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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

TUNEL STRENGER

Ve dnech 6. a7 8. listopadu roku 2003 uskuteénil Cesky tunelarsky
komitét exkurzi na velmi zajimavy tunel Strenger, ktery se stavi
v Rakousku na rychlostni komunikaci S 16 nékolik kilometr( zapad-
né od Landecku. NiZze uvedeny text ¢erpa z této exkurze a z ¢lanku
z ¢asopisu World Tunnelling.

uvobp

Stara obchodni stezka mezi Tyrolskem s hlavnim méstem Innsbruckem a nej-
zapadnéjsi Casti Rakouska, kterou je spolkovéd zemé Vorarlbersko (hlavni
meésto Bludenz), vedla vidy od Landecku na zapad proti proudu feky Rossa-
ny. Pogatkem 18. stoleti to jiz byla regulérni silnice pro kofiské povozy. Za teh-
dejsi horalskou vesnici St. Anton prekonavala v arlberském sedle ve vySce
skoro 1800 m nad mofem horsky hfeben, ktery je pfirozenou hranici mezi
Tyroly a Vorarlberskem. Stale se vSak jednalo o sezonni komunikaci, protoze
v zimnich mésicich byla cesta pres sedlo i fadu mésicl neprujezdna.

S rozvojem dopravy vyznam této dopravni trasy vzrlsta. Nejprve byla jako
celoroéni komunikace postavena Zelezni¢ni trat, ktera dlouhym tunelem pod-
chézi arlberské sedlo. Silni¢ni doprava vsak sili a potfeba kapacitniho a celo-
roéné spolehlivého spojeni stéle roste. Proto byla v roce 1971 zahdjena
vystavba rychlostni ¢tyfpruhové komunikace S 16 mezi Landeckem a Bluden-
zem. Jako prvni se stavél jeji kliovy Usek véetné nejnarocnéjsiho objektu, kte-
rym byl 14 km dlouhy arlbersky automobilovy tunel.

Jednotlivé Useky rychlostni komunikace S 16 byly postupné uvadény do pro-
vozu, ale pozdéji se jeji vystavba zastavila. Pfedevsim Usek zdpadné za Lan-
deckem, ktery je technicky i finan¢né velmi naro€ny, ¢ekal na dal$i impuls.
Tim byl nejen tlak obyvatel méstecka Strengen a dalSich vesnic v tdoli, ktefi
musi snaset vrlstajici intenzitu automobilového provozu, ale také politické
zmény v Evropé po roce 1989. Narustajici vyznam kapacitnich komunikaci
ve sméru zapad - vychod ved| k tomu, Ze byla v roce 2000 po dlouhych pfipra-
véch zahdjena stavba rozhodujiciho objektu v tomto tseku - tunelu Strenger.

POPIS STAVBY

Jednéa se o silniéni tunel se dvéma dvoupruhovymi tunelovymi troubami
razeny novou rakouskou tunelovaci metodou. Z fady variant byla pro realiza-
ci vybrana varianta s dlouhym tunelem. Divodem vybéru dlouhé varianty
tunelu byly ekologické a bezpe€nostni aspekty stavby. Pokud by nedo$lo
k vystavbé tunelu, projizdélo by v roce 2010 méstem Strengen 18750 auto-
mobilli za 24 hodin. Vystavbou tunelu dojde ke sniZeni intenzity dopravy aZ na
tretinu. Tunelové feseni zvySuje bezpeénost silniéniho provozu, snizuje vznik
emisi i spotfebu pohonnych hmot, zcela vylu€uje lavinové nebezpeti a nebez-
peci skalniho ficeni.

Vlychodni portal tunelu Strenger je situovan u osady Pians, zapadni portal
u vesnice Flirsch. Vzhledem ke slozZité geologické stavbé strmého udoli
s kiehkou stabilitou svahu byla trasa obou trub zamérné vedena hloubgji
v hote, nebot se zde ocekavaly lepsi geotechnické podminky pro razbu (viz obr. 1).
Z hlediska bezpecnosti provozu je tunel mimo jiné vybaven $esti priichozimi
a péti prdjezdnymi propojkami a 46 pozarnimi a SOS vyklenky.

Z divodu uspory investicnich nakladu je plocha pficného fezu minimalizova-
na. Toho je dosaZeno pFicnym natoCenim tunelového profilu, takZze tunelova
osa je kolmé na rovinu vozovky.

ZAKLADNi PARAMETRY TUNELU

Jizni tunelova trouba Severni tunelova trouba

Celkova délka tunelu 5775 m 5851 m
z toho: raZend &ést 5659 m 5740 m
hloubena ¢ast - vychod 36m 26 m
hloubend ¢ast - zapad 80 m 85 m
Sklon 2,92 % 2,91 %
Nadm. vyska
- vychodni portal 925,4 m n.m. 925 m m.n.
- zéapadni portal 1093,4 m n.m. 1094,2 m n.m.
Prajezdny profil 47x75m
Teoreticky profil bez protiklenby 77,1 m?

s protiklenbou 78,8 m* a 88,4 m*
Svétly profil 55 m?

Vzorovy pficny fez tunelu mimo nouzové zalivy viz obr. 2.

STRENGER TUNNEL

The Czech Tunnelling Committee visited the very interesting tunnel
Strenger on 6 to 8 November 2003. The tunnel is being built in
Austria, on the S 16 speedway, several kilometres west of Landeck.
The following text draws from this excursion and from an article
published in the World Tunnelling magazine.

INTRODUCTION

An old trade path between Tyrol, with its capital Innsbruck, and the wes-
ternmost part of Austria, the Vorarlberg province (capital Bludenz), always
led from Landeck to the west, up the Rossane River. At the beginning of the
18th century, it already was a regular road for horse-drawn carts. Behind St.
Anton, then a mountain village, at an altitude of nearly 1,800 m a.s.l., at the
Arlberg pass, it crossed a mountain crest, which is a natural border between
Tyrol and Vorarlberg. Still it was a seasonal road, because the route across
the pass was impassable even for several months in winter.

With developing transport, the importance of this route increased. A railro-
ad passing under the Arlberg pass was constructed as a first permanent
connection. Road transportation, however, becomes more intensive, and a
need for a capacity and year-round reliable connection keeps growing. For
that reason, the construction of the S16 four-lane speedway between Lan-
deck and Bludenz began in 1971. Its key section, including its most deman-
ding structure, the 14 km long Arlberg road tunnel, was built first.
Individual sections of the speedway S16 were opened to traffic in stages, but
later the construction work was suspended. The section to the west of Lan-
deck above all, which is technically demanding and costly, waited for a new
impulse. The pressure by inhabitants of Strengen and other villages in the
valley, who have to suffer the increasing intensity of vehicular traffic, and
also the political changes in Europe after 1989 were the impulse.

The growing importance of high-capacity roads in the west - east direction
was the reason why the construction of the crucial object of this section, the
Strenger tunnel, started in 2000, after a long planning period.

PROJECT DESCRIPTION

The road tunnel, featuring two double-lane tubes, will be excavated by the
NATM. The long variant was selected for construction, out of a number of
variants, respecting environmental and safety aspects of the construction.
Without the tunnel in operation, 18,750 vehicles per 24 hours would pass
through Strengen in 2010. The tunnel construction will reduce the traffic
intensity to roughly one third. The tunnel solution improves safety of road
traffic, reduces emissions and fuel consumption, and completely removes
the threats by avalanches or falling rock.

The portal East of the Strengen tunnel is situated at a village Pians, the por-
tal West at Flirch village. Considering the complex geology of the steep val-
ley with delicate stability of slopes, the alignment of the two tubes was pla-
ced deeper under the mountain, because of better geotechnical conditions
for mining anticipated at that depth (see Fig. 1).

Regarding operational safety, the tunnel is also equipped with six crosscuts
passable for pedestrians, five crosscuts passable for vehicles, and 46 emer-
gency call and fire-fighting niches.

The cross-section area is minimised to save investment costs. This is achie-
ved by rotating the tunnel profile transversally so that the tunnel axis is per-
pendicular to the carriegeway plane.

BASIC TUNNEL PARAMETERS

Southern Tunnel Tube Northern Tunnel Tube

Total tunnel length 5775 m 5851Tm
Out of that: mined part 5659 m 5740 m
Cut-and-cover part - East 36m 26 m
Cut-and-cover part - West 80m 85 m
Gradient 2.92 % 291 %
Altitude - Portal East 925.4m a.s.l. 925 m a.s.l.
- Portal West 1,093.4 m a.s.l. 1,094.2 m a.s.l.
Clearance envelope 4,7x75m
Excavated cross-section - without invert 77.1m?
- with invert 78.8 m* a 88.4 m*
Net cross-section area 55 m?

For a typical tunnel cross section found beyond emergency bays see Fig. 2.
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Stavbu tunelu provadi sdruzeni dodavatelskych firem ARGE Tunnel Strengen
tvorené firmami Beton- und Monierbau GmbH Innsbruck, Universale Bau AG
Salzburg, Alpine-Mayreder Bau GmbH Wals a Jagr Bau GmbH Schruns.

USPORADANI TUNELU

Soucasna bezpecnostni hlediska se promitla do uspofadani tunelu nasledo-

vné:

« vzdalenost bezpecnostnich zalivh Sirky 3 m a délky 44,4 m ¢ini 1000 m;

+ obé tunelové trouby jsou po 500 m propojeny prichozimi, resp, prijezdnymi
spojovacimi chodbami. Chodby vychézejici z bezpe¢nostnich zalivii umozni
prajezd i velkych nakladnich automobill. Zbyvajici chodby umozni prijezd
vozidel zachranné sluzby a pozarniki. Z diivodu nedostatku mista pred porta-
ly budou u kazdého portalu v tunelu zfizeny prijezdné chodby pro otaceni
vozidel zimni adrzby (pluhy apod.);

« vzdalenost mezi misty tisfiového voléni je stejné jako v pripadé pozarnich
hydrantl 250 m.

Pozarni vodovod bude mit dimenzi DN 125 a z dGvodu snizeni tlakovych ztrat
bude propojen pres kazdou spojovaci chodbu i u obou portalu. Napojen bude
na existujici rozvod a vodojem o obsahu 100 m?®, ktery slouZzi tunelu Flirsch.

VETRANI TUNELU

Rozméry vyrubu jsou ovlivnény také koncepci podélného vétréani, které bude
zajistovéno 8 dvojicemi ventilator(i v kazdé troubé s instalovanym vykonem
720 kW (celkové pro obé trouby 1 440 kW).

ODVODNENI TUNELU

Odvedeni podzemni vody v predpokladaném celkovém mnozstvi 20 I/sec
bude zajistovano podélnymi drenazemi DN 200 mm, které pfi spadu 2,9 %
poskytuji dostate¢nou kapacitu 320 I/sec pro obé tunelové trouby. Drenaze
budou u vychodniho portalu zadstény pfimo do recipientu (potok Faldernal-
bach).

Pro odvedeni vod nebo jiné kapaliny (v pfipadé havarie v tunelu) z povrchu
vozovky byl stanoven poZadavek odvedeni 200 I/sec v celkovém mnoZstvi
50 000 | z useku tunelu délky 200 m. To vyvolalo potfebu instalovat dvojité
gule kazdych 50 m véetné sifonového uzavéru proti Sifeni pfipadného pozaru.
Odtok z tohoto systému bude u vychodniho portalu napojen na stavajici ¢is-
tirnu vod z tunelu Quadratsch.

GEOLOGICKE POMERY

Zajmové uzemi se nachazi ve velmi slozitych inZzenyrskogeologickych pomé-
rech. Pro povrch Gzemi jsou charakteristické mohutné svahové sesuvy
a potencialni nestabilita, ktera se projevi v souvislosti s kazdym zésahem do
terénu. Pfi volbé trasy bylo snahou situovat portalové tseky mimo sesuvna
lzemi. Tento zdmér se nepodafilo v pfipadé vychodniho portalu spinit. Jeho
umisténi bylo preduréeno morfologii udoli a nutnosti napojeni na Pians.
Geologicky je prostor razby tvofen metamorfovanymi horninami - kfemitymi
fylity a slidnatymi krystalickymi bfidlicemi ve velkém rozsahu tektonicky
poru$enymi. Vyskytuji se i horniny zcela porusené a nesoudrzné.

PORTALY

Vychodni portél u Pians musel byt provadén ve stupriovité stavebni jamé kot-
vené v kazdé etazi. Vyvolaly to velmi nehomogenni geotechnické podminky -
podrcené horniny aZ na jemna zrna, fi€ni sedimenty, morény i nestabilita
svahu.

Na zépadé se podafilo pouze portél jizniho tunelu situovat tak, Ze zahajeni
razby probihalo v relativné kvalitni horniné. Razba severniho tunelu v8ak zaci-
na ve svahovych uloZeninach, které tvofi okraj rozsahlého starého sesuvu. Ten
pro$el pravdépodobné od posledni doby ledové dal$imi pohyby a sou¢asnou
stabilitu si vytvarel po celou tuto dobu. Bylo proto naprosto nutné volit takové
postupy razby a zajisténi portalové jamy, aby vyvolané deformace svahu byly
co nejmensi. Toho se dosahlo velkym mnoZstvim masivné kotvenych Zelezo-
betonovych prevézek s kotvami dlouhymi az 80 m (viz obr. 3 a 4).

POSTUP RAZEB

Razba probiha s vyuZitim nové rakouské tunelovaci metody pfi horizontalnim
¢lenéni vyrubu na kalotu a jadro se dnem. Razba byla zahajena z obou portéa-
10 v bfeznu, resp. kvétnu 2001. Razba probihala soucasné na 6. ¢elbach —
4 ¢elby v kaloté a 2 v jadru. Na stavbé pracovalo celkem 250 pracovniki sdru-
Zeni dodavatelskych firem a 40 pracovnikil subdodavateld. Vystavba je zajis-
tovana dodavatelskymi firmami ve tfech osmihodinovych sménach, stavebni
dozor probiha ve dvou dvanéctihodinovych sménéch.

Pro razbu bylo pfipraveno 7 technologickych tfid vyrubu, avsak s ohledem na
horsi geologii bylo pouZito pouze 5 horsich tfid. Maximalni délka zabéru

The tunnel construction is carried out by the ARGE Tunnel Strengen joint
venture consisting of Beton-und Monierbau GmbH Innsbruck, Universale
Bau AG Salzburg, Alpine-Mayreder Bau GmbH Wals and Jagr Bau GmbH
Schruns.

TUNNEL CONFIGURATION

Current safety requirements were reflected in the tunnel configuration in the

following manner:

* Emergency bays 3m wide and 44.4 m long, built every 1,000 m

» The two tubes are interconnected every 500 m by crosscuts passable for
people and vehicles respectively. The galleries starting from the emer-
gency bay will allow even big industrial vehicles to pass. Remaining gal-
leries will allow passage of ambulances and fire-fighting vehicles. Regard-
ing U-turning of winter maintenance vehicles (snow ploughs etc.), which is
impossible in front of the tunnel due to the lack of space, the cross pas-
sages near the portals will allow this turning operation.

» Emergency-call niches spacing is the same as that of fire hydrants, i.e. 250 m.

The DN 125 fire-fighting water supply pipeline will be interconnected
through each cross passage and at both portals so that the pressure losses
are reduced. This pipeline will be connected to an existing water distributi-
on system and a 100 n7’ reservoir serving the Flirsch tunnel.

TUNNEL VENTILATION

Dimensions of the excavation are also affected by the conception of longitu-
dinal ventilation, which will contain 8 pairs of fans in each tunnel tube, each
having an installed output of 720 kW (1,440 kW in total for both tubes).

TUNNEL DRAINAGE

Evacuation of groundwater at an anticipated total outflow rate of 20 It/s will
be provided by longitudinal drains DN 200 mm. Their capacity at the given
gradient of 2.9% will amount to 320 It/s for both tubes, which is sufficient.
The drains will discharge directly to a recipient (the Faldernalbach creek) at
the portal East.

To remove water or another liquid from the pavement (in case of an acci-
dent), a requirement was set out that the system must be able to cope with
200 It/s at a total volume of 50,000 litres, over a tunnel length of 200 m. For
this reason, double gullies had to be installed every 50 m, including a siphon
preventing the contingent fire spreading. The discharge from this system
will be connected at the portal East to the water protection plant of the Qua-
dratsch tunnel.

GEOLOGICAL CONDITIONS

The area of operations is found in very complex engineering geological con-
ditions. Significant landslides and potential instability following any cutting
in the terrain are characteristic of the area surface. The design of the align-
ment followed an idea that the portal sections be placed beyond the landsli-
de zones. This intention was unsuccessful so far as the portal East is con-
cerned. Its location was predestined by the morphology of the valley, and a
necessity of connecting to Pians.

From the geological aspect, the area of excavation consists of metamorphic
rock types - quartzitic phyllites and micaceous crystalline schist, broken tec-
tonically at a large extent. Even totally broken and non-cohesive rock occurs.

PORTALS

The portal East nearby Pians had to be built in a side-benched excavation pit
anchored at each bench level. This was due to very inhomogeneous geo-
technical conditions - to fine grains crushed rock, river sediments, moraines
and also slope the instability.

On the west, the portal of the southern tunnel tube only was successfully
situated to relatively good quality ground. But the excavation of the northern
tunnel starts in slope deposits, forming an edge of a vast old landslide. The
landslide probably moved frequently during the past ice age, and the pro-
cess of establishing its current stability has been lasting for all that time. It
was therefore absolutely necessary to chose excavation procedures and sup-
port of the portal excavation reducing the slope deformations caused by the
works to a minimum. This was achieved by many anchored reinforced conc-
rete walers, with anchor lengths up to 80 m (see Fig. 3 and 4)

EXCAVATION PROCEDURE

The excavation is carried out using the New Austrian Tunnelling Method,
with horizontal division of the face to the top heading, bench and invert. The
work started from both portals in March 2001. Six partial faces were excava-
ted simultaneously, i.e. 4 top headings and 2 benches. The construction has
been carried out by 250 workers of the contractor joint venture, and 40 wor-
kers of subcontractors. Three shifts of 8 hours each are worked by contrac-
tors, while the site supervision takes place in two 12-hour shifts.

Originally 7 excavation classes were prepared for the excavation, but only 5
of them, the worse ones, were applied due to worse geology encountered.
Maximum round length was not more than 1.7 m. Excepting the portal sec-
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nepresahla 1,7 m. Razba probihala kromé pfiportalovych sekl s nasazenim
trhacich praci. Aby osadka nemusela pfi odstfelu opoustét tunel, jsou v tune-
lu k dispozici ocelové bezpecnostni kontejnery vybavené zasobniky stlaéené-
ho vzduchu, osvétlenim a telefonem. V nich se pfi odstielu a po dobu odvét-
rani zplodin muGze ukryt az 10 pracovnikd.

Béhem razby byly nastésti zastizeny pouze nizké pfitoky podzemni vody, i ty
vSak vedly vzhledem ke kvalité horninového masivu k rychlému rozbahnéni
pocvy.

Zajimavy je systém vétrani pouZity pfi razbé. Po proraZeni nékolika propojek
se vybudovala v jizni tunelové troubé vétrni prepazka, za kterou se instalova-
ly dva ventilatory. Pomoci foukacich luten jeden z nich pfimo vétral pracovis-
té v jizni troubé, druhy obdobné pres propojku vétral pracovisté v severni
troubé. Celd jizni trouba od portalu az k vétrni pfepazce slouzi jako vétrni tah,
a to i po zahdjeni realizace sekundarniho osténi v této troubé.

Jak uZ to u podzemnich staveb byva, ne vSechny predpoklady se splnily. Po
dobrém zvladnuti razby pfiportalovych Gsekl se pokracovalo v pomérné slus-
né geologii, avSak obtiZe se proti predpokladiim objevily a narGstaly ve vzda-
lenosti asi 1200 m od portald. Hodnoty radialni deformace dosahovaly 700 az
800 mm s maximem uprostfed délky tunelu, kde doslo ke zdvihani pocvy
v kaloté az o 1000 mm. Extrémni deformace lice vyrubu vedly k odstfelovani
hlav u SN kotev a nezddoucimu drceni betonu primarniho osténi. Proto byly
pro umoznéni deformace vytvareny v primarnim osténi podélné niky, do kte-
rych se instaluji deformacni ocelové prvky tvorené ocelovymi plotnami pro-
pojenymi 40 cm vysokymi pfivarenymi trubkami o prdméru asi 15 cm. Nejpr-
ve se v kaloté pouZzivalo az 5 deformacnich nik, postupné se jejich pocet redu-
koval az na dvé. Soucasné bylo provadéno zahusténi kotev. Na vnitfnim lici
primarniho osténi byla z bezpeénostnich diivodd osazena sit chranici pracov-
niky pfed odtrzenymi podlozkami kotev. Ke sniZeni napéti v kotvach zpisobe-
ného radialni deformaci vyrubu byly pouzivany upravené podlozky. Na jejich
rubu byly jako kompenzaéni prvek navareny ocelové trubky o priméru cca
40 mm (viz obr. 5). K plné aktivaci kotvy doslo aZ po deformaci trubek. Ani
tyto kotvy vSéak mnohde nevydrzely nartst deformaci a jejich hlavy vystielo-
valy do prostoru vyrubu. Narust deformaci v prvnich dnech ¢inil az 80 mm za
24 hodin. Obrazek 6 zachycuje stav primarniho osténi s osazenymi kompen-
zaénimi prvky v nikach, dodate¢né provedenym dokotvenim a ochrannymi
sitémi. Desky dodate¢né osazovanych kotev jsou oznateny modrymi kfiZi
a nejsou dosud deformovany horninovym tlakem.

Vzhledem k tomu, Ze skutecné deformace vyrazné prekroCily prognézované
hodnoty, musely byt nékteré useky tunelu preprofilovany. Po téchto zkuSe-
nostech pokracovala dalsi razba s nadvy$enim az 80 cm. Uprava nadvyseni
profilu s sebou pfinasi dalsi problémy, které je nutno fesit. Prvnim problé-
mem je zvétSeni objemu rubaniny o cca 10 m*bm tunelu s dopadem do obje-
mu materiadlu uklddaného na deponiich. Deponie u vychodniho portélu byla
v dobé navstévy jiz zaplnéné a kapacitu deponie u zédpadniho portalu bylo
nutno pomoci rdznych opatieni zvétSovat. PfestozZe prvotni narist deformace
je pomérné rychly, dosazeni deformace 800 mm probiha del$i dobu. Proto je
nutno rozhodnout, zda vyckat az do ustaleni deformaci na rychlosti
2 mm/meésic, ¢i budovat definitivni osténi do deformujiciho se primarniho
osténi. To ma dopad na objem betonu definitivniho osténi, mnozZstvi vyztuze,
Cas vystavby a tim do vySe investi¢nich nakladl. Vétsi ¢ast definitivniho osté-
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Obr. 1 Situace vysledné varianty smérového feSeni
Fig. 1 Final variants of the horizontal alignment design

tions, the drill-and-blast was utilised. For the mining crew not to have to
leave the tunnel during the blasting, there are steel protection containers
equipped with pressurised air tanks, lighting and telephone, available in the
tunnel. The containers can provide a shelter for 10 workers during the blas-
ting and defuming.

Fortunately, only low inflows of groundwater were encountered during the
excavation. Even those, however, due to the poor quality of the rock mass,
caused rapid waterlogging of the bottom.

The ventilation system used for the excavation is also a matter of interest.
When several cross passages had been broken through, a brattice was built
in the southern tube, with two fans installed behind. One of them ventilated
the face in the southern tube through a blower duct, the other one ventilated
the northern tube similarly, via the cross passage. The entire southern tube
from the portal to the brattice functions as a current of air, even when the
work on the secondary lining starts in this tube.

As usual in underground construction, not all assumptions came true. Once
the portal sections had been overcome successfully, the excavation continu-
ed through rather favourable geology. Troubles, which had not been antici-
pated, emerged and grew at a distance of about 1,200 m from the portals.
The values of radial deformations reached 700 to 800 mm, with the maxi-
mum at the tunnel midpoint, where the invert floor heaving occurred up to
1,000 mm. Extreme deformations of the rock face resulted in bursting of the
SN anchor heads, and undesired crushing of the concrete primary lining. To
prevent this damage by allowing the deformation, longitudinal niches were
created in the primary lining, and deformation steel elements, consisting of
steel plates interconnected by welding 40cm-high pipes 15 cm in diameter,
installed into the niches. At the beginning, up to 5 deformation niches were
applied, this number was step-by-step reduced down to two niches. Dense-
ning of the anchoring pattern took place simultaneously. For safety reasons,
a net protecting the crew from the torn-off anchor washers was fixed to the
primary lining surface. Modified washers were used to reduce the tension in
the anchors due to the radial deformations of the excavated opening. They
had 40mm-diameter pipes welded to their back side as a compensation ele-
ment (see Fig. 5). The anchor got activated fully after deformation of the
pipes. Even those anchors in many cases did not resist the increased defor-
mation, and their heads shot into the excavated space. The increase in defor-
mations in the first days amounted to 80 mm per day. Fig. 6 shows the con-
dition of the primary lining with the compensation elements installed in the
niches, additionally applied anchors and protective nets. The plates of the
additionally installed anchors, not deformed by the rock pressure yet, are
marked by blue crosses.

Since the actual magnitude of deformations was significantly larger than
anticipated, some sections of the tunnel had to be re-profiled. Based on this
experience, the further excavation continued with overcutting up to 80 mm.
The overcutting induces other problems to be solved. The first problem is an
increased volume of muck (about 10 m3/Im) and subsequent impact to the
volume of the dump sites. The dump site at the eastern portal was already
full at the time of our visit, and the capacity of the dump site at the western
portal had to be extended by various measures. Despite the fact that the ini-
tial increase in deformations was relatively fast, it takes a longer time to
achieve a deformation of 800 mm. It is therefore necessary to decide whet-
her the tunnellers are to wait until the deformation rate reaches
2 mm/month, or to build the final lining while the primary lining is still defor-
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Tunel

1 - Ventilator Da = 1450 mm

2 - Rozvod vody

3 - Podélna drenéz 1
4 — Obrubnik

5 - Drenéz

6 — Odvodnéni vozovky

7 - Teoreticky vyrub 86,2 m?

8 — Primarni osténi

9 - Izolace

1-Fan = 1450 mm

2 - Water Distribution

3 - Longitudinal drain

4-Curb

5 - Drainage

6 - Roadway Drainage

7 - Neat Line of Excavation 86,2 m’
8 - Primary Lining

9 - Waterproofing Membrane

10 - Definitivni osténi

11 - Zakryti kabelového kanalu
12 - Kabelovy kanal

13 - Obrubnik

14 - Spodni klenba
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Obr. 2 Vzorovy pficny fez
Fig. 2 Typical cross section

ni tunelu je i v téchto inZenyrskogeologickych podminkach navrzena z prosté-
ho betonu.

Pricinou vysokych deformaci vyrubu a zdvihani pocvy v kaloté je pusobeni
horninového tlaku na takika svisle uloZzené vrstvy filiti. Pfitom stabilita ¢elby
nevyzadovala mimo nastfikani stabilizaéni ochranné vrstvy stfikaného betonu
z4dna opatfeni. Pfi razbé tunelovych propojek, tj. kolmo na vrstvy filitl, nedo-
chézelo k Zadnym komplikacim a deformace se vyrazné snizily. Bézna vzdale-
nost profili pro méfeni deformaci vyrubu je 10 az 15 m, v problematickych
Usecich se zfizuji podle potieby i kazdy den.

Z dlvodu ¢asového pribéhu deformaci se pfistoupilo k velkému predstihu
razby kaloty. Jadro se razi se znatnym zpozdénim po odeznéni hlavnich defor-
maci v kaloté. Po odtéZeni jadra se urychlené dobird pocva a primarni osténi
se uzavira spodni klenbou.

V dobé exkurze byla jizni trouba zcela prorazena a provadélo se v ni sekun-
darni osténi. K prorazce severni trouby chybélo necelych 200 m. Razba kaloty
zde probihala pouze ze zapadniho sméru, protoZe dalsi razba z vychodu byla
z dGvodu velkych deformaci zastavena a probihalo pfeprofilovani vyrubu.

SEKUNDARNIi OSTENI

Projekt predpokladal provedeni sekundarniho osténi z prostého betonu
tloustky 25 cm, pouze v nouzovych zalivech mél byt pouzit monoliticky drat-
kobeton tloustky 35 cm (viz obr. 7). Ve skute¢nosti byl v zavislosti na pribéhu
deformaci primarniho osténi dratkobeton pouZit i v nékterych usecich mimo
zalivy. Nékteré pasy byly dokonce klasicky vyztuzeny sitémi.

Vysledky geotechnickych méreni jsou ucastnikim vystavby kdykoli k dispozi-
ci prostiednictvim internetu. Pfistup k datdm je chranén heslem. Vysledky
méfeni jsou podkladem pro dimenzovani definitivniho osténi. Dimenzovani
probiha jednak z hlediska tloustky osténi, kvality betonu a typu vyztuze (pro-
sty beton, dratkobeton, sité). Pokud neni stanoveno jinak, je osténi vestavéno
v okamziku, kdy rychlost deformaci nepfeséhne hodnotu 2 mm/mésic.

DEPONIE PRO RUBANINU

Rubaninu z tunelu nelze vyuZit k Zzddnému acelu. Je Gspéchem, Ze se v Uzkém
tdoli feky Rossany podafilo vyfesit misto pro trvalé deponie v blizkosti obou
portéald. Rubanina na deponii u vychodniho portélu se odvazi auty, zatimco
u severniho portéalu se pouZzilo unikatni nové feseni. Véechna rubanina je pe-
drcena a pak pomoci dopravnikového systému ROPECON premistovana na
deponii. Jedna se o kombinaci dopravnikového pasu a lanovky. Na podpérné
pilife jsou ukotvena dvé lana ve dvou vyskovych Urovnich, po kterych se
pomoci kole¢ek pohybuje vlastni dopravnikovy pas. Kolecka jsou s pasem,
ktery ma svislé krajni boc€nice, pevné spojena. Koncové vysypné zafizeni se
po lanech muzZe v uréitém rozsahu pohybovat a slouZi soucasné jako jakasi
napinaci a obraceci stanice. Pas se zde zcela otoci, aby se na cesté zpét
k mistu nakladky pohyboval opét §pinavou stranou nahoru (viz obr. 8). Nedo-
chazi tedy ke klasickému otoceni, jak je zndmo u dopravnikovych pasu.

RIZENI STAVBY

Stavba je financovéna ze statniho rozpoctu. Investorem jsou Alpen Strassen
AG, které zastupuje OBA/ASG, projektantem ILF Consulting Engineers Inns-
bruck a dodavatelem sdruzeni firem ARGE ATS.

Trvaly stavebni dozor zajistuji vidy 3 lidé ve dvou dvanactihodinovych smé-
nach (2 pro razbu a 1 pro definitivni osténi).

10 - Final Lining

11 - Cable Duct Covering
12 - Cable Duct

13 - Curb

14 - Invert

ming. This decision affects the volume of concrete for the final lining, the
quantity of steel reinforcement, construction period, thus the investment
costs value. Larger part of the final tunnel lining is in unreinforced concrete
even in those engineering-geological conditions.

The reason for the large deformations of the excavation, and the invert floor
heaving, is the effect of the rock pressure acting on nearly vertically deposi-
ted layers of phyllites. At the same time, the face stability required no other
measures (apart from application of a stabilisation protective shotcrete
layer). No complications occurred, and deformations were significantly
smaller at the excavation of cross passages, perpendicular to the phyllite
layers. Common spacing of the excavation deformation measurement profi-
les is of 10 - 15 m. In troublesome sections the profiles are established as
needed, even daily.

Because of the time behaviour of the deformations, the top heading advan-
ce ahead of the bench excavation is long. The bench is excavated with a sig-
nificant delay, when the major deformations at the top heading have faded
away. When the bench has been removed, the invert is excavated expediti-
ously, and the lining is closed by the invert.

At the time of the excursion, the southern tube excavation was completed,
and erection of the final liner was in progress. Less than 200 m of excavati-
on remained to the northern tube breakthrough. The top heading excavation
took place from the west only, as further excavation from the east had to be
suspended and re-profiling carried out.

SECONDARY LINING

The design expected 25 cm thick secondary lining from unreinforced cast-in-
situ concrete. Steel fibre reinforced concrete (SFRC) lining 35 cm thick was
designed for the emergency bays only (see Fig. 7). In fact, the steel fibre rein-
forced concrete was also applied to some sections beyond the bays, depen-
ding on the behaviour of deformations of the primary lining. Some sections
were even reinforced in a standard manner, using welded mesh.

Results of geotechnical measurements are available to the project parties
anytime, through the Internet. Access to the data is protected by a password.
The measurement results are a basis for proportioning of the final lining.
The proportioning covers the lining thickness, concrete quality, and reinfor-
cement type (unreinforced concrete, SFRC, mesh). Unless required otherwi-
se, the lining is erected at the moment when the deformation rate is not hig-
her than 2 mm/month.

MUCK DUMP SITES

The muck from the tunnel cannot be utilised for any other purpose. It is a
success that locations for permanent deposition of muck were found in the
narrow valley of the Rossane River near both portals. From the eastern por-
tal, the muck is moved to the dump site by dump trucks, while a new unique
solution was applied at the northern portal. All muck from this portal is tre-
ated by a crusher and moved to the dump site by the ROBECON conveyor
system. This system is a combination of a belt conveyor and a cableway.
Two cables are fixed to supporting pillars at two levels, with the conveyor
belt moving along the cables by means of rollers, firmly connected with the
belt. The belt is provided with vertical sideplates. The terminal discharge
device can move along the cables within a certain range, and it also works
as a tensioning and turning station. The belt turns in the station completely
so that it moves back to the loading point again with the dirty side upward
(see Fig. 8). This is not a standard way of turning as we know it at standard
belt conveyors.
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Obr. 3 Zajisténi stability zapadniho pfiportalového useku tunelu
Fig. 3 Support of the western pre-portal section of the tunnel

Obr. 9 Vychodni portél a stavajici komunikace
Fig. 9 Eastern portal and existing road

Praktické fizeni stavby je v rukou dvou lidi - jeden je povéreny pracovnik
zastupujici investora a druhy zastupuje dodavatelské sdruzeni firem. Tito lidé
na zékladé komplexniho monitoringu a dat vyplyvajicich i ze zamérovani
vyrubu rozhoduji o dal$im postupu, pfedevsim o pouZiti konkrétni technolo-
gické tfidy vyrubu nebo dal$ich dodatecnych opatfenich. V pfipadé rozdilnych
nazori pak jako rozhod¢i organ funguji nezavisli experti, v tomto pfipadé
profesofi innsbrucké univerzity.

Obr. 4 Zajisténi stény zapadniho portalu
Fig. 4 Support of the western portal wall

PROJECT MANAGEMENT

The project is funded from the state budged. The client, Alpen Strassen AG,
is represented by OBA/ASG. ILF Consulting Engineers Innsbruck is the desig-
ner, the contractor is the ARGE ATS joint venture.
Permanent site supervision is provided by 3 persons in each of the two 12-
hour shifts (2 for excavation, 1 for the final lining).
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Obr. 5 Deformaéni prvky vkladané do primarniho osténi a na desky kotev
Fig. 5 Deformation elements inserted into the primary lining and fixed
to the anchor face plates

Obr. 6 Dodatecné prekotvena oblast s deformacnimi prvky v primarnim osténi
Fig. 6 Additionally re-anchored area with deformation elements in the primary
lining

Obr. 7 Definitivni osténi v misté zalivu a tunelové propojky
Fig. 7 Final lining at the bay and cross passage location

ZAVER

PFi vystavbé tunelu pomoci NRTM byly jako doprovodna opatieni pouZity
deformacni niky ve stfikaném betonu kaloty. Hodnota radialnich deformaci
vyrubu dosahovala az 800 mm. Pro zajisténi stability vyrubu bylo pouZito st¥i-
kaného betonu se siti a kotvami délky 4, 6 a 8 m. K prorazce doslo 11. 10. 2003.
Zprovoznénim tunelu dojde k vyraznému zlep$eni Zivotniho prostiedi odleh-
¢enim dopravniho zatiZeni stavajici komunikace, snizenim mnozstvi exhalaci
a spotieby pohonnych hmot. Rovnéz dojde ke snizeni nehodovosti a rizika
ohrozeni dopravy vlivem skalniho ficeni nebo lavin v zimnim obdobi. Obrazek
9 zachycuje stavajici situaci v oblasti vychodniho portalu.

Uvedeni stavby do provozu bylo ptvodné planovano na prosinec 2005, ale
z divodu komplikaci vyplyvajicich ze skute¢né zastizenych geotechnickych
podminek se dnes jevi jako realny termin provozu ¢erven roku 2006. Vyse
investi¢nich nakladd ¢ini 199,95 mil. EUR.

Zasvéceny a vstiicny vyklad poskytli panové Dipl. Ing. Christian Sprenger
za investorskou stranu a Dipl. Ing. Budil za sdruzeni dodavateli ARGE ATS.

Obr. 8 Odtézovani drcené rubaniny dopravnikovym pasem unikatni konstrukce
Fig. 8 Transportation of crushed muck by the unique-design belt conveyor

Practical construction management is performed by two people - one of
them is authorised by the client, the other represents the joint venture. On
the basis of the comprehensive monitoring and data obtained, among
others, from the tunnel surveying, those two people decide on the further
procedure, above all on application of a particular excavation class or other
additional measures. In case of differing opinions, independent experts (in
the given instance professors of the University of Innsbruck) are invited as
an arbitration body.

CONCLUSION

Deformation niches in shotcrete lining of the top heading were used as supp-
lementary measures to the NATM at the tunnel construction. The magnitude
of radial deformations of the opening reached 800 mm. Shotcrete with mesh
and 4.6 to 8 m long anchors were used to secure the excavation stability. The
breakthrough took place on 11/10/2003. When the tunnel is opened to traffic,
the environment will improve significantly thanks to reduction in the traffic
load on the existing road, lowering of the volume of emissions and con-
sumption of fuels. Also the accident rate and risk of threatening the traffic by
falling rock or avalanches in winter seasons will drop. Fig 9 shows the exis-
ting situation in the area of the eastern portal.

The tunnel inauguration was originally scheduled for December 2005, but,
due to the complications following from the actually encountered geotech-
nical conditions, the date of June 2006 appears more realistic today. The
investment cost amounts to EUR 199.95 million.

Well informed and prompt explanation was provided by Dipl.-Ing. Christian
Sprenger on behalf of the client, and Dr. Andreas Budil on behalf of the con-
tractor, the ARGE ATS joint venture.

Ing. Miloslav Novotny, Ing. Libor Marik





