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Cesky tunelafsky komitét ITA/AITES
s1 Vas dovoluje pozvat na 9. konferenci

PODZEMNI STAVBY

Termin: 9.—11. 10. 2000

The Czech Tunnelling Committe
of the International Tunnelling Association
would like to invite you to its 9th Conference
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VAZENA OBEC TUNELARSKA,

so slubne sa rozbiehajlcou vystavbou dialhic na
Slovensku vyplynula aj potreba oZivenia tunelar-
skych kapacit. Da se povedat, Ze tento proces bol
zvladnuty skér ako doslo k suéasnému utimu
v budovani dialnic. Medzi novovytvorené kom-
plexné organiza¢né zoskupenie pre vystavbu
tunelov patri aj samostatnéa divizia v ramci akcio-
vej spoloénosti VAHOSTAYV Zilina. Dnes disponu-
je erudovanymi odbornikmi priamo v riadeni stavieb, zo zodpo-
vedajlcim technickym zdzemim v oblasti pripravy i rozvoja.
VAHOSTAV sa podiefa na budovani diali¢ného tunela
Branicko. Prvou samostatnou dodavkou bolo razenie prieskum-
nej $tolne Ovéiarsko. Geologické a technicko-organiza¢né pod-
mienky preverili nasu pripravenost na budovanie tunelarskych
diel.

Etablovani sme v teritdriu hlavného mesta Slovenskej republiky,
v Bratislave. V sortimente podzemnych stavieb sme urobili raze-
nu spojovaciu chodbu v komplexe Bratislavského hradu. Pred
dokonéenim st podzemné parkovacie gardze na UrSulinskej
ulici.

Nasim cielom a uréujucim faktorom smerovania ¢innosti je reali-
zovanie komplexnych dodavok, t.j. razenie, budovanie primar-
ného i sekundarného ostenia vratane rieSenia a realizacie
hydroizolacii, ale aj zabezpeéenie monitorovania a koordinacie
stavebnej a technologickej ¢asti tunelov.

Na naplnenie takychto predsavzati sa nam v su¢asnosti otvara
priestor v budovani cestného tunela Horelica na Kysuciach. Uz
dnes mdézeme nasu ¢innost na tomto diele prezentovat domy-
selne vyrieSenym portalom, v geologicky velmi obtiaznom prost-
redi.

Svoju pdsobnost rozSirujeme aj na zahrani¢né teritdria.
V Nemeckej spolkovej republike sa podielame na vystavbe pod-
zemnej vodnej elektrarne Goldisthal, kde okrem razenia privad-
zacov sa budeme zUdastiovat aj na betonazi podzemnych
konétrukcii. Okrem toho pracujeme aj na razeni niektorych cest-
nych tunelov.

Moznosti podielat’ sa na tunelarskych programoch st obmedze-
né. Odvodené sl od konkrétnych investiénych programov.
| napriek tomu je potesitelné, Ze hoci pozvolha, dochadza
k renesancii tunelarstva, ktoré patrilo ku klasickym smerom
vystavby, samozrejme s premietnutim progresu zodpovedajlce-
ho dnesnej dobe. Je ¢o dohanat. Je ¢o ucit sa. Nasim zamerom
je zdokonalovat vlastny tvorivy potencial, ale s vyuzitim pomoci,
odbornej spoluprace a mozgového potencidlu $pecializovanych
pracovisk, vysokych technickych $kél a projektovych organizacii,
nevynimajic ani zahrani¢nych partnerov. Som rad, Zze v tomto
smere nachadzame porozumenie a ochotu partnerov.

DEAR TUNNEL BUILDING
COMMUNITY,

With the well ongoing construction of highways in
Slovakia, demand for revival of the tunnel building
arose. It is said, that this process has been dealt
with before the current decline of road building
has appeared. A separate division within
VAHOSTAV Zilina Corporation also belongs to
brand new complex organizational groups for tun-
nel constructions. By today, the company employs erudite speci-
alists directly in construction controlling and possesses accor-
dant technical background in the area of preparation and deve-
lopment.

VAHOSTAV also involves itself in construction of the highway
tunnel Branisko. The very first individual task was to drive an
exploration gallery Ovéiarsko. Geological and technically organi-
zational conditions have examined our preparation for tunnel
constructions.

We are also entrenched in the terrifory of Slovakia's capital,
Bratislava. Within the assortment of underground works, we
have built a driven connection corridor in the complex of the
castle of Bratislava. Underground parking garages in Ursulinska
Street are right before completion.

The realization of complex tasks, i.e. excavation, construction of
primary and secondary lining including solution and installation
of waterproofing as well as security monitoring and the coordi-
nation of the both construction a technological parts of tunnel
building, is our goal and determining factor in our field of
activity.

Currently, a new area of interest, concerning construction of road
tunnel Horelica in Kysuce, becomes available for us to fulfill such
determination. By now, we can already begin works, represented
by ingeniously solved portal in the geologically very difficult envi-
ronment.

We broaden our field of activity abroad as well. We are taking
part in the construction of the underground hydro power plant
Goldisthal in Germany, where except driving headrace adits we
will take part in building underground concrete structures.
Besides, we are also working on of some driven road tunnels.
The opportunities to take part in tunnel building programs are
limited. They derive from particular investment programs.
However, it is very pleasing that, though gradually, renaissance
of tunnel building, which belonged to the classic stream of con-
struction, of course with regards to progress accordant to current
era, appears. There is a lot to catch up. There is still a lot to
learn. Our goal is to improve our own creative potential, but with
the use of assistance, professional cooperation and brain poten-
tial of the specialized workplaces, technical universities and
designing organizations, not excluding our foreign partners. | am
glad, that in this direction we meet with understanding and com-
plaisance of our partners.

=

Ing. Vojtech Beléak
predseda prestavenstva a generalny riaditel
akciovej spolo¢nosti VAHOSTAYV Zilina
Head of the direction board and general director
of VAHOSTAYV Zilina Corporation




JPuC

L=

Ve

> 9. ROCNIK, é. 1/2000

Tunel

VYSTAVBA PRECERPAVACEJ VODNEJ
ELEKTRARNE GOLDISTAHL

CONSTRUCTION OF THE PUMPED STORAGE PLANT
AT GOLDISTHAL

ING. GUSTAV SCHNIERER, VAHOSTAV, A.S. ZILINA, DIVISION OF TUNNELS

Najva¢sim vyrobcom a distribltorom elektrickej energie v novych spolkovych kra-
jindch je VEAG (Spojené energetické zavody, a.s.) so sidlom v Berline. Tato spolog-
nost' stavia pri obci Goldistahl (Durinsky les) najvaésiu preéerpavaciu vodni elektra-
ref v nemecku a najmodernejsiu dvojho druhu v Eurdpe, Po uvedeni do prevadzky
v roku 2002/2003 dosiahne instalovany vykon 1 060 MW a investiciou do tohto pro-
jektu vo vyske 1,2 miliardy DM sa stava spolotnost VEAG najvaésim stkromnym
obstraravatelom v Durinsku.

PRECERPAVACIA VODNA ELEKTRAREN

V zasade pozostava kazda PVE zo spodnej nadrze, zo strojovne a hornej nadrze.
Tym, ze PVE Goldistahl je budovana ako elektrarefi kavernového typu, nachadza sa
az 60 % z celku v podzemi. Podzemna ¢as't pozostdva zo 4,5 kilometrového systé-
mu prieskumnych stdini, 1,3 km dlhej pristupovej chodby ku kavernam, z dvoch $ik-
mych privadzacov po 870 m v klone 25°, z dvoch odtokovych tunelov dihych 346 m,
kaverny strojovne 1237 x 26 x 48,5 m a kaverny transforméatorovej o rozmeroch 122
X 15x 17 m.

HORNA NADRZ

Vyuzivanim materidlu ziskaného z prehlbovania dna je sypana 3,4 km diha prsten-
cova hrédza homnej nadrze. V zavislosti od konfiguracie terénu st sypané vysky roz-

The biggest manufacturer and distributor of electric power in new federal regions
is the company VEAG (United Power Plants, AG) with its registered office in Betlin,
This company constructs near the community Goldisthal the biggest pump storage
plant in Germany which is the most up-to-date of this kind in Europe. Said plant will
be set into operation in the year 2002/2003, and its installed output will be 1060 MWV.
With respect to its investment into this project, amounting to 1.2 milliard DEM, the
company VEAG becomes the biggest private power supplier in Thiringen.

PUMPED STORAGE PLANT

In fact, every PSP consists of a lower basin, of an engine-room and of an upper
basin. Because of the fact that the PSP Goldisthal is constructed as a power plant of
a cavern type, nearly 60 per cent of it takes place in the underground. The underg-
round part consists of a system of exploratory galleries, being 4.5 km long, of an
access gallery to caverns - 1.3 km long, of two inclined headrace tunnels, each of
them being 870 m long in the slope of 250, of two tailrace tunnels - 346 m long, of an
engine-room cavern 137 x 26 x 48.5 m, and of a cavern for a transformer station,
dimensioned 122 x 15 x 17 m.

UPPER BASIN

This basin has been formed by means of a ring earth dam where the materi-
al of the deepened bottom has been applied. In dependence upon the terrain

= N

Rozvetvenie odtokového tunela ku savkam
Bifurcation of the tailrace tunnel to draught tubes

Obr. 1 Fig. 1
Situacia preerpavacej elektrarne Goldisthal
General layout of the Pump Storage Plant Goldisthal

Kalota odtokového tunela
Callote’of the tallrance tunnefl

Vypustny objekt do dolnej nadrze
Outlet structure to the low basin
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dielne a pohybuju sa medzi 9 az 40 m. Celkovy objem hradze je 5,4 milidna m®, Nadrz
bude tesnend asfaltbetonom a jej obsah je cca 12 milisnov m?. Toto mnoZzstvo vody
umozni prevadzku PVE pocas dsmich hodin na plny vykon,

SIKME PRIVADZACE

Ndpustny objekt v hornej nadrzi spajaju s turbinami v kaverne dva privadzace (kaz-
dy pre dve turbiny). Ich priemer sa po rozdvojeni k turbinam zmenuje zo 6,2 m na
4,53 m. Oba su oplastené ocelovym pancierom s beténovou zakladkou.

KAVERNA STROJOVNE

Kaverna pre strojoviiu (prevadzkova budova) je najvacéim v podzemi vytvorenym
priestorom. Svojimi rozermi zodpovedd plochou futbalovému ihrisku a vykou péat-
néstposchodovému domu. Spolocne s kavernou pre transformatoroviiu su tieto dosa-
Zitelné z povichu cez pristupovu chodbu, ktorej zarazka sa uskutocnila v septembri
1997.

Vylom kaverny zapo€al razenim kaloty delenej na boéné chodby, kioré
predstihovali rozpojenie a odtazbu jadra cca 0 15-20 m. Zaistovanie vylomu
sa vykonava striekanym beténom s ocelovou mreZovinou a horninovymi kot-
vami. Paralelne s vystavbou kaverny boli razené oba privadzace i odtokové
chodby, z ktorych prvéa po prerazeni do kaverny bola vyuzivana pre odtazbu
vylomenej horniny kaverny. Po ukonéeni vylomovych prac sa zapot¢ne
s dopravou Casti Styroch sustrojenstiev cez pristupovi chodbu a s ich
naslednou montaZou v kaverne, Poéinajlc letom 2002 by mali byt postupne
véetky Styri sustrojenstva pripajané na siet a v polovici roku 2003 by mal byt
k dispozicii piny vykon elektrarne,

DOLNA NADRZ

Nie€o cez 150 m nad obcou Goldistahl proti prudu riecky Schwarza sa buduje hlav-
na uzavera dolnej nadrZe. Nadrz bude po vzduti 2 400 m dlha a v najSirsom mieste
bude mat 900 m. Kamenn sypana hradza dosiahne vyéku 67 m. Navodna strana
bude mat asfaltové tesnenie.

Hradza je sypana prevazne z materidlu ziskavaného pri vystavbe podzemnych pri-
estoroy, ale aj tazbou zo skalnej kopuly nachadzajlicej sa v strede dolnej nadrze. Jej

Prieény rez
Cross section 1

500 W 500

configuration, heights of the earth dam are different and they vary from 9 m up
to 40 m.

Total volume of the dam amounts to 5.4 million cub.m. The dam shall be sealed
with bituminous concrete and its capacity will be about 12 million cub.m. This water
capacity will enable, for the PSP to work in its full output for eight hours.

INCLINED HEADRACE TUNNELS

The infake structure situated in the upper basin is connected to turbines, located
in the cavern, through two tunnels (each of them for two turbines). Their diameter is
decreased behind the bifurcation to turbines from 6.2 m to 4.35 m. Both of them are
armoured by means of a steel armour with a concrete footing.

ENGINE-ROOM CAVERN

The cavern for the engine-room (operational building) is the largest space formed
in the underground. Its area corresponds to the area of a football playground, and its
height to a fifteen storey house. Together with the cavern designed for the transfor-
mer station, said spaces are accessible from the surface through an access gallery,
the driving of which was carried out in September 1997.

The cavern excavation started by driving a calotte divided in side galleries which
were made by about 15 to 20 m before the disintegration and removal of the core.
The excavation s supported by means of shotcrete with steel mesh and rockbolts.
Parallelly with the construction of the cavem there were driven both headrace
tunnels and tailrace tunnels from which the first one, after having been driven through
into the cavern, was used for removing muck from the cavern. After the finish of the
driving works, the transport of parts of four machine aggregates through the access
corridor will start, as well as their following assembly in the cavern. Starting the year
2002, all four aggregates should be gradually connected to the network, and the full
output of the power-plant should be at disposal in the half of the year 2003

LOWER BASIN

A little more than 150 m over the community Goldisthal, upstream of the smalf river
Schwarza, the main dam of the lower basin is constructed. The full basin will be 2400
m long and, in the widest place, 900'm wide. The rockfill dam will be 67 m high. lis
face will be provided with a bituminous sealing.

Priecny rez Prieény rez
Cross section Cross section
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Priecny rez
Cross section 2

Obr.2 Fig.2
Pozdl'Zny rez preCerpavacej elektrarne Goldisthal
Longitudinal section of pump storage plant Goldisthal

zostatok bude tvorit ostrov sliziaci k ochrane vtactva. Celkové kapacita nadrze bude
18,9 milidna m°. Rozdiely medzi maximalnou a minimalnou hladinou mézu podla rezi-
mu prevadzky dosahovat az 20 m. K obmedzeniu ich nepriaznivych dopadov na dih-
Som Useku koryta rie¢ky Schwarza vyvolanych kolisanim hladiny nadrze bude vybu-
dovana 26 m vysoka hradza s asfaltovym tesniacim jadrom, Takio vznikne malé
jazero vhodné aj pre rekreadné Udely.

The dam shall be made mostly of the muck brought from the excavated underg-
round spaces, but also from the rocky hill taking place in the central part of the lower
basin. Its remainder will form an island serving for protection of birds. The total capa-
city of the basin will be 18.9 million cub.m. Differences between the maximum and
minimum water levels may be up to 20 m, in dependence upon the operation regime.
To limit their unfavourable effects in a longer section of the river Schwarza, caused by




Ve

. 9. ROCNIK, &. 1/2000 Tunel

Obr.3 Fig. 3
Vypustny objekt do dolnej nadrZe
Outlet structure to the lower basin

Obr. 4  Fig. 4
Rozvetvenie odtokového tunela ku savkam
Bifurcation of the tailrace tunnel to the draught tubes
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UCAST VAHOSTAVU, A.S. NA VYSTAVBE

Zaciatkom roku 1999 dostava Vahostav na PVE Goldistahl po takmer dvadsatroc-
nej prestavke po prvykrat prileZitost nadviazat' na sortiment a sklsenosti ziskané pri
vystavbe PVE Cierny Vah, tentoraz viak predstavuji dodavku vyluéne prace v pod-
zemi. Prvy kontrakt bol uzavrety na vyrazenie a primame vystuzZenie odtokovych
tunelov 2 x 346 m s vypustnym objektom, na o po troch mesiacoch aktivneho pdso-
benia na stavbe nasledovala druha a tretia zmluva, ktorych predmetom si pristupo-
va $tblia ku kontrolnej chodbe hradze, tunel pre odvedenie vyrobenej elektrickej
energie z kavery transforatorovne a hradidlové $achty vypustného objektu.

Pre vystavbu vetkych podzemnych priestorov uz samotné horninové prostredie,
tvorené pevnymi, malo tektonicky poruenymi kremencami a kremitymi bridlicami,
diktovalo volbu technolégie. Konvenéné razenie metddou striekaného beténu pri
vysokom déraze na ekonomiku vystavby nemalo v danych podmienkach alternativu.

Prierezy razenych diel (75 m? a viac) umoziovali nasadenie vSetkych Standard-
nych tunelarskych strojov a zariadeni. Od viaclafetovych vitacich elektrohydraulic-
kych vozov cez tunelové rypadla, kolesové nakladace a dumpre pre odtazbu ribani-
ny az po pojazdné pracovné plo$iny a ostatné jednolcelové zariadenie.

Odbornd verejnost urcite zaujme niekolko odlidnosti od Standardnych pracovnych
postupov. Je to predovsetkym vysoka snaha o presnost vylomu pouzivanim blesko-
vice pri obrysovych vyvrtoch, v kvalitnejdich hominovych partidch vylicenie ocelove;
mrezoviny a jej ndhrada ocelovymi vlaknami v strieknamom betdne, éim sa znaéne
ufahéi pripadné profilovanie. Za spomenutie urite stoji zavedeny systém bezpeénos-
ti pri praci a ochrany zdravia. Touto problematikou sa zaobera a zodpoveda za fu
tzv. bezpechostny vybor, zloZzeny zo zastupcov investora, dodavatelov, odborov a dra-
du pre ochranu pri praci. Na stavbe je kazdy stroj vybaveny sebazéchrannym pristro-
jom, hasiacim pristrojom, v podzemi sU vyrazne znacené Unikové cesty, umiestené
telefony tieshového volania, stanice prvej pomoci a vietky dieselové stroje a vozidla
su povinne vybavené filtrami na redukciu Skodlivin vo vyfukovych splodinach.

Vysledky dosiahnuté pri vystavbe podzemnych objektov PVE Goldistahl (postupy
pri razeni kaloty v priamych Usekoch 5-6 m/def) potvrdili univerzalnost a adaptabili-
tu razidov Vahostavu a.s, Zilina i mimo podzemnych dopravnych stavieb.

Obr. 5
Kalota odtokového tunela
Calotte of the tailrace tunnel

Fig. 5

variation of the water level in the basin, there will be constructed a 26 m high pre-dam
provided with a bituminous sealing core. In this way, a small lake, suitable for recre-
ation purposes, will arise.

PARTICIPATION OF VAHOSTAV, A.S.
IN THE CONSTRUCTION.

At the beginning of the year 1999, Vahostav got the opportunity to utilize experi-
ence gained during the construction of the pumped storage plant Cierny Véh, viz. at
the construction of the PSP Goldisthal. In this case the delivery resides exclusively in
underground works. The first contract was concluded for excavation and primary sup-
port of the tailrace tunnels 2 x 346 m with an outlet structure. After three months of
activities on the construction site, the second and third contract followea, the subject
of which resided in an access gallery to the inspection adit of the dam, a corridor for
passing the produced electric power from the cavern of the transformer station and
shafts of the outlet structure.

To construct all underground spaces, even the rock environment proper, formed by
solid, not too much tectonicly disturbed quartzites and siliceous slates, determined
the selection of the applied technology. Conventional driving by means of the shotc-
rete technique, with respect to a special emphasis placed on the construction econo-
my, had no alternative under the said conditions.

Cross sections of driven works (75 sq.m and more) made it possible to apply all
standard tunnelling machines and equipment, starting with multi-boom electro-hyd-
raulic drill rigss, tunnel excavators, loaders and dumpers for removing muck, up fo
mobile working platforms and other single-purpose equipment.

The professional public will be surely interested in several differences with respect
to standard working procedures. it is namely an effort concerning a high accuracy of
excavation by means of detonating fuses for contour drilling, in rocks of high quality
omission of steel mesh and its replacement with steel-fibre reinforced shotcrete,
which will facilitate considerably the possible profiling. It is also important to draw the
attention to the applied system of safety of work and the health protection.

Said problems are solved by so called Safety Committee which is also responsib-
le for it, and which consists of representatives of the client, contractors, trade unions
and the Health and Safely Authority. Every machine on the construction site is provi-
ded with a self-rescuer, extinguisher, in the underground there are marked signifi-
cantly escape ways, there are situated telephone sets for emergency calls, stations
of the first aid, and all Diesel machines and vehicles are obligatorily equipped with fil-
ters for reducing harmful exhaust products.

Results achieved during the construction of underground parts of the PSP
Goldisthal (advance rate during driving the calotte in direct sections - 5 to 6 metres
per day) proved the universality and adaptability of the tunnellers of the company
Vahostav, a.s. Zilina, even if it does not concern underground transport constructions.
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OD NOVE RAKOUSKE TUNELOVACi METODY
K METODE OBVODOVEHO VRUBU

FROM THE NEW AUSTRIAN METHOD
TO THE PERIPHERAL SLOT PRE-CUTTING METHOD

DOC. ING. ALEXANDR ROZSYPAL, CSc., SG GEOTECHNIKA, A.S.

RESUME:

Béhem poslednich 25 let byly v praxi i ve vyzkumu pfineseny dikazy o podstatném
vlivu chovani horniny nejen za, ale i pfed ¢elbou na stabilitu i deformace vyrubu
b&hem razby. Tyto poznatky jsou v praxi postupné aplikovany do novych technolo-
gickych postupll razby, které navazuji na osvédéené principy Nové rakouské tunelo-
vaci metody.

PfedloZeny Elanek struéné popisuje tento vyvoj, piiblizuje zakiadni kroky a zavéry
realizovanych vyzkum, které probéhly v zahraniéi a prezentuje nové technologické
postupy, které jsou na zakladé téchto novych poznatkd v poslednich letech aplikova-
ny, zejména pfi razbé tunell v obtiznych geologickych podminkéch,

ZvI&&tni pozornost je pfitom vénovana metodé obvodového vrubu, kiera bude
v CR poprvé pouzita pfi stavbé Zelezniéni prelozky Chomutov - Biezno u Chomutova.

1. HISTORICKY POHLED

Pro prvni tunelovaci metody byla charakteristickd snaha pfenést vystroji veskeré
zatiZeni vyvozované hominovym masivem. Proto pro né byla charakteristické té7ka
vydfeva i mohutné obezdivky.

Pro mladsi stavebni inzenyry uz ndzvy téchto tunelovacich postupti budou ptisobit
velmi archaicky, Belgicka soustava, Rakouskd soustava, Némecké soustava,
Anglicka metoda v jejich &etnych mutacich jsou jiz v dobé modernich tunelovacich
strojdi minulosti.

Zasadnim zlomem ve vyvoji tunelovacich metod byla "Nova rakouské tunelova
metoda", k jejimuz rozsifovani dochazi v Sedesatych letech.

Vtip nové rakouské tunelovaci metody spoéiva v tom, Ze horninovy masiv se pfi-
nuti, aby ¢ast své reakce na provedeni vyrubu penesl sam.

2. PRIPOMENUTI PRINCIPU NOVE RAKOUSKE
TUNELOVACI METODY (NRTM)

Princip NRTM spociva v efektivni kontrole deformaéniho procesu horniny v okoli
vyrubu s cilem mobilizovat jeji pfirozenou pevnost.

Toho se dosahuje technologickym opatfenim - realizaci primarmiho pruzného osté-
ni tunelu v &ase, ktery je funkci postupu razby a nasledné deformaéni reakce horni-
nového masivu a jeho okoli.

V podstaté se takto ovliviiuje pribéh pferozdélovani napjatosti horniny v okoll
postupujictho vyrubu s cilem maximainé zaintegrovat horninovy masiv do jediného
statického systému osténi tunelu - hornina.

V praxi se postupuje v nasledujicich krocich:

* Prlb&Zny monitoring deformaéni odezvy horminového masivu na razbu (pfedevsim
konvergenéni méfeni).

* Realizace "primarniho osténi" (pfedevsim stfikany beton na ocelovou sit' v kombi-
naci se systémem kotev) a to v takové tuhosti a v takovém Casovém zpoZdéni za
razbou, aby byl povolen uréity rozvoj deformace horniny, umoziujici maximalni
efektivni spolupdsobeni hominového masivu. Dal8im cilem je zajistit, aby v bliz-
kosti povrchu vyrubu nenastal nepfijatelny stav napjatosti blizici se k jednoosé ¢i
dvojosé napjatosti (ten je spojen s nejméné pliznivymi deformadnimi vlastnostmi
hornin} a aby naopak do3lo k maximalni mobilizaci pevnosti horniny v okoli vyru-
bu.

* Realizace definitivniho (sekundarniho) osténi po dobé, kterd je nezbytna k pro-
béhnuti potfebnych deformaci horninového masivu po realizaci vyrubu a k dosa-
Zeni "rovnovazného stavu” ve smyslu piedchézejiciho odstavee. Hlavnim smyslem
definitivniho osténi je pravé trvala fixace tohoto rovnovazného stavu.

RESUME:

Over the last 25 years, the evidence has been produced, both by the praxis and
by the research, regarding a considerable impact of the rock behavior not only in front
of but also in advance of a heading on stability and deformation of the excavated spa-
ce in the course of the excavation work. This knowledge has been successively app-
lied into new tunneling techniques, which develop the well-tried principles of the New
Austrian Tunneling Method.

The article briefly describes this development, explains basic steps and conclusi-
ons of the research cases performed abroad, and presents new technological proce-
dures, utilized, on the basis of this new knowledge, in the last years in excavation of
tunnels in difficult geological conditions.

Special attention is paid to the Peripheral Slot Pre-cutting Method, which is going
to be utilized, first time in the CR, on the construction of the Chomutov - Brezno
u Chomutova railroad track realignment.

1. HISTORICAL VIEW

The effort to carry all the load induced by a rock massif by supporting elements
was characteristic of the first tunneling methods. Therefore, they were characterized
by heavy timbering and thick linings.

To younger civil engineers, even examples of those tunneling techniques can
seem very archaically. Numerous variations of The Belgian System, The Austrian
System, The German System or The English System have become a past in the era
of modern tunneling equipment.

The New Austrian Tunneling Method, being spread in the beginning of the sixties,
meant a principal turn of tunneling methods development.

The point of the New Austrian Tunneling Method is in the fact that the rock massif
is forced to carry a part of its reaction to execution of the excavation by itself.

2. RECALLING PRINCIPLES OF THE NEW AUSTRIAN
TUNNELING METHOD (THE NATM)

The NATM principle resides in an effective control of the process of deformation of
the rock in the excavation periphery so as to mobilize its natural strength.

This is achieved by means of a technological measure - by erection of a primary
resilient tunnel lining within a time, which is a function of the excavation advance and
the successive deformation reaction of the rock massif and its periphery.

Basically, the course of redistribution of the rock stress in the vicinity of an advan-
cing excavation is affected by this way, with the aim of enhancing creation of a maxi-
mum integration of the rock massif into a single static system formed by the tunnel
lining and the rock.

The following steps are made in the praxis:
¢ Continuous monitoring of the deformation response of the rock massif to the exca-

vation (the measurement of tunnel convergence above all)

* Application of a "primary lining" (concrete sprayed on wire mesh combined with
a system of anchors above all). Rigidity of the lining and the lapse of time after the
advancing excavation must allow certain development of the rock deformation,
which renders a maximum composite action of the rock massif possible. Another
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Samoziejmou podminkou pro realizaci NRTM je kromé priibézného a operativni-
ho monitoringu velmi 8etrnd razba, aby nedoslo ke zbyte¢nému rozvolnéni hornino-
vého masivu kolem vyrubu, kontinudlni a rychly priib&h razby a provadéni primarniho
osténi. Podstatna je schopnost operativné pfizplsobovat technologii razby defor-
madni odezvé horniny.

3. SOUVISLOSTI MEZI VYVOJEM DEFORMACI A STABILITY
HORNINOVEHO MASIVU PRED A ZA CELBOU

Pfi vyhodnocovani vysledk( monitoringu pfi NRTM se nebere na zfetel deformag-
ni chovani horniny pfed Eelbou. Vychazi se z pfedpokladu, Ze deformadéni zmény, kte-
ré spoluplisobi na pfenaseni zatizeni v okoli vyrubu, jsou dlisledkem prerozdélovani
napjatosti a deformace v okoli jiz realizovaného vyrubu, ale jen za ¢elbou.

Ve skuteCnosti k radialnim deformacim (prekonvergenci) dochazi i pred ¢elbou.
Celba sama ma v&tsi nebo mensi tendenci se "vyboulit' do prazdného prostoru. Tyto
vodorovné deformace jsou nazyvany "extruze". V mékkych horninach mize byt hod-
nota extruze okolo 20% konvergence.

ZkuSenosti, které jsme v SG - Geotechnika ziskali pfi sledovani podzemnich linio-
vych staveb ukazuji, Ze rozvoj deformaci v okoli vyrubu v podstatné mite zavisf nejen
na rychlosti, kterou se realizuji technologické kroky sméfujici k vybudovani primarni-
ho i definitivniho osténi, ale v podstatné mife i na stabilité celby a deformacich horni-
ny pred ni.

Pro toto tvrzeni, podpofené empirickou zkuenosti, existuje jednoduché teoretické
vysvétleni.

Pfedstavme si v horninovém masivu vytéeny element horniny "Eh," pravé v misté
budouciho vyrubu. Element ma tudiz tvar poloZeného valce. Vodorovné zatizeni na
obou protilehlych vertikalnich plochach je stejné a sice o, = 5, . K,, kde K, je koefici-
ent bo¢niho tlaku v klidu, o, je hmotnost nadiozi y . h. (obr. 3.b)

Radiéini zatiZeni na povrchu valce se pohybuje rovnomémé od o, k o, v zavislos-
ti na K,,. Pfipustime-i, Ze K, je jedna, coz je pro nase Uéely zjednoduseni zcela akcep-
tovatelné, pak je na$ horninovy element podroben véesmémému zatiZent, a jeho sta-
bilita nemdze byt porusena.

Jestlize vSak razba tunelové roury dospéje do takové polohy, e jeji Celba se kry-
je s jednou z vertikalnich ploch naseho horninového elementu (Eh,), dojde k nahlé
zméneé zplsobu jeho zatizeni. (obr. 3.a)

Ze strany &elby klesne totiz horizontalni zatizeni na nulu. Radialni zatizeni ele-
mentu na strané u elby (pfed pferozdélenim) podstatné vzroste v porovnani s plvod-
nim stavem a stane se proto podél povrchu plasté valce nerovnomérmym. Vyslednice
radidlniho zatizeni zagne plisobit Sikmo smérem k ¢elbé. Prvnim dlsledkem je extru-
ze, neboli vybouleni horniny smérem do tunelu. Druhym disledkem je nerovnomérma
radialni deformace, kterou v tomto pfipadé nazveme prekonvergenci.

Tato zména zatiZzeni hominového elementu Eh, ma samoziejmé vliv i na pferoz-
délovani napéti v okoll hotového vyrubu i za ¢elbou, a tudiz i na dodateény rdst kon-
vergence v okolf jiz hotového vyrubu. Pokud se po pierozdéleni dostanou napéti
v horniné z oboru elastického do pruzné plastického, tak to mize mit za nésledek
nejen velké zvétSeni konvergence a extruze, ale i velmi negativni dopad na krétko-
dobou i dlouhodobou stabilitu vyrubu.

ProtoZe horninovy masiv je ve vétsiné pfipad silné anizotropni, heterogenni a se
slozitymi strukturnimi vlastnostmi, je k prerozdéleni napéti v okoli vyrubu vzdy potte-
ba relativné znaénd doba. Za urcitych podminek mdZe pravé tato doba umoznit vznik
"plastickych oblasti" a tim i nestabilitu vyrubu. Odtud velky vyznam rychlosti s jakou
je treba realizovat veskeré technologické kroky pfi razbé a provadéni obezdivek.

Napfiklad pfi razbé tunelu San Stefan ztrata stability ¢elby méla za nésledek doda-
te¢né podstatné zvyseni konvergence a poruseni obezdivky v jiz stabilizovanych
pfedchazejicich ¢astech vyrubu.

K obdobnym situacim dochézelo u tunelu Tasso. Zde dokonce doslo k porugenf jiz
stabilizované ¢asti vyrubu po ztraté stability jadra.

U tunelu Frejus doslo ve stani¢eni 5.172 m ke zpomaleni a k 15 dennimu preruse-
ni razby. V diisledku toho konvergence vzrostla vice nez 3 x v mistech, kde se naché-
zela Celba v dobé preruseni razby.

Po obnoveni razby se pak na dalsich mistech vratila konvergence k plvodnim hod-
notam. PFiéinou bylo to, Ze horninovy masiv dostal béhem prerugent razby pfilezitost
rozvinout deformadni proces az k hranicim plastického pretvareni.

Vztahiim mezi deformaci horniny za a pfed éelbou a jejim dopadtim na kratkodo-
bou i dlouhodobou stabilitu vyrubu za ¢elbou byl v Italii vénovan dlouhodoby vyzkum.
O jeho vysledcich referoval Lunardi (1993 a1998).

V ramci vyzkumu byla provadéna podrobna a komplexni méfeni konvergence, pre-
konvergence a rozloZeni vodorovnych deformaci pfed &elbou i extruze na pokusnych
Usecich stavby tunelu San Vital v Itélii.

Pomoci méfidla deformacf ve vodorovnych vrtech (sliding micrometer), klasického
méfeni konvergence a dalsich méfent, bylo ukdzano, jak Ize omezit konvergenci za
¢elbou i vodorovné deformace &elby tim, Ze se ztuzi horninové jédro pfed delbou pro-
stfednictvim specialnich technologickych opatfeni a zejména jaky pozitivni viiv maji
tato opatfenf ke snizeni konvergence i ke zvySent stability vyrubu i za ¢elbou.

K ztuZeni jadra jsou k dispozici tii zasadni technologické moZnosti, jejichZ aplika-
ce byly v tomto vyzkumu vyzkouseny:

* Systém vodorovnych kotev do &elby ze sklolaminatovych tyi do vzdalenosti cca 3
priméry tunelu pred éelbu

* Vyztuzeni a ochrana éelby stiikanym betonem

¢+ Ochrana a vyztuzeni horninového jadra obvodovou injektaZi, destnikem z mikropi-
lot realizovanym podél obvodu vyrubu a nebo systémem predkleneb (viz odst. 4).

aim is to ensure that no unacceptable state of stress occurs coming close to the

single axis stress or dual axis stress (this stress is linked fo the least favorable

deformation properties of rock), and, on the contrary, that a maximum strength of
the rock in the periphery of the excavation is mobilized.

o Application of a final (secondary) lining when the time necessary for development
of the required deformations after the excavation, and for reaching the "state of
balance" in the meaning of the above clause, is over. The main purpose of the final
lining is just fo fix this state of balance fo become permanent.

Apart from continuous and operative monitoring, the self-evident condition for per-
formance of the NATM is a very careful manner of excavation, preventing unneces-
sary loosening of the rock massif around the excavated space, a continual and fast
course of the excavation work, and execution of the primary lining. The capability of
adaptation of the driving technique operatively to the deformation response of the
rock is essential.

3. RELATION BETWEEN DEVELOPMENT
OF DEFORMATIONS AND STABILITY OF A ROCK
MASSIF IN FRONT OF AND IN ADVANCE OF A HEADING

When the monitoring results are evaluated for the NATM, no respect is paid to the
deformation behavior of the rock in advance of a heading. This idea issues from a pre-
mise that the deformation changes, which act jointly on transmission of the load in the
vicinity of an excavated space, represent a result of redistribution of stress and defor-
mations in the vicinity of the already excavated space, aithough in front of the tunnel
face only.

In reality, radial deformations (pre-convergence) occur even in advance of a hea-
ding. The heading itself tends more or less to "bulging" into the empty space. These
horizontal deformations are called extrusions. The value of an extrusion in soft ground
can be about 20% of the convergence.

The experience which we gained in SG - Geotechnika during monitoring of underg-
round line structures shows that development of deformations in the vicinity of an
excavated space depend in a considerable extent not only on the speed of execution
of the technological steps which aim to erection of the primary and final lining, but
also, in a considerable extent, on the heading stability and on the rock deformations
in advance of the heading.

A simple theoretical explanation exists for the above assertion, supported by an
empirical experience.

Let us imagine a rock element "Eh," existing in the rock massif just in the location
of the future excavated space. For that reason, this element has a shape of a hori-
zontal cylinder. Horizontal load on the both opposite vertical planes is equal,
ie. o, =0,. K, where K, is the coefficient of static lateral pressure, o, is. the weight
of the overburden y . h. (Figure No. 3.b)

The radial load on the surface of the cylinder moves fluently from o, to o, relative
to K, If we admit that K, is equal to one, which simplification is fully acceplable, our
rock element is subjected to omnidirectional loading, thus its stability can not be affec-
ted.

Although, if the excavation of the tunnel tube arrives to such a state that its hea-
ding coincides with one of the vertical planes of our rock element (Eh,), a sudden
change of the loading pattern occurs. (Figure 3.a)

This is because of a drop of the horizontal load down to zero from the heading side.
The radial load on the element on the side next to the heading (before redistribution)
increases significantly, compared to the original state, therefore it becomes uneven
along the surface of the cylinder envelope. The radial loading resultant starts acting
at an angle towards the heading. As the first result of that, an extrusion, i.e. bulging
of the rock to the inside of the tunnel occurs. The other result is an uneven radial
deformation, which we will call pre-convergence in this case.

Obviously, this change of loading of the rock element Eh, also affects the redistri-
bution of the rock stress in the periphery of the completed excavation even in front of
the heading, thus it causes an additional increase of convergence in the vicinity of the
completed excavation. If the rock stresses after the redistribution get from the elastic
zone to the elastic-plastic zone, the result may be not only a significant increase in
convergence and extrusion but also a very negative impact on the short-term and
long-term stability of the excavation

As the rock massif is in most of cases strongly anisotropic, heterogeneous and
having complex structural properties, a relatively long period is always needed for
redistribution of stresses in the vicinity of an excavated space. It is just this period that
may, under certain conditions, render origination of plastic areas possible, thus an
instability of the excavation can occur. This is the reason why the speed of realizati-
on of all the technological steps during excavation and execution of the lining is so
important.

For example, the loss of stability of the face during excavation of the San Stefan
tunnel resulted in an additional substantial convergence increase within the previous
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Zavéry z vy$e uvedeného vyzkumu jsou v souladu s nasimi empirickymi zkuse-

nostmi a Ize je shiout nasledujicim zplisobem:

« Jestlize relace mezi stavajici napjatosti horniny a jeji pevnosti v oblasti jadra jsou
takové, ze deformadni odezva na razbu ziistava v elastickém oboru, tak se zpra-
vidla vystaci s klasickym postupem, kdy se realizuje rovnou definitivni vystroj hoto-
vého vyrubu. Hominé ped éelbou nenf v téchto pfipadech tfeba vénovat zvlastni
pozornost. Ovéem dojde-li k delsimu pferudeni razby, je vidy zahodno, zejména
v pripadé mé&kéich hornin, ¢elbu oSetfil a vyzluzit,

+ Pokud v pribéhu razby dochazi k deformaénim procestm jejichz charakler zagina
vykazoval plastické prvky, je nejefeklivnéjSim fedenim jak minimalizovat konver-
genci a zajistit dostatetnou kratkodobou i diouhodobou stabilitu jak vyrubu tak
i celby, vyztuzit dostateéné jadro hominy pred éelbou a efiminovat tak moznost roz-
voje plastickych oblasti v homing. Diuzno podotknout, Ze k rozvoji plastickych
oblasti muze dojit nejen u pevné horniny pi vysokych tlacich mohutného nadlozi
hiubokych tuneld, ale i u mélkych tunelii ve velmi mékkych nepevnych horninach.
Tyto nade zkuSenosti potvrzull | zavéry a doporuceni Lunardiho (1998):

“1. Existuje Gzka vazba mezi projevy extruze jadra na celbé a velikosli konver-
gence i prekonvergence.

2. Je zjevna tésné souvislost mezi ziratou stability jadra ( Celby) a ztrétou stabil-
ty vyrubu, byt jiZ byl pied tim stabilizovan.

3. Projevy deformace celby (extruze) a vyrubu nésleduji vZdy chronologicky za
sebou.

4. ProtoZe deformadni chovani vyrubu velmi dizce souvisf s tuhosti jadra, naskyta
se mozZnost jak pouZit jadro, respekiive zvysenf jeho tuhosti technologickymi
opalienimi, jako instrument k zvySen stability viastniho vyrubu,

5. Casovy pribéh konvergence kolem vyrubu miZe slouZit jako dilezity signal
pro hledani momentu, kdy zastavit dalsi postup razby, aby se provedio dalsi
vyztuzeni jadra a pro uréeni jeho dostatecné hloubky."

Jednou z tunelovacich metod, kterd nejddslednéji reaguje na ziskané zkugenosti

a poznatky o provazanosti deformaéniho chovanim horniny ped a za celbou je meto-

da obvodového vrubu.

4. METODA OBVODOVEHO VRUBU (MOV)

Princip metody obvodového vrubu spodiva v realizaci obvodového zafezu podél
obvodu budouciho vyrubu. Zafez se provadi zvIastni fetézovou pilou pojizdéjici na
specialni ramové konstrukci sleduiici obrys budouci tunelové obezdivky. Hloubka vru-
bu kolisa od 2 do 5 m, jeho tloustka od 15 do 40 cm.

Metoda ma dvé zakladni "mutace"”, a sice pro tvrdé horniny, kde se vlasini razba
realizuje s pomocf trhacich praci a pro mékke horniny, kdy se razi klasickou mecha-
nizaci bez pouzit trhacich pracf.

V prvém piipadé je zakladnim (kolem obvodového vrubu oddélit tézenou horminu
od masivu a umoznit tak intenzivni pouziti vybudnin s minimalizaci pfenosu nepfija-
telnych vibraci na okolni horninu respektive na povrch terénu, kde by vibrace ohroZo-
valy zastavbu.

V druhém pfipadé je smyslem vytvofit v horniné "betonovou pfedklenbu” s cilem
v mélo stabilnim horninovém prostfedi razit tunel pod ochranou klenby a dostatecné
tak vyztuzit horminové jadro. Pedklenba vznikne vypinénim obvodového vrubu rych-
le tuhnoucim betonem.

4.1. GENEZE MOV

V minulosti se vyfezavani homin pouzivalo k t&zbé v uhelnych lomech, pfipadné
v kamenolomech. V inZenyrském stavitelstvi se nejprve zacalo pouZzivat ve Francii
v 60. letech. Zpotatku se omezovalo na tvrdé hominy se zaméfenim usnadnit trhaci
prace a minimalizovat nepfiznivé Gginky vibraci (stanice metra AUBER v Paiizi). Brzo
ale doslo ke snaham aplikovat tuto metodu i v mékkych horninach. V roce 1974 -
1976 se tento postup poprvé pouZil na lince "A" pafizského metra do Fontenay sous
Bois. Tehdy se jesté nepostupovalo na piny zabér. V prvni fazi se vyrazila jen horni
polovina tunelové roury a teprve poté jeji spodni Cast.

V celém profilu tunelu se poprvé postupovalo v roce 1980-1982 pfi stavbé metra
v Lille.

Na pogatku 90. let se razi tunely v Paizi Sceaux - Fontenay, Galaure pro TGV -
Rhone Alpes a tunel Limeil Brevannes.

Poté se metoda &iff | do ostatnich &asti svéta, napf. silniéni tunel KARUIZAVA
v Japonsku v roce 1993, experimentéini razba spoletnosti Trevive ve vépencovem
dole nebo tunel SUBARI - Cosenza v Italii.

V misté vzniku metody, ve Francii, dochazi k dalimu vyvoji, zejména technologic-
kého zafizeni (kontinudlni posun mechanického zafizeni nesouciho Fetézovou pilu,
velikost, zabér a mocnost vrubu). Nejmodern&jgim zafizenim byl napf. realizovan
tunel Saint Germain en Laye ve Francii.

Koncem roku 1999 se touto metodou dokonéil tunel v Ramsgate v Angllii @ v sou-
asnosti se chysta stavba 1,7 km dlouhého tunelu zelezniéniho v CR u Chomutova.

4.2. MOV V PEVNYCH HORNINACH

Tato mutace MOV je pfedevéim uréena pro zastavéné oblasti. Omezuje vyrazné
&kodlivé Uinky vibraci zptisobované pouZitim vybusnin pfi razbé.
Princip spociva v tom, Ze prvotni centraini zalom do hominy, ktery je zdrojem nej-

parts of the excavation, which already had been stabilized. Similar situations occur-

red on the Tasso tunnel construction. In this particular case even a stabilized part of

the excavation was damaged after the loss of stabilily of the core.

The Frejus tunnel construction experienced a deceleration and a 15-day suspen-
sion of excavation in the chainage of 5,172 m. As a résull, the convergence increa-
sed more than three-fold in the locations where the heading had been found in the
moment of the excavation work suspension.

After resumption of the excavation work the convergence got back to the original
values in other locations. The reason was that the rock massif was given, in the cour-
se of the suspension of the excavation work, the opportunity to develop the process
of deformation up to the limits of plastic deformation.

The relations between the rock deformation in front of and in advance of a heading,
and their impact on the short-term and long-term stability of the excavated space in
front of the heading were subject of a long-term research in ltaly. Its results were
reviewed by Lunardi (1993 and 1998).

Detailed and overall measurement of convergence, pre-convergence and distribu-
tion of horizontal deformations in advance of a heading, and measurement of extru-
sion was performed, in the framework of a research, on trial sections of the San Vital
tunnel in lialy.

it was shown by means of a gauge measuring deformations in horizontal boreho-
les (sliding micrometer), classical measurement of convergence, and other measure-
ments that the convergence in front of a heading and horizontal deformation of a tun-
nel face can be restrained by means of reinforcing the rock core in advance of the
heading through application of special technological measures and, before all, what
for a positive effect those measures have in decreasing the convergence and in
enhancing stability of an excavation even in front of the heading.

There are the following three basic technological solutions possible to reinforcing
the core. Their applications were tested by the above mentioned research:

o A system of horizontal dowels inserted into the tunnel face - fiber-glass dowels rea-
ching up to the distance of about 3 diameters of the tunnel in advance of the hea-
ding.

» Support and protection of the face by shotcrete

o Protection and reinforcement of the rock core by means of peripheral grouting,
a micropile umbrella performed along the periphery of the excavation, or by a sys-
tem of "pre-vaults” (see clause 4),

Conclusions drawn from the above mentioned research correspond with our empi-
rical experience. They can be summarized as follows:

« If the relation between the existing rock stress and its strength in the area of the
core is of such a kind that the deformation response to the excavation remains
approximately within the elastic zone, the classical procedure of installation of
a final support of the completed excavation only is usually sufficient. There is no
need to pay any special attention to the rock in advance of the heading. Although,
if a longer suspension of the excavation work occurs, it is always advisable, in case
of softer rock before all, to treat and support the face.

« If deformation processes occur in the course of excavation the character of which
starts to show plastic elements, the most effective solution how to minimize the
convergence and to provide sufficient short-term and long-term stability both of the
excavation and of the heading is to reinforce the rock core in advance of the hea-
ding, thus to efiminate the possibility of development of plastic areas in the rock. It
is necessary to note that the development of plastic areas can occur not only in
firm rock under high pressures of mighty overburden of deep tunnels but also in
shallow tunnels driven in very soft, unsolid ground.

Our above mentioned experience is confirmed even by conclusions and recom-
mendations by Lunardi (1998):

"1, There exists a close relation between manifestation of the core extrusion at the

heading and the size of convergence and pre-convergence.
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Obr. 1 Fig. 1
Konvergence obrysu pred ¢elbou tunelu pfi NRTM
Convergence of a contour in front of a heading at the NATM
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vetsi intenzity otfesl, se nahrazuje vrubem umisténym po obvodu vyrubu. Vrub se
déla mechanicky, bez pouZiti trhacich praci, vy$e uvedenym popisem fetézovou pilou.

Snizeni intenzity vibraci pfi odstfelu je dosazeno oddélenim jadra vyrubu od okol-
ni horniny obvodovym vrubem.

"Jadro" horniny se pak téZ za mensiho pouZiti trhavin nez pii klasickém postupu.
Casovéni odstfeld se déje smérem od obvodu k centralni Gasti, zatimco pfi postupu
s klasickym centralnim z&lomem tomu je naopak.

Vyhody jsou nasledujici:

snizeni mnoZstvi trhaviny (30 - 50 %)

zmen$eni poétu technologickych krokd, celkové snizeni nakladd (20 - 30 %)
zachovani plvodnich vlastnosti horniny v okoli vyrubu

omezeni nadvylom{

realizace hladkého vylomu

minimalizace pozadavk( na primarni osténi

Uspory pfi dimenzovani definitivniho (sekundarniho) osténi

Dalsimi technologickymi vyhodami, dosaZzenymi pii realizaci této metody jsou
napfiklad zmen3eni objem{ piipadnych vypliiovych a tésnicich injektaZi, usnadnéni
pfechodi kontaktd hornin s vyrazné odli$nymi viastnostmi, zvyseni bezpeénosti pra-
ce, odstranéni rozletu homniny od &elby, snizeni rizik spojenych s destrukci primarniho
osténi a ¢elby, vylouceni ¢isténi povrchu vyrubu po odstfelu.

4.3. MOV V MEKKYCH HORNINACH

Hlavnim smyslem metody obvodového vrubu v mékkych horninéch je eliminace
nezadoucich deformaci na povrchu terénu pii soutasném snizeni naroku na provi-
zomi i definitivni osténi a zvy$eni bezpecnosti prace.

Originalita tohoto postupu spotiva ve vytvofeni "pfedklenby" (vybetonovanim
obvodového vrubuy), ktery se postupné provadi fetézovou pilou a pfipadném vyztuze-
ni horninového jadra pied ¢elbou.

Pfedklenby maji tvar konicky do sebe zapadajicich obvodovych plasti.

Plasté se rozeviraji ve sméru postupu razby. Pfesahy ¢ini do 10 % z celkové
hloubky vrubu, kterd dosahuje az 5 m.

Pfedklenba pak vznikne okamzitym vypInénim vrubu rychle tuhnoucim betonem.

Vlastni razba horniny se pak realizuje pod ochranou takto vznikié klenby. V pFipa-
dé priznivych geologickych podminek, piedklenba slouzi zéroven jako primarni osté-
ni. V pfipadé zvy&enych hominovych tlakd je mozné jests "pedklenbu’ vyztuzit doda-
tené ocelovou vyztuzi, betonovymi segmenty atp.

Obvodovy vrub se realizuje po malych segmentech (na vysku pily). Betona? se
déla okamyité po zhotoveni kazdého jednotlivého nebo nékolika vrubd. Diky rychlos-
ti vytvofeni vrubu - az 2 m/min., dochazf k jeho napInéni betonem téméF okamzité, dfi-
ve nez mizZe dojit k podstatnéjdim zménam v rozlozeni napéti v horniné v okoli vrubu
a jeho sevieni,

Konvergence
za Celbou 1

Pre-konvergence
pfed Celbou 4
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Convergence Pre-convergence
in front of a heading in advance of a heading

Obr.2 Fig. 2
Konvergence, prekonvergence a extruze
Convergence, pre-converngence, and extrusion

Obr. 3 Fig. 3
Fyzikalni vysvétleni prekonvergence a extruze
Physical explanation of pre-convergence and extrusion

2. There is a close relation between the loss of stability of the core (of the tunnel
face) and the loss of stability of the excavation, without respect to any stabili-
zation provided before.

3. Manifestations of deformation (extrusion) of the tunnel face and of the excava-
tion always follow each other chronologically, in succession.

4. Since the deformation-related behavior of the excavation relates closely to the
rigidity of the core, an opportunity offers itself how to utilize the core, namely
an increase of its rigidity by technological measures, as an instrument for
enhancement of stability of the excavation proper.

5. The chronological course of the convergence around the excavated space can
serve as an important signal for searching for the moment when further advan-
cing of the excavation should be suspended to perform another reinforcement
of the core, and for determination of the length which would be sufficient for it."

The Peripheral Slot Pre-cutting Method is one of the tunneling methods which res-

ponse to the experience gained and to the knowledge of the interrelation between the
deformation-related behavior of the rock in front of a heading and in advance of a hea-
ding.

4. THE PERIPHERAL SLOT PRE-CUTTING METHOD
(THE PSPM)

The Peripheral Slot Pre-cutting Method is based on execution of a peripheral slot
along the periphery of a future excavation. The slot is cut by a special chain saw
which is moved on a special frame structure, following the periphery of the future tun-
nel lining. The slot depth and thickness vary from 2 to 5 m and 15 to 40 cm respecti-
vely.

The method exists in two basic variants, i.e. a method for hard rock, where the
excavation proper is performed with drill + blast, and a method for soft ground, whe-
re classical equipment is used for the excavation, without drilling and blasting.

In the former case, the basic task of the peripheral slot is to separate the rock to
be excavated from the massif, thus to make an intensive use of explosives possible,
with minimizing the transfer of unacceptable vibrations to the surrounding rock and on
the terrain surface, where the vibrations would jeopardize existing buildings.

In the latter case, the reason is to create a concrete pre-vault in the rock, which
would create a protective arch, and reinforce by this way sufficiently the rock core for
excavation in a rock environment which is not stable enough. The "pre-vault is crea-
ted by filling of the peripheral slot with rapid-set concrete.

4.1 THE PSPM GENESIS

In the past, cutting out of rocks was used for mining in coal mines, or in quarries.
Regarding civil engineering, first use was in France in the sixties. Initially, the use was
limited to hard rocks with the aim of making the blasting work easier, and of minimi-
zing adverse effects of vibrations (the AUBER metro station in Paris). However,
efforts to apply this method even in soft ground appeared soon. In the years 1974 -
1976 this method was used first time on the line "A" of the Paris metro to Fontenay
sous Bois. At that time a full face excavation was not performed yet. The upper half
of the tunnel tube was driven only in the first phase, only then the bottom part was
excavated.

The first full face excavation was applied in the years 1980 - 1982 on the metro
construction in Lille.

In the beginning of the nineties, the tunnels in Paris Sceaux - Fontenay, Galaure
for the TGV - the Rhone Alpes, and the Limeil Brevannes tunnel were being driven,

Afterwards, the method was spread into the other parts of the world, e.g. the
KARUIZAVA road tunnel in Japan in 1993, Trevive company's experimental heading
in a lime quarry, or the SUBARI - Cosenza tunnel in lialy.

There can be seen another innovation in France, the country where the method ori-
ginated, namely the innovation of technological plant (continual movement of the
mechanical equipment bearing the chain saw jib, the size, advance and thickness of
the slot). A state-of-art equipment was used, for example, for construction of the Saint
Germain en Laye tunnel in France.

The tunnel in Ramsgate, England, was completed at the end of the year 1999 and
currently a construction of a 1.7 km long railroad tunnel is being prepared next to
Chomutov in the CR.

4.2. THE PSPM IN HARD ROCK

This variant of the PSPM is meant for built-up areas above all, It limits significant-
ly the adverse effect of vibrations caused by using explosives for excavation.
The principle rests in the fact that a primary central cut into the rock, which is the
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Vhodné geologické podminky pro aplikaci této metody jsou hliny, jilové pisky, plas-
tické i tuhé sliny a jily (véetn& bobtnavych), dale mékké bfidlice, sadrovec, pfipadné
kfidové hominy vEetné mékeich vapencl.

DuleZita je dostate¢nd koheze, aby se vrub udrZel stabilni pfed napinénim beto-
nem. Existuji ale i postupy, kdy Ize metodu aplikovat u hornin s téméf nulovou sou-
drznosti.

Jako horniny nejvhodnéjsi pro tuto metodu z hlediska jejich pevnosti jsou klasifi-
kovény ty, jefichz pevnost v jednoosém tlaku nepfevysuje hodnotu okolo 20 MPa.

Vyhody popisované metody jsou nasleduiict:

« zachovan( ptivodniho stavu horninového masivu v okolf tunelu jak co do rozloZeni
napjatosti, tak co do deformaénich parametri
+ téméi Uplné vylougeni nadvyloma diky pfesnému situovani vrubovaciho stroje

source of the highest intensity of vibrations, is replaced by a slot, located around the
periphery of the excavation. The slot is performed by a machine, without use of explo-
sives, according to the above mentioned description, with a chain saw.

Limitation of the vibrations intensity during biasting is achieved by separation of the
excavation core from the surrounding rock by means of the peripheral slot.

Then the rock "core” is excavated with less use of blasting than by the classical
method. Timing of the charges is performed in the direction from the circumference
towards the central part, while if the method with a classical central cut is used, the
timing it is done in a reverse manner.

There are the following advantages:
¢ decrease in the amount of explosives (30 - 50%)
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Obr.4 Fig. 4
Prirtistek konvergence v disledku ztraty stability vyrubu u tunelu San Stefan (Lunardi)
Convergence increase due to the loss of stability of the San Stefan tunnel excavation (Lunardy)
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Obr.5 Fig. 5
Zmény konvergence v zavislosti na rychlosti razby u tunelu Frejus (Lunardi)

Overburden (m)

Convergence change in dependence on the advance rate of excavation of the Frejus tunnel (Lunardi)
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* t6méf dpiné vylouceni vyplitové injektdze v disledku dokonalého spojeni betonu

v piedklenbé s okolni horninou
* zvy8eni bezpecnosti razicii v dlsledku mechanizace a snizeni poctu élenti osadky

pracujicich v blizkosti Gelby
* podstaing eliminace deformaci (véetné konvergence) v okoli vyrubu i na povrchu

terénu (sniZeni hodnot sedant)
* zrychleni postupu razby v diisledku velké mechanizace a zvy$eni bezpednosti pra-
ce.

Metoda obvodového vrubu nahrazuje hnané pazeni pii klasické razbé v mékkych
horninéch, predstihové vyztuzovani vyrubu prstencem mikropilot nebo tunelovani
razicim $titem &i predstihové zpeviovani homin injektazemi,

Dalsimi vjhodami je u méléich vyrubt maximaini horizontalni &lenéni na dva stup-

[

I
|
|
i
I
|

Obr6. Fig. 6
Profezavani obvodového vrubu
Cuting of a pheripheral slot

Centralni zalom
Central cut
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Klasicky odstrel s centralnim zalomem

Classical blasting with a central cut

Obr. 7
Obvodovy vrub a ¢asovani odstrell pFi aplikaci obvodového vrubu a bez
ného

Smér vystaby klenby |

Direction of the ufau,‘r: !
consleuction: -

Obr.8 Fig. 8
Tvorba pfedkleneb pfi metodé obvodového vrubu v mékkych hominach
Creation of pre-vaults in the Peripheral Siot Method in soft ground

limitation of the number of technological steps, an overall decrease in the costs (20
- 30%)
* preservation of the original properties of the rock in the excavation surroundings
* limitation of overbreaks
¢ execution of smooth excavation
* minimization of requirements on primary lining
¢ savings achieved in proportioning of final (secondary) lining

Other technological profits, gained during application of this method, are for exam-
ple a decrease in the volume of back grouting and sealing grouting, if need be, easi-
er passing through interfaces of rocks with significantly differing properties, an enhan-
ced working safety, coping with the rock flying away from the heading, limitation of
risks connected with destruction of primary lining and of the tunnel face, elimination
of the necessily to clear/scale the surface of the excavation after blasting.

4.3 THE PSPM IN SOFT GROUND

The main purport of the peripheral slot method in soft ground is elimination of
undesirable deformations on the surface of terrain, with a concurrent reduction of the
demand on temporary and final linings, and enhancement of working safety.

Originality of this technique consists in creation of a "pre-vault" (by filling the perip-
heral slot with concrete), which is cut step by step with a chain saw, and in an overall
reinforcement of the rock core in advance of the tunnel face, if need be.

The pre-vaults have a shape of circumferential jackets, fitting into each other.

The jackets open in the direction of the excavation advancing. The length of over-
laps is up to 10% of the total depth of the slot, which amounts up to 5 m.

The pre-vault is created by immediate filling of the slot with rapid-set concrete.

Excavation of the rock proper is performed then under the protection of the vault,

Obvodovi vrub
Peript

Odstrel pfi aplikaci obvodového vrubu
Blasting with application of the peripheral slot

Fig. 7
Peripheral slot and timing of charges with and whithout application
of the pripheral slot

which was built in such the manner. In case of favorable geological conditions the pre-
vault also serves as a primary lining. In case of increased rock pressures the pre-vault
can even be reinforced by an additional steel reinforcement , concrete segments etc.

The peripheral slot is cut in small segments (the size corresponds to the saw
height). Concrete is injected immediately after each single slot or several slots are
cut. Owing to the speed of cutting the slot (it can be 2 m/min), it can be filled with
concrete nearly immediately, before any significant changes in distribution of the rock
stresses in the vicinity of the slot can occur, and before the slot can close.

Suitable geological condiitions for application of this method are in soils, clayey
sands, plastic and stiff marls and clays (including the swelling ones), soft shales, gyp-
sum, or chalks including softer limestones.

Sufficient rock cohesion s vital for the siot to remain stable before it is filled with
concrete. Although, procedures exist by which this method can be applied in rocks
with nearly zero cohesion.

The types of rock the uniaxial compression strength of which does not exceed
a value about 20 MPa are most suitable for this method.

The described method has the following advantages:
¢ preservation of the original state of the rock massif surrounding the tunnel both in

fts stress distribution and deformation parameters
* nearly tofal exclusion of overbreaks thanks to exact positioning of the slotting

machine
* nearly total exclusion of back grouting owing to the perfect connection of concrete
in the slot with the surrounding rock
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né, priibézné ovéfovani vlastnosti homin pfed elbou a tim minimalizace rizika zava-
161 a vy$8i mira mechanizace.

4.4. ZARIZENI RE'ALI;UJiCi’ OBVODOVY VRUB
(VRUBOVACI ZARIZENI)

Zakladnim prvkem zafizen, provadéjiciho obvodovy vrub, je tuhy nosny ram, kte-
ry ma tvar sledujici obvod budouciho vyrubu. Podél nosného ramu obiha nosi¢ na
jehoz vylozniku se pohybuje vikonna fetézova pila profezavajici v hominé vrub.
Vyloznik je nastavitelny do sklonu k ose tunelu, aby bylo mozno vruby predklenby
délat tak, aby do sebe konicky zapadaly. .

U poslednich verzi téchto zafizeni je nosi¢ umistén nad nosnym ramem. Cely nos-
ny ram je zpravidla namontovan na kragejicich horizontalnich nosnicich zajistujicich
pohyb celého ramu vpfed a vzad podél podéiné osy tunelu.

Mechanismus vlastni fetdzové pily je upravovan podle pevnosti hornin. Dnes
existujl modifikace schopné realizovat vrub i v homindch s pevnosti az do 80 a ve
vyjimeénych pfipadech az 150 MPa pevnosti v jednoosém tlaku. Celé zafizeni
se dimenzuje prostorové podle rozméri budouciho tunelu a jeho stavebniho uspo-
fadani.

Pohon vrubovaciho stroje, jehoz hmotnost dosahuje az 60 tun, se déje hydraulic-
kymi motory, jejichz vykon dosahuje hodnotu az 400 KW.

Vyrabi se i verze, které kromé realizace pfedkleneb osazuii do osténi prefabrikaty.

4.5. MONITORING PRI MOV

Monitoring je u MOV, stejn& jako u NRTM a v&ech tunelovacich metod od ni odvo-
zenych, jeji neoddélitelnou a podstatnou souddsti. Na zakladé vysledkd méfeni se
kontroluje spoluptisobeni obezdivky s horinovym masivem a upravuji technologické
postupy.

Hlavnim cilem je kontrolovat:

« kratkodobou i dlouhodobou stabilitu vyrubu
* deformace provizomiho i definitivniho osténi
¢ pribéh poklesové kotliny nad tunelem

Aby tyto parametry byly udrzovany v projektem pfedepsanych mezich, tak se na
zakladgé méfeni operativné upravuji nasledujici technologické kroky:
délka a presahy pfedkleneb
mocnost pfedklenby, pfipadné kvalita betonu
délka a podty vodorovnych sklolaminatovych kotev, instalovanych pfed Celbu
pfipadné piidatné vyztuZeni predklenby do doby realizace definitivnino osténi
pfipadné vyztuzeni Eelby mezi jednotlivymi zafezy stiikanym betonem
Unosnost definitivniho ostént.

Na zakladé méfeni |ze téZ upravovat rychlost razby a zejména vzdalenost mezi
¢elbou a definitivni obezdivkou (maximalni rychlost a minimalni vzdalenost je omeze-
na technologickymi limity metody a zafizeni).

Méfené veli¢iny

Zakladnim méfenim je konvergence primamiho osténi. Méfické znacky jsou osa-
zovany do betonu primémiho osténi tésné u Eelby. Méfeni se provadi v roving kolmé
na postup ¢elby minimélné ve tfech smérech.

Pokud se pfistupuje ke ztuZovani jadra horizontalnimi kotvami z Celby, tak je
7adouci méfeni extruze &elby a rozlozeni vodorovnych deformaci pfed Celbou. To se
méf specialnimi vicetroviiovymi méfidly, instalovanymi ve vodorovném vrtu prova-
déném z celby.

V pifpadé, Ze nad tunelem je zastavba, je nutno peclivé méfit pribgh poklesové
kotliny v podélném i pfiéném sméru.

Doplitkova méfeni jsou tlaky v betonu obezdivek, tiaky pod hlavami kotev instalo-
vanych okolo vyrubil a rozlozeni vertikalnich deformaci nad klenbou prostfednictvim
svislych vicetroviiovych extenzometrd,

Obr. 9

Fig. 9
Pohled na ¢elbu a predklenby
View of a heading and a pre-vault

« enhancement of working safety of miners as a resull of mechanization and cut
number of the crew members working close to the tunnel face

» substantial elimination of deformations (including convergence) both in the vicinity
of the excavated space and on the terrain surface (decreased subsidence values)

« acceleration of the advance rate owing to large equipment and enhanced working
safety

The peripheral slot pre-cutting method substitutes forepoling, used in classical
excavation in soft ground, a support of excavation performed in advance by a ring of
micropiles, or tunneling with shields, or an advanced reinforcing of the rock by means
of grouting.

Other benefits are, for shallower tunnels, in horizontal dividing of the face into two
headings as a maximum, continuous verification of rock properties in advance of the
heading, thus minimization of the risk of caving-ins, and a higher level of mechaniza-
tion.

4.4 EQUIPMENT FOR APPLICATION OF THE PSPM

A rigid bearing frame, the shape of which follows the periphery of the future exca-
vation, is the basic element of the slot cutting equipment. A jib provided with a chain
saw, cutting the slot in the rock, is moved along a bearing frame. The jib can be set
into a position at an angle to the tunnel axis, so as to enable cutting of the slots of the
pre-vault in such a manner to overlap each other conically.

Last versions of this equipment have the jib installed above the bearing frame. The
whole bearing frame is usually mounted on horizontal "walking beams", which provi-
de the ability of the whole frame to move ahead and back along the tunnel longitudi-
nal axis.

The mechanism of the chain saw proper is adjusted depending on the rock
strength. Currently, such modifications of the chain exist which can cut a slot even in
the rock the uniaxial compression strength of which amounts to 80 MPa, exceptionally
to 150 MPa. The whole machine is structurally designed with respect to dimensions
of the future tunnel and its structural configuration.

Slotting machines, the weight of which amounts up to 60 tons, are driven by hyd-
raulic motors with the outputs reaching as high as 400 kW.

Even such a version is manufactured, which installs precast lining segments apart
from creation of pre-vaults.

4.5. MONITORING FOR THE PSPM

Monitoring for the PSPM is, in the same way as for the NATM and all tunneling
methods derived from that one, its inseparable and substantial part. Results of the
monitoring provide a basis for checking on the composite action of the lining with the
rock massif, and for adaptation of technological procedures.

The main objective of the monitoring is in checking on:

* the short term and long term stability of the excavation
o deformation of temporary and final lining
o the settiement trough above the tunnel changing with the time

Following technological steps are operatively adapted on the basis of the measu-
rements, with a view to keeping the above parameters within the limits required by the
design:

Obr. 10
Vrubovaci zafizeni s fetézovou pilou
Slot culting machine with chain saw

Fig. 10
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5. PLANOVANE APLIKACE MOV V CR

O aplikaci metody obvodového vrubu bylo jiz uvazovano v pfipadé tunelu
Mrazovka v Praze, jehozZ stavba byla zahajena na sklonku roku 1998. Od navrhu véak
bylo upusténo pro obCasnou pfitomnost tvrdych kfemencovych vrstev v podélném
profilu tunelu a nepfesvedcivé ekonomické vyhodnoceni v disledku velmi proménli-
vych geologickych i morfologickych podminek v trase.

Poprvé se predpoklada pouziti této metody pii stavbé Zelezniéniho tunelu na pre-
lozce trati CD v lseku BFezno u Chomutova - Chomutov.

Celkova délka tunelu bude 1758 m, z toho 1478 m razeného tunelu a 280 m hlou-
beného tunelu. Tunel prochdzi masivem vrchu Chocholag s relativné malym nadlo-
zim. Jeho nejv&tsi mocnost bude pouhych 25.43 m.

Stavebni jamy v mistech portall budou zajitovany kotvenymi pilotovymi sténami
a kotvenymi zaporovymi sténami.

Razen4 ¢ast tunelu bude mit teoretickou plochu vyrubu 63.8 m?, pfiemz vylom
jadra se bude provadét ve dvou krocich. Hloubka vrubu provadéna fetézovou pilou
bude 5 m. Tloustka vrubu bude 20 cm. Denni postup se pfedpoklada okolo 4 m.
S ohledem na nepfiznivé vlastnosti hornin, ve kterych bude stavba probihat, je navr-
Zeno ztuZovani jadra pred ¢elbou systémem horizontélnich sklolaminatovych kotev
vrtanych z &elby a s ochranou Celby pfed kazdym dal$im zabérem stiikanym beto-
nem.

Tunelovy objekt je situovan v souvrstvi jild a piskl tzv. libkovickych vrstev.
Parcidlné bude niveleta traté prochazet i souvrstvim hnédouhelnych sloji. V misté
tunelu nejsou ani vylouceny vyskyty historickych diinich stafin. Razba tunelu bude
probihat ve stfedné aZ vysoce plastickych jilovitych zeminach, pevné aZ tvrdé konzi-
stence s nachylnosti k objemovym zménam a bobtnani, v prostfedi na rozhrani zemin
a poloskalnich hornin.

6. ZAVER

¢+ Klicovym parametrem u NRTM i u véech metod od ni odvozenych je Gasovani jed-
notlivych technologickych krokd. Tento poZadavek neni mozné dostate¢né zddraz-
nit. Jestlize se pfisludna technologicka opatieni provadéji pozdé, jejich zadouci
efekt je podstatné podvazan. | kdyZ se stavba realizuje a véechna navrhovana
technologicka opatfeni se provadéji, pfi nerespektovani jejich Gasovani se nejedna
o NRTM.

¢ Existuje velmi (izka souvislost mezi deformaénim chovanim jadra horniny pfed ¢el-
bou a konvergenci za Eelbou veetné kratkodobé i dlouhodobé stability vyrubu. Tato
souvislost je velmi vyrazna v podminkéach, kdy deformace horniny pfesahuii elas-
tické obory.

Obr. 11 Fig. 11
Pohled na vrubovaci zafizeni
View of a slot cutting machine

« the length and overlaps of pre-vaults

¢ thickness of the pre-vault, and concrete grade if need be

¢ the length and number of horizontal fiber-glass dowels installed in advance of the
heading

e an additional support of the pre-vault, if necessary, until the final lining is comple-
ted

¢ support of the face with shoicrete between the several cuts, if need be

¢ bearing capacity of the final lining
The advance rate, and the distance between the face and the final lining above all,

can also be adapted with respect to the measurements (the maximum speed and

minimum distance are limited by technological limits of the method and of the plant).

Measured data

Primary lining convergence measurement is the basic one. Marker pins are fixed
into concrete of primary lining just next to the tunnel face. Measurement is performed
in the plane perpendicular to the heading direction, in three directions as a minimum.

If the reinforcement of the core is carried out by horizontal dowels installed from
the face, the measurement of the face extrusion and of horizontal deformations in
advance of the face is advisable. That one is measured by means of specialist multi-
level meters, installed in a horizontal bore hole drilled from the face.

If there are buildings above the tunnel, the shape of the settlement trough both in
the longitudinal and the transversal direction must be measured carefully.

Supplementary measurements are the measurement of stresses in concrete of the
linings, pressure under the heads of rockbolts installed in the tunnel periphery, and of
distribution of vertical deformations above the vauft by means of multilevel extenso-
meters,

5. THE PSPM APPLICATION IN THE CR

Application of the peripheral slot pre-cutting method was contemplated even in the
case of the Mrdzovka tunnel in Prague, the construction of which was commenced
fowards the close of the year 1998. Although, the proposal was abandoned for an
occasfonal presence of hard quartzite strata within the longitudinal profile of the tun-
nel, and for unconvincing economy evaluation resulting from very variable geological
and morphological conditions along the route.

First utilization of this method is expected on the construction of the railroad tunnel
on the realignment works of CD's (Czech Railways') track between Bfezno
u Chomutova and Chomutov.

The overall length of the tunnel will be of 1758 m, out of that a driven tunnel and
a cut and cover section length will be of 1478 m and 280 m respectively. The tunnel
passes through the massif of Chocholac hill, with relatively shallow overburden, the
largest thickness of which will be of 25.43 m only.

The open box excavations at portals will be supported by anchored pile walls and
by anchored soldier piles and lagging.

The driven part of the tunnel will have its theoretical excavated cross section of
63.8 m2, with excavation of the core executed in two steps. The slot, executed with
the chain saw, will be 5 m deep. The slot thickness will be of 20 cm. Advance rate
about 4 m/day is anticipated. With respect to inconvenient rock properties in which the
excavation will be performed, reinforcement of the core in advance of the heading by
a system of horizontal fiber-glass dowels drilled from the face has been designed,
together with the face protection by sholcrete before every further advance is started.

The tunnel structure is situated in measures of clays and sands, into so called
Libkovice strata. Partially, the route will also pass through brown coal seams. Neither
occurrence of historic abandoned mining areas in the tunnel locality can be counted
out. The tunnel will be headed in medium to very plastic clayey soils of a solid to hard
consistency, prone to changes of volume and swelling in the contact area at the soil
and semi-rock interface.

6. CONCLUSION

* The key issue of the NATM, as well as of all methods derived from the NATM, is
timing of the several technological steps. This requirement can never be put stress
on sufficiently. If the respective technological measures are implemented too late,
their desired effect is substantially restrained. Even if the construction works are
performed and all technological measures are implemented, it is not the case of
the NATM if their timing is not respected.

A very narrow connection exists between deformation-related behavior of the rock
core in advance of the heading and the convergence in front of the heading, inclu-
sive of the short term and long term stability of the excavation. The above conne-
ction is very marked in such the conditions when the rock deformations cross elas-
fic ranges.
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+ V takovém piipadé ztuZenf jadra pfed Celbou, s cilem nepfipustit jeho plastické
pietvafeni, je velmi vyznamnym pfispévkem ke zmenSeni konvergence za ¢elbou
a k zvétseni kratkodobé i dlouhodobé stability vyrubu. U mélkych tunelli také ome-
zuje hloubku poklesové kotliny.

+ Naklady na ztuzeni jadra jsou podstatné mensi nez naklady na "zesileni" primarni-
ho i sekundarniho osténi a mohou byt &asto i jedinou moZnosti, jak si zajistit
stabilitu vyrubu v podminkéach vystavby tunelu v mékkych a silné tladivych hor-
nindch.

= Samoziejmou podminkou Uspésného uplatnéni NRTM a ji odvozenych metod

vcetné MOV je pribézny komplexni monitoring. Nezbytné je sledovat konvergen-
ci, pribéh poklesové kotliny v pficné i podéIné ose tunelu v zavislosti na ¢ase
a poloze éelby. Utelné jsou i informace o rozdéleni vertikalnich deformaci s hloub-
kou.
V pfipadech mékkych hornin, kdy se aplikuji metody vedouci ke zpevnéni hornino-
vého jadra pfed Celbou, napf. MOV, je Zadouci sledovat jejich Uéinnost prostied-
nictvim méfeni extruze &elby a jejiho vyvoje. (Vodorovné deformace se méfi v hori-
zontalnich vrtech vrtanych z Celby).

+ Pokud provadéjici firma nenf pfipravena reagovat na vysledky monitoringu velmi
pruzné variantami pfedem pfipravenych technologickych opatfeni véetné jejich
optimélniho nasazovani ve vhodném ¢ase, nelze vyuZit vyhod, které moderni tune-
lovaci metody skytaji. Na tom nic neméni fakt, ze i za takové situace lze zpravidla
tunel, ale s vétsimi naklady a v delsim ¢ase, postavit.

+ Metoda obvodového vrubu v mékkych hominach je metoda odvozena od NRTM.
Soucasti jejich technologickych kroku jsou opatfeni ke ztuzeni horninového jadra
pred Celbou, véetné realizace predklenby prostfednictvim vybetonovaného obvo-
dového vrubu. Jako takova pfedstavuje vyznamny piispévek tunelovému stavitel-

1. faze: Postupné vyhloubeni obvodového vrubu a postupné betonovani
vrubll stfikanym betonem. Vytvoreni souvislé betonové predklen-
by. Osazeni monitorovacich znacek pro méfeni konvergence.
Zakladni konvergenéni méfeni (u kazdé "n"té klenby).

Phase 1:Step-by-step cutting of the peripheral slot and step-by-step filling
of the slots with shotcrete. Creation of a continual concrete pre-
vault, Installation of monitoring marks for convergence measure-
ments. A basic measurement of convergence (for every n" vault).

Obr. 12  Fig. 12
Realizace vrubll a jejich betonaz, Slots cutting and filling with concrete

2. faze: Kratky odstup vrubovaciho stroje od Celby a realizace horizontal-
nich kotev (sklolaminatové ty¢e) do ¢elby s cilem zpevnit hominu
bezprostfedné pfed Celbou (kaZdy druhy az tieti zabér).

Phase 2: Short step back of the slotting machine from the face, then insta-
llation of horizontal dowels (fiber-glass rods) into the face, with the
aim of reinforcing the rock just in advance of the heading
(at every 2 and 3" advance)

Obr. 13 Fig. 13

ZtuZovani jadra sklolaminatovymi kotvami (kazdy 2. nebo 3. zabér).
Reinforcement of the core by fiber-glass dowels

(at every 2nd and 3nd advance).

o |n such the case, reinforcement of the core in advance of the heading, aimed to
prevent its plastic deformation, presents a significant contribution to limiting the
convergence in front of the heading, and to enhancing the long term and short term
stability of the excavation. For shallow tunnels, it also considerably limits the depth
of the settlement trough. '

¢ The cost of the core reinforcement is substantially fower than the cost of "strengt-
hening" of the primary and final linings, and it can often remain as the only possi-
bility how to provide stability of an excavation in the conditions of building a tunnel
in a soft and heavily squeezing types of ground.

¢ Total monitoring, performed on an ongoing basis, is a logical condition of success-
ful application of the NATM and of methods derived from the NATM, including the
PSPM. It is necessary to monitor the convergence, the settlement trough in the
transversal and longitudinal axes of the tunnel changing with the time and the loca-

3 faze: Odsun vrubovaciho stroje az do mist k definitivnimu osténi
(cca 30 m od ¢elby).

4. faze: Rozpojovani horniny (jadra) pod ochranou predklenby a odvoz
rubaniny

5. faze: Vyztuzeni primarniho osténi v $ifce posledniho zabéru vestave-

nymi, zpravidla ocelovymi oblouky (jen pozaduje-li to ve zviaste |
obtiznych geologickych podminkéach projekt).
Konvergenéni méfeni I

Phase 3: Step back of the slotting machine up to the final lining location
(about 30 m in front of the fac).

Phase 4: Rock (core) excavation under protection of the pre-vault, and
spoil removal

Phase 5: Support of the primary lining within the length of the last advance
by means of built in, usually steel, arches is provided (only if it is
required by the design in especially difficult geological
conditions). Convergence measurement.

Obr. 14 Fig. 14
OdtéZovani horninového jadra, Excavation of the rock core

6. faze: Stabilizace Celby stiikanym betonem

7.faze: PFesunuti vrubovaciho stroje k Eelbé a hloubeni dal$iho vrubu

(viz. 1. faze vEetné soudasné realizace definitivniho osténi v

pfislusném odstupu od ¢elby a vrubovaciho stroje),

Phase 6: The face stabilization with shotcrete

Phase 7. Moving the slofting machine to the face, and cutting of another
slot (see the phase 1, inclusive of a concurrent execution of the
final lining a distance from the face and from the slotting

machine required).

Obr. 15 Fig. 15
Nastfik ¢elby betonem pred zahajenim dalsiho zabéru
Spraying concrete on the face before starting another advance
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stvi, zejména v mékkych horinéch a v malych hloubkach, kde je nezbytné mini-
malizovat deformace na povrchu.
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The PSPM version, when the pre-vaults are reinforced by means of concrete prefabs
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tion of the heading. Also the information on distribution of vertical deformations
changing with the depth is expedient.

In the case of soft ground, when the methods leading to strengthening of the rock
core in advance of the heading are applied, e.g. the PSPM, it is desirable to moni-
tor their efficiency by means of measurement of the face extrusion and develop-
ment. (Horizontal deformations are measured in horizontal bore holes drilled from
the face.)

e If the contractor is not ready to react very flexibly to the results of monitoring by
variants of the in advance prepared technological measures, including their opti-
mal bringing into action in an appropriate time, it is impossible to take the advan-
tage of the opportunities offered by modern tunneling techniques. The fact that it
is usually possible to build a tunnel even in such the situation, although at higher
cost and in a longer time period, changes nothing on the above statement.

¢ The peripheral slot pre-cuiting method for soft ground is a method derived from the
NATM. A part of its technological steps is formed by the measures to strengthening
of the rock core in advance of the heading, including creation of a pre-vault by
means of a peripheral slot injected with concrete. As such, it represents an impor-
tant contribution to the tunnel engineering, namely in soft ground and in low
depths, where minimization of surface deformation is necessary.
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HODNOTENIE KVALITY HORNINOVEHO PROSTREDIA
PRE UCELY VYSTAVBY PODZEMNYCH DIEL A VZTAHY
MEDZI KLASIFIKACNYMI SYSTEMAMI

EVALUATION OF ROCK ENVIRONMENT FOR PURPOSES
OF CONSTRUCTION OF UNDERGROUND WORKS
AND RELATIONS AMONG CLASSIFICATION SYSTEMS

Mgr. MARIAN KUVIK, DOC. RNDr. PETER WAGNER, CSc.,
FACULTY OF ENGINEERING GEOLOGY, PRIF UK, BRATISLAVA

uvobp

Jednym z ddlezitych problémov, slvisiacich s pripravou a vystavbou podzemnych
diel na Slovensku, je otazka komplexného a objektivheho hodnotenia kvality hornino-
vého prostredia. V dosledku Utlmu vystavby podzemnych diel v poslednych desatro-
Giach totiz nagi odbornici nemali moznost prakticky aplikovat' viaceré nové poznatky
z oblasti mechaniky hornin, razenia podzemnych diel modernymi metédami a moder-
nych spdsobov hodnotenia kvality horninovych masivov. Pritom prave moderné razi¢-
ské technoldgie a celkovy pohlad na funkciu a spravanie horinového masivu pri
vystavbe podzemnych diel prekonali za posledné desattodia najvacsi rozvoj.
Vysledkom novej filozofie chapania funkcie horninového masivu je odvodenie novej
rakUskej tunelovace] metddy (NRTM) a s fiou spojenej klasifikacnej normy (ONORM
B 2203) a ich celoeurdpske rozsirenie.

Uvedené skutoénosti sa prejavili i v slvislosti s programom vystavby dialhic na
Slovensku, sti¢astou ktorého je realizacia viacerych naroénych tunelovych stavieb.
Projektanti tunelov vo véeobecnosti poZaduju Klasifikovat horninove prostredie podla
rakskej tunelarskej normy ONORM B 2203. Tato norma je véak koncipovand ako
obchodna norma, upravujuca vztahy medzi investorom stavby a jej dodavatelom.
Preto klasifikacia kvality prostredia podfa nej do znacnej miery zavisi od praktickych
skisenosti geoléga. Zial, nasi odbornici nemajl vo vieobecnosti s takymto spdso-
bom posudzovania kvality horninového prostredia dostatotné skusenosti. Preto sa
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Priebeh klasifikaénych hodnoteni vo vztahu k ONORM B 2203
Course of classification evaluations with respect to ONORM B 2203

INTRODUCTION

One of the important problems having something to do with a preparation and con-
struction of underground works in Slovakia resides in a complex evaluation and objec-
tive one of the quality of rock environment. Due to a check put on construction of
underground works within past ten years, our experts have no possibility to apply in
practice many new pieces of knowledge concerning the rock mechanics, excavation
of underground works by means of up-to-date methods and up-to-date ways of eva-
luation of rock massif quality. And just up-to-date driving technologies and a complex
view to a function and behaviour of a rock massif when constructing underground
works have undergone a maximum development for the past ten years. The New
Austrian Tunnelling Method (NATM) and the classification standard (ONORM B 2203)
relating to it, as well as their spreading all over Europe represent a result of a new
philosophy concerning the function of a rock massif.

Mentioned facts appeared even in connection with the plan of construction of
motorways in Slovakia, the part of which is also represented by a realization of seve-
ral exacting tunnel constructions. Tunnel designers require generally for rock envi-
ronment to be classified according to the Austrian Tunnelling Standard ONORM B
2203. This standard, though, is framed as a business standard, arranging relations
between the client of the construction and its contractor. That is why the classificati-
on of the rock environment depends considerably upon practical experience of a geo-
logist. Sorry to say, our specialists have not generally sufficient experience with such
an evaluation of rock environment. That is why, besides evaluation according to
ONORM B 2203, they apply also other classification methods, often applied in our
country in the past.

The aim of this article resides in showing mutual dependence between the quality
evaluation of rock environment according to ONORM B 2203 and according to most-
ly applied semi-quantitative (point-wise system) classifications of paleogene sedi-
mentary rocks. This comparison may contribute in practice to the increase of objecti-
veness of quality evaluations of rock environment in the line of underground works,
which, in the final consequence, shall make it possible to classify more objectively
questionable sections and to improve mutual communication between the investor
and contractor of the construction. Besides this basic aim, we mention some further
pieces of knowledge having something to do with the quality classification of rock
environment for realization purposes of underground works.

METHODS FOR EVALUATING QUALITY OF ROCK
ENVIRONMENT WHEN CONSTRUCTING MOTORWAY
TUNNELS IN SLOVAKIA

In the project of the motorway network in the mountainous profile of Slovakia there
are planned about 42 km of tunnels. Several of the prepared tunnels are in the stage
of designing, possibly of the engineering-geological survey. As to big tunnel construc-
tions, there was realized one trial gallery and one tunnel tube of the tunnel under
Branisko, there was driven a trial gallery for tunnels Ovdiarisko and partially for the tun-
nel Horelica, and these days there is driven a trial gallery for the longest Slovak road
tunnel Visriové, where the possibility of application of a tunnelling machine (TBM) and
NATM in geological conditions of the Carpathian mountain system is tested.

Quality evaluations of rock environment is an unseparable part of investigation
works during construction preparations of underground works, With respect to the fact
that the construction of tunnels or caverns is very exacting from the financial point of
view, it is in the client's interest, that any underground work may be realized as quick-
ly as possible, with costs being as low as possible, and without a risk of a structure
collapse during the construction or operation phase. That is why it is the task of wor-
kers who perform the investigation, to call attention both of the client and of the buil-
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popri hodnoteni podla ONORM B 2203 pouzivajli aj iné, u nas v minulosti ¢astejsie
pouzivané klasifikaéné metody.

Cielom prispevku je preto ukazat vzajomn( zavislost medzi hodnotenim kvality
horninového prostredia podla ONORM B 2203 a podfa niektorych najpouzivanejsich
semikvantitativnych (bodovacich) klasifikacii v prostredi paleogénnych sedimentar-
nych homin, Toto porovnanie mdze prispiet’ v praxi k objektivizacii hodnotenia kvality
horninového prostredia v trase podzemnych diel, ¢o v konetnom dbsledku umozni
objektivizovat' zaradenie spornych Usekov a zlepsit vzajomnu komunikaciu medzi
investorom a dodavatelom stavby. Okrem tohto zakladného ciela uvadzame i niekto-
ré dalsie poznatky, stvisiace s klasifikovanim kvality horninového prostredia pre tce-
ly realizacie podzemnych diel.

SPOSOBY HODNOTENIA KVALITY HORNINOVEHO
PROSTREDIA PRI VYSTAVBE DIALNICNYCH TUNELOV
NA SLOVENSKU

V rdmci projektu dialiénej siete sa v hornatom reliéfe Slovenska rata s vystavbou
cca 42 km tunelov. Viacere z pripravovanych tunelov st v su¢asnosti v §tadiu projek-
tovania, resp. inzinierskogeologického prieskumu. Z velkych tunelovych stavieb uz
bola zrealizovana prieskumnd $télia a jedna tunelova rlra tunela pod Braniskom,
vyrazila sa prieskumna $télna pre tunely Ovéiarsko a Giastotne pre tunel Horelica
a v stc¢asnosti sa razi prieskumna $télia pre najdihsi slovensky cestny tunel Vistiové,
kde sa overuje pouzitelost tunelovacieho stroja (TBM) a NRTM v geologickych pod-
mienkach karpatskej horskej ststavy.

Hodnotenie kvality horninového prostredia je nedelitelnou sucastou prieskumnych
préac pri priprave vystavby podzemnych diel. Vzhladom na to, Ze vystavba tunelov ¢i
kaverien je financne nesmierne naro¢na, je samozrejmym zaujmom investora, aby sa
podzemné dielo realizovalo v &o najkratSom ¢ase, s ¢o najmensimi nakladmi a bez
rizika stavebnej havérie pocas budovania alebo prevadzky. Je preto Glohou riesitela
prieskumnych prac upozomit' investora a hlavne stavebnu organizaciu na mozné rizi-
ka, ktoré vyplyvaju z charakteru horninového prostredia a jeho interakcie s pouziva-
nou metddou razenia a vystrojovania podzemného diela, Pre zhodnotenie objektiv-
nych geologickych faktorov, ktoré na kvalitu horninového masivu vplyvaju, sa odvodi-
i a pouzivajd najrdznejsie Ucelové klasifikacné metddy.

Semikvantitativne bodovacie metody st zalozené na hodnoteni jedného alebo via-
cerych faktorov, ktoré najviac vplyvajd na kvalitu horninového masivu z hfadiska tune-
lovania. Medzi klasifikacie, ktoré boli u nas najCastejsie pouzivané, patria klasifikacie
NGI a QTS. Obidve klasifikacie st komplexné, teda hodnotia sti¢asne viacero vply-
vajlcich faktorov. Ich vyhodou je, Ze zachovavaju pdvodnu informaciu o horninovom
masive a jeho stave. K tymto udajom sa mozno teda hocikedy vratit' v pripade pre-
hodnocovania spornych Usekov (1. aj potas prevadzky tunela). i

Nekvantitativna metéda hodnotenia kvality horninového prostredia podla ONORM
B 2203 vychadza z pozorovania spravania masivu po¢as razenia, budovania vystuze
a po vystuzeni vyrubu. Opiera sa hlavne o pozorovanie tvorby nadvylomov a ¢asovy
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Priebeh klasifikacnych bodov v jednom z vybranych Usekov prieskumnej §toine
pre tunel Ovéiarsko. Zretelne vidiet' oneskorenie preradenia masivu z jednej
triedy do druhej, pricom klasifikacné systémy vykazovali tuto tendenciu uz skor.
Course of the classification points in one of the selected sections of the trial
gallery for the tunnel Ovciarkso. It is evident that the reclassification of the
massif from one class to the other one was delayed, in spite of the fact that
classification system had shown said tendency formelly.

ding contractor to possible risks which result from the character of the rock environ-
ment and from its interaction with the applied method of excavation and support of the
underground work. For evaluating objective geological factors which affect the rock
massif quality, there were derived and are applied various purpose classification met-
hods.

Semi-quantitative point-wise methods are based on evaluating either one or seve-
ral factors which mostly affect the quality of a rock massif with respect to tunnelling
works. Classifications NGl and QTS are mostly applied in our country. Both classifi-
cations are complex ones, i.e. they evaluate simultaneously more affecting factors.
Their advantage resides in the fact that they keep the original information of the rock
massif and of its condition, so that it is possible to return to the data any time in case
of re-evaluating questionable sections (i.e. even during the operation of the tunnel).

A non-quantitative method for evaluating the quality of rock environment according
to ONORM B 2203 is based on observing the massif behaviour during excavation
works, installation of support and after the support installation. It is based mostly on
observing the creation of overbreaks and development of the excavated space defor-
mations with time (running convergence measurements). Additional data may be
obtained by observing the surface deformation above the underground work and eva-
luation of the rate of the rock massif saturation (Klepsatel et al, 1998). Of course, if the
geologist evaluates the massif according to said standard, he also observes even
further factors affecting the excavation stability and the rock quality. In spite of it, the
classification in respective classes is subjective to a certain extent.

INPUT DATA FOR A COMPARATIVE ANALYSIS

For our comparative analysis, we have chosen four sections of trial galleries driven
in an environment of paleogene sedimentary complexes. There were selected three
sections of the trial gallery for the tunnel Ovdiarsko, and one section of the starting
section of the gallery for the tunnel Visriové (Matejcek, Panek, 1998). The sections
were selected on the basis of their classification according to the standard ONORM
B 23203 (an objective classification into respective classes was assumed), viz. in
such a way that the selected sections may be characteristic for the respective class
of ONORM B 23208, i.e. that they may express geological conditions even of other
parts of the gallery classified in the same class (representation of lithological types,
degree of strength, cleavage, lamination character, etc.).

Besides that it concerned the sections where changes of classification of the mas-
sif from one class of ONORM B 23203 to another one took place. Brief geological
characteristics of the selected sections has been elaborated in a tabular way
inTab. I

Tab. | Rock environment characteristics of selected sections.

Section
Classification Geological composition Hydrogeoogical
according to conditions

ONORM B 23203

Gallery Visriové
1089.0 to 1104.9

The whole section was
dry, only locally inflows of
ground water took place

Claystones and sand claystones, tectonicly
faulted, full of cracks. From chainage 1100,0
rocks were completely tectonicly faulted with

B2to C2 positions of tectonic claystone and boudinaged | in the form that the galle-
reminders of layers - dislocation in the contact | ry side was getting wet
of Palaeogene filling of the Zifina basin and of
the Messozoic of the Kriznany nappe.

Gallery Ovciarisko | Measures of thin plate sand claystones, sand- | Measures in front of the

1623.8 to 1603.8

B2to B2

stones and bench conglomerates,with fissures.
Behind a transversal tectonic fault in chainage
1616.0 to 1610.0, there took place massive
conglomerates, and in their subgrade there
took place tectonicly faulted claystones with
inserts of sandstone.

tectonic fault was dry in
fact, the gallery sides
were getting wet locally
only. Behind the displace-
ment, position of the con-
glomerate was saturated
with water, local inflow
yield was lower than one
litre per sec.

Gallery OvCiarisko
1585.0 to 1554.0

B3to C2

Gallery Ovciarisko
1932.0 to 1554.0

Measures formed by thin plate sand claystones
and sandstones with massive bench conglome-
rates in their overburden. In chainage 1568.5,
there look place a displacement of a subsiden-
ce character along which a conglomerate block
was subsiding. In its overburden there took pla-
ce claystones and sandstones. Walls of the
fault were smooth, polished, with an unsignifi-
cant scratching, wet.

In the section there alter-
nated positions in fact dry
with positions salurated
with water. The most
important inflow of ground
water existed in the place
of displacement where
the yield was up to 1 litre
per sec.

C21to B3

Measures formed by sandy claystones with
inserts of sandstones and red re-sedimented
claystones, tectonicly masticated. Measures of
sandy claystones had a character of a rhytmic
sedimentation. Red claystones were prone to
disintegration to tiny scales, tectonicly smoot-
hed. They swelled up in contact with water.

Measures were mostly
dry, the gallery was slight-
ly moist focally only.
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priebeh deformécii vyrubu (priebezné meranie konvergencie). Doplnkové Udaje moz-
no ziskat’ pozorovanim pretvarania terénu v nadlozi podzemného diela a hodnotenie
stupria zvodnenia masivu (Klepsatel et al, 1998). Samozrejme, Ze geolég, ktory hod-
noti masiv podta tejto normy, pozoruje aj dalSie faktory, vplyvajlce na stabilitu vyrubu
a kvalitu horniny. Napriek tomu je zatriedenie do prislusnych kvalitativnych tried do
uréitej miery subjektivne.

VSTUPNE UDAJE PRE POROVNAVACIU ANALYZU

Pre nadu porovnavaciu analyzu sme vybrali 8tyri Useky prieskumnych §télni, raze-
nych v prostredi paleogénnych sedimentarnych komplexov. Tri Useky boli vybraté
z prieskumnej $tlne pre tunel Ovéiarsko a jeden z vodného dseku §tdIne pre tunel
Vigtiové (Matejcek, Panek, 1998). Useky boli vybraté na zaklade ich zaradenia podta
normy ONORM B 2203 (predpokladalo sa objektivne zaradenie do prislunych tried)
a to tak, aby vybraté Useky boli pre danud triedu ONORM B 2203 charakteristicke, tj.
aby vyjadrovali geologické pomery i ostatnych ¢asti toine, zaradenych do rovnakej
triedy (zastupenie litologickych typov, stupen pevnosti, rozpukania, charakter vrstev-
natosti, atd.). Okrem toho i$lo o Useky, v rAmci ktorych dochédzalo k zmene zarade-
nia masivu z jednej triedy ONORM B 2203 do druhej. Struéna geologicka charakte-
ristika vybratych Usekov je prehfadne spracovand v tab.1.

ANALYZA VZTAHU KLASIFIKACNYCH HODNOTENI

Pre kazdy diastkovy zaber (tak ako boli postupne razené), bolo nutné stanovit
reprezentativne vstupné (daje, ktoré si vyZaduju klasifikactné systémy NGI a QTS.
Vzhladom na litologickd pestrost prostredia a z nej vyplyvajlice rézne inZinierskoge-
ologické a fyzikdlnomechanické vlastnosti, bolo velmi obtiazne stanovit priemerné
alebo charakteristické hodnoty, ako napriklad pevnost horniny, hustotu puklin a pod.
Preto sa priemerné hodnoty upravovali na zaklade percentudlneho zastlpenia jed-
notlivych litologickych typov v zabere a ich pozicie vo vyrube. Po Uprave vstupnych
Udajov sa pristupilo k vlastnému hodnotenie kvality horminového prostredia podfa kla-
sifikdcii NGI a QTS. Na zaklade hodnotenia kvality vybratych Usekov sa ziskali tri
subory Udajov - bodové hodnotenia kvality pre triedy B2 (stibor s 15 (dajmi), B3
(stbor s 20 udajmi) a C2 (stbor s 22 prvkami) normy ONORM B 2203. Po ich Statis-
tickom spracovani bolo mozné stanovit' bodové intervaly klasifikécii NGl a QTS, kto-
ré zodpovedaju kvalitativnym triedam ONORM B 2203 (Kuvik, 1999). Hranicu medzi
triedami C2 a B3 bolo moZné stanovit pomerne presne, kvalitativne rozdiely tu boli
velmi vyrazne, ¢o sa prejavilo i v bodovom hodnoteni semikvantitativnych klasifikacit.
Hranica medzi triedami B2 a B3 nie je jednoznacnd, a bodové intervaly semikvanti-
tativnych klasifikaénych hodnoteni sa prekryvaju. | tato skutoénost ilustruje vyznam-
ny rozdiel medzi dvoma zakladnymi triedami normovej klasifikacie (B a C), odvode-

A

Obr.3

Priklady vztahu prieskumnej $télne k budtiicemu tunelu, charakteristické pre
prostredie paleogénnych sedimentarnych hornin v trase prieskumnej $téine
Oveciarsko.

A - priklad prostredia striedania skalnych a poloskalnych homin s monokli-
nalnym uloZenim. Vhodna hornina sa v prieskumnej $télni nachadza v klenbe
a pocve, v budlcom tuneli vSak zasahuje len do Urovne stien. V prieskumnej
Stolni nebolo mozné urcit hrdbky vrstiev.

B - priklad s pritomnostou ziomu v mieste budtcej tunelovej rry, ktory nebol
zisteny v prieskumnej $téIni (charakteristické pre Usek pri vychodnom portéli
prieskumnej §tolne) 1- prieskumna $tdlfa, 2 - juzna tunelova rura, 3 - severna
tunelova rdra (jej vystavba sa bude realizovat aZ po vyrazeni juznej rary),
a - pevne skalné horniny (pieskovce a zlepence),

b - poloskalné horniny (ilovce), ¢ - zlom, d - vrstevnatost

ANALYSIS OF A RELATION AMONG CLASSIFICATION
METHODS

For every partial round (as they were driven step by step), it was necessary to lay
down representative initial data which are required for the NGI and QTS classification
systems. With respect to a litological diversity of environment, and varying engineering-
geological and physical-mechanical properties resulting of it, it was very difficult to defer-
mine mean values or characteristic ones, such as the rock strength, number of cracks,
and the like. That is why mean values were adapted on the basis of a percentual repre-
sentation of individual litological types in one advance length and their positions in the
excavation profile, After adaptation of initial data, the proper evaluation of the rock mass
quality according to the classification NGI and QTS took place. According to the quality
evaluation of the selected sections, there were obtained three sets of data - point-wise
quality evaluation for classes B2 (a set with 15 data), B3 (a set with 20 data) and C2
(a set with 22 elements) of the standard ONORM B 2203. After their statistical proces-
sing, it was possible to determine point-wise intervals of the classifications NG! and QTS,
which correspond to qualitative classes of ONORM B 2203 (Kuvik 1999). A line betwe-
en the classes C2 and B3 could be determined relatively exactly, the qualitative diffe-
rences were very significant, which was evident even at the point-wise evaluation of
semi-quantitative classifications. A line between the classes B2 and B3 is not unambi-
guous, and the intervals of semi-quantitative classification evaluations expressed in
points are partially identical. Even this fact illustrates an important difference between
two basic classes of the standard classification (B and C), derived on the basis of a com-
pletely different behaviour of the rock massif after an excavation of an underground spa-
ce. Found out results are shown in the table 2 and in Fig. 1. The point evaluation accor-
ding lo the classification QTS was recalculated according to the known correlation rela-
tion (Tesar, 1989) to the point evaluation of the classification RMR with respect to the fact
that results of said two classification evaluations are mutually very well checkable, and
the classification RMR is frequently applied in the world tunnelling practice.

Tab. 2: Derived relations between the qualitative classification of the rock environment
according to ONORM B 2203 and semi-quantitative point-wise classifications.

_Class
ONORM B2 B3 c2
B2203
Limits

of point-wise | upper lower upper lower upper lower
evalution

NG/ 12 4 8 1 1 0.01
QTS 70 55 60 45 45 30
RMR 52.55 35.6 41.25 24.3 24.3 7.35

Fig. 3

Examples of the relation of a trial gallery to a future tunnel, characteristic for
the environment of paleogene sedimentary rocks in the line of the trial gallery
Ovciarisko.

A - An example of an environment where rocky ground types and semi-rocky
ones alternate with a monoclinal bedding. The suitable rock takes place in the
vault and floor of the trial gallery, but in the future tunnel it reaches only to the
level of its sides. In the trial gallery, it was not possible to determine the
thickness of layers.

B - An example with a displacement in the place of the future tunnel tube
which was not found out in the trial gallery (it is characteristic for the section at
the eastern portal of the trial gallery). 1 - trial gallery, 2 - southern tunnel tube,
3 - northern tunnel tube (its construction shall be realized after the driving of
the southemn tube), a - stable rocky ground types (sandstones and conglo-
merates), b - semi-rocky round types (claystones), ¢ - displacement,
d- stratification.

e
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nymi na zaklade principidlne odli$ného spréavania horninového masivu po vyrube
podzemného priestoru. Zistené vysledky st prehfadne zhmuté v tabulke 2 a na obr.
1. Bodoveé hodnotenie podia klasifikacie QTS bolo preratané podla znameho korelag-
ného vztahu (Tesat, 1989) na bodové hodnotenie klasifikacie RMR vzhladom na to,
Ze vysledky tychto dvoch klasifikacnych hodnoteni su velmi dobre vzajomne korelo-

vatelné a klasifikicia RMR je Casto pouZivana vo svetovej tuneldrskej praxi.

Tab. 1 Charakteristika horninového prostredia vybratych tsekov

1089,0 - 1104,9

B2 - C2

prestipené systémom puklin, Od stanidenia
1100,0 boli horniny Uplne tektonicky podrveng,
s polohami tektonického ilu a budinovanymi
zvySkami vrstiev - zlom na kontakte paleogén-
nej vypine Zilinskej kotliny a mezozoika kriz-
fianského prikrovu.

Usek

Zaradenie podfa | Geologicka stavba Hydrogeologické pomery
ONORM B2203

Stolha Visiové | llovce a piesdité ilovee, tektonicky porusené, | Cely tsek bol suchy, iba

lokalne sa vyskytovali pri-
toky podzemnej vody vo
forme zavlhnutia steny
§tolne,

Stolia Ovéiarsko
1623,8 - 1603,8

B2 - B3

Stvrstvie tenkodoskovitych piescitych ilovcov,
pieskovcov a lavicovitych zlepencov, rozpuka-
né. Za prie¢nou tektonickou poruchou v stani-
¢eni 1616,0 -1610,0 sa nachadzali masivne zle-
pence a v ich podlozi tektonicky porusené flov-
ce s viozkami pieskovca,

Suvrstvie pred tektonic-
kou poruchou bolo prak-
ticky suché, iba s lokal-
nym zavlhnutim stien. Za
poruchou bola poloha zle-
penca nasytena vodou,
lokalne pritoky mali vydat-
nost' do 0,2 I.s-1.

Stéliia Ovéiarsko
1585,0 - 1554,0

B3 - C2

Stvrstvie budované tenkodoskovitymi piesgity-
mi flovcami a pieskovcami s masfvnymi zlepen-
cami v ich nadloZi. V stani¢eni 1568,5 bol zlom
poklesového charakteru, pozdlz ktorého blok
zlepenca poklesaval. V jeho nadlozi boli hako-
vané flovce a pieskovce. Steny zlomu boli
hladké, vylestené, s nevyraznym ryhovanim,
mokré,

V lseku sa striedali polo-
hy prakticky suché s polo-
hami nasytenymi
vodou.Najvyraznej§i pri-
tok podzemnej vody bol
zaznamenany v mieste
zlomu, kde vydatnost
dosahovala az do 1 L.s-1.

Stélfia Ovéiarsko
1932,5- 19125

C2-B3

Stvrstvie budované piescitymi flovcami s vioz-
kami pieskovcov a Gervenymi resedimentova-
nymi ilovcami, tektonicky prehnietenymi.
Suvrstvie piescitych lovcov malo charakter ryt-
mickej sedimentécie. Cervené ilovce boli rozpa-
davé na drobné Supinky, tektonicky ohladené.
V styku s vodou bobtnali.

Stvrstvie bolo prevazne
suché, lokalne bola stena
zavlhnuta,

Tab. 2: Odvodené vztahy medzi kvalitativnym zatriedovanim horninového prostredia

podia ONORM B 2203 a semikvantitativnymi bodovacimi klasifikaciami

Trieda
ONORM
B2203

B2 B3

C2

Hranica
bodového
ohodnotenia

Horna Dolnd Horng Dolna

Horna Dolna

NGI

12 4 8 1

1 0,01

QTS

70 55 60 45

45

RMR

52,565 35,6 41,25 243

24,3 7,35

DALSIE POZNATKY, SUVISIACE S KLASIFIKACNYM
HODNOTENIM HORNINOVEHO PROSTREDIA

Na zéklade vykonanej analyzy mozno kontatovat' niektoré dalsie zaujimavé sku-

tocnosti, stvisiace s klasifikatnym hodnotenim kvality horninového prostredia.

* V prvom rade je to uréité oneskorovanie pri zaradovani prostredia do normovych

tried. | ked kvalita horniny na zaklade vysledkov dokumentdcie vyrubu vyrazne kle-
s4 (alebo naopak stlipa), preradenie z jednej triedy do druhej sa uskutoéni az
s uréitym odstupom, ked'je uz jasné, Ze trend zmeny je trvalejsi (obr. 2). Ide o veel-
ku pochopitefn(i skutoénost vyplyvajlcu z faktu, Ze realizator stavby potrebuje tak-
tiez uréity as pre rozhodnutie o zmene normovej triedy a z toho vyplyvajiicej zme-
ne raziacich a vystrojovacich technolégii.

Zaujimavym poznatkom je aj preukazana rozdielnost v citlivosti jednotlivych klasi-
fikacii. Klasifikacia QTS bola odvodena v priblizne podobnom prostredi, ako su
paleogénne sedimentarne komplexy (vo vrstevnatych komplexoch paleozoika),
reagovala teda pomerne dobre na podstatné zmeny, ktoré ovplyviovali kvalitu hor-
niny. Na malo vyrazné, nepodstatné lokalne zmeny prostredia tato klasifikacia
prakticky nereaguje. Vdaka tomu klasifikacné hodnotenie systémom QTS kvalitu
masivu pomerne dobre zovseobecriuje, ¢o umoZiiuje rovnakymi parametrami cha-
rakterizovat pomerne dlhé Useky podzemného diela. Tato skutocnost mé priamy
vplyv na ekonomiku razenia (na zaklade uvedenej klasifikacie mozno priamo navr-

FURTHER PIECES OF KNOWLEDGE CORRESPONDING
TO THE CLASSIFICATION EVALUATION OF A ROCK
ENVIRONMENT

On the basis of the performed analysis, there may be stated some further interes-

ting facts corresponding to the evaluation of the quality classification of the rock envi-
ronment.
* Firstof all, it is a certain delay in classifying the environment into standard classes.

Even if the rock quality goes down (or up) considerably on the basis of the exca-
vation documentation, the requalification from one class into another one is reali-
zed with a certain delay, when it is already evident that the change is more per-
manent (Fig. 2). It is understandable and it results from the fact that the construc-
tion contractor needs some time for a decision concerning a change of a standard
class which then results in changing the excavation and support techniques.

A proved difference in a sensibility of individual classification methods forms also
an interesting piece of knowledge. The classification QTS was derived approxima-
tely in an analogous environment as there are paleogene sedimentary complexes
{in the Palagozoic laminated structure complexes), so it reacted relatively well to
considerable changes which affected the rock quality. Said classification does not
react in fact to less significant local environment changes. Due to this fact, the clas-
sification evaluation by means of the system QTS generalizes the massif quality
relatively well, which makes it possible to characterize relatively long sections of
the underground work. Said fact affects directly the driving economy (on the basis
of the mentioned classification it is possible to elaborate directly the technological
process of driving and lining of the underground work for relatively long sections of
an analogous lithological and structural character). On the conirary, the classifica-
tion NGl is very sensitive even if it concerns small changes of individual initial para-
meters. For an application of this classification in practice, it is necessary to gene-
ralize the results considerably, that it may be possible, on the basis of an evaluati-
on, to design an optimum way of driving and lining of further sections of the
underground work.

* In connection with a quality evaluation of a rock environment, the attention must be

drawn even to certain specific environment properties of paleogene sedimentary
complexes. Paleogene claystones, as it is generally known, are relatively unstab-
le in our climatic conditions, they are subject to a quick weathering and to large
volume changes in a contact with water (or, in the contrary, after drying). Any
unqualified technical action in this environment represents a high risk. A driving of
a gallery (tunnel) represents evidently an important influence upon natural conditi-
ons of the rock environment. A convenient selection of a technological process
and, in the first place, its strict observing, may keep a relatively good quality of the
environment during the construction and even during the utilization of the underg-
round work. Any inconvenient action (a too big quantity of explosives during explo-
sions, leaking of technological water into the floor, inconvenient ways of muck tran-
sport) may result in a considerable rock deterioration in spite of the fact that it was
classified in the original documentation and classification as being of a conside-
rably higher quality. That is why it is evident that even the evaluation of the rock
massif quality should be bound to selected specific driving methods. In equal geo-
logical conditions there may arise namely different problems in dependence upon
applied driving methods.

The relation of a trial gallery to a tunnel is another interesting problem in paleoge-
ne complexes. A trial gallery is able to verify reliably geological conditions only in
its nearest surroundings. As dimensions of the future tunnel are several times lar-
ger than dimensions of the gallery, it is not sure whether conditions found out for
elaborating the gallery documentation will reflect conditions during driving operati-
ons of the proper tunnel (e.g. rock of a high quality may take place in the vault of
the gallery which is a favourable position, but in the future tunnel it may reach only
the level of the gallery sides - Fig. 3). This problem is particularly characteristic for
paleogene sedimentary complexes with a significant lithological and tectonic vari-
ability, and it should be taken into consideration when carrying out an extrapolati-
on of a classification evaluation concerning the gallery environment into the envi-
ronment of the future tunnel.

CONCLUSION

On the basis of found out facts, it is necessary to emphasize again that a compa-

ring analysis was made in one of the most complicated geological environments, in a
bedded complex of paleogene sedimentary rocks. That is why derived refations bet-
ween classification evaluations are characteristic only for the rock environment being
evaluated or for an analogous one. In complexes of a different composition, there will
be found out other lines between the same classes of ONORM B 2203. With respect
to the fact that through paleogene rock there passes a considerable part of tunnels
designed within the motorway network (either their inlet sections or outfet ones, or in
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hovat technologicky postup razenia a vystrojovania podzemného diela pre pomer-
ne dihé Useky podobného litologicko-Strukttirneho charakteru). Naopak, klasifika-
cia NGl je velmi citliva aj na malé zmeny jednotlivych vstupnych parametrov. Pre
prakticku aplikaciu tejto klasifikacie je potrebné vysledky zna¢ne zovieobecriovat,
aby bolo moZné na zéklade hodnotenia navrhnit optimalny spdsob razenia aj
vystrojovania dihgich Usekov podzemného diela.

* V stvislosti s hodnotenim kvality horninového prostredia treba poukazat aj na uréi-
té $pecifika prostredia paleogénnych sedimentamych komplexov. Paleogénne flov-
ce si, ako je vSeobecne zndme, v nadich klimatickych podmienkach pomeme
nestabilné, podliehaju rychlemu zvetravaniu a velkym objemovym zmenam pri sty-
ku s vodou (alebo naopak, pri vysudeni). Akykolvek nekvalifikovany technicky
zasah v tomto prostredi je spojeny s velkym rizikom. Razenie Stélne (tunela) je
nepochybne vyznamnym zasahom do prirodzeného stavu horninového prostredia.
Vhodnou volbou technologického postupu a hlavne jeho strikingm dodrziavanim
mozno uchovat’ pomerne dobrd kvalitu prostredia po¢as vystavby i poéas vyuZziva-
nia podzemného diela. Nevhodnym zéasahom (privelky objem trhaviny pri odstre-
loch, zatekanie technologickej vody do po¢vy, nevhodny spdsob odvozu ribaniny)
sa mbze kvalita hominy vyrazne zhorsit, napriek tomu, Ze pri pévodnom doku-
mentovani a klasifikovani bola ohodnotend ako podstatne kvalitnejsia. Z toho
vyplyva, Ze aj hodnotenie kvality horninového masivu by malo byt viazané na kon-
krétny zvoleny spdsob razenia. | v rovnakych geologickych podmienkach totiz
mozu vznikat rozdielne problémy v zavislosti od pouzitych sposobov razenia.

+ Dalsim zaujimavym problémom v paleogénnych komplexoch je vztah prieskumnej
§tolne k tunelu. Prieskumna $télha dokaze spotahlivo overit geologickd stavbu len
v svojom najbliz&om okoli. Pretoze budiici tunel svojimi rozmermi niekolkon&sob-
ne prevyéuje rozmery $tolne, nie je isté, ¢i pomery zistené pri dokumentégii §tbine
budi odrazat pomery pogas razenia samotného tunela (napr. kvalitnd homina sa
v §tdlni mdZe nachadzat v klenbe, ¢o je pozicia priazniva, ale v budicom tuneli
moze zasahovat iba do Urovne stien - obr. 3). Tento problém je zvI&3t charakteris-
ticky pre paleogénne sedimentarne komplexy s vyraznou litologickou i tektonickou
premenlivostou a mal by byt zohfadneny pri extrapolécii klasifikaéného hodnotenia
z prostredia $toine do prostredia budiceho tunela.

ZAVER

Na zéklade zistenych skuto¢nosti treba opatovne zddraznit, Ze porovnavacia ana-
Iyza bola vykonana v jednom z najkomplikovanejsich geologickych prostredi, vo vrs-
tevnatom komplexe paleogénnych sedimentarmych hornin. Odvodené vztahy medzi
klasifikagnymi hodnoteniami st preto charakteristické iba pre hodnoteng, alebo ana-
logické horninové prostredie. V komplexoch odli$nej stavby budl pravdepodobne
zistené iné rozhrania pre rovnaké triedy ONORM B 2203. Vzhfadom na to, Ze do
prostredia paleogénnych hornin zasahuje znaén4 ¢ast tunelov, projektovanych v ram-
ci dialniénej siete (bud iba ich vstupné a vystupné tseky, alebo v niektorych pripadoch
- napriklad tunel Ovéiarsko - celd trasa) a pretoze prostredie paleogénu je z inZinier-
skogeologického hiadiska jedno z najnéro¢nejsich pre vystavbu, domievame sa, ze
odvodené vztahy prispejli k objektivizacii zaradovania najkomplikovanejSich a Casto
nie rovnako hodnotenych Usekov podzemnych diel do normovych tried.
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some cases - e.g. the tunnel Ovéiarsko - the whole line), and since the environment
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MOZNOSTI ANALYZY
A RIZENI KRIZi V TUNELOVYCH STAVBACH

POSSIBILITIES OF AN ANALYSIS
AND CRISIS MANAGEMENT IN TUNNEL STRUCTURES

DOC. ING. PAVEL PRIBYL, CSC.

1. UVOD

Steven Fink, ve své knize "Krizovy management", pfirovnava moznost pred-
vidani krizi k pocasi a cituje Marka Twaina "V&ichni mluvi o poéasi, ale nikdo
s nim nic nedéld", viz [1]. Podobna situace je v otdzce feSeni krizi v tune-
lech.

Na prvni pohled se zd4, Ze se o krizich v tunelech diskutuje aZ nadmiru, zvIasts
pak po nehodach z roku 1999. Vétsinou se jednd o pfispévky, které dramaticky
popisuji situaci nestastnych lidi uvéznénych v tunelu, ale malokteré analyza jde sku-
teCné do hloubky. Pitom je nutné si uvédomit, Ze stavitelé tunelli skutecné vystavujf
G¢astniky provozu zvy$enym riziktim a je jejich povinnosti miru rizika omezovat na p¥i-
jatelnou hodnotu. Zaroven je nutné vzit na zfetel, ze se nase dopravn sit stava sou-
¢ésti pan-evropskych dopravnich koridord a je nutné spinit standardy i v oblasti bez-
pecnosti.

Clanek volné navazuje na prispévek v ¢asopise Tunel 3/99 "PoZéry v silniénich
tunelech a jejich vliv na krizovou analyzu" a dale na listopadovy seminaf ITA/AITES
vénovany stejné tématice. V prvni &ésti jsou popsany zaklady bezpeénostni politiky
podzemnich staveb a na pfikladu je uvedeno, jaké dodate¢na bezpeénostni opatfent
jsou volena pro jiz hotovy Gotthard tunel ve Svycarsku.

2. HLAVNI BEZPECNOSTNI PRVKY

Kazdy silniénf nebo Zelezniéni tunel je projektovan ve znaéném predstihu a jeho
dokonéeni je otazkou nékolika, Casto i hodné, let. Za tu dobu se méni nejenom inten-
zity dopravy, které trvale rostou a jsou vétsinou doprovazeny vy$$im poctem nehod,
ale podstatné se méni i technologie bezpeénostnich zafizeni a s tim spojena organi-
zace zajisténi krizovych situaci. Pfikladem lepsi organizace krizového fizeni miiZe byt
napf. vytvareni Jednotného bezpe¢nostniho systému, kdy zachranné jednotky operu-
ji nejenom s modernéjsi technikou, ale vyuZzivaji integrovanych organizaénich sché-
mat. Zakladni bezpegnostni prvky tunelu pozemnich komunikaci jsou tedy déleny
dle tab. 1.

1. INTRODUCTION

In his book "Crises Management', Steven Fink compares the possibility to foresee
crises to the weather, and quotes Mark Twain "Everybody talks weather but everybo-
dy does nothing with it." see [1]. A similar situation is regarding the issue of crises in
tunnels.

At first glance, the crises in tunnels seem to be discussed exceedingly, after the
1999 year's accidents in particular. Mostly this is a matter of papers dramatically desc-
ribing a situation of people entrapped in a tunnel, but few analyses go really deep. At
that, it is necessary lo realize that tunnel builders really realize that they expose the
parties to the traffic to increased risks, and that their obligation is to reduce the risk to
acceptable levels. At the same time, it is necessary to take into consideration the fact
that our transport network is becoming a part of pan-European transport corridors,
and that it is necessary to meet the standards in the field of safety too.

The article is loosely following up with the article "Fires in road tunnels and their
influence upon an analysis of a crisis" published in Tunnel 3/99, and with the
November ITA/AITES seminary devoted to the same theme. lis first part contains
a description of fundamentals of the underground structures safely policy, and, as an
example, it informs about additional measures chosen for the completed Gotthard
tunnel in Switzerland.

2. MAIN SAFETY ELEMENTS

Any road/railroad tunnel is designed in a considerable advance, and its completi-
on is a matter of several, ofien many, years. During that time changes occur not only
in the traffic intensities, which constantly increase and are generally accompanied by
an increasing number of accidents Also the technology of safety equipment changes
substantially as well as the refated organization of crisis siluations management. As
an example of improved organization of crisis management, development of the
Unified Safety System can be used, under which rescue teams not only operate more
modern equipment but they also use integrated organizational charts. The basic safe-
ly elements of a road tunne! are divided as shown in table 1.

Konstrukeéni opatieni

- jednosmémy tunel: druhd trouba s nezavisle fizenou ventilact
- obousmérny provoz: unikovy tunel, nezavisla ventilace

- tunelové propojky po 250-350 m, ventilace

- odstavné zdlivy

- otadeci zalivy

Technicka bezpeénostni zafizeni
- SOS boxy

- TV monitorovani

- nouzové napajeni a osvétleni

- senzory pozaru, viditelnosti a CO

Organizacni zajisténi

- organizace sluzeb, dohled 24 hod.
- pfistupy bezpeénostnich tymd

- pfeprava nebezpeénych nakladl

Structural measures

- one-way tunnel: the other tube with independently controlled ventilation
- two-way traffic: escape tunnel, independent ventilation

- tunnel cross-passages at intervals of 250-350 m, ventilation

- waiting bays

- U-turn bays

Technical safety equipment

- SOS boxes

- TV monitoring

- emergency power sources and illumination
- fire, visibility and CO sensors

Organization assurance

- organization of services, round the clock supervision
- accesses for safety teams

- dangerous loads transportation

Tab. 1 Zakladni kategorie oviiviuijicl bezpecnost v tunelu

Table 1. Basic categories affecting the safety in tunnels
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V dalsim textu je poukézano na to, ze nejde jen navrhnout vhodna konstrukéni
opalfeni a bezpednostni zafizeni pouze ve stadiu projektovani, ale je nutné vytvorit
bezpeénostni planovani z dlouhodobého hlediska. To je tvofeno tremi zakladnimi ele-
menty:

1. Jasnou bezpecnostni politikou

Spoéivajici v urdeni bezpecnostnich cild a z toho vyplyvajicich zavazk, opatfeni
a nafizeni. Déle v trvalém monitorovani rizik a v systematickém vyhodnocovani pfija-
tych opatfeni.

2. Propracovanou organizaci z hlediska bezpeénosti

Stanovujici povinnosti a zodpovédnosti osob, véetné dokumentfl obsahujicich
popisy krizovych udélosti a odezvy na né.

3. Metodologii analyzy rizik

Umozfijici ocenéni rizik a tak pfipravit moznd dal$i dodatena bezpet-
nostni opatfeni podlozena novym méfenim a vyhodnocovanim. Obvykle je nuing,
jestdé pred zavedenim novych opateni, zpracovat technicko-ekonomickou ana-
lyzu.

3. BEZPECNOSTNI PLAN

Tunel, na rozdil od mnoha jinych dopravnich technickych zafizeni, je komplexni
infrastrukturou zahrnujici fadu velmi riiznorodych subsystému (doprava, ventilace,
energetika, vodni hospodérstvi apod.). Pojem bezpecnosti je v8ak pouze jeden, a pro-
to se rozprostira nad véemi témito subsystémy. Bezpednostni plén (BP) zajistuje Ucin-
né nastroje podporujici rozhodovani v tom, ze:

e véechna bezpednostni opatfeni jsou vyderpavajici a komplexni. Pfitom jsou dana
pfedem vytvofenymi pravidly a scénafi,
@ bezpeénostni opatfeni jsou navrhovana s ohledem na jejich efektivitu a cenu.

Cilem je zajistit maximalni navratnost viozenych prostiedkd,

e viechna rizika pro lidi, ekologii a okoli jsou investoriim, provozovatelim a zachran-
nym jednotkam znama a pokud je nutné, seznamuji s nimi nadfizené organy

a veiejnost, aby byla zabezpedena potfebna dlivéra,

@ pozitivni efekt bezpecnostnich opatieni by mél byt demonstrovan nejenom statisti-
kou nehod, ale také systematickou detailni analyzou,

® pro zjiéténi definovanych bezpecnostnich postupll a procedur je nezbytne pfi-
pravit dohody a smlouvy o spolupraci a kooperaci mezi véemi zi¢astnénymi sloz-
kami.

3.1. CLENENi BEZPECNOSTNIHO PLANU

Bezpegnostni politika je trvaly a dynamicky proces, proto je BP obecné tvofen jak
procesné otientovanymi, tak udalostné orientovanymi prvky. Na obr. 1 je zakladni
schéma bezpe&nostniho planu tvofeného tfemi zékladnimi prvky a vazbami mezi
nimi.

The following lex! points out that it is impossible to develop suitable structural mea-
sures and propose safety equipment in the planning stage only. It is necessary 1o
establish safety planning from a long-term point of view. The safety planning consists
of three basic elements:

1. Unequivocal safety policy

It resides in determination of safety aims and from that arising obligations, measu-
res and directions. Further, in permanent monitoring of risks and in a systematic eva-
luation of the measures adopted.

2. Sophisticated organization from the safety point of view

It assigns personal duties and responsibilities, including documents containing
descriptions of crises events and responses to them.

3. Methodology of the Risk Analysis

It renders the risks assessment possible, thus it aflows preparation of other poten-
tial safety measures founded on new measurements and evaluations. Usually it is
necessary to elaborate a technical and economic analysis before introduction of new
measures.

3. SAFETY PLAN

A tunnel, as opposed to many other traffic technical facilities, is a complex infrast-
ructure comprising a number of highly diverse subsystems (iraffic, ventilation, power
systems, hydraulic works elc.). However, the concept of safety is single only, therefo-
re it covers all of the above mentioned subsystems. The safety plan (SP) provides
effective tools supporting the process of decision making by the following:

@ All safety measures are comprehensive and complex. They are based on the rules
and scenarios developed in advance,

@ safety measures are proposed with respect to their effectiveness and cost. Their
aim is to provide a maximum return of the means invested,

@ all risks to people, ecology and neighborhood are known to owners, operators and
rescue teams and, if necessary, governing bodies and the public are informed
about them so that their trust is won,

e the positive effect of the safety measures should be demonstrated not only by an
accidents statistics but by a systematic, detailed analysis too,

e for determination of defined safety processes and procedures it is necessary to
prepare agreements and contracts about cooperation and collaboration between
all parties involved.

3.1. SAFETY PLAN ARTICULATION

Safety policy is an everlasting and dynamic process, therefore the SP generally
consists of both process-oriented and event-oriented elements. The table No. 1
shows a basic scheme of a safety plan, consisting of three fundamental efements and
their confexture.

BEZPECNOSTNI
POLITIKA
SAFETY POLICY

Obr.1  Fig. 1
Prvky a vazby bezpeénostniho planu
Safety plan elements and their contexture

1. BEZPECNOSTNI POLITIKA

Popisuje vize v oblasti bezpe¢nosti a principy motivace pracovnikd tuto politiku
respektovat. Obsahuje mnoZinu taktickych a strategickych pravidel, kterd mohou byt
pouzita pro komunikaci s organy a vefejnosti. Piiklad hlavnich zasad bezpecnostni
politiky:

AT BEZPECNOSTNI
BEZPECNOSTI
SAFETY KONCEPCE
ORGANIZATION SAFETY CONCEPT

1. SAFETY POLICY

It describes the visions in the sphere of safety, and principles of personnel motiva-
tion for this policy. It contains a set of tactical and strategic rules, which can be used
for communication with administrative bodies and the public. An example of main
rules of the safely policy:
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1. Ochrana lidi, okoli a snizovani ekonomickych ztrat. Zde je nutné si uvédomit,
Ze operator tunelu m& omezené moznosti v zabranéni vzniku krizi, a proto
musi byt pozornost orientovana na rychlé a efektivni zachranné akce.

2. Znalost v8ech rizik v tunelu, zabrafovani krizim nebo omezeni jejich pfimych
duisledkiim a zajisténi rychlé ochrany a evakuace. Nutnost pouceni se z ana-
lyzy nehod v jinych tunelech.

3. Strikiné respektovat véechny existujici normy a technické podminky pro Ces-
kou republiku, pfi trvalém monitorovani zkusenosti ze zahrani¢i. Vyvoj
a implementace vlastnich opatfeni pfi respektovani jejich efektivity.

4. Vytvofeni formalni organizace pro audit bezpe¢nosti v tunelech s definova-
nymi pravy a povinnostmi.

5. V¢asné a rediné informovani Ufadl a vefejnosti, zvlasté po vaznych neho-
dach.

6. Ovérovani efektivity pfijimanych opatienf v pravidelnych auditech. ZvySovani
védomosti a praktickych znalosti persondlu v pravidelnych Skolenich.

2. ORGANIZACE BEZPECNOSTI

Pro zajisténi cill z hiediska bezpe¢nosti musi byt vytvofena organizaéni struktura
zahmujicl ve8ker4 prava a povinnosti. Pfiklad mozZné struktury je na obr. 2. Na nej-
vy$8i drovni, kterou je Uroven bezpeénostni politiky, zajistuje odpovédna slozka, kie-
rou mize byt i komise pro provozovani tunelu, zakladni bezpec¢nostni dokumenty
a pfisludnd pravidla a pfedpisy. Tim, Ze se trvale sleduji zkudenosti ostatnich provo-
zovatell tunelll se vytvafi dynamicka bezpecnostni politika. Z této Urovné se komuni-
kuje s organizacemi a vefejnosti.

Strategické fizeni (II. Uroven) vytvari pravidla pro BP a pfenasi je do praxe vytvo-
fenim pfisludnych organizagnich opatfeni. Definuje cile, metody a kriteria pro rizikové
planovani. Kontroluje plnéni cild a zajistuje trénink personalu.

Operativni Uroven (lll. troven) je tvofena raznymi organizacemi ¢i jednotkami (dis-
peder tunelu, dispecer policie, hasiél, zachranné sluzby, ale i napf. Gtvary méstskych
Gfadd), které jsou zodpovédné za implementovani vytvorenych pravidel v denni
praxi.

. Protection of people and neighborhood, and reduction of economic losses.
Here it is necessary lo realize that a tunnel operator's capacily to prevent
a crisis from occurring is limited, therefore attention must be paid to prompt
and efficient rescue actions.

2. Familiarity with all risks in a tunnel, prevention of crises or limitation of their
direct consequences, and organization of a prompt protection and evacuati-
on. Necessity to draw a lesson from an analysis of accidents which occurred
in other tunnels.

3. To respect strictly all existing standards and technical conditions valid for the
Czech republic, while permanently monitoring foreign experiences.
Development and implementation of one's own measures, with respect paid
to their efficiency.

4. Establishment of a formal organization for auditing of the safety in tunnels,
with the rights and responsibilities defined.

5. Timely and realistic information to authorities and the public, after serious acci-
dents above all.

6. Verification of efficiency of the measures adopted, by means of regular audi-

ting. Enhancement of personnel knowledge and practical expertise by regu-

lar training.

-

2. SAFETY ORGANIZATION

An organization structure incorporating all rights and responsibilities must be deve-
loped to ensure the safely aims. An example of a structure possible is shown in the figu-
re No.2. At the highest level, i.e. the safety policy level, the element responsible, which
may be also represented by a committee established for the tunnel operation, ensures
basic safety documents and related rules and regulations. A dynamical safety policy is
developed through permanent monitoring of the experience of other tunnels operators.
Communication with organizations and the public is maintained from that level.

Strategic management (level Il) develops the rules for the SF, and conveys them into the
praxis by creation of relevant organizational measures. It defines aims, methods and criteria
for the risk planning. It inspects how the aims are met and ensures training for personnel.

- . I. UROVEN
> ap
2z 25 RIZENE DOKUMENTY LEVELT
o= o=
Z2 = 3 CONTROLLED DOCUMENTS
FO KO
(7= ] wQ
w N = - - II. UROVEN
S_ U BEZPECNOSTNI VEDOUCI / LEVEL Il
oz W q BEZPECNOSTNI TYM
=N <
) <
g E£= SAFETY MANAGER / SAFETY TEAM
= n
[ =
. UROVEN
LEVEL il
b~
2 W= RIZENI RIZENI DOPRAVY ZACHRANNE JEDNOTKA
= Z E= TECHNOLOGIE (POLICIE) JEDNOTKY / HASICI| | KOORDINACE
cS & g TECHNOLOGY | |TRAFFIC CONTROL| | RESCUE TEAMS/ | | COORDINATING
= S CONTROL (THE POLICE) FIRE BRIGADES UNIT
= s
Obr. 2 Fig. 2

Pfiklad organizaéni struktury pro minimalizaci rizik v tunelech

3. BEZPECNOSTNi KONCEPT

Zékladem vytvofeni bezpednostniho konceptu je analyza a popis tunelového
systému z hlediska bezpecnosti. Existujici rizika jsou systematicky identifikovana
a kvantitativné popisovana aparatem analyzy rizik. Analyza rizik (Risc Analysis)
a fizeni rizik (Risc Management) jsou védni discipliny, které maji dnes jiz i pomérné
Sirokou teoretickou zakladnu. Kromé statistickych metod a metod Bayesovské
identifikace se zacinaji uplatfiovat i neurcitostni (Fuzzy) pfistupy. Zde Ize pouze
upozornit na zékladni Clanky souvisejici s tématem bezpecnosti v tunelech, lit.
2] az [3].

Example of an organization structure for minimization of risks in tunnels

The operative level (level Ill) consists of diverse organizations or units (tunnel
supervisor, the police, fire brigade and ambulance supervisors, but also, for example,
town authorities departments) which are responsible for implementation of the estab-
lished rules in the everyday praxis.

3. SAFETY CONCEPT

The analysis and description of a tunnel system regarding safety forms a basis for
development of a safety concept. Existing risks are systematically identified and
quantitatively described by the Risk Analyses machinery. The Risk Analysis and Risk
Management are scientific disciplines, which already have relatively wide theoretical
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Kritéria rizik musi byt definovana tak, aby umoznila ohodnotit jeho miru.
Ohodnoceni se obvykie provadi pro finanéni ekvivalent, nebot je pak moZné pfimo
zvaZovat pomér: piinos z hlediska bezpecnosti/vioZené naklady. Pokud je vypoditana
mira rizika vy$8i nez pipustna, musi se ¢init takova opatfeni, aby byl systém bez-
peény. Casto to znamend investovat do dodatenych technickych nebo orga-
nizagnich opatieni. Zakladni vyvojové schéma tohoto konceptu je uvedeno
v obr. 3.

Implementace BP je dynamicky proces a je nutné si uvédomit, Ze je to Cinnost, kte-
ra prakticky nikdy nekondi. Kazdé z organizaci a kazdy jedinec zahruty do bezped-
nostniho konceptu musi pfispivat k vytvafeni bezpecnostni kultury.

base. Apart from stalistics methods and the Bayes' identification methods, even appli-
cation of fuzzy aititudes has been started. Here it is only possible to call attention to
basic articles related to the topic of safety in tunnels, Ref. [2] to [3].

Risk criteria must be defined in such a manner to make assessment of the risk
level possible. The assessment is usually earried aul for a financial equivalent since
it is possible then lo consider directly the proportion: safety related benefit / cost
invested. If the risk measure calculated is higher than acceplable, such additional
measures must be adopled which make the system safe. That often means the
necessity lo invest into additional technical or organizational measures. A basic flow
chart of this concept is shown in the figure No.3.

AND DESCRIPTION

DEFINICE A POPIS SYSTEMU
THE SYSTEM DEFINITION

Y

ANALYZA RIZIK
RISK ANALYSIS

Y

SAFETY CRITERIA

KRITERIA BEZPECNOSTI

Y

VYHOVUJE
SUITABLE

|
DODATECNA OPATRENI SYSTEM JE BEZPECNY
ADDITIONAL MEASURES THE SYSTEM IS SAFE
Obr. 3 Fig. 3

Principialni schéma bezpe&nostniho konceptu tunelu

4. PRIKLAD IMPLEMENTACE BEZPECNOSTNI
POLITIKY PRO GOTTHARD TUNEL

Bezpetnostni politika neni dosud pro ceské tunely rozpracovana, pfestoZe
bylo v poslednich Iétech uvedeno do provozu pét novych nebo rekonstruovanych
tunelt: na pozemnich komunikacich a nové trasy metra. Jedna kapitola pfipravo-
vanych TP pro provozovani, spravu a Udrzbu tuneli véak jiz bude vénovana defi-
novani bezpeénostnf politiky a vytvofeni nastrojli pro jeji prosazovani (vydani
v roce 2000). Patrn& prvni praktickou aplikaci analyzy rizik bude tunel Mra-
zovka.

Vzhledem k vy$e uvedenému je jako piiklad uvedena bezpegnostni politika tak, jak
byla dodate¢né uplatnéna na tunel Gotthard, viz. 2], ve Svycarsku. Jedna se o vybor-
ny pfikiad systémového pistupu k bezpe¢nosti v silniénim tunelu dlouhém 16,7 km.
Gotthard tunel je srdcem délnice A2 prochazejici stfednimi Alpami a spojujici Basile]
s Chiasso v Italii. Obousmémy tunel byl navrhovan v 70-tych létech z hlediska maxi-
malni bezpegnosti. Od té doby se véak pocet automobild vice nez zdvojnasobil
a dosahuje dnes 6,5 mil. vozidel za rok. Pozadavky na bezpetnost uzivatelli se také
podstatné zménily.

Na piikladu analyzy rizik je dolozena vhodnost dodateéného vybaveni tunelu
hasebnimi prostfedky, které sice vyZadujf investiéni a provozni naklady, ale podstat-
né jsou redukovana rizika pfi pozaru. Analyza rizik probihala v tomto konkrétnim pfi-
padé v 8 krocich:

KROK 1 : IDENTIFIKACE RIZIKA, DEFINICE KRIZOVYCH
SCENARU

V z4sadé je mozné vylvofit nekoneéné mnozstvi riznjch scénafl krizovych udé-
losti pro kazdy tunel. V praxi by to pfinaSelo vypocetni komplikace, a proto se pro
vytvoreni pfiméfeného mnozstvi scénafl vyuziva znalosti expertd. Pro tunel Gotthard
bylo experty vybrano 18 rGznych krizovych udélosti, které byly seskupeny do péti
skupin.

Fundamental flow chart of the tunnel safety concept

The SP implementation is a dynamic process and it is necessary to realize that it
is a practically never ending activity. Each of the organizations and individuals embra-
ced by the safety concept have to contribute to creation of a safety culture.

4. THE GOTTHARD TUNNEL SAFETY POLICY
AS AN EXAMPLE

Safety policy has not been developed for Czech tunnels yet even though five new
or refurbished road/railroad tunnels and new metro lines were commissioned in recent
years. However, one chapter of the Technical Conditions of tunnels operation,
administration and maintenance will already be devoted to the safety policy definition
and to development of tools for its enforcement (to be published in 2000). The
Mrazovka tunnel is likely to become the first case of a practical application of the Risk
Analysis.

With respect to the above mentioned fact, the safety policy as applied additionally
over the Gotthard tunnel in Switzerland, see [2], is presented as an example. It is an
excellent example of a system attitude to the safety in a 16.7 km long road tunnel.
The Gotthard tunnel is the heart of the A2 highway passing through the central Alps
and connecting Basel with Chiasso in ltaly. The two-way tunnel was designed in the
seventies, with the aim of reaching a maximum safety. Although, the number of cars
has more than doubled since then, reaching currently 6.5 mil. cars per year.
Requirements on the users safety have also changed substantially.

Suitability of an additional provision of tunnel fire fighting equipment, which, inde-
ed, entails investment and operational costs, but reduces risks in case of a fire con-
siderably, is illustrated by an example of a Risk Analysis. The Risk Analysis consis-
ted of 8 steps in this specific case:

STEP 1: RISK IDENTIFICATION, CRISIS SCENARIOS
DEFINITION

In principle, it is possible to create an unlimited number of diverse crises events
scenarios for every tunnel. In praxis, this would cause complicalions in calculations,
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Druh scénafe Cislo Pfedmét Scenario type Number Subject
. Zastaveni vozidla 1 Osobni vozidlo I. Vehicle stopping 1 Personal vehicle
2 Nakladni vozidlo 2 Truck
3 Bus 3 Bus
II. Nehoda 4 Osobni vozidlo II. Accident 4 Personal vehicle
5 Nékladni vozidlo 5 Truck
6 Bus 6 Bus
7 Hromadna nehoda 7 Multiple accident
Il. Pozér 8 Osobni vozidio Il Fire 8 Personal vehicle
9 Nakladni vozidlo 9 Truck
10 Bus 10 Bus
11 Hromadna nehoda 1 Multiple accident
12 Nebezpeény naklad 12 Dangerous load
IV. Ztrata/tnik 13 Hoflavé tekutiny IV. Dangerous load lossl/leakage 13 Inflammable liquids
nebezpecného nakladu diky nehodé 14 Hoflavy plyn caused by an accident 14 Inflammable liquids
15 Toxické plyny 15 Toxic gasses
16 Toxické tekutiny 16 Toxic liquids
17 Radioaktivni latky 17 Radioactive materials
V. Ztrata/inik 18 Nebezpeény naklad V. Dangerous load 18 Dangerous load
nebezpeéného nakladu (bez nehody) lossl/leakage (without accident)

Tab. 2 Scénéfe krizovych uddlosti pro tunel Goithard

Béhem témef 20-ti let provoznich zkugenosti, se nashroméazdilo mnoho poznatkii
o krizovych udalostech. Za ic¢elem zatiidéni téchto znalosti byla policie, hasici a dal-
$i organizace zainteresovany do popisti scénaftl krizi v jednotné podobé. Proto jsou
informace o kazdé udalosti vyjadieny ve standardnim tvaru jednotného dotazniku,
napf. dle tab. 3.

® Detailni popis krizové udalosti
e Mozné piiciny krize a okolnosti vzniku
@ Typické ztraty
(osoby, stavebni ¢ast tunelu, zafizen( v tunelu, doprava, okoli ...)
@ Typicka situace
(poloha vozidel, chovani personalu, alarmy)
@ Mozné pfitézujici okolnosti
(poruchy zafizeni, nerespektovani predpis ...)
@ Mozné okolnosti, které prispély k rozsifeni duisledk(
® Technologicka a dopravni data pii uddlosti

Tab. 3 Formulare pro popis udalostf

KROK 2 : MERNE JEDNOTKY PRO OCENENI ZTRAT

Mérmymi jednotkami popisujicimi ztraty jsou: pocet usmrcenych, podet zrané-
nych, hmotné ztraty apod. Mémé jednotky riiznych kategorii $kod jsou uvedeny
v tab. 5.

V uvaZovaném pfipadu dodateéné instalace hasebnich prostiedki je analyza rizik
zaméfena na piinosy v ¢innosti zasahovych jednotek pokud budou tyto prostiedky
instalovany. V tomto pfipadé je pak vhodné rozdélit dusledky krizovych udalosti do t¥
hlavnich tfid, které souvisi s moZnosti pfinosu téchto jednotek, viz. tab. 4. Primarni
Skody nastavaji nezavisle na pfipravenosti zasahovych jednotek. Sekundérni skody
mohou byt ovlivnény, alespori teoreticky, zasahovymi jednotkami a to v kladném, ale
v mnoha pfipadech i v zaporném smyslu.

Table No. 2 Scenarios of crises events for the Gotthard tunnel

therefore the knowledge gained by experts is used for development of a reasonable
number of the scenarios. 18 different crisis events were chosen by experts for the
Gotthard tunnel. They were arrayed into five groups.

In the course of nearly 20 years of experience of tunnels operation, many pieces of knowled-
ge have been gathered regarding crises events. The police, fire brigades and other organizati-
ons have been involved in the process of describing the crises scenarios in a unified form to help
with classification of those pieces of knowledge. For that reason the information concerning each
event is expressed in a standard form of a unified questionnaire, e.g. according to the table No.3.

@ Detailed description of a crisis event

® The crisis causes and its origination circumstances possible

Typical losses (persons, a structural part of the tunnel, tunnel equipment,
traffic, neighborhood, ...)

Typical situation (position of vehicles, behavior of personnel, alarms)
Aggravations possible (equipment defects, disregarding directives, ...)
Possible circumstances which contributed to aggravation of consequences
Technological and traffic-related data of the event

Table No.3 Formats for an event description

STEP 2 : MEASUREMENT UNITS FOR THE LOSSES
EVALUATION

The measurement units used for description of losses are: number of fatalities,
number of injuries, material losses etc. The measurement units of various categories
of losses are shown in the table No. 5. In the given case of the additional installation
of fire fighting equipment, the risk analysis is focused on the contributions improving
the action teams operations when the equipment is installed. In this case, it is useful
to divide the consequences of the crisis occurrences into three main classes, related
to the possible contributions of those teams, see the table No.4. Primary losses occur
independently on the readiness of the action teams. Secondary losses occurrence
can be affected, at least theoretically, by the action teams in a positive manner, alt-
hough in a negative manner loo.

Primarni $kody Skody zplisobené udalosti samou

Primary losses Losses caused by the event proper

Sekundarni $kody Skody vyskytujici se po udalosti, mohou byt ovliv-
nény kladné nebo zaporné pohotovostnimi postu-

py a sluzbami

Seconaary losses Losses, which occur after the event. They can
be affected in a positive or negative manner by

the emergency proceedings and services

Sluzebni perusent Celkové preruseni dopravy zplisobené udélosti

Service suspension Tolal traffic suspension as a result of the event

Tab. 4 Mozné kategorie 8kod v tunelu

Table No. 4 Categories of losses in a tunnel possible
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Kategorie poskozeni Mémé jednotky Damage category Measurement units
Osoby Pocet usmrcenych Persons Number of fatalities
Podet zranénych Number of injuries
Ztraty na majetku Penézni ztraty napf. v K& Property losses Financial losses, e.g. in K¢
Vlivy na okoli Litry vyteklych Skodlivin Effect on neighborhood Liters of run-out injurants :
Uzavieni tunelu Délka v hod. Tunnel closure Duration in hours

Tab. 5 Kategorie $kod a jejich jednotky

KROK 3 : GETNOST A DUSLEDKY SCENARU

Kazdy z 18 scénaili byl kvantitativné hodnocen vzhledem k éetnosti udalosti a jeji-
mu vyznamu. K usnadnéni kvantitativnino vybéru, byly rozdéleny pravdépodobné
poéty rdznych udélosti do sedmi tfid, z nichZ kazda obsahuje fadovou hodnotu ¢et-
nosti odhadu udalosti za rok.

Rozsah moznych disledki pro kazdou z kategorii uddlosti (smrt, zranéni, atd.)
byla vyjadiena v péti tfidach Skod, tab. 7.

Jak bylo jiz uvedeno, je mozny sou¢asny vyskyt riiznych udalosti ocefovan pro tfi
pravdépodobnostni rovné (90%, 9%, 1%). Pro odhad Cetnosti udalosti a jejich
nasledkd, byl sestaven standardizovany formuldr, dle obr. 4.

Pro odhad scénaid 1 az 11, kieré popisuji "standardni" krize, mohou byt vypoéty

Table No. 5 Damage categories and their measurement units

STEP 3 : FREQUENCY AND CONSEQUENCES OF THE SCENARIOS

Each of the 18 scenarios was evaluated quantitatively with respect fo the events
frequency and their importance. To facilitate the quantitative selection, the probable
numbers of various events were divided into seven classes. Each of the classes
covers one numeric order-related range of the particular event occurrence, forecast
for a year.

The extent of consequences possible for each of the events categories (death,
injury, etc.) was expressed in five damage classes, see the table No.7.

As stated above, a concurrent occurrence of several events is evaluated for three
probability levels (90%, 9%, 1%). A standardized format was crealed for the events
frequency and their consequences forecasting, see the table No.4.

| Il 1} \ v VI Vil
>10 10-1 1-0.1 0.1-0.01 0.01-0.001 0.001-0.0001 0.0001

Tab. 6 Kategorie pravdépodobnosti vyskytu udalosti

Table No.6 Categories of an event occurrence probability
Trida [ T [Tw [ ow | v Class T 7 T T

PRIMARNI a SEKUNDARNI SKODY PRIMARY and SECONDARY KINDS OF DAMAGE
Smrtelné nehody 0 0-1 2-3 4-10 >10 Fatal accidents 0 0-1 2-3 4-10 >10
Zranéni 0 0-3 4-10 11-20 >20 Injuries 0 0-3 4-10 11-20 >20
Majetek (x10° CHF) 0,001 0,05 0,2 2 >5 Property (x10° CHF) 0,001 0,05 0,2 2 >5
Vliv na okoli [I] 0 2 20 200 > 1000 Effect on neighborhood [(] 0 2 20 200 > 1000
SLUZEBNI PRERUSENI SERVICE SUSPENSION '

Uzavieni tunelu I 0 | 2 ] 6 | 18 | > 36 Tunnel closure | 0 | 2 | 6 l 18 1 > 36

Tab. 7 Tridy dlsledkd pro rizné kategorie nehod

SCENAR #9 Pozar nakladniho vozu
SCENARIO #9 Truck fire

(L]

vi | Vil

Pocet udalosti (za rok) I\

Number of events (per year),

Obwki/E (%) Mimoridné/Es 19%) Kalastrofy/Cx hes (1%)

— X A X

Primami dkody X X X

Prima X % 2
dama[;ye X X X
Sekundami X X X
S || : :
damageary i X X X S
[PlersteniSispensin] | T 1 Tx1 1| | XTI 1| | LTI

Obr. 4 Fig. 4

Formular pro ¢etnost a dusledky krizovych udalosti
Formate for the crisis events frequency and consequences

Table No. 7 Classes of consequences for diverse categories of accidents
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Celkové ztraty 13,7 mil. CHF za rok
Total losses of CHF 13,7 mil. per year
Obr.6 Fig. 6

Celkovy prispévek k riziku od péti kategorii udalosti.
Total increment to the risk by five categories of events
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zalozeny na rozsahlych zkudenostech s témito typy uddlosti. Pokud se tyka tunelu
Gotthard je béZné zaznamenano v pribéhu jednoho roku cca 60 kolizi {nehody,
zastaveni vozidel) a 5 pozard. Doposud se vsak nicméné nevyskytl Zadny pfipad
s rozséhlym poZarem v tunelu nebo pfipad uvolnéni nebezpeéného nakladu. Pro
vytvofeni téchto scénafl (12-18), musf byt aplikovany statistické metody a inzenyrsky
odhad.

KROK 4: CELKOVE RIZIKO SCENARU UDALOSTI

Financni ohodnoceni kazdého scénafe (a kazdy sestava ze ffi drovni) je ndsobe-
na pfislugnou Cetnosti udélosti. Vysledek potom déva celkovy obraz rizika vyjadFeny
ve CHF za rok a to pro kazdy z 18 scénafli. Finantni suma véech 18 scénafll dava
celkovy obraz rizik, pfedstavujici oéekavané roéni naklady v Gotthard tunelu.
Vypoctena hodnota je platna pro redlinou intenzitu dopravy, béZny stav zésahovych
jednotek a soucasnou kvalitu bezpeénostnich zafizeni. Celkové vypoéitang riziko se
v tomto pfipadé rovna 13.7 mil. CHF za rok, tab. 8. Primami $kody, které nemohou
byt ovlivnény pohotovostnimi oddily, zahruji vice neZ polovinu celkovych $kod.
Naklady vyvolané pferusenim dopravy tvofi téméf tietinu Skod. Sekundami gkody,
které mohou byt redukovany pohotovostnimi oddily, tvofi pouze $estinu roéniho rizi-
ka, tj. 2,1 mil. CHF.

Jak je patrne z obr, 5, nehody pfispivaji kaZdorodné k vice nez poloviné celkového
rizika. Ackoli uddlosti vyvolané nebezpeénym nakladem mohou mit vazné nésledky,
jejich etnost je v tomto tunelu povaZovand za velmi nizkou, protoze doprava nebezpeéne-
ho nakladu ve vétsim mnozstvi je zakazana. Prolo tylo scénafe pouze pridavaji jen asi 1%
k celkové mife rizika.

Kategorie nehod se smrtelnymi nasledky, pferuseni provozu v tunelu a majetkové $kody
prispivaji vice méné stejnym dilem k celkovému riziku 13.7 mil. CHF za rok, obr. 6. Skody
na Zivotnim prostfedi a trazy tvofi rizika mnohem niz§i kategorie.

ZvySeni Ucinnosti zAsahovych jednotek ma prvofady vyznam na rozsah sekundérnich
Skod, zviasdté v pfipadé pozaru, obr. 7.

Toto zlepSeni ¢innosti, v konkrétnim pfipadu tunelu Gotthard, mize byt az 92%, coz se
rovnd 1.9 mil. CHF v pfepottu na ro¢ni rizika. Daldim kiizim (defekty a kolize) nemohou
zésahové jednotky zabranit.

KROK 5: MOZNA DODATECNA BEZPECNOSTNi OPATRENI

Gotthard tunel je vybaven po kazdych 125m ruénim préskovym hasicim piistrojem umis-
ténym v SOS boxech, téchto boxil je zde celkem 128. Ruénf hasici pristroje jsou vyuzivany
pfi kazdém druhém pozaru vozidla. Zkusenosti s poZary a to zviasté v piipadé pozaru
nakladniho auta ukazuji, Ze po zdénlivém uhadeni praskovym piistrojem dojde ¢asto k opé-
tovnému vzplanuti, které je dano vysokym Zarem v ohnisku pozaru.

Calculations for forecasting the scenarios 1 to 11, which describe "standard" cri-
ses, can be based on extensive experience with those kinds of events. Regarding the
Gotthard tunnel, about 60 collisions (accidents, cars stopping) and 5 fires are ordina-
rily recorded in the course of one year. Nevertheless, no event of a large-scale fire in
the funnel or an event of a dangerous load loosening has occurred yet. Statistic met-
hods and engineering judgement must be applied for creation of those scenarios
(12-18).

STEP 4 : OVERALL RISK OF AN EVENT SCENARIOS

Financial value assessed for each scenario (each of the scenarios consists of
three levels) is multiplied by the event frequency proper. The result provides a com-
prehensive picture of the risk expressed in CHF per year, for each of the 18 scenari-
os respectively. The financial sum of all 18 scenarios provides a comprehensive pic-
ture of risks, reflecting the annual costs expected for the Gotthard tunnel. The value
calculated is valid for the realistic traffic intensity, customary siate of action units, and
contemporary quality of safety equipment. The gross risk calculated amounts to CHF
13.7 mil. per year, see the table No.8. Primary losses, which can not be influenced by
emergency brigades, create over one half of the total losses. The costs incurred due
to the traffic suspension form nearly one third of the losses. Secondary losses, which
can be reduced by the emergency brigades, create one sixth of the annual risk, i.e.
CHF 2.1 mil. only.

It is obvious from the figure No.5 that every year over one half of the total risk is
due to accidents. Despite the fact that the events triggered by dangerous loads can be fol-
lowed by serious consequences, their frequency is considered as very low for this particu-
lar tunnel since transportation of dangerous loads of larger volume is prohibited. For that
reason, these scenarios increment about 1% fo the tolal risk measure only,

The categories of fatal accidents, suspension of traffic in a tunnel, and property damage
contribute by a sort of equal portion to the total risk amounting to CHF13.7 mil. per year, see
the figure No.6. Damage to environment and injuries represent much lower category of risks.

Enhancement of the action brigades effi-ciency is of an overriding importance to the
extent of secondary losses, in a case of fire above all, see the figure No.7.

This efficiency enhancement, in the particular case of the Gotthard tunnel, can reach
92%, which value corresponds to CHF 1.9 mil. in conversion to annual risks of secondary
losses. Other crises (defects and collisions) can not be prevented by the action brigades.

STEP 5 : ADDITIONAL SAFETY MEASURES POSSIBLE

The Gotthard tunnel is equipped with portable powder fire extinguishers placed in SOS
boxes at intervals of 125 m. There are 128 boxes in total there. Portable fire extinguishers

Primarni skody CHF 7.7 milion/rok 56 % Rocni investiéni naklady CHF 50,000
Primary losses CHF 7.7 million per year 56 % Annual investment costs CHF 50,000
Sekundarni Skody CHF 2.1 milion/rok 16 % Néklady na (drzbu CHF 30,000
Secondary losses CHF 2.1 million per year 16 % Maintenance cost CHF 30,000
Provozni pferuseni CHF 3.9 milion/rok 28 % Provozni néklady -

Operation suspension |CHF 3.9 million per year 28 % Operational cost -

Celkové skody CHF 13.7 milion/rok 100 % Celkova mira roénich nakladu CHF 80,000
Total losses CHF 13.7 million per year 100 % Total extent of annual costs CHF 60,000

Tab. 8 Celkové ohodnoceni rizik v Gotthard tunelu (1998)
Table No. 8 Comprehensive evaluation of the risks in the Gotthard tunnel (1998)
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Celkové ztraty 13,7 mil. CHF za rok
Total losses of CHF 13,7 mil. per year

Obr.5 Fig. 5
Celkovy pfispévek k riziku od péti krizovych scénafi
Total increment to the risk by five crises

Tab. 9 Odhad nékladt pro alternativu A
Table No. 9 Costs estimation for the alternative A
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Sekundarni ztraty 2,1 mil. CHF za rok
Secondary losses of CHF 2.1 mi. per year
Obr. 7 Fig. 7

Sekundarni ztraty rozdélené dle krizovych udalosti
Secondary losses divided according to crises events
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Rogéni investiéni naklady CHF 36,000
Annual investment costs CHF 36,000
Nakiady na udrzbu CHF 22,000
Maintenance cost CHF 22,000
Provozni naklady CHF -

Operational cost CHF -

Celkova mira roénich nakladu CHF 60,000
Total extent of annual costs CHF 60,000

Bezpecnostni opatfeni Rocni naklady Rizikové omezeni
Safety measures Annual costs Risk limitation
Alternativa A CHF 80,000 CHF 41,000
Alternative A CHF 80,000 CHF 41,000
Alternativa B CHF 60,000 CHF 72,000
Alternative B CHF 60,000 CHF 72,000

Tab. 10 Odhad néklada pro alternativu B
Table No.10 Costs estimation for the alternative B

Také z tachto divodi je v lunelu rozvod takové vody, které dosud vyuzivajl hasici.
Plvodné navrzeny a nasledné instalovany systém vyuiva kohoutl ve vzdalenosti 250
m u vstupd do prichodl vedoucich do evakuagniho tunelu. VyuZili tohoto rozvodu by
pemohlo motoristim zmenéit moznost opétovného vzplanuti, V analyze nizik byly rozpraco-
vany dvé altemativy: .

Altemativa A: KaZda hadicova piipojka na vstupu do priichodu k evakuacnimu tunelu
bude vybavena skilikou a hadicl délky 125m. Celkem e nutné_ instalovat
64 skiinék do vychodni ¢asti tunelu.

Alternativa B: Pouze otaceci zalivy (v tunelu 22), vzdalené vzdy 750m, budou na obou
stranach komunikace vybaveny skfifikou a hadici délky asi 50m. Bude potfebné doplnit 22
skiingk na vychodni a zapadni ¢ast tunelu.

KROK 6: UCINNOST BEZPECNOSTNICH OPATRENI

Zamyslena bezpeénostni opatieni nezabréni krizové udalosti, klerd jiz vznikla, ale mahou
mit podstatny vliv na vzniklé Skody. Projevi se u scénaie typu tunelového ohné a mozna i pi
2iraté nebezpedného nakladu (scéndfe 8 az 13).

Usinnost navrzenych opatfeni je dana ohodnocenim scéndfl udalosti 8 az 13. Tato opat-
feni maji viiv na majetkové Skody (primérni a sekundarni) a v nékterych pripadech i na dobu
preruseni provozu v unelu. Pro chodnocen se vyuzivaji standardni typy formulaft, viz obr.
4.V tab. 11 je provedeno vysledné porovnéni piinost z instalace dodalecnych bezpetnosl-
nich opatfeni s investicnimi a provoznimi naklady.

KROK 7: NAKLADY BEZPECNOSTNICH OPATRENI

Ekonomické rozvaha poditd s oéekavanou Zivotnost tohoto systému po dobu 20 let.
Kromé investiénich naklada jsou brany v Gvahu i provozni naklady systému. Celkove nakla-
dy rozpogitiny na jeden rok pro obé varianty jsou v tab. 9 a v tab. 10.

KROK 8: OHODNOCENi NAKLADY-EFEKTIVITA

Tab. 11 ukazuje porovnéni nakladl a zisky z omezent rizika pro obé alternativy. Roéni
naklady alternativy A jsou téméF dvojnasobné, neZ je zisk z omezeni rizika. Vzhledem ke kri-
tériu naklady/efeklivita, nebude tato alternativa realizovana.

Alternativa B mé viozené naklady nizsi, nez je zisk ziskany omezenim rizika. Na zaklade
ocenéni naklady/efektivita byla tato varianta navrzena k realizaci.

5. DISKUSE A ZAVERY

V &lanku jsou uvedeny zasady pro kontrolu krizovych scéndf v tunelech. Je zfejme, Ze
se-ani u nds neobejdeme bez vytvoreni jednoznaéné bezpednosini politiky, 2viasté prolo, Ze
nyni neni ani jasné, kdo by se uvedenou problematikau mél zabyval. Pripravované lechnic-
ké podminky by mély popsat lechniku krizové analjzy a krizového managementu.
Organizaéni stranka musi byt predmétem dalsfch jednani zodpovédnych slozek.

Uvedeny piiklad ukézal, Ze bezpetnostni politika je cennym nastrojern, ktery umozivje
kontrolovat rizika a poskytuje kemunikaénf platiormu pro ccefovani rizik, Oddéluje skutec-
na lakta a poskyluje prilhlednost analyzy procesu. Také usnadriuje diskusi o bezpednost-
fiich otazkach uvnitf lunelového vedeni a pomaha komunikovat s Urady a verejnosti.
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Tab. 11 Porovnani nakladu a rizikovych omezeni pro alternativu A a B
Table No. 11 Comparison of cosis and risk limitations for the alternatives Aand B

ara used in every other vehicle fire event. The experience of fires, in the cases of frucks abo-
ve all, shows that a repeated fire burst cccurs, after the fire is seemingly put out, due fo the
high level of the heat in the center of the fire.

Also for the above reasons, there is a pressure waler distribution system in the funnel,
which has been utilized by fire brigades still. The originally designed and subsequently
installed system confains laps instailed at infervals of 250 m at the entrances lo Ihe passa-
ges leading to an evacuation tunnel. Utilization of this distribulion system could hefp moto-
rists in retiucing the possibility of repeated fire bursting. Two aliematives were developed in
the risk analysis:

Altamative A: Each hose connection at the entrance lo the passage lo the evacuation
tunnel will be equipped with a box and a hose 125 m long. 64 boxes will have fo be instal-
led into the eastern part of the lunnel in total.

Alternative B: Only the U-tum bays (in the lunnel 22), located at intervals of 750 m, will
be equipped with boxes and hoses about 50 m long installed on both sides of the road.
Addition of 22 boxes will be necessary in the eastern and western paris of the tunnel,

STEP 6 : SAFETY MEASURES EFFICIENCY

The safety measures planned will nol prevent a crisis event which has already arisen
from oceurring, but they can have a considerable effect an the incurred losses. They will be
effective at a funnel fire lype scepario, possibly at a dangerous load loss (scenarios 8 to 13).

Efficiency of the measures designed depends on evaluation of the event secenarios 8 to
13, These measures influence a property damage (primary and secondary), and, in parti
cular cases. the duration of the lunnel operation suspension too. Standard fypes of formals
(see the figure No.4) are used for the evaluation. The final comparison of the beneiits of
additional safety measures implementation versus the invesiment and operational costs is
performed in the table No.11.

STEP 7 : SAFETY MEASURES COST

The economic balance sheet takes into account this system's service life to be of 20
years. Apart from the investment costs, also operational cost of the system is taken into con-
sideration. The total costs are calculated for one year for both variants (see the tables No.9
and 10).

STEP 8 : COSTS VS EFFICIENCY EVALUATION

The table No.11 shows the comparison of costs with the benefits of the risk limitation for
both alternatives. The annual costs of the alternative A are nearly double compared to the
benefit of the risk limitation. Owing to the costs vs efficiency criterion, this alternative will not
be realized.

The costs invested into the alternative B are lower than the benefit gained by the risk limi-
tation. Based on the costs vs efficiency evaluation, this variant was selected for realization.

5. DISCUSSION AND CONCLUSIONS

The arlicle contains rules of reviewing scenarios for crises in funnels. It is obvious that
we also can no! manage without creation of a unequivocal safety policy, for the fact above
all that it is even unclear now who should be engaged in the above mentioned problems.
The technical conditions being under preparation should describe the technique of the Crisis
Analysis and the Crisis Management. The organizational aspect must become & subjfect
matter of other negoliations of responsible bodies.

The presented example has shown that the safety policy is a valuable tool, which makes
the contral of risks possible, and provides a communication platform for the risks avaluati-
on. It separales real facts and provides lransparency of a process analysis. It also facilita-
tes the discussion about safety issues conducted within a tunnel administration, and helps
in communication with authorities and the public.
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SANACE PRUSAKU DO STANICE TRASY METRA
| B - FLORENC

REMEDYING OF LEAKAGE INTO THE FLORENC METRO
STATION, LINE | B

ING. PETR VOZARIK, METROSTAV A.S., ING. PETR CHAURA, METROPROJEKT A.S.

1. UVOD

Stanice metra trasy | B "Florenc” byla dostavéna v roce 1985. Soucasti této raze-
né stanice jsou i dva hloubené objekty, které byly pracovné nazvany jako objekty "A”
a'B"

Objekt "A" je vstupni objekt do stanice, stavebné navazuje na vestibul trasy metra
'c".

Objekt je Zelezobetonovy s 5ti podzemnimi a jednim nadzemnim podlazim.
Postaven byl v hluboké jAmé pazené podzemnimi sténami a opatfen vodotésnou izo-
laci provedenou na tyto podzemni stény. V objektu jsou soustfedény provozné-tech-
nologické prostory.

Objekt "B" je na prestupu z trasy "C" na trasu "B", ze strany metra "C" objekt nava-
zuje na vefejnou prestupni chodbu, do stanice metra "B" pokraduje z tohoto objektu
eskalaiorovy lunel.

Oba zminéné objekly jsou dale vzajemné spojeny razenou Stolou, pfi vystavbeé sta-
nice byla tato 8tola zavalena zvodnélou zeminou a nové vyrazena v prostiedi zpev-
néném injekiazemi. Objekly, mimo dvou nejvy§sich padiaZi abjektu "A", jsou vyskové
pod horizontem hiadiny Vitavy. Tylo skutenosti byly pficinou dal$ich mnoha obtizi pfi
vystavbé .

2. POPIS STAVU HLOUBENYCH OBJEKTU PRED SANACNIMI
PRACEML.

Prisaky do objeklu "A" zaginaly ve stropé a na sténach na Grovni 184,05 m.n.m.
Dalsi intenzivni prisaky byly v podlazi na trovni 174,75 m.n.m. a lo na vychodni
obvodové sténé ve styku s jizni sténou. Odtud pak voda stékala po vnitinim lici obvo-
dové stény a o podlaZi niZe se objevovala jako prisak stropem. Nejkrtictéjsf situace
byla ve strojovné ET, kde po intenzivnich destich byly louze pfed rozvadéél. Ve strop-
ni zelezobetonové konstrukel byla v mistech prisak( jiz zkorodovana vyziuz.
Strojovna ET je na drovni 166,30 m.n.m. O podlazi vy$e na drovni 169,65 m.n.m.
zatékala voda aZ do stropu nad vefejnou chodbou uprostfed dispozice.

V objektu "B" byly nejvétsi prisaky ve stropé a sténéch strojovny ET na styku
s prestupni chodbou. Dalsi porucha byla ve strop@ vylahové Sachty.

Zminéné prisaky se projevovaly jiz nékolik let, nabiraly vSak na rozsahu a intenzi-
1 a zadaly Jiz piimo ohrozoval provozuschopnost stanice. Provozovaltel fesil situaci
provadénim provizomich zontd (detniki) nad technologil, provadénim organizova-
nyeh svodd, budovanim 2labki v podlahéch a provadénim lokélnich natérl xypexem.
Talo feSeni véak piestavala stacit a bylo proto rozhodnuto provést generalni sanaci
prasakd.

3. NAVRZENE RESENI.

U objektu "A" i "B" nelze opravit vn&j§i hydroizolaci pro jeji nepfistupnost. (je sevie-
na mezi pazici podzemni sténou a objektem). Z tohoto dlvodu bylo rozhodnuto pro-
vést hydroizolaci na vnitinf lic kenstrukce. Pred projektantem vyvstaly tyto Gkoly:

- zhodnoceni Gcinnosti stavajicich lokalnich natéri xypexem

- Zjiéténi mist prisakd

- zjisténi dalsich moznych zdrojd teci

- rozbor vody pro zjiSténi agresivity vody

- névrh a ovéfeni sanaéniho materidlu - pouzity systém musf byt v souladu s usta-
novenim zakona ¢.22/97 Sb., a s nafizenim vlady ¢.178/97 Sb., kterym se stanovi
technické pozadavky na stavebni vyrobky.

Mista priisaki obvodové stény u nevefejného schodisté objekiu "A" byla v minu-
losti natfena xypexem, jeho aplikace viak byla nelisp@3né, mista sanovana xypexem
dale propoustéla vodu. Proto bylo s provozovatelem dohodnuto pouZit jinou sanaéni
hmotu.

Wiista priisakil bylo mnohdy velmi obtizné najt, bylo nutno nejprve vylougit jiné pfi-
giny vihkosti ne? préisaky. V Uvahu pfichazela netésnost fekaini jimky na urovni
174,75 m.n.m.

Jimka jako zdroj vody byla vyloutena z divodu, Ze znaéné vihkost konstrukef pod
jimkou byla vidy po velkych dedtich. Narusené vodovodni potrubi ¢i kanalizace vné
objektdi byly vylougeny za pFispéni odborné firmy. Prisaky ve stropé a ve sténach na

1. INTRODUCTION

The Florenc station on the metro line | B was completed in 1985. Two cut-and-cover
structures, named structures “A" and "B" for operation purposes, form a part of this bored
station.

The structure "A" provides an entrance to the station. Structurally, it is connected to
concourse of the metro line C. The structure with its 5 underground and one at-grade
levels is made of reinforced concrete. It was built in a deep open box supporied by dia-
phragm walls covered by waterproof insulation. There are operational and technological
rooms concenlrated in this building.

The structure "B" is located on the passenger interchange roule leading from the ling
€ to the line B. On the metro line C side, the struclure links lo a public interchange cor-
ridor. An escalator tunnel into the metro line B station leads from this structure.

In addition, the above mentioned structures are interconnected by a bored adil. This
adit was flooded by water saturated soil in the course of the fine B slation construction.
It was reexcavated after the rock environment had been consolidated by grouting. The
level of the both structures, apart from the highest level of the "A" siructure, is under the
Vitava river surface horizon. Those facts were the reason why many other difficulties
occurred in the course of the construction works.

2. DESCRIPTION OF THE CONDITION OF THE CUT-AND-COVER
STRUCTURES BEFORE THE REMEDYING WORK.

The leakage into the "A" structure started in the floor slab and in the walls at the alti-
tude of 184.05 m above sea level. Another intensive leakage points were on the floor at
the altitude of 174.75 m above sea level, namely on the eastem external wall, at its con-
nection to the southem wall. From this place, water flew down on the infernal face of lhe
external wall, and it appeared one level lower as a leakage through the suspended slab.
The most critical situation was in the escalator tunnel (ET) engine room where puddles
occurred in front of switchboards. There already was the refni?;rcenwm corroded in the
reinforced shucture in the leakage locations. The ET engine room is at the altitude of
166.30 m above sea level. One floar lower, at the altitude of 169.65 m above sea level,
water flew as far as to the suspended slab above the public corridor in the center of the
structure layout.

The most substantial leakage points in the structure "B" were in the suspended slab
and walls of the ET engine room, at the connection to the transition corridor. Another
defect was in the roof of the elevator well.

The above mentioned leakage cases had been showing for several years before Ihe
repair. Although, its extent and intensily was building so much that it started lo jeopardi-
ze the station serviceability. The operator solved the situation by erection of temporary
leak diversion systems, umbrellas, above the plant. They built organized down pipes, flo-
or ducls and coated the leakage locations by xypex. However, that selution ceased lo be
enough, therefore it was decided that a general leakage remedial work be done.

3. SOLUTION DESIGNED

It is impossible to repair external walerproof insulation on the "A* and "B" stuclures
because of its unaccessibility (it is confined between the supporling diaphragm wall and
the structure). For that reason, it was decided to perform a waterproof insulation on the
internal face of the structure. The design engineer faced the following fasks:

- To evaluate effectiveness of existing local xypex coaling.
- To determine leakage locations.
- To locate other leakage sources possible.

To perform water analyses to determine waler corrosive properties.

To propose and verily the material to be used for the remedy - the system to be used

has fo be in compliance with provisions of the Law No. 22/97 Coll,, and with the

Decree of the Government No, 178/97 Coll. stating technical requirements for pro-

ducts used in construction industry.

The leakage points on the external wall of the structure "A” public prohibited stairwell
were coated by Xypec, although its application was unsuccessiul. The locations repaired
by xypec continued to leak water. For that reason, the operator agreed with application
of another material for the repair.

Many a time, it was difficult to locate the leakage points. First it was necessary o eli-
minate ofher causes of moislure Ihan leakage. Leakage of a septic lank al the level of
174.75 m above sea level came inlo consideration. The tank as a waler source was eli
minated as there had been considerable moisture of structures under the tank after tor-
rential rains. The possibility of defective water mains or sewerage oulside of the struclu-
res was eliminated with the assistance of a professional company. Leakage in the floor
slab and walls at the altilude of 184.05 m above sea level were caused by a sidewalk
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trovni 184,05 m.n.m. byly zavinény $patné vyspadovanym chodnikem a ucpanou

destovou vpusti. Prisaky v okoli vytahové Sachty byly zplisobeny nedostatecnou

Gcinnosti protidestovych Zzaluzif vétraci Sachty pfi prudkém sikmém desti.

Po vyfeSen téchto problémi byly jako pficina vinkosti zbylych lokalit povazovany
prisaky obvodovymi sténami a pfilehlymi razenymi kenstrukcemi - eskal. tunelem,
prestupni chadbou a razenou Stolou. Nyni bylo nutno zjistit cestu vody, ktera se obje-
vovala ve vnitinich prostordch. Bylo zjisténo nasleduijich:

- Pfi vystavbé dila se celilo vodé pomoci provizornich systémii z potrubf, které po
zabetonovani slouZilo i dale jako drenaz. Po jeho zkorodovani si voda nadla viast-
ni cestu.

- Rozmérné potrubf vzduchotechniky dopravilo prisakovou vodu na mista hluboko
ve vnitini dispozici

- Stavajici vnitPni odvodriovaci systém zkorodoval & byl neodstranitelné zanesen
a voda se zacala volné roztékat

- Velmi kvalitni betony stropnich kenstrukel zabréanily proteéeni vody do spodniho
podlazi, voda si pak nadla cestu mezi homim licem této konstrukce a spodnim
licem kryci mazaniny a protekla do nizsiho podiaZ{ starymi zabetanovanymi pro-
stupy, takovato mista prisak( byla vzdalena od obvodové stény az nékalik metri.

- V. nadzemni vngj$i sténé vestibulu na rozhrani s vestibulem trasy "C" je vyrazna
rozeviend dilatacni spéra
Projekiant dale pozadoval zjistit pritomnost agresivnich tekutin, 1j. zda se jedna

o mékkou vodu, kterd koroduje beton rozpousténim a vyluhovanim volného hydroxi-

du vapenatého ¢i zda jde a siranovou nebo uhliditanovou agresivitu. Tento poZada-

vek nebyl spinén po sdéleni odborné firmy, Ze voda, ktera pronikne betonovou sténou

K wnitinimu lici kenstrukce, zméni své vlastnosti a nelze tedy usoudit na jejf agresivi-

U na vnéjsim lici konstrukce.

Po lokalizaci prisakd bylo po dohodé s provozovatelem metra navrzeno sanovani
prasakd polyuretanovymi materidly fy Asmedia, K rozhodnuti, jaky vhodny material
a technologii zvolit pro plosnou sanaci betonovych konstrukel stén a stropl, vyrazné
prispély zkuSenosti z dotésiiovani lunells na rozestavéné trase IV B melra (do provo-
zu 11/98). Tady v obdobi let 1994-1995 probéhly lestovaci zkousky na materidl
a technologii s vybérovym fizenim pii tésnéni obezdivky tunell ze Zelezobetonovych
prefabrikatd i monolitu.

Na Usecich cca 50 m se testovaly specielni materidly na bézi cementu, polyureta-
nu, epoxydd Ci akrylatd. Dostateénd pruznost, pfidrznost k povrchu i vyrazna schop-
nost zamezeni prsakd byly rozhoduijicimi kriterii pro vybér polyuretanovych materia-
IGi fy Asmedia (viz Tunel ¢.3/99).

V pribéhu tesnicich praci na tunelovych objektech byl polozen i zaklad pro moz-
nosti sanoval plosné objekly Zelezobetonovych konstrukei, Ve spolupréci s odborniky
fy Asmedia, klefi v prubéhu poslednich 15 ti let provedli rozsahlé prace na zajistén
nepropustnosti sulerénil vodotésnym vyziuzenim pryskyficnymi natéry na mnoha
stavbach v Zenevé, se provedly testovaci zkousky v prostordch vyde uvedenych
hloubenych objektl stanice Florenc a pfedtim v kabelovém prostoru stanice trasy 1A
Namésti Miru. Po aplikaci se zfelelng ukazaly vyhody dané technologie:

- aplikaci materialu na vnitini sténu zdi umoziuje kontrolu a snadnou pfipadnou
opravu

- dostateéna odolnost proti tlaku

- vysoka pfilnavost k podkladnimu star§fmu betonu

- odolnost proti tvorbé trhlin az do 0,5mm pfi tioudce Tmm

- spolehlivé pfechody kolem otvor(i a dilataénich spoj

- moznost snadného naneseni protipozarniho natéru
Testovacl zkouska byla provedena na tiech projeklem predepsanych mistech

v objektu "A". Stfedisko specidlnich praci Metrostav a.s., divize 5, dodavatel, ktery
avitézil ve vybérovém fizeni na dodavku kemplexni rekonstrukee, aplikoval polyureta-
nové materialy fy Asmedia jako nepropustny natér na vnitni sténu zdi. Diky silné piil-
navosti kapilarni tenze se vnitii stény pokryvaly optimainim zptisobem, coz ve spo-
jeni s vysokou odolnosti polyuretanovych pryskyfic vede k extrémni odolnosti systé-
mu profi pronikéni vody.

Charakteristika pouzitych materialdi:

- Injektazni hmota Mediatan 701-1 je jednoslozkové polyuretanova pryskyfice

polymerujici v pfitomnosti vody. Hmota pfi plogné sanacni injektaZi zastavuje proudi-
cf vodu v blizkosti aplikace.

- Penetra¢ni natér Mediatan 701-1 je také jednoslozkové polyuretanova pryskyiice.
SloZeni je upraveno k natirani na pfedem ogidténé a od proudici vody zbavené plo-
chy

- Stérka Mediatan 36-1 je dvousloZkové polyuretanova pryskyfice vykazuijic! vysokou
odolnost proti poskozen! , trvalou piilnavost i pruznost i pro preklenuti trhiin.
Nanasi se ve dvou vrstvach. Je vysoce odolna proti agresivnim vodam.

- H.C.A WL je ekologicky protipoZarni natér zpénovatelny od fy Flame Guard. Tento
transparentni natér pro snizeni hoflavosti az do stupné "A" (nehotlavé) se nanasi
stérkou, valeCkem nebo stiikanim.

Cely systém se aplikoval dle zasady:

- povreh konstrukce musf byt homogenni, ¢isty, odmadtény a vysuseny

- naneseni natéru Mediatan 701-T jako podkladni prvni vrstva

- dvouslozkovy Mediatan 360 nanaseny postupné ve dvou vrstvach vytvaii nosnou
izolaéni vrstvu

- protipozarni natér

4. ZAVER

Po vyhodnoceni vjde uvedeného pokusu bylo rozhodnuto tento systém aplikovat

pavement laid to fall in a wrong manner, and by a clogged calch basin. The leakage in

the vicinily of the elevator well were caused due lo an insufficient efficiency of rain-pro-

tection louvers at a ventilation shall in the case of a heavy inclined rain,

After the above issues had been solved, the leakage through external walls and adja-
cenl bored structures (the escalalor {unnel, the transit corridor and the driven adit) were
considered as the cause of moisture at the remaining lacations. Now it was necessary to
discover the raute of water which appeared in the intemal spaces. The following was
astablished:

- In the course of construction, water was dealt with by means of temporary pipeline
systems, which continued to be in service even after the concrete structures had been
cast. After the pipelines had corroded, waler found its own roules.

- Sizeable ventilation ducts routed the seepage waler down fo the places deep inside
of the interior space.

- The existing infemal drainage system corroded or it was clogged without any possi-
bility of clearing, and water started spilling freely.

= Floor slab stuctures, made of high quality concrete, prevented water from seeping
down lo the lower level. Then, water found its way belween the upper face of such
a siruclure and the battom of a covering screed, and it seeped down lo the lower sto-
fy via former backfilled openings. Such the leakage locations were even in the distan-
ce of several meters from the external wall
There is a well-marked dilated expansion joint in the above ground external wall of the
concourse, at the concourse and the line C concourse interface.

In addition, the design engineer required that presence of aggressive liquids be deter-
mined, i.e. whether it was the malter of soft water, which causes concrele corrosion by
dissolving and leaching of calcium hydroxide, or whelher it is the matter of sulphate or
carbonate allacking waler. This requirement was not mel. The speciafist company
announced that water which passes through to the intemal face of the structure changes
}!s properties, thus it is impossible fo judge on ils corrosive properties at the external
ace.

Alter the leakage points had been located, the proposal to use Asmedia compa-
ny's polyurethane materials for the leakage remedy was agreed by the meltro operalor.
The decision regarding a suitable sort of material and technique to be ulilized for the
remedy of concrele surfaces of the walls and floor slabs was considerably supported by
the experience gained on final sealing of tunnels on the metro line IV B being under con-
struclion al that lime (operation from 11/98), Tesling concentrated on materials and the
technique was conducled from 1994 to 1995, in connection with the tender process for
sealing of both precast concrele and cast-in-situ tunnel linings.

Specialist materials based on cement, polyurethane, epoxy or acrylonitriles were les-
ted in sections about 50 m long. Suilicient elasticity, adhesion to surface, and pronoun-
ced ability to stop leakage were the deciding factors for the choice of Asmedia's polyu-
rethane malerials (see Tunel No. 3/99),

Even a ground for opportunities to remedy planar reinforced concrele strucluras was
established in Ihe course of the sealing work on tunnels. In collaboration with
Asmedia's specialists, who performed extensive works on securing impermeability of
basements by watertight reinforcement using resin coating on a number of structures in
Geneva in the course of previous 15 years, festing was performed even in the spaces of
the above mentioned cut-and-cover struclures of the Florenc slation, and, before thal, in
the cable space of the Namésli Miru station en the line I.A, When the application had
been over, following advantages of the given technique were obvious:

- application of this material on an intemal face of a wall renders checking and repair,
if need be, possible.

- sufficient pressure resistance

- high level of adhesion to older bedding concrete

- checking resistivity up to the width of 0.5 mm at the thickness of 1 mm

- reliable iransitions around openings and expansion joints

- possibility to easily apply fireproof coating
A ltesting expetiment was performed at three locations in the "A” struclure prescribed

by the design. The center for speciallzed works existing at Metrostav company's division
No. 7, which had been selected as a contractor in the tender for the complete refur-
bishment, applied polyurethane-based materials manufactured by Asmedia company in
the form of an impermeable coating on intemnal face of a wall, Thanks lo the high level
of adhesion of capillary tension, the internal faces were covered by an optimal manner,
which fact, in connection with the high resistivity of polyurethane resins, implies an extre-
me resistivity of lhe system against waler penelration.

Characleristic of the malerials used:

- Mediatan 701-1 injection material is a single-component polyurethane resin polymeri-
zing in the presence of water. This malerial stops water flowing close to the applicati-
on location.

- Mediatan 701-1 penetration coating is also a single-component polyurethane resin. fts
co?position is adjusted for application on in-advance cleaned and running-water-free
suriaces.

- Mediatan 36-| trowel-grade compound is a double-component palyurathane resin pre-
senting a high degree of resistance against damage, permanent adhesion and elast-
city even for cracks bridging. It is applied in two layers. It is highly resistant against
aggressive water altack.

- H.CA WLis an ecological foamable fireproof coating produced by Flame Guard com-
pany. This transparent coaling used for reduction of inflammability down fo the "A"
degree (inflammable) is spread with spatlle, roller or by spraying.

The whole system was applied in compliance with the following rule:

- the slructure surface must be homogeneous, clean, degreased and dried up

- Mediatan 701-T applied as a first bedding layer

- the double-component Mediatan 360, applied step by step in two layers forms a bea-
ring insulation layer

- fireproof coating

4. CONCLUSION

When the above described experiment had been evaluated, it was decided to apply
this system on the whole job of remedying the leakage in the Florenc station on the
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na celou sanaci priisakl stanice 1.B Florenc v rozsahu projektu. K datu 11/99 jsou jiz
sanacni prace provedeny a mistnosti i vefejné prostory vestibulu jsou uvadény do
zévéretné pohledové podoby natéry ¢i architektonickymi prvky obkladovych mate-
riald.

Zavérecné kolaudaéni hodnoceni prokazuje, Ze provedend sanace velmi kvalitné
nahrazuje poskozenou plosnou vnéjsi izolaci a pfi pomérné malych néakladech vraci
prostory do pinéhodnotného uzivani. Projektant i dodavatel véfi, Ze dany systém bude
v budoucnu uplatnén i na jinych podzemnich stavbach, kde doslo k pogkozeni vnéj-
Sich izolaci a jejich oprava by byla technicky neprovediteind nebo ekonomicky ne-
(mérné naro¢na.

Obr.2 Fig. 2
Prostor se Sachtou pred sanaci
The space with the shaft before refurbishment

Obr.1  Fig, 1 Obr.4ab Fig.4and5
Pohled do rekonstruovaného eskalatorového tunelu

View of the refurbished escalator tunnel interior

1.B line within the whole extent shown in the design. Up to the date of 11/99, the reme-
dial work has been completed, and the rooms and public circulation spaces of the con-
course are being finished to the final visual form by painting or architectural features of
cladding materials.

Final evaluation performed in the course of obtaining the governmental approval
shows that a high quality remedy makes up for a damaged planary external insulation,
and returns the spaces info an undepreciated use at comparatively low cost. Both the
design engineer and the client believe that the given system will be ulilized in fulure at
other underground structures where a damage to external insulation occurred and its
repair would not be technically feasible or would be excessive from the economics point
of view.

Obr.3 Fig. 3
Tentyz prostor po t&snici sanaci a s protipozarnim natérem
The space with the shaft after the sealing and fireproof coating completion

Pohledy do technologickych prostor stanice metra pfed a po sanaci
Views of the technological space of the metro station interior before and after refurbishment
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TECHNICKE KVALITATIVNIi PODMINKY PRO PROJEKTOVANI A REALIZACI
TUNELOVYCH STAVEB NA POZEMNICH KOMUNIKACICH VEETNE
REALIZACE A PROJEKTOVANI GEOTECHNICKEHO MONITORINGU

TECHNICAL QUALITATIVE CONDITIONS FOR DESIGNING AND REALIZATION
OF TUNNEL CONSTRUCTIONS ON ROADS INCLUSIVE REALIZATION
AND DESIGN OF GEOTECHNICAL MONITORING

ING. JIRf SVOBODA - PRAGOPROJEKT A.S.

1. UvOD

V roce 1999 schvalilo Ministerstvo dopravy a spojli éeské republiky novelizovanou
"Smérmici pro dokumentaci staveb pozemnich komunikaci®, s téinnosti od 1.12.1999.

Tatlo smémice upravuje zhotoveni dokumentace staveb pozemnich komunikaci,
které jsou predmétem verejnych zakazek.. Uréuje pisobnost Géastniki dokumentac-
ni &asti pripravy staveb PK a zplsob zpracovani jednotiivych Easti dokumentace. Cle-
ni dokumentaci stavby podle téelu, ke kterému ma slouzit, a stanovuje jeji obsah.

V prvni fadé jsou zde definovany nové vzlahy mezi Géasiniky vystavby, kieré jsou
odrazem prechodu na trzni hospodarstvi, ZruSenim vyhlasky ¢. 43/90 o projeklové
Eﬁpravé staveb vznikla absence predpisu urcujicho pozadovanou dokumentaci

uzemnimu fizeni a stavebnimu povoleni. Tato nova smémice uréuje rozsah poza-
dované dokumeniace pro pozemni komunikace.

Smérnice pro dokumentaci staveb PK viak nefesi obchodné pravni vztahy mezi
zadavatelem (pbjednavatelem) a zhotovitelem dokumentace stavby a také nedefinu-
je pozadavky na vypracovani , kontrolu, projednévani a prevzeti dokumentace stav-
by. Proto bylo nutné vypracovat dokumenty, jejichz autory jsou predni odbomici.
KaZdy dokument byl posuzovan technickou radou, tvofenou zastupci MDS, RSD,
Pragoporjektu a.s. a dalsimi odbomiky z praxe.

Jsou to tylo dokumenty:

- "VSeobecné dodaci podminky pro dokumentaci staveb PK (VDP - D), kterymi se
upravuji obchodné pravni vztahy mezi zadavalelem (objednatelem) a zhotovitelem
dokumentace stavby (MD CR - 1995).

- "Technické kvalitativni podminky pro dokumentaci staveb PK (TKP - D), coZ je
soubor poZadavkil objednatele dokumentace na zpracovéni, kontrolu, projednani
a prevzeli dokumentace stavby. Tylo podminky plati obecné pro viechny stavby
PK (MDS - 1598), Jedna z kapitol tohoto souboru (kapitola ¢.7) pojednava o tune-
lech, podzemnich objektech a galeriich.Tyto byly schvaleny 30.6,1998 s Géinnosti
od 1.8.1998, Zabyvaji se stanovenim technicko-kvalitativnich podminek pro doku-
mentaci tunelovych staveb, 1. tunelll hloubenych, razenych, podzemnich objektd
pro technologické vybaveni tunelll pozemnich komunikaci a ochrannych
galerii. Autorem této kapitoly je ing.Jifi Svoboda,

VDP - D a TKP - D jsou obecné dokumenty a nejsou (a ani nemohou byt) konkre-

lizovany na urcitou stavbu, Kazda stavba byva viak jind a ma své zvia&tnosti

a podminky. Proto se v pfipadé potfeby pro ni vypracova’{%:ﬁ:

- "Zvlastni dodaci podminky pro dokumentaci stavby PK (ZTKP - D}", coZ je doku-
ment, ktery se vypracuje pro kazdé zhotoveni dokumentace a obsahuje jmenovité
tdaje, dopliujic podminky a pfipadné zmény a ustanoveni VDP - D pro piislusnou
dokumentaci stavby.

- "Zviasini technické kvalitativni podminky pro dokumentaci stavby PK (ZTK - D)",
coz je dokument, ktery obsahuje technické kvalitativni podminky, které nejsou
_lo_bsaiany v TKP - D. Viypracuji se v pfipadé potfeby dopliiku a zmén ustanoveni

2. TECHNOLOGICKO-KVALITATIVNi PODMINKY
PRO DOKUMENTACI STAVEB PK (TKP-D)

PREHLED JEDNOTLIVYCH KAPITOL TKP-D:
1. V3eobecné
2. Umisténi a prostorové usporadani pozemnich komunikaci
3. Zemni téleso
4. Vozovky, krajnice a chodniky
5. Qdvodnéni pozemnich komunikaci
6. Mostni objekty a konstrukce
7. Tunely, podzemni objekty a galerie
8, Vybaveni a soucésli pozemnich kamunikaci
9. Obsluzna zafizeni pozemnich komunikaci
10. Cizi zafizeni na Fozemnlch komunikacich
11, Zivotni prostied
Obsahem TKP-D kapitola &. 7 je stanoveni zékladnich pozadavkd na névrh tune-
lowych staveb, poZadavkii na zhotoveni dokumentace Ij. obsah a rozsah jednotlivych
stupridi dokumentace (ST, DUR, DSP, DZS). Je zde také navrZen systgm kontraly,
odsouhlaseni a prevzetl jednotlivjch stupl dokumentace.
V piiloze je také uveden obsah RDS a dokumentace skutedného proveden stav-
by. TKP-D Kapitola ¢. 7 se v piiloze mimo jiné zabyvé autorskym a geotechnickym

1. INTRODUCTION

In the year 1999, the Ministry of Transport and Communications of the Czech
Republic approved the revised ,Instruction for Documentation of Road Constructions”
with the effectiveness from December 1, 1999.

This instruction lays down principles for elaboraling documentation of constructi-
ons of roads and ways (R+W) which form the subject of public tenders. It determines
activities of participants of the documentation part of the R+W projects planning pre-
parations and the methed of elaboration of individual parts of the documentation. It is
divided in the construetion documentation with respect to the purpose for which it is
to serve and it lays down its conlents.

In the first place there are defined new relations among participants of the con-
slruction, which reflect changes with respect to the market economy. After the decree
No. 43/90 on design preparation of constructions had been cancelled, there existed
no regulation determining the respeclive documentation needed for territorial procee-
dings and building permits. Said new instruction determines the extent of the required
documentation for roads and ways.

The instructien concerning the documentation for road constructions, though, does
not solve commercial and legal relations between the customer and contractor for the
construction documentalion, and it also does not specify requirements for efaboration,
inspection, negoliation and taking over of the construction documentation. That is why
it was necessary lo elaborale documents, the authors of which are prestigious experts.
Every document was evaluated by the Technical Committee consisting of representa-
lives of the Ministry of Transport and Communications (MTC), the Road and Motorway
Directorate (RMD, Pragoprojekt a.s. and of other experienced specialists.

The above documents are represented by the following ones:

- .General delivery conditions for documentation of road constructions (VDP - D),
by which commercial and legal relations between the customer and contractor for
the construction documentation (Ministry of Transport of the Czech Republic -
1995) are laid down.

- Technical qualitative conditions for documentation of road constructions (TKP -
D', which is a collection of requirements of the customer for elaboration, inspecti-
on, negotiation and taking over of the construction documentation. Said conditions
are valid generally for all road constnictions (MDS - 1998). One of the chapters of
said collection (Chapter No. 7) concems tunnels, underground structures and gal-
leries. They were approved on June 30, 1998, with effectiveness from August 1,
1998. They determine technical-qualitative conditions for documentation of tunnel
conslructions, i.e. cut-and-cover lunnels, driven ones, underground structures for
technological equipment of road tunnels and protective galleries. Ing. Jifi Svoboda
is the author of this chapler.

VDP - D (General delivery conditions for documentation of R+W constructions) and

TKP-D (Technological-quantitative conditions for documentation of R+W construc-

lions) are general documents and they are not (and cannot be) made exclusively

for a particular construction. Every construction is usually different and it has ifs
speciality and conditions. That is the reason why such documents are specially
elaboraled for each construction, in case of need.

- .Special delivery terms and conditions for a R+W construction documentation
(ZTKP - D), which is a document made for every elaboration of a documentation
and which comprises nominal data compleling terms and conditions and possible
changes and provisions of VDP - D for the respective construction documentation.

- ,Special technical and qualitative conditions for a construction documentation (ZTK
- D)" which is a document comprising lechnical qualitative conditions not included
in TKP - D. They are elaborated in case that an amendment and changes of
a TKP-D provision are needed.

2. TECHNOLOGICAL-QUALITATIVE CONDITIONS FOR
A DOCUMENTATION OF R+W CONSTRUCTIONS (TKP-D)

SURVEY OF INDIVIDUAL TKP-D CHAPTERS:
1. Generally
2. Location and space arrangement of roads and ways
3. Road bed
4. Roads, shoulders and sidewalks
5. Draining of roads
6. Bridge structures
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dozorem, geotechnickym monitoringem a pasportizaci objekt v z6né ohroZeni. Pro
geotechnicky monitoring je stanoven rozsah projektu, obdobné je stanoven rozsah
geotechnickeho priizkumu.

3. TECHNOLOGICKO-KVALITATIVNi PODMINKY
STAVEB POZEMNICH KOMUNIKACI (TKP)

TKP-D zpracoval tym odbomikii pod technickym a metodickym vedenim pracovni-
kil z Pragoprojekiu, a.s. s posouzenim technickou radou , tvofenou zastupci MDS,
RSD a odbornik z praxe. Kapitolu ¢.24 vénovanou tunelovym stavbam zpracoval
ing. Jifi Svoboda.

TKP jsou jednim ze souboru zavaznych rezortnich predpist vydanych k zabezpe-
Geni jednotného postupu pfi zajistovani realizace staveb pozemnich Komunikaci
Zaroven s TKP byly vypracovany:

- “Y&eobecné dodaci podminky staveb “PK (VDP), kterymi se upravuji obchodné prav-

ni vztahy mezi objednavatelem stavby a zhotovitelem stavby (MD -CR - 1995) a
- MP na sestavenl "Zvl4tnich dodacich podminek stavby", coz je dokument, klery

se vypracuje pro kazdou stavbu a obsahuje jmenovité (daje o stavbé, dopliujici

podminky a pripadné zmény ustanoveni VDP pro pfisludnou slavbu.

TKP jsou souborem poZadavki objednatele stavby na provedeni, kontrolu a pre-
vzeli praci, vykont a dodavek. Stanovujl kvalitativni pozadavky na materidl a zhoto-
vovaci prace. PoZadavky definované a uvedené v TKP jsou zévazné také pro reali-
zacni dokumentace stavby. TKP ke dnegnimu dni maji celkem 31 kapitol. Kapitola €.
24 je vénovéna tunelim. Byla kompletné pfepracovana v letech 1998-1899. Vznikl
velice obsahly piedpis s mnoZstvim pfiloh.

TKP jsou ¢lenény do jednotlivych oddild, které se vénuji nastedujici problematice:
- popis a kvalita vyrobkd

- technologické postupy praci

- dodavka, odsouhlaseni a prikazni zkousky

- odebirani vzorkd a kontrolni zkousky

- piipustné odchylky, klimatickd omezeni

- odsouhlaseni a prevzeti pracl

- sledovani deformaci (geotechnicky monitoring)

- ekologie

TKP kapitola ¢, 24 Tunely je rozdélena na 2 zakladni ¢ésti:
A - stavebni ¢ast

B - technologicke vybaveni tunell

Soucasné obsahuje mnozstvi pfilah vénovanych realizacni dokumentaci, geotech-
nickému dozoru a monitoringu, geologické dokumentaci, pasportizaci, {j. vsem €in-
nostem, kleré piisludi vybranému zhotoviteli stavby. Seznam predpist, norem
a vyklad pojm( véetné indukovanych G&ink souvisejicich s vystavbou tunelovich sta-
veb je také uveden v pfiloze.

Velka &ast predpisu byla vénovéna problematice pouziti technologie NRTM pii

7. Tunnels, underground structures and galleries

8. Equipment and parts of underground roads and ways
9. Service equipment of underground roads and ways
10. Equipment of others on underground roads and ways

11. Environment

The contents of TKP-D Chapter No. 7 resides in laying down basic requirements
as to a design of lunnel structures, requirements for elabora!fnga documentation, i.e.
contents and extent of individual documentation stages (ST, DUR, DSF, DZS - for the
abbreviations see Annex No. 2). The system of conlrol is also designed there, as well
as approving and taking over of individual stages of the documentation.

The contents of working drawings and documentation (RDS) and the as-built docu-
mentation is also mentioned in the Annex 2. TKP-D Chapter No. 7 concems, in the
Annex, also the A/E supervision and the geotechnical one, geotechnical monitoring
and inventory and examination of existing buildings in the zone of endangering. The
design scope is determined for the geolechnical monitoring, the extent of the geo-
technical investigation Is determined in an analoguos way.

3. TECHNOLOGICAL-QUANTITATIVE CONDITIONS
FOR ROAD STRUCTURES (TKP)

TKP-D was elaborated by a team of experts under the technical and methodical
control of workers of Pragopm{ekr, a.s. with an evaluation of Technical Committee
consisting of representatives of the MTC, the RMD, , and of other experienced spe-
cialists. The Chapter No. 24, concerning tunnel structures, was elaborated by Ing. Jifi
Svoboda. The TKP is one of the sets of obligatory depariment regulations issued for
securing uniform process when realizing road slruclufes.

Al the same lime as TKF, there were elaborated:

- . General delivery terms and conditions for the R+W constructions (VDP)" which
adapt commercial-legal regulations between the customer and the conlractor for
the construction (the Ministry of Transport of the Czech Republic - 1995) and

- MP for elaborating ,Special defivery conditions of a construction”, which is a doou-
ment which should be elaborated for every construction and which comprises
nominal data of the respective construction, completing conditions and possible
changes of VDP provisions for the said construction.

TKP “are a set of requirements of the customer concerning the performance,
inspection and taking over of works and supplies. There are laid down qualitative
requirements as lo material and work being performed. Requiremenis defined and
mentioned in TKP are obhgg!ory even for the working drawfn_?s and documents of the
construction. TKP to this day have altogether 31 chaplers. The Chapler No. 24 con-
cems lunnels. It was completely revised within the last years 1998-1999. Now, il is
a comprehensive regulation with many annexes. .

TKP are divided in individual sections relating to following problems:

- description and qualily of products

SOUBOR PREDPISU A DOKUMENTACi PRO VYSTAVBU POZEMNICH KOMUNIKACI
SET OF REGULATIONS AND DOCUMENTATION FOR CONSTRUCTING ROADS

UROVEN DRUH DOKUMENTACE
LEVEL KIND OF DOCUMENTATION
Stavebni zakon (zak, &. 50/1976 Sb.
P, — L ve znéni pozdéjsich predpist a jeho
Obehodni zakonik (zak. €. 51 3/1991 Sb., Zakon €. 22/1997 Sb. o naf. viady provadécich vyhlasek)
ve zneni pozdéjgich predpist) ¢.178/1997 Building Act (Act No. 50/1976 Coll
Commerc:al dee {Act No. 5 13/1{)9/ Act No. 22/1997 Coll. and Governmental in the version of later Regulations
Coll. in the version of further regulations) Decree No.178/1997 and performing Decrees)
CR Obéansky zakonik (zak. &. 47/1992 Sb., Normy vieobecns Z&kon o pozemnich komunikacich (zak.
CZECH REPUBLIC ve znéni pozdgjsich predpisl (CSN, zahranigni normy a pod.) €. 13/1997 Sb.) a Vyhlaska ¢. 104/1997
Civif Code (Act No. 47/1992 Coll. in the Standards - generally Sb., kterou se provadi zak, o PK
version of further regulations) (CSN, foreign standards and the like) Act on roads (Act No. 13/1997 Coll.)
and Decree No. 104/1997 Coll., by which
the Act on roads is realized
Zakon o zadavani vefejnych zakazek (zak. &. 199/1994 Sb., ve znéni pozdéjich predpist)
Act on tenders for public orders (Act No. 199/1994 Coll., in the version of later regulations)
V&eobecné dodaci podminky pro doku- Technické kvalitativni podminky pro — E
REZORT mentaci staveb PK (VDIE-D) dokumentaci staveb PK (TKP-D) o e Smérnice pro Eisoglér?:%taa staveb PK
C General delivery conditions for a Technical qualitative conditions for a orovy tfidnik stavebnich konstrukei . .
%I[\)I;SS(T:E\)/ OF documentation of the R+W constructions | documentation of the R+W constructions | - a pracf staveb pozemnich komunikaci | ’tzzr’;i%%%’si:;ﬁ)”n”;e(’;ggg 7
TRANSPORT AND i) () (OTSKP-PK)
Branch classification of building .
COMMUNICATIONS| vseobecné dodaci podminky staveb PK | Technické kvalitativni podminky staveb structures and works of the R+W Vzorové listy PK (VL),
OF THE CZECH (VDP-D) PK (TKP) constructions (OTSKP-PK) Technické podminky (TP) atd.
REPUBLIC General delivery conditions for the R+W |  Technical qualitative conditions of the Model sheets of the A+W (VL)
constructions (VDP-D) R+W constructions (TKP) Technical conditions (TP)
ZvI&tni dodaci podminky pro dokumen- | Zvlastni technické kvalitativni podminky
taci staveb PK (ZDP-D) pro dokumentaci staveb PK (ZTKP-D)
Special delivery conditions Special technical and qualitative
INVESTOR for documentation of the R+W conditions for a documentation of the . ;
constructions (ZDP-D) R+W constructions (ZTKP-D) Soupis praci stavby (SP) Dokumentace pro zadani stavby (DZS)
(OBJEDNATEL) List of works on a construction (SP) Tender design
CLIENT s , . Zvlastni technické kvalitativni podminky
Zvlaétni dodaci podminky stavby (ZDP) stavby (ZTKP)
i?icfo/ndsig;% nc ?gggog)s Special technical quality conditions
of a construction (ZTKP)
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Tunel

raZeni tuneld véetné nezbytného monitoringu. Sttikany beton jako sougast aplikace
nové rakouské tunelovaci metody je zde také, poprvé v Geském predpisu, kvantifiko-
van.

PREHLED JEDNOTLIVYCH KAPITOL TKP PLATNYCH PRO STAVBY PK:
1. Vieobecné
2. Pfiprava staveni§té
3. Odvodnéni a chranitky pro inZenyrské sité
4. Zemni prace
5. Podkladni vrstvy
6. Cementobetonovy kryt
7. Hutnéné asfaltové vrstvy
8. Lity asfalt pro vozovky a zpevnéné plochy
9. Kryty z dlazeb
10. Obrubniky, chodniky a zpevnéné plochy
11. Svodidla a zabradli
12. Trvalé oploceni
13. Vegetadni Upravy
14. Dopravni znaéky a dopravni zafizeni
15. Osvétleni pozemnich komunikaci
16. Piloty a podzemni stény
17. kapitola vélenéna do kapitoly 18
18. Beton pro konstrukce

- lechnological work procedures
- delivery, approval, and proving lests
- sampling and inspection lests
- allowed deviations, climatic limitations
- approving and taking over of works
- observing of deformations (geotechnical monitoring)
- ecology
KP Chapter No. 24 - Tunnels, is divided in two basic parts:
A - construction part
B - technological equipment of tunnels

Simultaneously it comprises many annexes concerning the working drawings and
documentats, geotechnical inspection and monitoring, geological documentation,
classification, i.e. all activities which fall to the selected contractor of the construction,
The list of regulations, standards and explanation of terms, inclusive effects relating
to tunnel constructions, is also included in the annex.

A big part of the regulation concerns application problems of the NATM fechnique
when driving tunnels, inclusive the needed monitoring. Shoterete as an application
part of the New Austrian Tunnelling Method is also included, and it is for the first time,
when it is quantified in a Czech regulation.

SURVEY OF INDIVIDUAL CHAPTERS OF TKP, VALID FOR THE R+W
CONSTRUCTIONS:
1. Generally
2. Preparation of a construction site
3. Drainage and casing pipes

16. Piles and diaphragm walls
17. Chapter included in the Chapter 18
18. Concrele for siructures

19. Ocelové mosty a konstrukce for engineering network 19. Steel bridges and structures
20. Pylony a mostni zavésy 4. Earthmoving 20. Pylons and bridge suspenders
5. Sub-bases 21. Insulation against water

21. |zolace proti vodé

22, Mostni loziska

23. Mostni zavéry

24. Tunely

25. Protihlukové clony

26. Postiiky a natéry vozovek

27. Emulzni kalové vrstvy

28. Mikrokoberce provadéné za studena
29. Zvlastni zakladani

30. Specialni zemni konstrukce
31. Opravy betonovych konstrukei

4. GEOTECHNICKY MONITORING

RaZeni s vyuZitim spolupisobeni masivu (technologie NRTM) nesmi byt provadé-
no bez sledovani napétodeformagniho stavu nosného systému hornina - ostén’.
Chovani tohoto systému je tfeba pravidelnd sledovat metodami geotechnického
monitoringu.

VTKP-D kapitola 7.3.4. je stanoven rozsah a éas (ve vztahu k postupu projekénich
praci) vypracovani dokumentace pro zadani geotechnického monitoringu. Viastni
geotechnicky monitoring vykonava na zhotoviteli stavby nezavisla odbomé inZenyr-
ska organizace z oboru geotechniky, podzemnich a dopravnich staveb uréend na
zakladé vybérového fizeni. Svaji pracovni éinnost vykonava od dokonéeni DSP (pfed
vydanim stavebniho povoleni) po celou dobu dalsf piipravy a realizace stavby az do
kolaudadniho fizeni a to véelné vypofadani vad a nedodalk.

6. Cementitious concrele pavement
7. Compacted bituminous layers
8. Mastic asphalt for roadways
and hard surfaced areas
9. Paved surfaces
10. Kerb stones, footways and hard
surfaced areas
11. Road barriers and railings
12. Permanent fencing
13. Horticultural works
14. Traffic signs and traffic equipment
15. Road illumination

22. Bridge bearings

23. Bridge expansion joints

24. Tunnels

25. Noise attenuation wall

26. Spraying and coaling of roadways
27. Emulsion of slurry layer

28. Cold-laid micro-carpels

29. Special foundation

30. Special earthwork structures

31. Repairs of concrete structures

4. GEOTECHNICAL MONITORING

Tunnel excavation with utilization of the composite action of the rock massif {the
NATM technique) must not be performed without monitoring the state of stress and
deformation of the carrying system: rock - lining. The behaviour of this system must
be observed regularly by means of methods of geotechnical monitoring.

In TKP-D Chapter 7.3.4, there is laid down the extent and time (with respect to the
progress of design works) for elaboration of the documentation designed for ordering
a geotechnical moniloring. The proper geotechnical moniloring is performed by an

engineering organization of the line of geotechnics, underground and transport con-
struction, which is independent upon the building contractor and determined on the
basis of a lender. It performs its working activily from compleling DSP (Final design)
for the whole period of the further preparation and realization of the construction til
the proceedings of the completed construction approval, viz. inclusive remedy of

defects and completion of oulstanding work.

DOKUMENTACE STAVBY POZEMNi KOMUNIKACE
DOCUMENTATION FOR AN OVERLAND COMMUNICATION

DOKUMENTACE STAVBY POZEMNi KOMUNIKACE
(PROJECT DOCUMENTS)
ETAPA 1: ZHOTOVEN| DOKUMENTACE ETAPA 2: ZHOTOVENI STAVBY
(DESIGN) (CONSTRUCTION)
REALIZACNI DOKUMENTACE
Gelké nazvy STUDIE DOKUMENTACEPRO | DOKUMENTACEPRO | DOKUMENTAGE PRO [ 1 e el Fecr o SKUTEGNEHO
) UZEMNI ROZHODNUTI STAVEBN| POVOLENI ZADANI STAVBY 0
(Complete litles) (STUDY) (PRELIMINARY DESIGN) (FINAL DESIGN) (TENDER DESIGN) (WORKING DRAWINGS PROVEDENI STAVBY
AND DOCUMENTS) (AS BUILT DRAWINGS)
Zkratky / (Abbreaviations) ST DUR DSP DZS RDS DSPS
Poznamky: Notes:
1. Projektem se obecnd rozumi zdmér celé akee a zpisab realizace. 1. The Project - it means generally the aim of the whole action and the kind of realization.
2. Dokumentaci se rozumi soubor pisemnosti a vykresi, 2. Documentation - it means a set of documents and drawings.
3. V zdvorkich jsou uvedeny odpovidajici obvyklé anglické nazvy. 3. In brackels - there are mentioned corresponding usual Enghish tilles.
4. Pokud stavebnl (ifad upusti od vydéni Gzemniho rozhodnuti, DUR neni tieba vypracovat. 4. Itthe Building Office does not issue a teritorial derision, a preliminary design need not be ela-
5. Je-li izemnf a stavebni fizeni sloudeno, lze po dohodé se stavebnim Uradem zpracovat misto borated.

DUR a DSP slougenou dokumentaci.
-V pripadech, které povoluje Stavebni zakon, je mozné vypracovat zjednodusenou dokumen-
taci stavby.
7. Dokumentace pro zadani stavby je soudasti zaddvaci dokumentace zakézky (stavby).
Zadavatel/objednatel ji miize pouZit jako dokumentaci pro stavebni povoleni.

f=2]

5. If the territorial and building proceedings are combined, it is possible, after an agreement with
the Building Office, to elaborate, instead of the preliminary design and final one, a combined
documentation,

6. In cases allowed by the Building Act, it is possible to elaborate a simplified construction docu-

mentation.

. The fender design is a part of the tender documentation of the consiruction. The client (custo-

mer) can use it as the final design.

~N
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REALIZACNI DOKUMENTACE STAVBY

WORKING DRAWINGS AND DOCUMENTS

Tunel

mentation, assembly,
documentation, tech-
nological regulations

assembly problems

DRUH REALIZACNI DOKUMENTACE UCEL - OBSAH = = n 5 ZAJISTUJE SCHVALUJE
A KIND OF WORKING DRAWINGS PURPOSE - PoeOMET! POZADOVANC | PROVIDED AoV v | APPROVED
AND DOCUMENTS CONTENTS BY BY
Slozitéjsi konstrukce: Podle potfeb
- skruze, podp, leseni zhotovitele.
s - jimky, stav. jamy Na vyzadani q
PROVADECI Névrh provedeni - montazni zafizeni spr. stavby. éﬁ?%gﬂﬁgg?
e DO};VL:Jr\giTJQCE pom;cnych pfram = ;,anzem stal\'/enls;e ASmIo;vou (ZDP)d Zhotovitel Podzhotovitel Zhotovitel
esign o ore complicate ccording to needs .
DOKUMENTACE DRAWINGS AND performance structures: of the contractor. Cemidier Con;;aszl?;%;?r 15 Centizdior
PRO POMOCNE DOCUMENTS of auxiliary works - centering, supporting If required by the Subcontractor
PRACE - scaffolding, foundation pits | resident engineer.
- assembly equipment By the contract
RDS-PP - site facilities (ZDP).
WORKING Konstrukéni doku-
DRAWINGS AND mentace, technolo-
DOCUMENTS FOR VYROBNE gicka dokumentace, Podrobné feseni
AUXILIARY WORKS TECHNICKA montazni dokumen- konstrukénich, Podle potieb Zhotovitel
DOKUMENTACE | tace. technologické TEeel e e ATBHTED Zhotovitel | Podzhotovitel | Zhotovitel
RDS-PP predpisy a montéznich probléma According
WORKING- ) . . . . i Contractor Contractor Contractor
TECHNICAL Working drawings, | Detailed solutions of design to contractor’s o et i
DOCUMENTATION technological docu- | problems, technological and needs
mentation, assembly assembly problems
documentation, tech-
nological regulations
Objekty stavby: .
- PK (dalnice vzdy) Z%(gtec‘ \?i?;{:b Zhotovitel nebo
- mosty, tunely apod. SleEn (ZI5P) jeho projektant.
Dopravovani (DZS) - technologické zafizeni - Zhotovitel Podzhotovitel
PROVADECI Completing (DSZ) Kinds of construction: Agfc‘;,:e'gg;z;;sgs Contracior | Contractor or its | Objednatel.
DOKUMENTACE - R+W (motorways always) By the contract designer. Spravce
REALIZAGN( WORKING - bridges, tunnels and the like y (ZDP) Subcontractor stavby
DOKUMENTACE DRAWINGS AND - technological equipment Customer.
PRO ZHOTOVOVACI| DOCUMENTS > - — Resident
PRACE (BEZNA) Konkretizace ’i%?ﬁﬁ%gﬁ%?g;zggf oap%rge Zhotovitel Cagineey
vzorovych névrha ! .l' PO VDP, SP Zhotovitel Podzhotovitel
RDS-ZP Specification of OURIEET GBETEE; VDP, 5P Contractor Contractor
model designs SUBLIAE QUG WS, Subcontractor
WORKING 9 drainage, and the like
Dggg%%’x;&gslv Konstrukéni doku-
WORKS mentace, technolo-
VYROBNE gické dokumentace, Podrobné feseni Objednatel
RDS-ZP TECHNICKA | oz commer T VDP, TKP, Zhotovitel Spravoe
DOKUMENTACE predpisy a montaznich probléma ZTKP, SP Zhotovitel chdzhotO\tnteI Cste;vby
Lag Working drawings, | Detailed solutions of design VDl T4 Contractor oy UETGLETE
TECHNICAL technological docu- | problems, technological and L7 P Sllceniasoy AIEAE
DOCUMENTATION mentation, assembly assembly problems engineer
documentation, tech-
nological regulations
; B = Mimofadné technicky obtizné Zhotovitel stavby
PROVADECI P°‘:;f‘;32‘égr‘:,"m a zvI48tni stavby, objekty Zhotovitel
R%E\,/qlt?é;;gll\u BELULIENAEE pomocnych praci a k.onstrukce . ZDP Zhotovitel dg::;r;ent?ce Objednatel
DOKUMENTACE. DRAWINGS AND e oot o spcial 2bp Contractor | "0l egtor, | Customer
PRO PROVEDENI DOCUMENTS o f%i,-/g(ma cek constructions, buildings Documentation
PRACI ing works and structures contractor
RDS-Z Konstrukéni doku-
mentace, technolo-
SPECIAL WORKING VYROBNE gickd dokumentace, Podrobné feseni Objednatel
DRAWINGS AND TECHNICKA montazni dokumen- konstrukénich, VDP. TKP Zhotovitel Spravce ’
DOCUMENTS FOR tace, technologické technologickych ; 3 ; f
PERFORMING DOKUMENTACE St fx - ZTKP, SP Zhotovitel Podzhotovitel stavby
WORKS WORKING predpisy a montaznich problém VDP, TKF, Contractor Contractor Customer.
TECHNICAL | Working drawings, | Detalled solutions of design, ZTKP, SP Subcontractor | Resident
RBDS-Z DOCUMENTATION| technolegical docu- | problems, technologica engineer

Vysvétlivky zkratek:

VDP - V3eobecné dodaci podminky staveb poz. komunikaci
ZDP - Zvlatni dodaci podminky stavby
ZKP - Technické kvalitativni podminky staveb poz. komunikacf
ZTKP - Zvlastni technické kvalitativni podminky stavby

SP

- Soupis praci stavby

DZS - Dokumentace pro zadéni stavby
*) Pfipustnost posuzuje spravce stavby

Explanations of abbreviations:
VDP General delivery terms and conditions of the R+W constructions
ZDP Special delivery terms and conditions of constructions
TKP Technical qualitative conditions of the R+W constructions ZTKP Special

technical qualitative conditions of constructions

SP

List of construction works

DZS Tender design
*) Admissibility is to be judged by the administrator of the construction
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SYSTEM ZAJISTENI RADNEHO PROVEDEN] STAVBY
SECURING OF A DUE PERFORMANCE OF A CONSTRUCTION

OBJEDNATEL
CUSTOMER

STAVEBNI DOZOR
CONSULTING ON THE PROJECT

B SPRAVCE STAVBY
(HLAVNI INZENYR STAVBY)

STAVEBNI DOZORCE

---< — PREDACI

ZHOTOVITEL
CONTRACTOR

DOHLED ZHOTOVITELE
CONTRACTOR SUPERVISION

W STAVBYVEDOUGI

- ODBORNI PORADCI

~ ASISTENT E B CONSTRUCTION MANAGER
B RESIDENT ENGINEERING ' - FOREMEN
— CONSTRUCTION : — EXPERTS
— ASSISTANT i — —
— = | ORGANIZACNI A PRACOVNI RAD
OBCHODNI ZAKONIK i ZHOTOVITELE
COMMERCIAL CODE ; RULES OF ORGANIZATION
i AND WORKING RULES OF THE
i CONTRACTOR
STAVBA
CONSTRUCTION

STATNi ODBORNY DOHLED
STATE BUILDING CONTROL

POVERENI PRACOVNICI STAV. URADU

(PK: SPEC. STAV. URAD)

POVER. PRAC. Ob. (M) U.

POVER. PRAC. JINYCH STAT. ORGANU
DLE ZVLASTNICH PREDPISU

AUTHORIZED OFFICERS OF THE BUILDING
OFFICE (OC: SPEC. BUILD. OFFICE)
AUTHORIZED OFFICERS OF THE DISTR.
(MUNIC.) OFFICE

AUTHORIZED OFFICERS OF OTHER STATE
BODIES ACC. TO SPECIAL REGULATIONS

STAVEBNi ZAKON
BUILDING ACT

STATNi ODBORNY DOZOR
STATE BUILDING SUPERVISION

— MD CR: DALNICE, SIL. I. TR.

— Ok U.: SILNICE II. a lllI. TR,

- Ob. (M) U: MK a UCEL. KOM.

— MINISTRY OF TRANSPORT OF THE CZECH
REPUBLIC: MOTORWAYS, A ROADS

- DISTR. OFF: B ROADS

— MUN. OFFICE: MUNICIPAL ROADS AND
PURPOSE ONES

SILNICNi ZAKON
ROAD ACT

VRCHNI STAT. ODB. DOZOR

CENTRAL STATE BUILDING SUPERVISION

— USTREDNI STATNI ORGAN VE VECECH
DOPRAVY - MD CR

~ CENTRAL STATE BODY FOR TRANSPORT
AFFAIRS - MINISTRY OF TRANSPORT
OF THE CZECH REPUBLIC

STATNI ORGANY
STATE BODIES
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TECHNICKO KVALITATIVNI PODMINKY STAVEB
TECHNICAL QUALITATIVE CONDITIONS OF CONSTRUCTIONS
URCUJI DETERMINE
* Z“CEHO & OF WHICH
¢ CiM & BY MEANS OF WHICH
* JAK ) ® HOW
¢ V JAKE KVALITE & IN WHAT QUALITY
¢ SOUCAST OBSAHU SOD A ZP & PART OF CONTENTS OF THE CONTRACT AND ZP
¢ SYSTEM ZABEZPECENI KVALITY & SYSTEM OF QUALITY ASSURANCE
¢ TYKA SE ZHOTOVOVACICH PRACI - & /T CONCERNS CONSTRUCTION WORKS -

VYJIMECNE | VYBRANYCH POMOCNYCH

EXCEPTIONALLY EVEN SELECTED AUXILIARY WORKS

TKP
soubor technickych pozadavkt objed.
set of technical requirements of the customer

e | ____

Provedeni praci
Performance of works

Kontrola praci
Inspection of works

Prevzeti praci
Taking over of works

Pozadavky na:

Zkousky:
¢ prikazni zkousky
¢ kontrolni zkousky

material, polotovary
stavebni dilce

technologii s prejimaci zkousky
stavebni stroje * rozhod¢i zkousky
konstrukce Tests:

Requirements of works: * proving tests

e material, semi-products ¢ inspection tests
e construction elements * acceptance tesls
e technology * arbitration tests
¢ building machines

* structures

PREHLED TECHNICKYCH PREDPISU

Odsouhlaseni — pievzeti:
¢ odbér zasilek — kvantita
— kvalita

* uskladnéni
e piejimaci fizeni

— postup dle VDP

— poZadované doklady TKP
Approving - taking over:
e taking over of deliveries — quantity

— quality

e storage
s acceptance proceedings

— procedure acc. to VDP

— required documents TKP

SURVEY OF TECHNICAL REGULATIONS

DISTRIBUTED BY PRAGOPROJEKT, A.S., AUTHORIZED TO IT BY

KTERE Z POVERENI MINISTERSTVA DOPRAVY A SPOJU CESKE THE MINISTRY OF TRANSPORT AND COMMUNICATIONS OF THE

REPUBLIKY DISTRIBUUJE PRAGOPROJEKT, A.S.

CZECH REPUBLIC

SPK  Smémice pro dokumentaci staveb pozemnich komunikaci (PK) SPK Instruction for a documentation of road constructions (Effectiveness from
(Uginnost od r. 1992, aktualizace ve 1. Q 1999) 1992, revision in 1l Q 1999)

OT  Oborovy tfidnik stavebnich konstrukei a praci staveb PK OT  Branch Classification Manual of building structures and road construction
(Popisovnik praci staveb PK, Soupis praci stavby - metodicky ndvod na sesta- WorKs.
veni a pouziti, Soubor poloZek staveb PK. Uginnost od r. 1994) (Descriptions of road construction works, List of construction works - metho-
Aktualizované znéni, platné od 1. 1. 1999, distribuuje VALBEK s.ro., dical instruction how to apply it, Set of road construction items. Effectiveness
Variurova 505/17, 460 11 LIBEREC. from 1994.

DP  Dodaci podminky staveb PK Revised version, valid from January 1, 1999, distributed by VALBEK s.r.0.,
(V8eobecné DP staveb PK, Zviastni DP stavby - metodicky pokyn na sesta- Variurova 505/17, 460 11 LIBEREC.
veni, Komentaf, U&innost od r. 1995) DP  Delivery terms and conditions of road constructions

DPD Dodaci podminky pro dokumentaci staveb PK (General DP of road constructions. Special DP constructions - methodical
(VSeobecné DPD staveb PK, Zviadtni DPD staveb PK - metodicky pokyn na instruction how to apply it, Commentary. Effectiveness from 1995)
sestaveni, Komentaf. Uginnost od 1. 1995) DPD Delivery terms and conditions for working drawings and documents of road

TKP  Technické kvalitativni podminky staveb PK constructions - methodical instruction how to apply it. Effectiveness from 1995
(Ucinnost od r. 1993, postupna aktualizace kapitol a tvorba novych kapitol) TKP  Technical qualitative conditions of road constructions.

TKPD Technické kvalitativni podminky pro dokumentaci staveb PK (Effectiveness from 1993, gradual revision of chaplers and elaboration of new
(U&innost od 1. 8. 1998) chapters)

VSD  Vykon stavebniho dozoru na stavbach PK (metodicky pokyn) TKPD Technical qualitative conditions for documentation of road constructions
(Ucinnost od r. 1995) (Effectiveness from August 1, 1998)

PVZ Metodicky pokyn k zékonu o zadavani vefejnych zakazek v oboru PK VSD Consulting engineer’s duties on road constructions (methodical instruction)
(Uginnost od r. 1996) (Effectiveness from 1995)

OD TP 83 - Odvodnéni pozemnich komunikaci PVZ  Methodical instruction to the Act on tenders for public tenders in the branch
(Technické podminky — Géinnost od 1. 9. 1997) od road constructions

(Effectiveness from 1996)
OD  Technical conditions 83 - Drainage of underground roads and ways

(Technical conditions - effectiveness from September 1, 1997)
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LAERDAL TUNEL - NEJDELSI SILNICNi TUNEL
NA SVETE

THE LAERDAL TUNNEL -
THE WORLD’S LONGEST ROAD TUNNEL

PROF. ING. JIRI BARTAK, DrSc., FACULTY OF CIVIL ENGINEERING

Pro kvalitni fungovani a rozvoj moderni spoleénosti jsou nutné rychlé a spolehlivé
dopravni cesty.

V zdpadnim Norsku je problém silniéniho spojeni velmi tizivy a naléhavéjsi nez
v ostatnich ¢astech zemé. Uzké silnice, pfekraujici na mnoha mistech hory a fiordy,
nejsou zarukou celoroéniho spolehlivého spojeni.

V pribéhu uplynulych 20-ti let bylo v Norsku vénovano nemalé Gsili rozsifeni
a modernizaci silnicni sité, spojujici jednotlivé regiony zemé a zajistujici dopravu bez-
pecnéjsi a levngjsi. Tunely a mosty na novyich silnicich vzdalenosti zkratily a dopravu
zrychlily, nebot umoznily zruit Fadu dlouhych trajektd pfes moiské fiordy a zajistily
spolehlivy celoro¢ni provoz v horskych Usecich.

LAERDAL TUNEL

® V roce 1975 norsky parlament rozhodl, Ze evropska silnice E16, spojujici Oslo
a Bergen, bude vedena pfes pohoii Filefiell (seveméjsi cesta ze dvou paralelnich
moznosti, kterd vak mezi mésty Laerdal a Gudvangen vyuzivala diouhy
trajekt pfes Sognefiord). Parlament v roce 1992 toto rozhodnuti potvrdil
s tim, Ze mezi mésty Laerdal a Aurland bude trasa vedena v silniénim tunelu
(obr. 1a2).
lehlivé spojeni mezi dvéma nejvétsimi norskymi mésty s vyloudenim trajektového
Useku.

e Zakladni Udaje o tunelu:

Cena (v norskych korunach v Grovni r.1998) 976 mil. NOK {(cca 5 miliard K¢)

Doba vystavby 1995 - 2001
Délka tunelu 24,5 km
Pfistupovy / vétracf tunel 2,1 km

Nouzové zalivy
Otaceci zlivy

48 ks (a 0,5 km)
16 ks (a 1,5 km)
Intenzita dopravy - max. poéet vozidel/hod 400 ks
- roéni primémy pocet vozidel/den 1000 ks
o S délkou 24,5 km bude Laerdalsky tunel po dokonéeni v roce 2001 nejdelsim sil-
ni¢nim tunelem na svété. V soucasné dobé tento primét patii Gotthardskému dél-
nicnimu tunelu, ktery mé délku 16,9 km.
® V pribéhu poslednich 20-ti let Norska silniéni sprava postavila cca 100 km tuneld
v kraji Sogn og Fjordane (rozsahla oblast zapadniho pobfezi Norska v okolf
Sognefiordu). V roce 1991 byl otevien tunel Gudvanga, ktery je soudasti silnice
E16 mezi mésty Oslo a Bergen.

GEOLOGICKE POMERY

Horninovy masiv, v némz je raZen Laerdalsky tunel, je z podstatné Gasti tvoten pre-
kambrickymi rulami (obr.3). Jedna se o pomémé tvrdé hominy (70-120 MPa), které
vytvéreji dobré podminky pro razbu. Nadloz! tunelu ma max. vygku 1400 m, z éehoz
rezultuji velka primami napéti. V disledku koncentraci napéti na lici vyrubu dochazi
k jevu znamému jako "stfileni hominy" (v hornictvi nazyvané "praskavky"), pfi némz
dochazi k odpryskim hormniny, majicich nejcastéji tvar tenkych Supin, v nékterych pfi-
padech v8ak i vétsich bloku,

Pri razbé Laerdalského tunelu byl tento jev velmi éasty a bezprosttedné po odstfe-
lu bylo nutno dodrzovat zvI&8tni bezpednostni opatieni pfed zapotetim navazuijicich
praci.

VYSTAVBA TUNELU

Tunelovani probihalo ve 4 hlavnich fazich: vrtani, nabijeni a odstfel, nakladani

Fast transport arteries are needed to ensure growth and development in a modern
society. In westemn Norway, this is a greater problem than in the rest of Norway.
Narrow roads, combined with many fiord and mountain crossings, lead to relatively
poor levels of reliability in road transpont,

During the last 20 years, priority has been given to extending the national roads
network in order to link different regions of the country more closely together, reduce
Jjourney times and provide safer and cheaper transport for businesses. Tunnels, brid-
ges and new road routes make journeys shorter and faster. Several long ferry cros-
sings can be dispensed with, and we benefit from more reliable year-round commu-
nications.

LAERDALL TUNNEL

e In 1975, the Norwegian Parliament decided that the main road between Bergen
and Oslo should go over Filefiell. In 1992, Parliament confirmed that decision, and
took a further decision that the road should run through a tunnel between Laerdal
and Aurland (Fig 1,2)

o The Laerdal tunnel is one important part of the extension of a ferry-free, reliable
road link between the two largest cities in Norway.

Project facts:
Project cost

(NOK value in 1998): NOK 976 million
Conslruction period: 1995 - 2001
Tunnel length: 24,5 km
Access adit/ventilation tunnel: 2,1 km
Turning points: 16
Emergency lay-bys: 48
Maximum hourly traffic: 400 vehicles
Average annual daily traffic: 1000 vehicles

® The 24.5 kilometre-long tunnel will be the longest road tunnel in the world when it
is completed in the year 2001. The St. Gotthard tunnel in Switzerland is currently
the world's longest at 16.9 kilometres.

e During the last 20 years, the Norwegian Public Roads Administration has built
about 100 kilometres of road tunnels in Sogn og Fjordane. The 11.4 km long
Gudvanga tunnel opened in 1991. The Gudvanga tunnel forms part of the main
road construction project between Bergen and Oslo,

GEOLOGY

The dominant type of rock in the Laerdal tunnel is precambrian gneiss (Fig 3). This
is a hard type of rock, which makes good tunnelling material. The Laerdal tunnel is
located very deep within the mountain, with up to 1,400 metres of rock above it. The
large masses of rock above the tunnel exert immense pressure. This, combined with
the great horizontal tensions in the Earth's crust, has made the stresses so huge that
large chunks of rock can fall from the tunnel's roof and walls after blasting. This phe-
nomenon is known as «rock burst».

The size of rock burst debris varies from small, thin flakes to huge blocks of stone.
The builders of the Laerdal tunnel face this problem frequently. Rock burst debris falls
straight after blasting and safety measures must be carried out before any work can
continue.

CONSTRUCTING THE TUNNEL

While the tunnel is being built, operations are divided into four main phases: dril-
ling - laying charges and blasting, loading and transportation - securing the rock. The
entire procedure takes about 6-7 hours each time it is carried out. Exactly how long
depends primarily on how much safety work is necessary.
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Obr. 1 Situace
Fig. 1 Situation

Obr. 4 Vriné schema
Fig. 4 Blast scheme

a odvoz rubaniny, vystrojovani, Cely cyklus trval 6 - 7 hodin v zvislosti na rozsahu
vystrojovacich praci.

VRTANI:

Vrtani bylo provadéno pomoci pocitacové fizenych tfilafetovych kolovych vrtacich
vozl Atlas Copco 1504, Zakladni geodetické body na ose tunelu byly vytyéeny pomo-
cf satelitu, méfeni uwniti' tunelu byla provddéna pomoci laseru. Podita¢ na vrtném
voze zajistil s vyuZitim laserového paprsku zékladové ustaveni a pak automatické
provedeni vrtného schematu.

TRHACI PRACE:
Vrtné schema obsahovalo cca 100 vrtli priméru 45-51 mm, délka zabéru byla
5,2 m (obr.4) Dynamitova nalozka s rozbuskou byla ukladana na dno kazdého vrtu

Obr. 5 Bezpeénostni vybaveni tunelu
Fig. 5 Emergency equipment

Obr. 6 Otadeci zaliv v tunelu
Fig. 6 Tuming area

Obr. 7 Rozsifeny bezpeénostni zaliv
Fig. 7 Widened turning area

DRILLING:

The tunnelling is carried out using compulter-controlled drilling jumbos as well as
traditional drilling and blasting.

Navigation satellites have been used to determine fixed survey points on which
other measurements inside the tunnel are based. Inside the tunnel, bearings are indii-
cated using laser beams. A computer on the drilling jumbo captures the laser beams
and positions the drilling equipment automatically, according to a set pattern. Each
drilling jumbo contains three automatic hydraulic drills

BLASTING:

Approximalely 100 holes, 45-51 mm in diameter and 5.2 metres deep, are drilled
for each blast. A detonator inside a small stick of dynamite is placed in the bottom of
each hole. Anolitt is then pumped into the hole (Fig 4) .
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Podélny fez tunelem
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Podélny geologicky fez tunelem

(4 zélomové vrty vétsiho priméru nebyly nabijeny - pozn.piekladatele), dalsi pod-
statna Cast naloZe byla tvofena anolitem, (emulsnf primyslova trhavina v Norsku vel-
mi ¢asto pouzivana, obdoba Svédského emulitu - pozn. prekladatele).

Trhaci prace byly provadény na tfech i étyfech Celbach soucasng, coz znatné
zrychlovalo postup razby. Rozsah trhacich pracf byl nasledujici:
o 5.000 odstfeld bylo uskutecnéno celkem do prordzky tunelu v z&f 1999.
o Kazdy odstiel uvolnil cca 500 m? horniny.
o Celkova naloz kazdého odstfelu byla 500 kg trhaviny.
o Prlimémy postup na viech &elbach byl 60 - 70 m/tyd.
o Celkové bylo trhacimi pracemi odtézeno 2,5 mil m® rubaniny,

NAKLADANI A ODVOZ RUBANINY:

Nakladani rubaniny bylo provadéno kolovymi nakladadi {typ Volvo L330C s nizko-
emisnim motorem a IZici s Celnim i stranovym vyklapénim - pozn. piekladatele).
Odvoz rubaniny zajistovaly velkokapacitni nakladni vozy (Mercedes/Volvo 70t - pozn.
pfekladatele), které vyuZivaly pfi dlouhém transportu definitivni vozovku, pokladanou
pribézné pfi razbé tunelu,

Longitudinal tunnel section

Jaronnosi

Fauilt
Weaknes
zone > 10 m
Weaknes zone
Weaknes
zone > 10 m
Weaknes
zone > 10 m

~ Weaknes zone

Tynjadar

12 14 16 18 20 22

Habakken

Fig. 3
Longitudinal geological section

Drilling on the Laerdal tunnel has been carried out from three or four sites (faces)
simultaneously, making operations intensive.
® 5,000 blasts will have been detonated before the breakthrough in 1999.
® 100 holes are drilled for each blast, and each blast eals its way 5 metres into the rock.
@ Each blast releases 500 v’ of rock.
® 500 kg of explosives are used for each blast.
o On average, 60-70 metres are blasted per week at all faces.
o In total, 2.5 million cubic metres of excavated rock will have to be removed from
the tunnel.

LOADING AND TRANSPORTATION:

Wheel-mounted loaders are used in the tunnel. The excavated materials are tran-
sported out of the tunnel using dump trucks. Permanent roads have been built in the
tunnel, in parallel with the tunnelling work, so that transport vehicles can run on
a good, paved road base during the construction period.

EXCAVATION AND LANDSCAPING:
The disposal of 2.5 million cubic metres of excavated rock from the tunnel was one
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DEPONOVANI RUBANINY:

UloZeni 2,5 mil m? rubaniny pfedstavovalo znaény problém z hlediska technického
i Z hlediska ochrany a tvorby Zivotniho prostiedi. Aby nedoglo k ekologickym konflik-
ttm v civilizaéné exponovaném laerdalském udoli, bylo rozhodnuto zbudovat vice nez
polovinu hlavniho tunelu s vyuzitim 2,1 km dlouhého pfistupového tunelu z Tynjadalu.
Tynjadal je postranni tdoli, lezici cca 8 km vychodné od Laerdalu, v némz bylo moz-
no deponovat rubaninu bez vétsich problémd krajinotvornych i vodohospodafskych.

Naklady na vybudovani pfistupového tunelu byly sice znatné, doba vystavby se
v8ak podstatné zkrétila a vlastni mésto Laerdal bylo uchranéno od obt&zujictho sta-
vebniho ruchu. VyuZiti pfistupového tunelu v rdmei ventilaéniho systému umoznilo
i snizeni spotfeby energie, potiebné pro provozni vétrani tunelu.

Vystrojovani tunelu:

Po kazdém odstfelu byl vyrub tunelu "obtrhan" hydraulickymi impaktorem a rugné
docistovan. Strop a stény tunelu byly zajistovany 2,5 az 5 m dlouhymi svorniky s anti-
korozni povrchovou Upravou a nastiikem vrstvy dratkobetonu v tloustce 50-100 mm.

Celkem bylo osazeno cca 200.000 svomikli (7 az 8 svornikil na bm tunelu)
a nastfikano 35.000 m* stabilizaénf dratkobetonové vrstvy (primami osténi).

Sekundarni osténi nebylo provadéno, vyjma kréatkych Gsekd u obou portalti.
Horninovy masiv byl velmi suchy, takze néroky na izolaci tunelu byly mizivé.

VETRANI A CISTENI VZDUCHU

Vzhledem ke stalym exhalacim vyfukovych plyni z projizdéjicich aut je nutno do
tunelu dodavat znaéné mnozstvi Cistého vzduchu. Prljezd kazdého automobilu
24,5 km dlouhym Laerdalskym tunelem vyzaduje pfikon 1.800 m? gistého vzduchu.

V poslednich letech Norska silniéni sprava provedla fadu vyzkumd, jejichz vysled-
kem byla konstrukce novych vysoce efektivnich ventilator pro podéiné vétrani, které
zajistuji az o 20 % kvalitnéjs ovzdusi v tunelu bez zvySeni spotieby energie na jejich
provoz.

Jinou metodou, snizujici energetické naklady na vétrani, je snizeni mnozstvi nasa-
vaciho ¢istého vzduchu. Toho bylo moZno docilit ¢isténim vzduchu, ktery prochazi
tunelem od Aurlandu smérem k Tynjadalu. Cistici stanice, umist&né zhruba uprostfed
zminéného Useku, sniZuje na polovinu potiebu vzduchu nasavaného u aurlandského
portalu.

Norskd sprava silnic ma z fady tunelli zku§enosti s &isténim vétraného vzduchu od
prachovych ¢astic. V Laerdalském tunelu bude distici stanice, umisténa v nejvy$sim
misté trasy cca 10 km od Aurlandu, umoZziiovat vedle odpragnéni i ¢isténi pouZzitého
vzduchu od nékterych toxickych plynd.

BEZPECNOST DOPRAVY

Jizda Laerdalskym tunelem bude trvat pfiblizné 20 minut. Bylo nutno navrhnout
takové stavebni a vnitini Upravy tunelu, které zajisti, aby jizda nebyla monotonni
a nudna, nebot oboji vede u nékterych Ffidicd ke ztraté koncentrace na jizdu.

Od roku 1990 byl provadén vyzkum vlivu jizdy dlouhym tunelem na chovani fidicd.
Pouziti simulatort umoznilo najit optimaini feSeni ve vedent trasy, Upravé vnitiniho lice
tunelu, zplsobu a intenzité osvétleni apod. Vysledky vyzkumu vedly k nasledujicim
doporuéenim:

e Monotonnimu pocitu z jizdy Ize zabranit vedenim osy tunelu v tahlych obloucich

e V kterémkoliv misté v tunelu musi byt vSak zaji§téna rozhlednd vzdalenost
1000 m nebo vice.

o Tunel bude rozdélen na 4 ¢asti specielnimi rozsifenymi useky, v nichz bude moz-
no otadet i ndkladni auta s pfivésy bez couvani. Tyto rozsifené Useky budou mit
zvlastni Upravy v osvétleni a v dekoraci lice osténi, coz zajisti pfiznivy vliv na potla-
¢eni monotdnnosti 20-ti minutové jizdy (obr.5).

POZARNI BEZPECNOST:

Pozarni bezpetnost ma prioritni postaveni pii vystavbé kazdého tunelu. Aby bylo
shizeno riziko vzniku nehod a eventuelnich naslednych pozari, bude v Laerdalském
tunelu pouzita fada bezpeénostnich opatfeni:

e SOS telefony budou umistény kazdych 250 m (obr.5).

o Hasicf pfistroje (6-ti kilogramové praskoveé) kaZzdych 125 m (obr.5).
o Otadeci zalivy kazdych 1,5 km (cbr.6).

e Specielnd rozsifené otaceci zalivy kazdych 6 km (obr.7).

o Nouzové zalivy kazdych 500 m.

® Anténni systém pro dvé radiové frekvence.

e Zajisténi provozu mobilnich telefond.

Jestlize dopravni nehoda nebo jind vaZna uddlost vyZaduje uzavieni tunelu, Ize
toto okamZité dosahnout z fidiciho centra v Laerdalu, které je odpovédné za monito-
ring a fizeni tunelového systému v celém regionu. Ridici automobild, ktefi jsou v oka-
mziku uzavfenf uvniti tunelu jsou radiem informovani o situaci a pozadavcich fidiciho
centra (zastaveni, cekani, otodeni a vyjezd z tunelu a pod).

Zpracovano s pouzitim materidld Norwegian Public Road Administration

of the greatest challenges in planning the tunnel. To avoid major conflicts because of
the cultural importance of the landscape and the productive agricultural land in the
main valley, the Norwegian Public Roads Administration is building more than half of
the tunnel from a 2.1 km long access tunnel in Tynjadal. Tynjadal is a side valley, ope-
ning out about 8 km east of the town of Laerdal. Here, the excavated materials are
being deposited with no visible effect on the main valley, and without any risk of haza-
rdous run-off info the Laerdal watercourses.

Building an access tunnel from Tynjadal into the main tunnel is expensive, but
makes for a shorter construction period than working just from each end. This soluti-
on also means less inconvenience for the Laerdal community, since access traffic and
noise from the tunnel workings are concentrated in an uninhabited area. The access
tunnel is also an important part of the permanent ventilation system. Polluted air will
be extracted here - the access tunnel plays a part in reducing the energy consumpli-
on of the ventilation system.

Bolting and lining:

After each blast, the area excavated is cleared using a hydraulic scaler fitted to an
excavator. This is then checked by manual scaling.

The roof and walls of the tunnel are then reinforced with galvanised steel bolts and
fibre-reinforced shotcrete in a 50 - 100 mm thick layer.The 2.5 to 5 metre long rock
bolts direct the stresses deeper into the rock.

In total, approximately 200,000 rock bolts (7-8 bolts per metre) and 35,000 n? of
reinforced shotcrete will be used to stabilise the tunnel.

No secondary lining is being provided except for short lenghts at either portal. The
tunnel is generally very dry, with little in the way of waterproofing required,

VENTILATION AND AIR TREATMENT PLANT

Even though today's cars produce less CO and other toxic gases than they used
to, huge quantities of fresh air still have to be supplied. Each car requires 1,800 n¥’ of
fresh air on the 24.5 km long trip through the Laerdal tunnel.

During the last few years, the Norwegian Public Roads Administration has carried
out research and development work to make ventilation fans more efficient, achieving
better air quality in the tunnel without increasing the power costs.

Another method of reducing energy costs is to reduce the need for fresh air to be
drawn in. The only method of doing this is to clean the air as it moves through the tun-
nel from Aurland to Tynjadal. If dust and exhaust fumes were to be removed by an air
treatment plant in the middle of that section, the volume of air drawn in from Aurland
could be halved.

The Norwegian Public Roads Administration has experience with several tunnels
in which air treatment plants have been installed for the removal of dust. In the
Laerdal tunnel, an air treatment plant may be installed at the highest point in the tun-
nel, about 10 km from Aurland. Work has been done on developing a station which,
in addition to removing dust, will also remove some of the toxic gases.

TRAFFIC SAFETY

Driving through the Laerdal tunnel will take approximately 20 minutes. The chal-
lenge has been to design the funnel so that people do not find the trip «boring and
monotonous», thereby losing concentration during the long journey.

Since 1990, research has been carried out to study driver behaviour in long road
tunnels. Simulators are being used to find the best solutions as regards lighting levels
and design.

The research results give rise to the following points:

o Gentle curves and short straight sections will make driving through the Laerdal tun-
nel less monotonous.

o At any given point in the tunnel, the safe viewing distance will be 1,000 metres or
more.

o The tunnel has been subdivided into four sections by means of specially widened
areas which are large enough to allow coaches and trains to turn without having to
reverse, In these areas in particular, special designs are being assessed (variati-
ons in lighting, decorated tunnel walls, etc.) to break the monotony on the 20 minu-
te drive (Fig. 5).

FIRE SAFETY:

Fire safety is a priority in the construction of any tunnel.

However, even with little risk of accident and safe fire designs, the Laerdal tunnel
will be provided with a large quantity of emergency equipment:

o Emergency telephones every 250 metres (Fig 5)

® Fire extinguishers (6 kg powder units) every 125 metres (Fig 5) .

o Tuming areas every 1.5 km (Fig 6).

e Tuming areas have been constructed every 6 km, in the form of huge widened

areas (Fig 7)

e Small lay-bys for breakdowns every 500 metres.
e Antenna systems giving access to the P 1 and P4 radio channels.
o Mobile telephone connections,

If a traffic accident or some other situation should occur, requiring the tunnel to be
closed, this can be achieved with immediate effect from the monitoring centre. All dri-
vers who have entered the tunnel will be given information via radio about whether
they should wait or possibly turn round and drive out of the tunnel.

In accordance with printed materials of Norwegian Public Road Administration
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTIONS

DALNICNi OBCHVAT ZURICHU.

Pokud piijizdite do Zirichu od jihovyehodu po dalnici N 3 podél Ziirisského jezera
(ktere ovsem neni z dalnice vidét), zjistite, ze doprava houstne a jizda se stava poma-
lejsi a Ze | kdyZ viastné nechcete do centra mésta, musite jim projet, cheete-li pokra-
covat dale na pf. na Basilej. Tato situace je zplisobena tim, Ze zapado-jizni ¢4st dal-
ni¢niho obchvatu se sice jiz Iéta planuje, ale postavena neni. Leé nezoufejte, jiz se
stavl. Jeho prvni Gast ma byt hotova v r. 2005 a cely obchvat bude kempletng v pro-
vozu k roku 2010 s tim, Ze dalniéni napojeni obchvatu smérem na Luzem bude v pro-
vozu od r. 2012. Nebude to oviem levnd zaleZitost - vétsinu trasy tvoii tunely.

Zirich je z hlediska ekonomického hlavnim méstem Svycarska. M4 sice jen 350
tis. obyvatel, ale zajistuje pracovni mista pro mnoho lidf, Ktefl sem dennd dojizdéji.
Nejen to zpOsobuje dopravnl obtiZe - mésto navic lezi na trase transitnf dopravy z jiho-
vychodniho Némecka do Italie, kierd musi projet méstem nebo pro tuto dopravu
nevhodnymi mistnimi komunikacemi na p. v okoli Birmensdorfu, Poznamenejme jes-
&, Ze severni obchval na trase Ber - St. Gallen byl zprovoznén pred dvandcti lety
(ieho soucasti je Gubristsky tunel diouhy 3,3 km).

Zapado-jizni obchvat se pfipravoval 25 let. Svycarsky federalni parlament o ném
rozhodl v roce 1971. Projektové alternativy byly pfedmétem silné a nékdy nepfimé-
fené vefejné kritiky a vysledkem byla dal$i alternativa zpracovana za Ucasti samos-
pravy Birmensdorfu. NavrZené tunelové vedent trasy mélo ochranit rozsahlou &ést
venkovskeé oblasti a v této podobé byl projekt schvalen federdinim parlamentem v 1.
1888. Po zpracovani posudku o Vlivu stavby na Zivotni prostedi v r. 1991 byly piijaty
jesté dalsi ipravy, ale ani tak projekl neuspokojil pozadavky skupin ochrancl Zivolni-
ho prostied! a skupin, které sledovaly dals specielni zajmy. Tyto poZadavky vaak jiz
Nejvyssi federélni soud zamitl a projekt byl pfislusnym ministerstvem schvélen v éer-
venci roku 1996.

Trasa obchvatu je dlouha 10.6 km a z 80 % vede v podzemi. Vznikne okruzni dél-
nice, ktera propoji délnici N 1 pfichazejici od Bernu s jiz zminénou dalnici N 3 a v
koneéné fazi i s dalnici N 14 vedouci na Luzern.

Prvni ¢asti budované trasy je obchvat Birmensdorfu o celkové délce 5,4 km a
zahmuje tfi dvojice soub&znych tuneld. Koni délniéni kiizovatkou Ziirich - zapad a
po dokonceni umozni napojeni mistnich komunikacl v oblasti Wettswilu. Stavba byla
zahdjena v zafi roku 1996 a predpoklédana doba vystavby je 10 let. Investorem je
stavebni Ufad kantonu Zirich, klery pro vykon inZenyrskych &innosti vybral
Electrowatt Engineering (EWE). Ten je zodpovédny v podstaté za v3e - od projekto-
vani, pfipravu tendrovych dokumentd, vyhodnoceni nabidek, smiuvni jednani s doda-
vateli a2 po stavebni provadéci projekt, stavebni dozor a monitoring na stavenisti.
Znéni smlouvy s dodavateli je podstatné nekonfrontadnf a déli riziko mezi zakaznika
a dodavatele. Obsahuje nejen polozky pro oéekévané geotechnické podminky, ale i
polozky pro nepfiznivéjsi skuteCnost, bude-li zastizena.

Tri hlavni tunely o dvou troubéch na této éasti trasy jsou Eggrainsky tunel o délce
480 m, Hafnerbergsky tunel o délce 1385 m a nejdelsi Aeschersky tunel ma délku
2160 m. KaZda tunelova trouba ma dva jizdni pruhy, takze vozovka je Sirok4 10,5 m.
Razeny profil je proménlivy od 135 m* az skoro do 150 nv'. Blizko poriall Loefller a
Schauber se piilehlé ¢asti tunell) rozsifuji s ohledem na najezdové a wjezdové ram-
py, takze Sitka vozovky je 14 m a razeny profil skoro 192 m* a v misté odbodeni nebo
pfipojeni dosahuje $ifka vozovky az 21,5 m2 a razeny profil je 337 m?. Pfipojeni mist-
ni komunikace u Ristetu na konci Eggrainského tunelu zajistuji dva jednopruhové
tunely o sifce vozovky 7 m a razeném profilu 83 mz

Pod vozovkou bude umistén servisni kolektor, Umélé vétrani je potfebné v obou
delsich tunelech a bude zajisténo podéInymi ventilatory. Niky pro hydranty a havarij-
ni hiasice jsou maximalné 150 m od bezpednostnich zalivi. Dodasné osténi tunell
tvoff stfikany beton, isolace proti vodé se provadi po celém obvodu z ekologickych
diivodd a s ohledem na snizeni nakladd na Gdrzbu. Na misté betonované definitivni
osténi tvoff vyztuzeny beton spodni klenby a prosty beton boki a horni klenby. Je
potitano na tlak podzemni vody, zatizeni rozvolnéné horniny i zatizeni vyvolané bobt-
nanim slinovcd.

V mékkych horninach jsou pouZity sité v kombinaci s pithradovymi nosniky, postup
1'az2m. Variantné se pocité v pfistropi s tryskovou injektazi nebo provadénim vodo-
rovnych mikropilot. Provizomf osténi ve skalnich homindch je doplnéno svomniky,
postup je planovan 1,5 az 4 m.

Tunely prochézeji v zasadé dvéma typy homin. V mengi mife se jedna o ledovco-
vé usazeniny, keré jsou velmi riznorodé. Stérky, zpevn@né ledoveové morény, sulé
s balvany velikosti nékolika metrd, ty jsou vystiidany Gistym stérkem nékdy proloze-
nym jemnym jlovitym materidlem. Z vétsi éasti bude viak razba prochézet riizné se
stiidajicimi a rizné mocnymi vrstvami piskoved, prachoved, slinoved a jilovityeh sling,
Sliny a slinovee zvétsuji svij objem pfi obnazeni a styku s vodou. Ta je pritomna v

HIGHWAY SLIP ROAD OF ZURICH

When you are approaching Zurich from southeast, using the highway N3 along the
Zurich Lake (which Is aclually not visible from the highway), you leam, that the traffic den-
sily increases and the ride slows down and even though you don't want to enter the city
cenler, you have lo, in case you want to continue for instance to Basel. Such situation is
caused by the fact, that though southwestern slip road has been already planned for years,
it fs not built yet. However, do not fall in despair, it is already under construction, lis firsl
section should be finished by 2005 and the whole slip road will be opened in 2012,
Nevertheless, it is not going to be an inexpensive affair - most of the route consists of tun-
nels.

From the economic point of view, Zurich is the capital of Switzerland. It has only 350,000
inhabitants, however, if provides jobs for many more people, who daily arrive there. Not
only this causes the traffic lroubles - moreover, the cily lies on the way of transit franspor-
tation from southeastern Germany to ltaly, which has to go through either the city or for this
transportation inadequate local roads, for instance in the neighborhaod of Birmensdorf. Let
us make one more nole, that the northern detour Bem-St. Gallen was put to operation
12 years ago (its part is a Gubrist tunnel with the length of 3.3 km).

Southwestem bypass road was being prepared for 25 years. The Federal Parliament of
Switzeriand approved it in the year 1971, Projected alteratives were the subject to strong
and somelimes inadequale public criticism and as the oufcome another altemative was
elaborated, now with cooperation of local officials from Birmensdor, Suggested direction
of the tunnel was supposed lo protect ample parts of the rural area and in this form, it pas-
sed the Federal Parliament in 1988. After elaboration of the report on influence of this con-
struction on local environment in 1991, other amendments were adopled, however, even
this form of the project did not salisfy the demands of groups of environmentalists and of
groups with some special interests. Still, the Highest Federal Court rejected these
demands and the competent minisiry approved the project in 1996.

The bypass road ilself is 10.6 km long and 80% out of that goes underground, A hi%:-
way ring, which will connect N1 highway coming from Bern wilh already mentioned N3
highway and in the final phase also with the N14 highway heading to Luzern, will be buit,

First section of the constructed route is the bypass road of Birmensdorf with the total
length of 5.4 km, including three pairs of parallel funnels. It ends with the highway crossing
Zurich-West and after completion will allow a connection to local roads in the area of
Weliswil. The construction has begun in September 1996 and the expected time of com-
Pletion is 10 years. The client is the Building Authority of Zurich canton, which chose the
company Electrowalt Engineering (EWE) for elaboration of the engineering operations.
This company is responsible for almost everything - for design, preparation of the tender
documents, evaluation of Ihe lenders, contractual negotiations with suppliers, delailed
design, conslruction supervision, as well as for monitoring of the conslruction site. The ver-
sion of the contract with the suppliers is essentially non-confronting and divides the risk
between the customer and the supplier. It contains nat only components for expected geo-
technical conditions, but also compenents for more disadvantaging realily, if encountered.

Three main tunnels, each with two tunnel tubes in this section, are the Eggrain tunnel
with the length of 480 m, Hainerberg tunnel with the length of 1385 m and the longest
Aescher tunnel with the length of 2160 m. Each tunnel tube has two traffic lanes, so the
road is at least 10.5 m wide. The excavated cross seclion ranges from 135 7 to almos!
150 nv'. Near the portals Loeffler and Schauber, adjacent paris of the tunnel broaden with
regards to approaching and exit ramps, so that the width of the road is 14 m and excava-
ted cross section almost 192 ', On the spot of deflection or connection, the road width
reaches 21.5 m with the excavated profile of 337 n¥. Connection to the local road near
Ristet af the end of Eggrain funnel is made up of two single lane funnel tubes with the road
width of 7 m and excavaled cross section of 83 m'.

A service subway will be placed beneath the road. Installed ventilation is also essential
in bath longer tunnels and will be performed by axial ventitators. Hydrant niches and emer-
gency alarms will be placed at most 150 m from the emergency wailing bays. Temporary
tunnel lining is made of sholerete. From ecological reasons and with regards fo decrease
of mainfenance costs, waterproofing membrane is installed along the whole circumieren-
ca. The cast-in-situ concrale final lining consists of an invert made of reinforced concrete,
and the top vault and the sides of plain concrete. The lining is calculated to bear the loa-
ding by the ground water pressure, the pressure of the loose rock as well as the pressure
inflicted by swelling of mariites.

In soft rocks, steel wire mesh in combination with lattice beams are used, a round length
of 1 to 2 m. Alternatively, we count with jet grouting at the top heading or with execution of
harizontal micro-piles. Temporaty fining i hard rocks is complemented by rockbolts; the
round length is planned 1,5 to 4 m.

The tunnels basically go through two types of rocks. In fower scale, these are very diver-
se glacier sediments. Gravels, consolidated glacier moraines, debris with boulders of a few
melers size, are replaced by pure gravel, sometimes Interbedded with fine clayey materi-
al. From the bigger part, however, the excavation will be going through variously alterna-
ling and variously thick layers of sandstones, siltstones, maristones and clayey marls.
Marls and marlite increase their volume after being exposed or on contact with water. This
water s present in both lypes of racks, shallowly benealh the terrain surface. Inflows to the
construction will be various, small from compact moraine rocks, large from gravels; inflows
from layers of sandstones are also expected.
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obou typech horninového prostiedi méice pod povrchem terénu. Piitoky do dila
budou riizne , malé z ulehlych morénovych hornin, velké ze &térku, pitoky se také
obekavaji z vrstev piskovcl,

Tlak na ochranu Zivotniho prostfedi mél zasadni viiv na podminky schvaleni projek-
tu. Velmi pfisné jsou podminky pro manipulaci s rubaninou i daldim zemnim materia-
lem jak pfi odvozu ze staveniété tak pii zpéiné dopravé pro ndsypy a zasypy. Mista
dotcena stavbou musi byt samoziejmé po jejim dokonéeni uvedena do pavodniho sta-
vu, vypoudténa voda ze staveniété bude monitorovana a podle potfeby Sisténa.
Mimofadna podminka je dana pro dopravu vykopku, ornice a rubaniny. Odvoz naklad-
nimi automobily po vefejnych komunikacich je zakazan. Doprava asi 3 miliond tun
zemin bude provedena po kolejich. Na dvou mistech (Ristet a Fildern) jsou budovana
pfekladisté a odtud bude zemina po zeleznici dopravovana a ukladana do lomd v niz-
Sich oblastech kantonu Ziirich. Denné bude odvazeno Zeleznici cca 1000 t. Na zafi-
zeni staveni§té v Ristetu bude uloZena ornice a materidl pro zpétné zasypy. Dopravni
obsluha Hafnerbergského tunelu se zajisti po v pfedstihu vybudovaném mostu pres
Repischtal a vyjezdovym rampovym tunelem smérem na Ristet, jehoZ definitivni osté-
ni bude dokonéeno pozdéji. Tunel je jiz ve vystavbé. Z celkové délky 450 m se 400 m
razi dpadné, prvnich 240 m v mékkych horninach, dalsich 160 m ve skalnich horni-
nach. Nejprve se razi kalota a s odstupem 80 m jadro a spodni ¢ast vyrubu. V mék-
kych horninach se provadi destnik z tryskové injektaze (31 vrtd délky 14 m vytvaii pro-
injektované vodorovné piloty praméru 600 mm), postupuje se v krocich délky 11 m.

Pro vybudovani portélu Egghau byly v zafi 1998 zahéjeny prace na stabilizaci sva-
hu ohroZeného sesuvem v oblasti Bergermoosu, protoZe trasa dalnice jde podél jeho
paty. Provadi se celkem 9900 m velkoprofilovych pilot o praméru 1,2 a 1,3 m délky 40
m, realizace jedné piloty trva 3 dny. Piloty budou piikotveny 480-ti ks predpinanych
zemnich kotev délky 30 az 40 m,

Zahdjeni Eggrainského tunelu se pfedpoklada v r. 2000. Bude se razit Upadné od
portalu Egghau s postupnym vyrubem kaloty, jadra a spodni ¢asti vyrubu. Ve stejném
roce je planovéano zahajeni Hafnerbergského tunelu, razba bude probihat z portalu v
Udoli Repisch. Na kritické cesté lezi 2160 m dlouhy Aeschersky tunel, ktery je nejdel-
§ a byl zahajen v r. 1999. Hlavni razba bude probihat z portalu Taentenholz, kratsi
Usek (cca 250 m) bude realizovan z portalu Schauber.

Aeschersky tunel Usti do otevieného Udoli, kde zapadné od Wettswilu bude vybu-
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Obr. 1 Fig. 1

Situace jiho-zapadniho dalni¢niho obchvatu mésta Zrich
Situation of the southwestern bypass road of Ztirich

Tunel Eggrain
Eggrain tunnel

Tunel Hafnerberg
Hafnerberg tunnel

Ledovcové usazeniny
Glacier sediments

Pressure on the protection of the environment had a basic influence on conditions for
approval of the project. Conditions for mucking out and handling with other soil materials,
both during disposal from the construction yard and reverse transportation for emban-
kments and fillings, are very strict. Those places iransformed by the construction have to
be, of course, after completion put back to their original condition. Water discharged from
the construction yard will be monitored and purified, if needed. Special conditions are ado-
pled for transportation of an excavated malerial, topsoil and muck. Disposal by trucks using
public roads is prohibited. Disposal of approximately 3 mill. tons will be done using railro-
ad transporiation. Yards for temporary storage are being constructed in Ristet and Fildern.
From here, the soil material will be transported by railroad and stored in quarries in lower
areas of Zurich canton. The railroad will daily dispose approximately 1000 tons. Topsoil and
materials for backfilling will be stored in the Ristel construction yard. Hafneberg tunnel's
traffic service will be guaranteed after in advance constructed bridge over Repischtal and
exit ramp tunnel heading lo Ristet, whose final nining will be completed later. The tunnel is
already under construction. From the fotal length of 450 m, 400 m is being excavated on
a down gradient, first 240 m in soft rocks, another 160 m in hard rocks. Initially, calotte is
excavated, then, with 80 m distance, core and at last bottom part of the cross section. A jet
grouting umbrella is made in soft rocks (31 bores with length of 14 m form through-injec-
ted horizontal piles with 600 mm diameter), advance goes in steps of 11 m.

To aflow construction of the Egghau portal, works on stabilization of a slope in the area
of Bergermoos, which is in menace to slide and along whose toe the highway goes, have
begun in September 1998. Altogether, 9900 m of large-profile piles with diameters of 1.2
and 1.3 m and with length of 40 m is performed. Realization of one pile lasts for three days.
The piles will be secured by 480 pieces of pre-tensioned earth anchors with length of 30 to
40 m.

Works on the Eggrain tunnel are expected to begin during the year 2000. The tunnel will
be excavated on a down gradient with a sequencing to calotte, core and bottom part of the
cross section. Plans to begin works on the Hafneberg tunnel are dated to the same year.
The excavation will be running from the portal in Repisch valley. 2160 m long Aescher tun-
nel, which is the longest and whose construction started in 1999, lies on the critical path.
Main excavation will be running from the portal Taentenholz, shorter section (app. 250 m)
from the portal Schauber.

The Aescher tunnel comes in an open valley, where west of Wettsvil the Zurich-West
junction, also allowing the connection of local roads, will be constructed. The junction will
be situated among three funnels - already mentioned Aescher tunnel, then Uetliberg tun-
nel, which goes under the mouniain edge of the same name and which after planned rea-

Typicky pficny profil tunely
Eggrain, Hafnerberg a Aescher
(135 m’)

Typical cross section Tunnels

Nejvétsi pficny profil v spojeni
viezdovych a vyjezdovych ramp
v tunelech Hafnerberg a Aescher
(337m?)

Biggest cross section on the spot

Eggrain, Hafnerberg a Aescher
. of connection of the approaching

and exit ramps in tunnels

Hafnerberg a Aescher

Obr. 3 Fig. 3
Priéné profily
Cross sections

Tunel Aesher
Aesher tunnel

Piskovce, prachovce, slinovce
Sandstones, siltstones, maristones

1385m

2160 m

Obr. 2 Fig. 2
Sghematicky geologicky profil prvé €asti obchvatu
Diagramatic geological profile of the first section of the bypass road
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dovana dalniéni kfizovatka Zirich - zapad umozfiujici i napojeni mistnich komunikaci.
Krizovatka bude situovana mezi tfi tunely - jiz zminény Aeschersky, dale Uetlibergsky
tunel, ktery poadchazi stejnojmenny hieben a po planované realizaci v letech 2001 a2
2010 dokonci napojeni na dalnici N 3. Tretim tunelem je Islisbergsky tunel planovany
v letech 2002 az 2012 a ten zajisti tolik potfebné piimé dainiéni napojeni na Luzern.

Podle zahranicnich materiai(l zpracoval Ing M. Novotny

DALSI DVA LIDE ZAHYNULI PRI POZARU V TUNELU

Pozar a nasledna exploze v nové budovaném damicnim tunelu ve méstd
Drammen, které leZi asi 50 km JiZné od Oslo v Norsku, zavinily smrt dvou hasi¢l
a zranéni dalsim patnacti osobam. Pozar vznikl Udajné pHi svafovani, kdy chytla izo-
lace a nasledné explodoval dynamit uloZeny v tunelu. Exploze byla tak silng, ze roz-
bila okna v sirsim okoli tunelu, Pfiéné pficiny pozéru se vysetiuji.

HONG KONG PLANUJE VYSTAVBU TUNELU

Viada Hong Kongu rozhodla vypsat tendr v hodnoté prevySujici 2 miliardy USD pro
nove silniéni a Zeleznicni tunely. Kontrakty budou uzavirany vidy na tiileté ddobi
s tim, Ze slavby zahajujf v roce 2002 a ukonceni je plénovano na rok 2007. Nejvatsim
projektem v hadnoté 800 mil. USD je Central-Wanchai bypas a Eastern Corridor Link.
Koncem tohoto roku by méla zaéit prvni etapa vypsanim tendru pro &ast tunelu situ-
ovaného v hlavni obchodni étvrti na ostrové Hong Kong. Dale bude koncem roku
2002 nasledovat tendr v hodnoté cca 500 mil, USD pro druhou etapu, kterou je tunel
pod oblasti Wanchai. Stavba by méla zaéit zadatkem roku 2003.

S vystavbou tunelll je spojena i vystavba komunikaci, kfizovatek, napajeci sité
a celé technologie tuneltl, vée v celkové hodnoté 300 mil. USD. Prace budou probi-
hat v étech 2004 az 2007.

Casovy plén pro investici v hodnot& 400 mil. USD, kterou je hlavni dopravni tepna
v Kowloon, a ktera obsahuje i dvé trouby tunelu pod leti§tém Kai Tak, predpoklada
vypsani tendru v roce 2002 a za¢atek praci v roce nésledujicim.

Do dopravniho konceptu piislusi i Nam Wan tunel na komunikaci R9 v hodnoté 400
mil. USD. Kromé silniénich tuneld je i planovana obnova technologického vybaveni
pro Zelezniéni tunel spoleénosti Kowloon-Canton Railway v hodnoté 200 mil. USD.
Tunel bude vybaven pro zvydeni poZami bezpednosti, komunikadnimi zafizenimi
a novym ventilacnim systémem.

CiNA ZiSKALA PUJCKU OD ADB

Cinska provincie Yunnan ziskala pijéku 250 mil. USD ad Asijské rozvojové banky
(Asian Development Bank - ADB) pro zlepdeni dopravni infrastruktury. POjéka, ktera
reprezentuje 32,5% z celkovych naklad umozni vybudovat, jednomu z nejchudsich
regioni Ciny 147 km dainic. Nejdelsi tunel v tomio projektu (Bulongging tunel) je dlou-
hy 8,1 km. Dale je planovan tunel Dafengyakou délky 5,3 km a tunel Yuanjiang o dél-
ce 5,1 km.

Program vystavby je rozdélen 18 kontrakll, z toho 16 kontrakti pro vystavbu infra-
struklury a tfi pro viastnf tunely. Préce zadnou piisti rok a termin ukonceni je rok 2003.

v Ciné zadaly i prace na vystavbé 25,3 km trasy metra ve mésté Nanjing. Trasa
spojuje jizni a severni ¢ast mésta a bude stavéna ve dvou etapach. Prvni Usek o dél-
ce 16,8 km bude hotov v roce 2004,

SILNICNi TUNEL PRO HO-CHI-MINH MESTO

V druhé etapé zpracovani studie proveditelnosti se pfedpokladé vystavba 7,8 km
dlouhého tunelu, jehoZ 1,8 km pljde pod fekou Saigon v hlavnim m&sté Vietnamu -
Ho Ci Minové mésté. Studie je financovéna Japan's Overseas Economic Cooperation
Fund. Tunel bude spojovat prvni obvod s poloostrovem Thu Thiem dvéma tunelovy-
mi troubami. V soucasné dobé se piipravuje dohoda mezi viadami Vietnamu
aJaponska o piijéce na tento projekt. Jestlize bude smlouva podepsana bude Vypsa-
no vybérové fizeni na jaro piistino roku. Casovy plan pak predpoklada zahajeni pra-
cf na vystavhé na konci roku 2001 a plng dokonéeni do dalsich t let,

Ze zahrani¢nich pramend

lization in years 2001 to 2010 willfinish the connection to N3 highway. Third one is Islisberg
tunnel, which is planned to be constructed between 2002 and 2012 and which will provide
the needful direct highway connection to Luzern,

According to foreign materials elaborated by Ing. M. Novotny

TWO MORE PEOPLE DIED DURING THE FIRE IN TUNNEL

Fire and consequent explosion in the newly constructed highway tunnel in the city of
Drammen, which fies approximalely 50 km southem of Oslo in Norway, caused death of
two of the firemen and injured other 15 people. The fire allagedly started during the wel-
ding process, when affer the isolation had caught fire, the dynamite stored in the tunnel
exploded. The explosion was so intense that it blasted windows in the wide vicinity. Exact
causes are currently being investigated.

HONG KONG PLANS TUNNEL PROJECTS

The government of Hong Kong decided to call a tender with the total value exceeding
2bill. USD for-a new road and railway tunnels. Contracts will be always signed for 3 years
term, noting that those conslruetions will begin in 2002 and completion is planned in 2007,
The largest project with the value of 900 mill. USD is Central-Wanchai bypass and Eastemn
Corridor Link. By the end of this year, a first phase should begin by calling a tender for
a part of the tunnel situated in the main business district of the island of Hong Kong,
Consequently, by the end of the year 2002 a second phase should conlinue by releasing
a tender with the value of 500 mill. USD for the tunnel under the area of Wanchai. The con-
struction should start in the beginning of the year 2003,

The construction of roads, crossroads, electrification and entire tunnel technologies,
everything in the total value of 300 mill. USD, is also connected to tunnel building. These
works will be going on befween 2004 and 2007.

The time schedule of the 400 mill. USD investment, concerning the construction of the
arterial highway in Kowloon, which also contains two tunnel tubes beneath the airport Kai
Tak, expects a tender to be called in 2002 while the construction itself should begin next
year.

In addlition, the Nam Wan Tunnel on the R9 road with the value of 400 mill. USD is part
of the concept. Except the road tunnels, the reconstruction of the technology equipment of
the raitway tunnel owned by the Kowloon-Canton Railway company with the value of
200 mill. USD is also projected. The tunnel will be further provided with communication
equipment and new ventilation system in order to reach higher fire security level,

CHINA HAS ACQUIRED A LOAN FROM ADB

Chinese province of Yunnan has acquired a loan of 250 mill. USD from the Asian
Development Bank for the innovation of transportation infrastruclure. This loan, which actu-
ally covers 32.5 % of the construction expenses, will allow fo one of the poorest regions in
China fo build up 147 km of highways. The longest tunnel of this construction (Bulongging
tunnel) reaches 8,1 km. Moreover, funnel of Dafengyakou with length of 5.3 km and lunnel
of Yuanjiang with fength of 5.1 km are projected.

The construction schedule is dividad into 18 contracts; out of that, 15 are for the infrast-
ructure itself and 3 for tunnels. Works will begin the following year with final deadline of
2003,

Another construction in China Is currently going on in the city of Nanking, Works on
25.3 km of subway corridor have begun. This corridor will connect southem and northern
parls of the city and will be built in two phases. First section with the length of 16.8 km will
be finished by 2004.

ROAD TUNNEL FOR THE HO-CHI-MINH CITY

In the second phase of the feasibility study elaboration, a construction of 7.8 km long
lunnel is expected. This tunnel will lead beneath the Saigon river in Vietnam's capital of Ho-
Chi-Minh Cily. The study is financed by Japan's Overseas Economic Cooperation Fund.
This lunnel will link the first circuit with the peninsula of Thu Thiem with 2 tunnel pipes.
Currently, an agreement between the govemments of Vietnam and Japan about the loan
for this project is being negotiated.

If this agreement is signed, the selection process will be held in Spring of the next year
The time schedule expects the construction to begin by the end of the year 2001 and lo
completely finish in the next 3 years.

According to foreign sources
Doc. Ing. Pavel Piiby! CSc.

Z HISTORIE TUNELOVEHO STAVITELSTVI

FROM THE HISTORY OF TUNNEL CONSTRUCTIONS

Z HISTORIE VYSTAVBY BRALSKEHO (MASARYKOVHO)
TUNELA

Bralsky tunel je jednym z piatich Zeleznicnych tunelov na jednokolajngj trati
Handlova - Horna Stubna, ktora bola vybudovand v r. 1927 - 1931. Trat vychadza zo

A PIECE OF HISTORY CONCERNING THE CONSTRUCTION
OF THE TUNNEL BRALSKY (MASARYK TUNNEL)

The tunnel Bralsky is the only tunnel of five railway tunnels on the single track
Handlové - Horna Stubria which was constructed within the years 1927 and 1931.
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stanice Handlova (446 m n. m.) a konéi v pripojnej stanici Horna Stubfia (630 m n. m).
Vyskovy rozdiel 184 m medzi pripojnymi stanicami sa dal prekonat len rozvinutim
trate do dizky 18,5 km so stipanim az do 16 promile. Z celkovej dizky bolo
4 444 m vedenych v tuneloch.

Dalej sti na trati 3 viadukty s dizkou 136, 104 a 98 m, 67 Zelezniénych a 66 cest-
nych mostnych objektov, takze do r. 1938 to bol najnaroénejsi stavebno-technicky
Usek.

Na vystavbe trate v r. 1929 pracovalo 1500 robotnikov, ich podet sa od aprila
r. 1930 zvysil na 3000, uprostred letnych mesiacov sa zvysil az nad 4000 (max. stav
bol 4 220 robotnikov).

Stavbu zadavalo ministerstvo Zeleznic formou konkurzu postupne podta rozsahu
prac a naroénosti tak, aby sa cela stavba dokoncila naraz.

Prevazne i$lo o stavebné firmy so sidlom v Prahe (ZdruZenie Ing. Zdenék Krulis,
Ing. Jaroslav Jachymek, Ing. Jaromir Schwarz a spol., Ing. Bohuslav Rumi, stavebné
podnikatelstvo, firma Ing. Kéller a Hervel).

Geologicky prieskum v pripravnom $tadiu stavby viedol Prof. Cyril Purkyné z Prahy
spolu so slovenskym geoldgom p. Starohorskym z Liptovského Mikulaga uz v r. 1920.

Trasu Bralského tunela vytyCovali prvy raz v r. 1921, druhy raz o 6 rokov neskor.
Tunel bol svojou dizkou 3011,6 m do r. 1940 najvacsou tunelovou stavbou v republi-
ke. V roku 1940 bol dokongeny na trati Banské Bystrica - Diviaky 4 698 m dlhy tunel
(Cremogné) prechadzajici masivom Velkej Fatry. Bralsky tunel sa roku 1930 pri pri-
lezitosti 80-tych narodenin prezidenta republiky premenoval na tunel T. G. Masaryka.
V povojnovych rokoch sa mu opat vrétilo pévodné meno.

Pri stavbe Bralského tunela sa pracovalo na 12 pracoviskach, Tunel sa razil modi-
fikovanou raklskou metddou s dostropnym zéberom.

Préce pri razeni smerovej §tolne komplikovali silné pritoky vody. Prvych 586 m sa
preto muselo razit' ruéne. V troch 8-hodinovych zmenach sa postupovalo tempom
1,8 m/deri. S pribudajlicimi metrami postupu smerovej §télne zosilfovali aj pritoky
vody a miestami dosahovali az 200 I/s. V tychto ¢astiach tunela doslo aj k zavalom.
V jednom z nich v dizke 9 m sa pri zmahani pouzila drevené gutatina s hribkou az
600 mm. Po prekonani kritického Useku sa pri razeni zagali pouZivat stroje.’V zujme
dodrzania ¢asového harmonogramu stavby sa profil smerovej Stbine zmenSil na
4,5 - 5 me. Vykon v tomto profile stlpol az na Urovert 10 m/24 hod. Je zaujimavé,
7e v tomto zmensenom profile sa uz nemohol pouZit pneumaticky naklada¢
Flottmann (s rozchodom 760 mm a vy$kou 1,32 m s prikonom 6 kW a s transportnym
pasom pre nakladanie do vozikov). Pri ruénom nakladani sa postupovalo tak, Ze sa
do gelby pristavili 3-4 voziky a material tunelari vybaveni irokymi lopatami s krat-
kymi poriskami prehadzovali z vozika na vozik.

Pri vyvaZani ribaniny sa pouzivali §pecidine typy banskych benzinovych lokomo-
tiv. Parny pohon sa vyuzivat nemohol, pretoze dymové splodiny by ohrozovali zdra-
vie tunelarov.

Pri strojovom razeni sa pouzivali Sramacky Flotmann Ca 10 a pneumatické vftacie
kladivd s hmotnost 10 - 15 kg.

Pri praci v tuneli sa pracoviska osvetlovali najprv karbidovymi lampami, neskorsie
sa indtalovalo elektrické osvetlenie. Elektrick4 energia na pohon strojov umiestne-
nych na hlavnom stavenisku Bralského tunela sa privadzala z elektrarne v Handlovej.
Staveniska, ktorym vtedy hovorili tunelové nadvoria, tvorili svojim vybavenim technic-
ki zékladriu celej stavby a stali sa neodmyslitehou stiastou stavieb Zzelezni¢nych
trati na Slovensku v medzivojnovom obdobi.

V septembri 1931 po 35 mesiacoch raziéskych prac bola tunelové rara hotova
a mohol sa zadat klast zeleznitny zvrok. Medzitym sa dokondili aj dalsie 4 tunely na
tejto trati (Pstruharsky, Hanicky, Pekelsky, Stubniansky).

Smutnou strankou tejto tunelovej stavby bolo 7 obeti fudskych Zivotov.

Vetranie tunela podporuje 119 m hiboké vetracia 8achta s ventilatorom. Pocas
vystavby tunela, ale najmé po jeho dokonceni sa sledovalo pridenie vzduchu, smer
vetra, atmosfericky tlak i teploty vnUtri tunela, &im sa ziskal prehfad o pohybe vzdu-
chu. Prirodzena vetracia doba bola 25-30 min., pri nepriaznivych atmosferickych pod-
mienkach sa zvysila na 50-60 mindt. Pri zostavovani cestovného poriadku sa museli
vytvorit medzi jednotlivymi viakmi dostatocne dihé intervaly, aby sa z tunela vyvetral
obsah jedovatych splodin lokomotiv a benzinovych motorov. Prirodzeny tah sa mohol
v pripade potreby zvySenia premavky zmenit na umely.

Vzhladom k pomerne prudkému stipaniu v tuneli (14 promile) museli ruSfiovodici
pred vjazdom do tunela rozkUrit a pripravit' piesok proti preSmykovaniu kolies. V opag-
nom pripade ich akalo hotové peklo. Jeden takyto pripad je opisany aj v knihe Zelez-
niénej stanice Handlova: "Diia 20. marca 1938 boli otrdvené vlakové muzstva viaku
4558 uholnym dymom. Vlak s postrkom nevladal z tunela vytiahnut. Ked rudfiovodi¢
omdlel, kuri¢ zastavil viak. Sprievodcovia potom zistili, Ze sprievodca Drozd omame-
ny plynom spadol pod kolesa pomaly sa pohybujticeho viaku. Naéli ho tam uZ mitve-
ho'. Tato nehoda mala za nésledok, Ze viakové €aty museli mat plynové masky
a postrk smerom na Hom( Stubfu nebol viac povoleny.

VeselSie sa podlvalo rozpravanie o tom, ako bolo v tych &asoch nariadené, Ze rus-
fovodi¢, ktorému pride zle z priotrédvenia, dostane v Skienom za kali$ok kofiaku na
obéerstvenie. Odvtedy bolo tidajne zle vSetkym, a tak bolo toto humanne nariadenie
vzapéti zrudené.

Podfa pramefiov
Klubu priatefov Zeleznic na Hornej Nitre spracoval
Ing. Jozef FRANKOVSKY

The railway line starts in the station Handlovd (446 metres above the sea level) and
it is terminated in the station Horna Stubria (630 metres above the sea level). The alti-
{ude difference 184 m between the stations could be solved only by extending the line
to the length of 18.5 km, with the gradient up to 16 per mille. 4 444 m of the line were
situated in tunnels. The line was also provided with 3 viaducts of the lengths equal to
136, 104 and 98 m, 67 railway bridges and 66 road ones, so that till the year 1938 it
was the most exacting constructional technical section.

On the construction of the line in the year 1929, there were working 1 500 workers,
and, till April 1930, their number was increased up to 3 000. Within summer months,
the number of workers achieved more than 4 000 (max. 4 220) workefs.

The construction was ordered by the Ministry of Transport in the form of a tender,
gradually with respect to the extent of works and their exactness, for all works to be
terminated at the same time.

Mostly it concerned building firms with their registered offices in Prague
(Association of Ing. Zdenék Krulis, Ing. Jaroslav Jachymek, Ing. Jaromir Schwarz &
Co., Ing. Bohuslav Rumi, construction entrepreneurs, the firm Ing. Kéller and Hervel).

The geological investigation in the preparatory slage of the construction was
managed by Prof. Cyril Purkyné of Prague together with the Slovakian geologist
Mr. Starohorsky of Liptovsky Mikulas in the year 1920.

The line of the tunnel Bralsky was traced for the first time in the year 1921, for the
second time 6 years later. The tunnel, with respect to its fength 3 011.6 m, was fill the
year 1940 the longest tunne! structure in the Czechoslovak Republic. In the year
1940, the tunnel Cremodné on the line Banska Bystrica - Diviaky was finished, having
been 4 698 m long and passing through the rock massif of Velka Fatra. The tunnel
Braisky was re-named at the occasfon of eightieth anniversary of the president of the
republic to the tunnel of T.G. Masaryk. After the second world war, the original name
was returned to it.

When constructing the tunnel Bratsky, the work was carried out on 12 constructi-
on sites. The tunnel was driven by means of a modified Austrian method with a top
heading.

Driving works in the direction gallery were complicated by a considerable water
inflow. That was why the first 586 m had to be driven manually. The progress was
1,8 m per day within three eight-hour shifts. In larger distances from the entry of the
pilot gallery, water inflows increased and on some places they achieved up to 200 lit-
res per second. In said parts of the tunnel even break-ofs took place. In one of them,
in the length of 9 m, there were applied lagging poles being up to 600 mm thick. The
critical section having been driven, driving machines started to be applied. To keep
the time-table of the construction, the profile of the direction gallery was decreased to
4.5 -5 sq.m. The advance rate in this profile was increased up to 10 m per 24 hours.
It is interesting that in this reduced profile it was impossible to apply the pneumatic
loader Flottmann (having the gauge 760 mm and the height 1.32 m with the input
6 kW, and provided with a transport belt for loading muck into mine cars). If manual
loading took place, three or four mining cars were situated near the heading, and tun-
nel workers reloaded material from one car to the other by means of wide shovels pro-
vided with short handles.For hauling the spoil, special types of petrol mine locomoti-
ves were applied. Steam drive could not be utilized, because smoke products might
endanger the health of workers.

As to the mechanical excavation, there were applied Flotmann Ca 10 picks and
pneumatic hammer drills weighing 11 to 15 kg.

During the work in the tunnel, the construction sites were illuminated at first with
carbide lamps, later electric ilumination was installed. Electric power for drives of
machines situated on the main driving site of the tunnel Bralsky was supplied from the
power plant in Handlovd. Construction sites which were named tunnel courtyards at
that time, formed, with their equipment, a technical base of the whole construction
and became an inseparable part of railway line constructions in Slovakia within the
period between the world wars.

In September 1931, after 35 months of driving works, the tunnel tube was com-
pleted and the superstructure could be laid. Meanwhile, also further four tunnels
(Pstruharsky, Hanicky, Pekelsky, Stubniansky) were finished on this line.

Seven human lives represented the sad point of that tunnelling construction.

The ventilation of the tunnel was improved by means of a ventilation shaft, having
been 119 m deep and provided with a fan. During the tunnel construction, but espe-
cially after its completing, there was inspected air flow, wind direction, atmospheric
pressure and temperature, and so a survey of air movements was gained. The natu-
ral air change time was 25 to 30 minutes, but if the atmospheric conditions were unfa-
vourable, the air change period was increased to 50 - 60 minutes. When drawing up
a time-table, sufficiently long operating headways had to be adopted, so that toxic
products of locomotives and petrol engines may escape from the tunnel. The natural
draught could be changed to artificial one in case of increased traffic.
With respect to the relatively steep gradient in the tunnel (14 per mille), engine-dri-
vers, before entering the tunnel, had to increase the speed and to prepare sand aga-
inst wheel! slip. If it was not done, it was horrible. One of such a case was described
in the book of the railway station Handlova: ,On March 20, 1938, the attendance staff
of the train 4558 was poisoned with coal smoke. The train, moved by means of ban-
king, could not pass through the tunnel. When the engine driver had fainted, the sto-
ker stopped the train. The guards then found out that the guard Drozd fell down under
the wheels of the slowly moving train. They found him dead.” This accident resulled
in an order that train guards had to have gas-masks, and banking in the direction to
Hormé Stubria was forbidden.

The following storey-telling is rather merrier: if a railman was a little poisoned at
that time, it was ordered, he had to get a cup of brandy in Sklené. From that time all
railmen felt always poisoned, and so this humane order was cancelled within a short
time.

Elaborated, according to materials of the
Club of Railway Fans in Horna Nitra
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

PODZEMNI STAVBY - AMBICE A SKUTEGNOST

Mezinarodni konference pofadana AFTES pod zadtitou ITA 25.-26. fijna 1999 v Pafizi.
Tulo konferenci pofdda kazdé tii roky Francouzské spolecnost pro podzemni stavby
AFTES. Jeji hlavni témala v roce 1999 byla nsledujic:

o Posledni vjvoj v projeklovani a monitoringu podzemnich dél. Pohled na probihajici

yzkum.

0 g)uhéasné pokroky zpusobd provadéni podzemnich staveb, pracovni podminky na stav-
bach.

e Praklicke aspekty fizen! jakosti na pedzemnich stavbéch, kontrola, normalizace a jejich
prinos k tviiréimu pistupu realizatort a ke kvalité staveb.

e Viiv ekonomickych a socidlnich faktord na provadéni podzemnich staveb, organizace
financnich operaci, problematika konlrakiagnich fizeni a fizeni rizik pfi provadéni pod-
zemnich staveb.

Soucasti konference byla velmi rozsahla a disledné po celou dobu konference probi-
hajici vystava dodavatelll podzemnich staveb, dodavatald specialnich technologil a prvko,
projektantd, a geotechnickych i kansultagnich kancelafi. Celkem se jf zidastnilo 152 vysta-
vovatell a svym charakterem | rozsahem by se dala srovnat s jednim celym pavilonem sla-
vebnl vystavy Forch Arch, klerd probéhla v zafi tohoto roku v Letfanech v Praze.

Konference byla 167 doprovozena celou fadou puldennich velmi zajimavych exkursl na
rizne podzemni stavby v Pafizi anebo v jejim bezprostiednim okoll,

Vlastni konference se ziastnilo celkem 374 zaregistrovanych (¢astnikd z 15 evprop-
skych a 5 ze zemi z ostatnich kontinent(. Z Ceské republiky se zigastil Jindfich Hess
z Melrostavu jednani exekutivy ITA, kleré konferenci predchazelo, dale Véclav Soukup,
rovnéz z Metrostavu a Alexandr Rozsypal z SG Geotechniky,

Zahajovaci projev pfednes! prof. Alfred Haack, piedseda ITA, a to na téma .Dnesni
sacialni a politické aspekly staveb tunell, Zavér jeho prispévku byl ten, Ze podzemni stav-
by zlstavajl jednim z KIié( pro to, aby se Zivot ve velkych mastech stal hospodamgjsim, pri-
Jemnéj$im a 2arover umoziiujicl zdravou socidlnf bazi pro jejich dalsi rozvoj. V jeho pris-
pévku byla nékterd zajimava Gisla, klera stoj za to uvést. Ve vice nez sto velkych svéto-
vjch méstech existuje a stile se rozsifuje podzemni zplisob pfepravy metrem. Jen v
Némecku se roéné uzaviraji kontrakly na piiblizné 25 km tuneltl, z toho 10 az 12 km pro
melro, 5 km pro Zelezniéni lunely a zbytek pro tunely silniéni, Celkova délka postavenych
tuneld v Nemecku dosahuje jiz okolo 1200 km. V celé Evropé se odhaduje celkova kilo-
melrdz viech typd tunelt na 10 000 km.*

Ve Francii se némecky boom v podzemnich stavbéch v sousasnosti nekond a tak fran-
couzsli kologové zaméiili svou pozomost také na ekonomicks, organizacni a sociani
aspekly podzemnich staveb. Konference se aklivné zdgastnili odpovédni pracovnici pfi-
slusnych ministerstev, Diskusni témala napiiklad .Jak dosahnout toho, aby ve vefejnych
soutéZich nevitézill vihradné nabidky s nejmensi cenou bez ohledu na technické paramet-
ry projektu,” jsou aktudini | u nés.

Z budoucich projeklt pro pristi tisicileti se diskutoval tunel Lyon-Tunis pod Alpami
a lunel pod Andami spojujici Chile s Argentinou. V této sekei byl 162 uveden jediny éesky
prispévek J. Hesse z Metrostavu na téma "ldeas and reality of exploitation of the underg-
round of Prague”. Pfispévek piednesl s prehledem Vaclav Soukup za znaéné pozomosli
vech pfitomnych, kiefi v diskusi reagovali néktarymi dotazy.

Na konferenci bylo celkem predneseno 76 pispévkl. Vétdina z nich byla zaméfena na
soucasné slavby a prezenlovaly v jak Sirokém zabéru se tunelove stavitelstvi dnes vyviji
i jeho souGasnou technickou Urovedi ve viech specializacich.

Tato konference, organisovana nérodni francouzskou skupinou ITA, patii do stejné kate-
gorie jako naSe pripravované Podzemni stavby 2000. Nasemu organizacénimu vyboru
nastavila latku velmi viysoko, ale véfim, ze se nae konference bude za rok v zahraniéi hod-
nolit stejné dobFfe jako dnes pravé probshla konference francouzskych kolega.

VYSTAVA 1UT’99

Ve dnech 28. - 30. fijna 1999 se konala ve Swjcarsku 2. Mezinarodni vystava podzem-
niho a tunelového stavitelstvi spojend se symposiem *Inovace v podzemnich stavbach
a lunelech". Cela akce se konala v prostordch podzemni zkugebni Stoly Hagerbach a byla
zaméfena predeviim na problematiku pripravovanych dlouhych tzv. bazélnich tuneld
v oblasti Alp.

Zkusebni Slofa Hagerbach, lezici v Gdoli horniho Ryna, predstavuje podzemni vyzkum-
ne stedisko pro oblast technologii podzemni vystavby a jejich preki, Zahmuje cca 3 km
podzemnich deél riznych profezd, situovanych v kalcitickych sedimentamich homindch
svelmi rozdiingmi mechanickymi viastnostmi (pevnosti v prostém taku od 10 do 350 MPa).
Pracovisté je vybaveno geomechanickou laboratofi, v podzemi jsou rovnéZ prednaskové
saly a uéebny samoziejmé véetné sociainiho a gastronomického vybaven,

Letosni 2. Mezindrodni vystavy se zicasinilo pies 100 vystavovaleld pfedevéim
z alpskych zemi a predstavilo nejnovéjsi trendy v oblasti vystavby tunell; zahmuijfel oblas-
ti geotechnickeho prizkumu, vitnych praci, rozpojovani hormin, transportu hmot, vyztuZo-
vanf a stabilizace vyrubl, provadani prim&mich i sekuncirnich osténf, vystrojeni a vybave-
ni tuneld a monitoringu podzemnich staveh. Cela vystava véetné doprovodného symposia
se konala v podzemnich prostorach zkusebniho centra, pouze nekleré rozmémé exponaty
(napf. posuvné bednéni) byly umistény na volném prostranstvi u vehodu do &toly.

UNDERGROUND STRUCTURES - AMBITIONS AND REALITY

International conference held by AFTES under the patronage of ITA on 25-26.10. 1999
in Paris. AFTES, the French Association for Underground Construction, holds this conference
every 3 years.

This year's main topics were following:

e Recent development in designing and monitoring of underground works. Glance at lhe ongo-
ing research.

o Current progress in methods of underground construction performance, working conditions at
the construction sites.

e The impact of economic and social factors on building of underground struclures, organizali-
on of financial operations, the issue of conlracling management and management of risks
during underground constructions performance,

As a part of the conference, there was also an exhibition of underground works conlractors,
special lechnologies and elements suppliers, dasigners as well as of both geotechnical and con-
sultancy offices. This exhibition was widely spread and was consistently running throughout the
enlire conference. Altogether, 152 exhibitors took part in it and by both its character and range il
may have been comparable with one whole pavilion of the For Arch construction exhibition, which
was held this September in Letnany, Prague.

The conf was also accompanied by a number of very interesting hall-day excursions
to various underground construction sites in Paris and its viginity.

The conference hosted 374 registered parficipants from 15 European countries and 5 from
anolher continents. As representalives of the Czech Republic, Jindfich Hess (Metrostav) took part
in the ITA's execulive sessions, which had been held before Ihe conferance, Vdclav Soukup
(Metrostav) and Alexandr Rozsypal (SG Geotechika) participated the conference proper.

Prof. Alfred Haack, the direclor of ITA delivered the opening speech on the lopic of
“Contemporary social and political aspects of tunnels building”. In the conclusion of his contribu-
tion he claimed that underground structures remain fo be a key factor for the life in large cilies fo
become more economical, more comfortable and allo wing creation of a sound social basis for the-
ir further development. Moreover, there were some interesting figures, which are worth mentio-
ning. “A nelwork of a subway transportation already exists in more than 100 of world's large citi-
s and it is being further developed. Only in Germany, new contracts are congluded annually for
approximately 25 km of tunnels, out of that 10 to 12 km for subway lunnels, 5 km for railway tun-
nefs and the rest for road tunnels. The total length of tunnels built in Germany is estimated aboul
1,200 km, Throughout the entire Europe, tunnels of all Iypes are estimated lo have more than
10,000 km...

However, current boom in Germany s not oocurming in France, thus the French colfleaques
focused their altention also on economic; administrative and sogial aspects of underground works.
Competent delegales of the respective ministries also participated in the conference. Topics such
as " How lo altain a stale in which public competitions are not necessarily won by those who sub-
mit the lowest bids, regardiess of the lechnical parameters of proposals’, are topical in our count-
1y too. From future plans for the next millenium, projects of a Lyon-Turin tunnel under the Alps and
a lunnel connecting Chile and Argentina under the Ands were presented, Furthermors, ihe only
Czech contribution, prepared by J. Hess {Metrostav), was presented in this sectian. The paper
named “ldeas and reality of exploitation of the underground of Prague”, was delivered by Véclav
Soukup with good knowledge of facts. It kept a remarkable atention of all delegates, who reac-
ted by several inquiries in the consequent discussion,

Allogether, 76 contributions were presented throughou! the conference. Mafority was focused
on current constructions and presented in how broad range is today's tunnel building being deve-
loped as well as its current technical level in all kinds of speciallzation,

This conference, organized by the French national group ITA, falls under the same category
as our upcoming Underground Works 2000. It had set a very high leve! for our organizational com-
mittee, but | believe, that our next year's conference will be abroad evaluated al least as positi-
vely as the one fust has held by French colleagues.

Doc. Ing, Alexandr Rozsypal, CSc,

THE EXHIBITION 1UT'99

The 2nd International Exhibition and Congress “Innovation in Underground Mining and
Tunneling” took place in Switzerland, October 28 - 30 1999. The exhibilion was staged
in the Hagerbach Test Gallery, and was focused on problems of long base tunnels in the Alpine
area.

The Hagerbach Test Gallery situated in the Upper Rhein Valley is the underground research
and lesting center for relevant questions of underground engineesing and tunneling. The Gallery
Is comprised of more than 3 km underground galleries of various cross sections, situated in cal-
careaus sedimentary rocks of varying mechanical properties ( compressive slrength in the range
10 - 350 MPa), The Hagerbach Test Gallery is provided with well equipped geomechanical labo-
ralory, lecturing and lraining rooms are afso located underground, naturally including social and
alimentary services.

More than 100 exhibitors mainly from the Alpine countries took part in the IUT' 99 Exhibition.
They iniroduced recent frends in tunnel technologles including geotechnical survay , drilling, rock
disintegration, transport, stupporting and rock stabilization, primary and secondary fining, tunne!
equipmenl and monitering of underground structures. All exhibitions inclusive of the Congress
were held in underground galleries, only several bulky exhibits were placed in the open, nearby
the gallery entrance.

Characleristic fealure of the fair was the presence of marny small nimble firms ( either separa-
tely or in cooperation wilh big companies ), which introduced a wide range of innovations from aff
branches of underground technologies. As an example, we can notice the problems of stabiliza-
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Na vystavé zaujala pfedevsim velka Ucast mensich dravych firem, které bud samostatné
nebo ve spolupraci s velkymi spolecnostmi, pfedstavovaly Fadu inovaci ze vech oblasti pod-
zemni vystavby. Jako piiklad miZe slouzit oblast stabilizacnich technologif pfi razbach pod-
zemnich dél, zahrnujici nové a inovované
kotevni a injektazni systémy a jejich prvky.

Symposium, které bylo soucasti vystavy,
bylo zaméfeno na technické fedeni bazal-
nich alpskych tunelil znaénych délek.
Symposium bylo uvedeno ¢tyfmi hlavnimi
referaty pfedstavitelli tunelafské obce alp-
skych zemi (Svycarsko, Némecko,
Rakousko, Francie). Tyto pfednasky posti-
hovaly problematiku inovaci v oblasti pod-
zemniho stavitelstvi z riznych hledisek.
Svycarsti autofi G. Girmschied a A.
Hartmann se zamysleji nad promyslenym
fizenim inovaéni politiky jako zakladnim
predpokladem dspéchu. K. Kuhnhenn cha-
rakterizival dosazené technické inovace
v Némecku od 60. let s tézistém ve vyvoji
materidll a mechanizaénich zafizeni pro
razby. Prof. J. Golser (Univerzita Leoben)

tion technologies in underground works containing new and innovated anchoring and grouting
systems.

The accompanied congress was focused on the technical and organizational solution of very
long base tunnels through the Alps. In the first
part, four keynote lectures of tunneling com-
munity members from the Alpine countries
(Switzerland, Germany, Auslria, France) were
presented. The leclures dealt with questions of
innovations in underground structures from dif-
ferent viewpoints. Swiss authors G
Girmscheid and A. Hartmann speculate about
innovation management as a pre-condition of
large projects success. K. Kuhnhenn characte-
rized innovations in the German tunneling
during past forly years first of all in materials
and machinery development.
Prof. J. Golser (Austria) dealt with innovations
connecled with the NATM from geotechnical
survey to the building phase, while P. Mean
(France) concentrated on innovations in mana-
gement of large projects on the real case of the
Cleuson-Dixence hydropower plant.

The second part of the congress was devoted
to contemporary big projects of base tunnels

se zaméfil na inovace spojené s vyvojem
NRTM od geologickeho priizkumu az k rea-
lizaéni tazi, zatim co P. Méan (Francie) se
zabyval inovacemi v oblasti fizeni velkych
podzemnich staveb na konkretnim pfikladu
hydroelektrarny Cleuson - Dixence.

through the Alps (Gotthard, Lotchberg, Zurich -
Thalwil). The papers describe in detail the
recent state of designing and construction
works on those large projects, comprising
several lens of kilometers of tunnels.

The high professional level of the exhibition as

Dal$i ¢ast prednasek byla vénovana
soucasnym velkym tunelovym projektim
v alpské oblasti (bazalni tunel Gotthard,
tunel Lotchberg, tunel Curych - Thalwil).
Referaty podrobné popisuji sou¢asny stav
projekénich a stavebnich praci na téchto
rozsahlych projektech, zahrnujicich desitky kilometr(i tunelovych staveb.

Uroven celé vystavy ale i velky zajem odbomné vefejnosti (jako parkovisté musela byt
pronajata nékolikahektarova louka v blizkosti Stoly) potvrzuji vyznam, jaky podzemni stavi-
telstvi zaujima v kontextu dvycarské ekonomiky. Lze predpokladat, Ze dalsi vystavy, které
se zde maji konat pravidelng, se stanou vyznamnymi svétovymi veletrhy technologii pod-
zemni vystavby.

Obr. 1 Fig. 1

Ing. Richard Siiuparek, CSc.

MEZINARODNI KONFERENCE O BEZPEGNOSTI A
POZARU V TUNELECH KONANE DNE 2.-3. 12. 1999
V ROTTERDAMU

Ve dnech 2.-3. 12, 1999 se v Rotterdamu konala mezinarodni konference o problemati-
ce pozaru a bezpeénostnich opatienich v tunelech. V jednotlivych referatech byla rozebi-
rana problematika bezpeénostnich opatfenich pii pozaru v silniénim tunelu a v tunelech
metra, Pro zabezpedeni Uniku osob v piipadé nehody, pozaru apod. v podzemi je velmi
dalezity vhodné navrzeny a pouzity vzduchotechnicky systém. Rychlé pouziti viech bez-
pecnostnich opatfeni zavisi na véasném pedani informaci fidicim systémem. Na téma
zajistujici bezpecnost pii pozaru v tunelu byly pfedneseny v referatu:

- Projekt vystavby dalniénich tunell v Bostonu
Bezpecnostni opatfeni v holandskych tunelech
Pficiny pozaru v Tauern a Mont Blanc Tunnel :

- Aktivni a pasivni bezpeénostni opatfeni v silni¢nich tunelech ve Svycarsku

- MoZnosti pouziti elektrostatickych filtrd pfi pozaru v norskych tunelech

- Vliv vétrani na pozar v tunelu - vyzkumna prace z Heriot-Watt University, Edinburgh
V dalsich referatech byla fesena otdzka ochrany stavebnich konstrukei podzemnich dél,

V pfispévcich byla probirana otazka okolnosti stavebni konstrukce, jeji ochrana pozamiizo-

laci a moznost ochrany osténi pfi pozaru pomoci ochlazovani vodou (Sprinkler).

Pro vybudovani bezpe¢ného podzemniho dila byla v nékterych referatech zminéna otaz-
ka nutnosti zpracovani projektu rozboru moznych rizik (risk analysis).

V referatu Prof, K. Puchera, ale i v dal$ich referatech byly vysloveny nasleduijici poznat-
ky vedouci ke snizeni rizika pozaru v tunelech a v piipadé jeho vzniku k zabranéni ztrat na
Zivotech:

- Dlouhé tunely fesit z diivodu bezpecnosti se dvéma jednosmérnymi troubami.
Obsluhujici personal musi byt pravidelné skolen, tak aby v pfipadé pozaru spravné rea-
goval na vzniklou situaci a zajistil inik osob z tunelu.

Dobe fungujici fidici systém véetné bezpeénostnich opatfenich signalizujici vznik poza-

ru a jeho lokalizaci.

- PFiéné a polopfiéné vétrani s moznosti koncentrovaného odsavani vzduchu pfi poZéaru
je dobré pro odvod zplodin hafeni a umoZnéni Uniku osob z tunelu, Pfi pozaru musi byt
pfivod vzduchu vypnut.

PodélIné vétrani u jednosmérnych tunell vyhovuje na zajiténi dniku cestujicich. U dvou-

smémych tunelll je u podélného vétrani problematicke.

-V pfipadé pozaru v tunelu (vznik koufe apod.) musi cestujici neprodlené opustit vozidlo
a snazit se uniknout. Je lepsi piijit o auto nez o svij Zivot. V pfipadé pozaru v tunelu
Mont Blanc se 27 osob udusilo ve svych autech. Dym z pozaru byl velmi toxicky. Tato
skuteénost by se méla fesit dopravni vychovou fidicl v autodkolach apod.

V druhé ¢asti konference byla exkurze na stavenisti portalu tunelu Benelux. Jedna se
o druhou tunelovou troubu budovanou pod kanalem pfistavu v Rotterdamu. Tunel je stavén
tradiéni holandskou metodou tj. naplavovanim jednotlivych sekef tunelu na pfipravené dno.
Vybetonované sekce v suchém doku jsou uzavieny, dok je zaplaven a sekce se po vodé
dopravi na misto, kde se usadi na dno a pomoci specialnich zamk{ a tésnéni vzajemné
vodotésné spojl. Tunelova trouba je feSena pro silnicni dopravu (dva pruhy + jeden oddé-
leny pruh pro oba sméry podle potfeby), autobusy MHD (dva pruhy) metro a cyklisty.
Soutasti tunelové trouby je i samostatny Unikovy tunel.

Zkusebni $tola Hagerbach, podzemni vyzkumné centrum
Hagerbach Test Gallery Ltd. An underground research center

well as a wide interest of specialists and comn-
mon public (a several hectare meadow in the
vicinity of the gallery had to be hired as a par-
king place) confirmed the importance of tunne-
ling and underground structures in the frame of
o Swiss economy. We can expect that future
exhibitions, to be held in this place regularly, will become the world's underground construction
technologies fairs.

INTERNATIONAL CONFERENCE ON SAFETY
AND FIRE IN TUNNELS, TAKING PLACE
IN DECEMBER 2 TO 3, 1999, IN ROTTERDAM.

In December 2 and 3, 1999, there took place in Rotterdam an intemational conference
concerning problems of fire and safety measures in tunnels. In individual papers, there were
analyzed problems refaling to safety measures in case of a fire in a road tunnel and in tunnels
of underground railway. To secure escape of persons in case of an accident, fire and the like from
underground areas, it fs very imporiant, for the applied ventitation system to be designed in a very
suitable and effective way. A quick application of all safely measures depends upon he fact that
a limely information s handed over by means of the control system. The following papers,
relating lo securing safely during fire In a lunnel, were read:

- Design of construction of motorway tunnels in Boston

Safety measures in Duich tunnels

Reasons of fire in the Tauern and Mont Blanc tunnels

Safety measures in underground raitway tunnels in Rotterdam

Active and passive safely measures in road tunnels in Switzerland

Possibilities of electrostatic filter application if fire appears in Norwegian tunnels

Ventilation influence upon fite in a tunnel - research work made in the Heriot-Watt University,

Edinburgh

Other papers solved the problem of protection of underground works structures. In papers the-
re was da'scussqd the question of resistance of a civil engineering structure, its protection by
means of a fire insulation, and the possibility o protect the lining during fire by means of cooling
waler (Sprinkler),

For constructing a safe underground structure, a problem of the necessily to elaborate a pos-
sible risk analysis was mentioned in some papers.

In the paper of Prof. K. Pucher, and in further papers too, there were expressed the following
pieces of knowledge showing how it is possible to decrease fire risks in tunnels and how to make
it impossible that fatalities may not come in question in case of a fire rise.

- lLobng tunnels should be designed, from the safety stand point of view, with two one-way traffic
ubes.

The attending stafl must be regularly trained so that all workers, in case of fire, may have res-

pective carrecl reactions as to the arisen situation and that they may be able to secure the

escape of persons from the tunnel.

A well functioning control system, inclusive safety measures signafling a fire rise and its loca-

tion.

A transverse and semi-transverse ventilation with a possibility lo concentrate the air suction

during fire, is good for removing products of buming and for making it possible that persons

may escape from fhe tunnel. The air supply must be stopped during the underground fire,

The longitudinal ventitation of one-way lraffic lupnels is questionable.

In case of a fire ina tunnel (rise of smake and the like), passengers must leave Immediately

thelr cars and Iry lo escape. I s beller lo loose a car than one’s life. In case of fire in the tun-

nel Mont Blanc, 27 persons were stiffed in their cars, The fire smoke was very toxic. This fact
should be solved by means of an education of drivers in driving schools, and the like.

In the second part of the conlerence there took place an excursion onto the construclion site
of the portal of the tunnel Benelux. It concerns the second tunnel tube constructed under the chan-
nel of the port in Rotterdam. The tunnel is constructed by means of the traditional Dutch method,
i.e. by sinking of individual tunnel sections onto the prepared bottom. Concrelted sections in {hé
dry dock are closed, the dock is fiooded and the section is lransported on water to the place whe-
re it fs seafed onlo the boltom and mutually watertightly joined by means of specialised locks and
gaskats. The tunnel lube has been designed for road Iransport (two Iraffic lanes + one separated
lane lor bath directions, as the case of need may be), busses of municipal mass transportation
(two -’e:'nesj. underground railway and cyclists, A separale escape tunnel is also a part of the tun-
nel fube.

Ing. Miroslav NOVAK, METROPROJEKT Praha a.s




Ve

s 9. ROCNIK, ¢. 1/2000

Tunel

Z CINNOSTI ODBORNYCH SPOLECNOSTI

ZAINTERESOVANYCH DO PODZEMNICH STAVEB

ACTIVITIES OF PROFESSIONAL CORPORATIONS
INTERESTED IN UNDERGROUND CONSTRUCTIONS

SEMINAR O PODZEMNIM SKLADU
VYHORELEHO JADERNEHO PALIVA

Dne 21, fijna t.r. byl na Ustavu geoniky AVCR v Ostravé ve spolupréci se Stavebni
fakultou VSB Technické univerzity uspofadan odborny seminaf "Podzemni skladova-
ni vyhofelého jaderného paliva’. Seminafe se zdcastnilo 30 odbornikll z riznych
oblasti, zahrnuijicich jademy vyzkum, geologicky a geotechnicky prizkum, podzemni
vystavbu, hornictvi a ekologii.

Sougasna koncepce feseni konce palivového cyklu Ceskych jadernych elektraren
piedpoklada, Ze palivové ¢lanky po vyjmuti z reaktoru budou po dobu 5 - 7 let uloZe-
ny ve vodnim bazénu v prostoru jadernych elektraren a potom umistény po dobu cca
30 - 40 let ve skladu vyhotelého jaderného paliva. Po této dobé a pfipadné recyklaci
budou vysledné radioaktivni odpady nevratné uloZeny v podzemnim uloZisti,

V soucasné dobé je skladovani vyhorelého jaderného paliva (VJP) projekéné pii-
pravovano jako povrchovy sklad v JE Dukovany (hlavni varianta) a jako podzemni
sklad v lokalité Skalka (zaloZnf varianta). V lokalité Skalka v okrese Zdar n/S byla
vyrazena priizkumna Stola, v niz byla provedena fada geotechnickych méfeni.

Na seminafi bylo pfedneseno 13 odbornych referatd, které se tykaly $tépnych pro-
duktli ve vyhofelém jaderném palivu Ceskych jadernych elektrren, ndvrh(i obalovych
soubortl pro vyhofelé jaderné palivo, geologického a geotechnického prizkumu na
vybrané lokalité, projektu podzemniho skladu VJP, teplotniho reZimu a chladiciho vét-
rani podzemniho skladu, teplotniho namahant a Zivotnosti vyztuze a vlivu tohoto dila
na Zivotni prostiedi. Shornik pifspévki je jesté k disposici u pofadatell pro pifpadné
zajemce.

Z hlediska podzemniho stavitelstvi pfinesl seminaf nové poznatky predevsim
z oblasti vlivu zvy$enych teplot na vyztuz a horniny v okoli podzemniho dila a rezimu
chladictho vétrani, umoznujiciho odvadéni produkovaného tepla. Rovnéz poznatky
o vlivu podzemniho skladu na Zivotni prostfedi a moznostech minimalizace jeho nega-
tivnich dopad jsou velmi cenné.

Ugastnici seminare dospéli k ndzoru, ze podzemni fedeni skladu vyhofelého jader-
ného paliva pfina$i nékteré zasadni vyhody ve srovnani s povrchovou variantou.
V prvé fadé je to vyrazné zvydeni jaderné bezpecnosti vzhledem k moznym pfirod-
nim a socialnim rizikiim, Neméné dlleZité je to, Zze podzemni fedeni poskytuje moz-
nost prodlouzeni obdobi skladovani v fadu mnoha desitek let s podstatné mensimi
technickymi a ekonomickymi naroky nez u povrchové stavby. Vzhledem k sou¢asné-
mu intenzivnimu vyvoji recyklacnich technologii podzemni sklad umoZiiuje pockat na
dosazeni takové Urovné recyklace, kdy naprosta vétsina objemu vyhofelého paliva
bude znovu pouZita a pozadavky na nevratné uloZeni v podzemnim uloZisti budou
minimalni nebo zadné. i

Ing. Richard Shuparek, CSc.

SEMINAR ABOUT THE UNDERGROUND STORAGE
OF BURNT-UP NUCLEAR FUEL

A special seminar on the topic of "Underground disposal of burni-up nuclear fuel" was
arranged at the Geonika institute AVCR in cooperation with the Construction faculty of VSB
of the Technical University on 21st October 1999. Altogether, 30 specialists from various
areas, including nuclear research, geological and geotechnical exploration of underground
works, mining and ecology, attended the seminar.

Current conception concerning the solution of the fuel cycle termination in Czech nucle-
ar power plants expects that the fuel elements will be, after their removal from a reactor,
stored in aqueous bath inside a power plant for 5-7 years. After that term and a contingent
recycling, the resultant radioactive waste will be irreversibly stored in an underground
storage.

A storage of burnt-up nuclear fuel (BNF) is currently being designed as a surface stora-
ge in the Dukovany nuclear power plant (the main alternative) and as an underground sto-
rage in the Skalka locality (the back up alternative). An exploration gallery was excavated
in the Skalka locality, district of Zd4r nad Sazavou, from which a number of geotechnical
measurements were performed.

During the seminar, 13 highly specialized papers were presented concerning fission pro-
ducts in the BNF of the Czech nuclear power plants, suggestions for BNF casing sets, geo-
logical and geotechnical exploration in the locality selected, a design of an underground
BNF storage, temperature regime and a cooling ventilation in the underground storage,
reinforcement temperature stress and lifetime, and influence of this storage on environ-
ment. For all those interested, the proceedings of contributions are still available with the
seminar organizers.

From the point of view of underground engineering, the seminar brought new knowled-
ge especially in the area of the impact of increased temperatures on reinforcement and on
the rock adjacent to underground works, and in the field of cooling ventilation regimes, allo-
wing the heat produced abstraction. In addition, new knowledge about the influence of an
underground storage on environment and possible minimization of its negative impacts pro-
ves to be very valuable.

Seminar participants reached the consensus, that the method of placing BNF stores
under ground provides some basic advantages in comparison with the method of surface
disposal. First, it is a remarkable increase in nuclear safety regarding possible natural and
social risks. Not of lesser importance, the method of underground disposal allows prolon-
gation of a storage term, which can be measured in decades, with remarkably lower eco-
nomic and technical demands compared to a surface storage. With regard to current inten-
sive research of recycling technologies, the method of underground storage allows us fo
wait until such a recycling level is reached when absolute majority of the BNF is reused and
demands for irreversible disposal in the underground storage is decreased to minimum
or zero.

ZIVOTNI JUBILEA

LIFE JUBILEES

ING. JURAJ KELESI SESTDESIATNIKOM

Predseda Slovenského tuneldrskeho komitétu pocas dvoch funk&nych obdobi
(1993-1999) a dlhoroény pracovnik Doprastavu, a. s. Bratislava, oslavil 12. januara
2000 svoje Sestdesiate narodeniny.

.VO svojom rodisku, v Bratislave, vy$tudoval na Slovenskej vysokej Skole technic-
kej v I 1959-1964 stavebné ininierstvo. Stavbarske vzdelanie si nekorgie v . 1970-
73, uz ako pracovnik Doprastavu, prehibil postgradudlnym Stddiom so Specializiciou
na projektovanie a technoldgiu vystavby dialnic.

Y podniku Doprastav pracoval spoéiatku ako stavbyveduci na viacerych stavbach
v leallsti byvalého Zapadoslovenského kraja, neskér ako pripravér a veduci technic-
kej pripravy stavieb na Urovni zavodu. V r. 1975 presiel na podnikové vyvojové pra-
covisko, kde sa zameriaval na nové technoldgie vystavby dialnic. V rokoch 1979-84

_—

ING. JURAJ KELESI SEXAGENARIAN

The Chairman of the Slovak Tunnelling Committee during two function periods (from
1993 till 1999) and the worker of Doprastav, a.s., Bralislava, for many years, celebrated on
January 12, 2000 his 60th anniversary.

In his birthplace, in Bratislava, he was studying at the Technical University within
the years 1959-1964 the civil engineering line. Later, in the years 1970 till 1973, as the
employee of Doprastav, he intensified his professional edication in a postgradual study
in the specialization to designing and technology of motorway construction.

In the firm Doprastav, he was working at the beginning as a works foreman on several
constructions in the region of the former West Slovak Region, later as a employee and head
of the technical preparation of constructions at the level of a plant, In the year 1975, he went
over to the developing workplace of the enterprise where he drew his attention to new tech-
nologies of motorway constructions, Within the years 1979-684, he was working in the plant.
Zvolen as the head of the technical section. Then, during 1984-1988 he became the Vice-
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pbsobil na zavode Zvolen vo funkeii veduci technickeho
Useku. Nasledne, v . 1984-1988 sa stal zastupcom riadite-
la vyrobného odboru na Ministerstve stavebnictva SR.
V tom obdobi sa podielal na riadenf vefkych inZinierskych
stavieb ako Vodné dielo Gabéikovo-Nagymaros, Vodné
dielo Starin&, Rychlodraha Bratislava. V . 1989 sa opét vra-
til do materského podniku s funkénym zaradenim asistent
generélneho riaditela a namestnik pre stavbu Rychlodrahy
v Bratislave.

Od'r. 1993 do r. 1997 bol vedUicim marketingového odbo-
ru. Po tomto obdobi az do dnednych dni sa venuje priprave
tunelovych stavieb na dialniciach

Tolko o naSom jubilantovi hovori suchopamy zaznam
z hfadiska funkéného zaradenia. Pozrime sa v8ak na jeho
odborny profil hodnotiacim okom spolupracovnikov.

Kolegovia sa zhoduju v tom, Ze ho vidy pritahovali
najmé nové technoldgie. Venoval sa tak ich vyvoju, ako aj
uvadzaniu na stavbach. Spociatku to boli mosty a dialnice.
Je pamétnikom stavby prvych kilometrov diafnice Malacky
- Bratislava a technicky velmi naroéného mosta SNP ponad Dunaj v Bratislave. Jeho
osobny prinos sa da vystopovat napr. vo vyvoji finiderov na podkladové vrstvy diaknic,
technolégie speviiovania zeminového telesa cementom alebo vysudovania podkla-
dovych vrstiev praskovym nehasenym vapnom.

Odborné renomé ho predurgilo na zapojenie do pripravy stavby Rychlodrahy
v Bratislave. Aj ked tato stavba nepokrocila do 8tadia Uplnej realizécie, jubilantovi
poskytla prileZitost vniknutia do tajov tuneldrskej branze. To bol dovod, ze sa v r. 1985
stal &lenom vyboru Ceskoslovenského tunelarskeho komitétu. Po rozdelent CSFR sa
stal prvym predsedom STK a v tejto funkcii pokracoval aZ do r. 1999.

Za jeho predsednictva a pod zadtitou STK boli Gspedne zorganizované viaceré
tuneldrske konferencie (Poprad 1995, Prievidza 1996, Zilina 1998 a 1999). Pocas
jeho predsedovania fakticky odstartovala éra vystavby diafiénych tunelov v SR.

Z mimoriadnych zalub hodno uviest zalubu vo vodéackom $porte. MoZno povedat,
7e splavil véetko, ¢o sa na slovenskych tokoch splavit da. Déverne sa vyzna na dlihom
tseku Dunaja od Ingolstadiu az po Budapest a splavil aj Sprévu medzi Gottbusom
a Berlinom. Podla vyzoru a vitality by mu sotva mohol niekto hadat viac ako 50 rokov.
Podobne, ako mu pri Zivotnom jubileu gratulovali vietci, Zelame mu aj my, aby mu
vitalita, chut do Zivota, osobna energia a zdravie sitZili este dihé roky tak ako
doteraz. Sestdesiatka je ¢as, ked praca prestava byt povinnostou a stéva sa viac
z&fubou.

Mily jubilant, pestuj intenzivne svoje doterajsie zaluby a podla osobnych naklon-
nosti priber aj dalsie, ktoré obohatia Tvoj Zivot v seniorskom veku.

Za Slovensk( tuneldrski asociaciu
Ing. Jozef FRANKOVSKY

ING. RICHARD SNUPAREK CSC. SEDESATNIK

Dlouholety &len redakéni rady Tunel a vyznamny odbornik v oblasti hornického
podzemniho stavitelstvi se narodil v Ostravé 9. 10. 1939. Vysokoskolského dipiomu
doséhl ve Vysoké $kole Banské - fakulta hornicko-geolo-
gicka v roce 1961. Po tfiletém plisobeni v Geologickém pri-
zkumu uranovych dold Pibram nastupuje v r. 1964 do
Védecko-vyzkumného  uhelného  Gstavu  Ostrava
Radvanice. Odborng se zaméfil hlavné na problematiku
stability a vyztuze podzemnich dél. Jeho zésluhy na rozsi-
feni svornikové a kotevni vyztuze v dilnich i tunelovych
dilech jsou neocenitelné. Jako vedouci laboratofe stability
podzemnich dél a pozdéji vedouci stfediska geomechaniky
se zaslouzil o vyvoj konstrukei kotevnich prvk(, vypocetn
metody navrhované svomikové vyztuze i vydani oborové
normy. K tomu pfistoupily dalsi odborné prace z oboru sta-
bility ocelové vyztuze a také zpeviiujici a tésnici injektaze
hornin. Od roku 1994 pracuje na nové zalozeném Ustavu
geoniky AVCR Ostrava nejdfive jako vedouc! stfediska
geomechaniky a od r. 1998 jako jeho fedite.

Pro véechny nade ¢tenafe je také nutno zdiraznit jeho
vyznamny podil na vytvofeni komunikace mezi odbornymi
skupinami banskych a stavebnich specialistt zabyvajici
se problematikou v oboru geotechniky, dale jeho podil
na zavadéni svornikové vyztuze hlavné v souvislosti
s technologii NATM a to na takovych vyznamnych tunelo-
vych stavbach jako bylo PraZské metro, tunel Hiebeg,
Cierny Vah, tunel Mrazovka, Strahovsky tunel aj. Ing. Sfiuparek je autor 12 patent
a jeho publika¢ni &innosti pFesahla rozmér stovky, dale je vedle Clenstvi v CTUK
ITA/AITES sekretafem Ceské narodni skupiny International Society of Rock
Mechanics (ISRM) a &lenem hornické spoleénosti CSVTS.
~ Redakéni rada ocefiuje jubilantovu praci v redakéni radé i v tunelarské spolecnos-
tia pieje do dalsich let pevné zdravi a staly zajem o rozvoj geotechnického oboru.

Ing. Petr Vozarik

Manager of the production department of the Ministry of
Construction Industry of the Slovak Republic.

During this period, he took part in management of large engi-
neering conslructions, such as the Water Work Gabcikovo-
Nagymaros, Water Work Starind. Express Railroad Bratislava.
In the year 1989, he returned again into the mother enterprise
as the Assistant of the General Manager and the Vice-Manager
for the construction of the express railroad in Bratislava. From
the year 1993 till 1997, he was the Manager of the marketing
department. After said period till these days, he has paid atten-
tion to preparations of lunnel constructions on motorways.
That is all what can say us an brief record of his posts and offi-
ces. Let us look, though, to his professional profile through
evaluating eyes of his fellow workers.

Colleagues agree on the fact that he was always mostly inter-
ested in new technologies.

He devoted himself to their development and implement on
constructions. At the beginning it concerned bridges and motor-
ways. He is witness of the first kilometres of the motorway
Malacky - Bratislava and of the very exacting bridge SNP over
the Danube in Bratisiava. His personal contribution may be traced e.g. in the development
of finishers for base layers of motorways, of the reinforcing technology of the soil body by
means of cement. or in the development of drying technologies for base layers by means
of powdered quicklime.

His professional reputation caused his participation in preparation works of the express
railroad construction in Bratislava. Even if said construction has not yet reached the stage
of the complete realization, it offered him and occasion to penelrate into secrets of the tun-
nelling profession. This was the reason why he became a member of the Czechoslovak
Tunnelling Committeee in the year 1985. After the separation of the Czechoslovak Federal
Republic, he became the first Chairman of the Slovak Tunnelling Committee, and he was
in this office till the year 1999.

During his chairmanship and under the sponsorship of the Slovak Tunnelling committee,
there were successfully organized several tunnelling conferences (Poprad 1995, Prievidza
1996, Zilina 1998 and 1999). The era of motorway tunnel construction in the Slovak
Republic started in fact during his chairmanship.

As to his hobbies, there must be mentioned aquatic sports. It can be said that he floa-
ted all flows which can be floated in Slovakia. He is very familiar with the long section of the
Danube from Ingolstadt up to Budapest, and he also floated Spreve between Cotibus and
Berlin. With respect to his looks and vitality, nobody could mean that he is older than fifty.
Analogously as all his relatives and friends congratulated him at the occasion of his jubilee
birthday, we also wish him that his vitality, liking for life, personal drive and good health may
serve him for further many years. The age of sixty, that is the time when the work becomes
to be no more a duty, but it becomes to be more a hobby.

Dear colleague, pay attention to your hobbies in an intensive way and according to your
personal wishes, take further ones which will enrich your life in your senior age.

On behalf of the Slovak
Tunnelling Association.

ING. RICHARD SNUPAREK - SEXAGENARIAN

The many years’ member of the Board of Editors of the journal Tunel and a distinguis-

hed expert in the sphere of mining underground engineering was born in Ostrava on
October 9, 1939. The university diploma at the Mining
University, Faculty of Mining and Geology, was granted him in
the year 1961. After three years of work in the Ground
Investigation of Uranium Mines Pfibram, he started to work, in
the year 1964, in the Scientific-Research Coal Instutute
Ostrava-Radvanice. Professionally, he drew his attention main-
ly to problems of stability and reinforcement of underground
works. His merits concerning applications of bolt and anchor
support in large extent in mining and tunnelling works are
inappreciable. As the head of a laboratory of stability of underg-
round works and late as the head of the centre
of geomechanics, he gained recondition for the development of
designs of anchoring elements, computer method of bolt rein-
forcement being designed, as well as for issue of the line slan-
dard. There may be mentioned further professional works in the
line of steel reinformcement and of reinforcing grouting and
sealing one of rocks. From the year 1994 he was working
in the newly established Institute of Geonics of the Academy
of Sciences Ostrava, first as the head of the Centre of
Geomechanics and form the year 1998 as its Manager.
It is also necessary for our readers fo emphasize his important
part related to communication among professional groups
of mining specialists and building ones working in the line of
geotechnics, and his important participation at implementation
boit support mainly in connection with the NATM technology, viz. on such important tunnel
Hrebec, Cierny Vah, the tunnel Mrazovka, Strahov tunnel, etc. Ing. Sriupérek is the author
fo 12 patents and its publication activity crossed the number one hundred. Besides the
membership in CTuC ITA/AITES, he is the Secretarry of the Czech National Group
of the International Society of Rock Mechanics (ISRM), and the member of the mining
society of the Czechoslovak Scientific Technical Society.

The Board of Editors appreciates the work of Ing. Sriupdrek, celebrating his anniversa-
ry, both in the Board of Editors and in the Tunnelling Society, and it wishes him good health
and permanent inferest relating to the development of the line of geolechnics.
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU

NEWS SERVICE OF THE CZECH TUNNELLING COMMITTEE ITA/AITES

PREDSEDNICTVO CESKEHO TUNELARSKEHO KOMITETU

zasedalo 26.10.1999 v Praze. Pfedseda Ing.Hess informoval o soucasné situaci
v [TA/AITES, o jeji Elenské zakladné a aktudlnich otazkach jako je vydani tunelafské-
ho vykladového slovniku, ustaveni nové WG - Education, problematika podzemniho
stavitelstvi ve méstech, uspofddani seminafe o protipoZami prevenci v tunelech,
o terminech a mistech pfistich zasedani EC ITA/AITES. Kazdd WG ma svou stranku
na internetu Cervencové &islo Sasopisu TRIBUNE bude vénovano podzemnimu sta-
vitelstvi Ceské a Slovenské republiky. Ob& narodni organizace zajistuji reprezentaéni
¢lanky. ITA/AITES pfipravuje k terminu kongresu v Durbanu pamétni publikaci -
Promotion book, v niz budou publikovany nejvyznamnéjsi svétové podzemni stavby.
Prispéjeme do ni prazskym metrem a tunelem Mrazovka. Jak asopise TRIBUNE tak
pamétni knize je mozZno vyuZit inzerci pfi této pilezitosti k propagaci nasich firem,

Zpravu o Cerpani rozpoétu podal ing.Doubek. Konstatoval, Ze rozpocet je cerpan
rovnomémé a ze po osobnich urgencich se zlepsila i platebni disciplina ¢lenskych
organizaci.. Pfedpokladany kladny hospodarsky vysledek bude vyuzit pro predfinan-
covani konference PSP 2000, jejiz pfiprava je jiz v pIném proudu.

Byla kladné zhodnocena €innost redakéni rady tohoto ¢asopisu a schvalen pro-
gram pracovniho shromazdéni - semindre k aktualnim tématam.

PRACOVNi SHROMAZDENI CTuK

se konalo dne 12. listopadu ve velké zasedaci mistnosti v budové centraly Vodnich
staveb a Metrostavu v Praze formou seminafe. Jednani zahdjil pfedseda Ing.Hess
aktudlnimi informacemi z &innosti ITA/AITES i CTuK. Ing.Libor Mafik pak demonstro-
val na praktickych ukdzkach vyuziti elektronickych médif v ramci ITA/AITES i CTuK.
Seznamil vice nez padesat pfitomnych zastupcl ¢lenskych organizaci i piizvanych
hostl s obsahem internetovych stranek ITA/AITES a CTuK. Také v ramei CTuK elek-
tronickd podta usnadriuje styk. Je v zajmu kazdého ¢lena, aby sdélil sekretariatu svou
e-mailovou adresu, aby se tok informaci zrychlil a aktualni informace se dostaly bez
prodleni k adresatovi.

Druhym stéZejnim bodem programu byla prednéska doc. Ing.Pavla Pibyla CSc.
o vlivu nedavnych pozarQi a havarii v tunelech na stavebni i provozni bezpec¢nostni
a organiza¢ni opatfeni. Ta by méla podstatné zmen$it rizika havarijnich stavd, zlepsit
monitoring a zefektivnit fizeni provozu. Pfednadku doprovazely piehledné a instruk-
tivni grafy a tabulky.

ZMENY V CLENSKE ZAKLADNE

Ke konci roku oznamily dvé organizace ukonéeni ¢lenstvi: INGSTAV Bmo, a.s.
z rozhodnuti pfedstavenstva a INZENYRSKE KONSTRUKCE , Projektové a inzenyr-
ska kancelaf.

Firma IKE, s.r.0. v zavéru roku oznamila rovnéz ukonéeni ¢lenstvi, nebot se zatle-
nila do a.s. GeoTec GS, kterd se stava novym élenem CTuK. Pfedmétem jejiho pod-
nikani jsou komplexni geotechnické a hydrogeologické priizkumy, bezpednostni
méfeni na stavbach, odborné konzultace a posudky pro podzemni stavby.

Kontaktn adresa: Geo Tec GS, a.s., Ing.Jiii Libus, RNDr.Petr Vitasek, RNDr.
Otakar Tesaf DrSc., Chmelova 2920/, Praha 10. Tel.: 717 50 710-11, Fax: 717 50
113, E-mail: praha a geotec-gs.cz

Novym ¢lenem se stala rovnéz firma ANGERMEIER ENGINEERS PRAHA s.r.0.
Tato geodetickd a inZzenyrska kancelar se orientuje na komplexni zabezpegeni geo-
detickych praci doprovazejicich inzenyrskou vystavbu: vyty¢ovani, kontrola a defor-
maéni méfeni vieho druhu. Jeji inzenyii maji dlouhou praxi na zahraniénich stavbach,
zejména na stavbach tunelli razenych NRTM. V souCasné dobé zajistuji méfeni
deformaci geodetickymi metodami na stavbé tunelu Mrazovka - ZTT.

Kontakini adresa: Ing.Petr Hlavacek, U dvou srpli 2, 150 00 Praha 5. Tel.: 57 21
55 17-18, Fax: 57 21 34 54 , E-mail: p.hlavacek a angermeier.cz

Celkovy stav Elenskych organizaci k 1.1.2000: 36 spoleénosti a 4 vysokogkolska
a védecka pracovisté. Stav individuelnich ¢lent se zvysil na 25,

Ing.Karel Matzner

PRESIDIUM OF THE CZECH TUNNELLING COMMITTEE

had its meeting on October 26, 1999, in Prague. The chairman Ing. Hess informed of
present-aay situation in ITA/AITES of its membership base and of actual questions,
such as an issue of a tunnelling one-language dictionary, appointment of the new WG
- Educatio, problems of underground engineering in towns, organization of a semina-
ry concerning fire prevention in tunnels, dates and places of further meetings of EC
ITA/AITES. Every WG has its internet page. The July issue of the Journal TRIBUNE
will be devoted to underground engineering of the Czech and Slovak Republic. Both
national organizations ensure representative articles of ITA/AITES, they prepare, to
the date of the congress in Durban, a memorial publication - Promotion Book, in which
the most important world underground structures will be published. Our contrubution
will concern the Prague Metro, the tunnel Mrdzovka. The advertising both in the jour-
nal TRIBUNE and in the Memorial Book can be utilized for publicity of our firms.

Ing. Doubek presented the report relating to drawing from the budget. He stated
that the drawing was regular, and after personal reminders even the payment discip-
line of member organizations was improved. The supposed positive economic result
shall be used for pre-financing of the conference PSP 2000, the preparation of which
is in full swing.

The activity of the Board of Editors of this journal was evaluated positively, and the
agenaa of the working meeting - seminary to actual problems, was approved.

WORKING MEETING OF CTuK

took place on November 12, 1999, in the big assembly hall in the building of the cent-
ral of the firm Vodni stavby and Metrostav in Prague, viz. in the form of a seminary.
The session was started by the chairman Ing. Hess with actual information
of activities ITA/AITES and CTuC. Then Ing. Libor Mafik demonstrated, by means
of practical examples, the utilization of electronic media within the framework of
ITA/AITES and CTuC. He informed more than fifty present representatives of mem-
ber organizations and invited guests of the content of ITA/AITES internet pages and
of CTuC ones. The electronic mail enables contacts even within the framework of
CTuC. It is in the interest of every member to inform the secretariat of its e-mail
address, that the information flow may be accelerated and actual information may be
delivered without delay.

The second fundamental agenda item comprised the lecture of Doc. Ing. Pavel
Piibyl CSc. on the influence of recent fires and crashes in tunnels upon building and
operational safety measures and measures of organization. Such measures should
decrease considerably risks of crash situations, improve the traffic control and make
it more effective. The lecture was accompanied with lucid and instructive graphs and
tables.

CHANGES IN THE MEMBERSHIP BASE

Two organizations announced the end of their membership to the end of the year,
viz. INGSTAV Brno a.s. due to the decision of the directorate, and the firm
INZENYRSKE KONSTRUKCE, Designing and Engineering Office.

The firm IKE, s.r.0., also announced at the end of the year its membership termi-
nation, because it was subject to a takeover by GoeTec GS, which becomes the new
member of CTuC. The sphere of ils business resides in a complex geotechnical and
hydrageological exploration, safety measuring on construction sites, professional
consulting and expert's opinions for underground constructions.

Contact address: GeoTec GS, a.s., Ing.Jifi Libus, RNDr.Petr Vitdsek, RNDr. Otakar
Tesar DrSc., Chmelova 2920/6, Praha 10. Phone No.: 717 50 710-11, Facsimile No.:
717 50 113, E-mail: praha a geotec-gs.cz

The firm ANGERMEIER ENGINEERS PRAHA s.r.0. became the new member too.
Said survey and engineering office is orientated to a complex securing of survey
works accompanying engineering constructions, surveying, inspection and deforma-
tion measurements of any kind. Its engineers gained experience on foreign construc-
tions, particularly on tunnel constructions driven by means of NATM. In these days, it
ensures measurements of deformations by means of survey methods on the tunnel
Mrazovka - ZTT.

Contact address: Ing.Petr Hlavdcek, U dvou srpti 2, 150 00 Prague 5. Phone No.:
57 21 55 17-18, Facsimile No.: 57 21 34 54, E-mail: p.hlavacek a angermeier.cz

Total number of member organizations to the date January 1, 2000: 36 compani-
es and 4 university workplaces and scientific ones. The number of individual mem-
bers increased to 25.
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SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE

NEWSLETTER OF THE SLOVAK TUNNELLING ASSOCIATION

O vyjazdovom rokovani redakénej rady v Levoéi v dfioch 30. 9.-2. 10. 1999 sme
priniesli zakladnu informaciu v predchadzajiicom &isle nasho Casopisu (Tunel €. 4/99).
V tomto vydani sa vraciame k tejto udalosti este raz niekofkymi fotografickymi snimkami.

The information about the away meeting of the editorial board held in Levoca from
30.9. to 2.10.1999 was already brought in the last issue of our journal (Tunel No.4/99).
We are just returning to that event in this issue, presenting several snapshots.

Obr. 1 Fig.1

Exkurzia na tuneli Branisko sa zadalo na stavenisku pred zapadnym portalom.
Ocelovéa konstrukcia (v popredi snimky) bude sliZit ako pracovna plosina pri uklada-
ni hydroizolaénej fdlie plasta tunela.

The fieid trip to the Branisko tunnel started at the site in front of the western portal.
The steel structure (in the foreground of the picture) will serve as a working platform
for fixing the waterproofing membrane to the tunnel lining.

Obr.2  Fig. 2

Ugastnici exkurzie uz mohli na vlastné oci vidiet' juznd tunelovi rdru na Branisku v
celef dizke. Po prejdeni na stavenisko pred vychodnym portalom sa Zivo diskutovalo
o cerstvjch dojmoch a ziskanych poznatkoch. Pripominame, Ze zékladné razidské
price BANSKE STAVBY, a.s. Prievidza a Uranpres, spol. s r.o. ukongili v auguste
1999.V Gase exkurzie stavbari Vahostavu Zilina a Hydrostavu Bratislava mali za
sebou prvé zadiatky betonarskych prac.

The participants of the field trip had already seen the whole length of the Branisko tun-
nel's southern lube. After passing to the construclion site in front of the eastern por-
tal, the participants carried on a lively conversation on fresh impressions and the gai-
ned knowledge. We would like to recall the fact that the basic excavation performed
by BANSKE STAVBY, a.s. Prievidza and Uranpress, spol. s ro. was compleled in
August 1999, Before the time of the field Irip, the tunnellers of Viéhostav Zilina and
Hydrostav Bralislava had already performed first concrete castings.

Obr.3 Fig. 3

Stavenisko Doprastav, a.s. Bratislava na vychodnom portali prieskumnej $tdlne tune-
la Vignové pod Dubnou Skalou pri Vratkach. Prieskumnt $téifu od vychodného por-
talu Doprastavaci razia plnoprofilovym tunelovacim strojom priemeru 3,5 m,
Prieskumny $télfiu od zapadného portélu razi firma Metrostay, a.s. Slovakia vrtnotr-
hacimi pradcami.

Doprastav, a.s. Bratislava company's construction site at the easltern portal of the
exploration gallery for the Visriové tunnel under Dubnd mountain by Vritky.
Doprastav's workers are driving the exploration gallery from the eastern portal using
a 3.5 m diameter full-face TBM. Metrostay, a.s. Slovakia is heading the exploration
gallery from the western portal by means of drill-and-blast.

Obr. 4 Fig. 4
Sogke patrénky tunelarov sv. Barbore sa uslo pekné miesto pri vychodnom portali pri-
eskumnej $tolne diainého tunela Visnové. Na snimke si sosku prezeraju Ing. Peter
Vozarik, predseda redakénej rady a Ing. Juraj Kelesi, zastupca hostitelskej organiza-
cle.
The statuette of St Barbara, a patron of tunnellers, found a lovely place at the eastern
portal of the exploratory gallery for the Visriova motorway tunnel. Peter Vozarik, cha-
irman of the editorial board, and Juraj Kelesi, a representative of the hosting country,
are having a look at it in the picture.

Ing. Jozef Frankovsky
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CALENDAR OF ITA/AITES

27.-30. 3. 2000,

Aachen, BRD, 14. Nationales Symposium fiir Felsmechanik u. Tunnelbau. DGGT/SRM
EUROCK 2000, Fax: 0049 (0) 201 782743

4. 5.-30. 11. 2000,

Hamburg, BAD, Dimension der Tiefe, Underground Space Exhibition. Fax: 0049 40 3569 2240

13.-18. 5. 2000,

Durban, SA, World Tunnelling Congress ITA/AITES: Tunnels under Pressure, Webpage:
http/fwww.saimm.co.za

3.-4. 5. 2000,

Hong Kong, Mezindrodni konference / International Conference "Tunnel and Uinderground
Stalion Fires", Fax: +44 1234 841375, Web: www.ifc-conference.com

18.-19. 5. 2000,

Singapore, Asian Conference of Unsaturated Soils UNSAT-AISA 2000 od teorie k praxi/ from
theory fo practice. Fax: 0065 235 3530

6.-11. 6. 2000,

Boston, USA, North American Tunnelling 2000, konference "Underground Construction: The
Revolution Continues" o vyvoji podzemniho stavitelstvi / Conference on underground constructi-
on development

23.-27. 6. 2000,
Hamburg, SRN, 6. Mezinarodni kongres o podzemnich vedenich / International congress on

pipeline construction ‘Leitungsbau 2000". Fax: +49 40 3569 2343, Web: www.cch.de/leitungsbau-
hamburg

25.-26. 9. 2000,

Singapore, 3. Mezindrodni konference / International Conference "Ground Improvement
Techniques". Fax: +65 2353530, E-mail: cipremie @singnet.com.sg

26.-29. 9. 2000,
New Delhi, India, TUNNELLING ASIA 2000, “Need for Accelerated Underground Construction

- Issues and Chalenges’, pod zéstitou / sponsored by IZA. Web: www.cbip.org,
fax: +91 11 611 3647

4.-6. 10. 2000,

Sydney, Australia, 3. Mezinarodnf konference / International Conference "Tunne! Management
2000". Fax: +44 1234 841375, Web: www.itc-conferences.com

9.-11. 10. 2000,
Praha, CR, PODZEMNI STAVBY / UNDERGROUND CONSTRUCTION PRAHA 2000,

pod zastitou / sponsored by ITA, mezindrodni konference / International Confarence,
telffax +420 2 66793479, Web: hitp:iwww.ila-aites.cz, e-mail: malzner@melrostav.cz

26.-29. 10. 2000,

Petrosani, Romania, Underground Construction in the third Millenium - PETROSAN! 2000.
Fax: 0040 54 543491/546238

19.-24. 11. 2000,

Melbourne, Australia, Melbourne Convention Centre, Internalional Conference on
Geotechnical and Geological Engineering. Fax: 003902 4800 8471

26.-29. 11. 2000,

Singapore, Mezindrodni konference o tunelech a podzemnich stavbéch / International
Conference on Tunnels and Underground Structures, ICTUS 2000, fax: +65 299 8983,
e-mallcimapl@singnel.com.sg

10.-13. 6. 2001,

Milano, ltalie, Svétovy tuneldfsky kongres / ITAV/AITES 2001 World Tunnel Congress.
Fax: +39 02 48008471, E-mail: aites-ita2001 @mgr.it

7.-15. 9. 2001,

Praha, 19th International Conference and Exhibition NO - DIG 2001

30. 10.-1. 11. 2001

Kyoto, Japan, Mezindrodni konference / International Conference *Modern Tunnelling Science
and Technology". Web: hitp.//www.sendai kopas.co.jp/JGS/E/events.himi

2002, Singapore, AITES/ITA 2002 General Assembly and International Conference

Oprava obrazku €. 1 k dlanku Stitkany beton a sougasna praxe u Metrostavu,
uvefejnéného na str. 40 v minulém éisle (zaména barev):

Correction of the Fig. 1 in the article Sholcrete - contemporary praxis in
Metrostav published in the last issue, page 40 (replacement of colours):

Redakce se omlouva ¢teftim i autorovi.
Editors apologize both to readers and the author.
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Obr.1 Fig. 1

Priibéh narustu pevnosti pfi kontrolnich zkougkach stfikaného betonu in situ
v tunelu Mrazovka (6/99)

Development of shotcrete strength increase, based on in-situ check test in
the Mrazovka tunnel ( Jun. 99 )
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200 Years from the Birth of Joachim Barrande 3/99 52
Helena Kohoutova

RUZNE
MISCELLANEOUS

Nebyla jen bohyné lovu
Diana Was Not Only the Goddess of Hunting 1/99 4
Ing. Jifi Kazda

Bibliografie ¢lank{ a stati uvefejnénych v Tunelu, Gasopisu

Ceského tunelarského komitétu a Slovenského tunelarského

komitétu ITA/AITES v roce 1998

Bibliography of articles published in the journal “Tunel"

of the Czech Tunnelling Committee and the Slovak Tunnelling

Committee ITA/AITES within the year 1999 1/99 49
ing. Pavel Polak

Jmenny rejstiik autorl stati ¢asopisu Tunel za rok 1999 1/99 52
Index of names of authors of articles published

in the Tune! journal in the year 1999

ing. Pavel Polak
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9. ROCN

re

IK, €. 1/2000

A
Aldorf Josef

Bartak Jiff
Bartak Jit
Bartak Jifi
Bartak Jifi
Bene$ Oto
Braun Vaclav

c

Cagan Milan
Caletka J.
Cigler Zdenék

C
Cuda Radek

D

Danko Jaroslay
Dobes
Dolezalova Marta

F

Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Jozef
Frankovsky Miloslav

H

Hilar Matou$
Horaéek Milo§

J

Jank( Miroslav
Jansky Josef

K

Kazda Jifi

Knajbel Jozef
Kohoutova Helena
Kochanek Miroslav
Kole¢kar Miroslay
Kopecky Jaroslav
Kopfiva Miroslav
Kotétkov Julij
Kratky Josef
Kubicek Pavel
Kucik Stanislav
Kuchar Petr
Kunak Josef

Kusy Pavol

Kutil Josef

L

Lembak Michail
Lebeda Jifi

JMENNY REJSTRIK AUTORU STATi CASOPISU TUNEL

ZA ROK 1999

Tunel

INDEX OF NAMES OF AUTHORS OF ARTICLES PUBLISHED IN THE TUNEL JOURNAL
IN THE YEAR 1999

Cislo
Issue

2/99

1/99
2/99
3/99
4/99
3/99
2/99

2/99
2/99
2/99

4/99

1/99
3/99
1/99

1/99
2/99
2/99
3/99
4/99
4/99
4/99
1/99

4/99
2/99

2/99
3/99

1/99
4/99
3/99
3/99
1/99
3/99
4/99
1799
3/99
2/99
2/99
4/99
4/99
1/99
4/99

1/99
4/99

Strana
Page

23

51

37

17

53

37
15

Matzner Karel
Matzner Karel
Matzner Karel
Matzner Karel
Mocivnik Josef
Moucka S.

N

Novacek Petr

Novotny Miloslav
Novotny Miloslav
Novotny Miloslav

P

Papez Petr
Pastierik Milan
Pazdera Ladislav
Pazdera Ladislav
Petko Anton
Picha Jiff

Polak Pavel
Polak Pavel
Pribyl Pavel
Pribyl Pavel
Pfibyl Pavel
Pfibyl Pavel

R

Rozsypal Alexandr
Rozsypal Alexandr
Rozsypal Alexandr
Rzicka Jifi
Razicka Jifi
Razicka Jifi

S

Sala¢ Miloslav
Soucek Kamil
Soukup Vaclav
Srb Martin
Stoni Milan

S

Shuparek Richard
Snuparek Richard

T

Teska Josef
Torner Vaclav

vV

Vozarik Petr
Vozarik Petr
Vymazal Zdenék

Y
Yurkevich P.

4

Zdrazila Tomas
Zemanova Vlasta

Cislo
Issue

1/99
2/99
3/99
4/99
2/99
1/99

2/99
2/99
3/99
3/99

3/99
2/99
1/99
2/99
4/99
1/99
1/99
4/99
2/99
3/99
4/99
4/99

2/99
3/99
4/99
1/99
3/99
4/99

4/99
4/99
1/99
3/99
2/99

1/99
4/99

2/99
3/99

3/99
3/99
2/99

1/99

2/99
1/99

48
45

24

36

17

28
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METROPROJEKT Praha a.s.

ceska projektova a inZzenyrska c¢eska projektova a inzenyrska

RETROPROJEIT akciova spolec¢nost akciova spoleénost
Dle VasSich pozadavkul zpracujeme According to your requirements we elaborate
pro Vas: for you:
 rozborové studie a analyzy investic » pre-investment studies & analyses
« projektovou dokumentaci vSech stupnit » project documentation at all levels
« transformaci & autorizaci dokumentace » transformation & authorisation of project
zahrani€nich klient( podle ¢eskych norem documentation of foreign clients in compliance
a predpisl with Czech norms and regulations
 poradenskou a konzultaéni €innost e advisory & consulting services

Kontaktni spojeni: Contact address:

METROPROJEKT Praha a.s.
Nam. 1. P. Pavilova 2/1786, 120 00 Praha 2, Czech Republic
Phone: + (420 2) 96 204 121, Fax: + (40 2) 96 204 122
E-mail: metroprojekt @metroprojekt.cz

SiDLO FIRMY A PRODEJ:
PRAHA 9-HORNi POCERNICE
tel.: 02/819 22 885, 819 25 290, 819 23 789
fax: 02/819 22 883, 819 23 261, 819 23 790

PRODEJNA Rohansky ostrov (areal fi METROSTAV) e TEL.: 02/248 10 620
PNEUSERVIS - Rohansky ostrov (areal fi METROSTAV) e TEL.: 02/248 17 150




Poradatel: Stavebni geologie-GEOTECHNIKA a.s.
rogram #2000 Akademie véd CR Narodni tt. 3, Praha 1

AL UL L L

DOPOLEDNE

Odborny seminar s tématikou:
~Aplikace numerického modelovani pro praktické feSeni geotechnickych tloh* echnika
Zahajeni: Doc. Ing. Alexandr Rozsypal, CSc., feditgl spoleénosti SG - Geotechnika a.s.
Uvodni slovo:  Prof. Ing. lvan Vaniéek, DrSc., pfedseda Ceské geotechnické spolecnosti cssi
Rozvoj numerického modelovani v geomechanice (State of the Art)
Dr. Ing. Ivo Herle, Ustav teoretické a aplikované mechaniky AV CR
Matematické modelovani interakce podzakladi a stavebni konstrukce
Prof. Ing. Jifi Sejnoha, DrSc., Katedra mechaniky Stavebni fakulty CVUT Praha
Numerické modelovani pfi feSeni geotechnické problematiky na povrchovych dolech
ing. Marta DoleZalova, CSc., Dolexpert Geotechnika
Computations and back analyses of the Lille underground railway
Ing. Alain Bernardet, Simecsol Francie
Prognéza chovani zemnich konstrukci pomoci MKP
Ing. Zdenék Sekyra, Ing. Julien Bernadet MSc., SG-Geotechnika a.s.
Priklady feseni zakladovych konstrukei matematickym modelovanim
Ing. Mdria Masaroviéové, CSc. a kolektiv, Katedra geotechniky Stavebni fakulty STU Bratislava

Diskuse

ODPOLEDNE
8. PRAZSKA GEOTECHNICKA PREDNASKA

Coupled thermo-hydro-mechanical analysis for geotechnical and environmental applications
Prof. Anl. Gens, profesor of Geolechnical Engineering - Madrid
Soucasti seminafe bude 62 prezentace (vystavka) odbornych firem v pfedsali zasedaci mistnosti AV CR

E&E@Q—_ 0. 9. 2000 zasedaci mistnost SG-Geotechnika a.s. Geologicka 4, Praha 5
DOPOLEDNE

Zasedani Ceského vyboru pro mechaniku zemin a zakladani staveb
Prednaska pro pozvané specialisty:

Unsaturated Soil Mechanics with application to compacted soils.
From Theory to engineering practice

Prof. Ant. Gens, profesor of Geotechnical Engineering - Madrid

ODPOLEDNE

Workshop pro piihlasené Géastniky:

+Je numerické modelovani skutecéné efektivni nastroj pro geotechnické rozhodovani?“

Pozvanky véetné podrobného éasového programu a zavaznych prihlaSek budou rozesilany v bieznu 2000

Kontaktni adresa: SG - Geotechnika a.s. (Ing. Pachta), tel.: 02/ 581 93 00, 581 74 80,
fax: 02/ 581 85 90, e-mail: technic@sggt.cz, http://www. geotechnika.cz

%u.:n

SPECIALNi ZAKLADANI spol. s r.o.

Hloubkové vibraéni hutnéni systémem KELLER®

Kompletni zajisténi stavebni jamy
Tryskova injektaz Doéasné a trvalé kotvy s antikorozni ochranou
Injektaze SOILFRAC®

Strikané betony

Injektaze
Hrebikovani zemin
Piloty, mikropiloty

Zpracovani projektové dokumentace
a statickych vypoctu

Podzemni stény a clony

I Oy Ay I [y Iy i
0 R v N

Konzultaéni ¢innost

KELLER - specialni zakladani spol. s r.o.
K Rysance 16, POBox 27, 147 54 Praha 4
Tel.: 02/ 61 26 20 63, 1.121

Fax: 02/ 42 14 02

E-mail: Office.Praha@Kellergrundbau.cz
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MERRAIMET,
VYHRADNI ZASTOUPENI V CR
CENTRALA - SERVIS - PRODEJ

Bystra 2243, 193 00 Praha 9
Tel.: 02/81 92 07 48, fax: 02/81 92 05 87, servis: 02/81 92 25 45

| v roce 2000 pocitejte s nami




VAHOSTAY, a.s. ZILINA

VAHOSTAV

VYROBNY PROGRAM
DIVIZIE 11 - TUNELY:

razenie prieskumnych §tolni a tunelov technoldgiou
NRTM (nové rakuska tunelovacia metoda)

* vodovodné privadzace

* kanalizacné zberace budované bezvykopovou
technoldgiou Stitovania a pretlacania

* podpovrchové alebo hlbinné kolektory inzinierskych
sieti

» razené velkopriestorové objekty pre elekirarne,
Cistiarne odpadovych véd a pod.

+ odvodnovacie a obtokové $tdIne.

Znalost' technoldgii razenia a budovania podzemnych

diel, ako aj vybanie potrebnym strojnym zariadenim

zaruBuju Uspesné zvladnutie narocnych projektov.

Dokazem toho je aj razenie prieskumnych §toIni

Ovéiarsko a Horelica v silne porusenych horninach

flySoidného suvrstvia.

Kontakt: -

VAHOSTAYV, a.s., Hlinska 40, 011 18 Zilina
tel.: 089/517 1111, fax: 089/763 28 41
http://www.vahostav.sk, e-mail: info@vahostav.sk

VAHOSTAV a.s., Divizia 11-TUNELY
Framborska 58, 012 16 ZILINA

tel.: +421-89-562 60 85, 562 60 86
fax: +421-89-562 63 00

VAHOSTAV NEVAHA. STAVIA.



