that one for intervention units
Commencement of works: 2006

Expected commissioning date: 2009
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INZINIERSKOGEOLOGICKE POMERY ENGINEERING GEOLOGICAL CONDITIONS

Tunel Borik je situovany v trase dialnice D1 Mengusovce—Janovce The Borik tunnel is located on the route of the Mengusovce —
v horskom masive Borik. Z geomorfologického hladiska patri do Janovce section of the D1 motorway, in the Boérik mountain range.
Fatransko-tatranskej oblasti, celok Kozie chrbty, severny vybezok oddie- From the geomorphological point of view, it belongs to the Fatra-Tatra
lu Dibrava. SirSie okolie tunela tvori mierne zvineny az rovny reliéf | region, the Kozie Chrbty unit, the northern spur of the Diibrava secti-
Popradske;j kotliny. on. The slightly undulated to flat terrain of the Poprad Basin forms the

tunnel surroundings.
Engineering geological conditions

InZinierskogeologické pomery
Na geologickej stavbe tizemia sa podielal kvartérny komplex a horniny

choského prikrovu. Kvartérny komplex bol zastipeny deluvidlnymi The Quaternary complex and the Cho¢ Nappe participated in the
sedimentami, v ramci ktorgch boli vyclenené ily, kamenitoflovité formation of the geological structure of the area. The Quaternary com-
a flovitokamenité sute, eluvidlnymi sedimentami v zastdpeni rozloZenych plex was represented by diluvial sediments, consisting of clays, stony-
dolomitov a glaciofluvidlnymi sedimentami, v ktorych boli dokumento- clayey and clayey-stony debris, eluvial sediments consisting of
vané vrstvy pieskov a Strkov s réznym %nym petrografickym zastdpenim decomposed dolomites and glaciofluvial sediments within which lay-

valinov, s rdznou opracovanostou, roznym stupfiom zvetrania ers of sands and gravels were documented with various percentage of

a premenlivym priemerom valinov. Predkvartére horniny chocského the content of cobbles, variqus degree of milling, various degree of
~~~~~ wear and varying diameter of cobles. The Pre-Quaternary rocks of the

Cho¢ Nappe mostly consisted of dolomites and, in the section contai-
ning the lay-bys, the Lunz clayey shales. In the portal sections and tec-
tonic faults, the rocks were significantly faulted, heavily weathered to
decomposed. The clayey shales formed weakened locations with per-
manent ground water inflows.

ilovité bridlice. Pri portdlovych Castiach a v mieste tektonickych porich
boli horniny znacne tektonicky porusené, silne zvetrané az rozlozené. Ilo-
vité bridlice vytvarali v horninovom masive oslabené miesta s trvalym
pritokom podzemnej vody.

Ako uz bolo spomenuté, v trase tunela boli vécSinou zasttipené dolo- ] . " . .
mity cho¢ského prikrovu s hustou sietou drobnych puklin. Sporadicky As mentioned above, the Chot Nappe dolomites with a dense net-

: . P oor g work of tiny fissures prevailed along the tunnel route. Layers of har-
boli v komplexe dolomitov dokumentované P?Vlf)hy pevnejsich brekeio der brecciated dolomites were sporadically documented in the dolomi-

te complex. They usually formed the filling of larger tectonic faults.
The Lunz clayey shales were dark-grey to dark-green, forming lami-
nas to thick tables, sporadically even beds. Within the rock massif,
they formed weakened locations, tectonic insertions, which are boun-
ded by expressive tectonic faults having the character of clay with
dolomite debris broken and weathered to various degrees.

Hydrogeologické pomery Hydrogeological conditions

Hydrogeol(?gvlck? pomery bo}l odozzou na _ge"]"%wk“ a te.ktomcku Hydrogeological conditions were a response to the geological and
stavbu razenej Casti tunelovych rir. Kedze dominantné zasttipenie v trase tectonic structure within the mined section of the tunnel tubes. Since

tunela a jeho okoli mali dolomity chocského prikrovu, samotny vyrub bol the Cho¢ Nappe dolomites prevailed along the tunnel route and in its

Lunzské flovité bridlice boli tmavosivej az svetlozelenej farby, lamino-
vané az hrubodoskovité, sporadicky lavicovité. V rdmci horninového
masivu vytvarali oslabené miesta, tektonické vlozky, ohranicené vyraz-
nymi tektonickymi poruchami, ktoré mali charakter ilu s rdzne poruse-
nymi a zvetranymi dlomkami dolomitov.

suchy. Ojedinelé vlhké miesta sa viazali na tektonické poruchy, ktoré boli vicinity, the excavation itself was dry. Sporadic wet locations were
vyplnené ilovitymi zeminami. Odli$nd bola situdcia v miestach vyskytu bound to the tectonic faults which were filled with clayey soils. The
ilovitych bridlic, najmé na kontakte s dolomitmi. Vzhladom na fakt, Ze situation in the locations where clayey shales were encountered, main-
kontakt bol flovity, v favej tunelovej rire, v mieste zdlivu boli dokumen- ly at the contact with dolomites, was different. Because of the fact that
tované trvalé pritoky podzemnej vody s vydatnostou 5-6 l/min. Aj there was clay at the contact, permanent ground water inflows with the
v samotnych vrstvach flovitych bridlic bolo sporadicky dokumentované yield of 5-61/min were documented in the left tunnel tube, in the lay-
kvapkanie, resp. slabé pritoky podzemnej vody. by location. Dripping or weak inflows of ground water were sporadi-
Kvartérny komplex deluvidlnych sutf a glaciofluvidlnych $trkov, domi- cally documented even in the clayey shale layers themselves.
nantne zastipenych na zdpadnom portdli, bol suchy. The Quaternary complex of deluvial debris and glaciofluvial gravels

. which dominate at the western portal was dry.

PRIMARNE OSTENIE TUNELA
Z ddvodu blizkeho vzdjomného smerového vedenia juznej a severnej PRIMARY TUNNEL LINING

tunelovej riry sa ako ndhrady horninového piliera realizovali stredové Because of the fact that the horizontal alignment of the southern

piliere. Piliere boli budované jednak zo zdpadného portdlu (dlhy 120 m) tube is very close to the northern one, the rock pillar is substituted by

Obr. 1 Situdcia tunela
Fig. 1 Tunnel layout
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PRIECNY REZ BEZ PROTIKLENBY
CROSS SECTION WITHOUT INVERT

PRIECNY REZ S PROTIKLENBOU
CROSS SECTION WITH INVERT
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Obr. 2 Vzorové priecne rezy tunela bez spodnej klenby a so spodnou klenbou
Fig.2 Typical cross sections through the tunnel with and without an invert

a jednak z vychodného portdlu (dlhy 60 m). Oproti dokumentdcii na
ponuku bol stredovy pilier v realizacnom projekte tvarovo optimalizova-
ny. Za piliermi pokracovalo razenie juZnej a severnej tunelovej riry
samostatne.

DalSou zmenou bolo zostladenie Celieb na jednu troven na zdpadnom
portdli, ¢im zardzkové body jednotlivych tunelovych rir boli na
rovnakej urovni. Touto zmenou sa spdsobili nasledujice dpravy v pro-
jektovej dokumenticii:

Zmena zaciatku a konca razenia pilierovej $tdlne a piliera;

Vyrovnanie pilierovej §tolne, zaciatok razenia §tolne bol hned od za-
¢iatku medzi pravou a lavou tunelovou rirou;

Nad juZnou tunelovou rirou bol vybudovany dvojradovy mikropiléto-
vy ddzdnik z dovodu nizkeho nadloZia tunela (cca 1 m);

Pri beténovani stredného piliera podla pdvodného projektu sa posled-
nd etapa vykondvala so stratenym debnenim a s previazanim na pilétovi
stenu (predsadend severnd tunelova rura). Navrhované rieSenie zjedno-
dusilo vytvorenie poslednej etapy piliera s volnym pristupom od portélu;
portalu.

Primdrne ostenie bolo realizované Novou rakiskou tunelovacou met6-
dou. Vylomové prace sa realizovali kombindciou mechanického rozpo-
jovania a pouzitia vrtno-trhacich prac. Vykondvanie trhacich pric
a skladovanie vybusnin sa riadilo schvdlenymi postupmi zhotovitela.

V dokumentécii na ponuku bolo celkovo navrhnutych 5 typov vystro-
jovacich tried s daliim rozdelenim na razenie so stredovym pilierom
v portdlovych oblastiach, razenim niddzovych zdlivov a prepojovacich
chodieb. Tieto triedy boli upravené oproti predchddzajicemu projektu
z hladiska technologickych moznosti doddvatela stavby a pocas realizé-
cie boli modifikované s ohladom na skuto¢ne zastihnutd geologickd situ-
dciu pocas razenia tunela.

Primarne ostenie bolo tvorené striekanym beténom triedy C 25/30
s vystuzenim pomocou ocelovych sieti a priehradovym nosnikom triedy
ocele 10505 (R). Na radidlne kotvenie tunela boli pouZité maltované,
samozdvtrné a hydraulicky rozpinané svorniky. V pripade potreby sa
pouzivala predhdnand ocelovd vystuz a vo vystrojovacej triede VI bol
pouzity mikropilétovy dazdnik tvoreny ocelovymi rdrami ¢114/6,3.
Stabilizdcia Celby sa v pripade potreby realizovala kotvenim samozavrt-
nymi svornikmi s injektdZou dlzky 8 m.

Stredovy pilier

Uz pocas razenia pilierovej Stolne bolo ostenie zjednotené na jeden
konstantny profil, a preto vyska piliera ostala po celej svojej dlzke
konstantnd v kazdej etape betonaZe. V dokumentécii na ponuku malo
ostenie Stolne kopirovat’ zvéicSovanie profilu z dévodu realizicie MP
ddzdnika. Pilier sa menil len $irkovo podla smerového vedenia tunelov.
Dilatacné useky piliera sa zjednotili na 10 m a doslo aj ku zjednoduseniu

central concrete pillars. The pillars were constructed both from the
western portal (120m long) and the eastern portal (60m long).
Compared with the tender documents, the geometry of the central pil-
lar was optimised in the detailed design. Behind the pillars, the sout-
hern and northern tunnel tubes were driven separately.

Another modification consisted of arranging the excavation faces at
the western portal to a side-by-side position, thus the excavation opening
points for the individual tunnel tubes were at one face. The following
modifications in the design documents were caused by this change:

The change in the starting and ending points of the pillar adit exca-
vation and the pillar.

The straightening of the pillar adit; the adit excavation started from
the very beginning between the right and left tunnel tubes.

A double-tier tube canopy was installed over the southern tunnel
tube because of shallow tunnel cover (about 1.0m thick).

When the central pillar was to be cast according to the original
design, the last stage was carried out using sacrificial formwork and
tied to a pile wall (the front end of the northern tunnel tube is set for-
ward). The proposed solution simplified the implementation of the last
stage of the pillar construction, allowing free access from the portal.

A larger handling area was obtained for the excavation at the wes-
tern portal.

The primary support was installed using the New Austrian
Tunnelling Method. The excavation was performed using
a combination of mechanical breaking and the drill and blast techni-
que. The blasting operations and storage of explosives followed con-
tractor’s approved procedures.

The total of 5 excavation support classes was proposed in the tender
documents. The classes were further divided according to the subject
of the excavation, i.e. the excavation containing the central pillar in the
portal areas, excavation of lay-bys and excavation of cross passages.
The classes were adjusted compared with the previous design in terms
of technological abilities of the contractor. They were further modifi-
ed during the construction, with respect to the geological situation
which was actually encountered during the excavation.

The primary support consisted of C 25/30 sprayed concrete, steel
mesh and lattice girders of 10505 (R) grade steel. Grouted rock bolts,
self-drilling bolts and water-expanded bolts were used for the radial
anchoring of the excavation. If required, steel spiling was applied and,
in the case of excavation support class VI, canopy tube pre-support was
installed (steel tubes ¢p114/6.3). When needed, the excavation face was
stabilised by anchoring, using 8m long, grouted self-drilling rock bolts.

The central pillar

The lining was unified to a single constant profile as early as during
the pillar adit excavation. Therefore, the height of the pillar remained
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throughout its length constant in each concrete casting
stage. In the tender documents, the lining of the adit was
expected to copy the variable excavation profile, which
was continually enlarged to allow the installation of the
canopy tube pre-support. The pillar changed only its
width, according to the horizontal alignment of the tun-
nels. The length of the casting blocks (expansion blocks)
was unified to 10m and the pillar reinforcement and cas-
ting procedure were simplified. The length of the pillar at
the eastern portal was reduced by 1.0m, to 60m (6 pillar
construction stages). As a result of the change in the loca-
tion of the excavation opening points at the western por-
tal, the chainage of the beginning and the end of the pil-
lar was shifted without changing its length of 120m (12
pillar construction stages).

The central pillars were constructed in pillar adits
backwards, from the end of the adit toward the portal.
C25/30 grade, rapid-set concrete and reinforcement con-
sisting of bars and mesh of 10505 (R) steel grade were
used for the construction of the central pillar. The mini-
mum concrete cover over the reinforcement was 5cm.
The connection of the primary lining to the central pillar
was facilitated by means of keys in the structure.

The casting of the central pillar was carried out in two
stages. First the bottom part was cast and the upper part
followed.

The foundation of the central pillar was changed com-
pared with the tender documents. Micropile foundations
were added in the locations where, according to the sub-
base tests, the required load-bearing capacity of the foun-

Obr. 3 Vzorovy priecny rez tunela s ndhradou horninového piliera Zelezobetonovym

pilierom

Fig. 3 Typical cross section through the tunnel with the rock pillar substituted by

the reinforced concrete pillar

vystuZenia a betondZze piliera. Pilier na vychodnom portili bol skriteny
o 1 m na 60 m (6 etdp vystavby piliera). Na zdpadnom portali sa zme-
nou zardzkovych bodov posunulo staniCenie zaCiatku a konca piliera pri
nezmenenej dlzke 120 m (12 etdp vystavby piliera).

Stredové piliere sa budovali v pilierovych $tolnach spitne od konca §t61-
ne smerom k portalu. Na vyhotovenie stredového piliera sa pouzival rych-
lo tuhntci betén triedy C25/30 a priitova a sietova vystuz triedy 10505 (R).
Minimdlne krytie vystuZe bolo 5 cm. Napojenie primédrneho ostenia na
stredovy pilier bolo zabezpecené pomocou vylamovacich prvkov.

Betondz stredového piliera bola vykondvana v dvoch etapach. Najskor
sa beténovala spodnd a potom hornd Cast piliera.

ZalozZenie stredového piliera bolo upravené oproti dokumentécii na
ponuku pridanim zaloZenia piliera na mikropildtach v miestach, kde
podla skisok podlozia neboli dosiahnuté pozadované tnosnosti
v zdkladovej Skdre.

Tunelové rary
Pravé (juZnd) tunelovd rdra mé celkovd dizku 995011 m (celkova dizka
vrdtane otvorenej Casti tunela), z toho razend Cast’ 931 m, s jednostrannym
nddzovym zdlivom dlzky 51,2 m umiestnenym pribliZne v strede tunelo-
vej rury, sliziacim ako odstavny priestor, a troch tnikovych chodieb
s protipoziarnymi dverami sliZiacich na opustenie tunelovej riry
v pripade vzniku poZiaru. Juznd rira sa razila z dvoch strdn, zo zapadné-
ho portdlu v smere stani¢enia 251 m a z vychodného portdlu 680 m. PoCas
razenia bola Celba horizontédlne rozdelena na kalotu, lavicu a dno.
Razenie lavej (severnej) tunelovej riry bolo taktieZ realizované z Casti
z0 zdpadného a z Casti z vychodného portalu. Z celkovej dlzky 1001,45 m
(celkovd dlZka vrétane otvorene;j Casti tunela) tvorf razend ast’ 935,04 m.
Stcastou severnej rdry je jednostranny nidzovy zéliv dlzky 51,2 m. Zo
zdpadného portdlu sa vyrazilo 329,12 m a z vychodného portdlu
605,92 m.
Razenie tunelovych riir zo zdpadného portédlu malotipadny sklon cca
1 % a razenie z vychodného portdlu bolo dovrchné, v pozdlZznom sklone
cca 12 %.
Zjednoduseny popis vystrojenia jednotlivych vystrojovacich tried
tunela
VTII profil bez spodnej protiklenby, razenie celého profilu bez ¢le-
nenia vyrubu, vystrojenie: striekany betén s ocelovou sietou
s kotvenim s hydraulicky rozpfnanymi svornikmi,

dation base was not achieved.

Tunnel tubes

The total length of the right (southern) tunnel tube is
995.011m (the total length, including the open section of
the tunnel; of that the mined part takes 931.00m), with
a 51.2m long single-sided lay-by located approximately
at the mid point of the tunnel tube length, serving as an emergency
stopping space, and three escape adits with fire doors allowing evacu-
ation of the tunnel tube in the case of a fire. The southern tunnel tube
was driven from two sides: 251.00m from the western portal in the
direction of the chainage and 680.00m from the eastern portal. The
excavation face was divided during the excavation into top heading,
bench and invert.

The excavation of the left (northern) tunnel tube was also carried out
partly from the western portal and partly from the eastern portal. Of the
total length of 1001.04m (the total length including the open section of
the tunnel) the mined part makes up 935.04m. Part of the northern tun-
nel tube is a 51.2m long single-sided lay-by. The lengths of 329.12m and
605.92m were driven from the western and eastern portals respectively.

From the western portal, the tunnel tubes were driven on a down
gradient of about 1%, while the excavation from the eastern portal was
carried out uphill, on the longitudinal gradient of about 1.2%.

Simplified description of the tunnel individual excavation sup-
port classes:

Class II the profile without invert, excavation of the whole profile
without dividing the face, support consisting of shotcrete,
mesh and water-expanded rock bolts

Class III the profile without invert, excavation using the horizontal
excavation sequence, support consisting of shotcrete,

mesh, lattice girders and water-expanded rock bolts

Class IV, V the profile with invert, excavation using the horizontal

sequence (top heading, bench, invert), the support con-
sisting of shotcrete, mesh, lattice girders, self-drilling
grouted rock bolts; the roof support by means of spiling

Class VI the profile with invert; excavation using the horizontal
sequence; the support consisting of shotcrete, mesh, lattice
girders, self-drilling grouted rock bolts; this excavation
support class was applied to portal parts of the tunnel,
where the overburden was supported during the tunnel
excavation by a tube canopy and contingent grouting of the
ground environment through self-drilling rock bolts. The
excavation face was anchored by self-drilling bolts.

In the area of the central pillar, the tunnel lining was connected
directly to the pillar; keys were provided in the upper and bottom parts
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VTIII profil bez spodnej protiklenby, razenie celého profilu
s horizontdlnym ¢lenenim vyrubu, vystrojenie: strieckany betén
s ocelovou sietou a prichradovym nosnikom s kotvenim
s hydraulicky rozpinanymi svornikmi,

VT IV, V profil zo spodnou protiklenbou, razenie celého profilu
s horizontdlnym c¢lenenim vyrubu, vystrojenie: striekany
betén s ocelovou sietou a priehradovym nosnikom
s kotvenim so samozdvrtnymi a maltovanymi svornikmi,
zabezpecenie stropu vyrubu bolo realizované pomocou ihlo-
vania,

VT VI profil zo spodnou protiklenbou, razenie celého profilu

s horizontalnym ¢lenenim vyrubu, vystrojenie: strickany betén
s ocelovou sietou a prichradovym nosnikom s kotvenim so
samozavrtnymi a maltovanymi svornikmi, tito vystrojovacia
trieda bola pouZivand v portdlovych castiach tunela, kde bolo
nadlozie pocas razenia tunela zachytené pomocou mikropil6-
tového ddZdnika s pripadnou injektdZou horninového prostre-
dia pomocou samozavrtnych svornikov. Kotvenie ¢elby bolo
realizované samozdvrtnymi svornikmi.

V oblasti stredového piliera bolo ostenie tunela napdjané priamo na
pilier cez vylamovacie prvky v hornej a v spodnej Casti piliera. Po do-
siahnuti bezpecnej vzdialenosti tunelovych rir a prenesenia napétia
medzi tunelovymi rirami horninovym pilierom pokracovalo razenie kaz-
dej tunelovej riry samostatne.

V tabulke 1 sd uvedené porovnania predpokladanych a skuto¢ne zrea-
lizovanych dlzok v jednotlivych vystrojovacich triedach pre juznd
a severnd tunelov riru.

Pocas razenia tunelovych rir prebiehal geotechnicky monitoring,
v ktorom boli realizované nasledovné ¢innosti:

e meranie deformdcii na povrchu, vyvoj poklesovej kotliny

v prie¢nom smere a sledovanie deformécii portdlovych stien pomo-
cou stabilizovanych nivela¢nych bodov na povrchu terénu,

e meranie deformécif vyrubu — konvergencné profily,

e meranie deformdcii v zéne vplyvu vyrubu a sledovanie stability

svahu — inklinometrické merania vo vrtoch,

® meranie stupna rozvolnenia horniny v okoli vyrubu — extenzome-

trick€ merania,

e meranie napiti na kontakte horniny s primdrnym ostenim s pouzitim

tlakomernych krabic,

e meranie napéti v betdne primdrneho ostenia s pouzitim tlakomer-

nych krabic,

e inzinierskogeologické sledovanie razenia, vratane hydromonitorin-

gu, systematickd kontrola a dozor v priebehu razenia,

e sledovanie skuto¢ného vyrubu a nadvylomov.

Rozmiestnenie a pocet meracich profilov a bodov bol navrhnuty podla
predpokladanych inZinierskogeologickych pomerov. Pocet meracich pro-
filov sa poCas razenia tunelovych rir optimalizoval podla potreby
a profily boli osadzované do miest, kde razenie prechddzalo do inej
vystrojovacej triedy, pripadne sa vyskytol nejaky problém a bolo potreb-
né si overit'stabilitu primarneho ostenia.

Na zdklade vysledkov, o ktorych boli informovani vSetci tcastnici
stavby elektronickou postou a geotechnickymi poradami, sa primdrne

Tab. 1 Porovnanie dizok pouditych vystrojovacich tried

of the pillar to allow the connection. When the safe distance between
the tunnel tubes had been achieved and the rock pillar had started to be
able to withstand the stress between the tunnel tubes, the excavation of
each tunnel tube continued separately.

Table 1 presents comparisons of the expected lengths and the
lengths actually driven through individual excavation support classes,
for the southern tunnel tube and northern tube.

Geotechnical monitoring was conducted during the driving of the
tunnel tubes. The following activities were performed as parts of the
monitoring:

e measurement of surface deformations, development of the settle-
ment trough (transversally), and monitoring of deformations of
portal walls by means of levelling points stabilised on the surface

e measurement of deformations of the excavation — convergence
stations

e measurement of deformations in the zone affected by the excava-
tion and monitoring of the slope stability — inclinometer measure-
ments in boreholes

e measurement of the degree of ground loosening in the vicinity of
the excavation — extensometer measurements

e measurement of stresses at the contact between rock and primary
lining using pressure cells

e measurement of stresses in the concrete primary lining using pres-
sure cells

e engineering geological monitoring of the excavation operations
including hydromonitoring, systematic checks and supervision
during the course of the excavation

e monitoring of the actual excavation and overbreaks

The distribution and number of measurement stations and points
were designed according to the expected engineering geological con-
ditions. The number of measurement stations was optimised during the
course of the driving of the tunnel tubes according to the need. The sta-
tions were installed in the locations where the excavation passed to
another support class rock or a problem occurred and the stability of
the primary support had to be verified.

Measurement results were distributed to all parties to the project
through e-mail and the primary lining was optimised at geotechnical
meetings. Measures designed to improve safety during the tunnel
excavation were implemented if necessary.

SECONDARY TUNNEL LINING

Concrete grade C25/30 with polypropylene fibres was designed for
the secondary lining. This solution was proposed and approved in the
previous design stages to provide protection of the structure in the case
of a fire in a tunnel tube. Unreinforced concrete was used in excavati-
on support classes II and III, while concrete reinforced with steel mesh
and reinforcement bars was used in the other classes, i.e. IV, V and VI.

The maximum length of casting blocks was 10m. The locations of
individual niches for cleaning the outer drainage, hydrant niches, SOS
niches and cross passages were accommodated to this length. Conduits
for installation of tunnel equipment were cast in the blocks according
to respective equipment schemes.

Table 1 Comparison of the lengths driven through the applied excavation support classes

Dokumentacia na ponuku (predpoklad)
Tender documents (assumption)

Skuto¢ne zrealizované dizky
Actual lengths of drives

vr severnd TR juind TR vr severnd TR Jjuind TR
Class NIT STT Class NIT STT
1T 390,808 393424 II.B 542 85,1
1T 147,893 143,897 1I1,B 3713 3934
v 90,816 88,913 IV.B 2552 217,7
\Y 83,008 81,652 V.B 14,1 4,1
IV-P 41,756 41,995 V-PB 93,6 77,6
V-P 71,591 73,029 VI-PB 95.5 1019

VI-P 77,198 66,122 III-B NZ 15

Nz 40 40 IV-B NZ 51,2 36,3
Dizka celkom / Total length 94307 92903 Dizka celkom / Total length 935.1 931,1
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ostenie optimalizovalo, prehodnocovali sa pouzitia jednotlivych vystro-
jovacich tried a boli vykondvané v pripade potreby opatrenia na zvysenie
bezpecnosti prace pocCas razenia tunela.

SEKUNDARNE OSTENIE TUNELA

Sekunddrne ostenie bolo navrhnuté z beténu triedy C25/30 s pouZitim
polypropylénovych vldkien. Toto rieSenie bolo navrhnuté a schvélené
v predchédzajticich projektovych stupnoch ako ochrana konstrukcie pri
vzniku poZiaru v tunelovej rire. Vo vystrojovacich triedach 1I a III bol
pouzity betdn bez vystuZenia, v ostatnych triedach IV, V a VI vystuzeny
ocelovou sietovinou s doplnenou pritovou vystuzou.

Dizka betonovanych blokov bola maximélne dlzky 10 m, ¢omu bolo
prispdsobené aj umiestnenie jednotlivych vyklenkov pre Cistenie rubovej
drendze, vyklenkov pre hydranty, SOS vyklenkov a prepojovacich cho-
dieb. Podla vypracovanej technologickej schémy boli v blokoch umiest-
nené chranicky pre technologicku Cast tunela.

Popis zmien stavebnej Casti vyplyvajicich z projektu technologic-
kej Casti tunela

V stibehu s projektovanim realizacnej dokumentacie pre stavebnt Cast’

prebiehalo projektovanie technologickej Casti tunela v stupni dokumen-
tacia na ponuku. Do stavebnej Casti to prindSalo zmeny vyplyvajice zo

vzdjomnej koordindcie. Stavebnu Cast’ preto bolo potrebné aktualizovat’

a prisposobit’ poziadavkam technoldgie tunela. Hlavnou pric¢inou zmien
boli zmeny v predpisoch o bezpecnostnych poZiadavkdch pre cestné
tunely, ktoré sa od roku 2004 zmenili. V tom Case bola projektovand sta-
vebnd a technologickd Cast’ tunela v projektovom stupni dokumentdcia
pre ponuku.

Pri vypracovani projektu bola reSpektovand smernica 2004/54/ES
Eurépskeho parlamentu a rady ,,0 minimdlnych bezpecnostnych poZia-
davkdach na tunely v transeurdpskej cestnej sieti** z aprila 2004, nariade-
nie vlady SR €. 344/2006 ,,0 minimdlnych bezpecnostnych poziadavkach
na cestné tunely v cestnej sieti”, technické podmienky TP 04/2006
Poziarna bezpecnost cestnych tunelov a technické podminky TP 98
Technologické vybaveni tunelti na pozemnich komunikacich.

Zmeny, ktoré boli odsthlasené a odporicanie pre zmenu stavebnej
Casti:

Obojstranny nddzovy zdliv v tunelovych rdrach bol zmeneny
z obojstranného na jednostranny a predlzeny o 10 m oproti tendrovej
dokumentdcii. V tomto predlZeni sa budd nachadzat elektrické rozvadza-
¢e a SOS kabina.

Prejazdny profil pre unikovi cestu UC2 bol zmeneny na 3,6x3,5 m.
Této tnikova chodba bude slizit'v pripade potreby pre pristup zachran-
nych jednotiek. Z dovodu umiestnenia podruznych rozvddzacov
v unikovych cestdich UC1 a UC3, ktoré zabezpecuji potreby zariadeni
umiestnenych v tychto tinikovych cestich, ako aj z dovodu umiestenia
systému vzduchotechnickych klapiek pretlakového vetrania nad dverami
UC st aj tieto UC realizované rovnakého profilu ako UC 2, priCom poZi-
arne dvere budu len rozmeru prechodového profilu pre zdchrannii 0sob.
V unikovych chodbdch boli doplnené priecky a poZiarne dvere kvoli
zamedzeniu zadymenia chranenej unikovej cesty.

V zmysle TP 04/2006 PoZiarna bezpecnost cestnych tunelov bol redu-
kovany pocet poziarnych vyklenkov v maximdlnej vzdialenosti 150 m
a s umiestnenim v blizkosti tinikového vchodu. SOS vyklenky boli navrh-
nuté na min. pddorysnd plochu 1,5 m? a min. vysku vyklenku 2,25 m
v zmysle Ceskych technologickych podmienok TP 98 Technologické
vybaveni tuneld pozemnich komunikaci.

Nidzové osvetlenie bude v zmysle TP 04/2006 rozmiestnené vo vzdi-
alenostiach 20 m a v blizkosti tinikovych ciest a poZiarnych hydrantov.

V koordindcii s projektantom technologickej Casti sa upravili polohy
portdlov dopravného znacenia, polohy, pocty a velkosti kdblovych Sachi-
et v chodnikoch a chréniCiek v sekunddrnom osteni pre technologické
vybavenie tunela.

Uzemnenie a ochrana konstrukcie tunela pred bludnymi priadmi

Uzemnenie tunela je navrhnuté zékladovym uzemnovacom uloZzenym
v beténe zdkladovych pitiek v oboch tunelovych rdrach. Zkladnymi
kovovymi prvkami uzemnovacov st dve ocelové tyce kruhového profilu
s priemerom 25 mm. TyCe sd uloZené na oboch strandch kazdej tunelovej
riry vzdy v celej dizke dilatacného dielu. TyCe uloZené v jednotlivych
dilata¢nych dieloch st pozdlzne prepojené s ty¢ami v nadvézujicich dila-
ta¢nych dieloch pomocou pdsov FeZn 30x4 mm prlvarenych k tyciam,
a to do celkovej dlzky spojeného obeténovaného uzemnovaca 300 m.
Tieto 300 m dlhé tseky zdkladovych uzemnovacov v oboch pitkdch
kazdej tunelovej riry sd pozdlZne i prie¢ne navzdjom prepojené cez roz-
pojitelné body umiestnené v rozvodniach tunela alebo v prechodovych
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Obr. 4 Zrealizovany niidzovy zdliv v juZnej tunelovej riire v primdrnom
osteni

Fig. 4 A completed lay-by in the southern tunnel tube, provided with
a primary lining

Description of the changes in the structural design following
from the tunnel equipment design

The work on the tunnel equipment design for the tender purposes
was carried out concurrently with the work on the detailed structural
design. As a result, the changes following from mutual coordination
had to be implemented in the structural design. The structural design
had to be, therefore, updated and accommodated to the requirements
of the tunnel equipment. The main reasons of the changes were chan-
ges in regulations on safety requirements for road tunnels, which had
been changed since 2004. At that time, the structural design and equ-
ipment design were carried out in the tender documentation stage.

The following regulations were allowed for during the work on the
design: the Directive of the European Parliament and of the Council
No. 2004/54/ES on minimum safety requirements for tunnels in the
Trans — European road network of April 2004 and the Decree No.
344/2006 of the Government of the SR on minimum safety require-
ments for road tunnels in the road network, the Technical
Specifications TP 04/2006 Fire safety in road tunnels and Technical
Specifications TP98 Road tunnel equipment.

The changes which were approved and recommended for imple-
mentation in the structural part (civils):

The double-sided lay-by in the tunnel tubes was changed to
a single-sided one and extended by 10m compared with the tender
documentation. Switchboards and an SOS cabin will be installed in
the extension.

The clearance profile for UC2 escape route was changed to 3.6 x
3.5m. The escape route will be used for the access of rescue units if
necessary. Because of the fact that sub-switch boards ensuring the
needs of the equipment which is installed on the escape routes are
installed on UC1 and UC3 escape routes and air dampers of the pres-
sure ventilation system are installed above doors of these escape rou-
tes, the profile of these routes is identical with the UC2 profile, while
the fire doors will have dimensions of a transition profile for rescue of
persons. Partition walls and fire doors were added in rescue adits to
prevent the protected rescue route against smoke logging.

In compliance with specifications TP 04/2006 on fire safety in road
tunnels, the number of fire equipment recesses was reduced (maxi-
mum spacing of 150m), locations in the vicinity of escape exits. SOS
niches were designed with the ground plan area of 1.5m? and mini-
mum height of 2.25m, as required by Czech technical specifications
TP 98 on road tunnel equipment.

Emergency lights will be distributed in the meaning of TP 04/2006,
at 20m spacing plus in the vicinity of escape routes and fire hydrants.

The following changes were carried out in coordination with the
engineering consultant for the tunnel equipment: locations of portals,
traffic signs and locations, numbers and dimensions of cable pits in
pavements and conduits for the installation of tunnel equipment, cast
in the secondary lining.

Earthing and protection of the structure against stray currents

The tunnel earthing design consists of earthing assemblies cast in
the concrete footings in both tunnel tubes. The basic metal elements of
the earthing assembly are two steel, circular cross section rods 25mm
in diameter. The rods are placed on both sides of each tunnel tube,
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Obr. 5 Sldvnostnd prerdzka juZnej tunelovej riry dria 11. 12. 2007
Fig.5 Southern tunnel tube breakthrough ceremony on 11. 12. 2007

chodbéch. Pisik FeZn 30x4 mm je dalej vyvedeny v kaZdej kablovej
Sachte tak, aby sa k nemu dali pripojit' dalSie elektrické zariadenia.

Ochrana pred bludnymi pridmi spociva v navrhnuti ochrannych opat-
reni prislusnych zistenému riziku vzniku bludnych pridov v mieste
tunela. Ide v zdsade o opatrenie v stavebnej Casti tunela a 0 umozZnenie
merania bludnych pridov v priebehu vystavby a aj po dokonceni stavby
tunela.

Zo zéverov zakladného kordzneho prieskumu vyplyvala nutnost zais-
tit' ochranné opatrenia v stupni €. 3. Stupen ¢. 3 predstavuje kombindciu
primérnej a sekunddrnej ochrany podla TP 124.

Do miest s predpokladanym zvySenym negativinym pdsobenim blud-
nych pridov na konstrukciu tunela si zabudované CMS elektrédy na
umoznenie sledovania korézie vystuze. Ide vZdy o prechod medzi hlbe-
nou a razenou Castou tunela a o portdlové bloky tunela. Na rozhraniach
hlbenej a razenej Casti je inStalovand vzdy jedna CMS elektréda a na
portaloch tunela su inStalované vzdy dve CMS elektrédy. Konce CMS
elektréd st prepojené pomocou kdblov uloZenych v chranickach do kon-
trolnych meracich objektov instalovanych v ¢eldch tunela na oboch von-
kajsich slabopridovych stranéch.

HLCBENE TUNELY A TERENNE UPRAVY NA ZAPADNOM
PORTALI

V névrhu realizacnej dokumentdcie doslo k zmene tvaru jamy oproti
dokumentdcii na ponuku. Tato zmena bola spésobena posunom zarazko-
vych bodov oboch tunelovych rir na jednu droven, ¢o malo nasledovné
pozitivne dosledky:

e nebolo potrebné realizovat konstrukceiu strednej piltovej steny,

® nebolo potrebné realizovat konstrukciu beténového stropu — koryt-
nacky,

e zaliatok razenia pilierovej $tdlne bol umiestneny v priamej osi, ¢im
sa vylucil zloZity postup razenia pilierovej $tdlne pod ddzdnikom pri
zmene smeru zo Sikmej osi do priame;j osi §tolne.

Z dévodu posunu zardzkového bodu severnej tunelovej riry bola pod-
zemnd pilotova stena predlzend v smere do razeného tunela. Konstrukcia
bola zrealizovand z velkopriemerovych pilot & 880 mm, ktoré boli
zabezpecené pomocou kotviacich prahov v troch trovniach. Kotvenie
bolo navrhnuté pomocu §tvorpramencovych lanovych kotiev dlzky 20 m
so vzdjomnou vzdialnostou 2400 mm. V Casti trvalého zarubného miru
st lanové kotvy navrhnuté s trvalou protikoréznou tpravou, s ochranou
kotevnych hlav, ktoré si zakomponované do trvalého zarubného muru.

Z dovodu zachovania linie docasného zdberu bola ¢elnd portdlova
stena navrhnutd v sklone 5:1. Kotvenie celnej portdlovej steny korespon-
dovalo s predzaistenim vyrubu pilierovej Stdlne a oboch tunelovych rir
prostrednictvom mikropilotového ddzdnika. Zaistenie ¢elnej steny bolo
navrhnuté po spodnd drover kaloty z klincov, resp. samozévrtnych (IBO)
kotiev & 32, L = 8-12 m, pri¢om IBO kotvy umiestnené v profile §tdlne
a tunelovych rir boli navrhnuté vodorovne, takze ich bolo mozné vyuzit
ako zaistenie ¢ela vyrubu pocas razenia.

Stcastou prac na hrubych terénnych tdpravich bol aj geotechnicky
monitoring, ktorého cielom je sledovanie deformdcii svahov, najmé juz-
nej a Celnej portdlovej steny. Za tymto tGc¢elom bol osadeny 1 inklinome-
ter do hlbky 20 m nad lavym svahom zaistenym pilotovou stenou a 10
pozorovacich geodetickych bodov. Inklinometrické meranie, ako aj geo-
detické merania prebiehali kazdych 7 dni pocas budovania portdlového

Tuel

throughout the length of each casting (expansion) block. The rods
installed in individual casting blocks are connected with the rods in
neighbouring blocks by means of 30x40mm FeZn strips welded to the
rods, up to the total length of the connected earthing assembly cast in
the footings of 300m. The 300m long sections of the foundation eart-
hing assemblies, which are in both footings of each tunnel tube, are
connected longitudinally and transversally with each other through
connectable points installed in switchboards in the tunnel or in cross
passages. The 30x40mm FeZn strip is further led to each cable pit,
where other electrical devices can be connected to it.

The protection against stray currents is a system of protection mea-
sures adequate to the determined risk of origination of stray currents in
the given tunnel location. It is, in principle, a measure in the structural
part of the tunnel enabling the measuring of stray currents during the
construction and after the completion of the tunnel construction.

The results of the basic corrosion survey led to the conclusion that
degree No. 3 of protective measures had to be designed. Degree 3 is
a combination of primary and secondary protection according to spe-
cifications TP 124.

CMS electrodes allowing the monitoring of reinforcement corrosion
are installed in the locations where increased negative effect of stray
currents on the tunnel structure is expected. It is always the transition
between a cut-and-cover and mined part of the tunnel and tunnel por-
tal blocks. One CMS electrode is always installed at the interface bet-
ween the cut-and-cover and mined part, while two CMS electrodes are
always installed at tunnel portals. The ends of the electrodes are con-
nected, by cables leading through conduits, to test points installed at
the front faces of the tunnel.

CUT-AND-COVER TUNNELS AND BULK EXCAVATION
AT THE WESTERN PORTAL

A change in the shape of the construction trench was carried out in
the detailed design compared with the tender documentation. The
change was caused by the shifting of the excavation opening points for
the two tunnel tubes to the side-by-side position. It had the following
positive consequences:

e the central pile wall did not have to be constructed,

e the concrete vault (so-called “turtle shell” construction technique)

did not have to be constructed,

e the beginning of the pillar adit driving was located on the straight
axis, thus the complicated procedure for the pillar adit driving
under canopy tube pre-support in the situation where the directi-
on of the axis of the adit was changing from skew to straight was
excluded.

Because of the shifting of the northern tunnel tube excavation ope-
ning point, the diaphragm wall was extended toward the mined tunnel.
The structure was carried out from large-diameter piles @ 880 mm,
which were supported by three tiers of anchored walers. The anchoring
design consisted of 20m long, four-strand cable anchors installed at
2400mm spacing. Cable anchors with permanent corrosion protection
were designed for a part of the permanent revetment wall; anchor
heads, which are also corrosion-protected, are integrated into the revet-
ment wall.

With the aim of maintaining the limits of the area of temporary
works, the front portal wall was designed inclined at 5:1. The ancho-
ring of the front portal wall corresponded with the canopy tube pre-
support of the excavation of the pillar adit and both tunnel tubes. The
support of the front wall was designed to cover the area ending at the
bottom of the top heading, consisting of dowels or self-drilling (IBO)
anchors @ 32, L = 8 - 12 m, with the IBO anchors located within the
cross section of the adit and tunnel tubes installed horizontally to be
used during the driving as the excavation face support.

Part of the work on the bulk excavation was geotechnical monito-
ring, which was carried out with the aim of observing slope deforma-
tions, primarily deformations of the southern wall and front portal
wall. For this purpose, 1 inclinometer was installed at the depth of
20m, above the left slope supported by a pile wall, and 10 monitoring
survey points. The inclinometer measurement as well as the survey
were performed every 7 days during the work on the portal trench, then
they were carried out every 30 days.

The cut-and-cover section of the tunnel tubes at the western portal
consists of 3 blocks of the left tunnel tube (a 26.416m long section)
and 2 blocks of the right tunnel tube (a 14.194m long section).
Individual blocks of the cut-and-cover tunnels are founded on 800mm
thick base slabs, which are connected by means of shear keys. The




Obr. 6 Realizdcia sekunddrneho ostenia tunela v mieste priecneho
prepojenia

Fig. 6 Installation of the secondary tunnel lining at the cross
passage

vykopu a nédsledne kazdych 30 dni.

Hlbeny tsek tunelovych rir na zédpadnom portli je tvoreny 3 blokmi
lavej tunelovej riry a (dizka dseku 26,416 m) a 2 blokmi pravej tunelo-
vej rary (dizka tseku 14,194 m). Jednotlivé bloky hlbenych tunelov su
zaloZené na vzdjomne zazubenych zédkladovych doskédch hribky
800 mm. Zelezobeténové klenby hibenych tunelov hribky 450 mm,
z beténu C25/30 maji vnitorny prierez totozny s profilom razeného tune-
la. V klenbe budu uloZené chrani¢ky pre vedenie kdblov technologické-
ho vybavenia a CMS elektrédy na meranie stupfia kordzie vystuZze.
Ochrana Zelezobeténovych konstrukcii pred horninovou vodou bude rea-
lizovand pomocou PE hydroizolacie hribky 2 mm. Hydroizoldcia bude
chranena vrstvou geotextilie a 50 mm hrubou vrstvou striekaného beténu
vystuZeného jednou vrstvou zvaranych sieti.

Koneény vyzor zdpadného portdlu tunela bude spoluurcovat’'45 m dlhy
lavostranny zdrubny muir obloZeny riadkovym kamennym murivom, ktory
bude zabezpeteny permanentnymi kotvami. Celny portdlovy svah bude
zabezpeceny vystuznymi prvkami Green Terramesh, so sklonom 45°.

HLBENE TUNELY A TERENNE UPRAVY
NA VYCHODNOM PORTALI

Portalovd jama v priestore vychodného portdlu bola zrealizovand podla
dokumentdcie na ponuku okrem pravého svahu v km 1,112-1,160 km,
ktory bol navrhuty a zrealizavny v sklone 1:1.75. Toto rieSenie umoZznilo
vynechat’ docasné zaistenie svahu striekanym beténom a klincami, ¢o
umoznilo rychlej$i postup hlbenia zdrezu. Hranice docasného zdberu
zostali nezmenené.

Stcastou prac na hrubych terénnych dpravach bol aj geotechnicky
monitoring, ktorého cielom je sledovanie deformécii svahov, najmi
severnej a Celnej portdlovej steny. Za tymto ucelom bol osadeny 1 inkli-
nometer do hlbky 20 m nad pravym klincovanym svahom a 8 pozorova-
cich geodetickych bodov (4 na celnej stene, 4 na pravom bo¢nom klin-
covanom svahu).

Hlbeny dsek tunelovych rir na zdpadnom portdli je tvoreny 4 blokmi
lavej tunelovej riiry a (dlZka dseku 40,000 m) a 5 blokmi pravej tunelo-
vej riry (dlzka dseku 49,762 m). Jednotlivé bloky hlbenych tunelov, spra-
vidla dlzky 10 m, st zaloZené na vzdjomne zazubenych zdkladovych
doskéch hriibky 800 mm. Zelezobeténové klenby hlbenych tunelov hriib-
ky 450 mm, z beténu C25/30 maji vnitorny prierez totozny s profilom
razené¢ho tunela.

Konec¢ny vyzor vychodného portdlu tunela Borik bude spoluurcovat’

cca 100 m dlhy pravostranny gravitacny zarubny mur obloZeny riadko-
vym kamennym murivom. Do tohto miru bude zakomponovany techno-
logicky objekt — vychodny portal. Celny portdlovy svah bude rovnako
ako na zdpadnom portdli zabezpeCeny vystuznymi prvkami Green
Terramesh, so sklonom 45°.

ODVEDENIE DRENAZNYCH A OPLACHOVYCH VOD
Z TUNELA

Do nédvrhu odvodnenia tunela boli v realizacnej dokumentécii zapra-
cované viaceré technické zmeny vyplyvajice zo skisenosti z predoslych
tunelovych stavieb na Slovensku, ktorych zmyslom je najmé elimindcia
detailov citlivych na poruchy a poskodenia pocas realizécie stavby.
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450mm thick, C25/30 reinforced concrete vaults of the cut-and-cover
tunnels have their inner cross section identical with the profile of the
mined tunnel. Conduits for cables for tunnel equipment and CMS
electrodes for measuring the degree of corrosion will be cast in the
vault. Protection of reinforced concrete structures against ground
water will be performed by a 2.00mm thick PE waterproofing mem-
brane. The membrane will be protected by geotextile and a 50mm
thick layer of shotcrete with one layer of welded mesh.

The final look of the western portal will be co-determined by a 45m
long, left-side, coursed masonry faced revetment wall, which will be
supported by permanent anchors. The front portal slope will be stabi-
lised by Green Terramesh units at a gradient of 45°.

CUT-AND-COVER TUNNELS AND BULK EXCAVATION
AT THE EASTERN PORTAL

The portal trench at the eastern portal was carried out according to
the tender documentation, with the exception of the right slope at cha-
inage km 1.112 — 1.160, which was designed and carried out at
a gradient of 1:1.75. Owing to this solution, the temporary support of
the slope with shotcrete and dowels could be omitted, which fact made
faster progress of the excavation of the trench possible. The borders of
the area of temporary works remained unchanged.

Part of the bulk excavation operations was geotechnical monitoring,
which was focused on the observation of slope deformations, primari-
ly the northern wall and front portal wall. For that purpose, 1 inclino-
meter was installed at the depth of 20m above the right slope suppor-
ted with dowels and 8 monitoring survey points (4 on the front wall, 4
on the right side slope supported with dowels).

The cut-and-cover section of the tunnel tubes at the western portal
consists of 4 blocks forming the left tunnel tube (a 40.000m long sec-
tion) and 5 blocks forming the right tunnel tube (a 49.762m long sec-
tion). Individual blocks of the cut-and-cover tunnels, usually 10m
long, are founded on 800mm thick base slabs, which are connected by
means of shear keys. . The 450mm thick, C25/30 reinforced concrete
vaults of the cut-and-cover tunnels have their inner cross section iden-
tical with the profile of the mined tunnel.

The final look of the eastern portal will be co-determined by an
about 100m long, right-side, coursed masonry faced gravity revetment
wall. The equipment services structure at the eastern portal will be
incorporated into the wall. The front portal slope will be stabilised in
the same way as the slope at the western portal, by Green Terramesh
stabilisation units at a gradient of 45°.

EVACUATION OF DRAINAGE AND RINSING WATER FROM
THE TUNNEL

Some technical changes, drawn from experience from previous tun-
nel constructions in Slovakia, were incorporated into the detailed
design for the tunnel drainage. The purpose of the changes was, first
of all, the elimination of details sensitive to failures and damage during
the course of the construction.

The changes contained in the modified design for the evacuation of
drainage water consist mainly of the replacement of the main DN 400
main sewer and the DN 150 drainage of the sub-grade by DN 350 dra-
inage piping, fulfilling both functions.

PVC-U DN 200mm perforated pipes are designed for the side dra-
ins located at the footing of the vault, between the primary lining and
secondary lining structures. The pipeline is placed throughout its
length on concrete bed and encased in porous concrete.

The main drain, consisting of DN 350 pipes with a perforated top
part, is encased in the lower part (up to the perforation level) in C16/20
concrete, while it will be protected by porous concrete on the top.

The main drain within the entire extent of the cut-and-cover tunne-
Is consists of pipes without perforation (PVC-U DN 400 in the eastern
portal section and PVC-U DN 250 in the western portal section), loca-
ted under the base slabs. Mechanical protection is provided by C16/20
concrete.

Permanent drainage of the cut-and-cover tunnel sections is provided
by DN 200 drainage pipes placed on the base slab. PVC-U DN 200
pipes without perforation are designed for the crossings of expansion
joints between cut-and-cover tunnels and mined tunnel tubes. This dra-
inage is connected to drainage cleaning niches, which are provided in
the initial blocks of the cut-and-cover tunnels at the eastern portal.
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Zmeny v modifikovanom ndvrhu odvedenia drendznych vod obsahuji
najmé nahradenie hlavného kanaliza¢ného zberaca DN 400 a odvodnenia
plane DN 150 za drendZne potrubie DN 350 plniace obe funkcie.

Bocné drendZzne odvodnenie umiestnené pitich klenby medzi konst-
rukciou primdrneho a sekunddrneho ostenia je mnavrhnuté
z perforovanych rir PVC-U DN 200 mm. Potrubie je po celej dlzke tune-
la uloZené na podkladny betén a obeténované filterbetonom.

Hlavny drendZzny zbera¢ DN 350 s perfordciou v hornej Casti je
v spodnej Casti obeténovany beténom C16/20 (po droven perforécie)
v hornej Casti bude chrdneny drendZnym medzerovitym beténom.

V celom rozsahu hlbenych tunelov je hlavny drenaZny zbera¢ navrh-
nuty ako plnostenny (PVC-U DN 400 — vychodny portalovy tisek a PVC-
U DN 250 — zdpadny portdlovy tsek) a umiestneny pod droviiou zdkla-
dovych dosiek. Mechanickd ochrana je zabezpeCena betéonom triedy
C16/20. .

Trvalé odvodnenie hlbenych Casti tunela je zabezpecene drenaZnymi
rirami profilu DN 200 umiestnenymi na zdkladovej doske. V mieste pre-
chodu cez dilatdciu hlbeny — razeny tunel je potrubie navrhnuté ako plno-
stenné z PVC-U DN 200. Toto drendZne odvodnenie je zistené do
vyklenkov Cistenia drendze, ktoré su navrhnuté v prvych blokoch hlbe-
nych tunelov na VP.

Pre odvedenie oplachovych vdd bola hlavnou zmenou zmena tvaru $tr-
binovych prefabrikdtov, zZlab odvodnenia vozovky md modifikovany tvar
umoznujici lepSie vyuZitie priestorov pre kdblové chrani¢ky ako aj lep-
Siu aplikdciu vodorovného dopravného znacenia.

Odvodnenie povrchu vozovky je realizované zo Strbinovych prefabrikd-
tov s obrubnikom (betdén C45/55, XD3, XF4 v sulade s STN-EN-206-1),
uloZenych vZdy na niZ8ej strane vozovky. Navrhnuty kladaCsky plan Str-
binovych prefabrikatov odvodnenia vozovky v dlzkovom usporiadani
4-4-2, zabezpecCuje kopirovanie spojov jednotlivych prefabrikdtov
a pracovnych Skér sekunddrneho ostenia tunela, a tym eliminuje moznost’
vzniku trhlin v §trbinovych prefabrikatoch. Cistiace Sachty dlzky 2 m si
situované kazdych 50 m.

VOZOVKA, CHODNIKY A KABLOVE TRASY

Na zédklade skisenosti z viacerych slovenskych dialni¢nych tunelov
bola v rdmci realizacnej dokumentécie v tuneli Borik navrhnutd overend
konStrukcia vozovky s nevystuZenym cementobeténovym krytom
s rezanymi prie¢nymi i pozdlZznymi Skdrami, ktord nahradila pdvodne
navrhnutd vozovku s ten$im krytom vystuZenym dratkobeténom.

Skladba vozovky v razenom tuneli je nasledovna:

Cementobeténovy kryt CB1 260 mm
Cementova stabilizacia 5 SCI 220 mm
Drenézna vrstva — Strkodrva ~ SD 0-32, 0-45 min 330 mm

Uvedend skladba bez drendZnej vrstvy s modifikovanou hribkou
cementovej stabilizdcie bude pouZitd aj v tsekoch hlbenych tunelov
a nidzovych zalivov.

Dvojvrstvovy cementobeténovy kryt hribky 26 cm bude deleny na
dosky rezanymi Skdrami vystrojenymi klznymi tffimi a kotvami.
Maximélny rozmer dosiek krytu vozovky je 5,0x3,6 m, pricom priecne
Skéry koreSponduju s pracovnymi Skdrami blokov sekunddrneho ostenia.

Umiestnenie reviznych Sachiet hlavného drendZneho zberaca
a osadenie poklopov do cementobeténového krytu je navrhnuté tak, aby
nedochddzalo k vzniku ,.divokych® trhlin cementobeténového krytu
vozovky.

Névrh rieSenia chodnikov a kdblovych trds reSpektuje poZiadavky
upraveného projektu technologického vybavenia tunela. Zmeny oproti
dokumentdcii na ponuku boli najmi nasledovné:

e uloZenie chrdniCiek 14 @40 HDPE do pravého chodnika lavej
(severnej) tunelovej riry, ¢im sa eliminovalo nepruzné uloZenie
vozovky v mieste navrhovaného kandla pre optické kable;

e zmena poctu, priemeru a osadenia chrani¢iek a zmena poctu, rozmi-
estnenia a velkosti kdblovych Sachiet vyplynula zo zmien technolo-
gického vybavenia tunela a novych poziarnych predpisov;

e uloZenie poklopov kdblovych Sachiet bude rieSené pomocou bet6-
nového ozubu, dodato¢ne zrealizovaného v mieste kdblovej Sachty.
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Obr. 7 Zrealizované hibené ¢asti tunela na vychodnom portdli
Fig. 7 Completed cut-and-cover sections of the tunnel at the eastern
portal

The change in the shape of the slotted drain was the main change
regarding the evacuation of rinsing water. The shape of the slotted
drain was modified to allow better use of the space for cable ways and
better application of road markings.

Water from the roadway surface is evacuated through precast slotted
drains with curbs (C45/55, XD3, XF4 concrete complying with STN-
EN-206-1 standard), which are always installed on the lower side of
the roadway. The 4-4-2 configuration is designed in the laying plan for
the slotted drains, which means that the joints between individual
prefabricates copy the joints in the tunnel secondary lining. This con-
figuration eliminates the possibility of developing cracks in the slotted
drains. Inspection (cleaning) manholes 2m long are installed at 50m
spacing.

ROADWAY, WALKWAYS AND CABLEWAYS

A structure of the roadway verified on the basis of experience obta-
ined from several Slovak motorway tunnels was designed for the Borik
tunnel in the detailed design. It has an unreinforced concrete cover
with sawed transverse and longitudinal joints. This design replaced the
originally designed roadway with a thinner cover of steel fibre rein-
forced concrete.

The following roadway structure is used in the mined tunnel:

Concrete cover CBI 260 mm

Cement stabilisation SC1 220 mm

Drainage course — gravel-sand  SD 0-32,0-45  min 330 mm

The above-mentioned structure without the drainage course and
with the modified thickness of cement stabilisation will be used even
in the cut-and-cover tunnel sections and lay-bys.

The 26cm thick double-course cement cover will be divided into
slabs by sawed joints containing slipping dowels and anchors. The
minimum dimension of the top slabs is 5.0 x 3.6m, whilst the trans-
verse joints correspond to construction joints in the secondary lining
blocks.

The locations of inspection manholes on the main drain and instal-
lation of covers in the concrete roadway is designed in a way which
will prevent the development of “wild” cracks in the concrete road
cover.

The walkway and cable way design allows for requirements of the
modified tunnel equipment design. There were mainly the following
deviations from the final design (tender documents):

e the placement of 14 @#40 HDPE cableways under the right walk-
way in the left (northern) tunnel tube; thus the non-elastic bearing
of the roadway structure in the location of the proposed duct for
optical cables was eliminated.

e a change in the number, diameter and location of cableways and
a change in the number, location and dimensions of cable pits due
to changes in the tunnel equipment and new fire regulation.

e the mounting of cable pit covers will be solved by means of a dent
in concrete, which will be carried out additionally in the cable pit
location. )
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