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SVETI MARKO - THE FIRST CROATIAN HIGHWAY TUNNEL
DRIVEN BY THE NATM
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Po rozpadu byvalé Jugoslavie se v ekonomicky nejvyspélejSich nastupnic-
kych statech Slovinsku a Chorvatsku zaéaly investovat znaéné prostfedky do
vybudovani moderni dopravni infrastruktury. To bylo vyvolano zménou
hlavnich dopravnich smérd, zplisobenou jednak vznikem novych statnich
celkl a zaroven diky poloze v sousedstvi Evropské unie, se kterou tyto zemé
nejvice obchoduji. Preferovana je vystavba dalnic, nebot stavajici dalni¢ni
sit neni schopna pojmout silné vzristajici objem zejména silnicni dopravy.
Diky hornatému terénu lemujicimu Jadranské pobfeZi je zaroven treba
vybudovat celou fadu tuneld. Prvnim z nich na Gzemi Chorvatska je tunel
Sveti Marko, ktery se nachazi na dalnici Zahieb - Rijeka, asi 15 km zdpadné
od mésta Karlovac.

VSEOBECNE

Tunel je dlouhy 290 m, sestava ze dvou oddélenych tunelovych trub osové
vzdalenych 30 m, ve kterych jsou vidy dva jizdni pruhy. Smérové je trasa
vedena prevainé v pfimé, pouze v portalovych oblastech pfechazi do pre-
chodnicovych obloukt. Vyskové probihaji obé trouby ve vrcholovém oblou-
ku o poloméru 25 000 m, coZ pfineslo jisté komplikace pfi feSeni odvodné-
ni. Pfiény sklon vozovek je 2,5 %. Pikantnosti tohoto tunelu je skute¢nost, ze
podchazi hibitov obce Bezjakovo Brdo véetné obfadni siné. Pfevaina ¢ast
délky obou trub byla vybudovana hornickym zpisobem, nadlozi se pohybo-
valo od 2 m do 22 m. Portalové bloky a 36 m délky zapadni roury byly vybu-
dovany v oteviené jamé. Vzhledem k malé délce tunelu nebyly nutné zadné
propojky ani tunelovy vodovod s hydranty a tunel neni nucené vétran.

GEOLOGICKE POMERY A VOLBA TUNELOVACI METODY

Horninovy masiv byl tvofen klastickymi a karbonatovymi sedimenty spod-
niho triasu, prekrytymi kvartérnimi pokryvnymi utvary. Klastické sedimenty
pfedstavovala pestra série pisCitych dolomitl, hlinitych slind a jilovitych
bfidlic. Karbonatové sedimenty v jejich podlozi tvofily pfevazné vrstvy dolo-
mitd a piskovcl. Hladina podzemni vody se nachézela pod urovni spodni
klenby tunelu. Horniny skalniho podloZi byly silné zvétralé a jejich mocnost
v nadlozi tunelu byla do 17 m. Modul deformace se pohyboval kolem 80
Mpa, Poissonovo ¢islo kolem 0,3, koheze byla 50 kPa a Uhel vnitiniho tieni
25°. U kvartérnich pokryvi byly parametry jesté horsi. Sitka vyrubu jedné
tunelové roury byla 11 m. Tunel byl vyrazen novou rakouskou tunelovaci
metodou (NRTM). Celd razend ¢ast byla kvali vy$e uvedenym parametrim
horninového masivu zajisténa kromé standardniho vystrojeni NRTM také
pfedstihovymi injektaZnimi destniky. Na rozdil od razby ve skalnich nebo
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Obr. 1 Pohled na stavebni jamu severnich portall a hloubeného Useku

Fig. 1 A view of the construction pit for the north portals and the cut-and-cover
section

INTRODUCTION

Considerable investments in development of a modern traffic infrastructure
started after the disintegration of former Yugoslavia in economically most
advanced succession states of Slovenia and Croatia. This process was indu-
ced by a change in the main directions of traffic caused by the origination of
new states and, at the same time, owing to their position neighbouring with
the European Union, which these countries have been doing most of their
business with. Development of highways is being given priority, as the exis-
ting highway network is not capable of coping with the heavily increasing
volume of transport carried out predominantly on roads. Due to the moun-
tainous terrain surrounding the Adriatic Sea shore it is necessary to build
a series of tunnels. In Croatia, the first of them is the Sveti Marko tunnel,
found on the Zagreb - Rijeka highway, about 15 km west from Karlovac
town.

IN GENERAL

The 290 m long tunnel consists of two separated double-lane tunnel tubes,
with the distance between centres of 30 m. Horizontal alignment is mostly
straight, with transition curves at portal areas only. Vertical alignment of the
two tubes is a convex curve, on a radius of 25,000 m, causing certain com-
plications in the drainage design. The crossfall of the roadways is 2.5 %. A
piquancy of this tunnel is the fact that it passes under a cemetery of
Bezjakovo Brdo municipality, including the mortuary-mourning hall. The
major part of the tunnel tubes’ length was built by mining methods. The
overburden thickness varied from 2 m to 22 m. The portal blocks and a 36m-
long section of the western tube were constructed in open pits. Thanks to the
short length of the tunnel, neither cross passages nor a tunnel water distri-
bution with fire hydrants were required, and the tunnel is not ventilated
mechanically.

GEOLOGY AND SELECTION OF THE TUNNELLING METHOD

The rock mass consisted of the Lower Jurrasic clastic and carbonate sedi-
ments, overlaid with the Quaternary cover. The clastic sediments were repre-
sented by a varied series of sandy dolomites, loamy marls and shales. The
carbonate sediments underneath consisted mostly of dolomite and sandsto-
ne layers. Water table was found beneath the tunnel invert level. The bed-
rock was heavily weathered, and its thickness above the tunnel crown was
up to 17 m. The modulus of deformation varied around 80 Mpa, Poisson’s
ratio around 0.3, cohesion was 50 kPa, and the angle of internal friction 25 °.
The parameters of the Quaternary cover were even worse. The width of one
tunnel tube cross-section was 11 m. The tunnel was excavated by the New
Austrian Tunnelling Method (NATM). In addition to standard NATM support
means, the whole mined portion of the tunnel was supported by pre-grou-
ting umbrellas. As opposed to rock or semi-rock excavation under a suffici-
ent cover, it was impossible in this case to expect that the anticipated defor-
mations could be coped with by anchoring. Therefore tough primary lining
was designed and the invert closing prescribed at a distance from the face
not exceeding 1 diameter of the tunnel tube.

EXCAVATION AND EXCAVATION SUPPORT
PREPARATORY WORK

Both tunnel tubes were driven from the northern portal pit. The bottom part
of the pit up to a height of 8 m was sloped at a 60° angle and secured with
10-15¢cm thick shotcrete reinforced with welded wire mesh and 10 m long
IBO anchors spaced at 2x2 m centres. The upper part of the pit was provided
with 1:1 slopes, without other support measures. A 2 m wide berm was cre-
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poloskalnich horninach s dostateénym nadloZzim nebylo mozno pocitat
s tim, Ze by se predpokladané deformace daly zvladnout pomoci kotveni,
proto byla zéroven navrzena tuha primarni obezdivka a pfedepsano uzavie-
ni profilu ve vzdalenosti nejdale 1 primér tunelové trouby od celby.

RAZBA A ZAJISTENi VYRUBU

PRIPRAVNE PRACE

Obé tunelové roury byly raieny ze severni portalové jamy. Ta byla ve spod-
ni ¢asti na vysku 8 m vysvahovana ve sklonu 60° a zajisténa stfikanym beto-
nem tloustky 10 - 15 cm, vyztuZenym ocelovymi svafovanymi sitémi a 10 m
dlouhymi IBO-kotvami v rastru 2 x 2 m. Horni ¢ast jdmy byla vysvahovéna
ve sklonu 1: 1 bez dal$iho zajisténi. Mezi dolni a horni éasti byla vybudo-
vana 2 m Sirokd berma. Prava (zapadni) tunelova roura vchazi do hory
v misté terénni deprese, a proto jsou razené portaly odsazeny v podélném
sméru o 36 m. Pocatek razby levé (vychodni) roury probihal v sousedstvi
oteviené jamy pro pravou rouru s nadlozim pokryvnych Gtvari o mocnosti
2 -6 m. Sitka horninového pilife mezi vyrubem a sousedni jamou byla 8 m.
Jizni portélova jama méla spiSe charakter odfezu, nebot tunel vychazi z hory
Sikmo ke spédnici portalového svahu a bezprostiedné na néj navazuje most.
Portély tunelovych trub jsou v podélném sméru odsazeny o 23 m. Portalové
bloky, budované hloubené, byly o 2 m zatazeny do rozsifeného vyrubu raze-
né ¢asti. Spodni ¢ast portdlové jdmy byla vysvahovana zhruba na vysku
tuneltd ve sklonu 3 : 1 a zajisténa kotvenim a stfikanym betonem se sitémi
jako v predchozim pfipadé. Vrchni ¢ast byla vysvahovana ve sklonu 1:1,5
a méla jiz definitivni tvar portalového zafezu. Strikany beton byl po skonce-
ni razby obloZzen kamennymi bloky, vyskladanymi ve stejném sklonu, které
tvofi koneénou podobu portadlového zafezu.

PREDSTIHOVE INJEKTAZNi DESTNIKY
Cely tunel byl budovén v nepfiznivych geologickych podminkéch. Pro zajis-
téni bezpecné razby byly proto v celé jeho délce pouzity destniky z mikropi-

ated between the lower and upper level. The right-hand (western) tunnel
tube cuts into the mountain at a location of a terrain depression. Therefore
the mined portals are relatively offset by 36 m. The left-hand (eastern) tube
excavation beginning took place in the vicinity of the open pit for the right-
hand tube, with the overlaying cover 2-6 m thick. The rock pillar between the
excavation and the neighbouring pit was 8m wide.

The southern portal pit was rather a half-cutting as the tunnel emerges from
the mountain skew to the line of maximum incline of the portal slope, and is
directly followed by a bridge structure. The portals of the tunnel tubes are
relatively offset by 23 m. The cut-and-cover portal blocks extended to the
enlarged excavation of the mined part. The bottom part of the portal pit was
sloped roughly up to the tunnels height level, at a 3:1 slope, and supported
by anchors and shotcrete with mesh, identically with the above case. The
upper part sloped at a 1:1.5 gradient was given the definitive shape of the
portal cutting. When the excavation had been finished, the sprayed concrete
surface was clad with stone blocks placed at the same inclination, forming
the final appearance of the portal cutting.

PRE-GROUTING UMBRELLAS

The whole tunnel was built under unfavourable geological conditions.
Therefore, to secure safe excavation, micropile umbrellas were applied
along the whole tunnel length consisting of perforated steel pipes 115 mm
in diameter, with 6 mm wall thickness, inserted into 123 mm-diameter bore
holes. Individual sections were 15m long, with a 3 m overlapping. The mic-
ropiles were drilled on 40cm centres. To allow trouble-free drilling of indivi-
dual sections, the excavation had to be enlarged every 12 m so that the mic-
ropile axis was offset from the following excavation face by 17 cm, and an
additional minimally 30 cm wide space remained above for the drilling gear.
When the drilling and installation of the pipes in a particular section had
been completed, the annulus between the pipe and the borehole wall was fil-
led with mortar. A sleeve created in this manner prevented the injection
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Obr. 2 Podélny geologicky fez tunelem Sveti Marko
Fig. 2 Longitudinal geological section through the Sveti Marko tunnel
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Obr. 3 Rozsifeni vyrubu v misté navrtani dalsi sekce injektazniho destniku
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Fig. 3 The excavation enlargement at the place of drilling for next section of the grouting umbrella
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lot, sestavajici z ocelovych perforovanych trubek o priméru 115 mm
a tloustce stény 6 mm, osazovanych do vrt o priméru 123 mm. Délka jed-
notlivych sekci byla 15 m, podélny pfesah 3 m. Osova vzdalenost jednotli-
vych mikropilot v misté navrtani byla 40 cm. Aby bylo moZno jednotlivé
sekce bez problém( navrtat, bylo nutno provést na kazdych 12 m rozsifeni
vyrubu tak, aby osa mikropiloty byla od lice nasledujiciho vyrubu o 17 cm
odsazena a nad ni zbylo je$té min. 30 cm mista ke stavajicimu lici stfikané-
ho betonu pro vrtné soustroji. Po navrtani a osazeni trubek v kazdé sekci
byla spara mezi trubkou a sténou vrtu vyplnéna maltou, kterd po zatvrdnuti
vytvofila objimku, zabrafujici pronikani injekéni smési zpét k Usti vrtu. Poté
byly jednotlivé mikropiloty pfislusné sekce zainjektovany.

Podle geometrického usporadani mikropilot byly pouzity dva typy destnikd.
Prvnim z nich byl destnik ve tvaru vertikalné prevySeného véjite s mikropi-
lotami umisténymi pouze v klenbé kaloty. Vyhodou tohoto feseni je zacho-
véani geometrie vyrubu pfi jeho pfevySovani, pfi¢emz se méni pouze vyska
kaloty. V tomto pfipadé Ize pro celou délku sekce pouzit stejné vyztuzovaci
oblouky, pouze s proménnou délkou v oblasti paty kaloty. Vystrojeni vyru-
bu bylo v tomto pfipadé podle potieby doplnéno jehlovanim po stranach
predstihového destniku. Tento typ destniku byl pouzit pro lepsi geotechnic-
ké parametry horninového prostredi.

Druhym typem byl destnik ve tvaru radialné rozbihavého véjife. Mikropiloty
byly v tomto pripadé navrtany az do odklonu 57° od svislé osy profilu, kde
zatina rozSifeni paty kaloty. Geometrie kaloty i opéfi byla proménna v zavis-
losti na rozevreni véjife. Tento typ destniku byl pouZit pro razbu v horSich
geologickych pomérech.

TRIDY VYRUBU

RaZeny usek obou tunelovych trub byl rozdélén na zakladé statické analyzy
do dvou tfid vyrubu. Typ 1 oznadoval tfidu vyrubu s vertikalné pfevysenym
typem injektazniho destniku, ktera byla uplatnéna ve stiedni ¢asti tunelu.
Typ 2 oznacoval tfidu vyrubu s radidlné rozbihavym typem injektdzniho
destniku, ktera byla pouZita pro oblasti s niz§im nadloZim. Pro pfiportalové
oblasti byly navic pouzity dopliujici vystrojovaci prvky. Vzhledem k danym
fyzikalné-mechanickym vlastnostem horniny nebylo nutno pouzit trhacich
praci a razba byla provadéna pomoci tunelového bagru nebo hydraulického
kladiva.

Ve tridé vyrubu typ 1 byla razba rozélenéna na kalotu, jadro a dno se spod-
ni klenbou. Délka zabéru byla 1 m a profil byl uzaviran v sedmém zébéru od
celby. Vyrub byl zajistén kotvenim po strandch predstihového deStniku,
v pfipadé potreby i jehlovanim, a 30 cm silnym primarnim osténim ze stfi-
kaného betonu, vyztuzenym dvéma ocelovymi svafovanymi sitémi a pfihra-
dovymi vyztuznymi oblouky. Spodni klenba byla rovnéz zajisténa stiikanym
betonem tloustky 30 cm se dvéma sitémi. Pro kotveni byly zvoleny bud IBO-
kotvy, nebo SN-kotvy podle toho, zda mélo prostfedi charakter horniny,
nebo spise ulehlé zeminy. V kaloté byla délka kotev 3-4 m, v jddru4 -6 m
vzhledem k pomérné velkému poloméru zakfiveni, ktery vznikl v dasledku
pfevySovani profilu.

Ve tfidé vyrubu typ 2 byla razba roz€lenéna stejné jako v predchézejicim pfi-
padé, délka zabéru i vystrojeni byly shodné. Rozdil byl v tom, Ze diky vétsi
Sifce injektainiho destniku se v kaloté kotvilo i mezi pfedstihové mikropilo-
ty. V zavislosti na vysledcich geotechnickych méfeni bylo v pfipadé potieby

TYP 1

. i Pledstihovy injektadni dedtnik
Jehlovani podle potfaby Injection pipe wnbrels
Spies if required T3

Kasata
Top heading

Obr. 4 Pfiény fez tunelem s vertikalné pfevySenym injektaznim destnikem

grout from flowing back to the hole mouth. Subsequently the individual mic-
ropiles of the particular section were grouted.

Two umbrella types were used, depending on the geometrical configuration
of the micropiles. The first one was a vertically surmounted fan-shaped umb-
rella with micropiles placed at the top heading vault only. The advantage of
this solution is that the excavation geometry is maintained at its surmoun-
ting, while the top heading’s height only varies. In this particular case, iden-
tical support arches can be used within the whole section length, whose
legs’ length only varies in the springing area. Spiling at the sides of the pre-
grouted umbrella complemented the excavation support in this particular
case on an as needed basis. This umbrella type was used in case of more
favourable geotechnical parameters of the rock mass.

A radially diverging fan-shaped umbrella was the other type. In this case, the
micropiles were drilled with a deflection from the vertical axis of the profile
up to 57°, where the top heading’s footing enlargement begins. The cross
section of the top heading and the side wall areas varied depending on the
fan opening. This umbrella type was used for excavation in worse geology.

EXCAVATION CLASSES

The mined sections of the two tunnel tubes were divided into two excavation
classes. Type 1 denoted an excavation class with the vertically surmounted
type of the grouting umbrella, which was applied in the central part of the
tunnel. Type 2 denoted an excavation class with the radially diverging type
of the grouting fan, which was utilised for areas with lower overburden. In
addition, complementing elements were used for portal areas. Blasting ope-
rations were not needed thanks to the given physical and mechanical pro-
perties of the rock. Tunnel excavator or hydraulic breaker were sufficient for
the excavation.

For the excavation class Type 1, the excavation was phased into top heading,
core and invert sequence. The round length of 1m was applied, and the pro-
file was closed by invert in the seventh round from the face. The excavation
was supported by anchors at the sides of the pre-grouting umbrella, even by
spiling if required, and a 30 cm-thick primary shotcrete lining reinforced by
two layers of welded mesh and lattice girders. Invert was also supported by
shotcrete 30cm thick, with two layers of mesh. IBO-type anchors or SN-type
anchors were used for anchoring, depending on the environment character
being either rock or rather settled soil. The anchors were 3 -4 m long in the
top heading, while for the core excavation, due to a relatively large radius of
the lining curvature originating as a result of the profile surmounting,
a length of 4 - 6 m was needed.

For the excavation class Type 2, the excavation was phased identically as in
the previous case, the round lengths and the support were the same. The dif-
ference consisted in anchors being placed even between the advanced mic-
ropiles, due to the greater width of the grouting umbrella. Depending on
geotechnical measurement results, the support for both excavation classes
was complemented by a wedge support core, shotcrete applied on the face,
by widening of the top heading footing, or also micropiles at the top heading
footing, or even securing the top heading invert by sprayed concrete.

In the areas close to the portals, the Type 2 excavation class was applied,
complemented by the face support using 8 m-long IBO-anchors, while the
above-mentioned complementing support elements application was com-

Celbovy kiin podie potfeby

Face buftress If requined

Zajistini delby vyrubu stfikany beton 5 cm
podia potfety

Face sealing sholcrate if required

Jehlovani podie potiaty
Spiles if requined

— SHIBO kotvy L= 34 m
SNIBO rock bolt L= 3-4 m
Razgifeni paty kaloty dle potfeby
- “Elaphant foof * if required

SNIBO kotvy L= 46 m
— SNABO rock bolt L= 4-6 m

Patni mikropiloty die potfeby

Pites if required

Spodni kenba kaloty podie potfeby
Temparary invert if requined

Fig. 4 Cross section through the tunnel with vertically surmounted grouting umbrella
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vystrojeni v obou tfidach vyrubu doplnéno ¢elbovym klinem, zajisténim
¢elby stfikanym betonem, rozsifenim paty kaloty, pfipadné i mikropilotami
v paté kaloty, nebo dokonce spodni klenbou v kaloté, zajisténou stiikanym
betonem.

V pfiportalovych oblastech byla pro razbu pouZita tfida vyrubu typ 2, dopl-
néna o zajisténi ¢elby 8 m dlouhymi IBO-kotvami, pficemz dopliujici prvky
vystrojeni z predchoziho odstavce byly pouZity povinné. Tloustka stfikaného
betonu primarni obezdivky byla po celém obvodu profilu zesilena na 35 ¢cm,
délka vSech kotev byla zvétSena na 6 - 8 m a jejich rastr zhustén. Schéma
pobirdni bylo v tomto pfipadé upraveno tak, Ze vyrub jadra tvofil
v podstaté prodlouzeni ¢elbového klinu z kaloty az na uroven poévy opéfi.
Profil byl uzaviran rovnéz v sedmém zabéru od ¢elby. Na pocatku razby levé
tunelové roury byly kotvy na pravé strané kaloty provrtany az do sousedni
oteviené stavebni jamy pro pravou tunelovou rouru, kde na né byly osaze-
ny kotevni hlavy i z druhé strany a poté staZeny tak, Ze tvofily v podstaté
pfedpjatou vyztuz horninového pilife.

GEOTECHNICKA MERENI

Pro sledovani deformaci horninového masivu byl vypracovan program geo-
technickych méfeni. Ta probihala jednak na povrchu, v oblasti pfedpoklada-
né poklesové kotliny, a také v tunelovych rourach. Na povrchu byly umisté-
ny v osach obou trub méfické body v odstupu po 25 m, pomoci nichZ bylo
méfeno sedani v ¢ase, v zavislosti na prostorové poloze ¢elby. Tatdz méreni

TYP 2

Predstinovy injektidn dedinik
Injection pipe umbreda
114°

8,00

pulsory. The primary lining shotcrete thickness increased to 35 cm around
the full section, the length of all anchors rose to 6 - 8 m, and their spacing
became denser. The excavation sequence was modified in this case. In
essence, the core excavation consisted in the excavation of the wedge sup-
port core in the top heading extending down to the core bottom. The profile
was also closed at the seventh round from the face. At the beginning of the
left tunnel tube excavation, the anchors on the right-hand side of the top
heading were drilled through, up to the adjacent open construction pit exca-
vated for the right-hand tunnel tube. Face plates were mounted on those
anchors even from the opposite side. The anchors were tensioned then, for-
ming in substance a pre-tensioned support of the rock pillar.

GEOTECHNICAL MEASUREMENTS

A programme of geotechnical measurements was developed for the moni-
toring of the rock mass deformation. The measurements were carried out
both on the surface, within the anticipated settlement trough area, and also
inside the tunnel tubes. Survey points on the surface were placed at 25 m
spacing above the centre lines of the two tunnel tubes. They allowed mea-
surement of the settlement changing with time, depending on the spatial
position of the face. The same measurements were carried out inside the
tunnels too, using survey points installed at about 12 m spacing in the vault
(denser at portals). In addition, five-point convergence stations were estab-
lished in the tunnels every 20 - 25 m, where deformations and convergences
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Obr. 5 PFicny fez tunelem s injektaznim destnikem ve tvaru radialné rozbihavého véjife
Fig. 5 Cross section through the tunnel with radially diverging fan-shaped umbrella

TYP 2+
\ f

AT
Predstihovy injektasni dedlnk.

Injaction pipe urmbrela

Ae

Obr. 6 Pri¢ny rez tunelem s vystrojenim vyrubu v pfiportalovych oblastech

Celbovy kin

Face buftress

Zajiftén| delby vyrubu stfikany beton 10 cm
Face sealing shotcrete

s IBO kotvy L= & m
18O rock bolt L= 8 m
Rozdifeni paty kaloty
“Elephant foof

- IBO kotvy L= 68 m
180 rock bolf L= 6-8 m

Fatni mikropiloty L =4 m
FiesL=4m

Spodni Kenba kaloty
Temporary imert

Fig. 6 Cross section through the tunnel with the excavation support in areas close to portals
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probihala i v tunelech, kde byly v klenbé osazeny mérické body po asi 12 m
(u portal( hustéji). V tunelech byly dale osazeny po 20 - 25 m pétibodové
konvergencni profily, kde byly méfeny deformace a konvergence primarni
obezdivky, resp. horninového masivu.

Kromé téchto méfeni byly navic pouZity také inklinometry. P&t z nich bylo
umisténo pfimo v tunelovych rourach a dal$ich 13 (z toho 6 ks délky 20 m
a 7 ks délky 30 m) na povrchu. Jednalo se o kombinované inklinometry,
schopné méfit deformace v rGznych hloubkach v jednom vrtu zaroven.
Timto zpGsobem bylo chovani horninového masivu dostate¢né presné sle-
dovéno a vysledky méfeni byly obratem zohledfiovany pfi volbé vhodného
mnozstvi a typu vystrojovacich prostiedku.

DEFINITIVNi OSTENI

SEKUNDARNI OBEZDIVKA RAZENE CASTI

Na zakladé vysledka statickych vypodtu byla v razené ¢asti pouzito osténi
z prostého betonu, tloustky min. 30 cm. V oblasti opéri, kde jsou vy$si ohy-
bové momenty a zaroven vetsi polomér profilu, byla tato tloustka témér
o polovinu zvétsena. V disledku rozsifovani profilu pfi razbé, nutného pro
osazovani jednotlivych sekci injektaznich destnikl, vsak ve skuteCnosti
dosahovala tloustka sekundarniho osténi az 1 m. Spodni klenba je v celé
razené Casti z prostého betonu, v ose tunelu dosahuje tloustky 1 m a pod
zékladovymi pasy asi 40 cm. Samotné zakladové pasy, zajistujici pfenos
napéti mezi horni a spodni klenbou, jsou pribézné, z prostého betonu, Siro-
ké 120 cm a vysoké 40 cm. Standardni délka jednotlivych blokd betonaze
byla 12 m. Vidy prvni blok v hofe od razeného portalu, resp. tfi bloky levé
tunelové roury v sousedstvi oteviené jamy pro pravou rouru byly kon-
strukéné vyztuzeny. Spary mezi jednotlivymi bloky byly do hloubky 8 cm od
lice obezdivky opatfeny ndbéhovym rozsifenim a vyplnény elastomerovym
kompresnim provazcem.

PORTALY A HLOUBENA CAST

Vsechny ¢tyfi portalové bloky, jakoz i tfi bloky vybudované v oteviené jamé,
byly dimenzovény na piné zatizeni zplsobené naslednym presypanim.
Statickym vypoctem bylo navrzeno Zelezobetonové osténi tloustky 60 cm,
jejiz vnitfni lic koresponduje se sekundarnim osténim v razené ¢asti. Vnéjsi
lic je paralelni s vnitinim aZ do mista svislé tangeny v opéfi, odkud pokra-

of the primary liner or the rock mass were measured.

Apart from the above measurements, also inclinometers were used. Five of
them were positioned directly inside the tunnel tubes, while additional 13
pieces (out of that 6 pcs 20m long and 7 pcs 30m long) were installed from
the surface. They were combined inclinometers capable of measuring defor-
mations at various depths in one borehole simultaneously. This procedure
allowed sufficiently accurate monitoring of the rock mass behaviour. In the
turn, the measurement results were taken into consideration in the process
of selection of suitable amount and type of the means of support.

FINAL LINER
SECONDARY LINING OF THE MINED PART

Based on the results of structural analysis, a minimally 30 cm-thick mass
concrete lining was designed. In the side wall area, where bending moments
are higher and the cross-section radius is bigger, the thickness was increa-
sed by nearly one half. As a matter of fact, the secondary lining thickness
reached 1m due to the cross-section enlargement carried during the excava-
tion work to make the installation of individual sections of the grouting umb-
rellas possible. The invert is from mass concrete within the whole mined
part. Its thickness reaches 1m on the tunnel axis, and about 40 cm under the
strip footing. The strip footings themselves, securing the stress transfer bet-
ween the vault and invert, are continuous, from mass concrete, 120 cm wide
and 40 cm high. Standard length of individual casting blocks was 12 m. Each
first block behind a mined portal, and three blocks of the left-hand tunnel
tube found next to the open pit for the right-hand tube, were provided with
concrete reinforcement. The joints between individual blocks had a tapered
groove 8cm deep in the liner’s internal surface, filled with an elastomer com-
pression rope.

PORTALS AND THE CUT-AND-COVER PART

All the four portal blocks as well as the three blocks built in the open pit,
were designed to withstand full loading by the subsequent backfill. The
structural analysis ensued into the design of the 60cm thick reinforced conc-
rete envelope, whose internal surface corresponds with the secondary lining
used in the mined part. The external and internal surfaces are parallel up to

Obr. 7 Pohled na severni portaly po dokonéeni betonéze
Fig. 7 View of the north portals after completion of concrete casting
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Cuje svisle dold. Zakladové pasy jsou na vnitini strané provedeny shodné
s razenou Casti a na vnéjsi strané vytazeny az k vnéjSimu lici horni klenby.
Spodni klenba je na rozdil od razené ¢asti prohloubena a rovnéz vytazena az
k vnéjsimu lici zakladového pasu. V tomto misté ma tloustku 20 cm a v ose
tunelu dosahuje 132 cm. Spodni klenba jakoz i zakladové pasy jsou vybu-
dovany z monolitického Zelezobetonu.

Portalové bloky jsou v podélném sméru sefiznuty ve sklonu 1: 1. Tim bylo
dosaZzeno opticky vyvazeného prechodu od volné trasy dalnice do tunelu.
Portalovy vénec tvofi zborcend plocha stejné tloustky jako zbytek portalo-
vého bloku (60 cm), ktera je v kazdém bodé kolmd na oba lice osténi. Zagina
vidy v misté, kde je tloustka obezdivky jiz konstantni, tj. asi 1,5 m nad
vozovkou, kde mé v podélném sméru sklon 45° a pokracuje do klenby por-
talu, kde je svisla. Toto feSeni bylo zvoleno proto, Ze jej Ize velmi snadno
vybednit pomoci dfevénych prken, osazenych kolmo na bednici viz
v pozadovaném podélném sklonu Fezu. Vrchol klenby tunelu je tak asi 0 5,3 m
blize smérem k hofe. V oblasti rozSifené opéry portalu, podél svislého vnéj-
§iho lice osténi, je ¢elni strana portalu rovnéz svisla.

Portalové i hloubené bloky byly nésledné pfesypany zeminou a terén byl
v bezprostiednim okoli patfiéné vymodelovan. U severnich portala byla
vyplnéna i terénni deprese a portaly obou tunelovych trub umistény oproti
predchazejicimu stupni dokumentace do stejného stani¢eni. Tim bylo doci-
leno architektonicky harmonictéjsiho perspektivniho pohledu.

VYKLENKY

V kazdé tunelové roufe byly vybudovany vidy na levé strané ve sméru jizdy
dva vyklenky pro elektrotechnickd zafizeni Sitky 160 cm, hloubky 170 cm
a vy$ky nad nouzovym chodnikem 225 cm. Déle byly vidy po 48 m obou-
strané zfizeny vyklenky pro Cisténi drenaze tunelu. Ty jsou hluboké 40 c¢cm,
Siroké 140 cm, vychazeji z lice vnitiniho osténi ndbéhem o vysce asi 2 m
a je jich dohromady 9 parG. VSechny vyklenky jsou situovany v razené Casti
tunelu. Vyklenky pro ¢isténi drendze jsou diky staticky vyhodné geometrii
provedeny pouze z prostého betonu a vyklenky pro elektrotechnicka zafize-
ni jsou ze Zelezobetonu.

Umisténi nevyztuzenych vyklenkd pro ¢isténi drenaze v tunelovém bloku
bylo zvoleno s ohledem na smrstovani betonu a s tim spojenym tvofenim
trhlin. Nejvétsi napéti ze smrstovani vznikaji ve stfedu délky tunelového
bloku, a protoze vyklenky byly betonovany zaroven s definitivni obezdivkou,

Obr. 8 Tunelovy blok s obéma druhy vyklenku
Fig. 8 Tunnel block with both types of niches

Obr. 9 Pohled na vytaZenou izolaci z posledniho rozsifeni razené éasti na jizni
portal

Fig. 9 View of the waterproofing membrane protruding from the last enlarge-
ment of the mined part to the South Portal

the location of the vertical tangent, from which place it becomes vertical.
Foundation strips are carried out identically with those of the mined part on
the internal side, while they continue up to the external face of the upper
vault on the external side. The invert is, as opposed to the mined part, dee-
pened and also extended up to the external face of the foundation strip. It is
20cm thick at this place, while the thickness reaches 132 cm on the tunnel
axis. The invert and strip foundation are from mass concrete.

The portal blocks are cut skew, reposing at 1:1. Thanks to this measure an
optically balanced transition of the highway route from the open space to the
tunnel was achieved. The portal collar has a twisted surface perpendicular at
each point to both faces of the liner. Its thickness is identical with the thick-
ness of the remaining part of the portal block, i.e. 60cm. Its beginning is
always at such a location where the liner’s thickness is constant, i.e. about
1.5m above the carriageway, where its longitudinal gradient is 45°, and con-
tinues up to the portal crown where it is vertical. This solution was adopted
because the formwork can be easily assembled using wood planks fixed per-
pendicular to the form traveller, at the longitudinal slope required at the par-
ticular cross section. Thus the summit of the tunnel vault is about 5.3m clo-
ser to the mountain. In the area of the widened portal side wall, along the
vertical extrados of the liner, the front side of the portal is also vertical.

The portal blocks and cut-and-cover blocks were subsequently covered with
soil backfill, and the surface in the close vicinity was suitably modelled.
A terrain depression at the northern portals was also backfilled, and, contra-
ry to the preceding level of design documentation, the portals of the two
tunnel tubes were placed to identical chainages. An architectonically more
harmonic perspective view was achieved in this manner.

NICHES

Two niches for electrical equipment were built in each tunnel tube. The
160cm wide, 170 cm deep and 225 cm high (measured from the emergency
pavement level) niches are on the left-hand side of the particular tunnel tube
(viewed looking in the traffic direction). Further, niches for the tunnel drai-
nage cleaning up were provided every 48 m, on both sides (9 pairs in total).
The niches are 40 cm deep and 140c m wide. Their inclined back face starts
from the 40 cm depth and ends at the internal lining intrados at a height of
about 2 m. All the niches are situated in the mined part of the tunnel. Owing
to their geometry, advantageous in terms of structural analysis, the draina-
ge cleaning niches could be built in mass concrete only, while the niches for
electrical equipment are from reinforced concrete.

Locations of the non-reinforced drainage cleaning niches within a tunnel
block were chosen with respect to concrete shrinkage and related creation of
fissures. The highest shrinkage stresses originate at the midpoint of a tunnel
block length. As the niches were cast together with the final liner, it is inap-
propriate to place them just to the centre of the block. Namely it could hap-
pen that a network of cracks would originate around in the mass concrete of
the lining, whose width could exceed the prescribed limit. For that reason
a distance of the niche’s axis 3 m from the joint between the casting blocks
was chosen, leaving about 2 m length of standard secondary liner between
the niche wall and the block joint.

The larger niches for electrical equipment were, similarly to the adjacent sur-
rounding area of the internal liner, reinforced, and the reinforcement resol-
ved the issue of shrinkage fissures creation. For that reason their axis was at
a distance of 5 m from a joint between two blocks, allowing so maintenance
of the embedment lengths of longitudinal reinforcing bars. An abnormal
case occurred within one of the blocks, containing both kinds of the niches
on one tunnel side. There was an axial distance of 4m between the niches,
with the above-mentioned distances of 4 m kept.

Obr. 10 Pohled na tunelovou drendZ u portélu (vpravo) a odvodnéni vrstev
vozovky (vlevo)

Fig. 10 View of the tunnel drainage at a portal (right), and drainage of the
sub-base courses (left)
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neni vhodné je umistit pravé do stfedu bloku. Mohlo by se totiZ stét, Ze se
v prostém betonu osténi kolem vyklenku vytvofi sit trhlin, jejichZ Sitka by
mobhla prekrocit pfedepsanou mez. Z toho divodu byla zvolena poloha 3 m
od spary mezi bloky betonaze k ose vyklenku. Tim zbylo mezi sténou vyklen-
ku a blokovou sparou asi 2 m délky standardniho sekundarniho osténi.
Vétsi vyklenky pro elektrotechnicka zafizeni byly, tak jako bezprostiedni
oblast vnitfniho osténi kolem nich, vyztuZeny a tato vyztuz pokryla
i tvofeni smrstovacich trhlin. Proto byla jejich osa vzdalena 5 m od spary
mezi bloky, s ohledem na kotevni délky vyztuze v podélném sméru. V jed-
nom z blok( nastal anomalni pfipad, nebot zde byly na jedné strané tunelu
umistény oba druhy vyklenkd. Osova vzdalenost mezi nimi byla pfi dodrzeni
vy$e popsanych vzdalenosti 4 m.

IZOLACE A ODVODNENI TUNELU

1IZOLACE

Vzhledem k dostateéné hloubce hladiny podzemni vody byly obé tunelové
roury drenazovany. Izolovat bylo proto tfeba pouze proti srazkovym vodam,
které prosakuji skrz nizké a propustné nadlozi. Bylo pouzito mezilehlé izolace
z plastovych pasl tloustky 2 mm, umisténych vidy od klenby tunelu po
bocni drenaze, nachazejici se na vnéjsi strané zakladovych pasd. lzolace
byla upevnéna na vyrovnavaci vrstvu z jemnozrnného stfikaného betonu,
kterd kopirovala vnitini lic primérniho osténi a vyrovnavala povrchové
nerovnosti. Izolace pak byla osazena a svafena tak, ze respektovala rozsifeni
vyrubu nutna pro zhotoveni predstihovych destnika a cely prostor uvniti byl
az k lici sekundarniho osténi vyplnén betonem.

TUNELOVA DRENAZ

Pro odvedeni vod prosakujicich horninovym masivem ke konstrukci tunelu
byly pro kazdou tunelovou rouru pouzity dvé perforované plastové trubky
DN150, podkovovitého tvaru s rovnym dnem. Umistény byly do betonové-
ho loZze mezi zdkladovymi pasy a primarni obezdivkou a obsypany fi¢nim
$térkem. Vzhledem k tomu, Ze je tunel veden ve vrcholovém oblouku s polo-
mérem 25 000 m, bylo nutno umistit drendzni trubky tak, aby bylo dosaze-
no min. podélného spadu 0,5 %. To vedlo k tomu, Ze uprostied tunelu je dre-
naz umisténa o néco vyse a u portall naopak o néco nize, nez by byla opti-
malni poloha. Vzhledem k tolerancim v prostoru pro vedeni drendze je vSak
toto feeni mozné. Sachty pro &isténi drenaze jsou situovany po 48 m, co?
je i pfes minimalni spad dostate¢na vzdalenost, aby bylo mozno drendz udr-
zet funkéni po celou dobu Zivotnosti tunelu. Kazda Sachta sestava ze dvou
Cisticich otvorti o rozmérech 60 x 40 cm, umisténych za sebou v podélném
sméru a prekrytych litinovymi poklopy s tésnénim proti pronikani kapalin.
U portélovych a hloubenych bloki byla drenaz vyvedena na vnéjsi stranu
konstrukce a misto zasypu Stérkem byl pouZit filtraéni beton.

ODVODNENI VNITRNIHO PROSTORU TUNELU

Ve vnitinim prostoru tunelu jsou instalovany dva druhy odvodnéni. Jednim
je odvodnéni podkladnich vrstev vozovky a druhym odvodnéni vod z vozov-
ky, nouzovych chodniki a stén tunelu. V prvnim pfipadé se jedna o ,Cistou”
vodu, kterd miize nastoupat odspodu pfes neizolovanou spodni klenbu, pfi-
padné proudit podkladnimi vrstvami vozovky od portalt a ve druhém pfi-
padé jde o ,$pinavou” vodu, kterd je do tunelu zanesena bud provozem
vozidel, nebo vodu pouZzitou pro ¢isténi tunelu.

Odvodnéni podkladnich vrstev vozovky bylo feSeno podobné jako u tunelo-

TUNNEL WATERPROOFING AND DRAINAGE
WATERPROOFING

With respect to a sufficient depth of the water table, it was possible to drain
both tunnel tubes. Therefore it was necessary to protect the structure aga-
inst rain water only, seeping through the low and permeable overburden.
Intermediate waterproofing membrane 2mm thick was applied, installed
from the tunnel crown to the side drains found on the outer side of the strip
foundation. The membrane was fixed on a levelling layer of fine-grained
shotcrete, copying the internal face of the primary liner and removing the
surface roughness. The membrane was installed and welded in a manner
respecting the excavation enlargements needed for execution of the pre-
grouting umbrellas, and the whole space up to the secondary liner’s face
was filled with concrete.

TUNNEL DRAINAGE

Two perforated, horseshoe-shaped pipes DN 150 with flat bottom, were used
for each tunnel tube to evacuate water seeping through the rock mass to the
tunnel structure. They were placed in concrete bed between the foundation
strips and primary liner, and backfilled with pebble. Due to the fact that the
tunnel alignment is a convex curve, on a radius of 25,000 m, the drainage
pipes had to be placed so that the drainage gradient was not less than 0.5%.
This resulted into the drainage position a little higher at the tunnel middle,
and a little lower at the portals than an optimal position would have been.
Although, this solution is viable thanks to the tolerances in the space avai-
lable for the drainage routing. The drainage cleaning manholes are situated
at intervals of 48 m. This distance is, despite the minimal gradient, satisfac-
tory for keeping the drainage operational for the whole lifetime of the tun-
nel. Each manhole consists of two cleaning holes 60x40 cm, positioned in
tandem in the drainage direction, and covered with cast-iron covers sealed
against penetration of liquids. At the portal blocks and cut-and-cover blocks,
the drainage was routed to the external side of the structure. Filtration conc-
rete was used for the backfill instead of pebble.

DRAINAGE OF THE TUNNEL INTERIOR

Two drainage systems are installed in the tunnel interior. One system is the
drainage of the sub-base courses, the other one is the drainage of water
from the carriageway, emergency pavements and tunnel walls. The former
system evacuates “clean” water, which can rise from the bottom through the
uninsulated invert or flow through the sub-base courses from the portals.
The latter system deals with “dirty” water, brought to the tunnel either by
the traffic, or water used for the tunnel cleaning.

The sub-base courses drainage was solved similarly to the tunnel drainage,
i.e. by horseshoe shaped plastic perforated pipe DN150 with flat bottom.
A levelling concrete layer at a 2.5 % crossfall was cast on the invert, whose
lower edge the pipe was embedded on. The drainage is connected to the cle-
aning manholes on the side tunnel drainage. It is also cleaned up from these
manholes. At the portals, both this drainage and the tunnel drainage dis-
charge to a seepage pit.

To evacuate the “dirty” water, a slot channel combined with a curb was
installed at the right edge of the road (viewed looking in the traffic direction).
The horizontal slot is 3 cm wide, and its position is at the road edge, next to

Obr. 11A Prefabrikat Stérbinové odpadni roury
s otevienou $térbinou

Fig. 11A Precast unit of the slot channel, with
open slot

Obr. 11B Dtto s uzavienou §térbinou
Fig. 11B Ditto with the closed slot

Obr. 12 Prefabrikat horni ¢asti syfonu $térbinové
odpadni roury s nornou sténou
Fig. 12 Precast unit of the upper part of the
interceptor on the slot channel with
the baffle wall
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vé drenéze plastovou perforovanou trubkou DN150, podkovovitého tvaru
s rovnym dnem. Na spodni klenbu byla vybetonovana vrstva vyrovnavaci-
ho betonu s pfiénim spadem 2,5 %, do které byla trubka na spodnim okraji
osazena. Drendz je svedena vidy po 48 m do gisticich $achet boéni tunelo-
vé drenaze, odkud je také Cisténa. U portalu pak je tato drenaz odvedena
spolu s tunelovou drenézi do vsakovaci jamy.

Pro odvedeni ,Spinavych" vod byla osazena vidy u pravého okraje vozovky
ve sméru jizdy $térbinova odpadni roura, kombinovana s obrubnikem.
Stérbina je Siroka 3 cm a je umisténa vodorovné na kraji vozovky pied
obrubnikem. Pro vypodet kapacity odvodnéni byl proveden hydraulicky
vypocet. Vzhledem k nizkému podélnému spadu bylo akceptovéno feseni
odvedeni vody s ¢asovym zpozdénim. To znamen4, Ze hlavnim kritériem
bylo rychlé odvodnéni plochy vozovky, pfiéemz vlastni odtok vody uvnitf
stérbinové roury je rozloZen na del$i casové obdobi. Aby bylo v pfipadé
nehody a vytoku hoflavych latek zabranéno hofeni uvnitf $térbinové roury,
byly v zavislosti na podélném sklonu po kazdych 48 - 108 m osazeny syfo-
ny a §térbina vzdy 9 m pred a za syfonem uzaviena. Plocha §térbinové roury
byla zvolena s ohledem na nizky spad a syfony 514 cm?. Podminkou bylo, Ze
nesmi dojit ke zpétnému vytékani hromadici se kapaliny zpét na vozovku.
Tomu zabrafuje uzavfeni §térbiny pfed syfonem. Vzdalenost mezi syfony
vymezuje spolu s plochou vtokové $térbiny potfebnou kapacitu pro odve-
deni pfedepsaného mnozstvi 50 000 litra kapaliny v pozadovaném case 20
min., pficemz je splnéna i podminka, Ze kapalina bude pojmuta Stérbinou
v délce max. 200 m. Primérny odtok pfitom dosahuje pfi zvolené odtokové
plose, daném podélném spadu a rozmisténi syfond, které proudéni kapali-
ny brzdi 40l/s. ,Spinavé" vody byly u portald svedeny z obou tunelovych
trub do kalovych jimek.

Pro Cisténi stérbinové roury byly po kazdych 48 m osazeny Eistici $achty.
U kazdého syfonu jsou dva otvory o rozmérech 19 x 36 cm, umisténé vidy
pred a za nornou sténou a prekryté pfiSroubovanym poklopem z nerezové-
ho plechu, zaruéujicim tésnost proti pronikani vzduchu a kapalin. Mimo
syfony je Cistici $achta tvofena jednim otvorem o rozmérech 20 x 36 cm
a prekryta stejnym zpusobem. V misté syfond bylo nutno provést preruseni
priibézného zakladového pasu, nebot odvodnéni bylo ulozeno na ném a pro
provedeni syfonu byla potfeba vétsi hloubka. Cely odvodnovaci systém
§térbinové roury (jakoZ i obrubniky a desky nouzovych chodniku) byl sesta-
ven z prefabrikat, uloZzenych do maltového loze, které byly vyrobeny
v mistni betonarné dle projektové dokumentace. Zejména u nornych stén
syfont se jednalo o velmi komplikované tvary, jejichz zabednéni nebylo jed-
noduchou zaleZitosti a muselo se betonovat natfikrat. Pfesto v§ak byla vyro-
ba prefabrikatd zvladnuta v poZzadovaném case a ve vynikajici kvalité. Pricné
spary byly pfi osazovani vyplnény maltou.

VNITRNi KONSTRUKCE

Vnitfni konstrukce tunelu, které byly soucasti kontraktu, tvofi vozovka, nou-
zové chodniky a pficky ve vyklencich pro elektrotechnicka zafizeni. Vozovka
je v kazdé tunelové roufe Siroka 7,7 m a sklada se z nasledujicich vrstev:

- obrusnd asfaltobetonova vrstva tloustky 6 cm se zesvétlovaci pfimési;

- nosna asfaltobetonova vrstva tloustky 12 cm;

- vrstva drceného kameniva (kufr) tloustky 52 cm.

Nouzové chodniky jsou umistény oboustranné a maji $itku min. 90 cm. Od
vozovky jsou oddéleny Zelezobetonovym obrubnikem tl. 20 cm, resp. Stér-
binovou odvodiovaci rourou, které jsou uloZzeny do maltového loZze na
zékladovych pasech. Konstrukci chodniku tvofi Zzelezobetonova deska tloust-
ky 13 ¢cm, osazena na vnitfni strané do vybrani obrubniku, resp. §térbinové
roury a na vnéjsi strané na vystupku sekundarni obezdivky, k tomuto uéelu
zhotovenému jiZ pfi jeji betonazi. Na tomto vystupku byl nejprve uloZen
vyrovnavaci beton, tak aby mély desky chodniku po osazeni dostiedny
sklon 2 %, poté umistény neoprénové pasky, na které byly desky poloZzeny
a spary vyplnény maltou. Nakonec byly roz§ifené konce spar u horniho
povrchu vylity asfaltem, aby nedochéazelo k zatékani vody pod chodniky pfi
Cisténi tunelové obezdivky. V prostoru pod chodniky jsou umistény kabelo-
vé kanaly. Kabely jsou v nich volné uloZeny do piskového loZe. Kabelové
kandly byly po kazdych 50 m odvodnény do prostoru kufru pod vozovkou.
V misté vyklenk( pro elektrotechnicka zafizeni jsou kabely vyvedeny stra-
nou do vyklenku. Pfed portaly jsou pomoci chrani¢ek odvedeny do kabelo-
vych tras volné trasy délnice.

Pro oddéleni prostoru tunelu od elektrotechnickych zafizeni ve vyklencich
byly vybudovény délici pricky, umisténé priblizné tangencialné k vnitfnimu
lici sekundarniho osténi. V nich jsou osazeny jednokfidlové dvefe o rozmé-
rech 70/210 cm, zajistujici pristup obsluhy k zafizenim uvnitf vyklenkd.

VYBAVENI TUNELU

Vzhledem k tomu, Ze tunel Sveti Marko je kratky, tvofi jeho provozni vyba-
veni pouze osvétleni, dopravni znaceni, elektrotechnicka zafizeni ve vyklen-
cich, kabelové trasy a uzemnéni. Vybaveni bylo realizovano mistnimi speci-
alizovanymi firmami, ke stavebni ¢asti nalezelo pouze uzemnéni. To bylo

the curb. A hydraulic analysis was carried out to determine the drainage
capacity. Because of the low gradient a system of delayed evacuation of
water was adopted. This means that the main criterion was a quick evacua-
tion of water from the road pavement, while the water outflow from the
channel is distributed over a longer time period. To prevent burning of a
flammable substance inside the slot channel in a case of accidental spillage,
there are interceptors installed every 48-108 m (depending on the channel
gradient), and the slot is closed 9m before and behind each interceptor. The
cross section area of the slot channel of 514 cm? was designed with respect
to the low gradient and interceptors. The necessary condition was that the
accumulating liquid could not flow back on the road pavement. Such an
event was prevented by the slot closure before the interceptor. The capacity
of the drainage system is determined by the distance between the intercep-
tors and the area of the intake slot. Specifications require a capacity of
50,000 litres of liquid to be evacuated within 20 minutes, while the liquid has
to be taken in within the slot length of 200 m as a maximum. Under such the
conditions, i.e. the chosen area of passage, the given gradient and spacing
of the interceptors decelerating the flow, the average outflow reaches 40
litre/s. The “dirty” water from both tunnel tubes was collected to settling
tanks.

Manholes for cleaning the slot channel were installed every 48 m. There are
two openings at each interceptor, with dimensions of 19x36 cm. They are
positioned before and behind the baffle wall, covered with bolted stainless
steel sheet cover guaranteeing air- and liquid-tightness. Apart from the inter-
ceptors, the cleaning manhole has one opening with dimensions of
20x36¢cm, and is covered identically. The continuous strip foundation had to
be interrupted at the interceptor locations since the drainage was placed on
it, and the construction of the interceptor required bigger depth. The whole
slot channel drainage system (as well as the curbs and slabs of emergency
pavements) was assembled from precast elements produced at local bat-
ching plant according to drawings. Namely the interceptor baffle walls with
their complicated shapes were difficult to form, and they had to be cast in
three steps. Despite that fact, the prefabrication was coped with within the
time required and in excellent quality. Transverse joints were filled wit mor-
tar during the installation.

INTERNAL STRUCTURES

Internal tunnel structures which were covered by the contract were the car-
riageway, emergency pavements and partition walls in the niches for elec-
trical equipment. The carriageway is 7.7 m wide in each tunnel tube. It con-
sists of the following courses:

- asphaltic concrete wearing course , 6 cm thick, with a lightening admixture
- asphaltic concrete bearing course, 12 cm thick

- crushed aggregate course (road bed), 52cm thick

Emergency pavements minimally 90 cm wide are along both sides of the
tunnel. They are separated from the carriageway by 20cm thick reinforced
concrete curbs, i.e. slot channel prafabricates, placed into mortar bed on
foundation strips. The pavement structure is formed by a reinforced concre-
te slab, 13cm thick, locked on its internal side into a recess in the curb, or in
the slot channel, and resting on its external side on a step projecting from
the secondary liner, prepared for this purpose in the casting phase. First a
levelling concrete layer was spread on this step so that the pavement slabs
were on a slope towards the centre of 2 %. Neoprene strips were placed
then, and the slabs were laid on them. Joints were backfilled with mortar.
Eventually asphalt was poured to the widened ends of the joints, preventing
water seepage under the pavements during the tunnel lining clean up. Under
the pavements there are cable ducts. They contain cables freely placed in a
sand bed. The cable channels were drained every 50 m into the road bed
space under the carriageway. The cables have branches at the locations of
niches for electrical equipment, leading to the niches. In front of the portals,
they are routed to the cable runs leading along the free highway alignment.
To separate the tunnel space from the electrical equipment in the niches,
partition walls were built, located roughly tangentially to the internal face of
the secondary liner. They contain single-wing doors with dimensions of 70 x
210 cm allowing access of the operators to the equipment inside the niches.

THE TUNNEL EQUIPMENT

As the Sveti Marko tunnel’s length is quite short, its operational equipment
consists of lighting, road signs and marking, electrical equipment in the
niches, cable runs and grounding system. This equipment was supplied by
local specialist firms. The grounding system only was part of the civil works
contract. It was carried out by means of a continuous ground conductor,
FeZn strip 30x40 mm, led at the upper part of the foundation strips, on the
left-hand side of the tunnel (viewed looking in the traffic direction). The
grounding of the electrical equipment contained in the niches, as well as
concrete reinforcement of the blocks which they were installed in, were con-
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provedeno pomoci pribézného zemniciho pasku Fe/Zn 30 x 4 mm, vedené-
ho v horni ¢asti zakladovych pasl na levé strané tunelu ve sméru jizdy. Na
néj byla vodivé pfipojena vyztuZ v téch tunelovych blocich, kde byla osaze-
na a uzemnéni elektrotechnickych zafizeni ve vyklencich. Osvétleni je napa-
jeno z vyklenkd, elektrickym vedenim umisténym na povrchu osténi a vede-
nym déle v zavéseném korytku, soubézné s linii osvétleni. U portall je
kromé prabéiného tunelového osvétleni instalovano také akomodacni
osvétleni pro snazsi prekonani rozdilu intenzity svétla vné a uvnitf tunelu.

ZAVER

Tunel Sveti Marko je vydafenym pfikladem moderniho tunelového stavitel-
stvi, uskute¢nénym v zemi, ktera byla az dosud pro vystavbu tuneld spise
exoticka. Tento Uspésny prilom byl umoznén diky divére zadavatele ve zku-
Senosti projektanta a provadéci firmy a diky dovednostem zaméstnanci
mistnich dodavatelskych firem, ktefi se pod odbornym vedenim zahranic-
nich expertl rozhodnou mérou zaslouzili o zdarny pribéh vystavby.
Prestoze byli vSichni zu¢astnéni postaveni pfed nelehkou Ulohu, vyprojek-
tovat a vybudovat dilo ve slozitych geologickych pomérech v nezndmych
podminkach dodavatelsko-odbératelskych vztahl (Gcast mistnich firem na
vystavbé byla podminkou zadavatele pfi vypsani soutéZe) a postupovat
zC€asti podle nezazitych a neovérenych narodnich normovych a smérnico-
vych podkladd, pficemz byl kladen velky diraz na kvalitu a zaroven pfijatel-
nou cenu, podafilo se vSechna kritéria splnit.

Vysledkem je tunel jednoduché konstrukce, opticky vydareného vzhledu,
nezatézujici okolni prostiedi a svou funkénosti pIné vyhovujici danému
uéelu, navic pofizeny za pfimérené naklady. Na tomto misté se nabizi Gvaha,
zda by pravé tento tunel nemél byt pfikladem pro nové tunely, které
se budou v blizké dobé realizovat v siti ¢eskych a slovenskych dalnic, nebo
i v jinych zemich, kde je obdobna konfigurace terénu i hospodarska situace,
a zda by zkuSenosti, ziskané realizaci tunelu Sveti Marko, at uZ ze strany
zadavatele, nebo zhotovitelli, nemély byt v budoucnosti uplatnény v praxi
i v jinych regionech. Ziejmé nelze pochybovat o tom, Ze by to bylo jen
ku prospéchu véci.

ZAKLADNI TECHNICKA DATA

Nazev stavby: Tunel Sveti Marko
Umisténi: Dalnice Zahreb - Rijeka, 15 km jihozapadné od mésta Karlovac
Zadavatel: Institut Gradevinarstva Hrvatske d.d.
Autocesta Rijeka - Zagreb d.d.
Projektant: ILF Consulting Engineers
Zhotovitel: Bau Holding (Strabag/llbau Austria) s mistnimi subdodavateli
Délka: leva roura - 265 m, prava roura - 288 m
Pocet jizdnich pruhid: 2 + 2
Délka razena ¢asti: leva roura - 243 m, prava roura - 231 m
Mocnost nadlozi: 2 - 22 m
Délka hloubené ¢asti: leva roura - 22 m, prava roura—57 m
Mocnost presypu: 1-3 m
Néaklady na 1 bm tunelové roury (stavebni ¢ast): 19 600 EUR (z toho 1/3
injektazni destniky, 1/3 razba a zajisténi vyrubu a 1/3 sekundarni obezdivka
a vnitfni konstrukce)
Doba vystavby: 01/99 - 10/99

PODKLADY PRO ZPRACOVANI CLANKU

ILF - Projekt realizace tunelu Sveti Marko
ILF - Dokumentace skute¢ného provedeni tunelu Sveti Marko
ILF - Fotodokumentace vystavby tunelu Sveti Marko

Eadaandlmi oatlnl
Secondary Lining
Primiimil ool
Primany Lining

nected to the conductor. The lighting is fed from the niches, by electric lines
installed on the lining surface and further placed in a suspended cable tray,
in parallel with the lighting line. At the portals, an accommodation illumina-
tion is installed in addition to the regular tunnel lighting, making it easier to
overcome the shock of the difference in the light intensity outside and insi-
de the tunnel.

CONCLUSION

The Sveti Marko tunnel is a good example of results of the modern tunnel-
ling industry, achieved in a country, which has been considered rather exo-
tic in the tunnelling sphere. This successful breakthrough was possible
thanks to the employer trusting the engineering consultant’s and main con-
tractor’s experience, and owing to the skill of employees of local contractors,
who, led by foreign experts, gained a major share of recognition for the
successful development of the construction Although all participants had to
face the difficult task of designing and implementing the works in a complex
geology, unknown conditions of supplier-customer relations (the participati-
on of local companies in the works was employer’s tender condition), and
working partially according to unabsorbed and unproven national standards
and directives while great stress was placed on both the quality and reaso-
nable cost, all the criteria were successfully met

The result is a tunnel of a simple design, optically excellent appearance,
imposing no burden on the environment, perfectly serving its purpose
through its smooth operation, and, in addition, built at a reasonable cost. An
idea suggests itself at this place whether just this particular tunnel should
not become a paradigm serving for new tunnels to be built in the close futu-
re within the network of Czech and Slovak highways, or in other countries
where there are similar terrain configuration and economic conditions, and
whether the experience gained by constructing the Sveti Marko tunnel, by
both the employer and contractors, should not be applied in practice even in
other regions. Obviously there is no doubt that this would be beneficial for
the things.

BASIC TECHNICAL DATA

Construction name: Sveti Marko Tunnel
Location: Zagreb - Rijeka highway, 15 km south-west from Karlovac
Employer: Institut Gradevinarstva Hrvatske d.d.

Autocesta Rijeka - Zagreb d.d.
Engineering consultant: ILF Consulting Engineers
Contractor: Bau Holding (Strabag/llbau Austria) and local subcontractors
Length: left-hand tube - 265 m, right-hand tube - 288m
Number of lanes: 2+2
Mined part length: left-hand part — 243 m, right-hand part - 231m
Cover thickness: 2-22 m
Cut-and-cover part length: left-hand tube - 22 m, right-hand tube - 57 m
Backfill thickness: 1-3 m
Cost of 1Im of the tunnel tube (civil part): EUR 19,600.00 (out of that 1/3 for
grouting umbrellas, 1/3 for excavation and excavation support, and 1/3 for
secondary lining and internal structures)
Construction period: 01/99 - 10/99

SOURCES FOR CREATION OF THE PAPER
ILF - Detailed design of the Sveti Marko tunnel

ILF - As-built documentation of the Sveti Marko tunnel
ILF - Progress photographs of the Sveti Marko tunnel construction

Obr. 13 PFicny fez konstrukcemi nouzovych chodnikd
Fig. 13 Cross section through the emergency pavement structures




