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First Announcement

The Czech Tunnelling Committee ITA/AITES
would like to invite you to its 10th Conference

UNDERGROUND CONSTRUCTION

PRAHA

The conferences have been organized in the capital of the Czech Republic in three-year cyc-
les since 1977.

Prague has experienced a pronounced transformation in the course of the past ten years.
Nowadays, its historic centre offers a lot of pleasure, which can be derived in the renewed
beauties of the one thousand years' architectural development. Traffic issues and infrast-
ructure of the capital are also being addressed in a new manner. It will certainly be rewar-
ding for you to come here and combine the professional tunnelling meeting with an inter-
esting aesthetic and touring experience. Accommodation will be provided both in the world
class hotels and in cosy interior of small pensions.

Time: November 18 - 20, 2003

Key Topics for Discussion:

A. Urban underground planning and environmental aspects of underground construction
B. Development, research and design of underground structures

C. Implementation, equipment and operational safety of underground projects

D. Maintenance, rehabilitation and refurbishment of underground structures

Preliminary Programme:

Tuesday, November 18 - the first day of the Conference:
Openning
Discussion on the topic A and B
Gala Party -Banquette

Wednesday, November 19 - the second day of the Conference:
Discussion on the topic C and D
Conclusion

Thursday, November 20 - the third day of the Conference:
Visit to tunneling construction sites

Invitation with registration forms and detailed instruction for papers elaboration will be
distributed by July 2002.

Interested individuals are invited to submit a one page, single spaced abstract to the
Secretariat of the Czech Tunnelling Committee ITA/AITES not later than September 30,
2002. Notification of acceptance will be made on November 30, 2002. Final papers, inclu-
ding photos and graphics, are due by March 31, 2003.

Jindfich Hess
President of the Czech Tunnelling Committee ITA/AITES

Jifi Bartak
Chairman of the Organizing Committee

Address of the Secretariat:

Prvni ozndment

Cg:slg’l tunelafsky komitét ITA/AITES
si Vas dovoluje pozvat na 10. konferenci

PODZEMNI STAVBY

2003

Termin: 18. - 20. 11. 2003

Konference pod timto ndzvem se konaji od roku 1977 v tifletfch cyklech v hlavnim mésté
Ceské republiky.

Praha v poslednich deseti letech doznala vyrazné promény. Historické centrum dnes skytd
potéSeni z obnovené krisy tisiciletého vyvoje architektury. Nové jsou feSeny i dopravni pro-
blémy a infrastruktura hlavniho mésta. Stoji za to pfijet a spojit odborné setkéni tuneldit
se zajimavym estetickym a turistickym zaZitkem. Ubytovani bude pfipraveno v hotelich své-
tové trovné i v Gtulném prostiedi malych pensiond.

Hlavni tématické okruhy:

A. Podzemni urbanizmus a ekologické aspekty podzemnich staveb
B. V§voj, vyzkum a projektovini podzemnich staveb

C. Provideéni, vybaveni a bezpecnost provozu podzemnich staveb
D. Udrzba, sanace a rekonstrukce podzemnich staveb

Ramcovy program:

Utery 18. listopadu - prvni den Konference:
Zahdjeni
Jednani o tématu A a B
Spolecensky vecer - banket
Stieda 19. listopadu - druhy den konference:
Jednéni o tématu C a D
Zavér jednani
Civrtek 20. listopadu - tieti den konference:
Navstéva tunelarskych stavenist

Pozvinky k aktivni ticasti na konferenci s podrobnymi pozadavky na vypracovini piispév-
kit budou rozeslany v Cervenci 2002.

Abstrakty piispévkil v rozsahu max. 1 A4 je téeba predlozit sekretaridtu Ceského tuneldi-
ského komitétu ITA/AITES nejpozdéji do 30. zaif 2002. Piijeti piispévku bude autorim
sdéleno do 30. listopadu 2002.

Termin pro predloZeni piispévki v kone¢né podobé: do 31. biezna 2003.

Ing. Jindfich Hess
predseda Ceského tuneldiského komitétu ITA/AITES

Prof. Ing. Jif{ Bartdk, DrSc.
_ predseda prfpravného viboru konference
Adresa sekretaridtu CTuK:

Cesky tunelatsky komitét ITA/AITES, Délnick4 12, 170 00 Praha 7,
tel./fax: +420 2 66793479 e-mail: matzner @metrostav.cz web page: http://www.ita-aites.cz
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VYZNAMNY MEDZNIK TUNELARSKEJ OBCE

Rozbeh dialnicnej vystavby na Slovensku si vynutil aj odstar-
tovanie vystavby tunelov, pricom v tomto roku dva rozostavené
zaznamenali vyznamné medzniky. Po stavebnej stranke bol
dokonéeny tunel Branisko a zostava eSte dokondit jeho tech-
nologicku ¢ast. Tunel Horelica pri Cadci bol kalotou prerazeny
7. juna a kratko potom boli ukonéené i prace na vylome a pri-
marnom osteni. Do vystavby obidvoch tunelov sa aktivne
zapojila aj nasa akciova spolocnost Vahostav - Tunely a $peci-
alne zakladania Bratislava. Firma vznikla pred vy$e rokom odélenenim staveb-
ného zavodu Tunely a $pecialne zakladanie od Véahostavu, a. s., Zilina a je
stcastou holdingovej finanénej skupiny Danubia Invest Bratislava.

Vlyrobny program na$ej spoloénosti sme zamerali na projekty v podzemnom
stavitelstve a v Specidlnom zakladani. Strategicky vyznam mala vystavba tunela
Branisko a v sucasnosti je to tunel Horelica, ktory je sucastou budovania dialnice
D3 zo Ziliny k slovensko-polskému hrani¢nému priechodu Skalité — Zwardon.
Trasa dialnice D3 je sucastou multimodalneho koridoru sever - juh, éize
medzinarodného eurépskeho tahu E 57. Z architektonického hladiska su
v rdmci vystavby uplatnené viaceré estetizujice prvky pri ndvrhu konstrukcii
tak, aby sa dielo harmonicky zaclenilo do okolia. Objekty technologického
vybavenia tunela spliiaju najnovsie poznatky z hladiska jeho bezpeénej pre-
vadzky. Na Slovensku sa zapdjame aj do vystavby priemyselnych zavodov,
obchodnych centier a podzemnych garézi. V sucasnosti je to napr. budovanie
druhej etapy spoloénosti INA v Kysuckom Novom Meste alebo akcie
v Bratislave a v jej okoli.

Nase aktivity smeruju aj do Nemecka, kde sme ziskali velmi dobré referencie
pri budovani podzemnej vodnej elektrarne Goldisthal. Kompletné dielo od
saviek aZ po vytokovy objekt sme ukongéili v zmluvnom termine a v poZadova-
nej kvalite k mimoriadnej spokojnosti investora. Na stavbe dialniéného tunela
Délzschen pri Drazdanoch sme robili raziace prace. Stcastou nasho vyrobného
programu bolo aj razenie Unikovej S§tdlne pre Zelezniény tunel na trati
Norimberg - Ingolstadt. V si¢asnosti sa podielame na vystavbe kanalizaného
zberaca pri Stuttgarte, ako aj metra v tomto meste. Vystavba mestskych pod-
zemnych drah je trvalym predmetom néasho zaujmu, pricom sa zi¢astfiujeme
aj na vystavbe metra v Prahe, Dortmunde a Mnichove. Nadalej so stupajtcimi
nadejami spajame moznosti nasej aktivnej Ucasti pri rieSeni dopravnej proble-
matiky v hlavnom meste SR.

Aj vo vzdialenej$ej cudzine pozorne sledujeme vyvoj na trhu v podzemnom
stavitelstve a minimalne Gcastou vo vyberovych konaniach davame na zna-
most zdujem a sposobilost slovenskych tuneldrov zvladnut i tie najnaroénejsie
ulohy v tunelarstve.

Pre vsetky realizované prace mame k dispozicii komplexné strojové a techno-
logické vybavenie, odbornostou a skusenostami kvalifikovany pracovny kolektiv
od riadiacich az po robotnicke profesie. Zamestnavame 460 pracovnikov,
v aprili roku 2002 sme ziskali certifikat kvality ISO 9002.

Nasim zdmerom pre nasledujice obdobie bude presadit sa seriéznymi cenami,
Ustretovostou k zdkaznikom, garantovanim kvality a terminov. Chceme zdoko-
nalovat vlastny tvorivy potencial, pricom vyuzivame aj odborny rezervoar
domacich a zahrani€nych $pecializovanych pracovisk.

A SIGNIFICANT BREAKPOINT OF THE TUNNELING
COMMUNITY

The boom of highway constructions in Slovakia pressed the
need for launch of tunnel constructions, while two of them cur-
rently under construction have marked significant breakpoints
this year. Civil works on the Branisko tunnel were completed
while still the technological equipment section remains to be
carried out. As for the Horelica tunnel near Cadca, the top hea-
ding broke through on June 7 and shortly afterwards works on
the excavation and primary lining were also finished. Our joint-stock company
Véhostav - Tunely a Specidlne zakladanie Bratislava has actively participated at
constructions of both tunnels. The company was founded a year ago by seces-
sion of the engineering department Tunely a Specidlne zakladanie from
Vahostav, a.s., Zilina and falls under holding financial group Danubia Invest
Bratislava.

We focused the production program of our company on projects within underg-
round engineering and specialist foundation. There was a strategic significan-
ce in construction of the Branisko tunnel and currently of the Horelica tunnel,
which is part of the constructed D3 highway from Zilina to the Slovakian -
Polish border crossing point Skalité — Zwardor. The route of the D3 highway is
part of a multilevel corridor north-south, in other words of the international
European artery E57. From the architectural point of view, there are several
aesthetic elements within its frame and all under such design that would achi-
eve harmony with the surrounding. Parts of the technological equipment cor-
respond to newest knowledge with regards to its safe operation. In Slovakia we
also take part in constructions of industrial plants, shopping malls as well as
underground garages. Currently these include for instance second phase con-
struction of the INA company in Kysucké Nové Mesto or interests in Bratislava
and its vicinity.

Our activities are also focused on Germany, where we acquired very good refe-
rences during construction of the underground water power plant Goldisthal.
We finished the entire work from pumps to output facility within a contractual
schedule and in requested quality with extraordinarily content investor. We car-
ried out excavation works at the highway tunnel Délzschen near Dresden. The
excavation of an exit gallery for a tunnel railway tunnel on the track Nurnberg
- Ingolstadt was also part of our product program. Currently we are taking part
on construction of a sewer collector near Stuttgart as well as on subway within
this city. Construction of urban underground railways is our permanent object
of interest, while beside the aforementioned one, we are also participating at
constructions of subways in Prague, Dortmund and Munchen. Furthermore, we
relish with mounting hopes our potential for active participation by solution of
traffic problems in the capital of the Slovakian republic.

We follow development of the underground engineering market even in the
farthest countries and at least by participation in competitive tenders we
express interest as well as qualification of the Slovakian tunnelers to manage
even the most complicated tunneling tasks.

As for all realized works, we possess complex mechanical and technological
equipment, skilled and experienced working team at all levels from managers
to manual professions. We have 460 employers, in April 2002 we acquired the
certificate of quality ISO 9002.

It is our goal for the upcoming years to break through with reasonable prices,
good-will towards customers, guarantees for quality and schedules. We would
like to perfect our own creative potential also by using our professional pool of
domestic and foreign specialized workplaces.

W

Ing. Gustav Schnierer
predseda predstavenstva a generalny riaditel
Vahostav - Tunely a Specialne zakladania, a. s., Bratislava
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DRUHA ETAPA VYSTAVBY PVE GOLDISTHAL

SECOND CONSTRUCTION PHASE OF THE PSP GOLDISTHAL

Ing. JOZEF HRIC, Ing. LUBOMIR GANA - VAHOSTAV - TUNELY A SPECIALNE ZAKLADANIA, a. s., BRATISLAVA

uvoD

Precerpavacia vodna elektraren Goldisthal s vykonom 1 060 MW je najvac-
§ia a najmodernejSia elektraren svojho druhu v Eurdpe. Prvé plany na
vystavbu elektrarne boli navrhnuté v Sestdesiatych rokoch esSte v ¢asoch
byvalej NDR. S prvymi raziacimi pracami, inziniersko-geologickym priesku-
mom, vyrubom lesného porastu a prekladkou cesty bolo zacaté v roku 1975.
Tieto préace boli z ekonomickych dévodov v roku 1981 prerusené. Po politic-
kom zjednoteni Nemecka sa o projekt zacala zaujimat spolo¢nost VEAG,
zdruZujuca vyrobcov elektrickej energie, ktora pdvodny projekt inovovala
a potvrdila jeho potrebu a hospodarsky prinos. Proces schvalovania pokra-
covania vo vystavbe elektrarne trval aZ do septembra 1997, ked sa vSetky
zainteresované S$tatne Urady vratane ochranarov Zivotného prostredia
dohodli a predloZzeny novy projekt schvalili. Diia 29. septembra 1997 boli
zaCaté prace na razeni pristupovej §télne do podzemnej strojovne a zacala
sa budovat nova infrastruktara buducej elektrarne. Stavebné prace zabez-
pecovalo zdruzenie firiem pod vedenim Walter-Bau A.G., pre ktorych sme
eSte pod hlavickou Vahostavu, a. s., zacali prace na razeni spodnych privad-
zacich chodieb do podzemnej strojovne. Postupne sa na$ kontrakt rozsiro-
val aj na razenie inych objektov PVE. Spolupraca medzi Vahostavom a. s.
a Walter - Bau A.G. pokracovala ,Druhou etapou vystavby PVE Goldisthal”,
ked pracovnici D — 11 Tunely realizovali Zeleziarske a betonérske prace uz
vyrazenych odtokovych tunelov od saviek az po vytokovy objekt. Sucastou
dodavky bolo aj projektovanie a vyroba Specialnych debneni pre prechodové
Useky a vidlice. ,Prva etapa vystavby PVE Goldisthal” bola popisana
v ¢asopise Tunel ¢islo 1/2000.

REALIZOVANE PRACE SEKUNDARNEHO OSTENIA
ODTOKOVYCH TUNELOV

Po vyrazeni odtokovych tunelov a realizéacii primarneho ostenia pracovnici
firmy Vahostav v aprili 2000 az v auguste 2001 vykonavali prace na sekun-
darnom osteni odtokovych tunelov PVE Goldisthal. V horeuvedenom obdobi
bolo Zelatelné realizovat nasledovny rozsah préc:

- dodistenie zakladovej Skary a jej ochrana podkladnym beténom

- vlastné Zelezobetonarske prace sekundarneho ostenia odtokovych tunelov
Hrubé docistenie zékladovej Skary bolo vykonavané pomocou tunelového
bagra Liebherr 912. Na pevné, Gnosné podloZie bolo docistenie dosiahnuté
vyflikanim pomocou stlaceného vzduchu, pripadne tlakovej vody. Vzhladom
k réznorodosti geologického prostredia bola hrubka podkladného beténu az
50 cm oproti projektom predpisanej hribke 10 cm. Je potrebné zdéraznit, Ze
geologicky dozor odberatela mimoriadne starostlivo preberal kazdy meter
zakladovej Skary. Sucastou tychto prac bolo aj osadenie kolajnic pre presun
armovacieho a $alovacieho voza. Kolajnice boli smerovo a vyskovo osade-
né podla lasera a pred vlastnou betonazou podkladného betdnu geodeticky
premerané a pripadné odchylky od poZadovanych parametrov boli ihned
rektifikované.

Zelezobetonarske prace odtokovych tunelov nasledovne:

- odtokovy tunel Sever v dizke 346 m

- odtokovy tunel Juh v dizke 346 m

Kazdy z tunelov pozostaval z blokov 1 az 35, ktorych tvary vychadzali z hyd-
raulickych poZiadaviek a z poziadaviek smerového a vyskového vedenia
odtokovych tunelov. Vlastné odtokové tunely za¢inali napojenim na ocelové
sacie rury turbin a ukoncené boli zadstenim do vytokového objektu elekt-
rarne — dolnej nadrze. Predmetom dodavky Véhostavu, a. s., bol nasledovny
rozsah préc:

- navrh debnenia, vyroba debnenia pre bloky 1, 2, 3, 4, 5, 6, 35 (vid blokova
schéma obr. 1)

ABSTRACT

Pumping storage plant Goldisthal with an output of 1 060 MW is the largest
and most modern power plant of its kind in Europe. First plans for the sto-
rage plant’s construction were proposed in the sixties still in times of the for-
mer GDR. First excavation works, engineering-geological exploration, defo-
restation and relocation of the road began in 1975. These works were put on
hold in 1981 due to economic reasons. Following a political unification of
Germany, the VEAG company, consortium of electric power producers,
expressed interest in the project, innovated the original project and confir-
med its convenience as well as economic contribution. The process of app-
roving the work on the construction of the storage plant to resume was not
finished until September 1997, when all governmental bureaus involved
along with environmental groups agreed and approved the submitted new
design. On September 29 2002, works began on excavation of access addit
into the underground engine room as well as on new infrastructure of the
future pumped storage plant. Civil works were provided by an association of
companies lead by Walter-Bau A.G., for whom we, still as Vahostav a.s.,
began works on excavation of lower headrace tunnels into the underground
engine room. Gradually, our contract expanded to excavation of other PSP
objects. Cooperation between Vahostav a.s. and Walter-Bau A.G. advanced
“Second construction phase of the PSP Goldisthal”, when employees of the
D - 11 Tunnels realized reinforcement fixing and concrete placement works
on already excavated tailrace tunnels from draught tubes all the way to the
outlet structure. Design and manufacture of special formworks for the tran-
sition sections and bifurcations was part of the Vahostav a.s. contract. “First
construction phase of the PSP Goldisthal” was introduced in the Tunel
magazine issue 1/200.

REALIZED WORKS ON SECONDARY LINING OF THE
TAILRACE TUNNELS

Following excavation of the tailrace tunnels and realization of the primary
lining, employees of Vdhostav, a.s. realized the works on secondary lining of
tailrace tunnels of the PSP Goldisthal in April through August 2001. During
the aforementioned period it was desired to carry out the following scope of
works:

A. Final cleaning of the foundation base and its protection using blinding
concrete.

B. The own reinforced concrete placement of secondary lining of the tailra-
ce tunnels

A. Rough final cleaning of the foundation base was carried out using a tun-
nel excavator Liebherr 912. A firm, good bearing bedding was reached by
final cleaning by means of blowing out with compressed air, eventually com-
pressed water. With regards to variability of the geological environment, the
thickness of the blind concrete reached even 50 cm according the designed
thickness of 10 cm. It is necessary to emphasize that the owner’s geological
supervision carefully inspected every meter of the foundation base. It was
also part of these works to install rails for movement of the reinforcement
installation platform and the formwork. The rails were laid to line and level
using a laser. Prior to own placement of the blinding concrete the rails were
surveyed again, and eventual deviations from required parameters were
immediately rectified.

B. Reinforced concrete placement works of the tailrace tunnels:

- tailrace tunnel North in length of 346 m

- tailrace tunnel South in length of 346 m

Each tunnel consisted of blocks 1 through 35, whose shapes derived from
hydraulic requirements and from the requirements of horizontal and vertical
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36 m -

Obr. 1 Schéma jednotlivych blokov odtokovych tunelov
Fig. 1 Layout of individual blocks of the tailrace tunnels

kompletné betonaz sekundarneho ostenia obidvoch odtokovych tunelov
Debnenie navrhla a vyprojektovala projekéna zlozka Vahostavu a vyrobu
debneni zabezpecovali dielne Vahostavu v Hornom Hri¢ove.

BLOK 1 - PRECHODOVY KUS ZO SAVKY

Tento blok mé hydraulicky komplikovany tvar, ked na dizke 12,1 m prechadza
z obdlZnikového prierezu do kruhového prierezu priemeru 5,92 m.
Z tohto doévodu boli kladené zvy$ené poziadavky na vyrobu debnenia
a nasledne aj na jeho montéz priamo na bloku. Debniaca plocha bola tvorena
z opracovanych drevenych fo$ni hr. 7 cm, uloZenych na vystuznom ocelo-
vom rame. Suéastou debnenia bol aj ocelovy rozperny a podporny systém.
Debnenie po dizke bolo rozélenené na 8 segmentov, ktorych vzajomna
tuhost bola zabezpeéena skrutkami M20 a M16. Vlastna betonaz bloku bola
rozdelend na tri ¢asti: zadkladova doska, steny, strop. Zhutfiovanie betdnovej
zmesi v zdkladovej doske bolo pomocou ponornych vibratorov, v stenach
kombinéciou ponornych a vzduchovych priloznych vibratorov a v strope len
pomocou priloZnych vibratorov. Do pracovnej §kary medzi jednotlivymi ¢as-
tami bloku bol vkladany gumovy pas hr. 1 cm a §irky 30 cm. Montaz vystu-

Obr. 2 Armovaci voz spodnych vytokovych chodieb
Fig. 2 Reinforcement installation platform for the tailrace tunnels

alignment of the tailrace tunnels. The own tailrace tunnels began by conne-
ction to the steel draught tubes of turbines and were terminated by dischar-
ge into the storage plant’s outlet structure — lower basin. The scope of con-
tract works of Véhostav, a.s. is as follows:

- Design of formwork, manufacture of formwork for blocks 1, 2, 3, 4, 5, 6, 35
(see block layout fig. 1)

- Complete concrete placement of the secondary lining of both tailrace tun-
nels

The formwork was proposed and designed by designing department of
Védhostav while its manufacture was carried out in the workshop of Vahostav
in Horny Hricov.

BLOCK 1 - TRANSITION SECTION FROM THE DRAUGHT
TUBES

This block has a hydraulically complicated shape, when on a 12,1 m length
it proceeds from a rectangular cross profile into circular one with diameter
of 5,92 m. Due to this reason, increased demands on manufacture of the
formwork and subsequently also on its assembling directly in the block were
placed. The formwork surface consisted of dressed planks 7 cm thick, placed
on a reinforcing steel frame. A steel bracing and support system was part of
the formwork. The formwork was longitudinally divided into 8 segments
whose mutual rigidity was ensured through anchors M20 and M16. The own
concrete placement of the block was divided into three sections : foundation
slab, walls, roof. The compaction of concrete mixture in the foundation slab
was carried out using immersed vibrators, in walls using combination of
immersed and external vibrators and in the roof only using external vibra-
tors. A rubber waterstop 1cm thick and 30 cm wide was inserted into the day
joints between the individual block sections. The reinforcement was instal-
led from a working platform, amount of installed reinforcement reaches
app.75 tons, amount of concrete for one transition block then 560 m®. This
block always took place twice in each tailrace tunnel, that means it was
necessary to rotate the formwork 4 times for both tunnels. The care of the
formwork, such as smoothing the formwork surface or spraying with for-
ming oil, fully corresponded to this fact.

o
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Obr. 3 Horna cast celokruhovej armattry spodnych vytokovych chodieb.
V pozadi vidiet debniac voz

Fig. 3 Upper section of the circular reinforcement of tailrace tunnels.
The movable formwork can be seen in the back
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Ze bola realizovana z pracovného leSenia, mnoistvo zabudovanej vystuze
cca 75 t, mnozstvo beténu 560 m® na jeden prechodovy blok. V kazdom
odtokovom tuneli sa tento blok vyskytoval 2x, tj. pre obidva tunely bolo
potrebné debnenie obratit 4x. Tomuto faktu zodpovedala aj starostlivost o
debnenie, ako prebrisenie debniacej plochy a nastrek formovym olejom.

BLOKY 2, 3, 4

Tieto bloky, vedené v priamke, boli tvorené kruhovym prierezom priemeru
5,92 m, dizka bloku 10,0 m. Betonaz kazdého bloku bola rozdelena na dve
Casti:

- spodna klenba

- horna klenba

Debnenie pre tieto bloky bolo vyrobené komplet z ocele, tj. debniaca plocha
z ocelového plechu vratane ocelového rozperného a podporného systému.
Debnenie po dizke bolo rozdelené na 4 segmenty vzajomne pospajané
skrutkami M20 a M16. Debnenie spodnej klenby bolo mozné pouzit aj na
hornu klenbu. Pracovny postup na tychto blokoch bol nasledovny:

- betonaz spodnej klenby blokov 2,3,4 postupne za sebou

- otoéenie debnenia na bloku 6 (v tom ¢ase volny priestor)

- betonaz hornej klenby blokov 2,3,4 postupne za sebou

Presun zmontovaného debnenia, ¢i uz z bloku na blok alebo na miesto oto-
¢enia, bol zabezpeteny pomocou podvesnej drazky z | 200, ktora bola kot-
vend mechanickymi svornikmi do stropu vyrazeného diela. Pri betonazi
spodnej klenby bolo debnenie zabezpeéené proti vztlaku betonovej zmesi
pomocou vystvatelnych vzpernych stipov vzajomne medzi sebou zavetra-
nych. Debnenie pre hornd klenbu bolo prestivané na podpornom voziku
umoziujucom pohyb po kolajniciach uloZzenych na uz hotovej spodnej klen-
be. Debnenie do pozadovanej polohy bolo pridvihnuté pomocou zdvihékov
a vypodlozené ocelovymi klinmi. Do pracovnej §kary medzi spodnou a hor-
nou klenbou bol vloZeny tesniaci gumeny pas Sirky 30 cm. Do kazdého bloku
bolo zabudovanych cca 11 t vystuze a 230 m® betdnu. V kazdom odtokovom
tuneli sa tento blok opakoval 6x, tj. pre obidva tunely bolo nutné otocit deb-
nenie 24x pre spodnu a hornu klenbu.

BLOCKS 2, 3, 4

These blocks, conducted in a straight line, have a circular cross profile with
a diameter of 5,92 m and a block length of 10,0 m. Concrete placement of
every block was divided into two parts:

- invert vault

- upper vault

Formwork for these blocks was completely made of steel, i.e. the forming
area from steel plate including a steel suspension and support system. The
formwork was longitudinally separated into 4 segments mutually connected
using M20 and M16 bolts. Formwork of the invert vault could be used also
for the upper vault. Working procedure within these blocks was following:

- concrete placement of the invert of blocks 2,3,4 consequently one after
another

- turning of the formwork in block 6 (free space at that time)

- concrete placement of the upper vault of blocks 2,3,4 consequently one
after another

Transfer of the assembled formwork, be that from one block to another or to
the spot of turning, was secured using a | 200 monorail suspended by means
of mechanical anchors under the roof of the already excavated tunnel.
During concrete placement of the invert vault was the formwork secured
against buoyancy of the concrete mixture using adjustable steel props (pil-
lars), mutually braced. Formwork for the upper vault was moved using a
platform car allowing movement on rails placed on already completed
invert. The formwork was lifted into required position using winches, and
steel wedges were placed underneath. A rubber waterstop 30 cm wide was
inserted into the day joint between the invert and upper vault. App. 11 tons
of reinforcements and 230 m* of concrete was placed in each block. This
block repeated itself 6 times in each tailrace tunnel, that means it was neces-
sary to rotate the formwork 24 times for the invert and upper vault for both
tunnels.

BLOCK 5

This block is led in a curve of radius r = 25 m and has a circular cross profi-
¥

Obr. 4 Debniaci voz pred presunom do nového bloku betonaze
Fig. 4 The movable formwork before moving into new concrete placement block

Obr. 6 Osadené debnenie v bloku ¢. 5
Fig. 6 Installed formwork in block no. 5

Obr. 5 Uzavretenie celokruhovej armatury pred presunutim debniaceho voza
Fig. 5 Closing of the reinforcement circle before moving the formwork

Obr. 7 Pohlad z bloku ¢. 8 na zabetonovanu spodnu polovicu rozdelovacej
komory (blok €. 6).

Fig. 7 View from block no. 8 on the concreted lower half of the bifurcation
chamber (block no. 6)
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BLOK 5

Tento blok je vedeny v obluku o polomere r = 25,0 m a tvoreny je kruhovym
prierezom priemeru 5,92 m, dizka bloku 15,4 m. Tak, ako bloky 2, 3, 4, bol
rozdeleny na spodnt a hornu klenbu. Z toho vyplyvali aj poZiadavky na
betonaz tohto bloku, ktoré boli podobné ako pri blokoch 2, 3, 4. Debnenie
pre tento blok bolo kombinaciou drevenej obalky z fo$ni hr. 7 cm a ocelo-
vého rozperného a podperného systému. Zhutfiovanie beténovej zmesi sa
robilo pomocou ponornych a priloZznych vibratorov. Do bloku bolo zabudo-
vanych cca 17 t vystuze a 350 m® betonu.

BLOK 6 - ROZDELOVACIA KOMORA (VIDLICA)

Tvarovo najkomplikovanejsi blok, zabezpecujuci prechod z dvoch odtoko-
vych tunelov svetlého priemeru 5,92 m do jedného odtokového tunela svet-
I6ho priemeru 8,24 m, dizka bloku 13,9 m. Debnenie bolo vyrobené v kom-
binécii ako debniaca plocha z dreva a vnutorné vystuZenie z ocel. prvkov
tak, ako bolo popisané pre blok 1 a 5. Debnenie pozostavalo z 10 segmen-
tov medzi sebou vzajomne zoskrutkovanych. V takto komplikovanom tvare
bloku boli dané zvy$ené poZiadavky na presnost uloZenia vystuze. Na pres-
né uloZenie vystuze nam sluzili lahké prenosné ocelové Sablony, podla kto-
rych v kazdom reze bolo mozné skontrolovat presnost uloZenia vystuze
a dodrzat minimalne krytie vystuze beténom, stanovené na 6 cm. Vlastna
betonaz bola rozdelena na tri ¢asti: zékladova doska, steny, strop. Tieto Casti
boli navrhnuté tak, Ze vlastné debnenie sa pouZilo az pri stenach a strope
tj. na betonaz zékladovej dosky nebolo pouzité, pricom hotova zakladova
doska sluzila ako ,stolica” na presni montaz debnenia stien a nasledne
stropu.

BLOK 35 - PRECHODOVY KUS DO VYTOKOVEHO OBJEKTU

Tento prechodovy kus prechadza na dlzke 14,5 m z kruhového prierezu pri-
emeru 8,28 m na Stvorcovy prierez 7,3 m x 7,3 m. Svojou funkciou a spdso-
bom realizacie plne zodpoveda bloku 1. Jediny rozdiel bol v tom, Ze debne-
nie na tento blok bolo kompletne ocelové tj. aj vratane debniacej plochy, ¢o
sa pri viacnasobnom pouziti ukazalo vyhodnej$ie, menej naro¢né na udribu
a po oddebneni bol pohladovy beton krajsi.

s
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Obr. 8 Spodna polovica bloku ¢. 5 po zabetonovani
Fig. 8 Lower half of the no. 5 block after concrete placement

Obr. 9 Pohlad z e$te nazabetédnovanej rozdelovacej komory do spodnej vyto-
kovej chodby. Za blokom &. 7 vidiet vynechany blok ¢. 8 s 3D zakrivenim

Fig. 9 View from not yet concreted bifurcation chamber into the tailrace tunnel.
Behind the block no. 7 the skipped block no. 8 with the 3D curve is visible

le with diameter of 5,92 m and length of 15,4 m. Along with blocks 2,3,4, it
was divided in invert and upper vault. From that also derived the same requ-
irements for concrete placement of this block as by blocks 2,3,4. Formwork
for this block was a combination of wooden envelope from 7 cm thick planks
and steel bracing and support system. Density of the concrete mixture was
achieved using immersed and external vibrators. 17 tons of reinforcements
and 350 m’ of concrete were placed in this block.

BLOCK 6 - BIFURCATION CHAMBER

Concerning shape the most complicated block, securing transition from two
tailrace tunnels of 5,92 light diameter into one tailrace tunnel of 8,24 light
diameter. The block length is 13,9 m. The formwork was made in combinati-
on as a forming surface from timber and internal reinforcement from steel
elements, in the same way as described by blocks 1 and 5. Formwork con-
sisted of 10 mutually bolted segments. There were increased requirements
on accuracy of the concrete reinforcement installation in such complicated
block shape. Accurate installation of the reinforcement was carried out using
light, portable steel templates, enabling the accuracy to be checked in any
cross section and the minimum concrete cover of the reinforcement of 6 cm
to be maintained. The own concrete placement was divided into three parts:
foundation slab, walls, roof. These parts were designed so that the own
formwork was used only by the walls and roof, i.e. it was not used during
concrete placement of the foundation slab, while the complete foundation
slab served as “platform” for accurate assembling of the wall and subsequ-
ently roof formwork.

BLOCK 35 - TRANSITION SECTION INTO THE OUTLET
STRUCTURE

This transition section proceeds on length of 14,5 m from circular cross sec-
tion of 8,28 m diameter into square cross section 7,3 x 7,3 m. With its func-
tion and method of realization it fully corresponds to block 1. There is only
one difference that this block’s formwork was completely made of steel, that
means including the forming area, which following a multiplied use turned
out as better and less demanding on maintenance while after removal of the
formwork was the concrete nicer at sight.

Obr. 10 Zabetdnovany prvy blok od saviek (blok €. 1 - prechod z obdlZnikového
do kruhového profilu)

Fig. 10 The first block concreted from draught tubes (block no. 1 - conversion
from rectangular to circular profile)

'

Obr. 11 Pohlad z dolnej nadrze do vytokového
Sachtu

Fig. 11 View from lower basin into the outlet structure. The gate shaft can be seen
in the vault

objektu. V klenbe vidiet hradidlovu
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BLOK 8, 34

Tieto bloky boli tvorené kruhovym prierezom priemeru 8,28 m. Su zvlastne
tym, Ze sU vedené v smerovom a suéasne aj vo vySkovom obluku. Na roz-
diel od predchdadzajucich blokov debnenie je kompletne urobené z dreva.
Dodavku debnenia zabezpe¢ovala nemecka strana a vlastni montéz zreali-
zovali pracovnici Vahostavu podla dodanej dokumentacie. Dal$i rozdiel
oproti ostatnym kruhovym prierezom bol v tom, Ze bloky boli rozdelené na
tri Casti, a takto aj zabetdnované. VSetky bloky popisané v tejto ¢asti mali
jeden spoloény menovatel, a sice to, Ze kazdy z nich je neopakovatelny svo-
jim tvarom, mnozstvom zabudovanej vystuze, beténu, apod. Z tohto pohla-
du bola aj doba realizacie jednotlivych blokov rozdielna. Kazdy blok bol
v harmonograme vystavby osobitne uvedeny s ¢asom potrebnym na jeho
realizéciu, ktory zohladfoval potreby nemeckého odberatela v SirSich suvis-
lostiach. Zamestnanci Véhostavu tieto potreby plne splnili, naopak v mno-
hych pripadoch dobu realizacie jednotlivych blokov skratili.

BLOK 7,9 - 33

Tieto bloky st vedené v priamke, boli tvorené kruhovym prierezom priemeru
8,28 m, dlzka lamely 10,0 m. Ich realizacia oproti skor popisanym blokom je
rozdielna v tom, Ze:

- armovacie prace sa robili pomocou armovacieho voza talianskej firmy CIFA

- betonéz bloku sa robila do debniaceho voza, ktory bol tiez vyrobkom firmy CIFA.
Obidva voziky sa pohybovali po kolajniciach osadenych v podkladnom beto-
ne. Armovanie bloku sa realizovalo na dve etapy. Armovanie hornej ¢asti
(cca 2/3 bloku) sa vykonavalo v predstihu minimalne Styroch blokov, aby bol
zabezpeceny dostatoény priestor pre dalSie pracovné operacie. Armovanie
spodnej Casti bloku a doarmovanie po dilataént $karu predchéadzajiceho
bloku sa vykonavalo tesne pred presunutim debniaceho voza. Celkové
mnozstvo armatury pre jeden blok bolo 18,5 t. Konstrukcia debniaceho voza
umozniovala betoné? celého bloku naraz. Cas beténovania jednej lamely bol
10 - 12 hod., mnoiZstvo betdnovej zmesi cca 310 m®. Vzhladom k tomu, Ze
iSlo o bloky uplne rovnaké, s narastajicou zruénostou pracovnikov sa
postupne skracoval ¢as medzi betondzou za sebou nasledujlcich blokov.
Kym na zaCiatku bol interval medzi betonadZami az 7 dni, na konci sa tento
interval skratil na 2,5 dna.

BLOCK 8, 34

These blocks had a circular cross section of 8,28 m diameter. They are spe-
cial by the fact of being conducted in a horizontal, and at the same time ver-
tical, curve. Unlike by the aforementioned blocks, here is the formwork com-
pletely made of wood. This formwork was supplied by the German side
while the own assembling was carried out by employees of Vahostav accor-
ding to submitted documentation. Another difference from the other circular
cross sections was that these blocks were divided into three sections, and
also concreted this way. All blocks described in this section had one com-
mon denominator, and thus the fact that every one of them is somehow uni-
que in its shape, amount of the placed reinforcements, concrete etc. In this
view, also the time of realization of individual blocks was different. Within
construction schedule, each block had its special place and time period
designated for its realization, which reflected requirements of the German
client in broader context. Employees of Vahostav fulfilled these require-
ments, to the contrary, in many cases they even shortened the time period
designated for realization of individual blocks.

BLOCK 7,9 - 33

These blocks are conducted in a straight line and had a circular cross secti-
on of 8,28 m diameter and 10,0 m length. Their realization compared to alre-
ady mentioned blocks varies in the following facts:

- reinforcement was installed using a movable platform of the Italian com-
pany CIFA;

- concrete placement of the block was carried out into the movable form-
work, which was also a product of the CIFA company.

Both structures moved on rails installed on blinding concrete. Renforcement
of the block was realized in two phases. Reinforcement of the upper section
(app. 2/3 of the block) was carried out at least 4 blocks in advance, so that
sufficient space for further works would be secured. Reinforcement of the
lower block section and completion of the reinforcement up to the expansi-
on joint of the previous block was realized always shortly before movement
of the formwork. The total amount of reinforcement steel for one block was
18,5 tons. Framework of the formwork allowed concrete placement of the
entire block at once. Time of concrete placement of one lamella reached 10-

Obr. 12 Pohlad na severny a juiny vytokovy objekt s armovacim a debniacim vozom
Fig. 12 View of the northern and southern outlet structure along with reinforcement platform and movable formwork
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BETONAZ ODTOKOVYCH TUNELOV

Odtokové tunely museli svojou konstrukciou zabezpegit stabilitu a vodotes-
nost. Preto bola postupu betondZie venovand mimoriadna pozornost.
Jednotlivé bloky boli beténované s minimalnym poétom pracovnych §kar,
vSade, kde to bolo moiné, sa betonoval cely blok v jednom pracovnom
cykle. Betdn zodpovedajuci ndSmu vodostavebnému beténu B-30 bol dova-
Zany v autodomie$avacoch kapacity 8 m® z vyrobne betonu vzdialenej 6 km.
Pri kaidej betondazi bol pritomny zodpovedny pracovnik investora, ktory
dozeral na kvalitu betédnu, odoberal vzorky, a v pripadne potreby dodaval
prisady do betdnu.

Vzhladom na to, Ze i$lo o liniovu stavbu a pracovalo sa stifasne na viace-
rych pracoviskéach, bolo nevyhnutné betdn k jednotlivym blokom dopravo-
vat pomocou beténovacieho ¢erpadla Putzmeister BSA 1409 D ocelovym
potrubim az do vzdialenosti 320 m.

Najvacsie mnozstvo betdnu bolo zabudované v blokoch 7, 9 - 33, kde sa
beténoval kazdy blok v samostatnom cykle bez pracovnej $kary. Pri cyklicky
sa opakujucich blokoch bolo ddlezité sledovat ndbeh pevnosti beténu, ktory
musel byt pre oddebnenie 4 MPa. Tuto pevnost sme dosahovali zhruba po
12 hodinach od konca betonéze a kontrolovali sme ju v naposledy beténo-
vanej Casti stropu pomocou Schmidtovho kladivka.

Velka pozornost bola venovana zaplfianiu presne ustaveného debnenia
a sposobu zhutfiovania beténu. Pri plneni kruhového dna boli problémy
s povrchom beténu z dévodu vyskytu vzduchovych bublin, ktoré sa ndm ani
kombinéciou priloznych a ponornych vibratorov nikdy nepodarilo celkom
odstranit. Vzniknuté vzduchové bubliny alebo pripadné drobné trhliny v jed-
notlivych blokoch sme po ukonéeni betonarskych prac opravovali. Na tieto
prace sme boli velmi dobre vybaveni. Pomocou kvalitnych drobnych
mechanizmov a sanaénych hmét sme povrch betdnu upravili do pozadova-
nej kvality. VSetky kozmetické uUpravy povrchu betdnu sa na 90 % vyskyto-
vali v spodnej klenbe, presne sa po jednotlivych blokoch zakreslovali a takto
zaevidované sa odovzdavali investorovi.

Jednou z najkomplikovanej$ich betonazi bolo beténovanie stropu atypické-
ho prechodového bloku 35, kde sa 650 m* beténovalo 28 hodin. Napustné
otvory boli rovnhomerne rozdelené tak, aby sa betdn rozlieval po celej plo-
che debnenia stropu. Uplné vyplnenie a7 3,5 m hrubého stropu sme dosiahli
réznou vyskou napustacich rar v plniacich otvoroch stropnej ¢asti, ktoré po
zatvrdnuti ostali v betone. Po od$alovani sa miesta plniacich otvorov sano-
vali tak, aby aj v tomto mieste bolo zabezpeéené pozadované krytie bet6-
nom 6 cm.

ZAVER

Do odtokovych tunelov PVE bolo zabudovanych 27 000 m® beténov a 1 900
ton armatdry v tazkych podmienkach podzemnej liniovej stavby. Pri tak
velkych mnoistvach beténov, aké tu boli zabudované, bolo potrebné maxi-
malne pracovné nasadenie, dokonald organizacia pracovnych operacii
a bezchybna funkénost strojov. Terminy na ukonéenie tychto préc boli presne
stanovené harmonogramom a pravidelne vyhodnocované. Vahostay, a. s.,
sa podpisanim zmluvy na pracu a dodavku $pecidlnych debneni zaviazal
k ich pIneniu. Hoci postup prac v za¢iatkoch nezodpovedal nasej predstave,
neskor sme dokézali mierny sklz zo zaciatku dobehnit, dokonca sa ném
podarilo skratit termin ukon¢enia odtokovych tunelov o cely jeden mesiac.
Tymto urychlenim na$ich prac sa vytvoril priestor na ¢iastoéne dobehnutie
meskajucich prac na vytokovom objekte.

Hoci sa spodné ¢ast uz napusta vodou, PVE doteraz nepracuje. Az ukonéenie
poslednych prac na montazi technoldégie umozni spustit toto vyznamné
dielo do prevadzky a potom zhodnotit jeho spolocensky prinos.
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Obr. 13 Betonaz juzného vytokového objektu
Fig. 13 Concrete placement of the southern outlet structure

12 hours while amount of concrete mixture then 310 m®. Considering the fact
that these blocks were completely same, along with increasing craftsmans-
hip of the employees, the time between concrete placement of consequent
blocks was gradually decreasing. While in the beginning the interval was
even 7 days, in the end it diminished to 2,5 days.

CONCRETE PLACEMENT OF THE TAILRACE TUNNELS

The structure of the tailrace tunnels had to ensure stability and watertight-
ness. Therefore, an extraordinary attention was devoted to procedure of the
concrete placement. Individual blocks were concreted with a lowest possib-
le number of day joints, where possible, the entire block was concreted in
one working shift. Concrete corresponding to Slovakian water-retaining
concrete grade B-30 was imported from a 6 km distant batching plant in
large-volume transmixers with capacity of 8m°. There was a responsible
employee of the client at every concrete placement, who supervised quality
of the concrete, colleted samples, and in case of need also added ingredients
into the concrete.

Considering the fact that it was a linear construction where works simulta-
neously proceeded at several workplaces, it was inevitable to transport the
concrete to individual blocks using a concrete pump Putzmeister BSA 1409
D with steel pipes within 320 m at most. The largest amount of concrete was
placed within blocks 7,9-33, where every block was concreted within separa-
te working shift without day joints. By periodically repeating blocks it was
necessary to monitor the development of concrete strength, which had to be
4 MPa after removal of formwork. We achieved this strength approximately
12 hours after the end of the concrete placement and controlled it during
concrete placement of the last roof section using a Schmidt hammer.

Large attention was also devoted to filling of the precisely installed form-
work and the method of concrete compaction. During filling of the circular
bottom there were problems with surface of the concrete due to occurrence
of air bubbles, which we were never able to fully eliminate even using com-
bination of external and immersion vibrators. We rectified the formed air
bubbles or eventual minor faults within individual blocks after termination of
concrete placement works. We were very well equipped for this kind of
works, using high quality small equipment and remedial materials we adjus-
ted the surface into required quality. All cosmetic adjustments of the conc-
rete surface occurred from 90% in the invert. All cosmetic adjustments of the
concrete surface were exactly according to individual blocks mapped and in
this categorized way submitted to the client.

Concrete placement of the roof of the atypical transition block 35 was one of
the most complicated works, where 650 m* were placed for 28 hours.
Pouring gates in the formwork were equally divided so that the concrete
spread along entire area of the roof. Total filling of the up to 3,5 m thick roof
slab was achieved by varying length of the inlet tubes installed in the gates,
which after hardening remained in concrete. After removal of the formwork,
locations of the gates were remedied so that the required minimal concrete
cover of 6 cm was secured even here.

CONCLUSION

27 000 m® of concrete and 1 900 tons of reinforcement steel have been pla-
ced into the PSP tailrace tunnels, under the tough conditions of an underg-
round linear structure. By such amounts of concrete placed here, it was
essential to maintain a highest commitment to the work, outstanding orga-
nization of work operations as well as flawless functions of machines. Dates
for completion of these works were strictly determined by schedule and
regularly evaluated. Véhostav, a.s. committed itself to these dates by signing
a contract on manufacture and supply of special formworks. Although the
progress of the works in the beginning did not correspond to our visions,
soon we managed to make up the slight delay incurred at the beginning. We
even managed to achieve completion of the tailrace tunnels an entire month
ahead of schedule. With this acceleration of our works, a time space for par-
tial shortening of the delay of the work on the outlet structure was created.
Although the lower section is already being filled with water, the PSP is not
yet working. Only completion of finishing works on installation of technolo-
gy will allow putting this significant work into operation and subsequent
evaluation of its social contribution.
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TUNELOVE STAVBY V SRN

TUNNELS BUILT IN THE FRG

Ing. IVAN CUTH, JOZEF KNAJBEL - VAHOSTAV - TUNELY A SPECIALNE ZAKLADANIA, a. s., BRATISLAVA

Firma Vahostav zagina prenikat na nemecky trh so sortimentom stavieb
v podzemi az koncom devadesatych rokov. Tunelové stavby v NSR zadala
realizovat divizia 11 razenim objektov PVE v Goldistahle. Va¢si rozmach
nastal vytvorenim zavodu 08 - Tunely a $pecialne zakladanie, kedy po nie¢o
viac ako polroku sa rozbehli prace v Stuttgarte, kde zavod realizoval stavbu
tunela Gaubahn na kli¢ a o dal$i rok sa tento sortiment rozsiril o tunel
Ddlzschen v Drazdanoch, ktory realizoval uz Vahostav - Tunely a $pecialne
zakladania. Niektoré stavby su uZ v prevadzke, ale vaésina z nich je eSte vo
vystavbe. Uvedeny je prehlad stavieb, ktoré firma Vahostav - Tunely a $pe-
cidlne zakladania realizovala , alebo sa eSte stale zucastnuje ako subdoda-
vatel raziacich préac:

GAUBAHNTUNNEL STUTTGART

Tunel Gaubahn sa nachadza v mestskej ¢asti Sonneberg na trase cesty B 14
medzi Schattenring a Sudheiner Platz. Pre mesto Stuttgart bol nevyhnutny,
pretoZe Cast tejto cesty prechadza velkym stipanim s mnoZstvom ostrych
zékrut, takze spésobovala dopravné problémy velkou hustotou cestnej pre-
mavky iducej priamo z centra mesta. Zastupitelstvo krajinského mesta
Stuttgart sa rozhodlo riesit tento problém. Vyhrala alternativa severného
obchvatu tejto lokality s tunelmi Viereichenhau a Gaubahn, ktoré boli medzi
sebou prepojené mostom a znovu napojenim sa na cestu B 14. Ako sa dote-
raz ukazuje, toto rieSenie bolo sprévne.

Udaje o vystavbe tunela:

Investor: Vlada SRN

Dodavatel: WALTER-BAU A.G.
Subdodavatel raziacich a betonarskych prac: Vahostav, zavod 08 Tunely
a Specialne zakladanie

8. 11. 1999

zaCiatok roku 2002

Zaciatok vystavby:
Uvedenie do prevadzky:

Opis tunelovej stavby:

Savba pozostava z dvoch 10 m od seba vedenych tunelovych rur. Kazda rura
ma dva jazdné pruhy, $irka tunela 11,5 m a dlzka tunela je priblizne 300 m.
Razenie zacalo od vychodného k zédpadnému portalu. Tunel bol razeny
v stredne pevnom pieskovci, ktory bol geologickymi poruchami v celej dizke
tunela poruseny. Razenie sprevadzali rozsiahle plo$né pritoky vody, hlavne
v miestach s nizkym nadloZim. Poloha tunela vzhladom k obydliam hovorila,
Ze trhacie prace budu smiet byt pouzité iba v ohranicenom ¢ase. Takisto aj

geologia horninového masivu nasvedCovala tomu, Ze prevladajicou tech-

Obr. 1 Vychodny portal tunela Gaubahn
Fig. 1 The Gdubahn tunnel portal East

Véhostav company has started to make its way to the German market with
its assortment of underground structures since the end of the 90s. Its
Division 11 started tunnelling operations in the FRG by an excavation for the
pumped storage scheme in Goldisthal. Larger extent came by the establish-
ment of the Plant 8 - Tunely a Specidlne zakladanie. Its work started then in
Stuttgart, where it carried out a turnkey contract for the Gdubahn tunnel for
over half a year. This scope of work was extended next year by the Délzschen
tunnel in Dresden, constructed already by the Vahostav - Tunely a Specialne
zakladanie company. Some of the structures mentioned in this article are
already operated, but most of them are under construction still. The survey
of structures realised by Vdhostav - Tunely a Specidlne zakladanie, or those
which it is still participating on as a mining subcontractor, follows:

THE GAUBAHN TUNNEL IN STUTTGART

The Gaubahn tunnel is found in the Sonnenberg district on the route of the
B 14 road between Schattenring and Siidheiner Platz. It was necessary for
the town because a part of this road passes through a steep gradient with
many tight curves, and caused traffic problems due to the high density of the
traffic coming directly from the town centre. The Stuttgart municipality deci-
ded to solve this issue. The alternative selected bypasses this location on the
north side. It contained the Viereichenhau and Gadubahn tunnels, intercon-
nected by a bridge, and linked back to the A 14 road. It is obvious now that
this solution was correct.

The tunnel construction data:

Owner: the FRG government
Contractor: WALTER-BAU A.G.

Mining and concrete work subcontractor: Vahostav, Plant 08 Tunely
a Specidlne zakladanie

8 November 1999

from the beginning of 2002

Construction beginning:
Operation:

The tunnel construction description:

The tunnel consists of two parallel tubes with 10m separation. Each 11.5m
wide tube has two lanes. The tunnel length is roughly 300m. The excavation
started from the eastern portal. The tunnel was excavated in medium hard
sandstone with geological failures along the whole length of the tunnel. The
excavation was accompanied by significant surface water inflows, primarily
in locations with shallow overburden. The position of the tunnel with respect
to surface buildings suggested that blasting operations would be allowed
within a limited time only. Also the geology of the rock mass indicated that
the excavation by LIEBHERR 932 tunnel excavator with restricted blasting
would prevail, therefore the removal of muck would be carried out without
trucks, in the loader’s bucket only.

An extraordinary feature was the mining under a railway track under a 4 - 6
m thick cover. The works support along this section was extended by a pro-
tective umbrella. The umbrella was installed at every other round by drilling
15 holes 106mm in diameter, 8m long, inclined at an angle of 15° from the
horizontal. 40mm diameter steel bars were inserted into the holes, with a set
of injection and breather hoses serving for pressure grouting with cement
mortar into the umbrella boreholes. A fourfold protection umbrella origina-
ted in this way. It was made denser by 4 spiles in each round. 45m of the
excavation was carried out in this manner in each tunnel tube. The other sec-
tions were excavated by the NATM, with the length of individual rounds
varying from 0.6m to 1.6 m. The excavation was supported by sprayed conc-
rete, steel mesh with lattice girders, and 4 to 6 m long rockbolts. The exca-
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nolégiou bude razenie tunelbagrom LIEBHERR 932 s obmedzenim vykonu
trhacich prac, a tym padom odtazba rozpojenej horniny sa realizovala bez
pouzitia dumprov, iba v lopate nakladaca.

Zvlastnostou bolo ,podfaranie” zelezni¢nej trate pri vyske nadloZia 4 - 6 m.
Zaistovacie prace v tomto useku boli roz8irené o budovanie ochranného
dazdnika. Dazdnik sa robil kazdym druhym zadberom navftanim 15 ks dier
@ 106 mm dizky 8 m pod tGiklonom 15% k horizontu. Do navftanych dier sa
vsunuli ty¢e o & 40 mm so sUstavou injekénych a odvzdu$iovacich hadic,
ktorymi sa priviedla do vrtov dazdnika pod tlakom cementovéa malta. Tymto
spdsobom sa vytvoril 4 nasobny ocelovy ochranny dazdnik, ktory bol este
v kazdom zébere zhustovany 4 m ihlami. Takto sa vyrazilo 45 m v kazdej
tunelovej rure. Ostatné iseky sa vyrazili NRTM, kde dizka jednotlivych zabe-
rov sa pohybovala od 0,6 m az po1,6 m. Na zaistovanie vylomu bol pouzity
striekany beton, ocelova sietovina s priehradovymi nosnikmi a svorniky
v dlzkach 4 a7 6 m. Celba bola delené na kalotu, lavicu a dno. Hrubka strie-
kaného beténu bola 25 az 35 cm. Stupanie tunela bolo pri razeni 5,65 %.
Po ukoncéeni raziacich préac bola kvalita vedenia raziacich prac skontrolova-
nad meracimi pracami plosne v sieti 0,5 m a signalizované nadtolerancie
a nerovnosti povrchu primarneho ostenia striekaného beténu sa odstranili
profilovanim a vybeténovanim vyrovnavajucej vrstvy v dne tunelovej rary.
Nasledne potom sa zabudovala dilatacno-izolacna fdlia, armatura a realizo-
vala sa betonaz vnutorného ostenia. V prvej faze sa zabeténovala spodna
klenba s banketmi a nakoniec vrchna klenba. Na betonaz sa pouzil $alovaci
voz od firmy BYSTAG a na betonaz portalovych stien komponenty od firmy
PERI. Mesiacom april 2001 sme prace na tuneli Gaubahntunnel k spokoj-
nosti investora ukon¢ili a v si¢asnosti tunel sliZi uz motoristom.

TUNEL DOLZSCHEN - DRAZDANY

S vystavbou dialnice A 17 sa zac¢alo 21. 8. 1998. Tym sa zaéina napliiat mys-
lienka dialniéného spojenia Prahy a Drazdan. Trasa, ktora zacinala krizovat-
kou Dréidany - Zapad a prechadza juznou oblastou Drazdan, si vzhladom na
terénne podmienky vyZadovala vybudovat niekolko mostov a tunelov.
Mestské Casti Pesterwitz a Coschlitz, ktoré pretina rietka Weillenvitzt a cez
ktoré v buducnosti planovana trasa dialnice A 17 povedie, museli byt pre-
pojené dvojicou tunelov a mostom. Prace na kratSom tuneli - Délzschen zre-
alizovali pracovnici a. s. Vahostav - Tunely a $pecidlne zakladania, ktorého
technické parametre budu opisané v dalSich statiach. Po skon¢eni razenia a
profilovania sme dostali ponuku na pokracovanie razenia tunela Coschiitz
proti¢elbou uz z vybudovaného mosta oproti nemecko-rakuskej osadke vo
velmi naroénych podmienkach, ¢o svedéi o dobrych vysledkoch z priebehu
razenia tunela Dolzschen a dobrom mene nasej firmy u investora.

Geometricka charakteristika tunela Dolzschen

dizka: 1070 m

prieény profil: Kalota:  69,5-7256m?
Lavica: 50,0 -51,4 m?
Dno: 23,7 - 26,1 m?

profil v zélive : Kalota: 95,5 m?
Lavica: 60,1 m?

Dno: 353 m?
prie€ne spojenia: kazdych 300 m
svetla vyska tunela: 45 m
osova vzdialenost tunelovych rur: 25m
vys$ka nadlozZia: max 30 m

Obr. 2 Priestor pred vychodnym portalom slizil na medziskladku vytazenej horniny
Fig. 2 The area in front of the portal East was used as an intermediate stockpile
of muck

vation was divided to the top heading, bench and invert. The shotcrete thick-
ness was 25 to 35 cm. The tunnel was excavated uphill, on 5.6% gradient.

The quality of the mining work was checked after its completion by a survey
carried out on a net of points at 0.5 m spacing. The locations of crossed tole-
rances and the shotcrete primary liner’s surface unevenness was signalled
and removed by profiling and casting a levelling layer at the tunnel invert.
Subsequently the dilatation-waterproofing membrane and steel reinforce-
ment was installed, and internal concrete lining cast. The invert with banqu-
ettes was cast in the first stage, and the vault afterwards. A tunnel form tra-
veller manufactured by BYSTAG was used for the casting, and PERI's com-
ponents served at casting the portal walls. We finished the work on the
Géubahn tunnel in April 2001, to the owner’s satisfaction. Currently the tun-
nel is serving motorists.

THE DOLZSCHEN TUNNEL IN DRESDEN

The A 17 motorway construction commenced on 21 August 1998. By this
construction the idea of a motorway interconnection of Prague and Dresden
started to be implemented. The alignment, which starts from the Dresden -
West intersection and passes through the southern area of Dresden, due to
the terrain configuration, required the construction of several bridges and
tunnels.

The Pesterwitz and Coschiitz districts, which are cut through by the
Weissenvitz river and through which the planned alignment of the A 17
motorway will pass in the future, had to be interconnected by a pair of tun-
nels and a bridge. The work on the shorter tunnel, the Délzschen tunnel,
whose technical description follows below, was carried out by the employe-
es of Vahostav - Tunely a $pecidlne zakladanie a.s. When the excavation and
profiling had been completed, the Vahostav - Tunely a Specidlne zakladanie
a.s. was offered to continue the work on the excavation of the Coschiitz tun-
nel by a counter-heading from the already completed bridge, towards the
German-Austrian crew, under very demanding conditions. This fact proves
the very good results gained in the course of the Délzschen tunnel and the
good image of our company with the client.

The geometrical characteristics of the Délzschen tunnel

Length: 1,070 m
Cross section - Top heading: 69.5-72.5m’
Bench: 50.0-51.4m*
Invert: 23.7-26.1m*
Lay-by area cross section - Top heading: 95.5 m?
Bench: 60.1 m?
Invert:  35.3 m?
Cross passages: every 300 m
Tunnel net height: 45m

Distance between tunnel tubes centres: 25 m
Overburden height: 30 m max.

The tunnel construction data:

Contractor: WALTER BAU A.G.
Construction beginning: 27 October 1999
Operation: from the end of 2003

Obr. 3 Usek kaloty s protiklenbou tunela Gaubahn v mieste s nizkym nadlozim (4, 5 m)
Fig. 3 A top heading section with invert of the Gdubahn tunnel in a location with
low cover (4.5 m)
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Obr. 4 Celba tunela Gaubahn s vyvrtmi pre mikropil6tovy dazdnik
Fig. 4 The Gdubahn tunnel face with holes drilled for the micropile umbrella

Obr. 5 Budovanie SN kotiev v tuneli Gdubahn
Fig. 5 The installation of SN anchors in the Gdubahn tunnel
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Udaje o vystavbe tunela
dodavatel:

zaCiatok vystavby:

uvedenie do prevadzky:

Firma WALTER BAU A.G.
27.10. 2000
koniec roku 2003

Opis tunelovej stavby:

Dvojrirovy dialniény tunel je navrhnuty tak, Ze kazda tunelova rdra bude
mat dva jazdné pruhy. Tunelové rury su spojené prieénymi spojkami vo
vzdialenosti kazdych 300 m. Tunelové spojky st tnikovymi cestami a budu
umoziovat vzajomny prechod z jednej tunelovej riry do druhej. Vo vychod-
nej rure je jeden nudzovy zéliv dlhy 55 m. Vyskové vedenie je s klesanim od
portalu RoBthal k portalu WeiRen — Nord 3,2 %. Tunel je smerovo vedeny
v oblukoch tvaru ,S”. Vetranie v tuneli budd zabezpecovat v strope zavese-
né ventilatory. Spolu so zariadenim pre tiesiové volanie, pozZiarne hlasice,
hasiace zariadenia, komunikaéné vybavenie (moZnost pouzitia mobilného
telefénu, pocuvanie autoradia), ako i moznost sledovania dopravy pomocou
televizie, bude vybavenie tunela spolu s bezpeénostou na vrcholnej Urovni
technickych moznosti sic¢asnej doby.

Geolodgia a horninové prostredie:
Na razenej trase tunela sa vyskytoval syenit, ktory bol na viacerych tsekoch
preru$eny vrstvami konglomeratov.

Technolégia razenia:

Pri razeni tunela Dolzschen sa pouZivalo rozpojovanie horniny pomocou
vrtno-trhacich prac. Na zaklade kvality horniny bolo razenie operativne
zatriedované podla vylomovych tried, a tym bola uréend aj dizka zaberu,
ktoré sa pohybovala v najnepriaznivejSich podmienkach od 0,8 m do 3,0 m
v tych najlepsich. V priemere sa dizka zéberu pohybovala na hranici 1,6 m.
Na navrtanie vyvrtov pre vrtno-trhacie prace sa pouzili vitacie vozy ATLAS
COPCO 352 s lafetami vybavenymi riadiacim systémom BEWER Kontrol -
zariadenim uréenym na kontrolu presnosti vftania zdberu.

Po odtazeni rozpojenej horniny nakladaémi Cat 966 G sa pristupilo ku profi-
lovaniu a k strhnutiu volnych kusov horniny z ¢ela a obrysu tunelbagrom
LIEBHERR 932 a v dalSom kroku ku konsolidacii budiceho zéberu strieka-
nym betéonom v hribkach 3 az 5 cm. Na nana$anie vrstiev striekaného beto-
nu sa pouzivala siprava Normet - Spraynec pri razeni kaloty a pri razeni
Ustupku a dna tunela stprava MEYCO. Toto rozdelenie stprav pre kalotu
a Ustupok malo svoj vyznam, ktory do velkej miery ovplyvnil kvalitu strie-
kanych beténov. Spomenuté stUpravy maju miesto, z ktorého sa ovlada
rameno striekacej dyzy umiestnené tak, aby strojnik bol k miestu nana$ania
beténu ¢o najblizsie.

K montazi priehradovych nosnikov, k montazi ocelovej mrezoviny a k ostat-
nym pracam vo vyskach sa vyuZivali dvojramenné plosiny Normet.

Obsadenie pracovisk a postupy pri razeni:

Oba portaly tunela Doélzschen su v blizkosti obyvaného sidliska, preto bol
vykon trhacich prac ¢asovo vymedzeny od 6. do 20. hodiny. Toto ¢asové
obmedzenie malo najvéaési vplyv na vykon, a to vtedy, akonahle doslo
k technickym poruchdm na strojoch. V tomto ¢asovom pasme bol vykon
osadky zamerany na vylomové prace a v ostatnom ¢ase sa prace sustredo-
vali na dohotovenie poslednej vrstvy striekaného betdnu a vystroja tunela.
Vhodnym obsadenim pracovisk pracovnikmi a strojmi sa darilo dosahovat
postup cez 10 m za 24 hodin pri razeni kaloty na oboch razenych tunelovych
rirach. Osadky pracovali v 12 hodinovych zmenach v desatdennych inter-
valoch.

Obr. 6 Tunel Délzschen - severni portal
Fig. 6 The Délzschen tunnel - North portal

The tunnel construction description:

The twin-tube highway tunnel has been designed with two lanes for each
tunnel tube. The tunnel tubes are interconnected by cross passages provided
every 300 m. The cross passages serve as escape ways, and will allow pas-
sing from one tunnel tube to the other one. The eastern tube contains one
emergency lay-by 55m long. The alignment is on a down gradient of 3.2%
from the Rossthal portal to the Weissen portal. The horizontal alignment of
the tunnel contains S-shaped curves. The tunnel ventilation will be provided
by fans suspended under the ceiling. The tunnel equipment, containing SOS
phones, fire alarm boxes, fire fighting equipment, communication equip-
ment (the possibility of using mobile phones and receiving car radio sig-
nals), as well as the possibility of the traffic monitoring by TV, and the tun-
nel safety will be at the top level possible in terms of the current technology.

Geology and rock environment:
The area along the tunnel alignment featured syenite occurrence, disrupted
by layers of conglomerates in several sections.

Excavation technique:

Drill-and-blast was applied in the Délzschen tunnel excavation. The excava-
tion was classified operatively on the basis of the rock quality using excava-
tion classes determining the round length. The length varied from 0.8m for
the most unfavourable conditions to 3.0m for the best rock. The average
round length was about 1.5m. The drilling was done by ATLAS COPCO 352
drill rig equipped with the Bever Control system designed to control precise
drilling for the round.

Once the disintegrated rock had been removed by Cat 966 G loaders, the
excavation profiling started and loose blocks of the rock were pulled down
from the face and the circumference by LIEBHERR 932 tunnel excavator. The
future round was stabilised then by 3 to 5¢cm thick layer of sprayed concre-
te. Normet - Spraynec set was used for the shotcrrete application, while
MEYCO set sprayed concrete at the top heading , bench and invert. This
distribution of the sets for the top heading and the bench had its sense. It
affected the quality of shotcrete significantly. The above-mentioned sets
have the place from which the boom carrying the jet is controlled positioned
so that the operator is as close to the placement area as possible.

Lattice girders and steel mesh were installed and other elevated work was
performed using twin-boom Normet manlift.

Staffing of worksites and the excavation advances:

The both Délzschen tunnel portals are located in the vicinity of an occupied
housing estate. Therefore the execution of blasting was restricted to the time
between 6:00 a.m. to 8:00 p.m. This time restriction affected the performan-
ce most of all when technical defects of equipment occurred. The work of the
crew was focused on the excavation during the above-mentioned time peri-
od, while the work was concentrated on completion of the last shotcrete
layer and the tunnel support during the remaining time.

Thanks to the suitable deployment of manpower and equipment on the wor-
king places, advance rates over 10m per 24 hours were achieved in the top
heading excavation on the both tunnel tubes. The crews worked in 12-hour
shifts in ten-day intervals.

Obr. 7 Kalota tunela Délzschen
Fig. 7 The Dolzschen tunnel top heading
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Vetraci systém tunela pri razeni:
Vetranie v tuneli sa zabezpecovalo separatnym vetracim tahom s flexibil-
nym vetracim potrubim o priemere & 2400 mm.

TUNEL GOGGELSBUCH

Sucastou nasho vyrobného programu v SRN v roku 2001 bolo aj razenie
Unikovej toIne pre Zelezniény tunel na trati Norimberg - Ingolstadt. Tu sme
vyuzili remeselnu zruénost a skisenosti nasich ludi pri pouziti raziaceho
stroja ALPINE AM - 50.

ZAVER:

Clanok v dvoch pripadoch opisuje ,mestské” tunely, z toho jeden tunel
z viacerych na trase Drazdany - Praha. Tunel Délzschen je v podstate dialniény,
avsak oba maju velky vyznam najma z pohladu prejazdov mestami Stuttgart
a Draidany, kde je celd osobna ako aj nékladna doprava vedena cez centrum
mesta, ¢o sposobuje ¢asové straty a dopravné zapchy. Pri dokonéeni tune-
lov sa dopravné problémy razom zjednodusia, zniZi sa hluénost a znediste-
nie a dopravny chaos v mestach bude uZ len minulostou.

Z tunelérskeho hladiska na obidvoch tuneloch situovanych v obtiaznych
geologickych pomeroch slovenski tunelari zdatne konkurovali nemecko-
rakuskym tak vykonmi, jako aj kvalitou prac.

Obr. 8 Hruby vylom kaloty (74 m?, Sirka 16,5 m)
Fig. 8 Top heading rough excavation (74 m?, width 16,5 m)

Tunnel ventilation system during the excavation:
The tunnel ventilation was secured by a separate ventilation line with flexib-
le ventilation ducting 2,400mm in diameter.

THE GOGGELSBUCH TUNNEL

As a part of our production programme for the FRG in 2001, we excavated
an escape adit for the railway tunnel on the Nuremberg - Ingolstadt line. We
took the advantage of the experience gained by our employees in the ope-
ration of ALPINE AM - 50 tunnel boring machine.

CONCLUSION:

This article describes two cases of “urban” tunnels, one of them being one
of the series of tunnels found on the Dresden - Prague route. The Délzschen
tunnel is essentially a highway tunnel, but both of them are very important,
primarily from the Stuttgart and Dresden towns’ point of view. Both the com-
plete passenger and freight transportation lead through the town centres,
causing time losses and congestion. The traffic problems will become sim-
pler after the tunnels completion, the noise level will drop, and pollution and
traffic chaos in the towns will become the past only.

Regarding the tunnellers, we can state that Slovak crews competed success-
fully with German-Austrian workers on the two tunnels, both in terms of
their performance and the work quality.

Obr. 9 Subezné nasadenie dvoch vrtnych vozov v kalote
Fig. 9 Simultaneous operation of two drilling rigs in the top heading

Fig. 10 The Géggelsbuch tunel - celebration of successful breakthrough
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SPECIALNE ZAKLADANIE V SLUZBACH TUNELAROV

SPECIALIST FOUNDATION SERVING TUNNELLERS

Ing. RASTISLAV ZUFFA - VAHOSTAV - TUNELY A SPECIALNE ZAKLADANIA, a. s., BRATISLAVA

uvoD

Pri realiz4cii diel tunelového stavitelstva v mnohych pripadoch je nevy-
hnutné vyuzivat technoldgie Specidlneho zakladania. Stavby tunelov sa
Casto realizuju v zlozitych geologickych pomeroch, kde sa striedaju pevné
skalné horniny s geologickymi poruchami. V portélovych ¢astiach tunelov je
obvykle geoldgia charakteru pokryvnych sedimentov, svahovych sutin
alebo navetralych skalnych hornin.

Stavby tunelov sa realizuju na severe Slovenska vo flySovom pasme Kysuc
a na vychode Slovenska v pohori Branisko. Na tychto stavbach pracovali
a pracuju aj zamestnanci nasej spolocnosti v ramci jej predchodcu spoloc¢-
nosti Vahostav, a. s., Zilina, alebo u? od septembra roku 2001 ako samo-
statné spolo¢nost Vahostav — Tunely a $pecialne zakladania, a. s., Bratislava.
Podiel prac $pecialneho zakladania na stavbach tunelov Branisko a Cadca -
Horelica je nasledovny:

TUNEL BRANISKO

V rédmci pripravy zabezpe€ovania zdpadného portalu nasi pracovnici reali-
zovali speviujuci mikropilétovy dazdnik.

Geologické prostredie tu tvorili horniny paleogénu (ilovce a pieskovce)
s nizkym nadlozim vyrubu s vyskytom podzemnych vod. Stavebna jama
zdpadného portalu bola navrhnutd ako svahovany zéarez stabilizovany
torkrétom a zemnymi klincami.

Vlastny ochranny dazdnik z mikropilét tvorili vrty dfzky 20,0 m a priemeru
156 mm. Vrty boli vystrojené ocelovymi rirami pr. 89/10 mm osadenych do
cementovej zalievky a nasledne injektované v manzetovej ¢asti mikropildty.
Jednotlivé injektazne etaze boli od seba vzdialené 0,5 m. Pre jednu mikro-
pilétu to znamenalo 38 etézi. Injektaz sa realizovala od Ustia vrtu smerom ku
koncu mikropildty. Maximalny injekény tlak bol 2,0 MPa. Po injektaZi sa vnu-
trajSok mikropilét vyplnil cementovou zmesou. Takto cementovou injekta-
7ou spevnena a prearmovana klenba vyrubu umoznila bezproblémové raze-
nie prvych metrov tunela.

Ochranny déazdnik tvorilo 53 ks mikropilot o celkovej dizke 1060,0 m.
Mikropiléty boli realizované v klenbe budiceho vyrubu tunelovej rary, odsa-
dené cca 0,5 m od hrany vyrubu. Realizovali sa cez vodiacu $ablénu, kde
boli osadené prestupy pre jednotlivé mikropiléty. Tieto umoZiovali presné
smerové vedenie vrtov.

V ramci vystavby predportalovych objektov realizovali nasi pracovnici aj
spevnenie definitivnych svahov na zdpadnom portéli tohto tunela. Pre sta-
bilizaciu boli pouzité injektované samozavrtavacie IBO kotvy dizky 6,0 m
a vystuzeny torkrét hribky 20 cm. Celkovo bolo zrealizovanych 348,0 m IBO
kotiev a 113,0 m? torkrétov.

TUNEL CADCA - HORELICA

Tato stavbu po stavebnej Casti zabezpe€uje komplexne nasa spolo¢nost
pocinajuc stabilizaciou portalov, doplfiujucimi pracami charakteru S$pecial-
neho zakladania, cez razenie tunelovej rdry po hydroizolaciu a definitivne
sekundarne ostenie.

Z hladiska podmienok sa stavba nachéadza vo velmi ¢lenitom Gzemi so str-
mymi svahmi zdpadnych Beskyd vychadzajucich z drovne rieky Kysuca.
Stavenisko tunela je nad zastavbou ¢asti Cadca - Horelica. Tunel prechadza
cez horu Cupel s maximalnym nadloZim cca 40,0 m. Na strane od Ziliny

INTRODUCTION

It is often inevitable in the process of implementation of underground works
to utilise specialist foundation techniques. Tunnels are frequently construc-
ted under complex geological conditions of sound rock altering with geolo-
gical failures. Geology characterised by covering sediments, slope debris or
weathered rock usually occurs in portal sections of tunnels.

Slovakian tunnel structures are being realised in the north of the country, in
the Kystica flysh region, and in the east of Slovakia, in Branisko. Our com-
pany’s employees have worked on those sites in the framework of its prede-
cessor, Vahostav, a.s. company, or, since 2001, as employees of independent
company Vahostav - Tunely a Specidlne zakladanie, a.s., Bratislava.

The share of the specialist foundation work on the Branisko and Cadca-
Horelica tunnels is as follows:

THE BRANISKO TUNNEL

Our workers carried out the work on a supporting micropile umbrella, being
part of the preparation of the western portal support.

The geology consisted of the Palaeogene rock types (claystones and sand-
stones), with a shallow ground water bearing cover above the excavation.
The construction pit for the western portal was designed as a sloped open
cut stabilised by sprayed concrete and rockbolts.

The protective micropile umbrella proper consisted of 20.0m long boreholes
156mm in diameter. The boreholes were provided with casing, i.e. 89/10mm
steel pipes inserted into cement mortar. Grout injection was carried out sub-
sequently within the sleeved section of the pipe. Individual injection points
were 0.5m apart. This meant 38 points for one pipe. The grout was injected
starting from the borehole mouth, towards the pipe end. Maximum grouting
pressure of 2.0Mpa was applied. When the grouting had been finished, the
pipe was filled with cement mixture. The vault reinforced by the above-desc-
ribed injection of cement grout allowed a trouble-free excavation of the ini-
tial meters of the tunnel.

The protective umbrella consisted of 53 micropiles with a total length of
1,060.0m. The micropiles were realised at the vault of the future tunnel tube
excavation. The vault was offset about 0.5m from the line of excavation. A
guide template with holes for particular pipes was used for the installation.
They enabled precise directional guidance of the drilling.

As a part of the construction of pre-portal objects, our employees also sup-
ported the final slopes at the western portal of this tunnel. Grouted self-dril-
ling IBO anchors 6.0m long, and reinforced shotcrete 20cm thick were used
for the stabilisation. In total, 348.0m of the IBO anchors and 113.0m? of shotc-
rete were applied.

THE CADCA - HORELICA TUNNEL

The civil part of this construction is completely supplied by our company -
starting by the stabilisation of portals, supplementing operations from the
field of specialist foundation, through the tunnel tube excavation, waterpro-
ofing, to the final lining.

Regarding the conditions, the construction is located in a very rugged area,
with steep slopes of the Western Beskydy mountains emerging from the
level of the Kysuca river. The tunnel construction site equipment lies above
the urban setting of the Cadca - Horelica district. The tunnel passes through
Cupel mountain, with the maximum cover of about 40.0m. On the Zilina side,
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konéi v tzkom udoli potoka Klimka.
Stabilizacia portalov tohto tunela je navrhnuté rozdielne.

PORTAL ,CADCA”

Portal na strane od mesta Cadca je navrhnuty s trvalou definitivnou Gpra-
vou svahov.

Uzemie portalu tvorené flySom so striedanim ilovcov a pieskovcov rézneho
stupnfa navetrania, prekrytych kvartérnymi vrstvami svahovych hlin a sutin
bolo skomplikované aktivnym zosuvnym uzemim s vyraznymi vplyvmi pod-
zemnej vody a svahovymi vyvermi. Pred realizéciou zérezu portalu ,Cadca”
bolo nevyhnutné Uzemie odvodnit vejarmi horizontalnych odvodnovacich
vrtov priemeru 123 mm. Dlzka vrtov je od 80,0 do 120,0 m a celkova vyme-
ra zrealizovanych vrtov je 2830,0 m.

Stavebna jama tohto portalu je navrhnuta pre dve tunelové rury, ale v prvej
etape sa realizuje iba jeden obojsmerny tunel. Po odvodneni uzemia bolo
mozné pristapit k hibeniu a stabilizacii svahov portéalu. Stabilizacia sa reali-
zovala segmentovym roStom (kombinacia monolitickych horizontalnych
kotevnych prahov s prefabrikovanymi zvislymi rebrami), ktory bol kotveny
trvalymi lanovymi kotvami (4-lanové a 6-lanové). Unosnost kotiev je a7 750 kN.
AZ po aktivacii a predopnuti kotiev sa mohlo pristtpit k odkopom dalSej
etaze. Pozdizne kotevné prahy boli pogas realizacie podopierané rirovymi
mikropilétami 114/12 mm a dlhymi zemnymi klincami.

V prvej etape prac sme vystroj kotvy nakupovali ale po ¢ase sme vyvinuli
konstrukciu vlastnej trvalej kotvy, na ktori mame certifikit od TSUS
Bratislava a ktor(i v sudasnosti preddvame na Slovensku. Dlzka kotiev je od
17,0 m do 33,0 m. Celkovo je realizovanych 6 trovni kotvenia o celkovej
dizke 9122,0 m trvalych lanovych kotiev. Celna strana portalu ,Cadca” je
okrem segmentového rostu stabilizovand aj vystuzenym torkrétom hr. 20 cm
a zemnymi klincami dizky 6,0 m a 10,0 m. Celkova vymera zemnych klincov
bola 2322,0 m a vymera torkrétov 658,0 m? Pred razenim tunelovej rury
bola klenba spevnena dazdnikom z rdrovych mikropilét. Dizka mikropil6t
bola do 20,0 m, vystroj tvorila ocelova rara 76/10 mm. Celkovo sa na portali
zrealizovalo 1824,0 m rarovych mikropilét priemeru 76/10 mm a 114/12 mm.
Pomocou prvkov Specidlneho zakladania sme realizovali stavebnu jamu so
Zivotnostou konstrukceii projektovanou na dobu minimalne 30 rokov v zosuv-
nom Uzemi s maximalnou hibkou zarezu 14,2 m, priéom potencialne $my-
kové plochy boli prieskumom uréené v hibke 8,5 a7 12,0 m. Z architektonic-
kého hladiska zabezpedéenie portalu tvori tieZ zaujimavy prvok stavby (obr. 1, 2).

Prvky Specialneho zakladania pouzité pri razeni tunela Horelica
Pocas razenia vlastnej tunelovej rury do$lo vplyvom geologickej poruchy
v stani¢eni 271 km k spontdnnemu prievalu hornin do profilu tunela.
Nepriaznivy stav bol podporeny dlhotrvajicimi zrdzkami a previazanostou
puklinovej vody s povrchom. Zavalom sa vytvoril Sikmy komin o celkovej
kubattre cca 150,0-170,0 m®.

KedZe nadlozZie nad tunelom v tejto ¢asti nie je vysoké, (maximalne nadlo-
Zie je len 40,0 m), zéval mal dosah az na povrch terénu. Vytvorila sa pre-
padlina hibky cca 2,0 m - 3,0 m s priemerom do 10,0 m.

Ugastnici vystavby (investor, generalny projektant a dodavatel) operativne
zvolali rokovanie a na zaklade naSho néavrhu sa prijalo rieSenie na prechod
zévalom pomocou speviujucej klenby z rarovych mikropilét.

Pred realizaciou mikropildt sa vytvoril po obvode vyrubu spevnefujici golier
z dvojice priehradovych nosnikov doplnenych betonarskou vystuzou

Obr. 1 Kotvenie $tvrtého horizontalneho prahu zabengéenia portalu Cadca
Fig. 1 Anchoring of the fourth horizontal sill of the Cadca portal support

the tunnel terminates in Klimka stream valley.

The stabilisation of the portals of this tunnel has been designed in a varying
manner.

THE “CADCA” PORTAL

Fjermanent treatment to the slopes has been designed for the portal on the
Cadca town side of the tunnel.

The portal area is formed by flysh. The alternation of claystones and sand-
stones of various degree of weathering, overlain by the Quaternary layers of
slope loams and debris, was complicated by an active landslide area with
considerable influence of ground water with the occurrence of slope springs.
It was necessary before the excavation of the open cut in front of the "Cadca”
portal to drain the area by means of fans of 123 mm diameter horizontal
boreholes. The length of the holes is from 80.0 to 120.0 m; 2830.0 m of the
holes were drilled in total.

A construction pit for two tunnel tubes has been designed at this portal (one
bi-directional tunnel will be built in the first stage). The excavation and sta-
bilisation of the portal slopes was possible after the draining of the area. The
slopes were stabilised by means of a segmented grid (a combination of cast-
in-situ horizontal anchoring sills and pre-cast vertical ribs), which was
anchored by permanent cable anchors (4-strand and 6-strand ones). The
pull-out strength of the anchors is up to 750 kN. Deepening of the excavati-
on to the next level could be started after activating and pre-tensioning the
anchors only. The longitudinal anchoring sills were supported by pipe mic-
ropiles 114/12 mm and long soil nails.

We purchased the anchors in the initial phase of the work, but then we deve-
loped our own design of the permanent anchor. We have this anchor certifi-
ed by TSUS Bratislava, and we are selling it in Slovakia. The anchors length
is from 17.0 m to 33.0 m. Six anchoring levels have been carried out in total,
with a total length of permanent cable anchors of 9,122 m. The front side of
the “Cadca” portal, with the exception of the segmented grid, is also stabili-
sed by reinforced shotcrete 20cm thick, and 6.0 to 10.0m long soil nails. The
total amount of the soil nails was 2,322.0 m, and the shotcrete covered area
was 658.0 m’. The roof had been reinforced by means of a pipe umbrella
before excavating the tunnel tube. The micropiles were 20.0 m long. Steel
pipes 76/10 mm were used as the borehole casing. In total, 1,824.0 m of the
micropile pipes 76/10 mm and 114/12 mm in diameter were installed at this
portal.

Using elements of specialist foundation, we realised a construction pit with
the design life of its structures of 30 years as a minimum. The excavation
was carried out in a slide area. The maximum depth of the pit was 14.2 m,
while by the survey identified potential sliding surfaces were at a depth of
8.5 to 12.0 m. The portal support also forms an interesting architectural fea-
ture of the tunnel structure. As a proof, you can see the portal pictures enc-
losed to this article.

Elements of specialist foundation utilised in the Horelica tunnel
excavation

A spontaneous falling of rock into the tunnel profile due to a geological fai-
lure occurred at chainage 271 km in the course of the tunnel tube excavation.
Long lasting rainfalls and interconnection of fissure water with the surface

I’I’MJH
l...lI.IJ'EM')‘H.I
AreE TEEERETRRRE -'l‘

uuu.uunjnnnung"“

Obr. 2 Kompletné zaistenie portélu Cadca tunela Horelica
Fig. 2 Complete support of the Cadca portal of the Horelica tunnel
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aggravated this unfavourable state of geology. A subsequent collapse crea-
ted a chimney cavity with a total volume of roughly 150.0 - 170.0 m°.

As the cover above the tunnel is not high in this section (the maximum cover
is 40.0 m only), the collapse reached the ground surface. A sinkhole origina-
ted about 2.0 - 3.0 m deep, with a diameter of about 10.0 m.

The construction participants (the owner, overall consultant and contractor)
called operatively a meeting and, based on our proposal, a solution was ado-
pted how to overcome the collapse zone by means of a reinforcing vault con-
sisting of pipe micropiles.

A reinforcing collar formed by a pair of lattice girders supplemented by
concrete reinforcement bars and covered with shotcrete had been created
around the excavation perimeter before drilling for the micropiles. We left
two rows of openings in the collar in its part where the excavation roof col-
lapsed, enabling the directional guidance of the micropiles (54 pieces in
total). When the collar shotcrete had set, we drilled holes and installed
76/10mm micropile pipes with a total length of 540.0m. The micropiles ter-
minated in sound rock, i.e. behind the tunnel face, behind the geological fai-
lure. To stabilise the collapse zone, we deposited muck against its face and
injected it with cementitious grout by means of a fan of grouting boreholes
with PVC casing. Once the protective micropile vault had been built, the roof
of the collapse created in this manner was strengthened by reinforced shotc-

Obr. 3 Zabezpedenie portalu Zilina lanovymi kotvami
Fig. 3 Support of the Zilina portal by cable anchors

Obr. 4 Dvojradovy mikropilétovy dazdnik portalu Zilina tunela Horelica
Fig. 4 Double-row micropile umbrella of the Zilina portal of the Horelica tunnel

Obr. 5 Kompletné zabezpecenie zilinského portalu tunela Horelica - Obr. 6 I':anové kotly s horizontalnymi ocelovymi roznasacimi prahmi - portal
tunel v primarnej vy'/stuiivpred profilovanim Zilina tunel Horelica .
Fig. 5 Complete support of the Zilina portal of the Horelica tunnel - Fig. 6 Cable anchors with horizontal steel spreading sills - the Zilina portal

tunnel before profiling, supported by primary lining. of the Horelica tunnel
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Ihly Torkret Kotvy Mikropiloty Vypliova |Odvodrovacie
S Soil nails Shotcrete Anchors Micropiles injektaz vrty
tavba :
Project Bac{( Drainage
grouting boreholes
(m) (m) (m) (m°) (m)
1810,0 200,0 1390,0 800,0
dizka175m,16ma145m |dlzka20a25m
Cesta I/11 (:Zadca - Horelica - Tunel - pgrtél Zilinal dizka 6a 10 m hr. 20 cm length 17,5 m, 16 m, 14,5 m | length 20/25 m 00 00
Road /11 Cadca - Horelica - Tunnel - Zilina portal length 6/10 m th. 20 cm ! !
typ: 6 Lp. 15,5 mm typ/type:
type: 6-strand, dia. 15,5 mm 89/16 mm
2322,0 658,0 9122,0 1824,0 2830,0
dizka od 17,0 do 33,0 m dizka 20 m dizka do 120 m
Cesta I/11 Cadca - Horelica - Tunel - portal CGadca dizka6a 10 m hr.20 cm length from 17,0t0 330 m | length 20 m length to 120 m
Road I/11 Cadca - Horelica - Tunnel - Cadca portal B b A ET 2
typ:4a6Lp. 155 mm typ/type: pr. 123 mm
type: 4 and 6-strand, 76/10 mm, dia. 123 mm
dia. 15,5 mm 114/12 mm
540,0 170,0
Cesta I/11 Cadca - Horelica - Tunel - sanacia geologickej dizka 10 m
poruchy 00 0.0 length 10 m 0.0
Road I/11 Cadca - Horelica - Tunnel - improvement ! ! cementova !
in the geological failure area typ/type: cement
76/10 mm grouting
1060,0
dizka 20 m
D1 Beharovce - Branisko - Tunel - portal zapadny 00 00 length 20 m 00 00
D1 Beharovce - Branisko - Tunnel - portal West ! ! ! !
typ/type:
89/10 mm
348,0
D1 Beharovce - Branisko - Il. etapa - pravy tunel HTU hr. 20 cm dizka 6,0 m
pre zapadny portalovy objekt 00 00 00 00
D1 Beharovce - Branisko - stage Il - right hand tube, ! th. 20 cm length 6,0 m ! ! !
general surface cutting for portal West
typ/type: IBO
Vymery spolu 21320 971,0 10860,0 42240 170,0 2830,0
Total quantities

Tab. 1 Vykazy vymer prvkov $pecidlneho zakladania
Table 1 Bills of Quantities of Specialist Foundation Items

a zastriekany torkrétom. V ¢asti, kde bol v klenbe vyrubu prieval hornin,
ponechali sme v golieri dva rady prestupov pre smerové vedenie mikropilot
(celkovy pocet 54 ks). Po vytuhnuti goliera sa realizovali vrty a mikropiloty
profilu 76/10 mm celkovej vymery 540,0 m. Mikropil6ty boli ukoncené za €elbou vyrubu
za geologickou poruchou v pevnom horninovom prostredi. Pre stabilizaciu Celby
zavalu bol navezeny material z vyrubu, ktory sa nasledne preinjektoval cementovou
injekénou zmesou vejarom injekénych vrtov s PVC vystrojom. Po vytvoreni ochran-
nej klenby z mikropil6t sa takto vytvoreny strop zavalu spevnil vystuzenym torkrétom
a bolo moZné rozvolneny priestor vyplnit z Casti betonovou zmesou a doinjektovat
cementovou injekénou zmesou. Celkovo sa do odstranenia zavalu pouzilo 120,0 m*
cementovej injekénej zmesi. Po vytvrdnuti injekénej zmesi sa postupovalo s odstra-
fiovanim horniny a razenim tunela podla pdvodnej projektovej dokumentécie metd-
dou NRTM s tym, Ze sa skratili jednotlivé zabery.

PORTAL ,ZILINA”

Tento portal je navrhnuty pre razenie tunela ako docasna konstrukcia, ktord bude
upravena po vysunuti definitivnej tunelovej rdry jej presypanim. Vzhladom na zlozité
geologické pomery (pri otvarani stavebnej jamy pre do¢asné zabezpecenie portalu sa
vytvorili uz v hornej Casti zosuvy svahov), bol na zaklade doplrujtceho IGP vypraco-
vany novy projekt, ktory rozsiril rozsah prvkov $pecialneho zakladania. Geologické
pomery staveniska boli tvorené pokryvnymi vrstvami sutin (cca 2,2 m), pod ktorymi
st svrstvia ilovcov a pieskovcov. flovee s tektonicky rozbité a7 na charakter sutin.
Pieskovce sU slabo navetrané, ale st vyrazne rozpukané. Pod touto vrstvou sa
nachadza suvisla poloha velmi porusenych ilovcov charakteru tuhych az pevnych
flov.

Vlastna stabilizacia doCasného portélu sa realizovala na ¢elnej strane (sklon svahu
5:2) pomocou dlhych klincov - 6,0 m a 10,0 m, vystuzeného torkrétu hr. 20 cm

rete. Then it was possible to improve the loosened rock area partially by
backfilling with concrete mix, partially by injecting cementitious grout. In
total, 120.0 m* of cement grout was used for the rehabilitation of the collap-
se zone. Once the injection mixture had hardened, the removal of the rock
and tunnel excavation according to the original design by the NATM conti-
nued, with individual rounds shortened.

THE “ZILINA” PORTAL

This portal has been designed for the tunnel excavation as a temporary
structure. The final solution consists in backfilling a protruding section of the
tunnel tube. Because of difficult geological conditions (landslides originating
as high as in the upper part of the construction pit in the phase of its ope-
ning for the portal temporary support execution), a new design was elabo-
rated on the basis of an additional engineering-geological survey. This
design extended the scope of specialist foundation items application. The
geology consisted of nappes of detritus (about 2.2 m) with series of strata of
clays and sandstones underneath. The claystones are tectonically broken,
assuming the character of debris. The sandstones are weakly weathered, but
they are significantly fractured. A continuous interbed of heavily fractured
claystones of the character of stiff to hard clays is found under this layer.

The temporary portal stabilisation proper was carried out at the face (the
slope gradient 5:2) by means of 6.0 and 10.0 m long nails, reinforced shotc-
rete 20cm thick, and reinforced concrete anchoring sills secured by cable
anchors of our own production. The anchors were 14.5 m, 16.0 and 17.5 m
long. Side slopes were stabilised by shotcrete and soil nails only. In total,
1,810.0 m of soil nails, 200.0 m* of reinforced shotcrete and 1,390.0 m of
earth cable anchors were installed.
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a pomocou Zelezobetonovych kotevnych prahov kotvenych lanovymi kotvami (nasa
vlastna vyroba). Dizka kotiev bola 14,5 m, 16,0 m a 17,5 m. Boéné svahy boli stabili-
zované len torkrétom a zemnymi klincami. Celkovo bolo realizovanych na portali
,Zilina” 1810,0 m zemnych klincov, 200,0 m? vystuzeného torkrétu, 1390,0 m lano-
vych zemnych kotiev.

Pre stabilizaciu klenby vyrubu bol vytvoreny dvojradovy stuzujuci dazdnik z rarovych
mikropilét, vystrojenych ocelovou rdrou 89/10 mm. Dizky mikropilét boli 20,0 m
a 25,0 m. Celkova vymera vrtov bola 800,0 m.

ZAVER

Specialne zakladanie a jeho technoldgie st vyznamnou stéastou budovania
tunelovych stavieb. Dokazom toho je aj sumarna tabulka prvkov $pecialne-
ho zakladania (Tab. 1). Dokazuje aj velkost rozsahu tychto prac len na dvoch
realizovanych stavbach. Je vyhodou stavebnej spoloénosti, ktord ma vo
svojom vyrobnom programe popri tunelarskych technoldgidch aj technolé-
gie Specialneho zakladania. Pocas realizacie prac je moZné operativne nasa-
dit tieto technoldgie (napriklad pri prekonavani tazkych geologickych
portch), ¢im sa skracuju nec¢akané prestoje a urychluje sa celkovy postup
vystavby tunelového diela. Kombinacia obidvoch technolégii je tieZ vyho-
dou z hladiska komplexnosti ponuky préac voci zakaznikom, lebo jedna spo-
loénost mdze ponuknut dodavku diela ako celku.

Vyraznou vyhodou je tiez aj to, Ze obidve technoldgie su z hladiska strojné-
ho, materialového (torkréty, kotvy, klince, injektaze ...) velmi podobné a pra-
covnikov je mozné presuvat v zavislosti od ich potreby na stavbe pre obid-
ve technologie.

V nasej spolo¢nosti sa tak technoldgie Specidlneho zakladania a technoldgie
pri realizacii tunelovych stavieb stali jednym neoddelitelnym celkom ponu-
ky naSich prac.

Hucli: smarmsacrly B2,

« VRTNE PRACE V PODZEMI
(VRTY PRUZKUMNE, DEGAZACNI,
ODVODNOVACI, ZAJISTOVACI,
INJEKTAZNI, AJ.)

« VRTY VELKOPRUMEROVE DO
PRUMERU 2,4 m PRO VETRANI,
TRANSPORT MATERIALU, VEDENI
POTRUBI, KABELU APOD.

« VRTY PRO GEOLOGICKY PRUZKUM,
INZENYRSKOU GEOLOGII,
VRTANE STUDNY,
VRTY PRO TEPELNA CERPADLA

« PODVRTANI OBJEKTU,
LINIOVYCH STAVEB A VODOTEC,
VRTY PRO STAVEBNICTVi

A reinforcing umbrella consisting of two rows of micropiles, with 89/10 mm
steel pipes used as the casing, was created to stabilise the excavation roof.
The micropiles were 20.0 and 25.0 m long. The total length of the holes dril-
led was 800.0 m.

CONCLUSION

In conclusion, it is possible to state that specialist foundation and its tech-
nologies are an important part of tunnel construction. This can be also pro-
ved by the summary table of the elements of the specialist foundation, con-
tained in the supplement to this article. It also proves the extent of these
operations just on two projects. Having the specialist foundation technologi-
es in the production programme in addition to tunnelling technologies is an
advantage for a construction company. Those technologies can be applied
operatively during the execution of the works, e.g. in overcoming complex
geological faults. Unexpected downtimes are cut and the overall progress of
the tunnel construction is accelerated in this way. The combination of the
two technologies is also advantageous in terms of the completeness of the
scope of work offered to clients, since one company can offer the supply of
the works as a whole.

A substantial advantage is also the fact that the both technologies are very
similar in terms of the equipment and materials (shotcrete, anchors, nails,
grouting, etc.), and workers can be shifted depending on the demand for the
two technologies on the site.

In our company, the specialist foundation technologies and technologies
needed for tunnel construction have become an inseparable part of our bids.

F 24 F1 | o o Ly b T

« INZENYRSKE SLUZBY A ZNALECKA
CINNOST V OBORECH
GEOMECHANIKA, GEOFYZIKA,
DEGAZACE, VETRANI, GEOLOGIE
A HYDROGEOLOGIE

« UZITA GEOFYZIKA V POZEMNIM
A PODZEMNIMSTAVITELSTVI,
V HYDROGEOLOGICKEM
A INZENYRSKOGEOLOGICKEM
PRUZKUMU, HORNICKA GEOFYZIKA

« HYDROGEOLOGICKY PRUZKUM,
EKOLOGICKE AUDITY
A ANALYZY RIZIK

« AKREDITOVANE ANALYZY HORNIN,
ZEMIN, VOD A ODPADU

DRZITEL CSN EN ISO 9001 : 2001
CERTIFIKACNI ORGAN ITI - TUV

KONTAKT  TEL.: 558612 111

E-mail: dpd@dpd.cz

www.dpd.cz
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TUNEL HORELICA
PRVA TUNELARSKA REPRiZA NA SLOVENSKU

THE HORELICA TUNNEL - THE FIRST REPEAT
PERFORMANCE OF TUNNELLING IN SLOVAKIA

Ing. STANISLAV SIBERT - VAHOSTAV - TUNELY A SPECIALNE ZAKLADANIA, a.s., BRATISLAVA

Tunel Horelica je na trase buducej dialnice D 3 Kysucké Nové Mesto -
Skalité, ktord bude sucastou koridoru sever - juh na spojnici Slovenska
s Polskom. Nachadza sa v bezprostrednej blizkosti mesta Cadca. M4 dizku
605 m, je dvojpruhovy a v prvej etape vystavby bude obojsmerny. Tunel
prechadza svah kéty ,Cupel” a konéi v izkom tdoli potoka ,U Klimka”.
Tunel Horelica je typicky boény svahovy tunel. Buduje sa v rdmci stavby
.Cesta 1/11 Cadca - Obchvat mesta, ¢ast Cadca, Bukov - Cadca, Horelica”
v stcasnej dobe iba ako jedna tunelova rura s dlhodobo obojsmernou pre-
mavkou, perspektivne s dobudovanim aj druhej - severnej tunelovej rary.
Dokumentéacia pre stavebné povolenie (DSP) bola spracovana v roku 1997
a v priebehu roka 1998 bola spracovana realizatné dokumentécia. Na zékla-
de dopliiujuceho inziniersko-geologického a hydrogeologického prieskumu,
ktory bol realizovany este zadiatkom roku 1998, bolo zistené vyrazné zhor-
Senie geologického prostredia oproti pdvodnému prieskumu, ktory bol
spracovany pre DSP. Navyse v priestore portalu Cadca bol identifikovany
rozsiahly aktivny zosuv. Po zhodnoteni vysledkov dopliujiceho IGP bolo
rozhodnuté upravit systém horného a dolného zaistenia portalu Cadca.
Jeho stavebno-technické rieSenie reSpektuje poziadavky bezproblémového
budovania druhej tunelovej rary. Stucastou tohto rieSenia je tiez geotech-
nicky monitorovaci systém, povrchové a hibkové odvodnenie pomocou
horizontélnych odvodrovacich vrtov.

GEOLOGICKE POMERY

Jedna sa o morfologicky velmi €lenené uzemie so strmymi svahmi zapad-
nych Beskyd vychadzajucich z drovne rieky Kysuce a ohranitené po stra-
nach Bukovskym a Klimkovskym potokom. Trasa prechadza uzemim, kde
svahy su pod deluvialnim pokryvom budované eocennymi flySovymi horni-
nami - ilovcami a pieskovcami racianskej jednotky v dominantnom vyvoji
tzv. zlinskych vrstiev. Zlinske vrstvy sa vyznacuju obvykle prevahou pelitov
(ilovce, sliene, prachovce) nad pieskovcami. V strednej €asti tunela Horelica
sa nachadza lokédlne prevladajuca pieskovcova poloha. V oblasti portalu
,Cadca” (zapadny portal) prevladaji ilovce nad pieskovcami. Fly$ové
stvrstvie je zvetrané do hibky 7 - 10 m, v blizkosti tektonickych portch i do
végsich hibok 10 - 14 m. Ako celok je toto stvrstvie mélo priepustné, pukli-
novy obeh vody je viazany na mocnejSie polohy pieskovcov
a najma na tektonické poruchy.

Podla vysledkov podrobného (april 1997) a doplfiujiceho inZiniersko-geolo-
gického prieskumu (februar 1998) je Gzemie prilahlé k trase obchvatu v km
2,04 - 2,72 poznacdené rozsiahlymi svahovymi deforméaciami, ktoré sa skla-
daju z troch hlavnych starych zosuvov pridového tvaru o dizke 350 - 500 m.
V spodnej Gasti sa vyskytuju dalSie dieléie zosuvy a v ich predpoli na bre-
hovom svahu rieky Kysuca cely rad mensich recentnych zosuvov pridové-
ho a frontélneho tvaru.

NajnepriaznivejSie, v potencidlnom stave, st hodnotené iba spodné dielCie
zosuvy dlzky do 250 m s bazalnou klznou plochou v spodnej asti do hibky
8 - 11 m, ktord nezasahuje do suéasnej urovne erézneho koryta rieky
Kysuca. MenSie brehové zosuvy, dotvérajuce sucasny reliéf svahového
Upatia, su zjavne recentného veku. V zavislosti na premenlivej litolégii fly-
Sovych vrstiev, na ich smer a sklon, zvetranie (dosah 10 - 14 m) a tektonic-
ké poru$enie sa nachéadza niekolko typov a generécii svahovych deformécii.
Pri zosuvnych svahovych deforméciach boli zistené najvrchnejSie kizné
z6ny v hlbke 2 - 4 m, ktoré sa viazu na styk pokryvného deluvidlneho kom-
plexu (ily a sute) s rozloZzenymi ilovcami. HIbSi priebeh kiznych zén je
v hibke 5 - 7 m, zasahujlce uz silne zvetrané aZ rozloZené ilovce. Je pova-
Zovany ako maximéalny dosah mozného recentného zosuvného pretvérania
svahov v sltasnych podmienkach. Bazélne kizné plochy a zény v hibke
8 - 11 m boli interpretované vo zvetranom suvrstvi ilovcov s pieskovcami
ako maximalny hibkovy dosah zosuvov stariej ai najstar$ej generacie.

The Horelica tunnel lies on the future alignment of the D3 motorway from
Kysucké Nové Mésto to Skalité, which will be part of the north-south corri-
dor connecting Slovakia with Poland. It is located at a close vicinity of Cadca
town. It is 605m long, double-lane, with bi-directional traffic in the first phase
of the construction. The tunnel passes under the slope of ,Cupel” hill, and
emerges at a narrow valley of ,U Klimka” stream.

The Horelica tunnel is a typical hillside tunnel. It has been built within the
framework of the project "The Road I/11 Cadca - Town Bypass Road, the lot
from Cadca - Bukov to Cadca - Horelica”, currently with one tube only for bi-
directional traffic. The other one, i.e. the northern tunnel tube is to be built
in the future.

The final design was elaborated in 1997, and the detailed design was deve-
loped during the year 1998. Significantly worsened geology was identified
by an additional engineering-geological and hydro-geological survey carried
out at the beginning of 1998, compared to the results of the original survey
serving for preparation of the final design. In addition, an extensive active
landslide was located in the area of the Cadca portal. The assessment of the
information obtained through the EGS resulted in the decision to modify the
system of the upper and bottom support of the Cadca portal. Its structural
and technical solution respects the requirements of the trouble-free con-
struction of the other tunnel tube. This solution also contains a geo-techni-
cal monitoring system, and surface and deep drainage through horizontal
drainage boreholes.

GEOLOGY

The area topography is very rugged, with steep slopes of the Western
Beskydy Mountains rising from the Kysuce River level. Its side borders are
formed by Bukovsky and Klimkovsky streams. The alignment passes through
an area with slopes covered by diluvial layers consisting of Eocene flysh
rocks, i.e. the Raciany unit of claystones and sandstones found within the
dominating evolution of so-called Zlin strata. The Zlin strata are usually cha-
racterised by pelites (claystones, marlstones, siltstones) prevailing over
sandstones. Locally prevailing sandstone interbeds are found at the central
part of the Horelica tunnel. Claystones prevail over sandstones in the
“Cadca” portal area (the portal west). The flysh series of strata is weathered
up to the depth of 7 - 10 m, even deeper in the vicinity of tectonic failures.
As a whole, this series of strata is little permeable, fissure water circulation
occurs in thicker sandstone interbeds and mainly in tectonic failures.
According to the results of the detailed (April 1997) and additional enginee-
ring-geological survey (February 1998), the area surrounding the bypass
alignment at km 2.04 - 2.72 has been affected by extensive slope deformati-
ons consisting of three main old flow-type slides 350-500 m long. At the
lower part of the Kysuca river's bank slope, other partial landslides occur,
with a number of smaller, recent flow-type and frontal slides in their fore-
lands.

The most unfavourable results of the assessment are related, in a potential
condition, to the bottom partial landslides only, up to a length of 250 m, with
a basal slipping surface at the bottom area at a depth up to 8 - 11 m, which
does not reach to the existing level of the Kysuca river's washout. Minor
bank slides forming the current relief of the slope foot are clearly of the
recent age. Depending on the variable lithology of the flysh strata, their
direction and dip, weathering (reaching up to 10 - 14 m) and tectonic faul-
ting, several types and generations of slope deformations can be found. The
shallowest slipping zones at landslide deformations were identified at
a depth of 2 - 4 m. These are connected with the diluvial cover complex
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Porugena zéna v hibke do 10 - 14 m bola vyhodnotena tak, 7e teraz je uz
stUcastou zosuvného dellvia, ale pri vplyve tektoniky zodpoveda zéne dosa-
hu intenzivneho zvetrania podloinych flySovych hornin.

Vyskyt podzemnej vody bol overeny vo vaésine pripadov v 3 - 4 hibkovych

horizontoch:

I. horizont v Grovni 1 - 4 m pod terénom na rozhrani kvartérneho pokryvu
so zvetranym podlozim,

II. horizont v Urovni viac ako 10 m pod terénom vo zvetranej a tektonicky
porusenej zéne podloznych hornin, umoziujdci infiltraciu i cirkuléciu
podzemnej vody z hlbSieho obehu a vacsieho Uzemia, hlavne z juhovy-
chodu.

GEOTECHNICKY MONITORING

Po celd dobu vystavby je na stavbe realizovany geotechnicky monitoring
podla zdsad NRTM. Tato €innost realizuje zdruzenie firiem s néazvom
LZdruzenie Horelica”. Geotechnicky monitoring juznej tunelovej rury véita-
ne komplexnej dokumentdcie inZiniersko-geologickych, hydrogeologickych
a geologicko-tektonickych pomerov horninového prostredia podla zasad
NRTM obsahuje i konvergenéné merania geodetickou metédou 3D (absol-
utne deformadcie) a invarovym pasmom SINCO (relativne deformaécie)
a meranie kontaktnych napati pomocou tlakomernych krabic, dalej extenzo-
metrické merania vo vzdialenosti 2 az 6 m, resp. aZ 8 m pre overenie a kon-
trolu vyvoja moznej rozvolnenej zény v okoli tunelovej rury. Na povrchu
terénu sa sleduje vyvoj poklesovej kotliny a pod povrchom i vyvoj priesto-
rovych deformaénych prejavov v charakteristickom deformetricko - inklino-
metrickom vrte. Specialne sa monitoruje i portalova ¢ast tunela (najma por-
talu Cadca), a to jej stabilizaéné konstrukcia a tie? prilahlé zosuvné Gzemia
pomocou presnej povrchovej niveldcie a podpovrchovej inklinometrie
a sucasne s tym sa sleduje uroven hladin podzemnej vody v piezometric-
kych vrtoch a vydatnost odvodiovacich subhorizontalnych vrtov.

Na stavbe su organizované pravidelné tyidenné geotechnické porady
a v ramci kontrolnych mesaénych dni bola za Géasti projektanta upresnova-
na technoldgia vystavby v zmysle 4 zakladnych vystrojovacich tried.

Obr. 1 Portal juznej tunelovej rury a stavebny dvor v Cadci. Vyrazena zatial
iba kalota

Fig. 1 Southern tube portal and construction yard in Cadca. Only the top
heading excavation completed

Obr. 2 Vrtné prace v kalote tunela v iseku s predrazenou prieskumnou $toéliiou
Fig. 2 Drilling in the top heading, in the section with the pre-excavated
exploration gallery

(clays and debris) and disintegrated claystones. Deeper slipping zones, rea-
ching already heavily weathered to disintegrated claystones, are at a depth
of 5 - 7m. This depth is considered to be the maximum extent of the recent
landslide deformation possible under current conditions. The basal slipping
surfaces and zones at a depth of 8 - 11m within weathered series of strata of
claystones and sandstones were interpreted as the maximum depth reached
by landslides of the older to the oldest generation. A weakness zone at a
depth to 10 - 14m was assessed as being currently part of the slide diluvium,
but it corresponds to the zone of the reach of the intensive weathering of
underlying flysh rocks if the influence of tectonics is taken into considerati-
on.

In the majority of cases, the occurrence of ground water was identified in 3
- 4 depth horizons:

The horizon | is 1-4m under the ground surface, at the Quaternary cover and
weathered sub-base interface,

The horizon Il is found deeper than 10m under the ground surface, in the
zone of weathered and tectonically faulted underlying rocks. This horizon
allows the infiltration and circulation of ground water from a deeper flow
and from a vaster area, primarily from the southwest.

GEOTECHNICAL MONITORING

The geo-technical monitoring according to the NATM principles has been
carried out throughout the construction period. This service is provided by
the association of companies named “ZdruZenie Horelica”. The geo-techni-
cal monitoring of the southern tunnel tube, including the complete docu-
mentation of engineering-geological, hydro-geological and geological-tecto-
nic properties of the rock mass according to the NATM principles, also con-
tains convergence measurements by a 3D surveying method (absolute
deformations) and by the SINCO Invar-metal tape (relative deformations),
and the measurement of contact stresses by means of pressure cells, and
also extensometer measurements every 2 to 6m, or even 8m, to verify and
check the development of the zone of loosened rock around the tunnel tube.
Measurements from the ground surface monitor the development of the
settlement trough. Under the ground surface, also the development of spa-
tially deformational manifestations is monitored in a characteristic deforma-
tion- and inclination-metering borehole. The tunnel portal section (the Cadca
portal above all) is also monitored in a special manner, i.e. its stabilisation
structure, and also the adjacent landslide areas, by means of precise surface
levelling and subsurface inclinometry. The water table level is monitored
concurrently in piezometric boreholes, as well as the yield of sub-horizontal
drainage boreholes.

Regular weekly geo-technical meetings have been organised on the site, and
the construction technique has been refined in monthly progress meetings
attended by the engineering consultant, using 4 basic classes of the excava-
tion support.

TECHNICAL SOLUTION OF THE HORELICA TUNNEL.

The Horelica tunnel’s cross section is based on the categorisation of tunnels
set out in the highway tunnels designing rules developed by the Sovakian

Obr. 3 Priprava trhacich prac v kalote
Fig. 2 Preparation of blasting in the top heading
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TECHNICKE RIESENIE TUNELA HORELICA

Prie¢ny profil tunela Horelica vychadza z kategorizacie tunelov uvedenych
v technickom predpise pre projektovanie dialniénych tunelov spracovanej
Slovenskou spravou ciest. Jedna sa o tunel kategérie ,C” s nudzovym pru-
hom. Je navrhnuty podla STN 73 75 07, Projektovanie tunelov na cestnych
komunikaciach, ktord uz ¢iastoéne stratila aktualnost. Zakladny projekt pre
tunel bol spracovany uz v roku 1997 (DSP). Tunel je budovany podla zdsad
NRTM. Konstrukcia primarneho ostenia je navrhnutd v kombinacii strieka-
ného beténu s ocelovymi sietami, s radiadlnymi svornikmi (kotvami) a zva-
rovanymi priehradovymi oblikmi. V pripade nutnosti su klenba a pristrop-
ny vyrub zabezpeéené vitanymi pildtami a ihlami. Ochrana proti podzemnej
vode je rieSend plastovou polyetylénovou izolaciou so signalnou vrstvou
a drenaznym systémom. Definitivne ostenie bude Zelezobeténové monoli-
tické.

Obr. 4 Panorédma Zilinského portalu
Fig. 4 Panorama of the Zilina portal

Obr. 5 Zaéiatok razenia lavice a dna z portalu Cadca §
Fig. 5 Beginning of the bench and invert excavation from the Cadca portal

Road Administration. This is a “C” category tunnel with an emergency-stop-
ping lane. It has been designed in compliance with the STN 73 7507 standard
“Design of Road Tunnels”, which has become partially obsolete.

The basic design for the tunnel was already elaborated in 1997 (final design).
The tunnel is built according to the NATM principles. The primary lining
structure has been designed as a combination of sprayed concrete, welded
mesh, radial rock bolts (anchors) and welded lattice girders. If necessary, the
vault and top heading excavation are supported by bored piles and spiles.
Protection against ground water has been solved by polyethylene membra-
ne with a signalling layer, and a drainage system. Final liner will be in cast-
in-situ reinforced concrete.

THE DESCRIPTION OF THE HORELICA TUNNEL CONSTRUC-
TION TECHNOLOGY

The tunnel construction started by the excavation of an exploratory gallery
(in November 1999), with the excavation of the tunnel proper going on since
June 2000. Frequent geological failures had to be overcome during the work.

The mined section of the tunnel tube, without portal sections, is 555m long.
The Horelica tunnel is driven cyclically, following the principles of the NATM,
known worldwide as the “shotcrete method”, with horizontal sequencing.

The top heading was excavated uphill, on 4.5% grade rising from the Cadca
portal virtually along the overall tunnel length (5655m). The bench and invert
are to be excavated after the tunnel holes through the eastern portal (the
Zilina portal).

According to the engineering-geological survey and subsequent geo-techni-
cal interpretation of its results, the tunnel excavation and support is divided
into five support classes, according to the SIA 198 and ONORM 2203 stan-
dards (support class VI using micropile umbrella is in the sections close to

portals only).
\ . I,f i
- I1
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TECHNOLOGIA VYSTAVBY RAZENIA TUNELA HORELICA

Vystavba tunela bola odStartovana razeniem prieskumnej §télne v novem-
bri 1999. Vlastna vystavba tunelu prebieha od juna 2000. Pocas vystavby
bolo nutné prekonévat Casté geologické poruchy.

Razena &ast tunelovej rury bez portalovych Usekov méa dizku 555 m. Tunel
Horelica sa razi cyklicky, podla zdsad NRTM, vo svete znamej tieZz pod
nazvom ,Metoda striekaného betédnu” s horizontalnym ¢&lenenim vyrubu.
Kalota bola razena dovrchne so stiipanim 4,5 % od portalu Cadca prakticky
na celt dizku tunela (555 m) a aZ po jej prerazeni do vychodného portélu
(Zilina) je dovrchne razena aj spodn4 &ast tunela (lavica), so spodnou klen-
bou.

Podla inziniersko-geologického prieskumu a nasledného geotechnického
vyhodnotenia vysledkov je razenie a vystrojenie tunela rozdelené podla
SIA 198 a ONORM 2203 do pét vystrojovacich tried (vystrojovacia trieda
VIl je iba pod déazdnikom z mikropilé6t v priportalovych usekoch).
Mikropildtovy dazdnik je realizovany v ramci zabezpecenia oboch portalov.

RAZENIE KALOTY

Podmienky pre razenie kaloty v paleogénnych horninach boli obtiazne.
Vyrub sa zabezpecoval oblikovou zvarovanou vystuzou budovanou vo vzdi-
alenostiach 0,6 m, 0,8 m, 1,0 m, resp. 1,2 m (vynimocne v kratkych usekoch
na vzdialenosti 1,5 m a 1,8 m) so striekanym betonom hriubky 25 cm az 30 cm
nanasanom v 3 vrstvach s dvoma ocelovymi sietami. Razilo sa pod ochra-
nou predréazanych ocelovych ihiel dizky 4,0 m spravidla 30 ks na zaber prie-
meru 28 a 32 mm. Primarnu vystuz robia kompletnou este kotvy. Aj ked pro-
jekt zvazoval zabudovat napr. vo vylomovej triede IV 11/12 SN kotiev na
zéber, z celkového poctu kotiev 5350 ks bola takmer 1/3 IBO kotvy a 2/3 SN
kotvy. Striekanym betonom hr. 5 cm sa zabezpecovalo i ¢elo vyrubu, v nie-

Obr. 6 Tunel Horelica v primarnej vystuzi - portal Ca@ca
Fig. 6 The Horelica tunnel with primary lining - the Cadca portal

DETAILED DESCRIPTION OF THE TOP HEADING CON-
STRUCTION TECHNOLOGY

The conditions of Palaecogene rocks were difficult for the top heading exca-
vation. The excavation was supported by welded arches on 0.6 m, 0.8 m, 1.0 m
or 1.2 m centres (1.5 m and 1.8 m as an exception only, in short sections),
with shotcrete 25cm to 30cm thick applied in 3 layers together with two lay-
ers of steel mesh. The excavation was carried out under the protection pro-
vided by 4m long steel spiling, usually consisting of 30 pcs of 28 and 32 mm
diameter spiles per round. The primary lining has been made complete by
anchors. Despite the fact that the design considered the installation of e.g.
11/12 SN anchors per round at the excavation class 1V, nearly 1/3 of the 5,530
anchors installed were IBO anchors, and 2/3 SN anchors. The excavation face
was also supported by 5cm thick shotcrete. In several locations a wedge sup-
port core had to be applied to the tunnel face. Explosives were used for the
rock disintegration (20 - 45 kg per 1.2 m long round) and a tunnel excavator.

9 support schemes were applied in total during the excavation, with additio-
nal modifications, e.g. in the length or number of anchors or spiles. The
excavation class IV occurred most frequently, within a length of 369.75m, i.e.
along 66.4% of the total length.

As a part of the working cycle, the muck was transported to an intermediate
stockpile just in front of the tunnel. The transportation of the spoil to the per-
manent stockpile took place in day shifts.

Because of the horizontal sequence of the excavation and the unfavourable
geology, 50 - 60cm wide footing is on either side of the top heading.
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ktorych miestach musel byt vytvoreny pritazujuci klin ¢ela vyrubu. K rozpo-
jovaniu horniny sa pouzivali trhaviny (20 - 45 kg na zaber dizky 1,2 m)
a tunelovy bager.

Celkove bolo poéas razenia pouzitych 29 vystrojovacich schém s dal$imi
modifikaciami napr. v dizke alebo poéte kotiev, pripadne ihiel. Najvyssie
zastUpenie mala IV. vylomova trieda - 66,4 % (369,75 m).

V rdmci pracovného cyklu sa rozpojena hornina vyvazala na medziskladku
bezprostredne pred tunelom. Na trvalt skldadku sa potom néarazovo vyvaza-
la hornina v dennej zmene.

Z dévodu horizontalneho ¢lenenia ¢elby a nepriaznivej geoldgie cely tunel
ma v kalote po oboch stranach oporné patky 50 - 60 cm.

ORGANIZACIA PRACE

Préca na vystavbe tunela je organizovana v 7dfovych turnusoch s praco-
vnou dobou od 6.00 do 18.00 hod. a od 18.00 do 6.00 hod. Osadku turnusu
tvori 2 x 6 tunelarov, 1 elektro-udrzbar, 1 strojnd Gdrzba a v rannej zmene
povrchovy zamoénik. Vedenie stavby pozostava zo stavbyveduceho, hospo-
dara, mechanika, energetika, 2 meracov a 4 zmenovych technikov. Vratane
pomocného persondlu pracuje na stavbe 45 pracovnikov.

Mechanizacia

+ vrtny voz ATLAS COPCO 352 Boomer

+ tunelbager LIEBHERR 912

+ kolesovy naklada¢ LIEBHERR 551

+ obsluzna plosina MERLO ROTO P 30

+ zariadenie na striekany beton ALIVA 262 - 2 ks
+ zariadenie na striekany beton MEYCO

+ zasobnik na suchu beténovi zmes

+ stabilny kompresor ATLAS COPCO GA 160

+ stabilny kompresor ATLAS COPCO GA 110

+ lutiovy ventilator Korfmann 730 - 2 ks

+ univerzalny naklada¢ LOCUST 075, JCB 2 CX
+ kolesovy naklada¢ CATERPILLAR 950 F

+ autodomieSavaé TATRA 815 - 3 ks

+ dumper VOLVO

+ nakladné autd TATRA - sklapace - 5 ks

+ autobager UDS 114

ZAVER

Dia 7. 6. 2002 bola prerazenim kaloty zavi$end jedna z etdp vystavby tunela
Horelica. MéZzeme konstatovat, Ze sa tak stalo bez ujmy na zdravi alebo
majetku. Dosahované postupy, tj. 2 zabery na der su v danych podmienkach
standardom. To, Ze sme s razenim trafili pod pripraveny dvojradovy dazd-
nik, ktory je st¢astou zabezpecéenia Zilinského portalu, svedéi o kvalite prac
meracov, ale aj samotnych razi¢ov a ostatnych riadiacich technikov.
Priprava na budovanie sekundarneho ostenia - profilovnie preveria este
presnost vylomu, podla predbezného zamerania by sme nemali mat Ziaden
podprofil.
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Obr. 7 Prerazka kalotou do Zilinského povrtélu
Fig. 7 Top heading breakthrough to the Zilina portal

THE WORK ORGANISATION

The work on the tunnel construction has been organised for seven days in a
week, with two shifts working from 6:00 a.m. to 6:00 p.m., and from 6:00 p.m.
to 6:00 a.m. One day’s crew consists of 2 x 6 miners, 1 electrician and 1
mechanical maintenance man, and workshop fitter in the day shift. The con-
struction management consists of a site manager, economist, mechanist,
power engineer, 2 surveyors and 4 shift technicians. In total, 45 workers work
on the site, including auxiliary personnel.

Equipment

* ATLAS COPCO 352 Boomer drill rig
 LIEBHERR 912 tunnel excavator

* LIEBHERR 551 wheeled loader

* MERLO ROTO P 30 lifting platform

* ALIVA 262 shotcrete machine - 2 pcs

* MEYCO shotcrete machine

« dry concrete mix storage silo

* ATLAS COPCO GA 160 stable compressor
* ATLAS COPCO GA 110 stable compressor
* Korfman 730 fan - 2 pcs

* LOCUST 075, JCB 2 CX universal loader

* CATERPILLAR 950 F wheeled loader

* TATRA 815 readymix truck - 3 pcs

* VOLVO dumper

* TATRA tipping lorry - 5 pcs

* UDS 114 telescopic excavator

CONCLUSION

By the top heading breakthrough taking place on 7 June 2002, one of the tun-
nel Horelica construction phases was concluded. We can state that this hap-
pened without any harm to health or property. The advances achieved, i.e. 2
rounds per day, are a standard with respect to the given conditions. The fact
that we managed to steer the excavation to hit the aim under the pre-prepa-
red double-row umbrella which is part of the Zilina portal support, proves
the quality of the surveyors’ work, but also the quality of the work performed
by all miners and managing technicians.

The preparation for the erection of the secondary lining, i.e. profiling, will
also check the excavation preciseness. According to the preliminary survey,
we should encounter no underbreak.

Obr. 8 Portal tunela Horelica v Cadciv
Fig. 8 The Horelica tunnel portal in Cadca
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ZAJISTENI STAVEBNI JAMY V PROSTORU , KAROLINA”
V OSTRAVE - STETOVE STENY

CONSTRUCTION PIT IN THE “KAROLINA”
AREA IN OSTRAVA - SHEET PILE WALLS

Ing. JIR[ TVARDEK, Ing. LUBOR DVORAK - VOKD, a. s., OSTRAVA

uvoD

V prostoru byvalé koksovny Karolina v Ostravé se nachézi loZisko zne€isté-
ni zemin, a to jak ve vrstvé navazek, tak stérkopisku. Ve volném prostoru
bylo toto lozZisko izolovano paZici konstrukci, zeminy budou do 0,5 m pod
povrch nepropustnych miocennich jili vytéZeny a vycistény - rozsah byl
operativné urcovan vysledky provozniho vzorkovani. Uzemi je upraveno
zpétnym zésypem. V oblasti znecisténi pod ulici 28. fijna byl za G¢elem ome-
zeni Sifeni kontaminace souéasné vybudovan drendini systém a po prove-
deni vykopu jdmy byla oblast sanovana kombinaci odvodiovacich, intenzi-
fikacnich a ventingovych vrtli, provadénych pies podzemni sténu.

PRINCIP TECHNICKEHO RESENI ZAJISTENI STAVEBNi JAMY

Zajisténi stavebni jdAmy bylo navrieno v kombinaci monolitickych Zelezobe-
tonovych podzemnich stén a stén §tétovych, kotvenych predpjatymi pra-
mencovymi zemnimi kotvami, navrzenymi podél vychodni a zapadni strany
jamy. Stétové stény byly provadény z predvykopu po celé délce trasy.
Pfedvykop byl navrien svahovany bez ochrany svahu. Rozhodujici &asti
ponechanych konstrukci pavodni zastavby byly v ramci pfedvykopu odstra-
nény téZebnim mechanismem. Vetknuti stén pod dno stavebni jamy je déno
funkci statickou a tésnici. Stétové stény jsou kotveny pres prevazky.
Dimenze a umisténi kotveni jsou dany Unosnosti svislych pazicich stén.
Koncepce feseni vyzaduje provadéni spodnich drovni kotveni pod hladinou
podzemni vody. Kotevni pfevéazky jsou navrieny Zelezobetonové, monolitic-
ké se zavéSenim na ocelovych profilech §tétovnic.

V celém useku $tétovnicovych stén je pazici systém navrzen s funkci doéas-
nou z hlediska jak antikorozni ochrany, tak z hlediska statického feSeni
s vypoctem v totélnich smykovych parametrech zemin. Provadéni zemnich
praci bylo organizovéno po Usecich tak, aby paZzeni s do¢asnymi kotvami
nebylo plné exponovano déle nei 3 mésice, béhem nichz se v pFislusném
Useku provadi ¢asteény zpétny zasyp. Predpokladana Zivotnost §tétovych
stén je 15 az 20 let. Ocel §tétovnic neni opatfena zvlastni antikorozni Upra-
vou.

ZADANI

Funkce $tétové stény

« staticka - zajistit stény vykopu pro provadéni sanaénich praci

+ tésnici - zabranit migraci zne¢isténé podzemni vody mimo pazenim ohra-
ni¢enou oblast

+ zajistit rozhrani mezi zeminami rostlymi a zpétnym zasypem

+ v rdmci zajiSténi jdmy provézt ochranu stvolu byvalé tézni jAmy Karolina
+ tvarem §tétové stény respektovat zjistény rozsah zneéisténi a zohlednit
zémér budouci zéstavby uzemi

+ v§echny se $tétovou sténou kolidujici inzenyrské sité prelozit mimo zajmo-
vou oblast

+ zajiSténi stavebni jdAmy v oblasti navrzenych $tétovych stén je co do funkce
pazici konstrukci doasnou s expozici stén v trvani do 3 mésicti

+ funkce tésnici se pozaduje po celou dobu provadéni sanaénich praci

GEOLOGIE

Celé uzemi je souvisle pokryto navaikami mocnosti 1,6 az 5 m. Jsou tvore-
ny riznorodym materidlem od strusky, karbonské hlusiny a cihel po skvaru,
dehtové kaly a dal$i odpady. Nutno poditat i s prvky betonu, Zelezobetonu
a ocelovymi nosniky. V této antropogenni vrstvé jsou pohfbeny suterénni
a zakladové konstrukce plvodni stavby.

Podloini vrstva fluvialnich hlin neni vyvinuta v zdjmovém prostoru spojité.
Jde o jilovité aZ piséité hliny Sedé a hnédé barvy, vesmés tuhé konzistence.
Max. zastizend mocnost 2,0 m. Hliny mistné pfechézeji ve fluviélni piscité
sedimenty mocnosti 1,0 az 1,6 m charakteru stfednozrnného hlinitého pisku.
Bazélni polohu sedimentu tvofi pis¢ité az hlinitopis€ité hrubozrnné $térky
0 mocnosti 3,9 ai 5,7 m.

Podlozi je tvofeno miocennimi jily (baden) s povrchem 6,0 az 14,5 m pod
terénem. Celkova mocnost se predpoklada nékolik desitek az stovek metrd.
Jedna se o silné vapnité proménlivé piscité jily s vysokou plasticitou. V zaji-
mavych hloubkdch do 5 m pod jejich povrchem jsou konzistence tuhé.

INTRODUCTION

A field of earth contamination exists in made-up ground and gravel sand lay-
ers in the premises of former cocking plant Karolina in Ostrava. This area
was isolated using retaining walls. In open space, the ground will be exca-
vated up to a depth of 0,56 m under the surface of impermeable Miocene
clays, and cleaned. The cleaning scope will be operatively determined
according to routine sample testing results. The excavated space will be
backfilled. To prevent the contamination spreading, a drainage system in the
contaminated area - under 28. Rijna street - was built, and a combination of
drainage, intensifying and venting holes through the retaining wall establis-
hed after the pit excavation.

TECHNICAL PRINCIPLES OF THE CONSTRUCTION PIT SUPPORT

The construction pit support was designed as a combination of monolithic
reinforced concrete diaphragm walls and sheet pile walls, anchored by pre-
tensioned cable ground anchors along the eastern and western parts of the
pit. Sheet pile walls were built from a pre-cut along the whole length of the
route. Descending pre-cut was designed, without slope protection. The deci-
sive parts of original structures left in the area were removed by excavators
in the framework of the pre-cut execution. The wall embedment under the pit
bed was determined by its statical and sealing role. The sheet pile walls are
anchored through walers. Dimensions and location of anchors are given by
the load bearing capacity of vertical retaining walls. The design conception
requires performance of lower anchoring levels under the water table level.
Walers have been designed from monolithic reinforced concrete, suspended
on sheet piles.

Within the entire length of the sheet pile walls, the support is designed with
respect to the temporary function of both the anticorrosion protection and
the structure itself. The structural analysis used total shearing parameters of
the ground. Earthworks were organised in stages so that the the exposition
of the sheet piles with temporary anchors would not be fully exposed longer
than for 3 months. The partial backfill of the given section had to be done
during those 3 months. Planned service life of the sheet pile walls is 15 to 20
years. The steel of sheet piles is not provided with any special anticorrosion
treatment.

SPECIFICATION

Sheet pile wall functions

« statical - support the excavation walls for rehabilitation works performance
« sealing - prevent migration of contaminated ground water outside the area
enclosed by the sheeting

« ensure a boarder between natural ground and backfill

e in ti?efframeworks of pit securing to perform protection of former Karolina
pit shaft

* shape of the sheet pile wall will respect discovered scope of contamination
and consider intended future constructions in the area

« all engineering networks colliding with the sheet pile wall will be relocated
beyond the area of interest

« Construction pit support in the area of designed sheet pile walls is a tem-
porar,); structure with the exposition of the walls in period shorter than 3
months

« sealing function is required for the entire period of refurbishment works
performance

GEOLOGY

The entire area is continually covered by fills of 1.6 to 5 m thickness. The fills
consist of heterogeneous materials starting from from flux, carbon waste
rock and bricks to cinder, tar sediments and other waste. It is necessary to
count with concrete, reinforced concrete and steel elements. Basement and
foundation of original buildings are buried in this anthropogenous layer.
Bedrock layer of fluvial loams is not coherently developed in the area of
interest. There are clay up to sand grounds of gray and brown color, mainly
of solid consistency. The max. detected thickness is 2.0 m. The grounds pass
locally into fluvial sand sediments of 1.0 to 1.6 m thickness of medium sized
grains loam sand. Basal position of the sediment is created by sandy to
loamy-sandy coarse-grained gravel of 3.9 - 5.7 m thickness.

The bedrock consists of the Miocene clays (Baden) with surface 6.0 to 14.5 m
under terrain. Total thickness is estimated to few tens up to few hundreds of
meters. These are strongly calcareous variable clays with high plasticity.
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V zéjmové oblasti jsou vyvinuty v podstaté dva horizonty podzemni vody.
Hladina vrchniho horizontu byla ovéfena v hloubce 1,5 a7 8,0 m pod povr-
chem dzemi, vzhledem ke ziejmému omezeni rozsahu takto zvodnénych
¢ocek jsou zadsoby vody v této Urovni docasné vycerpatelné a pfi pfedvyko-
pu pracovni plochy nebude jejich lokalni odvodnéni problematické. Spodni
horizont tvofi souvislou hladinu a je vazan na propustné polohy stérkd. Tato
zvoden bude v celém rozsahu tésnéna paZici konstrukci a odvodnéni se zde
nepredpoklada. Podzemni voda je agresivni na betonové konstrukce vysky-
tem siranovych iontl. Dale obsahuje mimofadna mnozstvi organickych
latek - kontaminace.

HYGIENICKA OPATRENI VZHLEDEM KE KONTAMINACI

Na zékladé pfedpokladanych rizik vyskytu benzolu a fenolu, pfipadné nafta-
lenu, bylo provaddéno méfeni téchto Skodlivin metodou detekénich trubicek
nebo analyzatorem $kodlivin.

Méreni - benzen, fenol a naftalen:

- vidy pfed zahajenim smény po dni pracovniho klidu

- pfi vyskytech loZiska silnéjsiho zneéisténi

- pfi vyraznéjSich zménach teploty prostiedi

- pfi podezieni na zvySené hodnoty Skodlivin napf. vy$si zdpach

Osobni ochranné prostfedky v pfipadé prekrocenych povolenych hodnot:

- ochranny odév - impregnovany, typ dvoudilny nebo overal IPP

- ochrana dychacich cest - polomaska typ 3M 6000/2000 s filtrem 6055 A2

- ochrana o¢i - posuzovano dle jednotlivych technologii, bryle Uvex 9301
nebo 9180

- ochrana rukou - ochranné rukavice Sol - Vex - Plus

- ochrana nohou - holinky odolné proti slabym roztokim kyselin a ropnych
produktd

POPIS PRVKU TECHNOLOGICKEHO RESENI

Stétové stény

- §tétova sténa z profilu larsen llin ve strazenych délkach 8,5 az 12 m

- vzhledem k nutnosti vetknuti paty stény do tuhych jilovitych zemin je
nutno kombinovat vibrovani §tétovnic s doberanénim vybu$nym beranidlem

- z titulu pouziti beranidla nutno situovat horni hranu $tétovnic minimalné
do vysky 1 m nad pracovni rovinu

- z hlediska seismického zatizeni okolni stavby je nutno pouzit vysokofrek
venéni beranidlo

- v oblasti aplikace §tétovych stén je nutno vénovat max. pozornost odstra-
néni zbytkd pivodni zastavby pod pracovni trovni

- v koncich podzemmch stén je v armokosi provedena Uprava pro vodone-
propustné napOJenl Stétové stény. Stétovnice j Jsou osazeny s krajnim armo-
kosem a prvni §tétovnice pfislusného Useku je vibrovana ¢astecné do cer-
stvého betonu

- kritériem hloubky $tétové stény je jeji vetknuti do miocennich jild min. 1,5 m
v oblasti, kde nedojde k pfimé expozici stény, resp. 2,5 m v mistech pro-
vadéni vykopu ke sténam.

- tolerance poloha stény pudorysné + 500 mm v Grovni horni hrany, svislost
+ 2% z hloubky

They are of solid consistence in the depth of interest, i.e. up to 5m under
their surface.

Basically two horizons of ground water are developed in the area of interest.
The level of upper horizon was determined in a depth of 1.5 to 8.0 m under
the surface of the area, with regard to clear limitation of the volume of such
water lenses, water reserves in this level can be temporarily pumped out.
Local drainage for the working platform pre-excavation will not be a pro-
blem. The lower horizon creates coherent surface and is connected with per-
meable gravel interbeds. This water-bearing bed will be sealed in its entire
extent by the retaining walls, therefore no drainage is planned. Ground
water is aggressive, attacking concrete structures with sulphate ions. It is
also contaminated by an extraordinary high content of organic substances.

SANITARY MEASURES WITH REGARD TO THE CONTAMINATION

On the basis of expected benzol and fenol, possibly naphthalene risks, the
monitoring of these harmful elements was done using method of tube detec-
tors or an analyser.

Benzen, fenol and naphtalene detection:

- always prior the start up of the shift after a rest day

- in deposits of stronger contamination

- on significant changes in temperature

- in a case of suspicion of higher levels of harmful elements, e.g. more inten-
sive odors

Personal protective equipment in case of exceeded permitted values:

- protective clothing - impregnated, type: jacket and trousers or an overall

- protection of air passages — semi-mask type 3M 6000/2000 with 6055 A2 filter

- eye protection - evaluated for individual technologies, Uvex 9301 or 9180
protective glasses

- protection of hands - protective gloves Sol - Vex - Plus

- Protection of feet - boots, resistance against weak acids and oil products

DESCRIPTION OF TECHNOLOGICAL SOLUTION

Sheet pile walls

- sheet pile wall from Larsen llin profiles with installed lengths of 8.5 to 12 m.

- with regard to the need for the toe embedment in clay grounds, it is neces-
sary to combine vibratory pile driving with explosion pile driving

- due to the use of pile drivers it is necessary to situate the upper edge of
sheet piles min. at a height of Tm above the working platform

- from the viewpoint of seismic effects on neighboring construction it is
necessary to use a high frequency pile-driver

- in the are of sheet piles installation it is necessary to pay the max. attenti-
on to removing the remains of original structures found under the working
platform level

- reinforcement cages at the ends of diaphragm walls are modified to allow
a watertight connection to the sheet pile wall. The sheet piles are installed
together with the reinforcement cage, and the first sheet pile of a given part
is partially vibrated into green concrete.

- the criterion of the sheet pile wall depth is its embedment into the Miocene
clays, to be min. 1.5 m in the area where direct exposing of the wall is not
done, or 2.5 m in the places where the walls are exposed by the excavation.

- the ground plan tolerance of the wall is + 500 mm in the level of the upper
edge, = 2% of depth vertically.

Terén Geologie
Terrain Geology
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Obr. 1 Vzorovy pfiény fez - §tétova sténa
Fig. 1 Typical cross section - Sheet-pile wall
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Kotevni prevazky provedeni

- kotvené prevazky na $tétovych sténdch tvoreny Zelezobetonovymi tramy

- profily prevazek zavéseny na ocelové profily Stétovnic

- bocni stény hlav kotev rozevieny min. 10° z divodu pfistupnosti a sméru
napinani kotev

- podélna nosna vyztuz tvarovana do bednéni (velké priméry ohybani)
pruty R16 v po¢tu 8 ks

- podélné pruty dl.12 m jednotlivé stykovani presahem v délce 1,4 m

- v jednom pfiéném Fezu stykovano max. 50 % licové nebo rubové vyztuie

- material beton B20 HV4 A1, ocel 10 505

- tolerance vyskova Uroven = 200 mm

- umisténi priichodky v pfevazce = 100 mm proti ideélni poloze

Pramencové kotvy - provedeni

- docasné predpjaté pramencové zemni kotvy 4 Lp 15,5 mm

- kofeny situovany do vrstvy stérkopisku, resp. miocennich jilt

- prvni kotevni Uroven vrtana nad HPV, spodni Uroven vrtana pod urovni
HPV pies preventry

- kotvy sméfovany proti vnitfnimu ,bfichu” $tétové stény (usnadnéni mani-

ek

Obr. 2 Stétova sténa s pripravou armokosi
Fig. 2 Sheet-pile wall with reinforcement cages

lunel
Walers

- walers on the sheet pile walls are created by reinforced concrete beams

- walers are suspended on sheet piles

- side walls of anchor heads are opened min. 10° due to accessibility and
anchor tensioning direction

- longitudinal main reinforcement bars shaped into the formwork (large ben
ding diameters); R16 bars - 8 pieces

- longitudinal bars 12 m long, individual jointing with 1.4 m overlap

- max 50% jointing of front face or back face reinforcement bars in one cross
section.

- material: concrete B20 HV4 A1, steel 10 505

- height tolerance + 200 mm

- location of bushing in waler + 100 mm from ideal position

Cable anchors - design

- temporarily pretensioned 4-strand cable anchors 4 Lp 15,5 mm

- roots situated in sand-gravel or the Miocene clay layers

- first anchoring level is drilled above the water table level (WTL), the bottom
level is drilled under the WTL through preventers

- anchors directed against inner “belly” of sheet piles (easier operation when
cutting sheet piles and installing the bushing)

Obr. 3 Beranidlo ICE 14 RF
Fig. 3 Pile-driver ICE 14 RF

Obr. 4 Detail kotevni prevazky - zavéseni na profil
Stétvnic

Fig. 4 Detail of anchoring waler - suspension on
sheet piles
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pulace pfi vyfezavani §tétovnic a instalaci prichodek)

- prichodky tésnény proti pfitoku vody do stavebni jamy

- vrtani min. prdm. 151 mm s jilocementovym vyplachem c:j = 6:1

- kotvy reinjektabilni s manZetovou trubkou 32/3,6 mm uprostfed svazku
pramencu: injektaz kofene provedena vzestupné po etazich dl. 500 mm

- kotvy osazeny do vrtu vyplnéného cementovou zélivkou

- injektovani velmi pomalym chodem &erpadla, tlak na protrzeni zalivky min.
10 MPa, nutnost injektovani ve vice fazich tlakem 2,5 MPa

- spotfeba smési na fazi a etdz 20 az 25 | ve Stérkopisku, v jilovych zeminach
10 litrGi

- material pramence prim. 15 mm s mezi pevnosti 1800 MPa, zalivka a injek
tdini smés cementova c:v = 2,5:1, cement SPC 325 s pfisadami proti korozi
cementového kamene

- tolerance polohové dana umisténim priichodky v prevazce + 100 mm proti
idealni poloze, sklon vrtani + 1,5 % z hloubky, osazeni kotvy ve sméru osy
+ 150 mm

Celkové objemy praci
Total volume of the works

- bushings sealed against water seepage into the construction pit

-drilling min diameter of 151 mm, with clay-cement flushing, cement/clay
ratio 6:1

- re-injectable anchors with 32/3.6 mm diameter tube-a-manchette in the center
of the bundle of strands: root injection is carried out in the upwarddirection,
in phases, at 500 mm spacing

- anchors inserted into drill holes are filled with cement mortar

- very slow revolutions of the injection pump, minimum pressure of 10 MPa
is needed to break the cement fill; the grouting must be carried out in several
phases, with a pressure of 2.5 MPa

- the consumption of the mixture per stage and phase is 20 to 25 | in sand-
gravel and 10 | in clayey grounds.

- the 15 mm diameter strand strength was 1800 Mpa, cement was used for
the borehole filling and the injection grout (c/w = 2.5:1, cement SPC 325
with additives preventing cement stone corrosion)

- tolerance is given by position of bushing in waler + 100 mm against ideal
position, drilling inclination + 1.5% of the depth, axial deviation of the
anchor setting = 150 mm.

Zkraceny popis Jednotka Mnozstvi
Brief description Measure Unit Quantity
Stétové stény beranéni m? 70925
Sheet pile walls pile driving m? !
strazeni m?/t
pile pitching m’/t TS
Zemni kotva nad HPV ks/m
Ground anchor above the WTL piece/m ATEIRAERS
pod HPV ks/m
under the WTL piece/m A
Kotevni prevazky B20 bm/.z
Walers B20 Bl 539,33/181,48
vyztuz 10 505 t
reinf. steel 10 505 t ARk

TECHNOLOGIE BERANENI

K beranéni $tétovych stén v oblasti Karolina VOKD, a. s., pouzila kombinaci
bezrezonanéniho vibraéniho beranidla ICE 14 RF s pneumatickym beranid-
lem BSP Typ 700 N. Bezrezonanéni beranidlo ICE 14 RF (dnes u VOKD, a. s.,
nahrazeno ICE 18 RF) ma max. excentricky moment 14 kgm (17,5 kgm)
a max. pracovni frekvenci 2300 ot/min. (2300 ot/min.). Zvlastnosti vibratoru
neni sama vysoka frekvence, ale to, Ze muze byt spustén a zastaven bez pre-
chodu pfes frekvenéni pasmo zeminy, nosice a okolni zastavby. To znamena
méné rusivych vlivi na okoli a méné rusivych vlivl pro kolem stojici kon-
strukce. Poloha excentrd mlze byt plynule ménéna dalkovym ovladanim
tak, Ze se excentricky moment pohybuje od 0 do 14 kgm.

Beranidlo je spusténo s excentrickym momentem 0 a po dosaZzeni pracov-
nich otacek je excentricky moment nastaven na poZadovanou hodnotu. Tim
se pfi spusténi vyhneme rezonanéni frekvenci zeminy, nosi¢e a okolnich
konstrukci. PFi ukonéeni prace je pouZit opaény postup - excentricky
moment je jeSté pfi pracovnich otackach nastaven zpét na nulovou hodno-
tu a teprve pak je beranidlo zastaveno.

Hlavnimi divody nasazeni bezrezonanéniho beranidla jsou:

- omezeni $pickovych vibraci pady

- omezeni vibraci v okolnich budovach

- snizeni rusivych faktoru pro obyvatelstvo (hluku)

- omezeni negativnich vliv(i na nosi¢ beranidla

- moznost nastaveni excentrického momentu za béhu od 0 - 100 %

- vylou€eni rezonanci béhem nébéhu a dobéhu stroje

Vzhledem k nutnosti beranéni az 2,5 m v jilu a podkradovéni postupu 0,25 m
za 5 min. nebylo vhodné pouZivat pro doberanéni bezrezonanéni beranidlo.
Pro toto doberanéni VOKD pouziva narazové pneumatické beranidlo typu
BSP 700N s témito parametry:

Vaha beranidla 385 kg
Zdvih 330 mm
Max. pocet zdvihi za min. 225
Max. kineticka energie 650 kpm
ZAVER

Zajisténi stavebni jdAmy pomoci §tétovych stén v prostoru byvalé koksovny
Karolina je soucasti projektu sanacniho zasahu v lokalité KAROLINA
v Ostravé. Cilem tohoto projektu je vytvoreni ekologicky nezatizené staveb-
ni plochy v bezprostiedni blizkosti centra Ostravy. VOKD, a. s., se na tomto
projektu podilela kromé popisované stavby i vystavbou drenadzniho kolekto-
ru o celkové délce 210 m, ktery byl provadén metodou protlacovani Zelezo-
betonovych rour & 1250 mm.

Zékladni podminkou pro realizaci zakazky $tétovych stén byla kombinace
kvalitni a vykonné beranici techniky. VOKD pouzila vlastni bezrezonanéni
vibra¢ni beranidlo ICE 14 RF v kombinaci s pneumatickym beranidlem BSP
typu 700 N. Diky této kombinaci beranidel bylo moZno i v obtiznych geolo-
gickych podminkach lokality KAROLINA provést kompletni zaberanéni sté-
tovych stén.

PILE DRIVING TECHNIQUE

A combination of ICE 14RF resonation-free vibrating pile-driver and pneu-
matic pile-driver BSF, type 700 N, was used for the sheet pile wall driving in
Karolina VOKD, a. s.

The ICE 14 RF resonation-free pile-driver (nowadays replaced by ICE 18 RF in
VOKD a.s.) has the max. eccentric moment of 14 kgm (17.5 kgm) and max.
operating frequency of 230 rpm (2300 rpm). The specialty of the vibrator is
not the high frequency itself, but the fact that it can start working and stop
the work without passing through the frequency ranges of the ground, the
pile-driver carrier and neighboring structuress. That means less disturbing
influence on the environment and less disturbing influence on neighboring
structures. The position of eccenters can be continuously changed by remo-
te control. The eccentric moment can be varied from 0 to 14 kgm.

The pile-driver starts the operation with zero eccentric moment and, after the
operational rotations are reached, the eccentric moment is set to the requi-
red value. Thus the resonation frequency of ground, the carrier and neigh-
boring structures is avoided at the start up. When the work is completed, a
reverse process is used, i.e. the eccentric moment is set back to the zero
value when the operation rotations are still on, and then the pile-driver is
stopped.

The main reasons for the resonation-free pile-driver use are:

- the limitation of peak vibrations of ground

- the limitation of vibrations in neighboring structures

- the reduction of residents disturbing factors (noise)

- the limitation of negative influence on the pile-driver carrier

- the possibility of eccentric moment adjusting from 0 - 100 % during the
operation

- ﬁlimination of resonance in the course of the machine start and run-out
phase

With regard to the need for driving the piles up to 2,5 m to clay and pro-
gressing slower than 0.25 m in 5 min, it would not be appropriate to use the
resonation-free pile-driver. For this piling, VOKD, a. s., uses impact pneuma-
tic pile-driver of BSP 700N type with the following parameters:

pile-driver weight 385 kg
stroke 330 mm
Max. No. of strokes per min. 225
Max. kinetic energy 650 kpm

CONCLUSION

The construction pit support using sheet pile walls in the area of the former
cocking plant Karolina is part of a rehabilitation project in the KAROLINA
premises in Ostrava. The goal of this project is the creation of a development
area just near the center of Ostrava, free of any ecological burdens. VOKD,
a. s., participated in this project by the above described construction and
also by construction of a drainage collector with the total length of 210 m,
which was built using & 1250 mm reinforced concrete pipe jacking.

The basic condition for implementation of the sheet piling was a combinati-
on of good quality and powerful pile driving equipment. VOKD, a. s., used its
own resonation-free vibration pile-driver ICE 14 RF in combination with
pneumatic pile-driver BSP of 700 N type. Thanks to this combination of pile-
drivers it was possible to build the sheet pile walls completely, even in the
difficult geological conditions of the KAROLINA locality.
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PRAVDEPODOBNOSTNI ANALYZA VLIVU VSTUPNICH
PARAMETRU NA MODELOVANI DEFORMACI
TUNELU MRAZOVKA

PROBABILITY ANALYSIS OF THE EFFECT OF INPUT
PARAMETERS ON THE MRAZOVKA TUNNEL DEFORMATIONS MODELLING

Prof. Ing. JIRI BARTAK, DrSc., Dr. Ing. JAN PRUSKA, CVUT FSV
Ing. MATOUS HILAR, MSc., Phd.

RESUME

V prispévku jsou shrnuty pouzivané metody statistické analyzy vlivu vstup-
nich parametri pfi modelovani podzemnich staveb (Monte Carlo, bodové
odhady moment( pravdépodobnosti, vybér vrstev, latinské hyperkrychle,
fuzzy technika) a zminény nepfesnosti v modelovani geotechnickych uloh.
V aplikacni ¢asti ¢lanku je ukazana statisticka analyza vstupnich dat meto-
dou latinskych hyperkrychli a jeji vysledky pfi numerickém modelovani
deformaci tunelu Mrazovka v km 5,160 zapadni tunelové trouby.

uvoD

Chovani geomechanického modelu a vystupy feSeni jsou zasadnim zpulso-
bem ovlivnény hodnotami vstupnich parametr(. Parametry pouZitych kon-
strukénich prvkl je mozné stanovit pomérné presné, hlavnim problémem je
urceni pevnostnich a deformacnich vlastnosti horninového masivu. V pro-
vedenych studiich byly vysledné deformace tunelového nadlozi vypoéteny
jako funkce péti nahodnych parametrd, které zahrnuji nepfresnosti vstupnich
charakteristik horninového masivu. K statistickému vyhodnoceni vysled-
nych deformaci se nejcastéji pouziva metoda Monte Carlo ¢i metoda bodo-
vych odhadl momentt pravdépodobnosti. Tyto metody jsou véak pomérné
naro¢né na Cas vypoCtl v pfipadé vyssiho poctu nahodnych parametrd.
Hlavnim cilem ¢lanku je predstavit jinou statistickou metodu - tzv. metodu
latinskych hyperkrychli. PFi pouziti této metody je pocet béhli programu
znac¢né redukovan, coz pfi véts§im poctu nahodnych parametri muize pfinést
zasadni Usporu vypocetniho ¢asu.

NEPRESNOSTI V MODELOVANI

PFi analyze geotechnickych dloh je obecné nutné rozlisit tfi zakladni druhy
nepresnosti:

1. Vnitfni neprfesnost, ktera je zplisobena nahodnymi aspekty fyzikalniho
chovani geotechnické konstrukce a horninového masivu.

2. Vnéjsi nepresnost, zptsobenou chybami ve stanoveni parametr(i material(,
které vstupuji do vypodétu.

3. Chyby v méfeni skutec¢nych veli¢in, napf. deformaci.

Treti druh nepfesnosti neni ve skutecnosti dllezity pfi prvotnim navrhu,
navrzena konstrukce jim nijak neni zatizena; jakmile je vSak provadéna zpét-
na analyza, mohou i tyto chyby ovlivnit kone¢nou konstrukci. Prvni typ
nepresnosti by mohl byt oSetfen jako nahodny proces v priibéhu vlastniho
vypoctu, coz je dosti komplikované. Z téchto divodl se vétSinou v geo-
technickych analyzach uvazuje nejcastéji o druhém typu nepresnosti, tedy
o nepfesnostech zplisobenych chybami ve stanoveni vstupnich parametrd
materiall, a to ¢asto pouze u material( horninového masivu, jejichz varia-
bilita je nejpodstatnéjsi. PoCet charakteristik je zavisly na pouzitém modelu
chovani masivu; napf. nejrozsifenéj$i Mohr-Coulombdv model vyzaduje pét
zakladnich charakteristik (Eges, v, €, @, v), které mGzeme oznadit jako ndhodné
veli¢iny gy, ..., gg; ( j je oznaCeni vrstvy horninového masivu).

POUZIVANE STATISTICKE METODY

Jestlize hodnoty parametr Q1js-+s Osj jSOU specifikovany pro vSechny vrst-
vy, deformace geotechnické konstrukce X(g;j) mohou byt vypotitany ve
formé béiné deterministické analyzy konstrukce Nejbéznéjsi metodou pro
statistické urceni X(q;) je simulace zaloZena na ndhodném vybéru vstupnich
parametrt qij dle jejich rozdéleni v kazdé vrstvé horninového masivu j
(metoda Monte Carlo). Pro kazdy nahodné vybrany vzorek g;j* (k=1,2,...,m) je
spoctena odezva X* a poté Ize vyhodnotit rozdéleni X* (na zakladé predpo-
kladu, Ze kazda odezva X* ma stejnou pravdépodobnost). Tato metoda v§ak
obecné vyzaduje vétsi pocCet vypoctd odezvy neZ jiné metody. Jeji dalsi
nevyhodou je problematické stanoveni relativni dualezitosti jednotlivych
vstupnich parametrd gj;.

Z tohoto dlvodu je vyhodnejsi pouzivat metodu bodovych odhadi momentd

RESUME

This paper gives a summary of methods of statistical analysis of the impact
of input parameters used in modelling underground structures (Monte Carlo,
point estimations of probability moments, selection of layers, Latin hypercu-
bes, fuzzy technique), and touches on inaccuracies in the process of geo-
technical problems modelling. The application section of this paper contains
a statistical analysis of input data, using the Latin Cubes Method, and its
results in numerical modelling of the Mrazovka tunnel deformations at km
5.160 of the western tunnel tube.

INTRODUCTION

Behaviour of a geotechnical model, and outputs of its solution are crucially
affected by values of input parameters. Parameters of structural elements
applied can be determined in a relatively exact manner. The main problem is
in determination of rock mass strength and deformation properties. For the
studies carried out, resultant deformations of the tunnel cover were compu-
ted as a function of five random parameters, covering the inaccuracies in
input characteristics of the rock mass. The Monte Carlo method or the met-
hod of point estimations of probability moments is used most often.
Although, those methods are relatively time consuming in terms of the cal-
culations in a case of a higher number of random parameters. The main aim
of this paper is to introduce another statistical method, so called Latin
Hypercubes Method. Application of this method reduces the number of the
program runs considerably, which fact may mean radical savings in the time
of computation in case of higher number of random parameters.

INACCURACIES IN MODELLING

Three basic sorts of inaccuracies have to be distinguished in the analysis of
geotechnical problems:

1. Internal inaccuracy due to random aspects of physical behaviour of a geo-
technical structure and rock mass.

2.External inaccuracy due to errors in determination of parameters of mate-
rials, which enter the computation.

3.Errors in measurement of actual values, e.g. deformations.

The third sort of inaccuracies is not, as a matter of fact, important in the
phase of an initial proposal since the inaccuracy does not affect the propo-
sed structure at all. However, those errors may affect the final structure in
the course of the back analysis. The first sort of inaccuracies could be trea-
ted as a random process during the computation proper, but this is rather
complicated. For that reason, the second sort of inaccuracies, i.e. the ina-
ccuracies due to the errors in determination of input parameters of materi-
als, is mostly considered in geotechnical analyses, frequently of rock mass
materials only as their variability is essential. The number of characteristics
depends on the mass behaviour model utilised. For example Mohr-Coulomb
model requires five basic characteristics (Egey, v, ¢, ¢, y), which can be deno-
ted as random quantities gy, ..., qs; (j is denotation of a rock mass layer).

STATISTICAL METHODS APPLIED

If the values of the parameters qy;, . i are specified for all layers, the
deformations of a geotechnical stricture )5( qsj can be computed in a form of
a general deterministic analysis of a structure. The most usual method of
statistical determination of X(qj) is a simulation based on random sampling
of input parameters qij accordmg to their distribution within each rock mass
layer j (the Monte Carlo method). Response X* is calculated for each rando-
mly selected sample q;f (k=1,2,...,m), then the X* distribution can be evalua-
ted (based on an assumption that the probability of each response X* is iden-
tical). Although, this method generally requires a larger number of the res-
ponse calculations than other methods. Another disadvantage is the objecti-
onable determination of relative significance of individual input parameters

gjj-

On this account, utilisation of the point estimations of probability moments
method is preferable. This method requires two values (points)only,
qjj=j = s;; (0.5 probability each), selected for each input parameter (q; mean
value s;i Standard deviation of q;;). The response is identified for 2n combi-
nations of the input values. The probablllt/es of the identified responses are
identical, therefore there is no problem simply to calculate the mean value
and scatter of resultant values. In addition, there is no problem in determi-
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FOTOREPORTAZ ZE STAVBY TUNELU
MRAZOVKA

PHOTOREPORT FROM THE
MRAZOVKA TUNNEL CONSTRUCTION

Obr. 1 Méstsky okruh - jihozapadni segment (tunelové stavby)
Fig. 1 City circle - south-west segment (tunnel structures)

Obr. 2 Mimouroviova kfizovatka mezi Strahovskym tunelem a tunelem Mréazovka
Fig. 2 Grade -separated crossing between the Strahovsky tunnel and Mrazovka tunnel

Obr. 3 Informacni centrum dopravnich staveb méstského okruhu pred severnim
portalem tunelu Mrazovka (suterén objektu Na Zatlance 13, Praha 5)
Fig. 3 Public relations centre informing about the structures of the city
road circle at the portal North of the Mrazovka tunnel
(the basement of the building Na Zatlance 13, Prague 5)

Obr. 4 Prostor severniho portalu tunelu Mrazovka pred zahajenim
V pozadi vykopova jama hotelu Movenpick

Fig. 4 The portal North of the Mrézovka tunnel before the start
Excavation pit for the Mdvenpick hotel in the background

Obr. 5 Dtto pfi stavbé obou tunell
Fig. 5 Ditto during both tunnels construction

Obr. 6 Vodorovné ¢lenéni vyrubu tfipruhového tunelu
Fig. 6 The horizontal sequence of the three-lane tunnel excavation

Obr. 7 Svislé ¢lenéni tfipruhového tunelu s primérnimi obezdivkami bocénich
tunelt

Fig. 7 The vertical excavation sequence for the three-lane tunnel with primary
lining in sidewall drifts

Obr. 8 Fréza EICKHOFF - jihozépadni portal ZTT
Fig. 8 EICKHOFF roadheader - the south-western portal of the WTT

Obr. 9 Strojovna vzduchotechniky s vzduchotechnickym kanalem vedoucim
k vydechové Sachté

Fig. 9 The ventilation plant room with a ventilation duct leading to the
exhaust shaft

Obr. 10 Rozplet tunelti - kanaly pod vozovkou jako soucast sekundérni obezdivky
Fig. 10 Tunnel bifurcation - ducts under the carriageway as a part of the
secondary lining

Obr. 11 Izolace Sarnafil se systémem trubek pro doinjektovani
Fig. 11 SARNAFIL waterproofing system with pipes for subsequent grouting
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pravdépodobnosti. Tato metoda vyZaduje pouze dvé hodnoty (body)
dij =q_ij: sjj (kazdou s pravdépodobnosti 0,5), které jsou vybrany pro kazdy
vstupni parametr (qj; stfedni hodnota, s;; smérodatna odchylka gy). Odezva
je zjistovana pro 2" kombinaci vstupnich hodnot. Zji§téné odezvy maiji stej-
nou pravdépodobnost, a proto neni problém jednoduse vypocitat stiedni
hodnotu a rozptyl vyslednych hodnot. Navic neni problémem stanoveni
relativni dileZitosti vstupnich parametra.
Odlisnou cestou pro snizeni poctu béhl programu je pouziti metody vybé-
ru vrstev. Tato metoda je zaloZzena na zndmém rozdéleni vstupnich para-
metrd q;;. Rozmezi téchto parametrd je rozdéleno na N intervald yqyy, (vrst-
vy) se stejnou pravdépodobnosti a poté je provedeno m nahodnych vybérd
intervall (stejné tak jako nahodnych hodnot uvnitf interval().
VylepSenim tohoto pfiblizeni je metoda latinskych hyperkrychli. V této
metodé je rozmezi vstupnich parametr(i q;j rozdéleno na N intervall *ijh
(h=1,2,...,N), které maji stejnou pravdépodobnost 1/N. Pocet intervall
N metody latinskych hyperkrychli je stanoven shodné s celkovym pocétem
béhu programu. Z kazdého intervalu je hodnota parametru vybrana pouze
jednou (tj. je pouZita v jednom a pouze v jednom béhu programu). Jestlize
je N vysoké, neni nutné tuto hodnotu vybirat ndhodné (dle rozdéleni prav-
dépodobnosti uvnitf intervalu), ale je moZné ji stanovit jako tézisté intervalu.
Specialni forma metody latinskych hyperkrychli obsahuje nasledujici
nahodny vybér intervald X testovanych pro jednotlivé béhy programu -
pro kazdy nahodny parametr pro kazdou vrstvu mulze byt posloupnost
celych ¢isel, reprezentujicich ndhodnou permutaci ¢isel 1,2,...,N, asociovana
s nahodnou permutaci vstupnich parametrl. Ke generaci téchto nahodnych
permutaci lze vyuzit béZnou poéitatovou knihovnu. Vysledkem k-tého béhu
programu je velikost deformace X~
Ukazalo se, Ze metoda latinskych hyperkrychli dava podstatné mensi rozptyl
odhadu nez ostatni metody pfi stejném poctu béhl pocitace N. Experimenty
ukazuji, Ze obycejné by mél stacit vybér N = n (pocet béhli programu rovny
poc¢tu nahodnych parametrl). Vyhodou metody latinskych hyperkrychli je
vS8ak to, Ze vstupni rozsah kazdého parametru je zcela pokryt, coz umoziuje
komplexnéjsi predstavu o chovani odezvy.
Na rozdil od této metody vyZaduje metoda bodovych odhadli moment
pravdépodobnosti 2" béh, jeji vyhodou vsak je pomérné jednoduché hod-
noceni relativni dilezitosti kazdého parametru, coZ je v metodé latinskych
hyperkrychli ponékud komplikovanéjsi.
Jiny pfistup pro ohodnoceni vlivu vstupnich parametrd je pouZziti fuzzy tech-
niky. Pokud budeme parametry chovéni horniny brét jako fuzzy (neurgité,
rozmazané) hodnoty, mGzeme pfi pouziti fuzzy techniky a kombinace para-
metrd vygenerovat Cisla, ktera docela vérné predstavuji proménlivost cho-
vani horninového masivu a mohou byt pouzita jako vstupni parametry feseni.
Z davodu, Ze fuzzy technika pfipousti jistou ,neurditost” zahrnutou
v urceni parametru, nabizi se jeji pouziti v aplikaci na indexové klasifikace
horninovych masivd. Jako pfiklad mizeme uvést norskou klasifikaci podle
indexu Q, ktery ocenuje kvalitu horninového masivu empirickym systémem
s péti parametry (vSechny parametry jsou vyjadfeny poctem klasifikacnich
bod:
+ J,, - pocet puklinovych systému
+ J, — zvétrani ploch diskontinuity ¢i vyplini
+ J, - drsnost puklin
+ J,, — vodni tlak
* RQD - hodnoceni masivu dle klasifikace RQD
+ SRF - podminky tlakového projevu horninového masivu.

RQD J, J,

O==7 7. SRF

Pro konkrétni aplikaci, kterou uvadi HUDSON - HARRISON (1997), paramet-

Vztah pro index Q:

1 RQD
0
40 60 80
o o Jn
0
8 9 10 11 12

0

0.0 1,0 20 3,0 40 50 60 7,0

nation of relative significance of the input parameters.

Application of the method of selection of layers is a different way how to
reduce the number of the program runs. This method is based on a known
distribution of input parameters qij. The range of those parameters is divi-
ded into N intervals xqjy, (layers) with identical probability, then m random
samplﬁ)s of intervals are selected (and random samples inside the intervals
as well).

The Latin hypercubes method is an upgrade of this approximation. In this
method, the range of input parameters q;; is divided into N intervals xqjp
(h=1,2,...,N), having identical probability of 1/N. The number N of the inter-
vals at the Latin hypercubes method is determined identically with the ove-
rall number of the program runs. A parameter value is selected from each
interval once only (it is used in one and only one program run). If the N is
high, this value does not have to be selected randomly (according to the pro-
bability distribution within the interval). It can be determined as a gravity
centre of the interval.

Special form of the Latin hypercubes method contains the following random
sampling of the intervals yqjy, tested for particular program runs. i.e. for
each random parameter, for each layer the sequence of integer numbers
representing a random permutation of numbers 1,2,...,3,N can be associated
with a random permutation of the input parameters. Common computer pro-
gram library can be used for generation of these random permutations. The
result of a kth run of the program is the magnitude of deformation X-.

It turned out that the Latin hypercubes method provides substantially lower
spread in assessments than the other methods at the same number N of
computer runs. Experiments prove that usually a selection N=n (the number
of the program runs identical with the number of random parameters)
should be sufficient. The advantage of the Latin hypercubes method is the
fact that the entry range of each parameter is fully covered. This makes cre-
ation of a more complex idea of the response behaviour possible.

In contrast to this method, the method of point estimations of probability
moments requires 2" runs. Although, its advantage is comparatively simple
assessment of the relative significance of each parameter, which is a little bit
more difficult at the Latin hypercubes method.

Another attitude towards the assessment of the effect of the input parame-
ters consists in application of the fuzzy technique. If we consider the rock
mass parameters to be fuzzy values, we can use the fuzzy technique and a
combination of the parameters to generate figures, which represent the rock
mass variability quite truly, and can be used as input parameters of the solu-
tion. Because of the fact that the fuzzy technique allows certain vagueness in
the parameters determination, the idea of its application suggests itself in
the field of rock mass index classification. As an example, we can mention
Norwegian classification according the Q index, which assesses the rock
mass quality by means of an empirical system comprising five parameters
(all the parameters are defined by a number of classification points):

* J, - number of joint systems
* J, - weathering of discontinuity planes or filling
* J, - joints roughness
* J,, — water pressure
. ggg - rock mass assessment according to the RQD classification
0-f Jr

J, J; SRF
For the specific application referred to by HUDSON - HARRISON (1997), the
RQD and J, parameters fluctuate within certain range, the J,, parameter
mostly assumes its maximum value, and similarly the Jn parameter assu-
mes its minimum value. Remaining two parameters SRF and J, can assume
one value only (they are considered to be constants). We apply the fuzzy
technique on the basic relationship for determination of the Q index (Fig. 1).
The result will be a fuzzy classification value (in the case of our example the
value of 5.8, which originated by means of a combination of individual para-
meters), and a probability distribution of remaining values. It follows from
the non-linear distribution (convex shape) that the Q index will probably
assume values less than 5.8, which fact signals an increase in the probabili-

Relationship for the index Q:

I o Jr 1 Jw

o
5
w
IS

:

8,0 9,0 10,0

Obr. 1 Uziti fuzzy techniky pfi uréeni indexu Q (dle HUDSON-HARRISON, 1997)
Fig. 1 Application of the fuzzy technique in assessment of the Q index
(by HUDSON-HARRISON, 1997)
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ry RQD a J, kolisaji v urcitém rozsahu, parametr J,, vétsinou nabyva své
maximalni hodnoty a podobné parametr J,, své minimalni hodnoty, zbyva-
jici dva parametry SRF a J, mohou nabyvat jen jedné hodnoty (povazuiji se
za konstantu). Na zakladni vztah pro urceni indexu Q aplikujeme fuzzy tech-
niku (obr. 1) a vysledkem bude fuzzy klasifikaéni hodnota (v nasem pfikladé
hodnota 5,8, ktera vznikla kombinaci jednotlivych parametr(i) a pravdépo-
dobnostni rozdéleni zbylych hodnot. Z nelinearniho rozdéleni (konvexni
tvar) vyplyva, Zze index Q bude pravdépodobné nabyvat hodnoty mensi nez
5,8, coz signalizuje zvétSeni pravdépodobnosti, Ze podminky v horninovém
masivu budou horsi, nez by se dalo usuzovat na zékladé samostatné hod-
noty indexu Q.

Mrazovka
Mrazovka hill

Letenské souvrstvi
Letna series

_______------------------_____-..-
oy
-y
-
~
-~
]
k]
L
-

Prizkumna Stola - Exploratory gallery

ty that the conditions in the rock mass will be worse than it could be expec-
ted on the basis of an isolated value of the Q index.

APPLICATION OF THE LATIN HYPERCUBES ON THE MRAZOVKA
TUNNEL

The excavation of the western tube of the Mrazovka tunnel started towards
the end of the year 1999, from the northern portal, towards the south (Fig.2).
The western tunnel tube was driven in very difficult geological conditions,
mostly in heavily fractured massif of Ordovician clayey and clayey-silty sha-
les, locally replaced by hard quartziferous shales and quartzites.

Horizontal face division was designed (top heading-side wall areas-invert).
This generally represents a rather simple sequential excavation with prima-
ry support by vault, side walls lining and invert. As we know today, this pro-
cedure was applied within an about 120m long section from the northern
portal only, just under Mrazovka Hill, with not too much good results.

(]
ho tunelu v km 5,185

Injektaze 30 m
Grouting 30 m

_,
Posuzovany profil
razenél

Assed profile

Portal razeného tunelu
Mined tunnel portal

e )

0,1

i LT,

51 km

. 5,2 km

Stoupa 4,25 % - Rising grade of 4,25 %

| | | | | | | | | | | | | | | |
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u
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|
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Technological section A
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Obr. 2 Podélny fez tunelem Mrazovka v oblasti severniho portalu

>

Fig. 2 Longitudinal section through the Mrazovka tunnel, in the North portal area
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APLIKACE METODY LATINSKYCH HYPERKRYCHLI NA TUNEL
MRAZOVKA

Razba zapadni trouby tunelu Mrazovka zapocala ke konci roku 1999 od
severniho portalu smérem k jihu (obr. 2). Zapadni tunel byl razen ve velmi
obtiznych geologickych pomérech, pfevainé v silné poruSeném masivu
ordovickych jilovitych a jilovito-prachovitych bfidlic, misty vystfidanych tvr-
dymi prokiemenélymi bfidlicemi a kfemenci.

Clenéni gelby bylo navrieno horizontalni (kalota-jadro-dno), co? obecné
znamenda pomérné jednoduchou postupnou razbu s primarnim vystrojova-
nim horni klenbou, opérovymi ¢astmi osténi a spodni klenbou. Jak je jiz
dnes zndmo, byl tento postup razby aplikovan pouze v useku délky asi 120 m
od severniho portalu pfimo pod vrchem Mrazovka, a to s nepfili§ dobrymi
vysledky.

V posuzovaném profilu km 5,160 (viz. obr. 2) nebyl sice pfimo zpracovan sta-
ticky vypocet, nechalo se vsak divodné predpokladat, Zze deformace osténi
a horninového masivu nebudou v Zadném pfipadé horsi, nez vykazaly vysled-
ky stanovené nékolika alternativami matematickych modeld, provedenymi
renomovanymi odborniky (s jejich vlastnim uvazenim vstupnich parametr
a specifickych predpokladi vypoctu) pro velmi nepfiznivy a obavany profil
pod Ostrovského ulici v km 4,850. V tomto profilu byly osmi matematickymi
modely deformace terénu vypoétem stanoveny v rozmezi 42 ai 115 mm,
primérna hodnota Cinila 68,5 mm.

Projektant spravné na zékladé provedenych rozborta navrhl fadu antipokle-
sovych opatfeni pro tunelovani pomoci NRTM (sanacni injektéaze, jehlovani,
mikropilotové ,destniky", mikropiloty pod patou kaloty, vyjimeéné kompen-
zaéni injektaz). Kombinaci téchto opatfeni dle konkrétnich podminek razby
méla byt zajisténa limitni deformace povrchu Gzemi ve velikosti 60 mm.
Brzy po zadatku razby ze severu s horizontalnim élenénim se zacaly v obtiz-
nych geologickych pomérech (fada za sebou probihajicich tektonickych
poruch, v nichz bylo realizovano nékolik podptrnych opatfeni véetné sanacni
injektdze) projevovat nadmérné deformace primarniho osténi tunelu
a povrchu uzemi nad tunelem, které prekracovaly o¢ekavané hodnoty defor-
maci stanovené projektem. V km 5,160 se méfené poklesy terénu ustalily na
hodnoté 166 mm, poklesy masivu ve vrcholu vyrubu (zjisténo extenzome-
trickym méfenim v daném profilu) na hodnoté 194 mm.

Vystupy dodate¢ného matematického modelovani tunelu Mrézovka v km
5,160 byly provéreny metodou latinskych hyperkrychli. K vypoctdm byl pou-
zit program PLAXIS, ktery je zaloieny na metodé konecnych prvka.
Vzhledem k razbé tunelu pomoci NRTM byl vlastni vypocet rozdélen do
nékolika fazi, které vystihuji pribéh pobirani ¢elby. Prostorové chovani cela
vyrubu a jeho vliv na deformace a napjatost masivu bylo v roviné simulo-
vano specialnim postupem pfi zatéZzovani vyrubu a osténi (tzv. f - metodou)
- v kazdém stavu budovani konstrukce byl nevystrojeny vyrub zatizen tfeti-
nou celkového zatiZeni, zbylé dvé tietiny byly pfisouzeny osténi. Pro simu-
laci chovani horninového masivu byl pouzit Mohr-Coulombv konstitutivni
vztah. Intervaly vstupnich parametrd horninového masivu (Eyg, v, C, @, ¥)
byly voleny zcela v souladu se zavéry inzenyrskogeologického prizkumu.

VYSLEDKY

Z vysledku statistické studie (tab. 1) vyplyva, ze v profilu km 5,160 celkové
sedani terénu mélo s pravdépodobnosti 95 % lezet mezi hodnotami 50 mm
a 167 mm, celkové poklesy tunelového vyrubu ve vrcholu klenby mély
s pravdépodobnosti 95 % lezet mezi hodnotami 71 mm a 213 mm. Interval
sedani terénu bez poklest zplsobenych prizkumnou stolou je 41 az 136
mm, u stropu vyrubu 65 mm az 198 mm.

Z porovnani véech vysledkd (deterministické statické vypocty, mérené hod-
noty, pravdépodobnostni anylyza) je zfejmé, Ze pravdépodobnostni analyza
Iépe prognoézuje mozné deformace horninového masivu, které jsou podstatné
zévislé na nahodné promeénlivosti vstupnich geotechnickych parametr(,
specifickych pro pouzité konstitutivni vztahy matematického modelu.
Nutno konstatovat, ze zvétSené deformace, provazejici razbu s horizontalné
¢lenénou ¢elbou, nikde nevedly ke ztraté stability horninového masivu, $ko-
dam na objektech v nadloZi a na povrchu Uzemi. Lokalni vice nez patnacti-
centimetrové poklesy terénu v lesoparku Mrézovka nebyly prakticky vizualné
patrné a po asi 120 m razby byly trvale snizeny vlivem pfechodu na verti-
kalni ¢lenéni razby pod pfipustnou deformaci terénu 60 mm.

ZAVER

Aplikace metody latinskych hyperkrychli vychazela ze ti zakladnich predpo-
kladd, jejichZ platnost mize byt diskutabilni (stejna zavislost parametr(i hor-
niny na zakladni charakteristice jednotlivych vrstev horninového masivu,
normalni rozdéleni pravdépodobnosti vyskytu parametri horninového
masivu, normalni rozdéleni vypoétenych deformaci). V pfipadé nezavislosti
parametru vSak stoupne pocet nahodnych proménnych, a tim také potiebny
pocet vypoCtl (napf. v pfipadé provedenych vypoétd by u jednotlivych
modell pocet potfebnych spusténi vypoctového programu stoupl z puvod-
nich 5 na 5*8=40).

Although the statical analysis had not been carried out directly for the asses-
sed profile at km 5.160, it was possible to reasonably expect that the lining
and rock mass deformations would on no account be worse than the defor-
mations proved by the results determined by several alternatives of mathe-
matical models carried out by renowned experts (with the input parameters
and specific assumptions of the calculation adopted by their own) for very
adverse and feared profile under Ostrovskeho Street at km 4.850. Eight mat-
hematical models were used for this profile, resulting into the surface defor-
mations computed within a range of 42 to 115 mm, with an average value
amounting to 68.5 mm.

The design engineer correctly proposed, on the basis of the analyses carried
out, a series of anti-subsidence measures for tunnelling by the NATM (saving
grouting, spiles, micropile umbrellas, micropiles under the top heading foo-
tings, exceptionally compensation grouting). The limiting deformation of the
area surface of 60 mm was to be ensured through a combination of those
measures, depending on specific conditions of the excavation.

Soon after the beginning of the excavation from the north with the horizon-
tal sequencing, excess deformations of the tunnel primary lining and the
ground surface above the tunnel started to appear in difficult geological con-
ditions (a series of successive tectonic faults for which several supporting
measures were applied, including saving grouting), crossing the expected
values of deformations set out by the design. At km 5.160, the measured
subsidence of the ground surface stabilised at a value of 166 mm, the rock
mass subsidence at the opening crown (determined by extensometer mea-
surement at the given profile) at a value of 194 mm.

Outputs of the additional mathematical modelling of the Mrazovka tunnel at
km 5.160 were crosschecked by the Latin hypercubes method. Computations
were carried out by PLAXIS software, which is based on the finite element
method. Because of the NATM tunnel excavation, the computation was divi-
ded into several phases corresponding to the face excavation phases. Spatial
behaviour of the tunnel face and its effect on deformations and state of
stress of the rock mass was simulated in plane by a special procedure at the
excavation and the liner loading (so-called p-method) - the unsupported
excavation in each stage of the structure development was loaded by one
third of the total loading, remaining two thirds of the loading were assigned
to the liner. Mohr-Coulomb constitutive relationship was used for simulation
of the rock mass behaviour. Intervals of the rock mass input parameters (E 4,
v, ¢, @, y) were selected in a full compliance with the conclusions of engine-
ering and geological investigation.

RESULTS

It follows from the results of the statistical study (Tab. 1) that there was a
probability of 95% that the values of total ground surface settlement at km
5.160 would lie between 50mm and 167mm, and a probability of 95% that the
values of total settlement of the tunnel excavation at the vault crown would
lie between 71mm and 213mm. The interval of the ground surface settle-
ment, with the settlement caused by the exploration gallery excavation
deduced, is 41 to 136 mm, at the excavation roof it is 65 mm to 198 mm.

It is obvious from a comparison of all results (deterministic statical calcula-
tions, measured values, probabilistic analysis) that the probabilistic analysis
provides better prognoses of rock mass deformations possible, which
depend substantially on random variability of input geotechnical parameters
specific for the applied constitutive relationships of the mathematical model.
It must be stated that the increased deformations going along with the hori-
zontally sequenced excavation have never caused a loss of rock mass stabi-
lity, damage to buildings or structures at the overburden and on the ground
surface. Local cases of subsidence in Mrazovka forest park exceeding fifteen
centimetres were practically visually unperceivable, and they were, after
about 120 m of excavation, permanently reduced under an allowable terrain
deformation of 60 mm as a result of transition to the vertical excavation
sequence.

CONCLUSION

The application of the Latin hypecubes method was based on three basic
assumptions, whose validity can be disputable (identical relationship bet-
ween rock parameters and the basic characteristics of individual rock mass
layers, normal distribution of the rock mass parameters occurrence proba-
bility, normal distribution of computed deformations). But should the rock
parameters be independent, the number of random variables as well as the
number of computations required would increase (e.g. in the case of the
performed computations, the number of runs of the computation program
required for individual models would rise from the original 5 to 5*8=40).

It is useful for a qualified statistical evaluation of modelling results to apply
the Latin supercubes method, which allows, compared to other common
statistical methods (the Monte Carlo method, the point estimations of pro-
bability moments method, etc.), to achieve substantial savings in the com-
putation time.

A more general conclusion can be made on the basis of a comparison of
the results obtained by application of the Latin hypercubes method on the
Mrazovka tunnel western tube at km 5.160 with the values measured and
obtained by the deterministic computation that it is desirable to carry out
at least a partial study of the effect of the rock mass parameters variability
on the resulting behaviour of the structure. If the probability of achieving
unfavourable values of deformations (or other monitored variables) is high,
it is desirable to consider application of other adequate techniques (e.g.
another type of the excavation sequencing, grouting, pre-lining systems)
already in the designing phase.

This paper was elaborated in the framework of the solution of the research
project MSM:210000003 “Development of algorithms of computer mecha-
nics and their application in engineering”.
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Ke kvalifikovanému statistickému vyhodnoceni vysledki modelovani je
vyhodné vyuzit metodu latinskych hyperkrychli, ktera vzhledem k ostatnim
bézné uzivanym statistickym metoddm (metoda Monte Carlo, metoda bodo-
vych odhadd momentl pravdépodobnosti atd.) umoznuje zasadni Usporu
vypocetniho ¢asu.

Z porovnani vysledku, které byly ziskany aplikaci metody latinskych hyperk-
rychli na zépadni troubu tunelu Mrazovka v km 5,160, s hodnotami méfenymi
a ziskanymi deterministickym vypoctem lze uinit obecnéjsi zavér, ze pfi
vypoctu podobné naroénych geotechnickych konstrukei je Zadouci provést
aspon ¢astecnou studii vlivu proménlivosti parametri horninového masivu
na vysledné chovani konstrukce. Pfi vysoké pravdépodobnosti dosazeni
nepfiznivych hodnot deformaci (nebo jinych sledovanych veli¢in) je Zadouci
zvéiit jiz pfi ndvrhu pouziti adekvatnich technologii (napf. jiny typ élenéni
vyrubu, injektaze, PL- systémy).

Prispévek byl zpracovan v ramci feSeni vyzkumného zaméru MSM:
210000003 ,Rozvoj algoritm pocitacové mechaniky a jejich aplikace v inze-
nyrstvi”.
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Celkové poklesy Poklesy stoly Poklesy bez vlivu stoly
Total settlement Gallery settlement Settlement without the gallery effect
Viypocet Povrch (mm) Tunel (mm) Povrch (mm) Stola (mm) Povrch (mm) Tunel (mm)
Computation Surface level Tunnel Surface level Gallery Surface level Tunnel
1 79 107 15 8 64 99
2 153 197 29 14 124 183
3 92 125 18 10 74 115
4 85 m 15 8 70 103
5 134 171 25 12 109 159
Xprbmer) 108,60 142,20 20,40 10,40 88,20 131,80
(average)
(:tg,”;:;d"jg\t‘g't'l‘;)’ ] 29,41 35,61 5,64 233 23,80 33,31
X+ 25 (0=95,45%) 167,42 213,42 31,69 15,06 135,81 198,43
X- 25 (p=95,45%) 49,78 70,98 91N 5,74 40,59 65,17
X+ 25 (p=68,27%) 138,01 177,81 26,04 12,73 112,00 165,11
X- 25 (p=68,27%) 79,19 106,59 14,76 8,07 64,40 98,49
(stg’:g;r( Jgﬂgn ) 5,69 6,22 2,65 175 5,15 6,02

Tab. 1 Vysledky pro ZTT km 5,160
Table 1 Results for the WTT km 5,160
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SVETI MARKO - PrRVNi CHORVATSKY DALNICNi TUNEL
RAZENY NRTM

SVETI MARKO - THE FIRST CROATIAN HIGHWAY TUNNEL
DRIVEN BY THE NATM

Ing. ROMAN SABATA, ILF CONSULTING ENGINEERS, s. r. o.

uvoD

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

Celbovy kiin podie potfeby

Face buftress if requined

Zajifténl felby wyrubu stfikany beton 10 cm
podie polfeby

Face sealing sholcrate if required

SNIBO kotvy L= 34 m

SNIBO rock balf L= 3-4 m
Roziifenl paty kaloty die potfeby
“Elephant foot * i required

SNIBO kobvy L= 4-6 m
SNABO rock bolt L= 4-6 m

Patni mikropiloty die potfaby

Filers if required

Spodni klenba kaloty podia polfety
Temparary imaed if required

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
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RAZBA A GEOTECHNICKY MONITORING PRUZKUMNYCH
STOL TUNELU PANENSKA

(stavba 0807/II-J, dalnice D8)

EXCAVATION AND GEOTECHNICAL MONITORING
OF EXPLORATORY GALLERIES OF THE PANENSKA TUNNEL

(structure 0807/Il-J, D8 highway)

Ing. JAN KVAS, METROSTAV, a. s.
Ing. PAVEL GAJDOS, SG GEOTECHNIKA, a. s.

uvob

Zameérem autort predloZzeného prispévku je seznamit Sirsi a odbornou
vefejnost s pracemi probihajicimi pfi razbé dvou prizkumnych $tol pro pla-
novany dalniéni tunel Panenskd na stavbé délnice D8 Praha - Usti nad
Labem - statni hranice CR/SRN. Investorem akce je Reditelstvi silnic s dal-
nic CR, zhotovitelem prizkumnych $tol Metrostav, a. s. - Divize 5 a nosite-
lem inZzenyrskogeologického prizkumu a geotechnického monitoringu firma
Arenal, s. r. 0., ve spolupréaci s akciovou spolecnosti SG - Geotechnika.
Generalnim projektantem je firma Valbek, spol. s r. 0., spolupracujici
s némeckou spole¢nosti Bunk, zpracovatelem RD je Pragoprojekt, a. s.,
a firma Tubes.

CiLE PRUZKUMNYCH STOL

Hlavnim cilem prizkumnych $tol, tak jak je uvedeno v RD a v projektu geo-
technického monitoringu, je zpfesnéni dopliikového geotechnického pra-
zkumu (pfiportalovych usekd) pro délnici D8 - stavbu 0807/Il Kninice - stat-
ni hranice CR/SRN, ktery v roce 1998 zpracovala firma Arenal, s. r. 0., Praha.
Zminény prizkum byl veden z povrchu pomoci jadrovych vrtl v kombinaci
s geofyzikalnimi metodami a polnimi zkouskami. Prizkumné stoly slouzi
k ziskani detailnéjsi predstavy o geologickych, hydrogeologickych a geo-
technickych pomérech na jiznim a severnim portalu tunelu. Vysledky pri-
zkumnych praci budou vyuzity pfi vypracovani provadéciho projektu tune-
lové stavby.

Béhem raZeb jsou kromé geologickych, hydrogeologickych a tektonickych
jevl zaznamenavany i informace o pribéhu razicich praci, stabilité vyrub,
tvorbé nadvylomd apod. Soucasné s razbou je provadén geotechnicky
monitoring, ktery slouzi jednak provoznim potiebam razby vlastnich pru-
zkumnych dél, jednak pro ziskani predstavy o deformacnich vlastnostech
horninového masivu a jeho reakcich na umélé zasahy pro ucely nasledné
interpretace a aplikace na velky tunel. Vysledky komplexu praci budou déle
slouzit k upfesnéni technologie razby, k stanoveni raznosti hornin, k specifi-
kaci charakteristickych geotechnickych parametrii horninového masivu
(vstupni data pro staticka a jina reseni), k zatfidéni horninovych celki do
tunelafskych klasifikaci apod.

V neposledni fadé je nutné zminit i celospole¢ensky dopad prizkumnych
praci na realizaci tohoto naro¢ného useku dalnice.

UMISTENIi A VEDENI TRASY BUDOUCIHO TUNELU

Tunel je souéasti stavby 0807 (Trmice - st. hranice). Trasa délnice navaZie na
némecké strané na trasu spolkové dalnice A 17. Stavenisté je situovano ve
vrcholové partii vychodni ¢asti Krusnych hor. Severni portal je umistén pfi-
blizné 400 m severozdpadné od osady Panenska, jizni portal pfiblizné 1 km
severovychodné od obce Nakléfov. Délka projektované tunelové trasy je asi
2 km. UvaZovano je s vystavbou dvou tunelovych trub. Osa tuneli neni
ptima - tunely budou vedeny v oblouku. Kromé prekonani morfologické
konfigurace terénu budou tunely prevadét silni¢ni dopravu i pod oblasti
s vyznamnymi krajinnymi prvky, zoologickou lokalitou a pAsmem hygienic-
ké ochrany vodniho zdroje. Tunely se budou jak u severniho, tak i u jizniho
portalu zahlubovat kose k vrstevnicim terénu. Tunely budou podchazet neo-
sidlené, nezastavéné Gzemi tvofené pozemky charakteru louka, pastvina
a les. Jedinym umélym objektem na povrchu, ktery bude trasa dila kfiZit, je
mistni silniéni komunikace Nakléfov - Petrovice.

ZAKLADNI UDAJE O PRUZKUMNYCH STOLACH

Priizkumné $toly jsou situovany v priportalovych Usecich. Pracovné jsou
dila oznacovana jako ,jizni $tola” a ,severni §tola”. Cilem prizkumnych stol
je zpresnéni podrobného geologického prizkumu, jako podkladu pro dalsi
stupné projektové dokumentace. Obé Stoly maji naprojektovany shodné
technické parametry. Délka kazdé stoly ¢ini 150 m. PFi¢ny profil §tol je pod-
kovovity, jeho plocha se pohybuje v rozmezi od 21,68 do 23,67 m? v zavis-

INTRODUCTION

It is intention of authors of this contribution to inform the broader as well as
professional community of the works advancing at excavation of two explo-
ratory galleries for the designed highway tunnel Panenska on section of the
D8 highway Prague - Usti nad Labem - national border CR/Germany. The
directorate of roads and motorways of the CR is the investor, Metrostav, a.s.
- Division 5 the contractor for the exploratory galleries. Arenal s.r.o., in coo-
peration with the joint-stock company SG - Geotechnika, is responsible for
the engineering-geological exploration as well as geotechnical monitoring.
The company Valbek s.r.o. cooperating with a German company Bunk is the
main designer, while Pragoprojekt a.s. and the company Tubes are the per-
formance design (PD) suppliers.

PURPOSES OF THE EXPLORATORY GALLERIES

It is the main purpose of the exploratory galleries, such as stated in the PD
and design for geotechnical monitoring, to refine the supplementary geo-
technical exploration (by-portal sections) for the D8 highway - structure
0807/l Kninice - national border CR/Germany, which was elaborated by
Arenal s.r.o. Praha in 1998. This exploration was conducted from the surface
using core bores in combination with geophysical methods and field tests.
Exploratory galleries help to obtain more detailed idea of geological, hydro-
geological and geotechnical conditions by southern and northern tunnel por-
tal. Results of the exploratory works will be used during elaboration of per-
formance project of the tunnel structure.

Beside geological, hydrogeological and tectonic phenomena, also informati-
on on the course of excavation works, stability of excavated openings, for-
mation of overbreaks etc. are taken down during the excavation. A geotech-
nical monitoring is carried out along with the excavation, which serves to
cover operational needs of excavation of the own exploratory works as well
as to obtain idea about deformation properties of the rock massif and its
reactions to artificial impacts for the purposes of subsequent interpretation
and application on the large tunnel. Results of a set of works will further
serve to refine the excavation technology, determination of the rock excava-
tion level, specification of the characteristic geotechnical parameters of
rocky massif (input data for static and other solutions), classification of rock
complexes into tunneling classes etc.

Last but not least it is necessary to mention the general social impact of the
exploratory works on realization of this complicated highway section.

LOCATION AND ALIGNMENT OF THE FUTURE TUNNEL

Tunnel is a part of the 0807 structure (Trmice - national border). The align-
ment on the German side will continue by the A17 highway. The constructi-
on yard is situated within mountainous section of the Eastern Krusné moun-
tains. Northern portal is located app. 400 m to northwest of the Panenska
settlement, southern portal then app. 1 km northeast of the village Nakléfov.
Length of the designed tunnel route reaches app. 2 km. Construction of two
tunnel tubes in being considered. Tunnel axis is not linear - tunnels will be
conducted in a curve. Beside overcoming the morphologic terrain configu-
ration, tunnels will also transfer road traffic below areas with significant
landscape elements, such as a zoological locality and a zone of water sour-
ces protection. By both northern and southern portal, the tunnels will be
excavated at an angle to the terrain contour lines. Tunnels will underpass
unsettled area consisting of parcels characterized by meadow, pasture and
forest. The only man-made object on the surface, crossed by the route of the
work, is the local road Nakléfov - Petrovice.
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losti na vystrojovaci tfidé (z hlediska vzitych klasifikaci se nazvoslovné
jedna spise o ,prizkumny” tunel - hranice mezi tim, co nazyvat $tolou, a co
tunelem je 16 m?. Na zakladé zhodnoceni pfedchozich praci byly pro razbu
prizkumnych $tol vyélenény 3 vystrojovaci tfidy A, B a C. Pfi jisté davce
zjednodu$eni a schematizace Ize jednotlivé vystrojovaci tfidy ve vztahu
k podminkdm razby a horninovému prostiedi charakterizovat nasledovné:
vystrojovaci tfida A - kvalitni horninové prostiedi, vystrojovaci tfida B -
pridmérné horninové prostiedi, vystrojovaci tfida C - nestabilni horninové
prostiedi. Pfi razbé je vyuzivano principt NRTM (stiikany beton, betonarské
sité, poddajnd vyztuz - pfihradové ramenaty Vammtex zkrouzené do pfede-
psaného tvaru, systematické kotveni hydraulicky rozpinanymi svorniky typu
Boltex 12 délky 3 m ve $tole a 6 m v kaloté, kontrolni sledovani). Hornina je
rozpojovana pomoci trhacich praci. K trhacim pracim je pouZivana plasticka
trhavina Danubit. Obé $toly jsou razeny ve vrcholu budouci kaloty tunelo-
vé trouby; severni Stola je raiena v levé (zapadni) a jizni Stola v pravé
(vychodni) troubé. Severni $tola je razena Upadné, jizni dovrchné, obé se
sklonem 3,95 %. V mistech se zhor§enymi stabilitnimi poméry jsou §toly na
40 m dlouhém zkusebnim Useku pfibirany a prestrojovany na profil kaloty
budouciho tunelu. Pro tyto ucely je definovana samostatna vystrojovaci
tfida C - kalota. Osténi §tol i v rozsifeni na kalotu je pouze primarni.

Pred zahajenim vlastni razby bylo nutné zbudovat pfistupové komunikace
k obéma portalim (severni v délce 220 m, jizni 1492 m). Obé komunikace
byly, z dlivodu co nejmensiho naru$eni pivodniho porostu, v maximalni
mozné mife vedeny po stavajicich nezpevnénych lesnich cestach. V tésné
blizkosti obou portalli jsou zbudovana docasna pracovisté, ktera se z ddvo-
du minimalizace ekologické zatéze tohoto Uzemi pfi provadéni prizkumnych
praci skladdaji pouze ze zazemi nezbytné nutného pro realizaci vlastnich
razeb - prevazina &ast souvisejicich technologii je situovdna mimo dotce-
nou lokalitu.

Stavebni prace na pfistupovych komunikacich, skryvce lesni pidy a vybu-
dovani pfiportalovych zarez( véetné zajisténi vlastnich portalt byly zahaje-
ny v fijnu lofského roku, vlastni razba pak zacala 5. dubna slavnostnim ulo-
Zenim sv. Barborky, patronky vSech hornikl a tunelafu, kterého se UGcastnili
jak cesti, tak i némecti predni zastupci z fad politiki a odbornikd. Termin
dokonceni priizkumnych stol je 31. 10. 2002.

PFi razbé severni i jizni §toly byly pouzity v podstaté shodné strojni sestavy
skladajici se z vrtaciho vozu SECOMA, hydraulické zvedaci plosiny KTR M2,
rypadla JCB 3CX 4x4, nakladace VOLVO 120C na jiznim a pfepravnikového
nakladace 4LF.1GHH na severnim portale.

Obr. 1 Severni portal
Fig. 1 Northern portal

BASIC DATA ON THE EXPLORATORY GALLERIES

Exploratory galleries are located within portal sections. The works are unof-
ficially called “southern gallery” and “northern gallery”. It is the purpose of
exploratory galleries to refine the detailed geological exploration as a fra-
mework for further steps of project documentation. Both galleries are desig-
ned with the same technical parameters. Length of each gallery is 150 m.
Galleries’ cross profile has a horseshoe shape, its area ranges between 21,68
and 23,67 m?* depending on the support class (from the viewpoint of com-
mon classification it is rather an “exploratory tunnel” - there is a 16 m? limit
between what is still called a gallery and what a tunnel. Based on evaluation
of preceding works, three equipment classes A,B and C were designated for
excavation of the exploratory galleries. With some simplification and sche-
matization it is possible to characterize the individual support classes in rela-
tion to excavation conditions and rock environment in the following way:
support class A - high-quality rock environment, support class B - average
rock environment, support class C - unstable rock environment. NATM met-
hods (shotcrete, reinforcing mesh, yieldable lattice girders Vammtex shaped
into required form, systematic anchoring using hydraulically expandable
bolts of Boltex 12 type with length of 3 m in the gallery and 6 m in the calot-
te, controlling supervision) are used during the excavation. The rock is bro-
ken using blasting works. Plastic explosive Danubit was used during the
blasting works. Both galleried are being excavated at top of future calotte of
the tunnel tube, northern gallery in the left (western) and southern gallery in
the right (eastern) tube. Northern gallery is being excavated downhill while
the southern uphill, both with an 3,95 % incline. In places with worse stabi-
lity conditions are the galleries enlarged on a 40 m long trial section and
their support changed to match the profile of the future tunnel calotte. For
these purposes, an individual support class C - calotte is defined. Also this
enlarged section is supported by primary lining only.

Before commencement of the own excavation, it was necessary to construct
access roads to both portals (220 m long to northern one and 1492 to sout-
hern one). Both roads were, from reasons of lowest possible damage to the
original forest, in most feasible cases conducted along existing unpaved
forest pathways. Temporary workplaces were established in close vicinity of
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Obr. 2 Provadéni tahovych zkousek hydraulicky upinanych svornikd typ BOLTEX 12
Fig. 2 Execution of pull-out tests of the hydraulically expanded rockbolts
of BOLTEX 12 type
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the portals, and from reasons of minimization of ecological impact on these
places they only consist of backup equipment essential for realization of the
own excavation - prevailing part of coherent technologies is located outside
the affected area.

Engineering works on the access roads, forest soil stripping, and on excava-
tion of the portal cuts including the support of the portals began in October
last year, the own excavation then began on April 5 by a ceremonial deposit
of St. Barbora, a benefactor of all miners and tunnelers, in which both Czech
and German top political and professional representatives took part.
According to schedule, exploratory galleries will have been completed by
October 31, 2002.

During excavation of northern as well as southern gallery, almost same
mechanical sets, consisting of drilling set SECOMA, hydraulic elevating plat-
form KTR M2, excavator JCB 3CX 4x4, loaders VOLVO 120C at the southern
and the load-haul-dump 4LF.1GHH at the northern portal, were used.

GEOLOGICAL CONDITIONS

The future tunnel is located within the crystalline area of the Krusné moun-
tains. It is a complex of regionally metamorphic rocks consisting of biotitic
gneisses with bed-like positions and inlets of amphibolites, double-mica
gneisses, paragneisses, metagranodiorits, polarized metapegmatites and
metaaplites from the Precambrian to the Lower Palaeozoic. From rocks of the
Variscan age, streaks of granite porphyry are represented. All of the afore-
mentioned rock types have been encountered during the during excavation
of the exploratory works. As for so far not encountered rock types which are
likely to occur in a tunnel constructed in such geological formation, for
instance streak rocks from the lamprophyres, erlanes, quartzite gneisses etc
can be mentioned.

Northern gallery including the pre-portal cut is localized into an area, which
has been affected by an intense fossil erosion, occurring already in the
Precretaceous era - erosion mantle was encountered by exploratory bores
even below the Upper Cretaceous sandstones, which have been preserved
as tectonic-denudating relics in the area and close vicinity of the Panenska
settlement. Fossil erosion could have possibly continued even in the Tertiary.
Erosion processes were supported by tectonic faults in the massive as well
as by older hydrothermal metamorphoses probably spatially and genetical-
ly connected with the nearby deposit of fluorite and barite. The rocks are
generally heavily altered. From alterations, mostly hematization and chlori-

Obr. 3 Rozsifeni severni priizkumné Stoly na profil budouci kaloty velkého tunelu

Fig. 3 Expansion of the northern exploratory gallery into future large tunnel calotte profile
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GEOLOGICKE POMERY

Budouci tunel je situovan do oblasti krusnohorského krystalinika. Jedna se
o komplex regionalné metamorfovanych hornin tvofeny biotitickymi rulami
s loznimi polohami a vlozkami amfibolit(, dvojslidnych rul, pararul, meta-
granodioritli, usmérnénych metapegmatitii a metaaplitG stafi prekambrium
aZ spodni paleozoikum. Z hornin variského stafi jsou zastoupeny Zily grani-
tovych porfyrd. VSechny vy$e uvedené horninové typy byly razbou pra-
zkumnych dél zastizeny. Z doposud nezastizenych horninovych typ0, které
Ize pfi stavbé tunelu v této geologické formaci oekavat, Ize uvést napf. Zilné
horniny ze skupiny lamprofyra, erlany, kvarcitické ruly apod.

Severni $tola véetné predportalového zarezu je lokalizovana do prostoru,
ktery byl postizen intenzivnim fosilnim zvétranim, ke kterému doslo jiz
v predkiidové dobé - zvétralinovy plast byl zachycen prizkumnymi vrty
i pod piskovci svrchni kFidy, které se zachovaly jako tektonicko-denudaéni
relikty v prostoru a tésném okoli osady Panenska. Fosilni zvétrani mohlo
¢aste€né pokracovat i v terciéru. Zvétravaci procesy byly usnadnény jednak
tektonickym porusenim masivu, jednak star§imi hydrotermalnimi pfeména-
mi souvisejicimi prostorové a geneticky pravdépodobné s nedalekym lozis-
kem flouritu a barytu. Horniny jsou vesmés silné alterovany. Z alteraci byly
popsany predev§im hematitizace a chloritizace, méné sericitizace a kaolini-
zace.

Jizni $tola byla ve své Uvodni ¢asti razena smérové po zile zbfidliénatélého
metapegmatitu. Pozdéji pfesla do zvétralého, rozpukaného a vcelku jedno-
tvarného ortorulového komplexu.

Z méfeni drobnych a stfednich tektonickych prvkd se jako dominantni tek-
tonické sméry jevi smér §picacky (SZ - JV) a smér krusnohorsky (SV - JZ).

HYDROGEOLOGICKE POMERY

U severni $toly byla pred zahajenim razby obava z potencidlné moznych
zvy$enych pritokd do dila ze zaklesnutych tektonickodenudacénich ker pis-
kovcd svrchnokfidového stafi, které tvori lokalni rezervoar podzemni vody.
,Podfarani” oblasti vyskytu kfidovych relikt( se zvy$enymi pfitoky do Stoly
neprojevilo. Pritoky puklinové vody do dila byly v pribéhu razby vcelku
vyrovnané. Celkové pfitoky do $toly se prozatim pohybuji kolem 2,5 - 3 I/s.
Katastrofické srazky, které postihly nasi republiku v poloviné srpna 2002,
zapfiéinily zastaveni praci na 2 dny. Problémem nebyla ani tak podzemni
voda, jako spi$e voda povrchova. Béhem pfivalovych destli 11. - 13. 8. 2002
doslo k zatopeni §toly povrchovou vodou ze srazek (Upadni dilo). Po odéer-
pani byly prace obnoveny.

U jizni Stoly byl zastizen zvodnély puklinovy systém, ktery se vzhledem
k otevienosti diskontinuit, sklonovym pomériim a malé kapacité horninové-
ho prostfedi velmi rychle doplfiuje ze sraiek a zéroven se i velmi rychle
vyprazdiuje. Celkovy pfitok do dila se pohybuje kolem 3 I/s. V maximu,
v obdobi pfivalovych desti dosahl odhadem cca 15 I/s.

VYKON GEOLOGICKE SLUZBY

Od zahdjeni praci je na stavbé pfitomna stald geologicka sluzba (2 pracov-
nici spolecnosti SG - Geotechnika), ktera pofizuje prubéznou primarni geo-
logickou dokumentaci a fotodokumentaci ¢eleb, vede spravu databaze jed-
notlivych méfeni a zajistuje odbér horninovych vzork( pro mechanické
zkousky a petrografické rozbory. Po kazdém odstfelu je geologem zhodno-
cena kvalita vyrubu a formou zéapisu do provozni dokumentace doporuc¢ena
odpovidajici vystrojovaci tfida primarniho osténi.

GEOTECHNICKY MONITORING

Geotechnicky monitoring zahrnuje nasledujici méreni:

» Konvergenéni méfeni - v kazdé Stole je osazeno 7 pétiprvkovych konver-
genénich profill, krok mezi profily je cca 20 m. Konvergence jsou méfeny
jako absolutni - optickou metodou. Vysledky jsou bezprostfedné po zmére-
ni pfevedeny do grafické formy - v programu Arch- Tech, kterym je na stav-
bé vybaven poditac v geologické burnce. Konvergenéni méreni slouzi jak pro
razbu prizkumnych $tol, tak i pro nasledné statické vypocty pro stavbu
samotného tunelu. V mistech rozsifeni na kalotu jsou prislusné profily pre-
strojeny.

+ Nivelace povrchu - ve shodnych stanienich s konvergenénimi profily jsou
osazeny a méfeny body pro presnou nivelaci na povrchu. Cilem je zmapo-
vani poklesové kotliny v pfiportalovych Usecich.

* Monitoring portalovych stén - vzhledem k pozadavku zhotovitele $tol byly
na kazdé portalové sténé osazeny 4 monitorovaci body.

+ Extenzometrickd méfeni — na 3 vrtech probihaji extenzometrickd méreni
z povrchu. Extenzometry jsou osazeny jako ¢tyfstuproveé.

* Na 2 vrtech jsou méfeny porové tlaky.

* Pro upresnéni deformacnich vlastnosti horninového masivu jsou v kazdé
$tole naprojektovana presiometrickd méfeni (v kazdé $tole 3 presiometrické
profily).

» Méfeni tlaki mezi stfikanym betonem a horninou a méfeni radialnich tlaku
ve stfikaném betonu.

+ Déle jsou provadéna seismicka méfeni, sledovani tahovych zkousek kotev
a shromazdovani vstupl pro matematicka modelovani.

ZAVER

V soucasné dobé je ukoncena razba na severnim portéle a na jiznim probiha

tization have been documented, in lesser scale also sericitization and kaoli-
nization.

Southern gallery was in its initial section excavated in direction along a stre-
ak of slated metapegmatites. Later it proceeded into eroded, faulted and
generally monotonous ortogneiss complex.

According to measurements of small and medium tectonic elements, the tec-
tonic directions towards Spicék (NW - SE) and Krusné mountains (NE - SW)
are predominant.

HYDROGEOLOGICAL CONDITIONS

As for the northern gallery before commencement of the excavation, there
was an existing fear of potential increased inflows into the work from locked
tectonic-denudating sandstone plates of the Upper Cretaceous age, which
form the local groundwater reservoir. "Undermining" the occurrence area of
the cretaceous relics had not had the effect of increased inflows into the gal-
lery. Inflows of crevice water into the work have been relatively stable during
the excavation. Total inflows into the gallery are so far estimated to reach
app. 2,5 - 3 I/s. Disastrous rainfalls which affected our republic in mid August
2002 caused a suspension of works for 2 days. Rather than the groundwater,
the surface one caused the problem. During heavy rainfalls of August 11-13
2002, one gallery (the downhill excavated one) was filled with surface rain-
fall water. All works were resumed after drainage.

A water saturated crevice complex was encountered in the southern gallery,
which is being due to openness of fissures, slope conditions and small capa-
city of the rocky environment filled with rainfall water very quickly as well as
very quickly drained again. The total water inflow into the work ranges
around 3 I/s. It hit its maximum during the heavy rainfalls with app. 15 I/s.

PERFORMANCE OF THE GEOLOGICAL SERVICE

Since the commencement of works, a permanent geological service (2
employees of SG - Geotechnika) has been present at the construction yard
and elaborated a continuous primary geological documentation and photo-
documentation of faces, managed administration of databases of individual
measurements and provided selection of rock specimen for mechanical tests
as well as petrographic analyses. Following every blasting, quality of he
excavation is evaluated by a geologist and by means of entry into the ope-
rational documentation a correspondent support class of the primary lining
is recommended.

GEOTECHNICAL MONITORING

Geotechnical monitoring covers the following measurements:

» Convergence measurement - 7 five-element convergence profiles are
installed in each gallery, distance between profiles is app. 20 m.
Convergences are being measured as absolute - using optical method. The
results are immediately after measurement transferred into graphic form —
using Arch-Tech program, which is installed on a computer in the cabin used
by geologists. Convergence measurement serves for both the excavation of
exploratory galleries and subsequent structural analyses for construction of
the own tunnel. The support in the places of the calotte enlargement is modi-
fied.

« Surface leveling - within same spots as convergence profiles, points for
precise surface leveling are installed and measured. Their purpose is to map
the settlement zones within portals sections.

* Monitoring of portals walls - with regards to request of the galleries’ con-
tractor, 4 monitoring points were installed on every portal wall.

« Extensometric measurements — extensometric measurements are procee-
ding from the surface in 3 bores. Four-level extensometers are installed.

* Porous pressures are being measured at 2 bores

« In order to specify deformation attributes of the rock massif, pressiometric
measurements are designed for each gallery (3 pressiometric profiles in
each gallery)

* Measurement of pressures between shotcrete and rock as well as measu-
rement of radial pressures in shotcrete itself

¢ Furthermore, seismic measurements, monitoring of anchor pull-out tests
and collection of data for mathematical modeling are being carried out.

CONCLUSION

As of now, excavation of the northern portal is completed while at the sout-
hern one the gallery enlargement into future calotte profile is underway.
Lower submitted data thus presents preliminary conclusions - by the time of
preparation of this article the exploratory works have not yet been finished.
Geological and hydrogeological conditions determined by the northern gal-
lery are, contrary to those expected in design, slightly more favorable.
Although the rocky massif is seriously tectonically faulted and moreover
affected by widespread fossil erosion including hydrothermal alterations,
stability of the excavation is generally good. The range of rocks degraded to
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roz$ifeni $toly na profil budouci kaloty. Nize prezentované tdaje tedy pred-
stavuji predbézné zavéry - v dobé pfipravy tohoto ¢lanku nebyly prizkum-
né prace jesté ukoncéeny.

Geologické a hydrogeologické poméry ovérené severni §tolou jsou oproti
intenzivné tektonicky porusen a navic postizen rozsahlym fosilnim zvétra-
nim véetné hydrotermalnich alteraci, stabilita vyrubd je vesmés dobra.
Rozsah hornin rozloZzenych (degradovanych) az na material na pfechodu
mezi horninami a zeminami neni vysoky. Jedné se spiSe o nékolik dil€ich
Usekl v poruchovych zénach. Obavané ,podfarani” oblasti rozvle¢enych
a zakleslych kfidovych ker (Useky s nebezpeéim zvy$enych pfitokl ze zvod-
nélych piskovcl) se na zvodnéni vyrubi vyraznéji neprojevilo. Pfevladajicim
stupném raznosti (vyjadfeno vystrojovaci tfidou) je stfedni tfida B.
Deformacéni vlastnosti horninového masivu jsou dobré. Deformace zjisténé
konvergenénimi méfenimi jsou nizké a po nékolika prvnich dnech se usta-
luji. Maximalni deformace neprekracuji hodnotu 1 cm. Podobné i nivelaéni
méfeni na povrchu.

Geologické poméry, ovéfené jizni Stolou, prozatim v zdsadé potvrzuji
puvodni pfedpoklady. Dilo bylo zpocatku (na plnou ¢elbu) vedeno télesem
usmérnéného hrubozrnného metapegmatitu, na okrajich silné zbfidlicnaté-
lého. | kdyZ Stola vice ¢i méné sledovala smér bfidli¢natosti (strmé uklony
k SSV az SV), stabilita vyrubl byla dobra (plochy diskontinuit byly prevainé
stupfiovité, drsné - vy3$i thel tfeni na plochéach oslabeni horninového masi-
vu). Pfiblizné v centralnim useku $toly se stabilitni poméry zhorsily. Stola
presla do zvétralého komplexu muskovit - biotitickych ortorul. Ruly byly
misty extrémné zvétralé (charakter soudriné zeminy). Zastoupeni vystrojo-
vacich tfid B a C v zasadé odpovida projektu. Neuplatnila se pouze tfida A.
Avizovana vyznamnéjsi akumulace podzemni vody zadrzena za hydraulic-
kou bariérou nebyla zastizena. Zvodnéni je puklinové, puklinovy systém je
vice méné otevieny. Plo$ny rozsah kolektoru neni ziejmé vysoky. Doposud
provedend méreni a sledovani naznaduji jak na rychlé doplhovani, tak i na
rychlé vyprazdiovani kolektoru. Vysledky konvergencnich i nivelaénich
méfeni jsou analogické jako v pfipadé severni §toly.

Projektem definované vystrojovaci tfidy primarniho osténi se v podminkach
lokality pomérné dobfe osvéd¢ily. Prizkum potvrdil vyrazné nizsi podil
mechanicky rozpojitelnych hornin nez byl pfedpoklad. Podil téchto hornin je
zanedbatelny. Razba probiha pouze pomoci trhacich praci.

Geotechnicky monitoring je provadén od samého pocéatku zahajeni praci.
Byl provadén jak pfi realizaci predzafezd, tak v pribéhu vystavby vlastnich
stol. Geotechnicky monitoring slouzi pro kontrolu a fizeni technologického
postupu vystavby dila, zejména pro aplikaci jednotlivych druht vystrojova-
cich tfid a sanacnich prvkd. Jeho vysledky budou dale slouzit pro prislusna
staticka reSeni pfi aplikaci na vlastni tunel. Geotechnicky monitoring pred-
stavuje soubor méfeni a pozorovani zaméreny na sledovani a kontrolu reak-
ce horninového prostfedi na stavbu. Jsou také sledovany veskeré induko-
vané U¢inky v okoli stavby. Vysledkem je observaéni metoda vystavby dila,
kterd je typickym prvkem NRTM. Na zékladé doposud provedenych praci Ize
konstatovat, ze NRTM se jevi jako optimalni metoda pro stavbu tunell
Panenska.

ZDROJE:

+ Realizaéni dokumentace stavby 0807/l Cast J - Prlizkumné $toly pro tunel
Panenska zpracovana firmou Pragoprojekt, a. s.

+ Projekt praci geotechnického monitoringu prizkumnych §tol ,tunelu
Panenska (stavba 0807/1I-J, dalnice D8)

« Geotechnicky monitoring priizkumnych $tol tunelu Panenska - diléi zprava
¢.2 (Ing. Pavel Gajdos, RNDr. Vaclav Husner)

a material found at the transition limit of rocks to grounds is not high. These
are rather several partial sections within faulted zones. The feared “under-
mining"” of the area of diffuse and locked Cretaceous layers (sections with a
danger of increased inflows from saturated sandstones) has not had any sig-
nificant effect on water inflows into the excavation. The predominant rock
excavation level (expressed using the support class) is the middle class B.
Deformation attributes of the rock massif are good. Deformations ascertai-
ned through the convergence measurement are low and become stable after
first few days. Maximum deformations do not exceed the value of 1cm. It is
quite similar with leveling measurement on the surface.

Geological conditions verified by the southern gallery so far generally con-
firm original expectations. The work since its very beginning has been con-
ducted through a body of polarized rough-grained metapegmatite, signifi-
cantly schistose on the edges. Although the gallery more or less copied the
direction of schistosity (sharp turns between NNE and NE), the excavation
stability is good (discontinuity areas were mostly gradual, rough - higher
friction angle at areas of weakness planes in the rock massif). Stability con-
ditions worsened approximately in the central gallery section The gallery
advanced to eroded complex of muscovite - biotitic ortogneisses. The gne-
isses were in certain spots extremely eroded (character of cohesive mould).
Representation of the support classes B and C generally corresponds to the
design. Only class A was not used. Estimated larger accumulation of ground-
water kept behind the hydraulic barrier was not encountered. Water satura-
tion is of the fissure type, the fissure system is more or less open. The area
of the collector is obviously not large. Measurements and monitoring so far
elaborated suggest both fast filling and fast emptying of the collector.
Results of convergence and leveling measurements are analogical to those
in case of the northern gallery.

Primary lining support classes defined by the design have attested quite well
in conditions of the location. In contrary to the expectation, the exploration
confirmed a significantly lower portion of mechanically excavatable rocks in
contrary to the expectation. Portion of these rocks is negligible. The excava-
tion proceeds only using blasting works.

Geotechnical monitoring is being carried out since the very commencement
of works. It was carried out by realization of pre-cuts as well as during exca-
vation of the own galleries. Geotechnical monitoring serves for control and
management of technological procedure of the work construction, especial-
ly for application of individual types of support classes and remedial ele-
ments. Its results will further serve as source for accordant structural analy-
ses during application on the tunnel proper. Geotechnical monitoring repre-
sents a set of measurements and observations focused on monitoring and
chacking of reaction of the rock environment on the construction work. Also,
all induced impacts in vicinity of the structure are monitored. An observati-
on method of work construction, which is a typical NATM element, is a
result. Based on so far realized works it can be stated, that the NATM has
proven to be optimal method for construction of the Panenskd tunnels.

SOURCES:

* Realization documentation of the 0807/l structure, section J - Exploratory
galleries for the Panenska tunnel elaborated by Pragoprojekt a.s.

« Design of works of geotechnical monitoring of exploratory galleries in the
Panenska tunnel (structure 0807/1l-J, D8 highway)

« Geotechnical monitoring of exploratory galleries in the Panenska tunnel
(Ing. Pavel Gajdos, RNDr. Véclav Husner)

Obr. 4 Jizni portal
Fig. 4 Southern portal

Obr. 5 Vrtani véjife pro presiometrické zkousky
Fig. 5 Boring of a fan for pressiometric tests
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BEZPECNOST V TUNELECH V CR

SAFETY IN TUNNELS IN THE CR

Ing. JIRI SVOBODA - PRAGOPROJEKT PRAHA, Mgr. HELENA SVOBODOVA - SPS MV PRAHA

uvobp

Délnicni tunely musi byt pro uZivatele bezpecné, ale i komfortni a privétivé.
Bezpecnost provozu v tunelu je zakladnim pozadavkem, hlavni podminkou,
prioritou. Proto v koncepci dila nelze z hlediska bezpeénosti pfipustit Zzadny
omyl. | kdyZ jsou napf. téZké pozary v tunelu fidké, skute¢nost nas poucuje,
Ze je s nimi treba pocitat. A ani nehoda neni vyloucena. Dilezité je vSe pred-
vidat - i to nejhorsi, aby se nic neponechalo osudu ani disledkim pfipad-
ného lidského nebo materialniho selhani. Pfi navrhovani tuneld je nutné
dasledné dodrzovat, ba radéji predstihovat nejpfisnéjsi pozadavky predpist
a vyuzivat pfitom poslednich technologickych postupu.

K bezpecénosti provozu prispiva i automobilistlv pocit pohodli a bezpeci pfi
udrzeni bdélosti, proto je treba, aby i povrch tunelové obezdivky v zorném
poli fidice a povrch vozovky byl navrzen pro potéseni z jizdy, hluk zpGsobe-
ny jizdou vozidel vyrazné snizen napt. drobnou zrnitosti vozovky nebo pohl-
tivym obkladem stén. | svétla barva vozovky a vyrazné architektonické ztvar-
néni povrch stén prispivaji k jednotnosti osvétleni a jsou nutnou podmin-
kou pro vysledné klidné feseni bez obav z tunelového efektu. Tunel nesmi
byt rovny, oblouky a Uprava povrchl a osvétleni musi dovolit automobilis-
tam jizdu v nejlepsich podminkach.

Pro bezpecénost v tunelu je velmi ddlezita plynulost jizdy vozidel a je nutné
zabranit zejména zbyte¢nému predjizdéni a ,klickovani” vozidel v tunelu. Je
tfeba stanovit jak spodni hranici, tak i horni hranici rychlosti vozidel.
Optimalni se jevi jako minimalni rychlost 40 - 50 km/hod. a maximalni rych-
lost 70 - 80 km/hod.

ZAKLADNI PRAVIDLA BEZPECNOSTI V TUNELU

Prvni povinnosti je detekovat, informovat, intervenovat = zjistit, oznamit,
zasahnout béhem minut, ne-li sekund po nehodé.

KaZdé stojici vozidlo v tunelu pfedstavuje potencialni riziko nehody. Proto je
kladen velky daraz na klasické detekéni a poplachové systémy (kamery,
videokamery, EPS, detektory kyslicniku uhelnatého, opacimetry), ale i osob-
ni dohled dispecera.

Je nutné okamzité informovat ostatni automobilisty. Rychlost informovani
fidich je zasadni, nebot je nutné zabranit tomu, Ze by mala nehoda zapf¥ici-
nila opravdové nebezpeci (velkou fetézovou nehodu). Je tfeba rychle zasta-
vit dopravu v jednom nebo vice pruzich, popfipadé uzavrit tunelovou trou-
bu.

Zasah prvni pomoci musi probéhnout v nasledujicich minutach. Zachrana
musi byt na misté co nejdrive (cca do 5 az 7 minut). Vlastni zasah musi zaéit
min. 30 vtefin po ozndmeni poplachu, zjisténi ¢i zpozorovani stojicich vozi-
del. Pro operativni zasah predev§im hasicl a dal$ich zachrannych vozidel je
velmi dulezity gabarit. Jeho velikosti je pfimo imérna rychlost a kvalita prv-
niho zasahu zachranného tymu.

PFi sebemens$im nebezpeéi musi mit Fidi¢ moznost pfivolat pomoc, pfipad-
né se ukryt v bezpeéném prostoru mimo vlastni ohrozeny tunel (tunelovou
troubu). Prvni zdsah musi probéhnout maximalné do 5 aZ 10 minut po vzni-
ku poZéru, kdy je v tunelu pfi vozovce stale jeSté vrstva relativné ¢istého
vzduchu umoznujici Gnik fidicd. Proto jsou v tunelu navrhovany SOS
vyklenky vybavené protipozarnimi prostifedky s moZnosti pfivolani pomoci,
Unikové chodby a propojky apod. Rozbor pfi¢in a pribéhu poslednich
nestésti v tunelech ukazal, Zze nejdulezitéjsi je, aby fidi¢ co nejdrive opustil
ohrozeny prostor v tunelu. Cas, ktery zbyva Fidi¢i pfi pozaru, nez dojde
k zamoreni otravnymi koufovymi plyny, odpovidé ubéhnuti vzdalenosti cca
200 m. Proto by unikové cesty mély byt kazdych max. 200 m, informacni
systém pro cestujici také kazdych 200 m (jedna se zejména o informacni
proménlivé tabule, proménné znacky). Informace musi byt poskytovédna
i pomoci okamzitého automatického vstupu do rozhlasového vysilani.
Zakoureni ¢eskych pfipravovanych tunelt je velmi rychlé, nebot u vétsiny
tunell se uvazuje s podélnym vétranim, které je sice ekonomicky a provoz-
né velmi vyhodné, ale pfi pozaru nevyhodné. Z pozarniho hlediska je nej-
lep§i pficné vétrani, které snadno ,izoluje” misto pozaru od ostatniho dila.
PFi podélném vétrani dochazi vlivem proudéni vzduchu po cca 200 - 300 m
ke smichani $patného vzduchu ve vrcholu klenby tunelu s éistym vzduchem,
ktery je dole u vozovky. PodéIné vétrani Ize velmi téZko regulovat, okamzité
obratit smér proudéni Ize pouze s uréitou ¢asovou prodlevou. Proto je také
dalezité vyrazné oznaceni unikovych cest, zachrannych prostiedki a pro-
stfedkd pro zdolavani pozaru. Znaceni musi byt viditeIné i v mimoradnych
situacich pfi vypadku osvétleni a pfi zakoufeni tunelu v pfipadé poZaru.

INTRODUCTION

Highway tunnels must be safe for users, but also comfortable and nice-loo-
king. The operational safety is the essential requirement, major condition,
priority. Therefore, from the safety’s viewpoint no mistake is to be tolerated
within the work’s concept. Although for instance heavy fires are rare in tun-
nels, reality teaches us that they have to be taken into consideration. And a
potential accident can never be excluded. It is important to predict - even the
worst, so that nothing is left to its own destiny or to consequences of poten-
tial human or material failures. During designing tunnels, it is essential to
consistently follow, or rather even outrun the strictest requirements and at
the same time use latest technological procedures.

Also the driver’s own feeling of comfort and safety under full consciousness
contributes to the safety of operation, and therefore it is necessary for even
the road surface and the tunnel walls in driver’s line of sight to be designed
for the pleasure of driving, for the vehicle noise to be significantly reduced
for instance by tiny grain of the road or absorbing cover of walls. Also light
color of the road and distinct architectural design of wall surfaces contribu-
te to unification of the illumination and are therefore a prime requisite for
peaceful final solution without fears of the tunnel effect. The tunnel must not
be straight. The curves, surface finishes and illumination must allow driving
in the best conditions available.

Traffic fluency is very important for safety in tunnel and it is necessary to
prevent useless overtaking and “zigzagging” of vehicles in the tunnel. It is
hence necessary to set a lower as well as upper vehicle speed limits. A mini-
mal sp?ed of 40 - 50 km/h and maximal speed of 70 — 80 km/h have proven
optimal.

FUNDAMENTAL RULES OF SAFETY IN TUNNEL

The first duty is: detect, inform, intervene = determine, report, take action in
minutes, if not seconds.

Every immobile vehicle in the tunnel represents a possible risk of accident.
Therefore, a large emphasis is being put on conventional detection and
alarm systems (cameras, VCR cameras, electrical fire alarm, carbon oxide
detectors, opacimeters) as well as on personal supervision by a dispatcher.
It is necessary to immediately notify other drivers. The promptness of the
notification is essential, because it is necessary to prevent the situation that
a small accident could cause a real threat (large chain accident). Traffic is to
bedswiftly stopped in one or more lanes, eventually entire tunnel tube clo-

sed.
A first aid intervention must take place within subsequent minutes. Rescue
forces must be at the spot as soon as possible (app. within 5 to 7 minutes).
Their action must begin at least within 30 seconds after the notification of
the alarm, location or identification of immobile vehicles. The tunnel clea-
rance is essential for operative action especially of fire squad and further res-
cue service vehicles. Speed and quality of the first intervention of the rescue
squad is directly proportional to its dimensions.

Even in the case of a petty danger a driver must have the possibility to call
for help, or to find a shelter within a safe area outside the threatened tunnel
(tunnel tube). The first intervention must take place within 5 to 10 minutes
after fire broke out, when there is still abundance of relatively fresh air at the
road level allowing the drivers to escape. Therefore, SOS niches, equipped
with fire protection tools along with possibility to call for help, escape corri-
dor and intercom etc., are designed for tunnels. Analyses of the causes and
development of recent accidents in tunnels have shown that is_it most
important for a driver to quickly leave the endangered tunnel area. The time
which a driver has left by fire before suffocation due to poisonous exhalati-
ons, corresponds to a 200 m distance run. Therefore, emergency exits
should take place every 200 m, the drivers’ information system also every
200 m (this concerns mostly variable information panels, variable signs).
Information must be submitted also using immediate automatic intrusion
into radio transmission.

Filling with smoke in Czech designed tunnels proceeds very swiftly, because
most of tunnels plan an axial ventilation, which is very economical and ope-
rationally favorable, however, less favorable when it comes to fire. From the
viewpoint of fire protection, the transversal ventilation is the best, as it easi-
ly “isolates” the fire center from the rest of the structure. With axial venti-
lation, contaminated air from the tunnel vault top mixes with fresh air from
the road level due to air currents along app. 200 - 300 m. Axial ventilation
can be hardly regulated while immediate currents’ direction can be reversed
only with a certain delay. Also because of that, a distinct marking of emer-
gency exit ways, rescue and fire fighting tools is so important. Marking has
to be visible even in extraordinary situations such as illumination blackout
or smoke in tunnel in the case of fire.
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KVALIFIKOVANY A VYCVICENY PERSONAL

Jednim z dulezitych prvkd aktivni bezpecnosti v tunelu je odborna priprave-
nost veskerého personalu podilejiciho se na fizeni dopravy v tunelu a na
likvidaci mimofadnych udalosti. Dilezita je také dostupnost sil a prostiedk
jednotek pozarni ochrany a dalSich sloZzek integrovaného zachranného
systému v redlném pozadovaném ¢ase. Dobré nebo $patné provozovéni ma
vliv nejen na vlastni dopravni charakteristiky tunelu, ale i na provozni nakla-
dy.

PLANY A POSTUPY

Pro vSechny ,mozné” situace musi byt zpracovano vice scénail, nejlépe
formou operativnich karet, které jsou umistény ptimo v jednotlivych vozid-
lech podilejicich se na zachranné akci. Je tfeba planovat zachranné operace
jiz v prabéhu pripravy vystavby tunelu a koordinovat vlastni technicka fese-
ni pravé s ohledem na moznost zachrany. Je velmi obtizné popsat kvalitu
zachrannych operaci. Proto musi byt provedeny nékteré kalkulace tykajici se
casového planu reakce a dtsledk odhadem a po uvedeni tunelu do provo-
zu upravit dle vysledkd cviceni. To poskytuje zaklad prvni pomoci pro vytvo-
feni strategie zasahU a operativnich zasahu.

VYCVIK A DRIL

Plany a postupy by mély jen nevyznamnou hodnotu, kdyby nebyly znovu
a znovu procvicovany. Velky vyznam ma okamzita nasledna korekce chyb.
Cilem je dosahnout lepsiho porozuméni mezi jednotlivymi odpovédnymi
orgéany a také udrzet a zdokonalovat efektivnost pfipravenosti (policie, hasi-
¢i, zachranna lékarska sluzba apod.).

ZAKLADNI PREDPISY PLATNE V CR

V Ceské republice jsou v oboru tunelovych staveb na pozemnich komunika-
cich zpracovany predpisy odpovidajici evropskym standardim. Jde prede-
v§im o tyto normy, vyhlasky a predpisy:

CSN 73 75 07 - ,PROJEKTOVANI TUNELU POZEMNICH
KOMUNIKACI”

Zakladni norma pro projektovani zejména stavebniho feseni tunell. Tato
norma se nezabyva posouzenim délek a kapacit Unikovych cest, uréeni
stupné pozarni bezpecnosti a meznich velikosti pozarnich useku. Toto je
predmétem zakladni normy CSN 7308 02 ,Pozarni bezpeénost u tunelovych
staveb - spole¢nd ustanoveni”. Tuto normu nelze u tunelovych staveb dodr-
zet ve vSech ustanovenich. Jedné se zejména o rozméry pozarniho Useku,
ktery tvofi vlastni tunelovou troubu.

Vyhlaska CBU ¢. 55/1996 Sb. o pozadavcich k zajisténi bezpeénosti a ochra-
ny zdravi pfi praci a bezpeénosti provozu pfi ¢innosti provadéni hornickym
zplsobem v podzemi, ve znéni vyhlasky ¢. 238/1998 Sh. Tato vyhlaska sta-
novi pozadavky k zajiSténi bezpeCnosti a ochrany zdravi pfi praci a bezpe¢-
nosti provozu tunelového dila.

Vyhlaska CBU &. 340/1992 Sb. o pozadavcich na kvalifikaci a odbornou zpi-
sobilost a 0 ovéfovani odborné zplsobilosti pracovnikd k hornické ginnosti
a Cinnosti provadéni hornickym zpGsobem. Vyhlaska stanovuje pfedevs$im
pozadavky na kvalifikaci pracovniki zhotovitele dila.

Zakon ¢. 360/1992 Sb. Ceské nérodni rady z 7. 5. 1992 o vykonu povolani
autorizovanych architektd a vykonu povolani autorizovanych inzenyri
a technikl ¢innych ve vystavbé. Tunely a podzemni stavby musi projektovat
inZenyr s autorizaci geotechnika a pfisluSnym banskym opravnénim pro
projektovani.

TP 98 TECHNOLOGICKE VYBAVENI TUNELU POZEMNICH
KOMUNIKACI

Prvni vydani bylo jiz v roce 1998, nova verze je z r. 2002 a pIné nahrazuje
puvodni technické podminky. Tyto podminky stanovuji zasady pro techno-
logické vybaveni tuneli na pozemnich komunikacich. Stanovi metodiku
vypoctl provoznich soubord, které Ize exaktné poditat. U ostatnich soubord
jsou stanoveny zakladni technické pozadavky a funkéni principy. TP jsou
zékladem pro systémové sjednocenou technologii tunelli v Ceské republice.

TP 154 PROVOZ, SPRAVA A UDRZBA TUNELU POZEMNICH
KOMUNIKACI

Technické podminky stanovuji podminky pro provozovani, spravu a udrzo-
vani tunelt pozemnich komunikaci. Kromé dobrého technického navrhu
tunelu ma zasadni vyznam pro bezpeénost provozu i jeho nasledné provo-
zovani. Dobré nebo Spatné provozovani ma vliv nejenom na vlastni charak-
teristiky tunelu, ale i na provozni naklady. Kromé technologického vybaveni
ma podstatny vliv i organizace ¢innosti, vycviéenost a znalosti personalu.
Tento predpis je zakladni predpis pro vypracovani provoznich radd a pro-
vozni dokumentace budouciho tunelu.

TKP STAVEB POZEMNIiCH KOMUNIKACI, KAPITOLA 24
TUNELY, PODZEMNI OBJEKTY, GALERIE

Technické kvalitativni podminky jsou souborem pozadavki objednatele
stavby na provedeni, kontrolu a prevzeti praci, vykon( a dodavek. Stanovuji
kvalitativni pozadavky na material a zhotovovani préace. PoZadavky defino-

QUALIFIED AND WELL-TRAINED PERSONNEL

One of the most important factors of active tunnel safety is the professional
proficiency of the entire staff that takes part in traffic control in the tunnel
and in solving emergencies. Also the availability of forces and means of fire
protection units as well as of the other components of the integrated rescue
system within real required time is essential. Good or bad operation has an
impact not only on the own traffic attributes of the tunnel, but also on ope-
rational costs.

PLANS AND PROCEDURES

As for all “potential” situations, several scenarios have to be developed, pre-
ferably using operation cards, which would be located directly inside indivi-
dual vehicles taking part in the rescue operation. It is necessary to plan res-
cue operations already during the course of tunnel construction and coordi-
nate the technical solutions exactly with regards to rescue possibility. It is
very difficult to describe the quality of rescue operations. Therefore, certain
calculations concerning the time schedule of reaction and consequences had
to be elaborated by estimation and after the tunnel is put into operation
adjusted according to practice results. That gives a first aid framework for
creation of strategy for interventions and well as operational interventions.

TRAINING AND DRILL

Plans and procedures would have only an insignificant value if they had not
been exercised over and over. Inmediate subsequent error correction is of
reat importance. It is our goal to achieve better communication between
individual responsible institutions and also to perfect the effectiveness of
preparedness (police, fire brigade, medical emergency service etc).

BASIC REGULATIONS VALID IN THE CR

Regulations corresponding to European standards are elaborated in the
Czech Republic for the field of road tunnel structures. These include the fol-
lowing standards, notices and regulations:

CSN 73 7507 - “DESIGN OF ROAD TUNNELS”

The basic standard for design, especially of civil solution of tunnels. This
standard does not regulate lengths and capacities of emergency exit ways,
determination of fire protection level or marginal sizes of fire compartments.
That is subject of the basic standard CSN 73 08 02 “Fire protection at tunnel
structures - common principles”. However, this standard cannot be fulfilled
in all points by tunnel structures. This mostly concerns dimensions of the
fire compartment, which forms its own tunnel tube.

CBM (Czech Bureau of Mines) Notice no. 55/1996 Coll. on requirements for
provision of safety and health protection during work as well as safety of
operation during activities carried out through mining methods in the
underground, in the wording of the Notice no. 238/1998 Coll. This notice sets
requirements for provision of safety and health protection during work as
well as for safety of operation in a tunnel structure.

CBU Notice no. 340/1992 Coll. on requirements for qualification and profes-
sional skills and on verification of professional skills of workers for mining
activity as well as activity carried out through mining methods. The notice
especially sets requirements for qualification of workers of the work’s con-
tractor.

Act no. 360/1992 Coll. of the Czech National Council from May 5, 1992 on
profession exercise of authorized architects and profession exercise of aut-
horized engineers and technicians active in civil engineering. Tunnels and
underground works must be designed by an engineer with authorization of
geotechnician and of correspondent mining license for design.

TP 98 SPECIFICATIONS - TECHNOLOGICAL EQUIPMENT OF
ROAD TUNNELS

First issue already in 1998, newer version from 2002 fully replaces the origi-

nal specifications. These specifications set principles for technological equ-

ipment of road tunnels. They set the method of calculations of operational

files that can be exactly calculated. As for the other operational files, basic

technical requirements and functional principles are determined. The TP 98

f’g thebt;qndament for systematically unified tunnel technologies in the Czech
epublic.

TP 154 SPECIFICATIONS - OPERATION, ADMINISTRATION
AND MAINTENANCE OF ROAD TUNNELS

The specifications define requirements for operation, administration and
maintenance of road tunnels. Beside good technical design for a tunnel, also
the tunnel’s subsequent operation is of essential importance for safety of
operation. Good or bad operation has an impact not only on the traffic attri-
butes of the tunnel, but also on operational costs. Beside technological equ-
ipbment, also organization of activities, training and personnel’s knowledge
have a significant influence. This regulation is the fundamental regulation
for elaboration of operational guidelines as well as operational documenta-
tion of the future tunnel.

TKP SPECIFICATIONS OF ROAD STRUCTURES, CHAPTER 24
TUNNELS, UNDERGROUND OBJECTS AND GALLERIES

Technical and qualitative conditions are a set of contractor’s requirements
for realization, supervision and takeover of works, outputs and supplies.
They determine qualitative requirements on material and building works.
Requirements defined and mentioned within the TKP are also fundamental
for elaborator of the detailed design.
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vané a uvedené v TKP jsou zasadni rovnéz pro zhotovitele realizaéni doku-
mentace stavby.

Tato kapitola byla zpracovéna v r. 1999 Pragoprojektem, a. s., a je ¢lenéna
na ¢ast A - stavebni ¢ast na ¢ast B - technologické vybaveni tunel.

TKP-D STAVEB POZEMNICH KOMUNIKACI, KAPITOLA 7
TUNELY, PODZEMNI OBJEKTY A GALERIE

Tento predpis fesi zplsob a formu zpracovani projektové a ¢astecné i pro-
vozni dokumentace. Byl zpracovan Pragoprojektem, a. s., v roce 1998.
Stanovi technicko-kvalitativni podminky pro dokumentaci a rozsahy jednot-
livych stupnd dokumentace. Je délena na ¢ast stavebni a na ¢ast technolo-
gickou. Soucasné fesi i rozsah doprovodnych dokumentaci zejména geo-
technického priizkumu a monitoringu, pasportizace objektl a ¢innosti autor-
ského dozoru. Tyto TKP-D je nutné nové doplnit o stanoveni rozsahu pro-
vozni dokumentace tunell tj. zadsady provozniho fadu a vlastni provozni rad.

POZARNI BEZPECNOST

V soucasné dobé chybi v CR souborné vyhlaska, které by komplexné fesila
pozarni ochranu tuneld. Proto je v projektanské praxi vyuZivana nova pre-
chodna technicka smérnice Ministerstva dopravy, post a telekomunikaci SR,
sekce cestnej infrastruktary , TSV 0401 PoZidrna ochrana tunelov na cest-
nych komunikaciach”, ktera je na Slovensku platna od 1. 10. 2001. Tato
vyhléska fesi komplexné pozarni bezpeénost v tunelech.

Smeérnice obsahuje tyto ¢asti:

* pozarni riziko v poZarnich Usecich a poZzadavky na konstrukci stavby,

* bezpe€nostni stavebni upravy,

* Unikové cesty,

* odstupy,

+ zafizeni na protipoZarni zésah,

« technické a technologické zafizeni.

Soucasti jsou také prilohy pro:

+ uréeni poctu evakuovanych osob,

+ vypocet ¢asu Uniku a ¢asu evakuace,

« vypocet potieby vody a urceni sil a prostfedki na haseni,

+ doporucéend bezpeénostni opatfeni.

DALSI SOUVISEJiCi NORMATIVNi DOKUMENTY

+ zakon ¢. 239/2000 Sb. o integrovaném zéchranném systému a o zméné
nékterych zakonu;

+ zakon ¢. 133/1985 Sb. o pozarni ochrané ve znéni pozdéjsich predpist;

« zakon €. 353/1999 Sb. o prevenci zavaznych havarii, zplisobenych vybra-
nymi nebezpeénymi chemickymi latkami a chemickymi pfipravky (zadkon
o prevenci zavaznych havériich) ve znéni zékona ¢. 258/2000 Sh.

+ zakon ¢. 240/2000 Sb. o krizovém fe$eni a zméné nékterych zakonu (krizo-
vy zakon);

« zdkon €. 361/2000 Sb. o provozu na pozemnich komunikacich a 0 zménach
nékterych zakond (silni¢ni zakon).

ZAVERY A POUCENI Z POZARU SILNICNICH TUNELU
MONT-BLANC (24. 3. 1999)

Bilance pozaru byla celkem 39 mrtvych, z toho bylo 27 osob nalezeno ve
svych vozidlech a dal§i 2 v jinych, 9 osob bylo nalezeno mimo vozidla.
Beton obezdivky byl narusen v délce 900 m. Cesty Sifeni pozaru byly nésle-
dujici — sélani a plameny, konvekce (vedeni tepla), hofici kapaliny a hoflavy
ziviény chodnik. Velmi rychle bylo zni€eno elektrozafizeni v oblasti ohniska
pozéru. Hydrantovy systém zUstal funkéni (kapacita 1000 I/min, hydrant kaz-
dych 150 m), ale byl minimalné vyuzivan - pouze na italské strané. Zadny
z pouZitych systému poZarni signalizace neidentifikoval pozar jako prvni.
Prvni zpravu podal opacimetr o abnormalni opacité (priihlednosti).

ZAVERY:

+ vysoka dodavka cerstvého vzduchu spoleéné s podélnou rychlosti vzduchu
napomohly rychlému $ifeni zplodin hofeni v celém prifezu tunelu,

+ zplodiny horeni o vysoké teploté nebyly dostate¢né odvadény,

+ vozidla zastavovala ve velmi kratkych vzdalenostech za sebou,

+ svételné informace byly instalovany po 1200 m, nebyly viditeIné a ¢asto
ani funkénti,

* tunel ma pouze jednu obousmérnou troubu a nemél unikovou chodbu,

+ tunel byl fizen ze dvou fidicich stfedisek, koordinace byla velmi §patna,

* zpusob odborné pfipravy zachranaid byl naprosto nedostatecny,

* naprosto nedostatec¢ny se ukézal prvni zasah, pfipravené pozarni vozidlo
servisni organizace u portalu bylo bez kvalifikovanych zachranara.

POZAR V TUNELU TAUERN

Tunel Tauern je moderni tunel s jednou tunelovou troubou vybaveny
moderni technologii. V tunelu byly provadény rekonstrukéni prace a dopra-
va byla fizena svételnou signalizaci. Do zastaveného vozidla narazila dalsi
vozidla. Po fetézové nehodé doslo k pozaru vozidel. Bilance nehody byla 12
mrtvych, 60 zniéenych vozidel. Likvidace pozaru trvala 12 hodin, i kdyz
misto poZéru bylo od portélu pouze 600 m.

ZAVERY:

* k velkym materidlnim ztrdtdm a ztratdm na lidskych Zivotech doSlo i za
stavu, kdy technologie pracovala relativné spolehlivé,

+ opét se vSak jednoznacéné projevil problém evakuace, rychlosti a Fizeni
zésahu.

This chapter was elaborated by Pragoprojekt, a.s., in 1999 and is divided into
section A - Engineering part and section B - technologlcal equipment of tunnels.

TKP-D SPECIFICATIONS OF ROAD STRUCTURES, CHAPTER
7 TUNNELS, UNDERGROUND OBJECTS AND GALLERIES

This regulation deals with the method and form of elaboration of design and
partially operational documentation. It was elaborated by Pragoprojekt, a. s.,
in 1998. It sets technical-qualitative conditions for documentation as well as
ranges of individual documentation levels. It is divided into engineering and
technological sections. At the same time it solves the range of support docu-
mentation, especially of geotechnical exploration and monitoring, passpor-
tization of structures and activities of the contractor’s supervision. These
TKP-D must be updated with determination of range for operational docu-
mentation of tunnels, i.e. principles of operational guidelines as well as the
guidelines proper.

FIRE SAFETY

As for contemporary Czech Republic, a complex notice, which would global-
ly regulate the fire protection in tunnels, is missing. Therefore in the desig-
ning reality a new temporary technical instruction of the Ministry of tran-
sportation, postal services and telecommunications of SR, department of
road infrastructure, “TSV 0401 Fire protection of road tunnels”, which has
been effective since October 12001, is being used. This notice globally regu-
lates fire safety in tunnels.

The instruction includes the following sections:

* Risks of fire within fire compartments and requirements on structure’s fra-
mework,

« Safety civil adjustments,

* Emergency exit ways,

* Spacing,

« Equipment for firefighting intervention,

* Technical and technological equipment.

Included are also annexes for:

* Determination of number of evacuated persons,

« Calculation of exit time and time of evacuation,

* Calculation of water supply and determination of forces and tools for fire
extinguishing,

* Recommended safety measures

FURTHER COHERENT NORMATIVE DOCUMENTS

+ Act no. 239/2000 Coll. on integrated rescue system and alteration of certa-

in acts;

* Act no. 133/1985 Coll. on fire protection in the wording of later regulations;

* Act no. 353/1999 Coll. on prevention of major accidents caused by selected

dangerous chemical substances and chemical preparations (Act on preventi-

on of major accidents) in the wording of Act no. 258/2000 Coll.;

* Act no. 240/2000 Coll. on management of risks and alteration of certain acts

(Act on risks);

;\A(}ﬁ no. 361/2000 Coll. on road traffic and alteration of certain acts (Road
ct).

CONCLUSIONS AND LESSONS FROM FIRES IN ROAD TUNNELS
MONT-BLANC (24. 3. 1999)

The total fire casualties included 39 dead, 27 from them were found in their
own vehicles and other 2 in someone else’s. 9 bodies were found outside
any vehicles. Concrete liner was damaged in a 900 m long section. Ways of
fire dissemination were following: radiation and flames, convection (heat
conduction), liquids on fire and flammable asphalt sidewalk. Electrical equ-
ipment within the fire's center was destroyed very quickly. Hydrant system
remained functional (capacity 1000 I[/min, hydrant per 150 m), but it was used
minimally - only on the Italian side. None of the used systems of fire signa-
lization identified the fire as first. First report was submitted by an opacime-
ter on abnormal opacity (transparency).

CONCLUSIONS:

* High supply of fresh air along with axial air speed contributed to fast dis-
semination of fire exhausts within the entire tunnel cross section;

* Fire exhausts of high temperature were not drained sufficiently;

* Vehicles were stopping in too short distances after another;

« Light information signs, that were installed every 1200 m, were not visible
and often not even functional;

* The tunnel has only one bi-directional tube and no emergency exit corridor;
* The tunnel was operated from two control centers while their coordination
was appallqu

}'Methods of professional preparation of rescue units was completely insuf-
icient;

« The first intervention proved as absolutely inadequate, usable fire fighting
vehicle of the servicing organization at the portal had no qualified rescue
units.

FIRE IN THE TAUERN TUNNEL

The Tauern tunnel is a modern single-tube tunnel equipped with newest
technology. Refurbishment works were proceeding in the tunnel and traffic
was operated using traffic lights. Other vehicles collided with the one that
stopped. Following a chain collision, a fire broke out among the vehicles.
The total casualties included 12 dead and 60 destroyed vehicles. Fire extin-
gt;ishing took 12 hours, although its location was only 600 m behind the por-
tal.

CONCLUSIONS:

« Serious material damage as well as human casualties occurred despite the
condition of relatively smooth-working equipment;

* However, the problem of evacuation, speed and management of the inter-
vention explicitly reappeared.



Ve

51 11. ROCNIK, &. 4/2002

ITunel

ZAKLADNI POUCENI PRO CESKE TUNELY NA DALNICICH

« tunely je nutné budovat zasadné jako jednosmérné, dvourourové,

+ instalace automatického detekéniho systému nehod se jevi jako nezbytna,
zejména u dlouhych tunell (zastaveni vozidla),

« tunely musi byt provozovany jednou spoleénosti (i pfeshranicni),

* je nutné véas informovat v8echny, ktefi se nachazeji uvnitf tunelu,

+ elektrotechnické vybaveni musi byt odolné proti pozaru, zejména musi byt
umoznéna komunikace i v pfipadé krizové udalosti,

* Unikové cesty a vychody musi byt fadné oznaeny a musi umozZnit orien-
taci a Gnik osob pfi pozaru v zakoufeném prostredi,

+ dispeCer musi organizovat prvni nasazeni z obou portald do 5 min. od
vyhlaseni poplachu,

+ provozni fad a havarijni plan musi zpracovavat jediny zpracovatel,

* musi byt stanoveny pro ddlezité tunely odpovidajici zachranné jednotky
a vnitfni bezpe€nostni plan,

* je nutné polozit diraz v oblasti prevence a vychovy fidic¢u, aby nezistava-
li stat bezprostiedné za hoficim vozidlem a v€as opustili sva vozidla a unik-
li do chranénych unikovych prostor.

STANDARDIZACE A LEGISLATIVNI PODPORA ZAJISTENI
POZARNI BEZPECNOSTI TUNELU

Ceska norma CSN 737507 fesi celou problematiku spojenou se zabezpece-
nim vystavby a provozu tunell pouze ¢astecné. Dalsi predpisy TP 98 a TP
154 fesi jiz prislusné Casti bezpecnostni koncepce podrobné;ji.
Zainteresované organy a organizace projevily zajem o spolupréaci s R HZS
(feditelstvi Hasitského zachranného sboru). Koncem roku 1998 doslo ke
jmenovani trvalého zéstupce Ministerstva vnitra CR - feditelstvi Hasi¢ského
zachranného sbhoru do sekce ,Silni¢ni tunely” v tzv. ,Silniéni spole¢nosti”.
Od této chvile dochazi k bezprostiedni spolupraci vSech odbornikd pfipra-
vujicich tunelové stavby v CR a ke zpracovavéani odborného pohledu z hle-
diska pozarni ochrany na problematiku tunelt. Vyse uvedenou sekci byl sta-
noven plan ¢innosti na nejbliz§i obdobi, ze kterého vyplyvaji tkoly ve vzta-
hu ke stanoveni metodiky jednotné provozni dokumentace tuneld, revize
ptedpisu pro technologické vybaveni apod. V rémci HZS CR v roce 1999
doslo za Ugasti R HZS k zastfeseni této problematiky v odborné trovni a ke
zpracovani navrhu bezpeénostniho zafizeni pro jednotlivé tunely ze strany
pozarni ochrany. Poprvé byl postup pouzit pfi navrhu tunelu Valik v roce
2000 (stupen DSP) a dale u tunelu Prackovice a Radejcin.

KONKRETNIi DOPADY DO KONCEPCE PRIPRAVOVANYCH
DALNICNICH TUNELU V CR

Pasivni opatfeni - tyka se stavebniho feseni

* tunely jsou navrhovany zasadné pro jednosmérny provoz s dvéma tunelovymi
troubami,

* bezpe¢nostni Uinikové propojky jsou po 200 m, jsou opatfeny pozarnimi uzaveéry,

* byla stanovena max. povolena rychlost na 80 km/hod., dosud nebyla stano-
vena minimalni rychlost(!),

« konstrukce vozovek a chodniki je nehoflava,

+ gabarit tunelu je dostatecné velky, umoznujici zadsah pozarnich vozidel
v pfipadé havarie,

« k portaltim tunelu jsou navrhovany samostatné pfijezdy pro zachranné jed-
notky nezavislé na dalnici,

« stfedni a dlouhé tunely jsou vybavovany hydrantovym systémem s hydranty
po cca 100 m,

* utunelu je dostateéna zasoba pozarni vody v podzemnich akumulaénich jimkach,

* betonova obezdivka tunelu je navrhovéna s ohledem na zvy$ené poZarni
namahani,

* Uinikové cesty, vstupy do spojovacich zafizeni jsou fadné oznaéeny oznacenim
viditelnym i pfi vypadku elektrické energie,

* systém vétrani je pfednostné navrhovan s ohledem na mozny pozar v tunelu.

Aktivni opatieni - tyka se technologického vybaveni tunell

+ Jednoduché ovladani technologického vybaveni tunelu pfimo z PTO (provozné
technického objektu) u portalu tunelu velitelem hasic¢u (napt. tlaéitko — bez-
pecny stav pro havarii Uniku ropnych latek, tlacitko - pro pozar v tunelu, kdy
systém technologického vybaveni je uveden do stavu ,POZAR”, napf. zapne
se plné osvétleni, vypne podélné vétrani, zapne pozarni osvétleni apod.).

+ Presné nezavislé napojeni systému EPS tunelu na mistni integrovany zachranny
systém. Zasahova jednotka HZS vyjizdi automaticky ihned, neceka na pokyn
dispecera.

+ Zlep$eni informaéniho systému pro vSechny uZivatele tunelu (svételné znacky
a informacni tabule).

» Nové je navrzeno, na zékladé poZarnich zkousek v Ostravé, nouzové osvétleni
pro pozarni zasah.

+ Kabely jsou vedeny pod chodniky v chrani¢kach (systém v jedné chranicce
jeden kabel) a maji zvySenou nehoflavost nebo jsou pfimo nehoflavé se
zarucéenou funkéni schopnosti pfi pozaru (po uréitou dobuy), jsou bezhalogenové.

+ V8echny tunely (i kratké) musi byt vybaveny zafizenim pro kontrolu kvality
vzduchu i v pfipadé, Ze neni instalovano vétraci zafizeni.

+ SOS skfiné jsou instalovany v tunelu do cca 150 - 200 m. Jsou také instalo-
vany vné tunelu u kazdého portalu.

+ V pfipadé mimofadnych udalosti je nutné okam?zité zabezpecit, aby do tunelu
nevjizdéla zadna vozidla. Zkusenosti ukazuji, Zze svételné signaly nejsou fidici
respektovany. Proto portaly tunell musi byt vybavovany zavorami.

+ Detekce stojicich vozidel - kazdé stojici vozidlo pfedstavuje potencialni riziko
havarie, a proto musi byt detektovano, nejlépe automaticky co nejdrive (fadové
v desitkach vtefin).

FUNDAMENTAL LESSONS FOR CZECH HIGHWAY TUNNELS

. It”is essential to construct one-way tunnels, i.e. twin-tube tunnels princi-
pally;

« Installation of automatic system for detection of accidents proves indis-
pensable, especially by long tunnels (vehicle stopping);

« Tunnels must be operated by one company (even cross-border);

« It is essential to immediately inform all those present in the tunnel;

* Electrotechnical equipment must be fire resistant, especially communicati-
on must be enabled even in the case of emergency;

* Emergency ways and exits must be properly marked and thus allow orien-
tation and escape of persons when the fire area is full of smoke;

« Dispatcher must organize the first intervention from both portals within 5
min. since the alarm went off;

« Operational guidelines as well as emergency guidelines must be elabora-
ted by a single institution;

. Alccordant rescue units and inner safety plan must be set for important tun-
nels;

« It is essential to emphasize the field of prevention and driver education, so
that they would not remain standing right behind vehicle on fire and rather
leave their vehicles and escape into protected emergency exit areas.

STANDARDIZATION AND LEGISLATIVE SUPPORT FOR PRO-
VISION OF FIRE SAFETY IN TUNNELS

Czech standard CSN 737507 concerns the f;roblems connected to safety
during construction and operations of tunnels only partially. Other regulati-
gns 7/’P 98 and TP 154 then solve respective parts of the safety concept in
etail.

Involved institutions and organizations expressed their interest in cooperati-
on with FBD (Fire brigade directorate). By the end of 1998, a permanent
representative of the Ministry of Interior of CR - Fire brigade directorate was
appointed to the “Road tunnels” department within the so-called “Road
association”.

Since that time, an immediate cooperation of all professionals preparing
tunnel structures in the CR takes place while professional insight into tunnel-
related problems from the viewpoint of fire safety is elaborated. The afore-
mentioned department set a plan of activity for the nearest term, from which
derive tasks in relation to determination of methodic for unified operational
documentation of tunnels, revisions of regulation for technological equip-
ment etc. Within the frame of FB CR, these issues on the professional level
were covered by the FBD in 1999 and thus proposal for safety equipment for
individual tunnels concerning fire protection elaborated. This procedure was
first used during design of the Valik tunnel in 2000 (DSP level) and further at
tunnels Prackovice and Radejéin.

ACTUAL IMPACTS ON THE CONCEPT OF DESIGNED HIGHWAY
TUNNELS IN CR

Passive measures - concerning the solution of building

« Tunnels are designed principally as single-direction and double-tube;

. Saftlaty exit corridors take place every 200 m and are equipped with fireproof
seals;

* A maximum allowed speed was set for 80 km/h, minimal speed has not yet
been set (1);

« Materials in roads and sidewalks are inflammable;

« Clearance of the tunnel is large enough, enabling deployment of fire brigade
vehicles in the case of fire;

» Separate access ways for rescue units, independent on the highway, are
being designed to the tunnel portals;

* Medium and long tunnels are equipped with hydrant system and hydrants
app. every 100 m;

« The tunnel has a sufficient supply of firefighting water within underground
accumulation basins;

« Concrete lining of the tunnel is designed with regards to increased fire loading;

+ Emergency exit ways and access ways into connective units are properly
marked, visibly even under a blackout;

« Ventilation system is designed primarily With regards to potential fire in tunnel.

Active measures - concerning the technological tunnel equipment

* Simple management of the technological tunnel equipment directly from the
near-portal OTC (Operational technical center) by the fire brigade commander
(for instance button - safe condition from accidental leak of oil substances,
button - fire in the tunnel, when the system of technological equipment is
brought into the “FIRE” status, illumination turns completely on, axial venti-
ation turns off, emergency illumination turns on etc.).

« Precise independent connection of the tunnel electrical fire alarm system on
the local integrated rescue system. FB rescue units move out immediately,
they do not wait for dispatcher’s instruction.

 Improvement of the information system for all tunnel users (light signs and
information panels).

» Emergency illumination for firefighting intervention is newly designed, based
on fire tests in Ostrava.

« Cables are conducted below sidewalks within protective boxes (with one cable
- one protective box policy) that have increased inflammability or are directly
inflammable with guaranteed ability to function even during fire (for certain
period of time), they are halogen-free.

« All tunnels (even short ones) must be equipped with devices for air-quality
control even in the case that ventilation system is not installed.

* SOS boxes in the tunnel are installed app. every 150 - 200 m. They are also
installed outside the tunnel near both portals.

« In case of extraordinary events it is essential to immediately prevent all cars
from entering the tunnel. Experience shows that drivers neglect traffic lights.
Therefore, tunnel portals must be equipped with crossbars.

« Detection of disabled vehicles - every immobile vehicle represents a potential
risk of accident, and therefore must be detected, preferably automatically as
soon as posstble (generally within tens of seconds}
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JUBILEA

JUBILEES

60 LET Ing. GEORGIJE ROMANCOVA, CSc.

Nas kolega z redakéni rady ¢éasopisu Tunel, spolupracovnik
a dobry pritel fady z nas - Ing Georgij Romancov - si asi
nepieje, aby se pfili$ pfipominalo a zduraziovalo, Ze se jiz
dozil Sedesatky. Ale ¢as utikd svou konstantni rychlosti
a i kdyZ vék kaidého ¢Elovéka je do jisté miry véc relativni,
protozZe jsou stafi mladici a mladi starci, skuteénost je jedno-
znacné - Sedesat let bylo dovrseno v fijnu roku 2002.

Slusi se hned dodat, Ze Ing. Romancov tuto metu dostihl sku-
te¢né v plné pracovni i osobni aktivité, bez které by nemohl
vykonavat naro¢nou funkci technického reditele akciové spo-
le¢nosti Metroprojekt Praha.

Ing. Romancov se narodil v Praze 12. fijna 1942 v rodiné ruského

emigranta, ktery nasel svij dobry druhy domov v Ceskoslovenské republice.
Zde byl také zéklad perfektni znalosti ruského jazyka, kterou mohl pozdéji Jifi
dobfe uplatnit.

Po absolvovéni stavebni fakulty CVUT Praha, smér konstruktivné-dopravni,

nastoupil v roce 1965 do prvniho zaméstnani v prazském Projektovém Usta-

vu dopravnich a inZzenyrskych staveb. Byl to vlastné jeho jediny néstup do

(zjarlnés_tném', protoZe vSechny dal$i zmény zaméstnavateld probihaly formou
elimitaci.

Hned od zadatku profesni kariéry se zaméfuje na podzemni stavby doprav-
niho charakteru. Nejprve je to projekt podpovrchové tramvaje pro hlavni
mésto Prahu. Po rozhodnuti, Ze se misto podpovrchové tramvaje bude sta-
vét metro, prechdazi se skupinou, ve které pracuje, do SUDOP a zahajuje
svou drahu projektanta razenych objektd prazského metra. V té pokracuje
od roku 1971 v nové vzniklé projekéni organizaci DP - Metroprojekt Praha.

Postupné projektuje razené tratové tunely metra v Praze 4 - Pankraci na
trase C, pak napfiklad stanici MUstek na trase A. Ridi skupinu projektantd -
tunelaf a koncem osmdesatych let se stava hlavnim specialistou této
profese v Metroprojektu. Je aktivnim propagatorem novinek v tunelovém
stavitelstvi, jeho ndvrh jednolodni stanice je datovan rokem 1976. Za jeho
aktivni Ucasti se projektuje prvni tratovy tunel metra razeny novou rakouskou
tunelovaci metodou na trase IVB. Vycet objektd a staveb, které projektoval
nebo jejichz projektovou pfipravu fidil, by mohl jesté dlouho pokracovat.

Vyznamn4 je také aktivita Ing. Georgije Romancova v profesnich organizacich,
predev§im v Ceském tunelaiském komitétu. Je ¢lenem jeho predsednictva
a dlouholetym aktivnim ¢lenem redakéni rady ¢asopisu Tunel. Je autorizova-
nym inZenyrem pro geotechniku a ¢lenem zkusebni komise pro tento obor.

Neni moZzné se nezminit, Ze ti, kdo Ing. Romancova znaji, si jej vazi nejen pro
Proto Ti, Jifi, pfeji za sebe i vSechny Tvé kolegy z tunelaiské obce vSe dobré
i pevné zdravi. Zachovej si do dalSich let také svdj humor a optimismus.

60 YEARS OF Ing. GEORGIJ ROMANCOYV, CSc.

Our colleague from editorial board of the Tunel magazine,
associate as well as good friend for many of us - Ing. Georgij
Romancov, would probably not wish to remind and empha-
size too much the fact, that he has already achieved sixty
years of age. But time advances with its constant speed and
although one’s age is always until certain extent relative,
because there are old youngsters as well as young oldsters,
the reality is clear - sixty years of age were achieved in
October 2002.

It is decent to add right away, that Ing. Romancov reached
this point in full working and personal activity, without which
he would not be able to wield such demanding job as tech-
nical director of the joint-stock company Metroprojekt Praha.
Ing. Romancov was born in Prague on October 12 1942 into
a family of Russian immigrant, who found his second home in
Czechoslovakia. It was here that he acquired his perfect knowledge of
Russian, which was of good use to Jifi later on.

After graduation from the Faculty of civil engineering by CTU in Prague, the
civil engineering and transport related structures field, he proceeded with
his first employment within Prague Design Institute for Transport related and
Civil Engineering Structures in 1965. It was actually his only job enrollment,
because all later changes of employers occurred in the form of delimitations.
Already since the very beginning of his professional career he was focused
on underground transport-related structures. First, it was a project of sub-
surface tram for the capital of Prague. Following decision that instead of the
subsurface tram there will be subway constructed, he moved along with his
workgroup to SUDOP and thus commenced his career of designer of exca-
vated objects within Prague subway. He continued in this in a 1971 founded
designing organization DP - Metroprojekt Praha.

He consequently designed mined subway running tunnels in Prague 4 -
Pankréc on the C line, then for instance station Mdstek on the A line. He com-
manded a group of designers - tunnelers and by the end of the eighties he
became senior specialist in this field in Metroprojekt. He is an active sup-
porter of innovations in underground engineering, his single-bay station
design is dated back into 1976. Under his own active participation, the first
subway running tunnel, excavated already by the New Austrian Tunneling
Method, was designed on the IV B subway section. The outline of structures
and objects he either designed himself or whose design preparation he cha-
ired could still continue.

Also Ing. Romancov’s activity within professional organizations, such as the
Czech Tunneling Committee, is significant. He is a member if its board of
directors as well as long-term active member of editorial board of the Tunel
magazine. He is a certified engineer of geotechnics and also member of an
examining commission for this field.

It is not possible to neglect that those who know Ing. Romancov revere him
not only for his professional capability, but perhaps even more for his cha-
racter attributes. Therefore | wish you, Jifi, on behalf of all your colleagues
from tunneling community as well as myself, all the best and good health.
Also keep your optimism and sense of humor also in the following years.

Ing. Miloslav Novotny

Stanice Mustek v pribéhu let
Mdstek station in the course of years

1978
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

OKRUZNI TRASA METRA V BARCELONE

Reseni nové trasy metra v Barceloné pfinasi nékteré netradiéni postupy.
Proto neskodi o této velké stavbé prinést strucnou informaci.

Vlystavba dlouho ocekavané 9. trasy metra v Barceloné se pfipravovala na
zahajeni v kvétnu roku 2002. Mésto ma 2,7 milionu obyvatel a nova trasa
spoji véech 5 existujicich tras metra, 6 Zelezni¢nich trati a nové budovanou
vysokorychlostni Zeleznici sméfujici od francouzskych hranic do hlavniho
mésta Spanélska - Madridu. Kromé toho spoji nové trasa mésto s nové
budovanym letiS§tnim terminalem.

Trasa se 43 stanicemi bude dlouha 41 km, z toho 34 km bude v tunelu, ktery
podejde husté obydlené a dopravné silné zatizené ¢asti mésta. Aby se maxi-
malné sniZilo naru$eni povrchu nad novou trasou, at z hlediska sedani,
nebo zaboru ploch pfi stavbé i v budoucim provozu, byla vypracovana nova
ambiciozni koncepce technického feseni trasy. Do razeného tunelu vnitiniho
praméru 10,9 m (tloustka osténi bude 400 mm) se nad sebe na vestavénou
zelezobetonovou konstrukci namontuji koleje metra. | stanice budou umis-
tény v tomto tunelu (obr. 1). Pfistup do stanic se vyfesi v hloubenych Sach-
tach vnitiniho profilu 24 m pomoci vytahli s vysokou kapacitou (obr. 2).
Priimérna hloubka tunell pod terénem se voli dva jejich profily, aby se -
mimo jiné - zajistilo kfiZzeni s ostatnimi trasami metra, které se hloubily
z povrchu terénu. Minimalni polomér trasy je 300 m a maximalni sklon 4 %.

Z hlediska geologickych pomérl lIze trasu rozdélit zdsadné na dvé casti.
Prvni se bude razit v zeminéch, pfedevsim v Fi€nich sedimentech (od jem-
nych pisk( az k pis¢itému $térku). Druha cast zastihne skalni horniny, pre-
devs§im granodiority, vapence a bfidlice. Kazda z téchto ¢asti byla zadana
samostatné v zari 2001. Dodavateli jsou spolecnosti se zahrani¢ni ucasti.
Vedoucim sdruzeni pro prvni projekt za 265,4 mil. USD je firma Dragados
Obras y Proyectos, u druhého projektu za 351,8 mil. USD je vedoucim sdru-
Zeni FCC. Severni ¢ast ma byt v provozu v roce 2005 a jizni s napojenim na
novy terminal letisté se dokonéi v roce 2007.

Razici stroje jsou konstruovany a vyrabény pro konkrétni podminky razeb.
Pro razbu v zeminach byl vybran zeminovy §tit (EPB) od firmy Herrenknecht.
Byl navrzen tak, aby bylo moino namontovat valiva dlata a pfi oteviené
celbé projit porfyryty, které se vyskytnou v trase v délce asi 180 m.
Parametry §titu jsou vyjimecéné - pfitlak 110 MN, kroutici moment 38 MNm
a celkovy instalovany pfikon €ini 5,32 MW. Pro razbu ve skalnich horninach

11,9 m
1MEm

Obr. 1 PFicny profil tunelu metra ve stanici
Fig. 1 Cross section of the metro tunnel in the station

THE ORBITAL METRO LINE IN BARCELONA

The solution of the Barcelona metro new line has brought some untraditio-
nal procedures. For that reason a brief information on this large project is
worth publishing.

The commencement of the construction of the long time hoped-for 9th line
of the metro in Barcelona was being prepared in May 2002. The city has a
population of 2.7 million, and the new line will interconnect all of the 5 exis-
ting metro lines, 6 railway lines, and the newly built high-speed track leading
from the French border to the Spanish capital, Madrid. In addition, the new
line will link the city with the newly built airport terminal.

The line with 43 stations will be 41km long, of that 34km will be in a tunnel,
which will pass under the densely populated and by traffic heavily burdened
parts of the city. To maximally reduce the surface disturbance above the new
line, both in terms of the surface settlement and the extent of the plan area
of temporary and permanent works, a new ambitious conception of the tech-
nical solution of the line was developed. A 10.9m i.d. mined tunnel (400mm
thick lining) will house a stacked reinforced concrete structure carrying the
tracks. Even the stations will be constructed inside this tunnel (see Fig. 1).
The access to the stations will be via 24m i.d. mined shafts with high-capa-
city lifts (see Fig. 2). To provide, among others, safe crossings with the other
metro lines, which were built by the cut-and-cover method, an average depth
of the tunnels under the surface twice the tunnel height has been selected.
The minimum alignment radius is 300m, and the maximum gradient is 4%.

Viewed from the aspect of geological conditions, the route can be divided to
two parts. The first part will be driven in grounds, mostly river sediments
(from fine sands to sandy gravel). The other part will encounter rock; grano-
diorites, limestone and shales will prevail. Separate contracts were awarded
for each of those parts in September 2001 to joint ventures with foreign par-
ticipation. The leader of the joint venture for the first US$265.4m project is
Dragados Obras y Proyectos. FCC leads the joint venture for the other pro-
ject worth US$351.8m. The northern part operation is scheduled to 2005, and
the southern part with the connection to the new airport terminal is schedu-
led for completion in 2007.

Tunnel boring machines have been designed and manufactured with respect
to the particular conditions of the excavation. The EPB TBM produced by
Herrenknecht was selected for the excavation in grounds. It was designed to
allow the mounting of disc cutters and passing through the porphyrites,
which will be encountered along the route within a length of about 180m,
and working in open face mode. The TBM parameters are exceptional: thrust
of 110MN, torque of 38MNm, and the total installed electrical power amoun-
ting to 5.32MW. By contrast, a Wirth shielded TBM will be used for the tun-
nel driving in rock. It will be capable of operating in closed face mode when

MNasiupiEte
| Platfom | |
—-— 16,0 m — = S
Kolejisté
Trackage

Obr. 2 Vodorovny fez vstupni $chtou se vstupem do stanice
Fig. 2 Plan section through zhe entrance shaft with the entry to the station
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bude poutzit razici stroj firmy Wirth s plastém, ktery naopak bude v nesta-
bilnich horninéach a poruchovych zdnéach schopen pracovat s uzavienou cel-
bou. Celkovy instalovany pfikon tohoto stroje bude 7,15 MW. U obou §titl
musela byt konstrukce $titu i jeho zavésu prizplisobena razbé v min. polo-
méru 300 m.

Prefabrikované osténi musi zajistit vodotésnost pfi pfedpokladaném hydro-
statickém tlaku 3 atm.

Vestavéna Zelezobetonova konstrukce bude tvofit poZarni zabranu mezi pro-
storem spodni a horni trati. Mezi témito prostory povede pres pozarni dvere
Unikova cesta.

Technicky naro¢né bude napojeni $achet a tuneld v zeminach. V predstihu
pred razbou budou aZ na projektovanou Uroven provedeny obvodové kon-
strukce Sachet tvofené podzemnimi sténami. V misté priniku s budoucim
tunelem budou stény provedeny z prostého betonu nebo z betonu s rozpty-
lenou vyztuzi. Pak se do urovné nad klenbu tunelu $achty vykopou. Stit pfi
razbé vytvori elipticky priinik podzemnimi sténami Sachty. Po zainjektovani
osténi tunelu se Sachta dohloubi, nasledné se demontuji uréené segmenty,
a tim se vytvofi vstupni otvor do budouci stanice velikosti 16 x 7 m.

Nastupisté budou od kolejisté oddélena prosklenou sténou s dvefmi, jejichZ
otevieni bude synchronizovano s otviranim dvefi vlaku.

Zahéjeni razeb bylo planovéano na prvni polovinu roku 2002. Pfredpokladé se
nepfetrzita razba ve tfech sménach 7 dni v tydnu, aby se dosahlo planova-
nych prdmérnych vykont 230 m az 270 m za mésic.

Podle zahrani¢nich materiald.
PRODLOUZENI METRA V RIO DE JANEIRU

Metro v Riu méa dvé trasy a jeho celkova délka je 35 km. V souCasnosti se
prodluzuje do husté osidlené oblasti Copacabana. Nejedna se o velky roz-
sah - stavi se jedna nové stanice a 430 m trasy v razeném tunelu.

Geologické poméry jsou nepfiznivé. Na zacatku trasy se razi ve zdravé rule,
ktera pfechazi do navétralé aZ zcela rozloZzené horniny. Dal se stfidaji nesou-
drzné sedimenty - pisky a jily véetné sedimentl mofskych. Trasa lezi pod
hladinou podzemni vody. Nadlozi kolisd od 30 m do 6 m a pfimo nad trasou
jsou i vicepodlazni budovy, napf. 12patrovy dim s mélkymi zaklady.

Pivodné se predpokladalo, Ze tunely budou razeny stitem s uzavienou cel-
bou (zeminovy nebo bentonitovy §tit), ale po devalvaci brazilské mény
v roce 1999 byl tento zamér z ekonomickych dlivodi opustén. Davod byl ale
i technologicky - $tit by musel byt konstruovan na zvladnuti velmi promén-
livych pomér na celbé (napf. tvrdé a abrazivni horniny ve spodni éasti
a zcela nesoudrzné zvodnélé zeminy v horni ¢asti Celby).

Pro realizaci byla zvolena metoda s vyuzitim stfikaného betonu a s Gpravou
zemin pomoci tryskové injektaZe. Ta se provadéla pokud to bylo mozné
z povrchu, ale protoze na povrchu je hustd zastavba, realizovala se tryskova
injektdz ve velkém rozsahu z ¢elby tunelu. Po obvodu razeného profilu se
vytvérel prstenec zpevnéné zeminy a ve vzdalenosti 7 az 10 m pfed ¢elbou
se v celém profilu tryskovou injektaZi zpevnila zona Sifky 2 m. Tim vznikla

in unstable rock and weakness zones. The total installed electrical power of
this machine will be 7.15MW. The design of the both TBMs and their backups
had to be accommodated to driving on a minimum radius of 300 m.

The precast concrete segmental lining has to remain watertight under the
expected head of 3 atm.

The built-in reinforced concrete structure will form a fire barrier between the
space of the upper and lower track. An escape route will lead between those
spaces through fire-proof door.

The work on the connection of the shafts and tunnels in grounds will be tech-
nically demanding. Perimeter structures of the shafts will be built up to the
designed depth in advance of the excavation. They will be formed by diap-
hragm walls. Plain concrete or fibre reinforced concrete will be used for cas-
ting the diaphragm walls in the places of their intersection with the future
tunnel. Subsequently, the shaft walls will be excavated up to the tunnel vault
level. The TBM passing through the underground walls of the shaft will cre-
ate an elliptic opening. When the tunnel lining grouting is finished, the shaft
excavation will be completed, subsequently relevant segments will be remo-
vedhAd76 X 7 m entrance opening to the future station will be created by this
method.

The platforms will be separated from the rails by a glazed wall with doors.
Their opening will be synchronised with the train doors opening.

The excavation start was scheduled for the first half of 2002. To achieve the
planned performance of 230 m to 270 m per month, a continuous excavation
is expected, with three shifts worked for 7 days/week.

Elaborated according to foreign sources by Ing. Miloslav Novotny

THE EXTENSION OF THE METRO IN RIO DE JANEIRO

The metro in Rio has features lines, and its overall length achieves 35km.
Currently it is being extended to the densely populated area of Copacabana.
The extension is not so large, one new station and 430m of the track in
mined tunnel are being developed.

Geological conditions are unfavourable. At the beginning of the route, the
excavation is carried out in sound gneiss passing to slightly weathered to
totally decomposed rock. An alteration of non-cohesive sediments, i.e. sands
and clays, including marine deposits follows. The extension route lies under
the groundwater table. The overburden varies from 30m to 6m, and there are
multi storey buildings directly above the alignment, e.g. a 12-storeyed buil-
ding with shallow foundations.

Originally the excavation by a positive face support TBM was expected,
using either an EPB or slurry machine, but, for economic reasons, due to the
devaluation of the Brazilian currency in 1999, this intention was abandoned.
Although, the reasons also consisted in the technology. The TBM would
have to be designed to cope with very variable conditions at the face (e.g.
hard and abrasive rock at the bottom and totally non-cohesive, water bea-
ring ground at the upper section of the face).

A method was applied for the work execution using sprayed concrete and
the treatment of the ground by jet grouting. This was carried out from the
surface where possible, but, because of the dense surface development, a
major portion of the jet grouting was carried out from within the tunnel. A
ring of consolidated soil was created around the excavated profile circumfe-
rence, and a 20 wide zone covering the full cross section was consolidated
by the jet grouting up to a distance of 7 to 10m ahead of the face. This pro-
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Obr. 1 Sdruzeny profil razenych tunell
Fig. 1 Compound profile of the driven tunnels
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dal$i bariéra proti pfitoku podzemni vody a zvysila se stabilita ¢elby.

PFipravé a optimalizaci tryskové injektaze musela byt, vzhledem k slozitym
geotechnickym podminkam, vénovana velka pozornost (podrobnéji viz ¢la-
nek v T+TI €. 03/02).

Zajimavy byl pfiény profil tuneld a postup razeb. Po ekonomické analyze
a také ve snaze omezit sedani povrchu bylo rozhodnuto nerazit klasicky
dvoukolejny tunel. Zvolen byl sdruzeny profil se stfedni délici sténou (viz
obr. 1), ktery se razil postupné - nejprve prvni tratovy tunel véetné defini-
tivniho osténi s délici zdi a pak druhy tunel, jehoz primarni i definitivni osté-
ni navazovalo na pfislu$na osténi prvého tunelu.

Priméarni osténi ma tloustku 25 cm a je tvofeno pfihradovymi oblouky, sité-
mi a stfikanym betonem. Definitivni osténi ma také tloustku 25 cm a je
z monolitického a ¢astecné ze stfikaného betonu.

Razba a budovani osténi postupovaly v nasledujicich krocich:

1. Razba kaloty prvého tunelu s primarnim osténim, zabéry délky 80 cm.

2. Razba dna prvého tunelu s primarnim osténim, zébéry délky 240 cm.
Uzavfeni dna v maximalni vzdalenosti 5,6 m od celby.

3. Provedeni definitivniho osténi véetné stiedni délici stény.

4. Razba kaloty druhého tunelu s primarnim osténim napojenym na primar-
ni osténi prvého tunelu, zabéry délky 80 cm.

5. Razba dna druhého tunelu véetné primérniho osténi, zabéry délky 240 cm.
Uzavieni dna v maximalni vzdalenosti 5,6 m od éelby.

6. Vybourani ¢asti priméarniho osténi prvého tunelu zasahujici do druhého
tunelu.

7. Provedeni definitivniho osténi druhého tunelu napojeného na definitivni
osténi prvého tunelu. Cast definitivniho osténi provedeného ze stfikaného
betonu je vyznacena cervené.

Podle zahrani¢nich pramenu.

cedure gave rise to another barrier against the inflow of ground water, and
enhanced the face stability.

The planning and optimisation of the jet grouting operations had to be paid
great attention because of the complicated geological conditions (for more
detail see the article in the T&TI no. 03/02).

The cross section and the excavation procedure were also interesting. The
economic analyses and the considerations regarding the surface settlement
resulted in the decision to abandon the plan to excavate a conventional
double-track tunnel. A combined cross section was adopted, with a central
dividing wall (see Fig. 1), which was excavated stepwise, i.e. starting with
the first running tunnel tube including the final liner and the dividing wall,
and then continuing with the other tube, whose primary and secondary
liners connect to the relevant liners of the first tunnel tube.

The primary liner is 25cm thick, and it consists of lattice girders, mesh and
shotcre’:e.kThe cast-in-situ concrete and partially shotcrete final liner is also
25cm thick.

The excavation and erection of the liners were carried out in the following
steps:

1.The first tunnel tube top heading excavation, with primary lining; the
round length of 80 cm.

2.The first tunnel tube invert excavation, with primary lining; the round length
of 240cm. The invert closed at a maximum distance of 5.6m from the face.
3.Erection of the final liner including the central dividing wall.

4.The other tunnel tube excavation, with the primary liner connecting to the
primary liner of the first tunnel tube, the round length of 80cm.

5.The other tunnel tube invert excavation, with primary lining; the round length
of 240cm. The invert closed at a maximum distance of 5.6m from the face.
6.Demolition of the part of the first tunnel’s primary lining reaching into the
other tunnel.

7.Erection of the final liner of the other tunnel tube connecting to the first
tunnel’s final liner. The part of the final liner carried out in shotcrete is indi-
cated by red colour.

Elaborated according to foreign sources by Ing. Miloslav Novotny

ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELING CONFERENCES

Ve dnech 21.az 23. fijna se konalo ve francouzském Toulouse pracovni set-
kani francouzské asociace podzemnich staveb AFTES. VSechna setkani
AFTES, konajici se vidy po 3 letech, jsou pofddana ve znameni uréitého
tématu. Jedna se o obdobu nasi konference Podzemni stavby. Moto toho
leto$niho setkani znélo ,Podzemi: stavby které Ziji".

Konference byla poprvé pofaddéna ve spolupréci s druhou zemi, se §panél-
skou asociaci podzemnich staveb AETOS.

Béhem tfi dnl byly predstaveny prispévky sefazené do tfech tématickych
okruhu:

A - Navrat ke zkusenostem z fungovani a chovani podzemnich staveb a mate-
riald a jejich aplikace pfi financovani a provadéni staveb

B - Pfeména stavajicich podzemnich v dila plnici novy ucel

C - Tvorba postupt realizace staveb (aspekt finan¢ni, smluvni a technicky)
potifebnych k provedeni podzemni stavby

Kromé téchto tématickych okruhd byly pfedneseny samostatné prednasky
na témata:

- podzemni stavby ve Spanélsku

- debata kolem kulatého stolu o uvazovanych pyrenejskych tunelech

- technické predpisy v podzemnim stavitelstvi

Posledni den byl pofaddan v soubéhu s 3. mezinarodni konferenci
Geotechnické aspekty podzemnich staveb v mékkych horninach a byly pred-
neseny prednasky sefazené do téchto tématickych okruht:

- navrh tunel(; stabilita, sedani a definitivni osténi

- metody provadeéni tunelt

- odlqzva horninového prostredi na razbu podzemniho dila: méfeni a zpétné
analyzy

V kongresovém centru, kde se akce konala, byla instalovana vystava nékoli-
ka desitek spole¢nosti podnikajicich v oboru podzemnich staveb. Pro mne
osobné byla vystava tou nejlepsi ¢asti celé konference, protoze pfispévky
jsou k nalezeni ve shorniku.

Soucasti konference byly i technické exkurze na stavenisté prodlouzeni linky
B mistniho metra, kde jsou razby vétsi z ¢asti 12 km Useku provadény zem-
nimi a bentonitovymi §tity.

Konferenci doprovazely standardni spolecenské akce, kterymi byly navsté-
va radnice a spoleensky vecer.

Z Ceské republiky se konference ztéastnili je$té Ing. Jindfich Hess, ¢len EC
ITA/AITES a predseda CTuK, a Doc. Ing. Alexandr Rozsypal, Csc., za spolec-
nost SG Geotechnika.

The working meeting of the AFTES, the French underground construction
association, took place from 21 to 23 October. All AFTES meetings, organi-
sed every 3 years, have their specific topics._The meeting is an analogy to
our Underground Construction conference. This year the meeting’s motto
was “The underground: living constructions.” o .

It has been the first time that the conference was organised in collaboration
with another state, with AETOS, the Spanish underground construction
association.

The papers presented in the course of the three days were distributed into
three topic groups: . ) ]

A - Returning to the experience of the operation and behaviour of underg-
round structures and materials, and their application in the funding and exe-
cution of projects

B - Transformation of existing underground structures into facilities serving
new purposes

C - Development of construction implementation procedures (financial, con-
tractual and technological aspects) needed for the execution of an underg-
round project

In addition to these topic groups, independent papers were presented on the
following topics: . .

- underground fro;ec_ts in Spain . . ) .

- a round table discussion on the tunnels in the Pyrenees being under consideration
- technical codes of practice within the underground construction industry

The last day was organised in parallel with the 3rd international conference
“Geotechnical Aspects of Underground Structures in Soft Grounds”. Papers
included into the following topic groups were read:

- tunnel design: stability, settlement and final lining

- tunnelling methods )

- response of rock mass to an underground excavation: measurements and
back analyses

The congress centre where the conference took place provided a room for an

exhibition of several tens of companies engaged in the field of underground

construction. For me personally, the exhibition was the best part of the con-

Za.rence events as the papers have been available in the conference procee-
ings.

Technical visits to the construction site of the extension of the Tolous metro
line B were also part of the conference. A majority of the 12km long route
has been excavated by EPB or slurry TBMs.

The conference was accompanied by traditional social gatherings, namely
a visit to the town hall and a galla dinner.

From the Czech republic, there were Ing. Jindfich Hess, the EC ITA/AITES
member and CtuC chairman, and Doc. Ing. Alexandr Rozsypal, SG
Geotechnika, a.s., present in the conference.

Tomas Eberman
Bec Freres SA



Ve

ss  11. ROCNIK, &. 4/2002

ITunel

ZPRAVODAJ CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELLING COMMITTEE REPORTS

REDAKCNI RADA ZASEDALA VE SLOVINSKU

Vlyjezdni zasedani redakéni rady bylo spojeno s exkurzi na tunelovych stav-
bach ve Slovinsku.

Banské stavby Prievidza umoznily Gcastnikim zajezdu navstévu stavenisté
dalni¢nich tunellG Trojane mezi Ljublani a Mariborem, na jejichZ vystavbé se
podileji. V pFistim ¢isle naSeho ¢asopisu pfineseme dva ¢lanky o této stav-
bé, jednak z hlediska provadéni (Ing. Petko, Ing. Cagan), jednak z oblasti
méficskych praci (Ing. Smaho).

Protoze cesta autobusu vedla pod masivem Taur, Karavanek a dal$ich poho-
fi rakousko-slovinského pohraniéi, byla pro uéastniky zajezdu uéebnicovou
ukazkou tunelového stavitelstvi. O zasvéceny odborny vyklad po celou cestu
se staral Prof. Bartak.

Redakéni rada kromé béiné pripravy dalSich Cisel ¢asopisu se podrobné
zabyvala problematikou inzerce, nebot jeji rozsah zakotveny v rozpoétu na
béiny rok je nezbytné nutny splnit a zajistit tak financovani casopisu.
Rozpodet vychazel z usneseni valné hromady z roku 2001 i 2002, v némz pfi-
jaly €lenské organizace zévazek ziskat béhem roku dva inzeraty. ProtoZe
tento tkol neni uspokojivé pInén, obraci se RR na &leny CTuK s nize uvede-
nou vyzvou.

VYZVA VSEM CLENSKYM ORGANIZACIM

Redakéni rada €asopisu TUNEL se obraci na vSechny ¢lenské organizace
s zadosti, aby kazda zajistila v bézném roce ve smyslu usneseni valnych
shromazdéni dva inzeraty do naseho ¢asopisu, tak jak je obsazeno ve schva-
leném rozpoétu. Doporuéujeme, abyste inzerci pozadovali od svych subdo-
davatell a kooperant(, s nimiz sjednavate prace a dodavky. Zdlrazriujeme,
Ze inzerce tvofi podstatnou polozku rozpoctu a jeji pribézné plnéni pfimo
podminuje financovani naseho ¢asopisu.

UPOZORNENI AUTORUM PRISPEVKU DO NASEHO CASOPISU

RR zada vsechny autory prispévkl do c¢asopisu, aby respektovali pokyny,

které jsme jiz dvakrat uverejnili a z nichz je nejpodstatnéjsi:

« textovou Cast vCetné podtitulki (bez obrazka a grafickych pfiloh) poslat do
redakce e-mailem

« digitaIni grafické pfilohy (bez detaill, které jsou necitelné pfi zmenseni pod
1A5) s popisky ¢esko/anglickymi (v krajnim pripadé s prihlédnutim, Zze pod
Cesky text se jeSté musi vejit anglicky preklad) a digitalni fotografie na nosici
veetné barevného otisku predat/poslat do redakce do terminu uzavérky

+ uzavérka kazdého &isla je do konce prostfedniho mésice v kvartale (pro €. 1 do
konce listopadu predeslého roku, pro ¢. 2 do konce tnora atd.)

ZMENA VE SLOZENI REDAKCNIi RADY

Neni to dlouho, kdy jsme v rubrice Zivotnich jubileji gratulovali zakladajici-
mu ¢lenovi RR k vyznamnému Zivotnimu mezniku. A pfiSel ¢as, kdy na$ pfi-
tel Ing. Miroslav Uhlik ukonéil nejen své zaméstnani u akciové spolecnosti
SUBTERRA, ale i pisobeni v redakéni radé naseho ¢asopisu. Redakéni rada
vzdy velice ocenovala uvazlivou praci Ing. Uhlika, kterou pro nas ¢asopis po
mnoho let vykondval. Jeho navrhy a stanoviska patfily vzdy k tém nejre-
spektovanéjsim.

SUBTERRA, a. s., jmenovala svého nového zastupce. Je jim Ing. Pavel
Stoulil, vedouci utvaru marketingu a public relations spole¢nosti. Pfejeme
mu, aby byl distojnym néastupcem svého predchidce.

L AT e - !“ \i

EDITORIAL BOARD MEETING IN SLOVENIA.

The away meeting of the editorial board was combined with a technical tour
of tunnel construction sites in Slovenia. Banské Stavby Prievidza, a.s., arran-
ged for the board members a visit to the works, which they are participating
in, namely the construction of the Trojane highway tunnels between
Ljubljana and Maribor. We are going to publish two articles dealing with this
project in the next issue of our magazine. One of them will describe the tun-
nel excavation (Ing. Petko, Ing. Cagari), the other one will be focused on the
geodetic survey (Ing. Smaho).

The journey, whose route led under the Tauern massif, the Karawanken and
other mountain ranges of the Austrian - Slovenian borderland, became a
textbook example of the tunnelling industry for the journey participants.
Prof. Bartak provided well-informed, professional comment during the
whole journey.

Apart from the common preparation of future issues of the magazine, the
editorial board went into the matter of advertising. Its scope reflected in the
annual budget has to be fulfilled so that the magazine financing is secured.
The budget was based on the General Meeting resolutions from the years
2001 and 2002, where the member organisations committed themselves
each to obtain two advertisements in a year. Since this commitment has not
been fulfilled satisfactorily, the EB is addressing the CtuC members with the
following appeal.

APPEAL TO ALL MEMBER ORGANISATIONS

The editorial board of the TUNEL magazine appeals to all member organisa-
tions, asking each of them, within the meaning of the resolutions of general
meetings, each to ensure two advertisements for our magazine in the calen-
dar year, as counted on in the approved budget. We recommend that you
should ask your subcontractors and cooperating organisations that you
negotiate contracts with. We are stressing the fact that advertising is a sub-
stantial item of the budget, and meeting its planned scope continuously is
a condition of our magazine financing.

NOTICE TO THE AUTHORS OF CONTRIBUTIONS FOR OUR
MAGAZINE

The EB is asking all authors sending their contributions to our magazine to

respect the instructions we have published already twice, with the most

important ones:

sthe text part inclusive of the sub-titles (without pictures and graphic enclosures)
are to be sent to the editor’s office by e-mail

«digital graphic enclosures (without details illegible at a reduction under 1A5)
with Czech/English captions (in the extreme allowing for the need to place
English translations under the Czech captions) and digital photos on a carrier,
including a colour print, are to be delivered/posted to the editor’s office before
the copy deadline.

«the copy deadline for each issue is the end of the middle month of the respec-
tive quarter (the end of November for No. 1, the end of February for No.2 etc.)

A CHANGE IN THE EDITORIAL BOARD COMPOSITION

It is not long ago that we congratulated, in our Life Jubilees column, the EB
founding member to a significant life milestone. The time has come, our fri-
end Ing. Miroslav Uhlik has ended not only his employment with SUBTERRA
joint stock company, but also his work in the editorial board of our magazi-
ne. The editorial board have always highly appreciated the prudent work
performed for our magazine for many years by Ing. Uhlik. His suggestions
and opinions have always belonged to those most respected.

SUBTERRA, a.s. has appointed its new representative, Ing. Pavel Stoulil,
head of its marketing and public relations department. We are wishing him
to become a worthy successor of his predecessor.

Ing. Karel Matzner

Ze zasedani redakéni rady ve Slovinsku (tunel Trojane)
From the Editorial Board meeting in Slovenia (Trojane tunnel)
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CERTIFIKAT EMS
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nejen v Ceské republice, ale i na dalich 4 kontinentech

Nabigime take specidluc technologie fro stavebnictuc,
prondjem mojng uletné adborné abolutiy

We aloo offer speccal teclnologies

for ccuil engineering,
lease co posscble cncluding

Vysokotlaky vodni paprsek o S )

High pressure water jet

Moderni ekologicka metoda Cisténi

bez daldiho naruSeni a oslabeni konstrukci
s moznosti plynulého zvySovani tlaku

od 50 do 1500 bard, s vykonem 33 litr(i/min.

Modern ecological method of cleaning without
following disruption and weakening
of structures with possibility of smooth pressure increase
from 50 to 1500 bars, and output of 33 liters per min.
- sanace zelezobetonovych konstrukci
- odstranéni starych natérd a rzi
- CiSténi rezného zdiva a obkladl
¢isténi vodojem, potrubi atd.
- redevelopment of reinforced concrete structures
- removal of old coatings, rust from sheet metals
- cleaning of raw brickwork
- cleaning of water tanks, piping, etc.

Bezrezonancni vibrator RF 18 - beranidlo

Resonance-less vibrator RF 18 pile driver
Omezeni $pic¢kovych vibraci pldy i vibraci
v okolnich budovach, vyhodou je nastaveni
excentrického momentu za béhu od 0 - 100%
Construction of top vibrations of soil and vibrations
inside the neighboring buildings.
The set up of the excentric moment in run from 0 100%.
Technické parametry:
~ - excentricky moment 0-17,5 kgm
- odstfediva sila 0-850 kN
- frekvence 2100 ot./min.
- max.dovoleny tah 240 kN
- max.vykon 226 kW
Technical parameters:
- excentric moment 0 17,5 kgm
- centrifugal force 0 8. 50 kN
- frequency 2100 turns/min.
- max. allowed tension 240 kN
- max. output 226 kW

Jsme drziteli certifikatu EMS podle CSN EN 1SO 14001

We are the holders of the Certificate EMS according
to CSN (Czech standards) EN 1SO 14001

Vedeni VOKD, a.s., vyhlasilo environmentalni politiku jako jednu z priorit Fizeni
spolecnosti s nasledujicimi principy

Management of VOKD, a.s., announced the environmental policy
as one of company management priorities with the principles as follows:

- co nejefektivnéji vyuzivat pfirodni zdroje a suroviny a trvale
minimalizovat vznik odpadud a miru negativnich vlivi na pracovni

a Zivotni prostfedi

- provozovat veskera technicka a technologicka zafizeni s ohledem na
ochranu zivotniho prostfedi a G¢inné vyuzivani pfislusnych druht
energif

- v ramci provadénych ¢innosti pfedchazet vzniku negativnich
environmentalnich dopadl a vzniku nebezpec¢nych havarijnich stavi

- the most efficient exploitation of natural sources and raw materials and
permanent minimization of waste formation and extent of adverse influences
on working and living environment

- operation of any technical and technological equipment with respect of
environment protection and efficient exploitation of relevant types of energy
- prevention of negative environmental impacts and prevention of the
occurrence of dangerous emergency situations within the scope of activities
performed

VOKD, a.s., Ostrava-Moravska Ostrava, Nakladni 1/3179, PSC 702 80, tel: +420-59 74 68 111, fax: +420-59 611 81 20, e-mail: sprava@vokd.cz
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tunely a Specidlne zakladania
O SPOLOCNOSTI

Spolo¢nost’ Vahostav — Tunely a Specialne zakladania
a.s., vznikla 14.8.2001 od¢lenenim aktivit stavebného
zavodu Tunely a $pecialne zakladanie od spolo¢nosti
s vyse 40-roénou tradiciou, Vahostav a.s. Zilina.

Pod novu spolo¢nost’ presli kvalifikovani pracovnici

od riadiacich az po robotnicke profesie.

S kompletnym strojnym a technologickym vybavenim,
odbornostou a skusenostami zabezpeCujeme uplny
sortiment Specialneho zakladania stavieb a realizaciu
projektov v podzemnom stavitel'stve.

PROFIL SPOLOCNOSTI

Vahostav — Tunely a $pecidlne zakladania pre rieSenie
problémov zakladania a vystavby pozemnych,
dopravnych, vodohospodarskych a podzemnych
stavieb pontka progresivne technoldgie :

Razenie a betonaz

= podzemnych komunikaénych objektov (cestné a zelezni¢né
. . S - - tunely, privadzace)
M_'.r' | e o == , = priestorov podzemnych objektov (garéze, zasobniky)
e e . ) E 3 .
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= podzemnych objektov vodohospodarskych stavieb
i.!
Realizacia podzemnych stien
| = podzemné konstrukéné steny prefabrikované/monolitické
= podzemné pildtové steny konstrukéné/tesniace
= podzemné tesniace steny
= injektované podzemné steny

Vrtné a injekéné prace

= horninové kotvy — lanové/ty¢ové

= injektované mikropiloty

= injektované klince — pazenie strickanym betonom

= injekéné vrty — tesniace clony, speviiovanie podlozia
= odvodiiovacie horizontalne vrty

Pilotové zaklady
= malopriemerové piloty
= vel'kopriemerové piloty

Vahostav — Tunely a Specidlne zakladania, a.s.
Borska 6, 841 04 Bratislava, Slovenska republika

Generalne riaditel'stvo
Hlinsk4 40, 012 16 Zilina, Slovenské republika

tel.: +421 41 517 18 51
« fax: +421 41732 59 00
| e-mail: tunely@vahostav-tsz.sk




