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VAZENi KOLEGOVE,
VAZENi CTENARI CASOPISU TUNEL,

uréité se mnou budete souhlasit, Ze ¢asopis Tunel je mimo
jiné i "zrcadlem" podzemniho stavitelstvi v Ceské a Slovenské
republice a jako kazdé zrcadlo odrézZi jeho soucasnou tvar.
A protozZe Casopis se této problematice vénuje jiz tfinactym
rokem, mizeme zde rozhodné porovnavat, jak vypadalo pod-
zemni stavitelstvi v nedavné historii a jaky je jeho stav dnes.

Takové srovnavani patfi neodmyslitelné k lidskému Zivotu,
a je tudiZ i soucasti kazdé profese a profesni ¢innosti. Obec-
né je porovnavana urovei dosazend v minulosti s Urovni
dosahovanou dnes. Poméfovat Ize ale také podle geografickych méfitek, kdyz
se srovnava uroven konkrétniho mista, regionu nebo statu s evropskymi
¢i svétovymi standardy.

Kazda profesni ¢innost muze byt vykonavana dobie nebo §patné, profesional-
né nebo amatérsky, primitivné nebo s vysoce sofistikovanym vybavenim. Ves-
keré srovnavani a pomérovani ndm méa odpovédét na otazku, zda nestojime na
misté z hlediska odbornosti, vykonnosti ¢i efektivnosti, ale pfedev§im ma
poskytnout dlkazy o tom, Ze se nachazime na vzestupné kfivce znamenajici
pozitivni vyvoj - pokrok, jakozto soucast historie lidské civilizace.

Z tohoto pohledu chci vyjadrit presvédceni, ze ¢eské tunelafstvi udélalo od
pocatku 90. let ohromny pokrok a jsem hrdy, Ze akciova spolec¢nost Metro-
stav, jeji divize 5 a jeji odbornici k tomuto pokroku velmi vyrazné prispéli.
Souvisi to pfedevSim se zavedenim a zvladnutim modernich tuneléfskych
postupd, jako je Nova rakouska tunelovaci metoda. Pro jeji profesionalni apli-
kaci bylo nutné vytvofit personalni i materialni pfedpoklady - pfipravit tech-
niky i délniky a vybavit je stroji a zafizenimi, které odpovidaji dne$ni evrop-
ské a svétové Urovni.

To vSechno se Metrostavu podafilo a s potéSenim mUlzeme konstatovat, Ze

dilim v Ceské republice, jako jsou tunel Mrazovka na praiském méstském
automobilovém okruhu a jednolodni stanice Kobylisy na trase IVC1 prazského
metra. Jsem presvédéen - a potvrzuji to i nazory zahrani¢nich odbornikd, Ze na
téchto stavbach bylo dosazeno skutecné evropské trovné.

Rovnéz si dovolim konstatovat, Ze vedle ziskanych zkusenosti, které jsou sou-
¢asti know-how nasich zaméstnancd, umoziiuje nase vybavenost modernimi
strojnimi sestavami nabizet investorim rychlou a efektivni realizaci vSech
druhtd podzemnich staveb. Pevné véfim, Ze tunel Panenska realizovany na dal-
nici D8 v Kru$nych horach nebo tunel Valik na dalnici D5 u Plzné budou toho
jasnym ptikladem.

Pokrok by samoziejmé nebyl mozny bez dobré spoluprace s nasimi zédkazniky,
inZenyrskymi a projekénimi organizacemi, externimi experty a dal§imi doda-
vateli. Jim patfi m{j velky dik za tuto spolupraci i za jejich podil na renesanci
¢eského tunelarstvi.

Vazeni kolegové, jsem skutecné potésen, Zze s vami mohu sdilet radost z trva-
lého pokroku a soucasné urovné ceského podzemniho stavitelstvi, a preji ndm
v8em, abychom kazdodennim usilim pfispéli k tomu, Ze tento pozitivni trend
bude pokradovat i v budoucnosti.
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DEAR COLLEAGUES,

DEAR READERS OF THE TUNEL MAGAZINE,

| believe you will agree with me that the Tunel magazine in
some way acts as a "mirror" of the underground engineering
in the Czech Republic as well as Slovakia, and as such it
reflects its current spirit. And because the magazine has been
engaged in this field for already thirteen years, we are ulti-
mately able to compare here how the underground engineer-
ing looked in recent past and how it looks today.

Such comparison inherently belongs to human life, and is
therefore also a part of every profession and professional
activity. Generally, a level achieved in the past is to be compared with the level
prevailing today. But also geographical factors can be compared, such as levels
of that particular location, region or state compared with European or global
standards.

Every professional activity can be performed well or poorly, in a professional or
amateur way, primitively or using highly sophisticated equipment. Every com-
parison should answer the question whether we remain motionless from the
viewpoint of workmanship, efficiency or effectiveness, or submit evidence that
we pursue an ascending curve that represents positive development - progress
as part of history of the human civilization.

From this point of view | would like to express a strong belief that the Czech tun-
neling has made a formidable progress since the beginning of the nineties, and
| am proud that the joint-stock company Metrostav, its Division 5 and its pro-
fessionals have significantly contributed to this progress. It is mainly connected
to implementation and mastering of modern tunneling techniques, such as the
New Austrian Tunneling Method. It was necessary to lay personal as well as
material foundations for its professional application - to train technicians and
workers and to equip them with machines and devices that correspond to the
existing European and global level.

Metrostav has succeeded in all of that, and we can state with satisfaction that,
using these technologies, we are able to realize ever more challenging tunnels.
Since the beginnings with single-track tunnels and the first double-track tunnel
built on the IVB line of the Prague subway, we have come to the currently most
challenging underground works in the Czech Republic, such as the Mrdzovka
tunnel on the Prague City Ring Road or the single-bay station Kobylisy on the
IVC1 line section of the Prague subway. | am convinced - and opinions of for-
eign professionals confirm it, that a duly European level has been achieved at
these structures.

| also venture to say that, beside the acquired experience which is part of our
employees' know-how, our possession of modern equipment sets allows to us
offer the investors fast and effective realization of all kind of underground struc-
tures. | strongly believe that the Panenska tunnel, realized on the D8 motorway
in the Krusné Mountains, or the Valik tunnel on the D5 motorway near Pilsen
clearly illustrate it.

Indeed, no progress could be achieved without a sound cooperation with our
clients, engineering and designing organizations, external experts, as well as
sub-contractors. To them | offer my sincere acknowledgment for this coopera-
tion and for their role in renaissance of the Czech tunneling.

Dear colleagues, | am truly glad that | can share with you the delight of endur-
ing progress and the existing level of the Czech underground engineering, and
I wish us all that our daily efforts will contribute to continuation of this positive
trend also in the future.

e

1.

Ing. Vaclav Soukup
feditel divize 5, Metrostayv, a. s.
Managing director of Division 5, Metrostav, a. s.
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VYSTAVBA TUNELU PANENSKA NA DALNICI D8

PANENSKA TUNNEL TUBES EXCAVATION ON D8 HIGHWAY
ING. JAN KVAS, ING. MILOSLAV NOVOTNY, METROSTAV, a. s., DIVIZE 5

uvob

V Ceské republice pokraguje vystavba dalnice D8 z Prahy pres Usti n. L. ke stét-
ni hranici CR/SRN. Dalnice je souéasti IV. Evropského multimodalniho doprav-
niho koridoru Berlin - Praha - Bratislava -Budapest -Sofie -Istanbul. Dalnice D8
je dlouha 92 km a v sougasné dobé jsou v provozu jeji dva useky - usek Reh-
lovice - Usti nad Labem dlouhy asi 7 km a nov&j$i 45 km dlouhy tsek Praha -
Lovosice.

Zatimco Usek dalnice D8 pres Ceské stfedohofi, zahrnujici tunely Radejéin (dl.
620 m) a Prackovice (dl. 270 m), je stéle jeSté ve stadiu pfipravy a projednéa-
vani, na useku Usti nad Labem - st. hranice CR/SRN se jiZ intenzivné pracuje.
Zde jsou také dva tunely - Libouchec (dl. LTT 535 m, PTT 454 m) a Panenska
(dl. LTT 2058 m, PTT 2030 m). Stavba tunelu Panenska probiha jiz od 21. 7.
2003, jeho razba byla zahajena 1. 9. 2003.

Na hranici s Némeckem se D8 napoji na budovanou dalnici A17, kterd pomo-
ci tunell Coschitz (dl. 2332 m), Délzschen (dl. 1070 m) a Altfranken (dl. 345 m)
projde zdpadnim okrajem Drazdan.

POPIS TRASY D8 PRES KRUSNE HORY

Trasa od Usti nad Labem ke stéatni hranici se déli na dvé ¢asti. Cast 0807/l pro-
chazi nejprve Uzemim poznamenanym intenzivni priimyslovou ¢innosti
a posléze stoupa podél paty krusnohorského masivu aZ k obci Kninice. Zde
zacina cast 0807/11, ve které dalnice prekonéva vlastni Krusné hory.

Cast 0807/l je rozdélena na 5 staveb. Jako prvni byla realizovana stavba J,
ktera obsahovala provedeni prizkumnych stol pro tunel Panenska.

Stavba E - Most Kninice navazuje na ¢ast 0807/l a dalnice zde po Zelezobeto-
nové mostni estakadé délky pres 1000 m stoupé pres tzv. Kninické terasy, aby
v nésledujici ¢asti F - Tunel Libouchec prosla pomoci Uboéniho tunelu délky
cca 500 m svahem nad horni ¢asti obce Libouchec. Vedeni trasy v tunelu zde
chréni obec pred vlivy provozu délnice a soucasné chréni krajinu pred naru-
Senim mohutnym zéafezem. Za severnim portalem tunelu Libouchec pokracuje
stavba F jiz v pohledové méné exponovaném prostoru kratkym zarezem
a nasledné pres most Panenska (dl. 266 m) prekonava zalesnéné udoli Jilov-
ského potoka.

Nésleduje stavba G - Tunel Panenska, ve které délnice vystoupa na néhorni
plosinu Krusnych hor. Stavba zahrnuje 2970 m dalnice. Navazuje na severni
opéru mostu Panenskd a po 140 m v zarezu zacdina jiznim portalem tunel
Panenska (v nadmorské vySce 563 m n. m.). Po pfiblizné 2000 m vyjizdi daini-
ce ze severniho portélu tunelu v nadmorské vySce 628 m n. m., pak nésleduje
300 m zafezu a dal pokracuje trasa pres zamokiené Uzemi k mimouroviiové
kfizovatce Petrovice, za kterou stavba G kon¢i. Rubanina z tunel( bude po
eventudlnim predrceni pouzita do nasypu télesa dalnice jak v ¢asti G, tak pre-
devsim v nasledujici ¢asti H.

Stavba H - Trasa Petrovice - Hrani¢ni most je poslednim usekem dalnice
D8 na Eeském uzemi. Zde délnice dosahuje maximalni nadmofské vysky
652 m n. m. Udoli potoki a terénni deprese (spole¢né s ekologickymi a kra-
jinarskymi aspekty) ucinily z této stavby hlavné mostarskou stavbu zahr-
nujici, mimo dalsi, tfi velké mosty - 526 m dlouhy most pfes Mordovou
rokli, most pod Spi¢akem dlouhy 360 m a délka nejvyssiho mostu pres
Rybny potok je 355 m.

TUNEL PANENSKA - ZAKLADNI UDAJE
A GEOTECHNICKE PODMINKY

Pokud se tyké geologie, je tunel Panenska razen v prostiedi tektonicky poru-
Seného rulového krystalinika prostoupeného Zilnymi télesy Zulovych porfyru.
Vlastni vystavbé tunelt Panenskéa predchazel podrobny hydrogeologicky pri-
zkum véetné razby dvou prizkumnych Stol ze severniho a jizniho portalu
budouciho tunelu.

Priizkumné $toly se razily v profilu 24,5 m? na délku 150 m, po jejich doraZe-
ni bylo rozhodnuto na zakladé doporuéeni geotechnického monitoringu,
ve kterém Useku bude profil dila rozsifen na velikost kaloty budouciho tune-
lu v délce 40 m.

INTRODUCTION

The construction of the D8 highway from Prague via Usti n. L. to the CR/FRG
state border is in progress in the Czech Republic. The highway is part of the 4th
European multi-modal traffic corridor connecting Berlin - Prague - Bratislava -
Budapest - Sofia - Istanbul. Out of the total D8 highway length of 98 km, two sec-
tions are currently operating, i.e. the Rehlovice - Usti nad Labem section (about
7 km long) and the newer section from Prague to Lovosice (45 km).

While the highway section leading through the Ceské Stredohoti (Czech Hig-
hland), comprising the Radej¢in tunnel (620 m) and Prackovice tunnel (270 m),
is still found in the planning and negotiation phase, the work on the section
from Usti nad Labem to the CR/FRG state border is progressing at a fast pace.
There are also tunnels within this section, namely the Libouchec tunnel (LTT 535
m, RTT 454 m long) and Panensk4 tunnel (LTT 2058 m, RTT 2030 m long). The
construction work on the Panenska tunnel has been in progress since 21/7/2003,
and the excavation started on 01/9/2003.

The D8 highway will join the A17 highway, being also under construction. The
A17 highway will pass through the western outskirts of the city of Dresden, uti-
lising three tunnels, i.e. Coschditz tunnel (2332 m), Délzschen (1070 m) and Altf-
ranken (345 m long).

D8 ROUTE OVER THE KRUSNE MOUNTAINS

The route from Usti nad Labem to the state border is divided into two sections. The
section 0807/l leads via an area affected by massive industrialism, and then it rises
along the foot of the Krusné Mountains massiv until Kninice village. The 0807/l
section starts in this location, to continue across the Krusné Mountains proper.
The section 0807/l is divided into 5 construction lots. The construction lot J
comprising the excavation of an exploration gallery for the Panenska tunnel will
be built first.

The construction lot E, the Kninice Bridge, joins the section 0807/I. The highway
in this location climbs up to get over Kninice terraces, using a reinforced conc-
rete viaduct over 1000 m long. In the following section F (the Libouchec Tunnel)
the alignment continues through a roughly 500 m long offspur tunnel along a
slope rising above the upper part of Libouchec village. Placement of the align-
ment into the tunnel protects the village from the highway traffic impact and, in
the same time, protects the landscape from damage caused by excavation of a
large open cut. The construction lot F starts behind the northern portal of the
Libouchec tunnel by a short open cut, passing through an area exposed less in
terms of the visual effect. The Panenska Bridge (266 m long) follows to overco-
me a wooded valley of the Jilové brook.

The construction lot G - Tunnel Panenska is the next structure. The road climbs
through this tunnel to reach the Krusné Mountains' plateau. The construction lot
comprises 2970 m of the highway. It joins the northern abutment of the Panen-
ska Bridge (at an altitude of 563 m a. s. |.). After approximately 2000 m, the high-
way leaves the portal North at an altitude of 628 m a. s. |, then an open cut 300
m long follows, and the route continues further over a waterlogged area toward
the grade separated intersection Petrovice, behind which the construction lot
end is found. The muck from the tunnels will be used to the highway emban-
kments (after improvement by crushing if needed), both in the section G and,
above all, the following section H.

The construction lot H, i. e. the route Petrovice - Border Bridge, is the last secti-
on of the D8 highway in the Czech territory. The highway reaches a maximum
altitude in this section, 652 m a. s. . Existence of valleys along streams and sur-
face depressions (together with environmental and landscaping aspects) cau-
sed that this construction lot became mainly a bridge-building matter. Apart
from other structures, the lot contains three major bridges, i. e. the 526 m long
bridge over Mordové Ravine, the 360 m long bridge under Spi¢ék Mountain,
and the highest bridge spanning the Rybny brook is 355 m long.

THE PANENSKA TUNNEL - BASIC DATA
AND GEOTECHNICAL CONDITIONS

Regarding geology, the Panenska tunnel is driven through a tectonically distur-
bed environment of a gneiss crystalline complex interpenetrated by granitic
porphyry vein bodies. A detailed hydrogeological investigation including exca-



Ve

3 13. ROCNIK, &. 3/2004

Tunel

Zakladni udaje
Basic Data

Levy (zapadni) tubus
West Tunnel Tube (Left)

Pravy (vychodni) tubus
East Tunnel Tube (Right)

Délka tubusu / Tube length 2 058 m 2030 m
Délka razené casti

Mined part length 19937 m 19751 m
Délka hloubenych ¢asti

Cut-and-cover part length 64.3im o4:9im
Pocet Unikovych chodeb 9 9

Escape adits number

Pocet nouzovych zalivl 3 3
Emergency laybys number

Podélny sklon 3,171 % 3,209 %

Longitudinal gradient

Priény sklon
Cross gradient

25%/-4,0%/35%

25%/-40%/35%

Teoreticka plocha vyrubu
Theoretical excavated area

75,55 m?/ 121,0 m?

75,55 m?/121,0 m?

Svétla plocha

2
Net area 57,0m

Tabulka 1 Z&kladni parametry tunelu Panenska
Table 1 Basic parameters of the Panenska tunnel

Geologicky prazkum upfesnil pfedpoklady inZzenyrskogeologického priizkumu
v predchozich stupnich. Nepotvrdily se obavy hydrogeologt o vyskytu rezer-
voaru podzemni vody v pfiportalovych usecich razeb. Vysledky byly pouzity ve
fazi zpracovavani realizaéni dokumentace tunell, kterou zpracovava jako
generalni projektant Valbek, spol. s r. o.

Pfi razbé vlastnich tuneltl byly zastizeny pararuly a ortoruly. Biotitické pararuly
jsou alterované, pficemz alterace vytvareji nékolik metrd mocna, tvaroveé slozi-
ta4 a komplikovana pasma podél poruch a vyznamnéjsich puklin. Masiv je pro-
stoupen systémem tektonickych poruch, ¢asty je vyskyt ohlazli na puklinovych
plochach. Muskovit-biotitické ortoruly jsou kompaktni, pevné, stfredné rozpuka-
né. Tato skladba geologie s sebou pfinasi nemalé obtize zejména pfi docisto-
vani vyrubu po provedeni trhacich praci, kdy po jiZ zmifiovanych ohlazech
a puklinovych plochach dochazi k "vyjizdéni" relativné velkych blokd horniny.
PFi razbé se také prochazi Zilnymi télesy Zulovych porfyrli ¢asto omezenych
viéi okolnimu rulovému prostredi poruchovymi zénami, na néz jsou vazany
zvy$ené pritoky podzemni vody do tunelu. V téchto mistech je nutno disled-
né odvadét priisakovou vodu, aby se zamezilo rozbfidani poévy tunelu, a tim
k vyplavovani €astic Zeleza obsazeného v hojné mife v téchto horninach. Slou-
¢eniny Zeleza zplsobuji svou charakteristickou ¢erveno-hnédou barvou kom-
plikace pfi nasledném vypousténi éerpanych dulnich vod do vodotece.
Zulové porfyry jsou rovné? alterovany, hornina je sice pevna, ale "kfehka", coz
spolu s vysokym stupném rozpukani podmiruje jeji drobné blokovity az kost-
kovity rozpad, ktery znesnadfiuje zejména prace souvisejici s vrtanim, cozZ jsou
trhaci prace a systémové kotveni.

V priibéhu razby byly rovné? zastizeny vlozky dal$ich horninovych typl - peg-
matitickych rul, amfibolitli, lamprofyra, dioritovych porfyritd apod.

Prabéiné dokumentace ¢eleb provadéna v ramci geotechnického monitoringu
ukazuje, Ze geologicka stavba Uzemi a kvalita horninového masivu z hlediska
tunelovani jsou dany zejména tektonickou stavbou rulového masivu poruse-
ného strmymi tektonickymi poruchami ¢asto vyplnénymi zulovym porfyrem.
Tyto struktury jsou doprovézeny zondlni alteraci a zvy$enymi pfitoky podzem-
ni vody do tunelu.

jsou vazany na tektonicky porusené tseky a na Useky prochazejici Zilnymi téle-
sy granitovych porfyr.

V pfiportéalové ¢asti byly skute¢né zastizené geologické podminky mirné pfiz-
nivéjsi nez predpoklady projektanta. Naopak v dal$im pribéhu razby se jevi
pfedpoklady projektanta optimisti¢téjsi nez geologické poméry skuteéné zasti-
Zené na Celbé.

ORGANIZACE VYSTAVBY

Razba tunell je, z divodu $patného pfistupu na jizni portal a s ohledem na
skute€nost, Ze je s vyrazenou rubaninou po predrceni uvazovano do nasypl
na Usek dalnice smérem ke statni hranici, vedena Upadné ze severniho porta-
lu. S ohledem na smluvni termin realizace zakazky je pfi vystavbé tunelu
pouze z jednoho portalu nutné dosahovat vysoké postupy (cca 150 m/mésic)
pfi plném soubéhu praci (razba kaloty, jadra, definitivni osténi). To pfinasi
mimoradné vysoké naroky na organizaci vystavby, jeji technické, servisni
a materidlové zabezpedeni, ale i na lidské zdroje (v dobé nejvétsiho nasazeni
bude na stavbé pracovat ve ¢tyfsménném provozu asi 270 délnik(i a zhruba 30
technika).

57,0 m’

vation of two exploration galleries from both the northern and southern portal
of the planned tunnel preceded the Panenska tunnel construction proper.

The cross section of the 150 m long exploration galleries was of 24.5 m?. When
the excavation had been completed, a decision was made on the basis of the
geotechnical monitoring recommendation regarding the placement of a 40 m
long gallery section to be enlarged in the cross section to the size of the tunnel
(to be built later) top heading.

Geological investigation refined assumptions adopted by the engineering geo-
logical investigation carried out in the previous stages. The concerns of hydro-
geologists about occurrence of a groundwater reservoir in the portal sections of
the excavation were not confirmed. The results were utilised in the phase of ela-
boration of the detailed design by Valbek spol. s r. 0., the general designer.
Paragneiss and orthogneiss has been encountered in the course of the excava-
tion of the tunnels proper. Biotite paragneiss is altered, while the alterations
form several meters thick, complicated in shape and complex zones along faults
and more significant cracks. The massif is interpenetrated by a system of tecto-
nic faults, with frequent occurrence of slickensides on surfaces of discontinuiti-
es. Muscovite-biotitic orthogneiss is compact, competent, and medium fractu-
red. This geological composition is associated with significant problems, above
all during the excavation scaling after blasting. Relatively large blocks of rock
slide along the above-mentioned slickensides and discontinuity surfaces.

The excavation also passes through areas with granitic porphyry vein bodies,
often separated from the neighbouring gneiss environment by fractured zones
with increased inflows of ground water bound up with them. Percolation water
had to be evacuated from these locations to prevent slaking of the tunnel bot-
tom, thus to prevent outwashing of particles of iron contained in this types of
rock. Iron compounds cause complications in subsequent discharging of pum-
ped mine water to a watercourse due to their characteristic red-brown colour.
Granitic porphyrys are also altered. Although the rock is strong, it is "fragile".
This property, together with a high degree of fracturing, causes its finely blocky
to dice-like disintegration, which makes work difficult, above all the drilling for
blasting and systematic anchoring.

Interbeds of other rock types were also encountered during the excavation, i.e.
pegmatite gneiss, amphibole, lamprophyre, diorite porphyrites etc.

Continuous documentation of the headings maintained as a part of the geo-
technical monitoring shows that the geological structure of the area, and the
rock mass quality viewed in terms of tunnelling, are given mainly by the tecto-
nic pattern of the gneiss massif weakened by steep tectonic faults, often filled
with granitic porphyry. These structures are accompanied by zone alteration
and increased inflows of ground water to the tunnel.

Excavation support is carried out in rock mass of the NATM classes 4.2 to 2.1.
More difficult support classes are connected with tectonically disturbed sections
and sections passing through granitic porphyry vein bodies. Geological conditi-
ons encountered in the area close to the portal were slightly more favourable
than expected by the designer. On the contrary, designer's assumptions regar-
ding the further excavation seem to be more optimistic compared to the geolo-
gical conditions actually encountered at the face.

CONSTRUCTION ORGANISATION

The tunnel excavation is carried out downhill from the northern portal due to a
difficult access to the southern portal, and with respect to the fact that the muck
is to be crushed and placed into embankments in the highway section toward
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Obr. 1 Prehledna situace dalnice D8, stavba 0807/II

Fig. 1 General layout of the highway D8, construction lot 0807/

Realizaci tuneld dale komplikuje skutecnost, Ze se provadi v podminkach hor-
ského klimatu (severni portdl se nachazi v nadmofiské vysce 630 m n. m.)
a v bezprostfedni blizkosti ochranného pasma vodniho zdroje, coz vyZaduje
dokonalé pred¢isténi dllnich vod Cerpanych z tunelu pfed vypusténim do
mistni vodotece.

RAZBY

Prace na tunelu Panenské byly zahéjeny v ervenci 2003 roz$ifovanim a zajis-
tovanim severni portélové stény a jamy, razba levého tunelu byla zahajena
v z4&fi a razba pravého tunelu o dva mésice pozdéji téhoz roku. S odstupem
dal$ich dvou mésict byla zahajena razba jadra LTT a v Gnoru 2004 i jadra PTT.
Toto nacasovani predstavuje odstup asi 500 m mezi pracovisti na kalotach
a jadrech v kazdém tunelu a odstup mezi LTT a PTT je asi 300 m. Soubéiné
s razbou kaloty PTT probiha razba tunelovych propojek, které jsou ve vzajem-
né vzdalenosti pfiblizné 200 m. Tyto jsou nasledné pouZivany pro kolovou
dopravu mezi jednotlivymi tunely.

Standardni profil tunelu je navrzen jako dalni¢ni dvoupruhy, ktery je po Use-
cich délky asi 500 m rozsifen v délce 42 metrd na profil tfipruhového odstav-
ného nouzového zélivu. Zalivy se v pribéhu razeb vyuZivaji zejména k odsta-
veni strojl a pro provadéni bézné adrzby v tunelu.

Soucasti zajisténi portalové stény bylo vybudovani ochranného predstitku
a mikropilotového destniku BODEX - jednalo se o zavrtani 15 m dlouhych per-
forovanych ocelovych paznic o priméru 114 mm, které byly nasledné zainjek-
tovany cementovou smési.

Razba je upadni, ¢lenéni vyrubu horizontélni na kalotu a jadro a je provadéna
Novou rakouskou tunelovaci metodou (NRTM). Dle zastizené geologie a na
zakladé soustavné provadéného geotechnického monitoringu firmou SG -
Geotechnika jsou uréovany jednotlivé technologické tfidy NRTM 5 az NRTM 1.

Kazdé technologické tfidé odpovidé délka zabéru, v rozmezi od 1,0 m do 3,5 m,
zpUsob rozpojovani horniny a stupen vyztuzeni a zajisténi vyrubu. K zajisténi

:
T i . K

the state border. Because of the contractual deadline for the works completion
and the fact that the excavation will be carried out through one portal only, high
advance rates are necessary (about 150 m per month), with all operations pos-
sible performed in parallel (top heading and bench excavation, erection of final
lining). This poses extreme challenges in terms of the construction organisati-
on, its technical, and servicing background, material and human resources
(about 270 workers plus roughly 30 technicians will be in action in four shifts in
the phase of the peak concentration of operations).

The work on the tunnels is further complicated by the fact that it is performed
in conditions of high-altitude climate (the altitude of the northern portal is of
630 m a. s. I.), and in close proximity to a water source protection zone, which
requires perfect pre-purification of mine water pumped from the tunnel, before
discharging to a local watercourse.

EXCAVATION

The work on the Panenska tunnel started in July 2003 by widening and suppor-
ting the northern portal wall and pit. Excavation of the left tube began in Sep-
tember, and the right tunnel tube heading commenced in the same year, two
months later. With a delay of another two months the LTT bench excavation
started, while the RTT bench excavation began in February 2004. This timing is
possible with a distance of about 500 m maintained between the top heading
and bench excavating crews in each tube, and the distance between the LTT and
RTT about 300 m. Cross passages, designed approximately every 200 m, are
excavated in parallel with the RTT top heading excavation. Subsequently the
cross passages are used for rubber-tyre haulage between the two tubes.

The standard tunnel profile is designed as a highway tunnel profile with two
lanes, enlarged every 500 m within a length of 42 metres to a three-lane profile
containing an emergency layby. The laybys are used in the excavation phase
mainly for equipment parking and routine maintenance carried out in the tunnel.
Part of the portal wall support system was a construction of a short pre-tunnel
canopy structure, and the BODEX canopy tube pre-support, consisting of 15 m-
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Obr. 2 Zajisténi pfiportalového Useku - vrtani mikropilotového systému Bodex
Fig. 2 Portal section support - drilling for the Bodex canopy tube pre-support

Obr. 3 Vrtani pro trhaci prace - vrtny viz Atlas Copco AC L2C
Fig. 3 Drilling blast holes - Atlas Copco AC L2C drill rig

PFicny fez
Cross section

Jehly ROXOR primér 25-32 mm, dl. 4,0 m,
injektované v pfipadé potreby, nebo IBO kotv
Needles ROXOR bar 25-32, 4.0 m lond
grouted if needed; or IBO rockbolts

Kotvy typu BOLTEX -12, dl. 4,0 mQ@
X

nebo IBO kotvy

BOLTEX rockbolts - 12, 4,0 m 0T,
or IBO rockbolts

Kalota

Top haeading

Jadro v levo

Vyrovnavaci vrstva
Left bench

stfikaného betonu
C20/25 XO tl. 30 mm
Trimming shoftcrete
layer C20/25-XO

Rozsah jehlovani pfistropi - ks 27
Needling extel

- pcs 27

Xl

long steel pipes 114 mm in diameter, sealed in boreholes by injecting with
cement grout.

The excavation is carried out downhill, with horizontal division into top heading
and bench sequences, using the New Austrian Tunnelling Method (NATM). Par-
ticular technological classes varying from NATM 1 to NATM 5 are determined
on the basis of the geology encountered and continuous geotechnical monito-
ring performed by SG - Geotechnika.

Each technological class defines a corresponding round length (ranging from
1.0 to 3.5 m), rock breaking technique and the excavation support degree. The

following support elements are used depending on the geology encountered:

- steel mesh KARI 6/150 x 6/150 mm

- lattice arches

-shotcrete C20/25 X0 in layers 250 to 150 mm thick, applied using the wet
process; expansion shell rockbolts 4.0 or 6.0 m long, SN-anchors 4.0 or 6.0 m
long with a minimum pull-out strength of 12 tons (for the sidewalls);
IBO-anchors of corresponding lengths are used in case of instability
of boreholes

- pre-drilled steel needles 25 mm in diameter and 4.0 m long are used in case
of the top heading instability

Obr. 4 Profilovani vyrubu pasovym tunelbagrem Liebherr LR 934
Fig. 4 Excavation profiling by Liebherr LR 934 tunnel excavator

Stiikany beton C20/25 2x Kari sit 6/150 x 6/150
Shotcrete C20/25 2x Kari mesh 6/150 x 6/150

L

/ Odvodriovaci pfikop

ze stfikaného betonu
po dobu razby
Drainage duct
Jadrolvpravo from shotqrete

in excavation phase
Mistni pomocné jimky
ze stfikaného betonu
po cca 50 m

average thickness 30 mm

Sl

Local auxiliary

Postup v technologické tfidé NRTM 3 s plochym dnem
Specification for NATM technological class 3
with flat bottom

Obr. 5 Vzorovy pficny fez ve vystrojovaci tfidé NRTM 3
Fig. 5 Typical cross section for the NATM support class 3

| sumps from shoftcrete
every 50 m
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vyrubu se v zavislosti na zastizené geologii pouZivaji nasledujici prvky pri-

maérniho osténi:

- vyztuZ z ocelovych siti KARI 6/150 x 6/150 mm

- ocelové pfihradové ramy

- stfikany beton C20/25 X0 v tloustkach od 250 do 150 mm, nanaseny mokrou
cestou, hydraulicky upinané svorniky dl. 4,0 m nebo 6,0 m v kaloté, v opéfi
kotvy typu SN dlI. 4,0 m nebo 6,0 m unosnosti v tahu min. 12 tun; v pfipadé
nestability vrtG se pouzivaji IBO kotvy odpovidajicich délek

- v pfipadé nestability pfistropi se pouZivaji pfedvrtavané ocelové jehly
prim. 25 mm dl. 4,0 m

Razici prace se provadéji trhacimi pracemi za pouZiti vysoce vykonnych

modernich kolovych mechanismi, v soucasné dobé jsou na stavhé tunelu

Panenska nasazeny Ctyfi kompletni strojni sestavy v nasledujicim sloZeni:

- dvoulafetové vrtaci vozy Atlas Copco Boomer L2C

- pasové tunelové skalni bagry Liebher 934 a 932 slouzici ke strojnimu
rozpojovani horniny a k docisténi profilu tunelu po provedeni trhacich praci

- kolové nakladace Volvo L120 a L180 o velikosti Izice 3,1 a 4,1 m*

- dumpry Volvo A 25 ¢ 4x4 a 6x6 o velikosti korby 13,5 a 15,0 m®

- manipulétory ALIVA AL 500 s kompresorem pro aplikaci stfikaného betonu
mokrou cestou

- mobilni pracovni plosiny Atlas Copco DC16

- servisni a mazaci vozidlo PAUS

Jedna se o Spickovy strojni park na nejmodernéj$i technické urovni, ktera
ovéem znamena i vysSi zranitelnost téchto stroju. Ukazuje se, jak dilezité je
dokonalé zvladnuti obsluhy, udrzby a servisnich ¢innosti. Vysledkem je nartista-
jici tlak na vysokou kvalitu nejen technik, ale i pfislusnych délnickych profesi.

DEFINITIVNI OSTENI

Definitivni osténi tunelu je navrieno jako monolitickd Zelezobetonova kon-
strukce tloustky 400 mm z betonu tfidy C25/30 XF4, ktera se déli na patky
a klenbovou ¢ast; s ohledem na zastizené geologické poméry a pfiznivy vyvoj
konvergenci neni uvazovano s protiklenbou.

Délka jednotlivych blokl v klenbé bude 12 m, coZ predstavuje betonaz zhruba
150 m® na jeden zabér, celkové mnozstvi betonu uloZzeného do definitivniho
osténi je cca 50 000 m®.

Soucasti definitivniho osténi je mezilehla foliova PE izolace tl. 2,5 mm, ktera
spolu s podélnou odvodiovaci drenézi tvofi tzv. otevieny destnikovy hydro-
izolacni systém, ktery bude slouZit k odvadéni priisakové podzemni vody.
Realizace definitivniho osténi byla zahajena s odstupem asi 1000 m od celby
kaloty koncem kvétna 2004 (v dobé uzavérky tohoto ¢isla ¢asopisu Tunel). Pra-
covni proud sestava z tpravy povrchu pod izolaci, z instalace izolace, montaze
armatury a vlastni betonaze do samohybného ocelového tunelového bednéni.

ZAVER

Prispévek zachycuje stav realizace tunelu Panenska ke konci kvétna 2004, kdy
bylo ve VTT vyrazeno 800 m kaloty a 400 m jadra a v ZTT 1150 m kaloty, resp.
570 m jadra. ProtoZe vétsi ¢ast razeb bude teprve provadéna, neni mozné pro-
vést celkové hodnoceni. Lze jen konstatovat, Ze prozatim prace probihaji bez
mimoradnych obtizi, samoziejmé s problémy, které zplsobuji Upadni razba
a znacné tektonicky poru$ena hornina.

The drill-and-blast method was used for the rock breaking, combined with

modern high-performance wheeled equipment. There are four complete equip-

ment sets working on the Panenska tunnel, consisting of:

- Atlas Copco L2C twin-boom drill rigs

- crawler tracked tunnel excavators Liebherr 934 and 932 for mechanical rock
breaking and clearing of the tunnel profile after blasting

- wheeled loaders Volvo L120 and L180 with 3.1 and 4.1 m* buckets

- Volvo A25 ¢ 4x4 and 6x6 dump trucks with 13.5 and 15.0 m’ load capacities

-ALIVA AL 500 wet mix robots with compressors for application of shotcrete

- mobile platforms Atlas Copco DC16

- service and lubrication vehicle PAUS

Although, this state-of-the-art level of the fleet of tunnelling machines is also
associated with a higher level of vulnerability of the machines. It can be seen
how important perfect mastering of operation, maintenance and services are.
This fact translates into growing requirements for high quality of not only tech-
nicians but also respective blue-collar professions.

FINAL LINING

Final lining of the tunnel is designed as a monolithic reinforced concrete struc-
ture 400 mm thick, from concrete grade C25/30 XF4, divided into footing and
vault parts; invert has not been considered with respect to the geological con-
ditions encountered and favourable development of convergences.

Individual dilatation blocks of the vault will be 12 m long. This length represents
placing of roughly 150 m’ of concrete per one advance. Total volume of concre-
te to be used for the final lining amounts to 50,000 m®. Part of the final lining is
intermediate waterproofing membrane (PE, 2.5 mm thick) forming, together
with longitudinal drainage, an open umbrella waterproofing system evacuating
percolation groundwater.

The work on the final lining started at a distance of approximately 1,000 m from
the top heading face in the end of May 2004. The operation flow comprises
adjustment of irregularities of the surface under the waterproofing, installation
of the waterproofing , placement of reinforcement and pouring concrete behind
a self-propelled steel shutter.

CONCLUSION

This contribution describes the state of the Panenska tunnel construction as of
the end of May 2004, when excavation of 800 m of top heading and 400 m of
bench in the ETT, and 1,150 m of top heading and 570 m of bench in the ETT
was completed. Since the larger part of the excavation work is still ahead, an
overall assessment is impossible. The only thing that can be stated is that till
now the operations have not met any extraordinary problems. Of course, pro-
blems existed due to the downhill excavation system and considerable tectonic
faulting of the rock mass.

Obr. 6 Provadéni stikaného betonu - manipulator Aliva AL 500 a stfikaci stroj AL 285
Fig. 6 Application of shotcrete - Aliva AL 500 robot and AL 285 spraying machine

Obr. 7 Montaz vyztuze primarniho osténi
Fig. 7 Installation of reinforcement of primary lining
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STRIKANY BETON PRI VYSTAVBE DOPRAVNICH TUNELU

SPRAYED CONCRETE IN TRAFFIC TUNNEL CONSTRUCTION
ING. PAVEL POLAK, METROSTAV, a. s. - DIVIZE 5, ING. VLADIMIR MIKA, BETON BOHEMIA, s.r. o.

uvoD

Strikany beton je pouzivan v Ceské republice ve velkych objemech jako domi-
nantni konstrukéni hmota priméarniho osténi dopravnich tunell. Diky snaze
o rychlé dobudovani dopravni infrastruktury do podoby, ktera by zarucila relativ-
né rychly a uZivatelsky vyhodny prijezd Zelezniéni i silnigni dopravy Ceskou
republikou v rdmci nové konfigurace Evropské unie, doslo k vyraznému rozma-
chu vystavby dopravnich tunelovych dél. Tim vznikla potfeba pokryti novych pro-
jektl znaéného rozsahu s vy$simi naroky na kapacitu v8ech partnert vstupujicich
do vystavby. Zatimco vazba zhotovitele tuneli na predchozi stavby podobného
vyznamu je vyZadovéana a bez odbornosti kliCovych pracovnikii v oblasti pod-
zemniho stavitelstvi ani neni mozna, u investora a projektanta muselo dojit
k posunu na nové organizace s pracovniky, ktefi neméli do té doby s realizaci
tunelll Zadné osobni zku$enosti. Tak zakonité doslo k vyskytu krajnich extréma -
nedostatecné ¢i nevhodné specifikaci vlastnosti stfikaného betonu v ramci doku-
mentace pro zadani stavby & neimérnym pozadavkim na ¢etnost nebo zamére-
ni kontrolnich zkousek vzhledem k relativné kratké (docasné) konstrukéni funkei
primarniho osténi tunel. Obé uvedené odchylky nejsou Zadouci a mohou zpu-
sobit pfi rozdilnych vykladech neporozuméni pfi jednanich, prodlouzeni realiza¢-
ni lhaty i zvySeni ceny za zajisténi lice vyrubu betonovym osténim. V dal$im
textu jsou uvedeny Udaje, které mohou poskytnout zakladni informace o pojeti
problematiky stfikaného betonu jako souéasti nosnych podzemnich p¥ipadné pfi-
portalovych konstrukei tuneld.

ULOHA STRIKANEHO BETONU U DVOUPLASTOVEHO OSTENI

Strikany beton je u odborné technické vefejnosti jiz zazitym pojmem souviseji-
cim neoddélitelné s vystavbou tuneld modernimi metodami vyuzivajicimi jeho
rychly nabéh tuhnuti a tvrdnuti. Nastfikana betonova vrstva spolu s dal$imi pod-
plrnymi prvky se jevi pro stabilizaci lice vyrubu podzemni stavby jako idealni
konstrukce, nebot ve velmi kratkém case radu nékolika minut vytvari reakéni
oporu na kontaktu s horninou a zabrafuje jejimu dalsimu rozvolfiovani. Pres
rychly nabéh pevnosti stfikaného betonu a ji odpovidajici narist modulu pre-
tvarnosti probéhnou v raném stadiu zatéZzovani plastické deformace bez zjevné-
ho porudeni struktury stfikaného betonu. Deformaci vrstvy stfikaného betonu
dochazi k prerozdéleni napjatosti, které se projevuje omezenim lokélnich horni-
novych tlaki ve prospéch rovnomérného obvodového zatizeni. Vysledkem je
relativné subtilni konstrukce v relaci k vyrazenému pfiénému prirezu tunelu ¢i
§toly. Vhodny tvar osténi v kombinaci s pfihradovymi vyztuznymi rdmy, ocelo-
vymi sitémi a systémové osazovanymi kotvami umozZiiuje vyuZivat samonos-
nych vlastnosti horninového masivu a stabilizovat vyrub az do doby vybudova-
ni definitivniho osténi dimenzovaného na pfedpokladané zatéZovaci a provozni
stavy po dobu projektované Zivotnosti podzemniho dila.

Znacné pestrost geologickych podminek v riznych lokalitach ve vztahu k pfic-
nym prurezm podzemnich staveb vyZaduje provadéni geotechnického monito-
ringu, ktery zahrnuje jak vyhodnocovani zastizenych horninovych pomér, tak
obsahuje celou fadu méfeni, pfedevS§im méfeni deformaénich. Podle téchto
meéfeni na lici primarniho osténi ze stiikaného betonu Ize usuzovat na velikost
i Casové plisobeni zatiZzeni od okolniho horninového masivu. Podstatnou sou-
¢asti modernich tunelaiskych metod je tedy operativni vyhodnocovani monito-
ringem zaznamenanych deformacnich tendenci i dal$ich priibézné ziskavanych
vysledkd s moZnosti provadéni bezprostfednich opatieni vedoucich k zesileni ¢i
naopak k vyssi uspornosti konstrukce ze stfikaného betonu.

VLASTNOSTI STRIKANEHO BETONU V OSTENi TUNELU

Aplikace stfikaného betonu je umoZnéna jeho nandSenim v proudu stlaeného
vzduchu. Mezi Castice betonové hmoty je priibézné pod tlakem dopravovan
vzduch, ktery spolurozhoduje o dosaZitelné hutnosti, pevnosti, odolnosti i dal-
Sich souvisejicich vlastnostech stfikaného betonu. Je zde patrny zasadni rozdil
oproti standardnimu betonu, kdy obsah vzduchu je az na vyjimky co nejvice
minimalizovan pfisadami a technologii zpracovani.

ti podzemnich staveb je jiz zminény rychly ndbéh tuhnuti a tvrdnuti nastfikané
betonové hmoty. Narust tuhnuti a pocatecni pevnosti musi spliiovat dvé techno-
logicka kritéria. Jednak musi zajistovat stabilizaéni U€inky na lici horniny jiz pfi
malé nastfikané vrstvé do tloustky cca 5 cm a sou¢asné musi umoziiovat nastfik
dostatecné konstrukéni tloustky najednou nanasené vrstvy na previslych plo-
chéach vyrubu (stfikéni do klenby) zpravidla az do tloustky 15 cm.

Podobné jako u monolitickych betont je vyhodnocovana pevnost v tlaku po 28
dnech. Tim je vytvofen pfedpoklad pro srovnani vlastnosti stfikanych i stan-
dardné provadénych betond. Hodnota modulu pfetvarnosti v relaci s dosaho-
vanou pevnosti je jednim z podkladl pro staticky vypocet primarniho osténi.
Tloustka konstrukce je posuzovana ze statického hlediska jesté podle ekono-
micky dosaZitelné pevnosti stiikaného betonu. Uvedeny pojem pevnosti by mél

INTRODUCTION

Large volumes of sprayed concrete are used in the Czech Republic as a dominating
construction material for primary lining of traffic tunnels. Construction of traffic tun-
nels has experienced a boom owing to the efforts to finish the traffic infrastructure
development as fast as possible so that relatively quick and user-advantageous pas-
sage of railway and road traffic through the Czech Republic in the new configurati-
on of the EU is possible. This development has been associated with a need for
implementing new projects of significant magnitudes, more demanding in terms of
capacities of all parties participating in the construction process. While a linkage of
tunnel building companies to previous completed projects of similar importance is
required (such projects could not be completed without expertise of key personnel
in the field of underground construction), a shift had to be accepted regarding
owners and consulting/designing companies, i. e. new firms employing personnel
lacking any experience in the field of tunnel construction. Obviously, this condition
resulted in occurrence of extremes, i. e. insufficient or improper sprayed concrete
specifications in tender documents, or exaggerated requirements for frequency or
objectives of checking tests with respect to the relatively short (temporary) structu-
ral function of primary lining in tunnels. Both above-mentioned deviations are
undesired. If those issues are understood differently in meetings, they can become
a reason for extension of construction times or increase in the cost of the excavati-
on face support using sprayed concrete. The text below contains data that can pro-
vide basic information on the conception of issues of sprayed concrete used as part
of load bearing tunnel structures in the underground or in portal areas.

ROLE OF SPRAYED CONCRETE IN DOUBLE-SHELL LINING

Sprayed concrete has become a common term among technical professionals. It
is inseparably associated with modern tunnel construction methods using its pro-
perty of rapid development of setting and hardening. A layer of sprayed concre-
te, together with other supporting elements, is considered an ideal structure for
stabilisation of an underground opening surface, as it forms a reaction support at
the contact with the rock mass and prevents further deterioration of the rock
mass. Despite rapid development of sprayed concrete strength and correspon-
ding development of the deformation modulus, plastic deformations take place in
the early stage of loading, without visible breaking of the sprayed concrete struc-
ture. The stress redistributes due to the deformation of the sprayed concrete layer.
The redistribution translates into limitation of local rock pressures for the benefit
of the uniform circumferential loading. A relatively subtle structure is the result,
compared to the tunnel or gallery excavated cross-section. Proper geometry of
the lining combined with lattice girders, steel mesh and systematically installed
anchors allow exploitation of self-supporting properties of the rock mass, and sta-
bilisation of the excavated opening until the final liner is erected (having dimen-
sions designed for loading and operational states assumed for the design life of
the underground structure.

A considerable variety of geological conditions within different locations in relati-
on to the cross sections of underground structures requires execution of geo-
technical monitoring, which encompasses both assessment of rock conditions
encountered and a number of measurements, deformation measurements above
all. The magnitude and time development of the loads can be deduced from those
measurements, being carried out on the surface of the sprayed concrete primary
lining. Therefore, significant part of modern tunnelling methods is an operative
assessment of deformation tendencies recorded by the monitoring, and assess-
ment of other continually collected results, with a possibility of immediate imple-
mentation of measures leading to reinforcement or, conversely, improvement of
the sprayed concrete structure economy.

PROPERTIES OF SPRAYED CONCRETE IN TUNNEL LINING

The application of sprayed concrete is possible by spreading it in a stream of com-
pressed air. Pressurised air is continuously supplied among particles of concrete
matrix. This air participates in deciding on the achievable density, strength, resisti-
bility and other related properties of sprayed concrete. There is a basic difference
visible compared to traditional concrete, where, apart from exceptions, the air con-
tent is minimised using admixtures and specific processing techniques.

The basic and most important parameter for structural sprayed concrete used in the
field of underground construction is the above-mentioned rapid development of
setting and hardening of concrete matrix early after application. The rate of growth
of setting and initial strength must meet two technological criteria. It must ensure
stabilisation effects on the rock face already at a thin applied layer (up to about 5 cm
thickness), and, in the same time, it must allow application of sufficient thickness of
concrete layer on above-head surfaces (e.g. the vault crown), usually up to 15 cm.
Similarly to cast-in-situ concretes, the compressive strength is assessed after 28
days. This allows comparison of properties of sprayed concretes and traditionally
cast concretes. The value of the deformation modulus in relation to the strength
achieved is one of the data used for structural calculation of primary lining. In addi-
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zahrnout moZné negativni vlivy lidského faktoru predevsim pfi jeho nanéseni.
PFi provadéni jsou zatim standardné vyuzivany pevnostni tfidy C 16/20 (SB 20)
a C 20/25 (SB 25).

Dalsi vlastnosti stfikaného betonu nejsou u primarnich osténi zpravidla sledo-
vany, nebot se jedna o konstrukci s docasnou statickou funkei, jejiz Gloha konci
po vybetonovani definitivniho monolitického osténi. Cilem tedy je zfizeni co nej-
levnéjsi nosné konstrukce, ktera je u prevladajicich dvouplastovych osténi piné
staticky nahrazena definitivnim monolitickym osténim zpravidla v dobé do jed-
noho roku po jejim naneseni a je diky osazeni mezilehlé foliové izolace "obéto-
vana" moznym G&inkim podzemni vody.

RECEPTURA, VYROBA BETONOVE SMESI
PRO NASTRIK A ZKOUSKY

Materialové slozZeni stfikaného betonu musi byt pIné pfizplisobeno technologii
provadéni, nabéhu pevnosti i pevnosti po 28 dnech. Vzhledem k potfebnym
rychlym nabéhm tuhnuti i pevnosti betonu v tlaku je v nasich podminkach nej-
Castéjsi vyuZziti portlandskych cementl vy$Sich pevnosti, tj. nejméné tfidy CEM
142,5 R v davkovani 400 az 450 kg na 1 m*® namichané smési.

Aby byla dosaZena co mozna nejniz8i cena, je nutné pfi navrhu receptury vycha-
zet ze sloZzek kameniva béZzné na betonérnéch dostupnych a zatizenych co
z nakladové ceny kameniva. V pfipadé suché aplikace stfikaného betonu je pod-
statné vhodnéjsi pouzivani frakci pfirodniho nedrceného kameniva, které nezpu-
sobuje tak vysoké opotiebeni tésnéni, hadic i trysek. Doporuéené pasmo &ary
zrnitosti je uvedeno na str. 9 lit. [2], pficemZ pro kamenivo doméci provenience
nelze zpravidla vyhovét stanovenému obsahu jemnych &astic do velikosti 0,5
mm. Frakce pouzivaného kameniva jsou vymezeny horni hranici sita 11,2 mm
zejména vzhledem ke stfikani na armaturu sestavaijici ze siti a vyztuznych pfi-
hradovych rdm0. Vétsi zrna kameniva by mohla pfi nastfiku zplsobovat defor-
maci slab8ich prirezd siti a vyvolavat jejich vyrazné vibrace. Jejich poufZiti je
rovnéZ nepfijatelné zejména pro znatnou nebezpecnost pro Eleny pracovni
osadky pfi jejich odrazu.

Pfi mokrém zplisobu provadéni stiikaného betonu fidkym ¢i hutnym proudem
je nutné pfi michani betonové smési pridavat kromé vody rovnéz vysoce uéin-
ny plastifikator snizujici vodni soucinitel a umoziujici tim zvySeni reaktivnosti
urychlujici pfisady.

V pfipadé pouzivani pro technologii stfikani vhodnych modifikovanych ¢erpadel
na beton (doprava betonu k trysce hutnym proudem) je mozné doplnit receptu-
ru o primési zlepsujici ¢erpatelnost smési obdobné jako u standardnich betond
(nejcastéji popilek).

Nezastupitelnou slozkou stvrzujici odli$nost stiikanych betont od betont mono-
litickych je pfisada urychlujici tuhnuti a tvrdnuti. V ¢eskych zemich se pouzivaji
tekuté prisady pridavané v trysce do vzduchem unaseného proudu betonu. Dav-
kuji se pfesnymi dévkovacimi zafizenimi v relaci na nastaveny vykon ¢erpadla
na beton (mokry zplsob) ¢i vykon pouzitého stfikaciho stroje (suchy zptsob).
Pro strikani do klenby tunelu se hmotnost urychlujici pfisady k hmotnosti trys-
kou protékajiciho cementu muze zvy$ovat az do hodnoty 8 %.

Specifikaci receptury stfikaného betonu by mél stanovit zhotovitel stavby tunelu
v uzké spolupraci s pracovnikem laboratofe, ktery vyhodnocoval prikazni
a bézné kontrolni zkousky na predchozich tunelovych stavbach. Ve specifikaci by
mély byt zahrnuty poznatky z predchozich aplikaci, zptsob nanaseni (sucha i
mokra cesta), odli$nosti ve slozeni betonové smési vzhledem k pouZitym strojum
a nastaveni jejich vykonu (stfikaci stroj, cerpadlo na beton) a zohlednéna Ucin-
nost a davkovani pfisad (plastifikacni a urychlujici pfisada) zejména s ohledem
na aktudlni teplotu vzduchu i vstupni teplotu betonové smési.

Pro usnadnéni specifikace receptury stfikaného betonu jsou dale uvedeny dvé
receptury pouzivané na stavbach liniovych podzemnich staveb umoziujici po
nastfiku dosazeni pevnosti 25 MPa (SB 25 - C 20/25). Receptury jsou uvedeny
pouze pro zakladni orientaci - kazdé nové pouZiti nenavazujici bezprostiedné na
probihajici aplikaci vyZzaduje za jinych vstupnich podminek provedeni prikaz-
nich zkou$ek. Stanoveni receptury na nové stavbé by mélo byt provedeno pra-
covnikem majicim predchozi zkuSenosti s odladovanim poméru jednotlivych
slozek betonové smési z hlediska pouZitych stroji i s ohledem na vlastnosti
kameniva z pouZzitelnych lokalit.

Betonova smés pro nastfik suchou cestou na 1 m*:

Cement CEM 1425 R 440 kg
Kamenivo 0-8 mm 1090 kg
Kamenivo 4-8 mm 430 kg
Roztok urychlujici prisady s vodou, pfidavany do trysky cca 190 kg

Urychlujici pfisada Prestix nebo Ekosal nebo Fastex 6 az 8 % k vaze cementu

Betonova smés pro nastiik mokrou cestou na 1 m*:

Cement CEM 1425 R 430 kg
Kamenivo 0-4 mm 1025 kg
Kamenivo 4-8 mm 645 kg
Plastifikator ViscoCrete 5 SB 4 kg
Voda cca 175 kg

Urychlujici pfisada Sigunit 53 AF 5,5 az 8 % k vaze cementu
Zkousky tuhnuti a pogatecni pevnosti do hodnoty 1 MPa jsou provadény pene-
traéni jehlou. Pevnosti od hodnoty 3 MPa do 17 Mpa jsou zjistovany pfistrojem
Hilti-Tester 4, kterym se vytahuji hfeby definovanych rozmérd nastfelené do
vzorkd pistoli Hilti DX 450 L se zelenymi nabojkami. Pevnosti stfikaného betonu
ve stafi 3 a 28 dni se prednostné kontroluji na vyvrtech priméru 10 cm odebra-

tion, the structure thickness is assessed, from structural point of view, according to
economically attainable strength of the sprayed concrete. The above-mentioned
term for strength should encompass possible negative effects due to the human
factor, taking place during the spraying phase above all. Strength classes C 16/20
(SC 20) and C 20/25 (SC 25) have been used for spraying as a standard till now.
Other properties of sprayed concrete are not usually followed in case of the pri-
mary lining application, as this is a structure having a temporary structural func-
tion, its role is over once the final lining has been cast. Therefore, in the cases of
prevailing double-shell liners, the objective is to build temporary load bearing
structures as cheap as possible, to be fully replaced (in structural terms) by the
final cast-in-situ lining, carried out usually within a one-year period after the
sprayed concrete layer application. Due to the installation of intermediate
waterproofing membrane, this layer is eventually sacrificed to the possible
groundwater effects.

FORMULA, PRODUCTION OF CONCRETE
MIX FOR SPRAYING AND TESTING

Material composition of sprayed concrete must be fully adapted for the applicati-
on technology, initial strength build-up, and strength at 28 days. Because of the
need for rapid development of setting and compressive strength build-up, higher
strength portland cements are the most frequently used, i. e. classes CEM 1 42.5 R,
with doses of 400 to 450 kg per 1 m’ of concrete mix.

To achieve the lowest possible cost, it is necessary to use aggregates available
commonly in batching plants, i. e. aggregates burdened by the lowest transpor-
tation expenses, which are usually a substantial item of the cost price. In case of
dry mix application technique it is much more suitable to use natural uncrushed
aggregates, which do not cause so intensive wear of the sealing, hoses and jets.
Recommended range for the grading curve is stated on page 9 Ref. [2] (the spe-
cified content of fine particles of the size up to 0.5 mm is usually hard to be main-
tained in case of domestic provenience aggregates). Fractions of grain-size of the
aggregates used are determined by the 11.2 mm upper limit for the sizing scre-
ens, namely with respect to spraying on reinforcement consisting of steel mesh
and lattice girders. Larger grains of the aggregates could cause deformation of
thinner bars and generate significant vibrations of the reinforcement. Their utili-
sation is also unacceptable because of posing considerable danger to the crew
members due to the rebound.

If the wet process is applied using a thin or dense stream, it is necessary to ad a
highly efficient water reducer apart from water when the concrete is being
mixed, to reduce the cement-water ratio, thus to allow increasing of the accele-
rator reactivity.

When modified concrete pumps suitable for the shotcrete application are used
(dense stream of concrete passing through the nozzle), the concrete formula can
be adjusted by adding admixtures improving pumpability of the concrete mix
(most often fly ash), similarly to traditional concretes.

Irreplaceable component, confirming the difference of sprayed concretes and
cast-in-situ concretes, is the admixture accelerating the process of setting and har-
dening. Liquid accelerators added at the nozzle to the by-air-carried concrete stre-
am are used in Czech regions. They are dosed by precise dosing units, in relati-
on to the pre-set output of the concrete pump (wet process) or the output of the
concrete sprayer used (dry process). For concrete application on a tunnel vault
crown, the ratio of the accelerator weight to the weight of cement flowing through
the nozzle can increase up to a value of 8 %.

The sprayed concrete mix formula should be specified by the tunnelling contrac-
tor in close co-operation with the laboratory worker who assessed the results of
preliminary demonstration tests and common check tests for previous tunnelling
projects. The specification should take into consideration the knowledge gained
from previous applications, the application technique (wet or dry process), diffe-
rences in the concrete mix composition with respect to the equipment used and set
outputs (concrete sprayer, concrete pump) and efficiency and dosing of admixtu-
res (plasticising and accelerating admixtures), namely with respect to actual ambi-
ent temperature and initial temperature of the concrete mix.

To make the specification of the sprayed concrete formula easier, there are 2 for-
mulas presented below, which are used in construction of underground linear
structures. These formulas allow strength of 25 MPa to be achieved after the
sprayed concrete application (SC 25 - C 20/25). They are presented for the purpo-
se of basic orientation only; any new application that does not link directly to an
application being just in progress requires, if the conditions are different, executi-
on of pre-construction tests. A formula for a new project should be developed by
a person having previous experience in adjusting the ratios of individual concre-
te mix components with respect to the equipment to be used and to properties of
aggregates supplied from the sources available.

Concrete mix for an application using the wet process (per 1 nv’)

Cement CEM 1 42.5 R 440 kg
Aggregate 0-8 mm 1090 kg
Aggregate 4-8 mm 480 kg

Solution of accelerating admixture with water (added at the nozzle) about 190 kg
Accelerating admixture Prestix or Ekosal or Fastex 6 to 8 % of cement weight

Concrete mix for an application using the dry process (per 1 n7’)

Cement CEM | 42.5 R 430 kg
Aggregate 0-8 mm 1025 kg
Aggregate 4-8 mm 645 kg
Water reducer ViscoCrete 5 SB 4kg
Water about 175 kg

Accelerating admixture Sigunit 53 AF 5.5 to 8 % to cement weight
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nych z nastfikaného osténi (pfipadné z nastfikanych dievénych forem) po dosa-
Zeni predpokladané pevnosti 10 MPa. Podle dosavadni tuzemské praxe lze Cet-
nost zkoudek doporuit dle tabulky na str. 25 lit. [2], tj. u vétSich staveb zpravi-
dla 1 x za mésic. V pfipadé pochybnosti o narlistu pevnosti v prvnich hodinach
po néstfiku Ize doplnit kontrolni zkousky operativnimi zkouskami penetraéni jeh-
lou, které provadi proskoleny technik stavby.

PROVADENI STRIKANEHO BETONU, KVALITA, TEPLOTA

Provéadéni stiikaného betonu se musi fidit fadou zvaznych pravidel, které maji
podstatny vliv na jeho okamZitou kvalitu i kone¢né vlastnosti. Zhutnéni stfika-
nim nanaseného betonu a uloZeni na podklad probihd v jediném okamZiku.
Jedna se o proces nevratny ¢i jednoduse neopravitelny, o jehoZ priibéhu rozho-
duje ¢lovék drzici trysku ¢i ovladajici manipulétor s tryskou. Kvalita hutnéni
smési prepravované proudem vzduchu je nejlepsi pfi kolmém dopadu proudu
betonu. Vzdalenost Usti trysky od podkladu méa byt od 1,0 do 1,8 m, v zavislosti
na pouZivaném strojnim zafizeni a nastaveném vykonu. DodrZovani kolmosti
dopadu ¢&astic stfikaného betonu rozhoduje podstatné o mnozstvi spadu, ktery
se i pfi optimalnim provadéni muze pohybovat primérné kolem 10 % pro mokry
zpusob a 25 % pro suchy zpusob stfikani. Uvedené hodnoty jsou hrubé orien-
tacni, nebot do procesu vstupuji i dal$i vlivy, jako je napfiklad kvalita podkladu
(nestabilni lic vyrubu, hornina s vyrony vody, zmrzla hornina apod.), zvolena
receptura, komplexni pracovni ndvyky operatora trysky apod.

Tak jako u standardniho monolitického betonu je také u stfikaného betonu tuh-
nuti a tvrdnuti velmi zavislé jak na vlastni teploté smési, tak na teploté okolni-
ho prostredi. Teplota povrchu horninového masivu v tunelu se pohybuje vétsi-
nou v Uzkém rozsahu 7 az 10 °C. Za bezproblémové Ize povaZovat teploty beto-
nu i okolniho vzduchu od 13 do 25 °C. P¥i teplotach smési nad 25 °C se snizuje
doba zpracovatelnosti namichané smési oproti standardnim pomérim, pfi kte-
rych Ize zpracovani smési bez ztraty kvality stanovit po dobu 1,5 hodiny. Pod-
statné ¢astéjsi je vyskyt nizsich teplot vzduchu mimo letni obdobi a s nim zpra-
vidla spojené vykyvy teploty pfipravené betonové smési pod 13 °C. Teplota
namichané betonové smési pod 5 °C by méla byt nepodkroditelna zejména
s ohledem na podstatné snizenou aZ vylou€enou funkénost urychlujici pfisady,
ktera je zavisla na teplotou podminéné vlastni hydrataci cementu. Aplikace stfi-
kaného betonu pod teplotou vzduchu 5 °C je s ohledem na pouZiti urychlujici
prisady mozn4, vyzaduje vSak analyzu dalSich teplotnich podminek a provede-
ni opatieni vedoucich ke zvy$eni teploty zpracovavané betonové smési zahia-
tim nékterych slozek smési (pfedevsim vody, kameniva, eventuélné i tempero-
vanim urychlujici pfisady), tj. provedeni zimnich opatfeni obdobnych jako
u monolitického betonu. PFidani urychlujici pfisady v trysce mé za nasledek
zahajeni chemické reakce s cementem, jez je obvykle provazena postupnym
zvy$enim teploty do doby 12 hodin po nastfiku a jejim jen mirnym sniZzovanim
pfi dal$im narGstu pevnosti do 24 hodin. P¥i dostate¢né "startovni" teploté stfi-
kané betonové smési s urychlujici pfisadou je voda v nastfikaném betonu vaza-
na v chemické reakci doprovazené relativné rychle se rozvijejici pevnosti. Tak
muZe stfikany beton bez poskozeni odolat Gc¢inkiim teplot vzduchu i mirné pod
bodem mrazu.

KVALIFIKACE NASTRIKAVACU

Vzhledem k podstatnému vlivu lidského faktoru na pevnost v tlaku byly lety
praxe ovéreny a zformulovany instrukce pro praci nastfikavace pfi aplikaci stfi-
kaného betonu. V podstatnych bodech je mozna jejich formulace v nasledujicich
imperativech:

1. Odmitni stikat na Spatné pfipravenou ocelovou vyztuznou sit (pfi nastfiku
vibruje, misty je upevnéna daleko od lice vyrubu, néstfik pres 2 sité apod.);

2. Udrzuj asti trysky ve vzdalenosti 1,0 aZ 1,5 m (vyjime¢né s manipulatorem
az 1,8 m) od plochy podkladu;

3. Strikani smési provadéj pfi kolmém sméru nastfiku na plochu podkladu
(vyjimka ruéni stfikani nad hlavou, ruéni zastfikavani nestabilniho vyrubu
hroziciho zficenim) pfednostné pfi zachovani krouZivého pohybu trysky;

4. Zadej, aby rychlost vzduchu vystupujiciho z trysky byla na stfikacim stroji
pfipadné kompresoru upravena (snizena) a umoznila provadéni nastriku
na vzdalenost dle bodu 2 (sefizeni horniho vzduchu na stfikacim stroji
u suchého zpulsobu, snizeni mnoZstvi vystupujiciho vzduchu z kompresoru
do trysky u mokrého procesu);

5. Zadej, aby u suchého zplisobu mnozstvi vzduchu vystupujiciho z trysky
bylo na stfikacim stroji upraveno (snizeno) a bylo v relaci s mnoZstvim
dopravované smési, vlhkosti betonové smési a délce vedeni hadic mezi
stfikacim strojem a tryskou (sefizeni spodniho vzduchu na stfikacim stroji
pfi suchém zplsobu);

6. PFi provadéni nastfiku suchym zplisobem sleduj pozorné povrch nanase-
ného betonu a nastav ovladaci ventil vodniho roztoku s urychlujici pfisa-
dou tak, aby beton vykazoval matny lesk (nesmi byt na ném vodni film
nebo naopak aby nedochazelo k velkému spadu neslepenim jednotlivych
zrn smési nedostatkem vody);

7. Zacni se stfidavym vypliiovanim nejvétsich nadvylomu tak, abys na totéz
misto stfikal s pfestavkou alespor 5 minut vrstvu do tloustky 5 az 8 cm;

8. Strikany beton u uklonénych (nepfevislych) a svislych ploch nanasej posu-
nem cerstvého betonového kolaée vodorovné na délku zabéru postupné
odspoda nahoru na potfebnou tloustku najednou av§ak maximalné 20 cm;

9. Strikany beton u previslych ploch a kleneb nanasej nejdfive na nové osa-
zeny vyztuzny rdm Bretex (cca po 1 m smérem k vrcholu klenby) a potom
postupné tvof mezi sousednimi Bretexy klenbicky o maximalni tloustce
vrstvy 10 cm (u Bretext) a cca 7 cm v poloviéni vzdalenosti mezi nimi. Pfi

The testing of setting and initial strength up to a value of 1 MPa is carried out using
the penetration needle. Strengths from a value of 3 MPa to 17 MPa are determined
using the Hilti-Tester 4. This apparatus pulls nails of pre-defined dimensions, shot
in the samples with the Hilti DX 450 L cartridge hammer charged with green car-
tridges. The strengths of sprayed concrete at an age of 3 and 28 days are preferably
checked on core samples sawn from the sprayed concrete lining (or from wooden
moulds filled with sprayed concrete) when the expected strength of 10 MPa has
been reached. According to the domestic practice so far, the testing frequency can
be recommended according to the table on page 25 Ref. [2], i. e. for larger projects
usually once a month. In case of doubts about the strength build-up in initial hours
after the sprayed concrete application, it is possible to ad operative testing with the
penetration needle to the check tests. The operative testing is carried out by a tra-
ined technician employed by the contractor.

APPLICATION OF SPRAYED CONCRETE, QUALITY, TEMPERATURE

The process of application of sprayed concrete must conform to several binding
rules, which affect significantly both its momentary quality and final properties.
Compaction due to the spraying process and placement of concrete on the sub-
strate take place in the same moment. This process is irreversible, or irreparable
in a simple way. The person holding the nozzle or controlling the manipulator
boom with the nozzle decides on the course of this process. Quality of compacti-
on of the mix conveyed by the stream of air is the best if the incidence angle is
perpendicular. The nozzle mouth distance from the substrate should be 1.0to 1.8 m,
depending on the equipment used and the set output. The maintenance of per-
pendicularity of the sprayed concrete particles incidence decides significantly
about the rebound volume (the rebound volume may vary in average about 10 %
and 25% for the wet and dry process respectively). The above-mentioned values
are rough, since even other effects, as for example the substrate quality (unstab-
le excavation face, rock mass with water strikes, frozen ground etc.), the concrete
formula chosen, complex work habits of the nozzleman, etc.

The same as it is at traditional cast-in-situ concrete, the setting and hardening of
sprayed concrete depends substantially on its own temperature and ambient tem-
perature. Temperature of rock mass surface in a tunnel varies mostly within a nar-
row range of 7 to 10 °C. Concrete and ambient air temperature from 13 to 25 °C
can be considered acceptable. At the mix temperatures exceeding 25 °C, the appli-
cation life of the mix is reduced (compared with standard conditions, for which
the limiting time of 1.5 hours for the mix application without a quality loss can be
specified). Much more frequent is the occurrence of lower ambient temperatures
(in other seasons than the summer), associated with fluctuation of the concrete
pre-mix temperature under 13 °C. The prepared concrete mix temperature should
never be lower than 5 °C, above all with respect to the significantly reduced or
even eliminated functionality of the accelerating admixture, which depends on
the cement hydration proper, contingent on the temperature. Application of
sprayed concrete at ambient temperatures under 5 °C is possible if an accelerator
is used, but this requires an analysis of other temperature conditions and imple-
mentation of measures leading to an increase in the concrete mix being proces-
sed, by heating up some mix components (above all water, aggregates, or even
by moderate heating up the accelerator), i. e. implementation of "winter season
measures" similar to those used for in-situ concrete casting. The addition of acce-
lerator at the nozzle results in a commencement of a chemical reaction with
cement. This reaction is usually followed by continuously increasing temperature
(till 12 hours after the application), and only moderately decreasing temperature
accompanying a further increase in the strength (till 24 hours). If the "starting"
temperature of the sprayed concrete and accelerator is sufficient, water contained
in the already applied concrete is bound in a chemical reaction accompanied by
relatively rapidly developing strength. This is how sprayed concrete can survive
ambient temperatures even slightly under the freezing point without suffering a
damage.

QUALIFICATION OF NOZZLE OPERATORS

Because of the significant influence of the human factor on the compressive
strength, instructions on the work of nozzle operators applying concrete by spray-
ing were formulated, after years of verification in the practice. The main points
can be formulated using the following imperatives:

1. Refuse to apply sprayed concrete on poorly prepared steel mesh (vibrating
during the spraying, locally fixed at a too large distance from the rock face;
spraying through two layers of the mesh, etc.),

2. Keep the nozzle mouth at a distance of 1.0 to 1.5 m (exceptionally up to 1.8 m
when a manipulator is used) from the substrate surface,

3. Apply the mix keeping the nozzle perpendicular to the substrate surface
(overhead hand-spraying and hand-spraying of an unstable excavation
under a threat of collapsing are the only exceptions)

4. Insist that the velocity of the air leaving the nozzle be adjusted (reduced) on
the spraying machine or the compressor so that the spraying can be carried
out from the distance specified in the item 2 (adjustment of the upper air
supply on the sprayer in case of the dry process; reduction in the air flow
supplied from a compressor to the nozzle in case of the wet process),

5. Insist, in case of the dry process, that the air flow passing the nozzle be
adjusted (reduced) on the sprayer, to be in proper relation to the volume of
the concrete mix being conveyed, moisture of the mix and the length of
hoses between the sprayer and the nozzle (adjustment of the bottom air on
the sprayer in case of the dry process),

6. In case of the dry process, follow carefully the surface of the applied conc-
rete, and set the water + accelerator solution control valve so that the surfa-
ce exhibits dull lustre (the surface must not be covered with a water film, or
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nastfiku dbej na dodrzeni postupné symetrie nanaseni po obvodé profilu
(dle velikosti pficného fezu - miniméalné v ¢lenéni napf. leva, prava opéra,
leva, prava klenba);

10. Dbej na pfimé vedeni dopravnich hadic pro betonovou smés k trysce.
Ohyby na vedeni vCetné posledniho oblouku pro nasmérovani trysky
musi mit co nejvétsi polomér;

11. Dbej, aby pfivodni hadice vody s urychlujici pfisadou nebo u mokrého
zpUsobu pfivodni hadice pfisady a stlaéeného vzduchu byly ve vSech
spojich i u stfikaci trysky tésné a nevykazovaly nikde Zadné uniky.

Kromé uvedenych zékladnich instrukci jsou zpravidla dal$i zdvazna ustanoveni
uvedena v technologickém postupu razby tunelu, ktery respektuje zvlastni tech-
nicko-kvalitativni podminky (ZTKP), TKP investora stavby i parametry zadané
v realizani dokumentaci.

Pripravuje se program $koleni s praktickym prezkou$enim nastfikavacd. Pro-
gram bude urcen pro pracovniky, ktefi budou provadét nastfik definitivnich kon-
strukci ze stfikaného betonu, jejichZ etnost je zatim mal4, ale jejichZ uplatnéni
v podzemi je vyhledové zfejmé tam, kde nebude mozné realizovat bednéni se
zaGerpanim monolitického betonu.

ZASADY PRO POUZiVANI STRIKANEHO BETONU,
PRACOVNI SKUPINA CTUK

Z vySe uvedeného textu jsou patrné zasadni odliSnosti stfikaného betonu od
standardniho betonu monolitického. Aby byla moZna i jista tuzemska legislativ-
ni orientace i v oblasti stfikaného betonu, zpracovala pracovni skupina pro stfi-
kany beton "Zéasady pro pouZivani stfikaného betonu", které by mohly slouZzit
pro Ucastniky vystavby jako zakladni podklad do doby, nez budou k dispozici pfi-
slusné evropské normy ¢i smérnice schvalené v rdmci Evropskeé unie. "Zasady"
jsou k dispozici ke stazeni na webové strance Ceského tunelaiského komitétu
(viz literatura [2]). Na uvedené webové strance je v informacich o pracovnich
skupinach uvadéno zaméreni Cinnosti pracovni skupiny v pravé probihajicim
roce. Cleny skupiny jsou specialisté z organizaci realizujicich podzemni kon-
strukce €i stavby a rovnéz zastupci projektovych spole¢nosti i vysokych $kol.
Kromé "Zasad" se predpoklada v informacich na webu zverejiiovat nékteré dalsi
dulezité vystupy Ci zavéry z ¢innosti tuzemské ¢i mezinarodni pracovni skupiny
pro stiikany beton pfi ITA-AITES.

V "Zéasadach" je vymezena relativné Siroka problematika, kterou Ize z hlediska
aktualniho pfistupu k névrhu a vyhodnocovani vlastnosti stfikaného betonu
zjednodusit do bodU z&asti jiz zminénych vyse:

A. Zékladni technické pozadavky na stfikany beton pro konstrukce
podzemnich staveb
V podzemnim stavitelstvi je stfikany beton pouzivan dominantné jako soucést
konstrukce primarniho osténi tunell, $tol ¢i Sachet. Pfitom musi byt splnény
predevsim tyto dvé technicko-kvalitativni podminky:
1. Rychlé tuhnuti (pro mladé stiikané betony stafi do 24 hodin) vymezené obo-
rem Jy (viz str. 20 lit. 2). Divodem fizeného a pfi vystavbé zpravidla opakované
kontrolovaného nabéhu pevnosti stfikaného betonu je:
1. Zajistit dostate¢né Gcinnou stabilizaci povrchu lice vyrubu v krétké dobé po
nastfiku.
2. Umoznit nastik v silnéjsi vrstvé najednou pokud mozno s co nejnizsim
spadem zejména na previslych plochach a na klenbach vyrubu.
3. Umoznit nastfik na vihky horninovy podklad a uzavfit mensi priisaky vody
na lici vyrubu.
4. Zajistit dostatecnou pfilnavost stfikanych vrstev betonu pfi prerusenich ¢i
prestavkach pfi nastfiku v rémci jedné pracovni operace.
5. Umoznit plasticky pribéh deformaci bez trhlin ve vytvarené konstrukci
osténi-hornina zejména v prvnich hodinach a dnech po aplikaci.
Zatimco prvni 3 body by vyZadovaly co nejrychlejsi tuhnuti stfikaného betonu
napf. v oboru Jz, body 4 a 5 spadaiji spiSe do oboru J1. Logickym kompromi-
sem je nabéh tuhnuti a tvrdnuti v oboru J;. Priibéh pocatecnich pevnosti ply-
nule navazuje na obvykle vzristajici pevnost béZznych betonovych smési s port-
landskymi cementy podle zastizenych podminek v rozmezi od 9. do 20. hodiny
po namichani smési az do doby zjistované 28denni pevnosti.
2. Splnéni pevnostni konstrukéni funkce (stejné jako u monolitickych betont)
dosaZzenim predepsané 28denni pevnosti.

B. Vymezeni obvyklych hranic pro hospodarné vyuziti SB

Pfi ndvrhu konstrukce primérniho osténi ze stfikaného betonu se doporucuje
poditat s predepsanim nejvyse 25 MPa krychelné pevnosti v tlaku. Tento poza-
davek vychazi ze soucasné tuzemské praxe a zdlivodriuje se pouzivanymi recep-
turami, souc¢asnymi aplikaénimi podminkami, uréenim stupné vlivu prostredi
a hospodarnosti provadéni.

V recepturdch se mnoZstvi cementu na 1 m* namichané betonové smési podmi-
nujici dosahované pevnosti stiikaného betonu pohybuje v rozmezi 400 az 450 kg.
Dal$i zvySovani mnoZstvi cementu je neekonomické a nevede jiz k vyrazngjsimu
narlstu rané ani kone¢né pevnosti stfikaného betonu. Zvy$ené davkovéni cemen-
tu do smési (cca o 100 kg) oproti monolitickym betonim je nutné na vlastni vykry-
ti principu technologie provéadéni (doprava a hutnéni betonu proudem stlateného
vzduchu) i s ohledem na mozné chyby pfi aplikaci ovlivnéné lidskym faktorem.
Nastfikava¢ uruje pfi ruénim nastfiku stejné jako pfi nastfiku s pomoci mani-
pulatoru aplikaéni podminky, které rozhoduji o mife zhutnéni, tj. uréuji také pev-
nost stfikaného betonu v tlaku. Na odhadu a rozhodnuti nastfikavace (pfipadné
po jeho domluvé s ostatnimi ¢leny pracovni osadky) jsou zavislé zejména: Uhel
nastfiku, vzdalenost trysky od podkladu, rychlost vyletujici smési, pomér vzdu-

vice versa, excessive rebound must not occur due to a lack of water preven-
ting the mix particles from sticking together),

Start the work by cyclic filling of the biggest cavities, with spraying at the same
spot at at least 5-minute intervals (a single layer thickness from 5 to 8 cm),

8. Apply sprayed concrete on sloping surfaces (not overhanging surfaces) and
vertical surfaces, shifting the fresh concrete cake horizontally along the exca-
vation round length, continuing from the bottom to the top, maintaining the
required thickness sprayed in a single application (20 cm being a maxi-
mum),

9. Apply sprayed concrete to overhanging surfaces and vaults, covering the
newly installed Bretex lattice girder first (roughly every 1 m, proceeding
toward the vault crown), and then, step by step, form little vaults between
neighbouring Bretex girders, with maximum layer thickness of 10 cm (at the
girders) and about 7 cm at the middle between the girders. During the appli-
cation pay attention to maintaining symmetry in the particular steps of cove-
ring the profile circumference (depending on the cross-section dimension -
with a minimum sequencing to e.g. the left and right side wall, left and right
vault),

10. Take care of keeping the hoses conveying the concrete mix to the nozzle
straight. The radii of bends on the hose line, including the last bend
serving for the nozzle targeting, must be as large as possible.

Take care of keeping the hoses supplying water with accelerator, or the

hoses supplying the admixture and compressed air in case of the wet
process, tight and exhibiting no leakage at all joints, including the nozzle
connection joint.

~N

11.

-

Other binding provisions, apart from the above-mentioned basic instructions, are
usually contained in the tunnel excavation method statement. The statement res-
pects special technical and quality specifications, technical and quality specificati-
ons issued by the employer, and parameters required by design documents.

A programme of training sessions is being prepared, containing also a practical
exercise for nozzle operators. The programme will be designed for workers who
will erect definitive structures using sprayed concrete. Frequency of such structu-
res has been low by now, but their application in the underground in the future is
obvious in the situations where the operation of erecting a formwork and pouring
concrete behind will be impossible.

GUIDELINES FOR UTILISATION OF SPRAYED CONCRETE,
CTuC WORKING GROUP

There are basic differences between sprayed concrete and traditional cast-in-situ
concrete obvious from the above text. To allow certain domestic legislative orien-
tation even in the field of sprayed concrete, the working group for sprayed conc-
rete elaborated the "Guidelines for utilisation of sprayed concrete", which could
serve for project participants as a basic document until relevant European stan-
dards or directives approved in the framework of the European Union are availab-
le. The "Guidelines" are available for downloading on the Czech Tunnelling Com-
mittee's web site (see Ref. [2]). The above-mentioned web site contains, in the
information on working groups, the focus of the working group in the current year.
Members of the group are specialists from organisations executing underground
structures or projects, and also representatives of designing offices and universiti-
es. It is expected that in addition to the "Guidelines”, the information published on
the web will contain some other important outputs or conclusions made by the
local or international ITA-AITES working groups for sprayed concrete.
The relatively wide scope of problems defined in the "Guidelines" can be simpli-
fied, from the point of view of the current attitude to design and assessment of
properties of sprayed concrete, into the following items, already partially mentio-
ned above:
A, Basic technical requirements for sprayed concrete for underground
structures
Sprayed concrete is utilised in the field of underground construction dominantly
as part of primary lining of tunnels, galleries or shafts. For this purpose, the follo-
wing two technical and quality conditions must be met:
1. Rapid setting (an age of less than 24 hours for green concrete) determined by
the range Jz (see page 20 Ref. 2). The purpose of the controlled, and during the
construction usually repeatedly checked, sprayed concrete strength build-up is:
1. To secure sufficiently efficient stabilisation of the excavated ground surface
within a short time period after the spray application
2. To allow a thicker single application of concrete, with as little rebound volu-
me as possible, above all on overhanging surfaces and vaults.
3. To allow application on wet rock substrate and to seal minor leaks in the
excavated ground surface
4. To secure sufficient tensile bond strength between applied concrete layers in
cases of interruption or breaks during one spraying operation
5. To allow plastic deformation without cracks in the lining-rock structure,
developing, above all, in the initial hours and days after the application.
While the first three items would require as fast setting of sprayed concrete as
possible, e.g. within the range J3, the items 4 and 5 fall rather to the range J1.
Logical compromise is the development of setting and hardening within the
range J2. The diagram of initial strengths links fluently to the usually growing
strength of common concrete mixes containing portland cement (depending
on the conditions encountered, within 9th to 20th hour after the mix preparati-
on, till the time when the strength at 28 days is determined).

2. Fulfilling the function of a load bearing structure (the same as for cast-in-situ
concretes) by achieving the 28-day strength required.
B, Determination of usual limits for economic exploitation of sprayed concrete
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chu a prepravované smési, postup nanaseni po plose vyrubu, nastaveny vykon
stroje na stfikani betonu (SSB nebo pumpa), nastaveni davkovace urychlujici
prisady a zpravidla i tloustka betonu nanasena v jedné vrstvé. Jinymi slovy: Ani
nejlépe sestavena a odladéna receptura nezarucuje pfi nedodrzeni vyhovujicich
podminek pfi nastiiku dosaZeni projektem stanovené pevnosti stfikaného beto-
nu v tlaku. Navic k individualnim chybam pfistupuji i dalsi ovlivnéni (prusaky
vody z horniny do Cerstvé nastfikaného betonu, husté vyarmovani ¢i pouZiti
plnosténnych prvkd vyztuze apod.), kterd maji zasadni vliv na homogenitu
a tedy i rovnomérnou pevnost stiikaného betonu v plose konstrukce.
Konstrukce primarniho osténi je konstrukce, jejiz funkénost je z hlediska statické-
ho pusobeni doc¢asna. Definitivni osténi u dvouplastové konstrukce podzemnich
dél prebira dle statického vypoctu pIné veskera zatizeni od okolniho prostredi
a se spoluplsobenim s primarnim osténim (i kdyZ ve skute¢nosti alespon po
néjakou dobu existuje) se viibec nepocita. Vzhledem k primérné dobé uvazova-
ného vyuZiti priméarniho osténi ze stfikaného betonu (pfiblizné kolem jednoho
roku) neni vhodné a zejména ekonomické pouzivat receptury a postupy zarucu-
jici odolnost vici nékterému stupni vlivu prostiedi. Konstrukce primarniho osté-
ni nemaji byt standardné dimenzovany na piny hydrostaticky tlak podzemni
vody, takze by nemély byt ani 100 % vodotésné. Pochopitelné mély by zajistit
snizeni prasakt podzemni vody z hlediska vydatnosti i polohové tak, aby bylo
mozné instalovat mezilehlou foliovou izolaci. Navic podzemni konstrukce ze stfi-
kaného betonu maji byt relativné subtilni, aby v nich probéhla redistribuce napja-
tosti provazena predpokladanymi deformacemi v rdmci systému osténi-hornina.
Je tfeba znovu zduraznit, Ze u dvouplastovych tunell se jedna o konstrukce ze
stfikaného betonu s docasné uvaZzovanou statickou plsobnosti. Cilem tedy je
zajistit co nejlevnéji stabilitu vyrubu po relativné omezenou dobu (zpravidla do
doby 1 roku) bez narokd na trvanlivost & odolnost vaci vlivu prostredi tak, jak
jsou specifikovany v normé CSN EN 206-1. Hodnoceni vlivli prostiedi by mélo
pro tyto pfipady byt obdobné jako v podminkéch odpovidajicich znaceni X0.

SOUCASNE A PLANOVANE APLIKACE STRIKANEHO BETONU

A. Tunel Mrazovka

Jednim z klasickych uplatnéni stfikaného betonu u velkého podzemniho dila
provadéného novou rakouskou tunelovani metodou byla vystavba méstského
tunelu Mrazovka, ktery bude uveden do provozu letos v srpnu. Pomérné
podrobny popis podminek realizace z hlediska stfikaného betonu je uveden
v literatufe [7].

B. Strikany beton svahu pred tunelem Panenska

V blizkém €asovém horizontu Ize pfedpokladat stale $ir§i uplatnéni stfikaného
betonu aplikovaného mokrou cestou na vSech vétsich liniovych podzemnich
dilech. Jedna z tendenci zékonité povede k uplatnéni stfikaného betonu jako
definitivni konstrukce zejména v pfiportélovych uUsecich a v tvarové sloZitych
propojkach a prechodech pfi¢nych prarezh tuneld. Definitivni konstrukce ze stfi-
kaného betonu bude muset logicky vyhovovat véem narokiim béhem jeji Zivot-
nosti - pak naroky na splnéni pfislusného stupné odolnosti vGci vlivu prostiedi
jsou zcela namisté. Jako pfiklad Ize uvést vyuziti stfikaného betonu jako trvalé-
ho podkladu pod plastovymi deskami navrZenymi jako pohledové tprava svaht
v rdmci stavby tunelu Panenskéa v Krusnych horéch. Proto byla odladéna recep-
tura stfikaného betonu s pouZzitim mikrosilik, kterd ma zvy$enou odolnost opro-
ti u€inkm CHRL. Vybrané hodnoty vlastnosti stfikaného betonu vysetfené labo-
ratofi v ramci prikaznich zkouSek p¥i porovnani rliznych receptur jsou patrné
z prilozené tabulky 1 a grafu 1. Ukazuji, jak velky vliv na riizné vlastnosti ma pou-
Ziti metody nastfiku a primési.

C. Stfikany beton do obvodového vrubu

Samostatnym technickym problémem bylo zajisténi aplikace stfikaného betonu
pfi metodé obvodového vrubu s predklenbou (MOVP). Metoda byla zastiténa
technickou pomoci pracovniku firmy BEC Freres S.A. Stfikany beton ve vrubu
predstavuje rovnéz konstrukci primarniho osténi, které zajistuje vyrub az do doby
zfizeni definitivniho osténi z monolitického betonu. Princip MOVP spociva v pro-
vedeni vrubu tloustky 20 cm (v pfipadé tunelu Bfezno) podél horni a bo¢ni ¢asti
predem definovaného obvodu tunelu. Vrub je postupné po vyfiznuti stanovené-
ho poradi a poctu segmentti obvodového vrubu vypliiovan stiikanym betonem.
UloZeny beton po zatvrdnuti vytvori ochrannou predklenbu jesté v predstihu
pred rozpojenim horniny v trase tunelu. Pfedklenba ma tvar komolého kuZele,
aby se jednotlivé predklenby mohly prekryvat. Délka pily uréuje délku provadé-
né predklenby, ktera je v pfipadé tunelu Bfezno 5 m. S pfedchozi predklenbou se
nasledna predklenba muze prekryvat o 2,5 az 0,5 m, tj. Ze délka zabéru se voli
podle zastizenych geologickych pomérti 2,5 az 4,5 m. Vyrub v plose priéného fezu
tunelu probiha najednou pod ochranou prfedem vytvoreného primarniho osténi.
Stabilita celby je zajisténa sklolaminatovymi kotvami délky 16 metr(. Pfedklenba
z prostého betonu je v oblasti spodni ¢asti opér kotvena 4 m dlouhymi radialni-
mi kotvami, které se osazuji bezprostiedné po instalaci ¢elbovych kotev.

Do technického zadani pro vystavbu tunelu byly v dokumentaci pro zadani stav-
by pfevzaty parametry vychéazejici z uplatnéni stfikaného betonu na stavbach ve
Francii a Portugalsku, kde byly pouzity stfikané betonové smési s hlinitanovymi
cementy. Tyto cementy se vyznacuji zasadné rychlejsimi nabéhy tuhnuti a tvrd-
nuti nez cementy portlandské. Vzhledem k tomu, Ze dovoz hlinitanovych cemen-
ti z Francie by byl vyrazné drazsi, ukolem bylo zajistit provadéni strikaného
betonu suchym zplisobem z tuzemskych portlandskych cementt a odladit jeho
pouZiti podle technologickych potieb vystavby tunelu.

Proto byla zahajena na podminky divize 5 nezvykle dlouhda série ovéfovacich
a porovnavacich zkousek, které ukéazaly rozdily v pribéhu tuhnuti a tvrdnuti riiz-
nych vzork( cementd i betonovych smési.

It is recommended that prescription of cube strength not exceeding 25 MPa be
considered when the primary lining structure is being designed. This requirement
is based on current domestic practice, and is explained by the concrete formulas
used, current application conditions, determination of the degree of influence of
the environment, and construction work economy.

The amount of cement per 1 m’ of concrete mix which is a condition for achieve-
ment of required sprayed concrete strengths ranges from 400 to 450 kg in mix for-
mulas. Further increasing of the cement amount is uneconomic and does not lead
to a more significant increase in the early or final strength of sprayed concrete.
The increased dosing of cement into the mixture (by about 100 kg) compared to
cast-in-situ concrete is necessary to cover the technique principle itself (convey-
ing and compaction by the compressed air flow) and with respect to possible
errors in the application influenced by the human factor.

It is the nozzle operator who determines, both in case of hand spraying and robot
spraying, the application conditions, which decide about the degree of compacti-
on, i.e. determine the sprayed concrete compressive strength. The following
aspects depend on the nozzle operator's judgement and decision most of all (with
possible discussion with the other crew members): the spraying angle, nozzle
distance from the substrate, velocity of the sprayed mixture, ratio of air to the
conveyed mix, the spraying sequence over the excavated surface, the pre-set out-
put of the concrete spraying machine (SSB or a pump), setting of the accelerator
dosing unit, and usually also the thickness of concrete applied in a single layer.
That is to say: Even the best-developed and debugged formula does not guaran-
tee achievement of designed compressive strength of sprayed concrete when
appropriate conditions are not maintained during the application. In addition to
individual errors, there are other effects (water leaking from the rock mass into
young sprayed concrete, narrow reinforcement or utilisation of massive elements
for the support, etc.), which affect significantly the homogeneity, therefore also
the uniform strength of sprayed concrete over the area of the built structure.
Primary lining is a structure whose functionality is temporary in terms of static
action. According to structural analyses, final lining in case of double-shell struc-
tures of underground works takes all loads of the surrounding environment. The
analyses do not take into account the interaction with the primary lining (even
though it exists in practice at least for a certain time). Considering the average
time for which the sprayed concrete primary lining action is anticipated (about
one year), it is undesirable and, above all, uneconomic to use formulas and pro-
cedures guaranteeing special resistance to some of the impacts of the underg-
round environment. The primary lining structures should not be, as a standard,
designed for full hydrostatic head of ground water, therefore they should not be
100 % waterproof. Of course, they should provide reduction in groundwater see-
page in terms of the flow rates and positions, so that an intermediate waterproo-
fing membrane could be installed. In addition, underground structures from
sprayed concrete are to be relatively subtle to allow stress redistribution accom-
panied by anticipated deformations within the lining-ground system.

It must be stressed again that in double-shell tunnels, sprayed concrete structures
are assumed to fulfil a temporary static role. For that reason the objective is to
ensure the excavation stability as cheap as possible, for a relatively limited time
(usually up to 1 year), without a need for longevity or resistance of the structure
to environmental influences (specified in the CSN EN 206-1 standard). For these
cases, the assessment of environmental influences should be similar to that car-
ried out in conditions corresponding to denomination X0.

CURRENT AND PLANNED APPLICATIONS
OF SPRAYED CONCRETE

A, the Mrazovka tunnel

One of classical instances of sprayed concrete application on a large underground
structure carried out using the New Austrian Tunnelling Method was the con-
struction of the urban tunnel Mrazovka, which is going to be inaugurated this
year, in August. A relatively detailed description of construction conditions in
terms of sprayed concrete is contained in Ref. [7].

B, sprayed concrete cover on slopes before the Panenska tunnel

Ever wider application of wet-sprayed concrete on all larger linear underground
structures (Fig. 1) can be expected within a short time horizon. One of tendencies
will certainly lead to application of sprayed concrete to final structures, mainly in
portal sections, at cross passages with complicated geometry, and at transition
sections between different tunnel cross- sections. Logically, a final structure from
sprayed concrete will have to comply with all requirements existing in the course
of its lifetime; then the requirements for meeting a relevant degree of resistance
to environmental impacts are fully justified. As an example, we can mention the
utilisation of sprayed concrete as a permanent substrate under plastic slabs desig-
ned as a architectural finishing of slopes in the framework of the Panenska tunnel
construction in the Krusne Mountains. A formula for sprayed concrete using sili-
ca fume was developed for this purpose, which exhibits increased resistance to
chemical thawing substances. Selected values of the sprayed concrete properties,
tested by a laboratory in the framework of pre-construction testing, with compa-
rison of different formulas, can be seen in Table 1 and Chart 1. They show the
magnitude of influence of the spraying method and admixtures on various pro-
perties.

C, sprayed concrete for the pre-vaulting tunnelling method

Application of sprayed concrete for the Pre-Vaulting Method (PVYM) was a special
technical problem. This method was backed by technical assistance provided by
BEC Freres S.A. Sprayed concrete forming the pre-vault represents also the pri-
mary lining structure supporting the excavation until the cast-in-situ final lining is
finished. The PYM method principle is such that a 20 cm-wide slit (for the Brezno
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Po fadé nelehkych jednani, kdy prosazovani nazor(i na ¢asové technologické
vazby zéastupci divize 5 bylo s ohledem na absenci tuzemskych zku$enosti ostat-
nimi Gcastniky vystavby dlouho vetovéno, se podafilo nakonec dohodnout
zménu nabéhu pevnosti: 8 Mpa po 7 hod., 12,5 Mpa po 14 hod., 17 Mpa po 24
hod. a 28 Mpa po 28 dnech. Z praktického hlediska se jevi jako nejpodstatné;si
pevnost 8 Mpa, kterou lze povazovat za jakousi "odbedriujici" pevnost ve srov-
nani s betonazi monolitického betonu do formy. Pozdéjsi hodnoty pevnosti byly
odvozeny od vysledkd statického vypoétu.

V dalsi fazi bylo nutné provést prikaz proveditelnosti a mozné opakované repro-
dukce narlstu potfebnych pevnosti stfikaného betonu ve vrubu. Je nutné si
uvédomit, Ze standardni aplikace stfikaného betonu v tuzemsku byly provadény
za plné vizualni kontroly operatora trysky ze vzdalenosti vhodné pro plo§né
nastfiky, tj. ze vzdalenosti 1 az 1,5 m. Nastfik betonu do vrubu se v8ak vyznacu-
je nutnym transportem proudu betonu vzduchem aZ na vzdéalenost 5 m za sou-
¢asného zpétného proudéni vytlaGovaného vzduchu v Gizkém prostoru segmen-
tu, jehoZ limitni pficné rozméry se blizi hodnotam 0,2 x 0,8 m. Odrazené Castice
betonu (spad) se stavaji soucasti vytvarené konstrukce. Hutnéni betonu nastava
po dopadu ¢astic betonu pfiblizné rovnobézné s podélnou osou tunelu, tj. kolmo
na radialné pusobici zatizeni na vytvafenou predklenbu. Nelze vylouéit ani
obcasné uvolnéni kusd horniny z lice vrubu, ktera se stava pfi vlastnim stfikani
prekézkou a nésledné i soucasti vytvarené konstrukce z nevyztuzeného stiika-
ného betonu. Proto bylo obzvlast potfebné pfi priikaznich zkouskach maximal-
né pfizplsobit podminky provadéni nasledné skutecné realizaci predklenby.
Vlastni prikazni zkousky byly proto provedeny pred portalem tunelu Bfezno do
drevéného bednéni velikosti 5,0 x 1,0 x 0,2 m se strojnim zafizenim, které bylo
jiz dodéno pro vlastni razbu véetné manipulatoru osazeného na vrubovacim
stroji. Pro zkousky byly pouZity dvé balené kompresorovny, dvé ¢erpadla na tla-
kovou vodu, stfikaci stroj Aliva AL-285 s integrovanym davkova¢em na urychlu-
jici prisadu.

Ackoliv se podafilo pfi prikaznich zkouskach dohodnutych hodnot pevnosti stfi-
kaného betonu s recepturou portlandského cementu a s pouzitim urychlujici pfi-
sady dosahnout, bylo zfejmé, Ze rozvoj pevnosti je ovliviiovan kromé dominuji-
ci teploty také celou $kalou dalSich faktor(. Bylo proto dohodnuto, Ze Uvodni
razba tunelu bude provazena rozsifenym mérenim pevnosti na kazdé predklen-
bé pro ziskani potfebného souboru vysledku, které by zajistovaly statisticky
vyznamnou mnoZinu umoZziujici provedeni zavérd v konkrétnich podminkach
pouZiti obvodového vrubu.

o Kontrolni zkousky stfikaného betonu byly tedy provadény zprvu jak stav-
bou, tak laboratofi na kazdé provedené predklenbé. Stavba zabezpecovala
méfeni pevnosti v tlaku metodou Hilti-Tester na ¢ele kazdého segmentu
(lamely) po 7, 14 a 24 hodinach po dokonéeni zastfiku na poslednim vyre-
zaném segmentu predklenby. Laboratof prebirala 3 odvrtana jadra z boku
a klenby kazdé obnaZené konstrukce osténi a zjistovala jejich pevnosti po
48 hodinach, pfipadné po 72 hodinach a nasledné po 28 dnech. Podle zis-
kanych vysledkd byla provadéna Uprava receptury i opatieni ke zlep$eni
technologie provadéni a zabezpeceni reprodukovatelnosti aplikace.
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MSB 25 (X0) - zakladni receptura nastfikana mokrou cestou

WSC 25 (X0) - basic formula applied using wet process

MSB 25-SI (XF4) - zékladni receptura s mikrosilikou nastiikdana mokrou cestou
WSC 25-SI (XF4) - basic formula with silica fume, applied using wet process
SSB 25 (X0) - zakladni receptura nastfikana suchou cestou

DSC 25 (X0) - basic formula applied using dry process

Tab. 1 Pevnost a odolnost vzorku stfikaného betonu viéi prisaku a CH.R.L.

Tab. 1 Strength of sprayed concrete samples and their resistance to seep-
age and chemical thawing substances.
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Graf. 1 Vyvoj celkového mnoZstvi odpadu z povrchu betonu

(v g/m?) po uréenych cyklech

Chart. 1 Development of total rate of rebound from concrete surface
(in g/m?) in specified cycles

tunnel) is cut along the upper and side parts of a pre-defined tunnel circumferen-
ce. Step by step, simultaneously with cutting of the prescribed number of its seg-
ments in prescribed sequence, the slit is filled with sprayed concrete. Hardened
concrete forms a protective pre-vault reaching ahead of the rock excavation. The
pre-vault has a shape of a truncated cone, which shape allows overlapping of indi-
vidual pre-vaults. The chain saw length determines the length of the pre-vault, i. e.
5 m in the case of the Brezno tunnel. The pre-vault can overlap the preceding pre-
vault 2.5 to 0.5 m (the excavation advance length is selected according to geolo-
gical conditions encountered, i. e. 2.5 to 4.5 m). Full-face excavation takes place
then under the protection by the pre-prepared primary lining. The face stability is
secured by fibreglass anchors 16 m long. The pre-vault from unreinforced conc-
rete is anchored in the bottom area by 4 m-long radial anchors installed immedi-
ately after installation of the face anchors.

Tender documents contained technical specification for the tunnel construction,
which took over parameters based on the application of sprayed concrete on pro-
jects in France and Portugal, where sprayed concrete mixtures with aluminous
cements were used. These cements are characterised by fundamentally faster
process of setting and hardening than portland cements. Because the import of
aluminous cements from France would have been significantly more expensive,
the task was to ensure concrete spraying using the dry process, with the concre-
te produced from domestic portland cements, and to adapt its application accor-
ding to technological requirements of the tunnel construction.

For the above reason a series of confirmation and comparative tests was started,
unusually long in terms of Metrostav Division 5. The tests revealed differences in
the development of setting and hardening of different samples of strengths and
concrete mixtures.

After a number of difficult negotiations, where Division 5 representatives' opini-
ons regarding time-technological relationships were vetoed by the other project
parties for a long time due to absence of domestic experience, the following pro-
posal for changed development of strength build-up was eventually agreed:
8 MPa after 7 hours, 12.5 MPa after 14 hours, 17 MPa after 24 hours, and 28 MPa
after 28 days. From a practical point of view, the most significant appears the
8 MPa strength, which can be considered a kind of "shutter striking" strength if
compared to pouring concrete behind a shutter. The further values of strengths
were derived from the structural calculation results.

In the next phase, it was necessary to prove feasibility and possibility of repeated
reproduction of the required strength build-up of concrete sprayed into the slit. It
is necessary to realise that standard applications of sprayed concrete in our
republic allowed the nozzle operator to fully visually control the operation from a
distance suitable for planar spraying, i.e. from a distance of 1to 1.5 m. But filling
of a slit with sprayed concrete is characterised by a necessity for the concrete stre-
am to pass a distance of nearly 5 m in the air, against the simultaneous counter-
flow of the air forced from the narrow space of the slit segment, whose limiting
dimensions are close to 0.2 x 0.8 m. Thus the rebounded concrete particles
(rebound) become part of the structure being constructed. Concrete compaction
takes place after the particles hit the substrate. The particles move in a direction
approximately parallel with the longitudinal axis of the tunnel, i.e. perpendicular-
ly to the radial load acting on the pre-vault being constructed. Even a random fall
of a piece of rock from the excavated surface cannot be excluded. Such a piece of
rock becomes an obstacle during the spraying, and subsequently becomes part of
the structure being built from unreinforced sprayed concrete. This is why maxi-
mum adaptation of the application conditions during the preconstruction testing
to the conditions of in-situ construction of the pre-vault was extremely important.
For the above reason the preconstruction testing took place in front of the Brezno
tunnel portal. Concrete mixture was sprayed into wooden moulds with dimensi-
ons 5.0 x 1.0 x 0.2 m, using the equipment that had already been supplied for the
tunnel excavation proper, including the robot mounted on the pre-vault tunnelling
machine. The tests were carried out using 2 packaged compressor plants, 2 water
pressure pumps, and the Aliva AL-285 sprayer with an integrated accelerating
admixture-dosing unit.

Even though the agreed values of the strength of sprayed concrete, prepared
using the formula with Portland cement and accelerating admixture, were not
achieved during the preconstruction testing, it was obvious that the development
of strength was affected, apart from dominating temperature, also by many other
factors. It was therefore agreed that the initial tunnel excavation would be accom-
panied by extended scope of measurement of strength on each pre-vault so that
a necessary set of results was obtained providing statistically significant set of
data allowing conclusions to be made in the conditions of application to the pre-
vaults.

o Check tests of sprayed concrete were carried out initially both by the con-
tractor on the site and by a laboratory, testing each pre-vault completed. The
in-situ testing comprised measurement of compressive strength with Hilti-
Tester on the face of each segment (lamella) at 7, 14 and 25 hours after com-
pletion of spraying on the last cut-out segment of the given pre-vault. The
laboratory took over 3 samples cored from each exposed lining structure of
the side walls and vault crown, and determined their strengths at 48 hours
or 72 hours, and subsequently after 28 days. The obtained results were used
for adjustment of the concrete formula and determination of measures
designed to improve the spraying technique and to allow reproducibility of
the application.

Experience and modifications of spraying concrete into the peripheral slit can be
summed up as follows:

1. It was proved that domestic Portland cement CEM | 52.5 R (from Cizkovice
plant) with setting accelerator can be used for sprayed concrete used for the
pre-vaults. Dosing of the accelerator (Prestix 71) was fixed at a value of 6.5 %
of cement weight;
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Graf 2 Cara zrnitosti pouzivaného kameniva do stf¥ikaného betonu
obvodového vrubu z odbéru ze dne 6. 2. 2003

Chart 2 Grading curve of aggregates used for sprayed concrete applied
to pre-vaults, collected on 6/2/2003
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Graf 3 Priklad pribéhu nérlstu pevnosti stfikaného betonu obvodového
vrubu pfi kontrolnich zkouskach ze dne 6. 2. 2003

Chart 3 Example of development of strength of sprayed concrete applied
to pre-vaults determined by check testing on 6/2/2003

ZkuSenosti a Upravy technologie provadéni stfikaného betonu do obvodového
vrubu Ize shrnout do téchto bodu:

1. Prokézalo se, Ze pro stfikany beton vrubu Ize pouZivat tuzemsky portland-
sky cement CEM | 52,5 R (Cizkovice) s urychlovaéem tuhnuti. Davkovéni
urychlujici pfisady (Prestix 71) bylo zafixovano na hodnoté 6,5 % z vahy
cementu.

2. Vizuélni kontrola polohy trysky manipulatoru pfed vrubem byla zlepSena
instalaci dalkového ovladani manipulatoru mimo kabinu obsluhy vrubova-
ciho stroje.

3. Rychlost smési na trysce (cca 25 az 30 m/s) byla nastavena na plny vykon
dvou balenych kompresoroven. Pfi neménné délce hadic 35 m (svétly prd-
mér 65 mm) je dosahovéana zhruba dvojnésobna rychlost oproti standard-
ni aplikaci stfikaného betonu.

4. Zejména s ohledem na rychlost betonové smési v hadici bylo nutné umis-
tit prstenec pro pfidavani roztoku vody s urychlujici pfisadou 3 m pred Usti
trysky. Rovnéz tlak vody dopravované do davkovaciho Eerpadla bylo nutné
zvysit z obvyklych 4 az 5 na 8 az 9 bar(i namontovanim dvojice ¢erpadel.
MnoiZstvi pfidavané vody bylo nutné doplnit o kontrolu na trubicovém pri-
tokomeéru, ktery priibézné sledovala obsluha stfikaciho stroje.

5. Z diivodu opakovani optimalnich podminek byly polohy ovladacich pak na
stfikacim stroji, nastaveni pritokoméru i davkovaciho ¢erpadla pro ury-
chlujici pfisadu oznaeny na strojich a zafizenich a popsany v technologic-
kém postupu.

6. Zatimco mnoZstvi cementu v 1 m*® namichané suché betonové smési odpo-
vidalo bézné recepture stfikaného betonu (430 kg), muselo byt slozeni
kameniva postupné upraveno. Zvlasté s ohledem na stfikani na vzdalenost
5 m bylo nutné zvysit podil frakce 4 - 8 mm (méla jednoznacny vliv na obje-
movou hmotnost i na dosahovanou pocatecni pevnost betonu predklen-
by), ktera byla zastoupena cca 40 % z vahového podilu kameniva v nami-
chané betonové smési (graf 2). Po vykyvech v obsahu odplavitelnych ¢as-
tic, které mély negativni vliv na ndb&hy pevnosti v tlaku, se zacalo pouzi-
vat vyhradné prané kamenivo.

7. S ohledem na dominantni roli teploty betonové smési pro start a rozvoj
pevnosti stfikaného betonu bylo nutné v rdmci zimnich opatieni technicky
zajistit ohfivani kameniva i ohfev zdmésové vody v tésné blizkosti pred
davkovacem urychlujici pfisady (tato opatfeni umoznila urychleni ndbéhu
pevnosti betonu na hodnotu 8 Mpa za 6 hodin). Pfiklad ndbéhu pevnosti je
patrny z grafu 3.

V tuzemskych podminkéach se pfi aplikaci stfikaného betonu do obvodového
vrubu jednalo o dosud nevyzkousenou oblast, ktera s vyjimkou nékolika statu
v Evropé (Francie, Portugalsko, Velka Britanie) nebyla dosud feSena. Pfes poca-
te€ni obtiZe Ize konstatovat, Ze se podafilo tuto diléi operaci raziciho cyklu vyre-
$it s vyuZitim tuzemskych sloZzek betonu do stadia, které vyhovélo potfebdm
raziciho cyklu i cyklu vystavby definitivniho osténi.

D. Strikany dratkobeton

Pfi vhodnych geologickych podminkach a pfiénych prifezech podzemnich dél
dojde ke zkracovéni operace budovani primarniho osténi vyuZivanim stfikanych
betonl s rozptylenou ocelovou vyztuzi (dratkobeton(). Tato varianta stfikaného

2. Visual inspection of the position of the manipulator in front of the slit got
improved by the installation of the manipulator remote control outside the
pre-vaulting machine operator's station;

3. Velocity of the mixture passing through the nozzle (about 25 to 30 m/s) was
set to correspond to full output of the two packaged compressor stations.
Compared to the velocity at standard application of sprayed concrete,
roughly double velocity is achieved at constant length of hoses of 35 m (JN
65 mm);

4. It was necessary, mainly with respect to the velocity of the concrete mixture
in the hose, to install the ring measuring water with accelerator at a distan-
ce of 3 m before the nozzle mouth. Also the pressure of water conveyed to
the dosing pump had to be increased from a usual value of 4 - 5 bars to
8 - 9 bars by installation of a pair of pumps. The volume of water being
added had to be checked continually on a pipe flowmeter, followed continu-
ally by the crew;

5. To allow repetition of optimal setting, the positions of control levers on the
spraying machine, setting of the flowmeter and accelerator-dosing pump
were marked on the machines and appliances, and recorded in the method
specification

6. While the amount of cement per 1 m’ of the dry concrete mixture corres-
ponds to a common formula for sprayed concrete (430 kg), the aggregate
composition had to be adjusted step by step. Especially with respect to
spraying from the 5m distance, it was necessary to increase the proportion
of the 4 - 8 fraction (affecting explicitly the volume weight and initial
strength of the pre-vault concrete achieved), which represents (after the
adjustment) about 40 % of the total weight of aggregates contained in the
concrete mix (see Chart 2). After variations experienced in the washable
matter content, which had affected development of compressive strength
negatively, washed aggregates started to be used solely;

7. With respect to the dominating role of the concrete mixture temperature, it
was necessary for the start and development of sprayed concrete strength
to implement technical measures for the winter work, i. e. heating the aggre-
gates at the covered stockpile and heating mix water just before entering the
accelerator dosing unit (those measures ensured acceleration of the concre-
te strength development to 8 MPa after 6 hours). An example of the strength
development is shown in Chart 3.

The application of sprayed concrete in the pre-vaulting method has not been tried
in our country yet. This issue has been solved in several European countries only
(France, Portugal, Great Britain). Despite initial problems, it can be stated that this
partial operation of the excavation cycle has been solved successfully, using
domestic components of concrete, up to a degree which satisfied the needs of the
excavation cycle and the final lining construction cycle.

D, Fibre reinforced sprayed concrete

In favourable geological conditions and cross sections of underground workings,
the application of fibre reinforced sprayed concrete shortens the primary lining
construction operations. This variant of sprayed concrete will be solely associated
with the wet application process. Currently the fibre reinforced sprayed concrete
is used in the exploration gallery Visnove where Division 5 of Metrostav, a. s.,
completed excavation of a section designed for the NATM. The fibre reinforced
sprayed concrete is applied as a second layer on a primary layer of sprayed conc-
rete reinforced with steel mesh, or on cleaned rock face found in locations without
geological faulting, where the excavation was carried out by Doprastav using a
TBM. The objective is to ensure extended lifetime of this nearly 7 km long gallery
until the construction of the second tube of the highway tunnel. After completion
of the first tunnel tube running in parallel with the gallery, escape adits will inter-
connect the gallery with the tunnel, turning it into an escape route in case of emer-
gency. Wider application of fibre reinforced sprayed concrete is expected pro-
spectively on large mined tunnel constructions on the Outer Ring Road around
Prague. Plenty tests will have to be carried out to make the routine application in
large profiles possible. The testing will have to prove whether the required pro-
perties of sprayed concrete matrix with steel fibres are achievable in our conditi-
ons. In the same time it will be necessary to prepare relevant legislative frame-
work supported, for example, by assessments of particular modelled instances of
the application.

E, Higher compressive strength sprayed concrete

Similarly to cast-in-situ concrete, there is a tendency towards reproducibility of
higher strength sprayed concretes, especially those designed for definitive struc-
tures and in the future for final lining with a shell mode of static action, obvious.
The development tendency is heading solely toward application of the wet pro-
cess, starting primarily with removing human factor errors by enhancing qualifi-
cation and improving manual skills. Individual influence of the nozzle operator will
probably be removed permanently only when full robotisation and automation of
the spraying process is achieved. Of course, quicker and less costly appears,
together with increasing professional level of nozzle operators, to prepare higher
quality formulas allowing better compaction by application of innovated admix-
tures in parallel with as optimally as possible adjusted composition of aggregates
in the mix. While innovated admixtures in the field of civil engineering chemistry
are usually more expensive, meaning a significant cost burden on a unit of sprayed
concrete, the cost increase does not have to be so painful in the field of quality of
aggregates or binders. Suitability of aggregates is usually limited by the possibi-
lity to transport fractions satisfying the requirements given by the optimal grading
curve. Certain opportunities are offered by using higher strength class cements.
The difference in reactivity of accelerating admixtures, and the difference in final
strengths of cement mortar tested on laboratory samples with commonly used
cement and higher strength cement is shown in Table 2.
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betonu bude vazéna vyhradné na mokry zpusob jeho aplikace. V sou¢asné dobé se
provadi stiikany dratkobeton na priizkumné Stole Visnové, kde Metrostav - divize 5
vyrazil ¢ast délky provadénou dle principu NRTM. Stiikany dratkobeton je nanasen
jako druha vrstva na sitémi armovany stfikany beton nebo na ocisténou horninu
v mistech bez geologickych poruch, kde razbu proved! nasazeny razici stroj Dopra-
stavu. Cilem je zajistit prodlouzenou Zivotnost této témér 7 km dlouhé Stoly az do
doby vystavby druhé tunelové trouby dalniéniho tunelu. Po vyrazeni prvého dalnic-
niho tunelu soubéiného se Stolou bude Stola propojena Unikovymi chodbami
a v pripadé potfeby by slouZila jako unikova cesta. Vyhledové se predpoklada Sirsi
uplatnéni dratkobetonu na razenych tunelech na vnéjS§im okruhu kolem Prahy.
K rutinnimu provadéni ve velkych profilech bude tfeba provést jesté radu zkousek,
které v nasich podminkach provéfi dosazitelné vlastnosti stfikané betonové hmoty
s ocelovymi drétky. Soucasné bude tfeba pfipravovat pfislusny legislativni rAmec
podloZeny napf. vyhodnocovanim konkrétnich modelovanych pfipadd uplatnéni.

E. Stfikany beton vyssich pevnosti v tlaku

Podobné jako u monolitického betonu je zfejma tendence k reprodukovatelnosti
stfikanych betond vyssich pevnosti zvlasté pro definitivni konstrukce i vyhledova
primarni osténi se skofepinovym efektem nosnosti. Smér vyvoje vede vyhradné
k uplatfiovani mokré cesty stfikani a za€ind predevsim u odstrafiovani chyb lid-
ského faktoru prohlubovanim jeho kvalifikace a zvy$ovanim manualni pracovni
zruénosti. Individualni vliv obsluhy trysky bude zfejmé trvale odstranén az dosa-
Zenim plné robotizace a automatizace procesu stfikani. Rychlejsi a méné naklad-
né se pochopitelné jevi spolu s vy$si odbornou Urovni nastfikavacl pfipravovat
kvalitnéjsi receptury umoziujici vy$si zhutnéni pouzitim inovovanych pfisad sou-
bézné s pokud mozno optiméalné odladénou skladbou kameniva v namichané
smési. Zatimco nové drazsi pfisady v oblasti stavebni chemie znamenaji zpravi-
dla znacné cenové zatizeni objemové jednotky stfikaného betonu, v oblasti kvali-
ty kameniva ¢i pojiva nemusi jit o velké prodraZeni. Kamenivo je zpravidla limi-
tovano dopravni dostupnosti vhodnych frakei naplfiujicich optimélni priibéh ¢ary
zrnitosti. Uréité mozZnosti se nabizeji pouzivanim cementt vyssich pevnostnich
tfid. V tab. 2 je patrny rozdil v dvou a tfidennich i rozdil v kone€nych pevnostech
cementové malty zkouSené na laboratorné pfipravenych vzorcich s cementem
obvykle pouzivanym oproti cementu vy$si pevnosti.

F. Stiikané prefabrikované smeési

V posledni dobé je rovnéz sledovéana problematika prefabrikovanych smési pro
suchy proces stfikani, které jsou s ohledem na operativni pouZzitelnost i na dlouho-
dobou skladovatelnost v silech s nizkymi naroky na prostor vyuzitelné pro razbu
zejména kolektorl uprostied husté méstské infrastruktury. Nevyhody jasné vyssi
ceny za betonovou smés s nulovou vihkosti, vysoka prasnost pfi provadéni i vyso-
ky spad jsou v nékterych zdivodnénych pfipadech prebity vyse uvedenymi vyho-
dami doplnénymi o vyhodu dopravni obsluznosti v dob& mimo denni vysokou
dopravni zatéZ. Sucha cesta aplikace si zfejmé udrzi své "misto na slunci” pravé pro
svoji "pfipravenost k akci" v pfipadech relativné rizikovych razeb mélko pod mést-
skou infrastrukturou s prekvapivymi "objevy" nearchivovanych inzenyrskych siti,
nesoudrznych kulturnich navazek i nekvalitné provedenych zasypt z predchozich
otevienych vykopu. Pro aplikaci se vyuZiva suchych betonovych pfipadné malto-
vych smési, jejichZ pojivo je tvofeno prednostné bezsddrovcovym cementem.
Nabéhy tuhnuti a pevnosti jsou velmi rychlé, takze spiSe zasahuji nad ¢aru J3 (viz
graf 4). Problémy mohou nastat pfi vyhodnocovani spadu, ktery pfi nevhodném
postupu nastfiku mudze byt enormni a rovnéz s dodrzenim opakovatelnosti pev-
nostnich hodnot nastiikané hmoty po 24 hodinach od nastfiku i po 28 dnech.

ZAVER

Cilem ¢&lanku bylo pFedloZit Etenéfi vybranou mozaiku ze sougasné problemati-
ky stfikaného betonu na stavbach tunelG v Ceské republice. Kromé uvedeni
nékterych poznatk( souvisejicich se ziskanim novych zkusenosti se specialnim
uplatnénim stfikaného betonu (stfikany beton do obvodového vrubu) bylo hlav-
nim motem zdraznit odli$ny pfistup k pojeti stfikaného betonu oproti monoli-
tickému v ramci jeho konstrukéni funkce jako primarniho osténi podzemnich
dél. Snahou je rovnéZ dosdhnout nazorového souladu na stfikany beton mezi
zastupci projektanta, dodavatele i investora zvlasté v oblasti ekonomicky vyuzi-
telnych pevnosti v tlaku i v urCeni stupiiG vlivl prostfedi odpovidajicich trvani
a podminkam vyuZivani dané stfikané konstrukce.
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Tab. 2 Rozdily v pevnostech v tlaku cementové malty pro cementy rdznych
pevnostnich tfid s urychlujicimi pfisadami

Table 2 Differences in compressive strengths of cement mortar for cements
of varionus strength grades, with accelerating admixtures
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Graf 4 P¥iklad nébéhu pevnosti nastfikané prefabrikované smési ve srovnéni
se spodni hranici oboru J;

Chart 4 Example of development of strength of applied prefabricated
sprayed concrete mix compared to the lower limit of J; range

F, Sprayed prefabricated mixes

The issue of prefabricated mixes for the dry spraying process has also been fol-
lowed lately. Owing to the operative availability and long-term storability in silos
with low demand for space, these mixes can be used in excavation of utility tun-
nels above all, within dense urban infrastructure. The disadvantages, e. g. higher
cost of concrete mix with zero moisture, high level of dust emissions during appli-
cation, and high rate of rebound, are in some specific cases outdone by the above-
mentioned advantages, plus an advantage of a possibility to supply the mixes
beyond day-time intensive traffic. The dry process will obviously keep its "place
in the sun" especially for its "readiness to act" in the instances of relatively risky
excavation carried out shallow under urban infrastructure, with surprising "disco-
veries" of unrecorded utilities, non-cohesive man-made fills and poor quality
backfills of recent open cuts. Dry concrete or mortar mixes are used for the appli-
cation, with anhydrite-free cement used preferably as the binder. Development of
setting and hardening is very rapid, reaching rather under the J3 curve (see Chart
5). Problems can be encountered in terms of rebound rate, which can be high in
case of improper spraying procedure, and also in terms of maintaining the repro-
ducibility of strength values of the concrete 24 hours and 28 days after spraying.

CONCLUSION

The objective of this paper was to present to the readers a selected mosaic of cur-
rent issues of sprayed concrete used on tunnel constructions in the Czech Repub-
lic. Apart from presenting some new recognitions relating to a special application
of sprayed concrete (sprayed concrete in the pre-vaulting method), the main
motto was to place stress on the different approach to the concept of sprayed
concrete compared with cast-in-situ concrete in terms of its structural function, i.e .
the primary lining of underground workings. Our ambition is also to achieve
a harmony of opinions on sprayed concrete among representatives of desig-
ners/consultants, contractors and owners, above all in the area of in terms of eco-
nomy usable compressive strengths, and in determination of degrees of influen-
ce of the environment corresponding to the duration and condlitions of the spray-
ed concrete structure utilisation.

[5] Polak, P.: Uplatnéni stfikaného betonu u firmy Metrostav a. s.
Shornik konference Specialni betony, Otrokovice 5. - 6. 3. 2002
Proceedings of the conference "Specialni betony",
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[6] Polak, P, Mika V.: Pribéh teploty a narist pevnosti u stfikaného betonu.
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Time behavior of temperature and strength build-up in sprayed concrete.
[7] Polék, P: Vybrané poznatky z uplatnéni stfikaného betonu pfi stavbé
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Selected knowledge from shotcrete application at Mrézovka
tunnel construction.
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METODA RIZENE DEFORMACE V SELATINSKYCH TUNELECH

CONTROLLED DEFORMATION METHOD IN SELATIN TUNNELS

PROF. ING. MILOS BUCEK, DrSc., METROSTAV, a. s.
ING. RADKO BUCEK, PhD., SG GEOTECHNIKA, a. s.

uvob

Metoda fizené deformace byla poprvé aplikovana pfi stavbé selatinskych tuneld
na dalnici lzmir-Aydin v Turecku v letech 1990 - 2000. Béhem vystavby zde byl
vyvinut zplsob sledovani pouZity s Uspéchem zvlasté pfi aplikaci NATM v mék-
kych horninach. Tento postup je popsan v nésledujicim ¢lanku. Z po¢étku se uvadi
nékolik strucnych informaci o stavbé salatinskych tuneld.

NEKOLIK CHARAKTERISTICKYCH UDAJU
O TUNELOVYCH ROURACH

Salatinské tunely jsou tvofeny dvojici tunelovych rour, Jizni 3043,00 m a Severni
3018,00 m, kazda pro jeden dopravni smér. Vzdalenost mezi osami tunelovych
rour je 31,0 m. V situaénim FeSeni jsou uZity dva oblouky o polomérech
R1=1300,00 m a R2 =1150,00 m, primérny podélny sklon 2,6 %, nejvétsi nadlozi
zhruba uprostfed tunelu 360,00 m.

PFicny Fez tunelovou rourou ma tfi jizdni pruhy Sirky 3,75 m, celkova $itka vozov-
ky mezi obrubniky ¢ini 12,00 m (obr. 1). Vyska klenby nad vozovkou je 7,85 m, prQ-
jezdny profil 5,00/12,00 m, vnitini profil tunelové roury je 102,52 m2 Teoreticka
velikost vyrubniho profilu je od 123,20 m? pro RC | a RC Il az po 182,50 m? pro RC
VI.

GEOLOGICKE PODMINKY

Béhem geotechnického prizkumu byly podél tunelové roury zastizeny nasledujici
druhy hornin. Smérem od severniho portalu to bylo pfiblizné 600,00 m stfidajicich
se slidnatych a amfibolitickych bfidlic, slabé porusenych, s nékolika nevyznamnymi
poruchovymi zénami. Tato ¢ast horninového masivu byla ocenéna jako pro razbu
pomérné prizniva - RC I, RC Ill. Poté pfisla priblizné 1080 m dlouha ¢ast velmi pfiz-
nivé horniny, ktera byla tvofena vapencem a krystalickym vapencem, ocenéna pro
razbu jako RCI, RCII, RCIII, RCIV, kazda po 270,00 m. Nasledujicich 130,00 m bylo tvo-
feno zcela rozlozenymi slidnatymi bridlicemi ohodnocenymi jako RC IV (50 %) a RC
V (50 %). V dalSich pfiblizné 600 m byly zastizeny nejrGznéjsi horniny jako slidnaté,
grafitické a mastkové bridlice, rula, mramor, vapenec vée mirné poruseno, s nékoli-
ka poruchovymi zénami, ohodnocené jako RC I (20 %), RC Il (60 %) a RC IV (20 %).
Zbyvajici jizni ¢ast, priblizné 600 metrd, byla podle priizkumu tvofena slidnatymi
a chloritickymi bridlicemi a rulou, slabé poruSenymi, se dvéma poruchovymi zéna-
mi, ocenénymi jako RC Il (50 %) a RC Il (50 %) (obr. 2). Pro ocenéni horninového
masivu byl pouZit klasifikacni systém rakouské normy B2203. Pro salatinské tunely
byl klasifikaéni systém rozdélen do Sesti horninovych tfid. Toto rozdéleni bylo
béhem razby shledano jako zcela vyhovujici kromé ¢asti tykajicich se vystrojeni,
které bylo tfeba pfizpUsobit, zvlasté ve tfidé RC V a RC VI, skute€nému horninové-
mu prostredi. V tabulce 1 je pokles stropu vyrubu uveden podle skutec¢nosti, plivod-
né predpokladané hodnoty poklesti byly mnohem mensi, nez bylo predpokladano
v projektu.

Jak bylo z popisu geol. profilu zfejmé, podminky pro razbu tunelli byly vice nez
priznivé; 4 % RC |, 36 % RC II, 43 % RC IIl; v téchto horninach by razba byla bez-
problémova, 15 % RC IV, kde by se razba setkala s malymi problémy a kone¢né
2% RCV, kde by razba byla skutecné obtizna. Nanestésti skutecnost, jak bylo zjis-
téno béhem razby, byla mnohem horsi nezZ ty nejpesimistictéjsi predpoklady. Ve
velmi obtiznych podminkéach bylo 47 % celkové razby, tj. v horninach tfidy RC V,
RC Vlav portalovych ¢astech. Existovalo nékolik dGivodd, pro¢ byla skutecnost tak
rozdilna oproti pfedpokladu vyplyvajicimu z inzenyrskogeologického prizkumu.
Za prvé, jak je vidét z obr. 3, ve stfedni ¢asti podéIného profilu nebyl situovan pfizni-
vy vépenec nebo mramor, jak bylo uvedeno v priizkumu, ale grafitické, slidnatogra-
fitické, chloritické a mastkové bidlice spolu s malym mnozstvim porusenych vape-
natych bridlic, zatimco pevny véapenec, jak byl deklarovan v prizkumu, se nachazel
pouze ve svrchni ¢asti uvedenych problematickych hornin.

Za druhé, tyto pro tunelovani velmi obtizné horniny, byly mnohem horsi kvality,
nez bylo pfedpokladdano v geot. prizkumu, vlivem nepfiznivého plsobeni pod-
zemni vody a nepfiznivého uloZeni horninovych vrstev.

Za treti, poslednim velkym problémem bylo nékolik rozsahlych rezervoart pod-
zemni vody (celkem nékolik miliont m®) s tlakem cca 15,0 atp v Urovni tunelové
roury, coZz mélo opét velmi nepfiznivy vliv na kvalitu okolni horniny, nemluvé
o problémech spojenych s tunelovanim ve zvodnélém prostredi.

Z uvedeného je rovnéz ziejma duleZitost peclivého provadéni provozniho geolo-
gického prizkumu v nejblizs§im okoli ¢elby. Na uvedené stavbé bylo posléze
postupovano tak, Zze vidy po 40 m byly v kaloté provedeny a vyhodnoceny
3jadrové vrty a kromé toho byly za pfitomnosti geologa v kazdém druhém prsten-
ci vrtany tfi 8,0 m dlouhé vrty pro ovéreni situace tésné pred celbou.

Horninovy masiv zafazeny do tfid RC V a RC VI byl nejenom silné tlacivy, ale vyka-
zoval i zndmky plastického charakteru deformace. Pouze €asti s vyskytem mra-
moru, vapence, v nékterych mistech slidnaté, kiemité a kiemitofylitické bfidlice

INTRODUCTION

The Selatin tunnels are situated on the motorway IZMIR-AYDIN in Turkey. There
was, during the construction in years 1990 - 2000, directly in site, developed a spe-
cial process for application of NATM in soft rocks. This system of building is
described in the following article. At the beginning, there is short information
about the tunnel construction.

SEVERAL CHARACTERISTICS OF TUNNELS

The Selatin tunnels consist of two tubes, Southbound 3043.00 m and Northbound
3018.00 m, each for one traffic direction. Distance between axes of tubes is 31.00 m.
In plan there are two curves R1=1300.00 m, R2=1150.00 m, longitudinal gradient
generally 2.6 %, maximum overburden 360,00 m, approximately in the middle of
tunnels.

The tunnel cross section has (Fig.1), 3 traffic lines, width 3.75 m, total road width
between curbs is 12.00 m. The height of arch above road is 7.85 m, clearance pro-
file 5.00/12.00 m, inside profile 102.52 m?. Theoretical excavated profile from
123.20 m? for RC | and RC II, to 182.50 m? for RC VI.

GEOLOGICAL CONDITIONS

During the geotechnical investigation along the tunnel alignment the following
kinds of rocks were caught: From the north portal it was approximately 600 meters
alteration of mica and amphibolite schists moderately folded, with several fault
zones. This part was found out to be comparatively favourable rock, assessed as
rock class Il and Ill. It was followed by an approximately 1080 meters long part of
very favourable rock mass, consisting of marble and crystalline limestone,
assessed as RC I, RC Il, RC Ill, RC IV (270 m each). The next 130 meters were creat-
ed by completely decomposed schist, intensively folded and faulted, assessed as
RC IV (50 %), RC V (50 %). In the following approximately 600 m there were encoun-
tered miscellaneous rocks: micaschist, graphiteschist, talcschist, gneiss marble,
limestone moderately folded and faulted with fault zones assessed as RC Il (20 %),
RC Il (60 %), RC IV (20 %). The last southern part, approximately 500 meters long,
consisted of micaschist, chloriteschist and gneiss, moderately folded and faulted
with two fault zones, assessed as RC Il (50 %) and RC Il (50 %) (Fig.2). For rock
assessment classification system according to the Austrian Standard NORM B2203
was used. The classification system for the Selatin Tunnels consisted of six Rock
Classes. This classification system was found to be quite convenient although, dur-
ing the realisation, it was necessary to adapt the part, concerning the support, to
the existing rock conditions. In the table 1, the roof settlement amount is given
according to the reality, not as assumed in the design.

According to the geotechnical investigation, the rock condition for tunnel excava-
tion was favourable: 4%RC I; 36%RC II; 43 % RC lll, in these types of rocks the exca-
vation and primary support instalaltion is without any problems; 15 % RC IV, exca-
vation with small problems and finally 2 % RC V, with problematic excavation.
Unfortunately, the reality, how it was found out during the working process was

Obr. 1 PFi¢ny Ffez tunelovou rourou tfipruhového tunelu
Fig. 1 The tunnel cross section with 3 traffic lanes
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NY-RC VYRUBU STAV HORNINY PRIMARNI VYSTROJ: KOTVY, VYZTUZNA ZEBRA, SP. KLENBA, OCHRANNY DESTNIK STRIKANY BETON, OCEL. SIT
ROCK ROOF ROCK CONDITION SUPPORT: ROCKBOLTS, STEELRIBS, INVERT, FOREPOLING SHOTCRETE, WIRE MESH
CLASS SETTLEMENT
RCI Neni méfitelna Pevna, stabilni Kotvy @ 28; 4,0 m dl.; mistné podle potfeby; max. délka zabéru 4,0 m. 5,0 cm sti. beton, zadnéa vyztuz
RCI No deform. stable RB @ 28; 4.00 m long, occasionally as locally required; 5.0 cm shotcrete, no wire mesh
measurable max. length of round 4.00 m.
RCII 0-5,0 cm Po vylomu Kotvy @ 28; 4,0 m dl.; mistné podle potieby; délka zabéru 2,5-3,0 m. 10,0 cm stf. betonu +1x ocelova sit
mist. opadava v klenbg; 5,0 cm stf. beton v opéfi
RClIl 0-5.0cm afterbreaking RB @ 28; 4.00 m long; occasionally as locally required; 10.0 cm shotcrete, 1x wire mesh
length of round 2.5-3.00 m at crown; 5.0 cm shotcrete at sidewall
RC Il 5,0-10,0 cm Slabé drobiva Kotvy @ 28; 4,0 m dl. kazdé dva metry; ocelové | prof. NPl 140 v pfistropi; 15,0 cm stf. beton,
ochranny destnik @ 32, max. délky 4,0 m podle potteby, délka zabéru 2,0 m. 1x ocel. sit v celém profilu
RCIll 5.0-10.0 cm Slightly friable RB & 28; 4.00 m long, every 2.00 m; steelribs in the top heading (NPI 140); 15.0 cm shotcrete, 1x wire
forepoling @ 32, max. length 4.00 m if necessary mesh everywhere
RC IV 10,0-15,0 cm Drobiva, Kotvy @ 28, 4,0 m dl. kazdych 1,5 m; v paté klenby 2x 8,0 m dl.; 20,0 cm sti. beton;
slabé tlaciva ocel. | prof. 2x NPI 140; ochr. destnik & 32, 2,5 m dl. podle potteby, 1x ocel. sit v celém profilu
délka zabéru 1,5 m.
RCIV 10.0-15.0 cm Friable; RB & 28; 4.00 m long, every 1.5 m; at the bottom of the top heading 20.0 cm shotcrete; 1x wire mesh
slightly pressure 2x 8.00 m long RB; steel ribs 2x NPI 140; forepoling @ 32, 3.00 m, everywhere
exerting long if necessary; invert, if necessary
RCV 15,0-30,0 cm Drobiva, tladiva Kotvy @ 28, 6,0 m dl. v pfistropi, 8,0 m dI. v opéfi, 4 kusy na kazdé strang; 25,0 cm sti. beton;
délka zabéru 1,0 m; ocel. | prof. Gl 140, nebo 2x NPI 140, nebo TH-29; 1x ocel. sit, vylom pfistropi
ochr. destnik @ 32, 2,5 m dI.; spodni klenba 25,0 cm + 2x oc. sit musi byti rozélenén
a 4,0 m dl. kotvy, délka zab. 1,0 m.
RCV 15.0-30.0 cm Friable; RB & 28; 6.00 m long in the top heading, 8.00 m long RB in sidewalls, 25.0 cm shotcrete; 1x wire mesh;
pressure exerting 4 pieces either side, all every 1.0 m; steelribs GI 140, or 2x NPI 140, or TH-29; excavation of top heading
forepoling @ 32 rebar or pipe, 2.5 m long; invert 25.0 cm has to be divided
thick with 2x wire mesh and 4.00 m long RB in the bottom
RC VI Vice nez 25,0 cm Silné tlaciva Kotvy @ 28, 8,0 m dl. v pristropi; 2x 12,0 m dl. v paté klenby na kazdé strané; 30,0-35,0 cm stikany beton;
8,0 m dl. v opéfi; oc. oblouky TH-29; ochr. destnik @ 32, 4,0 m dI; 2x ocel. sit, vylom pfistropi
sp. klenba 30,0-35,0 cm, 2x oc. sit a 4,0 m dI. kotvy ve sp. klenbé; musi byti roz€lenén.
40,0 cm Siroké def. mezery ve st. betonu, podle potieby, délka zabéru 0,75 m. Pilotstola, podle potieby.
RCVI More than 25.0 cm| Heavily pressure RB & 28; 8.00 m long in the top heading, 2x 12.00 m long RB each side 30.0-35.0 cm shotcrete;
exerting in the bottom of the top heading; 8.00 m long RB in sidewall;steelribs TH-29; 2x wire mesh; excavation
forepoling @ 32 rebar or pipe, 4.0 m long; invert 30.0-35.0 cm thick, of top heading has to be devided
2x wire mesh and 4.00 m long RB in the bottom, open deformation (pilot gallery, if necessary)
slots 40.0 cm wide, if necessary

Tab. 1 Klasifikacni tabulka hornin pro selatinské tunely
Table 1 Rock classification for Selatin tunnels

byly pro razbu pfiznivé. Optimisticka predpovéd vyplyvajici z prizkumu spolu se
$patnym ohodnocenim skute¢né geologické situace vedly z pocatku ke dvéma
kolapstim pfiblizné 20,0 m dlouhym. Bylo zfejmé, Ze je nutno zcela prehodnotit
pristup k pracovnimu procesu, zpusobu vystrojeni a zvlasté pak k vyhodnocovani
idajt ziskanych méfenim deformaci tunelového vyrubu a naslednému ovliviio-
vidla postupu v téchto obtiznych geologickych podminkach pod nazvem "Metoda
fizené deformace v NRTM". Jak je z pfedloZenych material( zfejmé, popisované
zkuSenosti byly ziskany pfi stavbé hlubinného tunelu ve velmi proménlivém geo-
logickém prostiedi. Stavba tunel( mélce ulozenych ma svoje zvlastni specifika
a pfi jejich vystavbé je tfeba postupovat s obzvlastni opatrnosti, aby vlivem razby
nedos$lo ke znehodnoceni geotechnickych vlastnosti horninového masivu naché-
zejiciho se v nadlozi.

METODA RiZENE DEFORMACE

Pouzit novou rakouskou tunelovaci metodu pro vystavbu tunell Selatin bylo roz-
hodnuto z nékolika divod(. Za prvé je to ve velké vétsiné pfipadl nejekonomic-
téjsi zplisob vystavby, protoZze podle zakladni myslenky NRTM je horninovy tlak
prenasen ve vétsingé pripad( hlavné horninovym prstencem vytvorenym kolem
vyrubu pomoci kotevniho systému, ve spolupraci s ostatnimi slozkami primarni-
ho a sekundarniho vystrojeni vyrubu. Proto celkova tloustka osténi mize byt
v nékterych pripadech slabsi a nasledné i plocha vylomu mensi. Za druhé je
mozZno pouZit pro vystavbu vSechny druhy potifebné tézké mechanizace v kazdém
okamziku pracovniho procesu, coZ ovliviiuje rychlost vystavby a tim opét jeji eko-
nomiku. Treti, ale nikoliv nejmensi vyhodou je jeji schopnost pfizplisobit se zméné
geometrickych rozmérd vyrubu i okamzité zméné geologickych pomérd, coz vsak
znamena, Ze na projekt je tfeba pohliZet pouze jako na prvni priblizeni se konkrét-
ni skutecnosti, které musi byt béhem vystavby priibézné operativné upravovano.
Podnétem pro takové Upravy muze byt napriklad nevyhovujici pracovni postup
v proménnych geologickych podminkach, zpiisob a velikost deformace tunelové-
ho vyrubu apod. V pfipadé tunelu Selatin byla bezprostiednim diivodem zmény
projektu tykajici se primarniho vystrojeni nadmérna deformace vyrubu (az 80,0
cm v klenbé a 50,0 cm ve spodni klenbé) vedouci ve dvou jiz zminénych pfipadech
az k jeho uplnému zavaleni.

Primarni vystrojeni NRTM je tvofeno obvykle kombinaci kotevniho systému, stfi-
kaného betonu, riiznych typ vyztuznych Zeber, spodni klenby a dalSich prvki jako

much worse than the most pessimistic estimation. In very problematic rock condi-
tions, there were 47 % of tunnel excavations; RCV, RCVI and portal class. There
were several reasons, why reality was so different from the geologic investigation.
Firstly, as it is possible to see in Fig. 3, in the middle part of the longitudinal sec-
tion, there was no limestone, as in geotechnical investigation report, but bad qual-
ity graphiteschists, graphitemicaschists and only a little of jointed lime-
stoneschists, while limestone was situated only as a covering part of these bad
quality rocks.

Secondly, these unfavourable rocks were much worse quality than it was estimat-
ed in the geotechnical report, because of underground water presence and
unfavourable influence of the rock foliation direction.

Thirdly, the last reason were several extensive underground water reservoirs
(together several million m*) under high water pressure (15,0 bars) in friable lime-
stones, with considerable influence on the neighbouring rocks quality, not speaking
about problems connected with tunnelling in water saturated surroundings.

Rock classes RC V and RC VI were heavy pressure exerting, even exhibiting plastic
behaviour; only parts with marble, compact limestone, in some sites micaschists,
quartzschists and quartzphylitschists were favourable. The optimistic prediction
together with wrong assessment of the existing geological situation led from the
beginning to two collapses, approximately 20.0 m long. Therefore it was necessary
to make immediately some improvements into the excavation's primary support
towards the design and farther to develop a new system of the following working
process.

It was done directly on the site in the cooperation with the contractor, supervision
and the designers, for the better assessment of the consequences of the excava-
tion, to determine arrangements for keeping them within acceptable limits. The
result of it was the so called "CONTROLLED DEFORMATION METHOD IN NATM".
what will be described farther. As evident from the presented materials, described
experience was gained on the structure of deep tunnels, in very variable geologi-
cal surroundings. The construction of shallow tunnels has its own specifications,
and in time of the realization it is necessary to go forward very carefully, so that the
geotechnical quality of the rock mass in overburden is not affected by the excava-
tion.

THE CONTROLLED DEFORMATION METHOD

It was decided to use the NATM as a tunnel building method for the Selatin tun-
nels because this method is based on the results of the last scientifically estab-
lished principles and has a lot of advantages against other existing possibilities of
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Obr. 2 Geologické situace dle prazkumu
Fig. 2 Geological situation based on the geotechnical report
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Obr. 3 Geologicka situace zastiZzena pfi vystavbé
Fig. 3 Geological reality encountered during construction

napf. ocelové sité, ochranny destnik v Celb&, kotveni celby apod. MnoZstvi
a dimenze jednotlivych elementl jsou stanoveny v projektu na zakladé vysledk
geotechnického prizkumu. Jak jiz bylo feceno, je tfeba v pribéhu praci pfizplso-
bit tento navrh skute¢nym vylomovym podminkam, které se mohou ménit v kaz-
dém nésledujicim prstenci, a které v geotechnickém priizkumu nebyly a ani
nemohly byt dostatecné presné vystizeny.

Prakticka otazka pak bude: je pouZzito spravné mnozstvi a dimenze jednotlivych ele-
mentd primarniho vystrojeni? Jak pozdéji uvidime, odpovéd na tuto otazku Ize
obdrZet z vysledkl méreni deformace tunelového vyrubu a zku$enosti ziskanych
béhem postupu vystavby. Z tohoto hlediska vyplyva velkd duleZitost, kterd je
v NRTM méfeni deformaci a jejich vyhodnocovani pfisouzena. Z jejich vysledkd Ize
vycist nejenom zdali Ginosnost instalovaného primarniho vystrojeni je dostatecna,
ale v pripadg, Ze tomu tak neni, kde je tieba vystrojeni zesilit a jakym zptsobem.
Pro moznost tohoto posouzeni je tfeba mit k dispozici teoretickou deformacni kfiv-
ku pro urcitou velikost vyrubniho profilu a konkrétni geologickou situaci. S touto
kiivkou by pak bylo moZno porovnavat pribéh skutecnych deformaci, méfenych
v pfistropi nejcastéji ve tfech bodech ABC (obr. 5) a pozdéji i v opéfi v bodech DE.
Maximalni deformace sledovanych bod(i by se mély v zavislosti na ¢ase a vzda-
lenosti od Eelby plynule ménit podle stanovené rovnice (1) az do urcité ustalené,
z vypoctu stanovené hodnoty, nazvané "optimalni deformace", ktera by na jedné
strané tvorila hranici pro nadmérnou deformaci, na druhé strané, pokud by porov-
navana deformace byla pfili§ mald, by byla signalem o plytvani materialem v pri-
marnim vystrojeni vyrubu.

Je zndmo, Ze informace, které jsou ziskany prostiednictvim méfeni deformaci,
maji byt vyuZity ke stabilizaci horniny kolem vyrubu. Je ovSem tfeba védét jak
a hlavné ve kterém okamZiku reagovat na varovani, které horninovy masiv posky-
tuje prostfednictvim svého pretvareni. K tomu ma pfispét pravé jiz zminéna
"Metoda fizené deformace".

Na obr. 6 je zndzornéna mnohokrate publikovana a diskutovana hypotéza vztahu
mezi kontaktnim napétim d; a deformaci vyrubu exd. Z tohoto naértu vyplyva, ze
fce (Oc, exd) nabyva v blizkosti po¢atku (Selby) svého minima, kde hodnoty dc jsou
nejmensi. Jestlize tudiz dokazeme, aby se deformace vyrubu pohybovala
v mezich 1,2 grafu, tj. v mezich "optimalni deformace", bude na primarni osténi
plsobit nejmensi kontaktni napéti. Nyni je tedy tfeba stanovit néjakym zplisobem
velikost této "optimalni deformace” a déle pak priibéh teoretické deformacni kiv-
ky, se kterou by bylo mozno srovnavat pribéh deformaéni kfivky skute¢ného
méreni a kterd by vedla ke kone¢né deformaci pfiblizné rovné hodnoté stanovené
"optimalni deformace".

F 1 1=

performances. At first, it is the most economical way of building, because accord-
ing to the main idea of the NATM, existing rock pressure is carried on mostly by a
rock ring created around excavation by means of rockbolts, in a composite action
with the primary and secondary tunnel lining. Therefore the thickness of the sec-
ondary lining can be lesser and the excavation is smaller, too. At the second, it is
possible to use all kind of heavy tunnel machines in every moment of construction,
which influences the speed and economy of building. At the third, the method's
great advantage is the adaptability in changeable geological conditions, it means
that design is necessary to be understood as the first proposal, which has to be
changed according to the geological reality. The reason for such a decision could
be, for instance, large deformation (in case of the Selatin tunnels up to 80,0cm in
the arch, around 50,0cm in the invert).

Primary support of excavation, performed by means of NATM, is designed usual-
ly as a combination of a rockbolting system, steel ribs, invert, shotcrete and the
other components as wire mesh, forepoling, rockbolting of the face etc. (Fig.4).
Amounts and dimensions of these elements are determined at the beginning on
the base of the geotechnical investigation. As mentioned above, it is necessary
during the construction to adapt the design to the immediate condition of the rock
mass, which could be changeable in each ring. The practical question will be if the
correct amount of the support elements is used. It will be shown later that the
answer will result from the measurement of deformation, together with the appli-
cation of knowledge gained from the working process. From this point of view, a
great importance of the measurement of the deformation for the NATM applica-
tion.It should answer the question not only whether the loading capacity of
installed primary lining is sufficient, but also to answer where it is necessary to
make it stronger and in which way. For the possibility of this decision it is neces-
sary to compare the course and magnitude of practical excavation's deformation
(from the beginning measured mainly in points A,B,C; and also in DE, (Fig. 5) with
some theoretical deformation curve with certain safety margin, deformation limit,
which is in the presented article called "the optimum deformation”. The maximum
deformation should change in time and with the distance, in extreme case the
excavation collapses. On the other hand, if the deformation is too small, it signals
the waste of the supporting material. The way to determine the size of the previ-
ously mentioned "optimum deformation" and the course of the theoretical defor-
mation curve will be shown later.

Information which is gained from the deformation measurement can be, of course,
used for the stabilization of the rock mass around the excavation. However, it has
to be known, how to use it in a proper way and also it is necessary to react in right
time to the warning, which rock mass signals through its movement. The hypoth-
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Obr. 4 Funkce kotevniho systému
Fig. 4 Function of rock bolting system

am [dny¥l
Thme {abava
) i E t
o8 " cu 1 1
! -.,“ _I.-" E_
E M & !
i =
= defarmadni kifiv ks dogmivami delormeie
q_.____l?-d'ﬂdg?--m Nmmpmiwhing <l ermaiion aree
j Predpokdidany orliovy fus i

optimblnl delormace
il A oY F AR e dylrmanen

Obr. 5 Teoretickad deformacni kFivka
Fig. 5 Theoretical deformation curve

STANOVENI VELIKOSTI "OPTIMALNi DEFORMACE"

1. Nejprve je nutno stanovit zatizeni horninové klenby, vytvorené predbézné navr-
zenym kotevnim systémem (obr. 4) [2]. To je moZno provést na zékladé nékteré
z hypotéz mechaniky hornin, pouZit vypocet pomoci MKP, nebo vyjit z méFeni pro-
vedenych béhem realizace pfimo na stavbé (stanoveni rozvolnéné oblasti kolem
vyrubu a pod.).

Na tomto misté je tfeba se zminit o dllezitosti véasného osazeni kotevniho systé-
mu. K tomu, aby se konstrukce vytvofend soucinnosti kotev a horninového masi-
vu stala funkéni, je tfeba urcité deformace, tim vétsi, ¢im je modul deformace
horninového prostiedi mensi. Deformace tunelového vyrubu zacina jiz v oblasti
pred Celbou a jestlize nejsou kotvy instalovany z technologického hlediska co
mozno nejdfive, dojde ke vzniku tzv. "ztracené deformace”, kterou pro stabilizaci
vyrubu a aktivaci kotevniho systému jiz nelze vyuZit a kterd méa nepfiznivy vliv na
nejblizsi okoli vyrubu, pfipadné na povrch nadlozi. Pfipad, Ze dojde pfi narlistu
deformace tohoto druhu az k néjakeé kritické hodnoté, miZe mit za nasledek zava-
leni vyrubu, i kdyZ navrzeny kotevni systém bude posléze instalovan. Velmi dule-
Zita je tedy obecné platné zasada: kotevni systém bude Uspésny tehdy, bude-li
instalovan ihned po provedeni vyrubu, tj. co nejblize k ¢elbé, na pocatku mére-
nych deformaci. Z tohoto pozadavku vyplyva dal$i zasada, Zze body pro méreni
deformaci musi byt instalovany a nulové méfeni provedeno co nejdfive po pro-
vedeni vyrubu.

2. Ve vytvofeném modelu se pak provede vypocet napéti a deformace v hornino-
vé klenbé preduréené podle urcitych zésad navrzenymi kotvami a stanovi se nutné
zmény v délce a hustoté kotev tak, aby napéti v této klenbé odpovidalo s uréitou
bezpeénosti geotechnickym vlastnostem horninového prostredi a pfitom defor-
mace klenby se pohybovaly v pfijatelnych mezich. Timto zplsobem stanovena
konvergence vyrubu je pak oznacena jako "optimalni deformace” pro urcity typ
horniny, konkrétni tunelovy profil a upraveny navrh primérniho vystrojeni. Pfi
dostate¢né zkusenosti Ize v nékterych pfipadech, pro danou velikost kone¢ného
vyrubu a konkrétni geotechnické podminky, velikost optimalni deformace Uspés-
né odhadnout.

Vzhledem k tomu, Ze vstupni informaci, ktera je pro feseni této ulohy k dispozici,
Ize témér vidy oznadit za pribliznou, neni tfeba pro vypocet deformace uvazovat
s pfiznivym vlivem nékterych sloZek primarniho vystrojeni, napf. stfikaného beto-
nu, a to z nasledujicich divodti. Pokud Ize oéekavat, Zze deformace vyrubu se budou
pohybovat v malych hodnotach, skofapka stfikaného betonu bude bez zvl&stniho
odporu tuto deformaci sledovat jako celek, pficemz deformace se bude realizovat
zaborovanim patek. Jestlize béhem vétsi deformace tunelového vyrubu dojde
k poruseni stfikaného betonu, nebo jsou-li dokonce v osténi imysiné vytvoreny
prazdné mezery umoziujici volnou deformaci, pak stiikany beton rovnéz velikost
konvergence nemuze podstatné ovlivnit. Proto je tedy mozno v feSené uloze "sta-
noveni velikosti optimalni deformace vyrubu" vliv stfikaného betonu zanedbat,
stejné jako vliv ¢elby, ktery vlivem postupu praci pomine, a dalSich, v tomto oka-
mziku nepodstatnych skutecnosti. Vliv stfikaného betonu na deformaci vyrubu se
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Obr. 6 Fenner-Pacherova kfivka s vyznatenim oblasti optimalni deformace
Fig. 6 Fenner-Pachor curve with optimum deformation area

esis about the relation between the contact pressure sc and the excavation's defor-
mation is demonstrated in Fig. 6. From there, it can be seen that near the face there
exists an area, where the contact pressure is the smallest [1] and this is the value,
which is called "the optimum deformation". Now, the only thing left is to determine
the size of the deformation and the deformation curve course, for the certain rock
environment, in order to use it for comparison with the real measurement and
come by this way to the final excavation's deformation equal to the value of the
optimum deformation.

THE OPTIMUM DEFORMATION MAGNITUDE

At first, it is necessary to determine in some way the loading of the rock arch, cre-
ated by the preliminary designed rockbolts (Fig. 4) [2]. It is possible to go out for
instance from some rock mechanics hypothesis, to use the final elements calcula-
tion, or to use some kind of site measurements. At this place it is necessary to men-
tion the importance of the rockbolt system installed on time. The rockbolting rock
arch has to pass a deformation process, in order to get into function. The worse the
rock environment quality, the larger deformation has to take place to activate the
arch. The excavation deformation starts in front of the excavation face and if the
rockbolt system is not installed in time, possible to say-as soon as possible, so
called "lost deformation" occurs, which cannot be used for the activation of the
rockbolt arch and which has unfavourable influence on the nearest surroundings
of the excavation. A case where a significant increase of this deformation occurs,
can result in a total excavation collapse, in spite of the rockbolts installation. Very
important is therefore the principle: a rockbolting system will be succesfull only if
it is installed as soon as possible after the start of the deformation measurement.
At the second, to perform the stress and strain calculation of the rockbolting rock
arch and change in the number and length of the preliminary stated rockbolts is
needed, so that the excavation deformation and stress in rock mass around the
excavation would be suitable. This way of the calculated deformation will be called
"the optimum deformation" for a certain type of the rock, tunnel cross section and
an arranged type of primary lining. In this step, it is possible to neglect shotcrete,
as well as the influence of the faceand other, at this moment unimportant, subjects.
The stress in any rock arch section has to correspond to the geotechnical charac-
teristics of the surrounding rock mass. If it doesn't, the previously designed rock-
bolts have to be designed once more. Why the shotcrete primary lining is neglect-
ed at this step of calculation? There are three reasons. In case of small deforma-
tion, the deformation increases during the gradual opening of the excavation and
because in this step of building the shotcrete lining is not closed, shotcrete is capa-
ble of following the increasing rock mass deformation. In case the deformation is
going to be bigger, it comes to the destruction of shotcrete lining for its inability to
follow this magnitude of deformation without ruptures. At last, in case of really
considerable deformations, the best way to prevent the destruction is to use gaps
in the primary lining shotcrete immediately from the beginning. This type of lining
is capable to survive even big amounts of the deformation, without the destruction
of the shotcrete layer.

It is always necessary to have on mind, that all here presented statements are
established on the observation of the horizontally divided excavation. In case of
other division of the excavation, e. g. vertical division, it is possible that the influ-
ence of the shotcrete layer will be very significant and that its influence cannot be
neglected. The fact is, that for the same rock, the same excavation profile and si-
milar primary lining, different "optimum deformation" values exist, depending on
the working process. The explanation of this phenomenon is going out from the
different step of the "lost deformation” during the different working process used.
These facts are very difficult to interpret into calculation solution and in case of bad
circumstances; one can come to a quite wrong solution. Therefore it is always ne-
cessary to compare the results with the measured reality.
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v plné mife projevi az po Uplném uzavieni primarniho osténi, pokud do té doby
nedojde k jeho poruseni. Pfi vyuZivani uvadénych poznatkl je vSak tfeba mit na
zf'eteli, Ze vyplyvaji ze sledovani horizontalné rozélenéného vylomového profilu. Pfi
jiném postupu pracovniho procesu, napf. pfi svislém ¢lenéni, nebo v pfipadé, ze
vlivem geotechnickych podminek kotevni systém nemuze byt dostatecné funkéni,
dochézi k pomalé degradaci jeho Unosnosti (plasticky jil), bude stfikany beton pro
stanoveni optimalni deformace hrat vyznamnou roli a jeho pfiznivé plsobeni zane-
dbat nelze. Ve vypoctu deformace pomoci MKP neni tplné postizen pfiznivy vliv
kotev, protoZe zatim jejich skutenou funkci pfi pouZziti matematického modelu
nedokaZzeme pravdivé vystihnout. Ve vypoctu se zavadi jejich vliv pouze tloustkou
horninové klenby, kterou vymezuji kotvy svoji délkou a zménénymi mechanickymi
a fyzikaInimi vlastnostmi horniny v této oblasti. O tom, Ze svym puisobenim vytva-
feji v horniné kolem vyrubu novou kvalitu, v§ak nemuze byt pochyb, vyplyvéa to
napf. z extenzometrickych méreni. Dal§im praktickym dikazem pfiznivého puso-
beni je skute¢nost, Ze v nékterych pfipadech dochéazi vlivem deformace hornino-
vého masivu az k pretrzeni kotevnich ty¢i. Pokud se tyka svislého a vodorovného
¢lenéni vyrubu, Ize obecné vyslovit konstatovani, Ze pro tyZ profil ve stejnych geo-
logickych podminkéach bude koneéna deformace vyrubu pro svislé ¢lenéni vidy
mensi nez pro ¢lenéni vodorovné. Jako vzdy pfi feSeni jakékoli sloZitéjsi tlohy i zde
je treba nejprve dobie promyslet a zdlvodnit mechanismus pUsobeni jednotlivych
dil¢ich Cinnosti (napf. ¢aste¢nych vyrubl) na celkovou funkci sledovaného feno-
ménu a pak se teprve pustit do feSeni zkoumaného problému. Z tohoto konstato-
vani dale vyplyva skute¢nost, Ze pro tutéZz horninu pfi stejném profilu vylomu
a podobném provizornim zajisténi existuje rizna velikost "optimalni deformace"
v zavislosti na zvoleném postupu pracovniho procesu vystavby. Vysvétleni tohoto
jevu vyplyva z rlizného stupné vyuziti "ztracené deformace", pfi odlisnych zplso-
bech vystavby podzemniho dila. To je v8ak pocetné velmi tézko postizitelna sku-
tecnost, ktera pfi nespravné interpretaci pouzitych tdaji muize vést az k vysledkim
velmi odliSnym od spravného feseni. Proto je tfeba ziskany vysledek vZdy kon-
frontovat se skutecnosti a korigovat tak vypoctené hodnoty.

3. Z takto stanovené deformace a ze zkusenosti odhadnutého celkového deformac-
niho ¢asu muZe byt nakreslena teoreticka konvergenéni kfivka (viz rovnice 1). Vzhle-
dem k tomu, Ze vypocet optimalni deformace byl proveden pouze pfiblizng, je tfeba
i na tuto kfivku pohliZet jako na prvni pfiblizeni se ke skute¢nosti, které bude béhem
pracovniho procesu dale upfesiiovano. Z toho divodu je rovnéZz nutno béhem
postupu peclivé sledovat a zaznamenavat vSechny zmény geologie, které samo-
zfejmé velikost deformace obvykle nejvice ovliviiuji. Kone€ny tvar deformacni kfiv-
ky, vyplyvajici z korigovani vypoctu vysledkem nékolika provedenych méreni, se
nazyva korelacni deformacni kfivka a uZiva se pak dale jako smérodatna kfivka pro
rozhodovani o nutnosti Upravy nebo doplnéni provizorniho vystrojeni vyrubu.
Jakmile je stanovena korelacni def. kfivka, staci pak pouze méfit skutecné defor-
macni kfivky a porovnavat je s jejim pribéhem. Jestlize se méfena deformace
zacne od ni nepfiznivé lisit, je nutno okamdZité zesilit primarni osténi v patficném
misté osazenymi kotvami. Rovnéz je mozno priibéh deformaci ovlivnit napf. zmé-
nou pracovniho postupu.

Déle je tfeba mit na paméti, Ze neporusena spodni klenba, ¢as jejiho provedeni,
rozumi se ve vztahu ke vzdalenosti od ¢elby, ma na konec¢né zastaveni deformaci
rozhodujici vliv a tim také na celkovou stabilizaci vyrubu.

4. PYi aplikaci zésad MRD neni podstatou monitoringu zji$téni o dosaZeni nebo
nedosazeni uritych stanovenych deformacnich hodnot, ale dlileZity je zpusob, jak
ktery méficky bod téchto hodnot nabyva. To znamen4, Ze rozhodovani o instalaci
posilujiciho kotveni nevyplyva z dosazeni uréitych meznich deformaci, ale z defor-
macni rychlosti, trendu v kterémkoliv okamZiku vystavby priméarniho osténi.
Z tohoto konstatovani vyplyva podstata myslenky MRD: Pro rozhodovéni o nut-
nosti zesileni primarniho osténi neni dilezité dosazeni stanovenych deformacnich
mezi, ale dynamika vyvoje deformacni kfivky, tj. deformacni rychlost a jeji zména
v urgitém ¢asovém Useku.

5. Definovana deformacni kfivka je ve skute¢nosti soucet dvou deformaénich hodnot.
Prvni ¢ast je hodnota pruzné deformace, ktera je zavisla pouze na deformacnich
charakteristikach horninového prostedi, velikosti vyrubu a vzdalenosti sledova-
ného profilu od Eelby (od uréité velikosti této vzdalenosti, cca 1D, se pruzné defor-
mace profilu prakticky jiz neméni).

Druha ¢ast je zavisla pouze na reologickych vlastnostech horniny a mize narstat
po znacné dlouhy Casovy interval (napf. 6-12 més. apod.), nezavisle na vzdalenosti
od Celby.

STANOVENI PRUBEHU KONVERGENCNI KRIVKY

Ze studia a porovnavani velkého poctu méfenych dlouhodobych deformacnich
krivek dospéli autofi k zavéru, Ze vztah deformace vyrubu k ¢asu, ktery vede ke sta-
bilizaci vyrubu, Ize jednoduse, v dok & shodé se skute¢nosti, nahradit parabolou
druhého stupné v nasledujicim tvaru:

¥ __;_n'_ X ; 1.\'| (1
o\ k.
kde Y = okamzitd deformace (cm)
X = ¢as, ktery uplynul od osazeni méf. bodu (dny)
d = stanovena velikost optimalni deformace (cm)
a = konecny Cas celkové deformace (dny)

Neznamou veli¢inu a je mozno, jak jiz bylo feeno, stanovit napf. na zékladé zku-
Senosti (viz tabulka 2). Bylo zjisténo, Ze pro pevné horniny se tato hodnota pohy-
buje ve dnech (max. 10), pro mékké horniny je to pfiblizné jeden mésic, pro velmi
mékké az plastické horniny jsou to tfi az Sest mésicu. Na kazdé lokalité pracuje,

= - ra o

- !: - [ Lim
I I i s -
¥ ¥ ] L

e P e

~odbparan s ipesdes Lhiskbs
e = v

1
-ll'rll_ Uy irma huslmsrin
ey i :Ii.l'!n:tﬂ
|

Inmlal Ladis
= [ e L
2
e e s 1 P N Y

[ -
M o i e
-

Obr. 7 Stabilizace vylomu podle metody Fizené deformace
Fig. 7 Excavation stabilisation according the controlled deformation method
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Obr. 8 Vliv deformacni doby na tvar teoretické deformacni kfivky
Fig. 8 Deformation time influence on the shape of the theoretical
deformation curve

Shotcrete is capable of resisting deformation only when the primary lining is com-
pletely closed and it hasn't come to its rupture yet.

At the third, the course of deformation's curve can be drawn from this stated defor-
mation and from the experience of the estimated total deformation time (depends
on the rheological rock behaviour).

Finally it is necessary to follow the real excavated profile deformation during the
excavation and compare it with the theoretical profile. When the deformation starts
to be too different from the theoretical deformation curve, it is necessary to
arrange the primary support stronger immediately by the installation of additional
number of rockbolts. It is necessary to remember, that also undisturbed invert, in
time of its building and distance from the face has a big significance for the stabil-
ity of the excavation.

THE TIME-DEFORMATION CURVE

For the possibility of the real time-deformation curve's course following it is nec-
essary to find out the theoretical shape of this curve. From a big number of the
deformation curves studies the author has come to the following result. For the
expression of this time-deformation curve it is possible to use equation of parabo-
la in the shape:

g (xr ) (1
¥t | - 2X |
o L i J
Where Y = immediate deformation (cm)
X = time (days)
d = calculated value of optimum deformation (cm)

a = time in which it will come to the end of the deformation  (days)
The presented relationship is valued without any arrangement for the horizontal
excavation profile division.

The unknown quantity can be determined approximately from experience. It was
found, that for strong rocks this quantity moves in days (max. 10), for soft rocks it
is around one month, for very soft till plastic rocks it is from three to six months.
In every site an experienced geotechnical specialist is capable of estimating the
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nebo na ni alesponi dozira, néktery ze zkuSenych geotechnickych specialist, ktery
je schopen po urcitém seznameni se s problematikou pfiblizné urcit deformacni
rychlost, a tak doplnit v rovnici chybéjici konstantu. Pfi uréovani veli¢iny a je rov-
néz mozno vyjit i pfimo z rovnice (1) s vyuzitim koordinat nékterého z prvnich
meéreni. Také je moZno postupovat metodou postupného priblizovani tak, Ze se
srovna nékolik prvnich namérenych hodnot s predpokladanou konvergenéni kfiv-
kou. Jestlize je dosaZeno shody, nalezne se nova konvergenéni kfivka se zméné-
nou hodnotou a. Po ur€ité zkusenosti je to nejsnadnéjsi cesta.

Uvedena zavislost, rovnice (1), plati bez Gpravy opét jen v téch pfipadech, kdy se
jedna o vodorovné ¢lenéni vyrubniho profilu.

Vidy je tfeba mit na védomi, Ze pro zdarnou praktickou interpretaci naznacené
metody ma velky vyznam stabilita éelby [3]. V pfipadech nestabilni horniny ¢asto
dochézi béhem razby k vypadéavani horniny v horni €asti vyrubu jesté pred nastfi-
kénim stabiliza¢ni vrstvy stfikaného betonu nebo k vyjizdéni horniny z éelby, a tim
i ke vzniku malych nebo vétsich nadvylomii jesté pred celbou. Spolu s tim docha-
zi i k nezadoucimu rozvolnéni horniny, k narlstu ztracené deformace a nasledné
pak i ke zvy$eni celkovych deformaci. Proti tomuto jevu je mozno bojovat napf.
nastfikem celby, kratkym nebo dlouhym ochrannym destnikem, lepsim rozélené-
nim vylomu Celby, vytvofenim opérného klinu, kotvenim Celby a pod.

Na obr. 7 je ukazano jak postupovat pfi aplikaci MRD, aby bylo dosaZeno stabiliza-
ce vyrubu pfi stanovené hodnoté optimalni deformace. Je zde uvedena deformac-
ni kfivka bodu "67 A" jizni tunelové roury, ze které je patrno, Ze bylo nutno t¥ikrat
osazovat dal$i kotvy, aby bylo dosazeno pozadovaného pribéhu deformaéni kfiv-
ky a zastaveni deformace na 19,0 cm. ProtoZe zde $lo o mastkové bidlice, které
podle nasledujiciho rozdéleni patfi do treti skupiny mékkych az plastickych hornin,
celkovy deformacni ¢as a byl v tomto pfipadé priblizné 100 dni. Samoziejmé, sou-
Casné byl sledovan i deformacni priibéh sousednich bodl B a C, protoze deforma-
ce profilu neni obvykle symetrickd a z vysledki méfeni je nutno rozhodnout
i 0 umisténi dodatecnych kotev. Z obréazku je zfejmy i podstatny vliv spodni klenby
na stabilizaci vyrubu. Podle zku$enosti z vystavby tunelt Salatin je v mékkych hor-
ninach dulezité uzavfit spodni klenbu co nejrychleji, i kdyZ tento postup bez potieb-
né Upravy primarniho osténi ¢asto vede k jeji destrukci. V uvedeném pfipadé trva-
lo uzavreni profilu 25 dni, coZ nebylo pfili§ Uspésné, avsak stale jesté uspokojujici.
V jinych pfipadech bylo dosazeno uzavieni profilu béhem 14 dnu. Jestlize v podob-
nych podminkach uplynula mezi ¢elbou a provedenim spodni klenby doba delsi
nez jeden mésic, vzdy nasledoval podstatny narist deformaci, pficemz problémy
s jejich stabilizaci vzristaly. Na obrazku je dobfe patrny i vliv vylomu pfistropi
a obou postupnych vylomu v opéfi. Zde je tfeba poznamenat, Zze uvedena Cast
deformaéni kfivky neni ovlivnéna Zadnymi dalSimi skute¢nostmi jako napt. preru-
senim praci, prichodem druhého tunelu atd. Jak vypada pribéh deformaci se
zaznamenanim vsech plsobicich vlivi bude obsahem dal$iho ¢lanku "Zkusenosti
s vylomem v mékkych horninach na tunelech Selatin”.

Na obr. 8 je ukazana konvergenéni kfivka v méficich bodech 71, 72 a 73 severni
roury, kde je zobrazen vliv veli€iny a na teoreticky pribéh deformace spolu se sku-
teénym mérenim. Na tabulce 2 jsou ukazany velikosti optimalni deformace a cel-
kové deformacni Casy pro nékteré typy hornin vyskytujici se v selatinskych tune-
lech. Z uvedenych hodnot ¢asti a deformaci Ize pro podobné typy horninového
prostiedi a stejné rozpéti vylomu odvodit pravdépodobné velikosti potiebnych
veli¢in pro stanoveni korelaéni deformaéni kivky.

HORNINA/ROCK d (cm) a (as/time)
Poruseny, te‘nce vrsFevnaty vapenec 10,00 7-14 dni/days
Jointed laminated limestone 6,00
Grafitické bfidlice 19,00

30 - 45 dni/d:
Graphiteschist 10,00 ni/days
Mastkové a chloritické bfidlice 28,00 L -
Talcschist and chloriteschist 19,00 8B e aenie

Tab. 2 Doba konvergence a ilustrativni hodnoty optimalni deformace
pro tfipruhovy dalni¢ni tunel

Table 2 Time-deformation and illustrative values of: optimum
defomation for a 3-lane highway tunnel

ZAVER

Na hodnoty uvedené v tabulce je tfeba pohliZet jako na hodnoty pfiblizné, platici
pro vyrub o svétlosti cca 16,00 m, ovliviiované okamZitou zménou geologické situ-
ace a pfi jejich stanovovani a praktickém ovéfovani bylo vychazeno ze statisticky
zjisténych skuteénosti. Navzdory véem zminénym nepiesnostem, popsané mys-
lenky a doporuceni o sledovani deformaci a okamzitém reagovani na jejich neo-
Gekavané zmény byly Uspésné pouZity v praxi a pfi pokraovani vystavby obou
tuneld jiz nedoslo k Zzadnym dal$im nepfedvidatelnym udalostem.

Predlozeny ¢lanek by rovnéz rad upozornil na dlleZitost spravné provadéného
monitoringu pfi pouziti NRTM jako metody pro vystavbu podzemniho dila.

Tak, vyvolana praxi, vznikla "metoda fizené deformace".

right speed of the deformation after short time and thus determine the missing
value into the calculation. For the determination of the found value it is also possi-
ble to come out from the equation (1), stated optimum deformation d and the three
first measured convergences in the following profile, or to work in another man-
ner, e.g. the method of trial and error. Using calculated value of the optimum defor-
mation and estimated duration of the deformation, comparing several such gained
values with really measured convergences. If the calculated deformation course is
much different from the first part of measured values, the new shape of deforma-
tion curve is calculated with amended constant a. After some experience with rock
mass, it is the easiest way.

It is always necessary to have on mind that for the practical interpretation of the
above-mentioned principles the face stability has enormous significance [3]. In
case of the weak rocks it happens very frequently that together with the excava-
tion, before a shotcrete stabilization shell is applied, the upper part of the rock face
is going out, into the excavation. In this way smaller or bigger overbreaks are cre-
ated in front of the face, which has influence on the rock loosening and conse-
quently on the future deformation development in this area. Against it is possible
to use shotcreeting of the face, short or long forepoling, a better division of the face
of the excavation, creating a belly-like support against movement, rockbolting of
the face etc. How to install it, in which case, this is not a content of this article.

In the Fig.7, it is shown in which way it is necessary to go forward and how to use
the theoretical deformation curve, to come to the equilibrium according to the
described method. It can be seen in the presented curve at the deformation point
"67A" in the Southbound, that it was necessary to increase the number of rockbolts
three-times, to stop the deformation at 19,0cm. Because there were talcschists
there, which belong according to the previous division into the third group, weak
till plastic rocks, the total deformation time a, in this case, was around 100 days. Of
course, the same process of measurement has to be done in the deformation
points B and C in the right and left neighbourhood of the point A, because the pro-
file's deformation is very rarely symmetrical. From this investigation it is necessary
to decide also on additional rockbolts placing. In the picture it is also possible to
see a big influence of invert on the profile stabilization. From the Selatin experience
it was very important to close the profile as soon as possible. In this case it lasted
25 days, which was not too successful, but still satisfactory. In some other cases
the closing of the profile was reached in 14 days. When, in such similar conditions,
the profile was closed later than in one month, it was always followed by an enor-
mous increase of the deformations. In the picture it is also possible to see the influ-
ence of the top heading and bench | and bench Il excavation.

In this place, it is also necessary to explain, that this stated part of the deformation
curve is not influenced by anything, e.g. by interruption of work, the second tunnel
tube excavation etc. How the deformation curve looks further, with all influences
that will come later, it is the content of another article "Experience with soft rock
excavation in the Selatin tunnel".

Deformation curves at points 71, 72 and 73 Northbound are shown in Fig. 8. The
influence of the value a on the theoretical course of deformation curves is illus-
trated. In the table 2, quantities of optimum deformations d and total deformation
time a for several typical kinds of rock in Selatin tunnel are shown.

CONCLUSION

The values in the table are informative, because a lot of approximate simplifying
facts were used during their determination. In spite of that, the use of the described
ideas and recommendations, about the deformation’s following and immediate
reaction on the unexpected changes, was very successfully used in practice. In fact,
this controlled deformation method originated in the practice.

LITERATURA / REFERENCES

[1] G. Kichler, Dipl. Ing. The safety of the ringlike support structure of the
surrounding rock or soil formation, when applying NATM. (International soci-
ety for rock mechanics, symposium 1985 Mexiko).

[2] H. Wagner, Ph.D.PE. Theoretical aspects of temporary support measures
in shallow and deep tunneling. (Underground construction seminar,
Feb. 2+3 1987, New York).

[3] G. Swoboda and H. Wagner. Design based on numerical modeling. Require-
ment for an economical tunnel construction. (Rapid excavation and tunneling
conference, June 13-17 1993, Boston, Massachusetts).

[4] M. Bucek, Ph.D.Doc, J. Bartak, Rock mechanics and engineer geology. (CVUT,
Prague 1984).



re

2 13. ROCNIK, &. 3/2004

Tunel

DEFINITIVNI KONSTRUKCE AUTOMOBILOVEHO TUNEL MRAZOVKA V PRAZE

FINAL STRUCTURES OF MRAZOVKA VEHICULAR TUNNEL IN PRAGUE
ING. JOSEF DVORAK, ING. PAVEL SOUREK, SATRA, s. r. 0., ING. JIRl MOSLER, METROSTAV, a. s.

uvop

V dobé, kdy vyjde toto ¢islo ¢asopisu Tunel, bude uvedena do provozu dalsi ¢ast
méstského automobilového okruhu v prazské ¢tvrti Smichov. StéZejnim objektem
této Casti je tunel Mrazovka a dokonéeni pfemosténi Plzeriské ulice u jizniho por-
talu Strahovského tunelu. Dojde tak k vyraznému zklidnéni dopravy a zlep$eni
Zivotniho prostiedi v pfilehlé oblasti.

republice novou rakouskou tunelovaci metodou doposud realizovano. PFispévek
se zaméfuje na definitivni osténi a dokoncujici prace, nebot jejich realizace neby-
la v tomto asopise doposud popséana.

DEFINITIVNI OSTENI - NAVRH

Dopravni feseni méstského okruhu si v tunelu Mrazovka vyzadalo realizovat rtizné
profily razenych tunell - tfipruhové, dvoupruhové, jednopruhové, tunelové roz-
plety, tunelové propojky a podzemni technologické prostory. Zasadni vyznam pro
staticky navrh definitivniho osténi mély zavéry ze studie proudéni spodni vody
v okoli tunelu, zejména uréeni ustalené hladiny spodni vody po dokonéeni dila,
jejiz vyska dosahuje az 30 m nad klenbu tunelu. Z podélného profilu trasy, kde nej-
niz8i misto neni u portélu, vyplyva nemoznost gravitatniho odvodnéni tunelu. Na
zakladé téchto predpokladu a s prihlédnutim ke zkuSenostem z vyspélych evrop-
skych tunelafskych zemi byla navrZena celoplo$né uzaviené foliova izolace umis-
téna mezi primarni a sekundarni (definitivni) osténi.

Pro dimenzovani definitivniho osténi byly rozhodujici kombinace nésledujicich
zatéZovacich stav: vlastni tiha, geostatické zatizeni, hydrostatické zatizeni, smr-
§téni betonu, zmény teploty.

Statické vypocty definitivniho osténi byly provedeny metodou konecnych prvki
programem MISES 3 firmy Tdv GmbH z Grazu. Pfi vypocétu v numerickém mode-
lu bylo vyuZito vypocetni metody simulujici vliv rozpadu primérniho osténi
v zévislosti na ¢ase. Zména unosnosti primarniho osténi ma totiz zasadni vliv na
zatiZzeni definitivniho osténi od geostatického tlaku.

Jiz zkuSebni vypocty pfi numerickém modelovéni tfipruhového tunelu ukazovaly
na problém velkych deformaci definitivniho osténi v bocich a spodni klenbé. Sou-
¢asné se i hodnoty ohybovych momentt dostavaly nad redlné moznosti dimen-
Zovani.

Proto se pfistoupilo k velmi nestandardnimu feseni, k zapojeni mostovky (konstruk-
ce nesouci vozovku) jako ztuzujiciho tahla do konstrukce osténi. Tak odpadla nutnost
zesilovani osténi a s tim spojena nutnost zvétseni razeného profilu.

Zapojenim mostovky jako tahla byly snizeny deformace a ohybové momenty
v bocich a ve dné osténi. Deformace dna bez vyuZiti tahla by se projevily nadmér-
nymi deformacemi vozovky od nadzdvihnuti stén. V teoretickych tvahach o navr-
hu betonového tahla figurovala i moznost pfedpinani lany, predpinani tycemi,
nebo kombinace predpinani a betonarské vyztuze. VSechny tyto varianty byly vSak
z hlediska provadéni shledany jako nevhodné. S ohledem na zpUsob zakotveni do
blokli se pouZila pouze betonéiska vyztuz. Pfi statickém posouzeni Zelezobetono-
vé desky mostovky bylo zakladnim predpokladem vypoétu dodrzeni maximalni
Sirky trhlin tak, aby byla zajisténa protikorozni ochrana vyztuze. Kromé namahani
vnitfnimi silami od spoluplisobeni mostovky s osténim je tato konstrukce zatéZo-
véana pohyblivym zatizenim od dopravy a vahou vrstev vozovky. Na kombinaci
téchto zatizeni byla mostovka navrzena, a to véetné vlivu unavy od pohyblivého
zatiZeni.

Staticky model s vyuZitim mostovky jako tahla byl vyuZit pro oba tfipruhové tune-
ly véetné rozpletovych tseku. V pripadé rozpletl (profil vyrubu dosahuje az 335
m?) se v8ak konstrukce tahla-mostovky dostava aZ na samou mez vyuZzitelnosti,
nebot pro zajisténi kritéria maximalni trhliny je v betonové desce tloustky 300 mm
umisténo az 102 R32/m ve tiech fadach nad sebou. Navic nad podplrnymi sté-
nami je tato vyztuz dopInéna pfidavnymi smykovymi ohyby proti protlaceni stén
deskou. Tento fakt vedl k pouZiti betonové smési pro mostovku, kterd se bliZila
betonu samozhutnitelnému, ov8em s nutnosti zajisténi pficného a podélného
spadu mostovky az 2 %. Rovnéz byla upravena maximalni frakce kameniva. Sitka
rozpletu, nutnost zatazeni vyztuze tdhla od jednoho boku klenby k druhému
a nemoznost stykovani pfesahem vedly k nutnosti pouZiti Sroubovacich spojek
vyztuze LENTON.

U ostatnich profill tunelu Mrazovka jiz spoluptsobeni konstrukce mostovky
a osténi nebylo nutné uvazovat.

Prevladajicim naméahanim konstrukce osténi tunelu je mimostiedny tlak s malou
a velkou vystiednosti, posouzeni bylo provedeno dle teorie meznich stavii CSN
731201 - Navrhovéni betonovych konstrukci. Naopak tahlo-mostovka, jako kon-
strukce mostniho typu, byla posouzena dle teorie dovolenych namahani CSN
736206 - Navrhovani betonovych a Zelezobetonovych konstrukei. Rozhodujicim
namahénim u ni byla kombinace tahu s ohybem.

INTRODUCTION

Another section of the City Circle Road will be opened to traffic in Prague district
Smichov about the time of this Tunel magazine issue publication. A principal struc-
ture of this section is the Mrazovka tunnel, including the completed part of the brid-
ge over Plzeriské Street at the southern portal of the Strahov tunnel. This opening
will result in significant silencing of traffic and improvement of environment within
the surrounding area. Certainly, the Mrazovka tunnel is technically the most com-
plex construction that has been realised in the Czech Republic using the New Austri-
an Tunnelling Method. Therefore this contribution is focused on the final liner and
finishing work, which have not been described in this magazine yet.

FINAL LINER - DESIGN

The traffic solution of the City Ring Road required various cross sections of the Mra-
zovka mined tunnel to be applied, i.e. triple-lane, double-lane and single-lane profi-
les, bifurcation chambers, cross passages and underground equipment rooms.
Crucial for the structural analysis of the final lining were conclusions of a study on
groundwater flows in the vicinity of the tunnel, mainly determination of the ground-
water standing level after completion of the Works (the level reaches up to 30 m
above the tunnel crown). It follows from the longitudinal profile of the route (the
lowest point is not found at the portal) that application of a gravity system of the
tunnel drainage was impossible. Based on the above assumptions, and with respect
to experience from developed European tunnelling countries, a closed waterproo-
fing membrane system around the entire circumference was designed, to be instal-
led between the primary and secondary (final) liners.

Combinations of the following load states are crucial for the structural analysis of
the final lining: dead weight, geostatical load, hydrostatical load, concrete shrinka-
ge, changes in temperature.

Final lining analyses were carried out using the Finite Element Method, with appli-
cation of the MISES 3 program developed by a Gratz-based company Tdv GmbH
For calculation in the numerical model, a calculation method was used simulating
the influence of deterioration of the primary liner with time. This was because the
change in the loading capacity of the primary liner affects principally the loading of
geostatical pressure acting on the final liner.

A problem of major deformations of the final liner at the sidewalls and invert was
signalled as early as the phase of trial calculations during the numerical modelling
of the triple-lane tunnel tube. In the same time, values of bending moments excee-
ded realistic capabilities of proportioning.

For the above reason, a very non-standard solution was adopted. A bridge deck (i.e.
the carriageway bearing structure) was incorporated as a stiffening tie-beam conne-
cted to the lining structure. This solution eliminated a need for thicker lining structure
associated with a necessity to enlarge the excavated cross section.

The incorporation of the bridge deck acting as a tie-beam resulted in reduction in defor-
mations and bending moments in the lining sidewalls and invert. Deformations of the
invert without application of the tie-beam would have taken effect in a form of exces-
sive deformations of the carriageway due to heaving of walls supporting the bridge
deck inside its span. Theoretical considerations on the concrete tie-beam design con-
tained also options of pre-stressing with cables, rods, or a combination of pre-stressing
and concrete reinforcement in steel bars. All these variants were found unsuitable in
terms of execution. Concrete reinforcement only was used, with respect to the manner
of anchoring to blocks. A basic assumption for the structural analysis of the reinforced
concrete bridge deck slab was that maximum width of fissures had to be maintained
to secure corrosion protection of reinforcement bars. Apart from the stressing due to
internal forces originating from the bridge deck - liner interaction, this structure is loa-
ded by a live traffic load and the weight of the carriageway layers. The bridge deck was
designed for a combination of those loads, including an effect of live loading fatigue.
The structural model comprising the bridge deck acting as a tie-beam was applied
to both triple-lane tunnel tubes, including bifurcation chamber sections. Regarding
the bifurcation chambers (excavated cross-section area reaching 335 nv’), however,
the tie-beam (bridge deck) structure gets to the very limit of applicability. To secure
compliance with the criterion of the maximum fissure width, there are three tiers of
109 R32/m placed in the 300 mm thick concrete layer. On top of that, additional
shear bent-up bars are placed above the supporting walls to prevent the walls from
punching the slab. This fact resulted in application of concrete mix of nearly self-
compacting composition for the bridge deck. Still a necessity for this concrete mix
to allow the placement at a longitudinal and transversal gradient up to 2% remai-
ned. The maximum aggregate grain size was also adjusted. The width of the bifur-
cation chamber, a necessity to draw the tie-beam reinforcement bars from on side-
wall to the other one, and impossibility to use lap splicing, resulted in necessity to
use LENTON threaded connections of reinforcement bars.

The bridge desk - liner interaction did not have to be taken into consideration for the
other profiles of the Mrézovka tunnel.

Prevailing stressing of the tunnel lining structure is due to combined bending and
compressing with small and large eccentricity. The structural analysis was carried
out using the plastic theory, according to the CSN 736206 standard "Concrete and
Reinforced Concrete Structures Design". Deciding stressing was due to a combina-
tion of tension and bending.
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DEFINITIVNi OSTENI - REALIZACE

Provadéni definitivniho osténi pfimo souviselo s provadénim hydroizolaéniho
systému. V pfipadé tunelu Mrazovka byla pouZita celoplo$na uzaviena féliova izo-
lace na bazi polyolefini (SARNAFIL MP 915-30 B2 o tloustce 3 mm se signalni
vrstvou), doplnénd o injektdzné monitorovaci systém injektaznich bodd a hadic,
ktery umoziuje pfipadné dodatecné dotésnéni vyplnénim prostoru mezi izolaci
a vnéjsim licem definitivniho osténi. Jednotlivé pfi¢né spary mezi sekcemi beto-
naze (délka dle pojizdné hydraulické formy) byly zajistény vnéjsimi tésnicimi pasy
AFI 600/35 MP. Ostatni spary byly zajistény zesilenym pasem izolace.

Vlastni prace nasledovaly po dokonéeni razby tunell provedenim geodetické kon-
troly povrchu stfikaného betonu primarniho osténi tunelu. V zapadnim tunelu byl
k tomuto Gcelu pouzit systém DIBIT, u vychodniho pak systém CYRAX. Oba systé-
my umoznily provést v kratkém case celoplo$né zaméreni a vyhodnoceni povrchu
osténi v pozadované presnosti v fadu milimetr(. Na zakladé vysledk( kontrolniho
zaméfeni byly provedeny lokalni hrubé Upravy primarniho osténi pomoci skalni
frézy Boart Longyear BF 1000 D-5 nasazené na podvozku tunelbagru Liebherr
R 932 Litronic Tunnel.

Nasledovala kone¢na Uprava podkladu pod hydroizolacni folii véetné provedeni
podkladni vrstvy betonu B 20 ve stiedni ¢asti spodni klenby tunelu. Soucasti pfi-
pravnych praci bylo také pfijeti do¢asnych opatfeni proti prosakujici vodé, nebot
Gcinnost plvodni stavebni drenaze umisténé pod primarnim osténim invertu se
ukdazala v dovrchnim tseku jako nedostateénd, a dochézelo tak k hromadéni pro-
sakujici vody pod hydroizolaénim souvrstvim.

Po zhotoveni izolaci spodni klenby tunelu byla, v postupnych krocich, vybetono-
véana spodni ¢ast osténi. Postupovalo se od spodni klenby pfes betonové bloky
a stény k mostovce. Nésledovala izolace horni klenby a jeji betonaz, doplnéna
injektazi prostoru mezi sekundarnim osténim a izolaci. Tato injektadZz méla zajistit
vypInéni prostoru vzniklého technologickou nemoznosti dobetonovat klenbu az
do UplIného vrcholu, objemovymi zménami betonu a nerovnostmi na podkladu
izolace. Jako material osténi, kromé betonovych blokd, byl pouzit beton C25/30,
modifikovany pfisadami podle mista uloZeni. S ohledem na harmonogram praci,
respektive na ¢as pro odbednéni, se beton pro horni klenbu, stény a mostovku
upravoval predevsim prisadami pro urychleni pocateéniho narlistu pevnosti.
V betonu mostovky byla zaroveri upravena zrnitost a konzistence smési tak, aby
beton prostoupil i hustou vyztuzi mostovky. Pro betonaz blokd bylo vyuZivano
betonu C16/20, nebo C25/30 se snizenym narlistem pevnosti, respektive se snize-
nym nartstem hydrataéniho tepla, tak aby u masivnich prvki nedochéazelo ke
vzniku trhlin vlivem objemovych a teplotnich zmén pfi zrani betonu.

Prace v klenbé byly provadény ze tfi pomocnych pracovnich ploSin a vlastniho
tunelového bedniciho vozu s vyuZitim spole¢né kolejové drahy s rozchodem 12,60 m.
U v8ech pracovnich plosin a pojizdného ocelového bednéni musel byt zajistén
nezbytny préjezdny profil z divodu umoznéni dopravy materidlu a betonové
smési. Délka rozpracovaného useku klenby tunelu od upravy primérniho osténi
po betonaz byla cca 70 m. Rychlost postupu se pohybovala v priméru 13 sekci za
mésic. Spolecné s betonazi klenby byly zabetonovany také SOS vyklenky s plo-
chou 13 m? nasavaci pozarni kanaly s profilem 1500 x 200 mm a krcky do tune-
lovych propojek.

Pro montaz vyztuze klenby tfipruhového tunelu (hmotnost vyztuZe jednoho bloku
byla v priméru 8,64 t) se pouzila tézkd ocelova pracovni plosina s elektrickym
pojezdem vybavena hydraulicky vysouvatelnou podpérnou konstrukei vyuZivajici
$plhaci zafizeni ACS-R firmy PERI GmbH. Svislou dopravu armatury zajistoval
nakladaci jefab NJ 35 vyrobce OSTROJ OPAVA.

Na montaz vyztuZe ve spodni ¢asti klenby navazovala montaz vyztuZze stfedni €asti
a po vysunuti podpérné konstrukce se provedlo propojeni a doplnéni armatury
bokd. Vnéjsi vrstva armatury byla opatfena flexibilnimi distanénimi podlozkami
typu Kabuflex @ 55 mm, na vnitfni vrstvé byly pouZity pevnostni distanéni vlak-
nobetonové podlozky valcového tvaru v poctu 200 ks na jeden blok. Z diivodu
Uspory mista pro uloZeni materialu v tunelu byl navrzen lichobé&znikovy otevieny
profil nosnych piihradovych Zeber vyztuze tak, aby bylo mozno jednotliva Zebra
ukladat do sebe.

Horni klenba tunelu byla betonovana do pojizdného ¢tyrkloubového ocelového
bednéni firmy OSTU STETTIN (v pripadé tfipruhovych tuneld celkové Sitky 14,4 m
a hmotnosti 120 t). Bednéni bylo vybaveno hydraulickym ovladanim, pevnym
rozvodem betonu s pohyblivym rozdélovatem betonu, pneumatickymi vibrato-
ry NVT 105 firmy GRUMAG a pojistnymi pretlakovymi prvky.

Konstrukce ocelového bednéni umoziiovala pfipojeni pfidavnych ocelovych bed-
néni pro betonaz pozéarnich kanall v klenbé, vyklenkd SOS a krékd technologic-
kych propojek. Pfi osazovani a demontazi pfidavnych obalek pozarnich kanald
byla navic pouZzita pneumaticka zdvihadla spolu se zavésy s lanovymi kladkami
pfikotvenymi do primarniho osténi pfes izolaci pomoci BA kotev.

Doba vlastni betonéze klenby se pohybovala obvykle v rozmezi 6 - 8 hodin v zavis-
losti na mnoZstvi betonu v jednotlivych sekcich a plynulosti dopravy betonové
smési. Rychlost betonaze 2 m vyskového sloupce betonu za hodinu byla limito-
vana konstrukéni pevnosti formy, pficemz maximalni povoleny rozdil hladin beto-
nu v bocich bednéni ¢inil 700 mm. Odbednéni formy se provadélo zhruba 12 az
14 hodin po ukon¢eni betonaze, minimalni pevnost pfi odbedfiovani byla 12 MPa.
Definitivni osténi v rozpletech bylo navrzeno v délce cca 50 m. Tyto délky byly dale
roz€lenény na 9, resp. 10 sektor(i o délce cca 5 m.

Spodni klenba aZ do urovné mostovky byla provadéna zcela obdobné jako u tune-
1G tfipruhovych.

FINAL LINING - CONSTRUCTION

Execution of the final lining was directly associated with installation of the waterp-
roofing system. A closed waterproofing system using polyolefine-based membra-
ne SARNAFIL MP 915-30 B2 (3 mm thick, with a signal layer) was used for the Mra-
zovka tunnel. The system was complemented by a grouting-monitoring system of
grouting points and hoses, which allows additional re-sealing if required, by filling
the space between the membrane and external surface of the final lining with grout.
Individual transversal joints between individual concreting sections (having a length
corresponding to the hydraulic shutter length) were provided with external water-
stops AFl 600/35 MP. The other joints were protected by reinforced strips of the
waterproofing membrane.

The work on the final lining followed after completion of the tunnel excavation by
surveying the shotcrete primary lining surface. The DIBIT system was used for this
operation in the western tunnel tube, and the CYRAX system in the eastern tube.
Both systems allowed execution of the survey and assessment of the whole surfa-
ce, to required accuracy in the order of millimetres. Local rough trimming of the pri-
mary lining was carried out on the basis of the check survey, using Bogart Longye-
ar BF 1000 D-5 roadheader boom mounted on an undercarriage of Liebherr R 932
Litronic Tunnel excavator.

Final finishing of the waterproofing membrane substrate followed, including cas-
ting of a blinding concrete layer in the central part of the invert (concrete B20). Part
of preparation operations was also adoption of temporary measures against see-
ping water, as efficiency of the original construction drainage placed under the
invert primary lining showed insufficient in the uphill driven section (seeping water
gathered under the waterproofing layers).

Once the invert waterproofing had been completed, the lower part of the lining was
cast in steps. The casting proceeded from the invert, through concrete blocks and
walls, to the bridge deck. Application of the waterproofing to the upper vault and
casting of the vault followed, together with injecting grout to the space between the
secondary lining and membrane. This grouting was designed to fill the space origi-
nating due to technical impossibility to pour concrete up to the very top of the vault
due to volume changes of concrete, and uneven surface of the waterproofing mem-
brane substrate. Concrete of C25/30 grade, modified by admixtures according to
particular locations of placement, was used for the lining (excepting the blocks). The
concrete for the upper vault, walls and bridge deck was modified using primarily
admixtures accelerating initial development of strength. Regarding the bridge deck
concrete, gradation of aggregates and the mix consistency were modified to allow
concrete to pass through the congested reinforcement. Concrete C16/20 or C25/30
with reduced strength gain, or reduced rate of hydration heat rise was used for the
blocks to prevent development of fissures in the massive elements due to volume
and temperature changes during the concrete curing period. The operations in the
vault were carried out using three auxiliary gantry platforms and the travelling shut-
ter proper (all of them sharing one track with a track gauge of 12.60 m). A clearan-
ce profile necessary for transport of materials and concrete mix had to be maintai-
ned under all gantry platforms and the travelling steel shutter. The length of the sec-
tion being under construction, from the primary lining trimming to the concrete cas-
ting, amounted to about 70 m. The advance rate fluctuated around 13 sections per
month. SOS niches having an area of 13 n?, suction fire ducts with a cross section
1500 x 200 mm, and stubs of cross passages were cast together with the vault.
The placement of the reinforcement of the triple-lane tunnel vault (an average
weight of reinforcement for one section reaching 8.64 t) was carried out using a
heavy steel gantry platform with an electric motor drive, provided with hydraulical-
ly extendable support structure using a climbing equipment ASC-R manufactured
by PERI GmbH. Loading crane NJ 35 manufactured by OSTROJ OPAVA secured ver-
tical transport of reinforcement bars.

Placement of reinforcement in the central part of the vault followed after the place-
ment of reinforcement in the lower part, and, after extending the support structure,
the two parts were interconnected, and the reinforcement of the sidewalls added.
The external reinforcement layer was provided by flexible spacers Kabuflex @ 55 mm,
while high-strength fibre reinforced concrete spacers of a cylindrical design were
used for the internal layer (200 pieces per one section). For a reason of saving space
for storing materials in the tunnel, the cross section of lattice girders used as the
reinforcement support was designed as an open trapeze. This design allowed the
girders to be nested.

The tunnel upper vault was concreted using a four-joint travelling steel shutter manu-
factured by OSTU STETTIN (total width of 14.4 m, weight of 120 t in the case of trip-
le-lane tunnel tubes). The shuttering was equipped with a hydraulic control system,
a fixed concrete distribution system with a movable concrete distributor, pneumatic
vibrators NVT 105 manufactured by GRUMAG, and safety overpressure elements.
The steel shutter design allowed connection of steel shuttering attachments for cas-
ting of fire ducts in the vault, SOS niches and cross passage stubs. Pneumatic hoists
were used (together with suspensions with cable pulleys fixed to the primary lining
using BA anchors passing through the waterproofing membrane) for assembly and
dismantling of additional envelopes of the fire ducts.

The concrete vault casting took usually 6 to 8 hours, depending on the volume of
concrete in the particular section and fluency of concrete mix transport. The casting
rate of a 2 m high concrete column per hour was given as a limit determined with
respect to the structural strength of the shutter, while maximum allowable differen-
ce of 700 mm was prescribed between the levels of concrete surfaces at the sides
of the shutter. The shutter stripping took place about 12 to 14 hours after completi-
on of the casting; minimum stripping strength of 12 MPa was required.

The final liners in the bifurcation chambers were about 50 m long. Those lengths
were divided into 9 or 10 sectors/rounds (about 5 m long).

The invert up to the bridge deck level was carried out similarly to the triple-lane
tunnels.
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Tunel

Naproti tomu pro horni klenbu bylo tfeba najit vhodny systém betonaze a zejména
bednéni, ktery by dokazal zajistit poZzadovanou plynulou zménu tvaru. NavrZzena
byla kombinace bednéni systémového s vlozenim individualni ¢asti specialné pro
kazdy sektor vyrobené. Bednéni, resp. osténi rozpletli, muselo v severni ¢asti ply-
nule navazovat na tfipruhovy tunel (ifka tunelu 14,46 m) a v poloze jizni muselo
spliiovat §itkové poZadavky usporadani navazujiciho dvoupruhového tunelu
a odbodujici jednopruhové vétve (Sitka tunelu 20,95 m). Problematické pro navrh
tvaru osténi byla téZ proménna vyska od primarniho osténi. Rozdil vysky profilu
klenby na za€atku a na konci rozpletu ¢inil 1,33 m. To vedlo k zésadnimu poZadavku
na bednéni definitivniho osténi klenby, jez s postupem betonaiskych praci po sek-
torech muselo byt schopno linedrné zvétsit svétlou vysku profilu. DalSim poZadav-
kem bylo plynulé pidorysné nataéeni bokt klenby, a to podle vedeni tras tuneld.
Pro redlnou moznost navrhu bednéni bylo pfistoupeno ke zjednoduseni tvaru
vnitfniho lice definitivniho osténi, kdy misto plynule se ménici obloukové klenby
byl tento tvar nahrazen vzdy dvojici valcovych ploch na obou bocich a vodorov-
nym rozSifujicim se klinem ve vrcholu klenby. Poloméry osténi byly navrzeny
podle nejmensiho sektoru tak, aby je bylo moZzno pouZzit pro véechny profily obou
rozplett. Do napojeni obloukovych ploch byla vioZena pracovni spara. Boky klen-
by se tak mohly betonovat samostatné a vici sobé se oddalovat a natacet. Zaro-
veil bylo mozno podle pracovni spary na hotovych bocich klenby natacet oblou-
kovou ¢ast vrcholu klenby pro moznost navy$ovani profilu. Hodnota pootoceni
byla volena s ohledem na vyslednou tloustku vrchliku klenby, ktery byl dobednén
vodorovné. Posledni sektor (€islo 9, resp. 10) byl ukonéen atypicky pracovni spa-
rou se svislou ¢elni sténou, kterd zakonéuje konstrukce dvoupruhového a jednop-
ruhového tunelu.

Tloustka osténi klenby pro jednotlivé sektory byla navrzena 450 - 600 mm. Stejné
jako v jinych usecich tunelu byly tolerance na provadéni horni klenby stanoveny
do +100 mm a -0 mm od projektovaného tvaru.

BAREVNE RESENi - DOKONCOVACIi PRACE

Vysledné barevné feseni interiér( tunelu Mrazovka sleduje stanovenou jednotnou
koncepci barevného feseni celého MO, respektuje stavebné-technické feseni stav-
by a zaroven se stava soucasti informacniho systému tunelu, tedy i celého MO.
Vlastni povrchové Upravy a informaéni systém v tunelu jsou diky své povaze vza-
jemné natolik provazané, Ze je nelze oddélit a resit samostatné. Mezi cile jednot-
né koncepce patfi zejména:

- jasné a jednotné vizudIni definovani tuneld MO jako vyznamné méstské komu-
nikace;

- vyuziti prvkd barevného feseni k usnadnéni orientace fidice.

Za zékladni "orientacni jednotku MO" byly zvoleny mezikfizovatkové Useky, které
jsou od sebe navzajem zfetelné barevné odliseny. Materiadlova skladba vSech
mezikfizovatkovych Usekd - keramicky obklad na sténach tunelu a natér stropu
event. klenby - byla prevzata z DSP tunely Mrazovka. Pfiblizné do vysky o¢i fidice
byl navrzen 500 mm $iroky barevny vodici pruh ve zvolené zakladni barvé mezi-
kiizovatkového Useku. Na zékladé porovnavani variant byla vybrana vyska obkla-
du 3,5 m.

Vlastni barevné feSeni interiérd tunelu Mrazovka zahrnuje povrchové Upravy
a barevné feseni chodniki, stén a stropl event. kleneb tunelovych trub, SOS
vyklenkd, interiért propojek, povrchové tpravy viditelnych zdmecnickych vyrob-
kd, dvernich vyplni a vrat, zakrytovani technologii. Keramicky obklad o zvoleném
modulovém rozméru 125 x 250 mm je ukladan rovnobézné s niveletou tunelu,
tloustka spary je 3 mm. Obklad je rozdélen do $esti barevnych vodorovnych pruht
a Ctyr barevnych odstin. Vybér barev byl proveden dle vzorniku RAL a s ohledem
na jiz neménny zplsob osvétleni sodikovymi vybojkami (jiné barvy neZ oranZova
¢i ¢ervend by byly v sodikovém svétle potlaceny a barevné feSeni tunelu by ztra-
celo smysl). Pro barevny vodici pas tunelt Mrazovka byla vybrana barva ¢ervena,
pro ostatni plochy keramického obkladu byly zvoleny tfi odstiny béZové barvy. Po
délce tunelu jsou Useky keramického obkladu pferusovény zelenymi pruhy dila-
tacnich celkli s SOS vyklenkem a propojkou. Liniové barevné feseni obkladu je ryt-
mizovéano svislymi pruhy keramiky v odstinu nejtmavsi béZzové v mistech, kde se
nachazeji vika injektazich krabic. Pro natér klenby tunelu byla vybrana barva svét-
le Seda. Stejny barevny odstin je pouzit i v interiérech propojek a v SOS vyklenku.
Podlahy propojek jsou opatieny natérem v odstinu barvy zelené.

Informacni systém tunelu Mrazovka obsahuje stani¢eni tunelu, informace o vzda-
lenosti k SOS vyklenku, event. propojce, zplsob oznacovani dvefnich vyplni
a skfini SOS vyklenkd, jednotné znaceni SOS vyklenku, event. propojek v ramci
MO, znaceni unikovych cest v technologickych prostorach tunelu. Informacni
cedule staniceni a informace o sméru a vzdalenosti uniku k SOS vyklenku &i pro-
pojce jsou jednotné feSeny jako plechové, zapusténé do keramického obkladu.
Pismo a piktogramy jsou provedeny fotoluminiscenénim natérem na tmavé zele-
ném podkladu. Fotoluminiscenénim nétérem je provedeno i oznaceni SOS vyklen-
k. Pro oznaCovani byl stanoven predpis pro umisténi a obsah vcetné vysky
a stylu pisma. Po hranach chodnikli probihaji vodici fotoluminiscenéni pruhy
(8 = 50 mm), které jsou preruseny pficnym pruhem vzdy v misté mozného uniku,
event. SOS vyklenku.

ZAVER

Snahou tcastnik( vystavby tunelu Mrazovka v Cele s projektantem (SATRA, s. 1. 0.)
a zhotovitelem (sdruZeni akciovych spolecnosti METROSTAV a SUBTERRA) bylo
profesionalni zvladnuti véech problémd s cilem vytvofit kvalitni, moderni a estetic-
ké dopravni dilo spliiujici nejprisnéjsi poZzadavky na bezpecnost provozu.

On the other hand, a suitable concrete casting system had to be found for the upper
vault, namely regarding the shutter, which had to ensure a fluent transition of the
cross section geometry. The proposed design combined a shuttering system with
an individual section inserted, fabricated specifically for each round. The shuttering,
or the concrete lining of the bifurcation chambers, had to provide fluent transition
to the triple-lane tunnel in the northern part (tunnel width of 14.46 m); in the sout-
hern part it had to provide transition to the double-lane tunnel and the single-lane
tunnel branch (total tunnel width of 20.95 m). Also the changing height from the pri-
mary lining posed problems in terms of the lining geometry design. The difference
of the height of the vault cross section at the beginning of the bifurcation chamber
and at its end amounted to 1.33 m. This resulted in a fundamental requirement for
the final vault lining shutter to be capable of increasing the profile clearance linear-
ly with the concrete casting operations advancing, round by round. Another requi-
rement was that the sides of the vault shutter had to be capable of fluent horizontal
rotation to conform to the horizontal alignment of the tunnels.

With respect to practical aspects of the shutter design, the geometry of the final
lining internal surface had to be simplified. A fluently changing full-centre vault was
replaced by a couple of cylindrical surfaces on both sides and a horizontal expan-
ding wedge at the vault crown. Radii of the lining were designed according to the
smallest sector/round, to be applicable to all profiles of both bifurcation chambers.
A day joint was "inserted" to the connection of the cylindrical surfaces. Thus the
vault sides could be cast separately, and could be rotated and their distance chan-
ged. In the same time it was possible to increase the cross section clearance by rota-
ting the full-centre vault segment, depending on the day joint of the completed
sides of the vault. The angular rotation value was chosen considering the resulting
thickness of the vault crown, where the shuttering was completed by hand. The last
round (# 9 or 10) ended atypically, by a day joint with vertical front wall, which ter-
minates the double- and single-lane tunnel tubes.

The vault lining for individual sectors/rounds was designed at a thickness varying
from 450 to 600 mm. Same as in other tunnel sections, +100 mm and -0 mm tole-
rances from the designed geometry were determined for the upper vault con-
struction.

COLOUR SCHEME - FINISHING WORK

The final colour scheme of the Mrazovka tunnel interior follows the agreed unified
colour scheme conception of the entire City Circle Road (CCR), respects the structu-
ral solution of the construction, and, in the same time, becomes part of the tunnel
information system, thus of the entire CCR. The surface finishes and information
system in the tunnel proper are, owing to their nature, interconnected to such a
degree that they cannot be separated and solved independently. Among objectives
of the unified conception, we can state above all the following ones:

- explicit and unified visual definition of tunnels on the CCR as an important urban
road;

- application of the colour scheme elements to simplification of driver orientation.
Inter-junction sections, distinguished markedly in colours, were chosen as basic
"CCR orientation units". Material composition of all inter-junction sections, i.e. the
ceramic wall cladding in the tunnel and the ceiling/vault coating, was taken over
from the final design of the Mrazovka tunnel tubes. An approximately 500 mm high
coloured strip was designed at the level of driver's eyes. The colour corresponds to
the colour determined for the given inter-junction section. A part of determination
of the overall conception of surface finishes was also a decision on the level of the
ceramic cladding top above the roadway level. A level of 3.5 m was chosen on the
basis of comparison of variants. The colour scheme of the Mrazovka tunnels interi-
or proper comprises surface finishes and colour schemes of pavements, walls and
ceilings or vaults of the tunnel tubes, SOS cabins, interiors of cross passages, sur-
face treatment of visible metalwork, door panels and gates, and tunnel equipment
covers. The ceramic cladding of the chosen module dimensions 125 mm x 250 mm
is applied in parallel to the vertical alignment of the tunnel, the joints are 3 mm wide.
The cladding is divided into six coloured horizontal strips and four colour shades. A
colour card RAL was used for selection of colours, but the already unchanging sour-
ces of light, sodium lamps, were also taken into consideration (other colours than
orange or red would be suppressed in the sodium light, and the purpose of the
colour scheme would not be achieved). Red colour was chosen for the coloured
guide strip in the Mrdzovka tunnel, while three shades of beige colour were selec-
ted for the other surfaces of the ceramic cladding. The ceramic cladding is interrup-
ted along the entire length of the tunnel by green strips of the dilatation blocks con-
taining SOS niches and cross passages. The linear-type colour scheme of the clad-
ding is made rhythmic by vertical strips of darkest beige shade ceramics in locati-
ons of covers of grouting boxes. The same colour shade is also used in cross pas-
sage interiors and SOS niches. Floors in the cross passages are provided with a
green shade coating. The Mrézovka tunnel information system comprises informa-
tion on the tunnel chainage, distance to the SOS niche or cross passage, the man-
ner of marking door panels and SOS cabins, unified marking of SOS niches or cross
passages in the CCR system, marking of escape ways in tunnel equipment rooms.
Signs informing about the chainage and direction of escaping and distance to the
SOS cabin or cross passage are designed as steel sheet tablets embedded into the
ceramic wall cladding. Letters and pictograms are carried out using photolumine-
scent paint on dark-green background. Photoluminescent paint is also used for SOS
niches marking. The marking specifications determine positions and legend of the
signs, including the height and style of letters. Photoluminescent guide strips (50 mm
wide) run along the edges of pavements. The strips are regularly interrupted by a
transversal strip at each location of the escape way or SOS cabin.

CONCLUSION

Participants of the costruction process with the engineering consultant (SATRA, s. . 0.)
and contractor (joint venture of METROSTAV and SUBTERRA companies) at the head
contributed to the professional solution of all problems, with an objective of creating
a quality, modern and aesthetic traffic structure complying with the most stringent
requirements for operational sagety.
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AUTOMOBILOVY TUNEL MRAZOVKA DO PROVOZU!
MRAZOVKA VEHICULAR TUNNEL UNDER OPERATION!

Poslup raiby Excavalion procedure

Dl

T el balsl Blwld 28 o0rws ] 2%
T provd odei diwin 0 i vee B0
1 iniwls g wadng

il iy feren

B e

Postup betonds Concrebe casting procedurna

133 R iR @SRRI BEAH iR BRI
Pt

cFofbe viude
oprpmen dad | awinacion dad  mereciion Gk

i
:

Bk} Fhicw 1 - Aot Lniley
Il P 7 - o opieg
el Fiarm ] - coecrmie crrieg
kil Fwre § - corcTr Sy
i} P b - coecH cgTg

Podéiny fez s geologii, zapadni tunel
Longitudinal profile with geology, the western fube

Rmrrandawing md Lt b Shrangenay iennl
jibrsl BlnsSory dnnk AW hialan wuE
ionilfere af-wad-coemn aecSory PR - e o e
L L ] Filidp el 5o i
Par eroa Mriuwis
3 5
i E (e s ]
| g M
g 2 2 5 N 25N | ek
=1
=4 - b o
- ¥ . | m
5 " S — y §
- Y
—— ' [
i ['
 I—
|
| ‘
E3dmem | ‘ i | | ‘
il ar a3 W T T i7 T T 1 T T 23

- enbdions ke wpsded wedy oo aee
DTTETR T, S TR T PRt



AUTOMOBILOVY TUNEL MRAZOVKA DO PROVOZU!
MRAZOVKA VEHICULAR TUNNEL UNDER OPERATION!

TUNELY MRAZOVKA )
ZAKLADNI INFORMACE O STAVBE

Investor: Magistrat hl. m. Prahy - odbor méstského investora, VySehradské 51, Praha 2

Obstaravatel: VIS, a. s., Bezova 1658, Praha 4

Generalni projektant: PUDIS, a. s., Nad vodovodem 3258/2, Praha 10

Projektant raZzenych ¢asti a technologie: SATRA, s. r. 0., Sokolovska 32, Praha 2

Dodavatel: Sdruzeni firem  METROSTAV, a. s., KoZeluzska 2246, Praha 8
SUBTERRA, a. s., Bezové 1658, Praha 4

RAZENE TUNELY
Celkova délka: zépadni tunel (ZTT) 1004 m
vychodni tunel (VTT) 837 m
Celkovy objem razenych tunell 351778 m*
Profily: tfipruhovy 165 m?
dvoupruhovy 115 m?
tunelovy rozplet az 324 m?
Tunelové propojky 5ks
Strojovna vzduchotechniky 49 m
Trafostanice 26 m
Hloubené tunely VTT ZTT
Jizni hloubeny usek 379 m 257 m
Severni hloubeny usek 48 m 34 m
Celkovy objem 109 021 m* } :‘l. ?,E‘;‘E-i-‘- ,

MRAZOVKA TUNNEL

BASIC INFORMATION ON THE CONSTRUCTION

Owner: Municipality of the Capital City of Prague - Investment Department,
Vysehradska 51, Prague 2

Project Management: VIS, a. s., Bezova 1658, Prague 4

Principal Designing Engineer: PUDIS, a. s, Nad vodovodem 3258/2, Prague 10

Designing Engineer for mined sections and equipment:

SATRA, s. r. 0., Sokolovska 32, Prague 2

Contractor:  Joint-venture METROSTAV, a. s., KoZeluZskéa 2246, Prague 8

SUBTERRA, a. s., Bezova 1658, Prague 4

MINED TUNNELS
Total length: Western Tunnel Tube (WTT) 1004 m
Eastern Tunnel Tube (ETT) 837 m
Mined tunnels total excavation volume 351778 m*
Profiles: three-lane 165 m?
double-lane 115 m?
tunnnel bifurcation up to 324 m?
Cross passages 5 pcs
Ventilation station 49 m
Transformer station 26 m
Cut-and-cover tunnels ETT WTT
Southern section 379 m 257 m
Northern section 48 m 34m
Cut-and-cover tunnels total excavation volume 109 021 m*

Obr. 1 Stavebni Upravy severniho portalu
Fig. 1 Construction work on the northern portal

Obr. 2 Zapadni tunelova trouba pfed dokoncenim
Fig. 2 Western tunnel tube before completion

Obr. 3 Tunel s technologickym vybavenim
Fig. 3 Tunnel with the technological equipment

Obr. 4 Montazni prace v tunelu
Fig. 4 Assembling works in the tunnel

Obr. 5 Pohled do strojovny vzduchotechniky
Fig. 5 View into the ventilation plant room

Obr. 6 Rozplet v zdpadnim tunelu
Fig. 6 Bifurcation chamber in the western tunnel

Obr. 7 Ventilaéni jednotky pfipravené k montazi
Fig. 7 Ventilation units ready to be assembled

Obr. 8 Vjezdovy Usek tunelu ze severniho portélu
Fig. 8 Entry section of tunnel at the northern portal
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PODILELI SE NA STAVBE TUNELU MRAZOVKA
PARTICIPANTS IN THE MRAZOVKA TUNNELS CONSTRUCTION

STAVEBNI GEOLOGIE - GEOTECHNIKA, a.s.

Vas partner pro rizeni geotechnickych

ﬁ_ ; izik, pri4ystavbe tunelu
- 4 / (S i : e :

#Fr?'-
mﬁ?ﬂ’ﬁtechnma

Stavepni geologie - EEDTEEHNIHA a.s.

Ganlugtﬂﬂ‘ﬁ 152 (0 Praha 5 - Barrandav
tal,: 54.111, 234 654 101 j
fax: 654 112, 234 654 102 g

o <e-maii=" njka & geotechnika.cz
A web: “wwdpotathnikage

DOPRAVNI SYSTEMY

Se stavbou funelu MRAZOVKA je (zce spjato jméno
spokeénosti ELTODO dopravni systémy s.r.o., kierd ji2 dfive
figurovala phi dalSich neméné daleditych stavbach lunelu, af iz
v fuzemsku & v zahranidi, Vsouéasné dobé jo spolednost
zapojena do rozsahlych projektd, tykajicich s vistavby tunelu
Mrazovka.

= Rizeni dopravy a lechnologicka zafizani

Proménné dopravnl znatky
Integrace fizeni funelu Mrazovka do systému
fizeni ynitfniho méstského akruhu

= Méfen| CO, opacity a rychlosti proudéni vzduchu

- Rekonstrukce hlavnibo technologického dispedinku
tunell TSK na Strahové

- Integrace TV systému Mrazovka do TV vnitfniho méstského okruhu

Eltodo dopravni systémy s. r. 0. koordinuje také dodavky jednotlivich subdodavateld, zajistuje spolehlivost,
funkénost dodavek a technologické navaznosti na souvisejici dalniéni stavby.
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HODNOCENI RIZIK V AUTOMOBILOVYCH TUNELECH

ASSESSMENT OF RISKS IN ROAD TUNNELS
PROF. ING. PAVEL PRIBYL, CSc., ELTODO EG, a. s.

uvop

Otazky typu "Je v tomto tunelu zajisténa dostate¢na bezpecnost pro fidice", ale
i "Neni tunel vybaven zbyte¢né nakladné" nebo "Jak se zvysi bezpe¢nost, kdyz
zménime ..." trapi investory a provozovatele tunelu velmi ¢asto. Nalezeni "metri-
ky" pro hodnoceni rizik je jisté velmi sloZité a v naSich podminkach dosud ani
nebylo feSeno.

Trilety projekt védy a vyzkumu ministerstva dopravy, ktery byl ukonéen v bieznu
tohoto roku, se v nékolika kapitolach touto problematikou zabyva. Kromé definic
souvisejicich s rizikovou analyzou a rizikovym managementem analyzoval moz-
nosti, které jsou znamy pro vlastni hodnoceni, a zkoumal, co by bylo mozné pre-
vést do nasich podminek. Pro kvantitativni, neboli ¢iselné, ohodnoceni rizik se ve
svétovém méfitku pouZivaji tzv. stromkové diagramy, lit [1]. Tyto diagramy jsou
v§ak pomérné slozité a jejich omezeni spociva i v tom, Ze se ve snaze zahrnout
do hodnoceni rizik velkou mnozinu proménnych ovliviiujicich bezpecnost stava-
ji velmi nepfehlednymi. Zajimavym experimentem bylo hodnoceni rizik ve sta-
vajicich i projektovanych tunelech na méstském okruhu v Praze zaloZzeném na
pri¢innych (Bayesovskych) sitich, lit [2]. Vysledky umoZiiovaly provést srovnani
vsech tunelti méstského okruhu z hlediska bezpecnosti. Vlastni metoda pfic¢inné
sité se ale feSitelim projektu ministerstva dopravy nejevila optimalni jako uni-
verzalni nastroj pro analyzu rizik v automobilovych tunelech v $ir§im méfitku.
Vlastni feSeni hodnoceni rizik se v projektu odvijelo dvéma sméry. Prvni byl ori-
entovan na "laickou" vefejnost a ve formé tzv. rizikového kalkulatoru umoznuje
napfiklad i investorovi ohodnotit, zda jim realizovany tunel je v souladu s plat-
nymi normami a technickymi podminkami. Zde se jedna pouze o kvalitativni hod-
noceni a méfitkem je, zda kvalita vyhovuije, ¢i ne. Druha metoda je zna¢né origi-
nalni a nebyla dosud ve svétovém méfitku publikovana. Jeji podstatou je, Ze sice
vyuZiva pro kvalitativni hodnoceni stromkovych diagramdi, ale podstatné redu-
kuje dimenzi problému, a tim ¢ini metodu prihlednou a snaze opakovatelnou.
Vlastni redukce problému spociva v tom, Ze se pro hodnoceni zasadnich uzli
ovliviiujicich bezpecnost, jakym je napfriklad zpusob identifikace poZaru, pouziva
expertni hodnoceni zaloZzené na fuzzy metodice.

Obé metody hodnoceni rizik v tunelech doplnéné dal$imi kapitolami jsou zpra-
covéany do névrhu technickych podminek, lit. [3], které budou v leto$nim roce
projednavéany odbornou verejnosti.

MOZNOSTI ANALYZY RIZIK

V rdmci projektu byly popsany a analyzovany moznosti pro ocefiovani rizik od
nejjednodussi metody kvalitativni, pfes semikvantitativni, az po kvantitativni
metodu davajici iselné hodnoty. Principy kvalitativni i kvantitativni analyzy jsou
popsany v nasledujicich odstavcich.

Kvalitativni analyza

Obvykle se jedné o hodnoceni v prvnim kroku analyzy rizik, které ma stanovit,
zdali je vlibec dal$i analyza nutné, pfipadné na jaké oblasti se ma nasledna ana-
lyza zaméfit. Vystupy umozni uréit oblasti dal$iho zajmu a z toho vyplyvajici
techniky pro nasledné ocenéni rizik. Obvykle Ize fici, Ze se jedna o prostiedek
vyuzivany hlavné u systéma s potencialné nizkym nebezpecim rizik. V pfipadé
tuneld se jedna o zakladni hodnoceni, zda jsou nase tunely ve shodé s narod-
nimi i evropskymi pfedpisy pro vybaveni tunelli vzhledem k bezpeénosti.

Z hlediska techniky provadéni se provede shlukovani zafizeni a objektd, napfiklad
podle pozadavkl na vykonani jisté funkce, a klasifikuje se, zda je nutné zkoumat
rizika, nebo se konstatuje, Ze zafizeni/objekt/systém je dostatecné bezpecny, aby
mohl vykonavat danou funkci, protoze je ve shodé s predpisy. Casto jsou pouzi-
vany matice rizik, kde jsou Cetnosti a disledky udalosti rozdéleny do kategorii
rizik jako "vysoké", "stfedni" a "nizké".

Podobny, i kdyZ zjednodu$eny, postup je pouzit pro ocenéni vétsi, mensi nebo
nedostatecné "bezpecnosti" zafizeni, objektl a systémU v navriené metodice
vyuzivajici tzv. Rizikovy kalkulator. Tato originalni metodika byla vytvofena
v rdmci zpracovani projektu a je promitnuta i do ndvrhu technickych podminek.
Detailni popis kalkulatoru je v lit. [4] a princip metody je uveden dale.

Kvantitativni analyza

Kvantitativni analyza je obecné vzato nejobjektivnéjsi. Tento typ analyz je
obvykle zpracovan nejvice v detailu, a proto vyZaduje i nejvice ¢asu, ¢imz
je zkoumani relativné drahé. Nezbytné je mit k dispozici dostatek vstup-
nich, obvykle statistickych, tdaji. Cetnosti udalosti a jejich disledky jsou
kvantifikovany, tedy vyjadieny ¢&iselné, a tim i porovnatelné. Nasledné
mohou byt pouZita dalsi kritéria pro akceptovéni nebo neakceptovani
vyhodnocenych rizik.

INTRODUCTION

Questions such as "Is there a sufficient level of safety provided in this tunnel?", and
also "Has the tunnel been equipped too costly?" or "How is safety enhanced if we
change...?" annoy the investors and tunnel administrators very frequently. Finding of
the right "metric" for the assessment of risks is indeed very difficult and for our con-
ditions has not yet even been dealt with.

A three-year project of science and research of the Ministry of transport, which was con-
cluded in March this year, dealt with this issue within several chapters. On top of defini-
tions connected with risk analysis and risk management it also analyzed options that
determine the own assessment and examined, what can be transformed into our condi-
tions. As for quantitative, or numerical, assessment of risks, the so-called tree charts are
globally used, lit [1]. These charts are, however, rather complicated and they are also lim-
ited by the fact that they strive to integrate a large set of safety-shaping variables into the
assessment of risks and thus become highly convoluted. There was an interesting experim-
ent in assessment of risks in the existing as well as designed tunnels at the City Ring Road
in Prague using causal (Bayesian) nets, lit [2]. The results allowed to perform comparison
of all tunnels of the City Ring Road from the viewpoint of safety. Nevertheless, the own
method of causal nets did not appear to solvers of the project of the Ministry of Transport
as an optimal universal tool for analysis of risks in road tunnels in a wider scale.

The own solution of the assessment of risks in the project followed two directions. First
was oriented at the lay public and using the so-called Risk calculator enables the investor
for instance to evaluate whether the tunnel he realizes fulfills valid standards and speci-
fications. In this case, the only a qualitative assessment and the criterion is whether the
quality is satisfactory or not. The second method is largely original and has not yet been
published on a global basis. In principle it uses tree charts for qualitative assessment,
but it significantly reduces dimension of the problem and thus makes the method more
transparent and easier to repeat. The own reduction of the problem lies in the use of
expert assessment, based on Fuzzy methodology, for the assessment of major safety-
shaping junctions, such as the method of fire identification.

Both methods of assessment of risks in tunnels, supplemented by further chapters,
are elaborated into the proposal for specifications, lit [3], which are about to be dis-
cussed by the professional community this year.

OPTIONS OF THE RISK ANALYSIS

Within the project, options for the assessment of risks were characterized and ana-
lyzed from the most elementary qualitative method, through semi-quantitative to
quantitative method that submits numerical values. Principles of the qualitative as
well as quantitative analysis are characterized in the following paragraphs.

Qualitative analysis

It usually acts as a first-step assessment in the risk analysis, which is to determine
whether further analysis is needed at all, or on what fields should the subsequent
analysis focus. The output allows determining the sphere of further interest and from
that arising methods for the following assessment of risks. Usually it can be stated
that it is a tool used mainly for systems with potentially low hazards. In case of tun-
nels it is basic assessment, whether our tunnels are in accord with national and Euro-
pean regulations for safety-related equipment of tunnels.

From the technical point of view, equipment items and structures are clustered, for
instance according to the requirement to perform a certain operation and it is classi-
fied whether it is necessary to examine risks or it is stated that the equipment/struc-
ture system is sufficiently safe in order to perform such operation, because it is in
accord with regulations. Risk matrices are often used, where the frequencies and
effects of events divided into risk categories such as "high", "medium" and "low".
Similar, although simplified, procedure is used for the assessment of higher, lower or
insufficient "safety" of devices, structures and systems in the designed methodology
that uses the so-called Risk calculator. This original methodology was created during
elaboration of the project and is also projected into the proposal for specifications. For
detailed characteristics of the calculator see lit [4], for principles of the method see below.

Quantitative analysis
Quantitative analysis is generally the most objective one. This type of analysis is usu-
ally elaborated into details and therefore also requires the most time, which make it
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Po dikladné analyze byla zvolena jako zakladni metoda pro kvantitativni ocerio-
vani rizik v navrhu technickych podminek metoda stromkovych diagramd
(MSD). Ta je tvofena nasledujicimi kroky: identifikace rizikové (hazardni) uda-
losti, kvantifikace pomoci konsekvenéni analyzy (consequence analysis), uréeni
Cetnosti nebo pravdépodobnosti a stanoveni miry rizika. Vysledky jsou prezen-
tovany jako F/N kivky, reprezentujici socialni rizika pro uZivatele tunelu. Tim je
tedy grafické vyjadreni ukazujici vztah mezi ¢etnosti dané udalosti (F) a mnoz-
stvim nasledkd (N). Nasledkem muize byt napfiklad pocet usmrcenych osob pfi
nehodé ¢i pozaru.

RIZIKOVY KALKULATOR - KVALITATIVNi HODNOCENI

Metoda kvalitativni musi byt pomérné jednoducha. Méla by odbornikovi na pro-
blematiku tuneltl (napf. projektantovi) pomoci odhadnout, zda stavebni a techno-
logické vybaveni a usporadani tunelu vyhovuije z hlediska bezpeénosti. Vystupem
tedy nejsou Ciselné hodnoty a tim tato metoda ani neumozni sledovat v kvantita-
tivnim (Ciselném) ohodnoceni, jaké zmény v ocenéni rizik vyvolaji napfiklad doda-
tecné stavebni ¢i technologické Upravy. Na druhé strané vSak tato jednoducha
metoda nevyZzaduje spoluti¢ast specialisty na rizikovou analyzu a usnadni zéklad-
ni orientaci v problematice. Zakladni my$lenkou je vytvoreni programového pro-
stredi, které posuzuje dany tunel ve dvou krocich:

1. Na zékladé zadani parametrd tunelu a dopravnich charakteristik vypocita
miru pfislusnosti k bezpe¢nostnim kategoriim TA, TB a TC (dle TP98) a dale
uréi relativni [%] pfislusnost k dané kategorii.

2. Povyplnéni pfedprogramovanych tabulek stanovi, které objekty (prvky, sub-
systémy) jsou v rizikové oblasti.

Celd metodika tohoto hodnoceni je zpracovana v programovém prostiedi Excel
a je nazvana rizikovy kalkulator. Pfi praci se postupuje nasledujicim zptisobem:
Pro uréeni miry pfislu$nosti daného tunelu k bezpe¢nostnim kategoriim dle TP98
(vydani 2004) se zadavaji parametry jako délka tunelu, intenzita apod. a vystu-
pem je pfifazeni tunelu do jedné ze tfi kategorii a ur€eni miry pfisluSnosti k této
kategorii. V praxi to znamena, Ze tunel 100% zafazeny do dané kategorie musi
spliiovat pozadavky této kategorie. Pokud pfislusi pouze z 50 % napriklad do TA,
a tim se blizi TB, je mozZné pozadavky zmirnit.

Vlastni myslenka ocenéni rizik vychazi z rozloZeni subsystéma (objekt(i ve smys-
lu systémové analyzy) tunelu majicich vliv na rizika pro Gcastniky provozu, na:
"osvétleni tunelu, vétrani tunelu ..." na prvky (nouzové osvétleni, ...; dimenzova-
ni mnozstvi vzduchu v normalnich podminkach ...). Struktura a pocet objektd
a prvka striktné vychazeji z TP98 a z pfipravované normy CSN 73 7507. Protoze
se jednd v pfevazné mife o heterogenni prvky majici i riizny vliv na rizika, je kaz-
dému prvku pfifazena vaha. Tuto vahu pfidélili véem prvkdm fesitelé projektu,
ale je mozné ji modifikovat na zékladé expertnich zkusenosti.

Vlastni hodnoceni potom probihé tak, Ze hodnotitel pfifadi (zaskrtnutim pfislus-
ného policka) kazdy prvek do jednoho ze tfi vystupl: pfesahujici poZadavky (ve
vztahu k TP a CSN), shoda se standardy a nevyhovujici TP nebo CSN. Priklad
tabulky pfipravené pro hlasky nouzového voléni je na obr. 1.

Po vyplnéni v8ech dil¢ich tabulek pro jednotlivé objekty je automaticky zpraco-
vana vysledna tabulka (zobrazena na obr. 2) urCujici rizikovy faktor pro kazdy
hodnoceny objekt. Ten je zobrazen tfemi barvami:

zelend bezpetné, vyhovuije technickym podminkam a CSN
Seda bezpecéné, prevysuje poZzadavky na bezpecnost B
oranzova nebezpecné, nevyhovuje technickym podminkam a CSN

Pokud je u néjakého objektu oranzova barva, je nutné provést dodate¢nou ana-
lyzu, respektive provést kvantitativni vypocet rizik.

Rizikovy kalkulator tedy usnadni zékladni orientaci v problematice a upozorni na
kritickd mista z hlediska bezpecnosti. Pokud se takovato mista objevi, je nutné
prejit na Ciselné neboli kvantitativni ohodnoceni tunelu.

METODA STROMKOVYCH DIAGRAMU - KVANTITATIVNI
HODNOCENI

Jak bylo jiz feceno, je pro kvantitativni hodnoceni pouzita modifikovana meto-
da stromkovych diagramu. Pavodnim pfinosem navrzené modifikované metody
je redukovani pocétu uzll stromkového diagramu tim, Ze jsou ohodnoceny
zékladni uzly v prvni fazi feSeni fuzzy metodikou. Tim odpadaji sekundérni uzly,
které by zvySovaly dimenzionalitu hodnoceni. Po této redukci déle nasleduje
standardni hodnoceni metodou stromkovych diagram.

Hodnoceni tunelové stavby tedy probiha ve dvou fazich. V prvni fazi je hodnoce-
ni provadéno pomoci fuzzy metody, ve druhé fazi se pouziva MSD. Fuzzy meto-
da vnasi do hodnoceni expertni odhad zaloZzeny na zku$enostech odbornikd
pohybujicich se v tunelové oblasti. Expertnim hodnocenim vychazi z baze pravi-
del. Pravidla zpracoval tym odbornikli zabyvajici se problematikou projekce,
vystavby a provozovanim tunell. Pro hodnoceni je pouzit program LFLC 2000
vytvoreny na Ostravské univerzité.

Na obr. 3 je blokové schéma navrzené metody. Poc¢ate¢nimi (vstupnimi) podmin-
kami jsou dopravni data (intenzita dopravy). V zavislosti na stavebnim uspofa-
dani tunelu maji vliv na rozsah a ¢etnost udalosti. Vystupem bloku Vznik udélos-
ti je tedy ur€eni Eetnosti nehod v zavislosti na denni dobg, charakteru tunelu (jed-
nosmérny/obousmeérny) a dalSich faktorech. V dusledku nehody muze vzniknout
pozar. Vystupem bloku Vznik poZaru a rozsah, kdy se hodnoti, zda se jedna
o nehodu osobniho ¢i nakladniho vozidla, jaky material je pfevazen apod., je Cet-
nost malého ¢i velkého pozéru.

Rizikovy
Kalkulator
vbavenl tunelu
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Obr. 1 Tabulka pro hodnoceni hlasek nouzového volani
Fig. 1 Table for assessment of the emergency calling cabin

relatively expensive. It is essential to have at hand a sufficient amount of primary,
commonly statistical, data. Frequencies of events and the their effects are quantified,
in other words in numerical expression that allows comparison. Subsequently, further
criteria can be used to accept or reject the evaluated risks.

Following a thorough analysis, the method of tree charts (TCM) was selected as the
basic method for quantitative assessment of risks within proposal for the specifications.
It consists of the following phases : identification of the risky (hazardous) event, quan-
tification using a consequence analysis, assessment of frequencies or probabilities and
determination of the rate of risk. Results are illustrated using a F/N curve, representing
social risks for user of the tunnel. That is the graphical expression of relation between
frequency of that given event (F) and the number of consequences (N). A consequence
can be for instance the number of killed persons during an accident or fire.

RISK CALCULATOR - QUALITATIVE ASSESSMENT

The qualitative method has to be relatively simple. It should help the professional from
the tunneling field (for example a designer) to estimate whether the engineering and
technological equipment as well as the layout of the tunnel are satisfactory as far as safe-
ty is concerned. Thus, there are no numerical values in the output, nor does this method
allow to observe in quantitative evaluation (numerically) what changes in the assess-
ment of risks are caused for instance by additional civil or technological adjustments. On
the other hand, such simple method does not require participation of a risk analysis spe-
cialist and provides basic orientation in the field. The fundamental idea is to create a pro-
gram environment which would assess the given tunnel in two phases :

1. Based on input parameters of the tunnel and traffic characteristics it will calculate
the rate of relevance to one of the safety categories TA, TB and TC (according to
TP98 specifications) and further determine relative [%] relevance to that given
category.

2. After completion of preprogrammed tables it will determine, what structures (ele-
ments, subsystems) are located in the risky area.

The entire methodology of this assessment is elaborated in the EXCEL program-
ming environment and is called Risk calculator. The following procedure is kept
during the work :

In order to determine relevance of the given tunnel to the safety categories according
to TP98 (2004 edlition), parameters such as tunnel length, intensity etc. are taken in and
as an output the tunnel is classified in one of the three categories while rate of rele-
vance to this category is calculated. In reality that means that a tunnel 100% relevant
to that category must fulfill requirements of this category. If it is only 50% relevant, for
instance to TA or thus is closer to TB, some requirements can be reduced .

The own idea of assessment of risks arises form the distribution of subsystems
(objects as implied by the system analysis) in the tunnel that have impact on risks
for the traffic participants, and thus objects (tunnel illumination, tunnel ventilation)
and elements (emergency illumination, dimensioning of the amount of air by nor-
mal conditions). Structure of the objects and elements strictly follows the TP98 and
the prepared standard CSN 73 7507. As these are predominantly heterogeneous
elements that have various impacts on risks, each element has a certain weight.
Solvers of the project have attributed weights to all elements, but these can me
modified based on expert experience.

The own assessment then proceeds so that the evaluator attributes (by crossing the
respective checkbox) each element to one of the three outputs : Exceeding require-
ments (in relation to TP and CSN), Fulfilling standards and Not fulfilling TP or CSN. For
example of table prepared for the emergency calling cabins see Fig. 1.
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Obr. 2 Vysledné tabulka rizikového kalkulatoru
Fig. 2 Final table of the risk calculator

Tato Cetnost pak vstupuje do bloku Vyhodnoceni nasledkd, jehoz zakladem je
redukovany rozhodovaci strom. Standardné by rozhodovaci strom pro vyhodno-
ceni nasledkl zahrnoval nékolik (desitek) uzld. Diky redukci uzlG ve fuzzy blocich
se dale pracuje jen s nasledujicimi uzly: Identifikace udalosti, Stavebni bezpec-
nostni Upravy, Reakce systému a vyvoj koure.

Fuzzy hodnoceni jako zaklad pro metodu stromkovych diagrami

Kvalitativni vyhodnoceni objektt a prvkd podilejicich se na identifikaci pozaru

a na reakci systému a obsluhy je provedeno expertni metodou zalozenou na

fuzzy pristupu. Zakladem je baze rozhodujicich pravidel, ktera by méla byt trvale

doplfiovana podle pokroku ve znalostech. Metoda vyZzaduje vyuZiti specializova-

ného programoveého prostfedi, v tomto pfipadé program LFLC 2000 - Linguistic

Fuzzy Logic Controller, ktery byl vytvofen na Ostravské univerzité, v Ustavu pro

vyzkum a aplikace fuzzy modelovani. V tomto programu byl fesiteli projektu

vytvoren nastroj, ktery umoziiuje automatické hodnoceni objektu/prvku po zada-

ni jeho parametrd. Prostiednictvim tohoto néstroje jsou hodnoceny tfi uzly tvo-

fené objekty a prvky. Jedna se o objekty:

- Identifikace pozaru;

- Stavebni bezpe€nostni Upravy;

- Ventilace.

Prikladem pouZziti navrzené metody muze byt hodnoceni objektu "Identifikace poza-

ru". Na identifikaci pozaru se vétsi ¢i mensi mérou podileji nasledujici prvky:

- liniovy hlési¢ pozaru (umistény pod stropem tunelu hlési dosazeni nastavené
teploty nebo nepfipustny nartst gradientu teploty);

- videodetekce koure (kamerovy systém identifikuje automaticky vznik koure);

- GSM (fidi¢i informuji zachranné slozky pomoci mobilnich telefond);

- SOS kabina (Fidi¢i informuiji dispecera tunelu o vzniku pozaru);

- videodohledu (poZar je identifikovan dispecerem tunelu z monitort dohledu).

Na obr. 4 je blokové schéma postupu vyhodnoceni identifikace pozaru. Pomoci

fuzzy metody jsou hodnoceny v8echny vySe uvedené prvky, kterymi je mozno

identifikovat pozar. Na kazdy z uvedenych prvk( ma vliv fada okrajovych podmi-

nek, které ovliviiuji schopnost identifikovat pozar. Pro liniovy hlasi¢ poZaru (LHP)

bylo pfipraveno 37 fuzzy expertnich pravidel, ktera hodnoti vysku umisténi LHP,

vliv gradientu tunelu na vlastnosti LHP, zpUsob ventilace a dale to, zda je viibec

hlasi¢ instalovan, respektive, zda méFi i narist teploty. Vysledkem je potom hod-

noceni identifikace poZaru liniovym hlésicem ve stupnici od VYBORNY aZ po

SPATNY. Priklad dvou pravidel je v nasleduiici tabulce.

If (PoziceVyska is NIZKO) and (GradientTunelu is MALY) and (Ventilace is PRICNA) and

(GradientTeploty is ANO) and (JeLiniovyHlasic is ANO) then (HodnoceniLHP is VYBORNY)
If (PoziceVlyska is STREDNE] and (GradientTunelu is MALY) and (Ventilace is PRICNA) and
(GradientTeploty is ANO) and (JeLiniovyHlasic is ANO) then (HodnoceniLHP is VYBORNY)

Vlastni hodnotici parametry (NiZKO, MALY ...) zadavé expert. Na vystupu tohoto
programového modulu je v Ciselné stupnici od 0 do 1 vypocitano, jaka je kvalita
identifikace vzniklého pozaru. Na prikladu vypoctu hodnoceni LHP pro Strahovsky
tunel, za vstupnich podminek, vy$ka umisténi 5,5 m nad vozovkou, gradient tune-
lu 3,2 % a pfi¢na ventilace je ukazano, Ze diky neméreni gradientu teploty vyslo
hodnoceni 0,5. Pokud by zde byl hlasi¢ pracujici i s diferenci teploty, zvysi se hod-
noceni na 0,811.

After filling in all the partial tables for separate objects, a final table in Fig. 2 is auto-
matically shown, which determined the risk factor for each evaluated object. Such an
object is shown in three colors :

Green safe, fulfills specifications and CSN
Grey safe, exceeds the safety requirements
Orange  dangerous, does not fulfill specifications or CSN

If there is an orange color for any object, additional analysis, or quantitative calcula-
tion of risks, has to be carried out.

The risk calculator thus makes a basic orientation in the field easier and warns of crit-
ical places from the viewpoint of safety. In case such places appear it is necessary to
switch to numerical, or quantitative, assessment of the tunnel.

METHOD OF TREE CHARTS - QUANTITATIVE ASSESSMENT

As it was already pointed out, the modified method of tree charts is used for quanti-
tative assessment. The original contribution of the proposed modified method was
the reduction of the number of nodes of the tree chart by assessment of the basic
nodes using Fuzzy method in the first phase. That makes redundant the secondary
nodes, which would increase dimensionality of the assessment. The standard assess-
ment using the method of tree charts follows after this reduction.

Assessment of the tunnel structure thus proceeds in two phases. In the first phase the
assessment using the Fuzzy method takes place, and the TCM is used in the second
phase. The Fuzzy method introduces into the assessment an expert assessment
based on experience of professionals active in the field of tunneling. The expert
assessment derives from a set of rules. These rules were elaborated by a group of pro-
fessionals dealing with issues of design, construction and operation of tunnels. The
program LFLC 2000, created at the Ostrava University, is used for the assessment.
At Fig. 3 see a flow chart of the proposed method. Initial (input) conditions are repre-
sented by traffic data (traffic intensity). Based on structural configuration of the tunnel,
they have impact on range and frequency of events. Output of the block origin of
event is thus determination of the frequency of accidents in relation to daytime, char-
acter of the tunnel (single-direction, double-direction) and other factors. A fire can
break out as a result of an accident. Output of the block Origin of fire and extent is the
frequency of minor or major fire, while it is evaluated whether it is an accident of per-
sonal or cargo vehicle, what kind of cargo is transported etc.

This frequency then enters the block Assessment of effects, which is based on a reduced
decision tree. The decision tree would in average after assessment of the effects include
tens of nodes. Thanks to the reduction of nodes in Fuzzy blocks, only the following
blocks are further worked with: Identification of the event, Civil engineering safety
adjustments, Reaction of the system and Smoke development.

Fuzzy assessment as a basis for the Thee Chart Method

Qualitative assessment of the objects and elements taking in fire identification, in reac-

tion of the system and the personnel is carried out by an expert method based on the

fuzzy approach. The foundation is a base of decisive rules which should be continuous-

ly supplemented according to improved knowledge. The method requires the use of a

specialized programming environment, in this case program LFLC 2000 - Linguistic

Fuzzy Logic Controller (created at the Ostrava University within the Institute for research

and application of fuzzy modeling. Solvers of the project by means of this program

developed a tool that allows automatic assessment of the object/element upon deter-

mination of its parameters. Three nodes comprising objects and elements are evaluat-

ed using this tool :

- Identification of fire

- Structural safety adjustments

- Ventilation

Assessment of the object "ldentification of fire" can serve as an example of the

designed method. The following elements play smaller or larger role in the identifi-

cation of fire :

- linear heat detector (located below tunnel ceiling reports reaching of preset tem-
perature or unacceptable rise of temperature gradient)

- video-detection of smoke (camera system automatically identifies the occurrence
of smoke)

- GSM (drivers inform the rescue units using cellular phones)

- SOS cabin (drivers inform the tunnel controller of the occurrence of fire)

- video-surveillance (fire is identified by the tunnel controller from the surveillance
screens)

At Fig. 4 see the flow chart of the procedure of assessment of the fire identification.

The Fuzzy method is used to evaluate all aforementioned elements that are capable

of identifying a fire. For every of the elements there are a number of marginal condi-

tions that influence the capability of identifying a fire. For the linear heat detection

(LHD), 37 Fuzzy expert rules were prepared, which evaluate height of position of the

LHD (PositionHeight), influence of tunnel gradient on attributes of the LHD (Tun-

nelGradient), system of ventilation (Ventilation) and also whether the detector is

installed at all (LinearDetectorExists), or whether it measures the temperature gradi-

ent (TemperatureGradient). The result then is an assessment of the fire identification
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Stejnym zplisobem se vyhodnocuji v§echny prvky. Pro
vypoéet pravdépodobnosti identifikace udalosti (poZéaru)
se vychazi z péti hodnot, které byly ziskany aplikaci fuzzy
metody. Hodnoty se pohybuji v intervalu 0 - 1. Ke kazdému
hodnocenému prvku je pfifazena vaha &, ktera vypovida
o kvalité a potiebnosti a Uspésnosti identifikovat vznikajici
pozar.

Vyhodnoceni ¢etnosti udalosti

Po expertnim hodnoceni, které jednak zvysilo kvalitu hod-
noceni a podstatné redukovalo problém, se ¢iselné hodno-
ty ziskaji aplikaci metody stromkovych diagram, obr. 5,
ktery tvofi jen pét uzl.

Na zakladé vypocitanych Cetnosti kazdé udéalosti se stano-
vuje pocet lidi postizenych udalosti. Pro zobrazeni celkové-
ho spolecenského rizika se pak pouzivaji tzv. F/N diagramy
(Cetnost/nasledek). Pouziti F/N diagramu je béiny postup
pro popis spolecenského rizika v tunelu a je doporuceno
i v navrhovanych technickych podminkéach. Na obr. 6 je
F/N diagram udéavajici zavislost mezi Eetnosti udélosti
a nasledky udalosti.

Vysledkem hodnoceni bude, podle mezinarodnich dohod
a standardU, pocet poskozeni zdravi za rok na 1 km posu-
zovaného uUseku. V literatufe je udavana tolerovana mira
poctu poskozeni osob maximalné 0,1 osoby za rok na 1 km
délky.
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Clanek popisuie relativné jednoduchou metodu pro hodnoceni
kvality bezpecnosti tunelu vyuZivajici tzv. rizikovy kalkulator. Tuto
metodu mohou vyuZivat projektanti, investofi a dal$i osoby, které

nejsou specialisté na rizikovou analyzu.

Pro pfesné hodnoceni je nutné mit moznost kvantitativné vy&islit mozna rizi-

ka pro dané nebo planované provedeni tunelu. Nutnost mit takovyto nastroj
potvrdila i nova evropskéa smérnice o jednotné bezpecnosti v tunelech, lit. [5],
ktera jednoznacné pozaduje, aby kazdy clensky stat tuto metodiku vytvoril
a pouzival. Nové navrzend metoda je origindlnim pfispévkem k této proble-

matice.
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Fig. 3 Flow chart of the proposed method
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Fig. 4 Procedure of determination of the
probability of fire identification assessment
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by the linear heat detector on a scale from EXCELLENT to POOR. For an example of
the two rules see the following chart :

If (PositionHeight is LOW) and (TunnelGradient is LOW) and (Ventilation is TRANSVERSAL) and
(TemperatureGradient is YES) and (LinearDetectorExists is YES) then (LHDAssessment is EXCELLENT)

If (PositionHeight is MEDIUM) and (TunnelGradient is LOW) and (Ventilation is TRANSVERSAL) and
(TemperatureGradient is YES) and (LinearDetectorExists is YES) then (LHDAssessment is EXCELLENT)

The own assessment parameters (LOW) are input by the expert. Using the output of

this program module, a calculated number between 0 and 1 determines the quality of
identification of the arising fire. The example of calculation of the LHD assessment for
the Strahovsky tunnel under given conditions : position height of 55 m above the
road, tunnel gradient of 3,2 % and transversal ventilation showed that for the absent
measurement of temperature gradient the assessment equaled 0,5. If the heat detec-
tor (fire alarm) in this case considered temperature gradient, the assessment would

rise to 0,811.

All elements are evaluated in the same way. There are five initial values, acquired by

application of the Fuzzy method, needed for calculation of probability of identification
of the event (fire). The values range between 0 and 1. There is a weight ? attributed to

ing the arising fire.

each evaluated element, which implies the quality, necessity and success in identify-

Assessment of the frequency of events
Following the expert assessment, which both increased the quality of the assessment

and significantly reduced the problem, numerical values are acquired using the Tree
Chart Method, see Fig. 5, which thus consists of only five nodes.

Based on calculated frequencies of every event, the number of persons affected by
that event is determined. The so-called F/N (frequencyy/effects) models are used to

illustrate the aggregate social risk. The use of F/N diagrams is a common procedure

during description of social risk in a tunnel and it is also recommended in the pro-
posed specifications. In Fig. 6 see the F/N diagram showing the relation between fre-
quency of events and effects of events.

Result of the assessment will be, according to international agreements and stan-

dards, the number of injuries per year per 1 km of the evaluated section. The

sources suggest the still tolerated maximum rate of human injuries as 0,1 person

per year per 1km.

CONCLUSION

The article describes a relatively easy method for the assessment of quality of safety

in a tunnel using the so-called Risk calculator. Such method can be used by design-

ers, investors and other persons who are no specialists in the field of a risk analysis.
The possibility to quantitatively express potential risks for an existing or planned

design of a tunnel is necessary for accurate assessment. The need for such a tool was

also stressed by the new European directive on standard safety in tunnels, lit. [5],
which explicitly requires for every member state to form and use such a methodolo-
gy. The newly designed method represents an original contribution to this field.
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Obr. 6 F/N diagram
Fig. 6 F/N diagram
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VYSTAVBA TUNELA TROJANE V TAZKYCH GEOLOGICKYCH PODMIENKACH
S NIZKYM NADLOZIM A S RAZENIM POD ZASTAVANOU OBLASTOU

TROJANE TUNNEL BUILT IN DIFFICULT GEOLOGICAL CONDITIONS,
UNDER SHALLOW COVER, IN DEVELOPED AREA
ING. MILAN PASTIERIK, BANSKE STAVBY, a. s.

uvob

Tunel Trojane v Slovinsku je situovany na trase dialnice A-10 Koper - Lendava
asi 40 km pred Ljubljanou v smere od Mariboru a je su¢astou sustavy tunelov
a viaduktov, ktorymi prekonava tato trasa rovnomenné sedlo Trojane medzi
Kamnigko-Savinjskymi Alpami a Posavskou hornatinou. Ostatné tunely na
tejto trase (Locica, Jasovnik, Podmilj) su uz vybudované. Tunel Trojane sa
buduje ako posledny, ale bude medzi nimi najdlhsi (2900 m). Je to dvojrirovy
tunel Standardnych eurdpskych parametrov, kazda rura s dvomi jazdnymi
pruhmi, tak ako vSetky novobudované tunely v Slovinsku.

Dialniénd magistrala A10 spoji jadranské pobreZie s rakuskou hranicou
v smere Gratz - Vieder. Je preto jednou z prioritnych stavieb dopravnej infra-
Struktury Slovinska.

UCASTNICI STAVBY A CASOVY PLAN

Investorskou organizaciou stavby je DARS, d. d., (Druzba za avtoceste
v Republiki Slovenie). Generalnym dodavatelom stavby na zaklade medzina-
rodného tendra sa stala firma Impresa Grassetto, S. p. A., Milano - ltalia,
PodruZnica Ljubljana. Rozpoétové néaklady stavby v Case uzavretia tendra
predstavovali 62 milionov EUR. Subdodavatelom razi¢skych, meraéskych
a betonarskych prac na tunelovom osteni sa stali na zaklade vyberového kona-
nia Banské stavby, a. s., Prievidza. Tender bol uzavrety 23. marca 2000. Prace
na stavbe sa zacali v septembri 2000. Severna tunelové rira bola prerazena
v oktébri 2003, prerazenie juznej tunelovej rary sa ukonéilo v marci 2004. Do
septembra 2004 ma byt vybetonované sekundarne ostenie a tunel by mal byt
spojazdneny do zaCiatku letnej sezony 2005.

ZAKLADNE PARAMETRE TUNELA TROJANE

Dizka juznej (lavej) tunelovej rary: 2900 m
Dizka severnej (pravej) tunelovej rury: 2821 m
Priecny profil - hruby vylom: 90-108 m?
Pozdizny sklon: +0,5-(-)05%
Pocet nudzovych zélivov: 4
Prie¢ny profil nidzovych zélivov: 145 m?
Pocet prie¢nych prepojeni (Gnikové cesty) 5
Profily prienych prepojeni 55 - 85 m?

GEOLOGICKE PODMIENKY NA TRASE TUNELA

Tektonicka stavba tzemia v §irSom okoli tunela Trojane je prikrovovo-vrasova.
Ide o vrasnenie a opakujuce sa nastvanie troch velkych tektonickych celkov:
Dolenského krasu, Poséavskej vrasy a Savinjsko-Kamnigkych Alp. Trasa tunela
pretina Poséavsku vrésu v jednej z podzén Trojanského prikrovu, presnejSie
v Kozjasskom prikrove. Je to formdcia prevazne paleozoickych (permo-kar-
bonskych) hornin, zastipenych hlavne pieskovcami a prachovcami. Suvrstvie
je intenzivne tektonicky porusené s prejavmi regionalnej metamorfdzy, ktorej
produktom su aZ grafitické bridlice s vyrazne vyvinutou bridlicnatostou, kliva-
zou a mikrovrasami. Vyraznymi plochami odluénosti su pravidelne a ¢asto sa
vyskytujuce tektonické zrkadla. Vlastnosti horninového prostredia dotvara pri-
tomnost podzemnej vody a ob&asny vyskyt metanu. Naroénost tunelovej stav-
by z hladiska nepriaznivych geologickych podmienok dalej komplikuje to, Ze
ide o razenie s nizkym nadloZim a pod zastavanym Gzemim.

Podla ONORM B 2203 je horninové prostredie zaradené do tychto vylomovych
tried :

B2 (393 m), C2 (2395 m), C3 (515 m), C5(103 m), SCC (1401 m), PC (718 m),
CA (146 m), Cand C (50 m), SCC (1120 m), SCC Il (281 m).

TECHNOLOGIA RAZENIA

Projekt, technoldgia a organizécia préac su postavené na zasadéch a principoch
Novej rakuskej tunelovacej metddy (NRTM) s niektorymi dodato¢nymi modifi-

INTRODUCTION

The Trojane tunnel in Slovenia is situated on the A-10 Koper - Lendava highway,
about 40 km before Ljubljana in a direction from Maribor. It is part of a system of
tunnels and viaducts allowing this route to pass the mountain-saddle of the same
name, Trojane, found between the Kamnik-Savinja Alps and the Sava Highlands.
Remaining tunnels of this system (Locica, Jasovnik, Podmilj) have already been
finished. The Trojane tunnel is being built as the last one, but it will be the longest
among them (2,900 m). It is a twin-tube tunnel of standard European parameters,
each tube with two lanes, as all newly built tunnels in Slovenia.

The highway A10 will interconnect the Adriatic shore with the Austrian border in the
Gratz - Vienna direction. It is therefore one of priority projects of the traffic infra-
structure of Slovenia.

BUILDING TEAM AND CONSTRUCTION SCHEDULE

DARS, d. d., (Druzba za avtoceste v Republiki Slovenie) is the construction owner.
The general contractor for the construction, the winner of an international tender, is
Impresa Grassetto, S. p. A., Milano - Italia, PodruZnica Ljubljana. The costs of the con-
struction estimated in the time of the tender conclusion amounted to 62 million euro.
Banske stavby, a. s., Prievidza won a tender for a sub-contract for excavation, survey
and tunnel lining casting operations. The contract was signed on 23 March 2000. The
construction work started in September 2000. The northern tunnel tube break-
through took place in October 2003; the southern tube was cut through in March
2004. Casting of the secondary lining is to be finished by September 2004, and the
tunnel should be opened to traffic by the beginning of the 2005 summer season.

TROJANE TUNNEL BASIC PARAMETERS

Southern (left-side) tunnel tube length 2,900 m
Northern (right-side) tunnel tube length 2821 m
Excavated cross-section area 90-108 m*
Gradient +0.5-(-)0.5%
Number of emergency laybys 4
Cross section at emergency laybys 145 m?
Number of cross passages (escape ways) 5
Cross-passage profile 55-85m?

GEOLOGICAL CONDITIONS ALONG THE TUNNEL ROUTE

The tectonic pattern of the area within a wider neighbourhood of the Trojane tun-
nel is that of a thrust fold. It is a matter of folding and repeated sliding of three
major tectonic units: the Dolen karst, the Sava fold, and the Savinja-Kamnik Alps.
The tunnel route crosses the Sava fold in one of the Trojane thrust sheet sub-zones,
more precisely to say the Kozjas thrust sheet. This is a formation of mostly Palaeo-
zoic (Permian-Carboniferous) rock types, represented mainly by sandstones and
siltstones. The series of strata is intensively seismically disturbed, with manifesta-
tions of regional metamorphosis, producing up to graphitic schist with explicitly
developed schistosity, cleavage and micro-folding. Regularly and frequently
encountered faulting polishes are an outstanding type of planes of cleavage. The
properties of the rock mass are further affected by presence of groundwater and
intermittent occurrence of methane. The complications for the tunnel construction
due to the unfavourable geological conditions are intensified by the fact that the
excavation takes place under a shallow cover, in a developed village area.

According to the ONORM B 2203, the following classes are assigned to the rock
environment:

B2 (393 m), C2(2395m), C3(515m), C5(103 m), SCC (1401 m), PC (718 m),

CA (146 m), Cand C (50 m), SCC (1120 m), SCC Il (281 m).

EXCAVATION TECHNIQUE

The design, technique and organisation of the works are based on the rules and prin-
ciples of the New Austrian Tunnelling Method (the NATM), with some additional
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kéciami podfa navrhu talianskych tuneldrov pomenovanych ako Talianska
tunelovacia metdéda (TTM). Geologické podmienky neumozZiiovali pouZitie
vrtno - trhavinovej metddy, preto sa razilo s pouZitim mechanického rozpojo-
vania systémom hydraulického rozrudovania (CAT 330), doplneného hydrau-
lickym impaktorovym kladivom (CAT 320 s impaktorom). Na celej dizke trasy
tunela sa razilo s ¢lenenim Eelby na kalotu, stupefi a protiklenbu. V kritickych
usekoch sa v celbe kaloty postupovalo s vyrubom dalej ¢lenenym na 5
sekvencii (1x pristropné sekvencia, 2 postranné, 1 x oporné jadro, 1 x docas-
na protiklenba).

Na nakladanie a odtazbu sa pouZzivali ¢elné kolesové nakladace typu CAT 938
s lopatou 2,75 m* a nakladné automobily, ktorymi sa ribanina vyvézala na
medziskladku v blizkosti portalu.

Skladbu a dimenzovanie primarnej vystuze preduréuje klasifikacia do vylomo-
vych tried. Vo vSeobecnosti, pri aplikdcii NRTM na tomto tuneli, primérna
vystuZ pozostava z nastreku prvej vrstvy striekaného beténu (SB), poloZenia
prvej vrstvy ocelovej mreZoviny, postavenia podperného ocefového oblika
zvonkového profilu velkosti K 21 alebo K 24, nastreku druhej vrstvy SB, polo-
#enia druhej vrstvy mreZoviny a tretieho nastreku SB. Dalej nasleduje zabudo-
vanie SN- svornikov alebo IBO- svornikov dizky 6, resp. 9 m a v tazsich vylo-
movych triedach aj zabudovanie mikropilét. Po reprofilacii a pred polozenim
hydroizolaénej folie sa este raz cely povrch prestrieka jemnou zmesou SB
v hrtbke 3-5 cm.

Striekany betén je aplikovany vyluéne mokrou cestou s pouzitim nealkalické-
ho urychlova¢a Mapei AF 2000 striekacou stpravou CIFA SPRITZSYSTEM CSS
2 s vykonom 33 m* za hodinu. Svornikovanie sa robi dvojlafetovymi vitacimi
vozmi ATLAS COPCO 282, resp. ATLAS COPCO L2C (obidva bez pracovnej
plosiny). Pracovna plosina typu MANITOU je na samostatnom podvozku.

RAZENIE V PODMIENKACH S NizZKYM NADLOZiM

Najtazsi Usek z hladiska razenia je v stanic¢eni km 80 210 - 80 370. V tychto mies-
tach je juzna tunelova rura pod zastavanym Gzemim, s nizkym nadloZim v roz-
péti 14 - 25 m, s pritokmi podzemnej vody a v komplikovanych horninovych
podmienkach. Usek je preto zatriedeny do vylomovej triedy SCC Il a na jeho
Uspesné zdolanie projektant navrhol viacero technologickych opatreni a to:

- aplikéciu ochranného mikropilétového dazdnika

- poutitie zdvojenych nepoddajnych podpernych oblukov z profilu | 180
- skrétenie zdberu na 0,8 m

- zvacenie hrubky striekaného betdnu z 250 na 350 mm

- Clenenie vyrubu kaloty na 5 sekvencii

- svornikovanie ¢ela vyrubu axialnymi kotvami

- zruSenie poufZitia radialnych svornikov

- intenzivne geodetické a geotechnické merania

Mikropilétovy dazdnik pozostaval z 42 ocelovych rur priemeru 114 mm
s dizkou 15 m, preinjektovanych cementovou maltou. Vzajomné prekrytie
dazdnikov je spravidla 4,0 m, ale v najtaz8ich usekoch sa pouZilo aj dvojité
prekrytie.

Celo kaloty sa speviiovalo preinjektovanymi IBO svornikmi dizky 15 m v poéte
35 ks a zaroven aj sklolaminatovymi kotvami v pocte 10 ks s kotviacou silou 250
kN a so vzdjomnym presahom jednotlivych sdd 7 m. Okrem toho sa ¢elo spev-
fiovalo ocelovou mreZovinou Q 283 a nastrekom SB s hrubkou vrstvy 15 cm.

modifications according to a proposal by Italian tunnellers, named the Italian Tun-
nelling Method (the ITM). Geological conditions did not allow application of the drill-
and-blast method, therefore mechanical rock breaking using a hydraulic system (CAT
330) supplemented by a hydraulic impact hammer (CAT 320 with an impact breaker).
A sequence of top heading, bench and invert was applied to the entire tunnel length.
In critical sections the top heading face was further divided to 5 sequences (1 roof
sequence, 2 side-wall drifts, 1 supporting core, 1 temporary invert).

CAT 938 type front end loaders with 2.75 m* shovels and dumpers removing the
muck to a temporary stockpile nearby the portal were used for mucking out.

The composition and dimensions of the primary support depend on determination
of the excavation class. In general, the primary support used in this tunnel NATM
excavation consists of application of the first layer of shotcrete, installation of the
first layer of steel mesh, erection of a K 21 or K 24-size steel rib with a "top hat" pro-
file, spraying the second layer of concrete, placement of the second layer of mesh
and the third shotcrete layer. Installation of SN rockbolts or IBO rockbolts 6 m long
(or 9 m long in more difficult excavation classes) follows, as well as installation of
micropiles. A fine shotcrete mix is repeatedly sprayed on the entire surface (layer
thickness 3-5 cm) once the excavation has been re-profiled and before application
of the waterproofing membrane.

Shotcrete is applied solely using the wet process, using an alcali-free accelerating
admixture Mapei AF 2000, with CIFA SPRITZSYSTEM CSS 2 spraying machine (rate
of 33 n¥ per hour). Rockbolting is carried out by twin-boom drilling rigs ATLAS
COPCO 282 or ATLAS COPCO L2C (both machines without platform lifters). The
platform lifter is installed on a separate undercarriage.

EXCAVATION UNDER SHALLOW COVER

The most difficult section in terms of excavation is at chainage km 80 210 - 80 370.
In this section the southern tunnel tube passes a developed area, proceeding under
a shallow cover with a depth ranging from 14 to 25 m, with ground water inflows,
and in complicated rock conditions. For that reason, this section was categorised as
excavation class SCC I, and the consulting engineer proposed several technologi-
cal measures to secure successful passage, namely:

- application of a protective pre-support canopy,

- installation of pairs of unyielding supporting ribs from H 180 sections,
- reduction of the round length to 0.8 m,

- increasing the shotcrete layer thickness from 250 to 350 mm

- dividing the top heading into 5 sequences

- supporting the face with axial anchors

- cancellation of radial rockbolts application

- intensive survey and geotechnical measurements

The canopy tube pre-support consisted of 42 pipes 114 mm in diameter, 15 m long,
injected with cement grout. Overlapping of the canopies of 4 m is usually used, but
in the most difficult section double overlaps were used.

The top heading face was reinforced by 35 pieces of 15m-long grouted IBO rock-
bolts, and simultaneously by 10 pieces of fibreglass anchors with an anchoring
strength of 250 kN and overlapping of individual sets of 7 m. In addition, the face
was supported by steel mesh Q 283 and 15 cm of shotcrete.

The leaving out the radial rockbolts followed from a need for reduction of ground
water inflows into the unsupported excavation, causing internal erosion of the rock
environment.

Obr. 1 Hydraulické rypadlo CAT 330 a 320 s impaktorom
Fig. 1 Hydraulic excavator CAT 330 and 320 with impactor
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Vynechanie radiélnych svornikov vyplynulo s potreby znizenia aktivnych pri-
tokov podzemnej vody do nezaisteného vyrubu, ktoré spdsobovali suféziu
(vnatornu eréziu) horninového prostredia.

Vyrub kaloty sa sa roz€lenil na 5 sekvencii: 1x pristropny zéber, 2 x postranny
(favy a pravy) zaber, 1 x oporné jadro, 1 x vylom docasnej protiklenby. Opor-
né paty kaloty sa dalej speviiovali roz§irenymi patkami podpernych oblikov
a 4 mikropilétami na jeden zaber, dlhymi 6,0 m s priemerom ocelovej riry 60
mm. Mikropiléty boli vitané pod uhlom 38° s osovym rozstupom 0,4 m. Na
vitanie sa pouzil vitaci voz ATLAS COPCO BOOMER 282 s rozSirovacou
korunkou priemeru 114 mm. Funkciou tychto mikropildt je prenasanie zataze-
nia ostenia kaloty v oblasti paty hlavne vo faze vylomovych prac stupiia (lavi-
ce) a protiklenby dovtedy, kym sa nespevnia nastrekom SB. Predstih kaloty
voci vylomu stupiia a protiklenby nema prekrogit limit 30 m.

Stupeti a protiklenba so zabermi v dizke 0,8 m sa razili pogas vitania ochran-
ného dazdnika a svornikovania ¢ela kaloty. Vitanie ochranného dazdnika trva-
lo priemerne 40 hodin. Simultanny priebeh préac v kalote, na stupni a proti-
klenbe mal ¢iastkovy negativny désledok v tom, Ze sa musela ¢asto likvidovat
a znovu budovat najazdova rampa.

GEODETICKE A GEOTECHNICKE MERANIA POCAS RAZENIA

Jednym z opatreni pri razeni vo vylomovych triedach SCC bolo monitorovanie
poklesov povrchu podfa kritérii velmi presnej nivelacie (VPN). Meranie sa
malo vykondavat denne, ale projektant dalej predpisal, aby sa merania opako-
vali minimalne dvakrat za den. Zistovanie poklesov systémom VPN sa vyko-
navalo v predstihu minimalne 50 m pred postupujicim razenim. Prvé meranie
sa oznacovalo ako nulté meranie. Bodové pole zachytavalo cely povrch pokle-
sovej kotliny v stlade s poZiadavkami projektanta. Z vysledkov merania bolo
napr. zistené, Ze v osi poklesovej kotliny v stani¢eni km 80 200 dos$lo v obdobi
od 3. do 13. februéra 2004 k poklesu o 22 cm.

Vo vylomovej triede SCC Il sa vykonavalo stale meranie konvergencii. Vysled-
ky merani preukézali, Ze hodnoty konvergencii neprekrocili predpokladané
limity stanovené projektantom (5,0 cm).

Pocas samotného razenia sa pomocou $peciadlneho meracského pristroja
meral stav deformécii horninového masivu. Ide o horizontélny inklinometer
firmy TUG (Institut for Rock Mechanics and Tunnelling Gratz), ktory bol situo-
vany vidy v priestore pod ochrannym dézdnikom a zaznamenaval v dfzke 21 m
deformacie v kalote pred vylomovymi pracami a pocas ich priebehu. Zodpo-
vedni geotechnici firmy TUG vyhodnocovali priebezne vysledky merani tak, ze
razi¢ska osadka dostavala informéacie o stave poklesu nadloZia priamo pocas
vylomovych préc.

REPROFILACIA TUNELOVEJ RURY

S mesaénym ¢asovym odstupom po prerazke severnej tunelovej riry v oktob-
ri 2003 sa zacalo meranie presnosti lica primarneho ostenia (s pouzitim profi-
lera LEICA 4000) a reprofilovanie tych ¢asti, ktoré vybocovali z projektom sta-
novenych tolerancii. Z celkovej dizky severnej tunelovej riry 2900 m sa repro-
filacia musela urobit v thrnnej dizke 800 m. Pri reprofilacii sa z primarneho
ostenia odstranilo v objeme celkom 1000 m* materidlu (v tom aZ 30 t ocele)
a na vyrovnanie lica sa poZilo 400 m® striekaného beténu. Podstatna cast
prekrocenia dovolenych tolerancii sa pripisuje na vrub menej priaznivych

The top heading was divided into 5 sequences: 1x roof drift, 2x side-wall drift (left and
right), 1x supporting core, 1x temporary invert excavation. The arch springing areas
were further reinforced by widening the feet of supporting ribs and installing 4
micropiles per one round (6.0 m long steel pipes, 60 mm in diameter). The micropiles
were drilled at an angle of 38° using reaming bits 114 mm in diameter. The function
of these micropiles was to carry the load of the top heading lining acting in the spring-
ing area, mainly in the phase of the bench and invert excavation until it is reinforced
by shotcrete. The horizontal distance of the top heading from the bench and invert
excavation should not exceed a limit of 30 m.

The bench and invert with round lengths of 0.8 m were excavated in the time when
the drilling for the pre-support tubes was carried out and rock bolts installed to the top
heading face. The drilling for the canopy tubes took 40 hours in average. The simul-
taneous work on the top heading, bench and invert had a partial negative impact: the
access ramp had to be removed and renewed very often.

SURVEY AND GEOTECHNICAL MEASUREMENTS
IN THE COURSE OF EXCAVATION

One of the measures applied in the course of the tunnel driving through rock of
excavation class SCC was monitoring of the surface subsidence according to high-
precision levelling (HPL) principles. The measurement was to be carried out once a
day, but later on the designer ordered that the measurements be repeated twice a
day as a minimum. The subsidence measurements by the HPL system covered a
50m zone ahead of the excavation face as a minimum. The first round of measure-
ments was defined as zero measurement. A minor control covered the entire sur-
face of the settlement trough in accordance with designer's requirements. For
instance, the measurement results showed that the surface on the centre line of the
settlement trough at chainage km 80 200 settled 22 cm on 13 February 2004.
Continual convergence measurement was carried out in the excavation class SCC
Il. The measurement results proved that the convergence values did not cross the
assumed limits specified by the designer (5.0 cm).

A special survey instrument was used for the rock mass deformation measurement
in the course of the excavation operations. This instrument, a horizontal inclinometer
manufactured by TUG (the Institute for Rock Mechanics and Tunnelling Gratz), was
always situated in the space under the pre-support canopy. It recorded deformations
in the top heading within a 21 m long section ahead of the excavation and in the
course of the excavation. Responsible geotechnicians employed by TUG assessed
preliminary results of the measurement, and the mining crew received information on
the overburden settlement directly in the course of the excavation operations.

TUNNEL TUBE RE-PROFILING

With a one-month delay after the breakthrough of the tunnel tube North (October
2003), the measurement of accuracy of the primary lining surface started (using
LEICA 4000 profiler), together with re-profiling of the parts outside the tolerances
specified by the design. Out of the total length of the tube North of 2900 m, the re-
profiling had to be carried out along a aggregate length of 800 m. About 1000 m* of
material (30 t of steel included) were removed from the primary lining during the re-
profiling, and 400 m® of shotcrete were used for adjustment of surface irregularities.
Substantial part of the crossed tolerance limits is attributable to the geological con-
ditions less favourable than expected according to the geological investigation
results.

Obr. 2 Budovanie vystuze vo vystrojovacej triede SCC Il, typ 18
Fig. 2 Support erection in the excavation class SCC I, type 18
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geologickych podmienok ako boli o¢akavané podla vysledkov geologického
prieskumu.

BETONAZ SEKUNDARNEHO OSTENIA

Osobitnou kapitolou na stavbe tunela Trojane je betonaZ sekundarneho oste-
nia. Banské stavby Prievidza podpisali v septembri 2003 kontrakt s general-
nym doddavatefom na kompletnd pripravu primarneho ostenia pred poloze-
nim hydroizolacie ako aj na samotnU betonaz sekundarneho ostenia. Kom-
pletna priprava ostenia pred poloZenim hydroizolacie zahrriuje reprofilaciu,
vyhlbenie ryhy pre drenéz, poloZenie drendzneho potrubia a jeho zakrytie
betonom. Stcastou betonarskych prac je aj poloZenie ocelovej vystuze v tych
Castiach sekundarneho ostenia, ktoré je projektované v Zelezobetdne.
ZacCiatkom roka 2004 betonaz sekundarneho ostenia prebiehala v obidvoch
tunelovych rdrach. Postupuje sa od zdpadného k vychodnému portalu. Beto-
narské osadky su na sebe nezdvisle, ale zaroverl s betonarskymi pracami
v juznej tunelovej rire sa este razi a v severnej reprofiluje, resp. pripravuje
ostenie na poloZenie hydroizolacie.

Pri betondaZi sekundarneho ostenia sa pouZiva teleskopické, hydraulicky ovla-
dané debnenie CIFA. Beténuje sa v 12 m dlhych blokoch, na jeden zéber sa
spotrebuje 165 m® betdnu triedy C 25/30. Oddebriuje sa po 7 h od ukonéenia
ukladania beténu. V¢ase oddebriovania musi mat beton pevnost minimalne
6,5 N/mm?.

Dosahované vykony pri beténovani sekundarneho ostenia st v priemere 228
m/mesiac. Prace tohto druhu by mali byt ukonéené do konca septembra 2004.

ZAVER

Banské stavby Prievidza na stavbe tunela vyuZili svoje doterajSie skusenosti
ziskané na podobnych stavbach doma i v zahrani¢i. Ziskali v§ak aj nové sku-
senosti z razenia v mimoriadne komplikovanych podmienkach a v kooperacii
s viacerymi partnermi, s ktorymi doteraz nemali prileZitost spolupracovat na
tej istej stavbe.

Pri betonarskych pracach sa osved¢ili najmé ti pracovnici Banskych stavieb,
ktori betonarsku prax nadobudli na tunelovych stavbach v Nemecku.

Razenie dialni¢ného tunela Trojane, oproti mnohym predchadzajicim stav-
bam tohto druhu, bolo aj z iného hladiska naroénejsie. Hlavnym rozdielom bol
simultanny priebeh viacerych operacii a ¢innosti, ktoré v stiesnenych pod-
zemnych priestoroch si navzajom prekazaju. Tento nérast ¢innosti v tuneli zna-
menal zaroven primerané zvySenie po€tu pouZitych strojov a zariadeni a zvy-
Senie poctu pracovnikov. Odozvou na toto zmnozenie prostriedkov a persona-
lu muselo byt detailnej$ie planovanie pracovnych ¢innosti, preciznej$ia orga-
nizécia prace a doslednejSie dodrZovanie zasad bezpe¢nosti prace.

SECONDARY LINING CASTING

Casting of the secondary lining of the Trojane tunnel is a separate chapter of the
works. In September 2003, Banské Stavby, a. s., Prievidza concluded a contract with
the general contractor for complete preparation of the primary lining ready for
installation of the waterproofing system, as well as casting of the secondary lining.
The task of complete preparation of the primary lining ready for installation of the
waterproofing membrane comprises re-profiling, excavation of a ditch for drainage
pipes, laying the drainage pipes and backfilling them with concrete. Part of the con-
crete casting operations is also placement of reinforcement in the secondary lining
sections that are designed in reinforced concrete.

At the beginning of the year 2004 the concrete casting operations took place in both
tunnel tubes. They are advancing from the western portal to the east. Concrete cast-
ing crews are independent, but in the tunnel tube South excavation has not been
completed yet and re-profiling and preparation for the waterproofing installation is
still being carried out in the tube North.

A telescopic, hydraulically controlled shutter CIFA is used for the secondary liner
casting. The concrete casting is carried out in steps, 12m-long blocks; 165 m® of con-
crete (grade C 25/30) is needed for one block. The shutter is stricken 7 hours after
the concrete casting end. Minimum concrete strength of 6.5 N/mm? must be
achieved in the moment of the striking.

The average advance rate of the secondary liner casting amounts to 228 m per
month. This type of operations should be finished by the end of September 2004.

CONCLUSION

Banské stavby, a. s., Prievidza took advantage of their experience gained from similar
projects in their country and abroad. But they also gathered new experience from
excavation in extremely complicated conditions, moreover in co-operation with
more members of the building team whom they did not have the opportunity of
working with on one project.

The employees of Banske stavby, a. s. who gained their concrete casting practice on
tunnel projects in Germany acquitted themselves best in the concrete casting.
Compared to many preceding constructions of this type, the Trojane tunnel exca-
vation was more difficult also from another aspect. The main difference was the
simultaneous progress of several operations and activities that interfered with each
other. This concentration of activities in the tunnel meant also reasonable increase
in the number of construction equipment and personnel. This growth of the equip-
ment and human resources had to be accompanied by more detailed planning of
work activities, more precise work organisation and more consistent adherence to
health and safety rules.

Obr. 3 Meranie deforméacie horninového masivu pocas priebehu razenia s horizontalnym inklinometrom
Fig. 3 Neasurement of the rock mass deformation with horizontal inclinometer during excavation
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RAZENIE TUNELA KASTELEC V PODMIENKACH SLOVINSKEHO KRASU

KASTELEC TUNNEL EXCAVATION IN SLOVENIAN KARST CONDITIONS
ING. ANTON PETKO, BANSKE STAVBY, a. s.

uvob

Horninové prostredie a geologické pomery su jednymi z najddlezitejSich fak-
torov pri realiz&cii podzemnych stavieb. Najviac ovplyviiuja trasu dopravnych
stavieb, tvar a vystroj tunelov, dobu realizacie a maji nemaly vplyv na nakla-
dovost a cenu tychto stavieb a realizatorom vedia pripravit aj napriek dobré-
mu geologic. prieskumu r6zne nemilé prekvapenia a mnohokrat neocakévané,
projektom nezvazované komplikacie a situacie, ked treba zaimprovizovat
a patriénym vyuzitim skdsenosti riesit vzniknuté situacie.

Je to prostredie vo svojej prirodzenosti velmi roznorodé, zlozité, roznych fyzi-
kélnych vlastnosti, komplikované tektonikou a hydrogeologickymi pomermi.
Je na nas, odbornikoch z odboru podzemného stavitelstva od projektantov az
po zmenového technika, popasovat sa zakazdym s prekazkami, ktoré nam kla-
die matka priroda. Tento prispevok sa zaobera razenim tunela v prostredi rela-
tivne dobrom a priaznivom - vo vapenci. Aj tu vSak mozu nastat komplikacie
v podobe fenoménu zvanému kras.

ZAKLADNE UDAJE

Tunel Kastelec je situovany na trase dialnice Koper-Lendava spajajtcej zapad
a vychod Slovinska na Useku Klanec-Strmin cca 15 km zapadne od Kopru. Je
to dvojrarovy dialni¢ny tunel dvojpasovy s hrubym vylomom 85-90 m?. Tunel
mé dva odstavné zélivy a 5 prejazdnych Unikovych chodieb.

Dizka: lavé rira 2277,79 m
prava rdra 2236,97 m
Max. nadm. vyska: 380 m
Pozdiiny sklon - klesanie: -2,546 %
Prie¢ny sklon: 2,5%
Miniméalny horizontélny radius: 1794,4 m

Pocet prie¢nych prepojeni: 5
GEOLOGICKE POMERY

Trasa tunela prebieha po regionéalne vyznamnej tektonickej trukture Cigarje,
ktoru charakterizuje vrasnenie tercialnych sedimentov (vapenca a flysu) a la-
manie tychto vras radom reverznych zlomov, ktoré upadaji proti severovy-
chodu 35 - 50°.

Uzemie, ktorym prechadza tunel, patri predovietkym Petrinjskému krasu s po-
¢etnymi zavrtami a jaskyfiami. V zakrasenom alveolarno - numulitickom vé&-
penci vystupuju dve tensie polohy flysa. Styk vrstiev vapenca a flySa je tek-
tonicky. Hladina podzemnej vody nepresahuje Groveri 300 m n. m.

Najviac zastipené horniny v trase tunela st alveolarno - numuliticky vapenec
(90 % dizky tunela) a flys. FlySové vrstvy su tvorené prevaine vapennym slie-
fiovcom.

Klasifikacia hornin je vo v§eobecnocti postavena na rakutskej norme OENORM
B 2203.

Rozdelenie horninovych tried Lava rara (m) Pravé rara (m)
PC1 ( PC2 alebo PC3) 46,97 137,79

B2 344,00 338,00

C2 80,00 80,00

B1 ( kalota + stuperi) 653,50 625,00

A2 ( kalota + stuperi) 1102,50 1087,00
SPOLU 2226,97 2267,79
TECHNOLOGIA RAZENIA

Technolodgia razenia re$pektuje principy NRTM. Ide o cyklické razenie hori-
zontalne ¢leneného profilu na kalotu a stuper, v PC triedach aj protiklenbu.
Dizka zaberu je zavisla od tried, v A2 je 25-35m,vB1je 18-25m,v B2
je1,3-1,8m,vC2aPCje 1,0-1,3m v kalote. Dizka zaberu stupria je dvojna-
sobok dizky zaberu v kalote .

Rozpojovanie v triedach A2, B1, B2 bolo trhacimi pracami za pouZitia klinové-
ho zélomu a hladkého vylomu v obryse, pouZitim troch druhov trhavin. Do
zédlomu sa pouzival Austrogel G1, pomocné vrty sa nabijali Lambrexom 1
a Lambrex Contour sa pouzival do obrysu. V triedach C2 a PC bolo rozpojova-

INTRODUCTION

Rock environment and geological conditions belong among the most important
factors in realisation of underground structures. Moreover, they influence align-
ments of traffic structures, geometry and support of tunnels, construction time,
and affect significantly expenses and prices of the projects. Despite good geo-
logical investigation, they can prepare various unpleasant surprises for con-
tractors, and frequently unexpected, not considered in the design, complica-
tions and situations requiring improvisation and utilisation of experience in
solving emergencies.

It is the nature of this environment to be highly heterogeneous, complicated,
featuring different physical properties, with complex tectonics and hydrogeo-
logical conditions.

It is a task for us, underground engineering professionals, from designers to a
technician on shift, to challenge any obstacle put in our way by Mother Nature.
This contribution deals with tunnel driving in a relatively good and favourable
environment, in limestone. Even this environment may become complicated
due to a phenomenon named karst.

BASIC DATA

The Kastelec tunnel is situated on the Koper-Lendava highway connecting the
west and east of Slovenia, in a section between Klanec and Strmin, about 15 km
west of Koper. The excavated cross-section of this double-lane highway tunnel
is 85 - 90 m*. There are two emergency laybys and five escape adits passable for
vehicles.

Left tube length: 2277.79 m
Right tube length: 2236.97 m
Maximum altitude: 380 m a.s.l.
Longitudinal gradient - downbhill: -2.546%
Cross gradient: 2.5%
Minimum horizontal radius: 1794.4 m
Number of cross passages: 5

GEOLOGICAL CONDITIONS

The tunnel alignment passes through a regionally significant tectonic structure
Cicarje characterised by folding of Tertiary sediments (limestone and flysh), and
breaking of the folds by a series of reverse faults dipping to north-east 35 - 50°.
The area the tunnel passes through belongs mainly to the Petrinj karst with
numerous sinks and cavities. Two thinner layers of flysh penetrate the karstic
alveolate-nummulitic limestone. The limestone-flysh contact is tectonic. Water
table level does not cross 300 m a.s.l.

Prevailing rock types along the tunnel alignment are alveolate-nummulitic lime-
stones (90% of the tunnel length) and flysh. Flysh layers consist mostly of marl-
stone.

The rock classification is in general based on the Austrian standard ONORM B
2203.

Rock class distribution Left tube (m) Right tube (m)
PC1 (PC2 or PC3) 46.97 137.79
B2 344.00 338.00
c2 80.00 80.00
B1 (top heading + bench) 653.50 625.00
A2 (top heading + bench) 1102.50 1087.00
TOTAL 2226.97 2267.79
EXCAVATION TECHNIQUE

The excavation technique follows principles of the NATM. It is a cyclic excava-
tion of the profile divided horizontally into top heading and bench, or also invert
in PC classes.

The round length depends on the particular class, i.e. in top heading 2.5 - 3.5 m
for class A2, 1.8 - 2.5 m for B1, 1.3 - 1.8 m for B2, 1.0 - 1.3 m for C2 and PC. The
round length for the bench excavation is double the length in the top heading.
The drill-and-blast was used for rock breaking in classes A2, B2 and B1, using V-
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nie mechanické tunelovacim bagrom Liebherr 932 Litronic.

Nakladanie ribaniny v ¢elbe bolo nakladatom Komatsu WA 380 do dumprov
Komatsu HD 25. Zacistenie ¢elby sa robilo tunelovacim bagrom Liebherr 932
Litronic.

Priméarne ostenie pozostavalo zo striekaného beténu, jednej az dvoch vrstiev
mreZoviny, TH oblakov a kotiev dizky 4 a7 6 m s Ginosnostou 200 kN, v zavislosti
od tried. V najviac zastlpenej triede A2 to bol v§ak len striekany betén hr. 8 cm
vyztuzeny ocefovymi vldknami, bez mrezoviny. Toto vyrazne skrétilo operaciu
budovania primarneho ostenia a zniZilo nadspotrebu striekaného betonu.
Striekany betén sa aplikoval mokrou cestou striekacou stpravou MEYCO
SUPREMA za poutitia bezalkalického urychlovata Mapei F 1000. Doprava
beténu bola autodomieSavaémi objemu 5, resp. 9 m® az do celby.

Vftanie vyvrtov na trhacie préace a pripadné svornikovanie sa robilo dvojlafe-
tovym vtrnym vozom ATLAS COPCO 352.

Separéatne fukacie vetranie zabezpecovali dva axialne ventilatory Korfmann
priemeru 1600 mm, ktoré sa s postupom razenia prekladali do lavého tunela
postupne pred prie¢ne prepojenia a uzavretim profilu vetracou stenou sa
vytvoril systém vetrania cez prie¢ne prepojenie do pravej rury a sanie oboch
ventilatorov cez volny profil asti lavej rary. Celba lavej riry sa vetrala pria-
mym lutfiovym tahom ventilatorom od vetracej steny. Dusné vetry z oboch rur
§li von cez pravu ruru. Tym sa docielilo to, Ze useky oboch rur po vetraciu
stenu boli bez lutfiového tahu a mohla sa tam robit sti¢asne s razenim profi-
l4cia, kladenie medzilahlej izolacie a betonaz definitivneho ostenia.

Strojné vybavenie na razenie:

- Vrtny voz ATLAS COPCO 352 - 2 ks

- Dumper Komatsu HD 25 - 2 ks

- Dumper CAT D25 - 1 ks

- Tatra815-1ks

- Naklada¢ Komatsu WA380 - 1 ks

- Naklada¢ Komatsu WA270 - 1 ks

- Striekacia stiprava MEYCO SUPREMA - 1 ks

- Plosina na podvozku Liebherr 912 - 1 ks

- Tunelbager Liebherr 932 Litronic - 1 ks

- Aliva 626 (rezerva na striekanie) - 1 ks

ORGANIZACIA PRAC, DOSAHOVANE VYKONY A POSTUPY

Razené &ast oboch rir predstavovala polovicu dizky tunela. Na prace sme
nastupili 4. 12. 2002 a prebrali sme razenie oboch rur ako subdodavatel pre
firmu SCT. Technoldgia, zariadenia boli nase okrem striekacej stipravy a dum-
pra CAT D 25. TaktieZ material, ndhradné diely a ddrzba boli v nasej rézii.
S horeuvedenym strojnym vybavenim, osadkou 12 ¢elbovych pracovnikov,
elektrikarom , mechanikom a zmenovym technikom na zmene sme razili len
kalotu v oboch rurach sicasne az do prerazenia. Po prerazeni kaloty sa razil
Ustupok v podstate z oboch stran (4 ¢eld). Pracovalo sa v nepretrzitej prevadz-
ke v 12 hodinovych zmenach. Okrem zmenovych pracovnikov personal
dopiial stavbyveduci, jeho zastupca, hlavny mechanik a dvaja mechanici.

Nami razena cast tunela bola z 95 % v kategérii A2, bez vyztuzovacich prvkov,
ostenie tvoril len dratkobeton hr. 8 cm. V tejto kategorii sme v marci 2003

58,78 Striekanie
Shotcrete application

206,33 Vitanie a nabijanie
Drilling and charging

154,0 Tazba
Mucking out

Obr. 1 Priemerny raziaci cyklus v kalote (min.)
Fig. 1 Average excavation cycle at top heading (min.)

cut and smooth blasting procedures. Two explosive types were applied. Aus-
trogel G1 was used for the V-cut, Lambrex 1 for pop holes, and Lambrex Con-
tour for contour holes. Rock classes C2 and PC were excavated mechanically
using a Liebherr 932 Litronic tunnel excavator.

Mucking out was carried out with a Komatsu WA 380 loader and Komatsu HD
25 dump trucks. The tunnel excavator Liebherr 932 Litronic also cleaned the
face.

Primary lining consisted of shotcrete, one or two layers of mesh, TH frames and
4 - 6 m long anchors with loading capacity of 200 kN, depending on the classi-
fication. But for the most frequent class A2 the support consisted of a 8 cm thick
layer of fibre reinforced shotcrete only, without mesh. This solution cut the time
for the primary lining erection, and reduced the consumption of shotcrete signi-
ficantly.

The wet process was used for application of shotcrete, by a MEYCO SUPREMA
spraying set, with addition of alcali-free accelerator Mapei F 1000. Concrete was
transported by 5 or 9 m’ truck mixers.

Blastholes and bolting holes were drilled using ATLAS COPCO 352 twin-boom
rigs.

Separate blowing ventilation was secured by two axial fans Korfmann 1600 mm
in diameter. With the excavation progressing ahead, the fans were relocated to
the left tunnel tube, successively before the cross passages. A system of venti-
lation through the cross passage to the right tube and the two fans sucking air
via the free profile of a part of the left tube was created by closing the profile by
a transversal ventilation wall. The face of the left tube excavation was ventilated
by a direct ventilation ducting, using a fan installed at the ventilation wall.
Waste air from both tubes flew away via the right tube. Owing to this system
the sections of both tunnel tubes up to the ventilation wall were without any
ventilation ducting, therefore the re-profiling, installation of intermediate water-
proofing and final lining casting could be carried out simultaneously with the
excavation.

Excavation equipment:

- ATLAS COPCO 352 drilling rig - 2 pcs

- Komatsu HD 25 dumper - 2 pcs

- CAT D25 dumper - 2 pcs

- Tatra 815 dumper - 1 pc

- Komatsu WA380 loader - 1 pc

- Komatsu WA270 loader - 1 pc

- MEYCO SUPREMA spraying machine - 1 pc

- Platform on Liebherr 912 undercarriage - 1 pc

- Liebherr 932 Litronic tunnel excavator - 1 pc

- Aliva 626 (stand-by for spraying) - 1 pc

ORGANISATION OF WORKS, OUTPUTS AND ADVANCE RATES

The portion of the tunnel tubes excavated by our company represented a half of
the tunnel length. We started the work on 4/12/2002, and took over the excava-
tion of both tubes as a sub-contractor for SCT. Equipment was ours, with an
exception of the spraying machine and the CAT D25 dumper. We also provided
materials, spare parts and maintenance. Using the above-mentioned equip-

90,00 Striekanie
Shotcrete application

89,00 Vftanie a nabijanie
Drilling and charging

79,35 Tazba
Mucking out

Obr. 2 Priemerny raziaci cyklus v stupni (min.)
Fig. 2 Average excavation cycle at bench (min.)
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aEE obe drilling

Top heading

Obr. 3 Prieskumné vrtanie (schéma nie je v mierke)
Fig. 3 Probe drilling (scheme not to scale)

dosiahli v razeni kaloty rekordny vykon 636 m spolu v oboch rirach, ¢o zna-
mené denny postup viac ako 10 m na riru. TaZiskové operécie tu boli vitanie
a odtazba. Priemerny raziaci cyklus je zndzorneny na obr. 1. Z grafu vyplyva,
e priemerna dizka cyklu je 419,11 min.

Pri razeni stupria sa dosahovali vykony priemerne 20 m na raru denne. Prie-
merny cyklus razenia stupia je na obr. ¢. 2. Z grafu vyplyva, Ze priemerna
dizka cyklu je 258,36 min.

TECHNICKE SPECIFIKA RAZENIA V KRASE

Ako uZ bolo spomenuté, tunel Kastelec je situovany v silne krasovej oblasti.
Najcastej$imi krasovymi javmi, s ktorymi sme sa stretavali, boli kominy a kra-
sové pukliny nevyplnené, ale aj vyplnené ¢ervenou ilovou vypliiou, produk-
tom zvetravania vapenca. Objavovali sa aj velké kaverny s krasovou vyzdo-
bou. Pozitivom bolo, Ze hladina podzemnej vody bola cca 80 m pod poévou
tunela a celé prostredie bolo tak prepojené, Ze sme nenarazili na moznu aku-
mulaciu podzemnej vody, ani zvodnelé vyplne kaverien. Taktiez technologicku
vodu z vitania nebolo moZné odvédzat, stracala sa hned v Eelbe pri vftani.
Stale vSak hrozilo nebezpecenstvo naféarania izolovanej zvodnelej kaverny,
alebo kaverny vyplnenej tekutym materidlom. Kaverny, cez ktoré sme pre-
chadzali, spésobovali problémy pri vitani (stracal sa vyplach), pri nabijani
vyvrtov (trhaviny padali do kaverien, néloZe neboli kontinudlne, pri vybuchu
tlak unikal po poruchach a kavernach, trhacie prace nemali svoj u¢inok). Naj-
vécsie nebezpecenstvo predstavovali velké kaverny v trase, alebo v blizkosti
tunela, hlavne v oblasti pod Uroviiou razenia, kde bolo redlne nebezpecie pre-
padnutia sa tazkych mechanizmov. V oblastiach s niz§im nadloZzim bolo
potrebné zabezpectovat bezpeénostny okruh trhacich prac aj na povrchu kvoli
moznym uc¢inkom trhacich prac cez krasové zavrty az na povrch.
Toto vSetko na zaklade geologického a geofizikalneho prieskumu projekt pred-
pokladal. Jednym z najacinnejSich opatreni na prevenciu a lokalizovanie kave-
rien a na ich odvodnenie je predvrtavanie.
Projekt predpisoval predvrtavanie vrtmi priemeru 52 mm v rozloZzeni podla
obrazku €. 3. Pri zisteni kaverny sa vitanie zhustovalo a robil sa dodato¢ny
prieskum georadarom za pouzitia 500 a 250 MHz antény v troch profiloch
oblasti pogvy. Dal$i postup sa dohodol s geolégom.
Lokalizovat kavernu, je len ¢ast problému. Kavernu je treba v prvom rade:
- bezpecne prejst
- zabezpetit proti vypadavaniu materiélu z nej, resp. ju zabezpedit proti padu
- potom sanovat
- vytvorit v jej prieniku s tunelom umelé primérne ostenie tak, aby bolo
mozné zabudovat a ochranit medzilahll izolaciu a aby odolalo tlakom pri
betonézi primérneho ostenia.

Pri nafarani kaverny vacsich rozmerov sa tato skutoénost musela hlasit inves-
torovi, projektantovi a zvazu jaskyniarov, ktori prisli kavernu preskiimat a zma-
povat. Podla jej rozsahu a polohy voéi tunelovym riram sa dohodlo technické

eskumné vrtanie

52 mm, L=50m

Poloha prieskumnych vrtov
Configuration of probeg drill holes

Prieskumné vrtanie
Probe drilling

@ 52 mm, L=50m

ment, a crew of 12 workers at the face, an electrician, machinist and a techni-
cian on shift, we drove the top heading in both tubes only, simultaneously until
the breakthrough. The bench was excavated when the top heading excavation
had been finished, in essence from both sides (4 faces). We worked 24 h/day
(two 12 h shifts). In addition to the shift workers, the staff consisted of a site
manager, his deputy, main machinist and two machinists.

The tunnel section excavated by our company consisted of 95% of the category
A2 rock, requiring no supporting elements; only fibre reinforced shotcrete 8 cm
thick was used for the lining. In this category, in March 2003, we achieved a top
heading advance record of 636 m in both tubes, which means a daily advance
rate in one tube of 10 m. The principal operations were drilling and mucking out.
An average excavation cycle is shown in Fig. 1. It follows from the chart that
average cycle time is 419.11 minutes.

Average daily advance rates of 20 m per one tube were achieved in the bench
excavation. An average excavation cycle is shown in Fig. 2. It follows from the
chart that average cycle time is 258.36 minutes.

TECHNICAL SPECIFICS OF TUNNEL EXCAVATION IN KARST

As mentioned above, the Kastelec tunnel is situated in a heavily karstified area.
The most frequent karst phenomena we encountered were light holes, karst fis-
sures (mostly unfilled but also filled with red clay originating from limestone
weathering). Even large caverns with dripstone decoration were encountered. A
positive factor was the fact that water table was about 80 m under the tunnel bot-
tom, and the whole environment was interconnected so well that we encoun-
tered no ground water accumulation or water saturated infill of the caverns. It
was also impossible to operate a process water drainage system as water dis-
appeared immediately at the face during the drilling. But the threat of drilling into
an isolated water-filled cavern or a cavern filled with a liquid material still exist-
ed. The caverns we passed through caused problems during the drilling (drilling
fluid losses), charging the holes (explosives fell into the caverns, charges were
not continual, the explosion pressure leaked through cracks and caverns, thus
blasting operations were less efficient). The most significant threat was the exis-
tence of large caverns on the alignment or nearby the tunnel, mainly in the area
under the excavation level, threatening realistically that heavy equipment could
fall through the bottom. In areas with shallower overburden, it was necessary to
guard a blasting safety zone even on the surface due to possible effect of the
blasting spreading through the sink-holes up to the surface.

All of that was anticipated by the designer on the basis of the geological and
geophysical investigation. One of the most efficient measures to minimise the
threat and locate caverns and drain them is probe drilling in advance of the
heading.

The design prescribed the probe drilling using 52 mm bits, with a pattern shown
in Fig. 3. In a case of a cavern detection, a closer span was applied, and an addi-
tional survey with a georadar was carried out using 500 and 250 MHz antennas,
at three profiles of the bottom. Further actions were agreed by a geologist.
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Mikroarmovany striekany beton MSB 25 hr.=10cm

Fibre reinforcement shotcrete MSB 25, 10 cm thick o i
NevypInéna krasova kaverna

Unfilled karst cavern

Krasova kaverna
Karst cavern

Svorniky IBO alebo
sklolaminat 1=12 m

s kotevnou platni¢kou

IBO rockbolts

or fibreglass anchors
L=12,0 m with breast plate

Betonova zali§
Concrete back

Celné del
Stop of fo

Priehradovy nostnik
Lattice girder

MreZovina 2 vrstvy
Qw189 (3kg/m’)

Svornikova opora Mesh - 2 layers

SB 30 podla potreby
Rockbolted support
SB 30, if needed

Striekany beton SB 25 hr. 30 cm
Shotcrete SB 25 30 cm thick

Obr. 4 Sanacia prieniku velkej kaverny s tunelovou rirou - prieény rez
Fig. 4 Rehabilitation of large cavern and tunnel tube interpenetration - cross section

Nevyplnéna krasova kaverna
Unfilled karst cavern

/ / Cap zo striekaného betonu

Priehradovy nostnik
Lattice girder

—

Svorniky IBO alebo i SB 20
sklolaminat 1=12 m N Shotcrete
s kotevnou platnickou SB 20 stub
IBO rockbolts
or fibreglass anchors /
L=12,0 m with breast plate XC XN\ \ i

Kalotg

Top heading

Stupen

Bench &

Mrezovina 2 vrstvy
Qw189 (3kg/m?)
Mesh - 2 layers
Svorniky SN alebo IBO L=4,0 m
SN or IBO rockbolts L=4,0 m

Striekany betén SB 25, hr. 30 cm AISSTE A=) [ 2 Y

Shotcrete SB 25, 30 cm thick naprie€ kavermy
Transversal foundation slab

B30 across cavern

Obr. 5 Sanéacia prieniku kaverny - zavrtu s tunelovou rurou
Fig. 5 Rehabilitation of cavern - karst sinkhole and tunnel tube interpenetration
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rieSenie sanacie. Ur¢ité varianty boli uz vopred rieSené v projekte a st znazor-

nené na obrazkoch 4 a 5.

Sandacia spocivala spravidla:

- z oCistenia od uvolnenych kusov, zastriekania Ustia kaverny a stien kaverny
v dosahu striekacej stipravy vrstvou drdtkobetonu hr. min. 8 cm, zabudova-
nie svornikov podla potreby

- vybudovania zakladovej platne - vylom na zakladovu platiiu a vybeténovanie

- zabudovanie drenazneho systému na odvodnenie jaskyne (pri indikovanych
kavernach a zavrtoch, ktoré predstavuju staly zdroj pritokov vody ako
nasledky zrazok, je pred zabudovanim vyztuzovacich prvkov potrebné po
vonkajSom obvode tunelovej rary umiestnit drendzne riry na odvodnenie
z krasovych formacii)

- zabudovanie obojstranného debnenia pre betonaz primarneho ostenia v prie-
niku kaverny s tunelom

- prva faza betonaze prieniku

- zabudovanie ocelovych segmentov a striekaného beténu

- aplikacia sekundarneho ostenia.

Pri razeni sme v skuto¢nosti narazili na mnoho jaskyn a mensich kaverien, kto-
rych prieniky s tunelovymi rdrami sme rieSili za pochodu v zmysle projektu
a néslednych dojednani v spolupréaci s naS§im objednéavatefom a investorom
v zaujme maximalnej bezpecnosti.

Prva vacsia kaverna bola v podstate vertikdlny komin, ktory pretinal prava
tunelovu raru v celej jej Sirke a bol od pocvy kaloty hlboky cca 70 m a vysoky
cca 60 m. Tento komin bol po zlaneni a preskimani jaskyniarmi sanovany
zasypanim vytazenym materidlom z druhej tunelovej riry a po prelezeni hor-
nej ¢asti komina a jej o€isteni prejdenim kalotou v TH vyztuzi s krokom 1 m.
Nésledne sa vytvorilo primarne ostenie z mreZoviny, geotextilie a striekaného
beténu projektovanej hribky, ktoré sluzilo ako debnenie pri zapliiani priestoru
kaverny. Priestor kaverny za ostenim sa zabetdnoval pomocou striekacej
stipravy MEYCO (pouZitej len ako Cerpadlo) liatym betonom B 15 v dvoch
fazach (obr. 4). Pri razeni stupiia sa postupovalo obdobne. Prehibenie na zakla-
dovu platiiu a jej betonaZ sa urobila az pri betonaZzi banketov.

Mensie kominy alebo kaverny (obr. 5) sa sanovali zastriekanim ich prieniku
vrstvou striekaného drétkobeténu hr. 5 - 8 cm, pripadnym svornikovanim
a vytvorenim Capu - akejsi zatky z mreZoviny a zo striekaného beténu dosta-
tocnej hrubky tak, aby odolala tlakom beténu pri betonazi sekundarneho oste-
nia a aby tvorila podklad vhodny pre hydroizolaénu foliu tunela.

Tieto kaverny vo v§eobecnosti spomalovali postup prac a sposobovali zdrza-
nie tym, Ze sa muselo ¢akat na jaskyniarov.

V lavej (juznej) tunelovej rare na stani¢eni 648 m sme narazili pri trhacich préa-
cach na otvor cca 2 x 2 m, ktory sa zvazoval dole doprava od tunela. Po ovet-
rani splodin trhacich préac a kontrolnom zmerani ovzdusia sme zistili, Ze sme
nafarali ¢astou tunela obrovsky priestor - jaskynu Uctyhodnych rozmerov
s krasnou a bohatou krasovou vyzdobou. Jej celkova dizka je cca 180 m a v naj-
vysSej Casti ma vysku 18 m. Tu sa v mieste prieniku jaskyne s tunelovou rirou
vybetonovala beténové stena z beténu B 25, vystuzend ty¢ami profilu TH 24.
Tato novoobjavené jaskyfa ostala a je pristupnou z lavej tunelovej rary tune-
la Kastelec, kde v prvom zélive je urobenéa pristupové Sachta pre jaskyniarov
a odbornikov. Verejnost vSak do nej nema pristup.

ZAVER

Razenie v takychto podmienkach je dalSou kladnou skisenostou pre nasu
firmu, kde k spokojnosti investora aj nasej sme si overili pésobenie v zahrani-
¢i na stavbe tunela s naSou technolégiou, razenie "na klu¢" po sekundarne
ostenie vratane primarneho ostenia. Okrem skusenosti s razenim v krase, sme
si mnohi odniesli fantasticky pocit, ktory poznaju horolezci, jaskyniari, objavi-
telia. Pocit, ked je ¢lovek ako prvy tam, kde este nikto nikdy nebol, v priestore,
kde este nikdy nevstupila fudska noha a neprenikol [U¢ svetla. Aj takéd moze byt
praca pod zemou.

Identification of a cavern is one part of the problem only. Primarily, the cavern

must be :

- passed through safely,

- protected from a fall of material from the cavern, or protected from collapsing,

- rehabilitated subsequently,

- provided with artificial lining at the intersection with the tunnel, so that it
could withstand the pressures during the final lining casting.

An event when a larger cavern was hit had to be reported to the owner, designer
and an association of speleologists, who arrived at the site to search and map
the cavern. The technical solution of the rehabilitation was agreed according to
the size and position of the cavern with respect to the tunnel tubes. Certain vari-
ants had been solved in the design in advance. These are shown in Fig. 4 and 5.

The rehabilitation usually consisted of:

- removing loosened pieces of rock, application of fibre reinforced sprayed
concrete on the cavern mouth and walls of the cavern within the reach of the
spraying machine (a layer 8 cm thick), installation of rockbolts as needed,

- construction of a foundation slab - bottom excavation and concrete casting,

- installation of a drainage system to drain the cavern (if caverns and sink-
holes representing a permanent source of water inflows during rainfalls are
indicated, it is necessary to install drainage pipes on the external circumfer-
ence of the tunnel tube discharging water from the karstic formations),

- erection of a two-sided shutter for casting the primary lining at the cavern-
tunnel intersection point,

- the first phase of the intersection casting,

- installation of steel segments and application of shotcrete,

- erection of the secondary lining.

In reality, we encountered many cavities and smaller caverns during the exca-
vation where we solved the intersections with the tunnel tubes immediately,
using the rules stated in the design and subsequent negotiations, in collabora-
tion with our client and the owner, with due respect paid to safety aspects.

The first larger cavern was basically a vertical chimney intersecting the right-hand
tunnel tube within the entire width. Its depth from the top heading floor reached
about 70 m, the height was about 60 m. When the speleologists had the survey
completed, this chimney was rehabilitated using the muck from the other tube for
backfilling. The upper part was climbed and cleaned, then the top heading passed
through using TH frames (1m round length). Subsequently the primary lining was
built consisting of mesh, geotextile and shotcrete in the designed thickness. This
liner was used as a shutter for backfilling of the cavern. The MEYCO set was used
for the backfilling (as a concrete pump only) of the cavern space with poured con-
crete B15, in two phases (see Fig. 4). A similar procedure was used when the
bench was excavated. Deepening down to the foundation slab level and casting
of the slab was carried out later, simultaneously with the side-walls casting.
Minor chimneys or caverns (see fig. 5) were rehabilitated by spraying fibre rein-
forced concrete on the intersection surfaces (5 - 8 cm thickness), also by rock-
bolting if needed, and creating a stub, i.e. a kind of a plug from mesh and shot-
crete having a thickness sufficient to withstand the concrete pressure during the
secondary liner casting, which was designed to create a substrate suitable for
installation of the waterproofing membrane.

The caverns slowed the advance rate in general, and caused delays due to the
fact that the speleologists had to be waited for.

At chainage m 648, in the left (southern) tunnel tube, we encountered an opening
about 2 x 2m during blasting operations. The opening sloped down, to the right side
of the tunnel. When the space had been defumed and a check measurement of the
atmosphere finished, we found out that a part of our tunnel hit an immense space —
a cavern of respectable dimensions, featuring beautiful and rich dripstone decora-
tion. The total length of the cavern amounts roughly to 180 m, and the cavern is 18
m high at the highest place. In this particular case a concrete wall was erected at the
cavern-tunnel intersection (concrete B 25, TH 24 reinforcement bars). This newly dis-
covered cavern remained unfilled, and it is accessible from the left tunnel tube of the
Kastelec tunnel. An access gallery for speleologists and experts is found in the first
emergency layby. The access is not allowed to the general public

CONCLUSION

Driving a tunnel in such conditions is another positive experience for our com-
pany. To the owner's and our satisfaction, we verified our work on a tunnel con-
struction abroad, using our equipment, a "turnkey" excavation job up to the final
lining phase including the primary lining. Apart from the experience in excava-
tion in a karst, many of us gained a fantastic feeling well known to moun-
taineers, speleologists and discoverers. It is a feeling known to people who
came the first somewhere nobody else had ever been before, to spaces never
before entered by a human being, where even a sunbeam had never penetrat-
ed. This is how work in the underground may also be viewed.
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ZE SVETA PODZEMNICH STAVEB

FROM THE WORLD OF UNDERGROUND CONSTRUCTION

BOLU TUNEL - TURECKO

Tunel Bolu je soucasti dnes rozestavéného 25 km Useku Anatolské délnice, ktera
bude po dokonéeni spojovat Istanbul s hlavnim méstem Ankarou. Usek prechazi
pohofi Bolu a je charakterizovan prevaziné nékolika velkymi mostnimi estakadami
a pravé asi 3 km dlouhym dalniénim tunelem. Kazdéa tunelovéa trouba je navriena
jako tfipruhova s sitkou jednotlivych pruhl 3,75 m. Mezi tunely je dodrzen horni-
novy pilif 40 m.
Umisténi tunelu 10 km od hlavni severni anatolské poruchové zony, ktera je mistem
styku mezi Euroasijskym blokem a Anatolskym blokem, specifikuje problematiku
vystavby. Poruchové oblast je pribézné aktivni svymi posuny a je pfic¢inou hlav-
nich tézkosti béhem tunelovani.
Prichozi horninovy masiv je tvofen konglomeraty arkoz, piskovct, bfidlic a dolo-
mitickych vapenct. Tektonické pohyby vsak dotvofily masiv tak vyrazné, Ze jedno-
tlivé typy hornin se v tunelu rychle stfidaji a jen zfidka jsou ve vétsi délce neZ néko-
lik stovek metrd.
Vystavba tunelu byla zahajena v roce 1993 a v pocate¢nim bézném postupu narazi-
la na geotechnické tézkosti, coZ vyvolalo nutnost fesit nékolik problémul souviseji-
cich s nepfiznivymi geologickymi a hydrogeologickymi poméry. Zvlast specialné
musel byt feSen a instalovan plo§ny drendzni systém ve vysoce puklinatém dseku
masivu. Dal$i opatieni se provadéla v pfechodu poruchové oblasti, ktera byla zdola-
na az po 2letém usili. Pro pfechod zbyvajici ¢asti trasy byl v r. 1998 proveden v masi-
vu pilot tunel a novy investi¢ni program byl vypracovan po jeho zhodnoceni.
Zohlednily se nejhorsi podminky masivu a vyprojektovaly se nové variantni navrhy
konstrukce osténi pro dal$i pokradovani vystavby v silné tlacivych horninach, a to
typy variant 3 a 4.
Varianta 3: Konstrukéni systém predstavuje primarni osténi ze stfikaného betonu
s kotvenim. S odstupem je provadéno osténi do ztraceného bednéni z betonu B40
v 60cm sile. Na mezilehlou plastovou izolaci navazuje sekundérni osténi B30 v sile
60 cm do posuvného bednéni. Cely segment spodni klenby je vybetonovan. Teore-
ticky vyrub 225,6 m?, ¢lenéni vyrubu horizontalni.
Varianta 4: Tato varianta je v Useku dvou pilot tuneld a je obdobné varianté 3, jen
jeho stfedni monoliticka obezdivka je v sile 80 cm (76+4) tfidy B40. Sekundarni osté-
ni B30 v sile 60 cm s mezilehlou izolaci. Teoreticky vyrub 260,3 m?.
Dvé velmi silnd zemétfeseni v Turecku v r. 1999 zasahla svym vlivem tento projekt.
Prvni nezplisobilo zadné $kody, ale druhé s epicentrem vzdalenym 20 km od stavby
a sile 7,1 Mw se uzZ vyraznéji projevilo hlavné na mostnich objektech. Na tunelech
byly projevy a $kody, hlavné na portalu Ankara a v tunelovém tseku v misté hlavni
poruchové zény na této strané, kde byly prace zastaveny.
Tunel byl navstiven v kvétnu 2004 skupinou pracovniki Védeckotechnické spolec-
nosti Metrostav. V realizaci byl navstiven tunel budovany ve varianté 3, do doraze-
ni v nové trase zbyvalo asi 740 m, razici prace jsou provadény ze stavebniho dvora
- portal Istanbul.

Ze zahrani¢nich prament ing. Petr Vozarik

Stikany beton B30, d = 40cm
Shotcrete lining B30, d = 40cm
Betonova mezivrstva
vldknobeton

B40, d =60 cm
Intermediary concrete lining
fibreglass concrete
B40, d = 60 cm

Betonova vnitii vrstva
vlaknobeton

B30, d =60 cm
Concrete inner lining
fibreglass concrete
B30, d = 60 cm

Dopravni profil
Clearence profile

Teoreticka plocha profilu 226,66 m?
Plocha profilu 244,55 m’

Teoretical excavation area 226,66 m’
Excavation area 244,54 m’

Obr. 5 Vzorovy pficny fez - varianta 3
Fig. 5 Regular cross section - variant 3

BOLU TUNNEL - TURKEY

The Bolu tunnel is a part of the currently constructed 25 km long section of the Anatolian
motorway, which will after completion connect Istanbul with the Capital City of Ankara. The
section passes over the Bolu mountains and is predominantly characterized by several large
flyover bridges and particularly by the app. 3 km long motorway tunnel. Each tunnel tube is
designed as a three-lane tube with every lane 3,75 m wide. A rock pillar of 40 m is constantly
maintained between the tubes.
Location of the tunnel, 10 km away from the northern Anatolian surface zone which is
the meeting point between Eurasian and Anatolian blocks, implies the problems of con-
struction. The faulting zone is continuously active with its shifts and thus represents the
source of main complications during tunneling.
Passable rock massif is formed by conglomerates of arkoses, sandstones, shales and
dolomitic limestones. The tectonic movements have, however, transformed the massif so
distinctly that separate types of rocks in the tunnel alternate very frequently and only rarely
occur in lengths larger than a couple of hundred meters.
Construction of the tunnel started in 1993 and in the initial standard advance encountered
geotechnical complications, which brought about the necessity to deal with several prob-
lems coherent with unfavorable geological and hydrogeological conditions. As for one
special case, an areal drainage system had to be installed within a highly fractured section
of the massif. Further measures were carried out when passing through the faulted zone,
some of which were surpassed after two years' effort. As for passage through the remain-
ing part of the route, a pilot tunnel had been realized in the massif in 1998, and a new
investment program was elaborated only upon its evaluation.
The worst conditions of the massif have been taken into consideration and new alterna-
tive projects for construction of the lining for further continuation of works within strong-
ly pressing rocks have been designed, i.e. the alternatives 3 and 4 :
Alternative 3 : The structure system consists of primary lining of shotcrete with anchor-
ing. Within some distance back, 60 cm thick lining is cast into sacrificed formwork using
concrete B40. Intermediate membrane waterproofing is followed by casting of 60 cm
thick secondary lining, with B30 concrete poured behind a sliding formwork. The entire
segment of the invert is concreted. Theoretical excavated cross section amounts to 225,6
m2, the excavation is divided into horizontal sequences.
Alternative 4 : This alternative applies for the section of two pilot tunnels, and is similar to
alternative 3, only its middle monolithic lining is 80 cm (76 + 4) thick (concrete B40).
Secondary lining is 60 cm thick, concrete B30 applied on intermediate waterproofing mem-
brane. Theoretical excavated cross-section of 260,3 n7.
Two very strong earthquakes in Turkey in 1999 had an impact on this project. The first
one did not cause any material damage, but the second one with an epicenter 20 km
away and strength of 7,1 Mw already strongly affected the project, mainly bridge struc-
tures. Also tunnels experienced impacts and defects, namely at the Ankara portal and in
the tunnel section found in the place of the major faulting zone at this portal side where
works had to be put on hold.
In May 2004, the tunnel site was visited by a group of Metrostav, a. s. employees orga-
nized in the company branch of the Scientific-Technical Association. The tunnel con-
structed using the alternative 3 was visited during realization while 740 m remained to
be excavated from the new route. Excavation works are being carried out from the con-
struction yard at the portal Istanbul.

Based on foreign sources by Petr Vozarik.

Strikany beton B30, d = 30cm

Shotcrete lining B30, d = 30cm
Betonova mezivrstva
vlaknobeton
d =80 cm (76+4)
Intermediary concrete lining
fibreglass conrete
d=80cm (76+4)

Betonova vnitfni vrstva d = 60 cm
vlaknobeton B30

Concrete inner lining d = 60 cm
fibreglass concrete B30,

Dopravni profil
Clearence profile

Teoreticka plocha profilu 260,35 m?
Plocha profilu 273,44 m?

Teoretical excavation area 260,35 m’
Excavation area 273,44 m’

Obr. 6 Vzorovy pficny fez - varianta 4
Fig. 6 Regular cross section - variant 4
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Z HISTORIE PODZEMNICH STAVEB

FROM THE UNDERGROUND CONSTRUCTION HISTORY

TUNEL NA KONCI SVETA

Ve stinu grandidznich projektd tunelli spojujicich kontinenty, podchazejicich
morské zatoky ¢i ve velkych hloubkach horské masivy existuji stranou nasi
pozornosti podzemni dila zanedbatelna svym rozsahem, ale s neobycejnym
vyznamem pro lokalitu, v niZ se nachazeji.

Jednim z nich je tunel Homer na Jiznim ostrové Nového Zélandu. Lezi ve
vysce témér 900 m nad Milford Soundem, romantickym fjordem, ktery v dav-
nych dobach vyfizl ledovec do Tasmanova more, do néhoZ po $estnéacti kilo-
metrech Usti. Dosahuje hloubky pfes 330 m a v jednom misté kilometrové
Sitky. U jeho Usti lezi mysticka Anita Bay, ritualni misto maorskych kmen.
Rika se, 7e je osmym divem svéta. Zajizdi sem i proslula zdoceanska vyletni
lod Queen Elizabeth Il na své plavbé kolem svéta. Okolni vrcholky dosahuji
az 2065 m (Mt. Pembrok) a Mitre Peak (1710 m) je Gidajné nejvyssi horou svéta
zvedajici se pfimo z morské hladiny.

Fjord byl z vnitrozemi dopravné zcela nepfistupny. Teprve vybudovani tune-
lu na horské silnici z Te Anau vzdaleného 120 km spojeni umoznilo. Silnici
zatala budovat skupina nezaméstnanych v roce 1929. Prace na tunelu dlou-
hém 1200 m s nékolikasetmetrovym nadlozim byly zahajeny dva roky po
dokondéeni silnice v roce 1935 pod vedenim inZenyra W. H. Homera (1889) -
v péti lidech s lopatami a kolec¢ky bez mechanizace. Vyskovy rozdil portall
gini pres 130 m. Upadni razeni znamenalo neustalé potize s ¢erpanim vody
a nakonec si vynutilo vyraZzeni pomocné odvodriovaci toly. Pvodné se razil
kruhovy profil o priméru 18 stop. V roce 1942 byly prace po dobu valky pre-
ruseny, Novozélandané narukovali do spojenecké armady. V roce 1946 byly
znovu zahdjeny, tentokrat jiz s potfebnou mechanizaci. Primér byl zvétsen
na dnesnich 24 stop, tj. z 5,5 na 7,2 m. Tunel ma obezdivku pouze u portal.
Byl prorazen v roce 1953 a rok nato uveden do provozu. Neni vybaven ani
osvétlenim, ani ventilaci. Profil neumoziuje bezpeénou jizdu v obou smé-
rech, doprava je svételné fizena a v tunelu jsou dvé vyhybisté. V sezoné jim
projede autobusy a osobnimi vozy pfes 2000 osob denné a brzy se ma tento
pocet zdvojnasobit. Silnice od zapadniho portalu tunelu v ostrych serpenti-
nach prekonava na dvanacti kilometrech témér osmisetmetrovy vyskovy roz-
dil na uroven more.

Obr. 1 Vychodni portal tunelu Homer
Fig. 1 Eastern portal of the Homer tunnel

TUNNEL AT THE END OF THE WORLD

In the shadow of magnificent projects of tunnels that connect continents, under-
pass sea bays or mountain massifs in great depths, there are underground
works out of our sight that might be negligible with their extent, but with extra-
ordinary significance for their locality.

One of these is the Homer tunnel at Southern Island of the New Zealand. It lies
about 900 m above the Milford Sound, a romantic fjord that was in the times
long past carved by an iceberg in the Tasmanian sea, into which it mouths after
16 kilometers. The fjord reaches a depth of 330 m and in one place a width of
1 km. There is the mystical Anita Bay at its mouth, a ritual location of the Maori
tribes. It is disputed to be the eighth Wonder of the world. It is visited by the
oceanic cruiser Queen Elizabeth Il during its journey around the world. Sur-
rounding mountaintops reach up to 2 065 m (Mt. Pembrok) while Mitre Peak
(1710 m) is believed to be the world's highest mountain that rises directly from
the sea surface.

The fjord was totally inaccessible from the inland by means of road traffic. Only
construction of a tunnel on the mountain road from the 120 km distant Te Anau
made the connection possible. Construction of the road was started by a group
of the unemployed in 1929. Works on the 1200 m long tunnel with several hun-
dred meters of overburden started 2 years after completion of the road in 1935
under the leadership of engineer W. H. Homer (1889) - with five men, shovels
and a wheelbarrow, without any mechanization. Altitude difference between
the portals reaches 130 m. Downhill excavation meant permanent complica-
tions with pumping of water and ultimately it enforced excavation of a sub-
sidiary draining gallery. There was an original circular cross section with a
diameter of 18 feet. Since 1942, works were suspended for the time of the
World War Il when New Zealanders enlisted in the allied armies. Works were
resumed again in 1946, this time already with the required mechanization. The
cross section was enlarged to current 24 feet, i.e. from 5,5 to 7,2 m diameter.
The tunnel only has a lining at the portals. It was broken through in 1953 and
the year after put into operation. It is equipped neither with illumination nor
with ventilation. Nor does the profile allow safe driving in both directions, traf-
fic is controlled by lights and there are two passing bays in the tunnel. During
the season, cars and buses transport about 2000 persons per day through it
and the number is about to double soon. The road from the western portal with
tight double bends overcomes an altitude difference from the sea level of
almost 800 m within a length of 12 km.

Obr. 3 Zapadni portal tunelu Homer
Fig. 3 Western portal of the Homer tunnel

Obr. 2 Prijezd tunelem Homer
Fig. 2 Passage through the Homer tunnel
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Relativné maléa tunelové stavba pfinesla do tohoto malebného koutu svéta &ily
turisticky ruch mezinérodniho vyznamu. Jeho dal$i rozvoj v$ak jiz ohroZuje
existenci zdej$i nedotcené pfirody, a proto snahy o stavbu novych komunika-
ci a Zelezni€ni trati narazZeji na ostry odpor vefejnosti véetné nékterych maor-
skych kmend, kterym Gzemi patfi.

Obr. 4 Milford
Sound a Mitre
Peak (1710 m)
Fig. 4 Milford
Sound and Mitre
Peak (1710 m)

A relatively small tunnel structure has brought vivid tourism of international sig-
nificance to the picturesque part of the world. Its further development, howev-
er, is starting to endanger the existence of untouched nature and therefore the
efforts for construction of new roads and railroads meet formidable resistance
of the public including certain Maori tribes that own the land.

Ing. Karel Matzner

AKTUALITY Z PODZEMNICH STAVEB V CESKE A VE SLOVENSKE REPUBLICE

CURRENT NEWS FROM THE UNDERGROUND CONSTRUCTION
IN THE CZECH REPUBLIC AND SLOVAKIA

CESKA REPUBLIKA

Dalnice D5 - Tunel Valik na obchvatu Plzné

Tunel Valik, klicové misto pro dokonceni obchvatu Plzné na dalnici D5, se
konecné zacal razit. Jeho délka (330 m) neni viibec vyjimecna, mimofadna je
ovéem doba, kterou trvala jeho pfiprava a prekonéni uméle vytvarenych pre-
kazek a obstrukei, které zapficinily, Ze obyvatelé Plzné museli roky dychat
exhalace tisicli aut projizdéjicich centrem Plzné.

Mimoradné je vSak také usporadani dvou tunelovych trub se stfednim Zelezobe-
tonovym pilifem i sloZité geotechnické poméry, které priroda pripravila pro razbu.
Slavnostni zahajeni razeb a osazeni sosky svaté Barbory se konalo u rozva-
dovského portalu ve stfedu 7. dubna 2004.

Fotografie zachycuje vyznamné hosty této udalosti pfi projevu generalniho
feditele investora stavby RSD CR Ing Lau$mana, na dalsi je pohled na porta-

CZECH REPUBLIC

Motorway D5 - the Valik tunnel at the bypass of Plzen

Excavation of the Valik tunnel, a key part for completion of the bypass of Plzeri
at the motorway D5, finally started. Its length (330 m) is not exceptional, yet
extraordinary is the time which it took to prepare it as well as surpass man-
made obstacles and obstructions which caused that the people of Plzeri for
years have had to breathe the exhausts from thousands of vehicles passing
through the center of Plzer.

Unique is also the layout of the two tunnel tubes with the central pillar of rein-
forced concrete, in the same way as the complicated geotechnical conditions
that nature had prepared. Ceremonial opening of the excavation and installation
of the figurine of St. Barbara took place at the Rozvadov portal on April 7, 2004.
The picture shows important guests of this event during a speech of the general
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lovou sténu a posledni fotografie zachycuje razbu stfedniho tunelu pro budou-
ci pilif mezi tunely. Na ¢elbé tohoto tunelu je vidét prizkumna stola.

Tunel Panenska na dalnici D8

Koncem kvétna 2004 byla na tunelu Panenska zahajena realizace definitivniho
osténi. Osténi se provadi pfi pokracujicich razbach obou tunelovych trub.
V ZTT byla v té dobé vyraZzena kalota do vzdalenosti asi 1150 m od portélu a ve
VTT se ¢elba kaloty nachézela asi 800 m od severniho portalu.

Tunel Mréazovka pred uvedenim do provozu

V dobé vydani tohoto ¢isla Tunelu bude jiz tunel Mrazovka uveden do provo-
zu. V dobé jeho uzavérky (konec kvétna 2004) v8ak probihaly na obou tunelo-
vych troubach tunelu Mrazovka dokonCovaci prace a montaze technologie.
Konkrétné §lo o individualni zkousky jednotlivych provoznich soubor( tech-
nologie, jejichz uspésné dokonceni bylo podminkou pro zahajeni oZivovéni
a odladovani fidiciho systému tunelu Mrazovka. Této Einnosti byly v harmo-
nogramu vyhrazeny mésice ¢erven a cervenec. Pokladka ziviénych vrstev defi-
nitivnich vozovek v tunelech, ktera probihala po dobu mésice ¢ervna v no¢nich
hodinach, byla naopak posledni stavebni ¢innosti velkého rozsahu.

Srpen uZ byl ve znameni kone¢nych fazi dokon&ovacich praci, instalace
informacniho systému, komplexnich zkousek, pfejimek a kolaudacniho fize-
ni. Soubéiné vSak probihala integrace tunelu Mrazovka do fizeni dopravy
v Praze, a to mélo dopady na pfilehlé jiz provozované tseky méstského okru-
hu - Strahovsky tunel a Usek Zlichov - Radlickd, coZ pocitili motoristé pfi pru-
jezdu téchto oblasti ¢astym vyskytem uzavirek a dopravnich omezeni.
V zédvéru mésice srpna by tento stav mél pominout a méstsky okruh v Gseku
od bfevnovského Usti Strahovského tunelu az po Barandovsky most
i s novym vychodnim mostem pres Plzefiskou a tunelem Mrézovka bude
uveden do provozu.

manager Ing. Lausman of RSD CR, the construction investor. The next one
shows a view of the portal wall while the last one depicts excavation of the cen-
tral tunnel for the future pillar between the tunnels. The exploratory gallery can
be seen at the face of this tunnel.

Panenska tunnel at motorway D8

By the end of May 2004, realization of the final lining started in the Panenska
tunnel. The lining is realized under ongoing excavations of both tunnel tubes. In
the western tunnel tube, calotte in distance of about 1 150 m was excavated at
the time while in the eastern tunnel tube, calotte was about 800 m away from
the northern portal.

Mrazovka tunnel before completion

By the time this issue of the Tunel magazine is published, the Mrazovka tunnel
will have already been put into operation. Yet by the time of its editorial dead-
line (end of May 2004), final works and assembling of technologies still pro-
ceeded in both tunnel tubes of the Mrdzovka tunnel.

In particular that concerned individual tests of separate operational sets of
technologies, whose successful completion was a condition for the start of acti-
vation and fine-tuning of controlling system of the Mrazovka tunnel. As the
schedule, June and July were reserved for these activities. Laying of asphalt
layers of the final carriageways in the tunnel that proceeded during the night
hours in June was on the other hand the very last construction activity of a
large scale.

August was then marked by final phases of completing works, installation of
the information system, complex tests, takeovers and approbation proceed-
ings. Simultaneously, the Mrazovka tunnel was being integrated into the traffic
management in Prague, and that had impacts on the adjacent operated sec-
tions of the City Ring Road - Strahovsky tunnel and the section Zlichov -
Radlickd, which the drivers experienced in form of frequent closures and traf-
fic limitations when passing through this area. This situation should have
ceased by the end of August as the City Ring Road in section from Bfevnov end
of the Strahovsky tunnel all the way to Barradovsky bridge, already with the
new eastern bridge over the Plzeriské street and the Mrazovka tunnel, will be
put into operation.

Obr. 2 Portalova sténa tunelu Valik
Fig. 2 Portal of Valik tunnel
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Tunely Dobrovského v Brné

Dne 10. 5. 2004 probéhlo pracovni setkani Gcastnikd vystavby tunelu
Dobrovského v Brné za Ggasti ministra dopravy Ing. Milana Simonovského
a teditele SFDI Ing. Pavla Svagra. Tématem setkéni bylo hledani optimalniho
feSeni postupu vystavby tunelu navazujici na jiz vyrazené stoly.

SLOVENSKA REPUBLIKA

Tunel Sitina v Bratislave

Pocas prvej polovice roku 2004 pokracovali intenzivne prace na vystavbe dia-
[nicného tunela Sitina v Bratislave v rdmci Useku dialnice D2 Lamadska cesta
- Staré grunty. Tunel je razeny podfa principov Novej rakuskej tunelovacej
metddy v znaéne tektonicky poruSenom granitoidnom masive s pomerne niz-
kym nadlozim. Obe tunelové rary (dizky 1415 a 1440 m véitane hibenych Gse-
kov) st razené od juzného portadlu v Mlynskej doline. V polovici jina je dosia-
hnutych 400 m v oboch tunelovych rirach, ¢o je priblizne tretina dizky raze-
nych Gsekov. V kratkom ¢ase zaéne betona? klenby hibeného tunela na severe
v aredli SAV ako aj betonaz definitivnych konstrukcii v zapadnej tunelovej rare
od juhu.

Dodéavatefom tunelovych objektov pre medzinarodne konzorcium Taisei — Skan-
ska DS su Banské stavby, a. s. Prievidza. Definitivne konstrukcie (sekundarne
ostenie razeného tunela, hibené tunely) realizuje spoloénost Vahostav - Tunely
a Specialne Zakladania, a. s.

unel
Dobrovského tunnels in Brno

On May 10, 2004, there was a working meeting of participants of construction
of the Dobrovského tunnel in Brno, including the Minister of transport Ing. Milan
Simonovsky and chairman of the SFDI Ing. Pavel Svagr. The main topic was the
search for optimal solution of the proceeding construction of the tunnel that
connects to the already excavated galleries.

Ing. Miloslav Novotny

SLOVAKIA

Sitina tunnel in Bratislava

During the first half of 2004, intensive works proceeded at construction of the
motorway tunnel Sitina in Bratislava as a part of the D2 motorway section
Lamacska Cesta - Staré Grunty. The tunnel in excavated using principles of the
New Austrian Tunneling Method within a strongly tectonically faulted granite
massif with relatively low overburden. Both tunnel tubes (1415 m and 1440 m
long including the cut-and-cover sections) are excavated from the southern por-
tal in Mlynska valley. As of the half of June, 400 m of excavation are reached in
both tunnel tubes, which make up for approximately one third of the length of
excavated sections. Concrete placement of vault of the cut-and-cover tunnel is
about to start soon from north in the SUV area as well as concrete placement of
the final frameworks in the western tunnel tube from south.

Banské stavby, a. s., Prievidza is the contractor for tunnel structures for the inter-
national consortium Taisei — Skanska DS. Final structures (secondary lining of
the mined tunnel, cut-and-cover tunnel) are realized by Véhostav - Tunely a
Specialne zakladania, a.s.

Ing. Jozef Frankovsky

Obr. 3 Tunel Valik - ¢elba stfedniho tunelu
Fig. 3 Valik Tunnel - from of the middle tube
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ZIVOTNI JUBILEA

LIFE JUBILEES

SEDMDESATE JUBILEUM
ING. OTAKARA VRBY

Ctvrtého srpna 2004 se dozil v pIné pracovni aktivité a dusevni svézesti svych sedm-
desatych narozenin Ing. Otakar Vrba, jeden z naSich nejzkuSengjsich inZenyrskych
geologl specializujicich se na podzemni stavby. Je autorizovanym geotechnikem
i soudnim znalcem pro obor geotechnika a zakladani staveb a dnes pasobi ve funkci
hlavni specialista pro inZenyrskou geologii podzemnich a vodohospodéfskych staveb
ve SG Geotechnika, a. s. . ;

Své vzdélani ukoncil v roce 1957 na CVUT v Praze. Hned poté nastoupil do Ustavu sta-
vebni geologie a na tomto pracovisti, respektive v jeho néstupnickych organizacich,
zlistal pracovat cely Zivot az dodnes. Pfipomerime nékteré jeho vyznamné prace
v oblasti podzemnich staveb.

Jeho prvnim tunelem, brzy po nastupu do prvniho zaméstnani, byl prizkum a geolo-
gicky dozor pro stavbu Zelezni¢niho tunelu pod Bilou skalou v Praze. V dalSich letech,
jiz jako zbéhly inzenyrsky geolog asistoval napfiklad pfi razbé vodarenskych Stol PFi-
zemnich staveb ve Stavebni geologii Praha, fidil a osobné se G¢astnil prizkumu pro
projekty vystavby prazského metra IB, IlIB, IIC, IlIC a prazkumu pro nasi nejvétsi pod-
zemni stavbu vibec, podzemniho zasobniku plynu u Pfibrami. Dale fidil geotechnic-
ky dozor pro razbu kanalizaénich shéract v Usti n. L. a v Hradci Kralové.

Diky své zku$enosti a erudici pfispél napfiklad nedavno k tspésnému navrhu a vybu-
dovéni nové injekéni Stoly pod starou zdénou gravitaéni pfehradou v M3ené u Jab-
lonce n. N. Z nejposlednéjsi doby na sebe také upozornil svou konzultaéni €innosti pfi
feSeni geotechnickych rizik souvisejicich se zaplavenim prazského metra v roce 2002.
Je jenom mélo lidi, ktefi maji tak bohaté zkuSenosti nashromazdéné napfiklad také pfi
revizich starSich podzemnich dél, zejména vodohospodarskych Stol z VD Fléje, VD PFi-
secnice, VD Zelivka nebo odpadniho tunelu VD Lipno.

Plsobil i v zahrani¢i. Na pocatku Sedesatych let pracoval jako inZenyrsky geolog
v Albanii. V prabéhu osmdesétych let stravil nékolik roki v Havané na Kubé kom-
plexnim inZenyrskogeologickym prdzkumem pro pfipravu projektu havanského
metra.

Ve funkci hlavniho specialisty — inZenyského geologa pro podzemni a vodohospodai-
ské stavby dnes ve SG Geotechnika, predava své zkusenosti nové generaci nasich
novych spolupracovniku.

Jeho "zarubovské" krédo inZenyrského geologa, které se snaZi vstipit do podvédomi
vSéem nam ostatnim je: "Prirodni pomeéry (inZenyrskogeologické, hydrogeologické
pomeéry a geotechnické podminky) zajmového uzemi je tfeba nejen prozkoumat, ale
v prvni fadé spravné pochopit. Pri pfipravé a realizaci staveb je pak treba je citlivé
interpretovat, pIné respektovat a optimalné vyuZit pfi pripravé i realizaci stavby".
Jeho osobni zasadou, kterou od ného prevzala cela firma, je nikdy nedélat jen pri-
zkum, ale vzdy plné spolupracovat pfi projektovani i pfi provadéni stavby.

Ing. O. Vrba, v§ak nebyl jen "vasnivym" a své védé oddanym inzenyrskym geologem.
Vidy mél rad spolecnost. Zacastnil se nesCetnych vodackych a lyZafskych zajezdl
sportovniho oddilu Stavebni geologie Praha. MoZna Ze tam vznikla jeho popularni
prezdivka "Tanek", pod kterou ho znaji nejen jeho kolegové z prace.

Vidy mu ale zalezZelo i na prospéchu firmy, s kterou spojil cely Zivot. Proto nevahal
a vidy pomohl kde bylo tfeba, napfiklad jako ¢len dozoréi rady nové instituované
akciové spolecnosti Stavebni geologie Geotechnika na pocatku devadesatych let.
Proto také za svou celoZivotni praci pro firmu a pro inZenyrskou geologii obdrzel
v leto$nim roce pamétni medaili Q. Zaruby.

Proto mu jménem vsech jeho kolegl z firmy i mimo ni a jménem v§ech "tunelara"
touto cestou pfejeme mnoho zdravi a pohody do pfistich let a téSime se, Ze spole¢né
jesté leckterou zajimavou podzemni stavbu Uspésné provedeme.

Ing. Alexandr Rozsypal, CSc.

SEPTUAGENARIAN
ING. OTAKAR VRBA

On August 4, 2004, Ing. Otakar Vrba, one of our most experienced engineering geo-
logists specializing in the field of underground works, celebrates in full working
strength and intellectual vigor his seventieth birthday. He is an authorized geotech-
nician as well as forensic expert in the field of geotechnics and founding of con-
structions and he is currently employed by SG Geotechnika, a.s. as a major specialist
for engineering geology and underground and water-work structures. _

He completed his studies at the Czech Technical University in Prague (CVUT) in 1957.
Right after that he got a position in the Institute for engineering geology and remained
working here, and its successive organizations, his entire life until present day. Let us
recall some of his significant works in the field of underground works.

As his first tunnel soon into his first position, he took part in exploration and geolo-
gical monitoring for construction of the railway tunnel below Bila skala in Prague. As
an experienced engineering geologist in the following years, he for example assisted
during excavation of the water-work galleries Pfisecnice, Stanovice, Josefiv Ddl and
Rimov. Later on, already as a leader of the center for underground works within Sta-
vebni geologie Praha, he masterminded and personally took part in explorations for
construction projects of the Prague subway IB, llIB, IIC, llIC as well as exploration for
our largest underground structure ever, underground gas storage near Pribram. He
also managed geotechnical exploration for excavation of the sewer collectors in Usti
n. L. and Hradec Kralové.

Thanks to his experience and knowledge, he recently contributed for example to a
successful proposal and construction of the new injection gallery below the old con-
crete gravitation dam in M8eno near Jablonec n. N. From the latest works he also
broke through with his consulting activity during solution of geotechnical risks in
connection with the flooded Prague subway in 2002.

There are only a few people that have the same vast experience, gathered for instan-
ce during reviews of older underground works, such as water-work galleries Fléje,
Prisecnice, Zelivka or the tailrace tunnel Lipno.

He was also active abroad. In the beginning of the sixties he worked as an enginee-
ring geologist in Albania. During the eighties he spent several years in Havana, Cuba
doing a complex engineering-geological exploration for preparation of the project of
Havana subway.

As a major specialist - engineering geologist for underground and water-work struc-
tures in SG Geotechnika, a.s. he passes his experience onto younger generations of
our new colleagues.

His "Zéruba-like" motto of an engineering geologist, which he tries to get into all of our
minds, goes : "Natural conditions (engineering-geological, hydrogeological or geo-
technical) of the given area of interest is not only to be explored, but first and foremost
to be understood correctly. During the own preparation and realization of structures,
these are to be sensitively interpreted, fully respected and optimally used. "It is his per-
sonal principle, adopted by the entire company, not to carry out sole exploration, but
to fully cooperate in preparation as well as realization of the structure.

Ing. Otakar Vrba was not, however, only a "passionate” and to his field devoted engi-
neering geologist. He always liked company. He has taken part in countless boating
and skiing trips of the sport club of Stavebni geologie Praha. Perhaps that was the
origin of his popular nickname "Tanek", under he is generally known not only by his
colleagues.

He also always cared about prosperity of his company, to which he bound his entire
life. Therefore he never hesitated and always helped where necessary, for instance as
a member of the board of trustees on the newly formed joint-stock company Stavebni
geologie Geotechnika in the beginning of the nineties. That is one of the reasons he
was this year awarded a memorial medal of Q. Zaruba for life's work for the compa-
ny and the field of engineering geology.

On behalf of all his colleagues from his company as well as all other "tunnelers" we
use this occasion to wish him good health and well-being into the following years
and we are looking forward to perhaps still successfully do some interesting under-
ground work together.



DVA PETASEDMDESATNICI - DVA SPOLUZACI - DVE ODLISNE PROFESNI ZIVOTNi DRAHY.
JEDEN ZUSTAL VEREN PROJEKCI, DRUHY STAVEBNIMU PROVOZU.
TWO 75ERS - TWO CLASSMATES - TWO DIFFERENT PROFESSIONAL PATHS OF LIFE.
ONE REMAINED LOYAL TO DESIGNING, THE OTHER TO CONSTRUCTION OPERATIONS.

ING. PAVEL MARIK

oslavil své pétasedmdesatiny 15. kvétna 2004. Pfevaznou ¢ast své
stavebni praxe vénuje podzemnim stavbam. Narodil se v roce
1929 a mladi proZzil v Neveklové u BeneSova. Vystudoval Fakultu
inZenyrského stavitelstvi Ceského vysokého uceni technického
v Praze. Na podzemni stavby nezaneviel ani po nuceném preru-
Seni studia a nasledné préci v ostravskych dolech, kam byl pro
svij puvod poslan vladnoucim komunistickym rezimem. Po
témér tfech letech stravenych v podzemi vSak mohl studium
dokondit a po promoci v roce 1956 se stal stavebnim inzenyrem.
Jako projektant se vyznamné podilel na pfipravé prvni linie metra
v Praze - trasy |. C, zejména pak stanic Muzeum a Kacerov. K dal-
§im podzemnim stavbam patfil projekt Strahovského silni¢niho
tunelu, ktery byl vyznamnym prvkem méstského silni¢niho okru-
hu v Praze. | kdyZ se v souvislosti s razbou tunelu jiz uvazovalo
o Nové rakouskeé tunelovaci metodé, zvitézila v prazskych pomé-
rech vyzkou$ena prstencova metoda aplikovana za pomoci polos-
titu. Projekt fidil jiz jako vedouci stiediska ve firmé PUDIS Praha.
Ve stejné firmé se podilel na projektu hloubeného Tésnovského tunelu na vitavském
nabrezi v Praze. Jednalo se o technicky naroény projekt tunelu s nizkym nadlozim
situovaného pod Urovni hladiny podzemni vody. Projekt musel kromé béznych tech-
nickych feseni nalézt zplsob, jak zajistit celkovou stabilitu tunelu z hlediska vztlaku
podzemni vody. Studie provadéné v souvislosti s projektem dal$iho ¢lanku méstské-
ho silni¢niho okruhu - tunelem Mréazovka - byly jiz provadény v dobé ¢astecného poli-
tického uvolnéni a ke slovu se dostala dfive tabuizovand Nova rakouska tunelovaci
metoda. Tunel Mrazovka byl poslednim projektem v "dresu" firmy PUDIS Praha.

Rok 1989 predstavoval v Ceské republice zlom nejen z hlediska politického, ale otev-
fel cestu i k soukromému podnikéni. Proto kratce po revoluci odesel z firmy PUDIS
Praha a v roce 1993 zaloZil vlastni firmu s ndzvem Ing. Pavel Mafik - Inzenyrské kon-
strukce, kterou vede dosud. | nadale pak spolupracoval na projektu tunelu Mrézovka
napf. navrhem zajisténi severniho portélu. Pribyvaji ale i dal$i geotechnicky oriento-
vané projekty, které bezprostfedné nesouviseji s tunelovym stavitelstvim. Jedné se
napfiklad o projekt rekonstrukce Rasinova nabrezi a nabrezi Edvarda BeneSe v Praze,
projekty podzemnich garazi apod. Navrat k tuneléaiské tematice znamenal az projekt
rekonstrukce TéSnovského tunelu.

Nejen stala prace udrzuje jubilanta v dobré dusevni kondici. K jeho velké vasni patfi
karetni hra Bridge, kterou hraje aktivné desitky let a pravidelné se zGcastriuje mnoha
turnajl. Do dalSiho profesniho i osobniho Zivota pfejeme Ing. Pavlu Mafikovi mnoho
zdravi a Zivotniho elanu.

Za kolektiv spolupracovniki z firmy IK

On behalf of a team of colleagues from the company IK Ing. Jaromir Cizek

ING. KAREL MATZNER,

sekretat CTuK ITA/AITES a vedouci redaktor tohoto &asopisu péta-
sedmdesatnikem!

Je to k neuvéreni, jaké svéZesti a elanu se t€8i nas redaktor ve svych
letech, dokonce i s tituly mistra svéta a Evropy v atletickych discip-
linach seniord.

Piivodem je z Ceskych Budgjovic, kde se 16. 3. 1929 narodil. K firmé
Vodni stavby nastoupil v roce 1953 po absolvovani Fakulty inZenyr-
ského stavitelstvi CVUT, a to k svému vodohospodariskému oboru
na Vodni dilo Lipno. Tady prodélal i sv(j prvni tunelarsky kiest na
stavbé vtokovych tunell a kaverny podzemni hydrocentraly a pfi
dokoncovani sikmého a odpadniho tunelu. | pak zistal véren jiho-
eskym stavbam, neZ presel ve funkci hlavniho inZenyra na dalsi
vodni dila tehdejsi éry budovani pfehrad: na Nechranice, Zelivku
a Vrchlici.

Do podzemi se vraci v r. 1969, tentokréat na stavbu prazského metra.
Deset let zde pracoval jako vedouci realizace a dalSich deset let jako
technicky asistent generalniho feditele Metrostavu.

V tomto obdobi vzniklo za jeho odborné redakce a spoluautorstvi pét publikaci o stavbé
metra a podniku Metrostav, nékolik technickych i popularnich filma a nepocitané ¢lankd
v Casopisech a dennim tisku.

Po celé obdobi aktivniho Zivota je vérny svému sportovnimu konicku, a to jako aktivni
sportovec i organizator. Jeho jméno je spojeno se vSemi sportovnimi aktivitami pra-
covniki Metrostavu, Vodnich staveb a télovychovné jednoty Vodni stavby Praha, kterou
po deset let vedl vEetné sportovniho areélu Hostivar. DneSni seberealizace je jesté o kate-
gorii vySe. Je predsedou Sdruzeni veterant Ceského atletického svazu, jeho? je soucas-
né delegatem v evropské i svétové veteranské atletické asociaci EVAA a WMA. Z mist-
rovstvi Evropy i svéta privazi on sdm i jeho atleticky kolektiv pravidelné fadu medaili,
naposled letos na jafe z mistrovstvi svéta v silni¢nim béhu a chizi na Novém Zélandé.
PFi tom v8em stiha pracovat jako prezident senior klubu Metrostav, ale hlavné jako sekre-
tar nasi tunelarské organizace a redaktor tohoto ¢asopisu. Urover ¢asopisu sama uka-
zuje na jeho zasluhy. Proto mu chceme poprat, aby mu Zivotni elan, fyzickd kondice
a psychicka pohoda vydrzely jesté hodné dlouho, abychom se mohli tésit na dalsi trva-
lou spolupréci.

Za redakéni radu

On behalf of the Editorial Board Ing. Petr Vozarik

ING. PAVEL MARIK

Celebrated his 75th birthday on May 15, 2004. For prevalent part of
his engineering practice he has been devoted to the field of
underground works. He was born in 1929 and spent his childhood
in Neveklov near BeneSov. He graduated from the Faculty of Civil
Engineering at the Czech Technical University in Prague. He did not
forget the field of underground works neither during a forced inter-
ruption of studies nor subsequent work in the Ostrava mines,
where he was sent by the ruling communist regime due to his
ancestry. After almost three years in the underground, he was allo-
wed to finish his studies and upon his graduation in 1956 he beca-
me a civil engineer. As a designer to took significant part in prepa-
ration of the first subway line in Prague - the line I.C, especially
then the stations Muzeum and Kacerov. To his other underground
work also belongs the design of the Strahovsky road tunnel, which
is an important part of the Prague City Ring Road. Although the
New Austrian Tunneling Method was contemplated in connection
with excavation of this tunnel, it was decided to employ the ring
method with the use of semi-shield that had been proved in Prague conditions. He
managed this design already as a department leader in PUDIS Praha. In the same com-
pany he took part in a design of the cut-and-cover Tésnovsky tunnel at the Vitava river-
bank in Prague. It was a technically very complicated design of a tunnel with low over-
burden located below the water table. Therefore the design had to, among other tech-
nical solutions, find a way to stabilize the entire tunnel from the viewpoint of ground-
water buoyancy. Research connected with the design of another part of the City Ring
Road - the Mrézovka tunnel - was already realized in times of partial political liberation
and thus the formerly disregarded New Austrian Tunneling Method came to existence.
The Mrazovka tunnel was his last design in the "jersey" of PUDIS Praha.

The year 1989 in the Czech Republic represented a political breakthrough that also ope-
ned the way for private business. Therefore, closely after the revolution he left PUDIS
Praha and in 1993 founded his own company called Ing. Pavel Mafrik - Engineering con-
structions which he leads until present day. Even after that he still cooperated on the
project of the Mrézovka tunnel, for instance by designing support of the northern por-
tal. But there are other geotechnically oriented designs that have little in common with
tunnel constructions. These include designs of reconstructions of Rasinovo nabrezZi and
nébreZi Edvarda Benese in Prague, designs of underground garages etc. He only retur-
ned to the tunneling field with the design of the Tésnovsky tunnel.

Not only permanent work keeps the jubilant in good mental health. He has a great pas-
sion for the card game Bridge, which he actively plays for decades and regularly parti-
cipates at tournaments. We wish Ing. Pavel Marik good health and vigor in his further
personal as well as professional life.

ING. KAREL MATZNER,

secretary of the ITA/AITES Czech Tunnelling Committee and chief
editor of this magazine - seventy five years young.

Briskness and vigour our editor enjoys in his age is unbelievable,
as well as the World and European Champion titles he has won in
senior track events.

He was born in Ceské Budéjovice on 16 March 1929. After gradua-
tion from the Czech Technical University, the Faculty of Civil Engi-
neering, he entered, following his major - water resources , the
hydropower scheme Lipno. This is where he passed the first tun-
neller's baptism working on a construction of inlet tunnels and a
cavern for an underground powerhouse, and in the final phase of
an inclined tailrace tunnel excavation. Even later he remained
faithful to South Bohemian construction sites, until he left, as a
chief operations officer, for other water resources development
schemes of that era, i.e. the Nechranice, Vichlice and Zelivka dams.
He returned to the underground work in 1969, to build the Prague
Metro. He worked there for ten years in a position of chief of the operations depart-
ment, and for another ten years as a technical assistant of chief executive officer of the
Metrostav company.

Five publications on the Prague subway and the Metrostav company were prepared
in that period, as well as several documentary films and feature films, and untold artic-
les in magazines and daily press under his professional edition and co-authorship.

For the entire period of his active life he has remained true to his beloved sports, both as
a sportsman and organiser. His name is associated with all sports activities of employe-
es of Metrostav and Vodni Stavby companies, as well as of members of the Vodni Stav-
by Prague Sports Club, which he managed for ten years including a sports ground and
indoor hall in Prague Hostivar: His today's drive is even higher. He is chairman of the Vete-
rans Association of the Czech Athletic Federation, being its delegate to the European and
World Veterans Athletic Association EVAA and WMA. It has become a rule that he and his
athletic team have fetched many medals, the last ones from the world championship in
road run and race walk, this year held in New Zealand in the spring.

On top of that, he manages to act as president of the Senior Club by Metrostav, but pri-
marily as the secretary of our tunnelling association and editor of this magazine. The
high level of this magazine itself shows his credit. This is why we would like to wish
him to keep his life ardour, physical condition and good humour for a long, long time,
to let us enjoy the further continuing collaboration with him.
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PETASEDESATINY
PROF. ING. JIRIHO BARTAKA, DrSc.

Prof. Bartak pati jiz fadu let k nasim prednim pfedstavitelim geo-
technického oboru. Jeho vice neZ Ctyficetiletd pedagogicka,
védecka a odborné ¢innost byla zamérena predevsim na oblast
podzemniho stavitelstvi, zakladani staveb a lomafstyi.
Dlouholeté uspésné pasobeni na Stavebni fakulté CVUT v Praze
vedlo v r. 1988 k jeho jmenovani profesorem pro obor podzemni
stavby. V tomto oboru pedagogicky pusobil a dosud plisobi i na
stavebnich fakultach v Brné a Bratislavé, stejné tak Siroky okruh
zabird i jeho podil na vychové novych védeckych pracovnikd.
K jeho pedagogickému plisobeni se vaze autorstvi celé fady vyso-
koskolskych skript z oblasti podzemnich staveb a zakladani staveb.
Prof. Bartak projevoval vidy mimofadné zaujeti pro feSeni obtiz-
nych ukoll vznikajicich zakonité ve stavebni praxi a vzhledem ke
svym bohatym zkuSenostem je trvale vyhledavanym expertem
pro oblast podzemnich staveb a zakladani staveb. Zpracoval stov-
ky studii, odbornych posudk( a statickych vypoctl pro investorské, projekéni i doda-
vatelské organizace v CR, v poslednich letech pisobil ¢i pisobi jako expert na velkych
podzemnich stavbach (stoka "F" v Praze-Troji, rekonstrukce PVE Stéchovice, tunel
Hiebeg, podzemni zasobnik plynu Pibram-Haje, tunel Mrazovka, kolektory v Ceském
Krumlové, Praze a Brné, tunel Bfezno, tunel Valik).

K jeho védecké a odborné ginnosti se vaze témér 200 publikovanych ¢asopiseckych
¢lanku a prispévku ve shornicich védeckych konferenci.

Prof. Bartak je autorizovanym inZenyrem pro obor geotechnika a soudnim znalcem
pro obor zakladani staveb a podzemni stavby. Je ¢lenem predsednictva Ceského
komitétu Mezinarodni tunelaFské asociace ITA/AITES a tlenem vyboru Geotechnické
spolecnosti Ceského svazu stavebnich inZenyr(. V obou téchto organizacich se mj.
trvale podili na pFipravé renomovanych védeckych konferenci PODZEMNI STAVBY
PRAHA a ZAKLADANI STAVEB BRNO, jejichZ dlouholety pfinos pro uroveri geotech-
nického oboru v doméacim i mezinarodnim kontextu je zasadni.

Rozsahla pedagogicka, védecka, odborna a organizaéni ¢innosti prof. Bartaka svéd¢i
o jeho vysokém pracovnim nasazeni ve prospéch geotechnického oboru. Vzhledem
k tomu, Ze je i dlouholetym aktivnim ¢lenem redakéni rady naseho ¢asopisu TUNEL,
popiejme mu do dalSich let hlavné zdravi, Zivotni pohodu a chut do prace, abychom

Za redakéni radu

On behalf of the Editorial Board Ing. Petr Vozarik

SIXTY FIVE YEARS OF AGE OF
PROF. ING. JIRi BARTAK, DrSc.

Prof. Barték belongs among top representatives of the geotech-
nical profession for many years. His pedagogical, scientific and
professional activities, focused primarily on the field of underg-
round construction, foundation engineering and quarrying, have
been lasting for over forty years.

The long-term successful work in the Faculty of Civil Engineering
of the Czech Technical University in Prague resulted in his appo-
intment as professor for the subject of underground constructi-
on. He has worked in this line as a pedagogue also in faculties of
civil engineering in Brno and Bratislava. The same is the scope of
his work in the field of education of new scientific workers. His
pedagogical activities are connected with publishing many uni-
versity textbooks dealing with underground construction and
foundation engineering.

Prof. Barték has always demonstrated exceptional enthusiasm
for solving difficult tasks originating unavoidably in the construction practice. Owing
to the wealth of his experience, he has always been a much-sought-for expert for the
line of underground construction and foundation engineering. He elaborated hund-
reds of studies, expert opinions and structural analyses for investor, design and con-
struction companies in the CR. Lately he worked or works as an expert on large
underground projects (the sewer "F" in Prague-Troja, reconstruction of the pumped
storage scheme Stéchovice, Hfebe¢ tunnel, underground gas storage in Pfibram-
Haéje, Mrézovka tunnel, utility tunnels in Cesky Krumlov, Prague and Brno, Bfezno tun-
nel, Valik tunnel).

Nearly 200 magazine articles and papers published in proceedings of scientific con-
ferences are connected with his scientific and expert activities.

Prof. Bartak is certified engineer in the field of geotechnics, and authorised expert in
the line of foundation engineering and underground construction. He is a member of
the board of the Czech Tunnelling Committee of the ITA/AITES, and a member of the
committee of the Geotechnical Association of the Czech Union of Civil Engineers.
Within the two organisations he continually takes his share of work on preparation of
renowned scientific conferences UNDERGROUND CONSTRUCTION PRAGUE and
FOUNDATION OF BUILDINGS BRNO, being a major long-term contribution to the
geotechnical line level in domestic and foreign context.

The large scope of Ing. Bartak's pedagogical, scientific, expert and organisation acti-
vities prove how high his efforts supporting the geotechnical line are. As he is also a
long-time active member of the editorial board, we are wishing him for the years to
come sound health, good humour and excitement for work, and for us to enjoy the
benefit of his generally profitable activities.

ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES 2004 V SINGAPURU

byl pro Cesky tunelaisky komitét ITA/AITES mimotadné vyznamny. Nékolika-
leté usili ziskat poradatelstvi svétového kongresu do Prahy bylo korunovéno
Uspéchem: v roce 2007 se kongres bude skute¢né konat v Praze! Uspéli jsme
proti tak silnym soupefim, jakymi byla Viden a skotsky Edinburgh. Rozhodli
o tom na valném shromazdéni delegéti z 36 pfitomnych zemi tajnou volbou
v druhém kole. Zatimco v kole prvnim vypadla Videri s pouhymi 6 hlasy (my
dostali 17, Edinburgh 13), v druhém jsme se o "videriské" hlasy podélili s Edin-
burghem rovnym dilem, ziskali jsme tedy 20 hlast a nasi rivalové jen 16.
Uspéchu bylo dosaZeno za uginné spoluprace s agenturou CzechTourism
a Ceskym chargé diaffaire v Singapuru, kde jsme s jejich pomoci usporadali
Cesky vecer - seznamovaci banket pod ndzvem "Meeting Point Prague".

Usporadani svétového kongresu spolu s valnym shromazdénim ITA/AITES je
vSak nejen Cest, ale velky zavazek, odpovédnost za jeho Uspéch a mofe organi-
zétorské a naro¢né odborné prace. Jeho pfinos pro rozvoj oboru v poradajici
zemi je vSak mimoradny a vynaloZené Usili se urcité vyplati a v rdznych for-
méch zhodnoti a vrati. Na svétovych tunelafskych kongresech se setkavaji, pre-
davaji a ziskavaji zkusenosti nejlepsi odbornici v podzemnim stavitelstvi a pfi-
buznych oborech. Proto neni divu, Ze o pofadani svétového kongresu usiluji
s takovou vervou i ty tunelaisky nejrozvinutéjsi zemé. Nejde totiz jen o odbor-
nou stranku akce. CTuK je presvédéen, 7e je schopen kongres uspofadat na
vysoké Urovni po v8ech strankach, jak dokazal jiZz pfi prvnim kongresu v Praze
v roce 1985 a kone¢né - i kdyZ v mensim rozsahu - pfi mezinarodnich konfe-
rencich Podzemni stavby Praha. Jeho Uspéch bude prestizni zaleZitosti celého
komitétu. Lze oCekavat zvySeni zajmu jeho ¢lend o aktivni odbornou ¢innost
a bude nezanedbatelnym pfinosem pro turisticky ruch v Praze i celé CR.

K odborné ¢asti kongresu se vratime v pfistim ¢isle naseho ¢asopisu.

THE WORLD TUNNELING CONGRESS 2004 IN SINGAPORE

was extraordinarily remarkable for the ITA/JAITES Czech Tunneling Committee.
A several years' effort to gain organization of the World congress for Prague
has been successful - in 2007, the congress will really take place in Prague! We
have succeeded against such strong opponents as Vienna or Edinburgh in Scot-
land. It was decided by 36 delegates of the participating countries in second
round of a secret ballot. While Vienna dropped out already after the first round
with only 6 votes (Prague had 17, Edinburgh 13), these "Vienna" votes were
equally split between us and Edinburgh, and thus Prague gained 20 votes
against the 16 of our main rivals. This success was supported by effective coop-
eration with the agency CzechTourism and the Czech Chargé d' Affaires in Sin-
gapore, when we used their help in organization of a Czech evening - an infor-
mation banquet called "Meeting point Prague”.

However, organization of the World congress along with the ITA/AITES general
assembly is not only a great honor, but also a commitment, responsibility for its
success and a great deal of organizational as well as challenging professional
work. Yet its contribution to development of our field in the hosting country is
exceptional and the invested effort will definitely pay off and return in one way
or another. The World tunneling congresses are places for the finest profes-
sionals in the field of underground construction and related fields to meet, gain
and exchange experience. Therefore it is no wonder that even the most tunnel-
ing-developed countries strive for delegation to host the World congress. The
point is that professional part of the event is not everything. CTuC is convinced
to be able to organize the congress on a generally high level, as it had proved
during the first congress in Prague in 1985 and after all - although in a smaller
scale - also during international conferences Underground Construction Prague.
Its success will be a prestigious concern of the entire committee, increased
interest of its members in active professional activity can be expected while it
will represent a significant contribution to tourism in Prague as well as in the
entire Czech Republic.
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TRICATE VYROCNI ZASEDANi VALNEHO SHROMAZDENI
ITA/AITES - SINGAPUR 2004

se konalo od 22. do 27. kvétna u pfileZitosti svétového tunelafského kongresu
2004, ktery poradala Mezinarodni tunelarskad asociace spolu se singapurskou
spole¢nosti Tunnelling and Underground Space Society (TUCSS) pod nazvem
"Podzemi pro udrzitelny rozvoj mést". Zucastnili se ho zastupci, delegéti, pozo-
rovatelé a ¢lenové pracovnich skupin (WG) 36 z 53 ¢lenskych zemi asociace.

PRITOMNE CLENSKE ZEME/MEMBER NATIONS REPRESENTED

THIRTIETH ANNUAL MEETING - SINGAPORE 2004

The International Tunnelling Association held its thirtieth meeting in Singapore
from 22 to 27 May, in conjunction with the World Tunnel Congress 2004 "'Under-
ground Space for Sustainable Urban Development' organised by ITA and the
Tunnelling and Underground Construction Society of Singapore (TUCSS). The
meetings were attended by representatives, delegates, observers and working
group members from 36 of the 53 Member Nations of the Association.

South Africa, Germany, Australia, Austria, Belgium, Brazil, Bulgaria, Canada, China, Korea, Denmark, Egypt, Spain, United States of America, Finland, France,
Greece, Hungary, Indonesia, Italy, Japan, Lesotho, Norway, The Netherlands, Poland, Portugal, Romania, United Kingdom, Russia, Singapore, Slovakia, Slovenia,

Sweden, Switzerland, Czech Republic, Turkey

NEZUCASTNILI SE/MEMBER NATIONS NOT REPRESENTED

Algeria, Saudi Arabia, Chile, Colombia, Croatia, India, Iran, Iceland, Israel, Malaysia, Morocco, Mexico, New Zealand, Thailand, Ukrania, Venezuela, Vietnam.

Obr. 1 Ing. Mosler prednési jediny prispévek z CR
Fig. 1Ing. Mosler delivers the only contribution from the CR

Obr. 3 Propaga¢ni stanek CTuK - stale sttedem zajmu
Fig. 3 Propagation stand of the CTuC - permanent point of interest

Obr. 4 Posledni kolo voleb - hlas odevzdavaé i predseda CTuK Ing. Hrdina
Fig. 4 Last round of the ballot - Ing. Hrdina as chairman of the CTuC casts his vote

Obr. 2 Ing. Hrdina vita hosty na banketu ,Meeting point Prague”
Fig. 2 Ing. Hrdina welcomes guests at the banquet ,,Meeting point Prague”

Obr. 5 Rozhodnuto: generalni sekretai ITA/AITES vyhlasuje Prahu jako misto
svétového tunelaiského kongresu 2007 (zleva novy prezident ITA/AITES Harvey
Parker, byvaly prezident Prof. Alfred Haack, dosavadni prezident Andre Assis,
gen. sekretat Claude Berenguier)

Fig. 5 Decided: Secretary General of the ITA/AITES declares Prague as a host of
the World tunneling congress in 2007 (from the left, just elected President of the
ITA/AITES Harvey Parker, former President Prof. Alfred Haack, serving President
Andre Assis, Secretary General Claude Berenguier)
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NOVE ZVOLENY VYKONNY VYBOR (EC)/NEW EXECUTIVE COUNCIL

Clenové / Members Do / Until
H. Parker USA President 2007
A. M. Muir Wood United Kingdom Honorary President

A. Assis Brazil Past President 2007
K. Ono Japan First Vice President 2007
M. Knights United Kingdom Vice President 2007
H. Wagner Austria Vice President 2007
Y. Erdem Turkey Vice President 2007
E. Grov Norway 2007
F. Gruebl Germany 2007
Y. Leblais France 2007
M. Belenkiy Russia 2007
F. Vuilleumier Switzerland Pokladnik / Treasurer 2007
C. Berenguier Generalni sekretar / Secretary General 2005
Expert

S. Calinescu Romania Internal Auditor 2005
J.P Godard France Regeni problém podzemi v méstech / Urban Problems-Underground Solutions 2005
A. Haack Germany PoZarni bezpe¢nost / Safety in Fire 2005
CLENSTVI MEMBERSHIP

Asociace zaregistrovala Indonésii a Vietnam jako své nové ¢lenské zemé a 15 novych
pfidruzenych &lend (10 kolektivnich a 5 individudlnich). Celkovy stav ¢lenské zakladny po
zapocitani rezignaci ¢ini 53 ¢lenskych zemi a 277 pridruzenych ¢lent (118 kolektivnich
a 159 individualnich).

SDELOVACI PROSTREDKY
Tribune: V roce 2003 byly vydany 3 Cisla ¢asopisu o 100 stranach nakladem asi 3100
vytiskl. Byly zaméreny na Holandsko, Spanélsko a Rakousko. V roce 2004 u piilezi-
tosti zasedani valného shromézdéni bylo vydano a distribuovano vyroéni Cislo se
zaméfenim na Singapur a se zprdvami ¢lenskych zemi.

* ita@news: V roce 2003 byly pfipraveny 4 soubory zprav. Obsahuji novinky z ¢innosti
Asociace, pracovnich skupin (WG), ¢lenskych zemi, o nadchéazejiich akcich, ze ses-
terskych organizaci... Byla dokonéena kone¢né verze a prvni vydani bylo rozeslano
1500 osobam zacatkem kvétna 2004. Do konce roku bude rozeslano 4-5 dalsich Cisel.

* Tunnelling and Underground Space Technology (TUST): V roce 2003 bylo vydano 5
Cisel obsahujicich 67 ¢lank napsanych autory z 19 zemi. Zvlastni ¢islo bylo vénovano
tunelarstvi v Japonsku (Tunnelling in Japan). V roce 2004 bude vydano 6 Cisel, véno-
vanych jak technologiim tunelafskym, tak bezvykopovym. Dvojéislo 19/4-5 obsahuje
abstrakty ze svétového kongresu v Singapuru.

* Website: V roce 2003 byl ukonéen novy systém "Content Management System"
a upraven podle prani a potieb Gcastnikd. Tento systém dovoluje élendm ITA pripravo-
vat pfimo své vlastni web stranky. Byl aktivovan zatatkem roku 2004. Stranka ITA
obsahuje vice nez 600 html stran a ekvivalent 500 pdf stran. Byly pfidany nové stranky
jako stara cCisla Tribune, vzdélavaci material nebo ita@news. Navstévnost stranky ITA
trvale stoupala az na 3200 stran/den, 5000 rliznych navstévniki/més. z vice nez 110
zemi.

* CD-Rom: U prileZitosti 30. vyro€i zaloZeni ITA bylo vydano CD-Rom obsahuijici véech-
ny staté publikované ITA od roku 1974. Toto CD obsahuje vice nez 300 ¢lanku asi
0 3000 stranéach. Je v ném nainstalovan vyhledavaci systém podle tématu, vyroéniho
zasedani, seminare nebo workshopu, roku a jména autora.

ITA OPEN SESSION

se konala jako plenarni zasedani kongresu v Utery 25. kvétna 2004. Tématem bylo
"Podzemi pro udrZitelny rozvoj mést". K tomu bylo pfedneseno pét pfispévki. Harvey
Parker (USA) hovofil o historii udrzitelného rozvoje s ohledem na Zivotni prostiedi, aktiv-
itdch ITA v této oblasti a o pfinosu vyuZiti tunel( pro velkomésta. Rodney Craig (UK) infor-
moval o praci WG 15 (Zivotni prostiedi) a uved pfiklady z celého svéta tykajici se udrzitel-
ného rozvoje. In-Keun Lee (Korea) popisoval minulost a soucasny stav rozvoje soulského
metra véetné pravnich a konstrukénich aspektl a uved! vyznamné udaje o rozvoji mésta
v souvislosti s vystavhou metra. Jean-Paul Godard (Francie) se vrétil k tématu "Why Go
Underground" a uvedl ndméty, jak zvysit podporu vyuZziti podzemi. Zavérem Sushma Goh
(Singapur) pfednesl architektonické tivahy a navrhy na "humanizaci" podzemnich prostor.
Oba predsedajici Open Session, R. Krishnan (Singapur) a Andre Assis (Brazilie) pak vedli
Zivou diskusi z pléna na Ustfedni téma udrZitelného rozvoje.

WORKSHOP ITA O BEZPECNOSTI

svolany zvlastni komisi ITA pro bezpe¢nost podzemnich staveb se konal v patek 21. kvét-
na 2004. Skladal se z fady predndsek o moznostech a rozsahu prace ITA na poli
bezpetnosti podzemi. Workshop posoudil pfipravu smérnic a prostedki k snizeni rizik,
které by pomohly ¢lenskym zemim systematicky, Ucinné a Gcelné se vyporadat i s pfi-
padnymi protispoleenskymi zasahy proti podzemni infrastruktufe a jejim uZivateltim.
Bylo schvaleno, aby ITA pokradovala ve své praci na tomto dalezitém dseku. Zasady
a prostfedky maji véeobecnou platnost a poskytuji ramec pro pfidélovani zdrojti a upfed-
nostnéni iniciativ spojenych s bezpecnosti; zaroveri vSak respektuji samostatnost ¢len-
skych zemi a ddvérnost pozadavku.

PRISTI VYROCNIi ZASEDANI
Turecko - od 7. do 12. kvétna 2005, béhem Svétového tunelarského kongresu
ITA-AITES 2005 "Letis Meet Where Two Continents Meet"

* Korea - od 29. dubna do 4. kvétna 2006, béhem Svétového tunelaiského kongresu
ITA-AITES 2006 "Safety in the Underground Space”

+ Ceska republika - od 5. do 10. kvétna 2007, béhem Svétového tunelarského kongresu
ITA-AITES 2007 "Underground Space - the 4th Dimension of Metropolises"

Podle tiskového komuniké pripravil
In accordance with the press release compiled by
Ing. Karel Matzner

The Association has registered the membership of two new member nations, Indone-
sia and Vietnam, 15 new Affiliate Members (10 Corporate Members and 5 Individual
Members); the total results to 53 Member Nations and 277 Affiliate Members (118 Cor-
porate Members and 159 Individual Members) taking into account resignations.

COMM UNICATONS
Tribune: In 2003, three issues of Tribune (100 pages) were published and about 3 100
copies per issue were edited. They included focuses on Netherlands, Spain and Austria.
In 2004, the annual issue with focus on Singapore and the reports of the Member
Nations has been published and distributed at the occasion of the General Assembly.

* jta@news: In 2003, four dummy issues of the ita@news have been prepared. The
ita@news contents news from the association, the WGs, the Member Nations, the
forthcoming events, the sister associations...The final version has been established
and the first issue has been sent to 1500 persons beginning of May 2004. Four to five
further issues will be sent by the end of 2004.
Tunnelling and Underground Space Technology (TUST): Tunnelling and Under-
ground Space Technology (TUST): In year 2003, five issues of TUST were published,
consisting 67 articles written by authors from 19 countries. A special issue has been
published on Tunnelling in Japan. In year 2004, six issues will be published combin-
ing tunnelling and underground space technology and trenchless technology. A dou-
ble-issue 19/4-5 contains the abstracts of the WTC Congress in Singapore.
Website: In 2003 the new Content Management System has been finalised and adapt-
ed to the wishes and needs of the various actors. This system allows the ITA members
to prepare directly their own web pages. It has been put on line beginning of 2004..The
web site contains more than 600 html pages and the equivalent of 500 downloadable
pdf pages. New pages have been added such as old issues of Tribune, training mate-
rial, ita@news. The visits on the web continuously increased to reach 3200 pages per
day by 5 000 different visitors per month coming from more than 110 countries.

* CD Rom: At the occasion of the 30th anniversary of ITA, a CD-Rom containing all
papers published by ITA since 1974 has been issued. This CD-rom contains more than
300 articles representing around 3,000 pages. A special search engine is installed on
the CD-Rom authorizing search by Topic, Annual meeting, Seminar/Workshop, Year
and Authors' name.

ITA OPEN SESSION

The ITA Open Session was held on Tuesday, 25 May 2004. The theme of the session was
"Underground Space for Sustainable Urban Development".

The 2004 ITA Open Session was held in plenary session on Tuesday morning May 25,
2004. Five papers were presented on the theme "Underground Space for Sustainable
Urban Development". Harvey Parker (USA) spoke on the history of environmental and
sustainable development, ITA's activities in sustainable development, and the effect of
megacities on tunnel demand. Rodney Craig (UK) spoke on the work on ITA working
group 15, Environment, and gave sustainable development case histories worldwide.
In-Keun Lee (Korea) described the past and current state of the development of the Seoul
subway including legal issues, construction issues, and important data on urban devel-
opment resulting from subway construction. Jean-Paul Godard (France) spoke on Why
Go Underground and presented ideas on how to improve the benefits of Underground
Space. Finally, Sushma Goh (Singapore) addressed architectural considerations and
design for humanising underground space. The co-chairs of the Open Session, R. Krishnan
(Singapore) and Andre Assis (Brazil) led a lively discussion from the floor on the gene-
ral theme of sustainable development.

ITA SECURITY WORKSHOP

On Friday, May 21, 2004, the ITA Security Task Force held a workshop on underground
security. The workshop consisted of a series of lectures and breakout sessions on the
scope of ITA's work on tunnel security. The workshop considered the development
guidelines and risk management tools to assist member nations to systematically, effi-
ciently, and effectively deal with emerging risk associated with antisocial acts against
underground infrastructure and its users. It was agreed that ITA should continue its work
on this important topic. The principles and tools have universal application and provide
a framework for resource allocation and prioritization of security related initiatives which
respecting the autonomy of member nations and then confidentiality requirements.

NEX T ANNUAL MEETINGS
Turkey from 7 to 12 May 2005, during the ITA-AITES WTC 2005
‘Let's Meet Where Two Continents Meet"

*  South Korea from 29 April to 4 May 2006, during the ITA-AITES WTC 2006
"Safety in the Underground Space”

* Czech Republic from 5 to 10 May 2007, during the ITA-AITES WTC 2007
"Underground Space - the 4th Dimension of Metropolises"



Ve

53 13. ROCNIK, &. 3/2004

Tunel

PRAZSKE GEOTECHNICKE DNY 2004

JiZ se stalo tradici, Ze v kvétnu Stavebni geologie - Geotechnika, a. s., ve spolupraci
s Ceskou geotechnickou spole¢nosti CSSI a Ceskym a Slovenskym vyborem MZZS
porada Prazské geotechnické dny. | letos tomu nebylo jinak. Geotechnicka vefejnost
méla mozZnost setkat se ve dnech 10. - 11. kvétna.

Leto$ni seminaf byl vénovan hlavnimu tématu Extrémni geotechnicka rizika pfi
vystavbé mélkych tunel. Seminar byl doprovazen workshopem, ktery byl zaméren
na minimalizaci rizik pfi vystavbé mélkych tunelli v poloskalnich horninach.

Velmi atraktivni témata a Urover zahrani¢nich pfednasejicich vyvolaly mimoradny
zéjem Ceské odborné verejnosti, zejména z oblasti podzemnich staveb.

V priibéhu odborného seminafe byla jiz potieti vyhlasena Cena akademika Quido
Zaruby pro mladé inZenyrské geology a geotechniky do véku 35 let. Cena za nejlep-
§i praci v roce 2003 byla pfedana Ing. Lumiru Micovi za projekt na téma Chovani vyz-
tuZzenych zemin v podkladnich vrstvéch.

Prazskych geotechnickych dnti 2004 se ztéastnilo na 155 odbornikd.

Podrobny program seminare, sbornik prednasek, fotogalerii a blizsi informace
o Cené akademika Quido Zaruby jsou pfistupné na www.geotechnika.cz.

Béhem odborného seminare (prvni den setkani) byly predneseny Ctyfi pfispévky.
NATM in the London clay - the Heathrow collapse and subsequent experience
(Ch. Clayton)

(NRTM v londynskych jilech - Havarie v Heathrow a nésledné zkusenosti)

Béhem noci 20. - 21. fijna 1994 doslo ke zhrouceni hlavniho tunelu budovaného na
londynském hlavnim letisti Heathrow. Tunely pod Heathrow byly ve vystavbé jako
soucast nového vysokorychlostniho spojeni mezi leti§tém a stfedem Londyna. UZita
byla kombinace osténi ze stfikaného betonu (oznadovano jako novéa rakouska tune-
lovaci metoda) a kompenzaéni injektaZze. Razba probihala v londynskych jilech. V té
dobé nebyly v tomto prostiedi s NRTM témér zadné zkuSenosti. Likvidace havarie
znamenala trojndsobné zvySeni ceny praci oproti plvodnimu kontraktu.

Collapse of tunnel excavated with a conventional method in Toulon and in Paris
(J. Robert)

(Havarie Toulon a Pafiz - zhrouceni tunelu razeného konvenéni metodou)

Prvni néznak zhrouceni se objevil mezi 9. a 10. bfeznem 1996, kdy byly objeveny
1 mm Siroké trhliny. Ke zhrouceni tunelu doslo 15. biezna 1996. Nepomohla ani fada
opatieni pfijatych v dobé od zjisténi prvnich trhlin. Na terénu se kolaps tunelu pro-
jevil dvéma propady priiméru 20 a 5 metri. Havérie a jeji feSeni zpUsobilo prodlou-
Zeni doby vystavby z pivodnich 32 mésici na 88 mésicd.

Case histories from the construction of the Munich underground (H. Lessmann)
(Rozbory z budovani metra v Mnichové)

Zminény byly dva pfipady v Mnichové s podobnymi, ale ne stejnymi geologickymi
podminkami a s podobnymi pfi¢inami zhrouceni, ale s odli§nymi dGsledky.

V ulici Nymphenburgerstrasse byl plvodni navrh na vybudovéni pfesypaného tune-
lu zamitnut a nahrazen razenym tunelem. Jako obvykle k havarii tunelu do$lo pfed
vikendem a v misté pod tramvajovou trati. Projizdéjici tramvaj stacila zastavit pred
propadem, a tak nedo$lo ke zranéni cestujicich. Pfiinou havérie byla stara studna,
objevend v misté propadu. Ta samoziejmé nebyla soucésti vypoctového modelu.
Tunel v Mnichové na lokalité Trudering byl budovan v prostiedi s méalo mocnou vrst-
vou slinovcl v nadloZi dosahujici pouze 1,45 m. P¥i¢inou havarie byly pisCité kapsy
saturované vodou a otevieni piskem vyplnénych puklin ve slinovcich. Havarie méla
rychly pribéh. Od prvnich znamek prisaku v ¢elbé do padu autobusu verejné dopra-
vy do krateru neubéhly vice nez dvé hodiny. Pfi havarii doSlo ke ztradtdm na Zivotech
cestujicich.

Some failures in shallow NATM tunnels in Germany and their causes (W. Wu)
(N&ktera selhani v mélkych tunelech razenych NRTM v Némecku a jejich pficiny)
Na dvou pfipadech tunelovych staveb z Némecka byl zminén vyznam koordinace
praci, pouZiti odpovidajici metody tunelovani, okamzitych podpdrnych opatfeni, rizi-
ka ztraty napéti v geologicky porusenych zénéch, rychlosti probihajiciho kolapsu
i vyuZiti observaéni metody z hlediska mozné reakce na vzniklou situaci.

V odpolednim programu prvniho dne byla uvedena 12. Praiskd mezinarodni geo-
technickd prednaska na téma The reduction of risk prior to and during tunnelling
(Minimalizace rizik pfed a béhem razeni).

Prednasejici profesor Nick Barton se v Gvodu zminil o vyznamu posuzovani kvality
horninového prostiedi ve spojitosti s ndklady a ¢asem na tunelovaci préace. Déle se
zabyval otdzkami jak snizovat rizika. Pfed zahajenim tunelovacich praci je mozno rizi-
ko snizit uzitim seismického méreni. Na nékolika pfipadech ilustroval uZite¢nost
mélké refrakéni seismické metody. Upozornil na to, Ze je potfeba vénovat se vlivu
hloubky a napéti. Pfedvedl empirickd schémata, kterd umoznuji Uspésné prokazat
porusené zony. V druhé &asti své prednasky se vice zaméfil na moznosti pouZiti
a ucinky systematické injektaze tlakem az 10 MPa.

Odborna prednaska (druhy den setkani) byla zamérena na téma:

An investigation of some rock mechanics issues related to disposal of high level
nuclear waste (N. Barton)

(Rozbor nékterych metod mechaniky hornin spojenych s ukladanim vysoce aktivni-
ho jaderného odpadu)

V ni byla podrobné popsana fada specialnich zkuSebnich metod pouZitych pfi zkou-
mani horninového prostiedi pfipadajiciho v Gvahu pro vystavbu uloZisté jaderného
odpadu.

Nasledoval workshop pod vedenim profesora Bartaka a profesora Eisensteina. Ten
ve svém Uvodnim referatu zminil podil jednotlivych metod na tunelovacich pracich,
varianty pouZiti titu (TBM) a vztah cenovych nakladd mezi NRTM a TBM.

Ing. Bucek se na zakladé zkuSenosti z vystavby tunell Mréazovka v Praze, Bfezno
u Chomutova a Dobrovského v Brné vénoval rizikim stavby mélkych tunelt v jilech
predevsim z hlediska pribéhu deformaci v ¢ase, vlivu razby na zastavbu a vhodnych
kritérii pro posuzovani poskozeni objektl na povrchu.

Workshop vydstil v doporugeni uspofadat seminéaf zabyvajici se problematikou
havarii tuneld v Ceské republice.

Ing. Véclav Hofejsi

PRAGUE GEOTECHNICAL DAYS 2004.

As has already become a tradition, Stavebni geologie - Geotechnika, a.s. in coopera-
tion with the Czech geotechnical society CSSI and the Czech and Slovakian committee
of the MZZS organizes the Prague Geotechnical Days in May. It was no different this
year. The geotechnical community had an opportunity to meet during May 10-11.
This year's seminar was devoted to the major topic of "extreme geotechnical risks du-
ring construction of shallow tunnels". The seminar was accompanied by a workshop,
which was focused on "Minimization of risks during construction of shallow tunnels in
semi-rock mass".

Very attractive topics as well as the level of foreign lecturers inspired extraordinary
interest of the Czech professional community, namely from the field on underground
works.

Award of the academician Quido Zéaruba for young engineering geologists and geo-
technicians up to 35 years of age was given out for already the third time during the
course of the specialized seminar. Award for the best paper in 2003 was given to Ing.
Lumir Mic for a project on the topic of "Behavior of reinforced soils in the underlying
layers".

155 professionals took part in the Prague Geotechnical Days 2004. Detailed program
of the seminar, proceedings of lectures, photo-gallery and further details about the
Award of the academician Quido Zaruba can be obtained at www.geotechnika.cz.
Four contributions were delivered during the specialized seminar (first day of the
meeting):

NATM in the London clay - the Heathrow collapse and subsequent experience

(Ch. Clayton)

During the night of October 20-21, 1994, central tunnel constructed at the main airport
Heathrow in London collapsed. Tunnels beneath Heathrow were under construction as
a part of the new high-speed connection between the airport and the heart of London.
A lining combination of shotcrete (designated as the New Austrian Tunneling Method)
and compensation grouting was used. The excavation proceeded through London
clays. At the time, there was almost no experience with the NATM in such environ-
ment. Liquidation of the collapse caused a threefold increase of the costs of works
compared to the original contract.

Collapse of tunnel excavated with the conventional method in Toulon and Paris

(J. Robert)

First signs of collapse appeared between March 9 and 10, 1996, when 1T mm wide frac-
tures were discovered. The tunnel collapsed on March 16. That was not prevented by
several remedial measures adopted since discovery of the first fractures. At the sur-
face, the tunnel collapse caused two terrain landslides of 5 and 20 m in diameter. The
collapse and its treatment brought about prolongation of the construction term from
original 32 months to 88 months.

Case histories from the construction of the Munich underground

(H. Lessmann)

Mentioned were two cases in Munich with similar, but not identical, geological condi-
tions, and with similar causes of collapse, yet different effects.

As for the Nymphenburgerstrasse street, the original plan for construction of a co-
vered-in tunnel was rejected and replaced by a cut-and-cover tunnel. As usual, the tun-
nel collapse occurred before weekend and in a place below the tram track. The pass-
ing tram managed to stop in front of the landslide and the passengers were thus
unharmed. The collapse was caused by an old well discovered in place of the land-
slide. It was obviously not included in the calculation model.

Munich tunnel in the Trudering district was constructed in an environment with narrow
layer of marlstones in the overburden, reaching only up to 1,45 m. The collapse was
caused by sand pockets saturated with water, and by opening of fractures in the marl-
stones that were filled with sand. The collapse proceeded very quickly. No more than
two hours passes since the first signs of leaks at the face till a public transport bus fell
into the landslide crater. There were human casualties among the passengers.

Some failures in shallow NATM tunnels in Germany and their causes (W. Wu)

Two cases of tunnel structures in Germany demonstrated the importance of coordi-
nation of works, the use of appropriate tunneling method, immediate supporting mea-
sures, risks of losing the tension in geologically faulted zones, speed of the collapse in
motion as well as the use of observation method from the viewpoint of potential reac-
tion to the arising situation.

The afternoon program of the first day included presentation of the 12th Prague inter-
national geotechnical lecture on the topic of "The reduction of risk prior to and during
tunneling”.

In the introduction, the lecturer professor Nick Barton commented on the significance
of assessment of quality of the rock environment in connection with the costs and time
of tunneling works. Furthermore he dealt with issues of reduction of risks. Prior to the
start of tunneling works it is possible to reduce risks by the use of seismic measure-
ment. Using several cases he illustrated the usefulness of shallow refraction seismic
method. He warned that it is necessary to deal with the impact of depth and tension.
He submitted empirical schemes that allow to successfully point to the faulted zones.
In the second part of his lecture he rather focused on the possibilities of the use and
effects of the systematic grouting under pressure up to 10 MPa.

Specialized lecture (second day of the meeting) was focused on the topic of :

An investigation of some rock mechanics issues related to disposal of high level
nuclear waste (N. Barton)

This lecture in detail described a number of special testing methods used during
exploration of rock environment that comes into consideration for construction of
nuclear waste storage.

A workshop led by professor Bartak and professor Eisenstein followed. The latter in
his initial lecture mentioned the ratio of individual methods in tunneling works, the
options of shield use (TBM) as well as the relation of costs between the NATM and
TBM.

Based on experience from construction of the tunnels Mrézovka in Prague, Brezno
near Chomutov and Dobrovského tunnel in Brno, Ing. Bucek dealt with the risks of
construction of shallow tunnels in clays namely from the viewpoint of the course of
deformations in time, impact of tunneling under a built-up area and suitable criteria
for the assessment of damage to surface structures.

The workshop was concluded by a recommendation to organize a seminar dealing
with the issues of tunnel collapses in the Czech Republic.
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ROADWARE 2004

JiZ po desété se seslo na mezinarodnim silni¢nim veletrhu ve dnech 18. - 20. 5.
2004 78 firem a organizaci. Na vystavni ploSe 1400 m? v pravém kfidle Primy-
slového paléce na Vystavisti v Praze byla jejich nabidka v 67 expozicich. Byly to
expozice investorskych, projekénich i realizaénich organizaci zamérenych na
silnicni stavitelstvi. Tyto organizace doplnily firmy produkujici a prodavajici sta-
vebni materidly a vyrobni zafizeni jak pro realizaci, tak i pro udrzbu.

Zahdjeni veletrhu dne 18. 5. 2004 probéhlo za G¢asti vedeni Ministerstva dopra-
vy CR, Silni¢ni spolegnosti, Reditelstvi silnic a dalnic CR a Statniho fondu
dopravni infrastruktury. V tradicné velmi dobfe provedeném katalogu jsou
obsazeny databaze vystavovatell i spravcl pozemnich komunikaci. V kategori-
ich Podzemnich staveb, Geotechnika a Zakladani staveb bylo zaclenéno 14
firem, napt. Metrostav, Doprastav, ZS Brno, SMP Construction, SSZ, Strabag.
V doprovodném programu veletrhu pak probéhl v konferenénim sale Minister-
stva dopravy CR odborny seminaf na téma Bezpe&nost v silni¢nich tunelech.
Aktudlni téma, které nabylo na vyznamu po tragickych poZérech v alpskych
tunelech. V této souvislosti pfipravuje fada statli své narodni standardy resici
stavebni uspofadani a vybaveni tunell. Odbornymi garanty seminare byla
Ceska silniéni spoleénost - Tunelova sekce, Vybor pro bezpeénost v podzem-
nich stavbach ITA/AITES a Sdruzeni pro dopravni telematiku Ceské republiky.
Odborné prednasky na seminafrich seznamovaly s vystupem vyzkumného pro-
jektu Analyza a fizeni rizik tuneld pozemnich komunikaci, stavem zpracovani
nové normy na projektovani tunell, nové verze technickych podminek pro
vybaveni tunelt a s navrhem evropské smérnice pro jednotnou bezpecnost.
V prednaskach byl vénovén i prostor pro sezndmeni stavu oboru v mezina-
rodnich organizacich PIARC a ITA /AITES.

Agentura Viaco, kterd organiza¢né zajistuje veletrhy Roadware, uvedla nabid-
ku na novy projekt - Katalog infrastruktury 2004. Cilem je publikovat v katalo-
gu nékolik stovek odbornych firem podnikajicich ve 14 oborech a 182 specia-
lizacich podilejicich se na dopravni, méstské a technické infrastrukture. Kata-
log bude vydan barevné ve formatu A4 a uzavérka prihlasek je 10. zafi 2004.
Tunely jsou uvedeny v oboru 050 dopravni cesty a zafizeni, v oboru 650 geo-
technika a geologie.

Veletrh zaznamenal historicky druhou nejvyssi navstévnost, coz svédci o vzri-
stajicim zajmu o komunikaéni vystavbu v republice a jeho pfinosu pro rozvoj
obchodnich aktivit spole¢nosti. Je potésitelné, Ze tradice bude pokratovat
i v roce 2005, a to ve dnech 17. 5. -19. 5.

Informace na adrese: Agentura VIACO, Bélohorska 95/233, 169 00 Praha 6
Ing. Petr Vozarik

ROADWARE 2004

Already for the tenth time, 78 companies and organizations have come together
at the international road fair during May 18-20, 2004. Offered were 67 exposi-
tions on the area of 1400 m2 in the right wing of the Industrial Palace at Vy-
stavisté in Prague. These comprised expositions presented by investors, design-
ers as well as contractors focused on road construction. They were supported
by those companies producing and selling construction materials and produc-
tion capacities both for realization and maintenance.

The fair was launched on May 18 under the auspices of high representatives of
the Ministry of transport, the Road society, the Directorate of roads and motor-
ways of the CR and the Fund for the transport infrastructure. The traditionally
very well completed catalogue compiles database of exhibitors as well as
administrators of roads. The categories Underground works, Geotechnics and
Founding of constructions include 14 companies such as Metrostav, Doprastav,
7S Brno, SMP Construction, SSZ, Strabag.

As far the supporting program of the fair was concerned, conference hall of the
Ministry of transport of the CR hosted a subsequent specialized seminar on the
topic of Safety in road tunnels. This relevant topic has gained on significance fol-
lowing the tragic fires in the Alpine tunnels. In connection to that, several states
prepare their national standards that would deal with structural configuration
and equipment of tunnels. The seminar was professionally patronized by the
Czech road society - Tunnel section, the ITA/AITES Committee for safety in under-
ground works and the Association for traffic telematics of the Czech Republic.
Specialized lectures at the seminars introduced results of the research project
"Analysis and management of risks in road tunnels”, the current status of ela-
boration of the new regulation for designing of tunnels, new version of the tech-
nical conditions for equipment of tunnels and proposal of the European direc-
tive for standard safety. The lectures also allowed to get acquainted with current
status of the field within international organizations PIARC and ITA/AITES.
Viaco agency, which organizes the Roadware fairs, has introduced a proposition
for a new project - Infrastructure catalogue 2004. Its aim is to publish in the ca-
talogue several hundred specialized companies that are active in the 14 fields
and 182 specializations comprising the traffic, urban and technical infrastructure.
The catalogue will be published in colored A4 format and the deadline for appli-
cations is September 10, 2004. Tunnels are listed in the 050 branch - transport
routes and equipment, while geotechnics and geology are under the branch 650.
The fair has recorded the second highest amount of visitors ever, which implies
increasing interest in the construction of roads in the Czech Republic and its
contribution to development of business activities in the society. It is gratifying
that the tradition will be kept also in 2005, and thus during May 17-19.

For information contact : VIACO agency, Bélohorské 95/233, 169 00 Praha 6

Obr. 1 Predstavitelé Ministerstva dopravy, Silniéni spole¢nosti, Reditelstvi silnic a dalnic CR a Statniho fondu dopravni infrastruktury pfi slavnostnim zahajeni
veletrhu Roadware 2004
Fig. 1 High representatives of the Ministry of Transport, the Road Society, the Directorate of Roads and Highways and the Fund for the Transport Infrastructure
at the openning ceremony of the faire Roadware 2004
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SEMINAR BEZPECNOST V SILNICNiCH TUNELECH

V rdmci konani mezinarodniho veletrhu ROADWARE 2004 se uskutecnil dne 19.
kvétna 2004, jako doprovodny program veletrhu, v prostorach budovy Minis-
terstva dopravy CR seminai BEZPECNOST V SILNICNICH TUNELECH.
Odbornymi garanty seminare byl Vybor pro bezpeénost v podzemnich stav-
béach ITA/AITES, Ceska silniéni spolegnost - Tunelovéa sekce a SdruZeni pro
dopravni telematiku CR. Z&stitu nad celou akci prevzal ministr dopravy CR Ing.
Milan Simonovsky.

Po nékolika tragickych pozérech v alpskych tunelech se v Evropé za¢ala véno-
vat velka pozornost zajisténi bezpecnosti pro uZivatele silni¢nich tunell. V sou-
vislosti s tim pfipravuje fada stati své narodni standardy fesici stavebni uspo-
fadani a vybaveni tunel(.

Také Evropskd komise pfipravila navrh smérnice o jednotné bezpecnosti
v tunelech na transevropské dopravni siti. V Ceské republice se otazkou vyba-
veni a bezpecnosti silni¢nich tunelG systematicky zabyva fada organizaci pod
patronaci ministerstva dopravy jiz od devadesatych let.

Po uvitani zastupci ministerstva dopravy sezndmil prof. Pfibyl (ELTODO EG)
s vystupem tfiletého vyzkumného projektu Analyza a fizeni rizik tunel( pozem-
nich komunikaci. V ramci tohoto projektu byly vyvinuty metody pro analyzu
rizik, a to na dvou urovnich: prvni metoda ur€end pro investory a projektanty
umozni odhadovat, zda je tunel bezpe¢ny vice ¢i méné. Druha originalni meto-
da vyuZzivajici prvkd umélé inteligence je urCena pro specialisty a umoziuje
Ciselné ohodnotit pocty postizenych osob pfi riznych udalostech.

Ing. Pofizek (SATRA) predstavil celou koncepci vétrani tunelu Mrazovka v pred-
nasce PoZarni vétrani tunelu Mrazovka. Prace vychéazely i ze simulace vétrani
pfi pozaru zpracovavané v ramci védeckovyzkumného zaméru EU COST.

Ing. Kraus a Ing. Zobanik referovali o stavu revize normy pro projektovani
tunelt CSN 73 7507 a o nové direktivé EU k jednotné bezpeénosti tunelii na
transevropskeé silni¢ni siti. Norma doznala znaénych zmén a je pred dokonce-
nim prvni verze, kterad bude oficialné pfipominkovéana. Direktiva EU byla pode-
psana 28. dubna, takze je v platnosti.

V dal$i prezentaci Ing. Sajtara (SATRA) byla prezentovana konkrétni analyza
rizik realizovanych i projektovanych tuneli na méstském okruhu v Praze. Z ana-
lyzy zaloZzené na pfic¢innych sitich vyplynulo, Ze celd soustava tunelt pocinaje
tunelem Zlichov a konce tunelem do Tréje je dostatecné bezpecna, ale také byly
nalezeny citlivé body, které je moZno vylepsit, a to mnohdy s malymi naklady.
Pfednéska Ing. Tichého (Fakulta dopravni) byla ukazkou vyzkumnych praci této
fakulty, orientovanych na interakci ¢lovéka a dopravni cesty. Jsou vyvinuty meto-
dy, které umoznuji sledovat pozornost fidice, coZ je mozné vyuzit i pro zkoumani
odlisnosti chovani fidi¢e v tunelu a na volné komunikaci. Tyto prace budou pokra-
¢ovat i v ramci nového projektu védy a vyzkumu ministerstva dopravy OPTUN.
Velmi cenné informace z readlného provozovani tunell prednesl ing. Sladek
(TSK Praha). Informace o provozovani tunell se sbiraji po fadu let a jsou cen-
nym vstupem pro nasledné vyhodnocovani provoznich nakladli a bezpe¢nosti.
Technicky seminar vénovany bezpecnosti potvrdil, Ze se jedna o velmi aktualni
problematiku a navic i to, Ze Groven znalosti a odbornych praci promitnutych
do konkrétnich realizaci tuneld je na vysoké evropské Grovni.

Prof. Ing. Pavel Pribyl, CSc.

INFORMACE O ZASEDANI TECHNICKEHO VYBORU
PIARC WRA TC 3.3 PROVOZ SILNICNICH TUNELU
VE DNECH 26. 5. A 27. 5. 2004 V PARIZI

Ve dnech 26. a 27. 5. 2004 probéhlo v PafiZi prvni zasedani Technického vybo-
ru 3.3 Provoz silni¢nich tunel(i ustanoveného pro obdobi 2004 az 2007. Tech-
nicky vybor je jednim ze ¢tyf vybor( plsobicich v rdmci Strategického tkolu 3
Bezpecnost silniéniho provozu.

Pro kazdé z téchto strategickych témat byly uréeny Ukoly, které by mély byt
v obdobi 2004 az 2007 jednotlivymi technickymi vybory feSeny. Pro technicky
vybor (Technical committee - déle jen C) C 3.3 Provoz silni¢nich tunell byly sta-
noveny tyto zakladni ukoly:

Ukol 3.3.2 - Zlepsit provoz a udrzbu tunelli

Ukol 3.3.3 - Vétrani a zdolavani pozart

Ukol 3.3.4 - Pro zvySeni bezpeénosti tuneli vzit v Gvahu lidsky &initel

Technicky vybor C 3.3 je veden panem Didierem Lacroixem z Francie (CETU -
Vyzkumny ustav tunelarsky) jako v minulém obdobi. V Gvodu zasedani vyboru
vyzdvihl jeho predseda tzkou spolupréci s ITA/ITES a rozdéleni tloh z hlediska
zvy$eni bezpecnosti tunelovych staveb. ITA/ITES fesi bezpecnost z hlediska
vystavby tunelovych staveb, odolnosti a spolehlivosti konstrukci v pfipadé
mimoradnych udalosti v tunelu a v ramci technickych vybora PIARC jsou feSe-
ny otéazky spojené s technickym vybavenim, provozem, tdrzbou a chovéanim uzi-
vatelu, dispecert i ¢lenti zachrannych tym(. Vzhledem k tomu, Ze fada expertu
se podili na spoleénych projektech v ramci EU (FIT, DARTS,UPTUN, SAFE T atd.)

SEMINAR SAFETY IN ROAD TUNNELS

The seminar SAFETY IN ROAD TUNNELS took place in the building of the Mini-
stry of Transport of the CR on 19 May 2004, in the framework of the international
trade fair ROADWARE 2004, as an accompanying programme of the fair.
Expert guarantors of the seminar were the ITA/AITES Committee on Safety in
Underground Structures, the Czech Road Association - Tunnel Section, and the
Traffic Telematics of CR Association. The event took place under the auspices of
Ing. Milan Simonovsky, minister of transport of the CR.

After several tragic fires in Alpine tunnels, great attention has been paid to
ensuring safety of road tunnel users in Europe. In this context, many states have
been preparing their national standards solving structural configuration and
equipment of tunnels.

Also the European Commission prepared a draft of a directive on unified safety
requirements for tunnels in the Trans - European road network. Regarding the
Czech Republic, the issue of equipment and safety in road tunnels has been sys-
tematically dealt with by a number of organisations, under the auspices of the
Ministry of Transport, since the nineties.

After opening addresses given by representatives of the Ministry of Transport,
Prof. Pribyl (ELTODO) informed about the output of a three-year research pro-
ject "Analysis and Control of Risks in Road Tunnels". In the framework of this
project, risk analysis methods were developed, at two levels: the first method,
designed for owners and designers, will allow assessment whether the tunnel
is safe more or less. The other original method utilises elements of artificial
intelligence. It is designed for specialists, and allows numeric evaluation of the
number of affected persons in various events.

Ing. Porizek (SATRA) introduced the overall conception of the Mrazovka tunnel
ventilation in his paper Fire Ventilation of the Mrdzovka Tunnel. The paper was
based, among others, on a simulation of the ventilation during a fire, conducted
in the framework of a scientific research project EU COST. .

Ing. Kraus and Ing. Zobanik referred on the state of reviewing the CSN 73 7507
standard on tunnel designing, and the new EU directive on safety requirements
for tunnels in the Trans - European road network. The standard has been modi-
fied significantly, and its first version to be commented officially is just before
completion. The EU directive was signed on 28 April therefore is in force.

The other presentation delivered by Ing. Sajtar (SATRA) contained a concrete
analysis of risks in already completed and under-design tunnels on the City Cir-
cle Road in Prague. It followed from the analysis (based on causal networks)
that safety of the entire system of tunnels, starting from the Zlichov tunnel and
ending by the tunnel to Tréja, is sufficient; but also sensitive points have been
found where improvement is possible, many a time at low cost.

The paper given by Ing. Tichy (the Faculty of Transport) was an example of
research activities of this faculty, focused on the human - traffic route interaction.
Methods have been developed allowing observation of attention of a driver. They
can be utilised for research in differences in behaviour of a driver driving in a tun-
nel and on an open-air road. Those activities will continue even in the framework
of OPTUN, a new scientific research project of the Ministry of Transport.

Highly valuable information gained from real operation of tunnels was presen-
ted by ing. Sladek (TSK Praha). The information on tunnel operation has been
collected for many years, and is a valuable entry for subsequent evaluation of
operational costs and safety.

This technical seminar devoted to safety confirmed that the given issue is "very
hot", and also that the level of knowledge and expert work reflected to concrete
tunnel constructions is on a high, European level.

INFORMATION FROM SESSION OF THE TECHNICAL
COMMITTEE PIARC WRA TC 3.3 "OPERATION OF ROAD
TUNNELS" IN PARIS DURING MAY 26-27 2004

During May 26-27 2004, Paris hosted a first session of the Technical committee
3.3 "Operation of road tunnels", appointed for the years 2004 to 2007. The tech-
nical committee is one of the four committees active within the frame of the
Strategic task 3 "Safety of road traffic".

Tasks were determined for each of these strategic topics and they are to be pur-
sued by the individual Technical committees between 2004 to 2007. As for the
Technical committee C 3.3 "Operation of road tunnels”, these fundamental tasks
have been put forward :

Task 3.3.1 - to create safer tunnels

Task 3.3.2 - to improve operation and maintenance of tunnels

Task 3.3.3 - ventilation and firefighting

Task 3.3.4 - to consider human factor in order to enhance safety in tunnels

The Technical committee C 3.3 is chaired by Mr. Didier Lacroix of France (CETU
- Institute of tunneling research), as during the previous term. In the opening of
the committee session, its chairman highlighted a close cooperation with
ITA/AITES and distribution of tasks from the viewpoint of enhancing safety in
tunnel structures. The ITA/AITES deals with safety issues of construction of the
tunnel structures, resistance and reliability of structures in case of emergency
events in the tunnels, while the Technical committees of PIARC deals with ques-
tions of technical equipment, operation, maintenance and approach of users,
dispatchers as well as members of the rescue units. With regards to the fact that
a number of experts take part in common projects within the EU (FIT, DARTS,



s 13. ROCNIK, &. 3/2004

Tunel

existuje tzkéa spoluprace obou organizaci pii fedeni téchto problémi. Také v CR
byla pred 5 lety, diky iniciativé Ing. J. Smolika, vytvorena spolecna pracovni sku-
pina Bezpe¢nost tunelovych staveb.

Pro fe$eni Ukolu stanovenych exekutivou bylo vedenim vyboru C 3.3 navrzeno
vytvofit Sest pracovnich skupin stejné jako v minulém obdobi.

Pracovni skupina:

WG 1 - Provoz - J. C. Martin CETU - Francie

WG 2 - Rizeni bezpe&nosti v tunelech - D. Lacroix - Francie

WG 3 - Lidské faktory ovliviiujici bezpeénost tunell - E. Worm - Nizozemsko
WG 4 - Detekce, spojeni, evakuace - U. Welte - Svycarsko

WG 5 - Nebezpecné néaklady - R. Hall - Velké Britanie

WG 6 - Vétrani a zdolavani pozar( - A. Bendelius - USA

V prubéhu pracovniho obdobi 2004 a 2007 predpoklada vybor usporadani
dvou seminafl na téma Bezpecnost silni¢nich tunell v nékteré z rozvojovych
nebo pfistupujicich zemi. V Gvahu pfichazi Leningrad a néktera ze zemi Latin-
ské Ameriky.

Podrobné informace naleznete na http://www.piarc.org.

Ing. Ludvik Sajtar,
¢len korespondent TC 3.3
Member Correspondent of TC 3.3

TSK PRAHA PRO PODPORU BEZPECNOSTI V TUNELECH

Technicka sprava komunikaci v Praze ve spolupraci s Magistratem hl. m. Prahy
a UDI Praha pfipravila velky prispévek pro zlepseni bezpe¢nosti v silni¢nich
tunelech vydanim brozury Automobilové tunely v Praze - Pravidla provozu
a zasady bezpecnosti.

Vydani tohoto dokumentu reflektuje situaci, kterou se zabyvala napfiklad pra-
covni skupina C5 Road Tunnels Operations pfi mezinarodni silni¢ni organizaci
PIARC: zhruba asi 80 % fidicd se v pfipadé ohrozeni v tunelu nechové racional-
né. Ridi&i nejsou schopni v rozhodujicich prvnich $esti minutach, napfiklad po
vypuknuti poZaru, reagovat adekvatné na vzniklou situaci.

Spravné chovani v tunelu se fidici neuci ani v autoskolach, takze tento dokument,
ktery bude rozdavan nékolika zpUsoby fidicim muze vyznamné pfispét k nutné
osvété. Navic se jedna o tfijazyény dokument umoziiujici orientaci i cizinctim.
Priklad dvou stran je na nasledujicich obrazcich:

Prof. Ing. Pavel Pfibyl, CSc.

Enméani
v mutomohilovyoch tunslech

LT e T e s T

=] ksl
~ il Rl

[ F S U TSN [ il

TLL

Tmw
B i ok

s L
SEL TR PR

UPTUN, SAFE T etc), there is an existing close cooperation of both organiza-
tions during solution of the issues. Thanks to the initiative of Ing. Smolik, such
common workgroup "safety in tunnel structures” was also formed in the Czech
Republic 5 years ago.

In order to complete tasks laid forth by the executive, the chairmanship of the
committee C 3.3 proposed formation of the very same six workgroups as in the
previous term :

WG 1 - Operation - J.C. Martin CETU - France

WG 2 - Management of safety in tunnels - D. Lacroix - France

WG 3 - Human factors with impact on safety in tunnels - E. Worm - Netherlands
WG 4 - Detection, connection, evacuation - U. Welte - Switzerland

WG 5 - Dangerous cargo - R. Hall - United Kingdom

WG 6 - Ventilation and firefighting - A. Bendelius - USA

During the working term 2004 to 2007 the committee plans on to organize two
seminars of the topic of "Safety in road tunnels" in some of the developing or
acceding countries. Either Peterburg in Russia or some of the Latin American
countries come to mind.

For more detailed information see http://www.piarc.org/.

TSK PRAGUE TO SUPPORT SAFETY IN TUNNELS

Technicka Sprava Komunikaci (technical administration of roads) in cooperation
with the Municipality Prague and UDI Prague prepared a great contribution to
enhanced safety in road tunnels by publishing a booklet Road tunnels in Prague
- Rules of traffic operation and safety principles.

Publication of such document responds to a situation that was for instance dealt
with by the workgroup C5 Road tunnels' operations under the international road
organization PIARC: approximately 80% of drivers behave irrationally when in
danger within a tunnel. The drivers are not capable of adequate reaction to exist-
ing situation mainly during the first 6 minutes, for example since the start of fire.
Correct behavior of a driver within a tunnel is not even taught at driving schools,
so that this document, which will be distributed by several means, can con-
tribute to essential education of the drivers. Moreover, it is a three-language
document that also provides for orientation of foreigners.

See the following pictures as examples of two pages:
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS

ZAPIS
ze zasedani Valného shromazdéni Ceského tunelaFského komitétu ITA/AITES,
které se konalo dne 24. ¢ervna 2004 v Praze-HoleSovicich

Minutes of the CTuC General Assembly
(information for the CTuC members)

Pfitomni:
36 delegatd zastupujicich 30 ¢lenskych organizaci,18 individualnich ¢lent a 10 hostd,
celkem 64 pritomnych dle prezenéni listiny ulozené v sekretariatu CTuK

Omluveni: .
Ing. Dolezalova, Ing. Stastny, Ing. Jani¢ek (CARBOTECH Bohemia),
Ing. Paloncy (ANKRA BOLTEX)

Piedané podklady delegatim:

* Vysledek hospodareni v roce 2003

* Néavrh rozpogtu na rok 2004

* CD s odbornymi ¢lanky ITA od roku 1974 vydané k 30. vyro€i vzniku ITA
(urceno pouze pro delegéty clenskych organizaci)

Program jednani byl spolu s pozvénkou v pfedstihu podle stanov rozeslan véem
Elenskym subjekttm.

Pritomni delegati program bez pripominek schvalili.

Jednani fidil Ing. Karel Matzner.

1. Pivitani pfitomnych a zprava o &innosti CTuK za obdobi od podzimniho
Pracovniho shromazdéni v Praze a o zavérech GA ITA/AITES v Singapuru
(Ing. Hrdina)

Cinnost komitétu a jeho predsednictva pokradovala ve smyslu zavéri z Pracovniho
shroméazdéni v Praze. Byla zamérena zejména na dobrou reprezentaci naseho komi-
tétu na Svétovém kongresu v Singapuru, na pfipravu kandidatury na poradani WTC
2007 v Praze, na hospodareni komitétu a na rozvoj ¢innosti nasich dvou pracovnich
skupin - Stfikany beton a Vybor pro bezpe¢nost podzemnich staveb.

Pfedseda informoval o zahajeni ¢innosti nového predsednictva a rozdéleni funkci mezi
jeho ¢leny s timto zavérem:

Prof. Aldorf - styk s p¥ibuznymi odbornymi spole¢nostmi a VS, studentské soutéze
Prof. Bartak - zastupce predsednictva v redakéni radé ¢asopisu TUNEL

Ing. Mafik - webmaster CTuK

Ing. Mi¢unek - dohled nad hospodarenim CTuK

Ing. Romancov - predseda organiza¢niho vyboru WTC 2007

Ing. Sikora - sledovani ¢innosti WG ITA/AITES a nasSich pracovnich skupin (PS)

Déle referoval o pribéhu GA ITA v Singapuru, o uspofadani ¢eského banketu "Mee-
ting Point Prague" pro delegéaty GA a o pribéhu voleb. GA ITA zvolilo za nového pre-
zidenta ITA Ameri¢ana Harvey Parkera a Prahu jako misto WTC 2007. Podékoval véem,
ktefi se v Eele s Ing. Romancovem o ziskani pofadatelstvi do Prahy zaslouZili, a ¢len-
skym organizacim, které na "predvolebni kampai" propagujici odbornou a organizac-
ni vyspélost nasich firem pfispély.

Uved! pak hlavni sméry orientace CTuK v nadchézejicim obdobi do kongresu 2007,
jehoz Uspésné usporadani musi byt pro cely komitét a jeho €lenské subjekty prioritou
¢.1. Dalsi prioritou je zlepSeni vzajemné interni i externi komunikace s vyuZzitim inter-
netu, zvySeni obsahu a kvality nasi www stranky, podstatné zvySeni aktivity nasich
zastupcl ve WG ITA/AITES, zavadéni vzdélavacich programi zejména v dobé pred
kongresem, podpora seminafd za Gcasti ¢lent EC (vykonného vyboru) ITA a vyuzivani
sluZeb sekretariatu ITA v Lausanne, ktery zaméstnava 5 profesionalnich pracovnikd.
CTuK zajistil distribuci prestizni publikace ITA "Why Go Underground" spolu s priivod-
nim dopisem prezidenta ITA a predsedy CTuK vyznamnym osobnostem, které mohou
ovlivnit rozhodovani v investiéni vystavbé ve prospéch podzemnich feseni.

Zavérem prednesl navrh predsednictva CTuK na ustaveni institutu ¢estného &lenstvi
a na jeho udéleni prvnim dvéma zaslouzilym ¢lendm: Prof. Eisensteinovi a Ing. Hes-
sovi. Delegati s timto navrhrm vyslovili jednomysiny souhlas.

Usneseni é. 1

Ustavuje se institut "Cestny ¢len Ceského tuneléiského komitétu ITA/AITES", ktery
bude zaveden do stanov pfi jejich nejblizsi dprave.

Usneseni é. 2

Valné shroméazdéni na névrh predsednictva udéluje titul "Cestny ¢len Ceského tune-
larského komitétu ITA/AITES" Prof. Ing. Zderiku Eisensteinovi a Ing. Jindfichu Hessovi
za trvalé zasluhy o upevnéni postaveni ceského tunelarstvi nejen v ramci republiky, ale
zejména na svétovém féru v Mezindrodni tunelarské asociaci.

2. Zprava o Svétovém tunelaiském kongresu v Singapuru
a pripravach WTC 2007 v Praze
(Ing. Romancov)

Kongres byl setkdnim odbornik(i v podzemnim stavitelstvi z celého svéta. Podrobnéji
se k nému vratime na strankach TUNELU. Vysledek hlasovani o misté konani WTC
2007 na GA v nas prospéch je pro nas prestiznim ocenénim, projevem duvéry, ale sou-
Casné velkym zavazkem vici svétové tunelarské vefejnosti, na némz se musi podilet

Siroky okruh odbornikd. Delegéti byli sezndmeni se v8emi povinnostmi, které pora-
dani kongresu s sebou pfinasi. Na projekénim platné pak Ing. Romancov predstavil
organizaéni schema a harmonogram zajisténi kongresu. Z ného vyplyvaji nutné kroky,
které je tfeba uginit bezodkladng, a proto predsednictvo CTuK pozadalo valné shro-
mazdéni o mandat k ustaveni organizaéniho vyboru pod vedenim Ing. Romancova,
védecké rady pod vedenim Prof. Bartdka a tzv. Advisory Committee s mezinarodni
Gcasti pod vedenim Prof. Eisensteina. Do ustaveni téchto organt prebira predsednic-
tvo veskerou odpovédnost za dalsi pfipravu kongresu véetné jednani s ¢lenskymi sub-
jekty o finanénim zajisténi.

Usneseni ¢. 3

Valné shromaZzdéni povéruje predsednictvo, aby ustavilo vSechny potiebné organy
a realizovalo vSechny kroky nutné pro Uspésné zajisténi pfipravy WTC 2007 v Praze.
Usneseni ¢. 4

Valné shromazdéni vyzyva vsechny clenské subjekty, aby v rédmci svych moZnosti
organizacné a finanéné spolupracovaly pfi pfipravé kongresu podle pokynt fidicich
organd a aby pro jejich ustaveni poskytly své zastupce.

3. Zprava o ¢innosti pracovnich skupin WG ITA/AITES a o nasem zastoupeni
(Ing. Sikora)

Ing. Sikora podal pfehled naseho zastoupeni ve WG: mame celkem 16 zastupct ve 12
z 13 aktivnich WG. Naposled jsme doporucili zastupce do WG 05 Ing. Tvardka. Nema-
me bohuZel o ¢innosti nasich zastupct zadné zpravy. Je Zadouci, aby jejich clenstvi ve
WG bylo aktivni a ucelné. Predsednictvo je proto Zada, aby do pristiho pracovniho
zasedani na podzim t. . informovali o svych aktivitdch a své dal$i Gcasti na praci WG.

Valné shromazdéni vzalo informaci na védomi a Zada o predneseni souhrnné zprévy o ¢in-
nosti nasich zastupct ve vsech WG na podzimnim Pracovnim shromaZzdéni ¢lent CTuK.

4. Zprava o &innosti nasich pracovnich skupin
(Ing. Sikora, Prof. Pribyl)

Ing. Sikora strucné informoval o ¢innosti skupiny Stfikany beton v podzemnim stavi-
telstvi, ktera pod vedenim Ing. Poléka zpracovala doporudeni pro aplikaci této tech-
nologie, které je publikovano na nasi internetové strance a bude vytisténo v pfistim
¢isle TUNELU.

Prof. Pfibyl informoval o Gi¢asti na seminéafi Bezpecnost v silni¢nich tunelech v ramci
veletrhu Roadware. Nase pracovni skupina Vybor pro bezpe¢nost podzemnich staveb
byla spolugarantem tohoto seminare, konaného pod zastitou ministra dopravy.

5. Zprava o vysledku hospodareni CTuK v roce 2003
a schvaleni rozpo¢tu na rok 2004
(Ing. Doubek, Ing. Micunek)

Ing. Doubek podal struény vyklad k pfedlozenému vyhodnoceni hospodareni v uply-
nulém roce. Zdtraznil, Ze dobrého hospodaiského vysledku bylo dosazeno pfedevsim
Uspésnym vysledkem konference PSP 2003. To umoznilo i odpis nékterych nedobyt-
nych pohledavek. Rovnéz &erpani néklad(l na ziskani pofadatelstvi WTC 2007 bylo
v mezich ziskanych prostiedku.

Ing. Mi¢unek shrnul navrh rozpoctu na rok 2004, ktery byl sestaven jako vyrovnany
s prihlédnutim k dosazenym vysledkdm z minulého obdobi a ke skute¢nému stavu
¢lenskych subjektt k 1. 1. 2004. Proto neni mozno akceptovat ukongovani ¢lenstvi
v priibéhu roku bez splnéni finan¢nich zavazkl. Do budoucna je nutno vénovat trva-
lou pozornost skluzidm v Uhradé faktur. STA se pravé vyrovnala se svym zavazkem
z minulych let a pfislibila zaplatit leto$ni podil v 2. poloviné roku.

Usneseni é. 5
Valné shromazdéni schvaluje vysledek hospodareni za rok 2003 a rozpocet na rok
2004 bez pripominek.

6. Zprava o stavu ¢lenské zakladny
(Ing. Matzner)

Soucasny stav je 44 ¢lenskych organizaci, z toho 6 instituci, a 40 jednotlived. Minuly
mésic pozadala o ukon&eni &lenstvi firma Cermak a Hrachovec bez udéni divodu
a bez uhrady faktur za poradenstvi a za ¢lenské pfispévky v letodnim roce. Tyto pro-
stiedky jsou v8ak v rozpoétu zahrnuty a rovnéz jejich podil poctu vytisk TUNELU,
ktery pravidelné dostéavaji, je ve smluvnim edi¢nim planu TUNELU obsaZzen. Stejny
pfipad se stal s firmou KANKOL v minulém roce, kterd dodnes dluzi thradu svych
¢lenskych zavazku za rok 2003.



Firma VIS, a. s., poZadala o prefazeni z kategorie velkych do malych inZenyrskych
organizaci.

Soucasné rozdéleni podle kategorii:

kat. A (velké dodavatelské organizace) - 3, B (malé dodavatelské) - 12,

C (velké inZenyrské) - 6, D (malé inZenyrské) - 17, E (instituce a Cestné clenské subjekty) - 6.
Delegéti byli vyzvani ke kontrole spojeni (adresa, tel/fax, e-mail) resp. k prabéznému
hlaseni zmén.

Usneseni ¢. 6

Valné shromazdéni bere zpravu na védomi a trva na dodrZovani stanov a smluvnich
zavazk( ve véci ukoncovani ¢lenstvi pred koncem bézného roku s platnosti od 1. 1.
roku nésledujiciho.

Konference ISRM EUROCK 2005, Brno 18. - 20. 5. 2005, "Impact of the Human Activi-
ty on the Geological Environment", www.cas.cz

Svétovy hornicky kongres "Mining and Sustainable Development", Teheran 7. - 10. 11.
2005, informace a pozvanky j.dubinsky@gig.katowice.pl

9. Aktualni informace webmastera CTuK o nasi internetové strance
a o strance ITA/AITES
(Ing. Mafik)

7. Ediéni zaméry redakéni rady ¢asopisu TUNEL v roce 2004/2005
(Prof. Bartak)

Na svétovém kongresu v Singapuru jsme se opét piesvédCili, jaky je o nas Casopis
zajem; b&hem dvou dn(i bylo rozebrano na 200 vytiski. Casopis je u nas i ve svété
vysoko hodnocen, patii mezi Ctyfi nejlepsi z naSeho oboru. Pro pfisti obdobi redakéni
rada bude pokracovat ve vydavani 4 Cisel rocné. Je vSak treba zlepsit autorské korek-
tury, aby nedochézelo k edi¢nim chybam. Valné shromézdéni pfijalo jiz v roce 2001
usneseni, Ze kazda ¢lenské organizace zajisti v béZném roce dva inzeraty (své ¢i svych
subdodavatell, kooperantti apod.). Na kazdém dal$im shromazdéni si tento zavazek
pfipomindme, nebot neni disledné pInén. Inzerce je dllezitou polozkou v pfijmové
gasti rozpottu CTuk, ktery delegati pravé schvalili.

Usneseni é. 7
Valné shromézdéni bere zprdvu na védomi a pripomina c¢lenskym organizacim opa-
kované usneseni z roku 2001 o zajistovani inzerét v TUNELU.

Nage stranka byla Gisp&§né vyuzita pred kandidaturou CTuK na poradani WTC 2007
v Praze.

Prezentace podzemnich staveb stale vazne na nedostatku podkladd. Ing. Marik
vyzyva vsechny clenské subjekty k poskytnuti obrazového a &esko-anglického
textového materialu k jednotlivym stavbam.

® Na webu je kromé aktualnich ¢isel TUNELU i tematicky déleny obsah roénikid od
roku 1992 do roku 2003.

Stranky je mozZno vyuZivat i k informovani vefejnosti o pofadanych konferencich
a seminafich, o nasich pracovnich skupinach apod.

Kontaktni adresa: libor.marik@ikpce.com.

Zaslané materidly musi byt upraveny pro publikovani na webu.

V souvislosti s poradanim svétového kongresu 2007 v Praze zfidime novou webo-
vou adresu www.wtc2007.com

10. Rizné

8. Informace z ¢innosti piibuznych odbornych spoleénosti
(Prof. Aldorf)

Navézali jsme spojeni s redakci polského hornického asopisu (Prof. Aldorf je clenem
redakéni rady). V jeho pfistim ¢isle vyjdou tfi €lanky pfevzaté z TUNELU. Z Einnosti pfi-
buznych organizaci uvadime zajimavé konference vé. spojeni na organizatora:

Valné shromézdéni vyslechlo zajimavou prednéasku pana Ing. Herrenknechta o vyuzi-
ti TBM na rdznych svétovych stavbach v jejich specifickych podminkach s projekci
fotodokumentace.

Zapsal: Ing. Matzner
Ovéril: Ing. Hrdina, Ing. Romancov

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES

SLOVAK TUNNELLING ASSOCIATION ITA/AITES REPORTS

VALNE ZHROMAZDENIE SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA / AITES

INFORMATION FOR THE STA MEMBERS FROM THE STA GENERAL ASSEMBLY

Dria 20. aprila 2004 sa v Prievidzi na pdde Banskych stavieb uskutocnilo Valné zhro-
mazdenie Slovenskej tunelarskej asociacie ITA/AITES s nasledovnym programom:

. Privitanie

. Spréva o ¢innosti od posledného VZ

. Sprava o hospodareni v roku 2003 a prehlad o celkovej finanénej situacii

Navrh na zmenu stanov

. Diskusia k bodom 2, 3, 4

. Hlasovanie k bodom 2, 3, 4 programu

. Informécia o priprave konferencie s medzindrodnou ucéastou Vyznam tunelov
v doprave, Podbanské, 16. - 18. 06. 2004.

. Navrh ¢innosti na nastavajlce obdobie

. Rézne

10. Prijatie uznesenie a zaver

N o oA WN o

o o

Pritomni boli zéstupcovia celkom 20 subjektov, ¢o predstavuje priblizne dve tretiny
celkového poctu Elenov, takZze Valné zhromazdenie bolo uzna$aniaschopné. Rokova-
nie viedol Ing. Juraj Kelesi, pricom s jednotlivymi spravami vystupili predseda STA
Ing. Robert Turansky, Ing. Volos¢uk, Ing. Kelesi a Ing. Pakh.

Najdolezitej$im prerokovavanym bodom bola zmena stanov STA, ku ktorej bol Komi-
tét viazany uznesenim predoslého valného zhromazdenia. Po obsaznej diskusii boli
upravené Stanovy STA podlfa navrhu pripraveného Komitétom schvalené.
Zastupcovia hostitelskej organizacie Banské stavby, a. s., Prievidza informovali pri-
tomnych jednak o aktualnych délezitych stavbach, najma dialniénom tuneli Sitina
v Bratislave, jednak o postaveni spolognosti v ramci koncernu Skanska a o oéakava-
nom vyvoji v nasledovnom obdobi.

Valné zhromazdenie Slovenskej tunelarskej asociacie sa na zaklade prerokovania
bodov programu, prednesenych sprav, podnetov z diskusie ako aj vysledkov hlaso-
vania k jednotlivym bodom uznieslo nasledovne:

A. Valné zhromazdenie prijima:

spravu o ¢innosti STA za obdobie od predchadzajticeho VZ
spréavu o hospodareni s finanénymi prostredkami

B. Valné zhromazdenie schvaluje:

zmenu a nové znenie stanov podla navrhu predlozeného Komitétom
navrh ¢innosti STA na nasledovné obdobie
podporu kandidattry Prahy na konanie Svetového tunelarskeho kongresu
ITA/AITES v roku 2007
prijatie ¢estnych ¢lenov STA, ktorymi sa stali:

- doc. Ing. Koloman V. Ratkovsky, CSc.

- Ing. Jozef Frankovsky

C. Valné zhromazdenie berie na vedomie:

informéciu o priprave konferencie s medzinarodnou tgéastou
"Vyznam tunelov v doprave"

D. Valné zhromaZdenie poveruje:

Komitét vykonanim prislusnych krokov suvisiacich s registraciou nového
znenia stanov STA.

Uznesenie bolo schvalené vSetkymi hlasmi pritomnych
Gcastnikov Valného zhromazdenia STA.

Ing. Miloslav Frankovsky





