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DIALNICA D1 JANOVCE - JABLONOV - TUNEL SIBENIK
SIBENIK TUNNEL ON JANOVCE - JABLONOV SECTION OF D1 MOTORWAY

MARTIN BAKOS

uvoD

Navrhovand dialnica D1 v dseku Jdnovce — Jablonov je v stlade
s ,,Programom rozvoja dialnicnej siete Slovenskej republiky”, ako aj
s uznesenim vlady SR €. 523 z 26. 6. 2003 k aktualiz4cii nového projektu
vystavby dialnic a rychlostnych ciest. Predmetny dsek dialhice bude sticas-
tou multimodalneho dopravného koridoru ¢. V, vetva a) modifikovaného na
tizemi Slovenska trasou dialnice D1 Bratislava — Zilina — Kogice — &t. hr.
SR/Ukrajina. Je v stilade so smerovanim medzindrodnej cestnej dopravy cez
uzemie Slovenska trasami dopravnych koridorov definovanych na
Paneurdpskej konferencif o doprave na Kréte v roku 1994. Zdroven je tento
tisek st¢astou hlavného dialni¢ného tahu na Slovensku. Ugelom a cielom
stavby je postupne dobudovat zdkladny dialni¢ny tah, skvalitnit’ podmienky

pre medzindrodnd a vnitrostitnu dopravu a zvysit' plynulost, rychlost

a zdroven bezpelnost cestnej premdvky. Vystavbou dialhice ddjde
k vyraznému zlepSeniu dopravno-prevadzkovych podmienok pre tranzitnd
dopravu. Po ukonceni vystavby predmetného tseku dialnice D1 sa vytvoria
podmienky k podstatnému odlahceniu dopravy na ceste 1/18, ako aj ostat-
nych prilahlych cestich.

Generdlnym projektantom uvedenej stavby je ZdruZenie Janovce —
Jablonov, ktoré tvoria spolo¢nosti Geoconsult, spol. s r. 0., Bratislava, HBH
Projekt spol. s r. 0. Brno, Valbek spol. s r. 0. Liberec. Projektantom tunela
Sibenik je spolotnost Amberg Engineering Slovakia, s. 1. 0., Bratislava.

ZAKLADNE UDAJE O TUNELI

Tunelom Sibenik prechddza dialnica D1 pod Gipitim vrchu Sibenik, juho-
vychodne od mesta Levoca. Vich Sibenik ma nadmorskd vysku 652,7 m
a patri do geomorfologického celku Hornddska kotlina, podcelku Medvedie
chrbty. Zapadné portdly tunelovych rir si v nadmorskej vyske 569.4 m (STR)
a 570,1 m (JTR). Vychodné portély tunelovych rir si v nadmorskej vyske
5703 m (STR) a 5689 m (JTR). Uzemie pred portdlmi, ako aj nad tunelom
ma charakter llik roli, resp. pasienkov Nad tunelom ani v blizkosti porta’lov
VN vedenie ¢. 202 vo vzdialenosti cca 170 m od vychodného portdlu.

Tunel je navrhnuty ako dialni¢ny dvojrirovy tunel v extravildne
s jednosmernou premavkou s maximalnou dovolenou rychlostou 80 km/h,
resp. obojsmernou premdvkou v pripade uzavretia jednej z tunelovych rir
s maximdlnou dovolenou rychlostou 60 km/h. Predpokladand skladba
dopravného pridu v tuneli je 77 % osobnych vozidiel, z toho 85 % vozidiel
s benzinovym motorom, 15 % s naftovym motorom a 23 % ndkladnych vozi-
diel. Celkovd premdvka v tuneli je rozdelend na dve tunelové riry v pomere
1:1. Predpokladany poéet vozidiel v roku 2012 v oboch smeroch na jednu
tunelovi rdru za 24 h je 12 266 a 18 801 vozidiel v roku 2027.

Orientécia trasy tunela podla svetovych strdn je v osi zapad—vychod Dizka
severnej tunelovej riry je 632,523 m, dlzka juznej tunelovej riry je
635453 m. Severné hibend tunelové rira mé dizku 54,715 m pri Zapadnom
portdli a 47,086 m pri vychodnom portdli. JuZnd hibend tunelové rira mé
dlzku 27,517 m pri zdpadnom portdli a 82,622 m pri vychodnom portdli.

Dokumentdcia na stavebné povolenie rieSi predmetnd komunikéciu
v Sirkovom usporiadani podla kategone D 26,5/100. Sirkové usporiadanie
tunela je predpisané kategériou T1 = 90 v zmysle STN 73 7507
Projektovanie tunelov na pozemnych komunikzicizich z roku 2001, tj. kazda
tunelovd rira s dvomi jazdnymi pruhmi $irky 3,5 m, niidzovym pruhom Sirky
1,25 m a nddzovymi chodnikmi $irky 1 m po oboch stranich.

Zékladnd vyska priechodného prierezu je 4,8 m, v osi jazdného pdsa je
vyska priechodného prierezu zvySend na 5,2 m v Sirke 3,5 m pre nadrozmer-
né vozidld. Vyska priechodného priestoru nad nidzovymi chodnikmi je
22 m. V tunelovych rirach je teoretickd plocha uzito¢ného priestoru tunela
72,06 m2 (bez zohladnenia pripustnych medznych odchylok).

Obe razené tunelové riry si v lavoto¢ivom smerovom obliku
s polomerom 1700,00 a 2693,75 m. Niveleta oboch tunelovych rir je vede-
nd vypuklym vrcholovym oblikom s polomerom 10 000 m. V trase severnej
tunelovej riry za¢ina vrcholovy obldk v km 0,302 663 so stipanim 3,5 %.
Vrchol dosahuje v km 0,702 656 a nésledne klesd do stani¢enia konca oblu-
ka v km 1,102 649 pri klesani 4,5 %. V trase juZnej tunelovej riry zac¢ina
vrcholovy oblik v km 0,299 466 so stipanim 3,5 %. Vrchol dosahuje v km

INTRODUCTION

The Janovce — Jablonov section of the D1 motorway, which is being plan-
ned, is in line with the ,,Motorway Network Development Program for the
Slovak Republic* and the Decree No. 523 of the Government of the Slovak
Republic, dated 26.6.2003, on the updating of the new development project
for motorways and fast highways. The motorway section in question will
become part of the multimodal transit corridor No.V, branch a), modified in
Slovakia through the D1 motorway route between Bratislava — Zilina —
Kosice — the SR/Ukraine border. It is in conformity with the routing of inter-
national road transport across Slovakia along the routes of the traffic corri-
dors which were defined in 1994 at the Pan-European Transport Conference
on Crete. At the same time, this stretch is part of the main motorway route in
Slovakia. The purpose and objective of this project is to gradually develop the
basic motorway route, improve the quality of international and domestic traf-
fic, fluency and, at the same time, safety of road traffic. The construction of
the motorway will significantly improve the traffic-operating conditions for
transit transportation. When the construction of the D1 motorway section in
question is completed, the conditions for substantial decongestion of traffic
along the /18 road and other adjacent roads will be met.

The main designer for the above-mentioned project is ZdruZenie Janovce
— Jablonov, a group of companies consisting of Geoconsult, spol.
s 1.0. Bratislava, HBH Projekt spol. s r.0. Brno and Valbek spol. s r.o. Liberec.
The designer for the Sibenik tunnel is Amberg Engineering Slovakia,
s.r.0. Bratislava.

BASIC DATA ON THE TUNNEL

The Sibenik tunnel allows the D1 motorway to pass under the bottom of
Sibenik Hill, south-east of the town of Levota. Sibenik Hill altitude is
652.7m as.l. It is part of the geomorphological unit of Horndd Basin, sub-
unit Medvedie Chrbty. Western portals of the tunnel tubes are at the altitudes
of 569.4m a.s.l. (the NTT) and 570.1m a.s.l. (the STT). Eastern portals of the
tunnel tubes are at the altitudes of 570.3m a.s.l. (the NTT) and 568.9m
a.s.l. (the STT). The areas in front of the portals as well as the area above the
tunnel have the character of meadows, fields or pastures. No buildings or
structures are found above the tunnel or in the vicinity of the portals. The clo-
sest structure is the overhead line No. 202, which is found at a distance of
about 170m from the eastern portal.

The tunnel design comprises a twin-tube motorway tunnel, in a rural area,
for unidirectional traffic and a maximum permissible speed of 80km/h or bi-
directional traffic, in the case of a closure of one tunnel tube, with
a maximum permissible speed of 60km/h. The anticipated composition of the
flow of traffic is as follows: passenger cars 77 % (of that 85% petrol powe-
red and15% diesel powered) and 23% lorries. The total traffic through the
tunnel is divided between two tunnel tubes at a 1 : 1 ratio. The anticipated
numbers of vehicles in 2012 and 2027 in both directions per one tunnel tube
per 24 hours are 12,266 and 18,801, respectively.

In terms of cardinal points, the tunnel route is oriented along the WE axis.
The northern tunnel tube is 632.23m long, whilst the length of the southern
tunnel tube is 635.453m. The northern cut-and-cover tunnel tube is 54.715m
long at the western portal and 47.086m long at the eastern portal. The sout-
hern cut-and-cover tunnel tube is 27.517m long at the western portal and
82.622m long at the eastern portal.

According to the final design, the D 26.5/100 category of the width arran-
gement is applied to the road in question. The tunnel width arrangement is
prescribed to be T1 = 9.0 category, in the meaning of STN 73 7507 Design
of Road tunnels from 2001, which means two 3.5m wide traffic lanes,
a 1.25m wide emergency lane and two emergency walkways on both sides in
each tube.

The basic height clearance is 4.8m; the height clearance is increased to
5.2m on the centre line of the roadway, within the width of 3.5m, for oversi-
zed vehicles. The height clearance over the emergency walkways is 2.2m.
The theoretical useful cross sectional area of one tunnel tube is 72.06 m2 (wit-

hout permissible limit deviations taken into account).




Vychodny portal — Eastern portal

Obr. 1 Vychodny portdl tungla Sibenik (Amberg Engineering Slovakia, s.r. 0.)
Fig. 1 Eastern portal of the Sibenik tunnel (Amberg Engineering Slovakia, s.r.o.)

0,699 485 a ndsledne klesd do staniCenia konca oblika v km 1,099 504 pri
klesani 4.5 %. Priecny sklon 2.5 % je jednotny v oboch tunelovych rdrach po
celej ich dizke.

Tunelové ridry st navzdjom prepojené dvomi priechodnymi prie¢nymi pre-
pojeniami. V kazdom prie¢nom prepojeni je umiestnend samostatnd miest-
nost-rozvodna NN. Sticastou tunela je technologické centrala, navrhnutd ako
podzemny objekt priliehajici k hlbenej Casti severnej tunelove;j riry, ktord
md samostatny vchod z volného priestranstva pred vychodnym portdlom
(obr. 1). Na prevedenie kdblov z technologickej centraly do tunelovych rir je
navrhnuty kolektor prechddzajici popod obe tunelové riry s vyustenim do
kablovych §acht v nidzovych chodnikoch v tunelovych rirach. Dalou Cas-
tou stavby stvisiacou s tunelom je dvojpodlaznd budova s poZiarnou nadr-
Zou, umiestnend na odpocivadle Levoca.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Na zédklade vykonaného prieskumu a v sulade s regiondlnou inZiniersko-
geologickou klasifikdciou hornin Slovenska sa v trase tunela nachddza for-
mécia kvartérnych zemin a flySové formécia (obr. 2). Kvartére zeminy si
zastipené komplexom deluvidlnych sedimentov. V bezprostrednom okol{
zdpadného portélu, okrem vegetaCnej vrstvy o hribke okolo 0,3 m pevnej
konzistencie, prevldda do hlbky 1,0-3,1 m il piescity az piesok ilovity.
V obidvoch pripadoch s podielom tlomkov pieskovcov. V podlozi su silne
zvetrané pieskovce. V priestore vychodného portdlu, okrem vegetaCnej vrst-
vy o hribky 0,2-0.4 m, sa do hlbky 1,7-2 m nachddza il strednej plasticity,
zriedka 1l piesCity pevnej konzistencie. V podloZi si celkom az silno zvetra-
né rozpadave ilovee. V predponalovom tiseku dosahuje vegetaCnd vrstva
a ornica hribku 0,2-0,6 m a je tuhej konzistencie. BlizSie k portdlu do hlbky
3,042 m zasahuje delivium tvorené flom a flom piesCitym prevazne tuhej
konzistencie. Dalej od portdlu do hlbky 2,6-1,1 m zasahuje il piesCity
s men$im podielom dlomkov a tuhou az pevnou konzistenciou. V podlozi
deltivia sa nachddzaju silno zvetrané flovce.
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Both mined tunnel tubes are on a left-hand horizontal curve with the radii
of 1700.00 and 2693.75m. The vertical alignment of both tunnel tubes fol-
lows a concave curve with the radius of 10,000m. For the alignment of the
northern tunnel tube, the concave curve starts at km 0.302 663, with the
uphill gradient of 3.5%. It reaches the summit at km 0.702 656, then it des-
cends on a gradient of 4.5% to the chainage 1.102 649 where the curve ends.
For the alignment of the southern tunnel tube, the concave curve starts at km
0.299 466, with the uphill gradient of 3.5%. It reaches the summit at km
0.699 485, then it descends on a gradient of 4.5% to the chainage 1.099 504,
where the curve ends. The transverse gradient of 2.5% is uniform for both
tunnel tubes, throughout their lengths.

The tunnel tubes are interconnected by two pedestrian cross passages.
Each cross passage contains an independent room — an LW switchgear room.
Part of the tunnel is an equipment control building, which is, according to the
design, an underground structure adjacent to the cut-and-cover section of the
northern tunnel tube, which has a separate entrance from the open area in
front of the eastern portal (see Fig. 1). A utility tunnel passing under both tun-
nel tubes is designed to lead cables from the equipment control building to
the tunnel tubes. The utility tunnel ends are in the tunnel tubes, in cable man-
holes, which are located in the emergency walkways. Another part of the con-
struction which is associated with the tunnel is a two-level building with
a fire protection reservoir, which is located at the Levoca lay-by.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

According to the completed survey and in accordance with regional engi-
neering geological classification of ground in Slovakia, there is a Quaternary
soil formation and a flysh formation found along the tunnel route (see Fig. 2).
Quaternary soils are represented by a complex of diluvial sediments. In the
immediate surroundings of the western portal, apart from the about 0.3m
thick, hard consistency vegetation layer, sandy clays to clayey sands prevail
to the depth of 1.0 — 3.1m (in both cases containing a proportion of sandsto-
ne fragments). The bedrock consists of heavily weathered sandstone. In the
area of the eastern portal, there is, apart from a 0.2 — 0.4m thick vegetation
layer, medium-plastic clay reaching to a depth of 1.7 — 2m or, infrequently,
hard consistency sandy clay. Up to heavily weathered, rotten claystone is in
the sub-grade. The vegetation layer and arable soil in the section in front of
the portals is 0.2 — 0.6m thick; it has a hard consistency. Closer to the portals,
there is a diluvium consisting of clay and sandy clay, mostly of the stiff con-
sistency, reaching to a depth of 3.0 —4.2m. At a greater distance from the por-
tal, there is sandy clay with a smaller proportion of fragments and stiff to hard
consistency, reaching to a depth of 2.6 — 1.1m. The sub-base of the diluvium
consists of weathered claystone.

A flysh formation rises throughout the length of the tunnel and in the por-
tal sections. The rocks identified by the survey are parts of the Zuberec
Member, with a typical flysh background. Under the diluvial sediments, the
Zuberec Member has a zone of even heavily weathered rock, having locally,
on the contact with the diluvium, even the character of soil. Slightly weathe-
red to sound rock is found under this zone. Two differing rock layers with dif-
fering engineering geological and geotechnical properties were determined
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Obr. 2 InZiniersko-geologicky pozdiiny profil (Uranpres s. r. 0.)
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1) i, 2) il piescity, 3) il Strkovity aZ Strk ilovity, 4) zlepence, 5) pieskovce, 6) ilovce, 7) striedanie ilovcov a pieskovcov, 8) litologickd hranica, 9) rozhranie navet-
ranych a zdravych hornin, 10) hladina PV, 11) druh horninového masivu podla TP 06-1/2006

Fig. 2 Engineering geological longitudinal section (Uranpres s.r.o.)

1) clay, 2) sandy clay, 3) gravely clay to clayey gravel, 4) agglomerates, 5) sandstone, 6) claystone, 7) alteration of claystone and sandstone, 8) lithological bor-
der, 9) interface between slightly weathered and sound rock, 10) water table, 11) rock mass type according to TP 06-1/2006
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V celej trase tunela a v priportdlovych dsekoch vystupuje flySova forma-
cia. Zistené horniny patria zubereckému stvrstviu v typickom flySovom
vyvoji. Pod kvartérnymi deluvidlnymi sedimentmi sa v zubereckom stvrstv{
nachddza zéna celkom az silno zvetranych hornin, ktoré maji lokdlne na
styku s deliviom az charakter zemin. Pod touto zénou sa nachddzaji horni-
ny slabo zvetrané az zdravé. V trase juznej a severnej tunelovej riry, pod chr-
batom Sibenika, na zdklade vysledkov z vitov v zubereckom stivrstvi, st
vyclenené dve odliSné horninové polohy rozdielnych inZiniersko-geologic-
kych a geotechnickych vlastnosti.

Od km 0,335 (ZP) po km 0,610 bude tunel razeny v stredno- az hrubozr-
nitych pieskovcoch slabo vépnitych s muskovitom. Poloha mé celkovi hrib-
ku viac ako 50 m. Pieskovce s lavicovitou vrstevnatostou maju hribku vrsti-
ev 0,2-0,6 m. Medzi vrstvami pieskovcov sa nezriedka vyskytuji tenké vloz-
ky ilovcov, ¢o mdze sposobit’ oddelovanie vrstiev. Ojedinele st vyclenené
samostatné §o§0vky flovcov o hriibky 1,5-2,5 m. V polohe pieskovcov sa
nachddzaji aj samostatné vrstvy zlepencov o hribky 0,54 m. V uvedenej
zépadnej polovici dlzky tunela maji pieskovce zastipenie 68 %, zlepence
15 % a flovee 17 %. Podla stupna zvetrania je 60-87 % hornin navetranych
(W2) a 1340 % hornin zvetranych (W3). Podla zisteni v odkryvoch na povr-
chu maju tektonické pukliny hustoty 200—2000 mm. Pukliny st dvoch vyraz-
nych smerovych orientdcii, a to stibezné s osami tunelovych rir a priecne,
pricom ich sklony s strmé (>80°). Spolu s este pocetnej$imi subhorizontdl-
nymi vrstvovymi plochami tvoria tri navzajom kolmé systémy ploch diskon-
tinuit, ktoré spdsobujui rozpad hornin na doskovité a hranolovité bloky stred-
nych (200-600 mm) az velkych (600-2000 mm) rozmerov. Podla hodnote-
nia stupna pevnosti st horniny za¢lenené do stredného stupria R3, vynimoc-

ne R4 (do 5 %), ¢o je dolozené aj laboratérnymi skiskami (pevnost

v prostom tlaku 30-62 MPa a pevnost pri bodovom zatazeni PLT 25,7-47 4
MPa). Této Cast'tunela je v prevaznej miere bez pritomnosti vody.

0Od km 0,610 po km 0,970 (VP) bude tunel razeny v polohe iflovcov hru-
bej do 30 m. Této poloha flovcov je svojim zloZenim homogénna. St to sivé
a tmavosivé flovce s rozpadom kolmo na os jadra. Vynimoc¢né st prechody
do prachovcov az jemnozrnitych pieskovcov. Podla stupna zvetrania sd
v profile tunelovej riry flovce len navetrané (W2) az zdravé (W1), blizsie
k vychodnému portdlu vplyvom niZ8ieho nadloZia su silno zvetrané (W4,
65 %), slabo zvetrané (W3, 13 %) a navetrané (W2) az zdravé (W1)
v zastdpeni 22 %. Rozpad hornin podla RQD je v flovcoch medzi 40-90 %
(priemer 70 %) a so zmenSovanim nadlozia klesd na 070 %. Tento parame-
ter dalej k vychodnému portdlu mé4 klesajtici trend (odhad do 20-30 %).
S ohladom na niZsiu rigiditu oproti pieskovcom predpokladd sa vyssia hus-
totu (60—200 mm) tektonickych puklin rovnakej priestorovej orientécie voci
osi tunelovych rir. Podstatne vyssia je hustota vrstvovych ploch (2-60 mm).

Z uvedeného vyplyva, Ze v tunelovych rirach sa budd v flovcoch vytvarat

doskovité az polyedrické bloky malych (60-200 mm) az velmi malych roz-
merov (< 60 mm). Podlla hodnotenia stupna pevnosti s flovce zaradené do
stredného stupna R3, blizie k vychodnému portdlu do nizkeho stupna pev-
nosti R4 a na portdli je to nizky stupeni pevnosti R4 aZ extrémne nizky R6.
Laboratdrne skuisky flovcov v prostom tlaku ukazuji hodnoty 16-20 MPa, ¢o
potvrdzuje ich zatriedenie do triedy R3 s prechodmi do R4. Pevnost'pri bodo-
vom zataZeni PLT je 18,3 MPa. V nivelete tunela je horninové prostredie
zvodnené s ocakdvanym pritokom do 0,5 I/s.

RAZENIE A VYSTROJENIE VYRUBU

Konstrukcia razenych tunelovych rir je tvorend dvojvrstvovym ostenim
(primdrnym a sekunddrnym) s medzilahlou drendZnou a ochrannou vrstvou
a plosnou hydroizoldciou (obr. 3). Tvar konstrukcie je navrhnuty pre cyklic-
ké razenie. Teoretické rozmery vyrubu (pre primdrne ostenie hribky 200
mm) si: max. vyska 9497 mm, max. Sirka 13 427 mm a plocha vyrubu
105,34 m?.

Na razenie tunela Sibenik sa navrhuje cyklicky spdsob razenia
s horizontdlnym ¢lenenim vyrubu na kalotu, stupen a dno. Vzhladom na geo-
logické pomery sa uvazuje s dvomi technoldgiami razenia, a to vrtno-trhavi-
nové razenie a razenie pomocou tunelbagra. Alternativne mozno uvazovat aj
s pouZitim stroja s vyloZnikovou frézou.

Primdrne ostenie méd po celej dizke tunela (okrem tsekov razenych pod
dazdnikmi) navrhnutd konstantnd hribku min. 200 mm vzhladom na nama-
hanie staticky posudenych prie¢nych rezov. S primarnym ostenim je uvazo-
vané aj pri prenose zatazenia od horninového tlaku pocas Zivotnosti tunela.
Podiel primdrneho ostenia na prenose zatazenia je 30 %. Primarne ostenie je
tvorené kombindciou strickaného beténu, vystuznych sieti, prichradovych
ocelovych oblikov a kotiev. Kotvy sd nayrhnuté hydraulicky upinatelné dI.
4 m a 6 m, resp. injektované zavitavacie dl. 4 m. Pouzité vystrojovacie prvky
st uvedené na obr. 4. V priportdlovej vystrojovacej triede sa uvaZuje
s razenim pod ddZdnikom z injektovanych zavitavacich ty¢i di. 15 (18) m.
Zhotovenie plnej hribky primarneho ostenia sa bude realizovat'v 3 zéberoch.
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Obr. 3 Vzorovy priecny rez (Amberg Engineering Slovakia, s. r. 0.)

1) primdrne ostenie, 2) medzilahld hydroizoldcia, 3) sekunddrne ostenie,
4) multikandlové kdblové chrdnicky, 5) pridovy ventildtor () 1250 mm

Fig. 3 Typical cross section (Amberg Engineering Slovakia, s.r.o0.)

1) primary lining, 2) intermediate waterproofing, 3) secondary lining,
4) multiple-way cable ducts, 5) jet fan @ 1250 mm

on the basis of the results of boreholes in the Zuberec Member, on the route
of the southern and northern tunnel tubes, under the ridge of Sibenik Hill.

From km 0.335 (the WP) to km 0.610, the tunnel will be driven through
medium-grained to coarse-grained sandstone, slightly calcareous, containing
muscovite. The total thickness of the sandstone layer exceeds S0m. The sand-
stone beds are 0.2 — 0.6m thick. There are frequently thin claystone interlay-
ers between the sandstone beds, which may cause the separation of the lay-
ers. Sporadic, separate claystone lenses 1.5m —2.5m thick were determined.
There are also separate, 0.5 —4.0m thick layers of conglomerates in the sand-
stone unit. In the above-mentioned western half of the tunnel length, the pro-
portions of rocks are 68% for sandstone, 15% for agglomerates and 17% for
claystone. In terms of the degree of weathering, 60 — 87% of the rocks are
slightly weathered (W2) and 13 — 40% of the rocks are weathered (W3). As
determined by the survey of outcrops, the spacing of tectonic fissures ranges
from 200 to 2000mm. The fissures follow two significant directions,
i.e. parallel with the centre lines of the tunnel tubes and transverse; their dips
are steep (>800). Together with the even more numerous sub-horizontal bed-
ding planes, they form three systems of discontinuity surfaces, which are per-
pendicular to each other. The discontinuity surfaces cause the disintegration
of rocks into platy and prism-shaped blocks of medium (200 — 600mm) to big
(600 — 2000mm) dimensions. In terms of the strength-related classification,
the rocks are assigned the medium degree R3 and, exceptionally, degree R4
(less than 5%). This distribution is even supported by laboratory tests (uncon-
fined compression strength of 30 — 62MPa and the point load strength of 25.7
— 47 4AMPa). This part of the tunnel is to a large extent without the presence
of water.

From chainage km 0.610 to km 0.970 (the EP), the tunnel will be driven
through an up to 30m thick layer of claystone. The composition of this clays-
tone layer is homogeneous. It consists of grey and dark-grey claystone, disin-
tegrating perpendicularly to the core axis. Transition to siltstone or fine-gra-
ined sandstone is exceptional. In terms of the degree of weathering, the rocks
found inside the tunnel tube profile are only slightly weathered (W2) to
sound (W1); closer to the eastern portal, owing to the smaller height of the
overburden, they are heavily weathered (W4, 65%), moderately weathered
(W3, 13%) and slightly weathered (W2) to sound (W1) with the proportion
of 22%. The rock disintegration in terms of the RQD is 40 — 90% for clays-
tone (70% on average); it diminishes to 0 — 70% with the diminishing height
of the overburden. This parameter shows a downward trend in the further
direction toward the eastern portal (estimated for 20 — 30%). With respect to
the lower rigidity compared to sandstone, closer spacing (60 — 200mm) of
tectonic fissures having the same spatial orientation to the centre line of the
tunnel tubes is expected. The spacing of bedding surfaces is significantly clo-
ser (2 —60mm). It follows from the above-mentioned facts that platy to poly-
hedral blocks of small (60 — 200mm) to very small dimensions (< 60 mm)
will originate in the claystone. In terms of the strength rating, the claystones
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Obr. 4 Postup razenia a vystrojovacie prvky (Amberg Engineering Slovakia, s.r. 0.)
1) injektované zavitavacie kotvy dl. 8 m, 2) kotvy hydraulicky upinatelhé dl.
4 m a 6 m, resp. injektované zavitavacie di.4 m, 3) ihly di.4m O R25 4) prie

hradové oceloyé nosniky, 5) stabilizacnd vrstva 0-50 mm striekaného betonu
na Celbe, 6) diZka zdberu v kalote 0,8-1,7 m,7) di%ka zdberu v stupni 1,6-3 4
m, 8) prehlbovanie dna

Fig. 4 Excavation sequences and support elements (Amberg Engineering
Slovakia, s. r. 0.)

1) groutable self-drilling anchors 8 m, 2) water expanded rock bolts 4m and
6m or groutable self-drilling anchors 4m , 3) spiles 4 m @ R25 4) lattice gir-
ders, 5) stabilisation layer 0 — 50 mm of shotcrete on the face, 6) top heading
advance length 0.8 — 1.7 m, 7) bench advance length 1.6 — 3.4 m, 8) deepe-
ning of the bottom.

Navrhnutd dizka zdberu v kalote je v zdvislosti od vystrojovacej triedy
1,3-1,7m, 1,0-1,3 m a 0,8-1,0 m. Vystrojenie vyrubu bolo zoptimalizované
podla zatriedenia do vystrojovacich tried v zmysle TP 06-1/2006
Vystr0]ovac1e tnedy Cast'1: Cykhcke razenie.

V rdmci razenia kaloty, resp. stupria musi byt'v provizérnom dne zabezpe-
¢ené odvddzanie pouzitej technologickej vody a pripadnych priesakovych
vdd, a to pomocou odvodriovacej ryhy a Cerpania vody von z tunela do sedi-
menta¢nych nddrzi umiestnenych na stavebnom dvore zdpadného portalu.

Z bilan¢nej tabulky mozno konstatovat, Ze z celkového mnoZstva riibani-
ny 133 350 m3 z oboch tunelovych rdr je mozné vyuzZit'do ndsypov a zasypov
bez dpravy 126 000 m3 vytaZzeného materidlu, Co predstavuje 94,49 %.

SEKUNDARNE OSTENIE

Sekunddrne ostenie razeného tunela je navrhnuté z prostého beténu.
VystuZené sekundérne ostenie maJu bloky predurcené statickym vypoctom
na styku hibeného tunela s razenym, dalej bloky s vyklenkami a so zarodka-
mi priecnych prepojeni. Sekundarne ostenie bude postupne beténované po
blokoch pomocou posuvného debnenia. Blok sekundédrneho ostenia tvorf
jeden pracovny a dilatacny celok. Dlzka jedného dilata¢ného celku bude
10 m v lici kratsej strany bloku (resp. 9,98 m pri uvazovani dilatacnej vloz-
ky hribky 20 mm). VSetky dilatatné a pracovné $kdry budi vybavené von-
kajs$imi pryZovymi tesniacimi pasmi. Tvar §kdr v lici ostenia bude mat’licho-
beznikovy tvar zhotoveny pomocou gumového profilu vloZzeného do debne-
nia. V pracovnych Skdrach medzi zdkladovym pasom a klenbou budu osade-
né napuciavacie Skdrové pasy vo vzdialenosti min. 80 mm od rubu ostenia.
Minimélna hrlibka sekundémeho ostenia je 350 mm, smerom k zeikladov;’Im
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are assessed as being the medium degree R3; closer to the eastern portal as
the low degree of strength R4 and, at the portal as the low degree R4 to extre-
mely low R6. Laboratory tests of claystone for unconfined compression
strength show the values of 16 — 20MPa, which is a confirmation of the cate-
gorisation as class R3 with transition to R4. The point load strength (PLT) is
18.3 MPa. The rock environment at the level of the tunnel bottom is water-
bearing, with the anticipated inflow rate up to 0.5 I/s.

TUNNEL EXCAVATION AND EXCAVATION SUPPORT

The structure of the mined tunnel tubes consists of a double-shell lining
(primary and secondary) with an intermediate drainage and protection layer
and a waterproofing membrane (See Fig. 3). The shape of the structure is
designed to be suitable for cyclic excavation. Theoretical dimensions of the
excavated cross section (for a 200mm thick primary lining) are as follows:
maximum height of 9497mm, maximum width of 13,427mm and cross sec-
tional area of 105.34 m2.

A cyclic process with the top heading, bench and invert sequences is desig-
ned for the Sibenik tunnel excavation. With respect to the geological condi-
tions, two excavation techniques are proposed, i.e. the drill-and-blast and the
application of a tunnel excavator. The use of a cutter boom can be counted
with as an alternative.

The uniform thickness of the primary lining of 200mm is designed for the
whole tunnel length (with the exception of a section to be driven using
a protective umbrella) on the basis of the stresses determined by a structural
analysis of the cross sections. The role of the primary lining is taken into
account even in the carrying of rock pressures during the tunnel life. The pri-
mary lining share is 30% of the load. The primary lining consists of shotcre-
te, steel mesh, lattice girders and rock bolts. Friction bolts 4m and 6m long,
expanded by pressurised water, or self-drilling grouted anchors are designed.
The support elements to be used are presented in Fig. 4. The excavation sup-
port class for the portal section is designed to contain a protective canopy of
15 (18)m long, grouted self-drilling rods. The full thickness of the primary
lining will be sprayed in three layers. The advance length designed for the top
heading is, depending on the excavation support class, 1.3 -1.7m, 1.0 — 1.3m
and 0.8 — 1.0m. The excavation support was optimised according to the exca-
vation support classes, in the meaning of the specifications TP 06-1/2006
Excavation Support Classes, Part 1: Cyclic Excavation.

During the top heading or bench excavation, it is necessary to secure the
drainage of process water or contingent percolation water from the tempora-
ry bottom by means of drainage ditches. Water will be pumped from the tun-
nel to sedimentation tanks, which will be located within the construction yard
at the western portal.

It is possible to find in the mass-haul table that it will be possible to use
126,000m3 of the muck of the total volume of 133,350m3 obtained from both
tubes (94.49%) for embankments and backfills without any treatment.

SECONDARY LINING

The secondary lining of the mined tunnel will be in unreinforced concre-
te. Reinforced concrete secondary lining will be in the blocks which are
determined by the structural analysis, i.e. the blocks which are at the contact
of the cut-and-cover tunnel and mined tunnel, the blocks containing recesses
and blocks containing germs of cross passages. The secondary lining will be
cast, block by block, using a tunnel form traveller. A secondary lining block
forms one working and expansion unit. The expansion block will be 10m
long (measured on the face of the shorter side of the block, which is curved
in the ground plan), or 9.98m when the 20mm thick expansion strip is taken
into account. All expansion joints and day joints will be provided with exter-
nal rubber waterstop bands. The joints will have a trapezoidal profile on the
inner face of the lining, which will be achieved by means of a rubber gasket,
inserted to the formwork. Hydrophylic waterbars will be installed in the day
joints between the footing and the vault, at a minimum distance of 80mm
from the outer surface of the lining. The minimum thickness of the seconda-
ry lining is 350mm; the thickness of the lining increases towards the footing.
Cable conduits and boxes will be cast into the secondary lining. The coating
which will be used for the finishing of the lining must meet requirements for
water resistance, vapour permeability and washability. The roadway and
walkways will have the natural concrete colour. The design of shapes of the
finish hardware which are shown in Fig. 5 is accentuated by respective sig-
nal paints. The secondary lining is in conformance with the R — 90/D1 fire
safety criterion. With respect to the need to meet this criterion, the concrete
formulae must also be prescribed for which it will be proved on the basis of
a fire resistance test that the fire resistance of the designed unreinforced conc-
rete lining and the resistance of the concrete cover/surface layer to spalling
meet the requirements.
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kéblové chréniCky a krabice. Ako povrchovd dprava ostenia budd pouZité

ndtery, ktoré musia spliat’ kritéria na vodoodolnost, paropriepustnost’

a umyvatelnost. Vozovka a chodniky budd mat prirodzend farbu beténu.
Tvarové rieSenie kompletizacnych prvkov uvedené na obr. 5 je akcentované
prislusnymi signdlnymi farbami. Sekundérne ostenie spliia kritérium poZiar-
nej odolnosti R-90/D1. S ohladom na splnenie tohto kritéria sa musi predpi-
sat’ také zloZenie beténovej zmesi, pre ktoré sa potvrdi jednak pozadovand

poziarna odolnost’ navrhnutého monolitického ostenia a jednak odolnost’

beténovej krycej, resp. povrchovej vrstvy voci odpraskdvaniu na zdklade
vykonania skusky poZiarnej odolnosti.

VOZOVKA A NUDZOVE CHODNIKY

Navrhnutd je konstrukcia vozovky s cementobeténovym krytom so sklad-
bou a dimenziami:

dvojvrstvovy cementobeténovy kryt CB I .......cocceevivviienenne 170/80 mm,
obalované kamenivo strednozrnné OKS I, ........ccccceevievirirvernenennnns 50 mm,
infiltracny postrek 1,0 kg/m?2 PI,

cementova stabilizacia SC L ........ccooveveveveerereieeeeceeeeeeeeene 180 mm,
Strkodrvina 0-32, 063 (20 + 150 mm),.......cccccoevevererevererererernnns 270 mm.

Rozmery cementobeténovych dosiek vyplyvaju zo Sfrkového usporiadania
dialhice v tuneli. PozdlZna Skdra je navrhovand 100 mm od osi smerového
pasa smerom k zvislej osi tunelovej riry. Z uvedeného vyplyvaji nasledovné
Sirky vozovkovych dosiek: JTR-3890 mm +4700 mm; STR-4690 mm
+ 3900 mm. Zakladnd dizka CB dosiek j je 5 m. Priecne skdry CB dosiek
v tuneli s uvazované vzdy v miestach dilatacnych $kdr blokov sekunddrne-
ho ostenia, resp. klenbovej nosnej konstrukcie (kazdych 10 m). Priecne
a pozdlzne Skdry v CB doskdch sa budd robit rezanim. Zdkladny rez je Siro-
ky 3 mm do hlbky 70 mm (priecna Skdra) a 80 mm (pozdlZna Skdra). Na kon-
coch tunelovych rdr a na styku CB krytu s asfaltovou vozovkou sa urobia
pracovné Skdry, ktoré maju funkciu dilatatnych Skdr. Okrem pracovnych Skdr
budi vsetky priecne a pozdlzne Skdry vystuzené. V miestach prie¢nych Skér
sa poCas beténovania budi zatlicat tine a v miestach pozdlznych Skér kotvy.
Klzny tii md priemer 24 mm, dlzku 500 mm, na povrchu je plastovy povlak.
Zdkladnd vzdialenost tifiov bude 250 mm. Nidzové chodniky po oboch stra-
nach vozovky maju Sirku 1 m. Pozostdvaju z beténovych blokov pre uloze-
nie Strbinovych Zlabov a obrubnikov, z obeténovanych kablovych chrénici-
ek, z obrubnikov, z kdblovych S$acht a ich sicasti a z beténového krytu.

HYDROIZOLACIA A ODVODNENIE TUNELA

Ochrana tunela proti podzemnej vode je rieSend otvorenym systémom
hydroizoldcie. Navrhnutd je plosnd féliova hydroizoldcia hribky 2 mm na
bédze PE alebo PVC, resp. polyolefinu. Félia bude mechanicky kotvend do
primdrneho ostenia. Drendznu a ochranni funkciu bude plnit’ geotextilia
s plosnou hmotnostbu 500 g/m?. Voda zachytend hydroizoldciou je zvedend
drendznou vrstvou do pozdlznych drendznych potrubi v trovni piet opor.
V skdrach medzi blokmi sekunddrneho ostenia budi na pasy hydroizolacnej
félie natavené dilatacné Skdrové pdsy, ktoré budi vybavené systémom pre
dodato¢nu injektdz. V blizkosti dilata¢nych Skdr budi v sekunddrnom osten{
osaden€ injektdZne krabice pre dodatocni injektaZ v pripade vyskytu priesa-
kov. Priesakovd voda z horninového masivu bude po celej dlzke tunela
zachytdvand drendznymi potrubiami, pricom kazdych 50 m bude zvedena
transportnymi potrubiami do zbernej Sachty a ndsledne do zberaca priesako-
vych vod. Zbera¢ priesakovych vod, ktory bude zdroven sliZit ako drendz
vozovkovej pldne, bude v predportdlovych oblastiach vyidstovat' do dialnic-
nych priekop.

Tuel

ROADWAY AND EMERGENCY WALKWAYS

The structure of the concrete pavement type of the roadway which was
designed will comprise :

two-course concrete pavement CB I, .....ccccooeevnncccnnenee 170/80 mm,

medium-grained coated aggregate OKS I, .......ccocvvevvcrnvcrniennee 50 mm,

prime coat 1.0 kg/m? PI,

cement stabilisation SC I, ..o

crushed gravel 0-32, 0-63 (20+150 mm),

The dimensions of concrete slabs follow from the width arrangement of
the motorway inside the tunnel. The longitudinal joint is designed to be
100mm from the axis of the carriageway, in the direction toward the vertical
axis of the tunnel tube. The following width of the pavement slabs follow
from the above-mentioned system: STT - 3890 mm + 4700 mm; NTT -
4690 mm + 3900 mm. The basic width of the concrete slabs is Sm. Transverse
joints between the concrete slabs inside the tunnel will always be in the loca-
tions corresponding to the joints between expansion blocks of the secondary
lining, or blocks of the vault structure (every 10m). The transverse and longi-
tudinal joints between concrete pavement slabs will be carried out by cutting.
A basic cut is 3mm wide and 70mm deep (a transverse cut) or 80mm deep (a
longitudinal joint). Construction joints having the function of expansion joints
will be carried out at the ends of the tunnel tubes, at the contact between the
concrete pavement and asphalt pavement. With the exception of construction
joints, all transverse and longitudinal joints will be reinforced, using dowels,
which will be pressed into transverse joints during the concrete casting pro-
cess, or anchors, which will be installed in longitudinal joints. A slipping
dowel is 24mm in diameter, 500mm long and is coated with plastic. The basic
spacing of the dowels will be 250mm. The emergency walkways on both sides
of the roadway are 1.0m wide. They consist of concrete blocks for the place-
ment of slotted troughs and kerbs, cable ducts encased in concrete, kerbs,
cable manholes and their components and concrete pavement.

TUNNEL WATERPROOFING AND DRAINAGE

An open waterproofing system is designed for the protection of the tunnel
against ground water. A PE, PVC or polyolefine-based waterproofing mem-
brane 2mm thick is designed. The membrane will be mechanically anchored
to the primary lining. The drainage and protective function will be dischar-
ged by 500g/m? geotextile. The water which is stopped by the waterproofing
barrier is directed through the drainage layer to the longitudinal drains laid at
the footing level. Waterstop bands will be welded to the waterproofing mem-
brane sheets over the joints between the blocks of the secondary lining; the
waterstops will be provided with a system allowing additional grouting.
Boxes containing outlets of grouting hoses for the additional grouting in the
case of seepage will be embedded in the secondary lining, near the expansi-
on joints. The water which will seep from the rock massif will be collected
by longitudinal drains running throughout the tunnel length and will be diver-
ted every 50m, through transport pipelines and collecting shafts, to a seepage
collecting duct. The seepage collecting duct, which will, at the same time,
function as drain for the road bed, will end in front of the portals, where it
will be connected to a motorway ditch.

Circular-profile perforated PVC drainage pipes DN 200 or DN 160 are
designed for the installation in the tunnel tubes. The placement of the DN 200
drainage on the footing, in an infill concrete bed, is designed for the mined
tunnel. The drainage pipes will be encased in porous concrete. For cut-and-
cover tunnels, the placement of DN 200 drains running along the footing in
a porous concrete bed is designed. The drainage pipes will be backfilled with

Obr. 5 Uprava sekunddrneho ostenia a tvaro-
vé rieSenie kompletizacnych prvkov niidzové-
ho vychodu (Amberg Engineering Slovakia,
s.r.0.)

1) dopravné znacky D70a, b, 2) niidzové
osvetlenie—neonové flourescentné svietidlo,
3) znacka pre niidzovy vychod, 4) poZiarne
niidzové osvetlenie, 5) oznacenie niidzového
vychodu, 6) graficky symbol niidzového
vychodu, 7) poZiarne niidzové osvetlenie

Fig. 5 Secondary lining design and design of
shapes of finish hardware of an emergency
exit (Amberg Engineering Slovakia, s. r. 0.)

1) traffic signs D70a, b, 2) emergency lighting
— neon fluorescent lighting fixture, 3) emer-
gency exit sign, 4) fire emergency lighting,
5) emergency exit marking, 6) graphical symbol

for emergency exit, 7) fire emergency lighting
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Obr. 6 Rozmiestnenie bezpecnostnych stavebnych prvkov (Amberg Engineering Slovakia, s. r. 0.)

1) konstrukcia tunela, 2) vzdialenosti niidzovych vychodov, 3) vzdialenosti SOS vyklenkov s hydrantom

Fig. 6 Lay-out of structural safety elements (Amberg Engineering Slovakia, s.r.o0.)

1) tunnel structure, 2) intervals between emergency exits, 3) intervals between SOS niches containing hydrants.

V tunelovych rirach st navrhnuté drendZne perforované potrubia z PVC
kruhového prierezu DN 200, resp. DN 160. V razenom tuneli je navrhované
uloZenie drenaZnych potrubi DN 200 na zékladovy pds do beténového 16Zka
z vypliiového beténu. DrendZne potrubia budi obeténované drendznym med-
zerovitym beténom. V hlbenych tunelovych riirach je navrhované uloZenie
drendzneho potrubia DN 200 pozdlz zdkladového pasu do beténového 16zka
z vypliového beténu. DrendZne potrubia budd obsypané Strkodrvinou frak-
cie 16-32 mm. Na rozhrani beténového 16Zka a Strkodrviny bude uloZend
drendZna geotextilia s plo§nou hmotnostou 200 g/m2. V prie¢nych prepoje-
niach s navrhnuté drendzne perforované potrubia z PVC kruhového priere-
zu DN 160, resp. DN 100. Funkciu hlavného zberaca priesakovych vod
a zdroven funkciu drendZe vozovkovej plane bude plnit PVC potrubie DN
400. V razenych aj v hlbenych tsekoch bude potrubie v hornej Casti perforo-
vané v rozpiti 116°. UloZené bude v oboch rdrach pod vozovkou do vypliio-
vého beténu. Potrubie bude obeténované drendZznym medzerovitym betd-
nom. Spravidla na zaciatku drenaZnych potrubi hlbeného tunela, v prie¢nych
prepojeniach a v technologickej centrdle s navrhované Cistiace hrdld, prost-
rednictvom ktorgch bude mozné realizovat ddrzbu drendznych potrubi. Cis-
tiace hrdld budd tvorené sdistavou PVC potrubi rovnakych rozmerov ako
odpovedajice drendZne potrubie. Do drendZznych potrubi budd vyustené pod
uhlom 45°. Ukoncené budud uzdverom.

TECHNOLOGICKA CENTRALA A KOLEKTOR

Technologicka centrdla je situovand pri vychodnom portdli severnej tune-
lovej ridry. Pri objekte sa nachddza komunikacnd anténa. Budova sa pripdja
vstupom k severnej tunelovej rire a kdblovou Sachtou ku kolektoru. Pristup
do TC je rieseny po spevnenej ploche z vychodnej strany objektu, ktord je pri-
stupnd z dialhice D1 Janovce—Jablonov. Okolie objektu je zatrdvnené. Objekt
bude z Casti zasypany. Jednotlivé priestory TC tvoria rozvodne pre EPS, CRS,
rddio, osvetlenie, pre NN (UPS, RUPS), pre VN, strojoviia dieselgenerdtora,
vzduchotechniky, riadiace centrum a sklad. Pod chodbou objektu je technolo-
gickd chodba (pre vedenie kdblov) so svetlou vySkou 2,2 m, z ktorej je cez
kéblovii Sachtu vstup do kolektora. Kolektor je uzavretd Zelezobeténova kon-
Strukcia obdlZnikového prierezu so svetlymi rozmermi 2100 x 1500 mm
a hribkou stien 400 mm. V technologickej chodbe st umiestnené rosty pre
vedenie kdblov. Vchod do technologickej chodby je rieSeny cez protipoZiarne
poklopy v podlahe. Cast'objektu pod rozvodiiami pre EPS, CRS, rddio, osvet-
lenie, pre NN, VN a riadiace centrum md zdvojenu podlahu vysky 1,1 m.
Strojovna dieselgenerdtora md zvysent svetld vysku na 4 m.

BEZPECNOST A VYBAVENIE TUNELA

Tunel je navrhnuty tak, aby splial bezpecnostné poziadavky v zmysle
Nariadenia vlddy SR ¢. 344/2006 o minimdlnych bezpecnostnych poziadav-
kach na tunely v cestnej sieti a TP 04/2006 PoZiarna bezpecnost’ cestnych
tunelov. Vybavenie tunela pozostdva z bezpecnostnych stavebnych prvkov
(obr. 6), poziarneho vodovodu a technologického vybavenia tunela.
Bezpetnostné stavebné prvky v tuneli Sibenik zahffiaju:

o ntidzové pruhy Sirky 1,25 m v kazdej tunelove;j rtre,

e obojstranné nidzové chodniky Sirky 1 m v kazdej tunelovej rtre,

e 2 priecne prepojenia, ktoré su sti¢astou tinikovych ciest z jednej tunelo-

vej riry do druhej,

o 4 zdruzené SOS vyklenky s hydrantmi v kazdej tunelovej rre.

V tuneli Sibenik nie sd navrhnuté prejazdné prieéne prepojenia, ktoré by
mohli sliZit'na zasah pohyblivymi technickymi prostriedkami — malej mobil-
nej zdsahovej techniky, a to vzhladom na to, Ze podla vyjadrenia HaZZ sa pri

16 — 32mm grain-size crushed gravel. Drainage geotextile 200 g/m? will be
placed on the interface between the porous concrete bed and crushed gravel.
Circular-profile perforated PVC drainage pipes DN 160 or DN 100 are desig-
ned for the transverse connections. The function of the main collector of per-
colation water and, at the same time, of the road bed drainage will be dis-
charged by DN 400mm PVC pipes. The drainage pipes used for both the
mined and cut-and-cover sections will be perforated in the upper part, within
a section corresponding to the central angle of 116°. It will be laid in both
tubes under the roadway, in non-structural concrete. The pipes will be enca-
sed in porous concrete. The installation of drain shoes allowing the mainte-
nance of drainage pipes is designed, with the drain shoes located usually at
the beginning of the cut-and-cover tunnel drainage pipelines, in the transver-
se connecting pipelines and in the equipment control building. A drain shoe
will consist of a set of PVC pipes of the dimensions identical with the dimen-
sions of the respective drain. It will be connected to the drain at an angle of
45°. It will be terminated by a cap.

EQUIPMENT CONTROL BUILDING AND UTILITY TUNNEL

The equipment control building is located at the eastern portal of the nort-
hern tunnel tube. There is a communications antenna next to the building.
The building is connected through an entrance to the northern tunnel tube and
through a cable shaft to the utility tunnel. The access to the equipment con-
trol building is from a hard surfaced area on the eastern side of the building,
which is accessible from the D1 Jdnovce - Jablonov motorway. The area sur-
rounding the building is covered with grass. The building will be partly cove-
red with earth. The equipment control building comprises switch rooms for
the fire alarm and detection system (FADS), central control system (CCS),
wireless, lighting, LW (UPS, RUPS), HW, a Diesel generator room, ventila-
tion, a control centre and warehouse. Under the corridor in the building, there
is an equipment corridor (for the installation of cables) with a clear height of
2.2m; the entry to the utility tunnel is from this corridor, through the cable
shaft. The utility tunnel is a closed, reinforced concrete frame with
a rectangular cross section, with the dimensions of 2100 x 1500mm and the
walls 400mm thick. There are cable racks installed in the utility tunnel. The
entry to the utility tunnel is through fire-check access doors in the floor. Part
of the building under the switch rooms for the FADS, CCS, wireless, lighting,
LW, HW and the control centre is provided with a 1.1m high elevated floor.
The net height of the Diesel generator room is increased to 4.0m.

SAFETY IN THE TUNNEL AND TUNNEL EQUIPMENT

The tunnel design meets safety requirements in the meaning of the Decree
No. 344/2006 of the Government of the Slovak Republic on minimum safe-
ty requirements for tunnels on the road network and the Specifications TP
04/2006 Fire safety in road tunnels. The tunnel equipment consists of struc-
tural safety elements (see Fig. 6), a hydrant line and tunnel service equip-
ment. The structural safety elements in the Sibenik tunnel comprise:

e emergency lanes 1.25m wide in each tunnel tube,

e emergency walkways 1.0m wide on both sides of each tunnel tube,

e 2 cross passages, which are parts of escape routes from one tunnel tube

to the other one,

e 4 combined SOS niches with hydrants in each tunnel tube.

No cross passages for vehicles are designed for the tunnel which could be
used for an intervention by mobile equipment — small intervention equip-
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Obr. 7 ZdruZeny SOS vyklenok s hydrantom (Amberg Engineering Slovakia, s. r. 0.)
Fig. 7 Combined SOS niche with a hydrant (Amberg Engineering Slovakia, s.r. 0.)

zdsahu v tuneli Sibenik neuvazuje s pouZitim malej mobilnej zdsahovej tech-
niky.

Vzhladom na rovnaké poZadované vzdjomné vzdialenosti medzi SOS
kabinami a hydrantmi boli navrhnuté zdruzené SOS vyklenky s hydrantmi
vzdy vpravo v smere jazdy. Podorysné rozmery vSetkych SOS vyklenkov si
zhodné a su: 2200 x 1680 mm (obr. 7). To znamend, Ze bude realizovany
vyklenok aj v primdrnom osteni. Svetld vyska vyklenku je 2300 mm.
Pddorysnd plocha SOS kabiny md nepravidelny tvar vzhladom na umiestne-
nie hydrantu pred deliacou prieckou SOS kabiny. Podlaha vyklenku je vyvy-
$end nad hranu chodnika min. o 50 mm a pred SOS kabinou je vyspadova-
nd v priecnom sklone 2 % k nidzovému chodniku. Deliaca priecka medzi
SOS kabinou a priestorom tunelove;j riry je zo Zelezobeténu hribky 120 mm
a rovnakych vlastnosti ako sekunddrne ostenie.

Potrubie poziarneho vodovodu slizi na rozvod poziarnej vody v tuneli.
V zdpadnej armattirnej Sachte sa potrubie rozdeluje na dve vetvy a vo
vychodnej armatirnej Sachte sa potrubie spdja. Pre zabezpecenie vodovod-
ného potrubia v zimnom obdobf proti zamfzaniu je navrhnuté vyhrievanie
oboch vetiev poziarneho vodovodu elektrickym kdblom po celej dlzke.
Poziarne hydranty v priestore tunela budd osadené v SOS vyklenkoch.
Poziarne hydranty pred portdlmi tunela budi osadené samostatne v blizkosti
ndstupnych ploch.

Technologické vybavenie tunela zahia zdsobovanie tunela elektrickou
energiou, centrdlny riadiaci systém, riadenie dopravy, monitorovaci systém,
komunikacny systém, vetranie tunela a osvetlenie tunela. Zdsobovanie tune-
la elektrickou energiou bude z existujicej linky ¢. VN 202 vzdialenej cca
200 m od vychodného portdlu tunela. Vsadenym odbotnym stoZiarom
z predpitého beténu bude vedend pripojka dlzky cca 160 m.

Riadenie dopravy riesi premenné dopravné znacenie a znacky, trvalé
dopravné znacenie v tuneli, zdvory, vodorovné dopravné znacenie a svetelné
signalizacné zariadenia.

Monitorovaci systém tunela pozostdva z merania fyzikdlnych veli¢in,
elektrickej poziarnej signalizdcie, videodohladu s videodetekciou
a elektronickej zabezpecovacej signalizdcie.

Komunikacny systém tvoria SOS telefony v SOS kabinach, radiové spoje-
nie v tunelovych rdrach pre zachranné zlozky a tidrzbu NDS, a. s., Sirenie radi-
ového vysielania na FM frekvencii 92,2 MHz, tunelovy rozhlas a pokrytie
kaZdej Casti tunela GSM signdlom vSetkych mobilnych operatorov.

Pozdlzny vetraci systém v tuneli Sibenik pozostdva spolu z 12 pridovych
ventildtorov (6 dvojic) priemeru 1250 mm, prietoku Qsy = 25,6 m3/s a taznej
sile 900 N.

ZAVER

Zaciatkom roka 2008 sa na Slovensku rozbehol proces pripravy dialhi¢-
nych projektov formou verejno-sikromného partnerstva (PPP). Dlzka pldno-
vanych dialhi¢nych dsekov cez tieto projekty je 151 km. Usek dialnice D1
Jénovce — Jablonov bol zaradeny do prvého tendra PPP na vystavbu
a prevddzku vybranych dialni¢nych dsekov pri Ziline a Prefove s dlzkou
74,84 km. My, ktor{ sme s uvedenym projektom tzko spiti, verime, Ze ten-
der na ziskanie koncesie sa tspeSne dokoncf a sek dialnice D1 Jénovee —
Jablonov s tunelom Sibenik (obr. 8) sa o najskdr zacne realizovat.

ING. MARTIN BAKOS, Ph.D., mbakos@amberg sk,
AMBERG ENGINEERING SLOVAKIA, s.r. 0.
Recenzoval: Ing. Miloslav Frankovsky
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ment. The reason is the opinion of the Fire Rescue Service that the use of
small mobile intervention equipment is not expected.

Combined SOS niches with hydrants were designed, with respect to the fact
that the required intervals between SOS cabins and between hydrants are iden-
tical; the niches are always on the right-hand side (in the direction of travel).
The ground-plan dimensions of all SOS niches are identical, i.e. 2200 x
1680 mm (see Fig. 7). It means that each niche will be even built in the prima-
ry lining. The net height of the niche is 2300mm. The shape of the SOS cabin
floor is irregular with respect to the installation of the hydrant in front of the
partition wall in the SOS cabin. The floor of the niche is elevated above the
walkway edge at least by 50mm and, in front of the SOS cabin; it is on
a transverse gradient of 2% falling toward the emergency walkway. The rein-
forced concrete partition wall between the SOS cabin and the tunnel tube space
is 120mm thick; its properties are identical with those of the secondary lining.

The hydrant line distributes hydrant water in the tunnel. The pipeline is split
into two branches in the western valve shaft, whereas the two branches are joi-
ned in the eastern valve shaft. The pipelines will be protected in winter sea-
sons against freezing throughout their lengths by means of electric trace hea-
ting. Fire hydrants will be installed in SOS niches in the tunnel. Pre-portal fire
hydrants will be installed separately, close to areas designed for the mustering
of rescue units.

The tunnel equipment comprises a power supply system, central control
system, traffic control system, monitoring system, communications system,
tunnel ventilation and tunnel lighting. The tunnel will be supplied with power
from the existing line No. HW 202, which is found at a distance of about
200m from the eastern portal of the tunnel. The connection line, which will
begin at a branch tower, will be about 160m long.

The traffic control will be carried out by means of variable road signalling
and traffic signs, permanent road signalling inside the tunnel, barriers, road
marking and traffic light signals.

The tunnel monitoring system comprises measurements of physical quan-
tities, the fire alarm and detection system, video surveillance with video
detection and electrical protection signalling system.

The communications system consists of SOS telephones in SOS cabins,
wireless communication in tunnel tubes for rescue units and NDS,
a.s. maintenance crews, radio broadcasting on 92.2 MHz FM frequency, pub-
lic address and coverage of each part of the tunnel by GSM signals of all
mobile operators.

The longitudinal ventilation system in the Sibenik tunnel consists of 12 jet
fans (6 pairs) 1250mm in diameter, a flow rate Q = 25.6 m3/s and drawing
force of 900N.

CONCLUSION

The beginning of 2008 in Slovakia saw the start of the process of planning
of motorway construction projects in the PPP form. The length of the plan-
ned motorway sections to be implemented through the PPP system is 151km.
The Janovce — Jablonov section of the D1 motorway was incorporated into
the first PPP tender proceedings for the construction and operation of selec-
ted motorway sections near Zilina and PreSov, at a length of 74.84km. We,
adherents of the above project, believe that the tender proceedings for the
concession will be successfully finalised and the construction of the Janovce
— Jablonov section of the D1 motorway, together with the Sibenik tunnel (see
Fig. 8), will commence as soon as possible.

ING. MARTIN BAKOS, Ph.D., mbakos@amberg sk,
AMBERG ENGINEERING SLOVAKIA, s.r. 0.
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Obr. 8 Zdpadny portdl tunela Sibenik (Amberg Engineering Slovakia, s.r. 0.)
Fig. 8 Western portal of the Sibenik tunnel (Amberg Engineering Slovakia, s.r. 0.)






