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VAZENIi PRIATELIA,

prihovaram sa k Vam v Case, ked nasa spolocnost Banské stavhby,
a. s. Prievidza si pripomina pétdesiaty rok nepretrzitej ¢innosti. Som
rad, ze svoje pocity pri tomto vyznamnom jubileu mdZem odovzdat
Sitatefom ¢asopisu Tunel.

Tak ako v Zivote Gloveka, aj v Zivote firmy je polstoroie prileZitostou
poobhliadnuf sa spat a pripomendt si minulost, vyznamné mifniky
nadej ¢innosti. KedZe som cely svoj produktivny Zivot stravil v tejto
firme, je to aj osobny pohlad do minulosti. Banské stavby Prievidza
boli svojim zameranim uréené na budovanie banskych diel pre-
dov8etkym pre Slovensko, a to pre uholné a rudné banictvo a mag-
nezitové zavody. A tak pri pohfade do minulosti definuju také stavby
ako Bana Cigel, Zelezorudné bane Rudnany, Slovinky, Rudné bane
Banskd Stiavnica, Hodru$a, bane na magnezit Kosice, JelSava,
Lubenik a dal8ie. V zahrani¢i najvyznamnejsie pracovisko uhofna bana
Ibbenblren v SRN, kde sme pésobili nepretrZite takmer 30 rokov. Za
tymito nazvami s skryté stovky kilometrov banskych $toIni, velké
mnozstva $acht, z ktorych vynika svojim rozmermi jama Rovefi
v Banskej Stiavnici o hlbke 790 m a svetlom priemere 7,5 m.
Vyznamnym mifnikom nasej ¢innosti bola vystavba podzemnych objek-
tov na Precerpavace] vodne] elektrarni Cierny Vah, kde sme koncom
sedemdesiatych rokov vybudovali 5,5 km tunelov pre privddzace vody
a dopravu. ) )
Nova odvodriovacia §télfia pre Rudné bane Banské Stiavnica v dizke
14 km bola prilezitostou uplatnenia $pi¢kovej techniky a technoiégie.
Pri razeni tunelovacim strojom Wirth bol dosiahnuty nevidany vykon
v razeni 812 m/mesiac.

Devatdesiate roky znamenali posun ¢innosti firmy z banskych stavieb
na podzemné inzinierske stavby, z nich najmé tunely pre vodohos-
podarske a dopravné dcely.

Prvé skusenosti sme ziskavali v Nemecku na tuneli Kohlberg a tak vys-
tavba prvého dialni¢ného tunela na Slovensku, tunela Branisko, nés
nasla pripravenych. Vykony a prezentdcia na tomto tuneli patria do
zlatého fondu podnikovej histérie a st odrazom nasich skusenosti na
budovani niekotkych tunelov v Nemecku a Slovinsku.

Uvodnik ¢asopisu nedava priestor na podrobnej$i pohfad do minu-
losti, a preto si dovolujem na zaver vyjadrit osobné vyznanie. Myslim
si, 7e som urobil &tastny krok, ked som po absolvovani Fakulty
inZinierskeho stavitelstva v Bratislave v roku 1959 nastupil na Banské
stavby, n. p., Prievidza, netu$iac eSte, Ze to bude jediny mdj zamest-
navatel v Zivote. Vystavba podzemia bani a tunelov ma velmi zaujala
a stala sa mojim profesiondlnym osudom.

Za poctu povaZujem aj to, Ze som na Cele tejto spoloCnosti aj v roku
jej polstoroéného jubilea. Vyjadrujem vieru, Zze Banské stavby, a. s.,
Prievidza preukdzu svoje odborné schopnosti aj v nasledujucich
rokoch, a Ze na strankach ¢asopisu Tunel budd méct publikovat svoje
skusenosti z tunelovych stavieb.

DEAR FRIENDS,

| address you at the time when our company Banské Stavby a.s. Prievidza is com-
memorating 50 years of consecutive activity. | am glad that by such significant
anniversary | can share my feelings with readers of the Tunel magazine.

Much alike in the life of a human, also in the life of a company half a cenlury is an
occasion to look back and recall to the past, significant breakpoints of our activ-
ity. Because | have spent my entire productive life in this company, it also means
a personal review of the past. Bahské Stavby Prievidza was by its concentration
determined for construction of mining works mostly in Slovakia, and thus for coal
and ore mining industry as well as magnesite industries, So in such a look back-
wards, constructions like Cigel' mine, lron ore mines Rudnany, Slovinky, Ore
mines Banskd Stiavnica, Hodrusa, Magnesite mines Kosice, Jel$ava, Lebenik and
other define themselves clearly. As for abroad, the most significant work is the
coalmine Ibbenbdren in Germany, where we had been operating consecutively for
more than 30 years. Behind these names, hundreds of kilometers of mining gal-
leries and large amount of shafts are hidden. Among these, especially the shaft
Roveri in Banska Stiavnica excels by measures with its depth of 790 m and net
diameter of 7,5 m.

Important breakpoint of our activity was a construction of underground objects
within the pumped storage scheme Cierny Vah, where we in the late seventies
constructed 5,5 km of tunnels for water feeders as well as transport.

New 14 km long drainage gallery for Ore mines Banskd Stiavnica was an oppor-
tunity for the use of top techniques and technologies. During excavation with the
tunnel boring machine Wirth, an extraordinary advance in excavation of 812
m/month was reached. The nineties remarked a shift in the company's activity
from mining construction to underground engineering, from which mostly to tun-
nels for water industry and transportation purposes. We acquired first experience
in Germany by the Kohlberg tunnel, so that construction of the first highway tun-
nel in Slovakia found us prepared. Accomplishments and presentations at this
tunnel belong to the golden inscription of company's history and are a mirror
image of our experience in construction of several tunnels in Germany and
Slovenia.

Editorial of the magazine does not provide space for more detailed look into his-
tory, and therefore in the end | only presume to express my own confession,
I think | have done a fortunate step, when | after graduation of the Faculty of engi-
neering siructures in Bratislava in 1959 enrolled by Banské Stavby n.p. Prievidza,
yet not knowing that this would be the only employer of my life. Construction of
underground mines and tunnels has attracted me greatly and has thus become
my professional destiny.

I also consider it honor that | am in the lead of this company by the time of its 50th
anniversary. | express the faith that Banské Stavby a.s. Prievidza will prove its
professional abilities also in the following years and that they will be able to fur-
ther publish its experience from tunnel constructions on pages of the Tunel ma-
gazine.

Ing. Jaroslay KAPUSTA
predseda predstavenstva a generélny riaditel - Chairman of the Board of Directors and General Manager
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TECHNOLOGICKE MILNIKY POLSTOROCNEJ
EVOLUCIE PODNIKU BANSKE STAVBY PRIEVIDZA

TECHNOLOGICAL MILESTONES OF THE
HALF-CENTENNIAL EVOLUTION
OF BANSKE STAVBY PRIEVIDZA

ING. JOZEF FRANKOVSKY, BANSKE STAVBY, a. s., PRIEVIDZA

ABSTRAKT

Clanok je retrospektivou 50 ro¢nej histérie podniku po linii postupujiceho
technického pokroku v podzemnom stavebnictve. Priginenim a tvorivostou
tak vlastnymi kon$truk&no-vyvojovymi kapacitami, ako aj transferom z fondu
svetovej techniky, sa podnik usiloval udrzat kontakt s vyvojom vo svete.
Siroké pole pdsobnosti podniku s pestrym sortimentom banskych a podzem-
nych inzinierskych stavieb spolu s odhodlanim hiadat uginné riedenia
doviedol podnik k mnohym novym technikam a technol6gidm. Miiniky tejto
cesty zaginali pri drevenych vystuZiach, ruénych zbijackach a nakladani
lopatou. S postupom rokov drevo vystriedal betdn a ocel, raziace Stity
a NRTM. Ruéné naradie vystriedali vftacie vozy, dieselové nakladace,
dumpre, tunelovacie stroje a iné

uvoD
Banské stavby vznikli pri celkovej reorganizacii ceskoslovenského priemys-
lu koncom r. 1951 odélenenim z podniku DilIni stavby Ostrava nariadenim
Ministerstva paliv a energetiky Praha. Z tej istej materskej firmy zaroven
vznikli aj dalsie dva podniky, a to DUInf stavby, n. p., Teplice a Vystavba
ostravsko-karvinskych dol@, n. p., Ostrava, Nadriadenym organom v8etkych
troch podnikov bola Hlavna sprava vystavby uhofného priemyslu Praha
v pozicii stredného €lanku riadenia.
Podfa dikcie zakladacej listiny Glohou podniku bolo hibenie jam z povrchu a2
na najhlb3ie horizonty, odborné stavebné prace pri prehlbovani §4cht, raze-
nie hlavnych prekopov na novych horizontoch a vystavba zvlastnych ban-
skych priestorov, ako napr. narazisk a pod.
V polovici minulého storo¢ia v podzemnom stavebnictve nebolo toho po
stranke technickych prostriedkov vela. Ked vynechame dopravnd techniku,
¢erpadld a kompresory na podzemnych pracoviskach okrem pneumatickych
zbijatiek a vftagiek bolo uZ iba ru¢né naradie. Najva¢sim darom techniky sa
v tom ¢ase stali prehadzovacie lopatové nakladade. V situécii obmedzenych
mozZnosti nakupu a takmer embarga importovanej techniky, ak sa nechcel
zmierit so zaostavanim, musel sa o seba postarat vlastnymi silami. Podnik sa
touto cestou vydal a buddcnost ukéazala, Ze sa rozhodol spréavne. Silnou
zlozkou jeho operativnosti sa potom nadlho stali dobré vybudované tech-
nické Gtvary a vlastna konstrukéno-vyvojova zakladra.

PRELINANIE BANICKYCH .
A TUNELARSKYCH PRAKTIK

V dosledku ur¢itych obmedzeni nariadenych centrélnymi organmi podnik sa
viac pohyboval na stavbach uholnych ako rudnych banf. I8lo o razenie
hlavnych otvarkovych diel, pripadne taznych a vetracich chodieb vo vagsich
profiloch v tlakovo exponovanom horninovom prostredi. V tej dobe jedinym
vystuzovacim materidlom bolo drevo, takZe prechod na ocelovd oblikovd
vystuZ TH a na vystuZ z beténovych tvaroviek sa povazoval za velky pokrok.
Vtedy prisli velmi vhod ludia s tunelarskou praxou, ktori mali za sebou
skisenosti z inych bani, napr. ostravskych a dokonca i franctizskych a bel-
gickych. Malu, ale velmi délezitd skupinu tvorili tuneldri, ktori v 30. a 40.
rokoch stavali tunely na trati Banska Bystrica ~ Diviaky. Nagli sa aj jed-
notlivei, ktori pracovali v povojnovych rokoch (1948 a# 1956) na dokenco-
va.nych stavbach Zelezni¢nych tunelov na Slovensku.

Pr! modifikovanej tunelarskej metéde sa pouzivali na stabilizaciu Gelby
prie¢ne nosniky z drevenej gulatiny a delba sa otvérala tzv. kapinkou, ktora

ABSTRACT

The article is a retrospective of the 55 years' history of the company along
the line of advancing technological progress in the field of underground
construction. The company strove to keep up with the development in the
world both by endeavour and inventiveness of its own designing and rese-
arch capacities, and by a transfer of technology on a world-wide basis. The
wide scope of the company's activities with a rich assortment of mining and
underground engineering projects, together with the determination to search
for efficient solutions, brought the company to many new techniques and
technologies. The milestones of this way started by timber supports, hand-
held picks, and loading with a shovel. With the years running, timber was
replaced with steel, driving shields and NATM. Hand-held instruments were
replaced with drill rigs, diesel loaders, dumpers, tunnel boring machines
ete.

INTRODUCTION

Banske Stavby originated on the occasion of an overall re-organisation of
the Czechoslovak industry at the end of the year 1951 by the way of delimi-
tation from Ddini Stavby Ostrava, through a decree issued by the Ministry of
fuels and energy industry. Other two companies arose from the same mother
company, namely Ddini Stavby, n.p. Teplice and Vystavba Ostravsko-
Karvinskych Dold, n.p. Ostrava. Hlavni Sprdva Vystavby Uhelného Pramysiu
Praha was a superior body for all of the three companies, in a position of a
middle-level element of management.

According to the diction of the memorandum of association, the company's
objective was to sink shafts from the surface down to the deepest horizons,
to perform professional construction work in deepening shafts, excavation of
main crosscuts at new horizons, and construction of special-purpose mining
spaces, e.g. loading stations etc.

In the middle of the past century, there were not many technical means in
the underground engineering. If we omit means of transport, pumps and
compressors at underground sites, only hand-held instruments existed in
addition to pneumatic picks and drills. Overhead shovel loaders became the
greatest present brought in by technology. In the situation of limited oppor-
tunities of purchasing, and nearly of an embargo on imported technology,
the company had to take care of itself by its own resources, unless it wan-
ted to accept retardation. The company opted for this way, and the future
showed that this decision had been right. Properly established technical
departments and its own designing and research base became a strong
component of its operative ability for a long time

INOSCULATION OF MINING AND
TUNNELLING PRACTICES

Due to certain restrictions ordered by superior central bodies, the company
operated rather on structures for coal and ore mines. It was driving of main
opening works, or haulage and ventilation drifts in larger profiles, in a pres-
sure-exposed rock environment. The only supporting material of that time
was timber, so the transition to TH steel arches and to the support by conc-
rete segments was considered as a great progress. People experienced in
tunnelling who gained their experience in other mines, e.g. in Ostrava and
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sa postupne rozsirovala po stropnej ¢asti smerom cez bo&né steny aZz k
patkam so zabezpedovanim tengimi pozdiZznymi prvkami z drevenej gufatiny
(obr. 1). Dizka zaberu sa volila najéastejie 2 m a po zabudovanf predbez-
nej vystuze nasledovalo vymurovanie definitivnej. Tento postup zabezpe&o-
vania stability vyrubu bol v tom ¢ase v Eeskoslovenskom banictve neznamy.
Ovladnutie tunelarskej metédy v podmienkach tlakovo exponovanych pra-
covisk sa stalo dlhodobo prednosfou viacerych osadok, ktorymi potom BS
operovali nielen doma, ale aj v zahraniéi.

STVORSEGMENTOVA PRSTENCOVA VYSTUZ

Vynalez Zelezobeténovej vystuze banskych diel montovanej zo $tyroch rov-
nakych prefabrikovanych segmentov bol prevratnou inovéaciou s daleko-
siahlym vplyvom na dal&i vyvoj podniku (obr. 2). Autori vynélezu z&rovefi
s navrhom tvaru, dimenzii a materidlového zloZenia segmentov navrhli aj
mechanizmus na ich ukladanie a predov8etkym sposob ich uchytdvania
a manipuldcie s vyuZitim mimotelesného taziska. Okrem Uspe$ného uplatne-
nia na mnohych stavbach mal tento vynalez este aj daldie désledky. Potreba
vyvoja sfubného technického rieSenia podnietila vznik vlastnej konstrukéno-
vyvojovej skupiny, ktora sa postupom rokov rozrastla az na jednu stovku
pracovnikov. Stvorsegmentova Zelezobeténova vystuZ sa stala aj kitom,
ktorym si Banské stavby otvorili brany Zeleznej opony smerom na zapad.

VYSTUZ Z TAZKYCH BETONOVYCH BLOKOV

So ziskanfm zékazky razenia banskych diel v Ostrave-Vitkoviciach v r. 1963
a? 1967 na achtach Hlubina a Jeremenko v hibke cez 1000 m sa ukazala
potreba hrubostenného ostenia najméa v dielach vaésich profilov, akymi boli
néraziskd, trafostanice a iné priSachtové objekty. Jednym z rieeni sa stali
tzv. Stassenové bloky. I8lo o transfer technolégie hrubostennej vystuze (40
cm), ktorej autorom bol prof. Stassen z belgického vyskumného Ustavu
INICHAR v Liege. Zakladnymi technickymi prostriedkami pri tejto metode
bola ocelova $abléna kopirujdca tvar prieéneho profilu diela a fahky stipovy
vytah, ktorym sa dopravovali 90 kg tvarovky na vrchol §ablény a odtial sa
ruéne spustali na prisludné miesto v prstenci (obr. 3). Variantom tejto
metddy bolo doméce riedenie, ktorého rozdiel spocival jednak v tom, Ze islo
o bloky s vadSou hmotnostou (270 kg) a na ich ukladanie sa pouZil
hydraulicky ovlddany vyloZznik montovany na samohybnom pasovom pod-
vozku.

RAZIACE STIiTY

V sedemdesiatych rokoch sa podnik vydal svojou cestou vyvoja raziacich
Stitov od vefkosti od @ 256 cm po @ 556 cm so zvaranym i delenym nosnym
pladtom. Za zmienku moZno bude stat to, Ze dva raziace §tity z Prievidze
s priemerom 456 cm sa pouZili pri razeni patkovych $toInf Strahovského
tunela v Prahe. Vyvoj vyvrcholil kon$trukciou plnomechanizovaného raziace-
ho §titu s frézovym rozpojovacim organom z raziaceho kombajnu Alpine AM
50 (obr. 4).

Pri razeni autotunela na magnezitovom loZisku Mikova v nestdrznych nad-
loznych hornindch sa aplikovala netradi¢na kombindcia: raziaci §tit, trhacie
prace a bezkolajov4 odtazba. Neobvykla bola aj kondtrukcia segmentov
Zelezobetonove| prefabrikovanej vystuze. Stropny a dva boéné segmenty
boli hladké, Stvrty po€vovy segment svojim tvarom pripominal pismeno D
nalezato. Zelezobeténovad doska ako sGgast tohto spodného seg-

Obr. 1 Tunelarska metéda vystuZzovania celby. V obtiaZznych geologickych
podmienkach a vo vynimo&nych situdcidch sa pouZiva dodnes.

Fig. 1 Tunnelling method of the face support. It has been used till now in
difficult geological conditions and in exceptional situations.

even France and Belgium, were welcomed then. A small but very important
group consisted of tunnellers who constructed tunnels on the railway line
from Banska Bystrica to Diviaky in the 30s and 40s. Even individuals were
found, who worked in the after-war years (1948 - 1956) on completion of rail
tunnels in Slovakia. ’

For the tunnel face operations at the modified tunnelling method, there were
used cross beams made from roundwood, and the face was opened by so
called chapel, which was gradually widened along the crown, across the
sides as far as to the springing, with a support by thinner longitudinal ele-
ments made from roundwood (see Fig. 1). An advance per cycle of 2m was
chosen most often, and final lining followed after installation of temporary
reinforcement. This technique of ensuring stability of a stope was unknown
in the Czechoslovak mining industry then.

Mastering of the tunnelling method in conditions of pressure-exposed
working locations became a long-time preference of several crews, who
were used afterwards for BS's operations not only at home, but also
abroad.

FOUR-SEGMENTAL RING LINING

The invention of reinforced concrete lining for mining works, assembled from
four identical prefabricated segments, was a revolutionary innovation, with a
far-reaching impact on further development of the company (see Fig. 2). In
addition to the design of the shape, dimensions and materials of the seg-
ments, the authors of the invention designed equipment for their installation,
and, above all, the manner of their fixing and handling with an utilisation of
their centre of gravity being beyond the segment's body. Apart from its
successful application on many sites, this invention had another consequ-
ences. The need of development of a promising technical solution stirred
up origination of the company's own designing and research group, which
expanded to a one-hundred-worker strong team in the course of years.
The four-segmental reinforced concrete lining became a key used by
Banske Stavby for opening gates in the iron curtain and getting to the
West,

HEAVY CONCRETE BLOCK LINING

A need of a thick-walled lining, for larger profiles of the works above all, eg.
for loading stations, transformer stations and other objects in a shaft vicini-
ty, emerged on the occassion of winning contracts for excavation of mining
works in Ostrava-Vitkovice, shafts Hlubina and Jeremenko, at a depth over
1,000m, in 1963 - 1967. So called Stassen's blocks became one of the solu-
tions. It was a transfer of a technique of thick-walled lining (40cm), whose
author was Prof. Stassen from Belgian research institution INICHAR in Liege.
Basic technical equipment for this method consisted of a steel template
copying the shape of the works' cross section, and a lightweight pillar lift
used for transport of 90kg weighing segments up to the top of the template.
From that place, the segments were lowered manually to the particular place
in the ring (see Fig. 3). A domestic solution, whose difference consisted in
the fact that the blocks were heavier (270kg) and a hydraulically controlled
boom mounted on a self-propelled tracked undercarriage was used for the
installation, was a variant of this method.

o TN
Obr. 2 Stvorsegmentové montovand vystuz
Fig. 2 Four-segmental prefabricated lining
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mentu vyriedila problém zasypu protiklenby. Hmotnost segmentov so Sirkou
1 m a hrabkou 20 cm prevy$oval 1 tonu. Na ich ukladanie sa pouZili dve
hydraulicky ovladané ramena, tvoriace integralnu &ast konstrukcie raziace-
ho $titu.

VRTACIA TECHNIKA A NAKLADANIE

Zagiatok vyvoja vitacich vozov od$tartovalo ziskanie prvej zdkazky na
nemeckych antracitovych baniach v Ibbenbirene. Boli to dva vitacie vozy
vlastne] kongtrukcie postavené na pasovych podvozkoch z nakladagov
EIMCO a finskou vrtnou nadstavbou s vftacim ramenom ROTABOOM R 600
(TAMROCK) vybavenym tazkym safiovym vitacim kladivom. V nadvaznosti
na Uspech tejto konstrukcie sa neskor$ie vyrobil cely rad vftacich vozov
s pouzitim vftacej jednotky typu VJ-1 viastnej konstrukcie (képia finskeho
MINIRONDO) a vitacej jednotky HVJR 1 z ostravskej konstrukcnej dielne
ZAM.

Prehadzovacie nakladace (NL 12, NL 21, PML-1 a iné) boli celé desatroia
najpouzivanej§imi strojmi pri razeni horizontdlnych banskych diel. K ich
giastotnému vystriedaniu dodlo s prechodom na bezkofajovy systém me-
chanizécie s prepravnikovymi nakladadmi a dumprami. Prvym strojom tohto
druhu bol naklada& EIMCO 912 LHD, ktory bol skiSobne nasadeny v r. 1971
v bani Mikova. Dal3ou stavbou s relativne velkym nasadenim bezkolajovych
mechanizmov bola pre¢erpavacia vodné elekiraref Cierny Vah. Tu boli
nasadené nakladate a dumpre SCHOPF s vftacimi vozmi vlastnej kontruk-
cie na podvozkoch lesnych kolesovych traktorov (obr. 5).

NAKLADANIE UCE,LENY'CH VLAKOV
V JEDNOKOLAJNYCH DIELACH

Jednym z riedeni, na ktoré sa podnik koncom 60. rokov zameral, boli z4sob-
nikové viaky (v germanofénne] oblasti zndme pod oznagenim Bunkerzug).
Podnik sa rozhodol pre cestu vlastného vyvoja rovnako ako
v mnohych inych pripadoch len preto, Ze dokonalejie systémy zo zapadu si
nemohol dovolit importovat. Viastné rieenie dostalo pomenovanie vlakovy

s hmotnostou 270 kg
Fig. 3 The template and erector for heavy block lining from concrete seg-
ments weighing 270 kg

DRIVING SHIELDS

In the 70s, the company opted for its own way of development of driving shi-
elds starting from the diameter of 256cm to 556¢m, with both welded and
articulated skin. It may be worth mentioning that two driving shields from
Prievidza, 456cm in diameter, were used for excavation of abutment galleri-
es for the Strahov tunnel in Prague. The development reached its summit by
the structure of a fully mechanised driving shield (TBM), equipped with
a roadheader from the Alpine AM 50 driving combine (see Fig. 4).

A non-traditional method was used in driving of a vehicular tunnel in the
Mikova magnesite deposit, in incohesive overburden rock, i.e. a driving shi-
eld, drill+blast, and trackless haulage. Even the design of segments for the
reinforced concrete lining was unusual. The roof and two side wall segments
were plain, the shape of the fourth invert segment resembled a lying letter
D. A reinforced concrete slab as a part of this invert segment solved the
issue of backfilling the invert. The weight of the Tm-wide and 20cm-thick
segments crossed 1 ton. Two hydraulically controlled booms, forming an
integral part of the driving shield's structure, were used for installation of the
segments.

DRILLING, LOADING AND MUCKING
OUT EQUIPMENT

The development of drill rigs was started by winning the first contract for
German anthracite mines in Ibbenbtiren. Two drill rigs of our own design
consisted of tracked undercarriages of EIMCO loaders, and a Finnish drilling
superstructure with ROTABOOM R 600 (TAMROCK) drilling boom, equipped
with a heavy slide drifter. Following the success of this design, a number of
drill rigs were produced, utilising a drilling unit VJ-1 of our own design (a
copy of Finnish MINIRONDO) and a drilling unit HVJR 1 developed by
Ostrava-based designing center ZAM.

Overhead loaders (NL 12, NL 21, PML-1 etc.) had been the most frequently
used machines for excavation of horizontal mining works for decades. They
were partially replaced in the process of transition to trackless system of
equipment with belt loaders and dumpers. The first machine of this type was
EIMCO 912 LHD loader. Its trial operation took place in the Mikovd mine in
1971. Another project with a relatively extensive utilisation of trackless equ-
ipment was the Cerny Vah pumped storage scheme. SCHOPF loaders and
dumpers, and drill rigs of our own design mounted on forest wheeled trac-
tors' undercarriages were used on this project (see Fig. 5).

LOADING OF INTEGRAL TRAINS
IN SINGLE-TRACK WORKS

One of the solutions which the company focused on at the end of the 60s
were bunker trains (called Bunkerzug in German speaking regions). The
company decided to organise its own development, similarly as in many
other cases, just because. of the fact that it could not afford to import more
accomplished systems from the West. Its own solution was named a train
charger, and it represented a quite simple system consisting in a shuttling
container moving along a unit-construction rails laid directly on mining cars.
The moving container with a double-segmental gate was controlled by ropes
of a double-drum winch. The train charger was successfully used in excava-
tion of several mines. It was even utilised as a commercial product.
Although, its development was stopped since more effective solutions were
coming up.

With a lapse of more than 25 years, BS's designers managed to solve the
issue of handling mining cars in single-rail underground works in another
way. They designed a conveyor bridge mounted on a portal structure
moving along movable rails, installed on the sides of the single irack. This
solution, combined with a drag conveyor and a side-discharge loader moun-
ted on a tracked undercarriage, acquitted itself with an extraordinary
success in driving the Kladno-Tuchlovice thwarting.

Obviously, Swedish self-filling and self-discharging cars Hégglunds are
counted between three successful solutions of mucking out of single-track
tunnels. BS could afford to implement this essentially most active system of
mucking as late as the 90s, at the drive of an exploratory gallery for the
Branisko tunnel. Naturally, only the fact that it selected the system, applied
it successfully and achieved a technological progress in the driving proper
was to BS's credit.

EXCAVATION AND RAISE BORING

Driving of raises was counted among the most difficult and risky techniques.
A significant relief was brought by introduction of climbing platforms in the




5 10. ROCNIK, &. 3/2001

Tunel

nasypnik a predstavovalo vcelku jednoduchy systém s kyvadlovym zasob-
nikom pohybujicim sa po stavebnicove]j kofaji poloZenej priamo na ban-
skych vozoch. Pohyblivy zasobnik s dvojsegmentovym uzaverom dna sa
ovladal lanami dvojbubnového vratu. Viakovy ndsypnik sa tspesne pouZil pri
razeni niekofkych banskych diel a dokonca sa vyuZil aj ako komerény
vyrobok. Napriek tomu sa jeho vyvoj zastavil, lebo v tom ¢ase sa uZ schyfo-
valo k efektivnej§im rieSeniam.

S odstupom viac ako 25 rokov sa problém manipulacie s banskymi vozmi
v jednokofajovych podzemnych dielach podarilo kongtruktérom BS vyriesit
inou cestou. 18lo o pasovy dopravny most na portalovej konstrukcii pohybu-
juci sa po presuvnych kofajniciach, kladenych po stranach jednokofajky.
V kombinacii s hrablovym dopravnikom a naklada¢om s bo¢nym vysypom na
pasovom podvozku sa toto rieSenie s mimoriadnym Uspechom osved¢ilo pri
razeni spojovacieho prekopu Kladno-Tuchlovice

Do tretice Uspeénych rie$eni odtazby z jednokofajnych razieb nepochybne
patria §védske samoplniace a samovyprddzdriovacie vozy Hagglunds
Tento, v podstate najaktivnejsi systém odtazby, si mohli BS dovolit az v 90.
rokoch pri razeni prieskumnej §télne tunela Branisko. Na tomto systéme,
prirodzene, mali BS zasluhu iba v tom, Ze si ho vybrali, ispesne aplikovali a
dosiahli technologicky pokrok pri samotnom razen.

RAZENIE A VRTANIE KOMINOV

Dovrchné razenie kominov patrilo k najtaZz8im a najrizikovej$im tech-
nolégiam. Vyznamnu Ulavu v polovici 60. rokov priniesli 8plhavé raziace
ploginy. Este skor ako sa zacali pouzivat raziace plodiny zo Sedligian (RP-1,
RP-2, RP-3) a dokonalej$ie ALIMAK STH 5 8védskej proveniencie si BS vyro-
bili prvu raziacu plodinu v r. 1963 vo vlastnych vyvojovych dielfiach. Plosinu
pouzili pri razeni komina na magnezitovom loZisku Dubrava pri Jel8ave. Po
havérii s tazkymi nasledkami dal$i vyvoj zastavili a orientovali sa na ploginy
renomovanych vyrobcov

Pozoruhodny vykon raziacimi plo§inami sa dosiahol na pre€erpavacej vod-
nej elektrarni Cierny Véah, kde sa Svédskymi ploSinymi STH 5 vyrazili pre-
drazky troch §ikmych privadzagov a jedného technického tunela v iklone 45
stupniov, kazda do Sikmej vy8ky cez 500 m. Pred nasadenim raziacich plosin
sa uvazovalo s nasadenim techniky vefkopriemerového vftania. Viedy sa
rozhodlo o nakupe sUpravy Robbins R 71 pre priemer vitov od 1520 do 2400
mm. Paradoxne na predvftanie privadzadov na PVE Cierny Vah suprava
nebola nasadend z obavy o neziaduci odklon od projektovanej osi privadza-
¢a, ktory logicky musel pri tejto technoldgii nastat. Zat¢inkovala tu v8ak aj
neoblomnost projektanta stavby, ktory nepripustil eventudlne vybolenie
predvrtu za projektovany obrys profilu privddzaca riesit dodatoénym
zabeténovanim.

Suprava Robbins sa v8ak osved¢ila na niekofkych desiatkach vyvftanych
kominov nielen na Uzemi SR, ale aj v CR, Nemecku a Madarsku. Vysoka
efektivnost velkopriemerového vftania navodila potrebu dalsich suprav,
a tak BS pri nedostatku devizovych prostriedkov zvolili cestu skon$truovania
supravy z domacich komponentov pri zachovani véetkych parametrov a s
dovozom iba nenahraditefnych originalnych prvkov. Suprava vlastnej
kon§trukcie sa stala znamou pod menou BESPADRILL. V 80. rokoch,
v ¢ase vefkostnej kulminacie podniku a intenzivneho rozvoja rudného banict-
va podnik disponoval celkom tromi stpravami na vftanie kominov.

TECHNOLOGIA HLBENIA SACHT

Hibenie, prehlbovanie a rekonstrukcia 8acht je sortimentom vyZadujicim
vy88i stupen $pecializdcie stavebnej organizacie. PoZiadavky na objem
a technické parametre, ale hlavne na rychlost realizacie v zrovnani s pred-
vojnovymi rokmi mimoriadne vzrastlil. Ak chcel podnik spinit vetky naroky
a preukdzat opravnenost svojej existencie, musel sa néleZite vybavit potreb-
nou mechanizaciou (hibiacimi vezami, taznymi strojmi, vratmi, drapakovymi
nakladagmi, ¢erpadlami, kompresormi), sformovat projekéno-konstrukénd
skupinu, zariadit sa na vyrobu a montaZ hibiacich zariadeni, ako aj na vy-
stavbu povrchovych objektov zariadenia staveniska.

Prvou lastoviékou vlastnej tvorivosti sa stal jamovy teleskop, ktorym sa vyhl-
bilo 5 ja&m v Sejkove, Ratiskoviciach a Novakoch (1954 az 1957). 180 o oste-
nie jamy budované na Urovni terénu, ktorého spustanie bolo podporované
zatlaganim hydraulickymi lismi. Pri tejto technoldgii sa ostenie budovalo
v ohlbni jamy na Grovni terénu a zatla¢alo sa ku dnu postupujiceho hibenia
hydraulickymi lismi.

V technolégii hibenia $acht mal podnik otvoreny ristup k rieseniam VOKD.
Mnohé prebral bez dal8ich Uprav, napr. gravitatnli dopravu betonu
potrubim, konstrukciu zavesného posuvného ocefového debnenia pomocou
stistavy dvojkridlovych dveri, ale nevynechal ani cestu vlastnych rieseni.
K takym patrila kon$trukcia zavesnej vitacej supravy, aplikdcia montovanej
viacsegmentovej vystuze. Vlastnou cestou sa tiez podnik uberal pri
kongtrukciach hibiacich vezi.

middle of the 60s. BS had manufactured its first driving platform in its own
workshop in 1963, even before driving platforms manufactured in Sedl¢any
(RP-1, RP-2, RP-3) and more perfect Swedish ALIMAK STH 5 were introdu-
ced. The platform was used for boring of a raise in the Dibrava pri Jelsave
magnesite deposit. Although, after an incident with serious consequences, it
stopped the further development and oriented itself on platforms produced
by renowned manufacturers.

A remarkable progress using driving platforms was achieved on the Cerny
Vah pumped storage scheme, where advance headings for three inclined
pentstocks and one technological tunnel inclining at an angle of 45 grades,
each of them up to the inclined height over 500m, were driven by Swedish
platforms STH 5. Utilisation of the large-profile boring technique had been
considered before application of the driving platforms. At that time, it was
decided on the purchase of Robbins R 71 set for a boring diameter of 1,520
to 2,400 mm. Paradoxically, the set was not used for pilot driving at the
Cerny Véh PSS because of a fear of an undesired misalignment, which, logi-
cally, had to occur at this technique utilisation. Designing consultant's unyi-
elding standpoint also played its role by refusing to allow any deviation of
the advance heading beyond the designed contour of the pentstock to be
solved by additional backfilling with concrete.

Anyway, the Robbins rig acquitted itself well on several tens of bored raises
not only in Slovakia, but also in the CR, Germany and Hungary. High effici-
ency of the large-profile boring brought forth a need of another rigs. BS, due
to the lack of foreign currency, decided to develop rigs consisting of domes-
tic components, while keeping all parameters, and to import the irreplace-
able original items only. The rig of its own design came to be known as
BESPADRILL. In the 80s, in the time of the company's size culmination and
of an intensive development of the ore mining industry, the company owned
three raise borers in total.

SHAFT SINKING TECHNIQUE

Sinking, deepening and refurbishment of shafts are operations requiring a
higher degree of specialisation of a civil engineering contractor.
Requirements on volume and technical parameters, but on rapidity of ope-
rations in comparison with pre-war years above all, increased extraordinari-
ly. If a company had wished to meet all the demands and prove the rightful-
ness of its existence, it had had to possess the equipment necessary (hois-
ting towers, hoisting machines, winches, grab loaders, pumps, compres-
sors), to establish a designing team, to prepare for a manufacture and
assembly of shaft sinking equipment, as well as for building surface structu-
res for site facili-ties.

Obr. 4 Raziaci &tit na razenie autotunela na magnezitovom lozisku Mikova
Fig. 4 Driving shield for the road tunnel driving at the Mikovd magnesite
deposit
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BEZTRHAVINOVE RAZENIE

Razenie 14 km dlhej odvodriovacej $tdlne Voznica v bansko-Stiavnickom
revire sa stalo prileZitosfou pre prvé nasadnie technoldgie razenia tunelo-
vacim strojom v rokoch 1980 aZ 1986. Okrem toho, Zze BS dosiahli tunelo-
vacim storjom Wirth TB Il H priemeru 3,26 m pozoruhodné vysledky (najlepsf
v podobe 812 m vyrazenej 8tdlne za 31 pracovnych dni) museli siahnut
viackrat k mimoriadnym opatreniam a originalnym rie$eniam pri prekondvanf
poruchovych pasiem. Absurdnost vtedajsich obmedzeni dovozu dohnala BS
ku konstrukcii a vlastnej vyrobe valivych dlat. Napodiv celkom ispe$ne sa aj
tato odvazna akcia vydarila, ale ked o vyrobu valivych dlat prejavili zaujem
vo VZUP Kamenng, BS sa radi vyroby vzdali a dokonca poskytli svoje know-
how v plnom rozsahu novému vyrobcovi.

Druhou prileZitostou pre nasadenie toho istého stroja sa stalo razenie
prieskumnej §tdlne pre diafni¢ény tunel Branisko. Tunelovacim strojom bolo
v nej vyrazenych 2178 m od vychodného portélu po bod prerazky v obdobi
od januéra do decembra 1997.

Do tretice k technolégiam beztrhavinového razenia pribudli raziace komba-
iny s Ciastoénym rezom s frézovym rozpojovacim organom. Po predchadza-
jucich nevyraznych vysledkoch s kombajnom F6H sa podnik rozhodol pre
vykonnejSie kombajny typu ALPINE AM 50 vyrdbané v rakuskej licencii
v Pofsku. Prvy stroj bol nasadeny v r. 1984 a druhy v r. 1985 v slovenskych
uhofnych baniach.

STRIEKANY BETON

Prvé pokusy so striekanym beténom sa datuju do polovice 60. rokov.
V tom Case podnik ziskal tlakovy dvojkomorovy stroj, ktorého vyrobcom bol
Stavostroj Nové Mésto nad Metuji. V obdobi nastupu tejto technolégie
s nedokonalym strojnym vybavenim bolo dost problematické striekany beton
presadit, preto sa pouzival iba sporadicky. Vynimkou boli prace BS na
rakiskej medenorudnej bani v Muhlbachu, kde sa striekany betén presadil

Obr. 5 Vftaci voz na podvozku lesného kolesového traktora
Fig. 5 Drilling rig on a forest wheeled tractor undercarriage

pretlaéanim
Fig. 6 A subway from prefabricated reinforced concrete frames, built by
means of jacking

A mine shaft telescope, which was the first case of BS's own inventiveness,
sunk 5 shafts in Sejkov, Ratiskovice and Novéky (1954 - 1957). It was a mat-
ter of a shaft lining consiructed at the surface level, whose sinking was Sup-
ported by jacking by means of hydraulic presses.

The company had a free access to the solutions of shaft sinking developed
by VOKD (Development of Ostrava-Karvind Mines). It took over many of them
without any modifications, e.g. the gravitational transportation of concrele
through pipes, the structure of a climbing steel shuttering by means of a set
of double-wing doors. Although, it did not omit the way of its own designs. A
structure of a suspension drill rig or application of fabricated multi-segmen-
tal lining were among them. The company chose its own way in constructing
hoisting towers too.

BLASTING-FREE TUNNEL DRIVING

Driving of the 14km-long Voznica drainage gallery in the Banska Stiavnica
basin became an opportunity for the first application of the driving technique
using a tunnel boring machine in the years 1980 - 1986. BS achieved extra-
ordinary results with the 3.26m-diameter TBM Wirth TB Il H (the best result
represented an excavation of 812m of the gallery in 31 working days).
Although, it had to apply special measures and original solutions in overco-
ming weakness zones. The foolery of the restrictions on import of those days
drove BS to construct and manufacture its own disc cutters, Surprisingly,
this bold action fell out quite well. Although, when VZUP Kamennd gave an
indication of its interest in manufacturing the disc cutters, BS broke away
from it gladly, it even offered its complete know-how to the new manufactu-
rer.

Excavation of an exploratory gallery for the Branisko tunnel became another
opportunity for application of the same equipment. 2,178 m of the gallery,
from the east portal to the breakthrough point, was driven by the TBM from
January to December 1997,

In the third place, driving combines with a partial cutting by means of a
roadheader were added to the techniques of the blasting-free tunnel driving.
After previous unimpressive results achieved with the F6H combine, the
company decided on more efficient combines ALPINE AM 50, manufactured
under an Austrian licence in Poland. The first machine was used in 1984, the
other one in 1985 in Slovak coal mines.

SPRAYED CONCRETE

First sprayed concrete trials are dated back to the 60s. At that time, the
company obtained a pressure double-acting machine manufactured by
Stavostroj Nové Mésto nad Metuji. It was difficult to implement the sprayed
concrete at the time of introduction of this technique suffering due to imper-
fect equipment. For that reason it was used sporadically only. The work of
BS on the cooper mine in Austrian Mihlbach, where the shotcrete won
through very easily and was used on a large scale, was an exception.
Obviously, this shotcrete use was facilitated thanks to both the foreign envi-
ronment with higher demands and, above all, more perfect equipment
(Aliva). Later on, shotcrete started to be used routinely on other projects,
but an extensive exploitation started with tunnel driving by the NATM. The
dry process prevailed for a long time, and only at the end of the 90s, a tran-
sition to the more efficient wet process came up.

NEW AUSTRIAN TUNNELLING METHOD

Several years before the end of the 50-year period of its operations in the
field of underground construction, the company converted from underg-
round mining to underground engineering construction. Especially tran-
sport-related tunnels have become its main entrepreneurial assortment. With
the transition to tunnelling, it has been applying the NATM in the full extent,
but it makes do with its own solutions, e.g. with the set of equipment for
handling materials for the shotcrete technique (intermediate silos, transpor-
tation and dosing units). Steel lattice arches ARCUS have become one of its
own products used on tunnel projects.

The first use of the driving under the protection of a micropile umbrella was
on the Branisko tunnel, in opening of the southern tunnel tube excavation
from the west portal. Operative evaluation of the rock environment and
assignment of support classes according to results of 3D geotechnical con-
vergence measurements have become an important component in driving of
tunnels. Evident increase in demands at large tunnel profiles, and require-
ments on the accuracy on line and level of a route have been reflected in the
exactingness of surveying, using the state-of-the-art surveying equipment:
static lasers, motorised lasers, total stations, electro-optical tachymeters,
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velmi jednoducho a pouzil sa vo vefkom. Pomohlo tomu prirodzene nielen
cudzie prostredie s vy&8imi narokmi, ale najma dokonalejSie stroje (Aliva).
Striekany betén sa potom postupne zacal rutinne pouZivaf na viacerych
stavbach, ale k extenzivnemu vyuzitiu doslo aZ pri razeni tunelov NRTM.
Diho prevladala suchd metdda, a aZ v zavere 90. rokov nastal preklon
k vykonnejSej mokrej ceste.

NOVA RAKUSKA TUNELOVACIA METODA

Podnik par rokov pred dovfSenim patdesiatroéného pésobenia v podzem-
nom stavebnictve konvertoval od banského podzemia ku podzemnym
inZinierskym stavbam. Z nich najma dopravné tunely sa stali jeho hlavnym
podnikatefskym sortimentom. S prechodom ku tunefovym stavbam aplikuje
v plnom rozsahu NRTM, ale vypomaha si vlastnymi rieSeniami napr. pri
zostave mechanizmov pre manipuldciu s hmotami pri technologii
striekaného betdnu (medzizasobniky, dopravné a davkovacie zariadenia).
Jednym z vlastnych vyrobkov pouZzivanych na tunelovych stavbach sa stali
ocefové priehradové obliky ARCUS.

Na tuneli Branisko sa prvy krat aplikovalo razenie pod ochranou mikropilo-
tového dazdnika pri zadstovani juznej tuneloverj rury od zdpadného portalu.
Doélezitou zloZzkou pri razeni tunelov sa stalo operativne vyhodnocovanie
kvality horninového prostredia a priradovanie vystrojovacich tried podla
vysledkov 3D geotechnickych merani konvergencii. Evidentny rast nérokov
pri velkych profiloch tunelov a pozadované presnosti smerového, ako aj
vySkového vedenia trasy sa premietli do naro€nosti geodetickych prac
s pouZitim najmodernej$ej meracskej techniky: statickych laserov, motor-
lasera, totélnej geodetickej stanice, elektrooptického tachymetra, digitalne-
ho nivelaéného pristroja. Pri reprofilacii primarneho ostenia sa pouzil mo-
derny pristroj Profiller 4000 s poéitadovym vyhodnocovanim obrysu prie¢ne-
ho profilu.

Velky profil tunelov prinatil podnik k niektorym rieSeniam v oblasti trhacich
prac. Presny dvojspirdlovy zalom s dvomi nenabijanymi vyvrtmi a optima-
lizacia vrtnej schémy so zvladtnym zretefom na efekt hladkého vylomu
priniesli efekt tak v mernej spotrebe trhavin, ako aj presnosti vylomu.

PRETLACANIE POTRUBIi A PODCHODOV

Koncom 60. rokov, relativne skor ako mnohé renomované stavebné orga-
niz4cie, zadal podnik s touto technoldgiou, pre ktord si sam zariadenie
konstrukéne vyvijal a vyrabal. Pova¢sinou i$lo o pretla€anie prieleznych pro-
filov ocefovych potrubi s priemerom nad 800 mm. Na pretla¢anie potrubf
neprielezného profilu s priemerom 630 mm podnik pouZil stipravu so zavi-
tovkovou vftacou a vyna$acou kolénou, ktord podla poziadaviek BS
skonstruovali a vyrobili pracovnici Ustavu pre vyskum rad v Prahe.
V prieleznych profiloch sa pouzivalo ruéné rozpojovanie zeminy
a jednoduché vozikova, alebo kontajnerova odtazba. Okrajovo sa pretlacali
na tupo aj potrubia priemeru 150 - 350 mm. Vlajkovou lodou v tomto sorti-
mente bolo pretldCanie Zelezobeténovych ramovych prefabrikatov
obdiznikového profilu 420 x 290 cm, z ktorych sa budovali podchody pod
cestnymi a Zelezniénymi telesami (obr. 6).

PODJAZDY A KLENBOVE MOSTY

Pri rekon&trukcidch a novostavbach podjazdov a klenbovych mostov
v nasypoch zelezni¢nych tratf sa s uspechom pouZila metéda ochranného
dazdnika z preinjektovanych mikropilét alebo sustava pretladanych rar
vagsieho priemeru (600 mm) néasledne v celej dizke vyplnenych betonom.
Dizkovy dosah tejto metédy neprekraduje 50 m, ale pre v&&sinu pripadov aj
viackofajnych Zelezni¢nych tratf je to postadujuce. Ostatné préace, rozpojo-
vanie zeminy, odtazba, vybudovanie nosného ostenia podjazdu sa v mno-
hom podobaju tunelarskemu stereotypu (obr. 7).

RESUME

Vlastné konstrukéno-vyvojové kapacity pomohli prezif podniku relativne
tazké obdobie obmedzeného pristupu k cudzej technike. Produkty, ktorymi
si pomohol vlastnym vyvojom a vyrobou nemali vzdy svetové parametre, ale
obyc¢ajne vzdy pomohli. Pristupovou cestou ku niektorym rieseniam bolo aj
zakupenie zahrani¢nej licencie (nakladace typu PN s vyuzitim licencie firmy
JOY). V niektorych-pripadoch sa jednoducho kopirovalo, ale boli aj také pri-
pady, ked pokusy o ziskanie licencie konStrukcie vftacich vozov stroskotali
na obavach zahrani¢ného partnera, Ze pridu o trh vychodnej Eurépy. Podnik
sa v niektorych pripadoch pustal do riedenia obtiaznych technol6gii, aj ked
ich pouzitie malo iba obmedzeny rozsah. Prikladom takejto jednorazovej
technoldégie bolo rie$enie zmrazovania zvodnelych zemin tekutym dusikom
pri razeni prieskumnej Upadnice pod riekou Dunaj. V kazdom pripade to
véak bolo Usilie najst cestu k efektivnej§im rie3eniam a nestratit kontakt
s vyvojom podzemného stavebnictva v ostatnom svete.

digital levels. A modern machine Profiller 4000 with computer processed
evaluation of the cross section contour was used for re-profiling of primary
lining.

The large profile of tunnels made the company adopt certain solutions in the
field od blasting. An exact double-spiral cut with two burn holes, and an
optimisation of the drilling pattern with a special respect paid to the effect of
smooth blasting, paid back in terms of specific consumption of explosives
and accuracy of the excavation.

PIPE JACKING AND JACKING OF
PEDESTRIAN SUBWAYS

At the end of the 60s, relatively earlier than many renowned companies, the
company brought this technique up. It developed and manufactured the
equipment by its own. Mostly it was a matter of jacking steel pipes with
a diameter over 800mm, allowing crawling through. For jacking of a not-pas-
sable diameter of 630mm, the company used a rig with an auger drill string,
designed and manufactured according to BS's requirements by employees
of the Institution for research of ores in Prague. Manual ground disintegrati-
on and simple muck removal by cars or containers was used in passable
profiles. Marginally, pipe diameters of 150 - 350mm with blinded front end
were jacked. The flagship of this work was jacking of prefabricated reinfor-
ced concrete frames of a 420 x 290cm rectangular profile. It was used for
pedestrian subways under road and railway embankments.

VEHICULAR SUBWAYS AND ARCHED BRIDGES

The method of a protective umbrella consisting of grouted micropiles, or
a system of jacked pipes of a larger diameter (600mm) backfilled subsequ-
ently with concrete along all its length, was applied in reconstruction and new
construction of vehicular subways and arched bridges under railway emban-
kments. This method is applicable for lengths up to 50m, which length is suf-
ficient for most cases, even for multi-track railway lines. The other operations,
i.e. excavation and evacuation of ground and construction of the subway
lining, are in many aspects similar to the tunnelling routine (see Fig. 7).

SUMMARY

Its own designing and research capacities helped the company to survive
the relatively difficult period of a limited access to foreign technology. Not
always did the products, which it developed and manufactured by its own,
have the world-class parameters. Although, they were usually helpful. The
access to some solutions was also through a purchase of a foreign licence
(PN-type loaders with the use of JOY company's licence). In some cases we
simply produced copies, but there were also cases when our attempts to
oblain licences for construction of drill rigs failed due to fears of the foreign
partner that it would have lost the East European market. In some cases, the
company set about solving exacting technologies even if the scope of their
utilisation was limited only. As an example of such a nonrecurring technolo-
gy was the solution of freezing of water-bearing ground by liquid nitrogen at
the driving of an exploratory inclined drift under the Danube River. On all
accounts, it was an endeavour to find a way to more efficient solutions, and
not to lose contact with the development of underground construction in the
world.

Obr. 7 Klenbovy most v nasype Zelezni¢nej trate
Fig. 7 Arched bridge in a railway embankment
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DIALNICNY TUNEL BERG-BOCK

THE BERG-BOCK MOTORWAY TUNNEL

ING. PETER WITKOVSKY, ING. KLEMENT MIHALIK, BANSKE STAVBY, a. s. PRIEVIDZA

1. UvoD

Padesiatro&na tradfcia firmy Banské stavby v poiatkoch tizko spata s pracami
v podzemi, hlavne v hibinnych baniach, neskor so &ir$im zameranim na
telové a dopravné stavby v podzemi a na povrchu velkou mierou prispela
k aspechom, ktoré podnik dosiahol v oblasti vystavby tunelov v zahranigf.
Odbornikom z oblasti vystavby tunelov nie je potrebné zvI4st zdodrazilovat
ddlezitost kvalifikovaného persondlu a najma vtedy. ked sa podnik sicasne
podiela na vystavbe viacerych tunelov.

Tunel BERG-BOCK je uz desiatym lunelom od roku 1990, na klorom sa
podielali aj razitské osadky BS. Zoznam razenych tunelov (betdnovanych by
bolo o nieco viac) v krétkej porevoluénej histérii firmy je dostatogéne vypoveda-
jlici a naznaduje uréitd potenciu podniku, stavby takéhoto druhu realizoval.
K tymto stavbam patrili Zelezniéné tunely: Elzerberg, Gunterscheid, Aegidien-
berg, Stanjevci, dialniéné: Kohlberg, Engelberg, Branisko, Rennsteig, Berg
Bock, vodohospodarske: Aachen a iné.

V &lanku chceme priblizit situaciu na tuneli BERG-BOCK v SRN hlavne z tech-
nologického pohfadu a po stranke dosiahnutych vykonov.

2. IDENTIFIKACNE UDAJE STAVBY

TUNNEL BERG - BOCK

Sgast dialnice Erfurt - Schweinfurt

Spolkova krajina Thiringen

DEGES - Nemecké spréva dialnic

ARGE TUNNEL BERG - BOCK, ktoré zostavili firmy
MAX BOGL a WALTERBAU

Dodavate! raziacich prac: Z juznej strany BANSKE STAVBY SNV s.r.0
Stavebny dozor: InZinierska a projektova kancelaria BUNK

Zaciatok razenia

Nézov stavby:
Lokalita:

Investor stavby:
Zhotovitel stavby:

(Juzny portal): 10, 4. 2000
Prerazka: Vychodna rora: 17. 1. 2001

Zapadna rira: 1,2, 2001
Ukongenie zmluvnych préac: 28. 2. 2001
Celkova dizka diela: 2x2660m

Dizka tunela razeného BS : Vychodna rdra 1324 m

Zapadnarira  1346m

Opis diela:

profil tunela 82,3 m? protiklenba cca 2x20 m v uvodnych &astiach, delena
gelba kalota/strosse cca 2x800m, ostatné v pinom profile,v tuneli 2x3 zalivy,
10 spoj. chodieb a cca 220 technologickych vyklenkov.

Geoldgia:

z juzného portalu az do cca 450 m sedimenty ily, ilovce, ob¢as preplasty
pieskovea - v poruchach mierne zvodnelé, do cca 1000 m porfyrity a tufity
v poruchdch mierne zvodnelé, od 1000 m granit-vatsinou kompaktny v poru-
chavych zénach poruseny aZ drobivy so silnymi vyronmi vody.

3. TECHNOLOGIA VYSTAVBY TUNELA

VSeobecne

Opis technologie mbZe byf zaujimavy najmé 2 toho dovadu, Ze boli pouzité
niektoré technologie, s ktorymi sme nemali predtym moZnos( sa stretnul, Treba
viak poznamenal, Ze na predpokladané vykony (razenie dvoch tunelovych rar
stdasne, velké vzdialenosti, vysoké denné postupy) bolo vybavenie strojmi a
hlavne servisnymi sluzbami podcenené. Niektoré z klu€ovych strojov boli az
20 hodin denne v nasadenl, Go neumozfiovale ich pravidelny servis. Vzhladom
k tomu, Ze neboli Ziadne stroje v zélohe, kaZd4 i mal4 porucha sa prejavila ako
prestoj.

Rozpojovanie hornin

Na vitacie prace sa pouZil vriny voz AMV-3GBC-CR Jumbo (obr. 1). Stroj bol
vybaveny 3 lafetami + 1 ramenom s pracovnou plodinou, elektronickym
riadenim a kontrolou - centralnou poéitatovou jednotkou. Taktiez bol vyba-
veny tzv. BEVEAR systémom - kontrolny systém merania presnosti vitania. Je
Skoda, #e lento systém nebol poGas celej vystavby trvalo nasadeny. Celkova
hmotnost stroja bola viac ako 40 ton. Z velkosti tohto stroja vyplyva, Ze sa
hodi viac do piného profilu, ale napriek tomu musel byl nasadeny aj v kalote
prvych 2 x 450 m. Jeho velkost bola na prekazku pri jazde. Doslo aj k posko-
deniy kabiny stroja, lebo vzdialenost od stropu bola iba 30 - 50 cm.

Tak isto komplikovana a citliva elektronika bola ¢asto zdrojom poruch, hlavne
v zvodnelych oblastiach, Napriek tomu sa vykon stroja dé oznagit ako vynika-

1. INTRODUCTION

The fifty-year tradition of Banske Stavby, at the beginning closely connected
with underground works, mainly in underground mines, later on with a wider
orientation on purpose-built and transportation construction both in the
underground and at surface level, contributed to a great degree to the suc-
cess achieved by the company within the field of tunnel building abroad. Itis
not necessary to emphasise for tunnelling professionals the importance of
competen! personnel, especially if a company participates in more lun-
nelling projects simultaneously.

The BERG-BOCK tunnel is already the tenth tunnel, which the BS's mining
crews have participated in since the year 1990. The list of mined tunnels (the
tunnels where we performed concrete lining would be slightly more numer-
ous), built within the short after-revolution history of the company, gives a
sufficient evidence, and indicates a certain potential of the company to
implement projects of such the kind. Among those projects, we can mention
railway tunnels: Elzerberg, Gunterscheid, Aegidienberg, Stanjevei; motor-
way tunnels: Kohlberg, Engelberg, Branisko, Rennsteig, Berg Bock; water
resources tunnels: Aachen efc.

In this article, we would like to outline the situation at the BERG-BOCK tunnel
in the FRG, mainly from the technological point of view, and in terms of the
outputs achieved.

2. IDENTIFICATION DATA ON THE PROJECT

Project name: THE BERG - BOCK TUNNEL

Location: Part of the Erfurt - Schweinfurt motorway
Federal state of Thuringen
Client: DEGES - German Motorways Authority

Construction Contractor: ARGE TUNNEL BERG - BOCK, consisting of
MAX BOGL and WALTERBAU companies
BANSKE STAVBY SNV s.r.0.

(from the southern side)

BUNK, engineering and designing office

Mining contractor:

Site Supervision:

Beginning of excavation: (the Portal South):  10.4.2000

Breakthrough: Eastern tube 17.1.2001
Western tube 1.2.2001

Completion of the contract: 28.2.2001

Total length of the works: 2 x2,660m

Length of the tunnel mined
by BS: Eastern tube 1,324 m
Western tube 1,346 m

The works description:

the tunnel cross section of 82.3 m?, the invert about 2x20 m at the initial sec-
tions, a divided face top heading/core about 2x800m, the others in a full pro-
file, 2x3 lay-bys in the tunnel, 10 cross-passages and about 220 technologi-
cal recesses.

Geology:
from the south portal - up to about 450m: sediments, clays, claystones,
occasionally sandstone intercalations, slightly saturated at faults; up to
about 1,000m: porphyrites and tuffites, slightly saturated at faults; from
1,000m: granite - mostly compact, fractured lo friable, with water leaks in
fault zones.

3. THE TUNNEL CONSTRUCTION TECHNOLOGY

In general

Description of the technology may be interesting, primarily because some
techniques were used, which we had had no opportunity to meet before.
Although, it is necessary to note that the equipment and services were
underestimated in terms of the anticipated outputs (driving two tunnel tubes
simultaneously, big distances, and high daily advances). Some of the key
machines were operating even 20 hours in a day, which fact made regular
servicing impossible. Since no machines were kept on standby, any even
small defect meant a downtime.
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juci a odhliadnuc od spominanych elektronickych portich bol vysoko
spolahlivy a jeden z najvykonnej$ich strojov na stavbe

Samotné trhacie prace boli vykonavané pomocou klasickej vrtnej schémy s kli-
novym dvojitym zalomom a hustej$imi a presnej§imi obrysovymi vrtmi. PouZila
sa 7elatinova trhavina EURODYN 2000 (600 g patrony), rozbugky s vysokou
bezpeénostou DYNYDET-HU a do obrysu trhavinova $nira SUPERCORD 100
s priemerom 100 mm. Trhacie prace sa vykonavali pod dozorom strelmajstrov
nemeckého partnera (nutnost podla nemeckych predpisov), ktori posobili
¢asto vefmi amatérsky. Boli to rekvalifikovani pracovnici z inych oblasti s mi-
niméalnou praxou. Pri nabijani vrtov vo vy$ke sa bud pouZila pracovna plosina
vrtného voza, alebo pojazdna pracovna ploSina AMV na podvozku auta
SCANIA s dvoma samostatnymi ramenami s ploginami a kompresorom na
prace so stlaéenym vzduchom. V zhorgenych geologickych podmienkach sa
rozpojovalo len mechanicky, pomocou lopaty alebo hydraulického kladiva,
osadenych na tunelovom bagri LIEBHERR 932

Vetranie

Pracovisko sa ovetravalo flkacim separatnym vetranim, kazda tunelova rira
zvlast. Pouzili sa ventilatory KORFMANN ¢ 1600 s plynulou elektronickou reg-
ulaciou. Vzduch bol do ¢elieb vedeny flexibilnymi vetratkami ¢ 2000 s velmi
jednoduchymi spojmi pomocou zipsu, umoznujicimi rychlu montdz, prip.
vymenu. Kapacita bola dostatoénd, zasobovanie &erstvymi vetrami uspoko-
jivé

Nakladanie, odtatba

Na nakladanie sa pouzil kolesovy naklada¢ YVOLVO L150C s 3,8 m? so Sipovou
lopatou, 180 kW motorom a 2 aZ 4 trojndpravové dumpre VOLVO A25C
s kapacitou korby do 25 t a maximalnou rychlostou 60 km/hod. Tieto stroje sa
zase daju oznacit ako vykonné a povodne vyberané na razenie do pIného pro-
filu tunela. Pri razeni kaloty boli problémy s ich vefkostou. Museli sa dokonca
upravit boénice dumprov, kvoli uzkemu priestoru pri nakladani. Naklada¢
VOLVQ sa da hodnotit ako robustny a vykonny stroj, ale pre $pickové vykony
bol priti§ pomaly. Tym, Ze bol permanentne v nasadeni, zanedbanie servisu sa
prejavilo Gastymi poruchami, hlavne elektronického ovladania. Na druhej
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AMV-3GBC-CR Jumbo (see Fig. 1) was used for drilling. The machine featured
a three-boom and basket configuration, an electronic control - a central com-
puter unit, It was also equipped with the Bever Control system, i.e. a control
system of measuring the accuracy. It is a pity that this system was not used for
the whole time of the work. The machine gross weight was over 40 tons. It fol-
lows from the size of this machine that it is more suitable for a full-face exca-
vation, although it had to be used even at the top heading for the initial 2 x 450
m. Its size was an obstacle to riding. Even a damage to the machine's cabin
occurred since its distance from the roof was of 30-50cm only.

Also the complicated and sensitive electronics was a frequent source of
defects, in saturated areas above all. Despite that fact, the performance of
this machine can be considered as excellent and, if we forget the above-
mentioned electronic failures, it was highly reliable and one of the most effi-
cient machines on the site.

The blasting operations proper were carried out by means of a conventional
drilling pattern with a double cut and denser and more accurate contour
holes. We used gelatine explosive EURODYN 2000 (600g cartridges), high-
safety detonators DYNYDET-HU, and, for the contour, 100mm-diameter
SUPERCORD 100 detonating fuse. Blasting operations were performed
under a supervision by explosives managers of the German partner (a
necessity due to German rules), who very frequently acted in a very amateur
manner. They were requalified workers from other industries, with a minimum
experience. The basket on the drill rig, or a mobile manlift AMY with two
independent booms with platforms and a compressor for operations requir-
ing compressed air, mounted on a SCANIA truck undercarriage, were used
for charging the holes at a height. In worsened geological conditions,
mechanical disintegration took place only, by means of a shovel or a
hydraulic breaker mounted on the LIEBHERR 932 tunnel excavator.

Ventilation
The working place was vented by a forced ventilation system, each tube
separately. KORFMANN fans 1,600mm in diameter with a stepless electronic

Obr. 1 Dvojicu rur tunela Berg-Bock razila jedna osé&dka s tou istou strojnou zostavou
Fig. 1 The pair of the Berg-Bock tunnel tubes was driven by one crew with the same set of equipment

regulation were used. The air was carried to the faces through 2,000mm-
diameter flexible ducts, which were very simply zipped together. This kind of
joints made a quick assembly or replacement possible. The capacity was
sufficient, and the supply of fresh air was satisfactory.

Loading, mucking out

VOLVO L150C wheeled loader with a 3.8 m* arrow-shaped bucket, 180 kW
engine, and 2 to 4-axle YOLVO A25C dumpers with a load capacity up to
25 t and maximum speed of 60 km/h were used for loading and mucking out.

Those machines can be considered as efficient. Originally, they were select-
ed for a full-face tunnel driving. There were troubles about their size at the
top heading excavation. It was even necessary to adapt the sides of the
dumpers because of a narrow space for loading. The VOLVO loader can be
assessed as a robust and efficient machine, although too slow for a peak
progress. Because of its permanent operation, its servicing was neglected.
Consequently, frequent defects occurred, those of the electronic control
above all. On the other hand, it is possible to say that the dumpers were the
least troublesome machines on the site. Their driving properties were excel-
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Tunel

sirane o dumproch sa dd povedat, Ze to boli najmenej poruchové stroje na
stavbe, mali vynikajuce jazdné viastnosli umoZfiujice vysokd rychlos( jazdy pri
dobre upravene] jazdnej drahe v tuneli. Jedinou nevyhodou bola konstrukcia
kabiny, kiord na rozdiel od inych lypov umeziiovala clvanie len cez spétne
srkadléa. Na stavbe nebolo dostatotine vyrieSené deponovanie rUbaniny, ¢o sa
prejavilo ku koncu razenia tym, Ze sa vysypavalo takmer az z 35 m vysky na
neosvetlenej halde. Bolo to na hrane bezpecnosti prace.

VystuZovanie

Véeobecne sa pouzivali na stavbe klasické prvky NRTM, a to ocelové obltiky -1
profil, zvarané kari siete, striekany beton, hnand vystuZ - ihly, svorniky
kolvené mechanicky, SN a IBO. Za zmienku stoji pouZitie striekanéha beténu
s ocelovymi viaknami, Go Oplne vyligilo zdlhava operéciu budovania kari sieti.
Samozrejme, d4 sa to pouzif len v tvrdych a kompakinyeh horninach. Tento
sposob vystuZovania vyrazne skratil Cas jedného cyklu a stopercentne sa
osveddil. Beton vykazoval vynikajice pevnostné vlastnosti, zlepsila sa jeho
prilnavos(, znizl sa odpad pri striekanom betone. Co bolo prekvapuijtice,
nezvysilo sazasadne opotrebenie éasti dopravného Cerpadla a hadic na
striekacom za-riadenl. Jedinou nevyhodou j& vysokd cena takéholo beténu.
Tak isto stoji za pozornos{ pouZity systém striekania betonu mokrej zmesi stro-
jom BETONSPRITZROBOT AMV 7000, Je to samohybny stroj na podvozku
SCANIE, ktory ma na korbe viastny kempresor, zasobnik urjchlovaca tuhnutia
s elektronicky nastavitelnym davkovacim cerpadlom a ramenom, na klorom je
uchylend kabina pre obsluhu striekacieho zariadenia. VSetky pohyby zariade-
nia pri striekan( st ovladané hydraulicky pomocou 2 joystyckov v kabine. Stro|
dokaze za jednu hodinu spracoval ckolo 16 — 18 m? beténu. Prasnost pri
takomto sposobe striekania je nepatind a pri dobrej zrugnosti obsluhy sa do-
siahla vysoka kvalita povrchu ostenia.

Odvodnovanie

Poias celého razenia lunela od juiného portélu, aZ na dva pripady vyronu
vody z poruchovych zon (prechod porfyrit /granit kde bol pritok az 15 I/sek.),
sa vyskytovala len kvapkajiica voda, Od juZného porlalu sa razilo s miernym
stipanim cca 10 %, &im odpadlo fahanie odvodiiovacieho polrubia a na
odvadzanie vody postadili vyhibené bocné rigoly.

Vzhiadom na rozptylend kvapkajucu vodu a ilovité horniny na dseku prvyeh 2 x
500 m sa musela voda zachytil a odvies{. Riegilo sa to hlavne naslrelovanim
folif (celkove niekolko tisic m2, pripadne haditkami. UdrZal jazdnd drahu
v suchom a pevnom stave nebolo jednoduché a po neupravenej potve sa
nedalo jazdil, Vring voz o hmotnosti 40 ton by nebol schepny prejst do Zelby
a bez neho by sa nedosiahli také razitske vykony.

Po prerazeni lunela sa situdcia prudko zmenila, pretoZe v8etku vodu z pro-
titelby pustili na nasu stranu. V désledku toho bolo treba dobudoval doda-
totné Gerpacie systémy v priestoroch ramp a pred tunelmi, Voda tak isto
skomplikovala razenie zostupnej elaZe v janudrl a februari, kde sa musel
priestor razenia premostit potrubiami a Cerpacim systémom s vykonom cca
20 - 30 I/sec.

Starostlivosf o mechanizmy

Tato oblast sa da oznagit ako ¢innost, ktort na dseku najvyraznejsie podcenil
nas pattner. To bolo aj pri¢inou mnohych prestojov splsobenych nedoslato-
nou preventivnou starostiivosfou. Druhou priginou boli nekoneéne dihé doda-
cie lehoty nahradnych dielov a servisnych sluzieb. Na problém okolo servisnej
ginnostl sa lreba pozrief podrobnefSie. Néstup nasich pracovnikov bol 1. 4.
2000 na zelenej luke. YV tomto $tadiu bol vykopany zérez pre portal, zaislené
svahy a spevneny povrch terénu pred tunelmi. Na dvore boli odparkovang
stroje a zloZenych pér prazdnych buniek. Za 10 dnf sa vybudovalo provizérne
zariadenie staveniska (sklad trhavin, vodné hospodérstvo, AT stanica, zékla-
dy pod ventilatormi a dielfiou, rozvody elektro a kanalizacia atd.), Po 10 dioch
sa zaGal raziéské prace od portalov lunelov,

Zaroven prebiehalo zaskolenie pracovnikov pre obsluhu strojov. TakZe jeden
mesiac bol Gsek Upline bez dieine a Udrzbarov, druhy mesiac nam pridelili jed-
ného Udrzbara, klory si viac menej zariadoval dielfu. Tretl mesiac ndm prvy
krat pridelili eleklrikdra na pondelok a2 piatok do rannej zmeny. Na konci stav-
by sme sa dopracovali na stav, ked rann( zmenu obsadili turnusovo jednym
elektrikarom a dvoma Gdrzbarmi. Noénd zmena nebola nikdy obsadana a pri
poruche sa volal Udrzbér z opaénej strany funela, éo Easto znamenalo aj dve
hodiny a viac. Tym, Ze siroje pracovali v .kololo¢® na dvoch Celbach,
na servis a opravy boli len krdtke, maximdlne hodinove prestavky.
S nadim vylazenim pracovnikov sme sa obmedzili na obtasné umyvanie slro-
jov, mazanie a najnutnejsie opravy samostatne, pripadne za asislencie ne-
meckych Gdrzbarov. TaklieZ zle fungoval systém udrZby na nérskych strojoch
AMV, kde servis mali robil servisni technici z Norska, ktorych neskér odvolali
(dévod boli vysoké naklady) a nahradili ich dvoma UdrZbarmi z blizkeho oko-
lia, ktorl nemali o tychio strojoch ani zékladné znalosti, Za tychto podmienok
dokazali raziti BS skutogne ticlyhodné vykony, priGom stroje boli vylaZeng nie
na 100 %, ale 120 % ich tabufkovych vykonov.

4. UDAJE O RAZIGSKYCH VYKONOCH

Razenie vychodnej tunelove] rary do bodu prerazky trvalo 9 mesiacov. Na-
jlepsi vykon bol dosiahnuty v oktdbri 2000, ked za 31 pracovnych dni vyrazila
jedna osadka razicov 502,75 m v obidvoch rirach (obr. 2).

Spickovy denny vykon bol dosiahnuty 21,0 m za 24 hodin a to dokonca 7 krét
v mesiaci oktéber.

Priemerny denny vykon za mesiac oktober bol 16,22 m, pri¢om tento vykon bol
nepriaznivo ovplyvneny prestojovym Casmi pre poruchy na strojnych zariade-
niach. Prestoje trvali v sidte 72 hod za mesiac ~ Gize priemerne 2,3 hod/deii.

lent, making a high driving speed possible along a well-treated hauling road
in the tunnel. The only disadvantage was the cabin design, which, in con-
trast to other lypes, alfowed backing with the use of a rear view mirror only.
Deposition of muck on (he site was not solved sufficiently, which fact
became serious at the end of the tunnel driving operations. The muck was
tipped from a height of nearly 35m, on a stockpile lacking any illumination.
The siluation was al the very edge of working safety.

Supporting

In general, conventional NATM elements were used, namely steel arches (1-
profiles), KARI welded mesh, shoterete, forepoling (needles), SN and 1BO
mechanically anchored rock bolls. The use of steef libre reinforced shot-
crete is worth mentioning. It completely excluded the time consuming opera-
tion of installation of KARI mesh. Obviously, it can be used in hard and com-
pact rock. This way of reinforcing cut the time of one cycle significantly. It
hundred percent proved its worth. The concrete exhibited excellent strength
properties, its adhesion improved, shotcrete rebound diminished. It was sur-
prising that the wear of the components of the transport pump and hoses on
the sprayer did not increase significantly. The only disadvantage was the
high price of such the concrete. Also worth mentioning is the used sysiem of
wel mix shotcrete application by BETONSPRITZROBOT AMV 7000. It is a
sell-propelled machine mounted on SCANIA undercarriage. It has its own
compressor, a holding lank for accelerator with an eleclronically adjustable
dosing pump, and a boom with spraying operator’s cabin on fts body. All
movements of this equipment in the course of spraying are hydraulically
controlled by means of 2 joysticks in the cabin. The machine manages lo
process about 16 - 18 m" of concrele per hour. Dusl emissions at this man-
ner of spraying are negligible, and high qualily of the lining surface was
achieved by skilful operators.

Drainage

Apart from two events of water outflows originating from the fault zones
(transition from porfyrite to granite, where the waler inflow amounted even to
15 Ifs), dripping water occurred only. The excavation from the south portal
proceeded at a low rising grade of about 10 %. Thus installation of drainage
piping could be omitled, and dug side ditches were sulficient for the
drainage. Because of the dispersed dripping water and clayey rock within
the inifial 2 x 500 m long section, the water had lo be collected and evacuat-
ed. This was solved by shotfiring of membrane (several thousand me in
total), or by hoses. It was not simple to keep the road in a dry and firm con-
dition, and it was impossible to drive on an untreated bottom. A drill rig
weighing 40 lons would not have been able lo pass lo the tunnel face, and
the mining progress would not have been achieved withoul if.

The situation changed rapidly after the lunnel breakthrough because all
water from the counter-attack was directed to our side. As a result, addition-
al pumping systems had to be built in the area of the ramps and in front of
the tunnels. The water also complicated the excavation of the core in
January and February. The excavation area had to be bridged over by
pipelines and a pumping system with a capacity of about 20-30 I/s.

Care of equipment

This field"can be marked as an activity the most underestimated by our part-
ner. Insufficient preventive care of equipment also caused many events of
downtime. The other reason was the infinitely long terms of spare parts and
services supply. The issue of service activities must be dealt in some detail.
Our staff started the work on 1.4.2001, on a greenfield site. In that phase,
only the excavation of the cutting for the portal, the support of slopes, and
surface hardening in front of the tunnels were completed. There were
machines parking and several empty portable cabins deposited on the site
yard. The temporary site facility (an explosive magazine, water treatment
plant, automatic water-pressure station, foundations under fans and work-
shop, electrical services and sewerage) was built within 10 days. The mining
operations from the tunnel portals started after 10 days.

Training of equipment operators took place concurrently. So the section had
completely lacked any workshop and maintenance workers for one month.
Next month, they assigned one maintenance man to us, who, more or less,
were arranging the workshop. The third month they, for the first time,
assigned one electrician to us for morning shifts from Monday to Friday. At
the end of the project, we managed to have one electrician and two mainte-
nance men of theirs, working in morning shifts in turns. Night shifts had
never been manned, therefore a maintenance man from the other tunnel side
was called. This often meant a time loss of two or more hours. Because of
the machines working alternately on two faces, short, one-hour long breaks
for the service and repairs were available. Due to the over-extension of our
workers, we confined ourselves to occasional washing of the equipment,
lubrication and the most necessary repairs, performed by ourselves or with
an assistance of German maintenance men. Also the system of Norway-
made AMY machines, where the service was to be carried out by service
technicians from Norway, worked poorly. The Norwegian technicians were
withdrawn (because of high expenses) and replaced by two maintenance
men from close vicinity, who possessed no even basic knowledge of this
equipment. Considering those conditions, BS's miners managed to achieve
truly respectable outputs. The machines worked not to 100%, but to 120% of
the production rates indicated by manufaciurers.
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Najlepsf dosiahnuty éas jedného cyklu bol 7 hodin, priemerny ¢as 1 cyklu bol
9 hod. a priemerné asy jednotlivych operdcii vyzerali takto:

vitanie 180 min
nabfjanie 30 min
vetranie 30 min
odtazba 150 min
ramovanie ¢elby 30 min
striekany betén 120 min
Spolu 540 min = 9 hod

Razenie na konci mesiaca zbrzdila zhorSend geoldgia, v dosledku ¢oho sa za
poslednych 5 dnf musel skrétit zaber z pdvodnych 3,50 m na 1,50 m.
Dosahovana presnost vitania pri dlzke vrtu 3,5 m bola cca 15 cm, hotovy pro-
fil sa pohyboval v priemere do +20 cm,

5. DISPONOVANIE S PRACOVNIKMI

Na zahrani¢nych pracoviskdch je to vefmi chulostiva otazka. Je tu viac fak-
torov, ktoré znaéne odlisuju ¢innost na domacich pracoviskach a v SRN:

- je mozZné si vybrat len pracovnikov, ktori moZu ist do SRN (dva roky doma po
predchadzajlcej ¢innosti v SRN),

- neda sa ¢asto menif zloZenie osadky, je to naro¢né na ¢as a nieco to stoji,

- nie je vela priestoru na zaskofovanie, Ziadaju sa $pickové vykony, a to hned
v prvy defi ndstupu,

- vzdy je vitana aspori ¢iasto¢na znalost nemeckého jazyka.

Na Useku BERG-BOCK to prebiehalo nasledovne:

Bola to komplet osédka z tunela Gunterscheid, ktora v ¢ase zadiatku prac bola
zostavovana ako tretia v poradi na razeni tunelov v SRN v roku 1999, Cize
vyber bol u? zna&ne obmedzeny. Napriek tomu sa da povedat, Ze sa podarilo
zostavit funkénu osadku raziGov s tym, ze dvaja predaci boli presunuti z inych
Usekov v SRN. Cely raziésky kolektiv bol postaveny na par klucovych pracov-
nikoch - predakoch. Do osadky okrem kvalifikovanych pracovnikov museli byt
zaraden/ aj takf, ktori na razeni eSte nepracovali,

TakZe na BERG-BOCK uZ nastupoval "zohraty team" fudi po roku spolo€nej
prace, ¢o bolo aj vidiet hned v tvodnych metroch tunela. Problémom bolo, Ze
po necelych 6 mesiacoch razenia museli odfst 4 kldgovi razi¢i - predéaci, ¢o sa
nepriaznivo prejavilo vo vykonoch, ale hlavne poskodzovanim strojov a zari-
adeni zapriginenym nedostatoénymi skisenostami a malou praxou. DéleZitost
technickej a organizaénej prace zmenovych technikov sa ukdzala pri 4
mesacnom podsobeni nadich pracovnikov na severnom portali bez THP.
Pracovnici boli vlastne prepoZi¢ani na U€ely nasadenia pri razenl zostupnej
etaze. Ti isti pracovnici potom dokdzali ( po presune na juzny portal ), ale uz
pod vedenim THP, dvojndsobny vykon ako predtym. Pozitivom bolo, Ze po
dodatoé¢nom jednani ndm nemecky partner umoznil fakturdciu na severnom
portali prepoctom rezijnych zmien, &o zabezpedilo ekonomickl opodstat-
nenost prac na severnom portali. Napriek tomuto kritickému pohfadu na per-
sonalne obsadzovanie musim dodat, Ze o nadej préaci a pracovnikoch sa véet-
ci na stavbe vyjadrovali len v superlativoch

6. ZAVER

Ku komplexnému hodnoteniu zékazky je treba pripo¢itat aj tzv. nehmotné
prinosy. Tato zakazku méZeme bez skromnosti nazval referenénou stavbou,
kde sa kredit podniku u zahrani¢nych partnerov zvysil a boli sme vyhodnotenf
za $picku medzi firmami z vychodnej Europy zaoberajucimi sa razenim
tunelov. Dokéazali sme vyrazit 2760 m tunela v rekordne kratkom ¢ase (pre-
razka po necelych 9 mesiacoch razenia), vo velmi slunej kvalite pri zachovani
vysokej kultUry razenia {poriadok, celkovy vzhiad tunela atd.) a preukazania
profesionality v riadeni a vykondvani prac. Taktiez sa zachovaval ur¢ity image
firmy napr. pracovnym oble¢enim zamestnancov, spravanim a celkovym doj-
mom, ktorf sme na stavbe zanechali. Uréite by sa nadli dévody aj na kritickej-
sie hodnotenie ndsho pdsobenia v SRN, ale predchadzajice riadky boli ten
vyjadrenim nahlas vyslovenych ndzorov na nadu pracu ktoré odzneli z Ust
nasho zmluvného partnera a ktoré by sa mali objavil v referenénom liste
Dipl. Ing. Bachsleitnera Johana, vediceho projektu tunela Berg-Bock

Obr. 2 Razi¢ska osadka, ktora dokazala vyrazif za 31 pracovnych dnf
502,70 m tunela

Fig. 2 The mining crew, which managed to excavate 502.70 m of the tun-
nel per 31 working days

4. DATA ON MINING PERFORMANCE

The east tunnel tube excavation up to the break through point took 9 months
The best progress was achieved in October 2000, when one mining crew
wor-king in both tubes excavated 502.75m in 31 working days (see Fig. 2).
The peak daily progress amounted to 21.0 m per 24 hours. It was even
achieved 7 times in October.

The advance rates for October averaged 16.22m, while those rates were
affected adversely by idle times due to mechanical equipment failures. In
total, the idle times took 72 hours in the month, i.e. 2.3 h/day on the average.
The best time of one cycle achieved amounted to 7 hours, the average dura-
tion of 1 cycle was of 9 hours. Following average times of particular opera-
tions were experienced:

drilling 180 min.
charging 30 min.
ventilation 30 min.
loading 150 min.
scaling 30 min.
shotcrete 120 min.
Total 540 min. =9 h

The excavation was slowed down at the end of the month due to deteriorat-
ing geology. As a consequence, the advance length had to be shortened
from the original 3.50m to 1.50m.

The drilling accuracy, achieved at the length of 3.5m, was about 15¢m, the
completed cross section contour accuracy fluctuated up to +20cm.

5. HUMAN RESOURCES

This has always been a touchy issue. There are more factors which make the
work on domestic sites much different from those in the FRG:

- only the employees can be selected who are allowed to work in the FRG (a
two-year break after previous working in the FRG),

- the composition of a crew can not be changed often, it is demanding in
terms of time and costs,

- there is not too much room for training, peak performance is required just
on the first day of the work

- at least a partial knowledge of German is always welcomed.

In the BERG-BOCK section, it was as follows:

It was a complete crew from the Ginterscheid tunnel, which was organised
as the third crew in the succession for driving tunnels in the FRG since 1999,
Therefore, the selection was limited to a great extent. Despite that fact, it is
possible to state that we managed to establish a functional mining crew, with
two headmen transferred from other sites in the FRG. The whole mining
group was based on several key workers, headmen. Apart from skilled work-
ers, also such workers had to be appointed who had not worked on tunnel
driving before.

This means that it was a team of people matched after one year of collective
work, which entered upon the BERG-BOCK tunnel. This was obvious just
from the initial meters of the tunnel. A problem was that 4 key miners, head-
men, had to leave after incomplete 4 months of mining. Not only did this
affect the progress of the operations adversely, but it also showed in dam-
age to machines and equipment caused due to insufficient experience and
short practice, The importance of the technical and organisational work of
the headmen appeared in the course of the 4-month operation of our workers
on the north portal without managerial staff. As a matter of fact, the workers
were lent for the work on excavation of the core. Subsequently, the same
workers managed (after their transfer to the south portal) to double the
progress, when managed by technical personnel. It was a positive thing that
our German partner, after a subsequent negotiation, allowed us to invoice
the work on the north portal by means of a re-calculation of overhead varia-
tions. It ensured an economic reasonability of our work on the north portal.
Despite this critical view of the staffing, | must add that everybody on the
site spoke about our performance and workers in superlatives only.

6. CONCLUSION

The contract evaluation would be incomplete without so called intangible
profits. We can consider this contract as a reference construction, where the
company's credit with foreign partners improved. We were assessed as
being on the leading edge among East European companies when it comes
to tunnelling. We managed to drive 2,760m of a tunnel within a record short
time (the break through after incomplete 9 months of mining operations), in
very acceptable quality, with keeping to a high mining culture (good order,
the overall appearance of the tunnel elc.), and to prove our ability to manage
and perform the work professionally. Also a certain image of our company
was maintained, e.g. the working clothing of our personnel, their behaviour
and the overall impression we made on the site. Certainly, reasons for a
more critical assessment of our performance in the FRG could be found, but
the lines above represent an expression of voiced opinions on our work only,
presented by our contractual partner. They shoud be contained in a refer-
ence letter prepared by Dipl. Eng. Bachsleitner Johan, the Berg-Block tunnel
project manager.
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GEOTECHNICKE PODMINKY RAZENYCH TUNELU
V TRASE IV. C1 PRAZSKEHO METRA V KOBYLISICH

GEOTECHNICAL CONDITIONS OF MINED TUNNELS
ON THE LINE IV. C1 OF THE PRAGUE METRO
IN KOBYLISY DISTRICT

ING. OTAKAR VRBA, SG - GEOTECHNIKA, a. s., PRAHA

Koncem roku 2000 byla zahdjena stavba provozniho Useku IV.C1 prazského
metra, ktery navazuje na stavajici trasu C ve stanici Nadrazi HoleSovice
a pokracuje hloubenym Usekem pod Vitavou na pravy bfeh, kde bude reali-
zovan Usek razenych tunell v délce 2595 m (km 17,310 - 14,715) se stanici
Kobylisy. Koncovy Usek v Kobylisich se stanici Ladvi se stavi v hloubenych
tunelech a ma delku cca 520 m (po staniCeni km 14,194). Celkova délka
nového dseku trasy je 3981 m. Usek razenych tuneld se vyrazné i od pfed-
chozich Usekd prazského metra. Prevazna Cast je fedena jako dvoukolejné
tunely o plode vyrubu 58 m? (aZ 83,8 m®) - celkova délka 1815 m. Cast
tratového GUseku u stanice Kobylisy je fedena jako dva jednokolejné tunely
o plode vyrubu 28,6 m? - délka celkem 2 x 585 m. Stanice je uvazovana jako
jednolodni o vyrubu &itky 21,8 m, vy$ky 13,8 m a plo§e cca 220 m?
V Trojské ulici, v misté podchodu tramvajové trati, je jestd kratky hloubeny
Usek délky 95 m.

InZenyrskogeologické, hydrogeologické a geotechnické podminky stavby
jsou znacné promeénlivé a z velké ¢asti malo priznivé, takze budou klast
velké naroky na pfipravu i realizaci tunelovych konstrukci. Generelng Ize
trasu dle geotechnickych podminek rozdélit do 3 zakladnich dsekd. Prvni
Usek délky 1160 m (17,310 - 16,150) ma relativné nejpfiznivéjsi podminky.
S vyjimkou 3 portalovych Usekl s nizkym nadloZim bude razba probihat
v horninach $areckych vrstev (prachovitopisgité az piséitojilovité bfidlice
pevnosti vétdinou 20 - 50 MPa, pfevazné s velkou hustotou diskontinuit) -
celkova mocnost nadlozi €ini 20 - 45 m (z toho 18 - 40 m v bfidlicich). S vy-
jimkou kratkych asek( s lokalnimi tektonickymi poruchami, se jedna o horni-
nové prostiedi, které je zafazeno pfevazné do 4. tiidy NRTM (QTS 44-66).
Inicialni pfitoky vody budou malé, mfsty stfedni

Jako daldf usek |ze vymezit trasu km 16,150 - 15,600 (délka 550 m), ktery
bude mit také pomérné ptiznivé geotechnické podminky pro razbu jed-
nokolejnych tuneld. V mist& pfechodu z dvoukolejného do 2 jednokolejnych
tuneld budou podminky méné pfiznivé, RaZba zde bude probihat v hor-
ninach skalecké facie (geotechnické typy SF = SK + SB), pfitemz mocnost
hornin, neporu$enych aéinky fosilntho zvétravani bude vétsinez 1 - 1,5b (b -
§itka vyrubu). Celkovd mocnost nadloZf &inf 28 - 40 m, z toho ale neporugeny
horninovy masiv ordovickych hornin vytvafi nadlozi o mocnosti zhruba
5 - 20 m. S vyjimkou lokélnich Usekl s tektonickymi poruchami bude razeno
pfevazné v prostfedi 4. tiidy NRTM. V misté rozpletu, kde bude mal4 §itka
horninového pilife mezi tunely a dvoukolejny tunel bude mit zvétdenou $ifku
a prfezovou plochu, se jedné o tfidy NRTM 4 - Bat,

Vyrazné odligné, a svym zplsobem unikatni, Zel velmi mélo pfiznivé, budou
geotechnické podminky razby v dal8im Useku délky 885 m v km 14,715 -
15,600. V tomto Useku budou raZeny kromé dvoukolejného a jednokolejnych
tunelll vyruby o vétsi plose: jednolodni stanice a eskalatorové tunely. To-
muto Useku, v prazskych podminkdch tunelovani zcela atypickému, se bu-
deme vénovat podrobnéji. Zakladni charakter morfologie, inZenyrskogeo-
logickych pomérd a geotechnickych podminek je schematickou formou zné-
zornén v podélném profilu trasy metra a v charakteristickém pfi¢ném profilu
v misté stanice Kobylisy. InZenyrskogeologické a geotechnické charakteris-
liky rozhodujicich geotechnickych typl jsou ptipojeny tabelarnf formou. Pfi
povrchu jsou kvartérni sprasové hliny a sprade: geotechnicky typ QH, které
vEetné lokalnich navadZek a ndsypl dosahuji mocnosti 2 - 6 m. Hloubéji je
horninovy masiv tvofen kfidovymi cenomanskymi sedimenty, které dosahuji
mocnosti 12 - 15 m, vyjime¢né o mélo vice. Kfidové sedimenty se vyznacuji
relativné klidnym vyvojem a pom&mé& homogennim sloZzenim vrstev, vistev-
nalost je subhorizontdini. Pfi povrchu jsou 2 - 5 m mocné prachovce: geo-
technicky typ KCS. Dominantni souvrstvi pod prachovci tvofl cenomanské
piskovce o mocnosti 10 = 2 m: gt typ KCP. Jsou to kvadrové piskovce
v rizném stupni diagenetického zpevnéni s pomérné malym rozpukéanim
tremi systémy puklin, Vyznamnym prvkem horninového prosifedi jsou bazél-
ni kiidové sedimenty: gt typ KCJ. Mocnost éinf pouze 1,5 £ 1,0 m (vyjimeéné
mené neZ 0,5 m a lokaln& | pongkud vice nez 2,5 m). Tyto sedimenty majl ale
charakler zemin a geneticky se jednd o uloZeniny pocinajici sladkavodnf je-
zerni transgrese. Jsou tvofeny smési pieplavenych kaolinickych fosil-
nich filovych zvétralin ordoviku a Stérku. Mezi kfidovymi sedimenty
a podleznimi horninami ordoviku existuje vyznamné subhorizantélni diskor-
danini rozhrani na koté zhruba 265 m (+ 1 m, vyjimedné + 2 m). Zhruba

The construction of the operational section IV.C1 of the Prague Metro started
at the end of the year 2000. The section is an extension of the existing line C,
starting from the NddraZi Holesovice station and continuing by a cut-and-
cover section under the Vitava River to the right bank, where a section of
mined tunnels in a length of 2,6956m (km 17.310 - 14.715) and the mined
Kobylisy station will be built. The ending section with the L4dvi station is
being built as cut-and-cover tunnels. lts length is about 520m (up to the
chainage of 14.194). The new section of the line is 3,981m long. The section
of the cut-and-cover tunnels significantly differs from the previous sections
of the Prague Metro. Its prevailing part has been designed as double-track
tunnels with excavated cross section of 58 m? (up to 83.8 m?) - total length of
1,815m. A part of the route section next to the Kobylisy station has been
designed as a pair of single-track tunnels with excavated cross section of
28.6 m? - total length of 2 x 585m. The station is considered to be of a one-
vault type, 21.8m wide, 13.8m high, with a cross section about 220 m’. In
addition, a short, about 95m long cut-and-cover section is in Trojska street,
at a location of underpassing a tramline.

Engineering and geological, hydrogeological and geotechnical conditions of
the construction vary considerably. Mostly they are unfavourable which
means that they will be demanding in terms of planning and construction of
the tunnel structures. Generally, the route can be divided into 3 basic sec-
tions with respect to the geotechnical conditions. The conditions along first
1,160m-long section (17.310 - 16.150) are relatively the most favourable.
With an exception of 3 portal sections with a low overburden, the tunnels will
be driven in the rock of the Sérka measures (silty-sandy to sandy-clayey
shales mostly with a strength of 20 to 50 Mpa, prevailingly with a high densi-
ty of discontinuities). The total thickness of the overburden amounts to 20 -
45m (out of that, 18 to 40m in shales). Excepting short sections with local
tectonic failures, the rock mass has been mostly classified as a NATM class
4 (QTS 44-66). Initial water inflows will be low, locally medium.

The route km 16.150 - 15.600 (550m long) can be determined as another
section built in relatively favourable geotechnical conditions for driving sin-
gle-rail tunnels. The conditions at the location of transition from the double-
rail tunnel into single-rail tunnels will be less favourable. The excavation will
be performed in the rocks of the Skalka facies (geotechnical types SF = SK
+ SB), where the thickness of the rocks undisturbed by the effects of fossil
weathering will be greater than 1 to 1.5b (b - excavation width). Total thick-
ness of the overburden amounts to 28 to 40m. However, out of that, the
undisturbed rock mass of the Ordovician rocks forms an overburden about §
to 20m thick. Excepting local sections with tectonic failures, the excavation
will be performed in the environment of the NATM class 4. At the bifurcation
chamber, where the width of the rock pylon between the tunnels will be small
and the double-rail tunnel's width and cross section area will be increased,
the NATM classes 4 and 5a 1 occur.

Geotechnical conditions for the mining operations along another, 885m-
fong, section in km 14.715 - 15.600 will differ significantly. In addition to the
double-rail and single-rail tunnels, larger cross sections will be excavated
within this section, i.e. a one-vault station and escalator tunnels. We will
describe this section, totally atypical in Prague tunnelling conditions, in a
more detail. The basic character of morphology, engineering-geotechnical
conditions and geotechnical conditions is illustrated in a schematic form in
the longitudinal profile of the metro alignment, and in a characteristic cross
section at the location of the Kobylisy station. Engineering-geological and
geotechnical characteristics of deciding geotechnical types are enclosed in
a form of a table. The Quaternary loess loams and loess of the QH geotech-
nical type are found close to the surface. Their thickness, including the
thickness of local man made ground and fills reaches 2 to 6m. Deeper, the
rock massif consists of the Cretaceous sediments, characterised by a rela-
tively steady development and relatively homogeneous composition of

a1
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v polovingé délky dseku trasy v Kobylisich (km 15,25 - 15,6) tvofi podlozni
horniny sedimenty skalecké facie dobrotivskych wvrstev. Jednd se
o ramcovy geotechnicky typ SF, vyvinuty ve dvou variantach gt typu SK a gt
typu SB. Gt typ SK tvofi souvrstvi s pfevahou lavicovitych kiemenci a kfe-
mencovych piskovel s podruznymi vrstvami prachovcd, jilovych bfidlic
a jilovel (viz. foto). Gt typ SB tvofi souvrstvi laminovanych bfidlic (rytmické
stfidani lamin prachovych bfidlic, prachovito-pis¢itych bfidlic a jilovych
bfidlic s podruznymi vrstvami piskovce a kifemence). Souvrstvi ma smér
vrstev generelné vychod - zapad a sklon 75° + 10° k jihu, Existuji v ném tek-
tonické poruchy a zlomy, jednak smérné, jednak pficné, jejichz poclet
a rozmisténi nebylo mozné stanovit prizkumem z povrchu, Pro mistni geo-
technické podminky méa mimofadny vyznam rozsédhlé, celoplo$né intenzivni
poruéeni horninového masivu uginky silného a dosti hlubokého fosiiniho
predkiidového zvétravani. Proto je tfeba zékladni geatechnické typy SK a SB
rozdélit na subtypy podle stupné poruseni zvétranim. Ve stfedné a silné zvé-
tralych horninach existuji typy SKZ a SBZ a ve zcela zvétralych az
rozlozenych horninach subtypy SKZZ a SBZZ. Dosah Uplného zvétrani od
povrchu ordovickych hornin je do hloubky 2 - 5 m a silného zvétrani do
hloubky 4 - 10 m (lokalng, vyjime¢ng i vice). V trase v Gseku zhruba km 14,75
- 15,25 jsou v podloZi cenomanskych sedimentl bfidlice 8areckych vrstev
(ramcovy geotechnicky typ BS). V celém Gseku km 14,75 - 15,25 existuje
, rovnéz intenzivni fosilni zvétrani hornin - takZe se zde v tunelech budou
vyskytovat geotechnické subtypy BSZ a BSZZ. Vlastnosti zvétralych hornin
gt typd BSZ a BSZZ jsou dosti podobné jako u geotechnickych typl SBZ

measures; foliation is sub-horizontal. 2 to 5m thick silistone layers of the
KCS geotechnical type are at the surface. Dominating series of strata found
under the siltstones consist of the Cenomanian sandstones of the KCP gt
type, 10 +2m thick. These are thick-bedded sandstones of a various degree
of diagenetic solidification, with relatively low.degree of fracturing by three
systems of joints. Basal Cretaceous sediments of the KCJ gt type are an
important component of the rock environment. Their thickness amounts to
1.5+1.0m (exceptionally less than 0.5m, and locally slightly more than 2.56m).
Although, these sediments are of a character of loams, and, in terms of their
genesis, they are sediments of starting fresh water lacusiring transgression
They are a mixture of water re-deposited kaolinic fossil weathered clayey
ground of the Ordovician, and gravel. A significant sub-horizontal discor-
dant interface exists at an elevation of about 265 m (+ 1m, exceptionally
+ 2m), between the Cretaceous sediments and the Ordovician bedrock.
Roughly at the middle of the line length in Kobylisy (km 15.25 - 15.6), the
bedrock consists of sediments of the Skalka facies of the Dobrotivy meas-
ures. Generally, they are of the SF geotechnical type, developed in two vari-
ations, i.e. the SK gt type and SB gt type. The SK gt type consists of series
of measures where banket quartzites and quarizite sandstones with minor
layers of siltstones, silty shales and claystones prevail (see the picture). The
SB gt type consists of series of measures of laminated shales (rhythmic
alternation of laminas of silty shales, silty-sandy shales and claey shales

a SBZZ. with minor layers of sandstone and quarizite). Generally, the measures of
LADVI 14.368 km KOBYLISY 15.508 km
©
300 291,27 | i
5 . 288,88 288,50
' H 283,81
3 S O 27620 QH | O 2799,75
- : C KCSg 272-V =N,
T EeEEeEs . KCP
250 1 V - Hiadina podz. vody
V - Ground water level y .
- i | \
| QH - Kvartémi hliny BS I.':i' KCP - Kfidové piskovce
QH - Quatemary loams i KCP - Cenomanian sandstones
- Sarecké vrstvy - GT typy BS, BSZ, BSZZ S .. Tektonicka Il'nie"l"-'l Skalecke facie - GT typy SF (SK, SB), SFZ, SFZZ
= Sarka measures - GT types BS, BSZ, BSZZ _— I Skalec facii - GT types SF (SK, SB), SFZ, SFZZ
20 .. Tectonic line I
— |142km 14,5 km | 15,0 km | 155km 16,0 k|
1 - Tunel
HL - STAN HL - 2K R 2K R 2x1K - 4@JUs 4 2x1K BHoK
1 - Tunnel :
2 - Nadlozi z h R u % 28-30(10-15) :
5 - Overburden 4-6 5-10 10-12 (0) 12-25 (4-7) - 22(24) 30-32(15-12) 30(22)
3 - Homogenita !
3 - Homogeneity 1-2 1 254 3-4 4-2 34 2-3 2-3
4 - Horninova klenba - + + +
4 - Rock arch 0 s I OK. X oK. OK.
5 - Stabilita
5 - Stability 1-2 1-2 4-5 5 2-3(4) 4.5 2-3(4) 45
6 - Kvalita podvy
6 - Invert quality 1 SES B 2 2 2 2
7 - Podzemni voda : o . -
7 - Ground water 0 2 45 4= 2-3 24(5) 2-3 2-3
8 - QTS (body) e } - <),
8 - QTS (point) <30-(40) < 30-(60) <30-(50) <40-60 35-55
9 - NRTM ( tfida) _ - B = o 5
9 - NATM (class) 5a1 - 5a2 (3)-4  (4)-5a2 3)-4 (4)-5a1

HL - hloubené tunely cut-and-cover tunnels
4% razené tunely mined tunels

Nadlozi - celkova mocnost nadlozi
(mocnost nadlozi z pevnych homnin)
Overburden - total thickness of overburden

(thickness of sound rock overburden stated in brackets)

1K - jednokolejny tunel single track tunnel
JS - jednolodni stanice single bay station
Hodnoceni v fadcich 3, 4, 5, 8: 1 - velmi pfiznivé hodnoceni very positive valuation
Valuation in lines 3, 4, 5, 6 2 - pFiznivé hodnoceni positive valuation

3 - vyhovujici hodnoceni satisfactory valuation

4 - Spatné hodnoceni unsatisfactory valuation

5 - velmi nepfiznivé hodnoceni very unfavourable valuation

2K - dvojkolejny tunel double track tunnel

Obr. 1 Podélny geotechnicky profil - usek km 14,2 - 16,0
Fig. 1 Longitudinal geotechnical profile - section km 14.2 - 16.0
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Obr. 2 P¥iény geotechnicky profil jednolodni stanici Kobylisy

GT typ (QH, KCS)... viz. text v tabulkach

Fig. 2 Geotechnical cross section of the Kobylisy single - bay station
GT types (QH, KCS)... see the text in the tables

Vyznamnou okolnostf je existence puklinového obzoru podzemni vody v k-
dovych piskovcich. Piskovce vytvareji horninové prostfedf s velkou propust-
nostl a vysokou vydatnosti puklinovych pramend. Hladina podzemni vody je
na koté prevazné 272 + 2 m, takZze mocnost zvodnélych piskovell je 6 + 2 m.
Pri hloubeni vytahové Sachty o pldorysné plose 22 m? &inil pfi snizeni
hladiny 0 5,3 m pfitok vody 7,0 az 7,5 I/s, coz je velmi silny ptitok. Bazalni
kiidové sedimenty jsou za pfirodniho stavu technicky nepropustné a geo-
technické typy SKZZ a SBZZ jsou velmi mdlo propustné. Viivem raZby
podzemnich objektl (viiv trhacich praci a vliv deformaci v aktivni z6né
vyrubu) a pfi znaéném hydrostatickém tlaku ovSem existuje nezanedbatelné
riziko zvétSenf propustnosti v nadloZi vyrubl, spojené s rizikem velmi silnych
inicialnfch ptitokd vody do raZzenych prostor. Piitoky podzemni vody budou
vyrazné komplikovat razbu tratovych tunell v dseku km 14,75 - 15,25 a také
razbu eskalatorovych tuneld.

V oblasti Kobylis maji geologické a inZenyrskogeologické poméry a geotech-
nické podminky stavby raZenych tunell fadu specifickych rysd, kterymi se
vyrazné odliSuji od podminek v ostatnich ¢astech Prahy, ve kterych byly
dosud realizovany razené tunely metra, tunely silni¢ni ¢i Zelezni¢ni. Jednim
z hlavnich rysl geologické stavby v oblasti Kobylis je existence souvrstv(
kfidovych hornin (kvadrové piskovce, prachovce), jejichz mocnost véetné
kvartérnich hlin ¢inl 20 + 5 m. Dal§im vyraznym rysem je existence zony
poruSeni ordovickych sedimentl v podlozi kifdy ginky velmi silného fosil-
niho pfedkfidového zvétrani. Viastni komplex ordovickych hornin ma dosti
slozitou a v detailech viceméné nezndmou strukturu a tektonickou stavbu,
znama je pouze litologie zakladnich vrstevnich komplexd: dobrotivského
souvrstvi véetné skalecké facie a 8areckych vrstev. Nezanedbatelnd je zde
lokalIni tektonika, spojena s existenci pfi¢nych a pravdépodobné i smérnych
tektonickych poruch a zlomd. V trase razenych tunell se proto budou
nepravidelné stiidat zejména komplexy hornin jednotlivych partii skalecké
facie (souvrstvi laminovanych prachovito-pis¢itych bfidlic, souvrstvi se
stfidanim kiemenc(, piskovc(, bfidlic a jiloved) a v &asti trasy bfidlice
Sareckych vrstev. Mocnost zény poru8eni ordovického sedimentarniho kom-
plexu uginky silného predkiidového chemického i mechanického zvétravanf
kolisd v rozpéti 4 - 10 m od subhorizontalniho diskordantniho rozhrani
ordoviku a kFidy, které probihd v geotechnicky aktivni zéné, resp. v oblasti
horninové klenby, nad budoucimi razenymi tunely. Pfitom pFi povrchu
ordoviku existuje zéna velmi silného zvétrani o mocnosti 2 az 5 m a vice. To
znamend, ze v geotechnicky aktivni zéné projektovanych tunelll existuje
vyrazné nehomogenni, v podstaté trizonalni horninové prostfedi s diametral-
né odlidnymi geotechnickymi vlastnostmi a chovanim pfi tunelovani:

- Spadni zénu (zhruba pod kétou 258,0 + 5 m) tvofi komplex ordovickych
hornin, neporudeny Ucinky fosilniho zvétravani (pfevazné gt typy SK a SB).
Pro tuto zonu lze pfedpokladat mechanicky a deformadni charakter
s "pruznym’, resp. ‘'pruzné-plastickym’ chovanim. Dale lze oc&ekavat
pomérné pfiznivé geotechnické vlastnosti, malou deformabilitu, ale méné
piiznivé stabilitni chovani (snizena smykova pevnost podél vrstevnich ploch
a podél tektonickych poruch). Také je tieba vziti v Gvahu vyrazny rozdil
mechanickych vlastnosti (pevnost ve smyku a pretvarné vlastnosti) kolmo,
resp. napii¢ vrstevnatosti a rovnobézné s vrstevnatosti. Tato zéna se vysky-
tuje v podloZl projektovanych vyrubl, v &asti plochy vyrubu a pouze
vyjimecné zasahuje az do nadloZi.

- Stfednl zénu (poloha v rozpall k6l zhruba 258,0 = 5m aZz 266,0 £ 2 m) Wvofl
komplex fosilné zvétralych ordovickych hornin (gt typy SKZ, SKZZ, SBZ
4 SBZ7Z), ke kierému je tfeba piifadil bazélnl nesouvislou vrstvu kiidovych
sedimentd (gt lyp KCJ). Tuto z6nu Ize charaklerizoval deformadnim charak-
lerem “plasticko-pruZného” az téméf ‘plastického’ horninového prosifeds,
klere se svym chovanim do jisté miry bude bliZit zeminam, V gt typech SKZ,
SBZ a zejména v lypech SKZZ a SBZZ je Ifeba otekaval obzvlasté vyrazny

the series of measures have the east-west direction and the dip angle of 75°
+ 10°towards the south. Tectonic failures and faults exist within the series of
measures, either directional or transversal, whose number and location were
undetectable by the investigation from the surface. A wide-ranging, overall
intensive fracturing of the rock mass due to a heavy and quite deep fossil
Pre-Cretaceous weathering is extraordinarily significant for the local geot-
echnical conditions. Therefore, the SK and SB geotechnical types must be
divided into sub-types, depending on the degree of fracturing by the weath-
ering process. Within medium and heavily weathered rocks, there exist SKZ
and SBZ types, and sub-types SKZZ and SBZZ types within totally weath-
ered to decomposed rocks. The total weathering reaches up to the depth of
2 to 5m from the surface of the Ordovician rocks, while the heavy weathering
reaches up to the depth of 4 to 10 m (locally, exceptionally even deeper).
The shales of the Sédrka measures (generally the BS geotechnical type) are
found under the Cenomanian sediments roughly within the route section km
14.75 - 15.25. In addition, an intensive fossil weathering of the rock occurs
within the overall section km 14.75 - 15.25. Therefore, the BSZ and BSZZ
geotechnical sub-types will occur in the tunnels. The properties of weath-
ered rock of the BSZ and BSZZ types are quite similar to those of the SBZ
and SBZZ geotechnical subtypes.

A significant factor consists in the existence of a fissure horizon of ground
water in the Cretaceous sandstones. The sandstones create a rock environ-
ment with a high permeability and a high yield of fissure springs. The water
table is prevailingly at an altitude of 272 + 2 m, so the thickness of saturated
sandstones is of 6 = 2m. When the lift shaft with a ground plan area of
22 m'was being sunk, at the water table Jowered by 5.3m, the water inflow
amounted to 7.0 to 7.5 Ifs, which is a very strong inflow. Basal Cretaceous
sediments, in a natural condition, are technically impermeable, and the
SKZZ and SBZZ geotechnical types are very little permeable. Although, a
considerable risk of increasing the permeability at the excavation overbur-
den, connected with a risk of very strong initial water inflows into the exca-
vated spaces, exists because of the excavation for underground structures
(the effect of blasting and the impact of deformations within the active zone
of the excavation) and because of a high hydrostatic pressure, The ground
water inflows will complicate the driving of running tunnels significantly with-
in the section km 14.75 - 15.25, as well as the driving of escalator tunnels.
In the Kobylisy area, the geological and engineering-geological conditions
and geotechnical conditions for construction of mined tunnels have a num-
ber of specific features, which make them different from the conditions exist-
ing in the other Prague regions where mined metro tunnels, road tunnels or
railway tunnels have been built so far. One of the main features of the geo-
logical structure in the Kobylisy area is an existence of series of strata of the
Cretaceous rocks (thick-bedded sandstones, siltstones, whose thickness,
including Quaternary loams, amounts to 20 + 5m). Another expressive fea-
ture is an existence of a weakness zone within the Ordovician quartzites in
the Crelaceous bedrock due to the effect of very strong fossil Pre-
Cretaceous weathering. The complex of the Ordovician shales properhas a
rather complicated and in detail more or less unknown structure and tecton-
ic composition; only the lithology of basic complexes of layers, i.e. the
Dobrotivy series of strata, including the Skalka facies and the Sarka strata.
The local tectonics of this area is not to be disregarded. It is connected with
the existence of transversal and probably also directional tectonic failures
and faults. Therefore, particularly the complexes of the rocks of individual
parts of the Skalka facies (series of strata of laminated silty-sandy shales,
series of strata of alternating quartzites, sandstones, shales and claystones)
will alternate irregularly along the alignment of the mined tunnels, shales of
the Sdrka strata will be encountered in a part of the alignment. The thickness
of the weakness zone within the Ordovician sedimentary complex, by the
effects of the strong Pre-Cretaceous chemical and mechanical weathering,
varies from 2 to 10m from the discordant sub-horizontal interface between
the Ordovician and the Cretaceous period, which is found in a geotechnical-
ly active zone, in the zone of the rock arch, above the future mined tunnels.
At the same time, a zone of very heavy weathering, 2 to 5m and more thick,
exisis at the surface of the Ordovician. This means that an expressively
inhomogeneous, in substance trizonal rock environment with diametrically
differing geotechnical properties and behaviour in the course of tunnelling,
exists within the geotechnically active zone of the designed tunnels:

- The bottom zone (roughly below the elevation of 258.0 + 5m) is formed by
a complex of the Ordovician rocks, undisturbed by the effects of the fossil
weathering (the SK and SB gt types prevail). Mechanical and deformational
character with plastic or elastic-plastic behaviour can be expected at this
zone. In addition, rather favourable geotechnical properties, low deformabil-
ity but less favourable stability-related behaviour (reduced shearing
strength along bedding planes and along tectonic failures). It is also neces-
sary to consider a substantial difference in mechanical properties (shearing
strength and deformation properties) perpendicularly to or transversely
across the bedding and parallel with the bedding. This zone occurs at the
base of the designed excavations, in a part of the excavated area, and,
exceptionally only, reaches into the overburden.

- The central zone (located between the altitudes of 258.0 + 5m and 266.0
+ 2m) forms a complex of the Ordovician rocks weathered in a fossil way
(the SKZ, SKZZ, SBZ and SBZZ gt types). A basal incoherent layer of the
Cretaceous sediments (the KCJ gt type) should be added to this complex.
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rozdil mechanickych vlastnosti (pevnost ve smyku a pretvarné vlastnosti)
kolmo, resp. napfi¢ vrstevnatosti a rovnob&zné s vrstevnatosti. Geotech-
nické vlastnosti v této zoéné pfedpokladame znaéné variabilni a velmi aZ
mimofadné nepfiznivé (nizkd smykova pevnost, velmi neptiznivé aZ kritické
stabilitni chovani a malo pfiznivé deformacni vlastnosti). Tato zéna existuje
zejména v pfimém nadloZi tuneld, v oblasti horninové klenby a misty bude
zasahovat piimo do vyrubu tuneld, S chovanim takové &i obdobné zény pfi
razbé tuneld nejsou v Praze ani v CR Zadné zku$enosti.

- Svrchni zénu (zhruba nad kétou 266,0 + 2 m) pfedstavuje komplex kif-
dovych hornin (kvadrové piskovce stfedni aZ nizké a variabilni pevnosti
o mocnosti 10 + 2 m, v nadloZl prachovce nizké pevnosti a kvarterni
sprasové hliny). Jednd se o gt typy KCP, KCS (pfipadné téZ QH). Nej-
vyznamngjsim prvkem této zény, ktery bude rozhodovat o jejim napéto-
deformadénim chovani, jsou malo rozpukané kvadrové piskovce (gt typ KCP).
Tuto zénu Ize charakterizovat jako pomérné rigidni a viceméné teméi kom-
pakini téleso, rozdélené hlavnimi prabéznymi diskontinuitami na kvadrove
bloky. U toholo télesa je mozné pfedvidat pruzné az kfehké deformacnl
chovani bez tendence k plastickym deformacim. Tato zéna ma veelku
pfiznivé geotechnické vlastnosti (mald deformabilita, pomé&rné pfiznivé sta-
bilitni chovanf). Mimofadny vyznam ma silna propustnost a zna¢né zvodnéni
v této z6né. Svrchni zona existuje v geotechnicky aktivni partii nadloZzi
budoucich tunelovych vyrubl. Ve vyrubu bude zastizena v Useku km 14,75 -
15,25 a také v eskalatorovych tunelech.

Rozhrani mezi spodni a stfedni zénou je znaéné nepravidelné, polohové
a zejména vertikalng velmi Clenité, Naopak rozhrani mezi stfedni a svrchni
zénou je pomé&rné pravideiné, subhorizontalnl a je tfeba zdlraznit, Ze se
jedn4 o zcela diskordantnl plochu, resp. mimofadné vyznamnou diskontinu-
itni plochu obrovskych plo$nych rozmérd

Jestlize v prvnl, tf. spodnf zoné bude dochézel v okoll vyrubu k relativné
malym a vicemeéné plynulym “pruZnym’, resp. "pruZné-plastickym’ deforma-
cim, pak ve stfedni z6nd oGekavame vyrazné vélsi plasticko-pruZné a? plas-
tické deformace v okoll vyrubu a zejména v jeho nadioZi. Zcela odlidny
charakter deformaéniho chovani pravdépodobné bude mit teti, svrchni zéna
rigidnich kff{dovych piskovcl. Domnivame se, Ze v této z6né bude dochazet
k malym pruznym deformacim, ale podstatné a vyznamné mohou byt
"skokové deformace" podél dvou hlavnich predisponovanych subvertikélnich
systéml diskontinuit. Jednotlivé bloky horninového masivu kfidy se budou
chovat jako "tuhé prvky" a pfipadné deformace v této z6né Ize do jisté miry
pfirovnat ke ‘zlomové tektonice”, samoziejmé s velmi malymi vertikalnimi
posuny (zhruba fadu mm a? desitek mm). Lze oCekdvat, ze v této z6né
budou deformace probihat s uréitym zpozdénim oproti deformacim ve dvou
vy$e popsanych zdnach ordovickych hornin.

Foto 1 Kvadrové cenomanské piskovce - gt typ KCP (vychoz v Kobylisich)
Picture 1 Thick-bedded Cenomanian sandstones - KCP gt type (the outcrop
in Kobylisy)

This zone can be characterised by a deformational character of plastic-elas-
tic to nearly plastic rock environment, whose character will, to some extent,
get near to grounds. In the SKZ, SBZ and above all SKZZ and SBZZ gt types,
it is necessary to expect a particularly expressive difference in mechanical
properties (shearing strength and deformational properties) perpendicularly
to or transversely across the bedding and parallel with the bedding. Very
variable and highly to extraordinarily unfavourable geotechnical properties
are expected within this zone (low shearing strength, very unfavourable to
critical stability-related behaviour, and little favourable deformational prop-
erties). This zone exists, above all, in the direct overburden of the tunnels, in
the rock arch zone, and, locally, it will reach just into the tunnel excavation
profite. There is no experience of the behaviour of such a zone or a similar
one in the course of driving tunnels in Prague or in the CR.

- Upper zone (roughly above the altitude of 266.0 + 2 m) represents a com-
plex of the Cretaceous rocks (thick-bedded sandstones of a medium to low
and variable strength, 10 + 2 m thick, siltstones of a low strength and the
Quaternary loess loams in the overburden). They are of the KCP, KCS (even
QH) gt types. The most important element of this zone which will determine
its stress-deformational behaviour is the little fractured thick-bedded sand-
stone (the KCP gt type). This zone can be characterised as a rather solid
and more or less nearly compact body, divided by major running discontinu-
ities into rectangular blocks. It is possible to anticipate an elastic to brittle
deformational behaviour for this body, without a tendency to plastic defor-
mations. This zone has rather favourable geotechnical properties (low
deformability, rather favourable stability-related behaviour). High permeabil-
ity and considerable water saturation of this zone are of a particular impor-
tance. The upper zone exists in geotechnically active parts of the overbur-
den of the future tunnel excavation. It will be encountered in the excavated
profile in the section of km 14.75 to 15.25, and also in escalator tunnels

The interface between the bottom and central zone is rather irregular, very
broken in terms of its location, especially in vertical direction. On the con-
trary, the interface between the central and upper zone s relatively regular,
sub-horizontal, and it is necessary to stress that it is a totally discordant
plane, or an extraordinarily significant discontinuity plane of a large area.
While relatively small and more or less continuous elastic or elastic-plastic
deformation will occur in the bottom zone, we expect expressively greater
plastic-elastic to plastic deformations in the vicinily of the excavation, name-
ly in its overburden, Totally different character of the deformational behav-
jour will probably exist in the third, upper zone of rigid Cretaceous sand-
stones. We suppose that small elastic deformations will occur in this zone,
but jump deformations along the two major pre-disposed sub-vertical dis-
continuity systems can be significant and important. Individual blocks of the
Cretaceous rock mass will behave as rigid elements. Deformations which
may occur in this zone can be, to some extent, compared to the fault tecton-
ics, obviously with very small vertical displacements (roughly in the order of
mm to tens of mm). It can be expected that a certain delay will exist between
deformations in this zone and deformations in the two above-mentioned
zones of the Ordovician rocks.

It is necessary to add to the above analysis that the specific character of the
particularly heterogeneous rock environment must be respected in solving
geotechnical issues and in static calculations, especially in:

- determination of the extent and shape of the settlement trough and in cal-
culating the size of deformations;

- development of geotechnical models for solution of changes in stress-
deformational state of the rock mass, and in static calculations of primary
and final lining;

- determination of the zone of threat imposed by seismic effects of blasting
operations, determination of isoseismal lines (the above described three
zones of the rock environment have very different constants of transmission,
and also the propagation of seismic effects in horizontal and vertical direc-
tion will quite differ).

It follows from the above-mentioned text that it is not quite well possible to
apply common, well-established calculation methods and models in the
local highly heterogeneous rock environment, Their validity is predominantly
limited to much simpler and much less heterogeneous environment.

The above mentioned characleristics represents a prognosis only, derived
from company and personal experience, only to some extent confirmed by
the results of investigation (the lift shaft and previous exploratory boring).
The described characteristics relates to all tunnel excavations for the metro
in the Kobylisy area, i.e. the single-rail tunnels, double-rail tunnels, service
and escalator tunnels and, above all, for the one-vault station, which is
unique in a certain way.

In terms of technological procedures of excavation, a number of important
questions remain open, which will have to be solved sensitively, and veri-
fied, namely:

- properties, behaviour and reliability of the rock arch at the tunnels' over-
burden, and connected selection of the excavation sectioning and dimen-
sioning of primary lining,

- stability of the roof, face and side walls of the excavation heading in the
SBZ7, SBZ,SKZZ, SKZ, even BSZZ and BSZ geotechnical types;

- function and bearing capacity of anchors or rock bolts, namely in the
SBZZ, SKZZ, KCJ, BSZZ, BSZ and KSJ geotechnical types,

- the risk of hitting strong springs during drilling for rock bolts at the roof;
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K vyse uvedenému rozboru je tfeba dodat, Ze specificky charakter vyrazng
heterogenniho horninového prosttedf je tfeba respektovat pfi Fegeni geo-
technickych Uloh a pfi statickych vypoctech, zejména pfi:
- stanoveni rozsahu a tvaru poklesové kotliny a pfi vypoctu velikosti defor-
maci
- konstituovani geotechnickych modell pro fedenf zmén napéfo-deformad-
niho stavu horninového masivu a pfi statickych vypocétech primarniho i defin-
itivniho osténi
- stanovenf zony ohrozeni indukovanymi seismickymi a¢inky trhacich praci,
stanoveni izoseist (popsané tfi zony horninového prostfedi maji velmi rozdil-
né konstanty pfenosu a také Sifenf seismickych G¢inkd ve vodorovném
a svislém sméru bude dosti odliné).
Z uvedeného vyplyva, 7e v mistnim, vyrazné heterogennim horninovém
prostfedi nelze dost dobfe aplikovat bézné "zavedené" vypolelni postupy
a modely, které maji své meze platnosti vesmés pouze pro podstatné
jednodussi a mnohem méné heterogenni prostredi.
VySe uvedena charakteristika pfedstavuje pouze prognézu, odvozenou z fi-
remnich a osobnich zku$enosti, a pouze do jisté miry potvrzenou vysledky
priizkumu (vytahova $achta a difvéjsi prizkumné vrty). Popsand charakteris-
tika se vztahuje ke v8em tunelovym vyrublm pro metro v oblasti Kobylis: jed-
nokolejné tratové tunely, dvoukolejné tratové tunely, technologické a eskala-
torové tunely a zejména pro svym zpGsobem unikatni jednolodnf stanici.
Z hlediska technologickych postupt razby zUstdva oteviena také cela fada
duleZitych otazek, které bude tfeba citlivé dofesit a ovéfit, zejména:
- vlastnosti, chovani a spolehlivost horninové klenby v nadlozi tunell a s tim
souvisejici volba &lenéni vyrubu a dimenzovani primarniho osténi
- stabilita stropu, ¢elby a bokd vyrubu na pfidi tunell v hornindch geotech-
nickych typl SBZZ, SBZ, SKZZ, SKZ i BSZZ a BSZ
- funk&nost a Gnosnost kotev &i svornikd, a to zejména v geotechnickych
typech SBZZ, SKZZ, KCJ, BSZZ, BSZ a KCJ
- riziko nagepovani silnych pramen pfi vrtani pro svorniky ve stropu
- problematika ptitokll vody z vyznamného nadlozniho siiné zvodnélého
abzoru podzemnf vody v k¥idovych piskovcich
- obtiznost az téméf neredlnost Upadni razby vzhledem k silnym pritokGm
vody, ktera by misty nepfijatelnym zplsobem zhor8ovala kvalitu hornin
v Grovni podvy a spodni klenby
- problematika volby optimdlIni a 8etrné technologie rozpojovani hornin
v kontextu se stabilitou nezaji$téného vyrubu na pfidi tunelu (volba opti-
malni kombinace mechanického rozpojovani a rozpojovani trhaci praci
vcetné aplikace htadkého vylomu).
Mistni geotechnické podminky stavby razenych tunelll metra v Kobylisich je
tfeba oznalit za mimofadné sloZité a velmi nepfiznivé. Bez nadsdzky je
razenych tuneld v historii stavby praZzského metra, ne-li pifmo o Usek
nejnepfiznivéjsi, nejslozitéjsi a nejobtiznéjsi. Mimofadna obtiznost se tyka
zejména razby veétsich a velkych tunelovych vyrub(, tedy dvoukolejnych
tunell, eskatatorovych tunell a na prvém misté jednolodni stanice (vyrub
o plose cca 220 m?).
Proto bylo rozhodnuto, Ze pro objasnéni vy8e popsané problematiky bude
vyrazena prlizkumna §tola v drovni budoucich tunell. Umisténi toly bylo
zvoleno z jizni strany zhruba kolmo k trase metra, délka bude 262 m a §tolu
bude moZné vyuzit i jako piistupovou pro razbu vétsiny tunell v oblasti
Kobylis. Stola bude mit 8itku 6,1 m a plochu vyrubu 29 m? Jeji trasa a vy§-
kové umisténi v horninovém prostfedi a rovnéz rozméry vyrubu byly zvoleny
tak, aby razba byla modelova pro pfipravované tunely. Lze konstatovat, Ze
priizkumna $tola a jeji geotechnicky aktivni zona budou de facto modelem v
méfitku zhruba 1 : 2 pro dvoukolejné tunely a pfiblizné 1: 4 pro jednolodni
stanici, Modelové méfitko plati i pro horninové prostiedi v aktivni zoné
vyrubu v nadlozi, takze Ize oc¢ekavat ziskani cennych a ddlezitych informacf
o vyvoji napéto-deformaéniho stavu a reakci horninového prostiedi na razbu.
Razba $toly bude sledovana podrobnym geotechnickym monitoringem (kon-
vergenéni méfeni ve vyrubu, geodetické sledovani deformaci na povrchu,
méfeni deformaci tfistupfiovymi extenzometry ve vrtech z povrchu a dals$i
méfenf). RovnéZ je pfipravena podrobnd geologickd, hydrogeologicka a
geotechnicka dokumentace pfi razbé. V boénl rozrazce budou polnimi
zkouskami geomechaniky stanoveny pFetvarné vlastnosti a pevnost ve
smyku na horninovych blocich. Po zpracovani a zhodnoceni vysledkl geot-
echnického prizkumu ve $tole bude
mozné odpovédét na fadu vyse uve-
denych otédzek a vysvétlit Cetné
nejasnosti, Rovnéz budou ziskany
vyhovujici geotechnické podklady
a materialové charakteristiky pro fi-
nalnf staticky vypocet a konstrukéni
feseni velkoplosnych vyrubd ve sta-
nici Kobylisy. Vysledky prizkumu
rovnéZ poskytnou odpovéd na otaz-
ku, jakymi tunelovacimi metodami
a technologickymi postupy lze bez-
pe¢né realizoval jednolodni stanici.
Pro ovéfeni vlastnosti horninového
prostfedi a potvrzeni geotechnic-
kych podkladd bude jesté vyuzita
razba tratového tunelu délky cca
200 m od prizkumné Stoly k jed-
nolodnf stanici.
V textu popsand problematika stav-
by trasy [V.C1 praZzského metra je :
feSena v Uzké spolupraci pracovnikii -
zastupce investora DS, a. s., Praha,
generalniho projektanta Metropro-

jekt, a. s., Praha, zhotovitele Metro- Prague 7)

Foto 2 Skalecké facie - gt typ SK (vychoz u Cisafského mlyna v Praze 7)
Picture 2 Skalka facies - SK gt type (the outcrop at Cisarsky Miyn in

- the issue of water inflows from a significant heavily saturated horizon of
ground water in the Cretaceous sandstones in the overburden;

- the difficulty, nearly impossibility of a downhill drive with respect to strong
inflows of water, which would locally deteriorate the quality of rock at the
bottom and invert level; .

- the issue of selection of an optimal and considerate technique of rock frag-
mentation in the context of the stability of unsupported excavation at the tun-
nel face (selection of an optimal combination of mechanical disintegration and
disintegration by means of blasting, including application of smooth blasting).
The local geotechnical conditions of the construction of mined subway tunnels
in Kobylisy must be considered as extraordinarily complex and very
unfavourable. Without exaggeration, it must be stated that it will be one of the
most difficult sections of tunnels driven in the history of the Prague's metro, if
not just the most unfavourable, complex and difficult one. The extraordinary
complexity concerns, above all, the drive of rather large and large tunnel pro-
files, i.e. double-rail tunnels, escalator tunnels and, in the first place, the one-
vault station (excavated cross section of about 220 m?).

Therefore, it was decided that an exploratory gallery will be driven at the level
of the future tunnels to clear up the above described issues. The position of
the gallery running from the south roughly perpendicularly to the metro align-
ment was selected. It will be 262m long, and it will be possible to use it as an
access adit for excavation of the majority of tunnels in the Kobilisy area. The
gallery will be 6.1m wide, the excavated cross section will be of 29 m?”. lis
route and level in the rock environment, and the excavation sizes too, were
selected so that the excavatidn could become a model for the tunnels being
planned. It is possible to state that, as a matter of fact, the exploratory gallery
and its geotechnically active zone will be a model on a roughly 1. 2 scale for
double-rail tunnels, and roughly 1 : 4 for the one-vault station. The model
scale is valid even for the rock environment in the active zone of the excava-
tion in the overburden. So it is possible to expect that valuable and important
information on the development of the stress-deformational state and reaction
of the rock environment on the excavation will be gained. The gallery excava-
tion will be geotechnically monitored in detail (convergence measurement in
the opening, survey of deformations at the surface, measurement of deforma-
tions by means of three-stage extensometers in boreholes from the surface,
and other measurements). Also a detailed geological, hydrogeological and
geotechnical documentation of driving is prepared. Field testing of geome-
chanics performed in a side intermediate point-of-attack on rock blocks will
determine deformational properties and shearing strength. It will be possible
to answer many of the above mentioned questions and explain numerous con-
fusions after processing and evaluation of the results of the geotechnical
investigation in the gallery. In addition, satisfactory geotechnical sources will
be obtained, as well as material characteristics for the final static calculation
and structural solution of large-profile excavation in the Kobylisy station. The
results of the investigation will also provide an answer to the question which
tunnelling methods and technological procedures can ensure a safe construc-
tion of the one-vault station. In addition, the drive of the running tunnel about
200m long, from the exploratory gallery to the one-vault station, will be utilised
for verification of the properties of the rock environment and confirmation of
the geotechnical sources.

The issues of construction of the line IV.C1 of the Prague Metro described in
the text above has been solved in a close co-operation of the staff of the over-
all consultant IDS, a. s., general designing consultant Metroprojekt, a. s., Pra-
ha, the contractor Metrostav, a. s., Praha, and a specialised professional com-
pany SG - Geotechnika, a. s., Praha, and with an assistance of employees of
OBU Kladno (regional mining authority). We are going to inform the profes-
sional public about initial experience and results of the construction works in
following issues of the Tunel magazine. The drive of the running tunnels has
not been started by the closing date of this issue, the construction of cut-and-
cover tunnels and the L4dvf station is currently in progress, and extensive util-
ity diversions including mined sewerage tunnels are being carried out.

CHARAKTERISTICS
OF DECIDING
GEOTECHNICAL TYPES

Geotechnical type: KCS

Series of strata of siltstones (locally
also sandy or clayey siltstone,
minority of silty, very fine grained
sandstone). Slight diagenetic solidi-
fication (strength of 0.5 - 1 Mpa,
locally a character of solid to hard
ground). Fracturing does not apply -
horizontal stratification.
Classification: Prevailing F3 (MS)
and F5 (ML) of solid to hard consis-
tency, partially R6

SEs Excavation class: 3 - 4

Geotechnical type: KCP
Series of strata of thick-bedded
sandstones (the Cretaceous - the
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stav, a. s. Praha a specializované odborné firmy SG - Geotechnika, a. s,
Praha a za pfispéni pracovnik( OBU Kladno. V piistich Gislech ¢asopisu
TUNEL jiz budeme odbornou vefejnost informovat o prvych zkudenostech
a vysledeich z realizace stavby. Do redakéni uzavérky tohoto ¢isla jesté
nebyla zahdjena razba trafovych lunell, zalim probiha stavba hloubenych
lunell a stanice Ladvi a pracuje se na rozséhlych pfeloZkéch inZenyrskych
siti véetné razenych kanalizaénich $tol.

CHARAKTERISTIKA ROZHODUJICICH
GEOTECHNICKYCH TYPU

Geotechnicky typ: KCS

Souvrstv( kifdovych prachovel (mifsty téZ pis€ity &i jflovity prachovec,
podruzné prachovity, velmi jemnozrnny piskovec). Slabé diagenetické
zpevnéni (pevnost 0,5 - 1 MPa, misty charakter pevné aZ tvrdé zeminy).
Rozpukan( se vyraznéji neuplatfiuje - zvrstvenf vodorovné.

Zattidéni: pfevlada F3 (MS) a F5 (ML) pevné az tvrdé konzistence, ¢ast R6
Tézitelnost: 3. - 4. tfida

Geotechnicky typ: KCP

Souvrstvi kvadrovych piskovcl (kfida - cenoman) v rizném stupni diagene-
tického zpevnéni. Poloskalni az skalni hornina - variabilni pevnost: pfevlada
R3-R4, 5 -25 MPa, podruzng az 40 MPa, misty vrstvy pevnosti pouze 1 -5
MPa. T¥i pribézné systémy diskontinuit - 1 subhorizontélni (vrstevnatost,
sklon 3 - 5° k vychodu) - 2 subvertikalnf (sklon 90 + 15°). Hustota diskonti-
nuit - pfevlada D1-D2 (0,6 - 2,5 m). Kvadrovita odluénost. Silna puklinova
propustnost V4-V5.
Zatfidéni: R4-R3, W1, D1-D2
Tézitelnost: 5. (6.) tfida QTS: 45 - 60 NRTM: tfida 3 - 4
Geotechnicky typ: KCJ

Bazalni cenomanské sedimenty - velmi variabilni zrnitostni slozenf: $térk
s pfimési pisku, 8térk s pfimési jilu, jil s ptimésf §térku - jily pevné konzis-
tence. Proménlivd mocnost v rozmezf 1,5 + 1,0 m. Jedna se o diageneticky
nezpevnéné zeminy. Propustnost prilinova - velmi méalo propustné az tech-
nicky nepropustné zeminy.

Zattidéni: G2 (GP), G5 (GC), F8 (C + G)

Té&zitelnost: 4. - 5. tfida

Geotechnicky typ: SK

Souvrstvi skalecké facie s pfevahou kfemencl (K) a s podruznymi vrstvami
bfidlic (B). Lavicovité kfemence a kfemencové piskovce maji podil 80 +
10 %, mocnost vrstev je 100 - 600 mm, pevnost R2 az R1 (70 - 150 MPa,
max. 180 MPa), rozpukani 1 = 2 systémy - hustota D3 (az D4). Vlozené, ryt-
micky se opakujicl vrstvy a laminy tvofi jilové aZ prachovité bfidlice (misty
jilovce), podil 20 = 10 %, mocnost vistev 5 - 150 mm (vyjime&né vétai),
pevnost R3-R4 (10 - 50 MPa), rozpukani intenzity D4-D6. Vrstevnatost
pfevlada sméru vychod - zapad (odchylky + 30°), sklon je strmy 75 + 10°
k jihu. Zakladni gt typ SK tvoti horninovy masiv neporu$eny G¢inky fosilniho
zvétravani (W1, resp. At). Puklinovd propustnost proméniivé intenzity.
Zatfidénf: K: R2-R1, W1, D3-D4 B: R3-R4, W1, D4-Dé

Tézitelnost: 6. tfida (Cast. 7. tfida) QTS: 35 - 50 NRTM: tfida 4 - 5al

Geotechnicky typ: SKZ

Souvrstvf skaleckych kfemencl - petrografické sloZeni a vrstevnatost jsou
stejné jako u zakladniho gt typu SK. Rozhodujici pro zafazeni je poruseni
aginky fosilniho pfedkiidového zvétravani, které je u piskovcd stiedni (pok-
les pevnosti na R2-R3 (25 - 100 MPa). Bfidlice jsou silng, z ¢4asti kaolinicky
zvétralé (pevnost R4-R6, 0,5 - 25 MPa), misty az zcela zvétralé (na jil pevné
konzistence). Puklinova propustnost proménlivé intenzity, pfevazné mala.
Zatfidénf: K: R2-R3, W2-W3, D3-D4 B: R4-R6, W4-W5, D5-D6

Tézitelnost: 5. - 6. tfida (vyjime&né 7. tiida)

QTS: <30 - 45 NRTM: pfevazné tfida 5a1

Geotechnicky typ: SKZZ

Skalecké souvrstvi - petrografické sloZeni a vrstevnatost jsou stejné jako u
zdkladniho gt typu SK. Rozhoduijici pro zafazent je velmi intenzivni porugeni
horninového masivu G&inky fosilniho zvétravani. U kfemencl a piskovcl je
stfedni az silné (W3-W4), pokles pevnosti na R4-R5 (1,5 - 15 MPa, misty je
R3, 15 - 40 MPa). Vlozky bfidlic jsou zcela zvétralé (W5) az rozloZené na
kaolinicky jil pevné konzistence. Puklinova propustnost proménlivé intenzity,
pfevazné mald az velmi mala.

Zatfidéni: K: R4-R5, W4, D3-D4 B: zemina pevna, W5 aZ zemina
TéZitelnost: 5. tfida QTS: < 30 NRTM: tfida 5al - 5a2

Geotechnicky typ: SB
Skalecka facie dobrotivskych vrstev ve vyvoji laminovanych bfidlic,
Rytmicky se stffdaji tenké vrstvi¢ky a laminy mocnosti 2 - 10 - 20 mm (max.
50 mm) prachoveé bfidlice, prachovito-pis¢ité bfidlice, jilové bfidlice a pis-
kovce - podil tvofi 85 + 10 %. Nepravidelné se vyskytuji vrstvy piskovce
nebo i kfemence o mocnosti 50 - 300 mm (vyjimeéné& az 500 mm), Pevnost
horniny je proménliva, pfevlada tfida R3-R4 (10 - 50 MPa), vyjimecné az R3
(50 - 100 MPa). Odlugné plochy vrstevnatosti maji hustotu pfevazné D4 (60 -
200 mm), ojedinéle D5 nebo i D3, rozpukani je hustoty D3-D4, podet sys-
tém diskontinuit 1 + 2. Zakladni gt typ SB tvofi horninovy masiv neporuseny
ucinky fosilntho zvétravani (W1, resp. A1), Vrstevnatost pfevlada sméru
vychod - zdpad (odchylky + 30°), sklon je strmy 756 £ 10° k jihu,
Puklinova propustnost variabilni intenzity.
Zatfidéni: R3-R4, W1, D3-D4

QTS: 35-50

Tézitelnost: 5. tiida, £4st. aZ 6. tfida NRTM: tfida 4 - 5a1l

Cenomanian) in various degree of diagenetic solidification. Semi-rock to
rock - variable strength: prevailing R3-R4, 5-25 Mpa, exceptionally to 40
Mpa, locally layers with strength 1 - 5 Mpa only. Three running systems of
discontinuities - 1 sub-horizontal (bedding, a dip angle of 3 - 5° towards the
east) - 2 sub-vertical (a dip angle of 90 + 15°), The density of discontinuities
- D1-D2 prevail (0.6 - 2.5m). Rectangular jointing. Strong fissure permeabili-

ty V4-V5.
Classification: R4-R3, W1, D1-D2 Excavation class: 5 (6)
QTS: 45 - 60 NATM: class 3 - 4

Geotechnical type: KCJ

Basal Cenomanian sediments - very variable grain-size composition: gravel
with an admixture of clay, clay with an admixture of gravel - clays of solid
consistency. Variable thickness within a range of 1.5 + 1.0m. It is a matter of
diagenetically unconsolidated grounds. Crack porosity - very little perme-
able to technically impermeable grounds.

Classification: G2 (GP), G5 (GC), F8 (C + G)

Excavation class: 4 - 5

Geotechnical type: SK
Series of strata of the Skalka facies with prevailing sandstones (K) and minor
strata of shales (B). The share of thick-bedded quartzites and quartziferous
sandstones is of 80 + 10%, thickness of layers is of 100 - 600 mm, strength
R2 to R1 (70 - 150 Mpa, max. 180 Mpa), fracturing by 1 + 2 systems - den-
sity D3 (to D4). Inter-layered, rhythmically repeating layers and laminas cre-
ated by clayey to silty shales (locally claystones), a share of 20 + 10%,
thickness of layers of 5 - 150 mm (exceptionally more), strength R3-R4 (10 -
50 Mpa), intensity of fracturing D4-D6. Prevailing east - west direction of
bedding (deviations + 30°), steep dip angle of 75 + 10°towards the south.
The basic SK gt type forms a rock mass undisturbed by the effects of fossil
weathering (W1, or A1). Fissure permeability of a variable intensity.
Classification: K: R2-R1, W1, D3-D4 B: R3-R4, W1, D4-D6
Excavation class: 6 (partially even class 7)
QTS: 35 - 50 NATM class: 4 - bal
Geotechnical type: SKZ

Series of strata of the Skalka quartzites - petrographical composition and
bedding are identical as at the basic gt type SK. Deciding for the classifica-
tion are the effects of fossil weathering, which is medium for sandstones
(reduction of strength to R2-R3 (25 - 100 Mpa). The shales are heavily
weathered, partially in a kaolinic way (strength R4-R6, 0.5 - 25 Mpa), locally
totally weathered (into clay of solid consistency). Fissure permeability of a
variable intensity, mostly low.

Classification: K: R2-R3, W2-W3, D3-D4
Excavation class: 5 - 6 (exceptionally even 7)
QTS: < 30- 45

Geotechnical type: SKZZ
The Skalka series of strata - petrographical composition and bedding are
identical as at the basic gt type SK. Deciding for the classification is a very
intensive fracturing of the massif by the effects of fossil weathering. It is
medium to strong for quartzites and sandstones (W3-W4), reduction of
strength to R3-R5 (1.5 - 15 Mpa, locally for R3 15 - 40 Mpa). Interbeds of
shales are totally weathered (W5) to decomposed to kaolinic clay of solid
consistency. Fissure permeability of variable intensity, mostly low to very
low.

Classification: K: R4-R5, W4, D3-D4
Excavation class: &

QTS: < 30

B: R4-R6, W4-W5, D5-D6

NATM class 5at prevails

B: solid ground, W5 to ground
NATM class: 5at - 5a2

Geotechnical type: SB

The Skalka facies of the Dobrotivy strata in the development of laminated
shales. Thin measures and laminas 2 - 10 - 20mm thick rhythmically alter-
nate with silty shales, silty-sandy shales, clayey shales and sands - their
share amounts to 85 + 10%. Sandstone or quartzite layers 50 - 300mm thick
(exceptionally even up to 500mm) occur irregularly. The rock strength is
variable, the class R3-R4 (10 - 50 Mpa) prevails, R3 (50 - 100 Mpa) occurs
exceptionally. The D4 (60 - 200mm) density of planes of bedding separation
prevails, sporadically D5 or even D3, the density of fracturing is D3-D4, the
number of discontinuity systems is 1 + 2. The basic SB gt type creates a
rock mass undisturbed by the effects of fossil weathering (W1, or A1). The
east - west direction of bedding prevails (deviations + 30°), the dip angle
is steep, 75 + 10° towards the south. Fissure permeability of a variable

intensity.
Classification: R3 - R4, W1, D3-D4 Excavation class: 5, partially up to 6
QTS: 35-50 NATM class: 4 - 5a1

Geotechnical type: SBZ

Series of strata of laminated shales, identical composition as the SB gt type.
Deciding for classification is fracturing by the effects of fossil Pre-
Cretaceous weathering, which is heavy to very heavy (W3-W5), Strength is
reduced to 0.5 - 15 Mpa, the layers of clayey shale are often decomposed to
kaolinic clay of solid consistency. Fissure permeability of a variable intensity
- mostly low.
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Geotechnicky typ: SBZ

Souvrstvi laminoyanych bfidlic, stejného sloZeni jako gl typ SB. Pro zafazeni
je rozhoduijici poru$eni G&inky fosilniho pfedkfidového zvétravani, kieré je
stfedni aZ velmi silné (W3-W5). Pevnost klesa na 0,5 - 15 MPa, vrsivy jllove
bfidlice jsou ¢asto rozlozené na kaolinicky jil pevné konzistence. Puklinova
propustnost variabilni intenzity - pfevaZne mala.
Zalfidéni: R4-R6 (aZ pevna zemina), W3-W5, D4
TézZilelnost: 5., Gastecné az 4. tfida  QTS: < 30 (35) NRTM: tfida 5al
Geotechnicky typ: SBZZ

Souvrstvl laminovanych biidlic, stejného slozenl jako gt typ SB. Rozhodujici
je velmi silné porudeni aZ Upiné rozloZeni horniny UCinky fosilniho predkii-
dového zvétravanl (W5 aZ zemina). Hornina je rozloZena z velké ¢asti na
kaolinicky |II pevné konzistence se stilpky biidlic, misty se vyskyluji partie
tvofené 50 - 90 % kiehkych stiipkl a dlomk( bfidlice s pfimes! jllu,
Diskontinuity jsou setfené a neuplatiiuji se, ale tvoll misty predisponované
smykové plochy. Puklinova propustnost variabilni inlenzity - pfevazné mald
aZz velmi mala.

Zatfid&ni: zemina pevna (az R5), W5

Classification: R4-R6 (sven solid ground), W3-Wb, D4
Excavation class: 5, partially even 4

QTS: < 30 (35) NATM class. ba1

Geotechnical type: SBZZ

Series of strata of laminated shales, identical composition as the SB gt type.
Deciding is very heavy fracturing up to total decomposition of the rock by
the effects of fossil Pre-Cretaceous weathering (W5 to ground). A great part
of the rock is decomposed to kaolinic clay of solid consistency, with frag-
ments of shales, locally parts consisting of 50 - 90% of britile shale frag-
ments with an addition of clay occur. Discontinuities are obscure and do not
apply, but locally they create pre-disposed slickensides. Fissure permeabi-
lity of a variable intensity - mostly low to very low.

Classification: solid ground (to R5), Wb

Excavation class: 4 - 5

Tézitelnost: 4. - 5. tfida QTS: < 30 NRTM: ttida 5a1 az 5a2 QTS: < 30 NATM class: bat to 5a2
Geotechnické charakteristiky horninového masivu
Geotechnical characteristics of the rock mass
Geotechnicky typ
Geotechnical type
Charakteristika
Characteristics
SKzz SKZ SK
Intenzita zvétrani . . . .
Weathering intensity Oy s 8 57 F8 -1 £ 28 E
e ceiest R PK:4-5 Bi6-z PK:3-2 B:5-6 PK:2-1 B3
strenght class X ) ) ’ ’ ’ ’
Pevnost v tlaku . . . . . .
compressive strenght (Mpa) PK:2-25 B:zp PK:20-80 B:05-5 PK:70-180 B:10-50
Podet systémU diskontinuit . ) .
Number of discontinuity systems iy PR <+ P82 A8 52
Hustota diskontinuit . . .
Density of discontinuities Dx A E=4 B = AS &=
Tézitelnost - tfida
Excavation class 3 9=0 6.-7
Objemova hmotnost e
Mass by volume kN m 21-24 24-25 25-26
Pevnost ve smyku . 14 -18° 16°- 22° 24 - 30°
(oslabené plochy) ¢
Shearing strength
(of a weakened plane) ce (kPa) 20-40 20-80 60 - 200
o . kolmo/perpendic. (100) 200 - 300 (200) 400 - 600 > 800 - 1500
Modul pfetvarnosti E«r(Mpa)
Modulus of deformation
rovnob./parallel > 400 - 1000 > 600 - 2000 > 2000 - 5000
QTS <30 < 30-45 35-50
Trida NRTM
NATM ciass 5al 5a1-5a2 4 - 5a1l
PK piskovec, kfemenec PK sandstone, quartzite
B bfidlice B shale
z zemina z soil
8] . pevna konzistence P solid consistency
kolmo kolmo na vrstvy perpendic perpendicular to layers
rovnob, rovnobézné s vrstvami parallel parallel with layers
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__KOLEJOVY SVRSEK
A PRIVODNI KOLEJNICE V TUNELECH METRA

TRACKWORK AND CONDUCTOR RAIL
IN TUNNELS OF THE METRO

ING. PETR DEDIC, ING. JAN LACINA, METROPROJEKT PRAHA, a. s.

'Co v8echno je v tom temném tunelu?" Ano, dnes jiZ v labyrintu tuneld, které
vytvofily v minulém stoleti sit prazského metra. Takové otazky mozna
vytanou v mysli nékterych lidi, kdyZ &ekaji trochu déle, snad v nedéli, na
nastupisti ohrani¢eném dvéma oponami utkanymi ze tmy.

Pres historii prostupujict jiz tfi stoleti nesetkali jsme se v podzemi, coby pod-
nikatelé stfedoevropského formatu, s takovym pfekvapenim jako tunelafi
v New Yorku v roce 1912,

Na podzemnf drahu v Praze si toliz zacali myslet jiZ v pfedminulém stoleti.
Podnikatel Rott dal tuto my8$lenku na papir svého podnétu méstskému
Magistratu v r.1898. Ve 20. letech minulého stoleti vznikly prvni pfedstavy
a studie. Ve 30. letech byly jiz sou¢4sti dopravniho programu Velké Prahy.
V 1.1966 se zatalo s vystavbou podpovrchové tramvaje. V r.1968 bylo na
podkladé zahrani¢nich expertiz ze Sovétského svazu, Némecka a Svédska
rozhodnuto o zméné. Budovat stavbu s prijezdnym prifezem pro vedeni
metra a doprovodné technologie. Firmou Vagonka TATRA byla vyvinuta
a zkoudena vlakova souprava R1. Na jeji zatéZové parametry byl dimen-
zovan most pfes Nuselské adoll. Do$lo viak k dalsf zmé&né. Byly pievzaty
vozové soupravy E¢s ze Sovétského svazu, ale s v&t8f hmotnosti. Proto se
tubus Nuselského mostu doplrioval o roznadeci roét pod kolejovou drahu.
Hodné se pfemy$lelo a pfemy3li a pracovalo a pracuje na metru dodnes.
K ni¢emu hotovému jsme zatim v podzemi nepfisli.

Pfesto dochazi na nékterych néstupistich k jevim, které zplsobuji, zfejme
na pozadi pravidelnosti provozu, nejistotu. "Slysel jsem pfijizdgjici vlak, uz
jsem vid8l i svétla, ale nékam zmizel." Ne, neslo o néjaky jev, pozorovany
autorem science-fiction v podzemni draze "M&bius" p¥i rozvijeni topologic-
kych dvah. Ten Clovék jen neodolal pohlédnout za jizni oponu stanice
l. P. Pavlova. Slo nejspi§e o sluzebni jizdu vlaku z trasy C na trasu A spoj-
kou C-A. Tyto jevy umozZriuje kolejova draha s dalkové oviadanymi vyhyb-
kami.

"To se v takovém labyrintu pod Prahou tedy nenajde nic tajemného?" Snad
pfece. Ale cestujicl vefejnost je o to odizena. KdyZ se jede na trase A ze
stanice Skalka do stanice Stradnicka, tak pfed strojvedoucim na chvili koleje
skon¢f a ty pokracujicl v ddlce jakoby uskakujf stranou. K tomuto perspek-
tivnimu obrazu doch4zi pfi urgité kombinaci smérového a vyskového oblouku
koleje. Nejde o zadnou technickou zavadu. Legislativné je téZ ve v porad-
ku. Na plynulosti jizdy se nic neprojevuje. PFi navrhovanf silnic se tato kom-
binace nedoporuguje z estetickych divodd.

"Jezdime po tom 20 hodin denné uz desftky let. Je to bezpe&né?* Pro povr-
chové Useky a trasu |.C, |.A a ¢ast Il.A byla pfevzata konstrukce dlouhodobé
provéfena v husté domaci Zeleznigni siti. Tedy kolejovy roét tvofeny kolej-
nicemi na prazcich. Kolejnice tvaru S 49 je z vakuované oceli pro napéti 950
MPa s rozchodem 1435 mm. Kolejnice jsou v tunelech pribgzng svareny.
(Po cca 180 m jsou pro funkci zabezpecovaciho zafizeni opatieny izolo-
vanym stykem, ale bez povahy dilataéniho styku.) Miuvime proto o bez-
stykové koleji. PraZce jsou dfevéné. Kolejnice jsou upevnény na ocelovych
Zebrovych, klinovych (se sklonem ulozné plochy kolejnice 1:20) podklad-
nicich specialnimi §rouby s tuhymi svérkami. Tento typ upevnéni je znam
pod oznacenim "K". Podkladnice, podloZené polyetylénovou podlozkou, jsou
upevnény k prazclm &tyfmi vrtulemi. Pruznost uzlu zajistuje pryZova
podloZka pod kolejnici a pruzné krouzky na $roubech a vrtulich.

Kolejovy rost byl v tunelech smontovan, smérové a vyskové zafixovan a pod-
lit betonem. V ose koleje byl zfizen kapacitni odvodfiovaci zlab. Jeho
hloubku si vynutil pritoény priifez pod prazci. Ve stanicich k tomu pfibyl
bezpeénostni pozadavek. TotiZ Utogisté pro osoby, které by spadly do kole-
jisté. Proto vidime u nastupi$t v misté odvodriovaciho Zlabu praZce
profezané (fika se jim kratéata). Viz obr. 1.

* Tehdy pfi vystavbé metra narazili na jiZ hotovou stanici, dokonce s vozem stojicim
na kolejich. Slo 0 95m dlouhou linku, ve které byl viiz pro 22 cestujicich. Je zajimavé,
Ze byl tlaCen, resp. san, rychlosti 10km.h" velkym ventildtorem ve vyklenku ne jed-
nom konci tunelu. Linka byla otevfena r.1870, Panika na burze 1873 viak vedla k jeji-
mu uzavieni a zapomenuti na téméf 40let. Stanice se stala sou¢édsti dnesni stanice
City Hall v centru Manhattanu ).

‘What for strange things are there in that dark tunnel?* Well, today it already
is in a labyrinth of tunnels, which created the network of the Prague Metro in
the past century. Such questions may cross the mind of some people waiting
a little bit longer, may be on Sunday, on a platform delimited by two curtains
of the darkness al the station ends.

Despite our history lasting already for three centuries, we have not, as entre-
preneurs of a Central European caliber, met such a surprise in the under-
ground as tunnelers in New York in 1912*,

The idea of an underground railway became a subject of consideration as
early as in the cenltury before last. Mr. Rott, entreprensur, put this idea down
and sent it as an impulse to the Prague City Hall in 1898. First concepts and
studies originated in the twenties of the past century. They became a part of
the traffic planning of the Cily of Greater Prague in the thirties. The con-
struction of a subsurface tramline started in 1966. In 1969, it was decided,
on the basis of foreign expert opinions from the Soviet Union, Germany and
Sweden, on a change, i.e. on development of a structure with a traffic clear-
ance suitable for metro and related technologies. Vagonka TATRA company
developed and tested a train R1. The bridge over Nusle Valley was designed
to bear the loading by this train. Then another change occurred. Trains Ecs,
manulactured in the Soviet Union, were taken over. Their weight was higher.
Whal followed? A load disiribution grid was added inside the bridge lube.
There was lols of thinking then, and there is lots of thinking and working on
the melro nowadays too. Nothing finished or completed has been given lo us
without our struggling.

Despite that fact, strange phenomena can be seen on some platforms, which
cause, probably because of regularity of the operation, a feeling of uncer-
tainty. "l could hear the train coming, | could even see its lamps, but it dis-
appeared somewhere.” No, it was not an occurrence observed by an author
of science fiction in the "Mébius® subway when developing topolegical con-
siderations. That man only could not resist the ltemptation to look behind the
southern “curtain® at the end of the |.P.Paviova slation. He must have seen a
service trip of a train swerving from the line C to the line A via the C-A con-
nection. Such occurrences are possible thanks to the remotely controlled
switches on the track.

‘Does it mean that nothing mysterious can be found in such the labyrinth
under Prague?" Something could be found. But the travelling public is done
out of that. When an engineer drives the train along the line A from the
Skalka to Slrasnicka station, the track ahead ends for a moment, and the
track continuing afar is seemingly shifted aside. This perspective picture
can be seen at a certain combination of the horizontal and vertical track
curve. It is no technical defect. From the legislative aspect, it is also correct.
Nothing affects the fluency of riding. Although, for aesthetic reasons, such a
combination is not recommended for a design of roads.

‘We have been passing through it 20 hours a day for tens of years. Is it
safe?" The track structure design, which had been tested for long years in
the dense network of domestic railroads, was taken over for at-grade sec-
tions and the line I.C, I.A and a part of Il.A. The structure consists of rails on
sleepers. The rails of S 49 cross section are made of vacuum steel for the
stress of 950Mpa, the track gauge is of 1,435mm. Rails in tunnels are con-
tinuously welded. (They are equipped with an insulated joint assembly every
180m, Those joints do not have the character of an expansion joint). For that
reason we speak about a continuously welded rail.

Sleepers are made of timber. Rails are fixed on steel, ribbed, canted tie-
plates (with the cant of the rail bearing surface of 1:20) by specialist bolts
with tough sleeper clips. This type of fixation is known as the type ‘K" The
lie-plates, supported by a polyethylene pad, are fastened lo sleepers by
four eoach-screws. Resilience of this node is ensured by a rubber pad under
the rail and spring collars on the bolls and coach-screws.

The rail grid (rails + sleepers) was assembled, fixed in the line and level in
tunnels, and concrete was poured underneath. A capacity drainage channel
was built on the rail axis. The area of the stream section under sleepers gave

* They encountered then, during a metro construction works, an already completed
station, even with a carriage standing on the rail. It was a 95m-long line containing a
carriage for 22 passengers. It is interesting that it was pushed or sucked al a speed
of 10km.h-1 by a big fan installed in a recess at one end of the tunnel. The line had
opened in 1870. But the panic on the Stock Exchange in 1873 caused that it had
been closed and forgotten for nearly 40 years. The station became a part of the cur-
rent City Half Station in the Manhattan Downtown *).
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0d trasy ILA je jiz kalejovy rost upevnén na belonovych pasech bez prazci
(kromé& vyhybkového objektu za stanicl Zelivského), Upevnénl kolejnice
z0stava podkiadnicové, nepfimé. To znamend, Ze pala kolejnice je upevné-
na parem upeviiovadel k podkladnici a podkladnice je upevnéna jinymi
upeviovadly k betonové desce.

S bezprazcovym upevnénim se zagalo v 70. letech minulého stoleli. V té
dobé jiz ve svBté existovala fada lypd upeviiovacich sestav, neboli uzld,
kieré zistaly po odstranén( prazcl 2 tunelu. Nahrada pruznosti prazci ve
dtérku byla wvylvafena pryZovymi, korkopryZovymi a polyuretanovymi
podlozkami, svérkami s del$ pruZnostni drahou, jejich kombinaci a zdvo-
jovanim. Byla k pouZitl a vidéni upevnéni 182ka i lehka. K vidéni na viastnl oél
nedaleko od Prahy, na Zelezniénim zkusebnim okruhu u Velimi. Bylo k dis-
pozici i jejich vyhodnoceni Vyzkumnym Ustavem ZelezniCnim. K aplikaci na
prazském metru Dyla vybrana leh¢i a pottem prvki jednoduSsi sestava
upevnéni nizozemského typu, pouZitého v metru Rotlerdam. Potet soucastek
na jedné sestavé upevnéni - podkladnici byl 17 ks, (Pocel soutastek u &2-
kého upevnéni s podkladnici spotivajici na podkladnl desce byl 38 ks).
Zménu vSak pfedstavovalo lo, Ze nékleré kiiove soucastky originglu
(napf.pruzna svérka D.E. s dlouhym chodem z pérové oceli; kotevni §roub
M22 s piechodem na @ 27mm z oceli t.14 s kadmiovanym povrchem) byly
malerialové 1 funk&né nahrazovény, Nakonec byla celd sestava upevnéni
sloZena z 31 soucastek tuzemské vyroby.

Kolejnice spoivajici na ryhované, 5 mm Il., pryZové podioZce byla pfichyce-
na k zebrové, klinové podkladnici dvéma svérkovymi Srouby se dvéma tuhymi
sverkami, Nad svérkami byly osazeny pod maticemi trojité pruzné krouz-
ky. Podkladnice byla upevnéna k betonové desce dvéma ccelovymi kotevni-
mi Srouby proméru 24 mm, (.11 500 v zavrtech zalitych epoxidovou
pryskyfici. Na kotevnich Sroubech byly spiralové pruZiny dotazene maticl
s krylem. Podkladnice byly opatfeny dvéma otvary o priméru 40,8 mm, kieré
umozfiovaly osazeni excentr( pro doladénf rozchodu koleje v rozsahu = 8mm
k betonové desce. Pod podkladnici byla vioZena pryZové podiozka L.
15 mm.

V tunelu byly nejdfive ziizeny betonové pasy. Na nich byl smontovan kole-
jovy rodt s montaznimi sajmy (rozchodnicemi). Vyskové tolerance mezi
povrchem betonu & podlozkami pod podkladnicemi byly vyrovnany plast-
betonovymi polétari addélenymi od pryZové podlaZky pod podkladnici poly-
etyiénovou podlozkou. Viz obr. 2.

Ve fazi realizace ke zménam v systému ptibylo i zvétsovani tloustky tohoto
polétate, vyvolané tolerancemi povrchu betonove desky.

Gas prines! této kolejové draze riizné zkudenosti. Pro volbu této sestavy
miuvila na zadatku i skutednost, e sestava obstdla pli zatéZovani
tézkotonaznim vlakem s napravovym zatfZenim 22 tun i pti pomalych jizdach
obloukem s prevySenim, tedy s pfitizenim niZ&iho kolejnicového pasu.
N&kolik kotevnich &roubtl se ohnulo, Zadny nepraskl. Prekvapivé destruk-
tivngji se projevil intenzivni provoz metra s napravovym zatizenim 13 tun
(pouze pfi plné obsazenych vozech). Rada kotevnich §roubl z oceli tf. 11500
(ale i 12 050.6) praskla kiehkym lomem. Cetnost byla vyrazna ve smérovych
obloucich s polomérem blizicim se pfedpisy povolenému minimu 350 m.”
Co k tomu vedio?

Upevilovaci uzel se odvozoval od praZcového upevnéni a empiricky upravo-
val. Pro staticky a je$té Iépe dynamicky vypoCet nebyla k dispozici jedno-
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Obr. 1 Hloubena stanice
Fig. 1 Cut-and-cover station

its depth. A safety aspect was added in stations, i.e. a refuge in the channel
for persons who would fall down on the rail. This is why we can see the cen-
tral part of sleepers cut out along platforms (see Fig. 1 )-

Starting from the line Il.A, the rail grid is fixed on concrete strips withoul
sleepers (with an exception of a switching assembly behind the Zelivskeho
Station). The system of rail fixing indirectly on lie-plales is unchanged. This
means that the raif flange is fixed by means of a pair of fasteners (o the lie-
plate, and the tie-plale is fixed to the concrete slab by means of other fas-
teners.

The use of fastening without sleepers began in the seventies of the past cen-
tury. A series of fastening systems or nodes, which remained when sleepers
in tunnels had been abandoned, existed in the world at that time. The
resilience of sleepers embedded in gravel was replaced by rubber, cork-
rubber and polyurethane pads, sleeper clips with longer elasticity path, their
combination and doubling. Both heavy and light assemblies were available
and seen. They could be seen by own eyeball nat far from Prague, on the
Railroad Testing Ring near Velim. Their assessment performed by the
Railroad Research Institution was available. A lighter and because of the
number of elements simpler system, which had been used on the Rotterdam
Metro, was chosen for application on the Prague Metro. The number of parts
of one fastening assembly, i.e. parts for one lie-plate, was of 17. (The heavy
fastening assembly with the tie-plate resting on a bedding slab consisted of
38 parts). Although the change was represented by the fact that some key
parts of the original (e.g. the D.E. spring steel sleeper clips with long sliding
motion; the cadmium-plated steel grade 14 holding-down M22 bolt with a
transition to diameter of 27mm) were replaced in lerms of material and func-
tion. Eventually, the whole fastening assembly consisted of 31 parls of a
domeslic make.

The rail, resting on 5mm thick riffled rubber pad, was fixed to the ribbed,
canted tie-plate with lwo sleeper clip bolts with two rigid clips. Triple spring
collars were inserted above the sleeper clips, under the nuts. The tie-plate
was fastened to the concrete slab with two steel grade 11 500 holding-down
bolts 24mm in diameler, fixed in boreholes by epoxy resin. Spiral springs
tightened by a nut with a cap were on the holding-down holts. Tie-plates
were equipped with two holes 40.8mm in diameter, which made insertion of
eccentrics possible for adjustment of the track gauge within the range of
+8mm. A 15mm-thick rubber pad was inserted under the lie-plate.

Firsi, concrete strips were built in the tunnel. The rall grid with assembly
gauge bars was assembled on the strips then. The level lolerances between
the concrete surface and the pads under tie-plates were rectified by plastic
concrete cushions separated from the rubber pad under the lie-plate by a
polyethylene pad (see Fig.2).

In the realization phase, the system changes were extended due lo the
nacessity to increase the thickness of this cushion due o the deviations in
the levels of the concrete slab surface.

Various pieces of experience with this rail track were gained in the course of
time. At the beginning, the decision to choose this system was supported by
the fact that the system stood the testing by a heavy-tonnage train with axle
load of 22 tons even at slow riding along a superelevated curved track, i.e.
with superimposed load on the lower stretch of rails. Several holding-dovn
bolts bent, but nane of them was broken. Surprisingly, an intensive operation
of the metro with axle load of 13 tons (with fully occupied vehicles only)
showed more destructive. A number of helding-down bolts made of steel
grade 11 500 (but 12 050.6 too) suffered a brittle fracture. The frequency
was considerable al horizontal curves with diameter near the minimum of
350m, allowable according to regulations. What was the reason?
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Obr. 2 Razeny tunel z litinovych nebo Zelezobetonovych dilct
Fig. 2 Mined tunnel in cast-iron or RC segments
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zna&na a objektivni metodika. To se ukdzalo i ve chvili, kdy se do problému
vloZily védecké autority. Doporuceni ztuzit uzel upevnénim pomoci &tyf
kotevnich $roubl a zahustit pocet uzld se na zkuebnim Useku prokazalo
jako nevhodné.®

Védomi projektanta, Ze trajektorii masivni vodici sily je tfeba prodlouZit, tedy
zpruznit uzel, bylo podpofeno i redersi ze sovétskych zkusenosti v moskev-
ském metru.” Lavinovitému Idmani vrtuli v zabetonovanych praZcich ve
smérovych obloucich o polomérech mens$ich nez 400 m nezabréanilo ani
upevnéni podkladnice osmi vrtulemi.

Otazky a patrani vedou postupné& k uspokojivym odpovédim a cennym
zkuenostem. K t&m patfi i to, neslySet jen na otazku "Po &em to jezdime?" ,
ale chtit si v€as zodpoveédét i otdzku 'S &im po tom budeme jezdit?". Do této
doby nebyly k dispozici udaje o silovych ucincich vozu na kolejovou dréhu.
Teprve v disledku téchto poruch doslo k zevrubnému méfeni vodici sfly na
voze EGs v siti prazského metra.” To ukazalo, Ze jezdime s vozy opatfenymi
podvozky typu Minden Deutz, bezesporu vhodnymi pro sit metra, kopirujic
nadzemni ortogondlni uspofddani "street' a "avenue", tedy napf. pro zminény
New York. Yz dobfe sedf v kolejovém kandlu v pfimych Usecich. O to tuzsf
je priijezd smérovymi oblouky zvlasté pak malych polom&rd.

Problematika tématu kolo-kolejnice byla pak fedena volbou dvou typl
upevnovacich uzll pro bezprazcové upevnéni v hlavnich kolejich,

Pro pfimé Useky a poloméry obloukl > 600 m zistalo upevnéni se dvéma
kotevnimi Srouby. Jejich profil byl pod z4vitovou &asti (M24) zesilen na & 30
mm. Cennym pfispévkem bylo vyvinuti a Uspésné zavedeni do provozu
pruzné svérky Hr-2 z iniciativy DP-Metro sluzby tratové. Svérka z pasové
pérové oceli s tepelnym zu$lechténim je vyrdbéna tuzemskou fy IRBIS
PANDA s. r. 0. v Jihlavé. Na podkladnici tak vidime namisto dvou tuhych dvé
pruzné svérky. Viz obr.3, Pro poloméry obloukd < 600 m je upevnéni doplné-
né ocelolitinovou podkladni deskou. Jeji ukotveni zlistdva pomoci dvou
kotevnich $roubl M24 zesilenych pod zavitovou ¢asti na @ 30mm. Sroub je
z oceli tF.156260.6. Kolejnice je ke zkracené Zebrové, klinové podkiadnici
pfichycena dvéma pruznymi svérkami Skl-12, Mezi podkladnici a podkladni
deskou je pryZova podlozka tl.15 mm. Podkladnice je k podkladni desce
uchycena dvéma pruznymi svérkami Aekp. Obé svérky jsou od fy Vossloh.
Viz obr. 4.

Témto navrhim predchazela fada diskusf, studium pfistupu k upevriovacim
uzllim v zahrani¢f, zkousky a méfeni. Bylo vyuzito dobrych zkusenosti s pod-
kladni deskou v budapesiském metru, které ma shodné zatéZovaci pod-
minky dané rovnéz vozem E&s. Byl opustén psychologicky motivovany pfi-
stup, totiz ztuzovat upevriovaci uzel &i zahustovat uzly. Stalo se tak i v le-
gislativnim opatfen(.”

Tvorba sestavy upevnéni byla vZdy vysledkem tymové spoluprace, prvoiadeé
VUZ, CVUT, DP-hl. m. Prahy-GR, DP-Metro, IDS a Metroprojektu. Do projek-
tové dokumentace byly zafazovany vyhradné konstrukce schvalené.

Na novych vozech fady 41 (M1) - dodavanych konsorciem CKD, Adtranz,
Siemens je pouzito podvozku, jehoZ népravy jsou v samotném podvozku
uloZeny poddajnéji, coZ je pro prazské metro, kde navazuje takika jeden
oblouk na druhy, nezbytne.

Tak se postupem &asu pfizplsoboval systém kolejové drahy danému vozidlu
pohybujicimu se v nastoleném tvaru sité a ukdzal na nutné Upravy pfi jeho
rekonstrukcich a inovaci.

Rozhodné by bylo vlastenecké, le¢ ukvapené a neobjektivni Fict, ze upev-
nénf Rotterdam nenf nic moc a vliz E¢s je monstrum. Chybovali jsme my, ze
jsme si upevnéni furiantsky pfedélali a viz Iépe nevyzkouseli

Mnohé zistdva dobré pfi splnéni uréitych podminek. A tyto podminky se
stale méni. Kratké obdobi no&niho dopravniho klidu a nedostatek kvalifiko-
vanych pracovnikli ochotnych pracovat pouze v noci vold po bezidrzbové
konstrukci. Pouziti samojistnych matic na Sroubech je jen dil¢im krokem
v tomto narotném zadani. Upevitovacich uzld s téméf soudastmi je 2 960 na
1 km koleje. Sit prazského metra mé dnes 50 km dvoukolejné trati s 51 sta-
nicemi. To jsou, na vice nez 100 km koleji, miliony sou¢astek. Vhodné se jim
fikd drobné kolejivo. Provozovatel je rad za Zivotnost pryZovych podloZek,
které vymériuje spolu s ojetou kolejnici cca po 12 letech provozu. Ze souvis-
losti mGZeme lépe pochopit, pro¢ ve svété existuje hned fada firem, které se
dlouhodobé vénovaly pouze vyvijeni upeviovacich soustav (Pandrol,
Vossloh, STEDEF, resp. Sonneville). Né&které sestavy jsou vysledkem celo-
Zivotni prace Uzce specializovaného odbornika. Pravdou je, Ze i v jejich pfi-
padé nékdy ke kvalitativnimu skoku a k vtipnému zjednoduseni pfispéla
ndhoda. Vétsinou véak za vysledky, které obstoji v konkurenci, stojf setrvalé
Gsili a znaéné finanéni prostfedky vénované do zakladniho i aplikovaného
vyzkumu, vyvoje a do zkouSeni

K problematice kolo-kolejnice se dnes vazi i otdzky metalurgie vysoko-
pevnostnich kolejnic a vyhybkovych srdcovek, obrys hlavy kolejnice,
brougeni kolejnic, obrys okolku, mazani okolkd v obloucich atd.

Od trasy IIl.C jsou bezprazcovym upevnénim vybavovany i vyhybky.
Betonova deska je vodorovna, pficné nespddovana. Odvodnéni je vedeno
zakrytymi zldbky pfi sténach tunelu. Volba dilata¢nich spar v tunelové kon-
strukei je koordinovana s polohou vyhybek, specialné srdcovek. Pro vyhybky
v hlavnich kolejich v tunelech, zpravidla s polomérem 190 m, jsou podklad-
nice doplnéné podkladnimi deskami kotvenymi &tyfmi kotevnimi $rouby. Pro
piestavovani vymén se pfechazi od hakovych k ¢elistovym zavérim s odpo-
vidajicimi elektromotorickymi pfestavniky s dalkovym ovlddanim.

Vzhledem k zvinénému terénu mésta vystupuje nékde tubus metra na
povrch. Pak nejsme v tunelu, ale v uzavfeném mosté, nebo na estakadé.

The fastening node was derived from the fastening on sleepers and was
modified empirically. No explicit and objective methodology was available
then for static and, primarily, dynamic calculation. This fact emerged when
scientific authorities stepped in the problem. Their suggestion to make the
node more rigid by means of fixation with four holding-down bolts, and to
install additional nodes proved to be unsuitable at the trial section.

The awareness of the designer that the trajectory of the massive directing
force had to be extended, i.e, the node had to be made more elastic, was
also supported by a research of the Soviet experience of the Moscow metro.
Even the fixing with eight coach-screws did not prevent the avalanche-like
breaking of coach-screws in sleepers embedded in concrete in horizontal
curves with diameters under 400m from occurring.

Questions and searching lead, step by step, to satisfactory answers and
precious experience. A part of the experience is also to learn not to hear the
question "What do we ride on?", but also to wish to get a question answered
"what shall we use to drive on it?". Till then, no data on the effects of forces
exerted by the carriage on the rail track had been available, Only after those
failures was the directing force on the ECs carriage measured in detail with-
in the Prague Metro network ®. The measurement showed that we used car-
riages equipped with Minden Deutz type bogies, which were undoubtedly
suitable for a subway network copying a “street and avenue" atgrade ortho-
gonal arrangement, e.g. for the above mentioned New York. The carriage
sits well on the track in straight sections. So much the more tough is passing
through horizontal curves, especially the curves with small radii.

Then the issue of the wheel vs. rail topic was solved by a choice of two types
of fastening nodes for the sleeper-free fastening on main tracks.

For straight sections and radii of curves > 600m, the fastening system with
two holding-down bolts remained. Their diameter was enlarged to 30mm
under the threaded part (M24). The development and successful introduc-
tion of Hr-2 sleeper clip into operation, achieved thanks to the initiative of
DP-Metro track services, was a valuable contribution. The sleeper clip (raif
anchoring device), made of heat treated spring steel, is manufactured by a
domestic company IRBIS PANDA s. r. o. in Jihlava. Two spring steel sleeper
clips are mounted on the tie-plate instead of two rigid ones (see Fig. 3). For
curves radii £ 600 m, a cast steel tie-plate is added to the fastening assem-
bly. lts fastening remains to be done by means of two holding-down bolts
M24, expanding under the threaded part to the diameter of 30 mm. The bolt
is made of 15260.6 grade steel. The rail is fixed to the shortened ribbed,
canted tie-plate by two spring steel clips Ski-12. A 15 mm-thick rubber pad
is between the tie-plate and the bedding slab. The tie-plate is fixed to the
bedding slab by two Aekp spring steel clips. The both clips are supplied by
Vossloh Co. (see Fig. 4). These proposals were preceded by a series of dis-
cussions, a study of the attitude towards the fastening nodes adopted
abroad, tests and measurement. The good experience with the tie-plate on
the Budapest metro, operating under identical loading conditions also given
by the Es¢ carriage, was taken advantage of. The psychologically motivated
attitude of making the node more rigid or increasing the number of the nodes
was abandoned. The same also happened in a legislative measure

The development of the fastening system has always been a result of a team
cooperation, primarily of VUZ (the Research Insti{ute of Railways), CVUT (the
Czech Technical University), DP-hl. m. Prahy-GR (owner), DP-Metro (opera-
tor), IDS (overall consultant and site supervisor) and Metroprojekt (design-
ing consultant). Approved structures only were incorporated into the design
documentation.

For the new production line 41 (M1) of the carriages, supplied by the CKD,
Adtranz, Siemens consortium, an undercarriage is used, whose axles are
mounted in a separate undercarriage in a more flexible way. This is neces-
sary for the Prague Metro, where nearly everywhere one curve is followed by
another one.

By this way, by time, the trackwork system was accommodated to the given
vehicle moving along the given shape of the network, and pointed out adap-
tations of the vehicle to be made on the occasions of its reconstruction and
innovations.

Definitely, it would be pairiotic but hasty and untrue to say that the
Rotterdam fastening is not good and the ECs carriage is a monster. We made
mistakes by ourselves when we redesigned the fastening without better test-
ing of the carriage.

Many things remain to be good if certain conditions are met. Those condi-
tions permanently change. The short period of the traffic standstill at night
and the lack of qualified staff willing to work only at night call for a mainte-
nance-free structure. The use of self-locking nuts on bolts is a partial step
only in this demanding task. There are 2,960 fastening nodes with cca 30
parts per 1km of the track. Currently, the Prague Metro network has 50 km of
double-rail track with 51 stations. There are millions of parts on the over
100 km-long rail. They are appropriately called petty track fastenings in
Czech. The operator is grateful for the life length of rubber pads, which are
replaced together with worn-out rail roughly after 12 years of operation. We
can better understand from the context why a lot of companies exist in the
world, who have addressed themselves only to development of fastening
systems in the long run (Pandrol, Vossloh, STEDEF or Sonneville). Some sys-
tems are a result of a lifetime work of a narrowly specialized expert. It is true
even in their cases that sometimes a jump in the quality and a witty simplifi-
cation were partially a matter of a fortune. However, generally, the results
which stand the competition are paid for by permanent hard work and con-
siderable funds invested into the basic and applied research, development
and testing.

Today, the wheel vs. rail issue is associated with the issues of metallurgy of
high-strength rails and crossing frogs, contour of the top of rail, grinding of
rails, contour of the wheel flange, greasing of wheel flanges at curves efc
The system of fastening without sleepers has also been used on switches
since the time of construction of the line I11.C. The concrete slab is horizon-
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Na Nuselském mosté na trase C, dlouhém 485 m, je upevnénf kolejového
ro$tu na mostnicich z tvrdého dfeva, spoéivajicich na roznaSecim rostu. Ten
tvofi ocelové podélniky, vyndsené na predpjatou Zelezobetonovou komo-
rovou mostovku pfi¢niky. Kolej je v celé délce vybavena pojistnymi uhelniky.
Na koncich mostu jsou umisténa velka kolejova dilatacnf zafizenf (VKDZ).
Na trase V.B je mezi stanicemi Hlrka a Luziny ocelovy, proskleny most délky
375 m s ocelovou svafovanou komorovou mostovkou ovélného prifezu
s dvoukolejnym uspotfadanim. Jedno pevné lozisko je uprostied mostu o de-
viti polich, Most je v mezipfimé a protismérnych obloucich o polomérech
350 m s osovou vzdalenosti koleji 6,8 m. Mostovka je chranéna plastbeto-
novym natérem. Na ni je kolejovy rodt na dfevénych prazcich ve Stérkovém
lozi. Upevnéni kolejnic je pomoci Zebrovych, klinovych podkladnic, kotve-
nych &tyfmi vrtulemi. Konce mostu jsou opatfeny VKDZ. Na mosté jsou sva-
fené pojistné Uhelniky, u koncd, na délku 756 m stykované, u VKDZ dilatova-
né. Dilatace mostovky je pod pribéznym Stérkovym lozem pieklenuta ocelo-
vym plechem 1,12 mm. Vodivé propojené dilataéni styky svafené pfivodni
kolejnice jsou zde po 37.5 m. V misté dilataci je pfivodni kolejnice pferusena,
Na trase IV.B je pied koncovou stanici Cerny most Zelezobetonovy piedpialy
dvoukomorovy most (estakada) délky 488 m, obdéinikového prifezu,
s osovou vzdalenosti koleji 4,9 m. Most je dodate¢né oplastén na ovélny
prifez. Stény oplasténi jsou opatfeny okny. Jedno pevné loZisko je
uprostied mostu o 15 polich. Vana mostovky je opatfena dvouvrstvymi antivi-
braénimi rohoZzemi tl. 2x15 mm z recyklované pryZe pojené polyuretanem.
LoZna vrstva je me&k&l, horni vrstva, ve styku se $térkem, je tuz8i. Na dné
mostovky jsou zpfistupnény odvodiovade. Ve vané mostovky je kolejovy rost
na drevénych prazcich ve &térkovém lozi. Upevnéni kolejnic je pomoci
Zebrovych, klinovych podkladnic, kotvenych &tyfmi vrtulemi. V pfedmosti
i z&mosti jsou VKDZ. Pfechodové Useky, délky 20 m, v pfedmosti i zamosti,
jsou na prazcich ve térkovém lozi. Upevnéni je vybaveno pruznymi svérka-
mi Hr-2, distangnimi krouzky na vrtulich a dvéma & mm silnymi penefolovymi
podlozkami pod podkladnici, Na most& jsou rovnéz pribézné svafené pojist-
né uhelniky, dilatované u VKDZ, Dilatace mostovky je opatfena cely
z vyztuzenych ocelovych plechl tloustky 12 mm, kieré pferusuji Stérkove
loZe. Vodivé propojené dilatacni styky svafené pfivodni kolejnice jsou zde
po 37,5 m, V misté dilataci je pfivodnf kolejnice pferudena.

S konstrukei kolejového svréku Gzce souvisi konstrukce pfivodni (napéjeci)
kolejnice. Ta zajistuje nepietrzitou dodavku elektrické energie (stejnosmérny
proud o jmenovitém napéti 750 V) vlakovym soupravam, V Praze je
pouZivana konstrukce pro spodni odbér proudu. Cbrys prostoru pro kon-
strukci  piivodni  kolejnice je soutasti prijezdného prifezu, nebof
bezprostfedné souvisi s vozidlem.

Vzhledem k pouZiti sovéiskych vozl na prazském metru byly zakladni pod-
minky prostorového uspofadani i konstrukce prevzaty ze sovétskych meter.
Od pocatku realizace ptivodni kolejnice u nas v8ak byly v konstrukci vyuzity
polymerni hmoty se souborem retardaénich pifsad pro docileni stupné
hoflavosti minimalné B. Tyto umélé hmoty se pouzily napf. na vSechny druhy
krytl, drzaky krytd, ukongeni néjezdu vybénu. Téméf kazda nova aplikace
polymernich materiald si vyzadala vlastni vyvoj a zavedenf nebo zajisténi
vyroby novych prvkl

Navrzena konstrukce piivodni kolejnice je v zdsadé pouzivana doposud,
Byly provedeny pouze dil&l Gpravy v kotveni podpor souvisejici se zménou
konstrukce jizdnich kolejnic (prazcové, bezpraZcové upevnéni) a ve zpU-
sobu piipojeni trakénich kabell k ptivodni kolejnici.

Vlastni pitvodni kolejnice se vyrabl z oceli o nizkém obsahu uhliku, ve vyrob-
nich délkach zpravidla 12,5 m. Pro podzemni traté se svafuje do délek
100 m, pro povrchové Useky do délek max. 37,5 m. Tyto svafené dily jsou
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Obr. 3 Razeny tunel z litinovych nebo Zelezobetonovych dilci
Fig. 3 Mined tunnel in cast-iron or RC segments

tal, without any crossfall. Drainage is led through covered channels along
the tunnel walls. The choice of expansion joints in the tunnel structure is
coordinated with the location of switches, of frogs in the first place. For
switches on main tracks in tunnels, usually with the radius of 190m, base
plates anchored by four holding-down bolts are added to tie-plates. For
operation of switches, there is a tendency of transition from hook locks to
clamping locks, with corresponding remotely controlled electro-motor switch
operating apparatuses.

Because of the undulated morphology of the city, the metro tube emerges on
the surface in some places. Then we are not inside a tunnel but inside a box
girder bridge or on an elevated track.

Tn the box of the Nuselsky bridge on the line C, which is 485 m long, the rails
are fastened on hardwood bridge sleepers resting on a load aistributing
grid. This grid consists of steel slringers, which are born by cross beams
lransferring the load on the pre-stressed reinforced concrele through span.
The rail is equipped with guard angles. Mechanisms allowing enormous
expansion of rails (MAEER) are located al the ends of the bridge.

On the line V.B, between the Hurka and Luziny stations, there is a 375 m-
long, glazed, steel welded box girder bridge with an oval cross section of
the box, containing two rails. One fixed bearing is in the middle ol this 9-
span bridge. The bridge is located on a tangent track and reverse curves
with digimeters of 350 m, with the track center distance of 6.8 m. The through
span js protecled by polymer concrete coaling. The rail grid with timber
sleepers in gravel ballast lay on the through span. The rail fastening is by
means of ribbed, canted lie-plates anchored by four coach-screws. The
ends of the bridge are equipped with the MAEER. There are welded guard
angles on the bridge. They are jointed at the ends, along the lengths of 75 m,
and physically separated by expansion joints al the MAEER locations. The
through span expansion joint is bridged over by a 12mm-thick steel sheet
placed under the continuous trackbed. Bonded expansion joinis on the wel-
ded conductor rail are at intervals of 37.5 m. The conductor rail is also phy-
sically interrupted at the location of the bridge expansion joints (see Fig. 5).
On the line IV.B, just before the Cerny Most station, there is a 488m-long
reinforced concrete double-box bridge (a multi-span bridge) of a rectangu-
lar cross section, with the track center distance of 4,.9m. The bridge was
subsequently wrapped in an envelope changing its external cross section o
an oval. There are windows in the bridge side walls and the envelope. One
lixed bearing is in the middle of the 15-span bridge. The lower part of the
box girder is covered by double-layer anti-vibration mats with the thickness
of 2x15mm, made of recycled rubber with a polyurethane binder. The bed-
ding layer is softer while the top layer, which is on the contact wilh gravel, is
tougher. Al the bottom of the box girder there are drains made accessible.
Inside the box girder there is the rail grid with timber sleepers in gravel bal-
lasl, The rail fastening is by means of ribbed, canted tie-plates anchored by
four coach-screws. The MAEER are at the bridgehead and the bridge end
Transition sections 20m long at the bridgehead and the bridge end are on
sleepers in gravel ballast. The fastening is equipped with spring steel sleep-
er clips Hr-2, distance rings on coach-screws and two 5mm-thick penelol
pads under the tie-plate. Also the continuously welded guard angles are on
the bridge, with expansion joints at the MAEER. The bridge expansion joint
consists In armoring of the joining concrete structures with steel faces made
from stiffened steel sheets 12mm thick. Thus, the gravel ballast is interrupt-
ed at the joint location. There are electrically connected expansion joints of
the welded conductor rail at intervals of 37.5m there. The conductor rail is
interrupted at the bridge expansion joints.

The siructure of the conductor rail is closely connected with the history of
the trackwork structure. The conductor rail provides a continuous supply of
electric current (i.e. direct current with nominal voltage of 750V) to trains.
The conductor rail design with underside contact is used in Prague. Since it
is directly associated with the vehicle, the outline of the space for the con-
ductor rail structure is a part of the traffic clearance
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Obr. 4 Razeny tunel monoliticky s mezilehlou izolaci NRTM
Fig. 4 Mined tunnel monolitic, with intermediate insulation NATM
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v dilataénich stycich sespojkovany a vodivé propojeny. Pfivodni kolejnice je
zavésena do drzakd zatmelenych do izolator( osazenych na kaZdé konzole
(podpofe). Ty jsou v podélném sméru ve vzdélenosti cca 5,4 m. Konzola je
k prazclm pFipevnéna tfemi vrtulemi, k betonové desce (bezprazcové
upevnéni) pfes podkladnf plech tfemi kotevnimi §rouby. Seshora je chranéna
tuhym, elektricky nevodivym a tepelné odolnym krytem,

Pfivodni kolejnice se umisfuje na tzv. silnoproudé strand tunelu - zpravidla
vlevo ve sméru jizdy. Ve stanicich se z divodu bezpeénostnich pieklada na
stranu proti nastupisti. (Viz obr. 1 - 5).

V podélném sméru mize byt pfivodni kolejnice pferusena bud z divodd
mechanickych (to jsou napf. tratové zavéry, vyhybky, propojovaci §toly
tunell, zména polohy apod.), nebo elektrickych - zejména v mistech styku
dvou elektrickych usekl napdjenych riznymi napajeci. Mechanické déleni je
zpravidla provedeno jako délenf pfeklenutelné pies sbérade projizdéjiciho
vozidla. Konce pfivodni kolejnice jsou pak v misté pierugeni proudové
propojeny kabelovymi vodi¢i. Elektrické déleni je FeSeno jako déleni nepfe-
klenutelné pfes sbérace projizdéjictho vozidla a je i bez kabelového propo-
jenf.

V misté pferudenf je pfivodni kolejnice vzdy opatiena zkosenymi vybéhy,
které umoznuji najezd sbéradi vozidla.

Pro nové budovanou trasu [V.C je navrhovana - misto doposud pouZivané
ocelové - piivodni kolejnice hlinikova. Casteéné zvysené investitni naklady
na realizaci vlastni pfivodnf kolejnice jsou kompenzovany snizenymi néklady
na kabelovych rozvodech a jejl dal§i pfinos je ve sniZzenych provoznich na-
kladech (elektrické ztraty v hlinikové kolejnici &ini pouze necelych 40 % ztrat
v kolejnici ocelové).

Kdyz vlak zastavi, je vidét v tunelu mnoho zafizeni, Otdzka "Pro¢ neni vede-
no samostatnym servisnim tunelem?" nezni projektantovi kolejové drahy pfi-
jemné. Pri fadé plilezitost! si pfipadal s témi svymi kolejemi jako na milost
vzaty. Jako by $lo o boj o mfsto v obecnim kolektoru. Odpovéd je hlavng
v ekonomii. Proto se technologické tunely v prazském metru omezuji na
stanice. ProtoZe rozmisténi zafizenl v celém tunelovém prifezu se odviji od
smérového a vySkového vedeni trati, vaZe se nejzfetelngji k feseni kolejové
drahy. Tak je sou€asti pfipravy trasy a kolejového svréku i uréeni priijezd-
ného prlifezu metra. Od toho je moZné odvozovat prifez stavby véetng tvor-
by stavebnich toleranci atd. Je toho tedy v tom tunelu dost a dost.

'Pro€ nékdy na sebe padame, kdyZ vlak zastavi, nebo kdyZ je u stanice?"
Zastavenl mezi stanicemi je vyjime&nost v provozu a cestovni pohodii to
skuteéné na chvili pokazi, Je to zplsobeno pfevysenim koleje v oblouku,
kterym je naopak pfi pravidelném provozu zaji§téno, Ze projedeme ob-
loukem i bez drZenf a ani si to neuvédomujeme. Totiz pokud se nedivdme
skrze vlakovou soupravu. Potfebg jizdni pohody vychazi vstic pojeti CSN 73
6430 Geometrické usporadani koleji metra - Kolejovy svréek metra, z r.1997.
Hodnota pfevy$eni se jiZ navrhuje pro skutené dosahovanou rychlost jizdy
s cestujicimi,

U stanic byv4 zminéné padani dlsledkem toho, Ze vlak neni hmotnym
bodem. Prvni viiz opousti posledni oblouk - a jeho pfevyseni - tésné pred
stanici odpovidajicl rychlostl. Ov8em poslednf viiz opousti tentyZ oblouk jiz
dojezdovou rychlostl. Proto v n&m, jako stojici, pocitujeme na chvilicku
pfevy8eni nadbytetné. Naklanime se smérem ke stfedu oblouku.
(Vzddlenost mezi cestujicim na pfednf ploging prvniho vozu a zadni ploging
posledniho vozu je 90 m. Ale délka pfechodnice, ve které pti dojezdu do
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Because of the use of the Soviet carriages on the Prague metro, the princi-
pal conditions of the spatial arrangement and the structure were taken over
from Soviet metro lines.

Although, from the very beginning of the conductor rail realization in our
country, polymeric materials containing a set of retarding additives for
assurance of the combustibility category B as a minimum were used. For
example, those plastics were used for all kind of covers, holders of covers,
or ramps at the ends of the rail. Nearly each new application of the polymer-
ic materials required its own development and introduction or ensuring of
manufacture of new elements.

In principle, the designed conductor rail's structure has been used till now.
Partial madifications in the support brackets anchoring have been made
only, which were associaled with the change in the structure of running rails
(the fastening on sleepers or fastening without sleepers), and modifications
in the manner of lraction cables connection to the conductor rail

The conductor rail proper is made of low-carbon steel, generally in manufac-
turing lengths of 12.5m. The rail is welded into sections of 100m for under-
ground tracks, or maximally into sections 37.56m long for at-grade sections.
These welded sections are jointed at expansion joints by means of fish-
plates and connected electrically. The conductor rail is suspended in caps
cemenled into insulators installed on each bracket (i.e. support). The brack-
ets are installed at a spacing of about 5.4m in the longitudinal direction. The
bracket is fixed to the sleeper by three coach-screws. To the concrete slab
(fixation without sleepers), it is fixed by three holding-down bolts through a
bedding steel sheet. Its top is protected by rigid, electrically non-conduct-
ing and thermally resistant cover.

The conductor rail is installed on the so-called heavy-current side of a tun-
nel, generally on the left-hand side in the travel direction. For safety rea-
sons, it)is shifted to the side opposite to the platform at stations (see
Fig. 1- 5).

In the longitudinal direction, the conductor rail can be physically interrupted
either for mechanical reasons (e.g. at track terminations, swifches, cross-
galleries between tunnels, for a change in position etc.) or electrical rea-
sons, primarily at locations where two electrical sections supplied by differ-
ent feeders meet. Mechanical division is usually carried out as a division,
which can be bridged over via current collectors on a passing vehicle. The
conductor rail ends are electrically connected by cables at the location of
the division. The electrical division is designed as a division, which can not
be bridged over via the current collectors of the passing vehicle, and is not
equipped with the electrical connection.

At the point of the interruption, the conductor rail is always equipped with
scarves, which make the slipping of the current collector of the vehicle possible.
For the newly built fine IV.C, aluminum conductor rail is designed instead of
the steel rail used till now. The partially increased cost of the conductor rail
proper is compensated for by reduced cost of cable services. Another ben-
efit of the aluminum conductor rail is a reduced operational cost (power
losses in the Al rail hardly amount to 40% of the losses incurred with the
steel rail),

When the train stops, we can see lols of services. A question "Why are they
not led in a separate service tunnel?" does not sound agreeably to a design-
er of the railroad. He was feeling as being granted a pardon about his rails
on many occasions. As if it had been a struggle for a place in a public utility
tunnel. The answer is mainly in economy. For that reason, utifity tunnels are
restricted to the stations in the Prague metro. Since the layout of equipment
within the whole tunnel cross section is developed from the line and level
alignment of the track, it is most explicitly associaled with the design of the
rail track. Thus, determination of the metro clearance envelope is a part of
the route and lrackwork planning. The cross section of the structure can be
derived from that, including determination of structural tolerances etc. So
there are lots and lots of things in the tunnel.

‘Then, why do we fall on each other when he Irain is stopping or when it is at
a station?" Slopping between stations is an exception during operation, and
it really spoils the comfort of travelling for a while. This is due to the superal-
evation of the track at a curve, which, on the contrary, ensures that the train,
in regular operation, passes the curve withoul the need for passengers to be
holding. We do not realize this unless we are looking through the train, The
conceplion of the CSN 736430 standard *Geometrical arrangement of the
metro tracks - Metro Trackwork” from the year 1997 meets the reguirement of
the ftravelling comforl. The superelevation value is already designed for
acltually achieved speed of the travel with passengers.

At stations, the above mentioned falling is usually a result of the fact that the
train is nat a point particle. First carriage leaves the last curve and its super-
elevation jus! before the stalion, at a corresponding speed. But the last car-
riage already leaves the same curve at a coasting speed. Therefore, we, as
passengers, feel the superelevation as unnecessary. We recline towards the
curve center. (The distance between a passenger on the front platform of the
first carriage and the rear platform of the last carriage is of 90m. Bui fhe
length of the transition curve, through which the track superelevation sinks
when the lrain arrives to the station, is always shorter. When the train leaves
the station, the effect at the rear platform of the last carriage has the oppo-
site direction. If we aré slanding, we recline outside the curve because the
superelevation is insufficient for a while. For standing persons, this issue
can be only solved by holding in the vicinity of stations. But an intelligent
observer can find another solution. He will notice that it is valid even for the
96m-long train that the rear end of the frain passes curves loo fast.
Therefore, he stands on the front platform of the first carriage. However, this
is not always practical with respect lo the target of our fravel, i.e. lo the
place where we leave the platform. After all, we are in a hurry so much. This
was the reason why we decided on using the melro despite the fact that we,
as hipeds, shudder with the thought of entering the underground space.
Obviously, the best solution is to provide seating spaces for all passengers
travelling in the underground.
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stanice ubyva prevyseni koleje, je vzdy kratdl.) Pfi vyjezdu ze stanice je
piisobeni na zadni plo§ing posledntho vozu v opagném sméru. Stojime-li,
naklanime se vné z oblouku, protoze prevyseni je na chvilicku nedostate¢né.
Tento problém u stanic je pro stojici feSitelny pouze drZenim se. Bystry
pozorovatel viak nalezne jesté jiné fedeni. Postfehne, Ze i u 96 m dlouhého
vlaku platf fraze "ten zadek s nama ty zataéky vymetd". Postavi se tedy na
predni plodinu prvniho vozu. Ale to neni vZdy praktické vzhledem k cili nasi
cesly, totiz k mistu vystupu z nastupisté. Vzdyf tak spéchame. Proto jsme
také zvolili metro, i kdyZ se, coby dvounoZci, otfeseme pomy$lenim, Ze
ideme do podzemi. Jisté, nejlepsim feSenim je poskytnout véem cestujicim
v podzemi mista k sezen.

"A dd se to zafidit, aby v&ichni sed&li?" Ve $pitce asi tézko, nebot interval
pro naslednou jizdu dalsiho viaku nelze natolik vyrazné zkracovat. V 80.
a 90. letech minulého stoleti patfilo prazské metro k nejzatiZzengj$im na
svétd. Posuzovano z hlediska obsazenosti vozl, druhé po Tokiu, pfed tfetim
v Moskv&. Od tfivozové soupravy, se kterou byl zahajen provoz v r.1974, se
preslo v r.1975 na &tyfvozovou a v r.1979 na pétivozovou soupravu. Za
prvnich deset let provozu bylo pfepraveno ve 320 vozech 2,5 miliardy cestu-
jicich.” Pro kolejovou dréhu to pfedstavuje zatizeni |. Fadu.

"A tati, co vlastng déla ten hiuk a dunéni, kola, nebo koleje?" Koleje vypada-
ji pasivng a nevinné. Na ving zaénou byt, kdyZ se daji dohromady s vlakem.
Je pravda, Ze kdyby pred jeho koly uhnuly, tak by to tolik neskfipalo, hlavng
v téch obloucich. Ale zase by fintela rozbitd okna a kdyby jen okna.
Nesméijte se, koleje prosté koldm ustoupit nesméji. "To ale odporuje zasade
moudrej$i ustoupi." Spravné, malicko ustoupit musi, kvili pruznosti. Ale celé
se 1o do pofadku neda. Rozhodné se rozkiikne do okoli, Ze vlak jede.
A takové technické ostudé je tfeba spojenymi silami zamezit. "A proc je to
ostuda? J& bych byl rad, kdyby v nasf ulici bylo metro." Zrodila se &tyfia-
dvacetihodinova spole¢nost. D&la se na smény. A tak nékdo, kdo se vioni,
kdyz chodil na denni sménu, radoval, ze m& metro pod okny, je letos
neétastny, protoZe se po noni nemlze dobfe, v tichu vyspat.

Nejlépe je zamezit §ifeni hluku hned u zdroje. U podkladnicového upevnéni,
totiz v tomto uzlu, je to draha technickd hragka (napf. tzv. Kolinské vejce,
Megiflex, Centricon apod.). Jednodu&si zpfisob jsou napf. zminéné antivi-
bra¢ni rohoze ve tvaru vany pod §térkovym loZzem. Brani $ifeni zemniho
hluku, resp,vibracl. Byly pouZity na estakadé pfed stanici Cerny most.

Do shirky realizovanych projektd ndm chybi takova vana s antivibragnimi
rohozemi pod betonovou deskou (nejic¢inngjdi systém, zndmy jako FMS -
systém odpruzeni velkych hmot), Ve stanici Rajska zahrada a Cerny most
pro rohoze jiz nezbyly finanéni prostfedky. Ale jejich pouZiti se sleduje pro
trasu 1V.C.

Ve stanicich je mozné pfispét k odstranéni vzduiného hluku od rozkmitané
stojiny kolejnice obloZenim stojiny kolejnice pfilozkami z recyklované pryZe.
Mozné je téz feSeni bezpodkladnicovym, kontinudinim podeptenim kolejnic
pruznymi pasy z recyklované pryZe v uspofadani, ve kterém je kolejnice celé
zapu$téna v draZce betonového pasu a fixovana pruznou zélivkou. Tento
zplisob mame realizovan ve dvou variantach provedeni zatim zkusmo v hale
depa Kacterov, kde je zadoucf tzv. pfejezdovd Uprava koleje. Viz obr, 5
UZiti téchto novinek ve stanicich je snad véci budoucnosti. Cilové feSeni
"bezudrzbové technologie" kolejové dréhy a pohonu Ize spatfovat v bezpod-
kladnicovém upevnéni kolejnic, pokud kvalitativni skok neudél4 pro zménu
vozovy park tieba s linearnim motorem (s vyuzitim magnetické levitace),
nebo pohybem na vzduchovém pol$tafi (s vyuZitim aerodynamické levitace).
Prazské metro je v provozu od r, 1974, N&které Useky se proto jiZ rekonstru-
uji. Na vletce ze Zeleznitni stanice Kré do depa Kacerov, resp. zkuSebni
koleji, které spolu tvoti splitku, bylo pfi rekonstrukci uzito prazcl Zelezo-
betonovych namisto dievénych, Jsou vybaveny polyetylénovymi, odvodnitel-
nymi viozkami pro vrtule k uchycenf jfzdnich, resp. pfivodni kolgjnice pomoci
podkladnic, resp. podkladni desky.

Projekéné je prokdzana realnost vymény vyhybky na prazcich ve $térkovém
lo7i za bezprazcové upevnéni na betonové desce v tunelu, za provozu. Je to
ovéem mozné jen pfi pomalych jizdéach, které jsou pro mésto nosné pouze
o letnich prazdninach.

Ve stani¢nich tunelech energie nahromadéna intenzivnim provozem v za-
betonovanych kratéatech vedla nékdy k jejich uvolnéni. Spary kolem prazcl
byly proto v minulych letech zaplnény tmelem a praZzec zafixovén k betonu
svislou ocelovou kotvou

Co dale?

Ve snaze udglat néco s ucpanou méstskou dopravou je zadouci jit kolejovou
drahou vstiic daldim &ekajicim. Snad i tém, ktefi se rychlosti 900 km.h'
pfemistili od protinoZcl do Ruzyné a tak uz by radi byli i v Praze.
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"And can it be arranged for all passengers to be able to be sitting?”
Probably it is hardly possible at rush hours since the operating headway can
not be cut so much. In the eighties and nineties of the past century, the
Prague Metro was one of the most loaded in the world. Assessed according
to the occupation per vehicle, it was on the second place behind Tokyo,
ahead of the third one in Moscow. The operation of three-car trains, which
started in 1974, was changed to four-car units in 1975, and to five-car trains
in 1979. In the course of the initial ten years of the operation, 2.5 billion of
passengers were transported using 320 carriages. This represents a 1* rate
of loading for the railroad.

‘And daddy, what exactly causes that noise and rumbling? Is it wheels or
rails?" Rails look passively and innocently. They start to be blamable in com-
bination with the train. It is true that they would not squeal so much if they
got out of the way of the wheels, preferably at the curves. Although, broken
windows would clink then,and not only the windows. Don't laugh, simply, the
rails must not give way to wheels. "Bul this is inconsislent with the rule that
who is wiser gives way." Right, they must give way a lillle bit because of
flexibility. But this will not fix the things. Definitely, the news that the lrain is
moving gets aboul. Such a technical shame must be prevented jointly. "But
why is it the shame? | would be happy if we had the metro in our streel.” A
sociely busy for twenty-four hours has been born. Three shifts are worked.
Thus somehody, who was happy last year for having the metro just next o
his house when he worked day shifts, is unhappy this year because he can
not sleep well in silence after a night shift.

The best thing is to prevent the noise emission just at its source. It is quite
an expensive piece of technical work for the tie-plate using assembly (e.g.
so-called Kologne egg, Megiflex, Centricon etc.). A simpler solution consists
in the use of the above referred to anti-vibration mats moulded to the shape
of the trough under the gravel ballast. This prevents the ground noise or
vibrations from emitting. The mats were used on the bridge before the Cerny
Most station.

To have the collection of implemented solutions complete, we are still miss-
ing such a thing as a trough with anti-vibration mats under the concrete slab
(the most effective system, known as the FMS, i.e. the system of spring
mounting of large masses). Funds for the mat application were not left for
the Rajska Zahrada and Cerny Most stations. But its use is under considera-
tion for the line 1V.C.

For stations, it is possible to contribute to removal of the noise caused by
vibration of a rail web by cladding the web with cover plates made of recy-
cled rubber

Also the solution using tie-plate-free, continuous support of rails by resilient
sheets made of recycled rubber, with the whole rail embedded in a channel
in the concrete strip and fixed by an elastic compound is possible. Two
options of this system have already been applied, as a trial for the time
being, at the Kacerov depot, where so-called grade crossing design is
required (see Fig.5).

The use of those innovations at stations may be a matter of the future. The
target solution of the "'maintenance-free technology" of the railway and the
drive can be seen in the tie-plate-free fastening of rails, unless the qualita-
tive jump is made in the rolling stock development, e.g. trains equipped with
a linear engine (using magnetic levitation), or moving on air cushion (using
aerodynamic levitation).

The Prague Metro has been in service since 1974. Therefore, some sections
are being refurbished. Reinforced concrete sleepers were used instead of
timber sleepers on the refurbishment of the siding leading from the Kacerov
railroad station to the Kacerov depot and on the test rail track, which jointly
form a junction, The sleepers are equipped with polyethylene, drained
inserts for coach-screws for fastening of the running or conductor rails by
means of tie-plates or the base plate.

The feasibility of changing the switch on sleepers in gravel ballast for the
sleeper-free fixation on a concrete slab without any interruption to traffic has
been proved theoretically, by a design. Although, it can be done at a slow
train speed only, which is tolerable on summer holidays only.

Sometimes, in station tunnels, the energy accumulated due to the intensive
operation in headers (components of twin timber sleepers) embedded in
concrete caused their loosening. For that reason, the joints around the
sleepers were filled with a sealant, and the sleeper was fixed in the concrete
by means of a vertical steel anchor.

What next?

Trying to solve the jammed city traffic, it is advisable to head for the other
waiting participants of the traffic by constructing a new railway. Possibly
even those, who moved from antipodes to the Ruzyne international airport at
a speed of 900km.™', and wish so much to be in Prague.
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HISTORIE A MODERNI TRENDY V NAVRHU
PRIVODNI KOLEJNICE METRA

HISTORY AND MODERN TRENDS IN DESIGNING
OF CONDUCTOR RAIL SYSTEM OF MRT

ING. JAROMIR ZLAMAL, POHL CZ, a. s.

1. UvoD

Termin ‘pfivodni (proudova) kolejnice” je v tomto &lanku pouzit pro kolejnici s kladnym poten-
cidlem, kterd rozvadi trakéni proud. Privodni (proudova) kelejnice je vedena na izolatorech
umisténych podél kolejového svrdku, kleré jsou osazeny bud pro horni kontakt, nebo pro
spodni kontakl sbérale, kiery je pfitlaéovan na povrch napdjeci kolejnice. Tento systém vede
stejnosmérné napéli GBD}?SD}BES V z trakénich méniren ke sbératim na vozidle. Obvykle
byvé pouzit systém s tfemi kolejnicemi, obr. 1., ale dfive byl také pouzivan systém se &tyimi
kolejnicemi, obr. 2.

Systém pfivodni kolejnice zahruje vechno nezbytné pfisludenstvi pro spojovani, izolaci
a podepteni koleji. Pfivodni kolejnice jsou vyrobeny z oceli o nizkém obsahu uhliku nebo
z kompozitu hlintku a nerezové oceli. Konzolova opéra je obvykle ocelovd, ale nékdy je
vyrobena z polyesteru vyztuzeného vlkny a udrZuje polohu izoldtoru, ktery podpira privodni
kolejnici vaci tratovému svrdku. Opéra privodni kolejnice musf pfenést viechna staticka
a dynamickd zatizeni a pfivodni kolejnice musi byt uchycena tak, Ze jeji délkové zmény
v dusledku zmény teplot mohou byt snadno vyrovnany. Névrh konzolové opéry musf byt
takovy, aby jeji vodorovné a svislé sefizeni mohlo byt snadno provedeno na stavbé.

2. PRIVODNi KOLEJNICE - MATERIALY A TVARY

2.1. Ocelov4 piivodn( kolejnice

Privodni kolejnice vyrabéné v Anglii jsou vyrobeny z oceli, kterd obsahuje 0,04 % uhliku
a ¢chromu, 0,36 % manganu a stopy kiemiku, obr. 3. Ocel pFivodni kolejnice pouZita v metru
v CR a Rusku je vyrobena z martinské oceli obsahujici 0,05 % uhliku, obr. 4. Takto navrzené
slozeni oceli zaru€uje vysokou elekirickou vodivost, ale obsah pouze desetiny objemu uhliku
ve srovndni z normalni oceli ji &inf extrémné mékkou a ma malou pevnosl. Nehledé na tylo
metalurgické odliSnosti, pfimost a pfesnost dimenai pfivodni kolejnice je dodrZena se stejnou
vyrobni presnosti jako u kolejnic pro kolejovy svrSek. Zatimco ocel s tak nizkym obsahem
uhliku neni tak kiehkd a néchying ke vrublm jake ocel pro kolejnice svisku, jeji mékkost
a nizka pevnost znamend, ze se s ni musi zachazet opatmé, Pfivodni kolejnice jsou valco-
vény o hmotnosti 51,7 - 74,4 kg/m a elektricky odpor pfi 15 °C je 14 miliohmG/km.

Kontakini sila sbérace na pfivodni kolejnici je 250 N a je predpokladana konstantni
a rovnomeérné rozloZena na kontakin plochu. Plivodni kolejnice mohou byt spojeny specidini-
mi spojkami piipevnénymi z hoku ke kolejnicim, kieré dosedaji ke kolejnicim mnohem 18snéji,
nez spojky kolejového svriku. Tam, kde jsou pouity spojky, je nuiné upevnit paskové nebo
splétané médéné spojky, které zajisti dobrou elekirickou vodivost spoje. Lisované nebo nylo-
vane napdjeci svorky jsou hydraulicky nalisovany do otvord vyvrlanych ve spodni pfirubé
kolejnice (Anglie). Alternativné je moiné pouZlt navafované napdjeci svorky. Pro homi kon-
takl shérace jsou svorky u piivodnich kelejnic umistény pod kolejnicl, svarky jsou pfivafeny
2e spodu k dolni paté kolejnice. PouZivani spojek privodni kelejnice se ale snaZime vyhnout,
kolejnice jsou svafovany tak dlouhé, jak jen lo je moZné.

2.2. PHvodn( kolejnice z kompozitu hlinfku a nerezové oceli

Ocelova piivodni kolejnice byla donedévna povazovana za nejelektivnsjsi a nejekonomictejsi
materidl pro velkd traktnl napéli Zeleznic, bez ohledu na jejf relativné vysoky elekiricky odpor
(14 miliohmi/km pifi piném opotfebeni) ve srovndni s ostatnimi éastmi trakéniho napéjeciho
systému. U piivedni kolejnice z kompozitu hliniku & nerezové ocell j& kombinovén nizky odpor
hliniku a odolnost proti oléru nerezové oceli, obr. 5

Tato pifvodni kolejnice je lehti a ma mensi pricny fez nez konventnl ocelova kolejnice, ale
pfesto je po dobu jeji Zivotnosti dostatetné odolnd proti mechanickému a elektrickému
poskozeni. Mechanické, elektrické a urychlené korozni testy a provozni zkousky zaruguii
provozni Zivotnost nad 45 rokl. Provozovatelé metra obvykle uvaZujf o dvou typech pfivodni
kolejnice z kompozitu hlinfku a nerezove oceli:

- Standardni vodivost {odpor 14 miliohmafkm) - kolejnice se stejnym odporem jako ma
ocelové kolejnice, montuje se tam, kde je zaménovan soutasny systém.

- Vysoka vodivost (odpor 6,7 miliohmifkm) - kolejnice s nizkym odporem umoZujici
navinnout lepsielekiricky systém a redukei meéniren zajisfujicich dodavku proudu.

Za dobu Zivotnosti musi piivodni kolejnice vydeZel 5x107 piejezdd sbérace, Kontaktni sila
shérade na piivodni kolejnici je 120 - 50 N'a je rovnomémé rozloZena na kontakinl plochu
Kolejnice jsou doddvény v déloe 15 aZ 18 melrd a na staveniéli jsou spojovdny hiinikovymi
spojkami pipevnéngmi Ctyimi nalisovangmi nyly s rybinovitjmi zafezy. Rozmér spojek
zajisfuje jak mechanické, tak elekirické propojeni. Piivadni Kolejnice s vysokou vodivosti ma
obvykle hmotnost 15,7 - 16,5 kg/m, jeji mala hmotnost ve srovnani s ocelovou piivodni kolej-
nicl umoziuje snadnéj$i manipulaci a instalaci & na stavbu je moZné kolejnice dopravovat
pomoci lehkych kolejovyeh vozikl. Vihoda pil viiméné pivodnl kolejnice z kompozitu hlintku
a nerezové oceli v rdmel Gdrzbovych pract je v tam, Ze dlouhd doba mezi vyménami kolejnice
sniduje naklady na Gdrzbuy,

3. OPERA PRiIVODNi KOLEJNICE

3.1. Technicky popis

Pro podepfeni pfivodni kolejnice jsou pouzivany tfi rizné kanstrukéni systémy, systém
s hornim kontaktem sbérace, obr. 6., s bo¢nim kontaktem sbérate, obr. 7., a systém se spod-
nim kontaktem shérace, obr. 8.

1. INTRODUCTION

The lerm ‘conductor rail* should in this paper be understood 1o refer to the positive conductor
rail which supplies (he Iraction current. The conductor rail syslem consist of fhe track side
insulator mounted either Top Contact or Underside (bottom) Coniact lype in which current-col-
lector shoes press onto conductor rail surface. This syslem conduct electrical energy at a
potential of 660/750/825 volt direct current (DC) from the lraction subsialion lo the fransif-vehi-
cle-mounted current-coffector shoes. There is usually used the Third Rail System Fig. 1, but
earlier the Fourth Rail System was also used Fig. 2.

The conductor rail system shall include all necessary accessories for joining, insulating, and
supporting the raifs. The conductor rails are made of low carbon steel or Aluminium-Stainfess
steel composite (ASC). The Conductor rail support {bracket) is usuaﬂr melallic but sometimes
is made of PE material and shall provide the fixing between the insulator supparting the con-
ductor rail and the Irack support system. The support assembly of conductor raif shall carry all
slatic and dynamic loads and conductor rail shall be supported so that changes in its length
due fo temperature effects can be readily accommodated. The design of the support assem-
bly shall be such that lateral and vertical adjustments can be easily carried out on site.

2. CONDUCTOR RAIL-MATERIALS AND SECTIONS

2.1. Steel Conductor Rails

In the UK the conductor rails are made of sleel containing 0.04 % carbon and chromium
respactively, 0,36% manganese and a trace of silicon Fig, 3. The steel conductor rail used in
MRT systems of the CR and Russia is made of Martin steel containing 0,05 % of carbon Fig. 4.
Such steel is designed to be of high efectrical conductivity, but containing as it does anly &
tenth of the carbon of normal rall steel, it is also extremaly soft, and of low strength. Apart from
this metailurgical difference; conductor ralls are made lo the standards of straightnass and
dimensional accuracy as the running raifs. Whilst such low carbon steel is not so britfle and
notch sensitive as rail steel, its sofiness and low strength imply thal it also needs to be han-
dled with care, Conductor rails are rolled to weights of 51,7 - 74,4 kg/m and the electrical
resistance at 15° C is 14 milliohms/km.

The contact force of the current-callector shoe is 250 N, which is supposed to be constant and
spread over llal conltact surface. The conductor raifs can be foined by fishplates of special
design lo fit in space belween the fishing surlaces, which are much closer together than those
on running rails. Where fishplates joinis are usad It is necessary to fit laminated or stranded
copper bonds to ensure good electrical continuily across the f'oa'm. In the pressed or riveted
lype of bond connection the lerminals are pressed hydraulically into holes drifled through the
boltom flange of the rail (UK). Alternatively welded bonds can be used, In top contael con-
ducler rail these are placed under the rail, the lerminal being welded to the underside of the
rail fool. However, the use of canduclor rail fishplates is to be avoided, the rails being welded
into as long lengths as possible.

2.2. Aluminium-Stainless Steel Composite Conductor Rails

Untif recently steel conductor rail has been the most economical and effective material for
heavy Iraction cutren! raflways despite its refatively high electrical resistance (14 milliohms/km
when fully worn) compared to the other components of the traclion current supply system. The
lower resistance of aluminium and the wear resislance of stainess steel have been combined
in the Aluminium Stainless Steel composite conductor rail Fig. 5.

This is lighter and smaller in cross-section than conventional steel conductor rail, yet it is
robust enough o resist mecharical and electrical damage during its service life. Mechanical,
electrical, and accelerated corrosion lests, and service Irials, indicale a service life in excess
of 45 years. Two sizes of ASC conductor rail are usually under consideration by MRT office;

- Standard conductivily (resistance 14 milliohms/km) - a rail with a resisiance similar fo slesl
conduclor rail for instatlation as a replacement on existing systems.

- High conduclivity (resistance 6,7 milliohms/km) - & rall with lower resistance, which enables
an improved eleclrificalion system design, and a reduction in the substations required for the
power supply.

The conduclor rail shall be capable of wilhstanding 5x 107 passes of the current-collector shoe
during its service life. The contact force of the current-collector shoe is 120-150 N spread over
a flal contact surface. The rails are supplied in 15-18 meters length and connecled on site by
aluminium fishpiales secured by four pre-tensioned huck-bolts. The fishplates are sized to
provide both the mechanical connection and electrical connaction. The high conductivity Sec-
lions usually weigh 15,7-16,5 kgim, & light woight compared fo steel, making handling and
installalion easier, and enabling the length of rail to be [ransported to site by light weight self
propelled rail vehicles. The ease with which ASC conductor rail may be removed and reinstat-
ed in associalion with track maintenance work is seen as making a long-term contribution fo
reducing maintenance costs.

3. CONDUCTOR RAIL SUPPORT ASSEMBLY

3.1, Characteristics

There are used {hree conslruction systems to suppart conduclor rails, the top contact conduc-
tor rails Fig. 6, side coniact conductor rail Fig, 7 and underside contact conductor rails Fig. 8.
The conductor rail supports were made of casl iron, Rectangular hollow sections (RHS), and
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Obr. 1 Systém se tfemi kolejnicemi
Fig. 1 Third Rail System
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Obr. 3 Privodni kolejnice Anglie
Fig. 3 The steel conductor rail of the UK
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Obr. 4 Pfivodni kolejnice CR a Ruska
Fig. 4 The steel conductor rail of the CR and Russia
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Obr. 1 Systém se Etyfmi kolejnicemi
Fig. 1 Fourth Rail System
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Obr. 5 PFivodni kolejnice z kompozitu hliniku a nerezové oceli
Fig. 5 The Aluminium - Stainless Steel Composite conductor rails
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Obr. 7 Pfivodni kolejnice boénim kontaktem
Fig. 7 The side contact conductor rail
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Obr. 6 Pfivodni kolejnice hornim kontaktem
Fig. 6 The top contact conductor rails

Opéry privodni kolejnice jsou vyrabény z litiny, acelovych véalcovanyeh profil a lirma REHAU
vyvinula konzolu, ktera je vyrobena z PE materialu. Ocelové soutstky jsou obvykle za tepla
galvanizovany. Opéra privodni kolejnice musf snést viechna statickd a dynamickd zatiZenl,
ktera se mohou na konstrukci vyskytnout. Opéra pitvodni kolejnice je navriena tak, aby ple-

CONDUCTOR RAIL SUPPORT BRACKET

company REHAU developed a system, which uses PE material, The steel components are usu-
ally hot-dip galvanised. The conduclor rail support will carry all sialic and dynamic loads,
which may occur in the system. The conductor rail suppor! insulator assembly is designed to
support the loads imposed at an insulator spacing, depending on the Irack curvalure, location
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Obr. 8 PFivodni kolejnice se spodnim kontaktem - ocelova konzola
Fig. 8 The underside contact condactor rail - steel bracket

nesla zatizeni odpovidajici vzdalenostem konzol, kfivosti obloukd, poloze a typu upevnéni
a snesla normalni statickd zatizenf (hmotnost) a statické sfly pusobicf rovnobézné s kolejnict
(sily od tfeni) a sily od zakfiveni. Opéra musi byt zplisobild akemodovat posuny pfivodni ko-
lejnice v dusledku tepelné roztaZnosti a pfenaset dynamické sily zpUsobené vibracf tratového
svrdku, prenddet zatiZeni od pohybujictho se shérate a odoldvat silam od elektrickych zkratd.
Opéra musi byt nastavitelna tak, aby kompenzovala svislé a vodorovné montazni tolerance
trafového svréku a zajistila izolaci takové velikosti, kterd odola bezpecné vsem prepétim,
ktera se vyskytnou ve stejnosmérmé siti o napé&ti 750 - 825 V, které vzniknou jako ddsledek
zapinani zkratovaca.

3.2. Opéra pro horni kontakt

PHvodni kolejnice milze byt umisténa na
obou strandch tratového svrsku. Na nejmo-
dernéj8ich dvoukolejnych tratich jsou opéry
umistény mezi koleje, kde jsou vzdaleny od
pochozi stezky prochazejici okolo odvodio-
vaciho Habku. Ve stanicich se pfivodni ko-
lejnice, pokud je to moiné, umisluje na
vzdalengjsi strané od hrany ndstupisté a ve
vyhybkach (obr. 10.) a v kfizenich trati je
privodni kolejnice umisténa tak, aby se mini-
malizovala zirita kontaktu mezi kolejnici

a sbératem. | 4

Opéra privodni kolejnice je obvykle navrZzena
na prenos zatizeni odpovidajici vzdalenos-
tern konzol na kazdém osmém, $estém nebo
Gtvrtém praZci (metro v Anglii) a vzdalenos- I
tem konzol 6 metrd (piivodnf kolejnice ASC). f
Sougasti opéry privodni kolejnice s hornim /
kontaktem je porcelanovy izolator, ktery je
upevnén do litinového drzéku. Utel drzaku
(nékdy je nazyvén tchyt) je pfesné pficné
umistit pfivodni kolejnici ve vztahu ke ko-
lejnicim  svréku, bez omezeni podéIného
posuvu. fzolatory leZi na horni strané prazce
a jsou upevnény dvojici zapusténych liti-
novych Uchytl, které jsou pfipevnény
k praZci. Tam, kde jsou pouZity dfevéné
prazce, jsou litinové Gchyty pfipevnény
ocelovymi $rouby (vrtulemi), ale pfi pouZitf
betonovych prazcd je pouzito bud pfipevnéni
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Obr. 8 Privodni kolejnice se spodnim kontaktem - PE konzola REHAU
Fig. 8 The PE REHAU underside contact condactor rail - PE bracket

and type of fixing, and carry the normal static forces (weight) and the static forces parallel to
the rail (friction forces) and the curve forces. The supports shall be capable of accommodat-
ing movements of the conductor rails due to thermal expansion and carry the dynamic forces
caused by vibrations of the track and by the moving current collector shoe, and due to short-
circuit forces. The suppor! shall be adjustable so as lo compensate the lrackwork installation
lolerance horizonlally and vertically and provide insulation dimensioned to cope safely with all
overvoltages occurring in the 750-825 V DC network, which could occur for example as a
result of switching of short circuils

3.2. Support for top contact

The conductor rail may be placed on either side of the track. In most modern lwin lrack instal-
lations however it is usually placed between
the two tracks, where it is out of the way of
personnel walking along the cess. In stations
it will be positioned if possible away from the
platform edge, and through switch (Fig. 10)
and crossing work it will be so arranged as to
miyimise loss of contact between shoe and
rai

The conductor rail supporl insulalor assembly
is usually designed lo support the loads
<A imposed at an insulator spacing at every
25 eighth, sixth or fourth sleeper (MRT syslems in
UK) and 6 meters (ASC conductor raif). The
insulator assembly of the top contact rail con-
sists of a porcelain pol, the top of which is
cemented inlo a cast malleable iron cap. The
purpose of the cap (sometimes termed the
ears) is to locate the conductor rail transver-
sally relative to the running rails, without
restraining it fongitudinally. The insulalors lie
on fop of lhe sleeper, and are restrained by a
pair of cast malleable iron wraparound base
clips, which are fixed to the sleeper. Where
limber sleepers are used, the clips are fixed
by coachscrew, but when concrele sleepers
are used, fixing is either by coachscrew into
plastic insert, or by expanding bolts, the sock-
ets for which are inserted into holes preformed
in the sleeper during manufacture

Wherever possible, steel conductor rails are

CONDUCTOR RAIL
600
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Souby do plastovich hmoZdinek, nebo piipevnéni pomacr rozsifenych groubu, které jsou
zapudiény do olvort vytvofenych pii vyrobé.

Vaude, kde to je moZné, je piivadni kolejnice montovna v dlouhych svafovanjch pasech,
v plimé trall je délka pasu a2 550 m, v obloucich s polomérem mensim nez 600 m Je délka
pasi umérné zkracovana, Podobné uspofddani je pouZito pro pfivodni kolejnici z ASC, maxi-
malni délka Gseku pfi pouditl vysoce vodivé kolejnice je 310 m.

3.3, Opéra pro spodnl kontakt

Opéra pro spodni kontak! je pouileln jak pro ocelovou piivadni kelejnici, tak pro pivadni
kolejnici z kompozilu hlinfku a nerezové ocell. Kolgjnice mé volnost pohybu v padeinem
sméru, Opéra pro spodni kontakl je sestavena 2z kenzaly, upeviiovadel pfivodnl kolejnice,
jzolatoru, §roubd, podiozek a matek. Opéra je obvykle vyrobena z ocell, litiny nebo PE mate-
ridlu, obr. 11. Opéra je navrZena tak, aby plenesla zatizenl odpovidajicl vzdalenostem konzol
45-54 m (metro v CR a Rusku) a 6 m (pfivodni kelejnice z ASC). lzolatory jsou vyrobeny
bud z polyesterové pryskyfice vyzluZené skienénymi viakny, nebo z lisované pryskylice nebo
z porceldnu. Protoze phivodni kolejnice z ASC je velmi lehka, musf byl ukotvena jak svisle, tak
vodorovng, aby se zamezilo jejimu posunu,

Konzola opéry piivodnl kolejnice musl bt varovana tak, aby nezasahovala do prijezdného
prifezu a byla dostateéné vzddlena od povrchu Stérkového lode,

4. PRISLUSENSTVI K PRIVODNIi KOLEJNICI

4.1. Spojkovy styk

Spojkové styky plivodni kolejnice musi spojovat jednotlivé dily piivadnf kolejnice k sobé jak
mechanicky, lak proudové, Plivadni kolejnice jsou obvykle k sobé spojovény nalisovanjmi
Afly s rybinovitymi zatezy a spojkami. Nyly s rybinovitymi zéfezy jsou z uhlikové oceli, klerd
ie bud kadmiovand, nebo pozinkovana, aby se omezila koroze, a obvykle pro kaZdy spoj
musl byt poufity nejménd &yl nyly. Spojky jsou vyrobeny ze stejného materialu jako pfivod-
nl kolejnice a jsou naveZeny lak, aby lésné dosedly ke stojiné pfivodn( kolejnice.

4.2. Dilataénl styk

Zmény okolnl teploty a zahiivani v disledku vedeni proudu zapfitifiuji zmény délky pfivodni
kolgjnice. Dilataénl styky [sou prolo palfebné, aby pieklenuly proménnou mezeru mezi
dvéma Gseky privodni kolejnice jak mechanicky, tak vodivé. Dilatacnl styk pfivodni kolejnice
je sestaven ze dvou kusl piivodnl kolejnice, dvou vodicich spojek a jednoho vodivého
a posuvného konekloru na horni Cdsti kolejnice. Vodici spojky jsou stejné jako u spojkového
slyku. Mezi spojkami a pfivodni kolgjnicl je umistén Easek z nerezové ocell nebo z hiiniky,
klery ma zlepdit kiouzdni. Aby se doclilo hladkého klouzéani sbérate, piitné fezy pivodni
kolejnice jsou provadény v (hlu pfiblizng 15°.

Maximalni mezera mezi dvéma kongi pilvodni kolejnice je ukolo 200 mm. Vodivé propajeni je
zajiténo pomocl vodivého posuvného konekloru. Tento proudovy koneklor kompenzuje
oodéinou dilatact piivodni kelejnice a prenasi steiny proud jakoe origindlni plivodni kolejnice.
Kontakni plocha piivodnl kolejnice nesmi byt touto konstrukef ani zkroucena, ani deformova-
na. Vodivy posuvny koneklor tvail madény pas a dva médéné kontakiy, kleré jsou pro lepsi
pienos proudu na kluzné plase obvykia postiibieny, nebo poddajny zahnuly médény botnik,
jeho? plocha piigného fezu je obvykle: 900 - 1 000 mnv’. Dilatadnl styk i vodivy posuvny
konektor jsou chrénény podobingm krytem, jakym je chranéna piivodnf kolejnice.

4.3, lzolovany styk

lzolovany styk piivodnl kolejnice nebyva kratdi nez 4.0 m, musi byt navrZen luhy a obvykle ma
dva 100 mm mezery, méfeno rovnobiiné s podelnou osou kolejnice. Elektricky odpor smon-
tované sestavy méfeny v mezerdch mus! byl mendi nez 10° . Konce piivodni kolejnice jsou
ukondeny svislym fezem, klery je veden v Uhlu 30° k podéiné ose kolejnice. IzolaCni spojky
jsou k piivodni kolejnici ptipojeny minimainé 8 nyty s rybinovitymi zéfezy.

4.4, Stfedov4 kotva

Tolo zafizenl musi zabrénil pasunu piivodnl kolejnice v izoldtoru a opéfe umisténé uprostied
délky jednoho Useku piivodni kolejnice (pfiblizng 75 m), Piivodni kolejnice je upevnéna
pomoc! kotvicich prvky tak, aby na obé strany od kotvy byla umoZnéna tepeind dilalace.
Soutasti tohoto zaflzeni jsou obvykle dvé Celisti pfisroubované k napajeci kolgjnici
a znemoliiuji pohyb v obou smérech od opéry, kieré jsou navrzeny dostateéné pevne, aby
odolaly maximainimu zalizeni od pivodni kolejnice. V plipadé paruchy dilataéniho styku
nebo jinych potizi vznikne v piivodni kolejnici sila, klerd je pfenesena kotvou do kanzoly
opéry, jeZ se zdeformuie, a tim vizualng informuje pracovniky udriby.

4.5. Svorky piivodn! kelejnice

Svorky [obr. 14.) jsou nutné k piipojeni kabell zejména pro napojeni napajecich rozvoden
a lam, kde je piivodnl kolejnice pferusena a je vodivé propojena kabely v mistech, jako jsou
vjhybky, kolejové Idizeni, prechody pro pési a pfejezdy pro vozidla, napajeci oddily atd.
Svorky jsou k piivodni kolejnici pfipojeny nyty s rybinovitymi zafezy. Navth a provedeni
kabelového pripojeni musi byl takovy, aby minimalizoval excenlricka zatizeni na pfivodnl
kolejnici. Aby se zabrénilo korozi mezi pfivodni kolajnici z kompozitu hlinfku a nerezové oceli
a medéngmi kabely, musl byt svorky opatieny pfenosovou bimetalovou vrstvou nabo padob-
nym ochrannym opatienim.

4.8. Ochranny kryt pfivodnich kolejnic

Aby se z bezpeénostnich divodl zabrénilo pfimému dotyku pivodnl kolejnice, mus/ byt
piivodni kelejnice montovand na povrehovych tsecich zakryla krytem z nezmékéaného liso-
vaného polyvinylchloridu (PVC-U) "tvrzené PVC'. V lunelech se obvykle pouziva sklolaminat.
Material pouZity pro ochranny kryt v povichovych tsecich musi mit nizkou hoflavost a mi-
nimaini emise toxickych plynd, kyly pro tunely nesmi mil Zadné emise toxickych plyn( a musi
byl samozhasivé. Kryl j@ pripevnén k napéjeci kolejnici pomoci upinek z umélé hmoty
s vysokou izolaéni schopnosti tak, Ze pii nehodé nemiZe dojit k jejich adstranéni.
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laid in long continuously welded lengths up to maximum of 550 melres on straight track, the
length being reduced proportionately on curved frack below 600 metres radius. Similar
arrangements apply to ASC conduetor rails, the maximum fishplated length for the high con-
ductivity section being 310 metres.

3.3. Support for underside contact .

The support far underside contact uses either steal conductor rall or Aluminium-Stainless steel
composile rail. The rail is free lo move longitudinally. The conductor rail suppor! for underside
contact consists of the mounting brackets, canductar rail fixings, insulator, bolts, washer and
nuts. This suppor! is usually made of steel, cast iron or PE material Fig. 11. The conduclor rail
support insulator assembly is designed fo support the foads imposed at an insulator spacin:
of 4,5 - 5,4 meters (MRT systems in the CR and the USSR, and 6 meters (ASC conductor rail).
The insulators are manufactured either from a fire resistant glass-reinforced polyester resin or
dough moulded resin compound (DMC) or porcefain, However, because the ASC rail is so
H%hr it has fo be restrained vertically as well as laterally fo avoid displacement.

The conductor rail mounting bracket shall be shaped to provide clearance limits and o pro-
vide clear the top of the ballast.

4. THE COMPONENTS OF CONDUCTOR RAIL

4.1. Splice~Joint Assembly

Splice-jaint assemblies shall connect individual lengths of conductor rail to each other both
mechanically and electrically. The conductor rails are connected usually to each other by
application of the huck-balt technology and fishplates. The huck-bolts are of carbon steel,
cadmium plated or zinc plated to reduce corrosion and usually not less than four bolts shall be
used for each joint.

The splice plates are manufactured from similar material as the rail and are designed to clamp
tightly into the web area of the rails.

4.2. Expansfon-joint Assembly

Changes in the ambient temperature and heating due fo the current cause length changes in
the conduclor rail unit. Therefore expansion joinls are required to bn‘dﬂe over the varying gaps
between two conductor rail units both mechanically an electtically. The conductor rail expan-
sion joint consists in principle of 2 conductor rail pieces, 2 guiding fish-plates and 1 shiding
current connector on top of the rail. The guiding fish-plates are the same as in Joint assembly.
Between the fish-plates and the conduclor rail a strip made of e.g. stainless steel or aluminium
is positioned in order lo Improve sliding. In order lo achieve smooth sliding of the collector
shoe, the conductor rail will be cut diagonally at an angle of approximately 15°.

The maximum gap belween the two conductor rails pieces is approximately 200 mm. The elec-
trical connection is made by sliding current connector. This current connector compensates
the conductor rail expansion and carries the same conlinuous current as the onginal conduc-
lor rafl. The conlac! surface of the conductor rail will neither be twisted nor distorted by lhis
construction. The current connector consists of a copper contac! blade and two copper con-
tact pieces which are usually sitver plated in the moving area for best possible current con-
duction or the flexible copper bent shunt whose cross sectional area is usually 900- 1000 mm2.
The cover for the original conductor rail is also used for the expansion joint including current
connector.

4.3. Insulated Joint Assembly

The insulated conduclor rail joint assembly is not less than 4,0 m long, and shall be designed
rigid and usually provide two 100 mm air gaps measured along the axis of the rail. The electri-
cal resistance of he completed assembly measured across the air gap shall be not less than
10°.0Q. The ends of conductor rails have vertical ends cul at a 30 degrees angle fo the longitu-
dinal axis, The insufating joint bars are fixed lo the conductor rail by not less than 8 huck-bolts.

4.4, Midpoint Anchor

This' device shall prevent the conductor rail from sliding through the insulator and support
assembly in the middle of a conductor rail length (appr. 75 m). ghe conductor rail is fixed by
means of anchoring devices in order to allow for thermal expansion in both directions. This
device usually consists of two clamps bolled to the conductor rail, fixed to the both sides of
the suppert and is designed to be strong enough to withstand the maximum fault foading from
the conductor rail, In case of expansion joint fail or some other difficully arise, the force of the
rail shall be transmitted by the anchor to the support brackel, which shall deflect and provide
a visual indication for the maintenance staff.

4.5. Conductor Rail Cable Terminals

The conductor rail cable terminals (Figure 14) are necassary lo connee! cables, particularly at
substations feading points and at all focations where the conductor rail is physically interrupt-
ad and electrically inlerconnected by cables, such as turnouts and crossings, cross-walks or
¢ross roads, poinis of sectionalization, elc.

Fixing the cable terminal to the rail is done by huck-bolls. The cable connection design and
fabrication shall be such as te minimise eceentric loading on the conductor rail. In case of
ASC conductor rail in order to prevent electrochemical corrosion between the copper cables
and the aluminium conductor rafl, the cable terminal shall include a bimetal transition piece or
similar preventive measures.

4.6. Protective Cover for Conductor Rails

To prevent direct contac! with the conductor rail and for salely reasons, the conductar rail
shall be covered by unplasticized polyvinyl chioride (PVC-U) moulding material *Hard PVC* for
daylight. In tunnel sections GRP moulding material is usually used. The malerial used for pro-
tective cover shall have low flammability and minimum emission of toxic fumes in at-grade
sections, and no emission of loxic fumes along underground sections, and shall be self-extin-
guishing. The cover is fastened to the conductor rail by means of synthetic clamps consisting
of electrically high insulating compression moulded plaslic in such a way that they cannot be
removed by accident.
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DVOUKOLEJNY ZELEZNICNI TUNEL NA TRATI
KRALUPY NAD VLTAVOU - VRANANY PREDPOKLADY
A SKUTECNOST Z POHLEDU PROJEKTATNTA

DOUBLE-RAIL TUNNEL ON THE KRALUPY NAD VLTAVOU-
VRANANY TRACK; ASSUMPTIONS AND REALITY AS VIEWED
FROM THE DESIGNER’S PERSPECTIVE

ING. LIBOR MARIK, ILF CONSULTING ENGINEERS, spol. s r.o.

1. UVOD

Projekt dvoukolejného Zelezni¢niho tunelu na ftrati Kralupy nad Vitavou -
Vranany byl podrobné popsan v ¢asopise Tunel 4/2000. Pfedmétem ¢lanku
je porovnani pfedpokladd realizaéniho projektu a skute¢ného chovani horni-
nového masivu pfi provadéni hloubenych i razenych Useki tunelu. Déle jsou
popsdna nékterad specifika zpracovani realizatni dokumentace tunelu
razeného novou rakouskou tunelovaci metodou (NRTM). Projekt zpracovala
firma ILF Consulting Engineers, spol. s r. 0., na objednavku dodavatele
objektu tunelu, firmy Metrostav, a. s.

2. DECINSKY PORTAL

Décinsky portal je umistén ve svahované stavebni jamé, jejiz hloubka
dosahuje az 27 m, Vzhledem k reliéfu terénu a hloubce jamy bylo nutno
vykop technologicky rozdélit na etdze vysky 6 m. Zahdjeni stavby zacalo na
podzim roku 2000 vybudovanim pfistupové komunikace umisténé v rokli.
Dale nasledovalo vybudovani pracovni pfistupové komunikace k hornim
etdzim stavebni jamy. Pfi zpracovani projektu se vyuZilo geodetického
zaméfeni skuteéného stavu povrchu Uzemi, které slouzilo jako podklad pro
vytvofeni digitdintho 3D modelu terénu. Model feSil jednotlive faze
odtéZovani stavebni jamy véetné piistupovych komunikaci a ramp k diléim
etazim.

Prvnl etd? se podle pfedpokladd inZenyrsko-geologického prizkumu
provadéla v kvarternich sedimentech tvofenych pisky pfechazejicimi v dol-
nich partiich do silné zvétralych slinoved charakteru zemin (viz obr. 1).
Projekt predepisoval sklon svahu stavebni jamy 1:1, Piistup k etéZi
zajistovala pracovni pfistupova komunikace situované v horni ¢asti svahu.
Druhd etaz se jiz provadéla v silné zvétralych a rozpukanych vrstvach
slinovcl (viz obr. 2). Svahy etdze navrzené ve sklonu 3:1 zajistovala vrstva
stfikaného betonu se siti KARI a kotvami typu SN provadénymi do cemen-
tové zalivky. Pfistup k druhé etaZi probihal po upravené (prohloubené) pra-
covni komunikaci k prvni etazi.

Odtézovani tfeti etdZe jiz umoziiovalo vyuZit pfistupovou komunikaci situo-
vanou v rokli. Svahy etdZe navrZené ve sklonu 5:1 zajifovala vrstva
stffkaného betonu se siti KARI a kotvami SN. Pfi rozpojovani subhorizontalné
uloZzenych zvétralych slinovcl dochézelo k vypadéavani vétsich blokd.
Z hlediska stability nehralo povrchové rozvolnéni svahl vyznamnou roli a po
zastfikani vrstvou betonu bylo dosazeno pozadovaného tvaru svahu jamy.
Sledovani deformaci bok( stavebni jamy zajidtovala soustava geodetickych
bodl pfipevnénych na hlavy kotev. Po vyhodnoceni méfeni byly vysledky
zasilany prostfednictvim e-mail jak projektantovi, tak dodavatelské firmé,
ktera je predavala zastupcdm investora. Deformace dosahovaly max. 12 mm
a velmi rychle dochézelo k jejich ustaleni.

Ctvrtou etaZ se sklony svahu 5:1 tvofily navétralé slinovce o mocnosti vrstev
0,75 m az 1,0 m. Rozpojovéni horniny bez pouZitf trhacich praci plsobilo jiz
znaéné oblize a zpomalovalo dennl postup praci. Z arovné &tvrté etaze byla
navriena rampa do kaloty, navrtdn ochranny "destnik" z kotev IBO a po-
staven zarodek kaloty (viz obr, 3). Déle [iZ nic nebranilo zahajeni razby
tunely, Pilstup pro odtézovéni etdZe, a tim | k portalu umoZiovala komu-
nikace v rokli. Navrh povrchu komunikace i zplsob odvodnéni zohledrioval
pozadavek na dlouhodobé vyuziti pfistupové cesty po celou dobu vystavby
tunelu. Pracovni roveri dna &tvrté etadze tvofilo rozhrani jadro - podva (viz
obr. 4). Hornina nad Grovni spodni klenby tunelu slouZila jako ochrana pra-
covnl spéry pfed G¢inky téZke staveniini dopravy a jeji odt&Zeni probihalo
18sné pied betonazfl spodni klenby definitivniho osténi.

Navrh stavebnf jamy byl proveden na zékladé informaci ziskanych v ramci
inZenyrsko-geologického prilzkumu (IGP). Predpoklady projekiu vypraco-
vaného na zakladé IGP se pfi realizaci polvrdily a projekt nebylo nulno
béhem provadéni upravoval. PouZitl digitalniho modelu lerénu umoZnilo po
ukonéenf pracl a po zaméfeni skuteéného stavu stavebni jamy vypodet obje-
mu provedenych zemnich praci.

3. RAZBA TUNELU - PRIMARNI OSTENI

Razba kaloty od dédinského portalu zahajila zacatkem roku 2001 etapu
provadéni razené ¢asti tunelu (viz obr. 5). Prace probihaly zpoCatku zcela
podle realiza¢niho projektu. Soucasné dochézelo k vyhodnocovani postupu

1. INTRODUCTION

The design of the double-rail tunnel on the railroad line from Kralupy nad
Vitavou to Vrafiany has been described in detail in the Tunel magazine No.
4/2000. This article is comparing assumptions taken into consideration in the
development of the detailed design and the actual behavior of the rock mass
in the course of the work on both cut-and-cover and mined tunnel sections,
In addition, it describes some specifics of the development of the detailed
design of the tunnel constructed by NATM. The design was developed by
ILF Consulting Engineers, spol. s r. 0., for Metrostav, a. s., the contractor for
the tunnel construction.

2. THE DECGIN PORTAL

The Décin portal is located in a sloped open pit, whose depth reaches 27m.
Because of the terrain morphology and the pit depth, it was necessary to divide
the excavation operations technologically into 6 m-thick banquettes. The con-
struction works were started in the autumn of 2000 by construction of an
access road, located in a ravine. The construction of a working access road to
the upper banquettes of the construction pit followed. The results of topo-
graphical measurements of the actual shape of the area surface were used for
the designing work. They served as a basis for creation of a 3D terrain model.
The mode! solved individual phases of the construction pit excavation, includ-
ing access roads and ramps to the partial excavation levels, banquettes.

First banquette was excavated, as anticipated by the engineering-geologi-
cal investigation, in the Quaternary sediments consisting of sands, transiting
into heavily weathered, soil-like marlstone at the lower parts (see Fig. 1). The
design prescribed a slope of the pit sides reposing at 1:1. The access to this
level was along an access road located at the upper part of the slope.
Second banquette was already excavated in heavily weathered and fractured
measures of marls (see Fig. 2). The sides of this banquette excavation at a slope
of 3:1 were supported by a shotcrete layer with KARI welded mesh and SN
anchors inserted in cementitious mortar. The access to the second banquette
was via an adapted (deepened) working road used for the first banquette.

For the third banquette excavation, it was possible to use the access road sit-
uated in the ravine. The sides of this banquette excavation, designed at a
slope of 5:1, were supported by a shotcrete layer with KARI welded mesh and
SN anchors. Falling of rather big blocks of rock occurred during the excava-
tion of sub-horizontally deposited weathered maristones. In terms of stability,
the surface loosening of the slopes played no significant role. The shape of
the pit's slopes was achieved after the shotcrete application. Monitoring of
deformations of the construction pit's slopes was ensured by a set of survey
points attached to the anchor heads. When the measurement results had
been evaluated, they were e-mailed both to the designing consultant and
contractor, who handed them over to client's representatives. The deforma-
tions reached 12mm as a maximum, and they settled very quickly.

Fourth banquette, with slopes of 5.1, consisted of slightly weathered marl-
stone layers 0.75 m to 1.0 m thick. Fragmentation of the rock without blasting
was already rather difficult. It slowed the daily progress of the operations
down. From the fourth banquette level, there was a ramp designed leading
to the top heading, a protective "'umbrella® consisting of I1BO anchors drilled,
and an initial part of the top heading built. The access to the excavation of
this banquette, as well as to the portal, was possible along the road in the
ravine. The road surface design and the manner of its drainage took into
consideration the requirement on a long-term utilization of the access road
through the whole time of the tunnel construction works. The working level of
the bottom of the fourth banquette was at the core-invert interface (see Fig,
4). The rock above the invert level served as a protection of the excavation
bottom against the effects of heavy haulage. It was removed just before
casting of the final lining invert

The proposal on the construction pit was developed on the basis of the
information obtained in the framework of the engineering and geological
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razby a vlivu jejich Ginkl na horninovy masiv. Na zakladé téchto siedovant
byl realiza&ni projekt upravovan lak, aby razba probihala bezpetné a zpu-
sob zajisten( vyrubu odpovidal pozadavkim na ekonomické provadénf pracl.
Razba prvnich 40 m tunelu probihala v technologické (fidé vyrubu VL. s dél-
kou zabéru 0,8 m. Hornina byla rozpojovdna bez pouZitl trhacich pracl
tunelovym bagrem. Stabilitu ¢elby i lice vyrubu zaji§fovalo primarni osténi
provadéné podle v projektu navrZzeného lechnologickéha postupu. Vyvoj
deformaci vyrubu se pohyboval pod meznimi hodnotami uvedenymi v rea-
lizaéni dokumentaci.

Vysledky geofyzikdlniho prizkumu provadéného v ramci IGP signalizovaly
v pilporialovém Useku anomalii, kterd viak pfi razbé kaloty nebyla zastizena.
Navrh geotechnickych méfenl pfedstavuje nedilnou soucast kazde reali-
zaénl dokumentace lunelu provadéného NRTM. Geotechnickd méfeni
provadsnd bshem raZby méla za cll  souslavné ovéfovani projekiem
stanovenych pfedpokladi o chovanl horinového masivu. Vyhodnoceni
&asového pribshu deformac i jejich absolutnich hodnot vedlo k Upravam
plvodnfho navrhu projektu. V tfidé vyrubu VI. nebylo ddle pozadovdno
provadéni rozSifen paty kaloty. Ani po éto Upravé nedoslo k naristu defor-
macl a razba probihala bez komplikaci. Po kratkém dseku délky 20 m
razeném v technologické tfidé vyrubu V. presla razba do Useku technolo-
gické tiidy vyrubu IV. v celkové délce 172 m. § pfibyvajici vzdalenosti od
portalu dochazelo k zvySovani pevnosti horniny a sniZovani &etnosti
rozpukanl. Nasazena mechanizace (tunelovy bagr) jiz nebyla schopna zajis-
lit pozadovany vyken, a proto bylo pfistoupeno k poufiti trhacich praci. Tim
dolo k urychleni postupu razby, Maximalni projektem povolena délka
zabéru 2,0 m v8ak nebyla pfi razbé nikdy pouZita. Divodem bylo
vypadévani velkjch blokd slinovce rozvelnéneho pravdépodobné viivem
trhacich praci, kleré vedlo pii vél3ich délkach zabéru k nezadoucim nad-
vyrubim. Délka zabéru se pohybovala podie zastizenych podminek
v rozmezl 1,5 az 1,7 m. Po dohodé projeklanta se zastupci investora | doda-
vatele bylo pfi délce zabgru 1,5 m provadéno syslémove kotveni kaloty
v kazdém druhém zabéru.

K dal3i dpravé oproti realizagnimu projektu dodlo v kotveni kaloty v techno-
logické tFidé vyrubu V. v oblasti prazského portéalu. Pivodng navrzené kotvy

Obr. 1 Zahajen praci na odt&Zovani prvni etdze décinského portalu
v kvarternich sedimentech (pfsky)

Fig. 1 Starting the work on excavation of the first banquette of the Décin
portal in the Quaternary sediments (sands)

Obr. 3 Zahajeni odtézovani Ctvrté etaZe a piiprava ochranného "destniku’
nad kalotou tunelu

Fig. 3 Starting of the fourth banquette excavation, and preparation of the
‘umbrella” above the tunnel crown

investigation (EGI). The assumptions for the design, elaborated on the basis
of the EGI, were confirmed in the course of the realization, and the design
did not have to be changed during the construction work. The use of the dig-
ital terrain model made a calculation of the earthmoving work volume possi-
ble after the works completion and surveying of the real state.

3. THE TUNNEL DRIVING - PRIMARY LINING

Top heading excavation at the Dééin porlal started, at the beginning of
2001, the phase of execution of the mined tunnel section (see Fig. 5).
Initially, the works continued in a full compliance with the delailed design.
The progress of excavation and its impact on the rock mass were evaluated
concurrently. The detalled design was modified on the basis of this monitor-
ing so that the driving was safe and the way of the excavation supporl corre-
sponded to the requirements on economic execution of the works.

The driving of the initial 40m of the tunnel was cartied oul within a lechno-
logical excavation class VI, with the round length of 0.8m. The rock was dis-
integrated without blasling, by means of a tunnel excavator. Stability of both
the tunnel face and the excavaled rock surface was ensured by a primary
lining, installed according to the technological procedure proposed in the
design. Development of the excavation deformations was under the limiting
values contained in the detailed design.

Results of the geophysical investigation, performed in the framework of the
EGI, signaled an anomaly in the area close to the portal. Although, this
anomaly was not encountered.

The proposal on geolechnical measurements represents an indispensable
part of any detailed design documentation for a tunnel consiructed by the
NATM. The purpose of the geotechnical measurements carried oul during
the driving was lo continuausly verify the assumptions regarding the behav-
ior of the rock mass, contained in the design, Evaluation of the time-related
development of deformations and of their absolute values led to modifica-

Obr. 2 Druh4 eta? jiz zasahovala do vrstev zvétralych a silné rozpukanych
slinovcd

Fig. 2 The second banquette reached into the layers of weathered and
heavily fractured marblestones

e i ol ‘Z,
Obr. 4 "Svétlo na konci tunelu” po prordzce v kvétnu 2001 - Ctvrta eta?
odtéZena na rozhrani jadro - potva

Fig. 4 “The light at the end of the tunnel” after the breakthrough in

May 2001. The fourthe banquette excavated at the core-invert interface




51 10. ROCNIK, €. 3/2001

Tunel

délky 6 m byly nahrazeny kotvami délky 4 m (viz lit.[3]) . Tim do&lo v rAmci
kotvenf kaloty k pouziti jedné délky kotev a pfi provadéni vrtl nebylo nutno
nastavovat vrtaci tye. Vysledky geotechnickych méfeni nezaznamenaly
vyrazny narist deformaci a potvrdily spravnost Gpravy zajisténl vyrubu.

V projektem pfedepsaném odslupu od ¢elby kaloty probihalo odtéZovan(
jadra (viz. obr. 6) a v pfipadé technologické tfidy vyrubu VI. uzaviranl
primarnfho osténi spodni klenbou ze stfikaného betonu a siti KARI. Po
prordZce tunelu zacatkem kvétna 2001 byla zahdjena raZba jadra i od
prazského portalu. Z divodu minimalniho zatizeni obce Vepiek stavenistni
dopravou byla rubanina vyvéazena tunelem pfes décinsky portél.

Pii razbé jadra doSlo v technologické Ifidé vyrubu IV, k dpravé plvodné
navrzeného systému kotveni a kotvy SN délky 3 m byly z navrhu zajisténi
vyrubu zcela odstranény. Osténi jadra tvofila pouze vrstva stifkaného betonu
tloustky 0,2 m s jednou vrstvou sité KARI. Maximalnl hodnota sedani byla
zaznamenana v tunelovém metru 175 a ¢inila 32 mm. V ostatnich méfenych
profilech se hodnoly deformaci pohybovaly do 20 mm.

Ustalend hladina podzemni vody nedosahovala podle IGP Grovng polvy
tunelu. Pii raZbé se tento pfedpokiad potvrdil a b&hem vystavby nedochaze-
lo k vyraznym pfitokdm vody do vyrubu. Po vytrvalych destich na jafe roku
2001 se objevily ojedinélé pritaky vody z boku tunelu pfiléhajiciho ke svahu
Voda vytékala zpravidla v misté vrtd pro kolvy a pfitoky odpovidaly s uréitym
zpoZdénim intenzild desfd. Jednalo se o povrchovou vodu prosakujici po
puklindch v misté zvySeného porusen| horninového masivu. Poloha piitoku
zhruba odpovidala poloze anomdlie lokalizované geofyzikalnim prizkumem
Z toho je moZné usuzovat, e anomalii pravdépodobna tvofi zéna slinoved
vys8iho stupné zvétrani zasahujicf do vétsf hloubky pod Groved terénu.
Ptitoky vody nemély vliv na stabilitu tunelu a neprojevily se ani na vysledcich
méteni deformaci vyrubu.

4. PRAZSKY PORTAL

Na rozdil od dé&inského portalu byl prazsky portdl odtéZzovan pouze z dolni
urovné terénu, Tento poZzadavek dodavatele klad! vysoké naroky na projekt
pfistupové komunikace k hornim etdZim stavebni jdmy i na ndvrh technolo-

Obr. 5 Nastfik primarniho osténi kaloty
Fig. 5 Spraying of the top heading primary lining

Obr. 6 Razba jadra a rampa do kaloty v technologické tfidé vyrubu IV.
Fig. 6 The core excavation, and the ramp to the top heading driven
in technological excavation class IV.

tions of the original design proposal. Widening of the top heading's lining
footing was not required any more for the excavation class VI. This variation
caused no increase in deformations, and the drive continued without compli-
cations. After a short section of 20 m driven in technological excavation
class V., the excavation entered a section of technological excavation class
IV., 172 m long in total. The rock strength increased and frequency of frac-
tures decreased with the growing distance from the portal. The equipment
used (the tunnel excavator) was not able to ensure the progress required,
therefore the drill-and-blast was applied. This measure accelerated the
progress of excavation. Although, the maximum advance per cycle of 2.0 m,
allowed by the design, had never been used in the driving. The reason was
the falling of big blocks of marblestone, loosened probably as a result of
blasting, causing undesirable overbreaks at longer advances. The maximum
advance per cycle ranged between 1.5 and 1.7 m, depending on the condi-
tions encountered. As agreed between the designer and client's and con-
tractor's representatives, a system of the top heading anchoring was
installed at every other advance.

Another modification of the detailed design occurred in anchoring of the top
heading performed in technological excavation class V., in the area of the
Prague portal. Originally designed 6m-long anchors were replaced by 4m-
long ones (see Ref. [3]). Thanks to this measure, a uniform length of anchors
was used for the top heading, and the drill rods did not have to be extended.
The results of geotechnical measurements did not show any marked
increase in deformations. They confirmed that the modification of the exca-
vation support had been correct.

Excavation of the core (see Fig. 6), and, in a case of technological excava-
tion class VI., closing of the primary lining by shotcrete and KAR!I welded
mesh in the invert, took place at a distance from the top heading face pre-
scribed by the design. The core excavation from the Prague portal started at
the beginning of May 2001, after the tunnel breakthrough. Because of a min-
imum burdening the Vepfek community by the haulage, muck was transport-
ed along the tunnel via the D&¢in portal.

For the core excavation in technological excavation class V., the originally
designed system of anchoring was modified, and the 3 m-long SN anchors
were completely removed from the excavation support design. The core lin-
ing consisted of a 0.2 m-thick shotcrete layer with one layer of KARI mesh
only. The maximum value of subsidence amounting to 32 mm was recorded
in the tunnel meter 175. At the other measured profiles, the deformation val-
ues did not cross 20 mm.

The standing-water level, according to the EGI, should not have reached the
level of the tunnel invert. This assumption was confirmed during the tunnel
excavation, and no significant water inflows into the tunnel occurred in the
course of the construction work. In the spring of 2001, after continual rain-
falls, isolated water inflows from the tunnel side adjacent to the slope
emerged. Usually water was leaking at the spots of boreholes for anchors.
The volume of the influx corresponded, with a certain delay, to the intensity
of the rains. It was a surface water seeping along joints at a location of an
increased faulting of the rock mass. The location of the inflow corresponded
roughly to the location of the anomaly located by the geophysical investiga-
tion. Thus it is possible to assume that the anomaly probably consists of a
zone of marblestones weathered to a higher degree, reaching to a higher
depth under the terrain surface. The water inflows had no influence on the
tunnel stability, and they did not manifest themselves in the results of the
excavation deformation measurements.

4. THE PRAGUE PORTAL

In contrast with the D8cin portal, the Prague portal was excavated from the
lower level of the terrain. This client's requirement put heavy demands both
on the design of the access road to the upper banquettes of the construction
pit and the design of the technological procedure of the excavation (see Fig.
7). Again, the digital terrain model served as a basis for development of the
design. The model, created in the previous stage of the design documenta-
tion, was based on the results of aerial photogrammetry. Thick vegetation
did not allow using a more accurate way of surveying in the time of the
design development. For the needs of the detailed design, the existing ter-
rain surface was re-surveyed after removal of trees and bushes, and the
original model made more precise.

The work on the portal excavation ran in parallel with the tunnel excavation.
Excavation of individual banquettes and stabilization of slopes were carried
out analogously with the procedure used on the DECin portal (see Fig. 8).
The Quaternary sediments did not reach such the thickness as those found
at the DéCin portal. Strata of heavily weathered marblestones were encoun-
tered just under a 0.8m thick humus layer. The depth of the construction pit
reached 29m at the deepest point, and the horizontal sectioning into 5 ban-
quettes followed both from the technological capacity of the equipment used
and from the stability reasons (see Fig. 9). The rock from the area of the
invert was excavated just before casting of the final lining (see Fig. 10). The
depth of the construction pit reached 29m at that moment.

5. FINAL LINING

In the course of the tunnel excavation, SG Geotechnika performed regular
geotechnical measurements, consisting in monitoring of the rock mass
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gického postupu odtéZovani (viz obr. 7). Jako podklad pro vypracovéni pro-
jektu slouZil opét digitaini model terénu. Model vytvofeny v predchozim stup-
ni projektové dokumentace vychazel pouze z vysledku letecke fotograme-
trie. Husta vegetace neumoZfiovala v dob& zpracovani projeklu stavby
pouZill pfesnéjiiho zplsobu zaméfeni. Pro polfeby realizaéniho projektu byl
stavajicl terén po odstrangni stroml a kfovin znovu zaméfen a pdvodni
madel upfesnén.

Prace na odiéZovani portalu problhaly paralelné s razbou tunelu. Odlézovani
jednotlivych etd2i i zplsob zajisténl stability svahl probihaly analogicky
s postupem pouzitym v pfipadé décinskéhe portalu (viz obr. 8). Kvarterni
sedimenty nedosahovaly takovych moecnosti jako v pfipadé décinského
portdlu a pod vrstvou humusu tioudtky 0.8 m se jiz nachazely silng zvétralé
poiohy slinovel. Hioubka stavebni jamy dosahovala v nejhlubs$im mist& 28 m
a horizontalni lenénf na & etazl vyplyvalo jak z technologickych moznosti
pouZité mechanizace, tak i z diivodu stabilitnich (viz obr. 9). Hornina z pros-
toru spodni klenby byla odtéZena aZ pfed betonazi definitivniho osténf (viz
obr. 10). V tomto okamziku dosahovala hloubka stavebni jamy 28 m.

5. DEFINITIVNI OSTENI

B&hem razby tunelu firma SG Geotechnika pravidelné provadéla geotech-
nicka méfeni. Jednalo se o sledovani deformaci horninoveho masivu; déle o
extenzometricka méfeni provadéna z povrchu a doplnénd o méfeni rozsahu
poklesové z6ny v Grovni terénu. Osazen( extenzometrd v dostateéném pred-
stihu pfed prichodem Gelby sledovanym profilem umozZnilo ziskat informace
o chovanl harninového masivu pled razbou kaloty. Doplfiovaly tak informace
o pfetvafeni horninového masivu ziskané z méfenl deformacl vyrubu. Méfeni
méla zjistit jednak tdaje o chovéni horninového masivu potfebné pfi razbé
unelu, jednak ziskatl vstupni data pro staticky vypocet definitivniho osténi,

Po vyhodnoceni vysledkd geotechnickych méfeni nasledovala korekce
matematického modelu primarniho osténi tak, aby vysledné hodnoly defor-
maci odpovidaly piiblizné hodnotdm naméfenym pfi razbé tunelu. Vysledky
upravengho matematického modelu primérniho osténi pak pfedstavovaly
vstupni data pro vypoéet dimenzi definitivniho osténl. Vzhledem k délce

e - 7 ¥

Obr. 7 Pristupova komunikace k hornim etazim prazského portalu
Fig. 7 The access road to the upper banquettes of the Prague portal

Obr. 9 Odtézovani paté etdze na Uroveil jadra tunelu
Fig. 9 Excavation of the fifth banquette up to the level of the tunnel core

deformations, extensometric measurements carried out from the surface,
complemented by measurements of the extent of the subsidence trough at
the surface level. Installation of extensometers in a sufficient advance of the
heading passage under a monitored profile made collection of the informa-
tion on the behavior of the rock mass ahead of the top heading excavation
possible. Thus an information on deformation of the rock mass was obtained
in addition to the information obtained by measurement of the excavated
tunnel surface deformation. Those measurements were designed both (o
ensure the data on the rock mass behavior necessary in the tunnel driving
and to obtain entry data for the structural analysis of the final lining.

A correction of the mathematical model of the final lining followed after eval-
uation of the geotechnical measurements so that the resultant values corre-
sponded roughly to the values obtained by the measurement in the course of
the tunnel drive. Subsequently, the results of the modified mathematical
model of the primary lining served as entry data for the calculation of the
final lining dimensions. With respect to the length of the mined section of the
tunnel of 280m, and to the results of the geotechnical measurements, the
selection of a single representative profile was sufficient. This profile was
used for the calculation of the final lining along the whole length of the mined
tunnel. Dimensions of the lining of cut-and-cover tunnel sections have been
calculated to withstand the earth pressure of a compacted backfill.

6. CONCLUSION

The detailed design of the tunnel driven by the New Ausirian tunneling
method was based on the information collected in the framework of the engi-
neering and geological investigation, and on assumptions on the rock mass
behavior. In a full compliance with the NATM principles, the documentation
was modified in the course of the tunnel construction on the basis of the
excavation conditions encountered and of the evaluation of the results of
geotechnical measurements. The modifications covered both the advance

i Y d .-.'.\ % _\"2’-‘-:}‘ i
Obr. 8 Jednotlivé etaZe byly postupné zajistovany stiikanym betonem se
siti a kotvami

Fig. 8 Individual banquettes were supported step by step by shotcrete

with welded mesh and anchors
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Obr. 10 Odtézovani na droven spodni klenby pfed betondzi definitivniho
osténi (hloubka jamy 29 m)

Fig. 10 Excavation up to the level of the invert before casting of the final
lining (the pit depth of 29 m)
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razené Gasti tunelu 280 m a vysledkdm geotechnickych méfeni postacovala
volba pouze jednoho reprezentativniho profilu, ktery byl pouZit pro vypocet
definitivniho osténi v celé délce razeného tunelu. Osténi hloubenych ¢asti
tunelu je dimenzovano na zemnf tlak hutnéného zpétného zasypu.

6. ZAVER

Realiza¢ni dokumentace tunelu razeného novou rakouskou tunelovaci
metodou vychazela z informaci ziskanych v ramei inZenyrsko-geologického
prizkumu a z pfedpokladi o chovani horninového masivu. Zcela v souladu
se zasadami NRTM prochazela dokumentace v pribéhu vystavby tunelu
zmé&nami na zékladé zasliZenych podminek razby a vyhodnoceni vysledki
geotechnickych méfeni. Upravy se tykaly jednak délky zabéru, jednak zpQ-
sobu a rozsahu kotveni. Tloudfka primérniho osténi i pouZitl sitf zustaly podle
puvodniho navrhu realizaéniho projekiu. K Gpravam systému zajisténl vyrubu
dochézelo vidy na zékladé dohody zastupcu vech Uastnik(l vystavby
(investor, dodavatel, projektant). K operativnim zméndm navrhu zajisténi
vyrubu pfispély vyznamnou mérou denné aklualizované vysledky geotech-
nickych méfeni rozesilané ihned po vyhodnoceni prostiednictvim e-mail za-
stupclm zG&astn&nych stran,

Bezproblémova etapa razby tunelu i hloubeni stavebnich jam portalovych
tsekd ukazala vyznam kvalitné a komplexné provedeného inZenyrsko-geo-
logického prizkumu, ktery je nezbytnym podkiadem pro spravny navrh tech-
nologickych postupl vystavby v ramci projeklu | béhem razby. Béhem rea-
lizace se vysledky IGP v piné mife potvrdily jak z hlediska viastnosti horni-
nového masivu (pevnost, zplsob uloZeni vrslev, stupefi poruseni), tak
z hlediska vyskytu poedzemni vody.

Projekt stavby byl v dob& zpracovani dokumentace oznafovén zdstupci
Ceskych drah diky nové pouzilé tunelovaci metodé (NRTM) za vzorovy a po-
dle toho byl i ze siranr objednatele sledavan a kontrolovan,

Divodem uspéchu byl odpovédny pfistup zastupel investora i profesionalng
provedena prace dodavatelské firmy Metrostav, klera ma s vystavbou tunelt
v Cechdch | v zahraniéi dlouholeté zkuSenosi.

Razba prvniho tunelu v siti Ceskych drah provadéného NRTM ukézala
vyhody této metody a bude zcela jisté dobrl;rm piftkladem pro dalsi tunelové
stavby budované v ramci vysokorychlostnich Zelezniénich koridord v Ceske
republice,
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Obr. 11 Uprava zakladové spary vyrovnavacim betonem a montaz vyztuze
Fig. 11 Improvement of the bottom by leveling concrete, and installation
of reinforcement

per cycle and the way and extent of anchoring. The thickness of the primary
lining and the use of welded mesh remained unchanged, according to the
original proposal on the detailed design. The excavation support system was
modified on a basis of a mutual agreement of all construction participants
only (client, contractor, consultant). The operative modifications were possi-
ble also thanks to the significant contribution of the daily updated results of
geotechnical measurements, which were e-mailed just after their evaluation
to the representatives of all participating parties.

The trouble-free stage of the tunnel driving and excavation of construction
pits for the portal sections showed the importance of a quality and compre-
hensive performance of the engineering and geological investigation. It is an
indispensable basis for a correct proposal on technological procedures of a
construction both in designing and in the course of driving. The results
obtained by the EGI were confirmed in a full extent, in terms of both the rock
mass properties (strength, the way of deposition of rock layers, degree of
faulting) and the occurrence of ground water. .

In the time of elaboration of the documentation, representatives of Ceské
Drahy (Czech Railroads, the client) marked the design of the structure as a
model design thanks to the newly utilized tunneling method (the NATM). It
was also followed and checked by the client accordingly.

The reason of the success was both a responsible attitude of client's repre-
sentatives and professionally performed work by the contractor, Metrostay,
a.s., who has had a long-time experience in building tunnels in Bohemia and
abroad.

The drive of the first tunnel within the network of Ceské Dréhy by the NATM
showed advantages of this method, and it will certainly be a good example
for other tunnel structures built in the framework of high-speed railroad cor-
ridors in the Czech Republic.
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Engineers 02/2001)
»  detailed design: mined tunnel - primary lining, (ILF Consulting
Engineers 01/2001)
[2]. Report on the geomonitoring of the construction SO 30-20-01
in May 2001 (SG Geotechnika)
[3]. The first railway tunnel in the Ceské Dréhy net driven by
the NATM (Ing. Libor Mafik - Tunel 4/2000)
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Obr. 12 Vyztuz spodnf klenby definitivafho osténf hloubeného tunelu
Fig. 12 Reinforcement of the invert of the cut-and-cover tunnel’s final lining
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TUNNELSCANNER DIBIT - PRVNi POUZITI
V CESKE REPUBLICE

TUNNEL SCANNER DIBIT - FIRST USE
IN THE CZECH REPUBLIC

ING. MARTIN SIMEK, ILF CONSULTING ENGINEERS, s. r. o.
HELGE GRAFINGER, DIPL.-ING., DR. NAT. TECHN., DIBIT MESSTECHNIK GmbH

1. UVOD

V lednu 2001 probéhlo poprvé na Gzemi Ceské republiky méfeni systémem DIBIT-
Tunnelscanner. Dodavatelskd firma Metrostav objednala u firmy ILF Consulting Engineers
zaméfenl a vyhodnaceni skuteéného stavu primémiho osténi severnl &4sti zapadnl lunelove
trouby tunelu Mrazovka v Praze. Cllem provadénych méfeni bylo ziskal podklady pro Gpravy
osténi spojené s osazenim mezilehlé izolace a budovanim definitivatho osténf tunelu. Délka
méfengho (seku byla 653 m s obvodem sledované ¢4sti horni klenby 28 a2 30 m. Viastni
méfeni provadéta rakouska firma DIBIT Messtechnik GmbH. Systém DIBIT-Tunnelscanner byl
vyvinut v Rakousku a kromé Némecka a va}calska byl jiz nasazen pro méfeni tunell v Anglii,
Dansku, USA a na Tchaj-wanu.

2. POPIS SYSTEMU

2.1 Princip

Myslenka systému DIBIT je zaloZena na sterec-fotogrammetrickém snimkovan( povrchu
tunelu v kombinaci s geodetickym uréenim polohy kamerfm #iskdnl soufadnic bodd povrchu
tunelu v soufadnicovém a vyskovém systému projekiu. Znamend to, Ze kazda ¢ast povrchu
tunelu je soudasné sniméana ze dvou rlznych pozic pro nasledné vyhodnoceni ve 3D.

Pii razbé tunelll jsou pak na takovy systém kladeny soucasné nasledujici pozadavky:

- kratk4 doba méfeni;

- jednoduchd obsluha jednou osobou bez specializované kvalifikace;

- robustnf konstrukce pfizptsobend podminkdm pro préci v tunelech;

- pfesnost vyhodnoceni v rozsahu +/- 1 cm;

- snadné a rychle vynodnoceni;

- jasn4 a modifikovatelna prezentace vysledku.

Z toho plynou zakladni specifikace systému DIBIT:

- pouziti CCD kamer s vysokou rozligovaci schopnosti jako zaznamového zafizeni;

- pouZiti motorizované programovatelné totdInf stanice s moznosti automatického cilenf pro
uréeni polohy kamer;

- pouZitl pfenosného PC vhodného pro praci v tunelu;

- pouziti vykonného softwaru pro piné automatické vyhodnoceni naméfenych dat.

Struény popis i fazf systému DIBIT - snimkovéni, vyhodnoceni snimki, analyza nésleduje
déle.

2.2 Snfimkovacf modul

Snimkovaci modul se sklada z pevného rdmu (z uhlikového vidkna), na kterém jsou namon-
tovény dvé CCD kamery a tfi odrazné hranoly (viz obr. 1). CCD kamery soutasné snimaji
stereoskopickou dvojici snimkd povrchu tunelu. Odrazné hranoly jsou pouZity pro uréeni
polohy a vysky obou kamer. Vlastni zaméfeni polohy kamer je provedeno pomoci plné auto-
malizované motorizované totélni stanice. Tunelovy skener a totdlni stanice jsou navzéjem
propojeny pomoci modemu, lakie vedkeré operace jsou provadény aulomatizované, Ram jg
olocny kolem horizontaini osy. PFi jednam postaveni aparalury je zpravidla snimkovéano pél
segmentt tunelového profilu. Prenosny PC vhodny pro podminky v unelu kontroluje proces
snimkovani a soucasné uklada velkerd zméfend data. Vedkerd komponenty systému jsou
umistény na stativu, Celkova vaha asi 18 kg umozZfiuje snadné pfemisténi a umisténi systemu
podle specifickych poZadavkd.

Pidavnd halogenova svétla jsou nezbytnd pro osvétleni povrchu tunelu. Provozni doba pol-
niho poditace je pfi pouZiti baterif 40 minut. Pro del$i provoznf dobu je nutné pouzit externi
zdroj elektrické energie.

Snimkovaci modul je nejprve umistén priblizné do stfedu méfeného profilu a ram je soucasné
kolmo na tunelovou osu. Pfiblizné poloha je zadana do polniho poditace (tunelovy metr
a vySka stanoviska). Pak je vybran piisludny snimkovany sektor profilu a snimkovaci proces
je odstartovan. Daldi sektory jsou snimkovany stejnym zplsobem: &as potfebny na
snimkovéani jednoho sektoru je zhruba 40 vtefin,

2.3 Vyhodnocovac( modul

Nahrana data snimkovych dvojic jsou pfenesena do PC, ve kterém bude probihat vyhodno-
ceni snimkd. Po uréenf rozsahu vyhodnoceni probihd proces vyhodnoceni piné automaticky.
Vysledkem jsou soufadnice X, Y, Z povrchu tunelu v siti 1 x 1 cm. Nasledné jsou snimky
transformovany do spravnych soufadnic a vznikd ortofotomapa povichu tunelu. Nezbytné
soucasti softwaru jsou:

- tzv. matching, to jest nalezenf odpovidajicich bodd na obou snimcich a uloZeni jejich
snimkovych soufadnic;

- vypodet soufadnic téchto bodl z prvkd vnitfni a vnéjsi orientace (parametry kamery,
snimkové soufadnice a soufadnice X, Y, Z hranol();

- pfipojeni jednotlivich rektifikovanych snimki k celkovému souboru povrchu tunelu.
Optimalizace vipocetnich procedur a pouZitl v soutasnosti dostupného hardwaru umoZiuje
vyhodnoceni stereoskopicke dvojice do 2 minut, PoZadovand kapacita paméti je 2 MB pro
stereoskapickau dvojici snimkd, 33 MB pro odpovidajicl mezivipocly a 1 MB pro ortofotoma-
pu 1 m vyhodnoceného tunelového pésu véelné digitainiho modelu (3-0 soufadnice).

1. INTRODUCTION

The first measurement using the DIBIT-Tunnelscanner system in the Czech Republic fook
place in January 2001, Mefrostav a.5., the contraclor, placed the order for a survey and
assessment of the actual stale of the primary lining of the northern part of the western lube of
the Mrazovka tunnel in Prague with ILF Consulting Engineers. The purpose of the measure-
ments was lo obtain source daia for modifications to the lining associaled with application of
the intermediate insulation and installation of the final tunnel lining. The measured section
was 653m long, with the length of the monitored part of tunnel roof of 28 lo 30m. The meas-
urement itself was carried out by Austrian DIBIT Messtechnik GmbH, The DIBIT-
Tunnelscanner system was developed in Austria, and, apart from Germany and Swilzerland,
it has been employed for measurements of tunnels in England, Denmark, the USA and
Taiwan

2. SYSTEM-OVERVIEW

2.1, Requirements specific to the application

The idea of the tunnel scanner is based on the stereo-photogrammetric recording of the tun-
nel surface in combination with a geodetic determination of the position of the cameras in
order to obtain the pertinent three-dimensional co-ordinates of the surface poinls in the co-
ordinate system of the project. That means that alf the areas of the tunnel surface which can
be recorded by the camera are registered simultaneously from two different positions in
order to enable a 3-D reconstruction.

In tunneling such a system has to meet the following requirements:

- short recording time

- simple operation by one person who does not need to have any special qualifications

- robustness under the tough conditions prevailing during the advance of the tunnel

- accuracy of the geomelry within a range of +/- 1cm

- easy and quick evaluation

- clear and varied possibilities for representing the results

Consequently DIBIT is based on the following specifications:

- use of high-resolution CCD cameras as recording sensors

- use of a molorized, self-targeting, programmable theodolite for positioning the cameras

- use of a portable PC suitable for outdoor use

- use of powerful image processing modules for a fully automatic evaluation.

A short description of the three components of DIBIT - recording, evaluation, analysis - is
given below.

2.2 Recording module

The recording module consists of two CCD cameras and three glass prisms rigidly mounted
on a robust frame of carbon fiber. The CCD cameras simultaneously record a stereoscopic
pair of images of the tunnel surface. The glass prisms are used to determine the position and
orientation of both cameras. Positioning is done by means of a servo-theodolite. The tunnel
scanner and theodolite communicate via radio modem, which allows the theodolite to be
operated in a completely automatic manner. The frame can be rotated through a horizontal
axis. A tunnel section is generally recorded in 5 partial sections of the profile. A porlable PC
suitable for outdoor use serves as recording computer for the control of the recording
process and the storing of the measured data. The individual components are mounted on a
tripod. The total weight is approx. 18 kg, which makes the system portable and allows it to be
positioned as required.

Additionally, a halogen spotlight is necessary for itluminating the tunnel surface. The field
computer has an action time of 40 minutes when operated with batteries. For permanent use
external power supply is necessary.

For the actual recording the recording module is first placed in the center of the cross-sec-
tion with the measuring frame being positioned at a right angle to the lunnel axis. The
approximate position is entered in the field compuler. Then the seclor to be recorded is
selected and the automatic measuring process is started. The other seclors are recorded in
the same way: it takes about 40 seconds to record one sector.

2.3 Evaluation module

The recorded image data are transferred from the field computer to the eva-luation comput-
er. After selecting the area to be evaluated and without further user intervention, the evalua-
tion software calculates the three-dimensional co-ordinates of all image points in a grid of up
to 1 x 1 cm and produces rectified images referring to the nominal geometry. The necessary
software components are

- the so-called malching, that is finding correlating points on both images and storing the
image co-ordinates

- calculating the co-ordinates of these points by means of the camera paramelers, the co-
ordinates of the glass prisms and the pairs of image co-ordinates

- joining the individual rectified images to an overall image of the tunnel surface.



I d

55 10. ROCNIK, ¢&. 3/2001

lunel

2.4 Analyza vysledkl

Analyza vysledkd pfedstavuje jejich ndzomou a jednoznagnou prezentaci pro dalsi pouziti
v navazujicich aplikacich. Detailné se jedna o nasledujici vystupy:

- dokumentace v8ech stavebnich fazi - napf.: vyrub, stfikany beton, deformace stitkaného
betonu, sekundarni osténi -, které jsou dostupné jako fotografickd dokumentace a mohou byt
analyzovany na obrazovce;

- moznost vytvofeni digitalniho modelu umoziuje nasledujici analyzy:

- porovnani projektovaného a skute€ného tlunelovéha profilu (nadvyrub/podvyruby);

- porovndni profild dvou stavebnich fazl (loustka stikaného, resp. monolitického betonu);

- porovndni dvou snimkd stejné stavebn! faze v rizném Ease (delormace);

- wipotel rozdill objemy dvou stavebnich fézi (spotfeba stilkaného betonu, opad),

- interpretace geologickych vrstev (foliace, pukliny, zlomy ald.)

Ziskana data maji Siroké uplatnéni i v dalSich oblastech:

- export soufadnic do riznych interaktivnich grafickych systémd umoZrujicich napt. vizua-
lizaci;

- zpracovani dokumentace skutecného provedeni;

- import dat jako dodate¢né informace za Ucelem integrace do dokumentace skuteéného
provedeni.

0 vyuziti vysledkl pojednava dalsf kapitola.

3. APLIKACE

3.1 Snimkovan( profild b&hem raZby

Pro kompletni dokumentaci razby mdze byt tunelovy povrch snimkovan v kaZdém zabéru
Znamena to, Ze systém musi byt k dispozici nepfetrzité pro kazdou etapu technologického
postupu (napf. kalota, jadro, poéva). To je zpravidla po odtéZeni rubaniny dfive, neZ jsou
umistény ramy a sité primarniho osténi. Prostor ve vzdélenosti poloviny priméru tunelu pred
¢elbou musi byt pro snimkovani volny po dobu asi 5 minut. Praktické zkuenosti ukazuji, Ze
¢asové ztraty vzniklé v pracovnim postupu pfi snimkovani je mozno kompenzovat vhodnou
koordinaci pfipravnych praci pro dali technologicky postup razby.

3.2 Dokumentace elby

Digitalni snimky éelby [sou pouzivany pro geologickou dokumentaci. Soucasné s nimi jsou
ziskdvany snimky nevystrojeného lice vyrubu v profilu tunelu. Snimkovéni je provedeno
beéhem jedné minuly ve vzdalenosti jednoho tunelového prdméru za ¢elbou.

Vysledkem je trojrozmémy model geologickych struktur ¢elby, ktery miZe byt déle vyuzit
napi. pro vytvofeni modelu vrstevnatosti a ploch diskontinuit nebo pro pfesné ureni mor-
fologie. V kombinaci se snimky vnitintho lice profilu tunelu je pak moZné vytvofit geologicky
model vysoké kvality, ktery poskytuje doplfiujici Gdaje pro statické vypocty

3.3 Dokumentace pred a po umisténf sekundarniho ost&nl

Dokumentace tohoto druhu je provadéna systémem hromadného snimkovani. Bez zohlednéni
doby nutné pro soufadnicové pfipojeni totalni stanice je tunelovy skener schopen zdokumen-
toval osténi béhem 1 hodiny v délce odpovidajfci sedmi profilim tunelu. Odpovidajici doba
potfebna pro vyhodnoceni snimki je asi 3 hodiny.

Obr. 1 DIBIT-Snimkovaci modul - polni pocita¢ s kamerou, rdmem
a stativem

Fig. 1 DIBIT-Recording module - field computer with camera frame
on tripod

The combination of aplimized cafculation modules and presently available hardware enable
an evaluation velocily of 2 minutes per stereoscopic pair of images. The required memory
capacily is 2 MB for a stereoscopic pair of images, 33 MB for the corresponding intermediale
requl(s ar}d 1 MB per lunnel meter for Ihe resulting image including space model (3-D co-
ordinates).

2.4 Analysis module

The analysis module is used to represent results and process them for further applications
In detail the following statements are necessary:

- all recorded construction phases - e.g. initial excavation, shotcrete lining, deformed shot-
crete lining, secondary lining - are available as image documentation and can be analyzed
on the screen

- simultaneous provision of the three-dimensional co-ordinates allows additional calculations:
- comparison of nominal and aclual tunnel profile (overbreak/underbreak)

- com)parison of the profiles of two construction phases (thickness of shotcrete/of in-situ con-
crete

- comparison of different images of the same construction phase (deformations)

- <,i)alcu/§)tion of the difference in volume of two construction phases (shotcrete consumption,
reboun

- calculation of the spatial orientation of geologically relevant area (bedding, joints).

There are different possibilities for more far-reaching applications:

- export of co-ordinates o different CAD and graphics programs for visualizing the geomet-
ric situation

- elaboration of as-built records

- data import of additional information in order to be integrated into the as-builf records

The applications of the results are discussed in detail in the following chapter

3. APPLICATIONS

3.1 Recording of the profile during advance

For complele documentation of a lunnel advance, the tunnel surface can be recorded with
the tunnel scanner in each consltruction phase. This means that the recording system is con-
tinuously available in the advance so that after each round of advance (e.g. heading, bench,
invert) recordings can be made of the excavation, i.e. the visible rock surface. This is usual-
ly done right after completing the mucking process and prior to placing the arches and wire
mesh. The area as far as half of the tunnel diameter behind the working face has lo be avail-
able for the recording activities for approximately 5 minules. The apparent time loss for the
advance work can - as practical experience has shown - largely be compensated by the cor-
responding temporal restructuring of preparatory work for the subsequent phases.

3.2 Documentation of the working face

The digital images of the working face are used for geological documentation. They are
obtained together with the above mentioned documentation of the tunnel intrados. The
recording is done with a distance of one tunnel diameter between the camera and the work-
ing face in less than one minute.

The result is a three-dimensional model of the geological structure of the working face. It can
be used both for calculating the spatial orientation of the bedding and the joint planes as
well as for the exact allocation of the morphology. In combination with the images of the tun-
nel intrados it is then possible to conslruct a geological model of high quality, which can
subsequently provide valuable findings for the evaluation of the stabilily.

3.3 Documentation of the profile before and after placing

the secondary lining
Documentation of this kind is done as a series of images of the profile in mass production
Without taking into consideration the time necessary for the preparation and measurement of
the co-ordinates of the theodolite, the tunnel scanner can be used to record tunnel lengths of
up to seven times the tunnel diameter per hour. The time needed for the evaluation of such
an area is approximately 3 hours.

3.4 Scanning in existing tunnels

Another interesting area of application of the tunnel scanner is the stalus quo assessment in
existing tunnefs. The resulting data provide the essential basis for comprehensive documen-
lation and subsequently for an economical solution of rehabilitation tasks, enlargement of the
profile and similar tasks for a long-term operation of the tunnel.

3.5 Representation of results

The results of the tunnel scanner are presented in three ways:

- graphic depiction as cross-saclion

- graphic depiclion as an image (reclified orthophoto) projected onlo the nominal profile

- numerical descriplion of geometric and themalic resulling daia,

The geometrical location of the lunnel surface is emphasized by means of a superelevation
factor in the depiction of the profile, in the orthophoto by means of the depiction of contour
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Obr. 2 Schéma snimkovaciho procesu tunelového skeneru pro hornf
segment

Fig. 2 Schematic diagram of the recording process of the tunnel
scanner for the crown area
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3.4 Dokumentace existujicich tuneld .

Dal§l zajimavou oblasti uplatnéni tunelového skeneru je dokumentace soucasného stavu
axistujicich tunell. Vyslednd data poskytujl komplexni informace pro navrh ekonomického
faseni nésledné rekanslrukee, rozsffeni tunelového profilu a podobnych rozsdhlych
tunelafskych praci.

3.5 Prezentace vysledkd o _

Vysledky tluneloveho skeneru je mozné prezentoval ifemi zplsoby (viz obr. 3):

- gralické zobrazeni pfitného profilu;

- gralické zobrazen! snimku (ortofoto) v pifslusném profilu (tunelovém melru);

- numericky popis geomelrie profilu. ) )

Pro nazomost je prubsh povrchu tunelu v profilu vykreslen jako pfevydeny, v ortofotosnimku
je znazomnén vrstevnicemi vyjadfujicimi odchylky od projektovaneho profilu, které jsou
barevné odstupniovany. Snimky a digitdini model osténi pro riznou fazi mohou byt zobrazeny
soudasné a jsou jednoznatnou dokumentaci stavby . )
Velmi zajimavé je porovnani snimkd v riznych fazich vystavby jake napfiklad v pocatedni fazi
vjrubu a po nastiiku osténi ze slifkaného betonu, nebo fazi ihned po nastfiku primérniho
psténl a nédslednd po péli nebo deseli dnech. Tak je mozno zjistil silu stitkangho betonu
a jeho pribézné delormace komplexné popsat. Kombinacemi riznych snimki miZeme zjistil
dalsi informace jako napf. llou$tku materidlu, objemy hmot, deformace a ty pak registrovat
a prezentoval riznymi zpdsoby.

Ortofotosnimky Geloy a vyrubu jsou v neposledni fadé nejen zékiadem pro popis geologicke
situace, ale predstavuji soutasné vychozi bod pro komplexni prostorovou analyzu vyznam-
nych geologickych linii a ploch. Misto geologického kompasu bude tedy pro vyhodnoco-
vanou oblast pouZit digitalni 3D model.

4. VYHODY POUZITI

Dosud uskutetnénd méfenl systémem DIBIT ukazuji stejné vyhody pro investora i doda-
vatele

Pro dodavatele jsou nejdtleZitéjsi oblasti aplikace:

- Kontrola kvality vlastnich pracovnich skupin:

Systém umoziuje stavbyvedoucimu detailné kontrolovat dodrZeni projektovaného profilu
provadéného kazdou pracovni skupinou. Vzhledem k jasné grafické prezentaci jsou okamzité
zigjmé nadvyruby zplisobené nepfesnym vrtanim nebo nevhodnym téZebnim postupem.
Stejné tak mlze byt kontrolovana poloha uloZeni vyztuznych ramd.

- Kontrola kvality stavebniho materidlu:

Uréeni odpadlého stfikaného betonu bylo doposud mozné jen pomoci drahych individualnich
a nejistych testd. Novy systém umoZfiuje jednoznaéné exaktni uréeni objemu odpadiého
stfikaného betonu, To je velmi dileZité a rozhodujic! kritérium pro aktulni zmény smésného
vzorce receptury stffkaného betonu.

- Pfiprava prace:

Presnost a pfedevsim komplexni znalost skutecného profilu poskytuji velmi kvalitni zaklady
pro planovani dal$iho postupu praci. V8echny nasledujici prace jako frézovani a pfiprava
izolaci proti vodé vyZaduji detailni znalost o¢ekavanych nakladl. To zajistuje pouZiti nového
systému, ktery s dostatecnou presnosti umoZfiuje rozhodovat o personalnim nasazeni, frézo-
vacich pracich nebo umisténi a geometrii bednéni.

Vyhody pro investora jsou nasledujici:

- Objektivni zkousky kvality a proveden:

Systém poskytuje Udaje, které umozruji objektivni kontrolu dodrzovani smluvné dodavatel-
skych vztahl. Skute¢na sfla stfkaného betonu je zjisténa exaktnim zpdsobem stejné jako
umisténi profilovych obloukd. Geologické struktury jsou pfesné determinovany. Také Gas
snimkovani je registrovan a je soucésti dokumentace.

- Nérlst mnoZstvi informacf pro statiku tunelu:

V ptipadé specidlnich problémd je nyni moZno pouzit informace o skutetné tloudice

lines of the distances lo the nominal profile and by means of coloring. Thus the image and
the digital spatial mode! of the tunnel lining of the different recording phases are available
simultaneously - long-term, unequivocal documentation of the tunnel advance.

What is furthermore interesting is the comparison of different recordings such as those of the
initial excavation and those of the shotcrate lining, or those immediately after the installation
of the shotcrele lining and those 5 or 10 days later. Thus it is possible to depict the thickness
of the sholcrete of the deformations in a comprehensive and conlinuous manner. The combi-
nation of different digital images can be extended as desired, enabling material thickness,
volumes and deformations to be registered and depicted in varied ways.

Finally, the orthaphotos of the excavation and the working face not only provide the basis for
a graphic depiction of the geology in the form of as-built records, but also enable a complete
evaluation of the spalial orientation of geologically relevant lines and areas. The geologist's
compass therefore does not have to be used directly on sile anymore but can be used digi-
tally for the 3-D model of the evaluated area.

4. ADVANTAGES IN THE USE

The uses to date have demonstrated that the system provides the same advantages for the
contractor and the client

For the contractor the most important areas of application are the following:

- Quality control of his own tunneling crews:

The system provides the site engineer with the opporlunity to check in detaif compliance with
the nominal profile for each crew. Due to the optical representation it becomes apparent at
once to what extent overbreaks in the excavation are caused by inexact drilling or improper
mechanical excavation. The accuracy of the profile including support measures can also be
checked

- Quality control of construction material:

Determining the actual sholcrete rebound was so far only possible in very costly individual
tests and with great uncertainties. The new system enables the actual shotcreted volume to
be determined and consequently a very exact and comprehensive calculation of the actual
rebound. This is of greal imporlance for the evaluation of changes in the mix formula or in the
system when applying shotcrele and therefore a crucial decisfon criterion.

- Preparation of work:

The exact and, above all, comprehensive knowledge of the actual profile provides a much
better basis for planning future work. All activities following the advance such as lrimming
works and preparation of waterproofing require delailed knowledge of the costs to be
expected. This is only ensured by means of the new system in a sufficient quality, thus allow-
ing to make decisions regarding staff input, trimming scalfolding, geometry of shutter, elc.
The advaniages for the client are foremost the following:

- Objective proof of quality and performance:

The system provides data, which enable the compliance of a number of contractual stipula-
tions to be controlled objectively. The aclual thickness of shotcrete is checked in a compre-
hensive manner, arches and face plates are discernible and their location delermined exact-
ly. Geological overbreaks are measured exactly and the volume determined. Also, the time of
recording is registered and is entered in the documentation of the shifts.

- Increased informative value of deliberalions on tunne! statics:

In the event of special problems it is now possible to use the actual thickness of the shot-
crete as the basis for deliberalions on lunnel statics. This is a significant progress as com-
pared to current practice.

- High-quality as-built drawings (‘ransparent’ tunnel):

The system provides comprehensive documentation of all excavation, shotcrete and in-silu
concrete surfaces of the tunnel. Thus it becomes possible to call up all data per mouse click
at any place of the tunnel such as profile of the excavation, of the primary and secondary lin-
ing, overbreaks, thickness of sholcrete lining and secondary lining, etc. and lo depict them

' ik adonaltnnel 201 (T:\DbI_5_Teet\TestProjocts\Bhssdona\2 Gleisig\Blisadona_2ol clal

e: Isolisccedgec
Tunnelmeters 2100,743

0.240m
Untecprofils 5.755m2 Ubarprofil: 65.567me2
befiniectar Bersich: 0.0V

Wintmem (>0.00%) : 0.026m Maximum {<100.00%): 0.329m Durchschnict:

Driicken Sie F1, um Hille 2u erhalen.

Bersich von | (B0 b (002120

Ovbr 3 Analy;a vysledki s orthofototo snimkem, ptiénym profilem a numerickym vyhodnocenfim
Fig. 3 Analysis module with orthophoto, cross-section and numerical resulting data
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stfikaného betonu jako zékladni hodnoty pro statické vypotty. To je vyznamny pokrok ve
srovnani s dosud pouzivanymi postupy.

- Vysoce kvalilni vykresy skulecného provedenl (*prihledny® tunel):

Systém poskylne komplexni dokumentaci viech postupd razby, stfikaného i monolilickéno
belonu. Na stisk Haitka mysi je moZné vyvolal viechna data z jakékoliv Edsti tunelu, al u se
jednd o virub, primarni nebo sekundami osténi, tloudfku stfikaného betonu ald., a graficky je
enézornil. Snimky v digitélnim tvaru tak nahrazuji dosud zavedeny systém wykresl
skutetného Emvedani. Informace o konstrukelch nebo instalacich v tunelu; kleré nejsou ve
snimeich zahrauly, jsou v plipadé dokumentace skuteéného provedeni do nich dedateéné
integrovény. Souhrn viech téchlo dat je objektivnim podkladem pro vyhodnocenl
dodateEnjch pozadavkd dodavatele,

- Pokrok v geologické dokumentaci:

Prekreslené snimky Selby predstavujf vysoce kvalitnf dopliiujici informace pro geologa, ktery
zhotovuje dokumentaci in-situ. To je kvalitativni zlom v geologické dokumentaci.

VyuZitl celkowych vyhod pro investora a dodavatele, a tim i pro celou stavbu, bude optimélni
v pifpadé, Ze aplikace tunelového skeneru bude specifikovana investorem a realizaci bude
povéfen dodavatel.

5. MERENi V TUNELU MRAZOVKA

Firma Metrostav objednala zaméfenl DIBIT jako kontrolu skuteéného provedeni priméarniho
ost&ni severnl ¢asli zapadniho tunelu se zamérem ziskani podkladd pro daldl prace. VeSkeré
ginnosti v lunelu probihaly v koordinaci se stavbou. Méfeni celého 653 m dlouhého useku
tunelu probéhta behem &ty dnll a ndsledné bylo digitaing vyhodnoceno asi 2000 m? povrchu
primamiho osténl.

Po porovndnl visledkl zaméfenl s projektovanym profilem byla uréena mista zasahujlcl pod
projektem stanovenou hranici, Okraje oblasti osténi, které bylo nutno z divodd piekrocenych
toleranci na stavbé upravil, byly definovany soufadnicemi (y, %, z). Pomoci soufadnic, roz-
vinutych lunelovych pasi s barevné rozliSenymi odchylkami od procleklnvaného profilu
a piicnych fezl vyhotovenyeh pro kazdy cely Wnelovy melr mohli geodeti dodavatele tato
mista v tunelu bez vetsich problémd wylycit.

Mista zasahujlcl do profilu definitivaho osténi byla vyznacena v tunelu tak, aby obsluha frézy
mohla tyto oblasti zbrousit a plipravit je pro piipevnénl izolace.

Vysledky méfeni ziskdval dodavatel prib&iné lak, aby je mohl okamZité vyuZit pfi pracich
v tunelu. Celkové trvalo vyhodnocovani vysladid zaméfeni 653 m tunelu 14 dnf.

Diive, ne? dodavatel objednal zaméfeni osténi systémem DIBIT, probihala kontrola sku-
te€ného stavu piistrojem Profiler 4000, kterym bylo zaméfeno osténi v dseku délky 25 m.
Vysledky méfeni se zaznamendvaly ve formé odchylky od projektovaného tvaru sprejem
pfimo na lic osténi. Po provedeni méfen( stejného Useku tunelu systémem DIBIT doSlo
k porovnani vysledkil obou metod. Zjisténé rozdily nepfesahovaly 10 mm.

6. ZAVER

Po padu Zelezné opony dodlo pfi vistavhé tunell v Cechach K relativng rychlému nasazeni
modernich stavebnich stroji pouZivanych pfi raZbé tunell. Divodem je okamZily a hmatatel-
ny efekt v podobé zrychleni razby a zkvalitnéni provadénych pracl. Otazka nasazeni nejmo-
dernéjsf technologie z oblasti méfeni a kontroly skuteéné provedenych praci byla dosud ne
zcela docenéna. P méfeni souéasného stavu primérniho osténi provadéného v tunelu
Mrézovka byla vyuZita pouze mald &ast moZnosti pouZiti systému DIBIT. Jeho piné vyuZiti
Znamend komplexn nasazen! systému od zahdjenl razby aZ po ukonéeni praci na defini-
tivnim osténi. DIBIT je modernim kontrolnim néstrojem pro vdechny z0&astnéné strany pfi
vistavbé tunell. Je to velice rychly a eteklivnl zplsob ziskdvani pfesnych a ucelenych infor-
maci o tvaru a objemu tunelového télesa v jednotlivych etapach vystavby a ur€ité ma pfi
budovani tunell velkou budoucnost.

aplically. The digital image observation system thus replaces the curren! type of tunnel as-
built drawings. All as-buil dala not depicted on the CCD images of the support measures are
additionally integrated inlo Ihese new as-buill records of the lunnel. All data comprise an
objective basis for the evaluation of additional claims by the coniraclor.

- Improved geological documentation:

The rectified images of the working face of each individual round of advance constitute a
high-quality addition of the randomized in-situ observations made by the geologist. This sig-
nificantly improves the quality of the geological documentation.

The advantages for the contractor and the client and therefore for the entire structure are
used optimally when the application of the tunnel scanner is specified by the client in the ten-
der and the contractor charged with the execution.

5. MEASUREMENTS IN THE MRAZOVKA TUNNEL

The Melrostav company ordered the DIBIT-based measurement as a checking on the actual
performance of the primary lining of the northern part of the weslern tunnel lube to serve as
a source document for following operations. All operations in the tunnel were conducted in
coordination with the site man&{gemem. The measurements of the whole 653 m-long tunnel
section were carried out within four days. Subsequently, an area of about 2000 m? of the pri-
mary lining surface was assessed digitally.

When the measurement results had been compared with the designed cross section, there
were locations identified reaching under the limit specified by Ihe design. Edges of the lining
areas, which had to be freated on the site due (o crossed tolerances, were defined by means
of coordinates (x, y, z). Confractor's surveyors were able to set oul those locations in the tun-
nel without serious problems using the coordinates, developed tunnel belts (rings) showing
deviations from the designed cross section distinguished in colors, and cross sections drawn
for each integer meter of the tunnel. The spots reaching into the final lining profile were
marked out in the tunnel so that the roadheader operators were able to grind those areas
away and prepare them for application of the insulation.

The measurements' results were handed over to the contractor in such a way, which allowed
their immediate utilization in the tunneling operations. In total, the assessment of the survey
of the 653 m-long tunnel section took 14 days.

Before the contractor placed the order for the DIBIT survey, an inspection of the actual state
had been performed by the apparatus Profiler 4000. A 25 m-long section of the lining had
been surveyed by this way. The measurement results in the form of deviations from the
designed shape had been spray marked directly on the lining face. When the identical tunne/
section had been measured by the DIBIT system, the resulls of the both methods were com-
pared. The determined differences did not cross a value of 10 mm.

6. CONCLUSIONS

A relatively rapid deployment of modern construction equipment used in tunnel engineering
came about after the fall of the iron curtain. The reason is the immediate and tangible effect
in the form of aceelerated driving and improved qualily of the operations. The issue of appli-
calion of the state-of-the-art equipment in the field of measurement and inspeciion of the
aclually performed works has not been fuﬂg apprecialed yel. A small portion only of the
potential of the DIBIT system ulilization has been exploiled in the measurement of the exist-
ing state of primary lining on the Mrazovka tunnel. s full exploitalion means an all-covering
application of the system from the beginning of excavation till the work on the final lining
completion. The DIBIT is a modern tool of inspection for all parties involved in tunnel can-
slruction. It is a very fast and elficient way of obtaining accurate and integral informalion on
the shape and volume of a lunnel body in the course of parficufar conslruction phases. It has
a great fulure in funnel engineering.
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TUNEL MONT BLANC DNES

MONT BLANC TUNNEL TODAY

DOC. ING. PAVEL PRIBYL, CSc., ELTODO, a. s.

¥ tunelu Mont Blanc se 24. bfezna 1999 stala jedna 2 nejvéiSich dopravnich tragédif, kdy pfi
silném pozaru zahynulo 39 lidl, bylo zniéene 24 nékladnich automobild a osténi tunelu
v délce asi 900 metrd, lit. [1]. Pfes pivodni oplimistické pfedpoklady o rychlé rekonstrukci
tunelu je tento stéle zavien a vozy objizddji vzdalenym lunelem Fréjus, ktery je extrémné
pietizen

V pracovni skuping Tesicl tfilety projekt ‘Rizika v silniénich tunelech' Ministerstva dopravy
a spojil vanikl ndmét navtivit lunel Mi. Blanc jeité pred jeho otevienim. Po sloZitém pdl-
rofnim vyjednavani hlavniho Tesitele Eltodo, a. 5., kde velmi pomohl i sekretarit ITAJAITES,
sa podafilo koncem ledna navitivit rekonstruovany tunel. Cleny tymu omezeného na osm
osob byli z4stupci Metrostavu, Metroprojekiu, Subterry, TSK, Eltoda, UDI a Fakulty dopravni
CVUT.

Prijeti zastupci investora bylo velmi pratelské a bylo moZné detailng prohlédnout cely 11 600
metr(l dlouhy tunel. V &lanku, ve kterém jsou pouzity padklady 2 lit. [2] - [5], jsou pfibliZena
nové pfijata bezpecnosini opatfeni a je komentovan stav rozpracovanosti, ktery byl jistym
piekvapenim zvladié proto, Ze se piedpokiadd otevfenl tunelu v z&f tohoto roku.

ORGANIZACNI ZAJISTENi REKONSTRUKCE

Francouzskou Géast tunelu spravuje polostatni akciovd spolenost ATMB (La societé
Autoroutes et Tunnel du Mont Blanc) a italskou ¢ast akciova spolecnost SITMB (Société
talienne du Tunnel Mont Blanc). JelikoZ dvojf sprava vedla k neurditosti v fizeni a byla i jed-
nou z pficin velkého rozsahu katastrofického poZéru, doslo ve vzdjemné shodé ke zfizeni
nadiazené nadnarodnf fidici organizace. Touto organizaci je GEIE (Groupement Européen
dintéret économique du tunnel du Mont Blanc), kter4 je fizena fidicf komisi tvofenou tremi
fediteli, pticem? jeden z nich je vykonnym feditelem, obr. 1.
Rekonstrukci tunelu fidi ob& akciové spolecnosti ATMB a SITMB, ale o v8ech otazkach
zabezpeteni a bezpetnostnich systémd rozhoduje GEIE, coZ vytvafi pfedpoklad zaveden
jednotného a kompatibilniho bezpe¢nostniho systému.
Blizsi sezndmeni se stavem praci a prezentaci projektu rekonstrukce tunelu provedli za
spolednost hlavniho inZenyra projektu SCETAROUTE - SPEA feditel projektu pan Laurent
gamma a za spole¢nost hlavniho dodavatele francouzské ¢4sti oprav BG pan Francois Xavier
iugas.
Po poZary v bieznu 1999 a jeho nasledném vySetfeni, které ma mimochodem 1200 stran
soudnich spis, dnes piistupnych i na intermetu, byla do ledna 2000 vylvofena koncepce
oprav a rekonstrukce & v nabidkovych fizenich vybrdni inZenr projekiu a dodavatelé. Plat],
Ze projek! je jednotny, ale italska a francouzské st e realizovana vidy ndrodnimi konsorcii,
Dnesnl predpoklad dokonéeni oprav a rekonstrukee je sice srpen - 74f, ale podle shodného
odhaduh t'zéa;(.stnikﬂ cesly je mozno ofekdval spide termin dokonteni na plelomu letedniho
a pfistiho roku.
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TUNNEL MONT BLANC

gbr. 1 Nové bezpecnostni organiza¢ni schéma
19. 1 New safety organization chart

Within the tunnel under Mont Blanc, one of the worst traffic tragedies occurred on
March 24 1999, when in a heavy fire 39 people died, 24 cargo vehicles and 900 m
of tunnel lining were destroyed, lit. [1]. Despite original optimistic expectations
about fast reconsiruction of the tunnel, it is still closed and vehicles use bypass
thraugh the distant tunnel of Fréjus, which is extremely overburdened.

Within the workgroup which is solving a three year project "Risks in road tunnels® of
the Ministry of Transportation and Communications, the idea of visit to the Mont
Blanc tunnel was brought even before its opening. After half a ]year of complicated
negotiations of the main realizer Eltodo a.s., where also the ITA/AITES secretarial
helped a lot, it was finally possible to visit the reconstructed tunnel b{ the end of
this January. Representatives of Melrostav, Metroprojeki, Subterra, TSK, Eltodo,
UDI and CVUT Faculty of Transportation were the eight members of (he reduced
team

Acceptance by the tunnel owner was very warm and it was possible o take a
detailed look at the entire 11600 m long tunnel. Within the article, where sources
from literature [2]-[5] are used, new safely measures are introduced and the condi-
tion of work is commented on, especially when this was a cerlain surprise, because
opening of the tunnel is estimated in September this year.

ADMINISTRATIVE PROVISION OF THE
RECONSTRUCTION

The reconstruction of the French tunnel section is administered by semi-governmen-
tal ATMB inc. (La societé Autoroutes ef Tunnel du Mont Blanc) and the Italian one by
SITMB inc. (Societé Italienne du Tunne! Mont Blanc). Because the dual administra-
tion led to vagueness in management and thus was one of the causes of large extenl
of the disastrous fira, after mutual agreement, a mg;en‘or management organization
was established. This organization is GEIE (Groupement Européen d'intérel
économique du tunnel Mont Blanc), which is controlled by a management commitlee
consisting of three managers, one of which is an executive director, fig. 1.

The tunnel reconstruction is administered by both incorporated companies ATMB
and SITMB, but GEIE decides in all questions of safety and safety systems, so that
require(rjnen[ for implementation of uniform and compatible safety system is
ensured.

Closer acquaintance with the status of works and presentation of the project of tun-
nel reconstruction was submitted by project manager Mr. Laurent Samma, on behalf
of the main project engineer SCETAROUTE - SPEA, and by Mr. Francois Xavier
Giugas, on behalf of the main contraclor for the French section of repairs BG.

After the fire in 1999 and ls consequent investigation, which by the way has 1200
pages of court documents, teday also accessible on the internet, until January
2000 a concept of repairs and reconsiruction had been created and within a ten-
der, project engineer and suppliers were selected. Il is a fact that the project is uni-
form, but both the French and ltalian sections are realized by national consorti-
ums. Current estimation of completion of repairs and reconstruction is Au-
gust/September, however, according to unanimous estimation of the journey parti-
cipants, it is more likely to expect the completion rather at the break of this and
next year,

Obr. 2 Oheri kompletng znicil betonovou obezdivku
Fig. 2 The fire completely destroyed the concrete lining
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Celkovy finanéni objem: véech Cinnosti 300 mil. EUR
viech doddvek 230 mil. EUR
stavebni 110 mil, EUR
technologie 120 mil. EUR
projekt a jeho fizeni 70 mil. EUR

DUSLEDKY POZARU

Celkova bilance ztrat na Zivotech v disledku pozaru &inila podle oficialni zpravy 39 lidi, ves-
més na piijezdové strané z Francie. Vozidlo zachranné sluzby, zablokované na francouzské
strané nékolik set metrd pfed hoficim kamionem se podafilo vyprostit aZ po péti hodinéch
a jeden ze &trnécti hasidd po pfevozu do nemocnice zemrel. Pozar se podafilo zlikvidovat az
za dva dny 26. bfezna po 16.00 hod. Vétsina ztrdt na Zivotech na francouzské strané byla
zptsobena udusenim koufem (s pfispénim pretlaku z italské strany) a naslednym updlenim.
Na italské strané vozidla jedouci pfed hoficim kamionem odjela bez poskozeni a uvolnila
névratovou cestu protijedoucim vozidldm, jedoucim do Francie. | fidi¢ hoficiho kamionu pan
Gilbert Degrave se zachranil a mohl byt vyslychan pfi nsledném soudnim fizeni.

Pfi pozéru v uzavieném prostoru, podporovaném intenzivni ventilaci, dosahla teplota vyse
mnoho set stupiid Celsia (az 1200 °C), coZ dosvédéuje i skutecnost, ze doSlo k rozpadu
betonového zdiva tunelu az na skélu a ohnisko poZaru bylo dostupné po intenzivnim chlazeni
aZ za vice nez 48 hodin.

PRICINY POZARU A ZiSKANE ZKUSENOSTI

Vlastni pficina poZaru ndkladu na belgickém kamionu, tj. pro¢ zadaly hofet jinak ne pfili§
hoflavy margarin a mouka, naloZzené na korbé kamionu, nebyla ani soudné, ani expertné
dodnes prokazana, lit. [6]. Nasledné vySetfeni zbytk( kamionu nepfineslo Zadné prikazné
vysledky vzhledem k jeho totaIni devastaci pozarem.

Samovzniceni nakladu neslo racionalné zddvodnit, a tudiZ Ize o ném vazné pochybovat.
Jeho vznicenf, napiiklad od hofici pneumatiky, nebylo moZzné také prokdzat. Rovnéz exper-
tizy odborniki na nakladni automobilovou dopravu, véetng odbornikl vyrobce (VOLVO),
nepotvrdily pravdépodobnost této pficiny.

Otazkou je | skulecnost, proé kamion po zastaveni v odstavném vyklenku 21 okamZité cely
vzplanul & zda nemohl s doutnajicim poZarem na korbé dojet aZ na vyjezd z tunelu na italské
strané. Vzhledem k okamZitému vzplanuti kamionu nemohl fidi¢ pouZit hasici piistroj na
palubé kamionu a zachranil si Zivol Otékem na italskou stranu.

Cely vjvoj po2éru v silniénim tunelu Monl Blanc Ize uvést jako varovny piipad fizeni hetero-
gennich systémd, V daném piipadé byla heterogannost systému déna hlavné dvojim nezévis-
lym fizenim zabezpedovacich zafizeni (z italské a z francouzské fidic! stanice) a navic pak
spontdnnim a nepfedvidatelnym chovanim Gtasinik katastrofy. Viastni rozsah katastrofy
v daném konkeétnim pfipada byl vyvoldn nékolika zdsadnimi nedostatky, klerym je nutno do
budoucna zabranit:

1. Zvyseni disledki katastroly bylo bezpochyby zpisobeno nezévislym zdsahem italského
dispecera vedoucim ke zvySenl vikonu ventilace z italské strany, které podpofilo rychlé
vzplanuti kamiony po zastaveni v odstavném vyklenku ¢. 21, Déle také zpdsobilo zakoufeni
francouzské strany tunelu v Gseku za hoficim kamionem, ve kierém byla uvéznéna vozidla
jedouci za kamionem. Jejich posadky se udusily (i na dtéku) a pak nésledné uhofely. Zprava
expertd, lit. [7] na slrané 159 a dalsfch, znovu konstatuje, Ze se jednalo o dva zcela nezavis-
6 fidici systémy: jeden na francouzské a jeden na italské strané tunelu.

Z&vér 1: Veskeré Fidici a zabezpetovaci systémy musf byt fizeny a ovladany z jediného
centra.

2. Odstavné vyklenky neposkytovaly ochranu ani pfed koufem, ani pfed Zarem vznikiého
pozaru, Jiné tkryty posadek v tunelu nebyly.

Z&vér 2: Je nutno vybudovat bezpeéné ochranné Ukryly a Gnikové cesty pro posadky
uvéznénych vozidel v pipadé havarie.

3, Tunel byl vybudovéan jako obousmérny, coZ znaéné komplikuje z&chranné préce pfi havérii
vhledem k protijedoucim vozidlim a vede ke ztfZeni, pfipadné i k znemoZnéni nikovych
operaci, Unikové chodniky umisténé po strandch podél vozovky v tunelu byly Siroké pouze

Obr. 3 Princip nové vybudovanych unikovych cest;

privod erstvého vzduchu - modre, odvod koufe - Cervené
Fig. 3 The principle of newly built escape ways;

fresh air supply - blue, smoke extraction - red

Total financial volume ; all activities 300 mill. EUR
all supplies 230 mill. EUR
civil works 110 mill. EUR
E&M works 120 mill. EUR
project and its management 70 mill. EUR

FIRE CONSEQUENCES

Total result of casualties due to the fire reached according to official report 39 per-
sons, mostly at the French tunnel section. One of the emergency vehicles was
blocked few hundred meters in front of the on-fire truck at the French side and it
was possible get release it only after 5 hours, one of 14 firemen died after being
taken to hospital. Only after two days on March 26 after 4 p. m., the fire was finally
brought under control. Most casualties at the French side occurred due to smoke
suffocation (with contribution of overpressure from the ltalian section) and conse-
quent burning. Within the ltalian section, cars moving in front of the on-fire truck got
away with no damage and thus opened relturn way for cars in the opposite direc-
tion, going to France. Driver of the on-fire truck Mr. Gilbert Delgrave also survived
and could be consequently interragated during the following lawsuit. .

By fire in the pent area, supported by inlensive venlilation, the lemperalure
reached several hundrad Celsius degrees (even 1200). That is also evidenced by
the fact that the concrete tunnel lining was eroded up to the very rock and Lhe fire
center was accessible after intensive cooling only in more than 48 hours.

CAUSES OF FIRE AND GAINED EXPERIENCE

The very cause of fire of cargo in the Belgian Iruck, i.e. why usually not very inflam-
mable margarine and flour, loaded in the back of the iruck, caught on fire, has been
proved neither by court nor by experts until today., lit. [6].Consequent investigation
of the Iruck remains did not bring any remarkable results with regards to its com-
plete fire devastation.
It was not possible to rationally reason the cargo's flame up and therefore it is pos-
sible to seriously doubt it, while it was also not possible to prove other flame up, for
instance from a burning tire. In the same way, expertises of cargo transportation
professionals, including professionals of the producer (VOLYO), did not confirm
probability of this cause.
It also presents a question why the truck after stopping in the lay-by niche 21 imme-
diately got entirely on fire and if by any chance could not with smoldering back
reach the tunnel exit at the ltalian section. With regards to immediate flame up, the
driver could nol use the fire extinguisher on board and instead saved his life by
running to the ltalian section.
The entire fire progress in the Mont Blanc tunnel can be used as a premonitory
example of management of heterogeneous systems. In this case, the heterogeneity
was given mainly by dual independent management of safety facilities (from French
and Italian controlling stations), but also by spontaneous and unpredictable behav-
ior of the disaster participanis. The own exten! of disaster was in this concrete case
caused by several basic imperfections, which have lo be prevented in future :
1. Increase of disasler impacts was no doubt caused by independent action of the
Italian supervisor leading to increased ventilation output from the Italian section,
which naturally added to fast truck's flame up alter it stopped in the lay-by niche
21. Furthermore, it caused smoke in the French tunnel section behind the on-fire
truck, where cars going behind it were trapped, Their crews suffocated (even dur-
ing escape) and consequently burnt. The experts' reporl, lit [7] on page 159 and
others, again states that there were two absolutely independent controlling sys-
tems: one at the French and one at the lialian side.
Conclusion 1: All controlling and safety systems must be run and controlled from a
single Center.
2. Lay by niches did not grant protection from smoke nor from fire heat. There were
no other shelters for crews within the tunnel
Conclusion 2: It is essential to build safe protective shelters as well as emergency
exits for crews of trapped cars in case of accident.
3. The tunnel was constructed for Iwo-way lraffic and that significantly complicates
rescue works by accidents, with regards to vehicles in opposile direction, and
leads to complication or even impossibility of escape operations. Exil pavements,
located at sides along the tunnel road, were only 80 cm wide and the escaping
persons were, regarding to pesifion of the air exiraction openings, in smoked
area.
Conclusion 3: It is generally valid that it is necessary to build one-way road funnels
wilh safety connections between the tubes. Two-way tunnels must be equipped
with ventilation tunnel or escape lunnel, which can be used as independent pedes-
{rian way of escape in case of extensive accident (fire). ) )
4, The tunnel was equipped with neither hydrants nor water reservoirs for fire extin-
gm‘sm‘ng, therefore the blaze could have been tackled only using equipment
roughl by the fire brigade vehicles (foam etc.) Thal proved as insulficient in case
of extensive fire in pent area, also with regards lo the need of intensive cooling of
the fire vicinily, only that consequently enabled access lo the fire center and ifs
containment. )
Conclusion 4: Long road tunnels must be equipped with sufficient number of fire
hydrants, fed from emergency fire waler reservoirs. .

. The tunnel was e%uipped with radio links with regards o the possibilily of burn-
ing of telephone cables. Thal enabled signalization and phone connection of the
tunnels users from individual lay-by niches with the controlling centers even during
such an exltensive fire. ) : g
Conclusion 5: Long road tunnels must be equipped wilh suitable communication
means (wireless links, telephone connection), enabling communication from indi-
vidual tunnel sections with the controlling center in case of accidents and fires,
without a danger of cable burning. ) . .
6. The lunnel was ventilated by a ventilating corridor beneath the road, using venti-
lation shalts located next o the escape pavements at the botlom lunnel side, with
regards to common localion of car exhausts. That on one hand venlilates ihe
exhausted gases well, but on the other caused gathering of smoke al the lunnel
bottom, and thus increased lhe chance of tunnel users' inloxication with fire
exhausts and complicated visibility and orientation in the funnel,

Conclusion 6: Ventilation at road tunnels must be so designed, that beside the
common evacualion of exhaust gases, it would allow inlensive extraction of smoke
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80 cm & unikailci osoby byly vzhledem k poloze odsavacich otvqrﬂ v zakoufeném prosiiedi.
7évdr 3: Obecné plall, 7e silniéni tunely je nuino budoval jako jednosmémé s bezpetnost-
nimi prostupy mezi troubami, Obousmérné tunely musi byl vybavené ventilatnim lunelem
nebo anikovym tunelem, pouitelnym jako nezévisld pesi Gnikovd cesta v pfipadé rozsah-
|é havarie (poZaru). ) o

4, Tunel nebyl vybaven ani hydranly, ani zésobniky vody pro hadenl pozéru, lakZe poZar
mohl byt hasen pouze hasicimi prostiedky dovezenymi hasiCskymi vozy (péna apod.), To se
ukazalo jako nedoslaleCné v piipadé rozsahlého po2aru v uzavieném prostoru vzhledem
k potfebé intenzivniho chlazeni okoli poZdru, kieré teprve nasledné umozni pfistup k ohnisku
poZéru a jeho hasenl.

Zavde 4: Dlouhé silnitni lunely musl byt vybaveny dostategnym poétem poZamich hydrantd,
napajenych z pohotovostnich protipozarmich vodnich nadrZi.

5. Tunel byl vybaven radiovymi pojitky s ohledem na moznost prohofen telefonnich kabeld.
To umoznilo signalizaci a telefonni spojeni uZivatell tunelu z jednotlivych odstavnych v{-
klenkd s fidicimi stfedisky i b&hem tak rozsahlého pozaru.

Z4vér 5: Diouhé silnicni tunely musi byt vybaveny vhodnym komunikagnim prostfedim {bez-
dratovd pojitka, telefonni spojeni), umoziujicim komunikaci z jednotlivjch partii tunelu
s Fidicim stfediskem tunelu v pfipadé havarii a poZarQ, bez nebezpedf prehofenf kabell.

6. Tunel byl odvélravan odvétravacim koridorem pod vozovkou pomoci ventilatnich Sachet,
umisténych vedie inikovyeh chodnikl na spodni strané tunelu, s ohledem na b&Zné umisténi
vjluki u vozidel. To sice dobie odvélrdva vjfukové plyny, ale zplsobilo stahovani kouie k
podlaze lunelu, tim zvy3ilo moZnost otravy uZzivatell tunelu zplodinami pozéru a ztiZilo
viditelnost a orientaci v tunelu.

Z4vé&r 6: Ventilace silni¢nich tunell musf byt projektovana tak, aby kromé bézného odsavani
vyfukovych zplodin umozfiovala intenzivni odsévani koufe od stropu tunelu v pfipade pozdru,
a tim trvale sniZovala zakoufeni spodni partie tunelu.

7. Tunel Mont Blanc nemél vlastni zachranou jednotku. Operatofi na obou koncich tunelu
(rancouzské i italské) alarmovali mistni zachranné sbory, kazdy na svém uzemi, &imz
dochazelo ke zpoZdéni zahajeni zachrannych praci.

Z&vér 7: Operatofi dlouhych silniénich tuneld musi mit pod pfimym velenim zachranné

Tunel Mont Blanc - ¢ast ventilace pod vozovkou
Mont Blanc tunnel - part of ventilation under road pavement

Radialni vysokotlaké ventilatory dodavaji cca 75 m'ls
Prikon az 1 MW

Radial high-pressure fans supplying about 75 m'/s
Input up to 1 MW

© E -E
=
oS @ _5
z Sl L Progusti mezi inyodoyymi _§ _‘\@‘
X § i kanaly (vyrovnani tiaka) oE
§ = | Connecting channels between_ ;@ 2
= 5 i | sy, ducts (pressure equall; Hm)j 3
L : Pfivod vzduchu o
/Air supplay duct

nononooaoon

QOdvod znegisténého vzduchu od stropu

Removal of polluted air from the crown
Odvod az 150 m'/s Posilovag odvodu
Exhaust up to 150 m'/s Exhaust booster

Obr. 4 Podélné schéma ventilace (te¢kované-odvod vzduchuy)
Fig. 4 Longitudinal scheme of ventilation (dotted line - air evacuation)

,?_br. 6 Pohled na radialni ventilatory ve strojovné vzduchotechniky
I9. 6 View of radial fans in the ventilation plant room

¥

from the tunnel ceiling for the case of fire and along with this would permanently
reduce smoke of the lower tunnel parts.

7. The Mont Blanc tunnel did not have its own rescue unit. Operators at both tunnel
ends (French and Italian) alarmed local rescue brigades, both within their own
area, and thus delay of commencement of rescue works occurred.

Conclusion 7: Operators of long road tunnels must have a rescue unit under direct
command, and thus located within the tunnel and equipped with specialized rescue
vehicle, enabling first aid during tunnel accidents, i.e. first extinguishing interven-
tion as well as first aid to those injured or rescue of crews in danger, still before
called common rescue brigades arrive.

BASIC SAFETY MEASURES

Gained experience was elaborated into practical safely measures. First step lo rea-
lization of safety measures was the aforementioned alteration in organization of tun-
nel administration, i.e. establishment of supranational organization GEIE, which with-
in the frame of tunnel reconstruction especially provides for the following activities:
- Supervision of all works, realized by consortiums ATMB and SITMB;

- Taking over alf works in the tunnel;

- Preparalion and training of personnel.

The second step to unification of lunnel management was a creation of French-
ltalian intergovernmental commission CIG (Commission Intergouver-mentale de
Controle du tunnel do mont Blanc). This commission, operating on governmental
level eliminates eventual quarrels deriving from protections of regional interests of
individual incorporated companies ATMB and SITMB, which cannot be solved by
GEIE. Governmental regulation on controlling of the CIG activity especially takes
into consideration the three following rules of safety:

- Escort of persons in danger into safe places and their fastest possible evacuation;
- Rapid activation of rescue brigades

- Integration of safety means.

Absence of escape ways from the tunnel was the cause of such a high amount of

Pricny fez tunelem Mont Blanc
Cross section of the Mont Blanc tunnel

Pozami odsavani

Propustky jsou po 10 m
Connecting channels
at 10 m spacing

ze stropu asi po 300 m
Fire extraction from
the roof at 300 m

Kanal pro znecistény vzduch
Duct for polluted air

Cisty vzduch
Fresh air

Obr. 5 Priény fez ventilatnim systémem
Fig. 5 Cross section of the ventilation system

Jeden z kanall pro pfivod Cerstvého vzduchu
One of fresh air supply ducts

Obr. 7 Schéma pridavnych ventilator(i, které v pfipadé nutnosti
posiluji odvod znecisténého vzduchu

Fig. 7 Scheme of aditional fans boosting the polluted air exctraction
in case of a necessity
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druzstvo umisténé v tunelu a vybavené specidlnim zéchrannm vozidlem, umoziujicim prvni
pomoc pfi havarii v tunelu, 1], jak prvni zdsah ph hadeni, tak prvni pomoc ranénym
abzaghranu ohroZenjch posadek jesté pred pfijezdem pfivolanych obecnych zéchrannych
shord.

ZAKLADNI BEZPEGNOSTNi OPATRENI

Ziskane zkuSenosli byly rozpracovany do konkrétnich bezpednostnich opatfeni. Prvnim

krokem k realizaci bezpecnostnich opatfeni byla uvedena zména v organizaci spravy tunelu,

tj. zfizanl nadndrodni organizace GEIE, kterd v ramei rekonstrukce tunelu zajistuje zejména

nasledujicl ¢innost:

- dozor nad viemi pracemi provadénymi konsorcii ATMB & SITMB,

- zajidténi pfejimek viach pracl v tunely,

- piipravu a vicvik personalu.

Druhym krokem k unifikaci fizeni tunelu bylo ustavenl francouzsko-italské meziviadni komise

CIG (Commision intergouvermentale de controle du tunnel do Mont Blanc). Talo komise,

plsabici na viadni Grovni odstrafiuje pipadné spary vzniklé hdjenim regioninfch zajmi jed-

netlivych akciowjch spolednosti ATMB a SITMB, kleré nemize 7e§it GEIE. Viddnl smémice

lidici prdcl CIG zohledriuje pledeviim ndsledujlel tfi 24sady bezpednosti:

- odvedeni ohroZenych osob do bezpeéného prostiedi a jejich co nejrychlejsi evakuaoi,

- rychia aktivace zachrannych sloiek,

-integrace bezpednosinich prosifedki.

Phitinou velkého mnozstvl lidskych ob&ti pfi viSe zmifované nehodé byla nesxistence

nikovych prostor z lunefu. Nouzové ukryty, kieré zde byly, se bohuZel ukézaly jako nedicin-

né. ProloZe pod vozovkou vedou vélraci kandly, byly do nich, v rémei rekonstrukee, reali-

Zovany nouzove vstupy z tunelu, Jednim 2 proslfednich vzduchovjch kandll mize projizdét

specéalni vozidlo hasitského shoru (néco na zplsob. dlini lokomalivy) s pfepravnl kapacitou

asi 40 osob.

Dalsi opatfeni se tykajl dopravnich a zabezpetovacich systémi:

Odstupy vozidel: ProtoZe je tento tunel obousmérny, coZ piindsi znaéné zvy$en rizik pfi

provezu, bude do tunelu zamontovan elektronicky systém dohlizejicl na dostateénou vzajem-

nou vzdalanost vozidel, kierd byla stanovena na min. 150 m. Tolo opatfenl platilo | pied

havéril, proto bude pouZit elekironicky systém. Stanice tohoto elekironického systému budou

od sebe vzdaleny 600 m a majl vystupy na informaénl systém v tunelu (upozornéni fidice)

1 na pracovisté dopravnich dispecerd (i policie).

Omezenf rychlosti: V tunelu je snizena maximaln! rychlost vozide! z 80 km/hod na 70 km/hod,

minimalni rychlast 50 kmfhod.

Nebezpedny néklad: Vozidla s nebezpe&nym néakladem maji zakdzdn viezd do tunelu.

Néakladni vozidla, u kterych vznikne podezieni na pfevéZeni nebezpeéného nakladu, budou

pred viezdem do tunelu odstavena a kontrolovana.

Ridicl centrum: Provoz v celém tunelu bude fizen hlavnim fidicim stfediskem v Chamonix.

Italské strana tunelu bude vybavena kontrolnim fidicim stfediskem.

Informaéni systém: VZdy po 600 m budou v lunelu osazeny informaéni tabule a svitelnd sig-

nalizace pro zastaven! provozu. Ta bude dopingna, pro dosaZeni jistoly zastavenl, mecha-

nickou vertikélni zévorou.

Unikove vichody: Pivodnich 24 dnikovieh prostor, budovanych zejména pro plipad vzniku

poZaru, je dopliovanc na novy celkovy potet 46. VSechny Gnikové prostory jsou rozéifovany

0 schodi8lé pro pé&i komunikaci z tunelu do vétracich kanald s Gerstvym vzduchem,

umisténgch pod Grovnf vozovky, obr. 3. Vétraci kandly majl visku asi 2 m a umoZfiujl dojit

k poré{;lum tunelu. Nejvétsi vzdalenast z libovolného mista v tunelu k dnikovému schodidti e

ast 126 m.

Detekce koufe: Kromé liniové detekce poZdru a opacitometrd pro detekei koufe bude

dilezitym prvkem detekce koufe systém videakamer, které by mély byt vybaveny elekiro-

nickym systémem pro identifikaci koute.

ObloZeni tunelu: Vnitfni povrch tunelu bude v celé délce vystrojen protipoZarnim obkladem,

Bezpetnostnf sluZba: Uprostied lunelu bude nové vybudovana mistnost pietlakové vétrand

a klimatizovana, kde bude celodenng sluZba zdchranného tymu a budou zde i piisludng

vybavend vozidla, RovnéZ u obou portdld budou trvale zdchranné [ymy pro piipad nehody

neba pozaru vozidla,

Vetran( tunelu: Vétran tunelu méd zakladnl vjznam pro zajiSténi pfiméfené bezpeGnosti,

V dalSim lextu jsou shrnuly nové zésady a detalingj§imu popisu je vénovana nésledujici kapi-

tola:

- koncepee vatrdni s pomoci vétracich kanall pod Urovni vozovky zlstéva beze zmény;

- ceniralné flzené klapky budou pfivadél erstvy vzduch z kandlu pod vozovkou po celé
délce tunelu s odstupem 10 m; .

- pohyb vzduchu v tunelu bude moZno upravovat pomoci 76 nové instalovanych ventilatorQ
zavéSenych pod klenbou tunelu;

- ve vzddlenosti 100 m jsou do obezdivky po celé délce tunelu nové doplnény (dfive po

Obr. 8 Unikovy vychod na italské strané je pfed dokongenim
Fig. 8 Emergency exit at the Italian section is before completion

human casuallies in the aforementioned accident. Emergency shelters that were
presenl unfortunately proved as Ineffective. Because ventilation canals are con-
ducted benealh the road, within the frame of reconstruction, emergency lunnel
exils were reafized into those, Through one of the central air canals, a special fire
brigade venicle with the capacily of app. 40 persons can move (something like
mine locomotive).

Further measures concern traffic and safely systems:

Vehicle distances: Because the tunnel is of a double-way design, thus significantly
increasing the risks by operation, an eleclronic system supervising the sufficient
mutual distance between vehicles, which had been set as minimum of 150 m, wil
be built in, This measure had been valid even before the accident, and therefore
the eleclronic system will be ulilized. Stations of this elactronic system will be 600
m away from each other and will have outputs to the information systern in the tun-
nel (drivers' warning) as well as to workplaces of iraffic supervisors (and police).
Speed limitation : Within the tunnel, highest speed of vehicles is reduced from 80
km/h to 70 km/h while the lowest is 50 km/h,

Dangerqus cargo: Vehicles with dangerous cargos are prohibited from entering the
lunnel, Trucks, which are suspected of carrying dangerous cargo, will be laid up
and inspected belore entering the tunnel,

Controlling center: Operation in the entire tunnel will be controlled from the main
controfling center in Chamonix. Iltalian section will be equipped with monitoring
controlling center.

Information system: Every 600 m there will be information boards and light signal-
ization for traffic termination installed. That will be, to set a guarantee for termina-
tion, complemented with a mechanical vertical bar.

Escape ways: Prefiminary the number of exits, constructed especially for the case
of fire, have besn increased from 24 o the lotal of 46. All exil areas are being
enlarged with staircase for pedesirian connection between the tunnel and ventila-
tion tunnels with fresh air, fig. 3. Ventilation canals are app. 2 m high and alfow to
get lo the tunnel portals. The largest distance Irom any place within the tunnel fo an
exil slaircase is app. 125 m.

Smoke detection; Beside the line detection of fire and opacitometers for smoke
deleclion, a sel of cameras, which should be equipped with electronic system for
smoke detection, will be an important deteclion element,

Tunnel cladding: Inner tunnel surface will be along the entire length equipped with
lireproof ¢ladding.

Security service: A new room, ventilated with overpressure and air-conditioned, will
be constructed in the middle of the tunnel and will be seat of nonstop service of
rescue leam, also with accordingly equipped vehicles. In the same way, rescue
leams for cases of accident or vehicle fire are located permanently by both por-
lals.

Tunnel ventilation: The tunnel ventilation plays essential role for provision of accor-
danl safely. New principles are summarized in the following text while the next
chapler is devoted to their more detailed description.

- Concepl of ventilation using ventilation canals beneath the road level remains
without a change;

- Centrally operated flaps will release fresh air from canals beneath the road along
the entire tunnel length with distances of 10 m;

- It will be able to adjust air movement in the tunnel using 76 newly installed fans,
pendent below the tunnel vault;

- Along the entire tunnel lentgth in the distances of 100 m (300 m before), ventila-
tion canals are newly installed into the tunnel lining. They lead from the vault
tap into the air vent canal beneath the road level, with operation of the air pas-
sage in every single canal by a centrally operated flap. Use mainly by fires is esti-
mated;

- Within the tunnel track, 4 new auxiliary fans with remotely controlled flaps will be
constructed;

- At both entrance portals, always in the distances of 100 m from the tunnel
enirance, new ventilation stations, providing for evacuation of majority of contami-
nated winds away from the portal, are constructed.

VENTILATION SYSTEMS

Designed Iransverse ventilation system is not being altered during the reconstruc-
tion, new more effective radial high-pressure fans for air supply and extraction are
being installed, fig. 6. Supply and exlraction fans are located in fan rooms at both
portals. From each of the fan rooms, one half of the tunnel, i.e. 5,8 km, is being ven-
tilated. Special fire flaps at air extraction and four auxiliary fans in the venting

Obr. 9V tomto vyklenku na francouzské strané se zacina bagrovat
propojeni se vzduchovym kanalem

Fig 9 Within this niche at the French side, connection with the
ventilation canal begins to be excavated

o
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300 m) vétraci kanaly z vrcholu kienby do kanalu odvodu vzduchu pod Grovni vozovky $ ovvlé-
danim prichodu vzduchu v kaZdém jednoliivém kanalu centréin fizenou klapkou, Pfed-
poklada se vyuZitl hlavné pfi pozéry; ) o .

>V tunelové trase budou vybudovany 4 nove pomocne ventiltory s délkové fizenymi klap-
lfannz;h()bou vstupnich portalech jsou vzdy ve vzdalenosti 100 m od vstupu do tunelu nové
vybudované vétraci stanice zabezpedujici odvedeni vatsiny kontaminovanjch vétrd od

portalu.

VETRACI SYSTEM

Navrzeny piicny systém vélrdni nenl v ramei rekonstrukee ménén, jsou instalovany nové
vykonnj8l radidlni vysokollaké ventilatory pro piivod a odvod vzduchu, obr. 6. Piivodni
a odvodni ventilatory jsou umisiény ve strojovndch vaduchotechniky u obiou portdld. Z kazde
slrojovny se vélrd polovina lunelu, 1j. 5,8 km. Nové jsou pouZity specialni pozarni klapky na
odvodu vzduchu a Gyl pomoené ventildtory v odvodnim kandlu vyuZivané phi pozaenim
vBiranl. Pro vyrovnani viivu prirozené aerace, plsobeni vétru u portdll a moznos! fizenl
pohybu vzduchu v tunelu je ﬂod klenbou instalovano 76 proudovych venlildtor s reverznim
chodem piikonu 27 kW (600 N). Z&kladnf podéiné schéma ventilace Je na obr. 4 a piidny fez
je naobr. 5.
gtr&nf pfi norminim siinitn(m provozu:
V kaZdé strojovné u portaly:

piivod 75 % 4 = 300 m'/s pied rekonstrukel
82,5 x 4=330 m/s po rekonstruke

odvod 80 ms pfed rekonstrukel
150 - 200 m/s po rekonstrukei

Piivod vzduchu je zajistén cekem 3 ai 4 kandly umfsténymi pod vozovkou, vydsténf dale
u chodniku po 0,57 mYs a vzdalenost vyustek je asi 10 m. Odvod vzduchu je pod klenbou
wnelu pies vyostky napojené na odvodni kanal pod vozovkou. Odsdvacl svislé kanalf_r jsou
osazeny poZamimi kiapkami se servopohonem umisténym asi 1,5 m nad vozovkou. Ten je
v kobce mimo proudéni vzduchu. Vzdalenost mezi jednollivimi odsdvacimi vyustky je 100 m.
Celkem bylo nulng vysekat nebo adaptovat 110 vstupl pro odkoulenl, kaZdy o kapacilé
160 m’, coZ predstavuje zdvojnasobeni stavajlci kapacity.

Z divodd poiadavku francouzské strany, aby nedochdzelo k zneCisfovéni ovzdudf
u Chamonix diky unika;[cim zplodindm z tunelu, je u tohoto portalu nové navrzena odvodn
siroiovna § dvéma axialnimi ventilétory pro odvod vzduchu z tunelu s kapacitou 460 mYs
a vifukovy komin zarudujicf rozptyl zplodin. Je zde laké uvaZovana o prostoru pro budouc
instalaci eleklrostatickych filted pro éisténi odvodniho vzduchu od pevnyjch &astic 2 provozu
naftovych motord.

Vtran! pfl po2dru vozidia v tunelu:

Ridici systém vyhodnoll misto pozaru a v délce 600 m se naplno oteviou poZdni klapky,
zatimeo se oslatnl uzaviou. Spust se Ui radidlnl odvedni ventilétory v pislugné strojovné
u portélu a zajisti odvod 150 ms v daném (seku. Na odvodnim kandle jsou v celé délce
tunelu celkem &lyfi pomocné axidlnl venlitgtory, kleré zajisti pfekondni tlakovych ztrat
v kanale a Ginné odsévani z mista poZary, obr, ?)’

Teplotnt odolnost ventilatord a kiapek je 400 *C. Privodnl kandly Ize ledy vyuil i pro dnik
osob z mista poZaru, Vslup je zaji¥lén pres zéchranné komory dobudované po 300 m
v tunelu. Komory jsou pietlakové vétrané a schody prapojené do pfivodniho kandlu, klerym e
mozné uniknout z mista poZéry. V tomlo pripade je zde max. rychlost proudéni 10 mfs.

REKONSTRUKCNI PRACE

Zvladnout tak rozsahlou rekonstrukci je jisté velky problém. V tunelu v dob& navStévy
panoval gily stavebnf ruch. Stupei rozestavénosti je velmi rozdilny. Na francouzske strané se
v nékolika pfipadech teprve zatinalo s razbou Unikovych prostor, na italské strang byly
nékleré pfed dokoncenim,

Rozshl4 stavebni Ginnost zamésindva denné v tunelu 600 pracovnik a pfedpokidda se, Ze
maximaln! podet bude a2 1000 pracovniki. 5 takovouto kumulacl pracovnikl & technikyésou
spojeny znatné logistické (doprava pracovnikl, materidlu a zafizen() a hygienické problemy,
PH pobytu v tunelu oblé2ovala nejenom vysokd teplota, ale i ovzdusi, kdy palily ofi, nebof se
v soutasnosti vétrd jedté stdle starou vélracl kapacitou, co je zfejmé na hranici hygienickeé
Gnosnosti. Technologické dodédvky jsou dodévany padie projekiu na celou délku tunelu se
smluvnim rozdélenim na diléi dodavky pro dva odbératele. Na prvni pohled se zddlo, Ze
préce jsou dobfe koordinovany a probihaji s maximéinim Gsilim.

ZAVER -

Navstéva se uskutecnila diky diouhogobé pfipravé a pomaci viceprezidenta ITAJAITES pana
Vuilleumiera za pfispéni sekretafe CTuK pana Ing. Matznera. Nagim francouzskym kole-
gu:n‘[patﬁ viely dik za cely den, ktery se nam vénovali a podrobné nas seznamili se véemi
elaily.

Zéveéry a pouteni z ndvitévy budou zapracovany do grantu MDS €. 803/110/105 *Analyza
a fizeni rizik v siiniénich tunelech” a budou diskutovany v ramei parodni Jaraco‘.rn! skupiny
Bezpetnos! v silniénich lunelech’. Jiz dnes je vBak moiZné pfijmoul jednoznatny zavér:
Kromé technologického Fedeni funelu je nutné vénovat maximélnl pozarnos! i organizanl
strdnce a vyuce persondlu. Tylo zésady jsou zakolveny v plipravovanych lechnickyeh pod-
minkdch pro provozovani, spravu a drzbu tuneld pozemnich komunikacl.
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canal, used by fire ventilation, are newly implemented. For stabilization of impact of
the natural aération and wind activity by portals and for possibility of cantrol of air
motion, 76 jet fans with reversible running and inpul of 27 kW (600 N) are installed
below the tunnel vault. Basic axial ventilation scheme is on fig. 4 while cross profile
on fig. 5. )

Ventilation at common road operation:

In each ventilation plant room at the portal:

supply 75x4 = 300 m*/sec before reconstruction
82x4 = 330 m¥/sec after reconstruction

extraction 80 m’/sec before reconstruction
150-200 m'/sec after reconslruction

Air supply is ensured by allogether 3-4 canals localed beneath the road, with
mouth down at the pavement by 0,57 m'/sec and with mouth distances of app. 10
m. Air extraction is through the mouths beneath the tunnel vault linked fo the vent
canal beneath the road. Vertical suction canals are equipped with fire flaps with
servo-propulsion located app. 1,5 above the road. That 1s in a cell out of the air
circulation. Distance among the individual sucking mouths is 100 m. Altogether,
it was necessary to cut oul andfor adfust 110 accesses for smoke evacuation,
each with capacity of 150 nv', which represenis twice as much as the current
capacily.

From mlé reasons of requests of the French side that air pollution near Chamonix
would not occur because of the leaking exhausts from the funnel, drain engineering
room with two axial fans for air extraction with capacity af 460 m'/sec and an
exhausting chimney, providing exhausts dispersion, are newly designed by this
portal. In addition, the area for future installation of electrostatic filters for treatment
of drained air, i.e. removal of solid particles from diesel motors' operation, is taken
into consideration.

Ventilation by fire of vehicle in the tunnel )

The conirolling system will evaluate the focation of fire and fire flaps will fully open
in the length of 600 m while the rest will close. Three radial extraction fans will lurn
on in the correspondent fan room by portal and will ensure the extraction of 150
ma/sec within the given section. On the vent canal, there are altogether four auxil-
iary axial fans in the entire tunnel length, and thus which will ensure to over:
?ome pressure losses in the canal as well as effective suction from the fire spot,
ig 7.

The heat resistance of fans and flaps is 400 °C. Feeding tunnels can be thus also
used for escape of persons from the fire spol. Entrance is provided through rescue
rooms, built after 300 m in the tunnel. The rooms are venlilaled by overpressu-
re and stairs connected to the air supply tunnel, through which it is possible lo
esca;/)e from the fire spot. In this case, the highes! circufation speed here is
10 m/sec.

RECONSTRUCTION WORKS

It is certainly an immanse problem to cope with such an extensive reconsiruction.
In the time of visil, the tunnel was full of vivid action. The level of conslruction is
vary unequal. At the French section, excavation of escape ways in some cases had
only began while al the ltalian section some were belore completion.

Extensive engineering aclivity daily employs 600 workers in the tunnel and it is esti-
mated that the highest amount reaches even 1000 workers. With such accumulation
of workers and technique, remarkable logistic (transportation of employees, materi-
al and devices) as well as hygienic problems are linked. During the stay in funnel,
a high lemperalure was uncomfortable, and so was the air by which the eyes were
slinging, because currenlly it is still ventilated through the obsolete ventilating
capacily, which is probably on the border of !ygienfc sustainability. Technological
supplies are being supplied according to the design to the entire tunnel length with
conlractual division on partial supplies for two customers. Al the [irst sight it
agpeared that the works are well coordinated and advance with the maximum
effort.

CONCLUSION

The visit look place thanks lo long-term preparation and lo ITA/AITES vice-presi-
dent Mr. Vuilleumier with conlribution of the CTuC Secretary Mr. Matzner. Our gra-
titude also belangs lo our French colleagues who were devoted to us for the entire
day and carefully informed us of all details.

Conclusions and lessons from the visit will be elaborated into grant of the MTC no.
B03/110/105 *Analysis and management of risks in road tunnels” and will be dis-
cussed within the frame of national workgroup ‘Safely in road lunnels’, However,
already loday it is possible to adopl an unanimous conclusion : beside the techno-
logical solution of the tunnel, it is also essential to devole maximum atlention lo
management as well as personnel training. These principles are present in the pre-
pared technical conditions for operation, administration and maintenance of fun-
nels at ground communications.
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Tunel

ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

SVYCARSKO - SOUCASNE CENTRUM
TUNELARSKYCH AKTIVIT V ALPACH

Vzhledem k poloze zemé a alpskému masivu bylo Svycarsko vzdy mistem
vyznamnych tunelaiskych staveb. Tyto stavby slouZily silniéni i Zzelezni¢ni
dopravé, zasobovani vodou, vyrobé elektrické energie a také vojenskym
acelim

Soucasny rozmach vystavby silnidnich a piedevsim Zelezniénich tunell v8ak
prekondva vée, co bylo v lunelovém stavitelstvi ve Sv;‘:carsku v minulosti
vykenano. Podle tdaji uvedenych v oficidlnim Casopise ITA/AITES Tribune
z Unora 2001, se nyni ve Svycarsku stavl 10 Zelezni¢nich a 36 silniénich
tunell; dohromady tedy 47 tuneld o celkové délce 178 400 m. A to nejsou
v tomto poétu zahrnuty pomocné a pifstupové lunely! .

Davody pro tyto stavby nejsou jen ekologicke, ale laké politické. Svycarsko
se jimi jesté 1&sngjl zapojuje do evropské dopravni sité a postupné nabidne
kapacitngjsi a efeklivnéjsi spojeni statl Evropské unie ve sméru sever - jih
a obracens. Rozmach Je tak veliky, Ze vlastni kapacily $vycarskych firem
nestadi a pro realizaci projektl a jejich ¢asti jsou vytvafena sdruzenf s Gastf
zahrani¢nich tuneldfskych firem.

Velké silni¢ni tunely jsou na jiznim daini¢nim obchvatu Curychu a na pritahu
dalnice Basileji. Zcela mimotadnym dilem je spole¢nd investice nékterych
evropskych statll - vystavba zatizeni pro vyzkum zakladnich &astic hmoty,
ktera je asi nejvétsim svétovym tuneldfskym projektem soucasnosti.

Zeleznidnf tunely

Z velkych Zeleznigni tunell miZeme jmenoval tunel Thalwil na noveé trase
vychazejicl jiznim smérem z Curychu, ale jadrem uneléfskych aklivit jsou
tunely podchézejici hlavni alpsky masiv. Jde o dvé vysokorychlostni
Zelezni¢nf trasy zahrnujici Sest velkych tunelil, z nichZ nejvetsl jsou: tunel
pod svatogothardskym prasmykem ( je dokonce o nékolik kilometrd dell ne?
tunel pod kanalem La Manche) a tunel Ltsghberg. Vystavba obou tras si
podle dnednich predpokiadl vyzada prostfedky ve vy8i 14 miliard Svy-
carskych frank(. Je to prvnf ¢ast ze 30 miliard, které referendum v listopadu
1998 odsouhlasilo na rozvaj dopravni infrastruktury.

Zapadnégjsi trasa, ktera zahrnuje tunel Lotschberg, vyuZije existujicl simplon-
sky tunel a propojl Francii a zapadnf ¢4st Némecka pfes Basilej, Bern a udolf
Rhony s Italif, kde bude sméfovat na Milan. Vychodnéjsi gothardska trasa
propojl opét Milén pres Curych se stfednim a vychodnim Némeckem. Tuto
trasu budou pouzivat, mimo jiné, vlaky typu TGV.

Oba projekty, které zahrnuji gothardsky lunel a tunel Lotschberg, jiz vstupu-
il postupné do faze plné realizace, Jsou vybudovéana zafizeni stavenisl,
provadeji se piipravné prace a montuji e nebo jsou vyrabény raziel siroje
pro razbu hlavnich tuneld.

Oba hlavni tunely jsou vedeny pod stavajicimi ZelezniCnimi trasami, Ty
oblizné stoupaji po horskych Uboéich, a to i pomocl kratSich tuneld
(vyrazenych | ve spirdle), pod horské prismyky, do vysky, ze kiteré bylo
moZno razit vrcholové tunely, Délka vreholovych tuneld musela byt pfijateina
pro technologie a vybavenl, které méli k dispozici pfedchidci dnesnich
tunel&Fi zacatkem minulého sloleti. Staré trasy z 1&chto divodl neumoZrujl
vy&&i rychlosti, a tim | moZnost poedstatné zvySil jejich pfepravn( kapacitu.
Hiavn| tunely na obou trasdch budou tvoieny dvojicl jednokolejnych tuneld,
a o pfedevdim z bezpeénosinich divodu. Budou vzajemné propojeny
v pravidelnych vzdalenostech (u tunelu Lotschberg bude propoj kaZzdych
325 m) a v piipadé mimefadné udalosti v jednom tunelu poslouzi druhy jako
unikové cesta. Ve stfedni ¢asti se vyrazl bo&nl tunely, na které se napojf
vétracl vrty pro odvod tepla a koufe v pfipadé pozaru.

Pomocné stavby pro raZbu hlavnich tuneld

Hlavni tunely jsou zcela mimofadna dila rozsahem i problémy, které jsou
spojeny s jejich realizaci. To vyvolavéd i znatné velky rozsah pfipravnych
staveb nejen z hlediska zatizeni jednotlivych stavenidt a komunikacnfch pfi-
stupt k nim. Jde pfedevsim o pomocné stavby, kleré majl zajistit moznost
otevfenl dalSich Geleb pro razbu hlavnich tunell, kleré z technickych
i Sasovych divodi nelze razit pouze od koncovych portald. Tato dila - vétsi-
nou bocnl pfistupové tunely nebo tunely pro dopravu rubaniny a v jednom
pfipadé i hluboka achta - jsou sama o sobé velkd a sloZita tunelaiska dila.
Na né zaméfime dale svoji pozornost.

Tunel Latschberg

Tunel Lotschberg bude 34,6 km dlouhy a termin zahdjenl provozu se pfed-
poklad4 v roce 2006. V 1é dobé budou z bezpeénostnich divodd, uve-
denych vyde, vyrazeny z v&{S[ tasli oba tunely. Zdpadni lunel nebude
predeviim z finanénich divodl vyraZen v celé délce a ani celd vyrazena
¢4asl nebude vybavena pro provez. Uvazuje se, Ze v seku délky 14 km za
bo&nim pfistupem Ferden nebude provedeno kolejisté a daldl provozni
zafizeni. Vlaky jedouci z jihu zépadnim tunelem musl pfejet vybudovanym
kiizenim u Ferdenu do vychodniho tunelu, ktery bude dal provozovan jako
jednokolejnd traf. Razba zapadnfho tunelu bude ukonéena u bo¢niho pfi-
stupu Mitholz. Od tohoto mista aZ k severnimu portalu Frutigen poslouZi jako
anikova cesta prizkumny tunel, ktery byl vyrazen v poloving devadesétych
let minulého stoleti.

SWITZERLAND - CURRENT CENTER
OF TUNNELING ACTIVITIES IN ALPS

With regards to location of the country and the Alpine massif, Switzerland has
always been a place of significant tunnel constructions. These constructions
served for road and railroad transpartation, water supply, production of electrical
energy as well as military purposes.

Current boom of construction of road and especially railroad tunnels, however,
overcomes everything thal has been In tunnel construction in Switzerland done in
the past. According to data, stated in the official ITA/AITES Tribune magazine in
February 2001, presently there are ongoing projects of 10 railroad and 36 road
tunnels in Switzerland, thus altogether 47 tunnels in the length of 178 400 m. And
the access and auxiliary tunnels are not even included in the count!

Reasons for these constructions are not only ecological, but also political. Through
these, Swilzerland integrates itself even more tightly info the European transporta-
tion network and gradually offers more capacity and more effective connection of
the EU states in the direction north south and backwards. The boom is so large that
own capacities of the Swiss companies are not sufficient and for realization of the
projects andjor their parts, joint ventures with parlicipation of foreign tunneling
companies are being created.

Large road tunnels can be already found on the southern highway bypass of
Zurich and on the highway extension through Basel. An extraordinary work is the
mutual investment of several European states - construction of a device for
research of elementary particles of matter, which is probably the largest tunnel-
ing project in the present day world.

Railroad tunnels

From the large railroad tunnels we can name Thalwil tunnel on the new lrack, com-
ing southern direction from Zurich, but the core of tunneling activities are funnels
underpassing the main Alpine massif. There are two high-speed railroad lines,
including six large tunnels, from which the largest are : tunnel underneath the Si.
Gotthard pass (il is even few km longer than the lunnef underneath the La Manche
channel) and the Lotschberg tunnel. Construction of both tracks will according fo
current estimations demand the means of 14 bill. Swiss Franks. It is the lirst part of
the 30 bill., which the November 1998 referendum approved for development of
transportation infrastructure.

The western route, which includes the Létschberg tunnel, will use the existing
Simplon tunnel and thus will connect France and western Germany through
Basel; Bern and the valley of Rhone with Italy, where it will be heading lowards
Milan. The eastern Gotthard route will connect again Milan through Zurich with
middle and eastern Germany. This track will be used, among other, for the TGV
type lrains.

Both projects, which include the Gotthard tunnel and the Lotschberg tunnel,
already gradually enter the phase of full realization. Site facilities have already
been built, preparatory works are being performed and driving machines for exca-
vation of the main tunnels are being produced or assembled.

Both main tunnels are conducted under existing railroads . Those with difficulties
climb on mountain slopes, and even with the help of shorter tunnels (even driven
in spiral), under mountain passes, until the height from which it was possible to
drive summit tunnels. The length of the summif tunnels had fo be acceptable for
technologies and equipment, which the predecessors of current tunnellers had at
hand by the beginning of the previous century. Older routes from these reasons
do not allow higher speeds and thus even fo significanlly increase their cargo
capaaity.

The main tunnels will on both sides consist of single-track tunnels and thus espe-
cially from security reasons. They will be mutvally connected al regular distances
(for the Latschberg tunnel there will be a cross passage every 325 m) and in case
of extracrdinary event in one tunnel, the other will serve as an emergency exit.
Within the middfe section, there will be two lateral tunnel driven, on which the
ventilation bores for heat and smoke evacuation in case of fire will be linked.

Auxiliary structures for excavation of the main tunnels

The main tunnels are entirely exiraordinary works by extent as well as problems,
which are linked to their realization. That also evokes a signr'fr‘camry large range
of auxiliary structures, not only from the perspective of facilities for the individual
consiruction siles and accesses roads to them. It deals mostly with those, which
are to ensure lhe possibility of opening other headings for excavation of the main
tunnels, which from technical as well as time reasons cannat be driven only from
the portals at the ends. These works - mostly side access tunnels or tunnels for
mucking oul and in ong case even a deep shaft - are by themselves large and
complex tunneling works. On those we will further focus our attentjon.

Létschberg tunnel

The Létschberg tunnel will be 34,6 km long and the date of commencement of
operation is estimated in 2006. By that time from the aforemenlioned salely rea-
sons, excavation of both tunnels will have been completed from larger parl. The
western tunnel will not especially from financial reasons be excavaled entirely
and not even the entire excavated part will be equipped for operation. It is con-
sidered thal in the 14 km long section after the side access Feldern, rails will not
be laid as well as other operational equipment nol realized. Trains coming from
south with the western funnel have to go through conslructed intersection inlto the
eastern tunnel, which will be further used as only a single-track line. Excavation
of the western tunnel will be terminated by the side access Mitholz. From this
point to the northern portal Frutigen, an exploration tunnel, which was driven in
the middle nineties of the previous century, will be used as an emergency exit.
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Pomocné stavby pro tunel Lotschberg _

pivodni tunel se stavél 10 let a vystavba nového tunelu by i s pouZitim
dnesnich vykennych technologil trvala pillis dlouho. Proto bude trasa
rozdélena na ctyfi hlavnl zakazky, které vyuZijl 1fi boéni pfistupové tunely -
Mitholz (jeho déika je 1,4 km), Ferden a Steg (viz obr. 1),

PFistupovy tunel Mitholz

Razba hlavnl trasy z bo&niho pfistupu Mitholz zahrnuje razbu délky 8,7 km
jiznfm smérem (dva_tunely) a 7.4 km severnim smérem (jeden lunel).
Soubdzng vedeny prazkumny tunel, realizovany v devadesatych letech min-
ulého stoleti, ukazal, Ze v této ¢asti, kde trasa podahazl nizs( pohoi( Wildhorn
Nappe, nebudou geotechnické podminky piili§ nepfiznivé. Obtize vyplyvajici
z flySového vyvoje sedimentdrnich hornin masivu se viak daji odekavatl.
Problémem mohou byt i pfitoky podzemnl vody do dila, i kdyZ prizkumny
wnel ukazal, Ze budou niZ8l, nez se otekavalo. Investor AlpTransil vybral pro
tuto &ast razbu pomoci trhacich praci a pfedpoklada denni postup 20 m,
Razba pomocf TBM byla vyhodnocena jako pfilis riskaninl,

Pristupovy tunel Ferden

Do mista na hiavni trase ve vzdalenosti asi 12 km severnd od jizniho portalu
Raron v doli feky Rhony byl jiz proveden smérem od Ferdenu 4,2 km dlouhy
piistupovy tunel. Odtud bude zahéjena razba 6,6 km severnim smérema 1,5
km jiznim smérem, Podminky pro razby v masivu Aar, ktery je tvofen vetsi-
nou Zulou, déale granodioritem a rulou, budou zfejmé priznive. Vzhledem
k hloubce pod povichem bude problém s teplotou horniny kolem 30 °C, ke
které je nutno pfipotist teplo produkované motory raziciho stroje. To si
yyzada intenzivni chlazeni a ventilaci.

Pt{stupovy tunel Sterc;
Z jihu od Stegu se raz sEoiovaci tunel, ktery je dlouhy 3,1 km a ma stejny
razeny profil 9,1 m jako hiavnl tunely. Pro montaz raziciho stroje byla kla-
sickou metodou pomocf trhavin a s osténim ze stilkangho betonu plipravena
60 m dlouha montaZni komora, ze které provéad! firma Herrenknecht zkuSeb-
ni razbu 100 m dlouhou. Stroj dlouhy 140 m ma novou koncepci. Jiz 4,2 m za
gelem fezné hlavy, klerd vazi 180 t véetné deseti vodou chlazenych 400 kW
motord, jsou dv& vriné soupravy Tamrock pro kotvenl horniny. Pomocl
kruhové vodici drahy jsou schopné vrtat ve vdech smérech, Pak leprve
nésledujf dvé mohutné rozpémé desky zajisfujfcl stabilizaci stroje. Dalgimi
mechanizmy lze jiz v tomto prostoru osazovat sfté i vyzluiné oblouky
a provadét stfikany beton. Rezna hlava je osazena 70 ks feznych néstroju
véetnd 6 obvodovych a pfedpoklada se, Ze velikost Glomki rubaniny bude
aZz 300 mm.

Z mista, kde piistupovy tunel protne trasu hiavnich tunell, se bude provadét
dvoijita razba v hlavni trase - severné 5,3 km a 2,5 km jizné. Otekdva se, Ze
vétsina razeb probhne v relativng velmi dobré horning. Problémem bude
vyskyt odpryskd vzhledem k vysoké napjatosti horninoveho masivu (nadlozi
tuneld je az 1 800 m).

Sevemi portal Frutigen
North portal Frutigen

ViyraZeny neprovozovany hlavni tunel ¥
Excavated not operating main tunnel \ Y,
.g&"'

Existujici
prizkumny tunel
Existing
exploratory tunnel

Pristupovy tunel Ferden
Access tunnel Ferden 4.2 km

Pristupovy tunel Steg
Access funnel Steg

Pristupovy tunel Mitholz =]
Access tunnel Mitholz 1,4 km

Jizni portal Raron
South portal Raron

Opr. 1 Schematické zndzornéni tunelu Létschberg
Fig. 1 Schematic sketch of the Létschberg tunnel

lunel
Auxiliary structures for the Lotschberg tunnel

The original funnel was buill in 10 years and construction of a new tunnel, even
with the use of modern efficient techniques, it would last far too long. Therefore
the Irack will be divided into 4 main coniracts, which will use three side access
tunnels - Mitholz (1,4 km long), Ferden and Steg (see fig. 1)

Access tunnel Mitholz

Excavation of the main track from the side access Mitholz includes the excava-
tion of 8.7 km southern direction (2 tunnels) and 7.4 km northern direction (1 tun-
nel). Parallely conducted exploration tunnel, realized in the nineties of previous
cenlury, showed that within this section, where the lrack underpasses lower
mountain range Wildhorn Nappe, the geotechnical conditions will not be any
favorable. Complications resulting from flysch development of the sedimentary
rocks are, However, to be expected. Even the groundwater inflows into the work
might be a problem, although the exploration tunnel proved that will be lower
than expected. The investor Alp Transit chose an excavalion using blasting works
for this section and estimates a daily advance of 20 m. Excavation using TBM
was evaluated as too risky.

Access tunnel Ferden

A 4.2 km long access tunnel in the direction from Ferden has already been realized,
coming inte a spot on the main frack app. 12 km away from the southern portal of
Raran in Ihe valley of river Rhone. From here, the excavation of 6.6 km northern and
1.5 km southern direction will begin. Conditions for excavation in the Aare massif,
which is formed mostly by granite, granodiorite and gneiss, will probably be favor-
able. With regards fo depth beneath the surface, there will be a problem with the rock
temperature-of app. 30 °C, to which it is still necessary to add the heat produced by
the driving machine malors. This will require intensive cooling as well as venliation.

Access tunnel Steg

South of Steg there is a connecting tunnel being driven, which is 3.1 km lon and
has the same excavaled cross section of 9.1 m as the main tunnels. As for
assembling of the driving machine, a 60 m long assembly chamber, from which
the company Herrenknechl realizes a 100 m long lrial excavalion, was prepared
using the conventional drill+blast method and sholcrete lining. The 140 m long
machine hias a new concept. Already 4.2 m behind the cutterhead, which weights
180 tons including 10 waler-cooled 400 kW motors, there are Iwo boring sels
Tamrock for anchoring of the rock. Using circular guiding tracks, these are able
to bore in all directions. Only then two mighty thrust plates ensuring the
machine's stabilization follow. Using other equipment, il is already possible with-
in this space to install welded mesh and steef arches as well as to apply shol-
erate. The culterhead is equipped with 70 pieces of cutting lools including six
peripheral and it is estimated that the size of cuttings will be up lo 300 mm.

From the very spot, where the access tunnel will cross the alignment of main tun-
nels, a double excavation in the main track will be realized - 5.3 km northern and
2.5 km southern direction. It is expected thal most of the excavation will take
place in relatively very good rock. There will be a problem with presence of
scaliers considering the high strain of the rock massil (the tunnels overburden
reaches 1800 m)

Severni portal Erstfeld
North portal Erstfeld

1,8 km
Piistupovy tunel Amsteg
Access tunnel Amsteg

Sachta Sedrun

(hl. 800 m})
Pfistupovy tunel Faido s pffistupovym
Access tunnel Faido a vétracim
~ 4 km tunelem
Sedrurn shaft
(800 m deep)

with access and
ventilation tunnel

Obchvatny tunel
Bypass tunnel

1,2 km 3.2 km

Tunel pro dopravu rubaniny
Tunnel for mucking out

Jizni portal Bodio
South portal Bodio

Obr. 2 Schématické zndzoméni tunelu Gotthard
Fig. 2 Schematic sketch of the Gotthard tunnel
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Pro vétrani je pouZito v celé délce potrubf o priméru 2,5 m, aby se zajistila
v pracovnim prostoru lidi teplota maximélné 28 °C v souladu se $vycarskymi
pfedpisy. Chladici voda pfivaddéna z Feky Rhony ma nastésti teplotu pouze
7°C.

Jizni portéal Raron

U dvojitého jizniho portalu Raron je udoli Rhony velmi Gzké a obtizné
umoZfiuje vytvofeni montazni plochy pro razici stroj. Prakticky od bfehu
Rhony se prudce vzty¢uji horské svahy, které pro pfipravu portalu musely
byt zajistény kotvami. Pro pfistup na staveni$té se postavi mosty, z nichZ
jeden bude slouZit i pro dopravni pas pro dopravu rubaniny k vlecce.
Rubanina, obdobné jako na staveni§ti u Stegu, je majetkem investora
a podle jeho dispozic bude ur¢ena k odvozu po Zeleznici nebo do nasypl
a eventudlné k Upravé na kamenivo pro betonové osténi tuneld.

Gotthardska trasa

Gotthardsky projekt je mnohem vétsi nez projekt zahrnujici tunel Létschberg.
Bude jisté také obtizn&jsi i s ohledem na vét§i hloubku hlavniho tunelu
a vy$si teplotu v ném. Celd trasa z Curychu do Lugana je dlouh4 pfiblizné
100 km a zahrnuje 5 hlavnich tuneld, ke kterym patii pfedev§im 57 km dlouhy
tunel pod svatogotthardskym prismykem, dale tunel pod Mt. Ceneri dlouhy
15 km na jiznim konci trasy a tunel Thalwil dlouhy 12 km na severnim konci
u Curychu. Uvedeni trasy do provozu lze o¢ekavat az kolem roku 2011,
Tunel pod svatogotthardskym prismykem zadind na severu portalem
u Erstfeldu blizko lucernského jezera a konéi na jihu portdlem u Bodia.
Dvojice tunelll se v pravidelnych vzdalenostech z bezpe&nostnich ddvodd
propoji pfi¢nymi tunely. Severni ¢é&st bude razena v podobnych horninach
jako tunel Lotschberg, av8ak Zuly centralnfho gotthardského masivu budou
tvrdsi. Na jihu je dlouhy Usek v rulach, které jsou také vhodné pro razbu ra-
zicimi stroji. Stroji bude nasazeno v obdobf hlavnich razeb nejméné osm,
Trasa v8ak prochazi i mnohem hor&imi horninami. Navic v hloubkach aZz
2200 m bude teplota skalniho masivu dosahovat 45 °C a jeho napjatost se
projevi Gastymi odprysky. Problém chlazeni, ventilace i odpryskd bude jesté
vaznéjsi nez u tunelu Létschberg.

Z Usekl(l se §patnymi geotechnickymi podminkami byla nejvice zndma
a diskutovana tzv. Piora Mulde. Pruh na jemny prach rozdrcené dolomitické
skaly, navic zvodnélé, §itky 300 m, vyvolaval velké obavy. Ty se potvrdily, co
do vlastnostf tohoto materiélu, pfi razbé prizkumného tunelu. Kdyz byl pod
velkym tlakem uzavieny zvodnély prach zastizen vrty z ¢elby prizkumného
tunelu, zaplavil bily jemné pis¢ity az prachovity material stroje v tunelu
a trvalo dva mésice, nez byly znovu vypro$tény.

Nastésti se Sikmymi vrty, vedenymi z prlzkumného tunelu do drovné
hlavniho tunelu, ktery lezi 300 m hloubé&ji, prokazalo, Ze zvodnély prachovity
material se v této Urovni jiz nevyskytuje. To znamen4, Ze se nemusi provadét
nakladné injektazni prace pro zajisténf prichodu pfes tuto poruchu.
Tavetsch, ktery je vzdaleny 20 km od severniho portalu. Jde o Usek dlouhy
6,7 km, z néhoz miniméalné 4 km budou razeny v dosti mékkych a po-
ruenych horninach Gseku mezi masivem Tavetsch a gotthardskym
masivem, kde se prochazeji sedimenty, které zahrnuji dolomity, bfidlice, fyl-
ity a mozna také anhydrit. Hornina je silné poru8end, misty az na $térk.
Pravdépodobné bude zvodnéla a vodni horizont mlZe byt propojen az na
povrch, ktery je o 2000 m vy8e.

Ocekédva se mimoradna tlacivost masivu, a proto bude z Némecka dodana
teleskopicka ocelovéa obloukova vyztuz, kterd se pouzivd v dolech. Razeny
profil se oproti projektovanému prdméru 9,5 m zvétsf o 4 m a teleskopicka
vyztuz musf tento rozdil zvladnout. Vyztuz bude osazovana po 0,33 m. V né-
kterych Usecich se vyrub bude zabezpetovat i velkym mnoZstvim svornik(
a kotev, pfedpoklada se jejich celkova délka az 400 m na 1 m délky tunelu.
Pfekonani tohoto Useku bude vyzadovat mimofadna opatfeni a velmi opa-
trnou konvenéni razbu. Musi se ale pocitat i s pouzitim trhavin. Investor,
AlpTransit Gotthard AG (coZ je jind soukroma spole¢nost, nez je investorska
akciova spole¢nost zajistujici vystavbu tunelu Lotschberg), povaZuje tento
isek za kriticky pro vystavbu tunell. Jeho prorazenf bude trvat déle nez
vétsina ostatnich hlavnich razeb a bude to také Usek s nejvy§8imi naklady na
mérnou jednotku.

Pomocné stavby pro razbu hlavnich tuneld

Podobné jako u tunelu Lotschberg bude i pro razbu gotthardského tunelu
vyuZito nékolik boénich pfistupovych tunell a navic jedna hluboka Sachta
(Sedrun) pro umoznéni soubé&zné razby na vice ¢elbach. U obce Amsteg, asi
7 km od severniho konce hlavniho tunelu, je ve stavbé jeden z t&chto pfi-
stupovych tunelll a dal$i se razi u obce Faido pobliZ jizniho konce. U jizniho
portalu se realizuje tunel, ktery obchazi isek nezpevnéné skalni suté, aby
bylo moZno zahéjit hlavni razbu v pevné skale bez zdrzeni (viz obr. 2).

Jak pfistupové tunely, tak Sachta Sedrun jsou samy o sobé velk4 dila, av8ak
iednd se vlastné o pfipravné prace. Hlavni razby budou provadény ze se-
verniho portalu u Erstfeldu, pomoci pfistupovych dél Amsteg, Sedrun
a Faido, z obchvatového tunelu u jizniho portalu a z jizniho portalu Bodio.

PFistupovy tunel u Amstegu )

Mala vesnice Amsteg lezi v izkém adoli obklopeném vysokymi horami. Udoli se
sem rozprostira az od lucernského jezera. Odtud jiz prudce stoupala hluboce
zafiznutou soutéskou stara cesta na prdsmyk sv. Gottharda. Pfes soutésku byl
ve 12 stoleti postaven tzv. Dabllv most, ktery umoznil prljezdnost cesty.

Ze staveni§té oddéleného od Amstegu dalnici se pomoci trhacich praci razi
1800 m dlouhy pfistupovy tunel o plo8e vyrubu 60 m?, vyska tunelu je 7,8 m.
PouZiva se tekuta vybusnina a pfi tfech az péti odpalech za den se dosahu-
je postupd 10 az 15 m/den. Jedinou obtiznou ¢4sti je Usek u portalu, ktery
lezi 40 m pod silné pouzivanou Zelezniéni trati, jez zde prudce stoupa po
svazich nad Gdolim. Opérné zdi Zeleznice jsou zaloZeny na rozvolnéném
materialu, a proto byly obavy z G¢inkl trhacich praci.

Aby se sniZila hluénost na stavenisti, drti se rubanina je$té v tunelu a pak se
ven dopravuje pomoci pasového dopravniku. AZ se bude zpracovaval rubani-

As for cooling, a pipeline with diameter of 2,5 m is used along the entire length,
so that a maximum temperature of 28 °C within people’s working area is ensured,
in accordance with Swiss regulalions. The cooling water, brought in from the river
Rhone has fortunately the temperature of only 7 °C.

Southern portal Raron

By the southern double portal Raron, the valley of Rhone is very narrow and hard-
ly enables the creation of assembly area for the driving machine. From the very
riverbank, mountain slopes, which for the portal preparation had lo be secured
with anchars, rise steeply. Bridges will be built for access to the construction
site, one of which will also serve as a belt conveyor for transport of muck to train,
The muck, in the same way as at the Steg construction yard, is properly of the
investor and according lo his dispositions it will be determined for disposal by
railroad or into embankments or eventually for treatment into aggregates for con-
crelte lining of the tunnels.

Gotthard track

The Gotthard project is by far larger than the project of the Létschberg lunnel. It
will certainly be more complicated, also with regards to farger depth of the main
tunnel and higher temperature within. The entire route from Zurich to Lugano is
app. 100 km long and includes 5 main tunnels, to which belong 57 km long tunne/
underneath the St. Gotthard pass, further 15 km long tunnel underneath Mt
Ceneri at the southern end of the line and the 12 km long Thalwil tunnel at the
nhor.'hgén fnd of the line by Zurich. The line will be pul into operalion no sooner
than 2011.

The tunnel underneath the St. Gotthard pass begins in north by a portal near Erstfeld,
in the vicinity of the lake of Luzern, and finishes in south by a portal near Bodia. Pairs
of tunnels are from security reasons in regular distances connected through cross
passages. The northern section will be driven in similar rocks as the Lotschberg tun-
nel, however, granites of the central Gotthard massif will be harder. There is & long
section of gneisses in soulh, which are also suitable for excavalion using driving
machines. Within the period of main excavations, there will be at least eight
machines deployed. Nevertheless, the irack also crosses lot worse rocks. Moreover,
with the depths reaching 2200 m the temperature of the rock massif will reach 45 °C
and its strain will prove with common bursting. The problem of cooling, ventilation
and bursting will be here even more serious than by the Létschberg tunnel.

From the sections with adverse geotechnical conditions, so-called ‘Piora Mulde"
was the most famous and discussed. A belt of into powder pulverized rock, more-
over saturated, and with the width of 300 m was raising significant doubts.
Concerning the attributes of this material, these doubts proved during excavalion
of the exploration tunnel, When the under large pressure confined and saturated
powder met with bores from the exploration tunnel face, a white finely sabulous
powder-like material flooded the machines in the tunnel and it took 2 months to
again release them.

Fortunately using diagonal bores, realized from an exploration tunnel into the
level of main tunnel which lies 300 m deeper, it was proven that the saturated
powder-like malerial is not to be found in this level any more. That means that no
expensive grouting works have to be realized in order to pass through this fault.
According to current knowledge, the most complicated section will be the exca-
vation in part of the Tavetsch massif, which is 20 km away from the northern por-
tal. It is a 6.7 km long section, from which at least 4 km will be driven in rather
soft and faulted rocks in zone between the Tavetsch and Gotthard massifs, which
is formed by sediments of dolomite, slates, phyllites and perhaps also anhy-
drites. The rock is heavily fractured, somewhere even to grit. It will probably
be saturated and the water horizon can be linked all the way to surface that is
2000 m higher.

An exlraordinary pressure of the massif is expected and therefore there will be
telescopic steel arch supporis, which are used in mines, delivered from
Germany. The excavated cross section will, despite the designed diameter of
9.5 m, increase by 4 m while the telescopic reinforcement has to endure this dif-
ference. The arches will be set at 0,33 m spacing. In some sections the stope will
also be secured with large amount of rock bolts and anchors, their total length of
400 m for 1 m of tunnel is estimated.

It will require extraordinary measures and cautious conventional excavation in
order to pass through this section. It is necessary to count with use of explosives
as well. The investor, Alp Transit Gotthard AG (which is a different private compa-
ny than the investing incorporated company, realizing the Ldtschberg tunnel con-
struction), considers this section critical for lunnel's construction. l{s excavation
will last longer than majority of other main excavations and it will aiso be the sec-
tion with highest expenses per measurable unit.

Auxiliary structures for excavation of the main tunnels

Similarly as by the Lotschberg tunnel, also at the excavation of the Gotthard tun-
nel several side access tunnels will be used. Moreover, one deep shaft (Sedrun)
will enable simullaneous excavations at more headings. By the village of Amsteg,
app 7 km away from the northern end of main tunnel, one of these access lunnels
is under conslruction. Other is being driven near the village of Faido by the
southern énd. A lunnel is being realized by the southern porial, which bypasses
?he /ofose r)ock debris, so that excavation in solid rock would begin without delay
see fig. 2). .

Both the access tunnels and the Sedrun shaft are significan! constructions by
themselves, but they are merely preparatory works. Excavations will be realized
from the northern portal of Erstfeld, with the help of access works of Amsteg,
Faido and Sedrun, from the bypass lunnel by southern portal and from the soulh-
ern portal of Bodio.

Access tunnel Amsteg . ,

A little village of Amsteg lies in a narrow valley, surrounded by high mountains.
The valley stretches here all the way from the lake of Luzern. From here on, an old
way steeply rises through deep defile lo the pass of St. Gotthard. So-called
Devil's bridge was buill over the pass in 12ih century, which aflowed passage of
the way. . .

From rir(ve conslruction yard separated from Amsleg by a highway, using the
drill+blast lechnique, an 1800 m long access tunnel with the excavaled cross sec-
tion of 60 7" is being driven, tunnel height is 7,8 m. A liquid explosive is used and
with 3 lo 5 blasls a day, a daily advance 10-15 m is reached. Section by the porlal
is the only complicated parl, which lies 40 m beneath a heavily used railroad,
which here sleeply ascends along the slopes above the valley. Retaining walls of
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na z razby hlaviiho tunelu, budou dnes pouZivané mechanizmy nahrazeny
vykonngjsimi s automatizovanym provozem. Vytfidéné kamenivo se pouZije
pro vyrobu betonu a jeho piebytky se odvezou po Zelezmc]: NepouZitelné
zbytky po (fidéni budou odvezeny & uloZzeny do lucernskeho jezera. Neni to
neekolagické fedeni, protoZe se tak zapini hluboke prostory po mnohaleté
162bé stérku z jezera a obnovi se méiginy vhodné pro tienl ryb.

Pomocné tunely u jiznfho portélu Bodio

V uzkém udoli u jizniho portalu hlavniho tunelu pobliz Bodia jiz vyrostlo
zafizeni stavenisté a rozbéhlo se nékolik staveb - dva pomocné tunely
razene ve skale, prvnf Usek hlavniho tunelu razeny v nesoudrznych horni-
néch (sutich) a hloubeny tunel.

Prvnl z pomocnych tunell ma primér 5 m a je dlouhy 38,2 km. Je raZen
v pravém uhlu ke sméru hlavniho tunelu do sousedniho Udolf, kde je prostor
pro tpravu a tfidénl rubaniny, Rubaninu bude tunelem dopravoval péasovy
dopravnik, vedle kterého zisiane prostor pro pohyb vozidel zajislujicich
udrzbu. Tunel razil TBM firmy Robbins, ktery byl jiZ nasazen v JiZznl Africe na
vodohospodafiském projektu Lesotho. Stroj m& hned za hiavou. instalované
vriné zafizenf na kotveni skdly, které je i pfes dobrou geologii nutné vzhle-
dem k vodorovnym vrstvam horniny.

V misté, kde se nové trasa odklani od staré Zeleznice, ktera pak dale stoupa
v soubé&hu s délnici podél Feky Ticino, bude jizni portal. Hned za nim se mus(
v délce pfiblizné 800 m projit obrovskym sutoviskem, kde jsou uloZeny i bal-
vany velikosti domu. Razba pod ochranou vrtaného a injektovaného "dest-
niku* bude trvat pfili§ dlouho a znamenala by prodlouzeni planovaného har-
monogramu celé stavby.

Proto je G&elem druhého pomocného tunelu, razeného v pevné horniné, obe-
jitf sutoviska a urychlenf zahajenf razby dvojice hiavnich tuneld. Tunel vysky
7,8 m se razi v rulach pomoci trhacich praci s vyuZitim vrtného vozu Atlas
Copco Jumbo, némeckého IZicového nakladace Schaeff, ktery naklada
rubaninu na dumpry od firmy Volvo. Na konci obchvatného tunelu se v hofe
vyrubaji dvé montazni komory a po smontovani razicich stroji se nezavisle
na prvnim obtizném Useku zah4ji razby severnim smérem.

Na staveni$ti u portdlu se také vybuduje vodni hospodafstvi, které musi
zachytit vodu pfitékajici z tunell, a to jak v obdobi raZeb, tak i v dobé
bézného provozu. Voda bude pred vypu$ténim do feky Ticino vycisténa
a chlazena (teplota pfitékajicl vody bude vice nez 40 °C).

Sachta Sedrun

V predstihu tfi let pfed zahajenim praci na vy$e uvedenych pfistupovych
tunelech se zacala realizovat $achta Sedrun, kterd méla umoznit zahéjeni
razby v nejsloZitéjsim Useku v masivu Tavetsch. Ze sedrunského ddoli ve
vysce 1335 m n, m. se nejprve vyrazil 1 km dlouhy tunel. Kaverna provedena
na jeho konci slouzila pro hloubeni 800 m hluboké 8achty Sedrun a pro
razeni vétraciho tunelu, ¢aste¢né ikmého, ktery Usti v dal§im adoli ve vysce
1517 mn. m.

Sdruzeni dodavatell, které dva roky hloubilo $achtu, zahrnuje také firmu
z Jizni Afriky, kterd ma zkuSenosti s vystavbou hlubokych §achet v dolech na
tézbu zlata. Pro stavbu 3achty se pouzivalo specialni zafizeni zavé$ené na
péti lanech. Zafizeni ma pét pracovnich plosin. Prvni (shora) slouzi pro
dopravu materialu, druha pro betondz osténi, tfeti pro montaz bednéni,
&tvrtad umozfiuje provadéni stfikaného betonu a pata kotveni a instalaci siti.
Spodni ¢4st zafizen{ nese vrtatky a drapdk na odtézovani a nakladani
rubaniny. Jednim z nejvétdich problém0 byla nutnost zabranit piftokim
vody. | malé mnozstvi, které se shromézdilo na dné, komplikovalo vyrazné
trhaci prace. Proto byl okolo $achty razené v tvrdé Zule nejprve vyvrtan
smérem dolll v&jit injektaZnich vrtl o délce 42 m a nasledné byla provedena
utésnujici injektaZz. Injektaznf prace byly velmi Gspésné, pfitok v celé 8achté
nepfesahl 1 I/sec, .

Pak teprve bylo provadéno hloubenf pomoci trhacich praci. Sachta se tedy
hloubila po sekcich. Vrtné zafizeni nesouci $est vrtacek bylo vyrobeno fir-
mou Atlas Copco a je schopné se sloZit do priméru, kiery je stejny jako
prumeér l&zniho okovu, takZe je lze dopravoval stejnou cestou jako okov.
Doprava osadky pfi hloubeni se provadéla v okovu rychlosti 9 m/sec, mate-
rigl byl spoustén rychlosti 12 m/sec.

Betonové osténi $achty se betonovalo v zabérech po desti melrech s meze-
rou 300 mm, kde je ponechana jen hola skéla. Toto fedeni méa umoZnit
budoucl odvodiiovani a vylouteni hydrostatickéno tlaku ve velké hioubce.
Drenani trubky budou do mezer osazeny pied provedenim definitivniho
vodotésného osténi, kieré musi mit velmi hiadky povreh, aby se snizil odpor
vzduchu pfi vétrani. Sachta bude pfi provozovan Zeleznice slouzit pro
vétrani a jako Unikové cesta z podzemnl bezpecnostnl stanice drahy, vybu-
dované pod Grovnf dna Sachty,

Po vyhloubeni Sachly byla z jejiho dna provedena kaverna, ze kieré se raz
obsluzné lunely a tunel propojujici hlavnl Zelezniéni lunely. Vitné vozy
a dopravnl prostfedky pro jejich razbu jsou spoustény sachtou.

AZ budou ylo pifpravné préace dokonéeny, nahradi se (8Znf zaffzeni
pouzivané pfi hloubeni Sachly mohulngjSim a vykonnejsim. Bude umisténo
v urovni ohlubné dachly v bo€ni kaverné a zajisti provoz dvoupodlaZniho
vytahu o (nosnosti 50 t. Vozy s rubaninou uréené k vyprazdnénl bude vyta-
hoval a prazdné opat spoudtét rychlosti 16 m/sec. Pro dopravu osobnich aut
§ posadkou se pouzije niZsi rychlost.

Tak bude pripraveno pracevisté pro budouciho dodavatele razeb hlavnich
lunell v obtiznych podminkach nestabilnich hornin v Gseku délky 6,7 km
v masivu Tavetsch.

Zavér

Pomoocnj{ch a piistupovych dél (lunely a $achta Sedrun) pro razbu hlavnich
tunelglLlot,schperg a Gotthard bude celkem vyrazeno pfiblizng 19 000 m (bez
zapocitanf prizkumnych dél),

Padle zahrani¢nich podklad zpracoval:
According to foreign materials elaborated by : Ing. Miloslav Novotny

the railroad are based on loosened material and therefore there were fears of con-
sequences of the blasting.

In order to lower noise at the construction yard, the rock is pulverized still in the
tunnel and then is transported using belt conveyor. When rock from the main tun-
nel's excavation will be processed, the currently used machines will be replaced
with more efficient one with automatic operation. Screened aggregates will be
used for production of concrete and its surpluses will be taken away by railroad.
Unusable leftovers after sorting will be taken away and disposed in the lake of
Luzern. It is not a non-ecological solution, because thus vast areas left after
many years of gravel mining from the lake would fill in and thus shelves suitable
for spawning of fish would renovate.

Auxiliary tunnels by the southern portal of Bodio

Within the long narrow valley by the southern portal of main tunnel near Bodio, the
construction site has already been equipped and several constructions have begun
- two auxiliary tunnels driven in rock, first section of the main tunnel driven in loose
rocks (debris) and a cut-and-cover tunnel.

First of the auxiliary tunnels has a diameter of 5 m and is 3,2 km long. It is driven in
right angle to the main tunnel into the adjacent valley, where is a space for trimming
and screening of muck. The muck will be transported by a tunnel belt conveyor, next
to which still a space for movement of maintenance vehicles will remain. The tunnels
are driven by TBM of the Robbins company, which was beforehand already
deployed in South Africa the water industry project Lesotho. The machine has right
behind its cutterhead an installed drilling rig for rock anchoring, which is despite
good geology necessary, with regards to honzontal layers of rocks.

At the place where the new track diverts from the old one, which then further
ascends parallely with the highway along the river Tecino, southern portal will be
located. Right after it, it is necessary to pass through a zone of debris where are
also boulders like house stored. Excavation under protection of the bored and
grouted 'umbrella’ would last too long and would mean prolongation of the planned
schedule of the entire construction.

Therefore it is the purpose of the second auxiliary tunnel, driven in solid rock, to
bypass the debris zone and thus to fasten the beginning of excavation of the pair of
main tunnels. The 7,8 m high tunnel is being driven in gneisses using drill-and-blast
with help of the drill rig Atlas Copco Jumbo, German bucket loader Schaeff, which
loads the rock on dumpers by the Volvo company, At the end of the bypass tunnel,
two assembly chambers will be excavated in the mountain and after assembling of
the driving machines, excavation in the northern direction will begin independently
on the first complicated section.

In addition, water industry, which has to intercept water inflowing from the tunnels
and thus both in times of excavation and regular operation, will be built at construc-
tion yard by the portal. The water will be treated and cooled (inflowing water's tem-
perature will be more than 40 °C) and consequently discharged into the river Ticino.

Shaft Sedrun

Already with the start of three years before commencement of works on the afore-
mentioned access tunnels, realization of the Sedrun shaft began. The shaft was
meant to enable excavation in the most complicated section if the Tavetsch massif.
First, 1 km long tunnel was driven from the Sedrun valley in the altitude of 1335 m.
The cavern, realized at its end, served for sinking of the 800 m deep shaft Sedrun
as well as for excavation of the ventilation tunnel, partially diagonal, which comes
to another valley in the altitude of 1517 m.

The joint venture of contractors, which had for two years excavated the shaft,
also includes a company from South Africa, which has experience with construc-
tion of deep shafts in gold mines. A special device, suspended on five ropes,
was used for the shaft's construction. The device has five working platforms. The
first one (from top) serves for transport of material, second for concrete casting
of the lining, third for assembling of boarding, fourth allows application of shot-
crete and_fifth for installation of mesh. The lower part of the device carries drills
and a grab for excavation and loading of debris. One of the largest problems was
the necessity to prevent water inflows. Even small amount, which gathered on the
floor, significantly complicated the blasting works. Therefore, a fan of grouting
bores in the length of 42 m was bored around the shaft, driven in hard granite,
and consequently a sealing grouting was realized. The grouting works were very
successful as inflow in the entire shaft did not overpass 1 l/sec.

Only then, the excavation using blasting works were realized. The shaft was thus
excavated by sections. The boring assembly, carrying six drills, was produced
by the Atlas Copco company it can be folded into a diameter, which is the same
as the diameter of the hoisting bucket, so that it can be transported the same way
as the bucket. Transport of the equipment during the excavation was realized
with the speed of 9 m/sec while the material with the speed 12 m/sec.

Concrete lining of the shaft was installed in advances of 6 m with 300mm gaps,
where only bare rock remains. This solution should allow future drainage of water
and elimination of hydrostatic pressure in large depth. Drainage pipes will be
installed into the gaps before realization of the final waterproof lining, which will
have to have very smooth surface so that the air resistance during ventilation is
minimized. During operation of the railroad , the shaft will serve for ventilation
and as an emergency exit from the underground safety rail, constructed under-
neath the level of the shaft’s bottom.

After excavation of the shaft, a cavern was realized from its bottom, from which
two service tunnels and tunnel connecting the main tunnels are being driven. Drill
rigs and transport vehicles for their excavation are lowered through the shaft.
When these preparatory works are ready, the mining machine used by the shaft's
excavation will be replaced with larger and more effective one. It will be placed
in level of the mouth of the shaft in a lateral cavern and will provide operation of a
double-deck elevator with the capacity of 50 tons. It will raise cars with muck set
for disposal and again lower the empty ones with the speed of 16 m/sec. For
transport of cars with crew, lower speed will be used.

Thus there will be the working yard prepared for future supplier of excavations of
main tunnels in unfavorable conditions of unstable rocks in the section of 6.7 km
in the Tavitsch massif.

Conclusion

Altogether, there will be driven app. 19000 m (without exploration works) of auxil-
iary and access works (tunnels and shaft Sedrun) for excavation of the main tun-
nels Lotschberg and Gotthard.
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ZIVOTNI JUBILEA

LIFE-JUBILEES

ING. JAROSLAV KAPUSTA -
SESTDESIATPATROENY

Narodil sa 9. aprila 1936 v Topol¢anoch, ale jeho domovom od
detstva az po dnes je Prievidza. Po maturite pokrafoval vo
vysokoskolskom §tadiu na Slovenskej vysokej Skole technickej
v Bratislave na Fakulte inZinierskych stavieb, ktorl absolvoval
v roku 1959, Téma diplomovej prace Technolégia budovania
hlavnej §t6ine Bane Cigel ho nasmerovala k Banskym stavbam
Prievidza, ktorym nielenze zostal cely Zivot verny, ale sa v zavere
svoje]  pracovnej kariéry prepracoval na ich Celo. Hodno
spomenut, Zze veddcim jeho diplomovej préace bol prof. Ing.
Franti§ek Valachovié a konzultantom Ing. Jozef Friem, ktori
v podzemnom stavebnictve boli znamymi osobnostami a
ovplyviiovali nielen odvetvie, ale aj nagho jubilanta v jeho odbor-
nom zamerani.

Potas prvych rokov prace na Banskych stavbach v Prievidzi na
technickom dseku so silnou projek&no-konstrukéno-technologic-
kou zlozkou pdsobil ako projektant-statik, neskér technolog ban-
sko-stavebnych prac a veddci pripravy vyroby

V tomto obdobl mu presli cez ruky mnohé projekty a konstrukcie a nielen rutinné,
ale aj zvlatne, alebo ojedinelé, K takym bezpochyby patrila aj stavba, s ktorou
sa zaGal zoznamovat pocas diplomovej prace - Bara Cigel, ktord bola v tom
¢ase najvyznamnejSou zakazkou Banskych stavieb. Na tejto stavbe sa uvadzala
do Zivota banska panelové vystuz (v prazskych odbornych kruhoch zndma ako
prstencova metoda), pneumatickd doprava beténu, posuvné ocelové debnenie,
injektaze a dalsie. Autorom prvého posuvného ocelového debnenia bol prave
jubilant.

K dal$im takymto stavbam, ktoré tvorili mifniky jeho projektantsko-konstruktérsko-
technologickej kariéry patri este niekolko daldich mimoriadnych stavieb.
Prederpavacia vodna elektraredt Cierny Vah sa stala jednou z najvagsich
prileZitosti pre jedincov nadanych technickou tvorivostou uplatnit svoj talent pri
kongtrukcii hibiacich vezl Sikmych privadzacov, raziacich plo§in, betondrskych
prac, doprave a montdzi ocefovych rr privadzaCov, svornikovej vystuze a iné.
On k tymto individualitim bezpochyby patri. DalSou podzemnou stavbou, ktorej
narognost uréovala uZ samotna dlizka - 14 km, sposob spristupnenia trasy,
kongtrukcia a technoldgia definitivneho ostenia, prekondvanie poruchovych
pasiem bola nova odvodriovacia $télfia Voznica. Zaujimavou bola aj konstrukcia
pristupovej Sachty a taznych zariadeni, ktoré malo umoznit dopravu vetkych
celkov tunelovacieho stroja. Do tretice zaujfmavych stavieb iste patri aj
rekon$trukcia podzemného privadzaca vodnej elekirarne Lopej Dubové, kde sa
povodné ostenie z monolitického betonu nahradilo prefabrikovanymi Zelezo-
betonovymi panelmi a Cast otvoreného kanalu nahradila monolitickou Zelezo-
beténovou rirou betdnovanou do dvojplastového debnenia zviadtne]j konstrukcie.
Po tomto obdobi technickej kariéry preSiel od 1. 7. 1991 do manazérskych
funkcii. Najprv do funkcie technického, resp. technicko-vyrobného namestnika
a od roku 1994, po pretransformovani §tatneho podniku na akciovd spolognost,
sa stal predsedom predstavenstva. Od 1. 7. 1997 zastava popri funkcii predsedu
predstavenstva aj funkciu generélneho riaditefa. V obdobi transformacie podniku
sa pri¢inil o n4jdenie schodnej cesty manazérsko-zamestnaneckej privatizacie
a zachovanie vitalnych funkcil podniku po jeho roz¢leneni nadiktovanom séasti
ministerskymi dekrétmi, scasti odstredivymi tendenciami byvalych zavodov
s inym ako bansko-stavebnym vyrobnym programom.

Jeho dihoro¢nou viziou boli tunelové stavby na Gzemi SR. Tunel Branisko, aj ked
neskordie ako si to prial, naplnil jeho stavebno-inZiniersky sen, ktory nosil
v hlavne od ¢ias svojich zatiatkov v podzemnom stavebnictve, Jednym z jeho
neotrasitelnych nazorov je, ze dobre vymyslené inZinierske dielo nemoze udkodit
prirode, naopak moZe sa stat jej harmonickym doplnkom,

Patrilo by sa spomen(t aj na cely rad jeho sympatickych fudskych, kolegialnych
vlastnosti a spologenskych dispozicii. Po tejto stranke mozeme len uistif tych, ¢o
ho blizsie nepoznajd, Ze je dobrym, hoci prisnym §éfom a mimoriadne prijemnym
spolo¢nikom v pracovnych i mimopracovnych kruhoch.

Ako PrievidZzana ho mnohf v tomto meste poznaju, ale mnohf moZno nemaju ani
tudenie, Ze aj vo svojom meste sa pri¢inil svojou odbornostou a aktivitami, posla-
neckymi i neposlaneckymi, o jeho rozvoj (napr. pri stavbe Sportovej haly, zim-
ného $tadidna)

Jubilantovi vyjadrujeme vdaku za jeho osobny prinos do existencie podniku
a prianie pekného babieho leta v zatinajucej jeseni Zivota

Sekretér STA ITA/AITES - Secretary of STA ITA/AITES
Ing. Jozef Frankovsky

SIXTY FIVE YEARS OF AGE OF
ING. JAROSLAV KAPUSTA

He was born on April 9, 1936 in Topolcany, but his home since his
childhood till now has been in Prievidza. After passing his school-
leaving exams, he continued studying in the Slovak Technical
University of Bratislava, the faculty of civil engineering, graduating
in 1959. The theme of his dissertation, The construction technique
for the main tunnel of the Cigel Mine, oriented his paces to Banske
Stavby Prievidza (Mining Construction Prievidza co.). Not only has
he remained devoted to this company for all his life. He has even
forged ahead to its head at the end of his career. It is worth remingd-
ing that his thesis was guided by Prof. Eng. Frantisek Valachovic,
and consulted by Eng. Jozef Friem Both of them were recognised
personalities within underground engineering, influencing not only
this industrial line, but also our friend’s, celebrating the anniver-
sary, professional orientation
in the course of the initial years of his work at the technical depart-
ment of the Banske Stavby Prievidza, containing a strong design-
ing, structural and technological staff, he worked as a designer -
structural engineer, and, later on, as technology consultant of mining and civil eng-
neering works and head of operations planning.

During that period, many designs and structures passed through his hands, not only
routine, but also special or unique ones. No doubt, one of them was the Mine Cigel
project, which he started learn about during his work on the thesis. It was the most
important contract for Banske Stavby at that time. Mining segmental support (known
as a ring method within Prague professional quarters) was being introduced on this
construction, as well as pneumatic transportation of concrete, moving steel forms,
grouting etc. It was him who was the author of the first moving steel form.

Several other outstanding projects can be counted among the projects of that kind
which formed milestones of his career of a designer, structural engineer and technolo-
gy consultant. The pumped storage power station on the Cierny Vah river became one
of the greatest opportunities for individuals talented in technical creativity to employ
their talents in construction of pit hoisting towers for inclined headrace tunnels, mining
platforms, in concrete operations, transport and installation of steel piping of the head-
race tunnel, rock bolt support etc. Obviously, he is one of those individualities. Another
underground structure, the exactness of which was given by its length of 14km, the
manner of establishment of an access road, the structure and technology of the final
lining and a necessity to overcome weakness zones, was the New drainage gallery
Voznica. Also of interest was the construction of the access shaft and hoisting plants,
which were to make the transport of large parts of the tunnelling machine possible.
Third interesting project was certainly the refurbishment of an underground headrace
tunnel for the hydroelectric power plant Lopej Dubova, where the original cast-in-situ
lining was replaced with reinforced concrete segments, and a part of an open trough
was replaced with a monolitic reinforced concrete pipe cast into a two-shelf mould of a
special design.

On 1.7.1991, when this technical period of his career had passed, he started to be pro-
moted into managerial positions. First of them was a position of technical, or technical
and operations depuly. Since the year 1994, the year of transformalion of the state-
owned company into a joint stock company, he has been chairman of the board of
directors. In addition, he has been perferming the funclion of general director since
1.7.1997. In the course of the company Iransformation he did his best lo find a practi-
cable way of privatisalion by managemen! and employees, and preservation of vital
functions of the company after its splitting, diclated partially by ministerial decrees,
partially by centrifugal tendencies emerging in former plants having different non-mi-
ning enginegring production programs.

His long-lime vision were tunnel struclures in Slovakia. The Branisko tunnel, even it it
happened later than he had wished to, was his civil engineering dream come lrue, the
dream he had dreamt since the very beginning of his work in this industry. One of his
unswerving opinions is that a well-designed engineering works cannot harm the
nature, jus! opposite, it can become its harmonic supplement.

It would be right to remember his likeable human allilude towards his colleagues and
his societal dispositions. In this aspect, we can assure these who do not know him that
he is a good, even if exacling chief, and an extraordinarily pleasanl partner as far as
work is congerned or beyond the work.

Many inhabitants of Prievidza know him as a feflow-citizen, but many of them may not
have a clue thal he has also confribuled to his town’s development through his expert-
ise and activities, both deputy's and nan-depuly's ones (e.g. to implementation of the
project of the sports hall or the ice hockey stadium). -

We are expressing our gralitude lo our friend cefebrating this important anniversary for
his personal coniribution to the company's existence, and our wishes of a nice Indian
summer at the beginning of the autumn of the life.
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

DVACATE SEDME VYROCi ZASEDANI ITA/AITES - MILAN 2001

TWENTY SEVENTH ANNUAL MEETING - MILANO 2001

Valné shromazdéni Mezinarodnf tunelafské asociace ITA/AITES zasedalo po
sedmadvacaté v v Milané od 10. do 13 &ervna v souvislosti se Svétovym
tunelafskym kongresem 2001 pofadanym $vycarskymi tuneldiskymi
spole&nostmi (SIG a STS). Na zaseddnf byli pfitomni reprezentanti, delegati,
pozorovatelé a &lenové pracovnich skupin 39 z 50 Clenskych zemi aso-
ciace.

The International Tunnelling Association held its twenty seventh meeting in
Milano from 10 to 13 June, in conjunction with the World Tunnel Congress
2001 organized by the ltalian and Swiss Tunnelling Societies, (SIG and
STS). The meetings were attended by representatives, delegates,
observers and working group members from 39 of the 50 Member Nations
of the Association.

Ptitomné &lenské zemé&
Member Nations represented

South Africa, Algeria, Germany, Australia, Austria, Belgium, Brazil, Canada, China, Korea, Denmark, Egypt, Spain, United States of America, Finland,
France, Greece, Hungary, Island, Israel, ltaly, Japan, Lesotho, Morocco, Mexico, Norway, Netherlands, Poland, Portugal, Romania, United Kingdom,
Russia, Singapore, Slovenia, Slovak Republic, Sweden, Switzerland, Czech Republic, Turkey.

Clenské zemé, které se neprezentovaly
Member Nations not represented

Saudi Arabia, Argentina, Bulgaria, Columbia, India, Iran, Malaysia, New Zeland, Thailand, Ukraine, Venezuela.

Nové zvoleny vykonny vybor (EC)
New executive council

A. Assis Brazil

AM. Muir Wood United Kingdom
A. Haack Germany

A. Parker USA

K. Sorbraten Norway

J.P. Godard France

J. Hess Czech Republic
N. Bulychev Russia

A. Nordmark Sweden

W. De Lathauwer Belgium

K. Sorbraten Norway

J.M. Kelvey South Africa

K. Ono Japan

G. Ash Australia

H. Oud Netherlands

J. Zhao Singapore

C. Berenguier

President Until 2004
Honorary President
Past President Until 2004
Vice President Until 2004
Vice President Until 2004
Past Vice President  Until 2004
Past Vice President  Until 2004
Until 2002
Untit 2004
Past Vicepresident  Until 2001
Until 2001
Until 2004
Until 2004
Until 2002
Until 2003
Until 2004
Secretary General Until 2005

Poznameneijte si spojeni / Please note

E-mail: aites@imaginet.fr

CLENSTVI

Asociace zaregistrovala 25 novych pridruzenych ¢lend (6 korporativnich
a 19 individualnich). Celkovy stav je 50 ¢lenskych zemi a 290 pfidruZzenych
¢len (93 korporativnich a 197 individualnich) po zapocteni pfirGstk(
a Ubytk{.

STRATEGIE ASOCIACE

Val_r)é shromazdénf rozhodlo o pfijetl dvycarského navrhu na umisténi sekre-
tariatu asociace ve Svycarském federalnim technologickém institutu
v Laussane. Rozhodnutl nabude platnost v &ervenci 2002,

KOMUNIKACNI SPOJE

- _Tribune: 4 Cisla uplynulého roku byla publikovana se zaméfenim na Htali,
Singapore, Slovenskou a Ceskou republiku a Svjcarsko. Kazdé &fslo vyslo
nakladem asi 2700 ks.

- Tunnelling and Underground Space Technologie: V patnactém roéniku
T,UST bylol publikovano 44 piispévkil z 23 zemf a rovnéZ 2 zpravy z pracov-
nich skupin ITA, WG Vyzkum a WG Podzemni planovani. V pfistim roce
budou publikovany zpréavy nékolika dalSich pracovnich skupin.

Website: hitp://www.ita-aites.org.

MEMBERSHIP

The Association has registered the membership of 25 new Affiliate Members (6
Corporate Members and 19 Individual Members); the total results to 50 Member
Nations and 290 Affiliate Members (93 Corporate Members and 197 Individual
Members) taking into account radiations and resignations

STRATEGY OF THE ASSOCIATION

The general assembly decided to accept the Swiss proposal to host the Secrelariat
in the Swiss Federal Institute of Technology in Lausanne. The decision will be effec-
tive on July 2002.

COMMUNICATION

- Tribune: Last year 4 issues of TRIBUNE were published including focus on ltaly,
Singapore, Slovak Republic, Switzerland, Czech Republic. The average circulation
has been around 2700 copies per issues.

- Tunnelling and Underground Space Technology: In the fifteenth volume of TUST,
44 papers representing 23 countries were published. Two reports from ITA WG
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- Web site: Asociace ma svou stranku od roku 1998. Za rok 2000 ji navétivilo
15 000 osob z 85 zemi, které mély 600 000 dotazli a pfe¢etly 135 000 stran.
Stranka se aktualizuje primérné desetkrat roéné a pfidavaji se nové udaje,
tykajici se zejména Tribune a diskusnfho féra €lenskych zemi a pracovnich
skupin. Nejnav§tévovangjsi stranky jsou "glossary", "focus” a Tribune.

- Glossary: Prvni verze vykladového slovniku byla ptevedena na web. To je
provizorni verze, ktera bude dokonc¢ena béhem nadchdazejictho roku.

OTEVRENA SEKCE KONGRESU

Namét vybrany pro letodnf rok byl "Odhad rizik pro navrh financovani’. Tato
otdzka se tyka pfedevsim podzemniho stavebnictvi. Pét pfednasejicich ji
posuzovalo z rlznych hledisek: z pravnich hledisek, z funkce vefejneho
a soukromého sektoru, posouzeni geologickych rizik, vztahl mezi hospo-
darnou proveditelnosti a pldnem financovani. Pokratovalo se u kulatého
stolu bouflivou diskusf. Sekce shromazdila na 300 Ggastnikd.

SPOLECNA PRACOVNI SKUPINA ISTT - ITA

Hlavnim bodem jedndni byl navrh verze sestavy rizikového rozpoc¢tu pro
podzemni dila, pfipravené b&hem minulého roku, kterd zahrnuje 5 hlavnich
rizikovych fazi a 20 pfipadd vyplyvajicich z umisténi dila v pozemi. Shrnujici
a vysvétlujici text bude zpracovan na pfistim spoledném zasedén( v Praze
v zaf 2001.

v 7w

PRISTi VYROGNIi ZASEDANI

- Sydney (Australie) od 2. do 7. bfezna 2002 béhem Svétového tunelafskeého
kongresu ITA/AITES * Downunder 2002" poradany Austrélif a Singapore.
- Amsterdam (Nizozemsko) od 14. do 17. dubna 2003, b&hem kongresu
ITAJAITES 2003 "(Re)claiming the Underground Space’
- Singapur v kvétnu 2004 na pozvani Singapurské narodnf tunelafské aso-
ciace.
Podle tiskového komuniké pfipravil
In accordance with the Press Release prepaired
Ing. Karel Matzner

ZPRAVA ZE ZASEDANI
PRACOVNICH SKUPIN - WG ITA/AITES

V ramci konani ITAJAITES World Tunnel Congress 2001 se uskutecnily
porady véech 14 pracovnich skupin.Tyto porady probéhly ve dnech 10 - 11.
dervna 2001 a navazovaly na zasedani vykonného vyboru ITA/AITES.
Souhrnna zprava z nich bude uvefejnéna v pif$tim ¢isle nadeho ¢asopisu

Z ¢eskych zastupcld se téchto jednanf pfimo zd&astnili Doc. Ing. Alexandr
Rozsypal, CSc. (prac. skupina &. 2 - vyzkum), Ing. Jaromir Zl4mal (prac.
skupina ¢. 3 -Smluvnf praktiky v podzemnich stavbach) a ing.Véclav Vale§
(prac. skupina 4 - Planovani podzemf).

Pracovnl skupina 3 - Smluvn( praktiky v podzemnich stavbach

Na zasedani bylo zvoleno nové pfedsednictvo prac.skupiny. Novym pfedse-

dou byl zvolen W. Maartens (Jiznf Africa-Lesotho), mistopfedsedou A, Dix

(Australie) a tutorem byl zvolen F. Vuilleumier (Francie).

Jednanf pracovni skupiny se zl¢astnilo 20 ¢lenG ze 13 zemi. V nejbliZsi

dobé budou dokon&eny komentdfe t¥ dokumentl FIDIC pro zpracovavan(

kontrakttl a vyhodnoceny tendry mezi konzultanénimi inZenyry a kontraktory.

Zasedan( schvalilo aby v pFidtim roce byly projednavany tfi nové dkoly:

- Alternativnf finanéni podminky pro zadavatele stavby

- Komentéar dokumentu Dams and Development, kde jsou zajimavé zpraco-
vény podminky kontraktd (www.dams.org)

- Zlep$ovani fizeni podzemnich staveb

Pracovnl skupina 4 - Planovan( podzemf

Setkani se uskutednilo pod vedenim pFedsedkyné A. Nordmarkové,

mistoptedsedy E. Grova a tutora J. P. Godarda. Jednani pracovni skupiny se

zGgastnilo celkem 12 &lenti z 11 zemi.

Na zasedanl projedndny materialy:

- Water Installation$ Underground (final Draft ¢teni a odsouhlaseni znéni)

- Access Ways to Underground for Public Use (&tenf prvniho navrhu)

- navrh na spoleéné zpracovani zavérd "Planovani podzemf” spolu s WG13
a WG 15,

- "Bring together geoscientific and land-use management expertise” - spo-
luprace IUEG/ITA

Research and Subsurface planning were published. In the next year TUST will publish
several reports by working groups.

- Web site: The Association has had a web site since 1998. During the year 2000, the
site received 600000 successful requests (135000 pages read) from 15000 people
coming from 85 countries. The site is updated on an average of 10 times a year and
new topics have been added, specifically concerning Tribune and the forum for
Member Nations and Working Groups. The mast visited pages are the ones of the glos-
sary, the focuses and Tribune.

- Glossary: A first version of the glossary has been implemented on the web, This is a
provisional version and will be completed during the coming year.

ITA OPEN SESSION

The topic chosen this Year was "Risk assessment for projet of financing". This topic is a
major concern for the underground works industry. Five speakers treated the subject
from different points of view: "legal aspects’, ‘roles of the public and the private sec-
tors", "dealing with geological risks', "relations between economic feasibility" and "proj-
ect financing’”. It has been followed by a round table and an extended discussion. The

session gathered more than 300 participants

ISST-ITA JOINT WORKING GROUP

The main point on the agenda of the meeting was the draft version of the flow chart
'Risk Budget for Underground Works', prepared over the last year, which covers 5
major risk phases and 20 events from objective to operation of an underground instal-
lation. A covering and explanatory text will be prepared by the following joint meeting in
Prague in September 2001.

NEXT ANNUAL MEETINGS

- Sydney (Australia) from 2 to 7 March 2002 during the ITA-AITES 2002 World
Tunnel Congress ‘Down under' organized by Australia with the participation of
Singapore.

- Amsterdam (Netherlands) from 14 to 17 April 2003, during the ITA.AITES 2003
"(Re)claiming the Underground Space”.

- Singapore in May 2004 on the invitation of the Singaporean National Group.

REPORT FROM SESSION OF
THE ITA/AITES WORKING GROUPS

Within the frame of ITA/AITES World Tunnel Congress 2001, sessions of all
14 workgroups took place. These sessions proceeded during June 10-11,
2001 and followed after session of the ITA/AITES executive committee. A
summary report from those will be published in the next issue of our maga-
Zine.

Doc. Ing. Alexandr Rozsypal, CSc. (WG no. 2 - Research), Ing. Jaromir
Zlamal (WG no. 3 - Contractual Actions by Underground Structures) and
Ing. Véclav Vale$ (WG no. 4 - Planning of the Under-ground) directly par-
ticipated at these sessions as Czech representatives.

Working Group no. 3 - Contractual Actions by Underground Structures
New board of directors was elected during session of the workgroup. W.
Maartens (South Africa - Lesotho) was elected new chairman, A. Dix
(Australia) his deputy and F. Vuilleumier (France) was elected as tutor.
20 members from 13 countries participated at the workgroup's session.
Within immediate future, commentaries on three FIDIC documents for elab-
oration of contracts will be completed and tenders among consultation
engineers and contractors evaluated. The session approved three new
tasks to be dealt with in the following year :
- Alternative financial conditions for contractor of the construction
- Commentary on the document Dams and Development, where are

the conditions of contracts interestingly elaborated (www.dams.org)
- Improvement of management of underground structures

Working Group no. 4 - Planning of the Underground
The session look place under guidance of the chairwoman A. Nordmark,
her depuly E. Grov and tutor J.P. Godard. Altegether, 12 members from 11
countries participated at session of the workgroup. Within the session, the
following materials were discussed:
- Water Installations Underground (Final Draft reading and approval of
the version)
- Access Ways to Underground for Public Use (reading of the First Draft)
- Proposal for mutual elaboration of conclusions of "Planning of
the Underground" together with WG 13 and WG 15
- “Bring together geoscientific and land-use management experlise” -
cooperation of IUEG/ITA Ing. Véclav Vale$
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INFORMACE O CINNOSTI PRACOVNi SKUPINY
ITA C. 2 - VYZKUM

Jako obvykle zasedaly bé&hem tunelafského kongresu ITA, klery se tentokrat
sesel v Milané, i jeho pracovnl skupiny, Z povéfeni ndrodniho vyboru
Geského tuneldfského vyboru jsem se zigastnil dne 13. 6. 2001 jednani pra-
covnl skupiny ¢islo 2, kterd se vénuje vyzkumné problematice.
Animéatorem této skupiny je od roku 1994 Yann Leblais, vedoucl technické
komise francouzské narodnl skupiny ITA & prezident mezindrodniho usku-
peni inzenyrskych a konzultaénich firem FC International, Delegatem vykon-
ného vyboru ITA, klery je zastoupen v kaZdé pracovnl skuping, je professor
Assis z Brazilie. Ten byl poté na valném shromazdén( [TA dne 15. 6. 2001
zvolen prezidentem ITA na dal&i funk&ni obdobf.
Byly projednévany 2 body.
- Seismic Design and Analysis of Underground Structure.
Referentem byl Youssef M. A. Hashash, assistant Professor of Civil and
Environmental Engineering of University of Illinois.
_ Draft of the Gudelines of Risk Analysis on Tunneling Projects.
Referentem byl Soren Eskesen z Danského geotechnického institutu.
Kromé toho bylo konstatovano, Ze byla ukonéena prace na studii
Recomendation on the settlement induced by urban tunneling. Toto téma
bylo rozpracovavano i technickou komisf francouzské narodnf spole¢nosti
pro tunelovani a podzemni prace AFTES, kterou vede rovnéz Yann Leblais.
Pracovni skupina ¢. 2 byla zaloZena jiz v roce 1975. Hlavnf publikace, které
od svého zalozenf vypracovala, jsou nésledujict:
- Report on shield-driven tunnels (1981)
- Report on water inflows ( 1988)
- Report on lining (1988)
- Report on shields used in urban areas ( 1988)
- Report on the impact of noise and vibrations on underground

construction ( 1990)
Na jednéni skupiny byla po obséhlé diskusi odsouhlasena studie Seismic
design and Analysis of Underground Structures a doporucena k vydani jako
oficialnl material |TA. Tento material mam pro ¢leny CTuK k dispozici.
Na pfidtim jednani pracovni skupiny se bude déle diskutovat o materidlu
Guidelines of Risk Analysis on Tunneling Projects. Clenové CTuK, kiefi by
méli zajem se k této problematice vyjadfit, se na mne mohou kdykoliv
obratit, abychom mohli vypracovat podklad za na% narodnf komitét ITA.

INFORMATION ABOUT ACTIVITY OF THE ITA NO.2
WORKGROUP - RESEARCH

As usual within the ITA tunneling congress, which this time met in Milan, also

the workgroups had their sessions. On behalf of the National Commiltee of

the Czech Tunneling Committee, on June 13 | participated at a meeting of

the workgroup no, 2, which deals with research issues.

Since 1994, Yann Leblais, chairman of the technical committee of the French

ITA National group as well as president of the international association of

engineering and consulting companies FC International, is an animator of

this group. Professor Assis of Brazil is a delegate of the ITA Execulive

Committee, which is represented in every workgroup. He was later on June

15 during the ITA general assembly elected ITA president for the next office

term.

Two points had been discussed :

- Seismic Design and Analysis of Underground Structure

Speaker Youssef M. A Hashash, assistant Professor of Civil and

Environmental Engineering of University of lllinois,

- Drait of the Guidelines of Risk Analysis on Tunneling Projects

Speaker Soren Eskesen of the Danish Geolechnical Institute.

Besides it was stated that work on the study "Recommendation on the sellle-

ment induced by urban tunneling” was finished. This lopic was also worked

on by the technical committee of the French National Association for

Tunneling and Underground Works AFTES, which is also lead by Yann

Leblais.

The workgroup no. 2 was already established in 1975. The main publica-

tions, which it has since its foundation elaborated, are following :

- Report on shield-driven tunnels (1981)

- Report on water inflows (1988)

- Report on lining (1988)

- Report on shields used in urban areas (1988)

- Report on the impact of noise and vibrations on underground

construction (1990)

Following a broad discussion, the study "Seismic Design and Analysis of

Underground Structures’ was agreed on at session of the workgroup and

thus recommended for publication as an official ITA material. | have this

material for the CTC members at hand.

Within the next workgroup session, material Guidelines of Risk Analysis on

Tunneling Projects will be further discussed. CTC members who would

express desire to comment on this topic can feel free lo contact me any time

in order to be able to elaborate a framework for our [TA National Committee.
Doc. Ing. Alexandr Rozsypal, CSc.

ROADWARE 2001

Sedmy mezindrodni silni¢ni veletrh Roadware 2001 se konal v Praze ve
VeletrZnim paldci ve dnech 22. - 24. 5. 2001. Pofadatelem byla Ceska sil-
niéni spoleénost pod zastitou Ministerstva dopravy a spojd CR ve spolupraci
s Reditelstvim silnic a dalnic CR.
Na vystavni ploge uvnitf budovy a venkovni ploge vystavovalo 93 firem
a investord zaméfenych na vedkeré inzenyrské, projekéni a realizacni Cin-
nosti a také strojni vybaven! & vjrobu materialu pro silnini stavitelstvl.
V katalogu, vedle klasického provedeni také na CD ROM, je v piehledech
uvedena kategorizace expozic dle napiné Sinnosti. V kategoriich Geotech-
nika, Zakladani staveb a Podzemni stavby se pfedstavilo cca 22 expozic
véetnd ¢lent ITAJAITES jako napf. GEOTEX, KELLER, PUDIS, SATRA, SG-
GEOTECHNIKA, METROSTAV, POHL, SUBTERRA, ZS Brno.
Organizovani silnigniho veletrhu Roadware je jednou z vyznamnych ¢innostf
Silnigni spole&nosti, ktera také pripravila k této pfileZitosti tasopis Silniéni
obzor ve zvladtni Upravé.
Z daldich ¢innosti je vyznamna prace v 8 odbornych sekcich

- spréava a udrzba komunikacf

- povrchové vlastnosti vozovek

- cementové vozovky

- asfaltové vozovky

- silniéni a méstské dopravnf inZenyrstv

- silniénf tunely

- zemni prace,odvodnéni a spodnf stavba

- telematika
Odbornd tematika vzdy néjak souvisi s pracemi odbornych skupin v rémci
ITAJAITES. Cinnost tif poslednich se vlastng pffmo prolind. Obé& spole&nosti
tak vlastné usiluji o rozkvét dalnic a dalgich komunikaci, propaguji nové poz-
natlky védy i praxe v oborech, jakoZ i dalsi ¢innost ve spoledensko-politické
oblasti.

TUNELY 2001

Dom techniky ZSVTS Zilina, Slovenska republika, uspofadal ve dnech 5. - 7.
6. 2001 seminat spojeny s exkurzemi firem pod nazvem Tunely 2001,
Semméf byl zaméfen na problematiku Vystavby tuneld hlavné ve Slovenské
republice. V ndsledné prezentaci firem se pfedstavil mimo jiné DOPRA-
STAV, a. 5. Bratislava, VOKD, a. s., Ostrava, GEOFOS Zilina, HBP Prievidza,
CARBOTECH Slovakia apod.

V ramci lsemivnéfe byla organizovédna exkurze na stavbu tunelu Horelica
a geologické Stoly Visfiové.

Seventh international road fair Roadware 2001 took place in Prague in the
Fair Palace during May 22-24 2001. The organizer was the Czech Road
Association under the auspices of the Ministry of Transportation and
Commupications in cooperation with the Directorate of Roads and Highways
of the CR.
Al the exhibition spaces both within the building and outside, 93 companies
and investors were exhibiting, and thus focused on production of all engi-
neering, designing and realizing activities as well as on mechanical equip-
ment or production of materials for road constructions.
In the catalegue, in addition to the regular design, also on CD-ROM, catego-
rization of expositions according to their field of activity is synoptically elab-
orated. Within the categories of Geoltechnics, Foundation of structures and
Underground construcfion, 22 expositions were inlroduced, including the
ones of ITA/AITES members, such as Geotex, Keller - spec. foundation,
PUDIS, Satra, SG-Geotechnika, Metrostav, Pohl, Subterra, ZS Brno.
Organization of the road market Roadware is one of significant activities of
the Road Association, which also to this occasion prepared a special edition
of the Road Review magazine.
From other activities, work in 8 specialized sections is significant :

- administration and maintenance of roads

- surface attributes of roads

- cement roads

- asphalt roads

- road and urban transportation engineering

- road tunnels

- ground works, drainage and substructure

- telematics
Professional telematics always somehow coheres with work of specialized
groups within the frame of ITA/AITES. Activity of the last three actually
directly intertwines. Both companies thus strive for prosperily of highways
and other roads, advertise new knowledge of science and experience in
their branches as well as further activity in the social-political area.

Ing. Petr Vozarik

- TUNNELS 2001

The House of technology ZVTTS Zilina - Slovakia organized a seminar,
together with companies” excursions called Tunnels 2001 during June 5-7
2001,

The seminar was focused on the problems of tunnel construction, especially
in Slovakia. In the following company presentations, among other introduced
themselves Dopraslav a.s. Bralislava, VOKD a.s. Ostrava, Geofos Zilina,
HPB Prievidza and Carbotech Slovakia.

Within the seminar, excursion to construction sites of the Horelica tunnel and
Visriové geological gallery was organized. Ing. Petr Vozarik
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Tunel

PRAZSKE GEOTECHNICKE DNY 2001
PRAGUE GEOTECHNICAL DAYS 2001

V jiz tradignim kvétnovém terminu, ve dnech 14, a 15. 5. 2001 se v dUsto-
jném prostiedi Akademie v&d v Praze konaly kazdoro&ni Geotechnické dny.
Toto pravidelné setkéni odborniki pofadala a sponzorovala Stavebni geolo-
gie-Geotechnika, a. s. ve spolupraci s Ceskou geotechnickou spole¢nosti
€SSl a Ceskym a Slovenskym vyborem MZZS. Prazské geotechnické dny se
svym charakterem pongkud vymykajl obdobnym odbornym akcim, pofa-
danym v Ceské republice. Typickym pro né je, Ze referaty jsou zasadné
pouze vyzadané a tykaji se vzdy tématu, ktery vybere hlavni organizator
spolu s Ceskou geotechnickou spole&nosti tak, aby svou aktualnosti byl
pfinosem pro odbornou geotechnickou vefejnost.
Soudasti Prazskych geotechnickych dnl je i pravidelna "Prazskd geotech-
nicka prednaska', ke které je kazdoro¢né pofadateli zvan vyznamny evrop-
sky geotechnik. Z minulych pfednasejicich mdZeme vzpomenout napfiklad
prof. Jamiolkovského, Biareze, Brandla, Schlossera a dal3i.
Leto$ni Geotechnické dny probéhly v nasledujicich blocich:
14. 5. 2001 dopoledne - odborny seminaf: Provadéni a vyhodnocovani
specidlnich laboratornich zkousek zemin a hornin
V Uvodu semindfe prednesli kratké zahajovaci pozdravy prof. Ing. Ivan
Vanigek, DrSc., jménem Geotechnické spole¢nosti CSSI a Ing. Vitézslav
Herle, odborny garant semindfe, jménem hlavniho pofadatele a sponzora
Geotechnickych dnli 2001 SG-Geotechnika, a. s.
Poté jiz nasledovalo $est odbornych prednadek zaméfenych na nosné téma
semindfe. V prvni pfednasce Doc. Ing. Jaroslav Feda, DrSc. z Ustavu teore-
tické a aplikované mechaniky AV CR upozornil na problémy s interpretaci
laboratornich zkougek v geotechnice. Se zkouskami polonasycenych zemin
a méfenim porového tlaku, které byly provadény na Stavebni fakulté cvut
seznamil posluchaée Ing, Jan Zdalesky, CSc. Na téma zjisfovani defor-
ma&nich vlastnosti zemin pfi velmi malych pfetvofenich pohovofil Ing. Jan
Bohaé, CSc. z P¥irodovédecké fakulty UK. Dal$i pfednésejici Ing. Jifi Hudek,
CSc. z PUDIS Praha se ve svém referatu zaméFil na uskali zkougek hornin
provadénych pro podzemni stavby. Ing. Jaroslav HolejSovsky z SG-
Geotechnika, a. s., ve své pfednasce s tématem laboratornich zkou$ek
spolupdsobeni geosyntetik se zeminami podrobné prezentoval zkoudku
smykové pevnosti rozhrani zemina - geosyntetikum, kterd se jiz nékolik let
(sp&sné provadi v laboratofich SG-Geotechnika, a. s. Posledni dva pred-
nadejict odborného seminéfe Ing. Jifi Zaruba a Ing. Vitézslav Herle z pofa-
dajici organizace hovofili na téma zkoudky mechanickych vlastnosti
zlepgenych zemin a druhotnych materidld. Na nékolika praktickych pfi-
kladech ukazali pouZitl stabilizovanych popilkil z rlznych energetickych
zdroj.
Ve vyzadaném koreferatu na téma laboratornich zkousek produktl odsiteni
vystoupil Ing. Jaromfr Stastny, CSc.
14. 5. 2001 odpoledne - 9. praZska geotechnicka pfednaska
Hlavnim hostem leto3nich Geotechnickych dnl byla Dr. Suzanne Lacasse,
vykonnd Feditelka Norského geotechnického institutu. Ve své pfednasce na
téma "Geotechnical Engineering at the Dawn of the Third Millenium" se
zamégfila na rekapitulaci momentalnf pozice geotechniky v rodiné ostatnich
inzenyrskych disciplin a na vyty&enf jejich Gkold v pfitim obdobi. Pfednaska
byla velmi dobfe zpracovana, neobyéejné poutava a sklidila velky aspéch.
Dopoledniho seminafe a 9. praZzské geotechnické prednasky se ztG&astnilo
tém&f 100 posluchadl, z nichz vétsina rovnéZz navstivila doprovodnou
propagaénf vystavku 11 odbornych firem.
15, 5. 2001 dopoledne
Program Geotechnickych dnli pokragoval vyroéni &lenskou schiizi Ceského
a Slovenského vyboru MZZS a druhou pfednd$kou Dr. Suzanne Lacasse,
tentokrat na téma "Risk Analysis in Geotechnical Engineering".
V této opét dokonale pfipravené a velmi zajimavé pfednaSce Dr. Lacasse na
mnoha praktickych piikladech zdokumentovala geotechnicka rizika rdznych
typu inZzenyrskych staveb a ukazala cesty, jak geotechnicka rizika ocenovat
a metodu fizeni geotechnickych rizik uplatfiovat v praxi.
Poslednim bodem programu Geotechnickych dnl 2001 byl workshop na
téma "Vliv vlastnosti zemin na tesenf geotechnickych tloh". Moderator Doc.
Ing. J. Feda, DrSc. vybral jako hlavni diskutujici Ing. Jifho Her$tuse, CSc.
z AGE s. 1. 0., Ing. M. Masarovi¢ovou, CSc. z katedry geotechniky Stavebni
fakulty STU a Dr. Ing. |. Herleho z UTAM AVCR.
Druhého dne PraZskych geotechnickych dnl se zd¢astnilo na 40 odbornikd.
Pocet ugastnik( prvniho dne i podet vystavovatel byly zatim nejvy$si v celé
historii Geotechnickych dnl, poprvé byl vydan sbornik se struénymi obsahy
pfednasek odborného seminafe. Diky sponzorskym pfispévkim pofadateld
se podafilo i letos usporéadat kvalitnf dvoudenni geotechnickou akci bez nut-
nosti vybirat od G¢astnikl vioZné.

Doc. Ing. Alexandr Rozsypal, CSc.

Ing. Vladim(r Pachta

In already traditional time, during May 14-15 2001, annual Geotechnical days took
place in the distinguished setting of the Academy of sciences in Prague. This regu-
lar meeting of professionals was organized as well as sponsored by the Stavebni
geologie - Geotechnika, a.s. in cooperation with the Czech Geotechnical Society
CSS! and Czech and Slovakian MZZS committees. Prague Geotechnical days are
with its character rather rarity among similar professional activities, organized within
the Czech republic. It is typical that speeches are ultimately only requested and
always concern the topic, chosen by the main organizer together with the Czech
Geotechnical Society, so that with its actuality it would be a contribution for the pro-
fessional geotechnical community. “Prague geotechnical lecture”, to which is annu-
ally one significant European geo-technician invited (from previous lecturers we can
recall for instance prof. Jamiolkovski, Biarez, Brandl, Schlosser and other), is also a
regular part of the Prague Geoltechnical days.

This year's Geotechnical days proceeded in the following blocks:

14.5.2001 morning - professional seminar :

Elaboration and evaluation of special laboratory testing of soils and rocks

Within the seminar introduction, short opening speeches were delivered by prof. Ing.
Ivan Vanicek, Dr.Sc., on behalf of the Geotechnical society CSSI and Ing. Vitézslav
Herle, professional patron of the seminar, on behalf of the main organizer and spon-
sor of the Geotechnical days SG-Geotechnika, a.s.

Then six specialized lectures, focused on main theme of the seminar, followed. In
the first lecture, Doc. Ing. Jaroslav Feda DrSc. from Institute of theoretical and
applied mathematics by AS CR warned about problems with interpretation of labora-
tory experiments in geotechnique. Attendants learned about experiments with semi-
saturated soils and measurement of the pore pressure, which had been elaborated
at the Engineering faculty of CTU in the lecture by Ing. Jan Zalesky, CSc. Ing. Jan
Bohad, CSc. from the Faculty of natural sciences under CU spoke about determina-
tion of deformation properties of soils at very small deformations. The next lecturer,
Ing. Jitf Hudek, CSc. from PUDIS Prague in his speech concentrated on problems
with rock testing, carried out for underground structures. Ing. Jaroslav DolejSovsky
from SG - Geotechnika, a.s. in his lecture on topic of laboratory testing of interaction
between geosynthetics and soils in detail presented the testing of shearing strength
of the soil-geosynthetics interface, which has been already successfully realized in
SG - Geotechnika, a.s. laboratories for several years. The last two lecturers of the
professional seminar were Ing. Jifi Zdruba and Ing. Vitézslav Herle from the organiz-
ing company. They spoke on the topic of testing of mechanical properties of
improved soils and secondary materials. On several practical examples they showed
the use of stabilized fly ash from various energy sources.

Ing. Jaromir Stastny, CSc. delivered a requested associated speech on the topic of
laboratory testing of the desulphurization products.

14.5.2001 afternoon - 9th Prague geotechnical lecture

Dr. Suzanne Lacasse, executive director of the Norwegian Geotechnical institute,
was the main guest of this year's Geotechnical days. In her lecture on the topic of
"Geotechnical engineering at the dawn of the third millennium’ focused on review of
the current position of geotechnics within the family of other engineering disciplines
as well as on determination of its goals for the upcoming era. The lecture was very
well elaborated, exceptionally attractive and received remarkable ovation.

Almost 100 attendants visited the morning seminars and the 9th geotechnical lec-
ture, out of which majority also visited the accompanying advertisement exhibition of
11 professional companies.

15.5.2001 morning

Program of the Geotechnical days went on with the Annual member meeting of the
Czech and Slovakian MZZS committees and second lecture by Dr. Suzanne
Lacasse, this time on the topic of "Risk analysis in geotechnical engineering’.

Within this again precisely prepared and very interesting lecture, Dr. Lacasse on
many practical examples documented the geotechnical risks of various types of
engineering structures and demonstrated ways how lo evaluate geotechnical risks
and how to apply the method of geotechnical risk assessment in reality.

Workshop on the topic of “Impact of soils’ attributes on solutions of geotechnical
tasks® was the last program point of the Geotechnical days 2001. Moderator Doc
Ing. J. Feda, DrSc. chose the following major debaters : Ing. Jifi Herstus, CSc. from
AGE s.r.0., Ing. M. Masarovidovd, CSc. from the department of geonics by the
Engineering faculty under STU, and Dr. Ing. I. Herle from ITAM by AS CR.
Approximately 40 professionals took part at the second of the Prague Geotechnical
days.

Number of parlicipants from the firs! day as well as number of exhibitors have so far
been the highes! in the entire history of the Geotechnical days. For Ihe fitst time, a
proceedings with digest contents of leclures of the specialized seminar was pub-
lished. Thanks to sponsorship contributions of the organizers, also this year it was
possible to organize a high-quality two-day geotechnical meeting without a need fo
require any fee from the participants.

Doc. Ing. Alexandr Rozsypal, CSc.
Ing. Viadimfr Pachta
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Z CINNOSTI ODBORNYCH SPOLECNOSTI

ZAINTERESOVANYCH DO POZEMNICH STAVEB

ACTIVITIES OF PROFESSIONAL CORPORATIONS
INTERESTED IN UNDERGROUND CONSTRUCTION

Ceskd narodni skupina Mezinarodni spolecnostl pro mechaniku hornin
(ISRM) ve spolupraci s Ustavem geoniky AVCR v Ostravé uspofadala
regionatni sympozium Geonics 2001 Teplota a jeji vliv na geomaterialy.
Sympozium se konalo v Ostravé ve dnech 15. aZ 17. kvétna 2001 za (&asti
35 odbornikd z Evropy, Asie a USA. Bylo piedneseno 23 referatl, zahrnu-
jicich oblast laboratorntho vyzkum mechanickych viastnosti hornin pfi
riznych teplotach, méfent in situ, zejména méfeni teplot a teplotnich vlast-
nosti hornin, vysiedky experimentélnich pracl, zabyvajicich se mj. vyzkumem
plazmatického a laserového rozpojovani a ovliviovani geomateriald, jakoz
i problematiku matematického modelovani tepelnych procesd v horninach.
K nejzajimavejsim prednagkam patfilo vystoupenf prof. O. Stephanssona
(Kralovska univerzita Stockholm), zabyvajici se teplotnim zatizenim horni-
nového masivu v okoli podzemnich uloZist vyhofelého jaderného paliva.
Dosavadnf teoretické i praktické poznatky vedou k zavéru, ze teplotni pro-
cesy v horninach musi byt studovany sou¢asné s hydrologickymi, mechan-
ickymi a ptfpadn& chemickymi d&ji jako soucést komplexniho plsobeni na
horninovy masiv. V tomto sméru byly zfskdny vyznamné vysledky v ramci
mezinarodniho projektu DECOVALEX, ktery se zabyvd matematickym mode-
lovanim této problematiky. V sougasnosti se v souvislosti s timto projektem
pripravuji dva rozsahlé verifikaéni experimenty zaloZené na umélém ohfevu
podzemnich prostor (Svycarsko, USA).

S problematikou vystavby tuneld byla dzce spjata pfednadka Dr. D. Fabreho
(Univerzita J. Fouriera Grenoble), zabyvajici se vyzkumem a modelovanim
teplot hornin pii razb& dlouhych bazainich tuneld v Alpach. Na konkrétnim
pfipadu 53 km dlouhého tunelu Maurienne-Ambien na budouci Zelezniéni
trati Lyon - Turin byly prezentovany vysledky geotermického priizkumu,
modelové vypodty teplot a jejich srovnani s naméfenymi hodnotami a disku-
tovany pficiny zjisténych anomalii.

Z dal&ich velmi zajimavych referatd jmenuji je$té pfispévek ing. Hlavace et
all. (V8B TU Ostrava, Ustav geoniky AVCR) o pUsobeni laserového paprsku
na povrch hornin, studii mechanickych vlastnosti hornin pfi zapornych
teplotach, vyvolanou potiebami podzemnich elektraren ve velkych nad-
mofskych vy8kach v Himaldjich (autor R. K. Goel et all., Central Mining
Research Institute, Roorkee, India) nebo vyzkum vlivu teploty na korozni pro-
cesy stavebniho kamene z porovitého véapence (N. Rozgonyi et all.,
Technicka univerzita Budapest).

Sympozium se vyznagovalo pfijemnou pracovnf atmosférou, kiera ptispéla
k obsahlé diskusi k jednotlivym predndgenym tématlim, Pofadatelé pfedpo-
kladaji, Ze sympozium poloZilo zaklady k pravidelnym odbornym akcim
z oblasti mechaniky hornin a podzemniho stavitelstvi s pfesné vymezenymi
odbornymi tématy.

CINNOST SEKCE SILNICNi TUNELY

V souladu s pldnem &innosti na r, 2001 se dne 21. 6. 2001 uskute¢nilo jed-
nani sekce v informaénim stfedisku stavby MO RAST,

Vedle informaci z &innosti Rady silni¢nf spole¢nosti po 4. sjezdu ¢ss
a redaké&nich rad Silni¢ntho obzoru a ¢asopisu Tunel bylo jedndnf zaméfeno
na:

- prezentaci studijnich cest na stavby tunelovych Gsekd délnice A86 v Pafizi
a rekonstrukci tunelu Mont. Blanc, hlavné se zaméfenim na bezpe&nost
provozu.

- Ing.Sajtarem byla podana informace o pribéhu konference Bezpe&nost
v tunelech pozemnich komunikaci konané 27.-28. 5. 200 v Hamburku.

- organizaéni Upravy a zmény v fizeni Hasi¢ského zachranného sboru CR
v souvislosti se zfizovanim regionalnf samospravy a zavadénim zékona o in-
tegrovaném zachranném systému a krizovém fizeni. Dale bylo upozornéno
na vyhlasku zakona o pozarni ochrané, kde urgité body se tykaji tuneld.

- spolupréce sekce Silniéni tunely s komisi C5 AIPCR a komisemi ITA/AITES
- v dal$im jednani bylo dohodnuto publikovani pfednesenych informaci
v Gasopisech Silniéni obzor a Tunel, jesté do konce roku. V &isle 4/2001
Tunel vyjde také informace ze zasedéani C5 AIPCR z 11.-12. 7. 2001,

Czech national group of the International society for rock mechanics (ISRM) in coop-
eration with the Institute of geonics by AS CR in Ostrava organized a regional sym-
posium Geonics 2001 *Temperature and its impacts on geomaterials”.
The symposium took place in Ostrava during May 15-17 2001 with participation of 35
professionals from Europe, Asia and USA. 23 speeches were delivered, including
the area of laboratory research of mechanical attributes of rocks in various tempera-
tures, in situ measurements, especially measurements of temperatures and thermal
attributes of rocks, results of experimental works, among other dealing with research
of plasmatic and laser disjunction and interaction of geomaterials as well as prob-
lems of mathematical modeling of thermal processes within rocks.
To the most interesting speeches belonged the address by prof. O. Stephansson
(Royal University of Stockholm), dealing with thermal encumbrance of rock massif in
the vicinity of underground storages of burnt-out nuclear fuel. Hitherto, theorelical
and practical knowledge leads to a conclusion that thermal processes in rocks have
to be studied along with hydro-geological, mechanical and eventually chemical
processes as part of a complex impact on rock massif. Within this direction, signifi-
cant results have been achieved within the frame of the international program
DECOVALEX, which deals with mathematical modeling of these issues. In coherence
with this project, two major verifying experiments, based on simulated heating of
underground areas, are contemporarily being prepared. (Switzerland, USA).
Speech of Dr. D. Fabre (J. Fourier University of Grenoble) was closely tight to the
problems of tunnel constructions, and thus dealing with research and modeling of
rock temperatures by excavations of long basal tunnels in Alps. On the specific
example of 53 km long tunnel Maurienne-Ambien on the future railway track Lyon-
Turin, results of the geothermal exploration, model calculations of temperatures and
their comparison with measured values were presented while causes of revealed
anomalies discussed.
From other very interesting speeches | will still mention the contribution of Ing.
Hiavaé et all. (VSB TU Ostrava, Institute of geonics by AS CR) about the impacts of
laser beam on the rock surface, further study of mechanical attributes of rocks by
negative temperatures, evoked for instance by needs of the underground power
plants in Himalayas (author R. K. Goel et all., Central Mining Institute, Roorkee,
India) or research of the impacts of temperatures on corrosion processes of the con-
struction stone from porous limestone (N. Rozgonyi et all., Technical University of
Budapest).
The symposium distinguished with pleasant working atmosphere, which contributed
to broad discussion within individual introduced topics. The organizers expect that
the symposium has laid grounds for regular professional activities in the area if rock
mechanics and underground engineering with precisely defined specialized topics.
Ing. Richard Sfiupérek, CSc.

ACTIVITY OF THE ROAD TUNNELS SECTION

In correspondence with the plan of activity for the year 2001, session of the section
took place in the information center MO RAST on June 21.

Beside information about activity of the Council of the Road association after fourth
congress of CRS and editorial councils of Road review and Tunel, the session was
aimed at :

- presentation of study journeys to construction sites of sections of A86 highway in
Paris and reconstruction of the Mont Blanc tunnel, especially with focus on safety of
operation;

- Ing. Sajtar referred about course of the conference Safety in road tunnels, organ-
ized during May 27-8 2001 in Hamburg;

- Administrative adjustments and changes in management of the Fire brigade CR in
coherence with foundation of regional administrations and implementation of a law
about integrated rescue system and crisis management. Further, an information was
provided on some paragraphs of the Fire protection law concerning tunnels;

- Cooperation of the Road tunnels section with C5 AIPCR committee and ITA/AITES
committees;

- In the following session it was agreed to publish the delivered information in the
Road review and Tunel magazines, and thus till the end of this year. Moreover, infor-
mation from session of the C5 AIPCR committee during July 11-12 2001 will be pub-
lished in Tunel 4/2001.

Zapsal - Noted by : Ing. Pelr Vozérik
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ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELING COMMITTEE REPORTS

ZAPIS ZE ZASEDANI VALNEHO SHROMAZDENI
CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
které se konalo dne 22. kvétna 2001

na pozvani fy. ZAKLADANI GROUP

v hotelu IBIS v Praze

Ptitomni: 30 delegatl zastupujicich &lenské organizace, 4 individualni ¢len-
ové, Clenové predsednictva, pfedseda RR TUNEL a hosté podle prezenéni
listiny

Omluveni: Prof. Aldorf, Ing. Doubek, Ing. Dolezalova

Program: podle pozvanky

Pfedané podklady: Pfehled WG ITAJAITES (k bodu 3)

- Cerpani rozpoétu v roce 2000 (k bodu 4)

- Navrh rozpoétu na rok 2001 (k bodu 4)

- Slozeni redakéni rady ¢asopisu TUNEL (k bodu 5)

- Cenik inzerce (k bodu 5)

- Clenska zakladna - souc¢asny stav (k bodu 8)

- Adresar ¢lenskych subjektl (k bodu 8)

- Volebni Fad a volebni listek s kandidatkou (k bodu 9)

0. Zahajenl

Sekretat CTuK pfivital pritomné a uved! pfedané podklady k jednani. Valné
shromazdénf (dale VS) pak aklamaci schvélilo:

- program jednanf

- navrzenou volebni komisi ve slozeni

_Ing. Novotny - Ing. Vozarik - Ing. Matzner

Ugastniky VS dale pozdravil generdinf feditel hostitelské organizace
ing. Zdenék Rataj.

1. Zpréva o &innosti pfedsednictva za uplynulé funk&nl obdobl (Ing. Hess)
Predseda CTuK ve své zpravé zdlraznil zasady &innosti pfedsedniciva
a rozhodnuti u¢inénd v uplynulém funk&nim obdobi, vyznamna pro dalsf
rozvoj organizace a zakotvena do zmény stanov CTuK: zfizenf vlastniho
sekretariatu, ziskani zivnostenského opravnéni k poradenskym a zprostfed-
kovatelskym sluzbam, zajisténi financovani &innosti, zvy8eni ¢lend predsed-
nictva z 5 na 7. Kazdy &len pfedsednictva mél svéfenu uréenou oblast ¢in-
nosti komitétu. Ob& konference PS v roce 1997 i v roce 2000 byly zdafilé.
Casopis TUNEL po zavedeni jazykové mutace a roziifeni obsahu se dostal
svou Urovni mezi n&kolik nejkvalitngjsich svétovych tuneldfskych periodik.
Zvygené financni naklady se dafi pokryt jen diky aktivnimu vysledku konfe-
rence, zfskanf inzerentll je pro dalsi udrzeni souCasné Grovné zcela nezbyt-
né. Na ekonomiku CTuK ma velmi nepfiznivy dopad ubytek nejvétsich &len-
skych subjektd po jejich zaniku nebo zméné sortimentu vyroby. K publicité
CTuK pfispéla vyznamné nase internetovd stranka a zvefejnéni TUNELU na
internetu. O &lanky v TUNELU je zajem z redakci rdznych zahrani¢nich
odbornych Casopisl. Zatim jsme se neprosadili se zfizenim technicke
kancelafe. Styk s pfibuznymi organizacemi rovnéz nema adekvatni odezvu.
Podzimni pracovni shromazdéni ve formé seminafd se osvéddila.

2. Zpréva o jednénfch EC ITA/AITES, o perspektivach asociace,

GA ITA/AITES a svétovém kongresu v Mildné (Ing. Hess)

Piedseda seznamil VS s kandidatkou na prezidenta a ¢leny EC. Chceme-li
udrZet a zvy$it mezinarodnf droven nasich konferencf, je nezbytné prezento-
vat se v zahrani¢{ vlastnimi pfispévky a byt agilngjsi v rdmei WG ITA/AITES.
Nase konference je tieba zpfistupnit zahrani¢nim d&astnikdm jazykové vEet-
né& sborniku pffspévka.

Na GA v Milané se budou schvalovat jiz konkrétni navrhy na zffzenf profe-
siondintho sekretariatu ITA/AITES, z toho vyplyvajici zmény statutu a By-
Laws ITA/AITES, zpGsob financovani atd. RovngZ bude ustavena nova WG
pod nazvem Conventional Tunnelling.

Usneseni: Na GA v Milané bude CR zastupovat Ing. Kuchér a Ing. Rozsypal.
Jednani o ediénich otazkach v ramci ITA/AITES se U¢astnf Ing. Matzner.

3. Zpréva o &innosti pracovnich skupin - WG ITA/AITES (Ing. Vales)
V priloze obdrzeli Utastpici oficiainl seznam &innych WG véetné jejich
vedoucich pfedstavitell. CTuK je zastoupen v t&chto WG:

WG 2 -doc. Pribyl WG 12 - Ing. P. Polak
WG 3 - Ing. Stehlik WG 13 - Ing. F. Polék
WG 4 -lIng. Vale$ WG 14 - Ing. Mosler
WG 6 -Ing. Vozarik WG 15 - Ing. Stuparek
WG 16 - Ing. Bélohlav

Ing. Vale§ informoval o aktudlnich fedenych tématech v jednotlivych WG.
Protoze néktera témata se tykaji vice WG, bylo dohodnuto, aby v kone¢ném
vystupu byla hlediska jednotlivych skupin na danou tématiku zapracovana.

REPORT FROM SESSION OF THE GENERAL
ASSEMBLY OF THE CZECH ITA/AITES
TUNNELING COMMITTEE

Which took place on May 2001

on invitation of the ZAKLADANI GROUP company
in the IBIS hotel in Prague

Present: 30 delegates representing member organizations, 4 individual
members, members of the board of directors, EC chairman of EC of the
TUNEL magazine, guests according to the record of attendance;

Excused : Prof. Aldorf, Ing. Doubek, Ing. Dolezalova;

Program : according to the invitation card

Submitted sources : Overview of the ITAJAITES WG (point 3)

- Utilization of the 2000 budget (point 4)

- Draft of the 2001 budget (point 4)

- Composition of Editorial Council of the TUNEL magazine (point 5)

- Price list of advertising (point 5)

- Member platform - current status (point 8)

- Address list of the member subjects (point 8)

- Electoral rules and ballots (point 9)

0. Opening
CTC secretary welcomed altendants and presented the submitted sources
for negotiation. The General Assembly (further GA) then by acclamation
approved :
- sessfon program
- proposed Electoral committee in composition

Ing. Novotny - Ing. Vozarik - Ing. Matzner
The GA attendants were further greeted by general manager of the hosting
organization Ing. Zdenék Rataj.

1. Report on activity of the board of directors for the past office term

(Ing. Hess)

CTC chairman in his report stressed the principles of board's activity and
decisions made in the past office term, significant for further development of
the organization and linked to the alteration of CTC regulations : eslablishment
of own secretariat, acquirement of lrade license for cansulting and mediating
services, provision of the financial activity, increase of members of the board
of directors from 5 to 7. Each member of the board had a designated area of
board's activity. Both PS conferences in 1997 and 2000 were successful. The
TUNEL magazine, after its lingual mutation and content expansion, with its
level entered among several world's highes!-tiuamy lunneling magazines.
Increased financial expenses can be covered only thanks to active outcome of
the conference; attraction of advertisers is essential for keeping of the current
level. The loss of largest member subjects after their collapse or alteration of
production assortment has a very negative impact of CTC's economy. Our
web page as well as internet publication of the TUNEL magazine have signifi-
canl@ contributed towards CTC's publicity. There is an interest for TUNEL arti-
cles from editors of various foreign specialized magazines. So far we have nol
pushed through establishment of the Technical office. Similarly, contacts with
relative organizations does not have an adequate response. Fall workshop
sessions in form of seminars have proved worth.

2. Report on ITA/AITES EC session, on prospects of association, ITA/AITES
GA and the world congress in Milan (Ing. Hess)

Chairman informed the GA of the president and EC members ballot. If we
want to keep and improve the international level of our conferences, it will be
essential to present ourselves abroad with our own contributions and to be
more active within ITAJAITES WG. It is necessary to make our conferences
accessible to foreign participants by language, including the proceedings of
contributions.

Within the GA in Milan, already particular proposals for astablishment of pro-
fessional ITAJAITES secretarial, and from tha! deriving revisions of Slatute
as well as ITA/AITES By-Laws, ways of financing ele. Also, new WG with the
name of Conventional Tunneling will be established.

Resolution : Al the GA in Milan, Ing. Kuchér and Ing. Rozsypal will represent
the CR.. Ing. Matzner will participale at negotiations about the editorial
questions within the ITAJAITES framewark.

3. Report on activity of the workgroups - ITA/AITES WG (ing. Vales)
As a supplement, the participanis received an official list of active WGs
together with names of their feading representatives. CTC is represented in

the following WGs:
WG 2 - doc. Pribyl WG 12 - Ing. P. Polak
WG 3 - Ing. Stehlik WG 13 - Ing. F. Polak
WG 4 - Ing. Vale$ WG 14 - Ing. Mosler
WG 6 - Ing. Vozarik WG 15 - Ing. Siiupdrek
W@ 16 - Ing. Bélohlav
Ing. Vale$ informed about currently solved topics in individual WGs.
Because some lopics concern more WGs, it was agreed, that within the final
output, viewpoints of individual groups on the given lopic be taken in.




D —

& 10. ROCNIK, &. 3/2001

Tunel

4, Zpréva o vysledku hospodafenf v roce 2000 a névrh rozpottu na rok 2001
(Ing. Matzner v zast. Ing. Doubka) _ .
Ing. Matzner podal struény komentdf k poloZkam uvedenym v pfedloZzenych
materidlech. Cést refijnich polozek naklad( na konferenci se promftla do
re3il na konté 00200, nékteré vynosy naopak pfesly do roku 2001.

Celkovy hospodafsky vysledek byl +50,3 tis. K¢&. Stav ndm neuhrazenych
taklur k 31. 12. byl 479 100 K& Nejvélsimi dluzniky jsou: Slovenska
tunelarska asociacia, Amberg, Yodni stavby a Vojenské stavby. Soucasny
stav neuhrazenych faktur, v&. letos vystavenych, &inl 815 tis. K&.

Rozpotet na rok 2001 ve vysi 2324 tis. K& bylo moZno sestavit jako vyrov-
nany jen diky vynostum z konference a planovanému zvyseni inzerce
v tasopisu TUNEL. Financovanl ¢innosti komilétu vazné ohrozil pokles poctu
élenskych organizacl v kategorii A, z osmi v roce 1997 na sougasné lfi
a zatim nedobytng pohledavky u likvidovanych spolecnosti. Pfitom edi¢ni
naklady na TUNEL vlivem podstatné vétsiho rozsahu, dvojjazyCné mutace,
zavedeni celobarevnosti a inflace vzroslly v obdobi 1997 - 2001 (rozp.)
z 815 na 1460 tis. K¢, Za soucasného stavu smluvnich zdvazkl a pfispévki
glenskych subjektd je zvydeni inzerce zdsadnim predpokladem pro finan-
covani ginnosti v pfistich letech.

Usneseni: VS nemd vyhrady k pfedloZenym materidlim, schvaluje ¢erpanf
rozpo&tu v roce 2000 a ndvrh rozpottu na rok 2001 bez pfipominek.

5. Edi&nl zaméry redaken( rady &asopisu TUNEL v roce 2001 a sloZenl

RR jmenované pfedsednictvem na piiStl &tyfleté obdobf (Ing. Novotny)
Casopis TUNEL doznal v minulém funkénim obdobl radikéinl proménu z do-
macfho periodika na ¢asopis ve svém oboru svétové Grovné. Obsah vzrost|
z 32 na 56 stran, od &. 4/1998 byla zavedena anglickd mutace, od Cisla
4/2000 celobarevna forma a dislednd jazykova korektura. Zvy3ené naklady
je tfeba pokryt pfedev$im inzercl a zahrani¢ni subskripci. Prace dosavadni
redakéni rady byla kladné hodnocena a proto pfedsednictvo schvalilo jeji
sloZenf v&etné kooptace Ing. Maiika a doc. Ing. Rozsypala, CSc., i pro pfisti
funk&ni obdobi.

Usneseni: Casopis se bude vydavat nadédle v souasném rozsahu, kvalité
a barevnosti. Pro pokryti zvy$enych nékladl zajistl kazdé4 ¢lenska organi-
zace v prib&hu roku alespori dva barevné inzeraty 1A5, bud vlastni, nebo
svych subdodavateld a kooperantl. Oekava se i zvy$end aktivita indi-
viduélnich &lend. VS bere na védom( sloZeni RR pro pfistl obdobi.

6. Informace o &éinnostech pifbuznych odbornych spole&nostf (Prof. Aldorf)
Pro neptitomnost prof, Aldorfa bude podéna pfi pfisti pfilezitosti.

7. Zpréva web-mastera CTuK o internetové komunikaci v ramci ITA/AITES
Ing. Maflk prakticky demonstroval www stranky ITA/AITES a zaclenenf
stranky CTuK do nich. Internetova komunikace mezi jednotlivymi WG je
moZn4 pfi znalosti ochranného kédu, ktery |ze vyZadat u animatéra WG.

8. Zpréva o stavu &lenské zdkladny a o stavu pfftomnych (Ing. Matzner)
Soucasny stav je 38 &lenskych organizacl a 28 jednotlivel (v&. nového tlena
Ing. Spirka, zastupce fy. Bohler). K 31, 12. 2000 ukonéily lenstvi: Vojenske
stavby, Vodni stavby, Describo, Carbogrouting. Clenstvl od roku 2001:
Vodni stavby, a.s. - v likvidaci (podminéno spingnim smiuvnich podminek),
Z8 Brno bylo na viastni Zadost pfefazeno z kat. A do B.

Potencidlni novy &len: firma BEL, s. r. o. (distributor fy. Casagrande).

9. Volby ptedsednictva na pf($tl funk&nl obdobf (Ing. Matzner)
Mandatni zprava: v séle je pfitomno 34 delegatd ¢lenskych subjektd.
Pfitomni byli podrobné seznameni s volebnim fadem a kandidéatkou. Na
funkci pfedsedy kandidoval Ing. Jindfich Hess, na dal8ich 6 mist v pfedsed-
nictvu navrhly ¢lenské organizace 15 kandidatd. Volebni komise po ode-
vzdani volebnich listkd vyhodnotila volby takto:
Pro ptedsedu Ing. JindFicha Hesse bylo odevzdano 33 platnych hlasy.
Do predsednictva byli dale zvoleni:

Prof. Ing. Jiff Bartak, DrSc. (31)

Prof. Ing. Josef Aldorf, DrSc. (26)

Ing. Petr Doubek (25)

Ing. Geogij Romancov, CSc. (23)

Ing. Vaclav Soukup (17)

Ing. Véclav Vale$ (17)
Nebyli zvoleni: Ing. Horak CSc. (10), Ing. Dvofak (9), Ing. Pohl (9), Ing.
Zldmal (7), Prof. RNDr. Karous, DrSc. (7), Ing. Bfezina (6), Ing. Starha (5),
Ing. Kolegkar (3), Ing. Sikora (2)
Nové zvoleny pfedseda CTuK podékoval za projevenou divéru a nastinil
svou pfedstavu o dal$f ginnosti pfedstavenstva.
Usneseni: Volby byly provedeny ve smyslu stanov a podle schvaleného
volebniho fadu. VS bere vysledek voleb na védomi a gratuluje pfedsedovi
a nové zvolenym &lenlim pfedsednictva.

10. Rizné

> Doc. Ing. Pavel Pfibyl informoval o vioni ustavené pracovni skuping CTuK
Bezpetnost v podzemnich stavbach®. Navézala jiz kontakty s Evropskou
unil v ramei projektu UPTUN. M4 8 &lend a jadrem skupiny je konsorcium
spoleénosti fesicl projekt MOS "Analyza a fizeni rizik v tunelech pozemnich
komunl!iaci_', Skupina navitivila tunel Mt, Blanc; zavéry budou pfedneseny
na semin&fi 12. 6. na fakulté dopravni CVUT. Pozvanky budou tlenim CTuK
rozeslany.

- Spolu se zéapisem obdrzi ¢lenové GTuK opraveny seznam ¢lenl RR

L

4, Report on the 2000 management results and proposal for the 2001 budg-
et (Ing. Matzner, subst. Ing. Doubek)

Ing. Matzner submitted a brief commentary to entries in the presented male-
rials. Part of overhead enlries of expenses at the conference projected into
overhead at the 00200 account, some income on the other hand transferred
into the year 2001. The final management result'was 50 300,- Ké. Level of io
us unpaid invoices was 478 000,- K¢ as of December 31. The principle
debtors are : Slovakian Tunneling Association, Amberg, Vodni Stavby and
Viojenské Stavby. Current level of unpaid invoices, including those made out
this year, reaches 815 000,- K¢.

The 2001 budget in the height of 2 324 000,- K¢ could be compiled as bal-
anced only thanks to incomes from the conference and planned boos! of
advertising in the TUNEL magazine. Financing of the committee's activity
has been severely threatened by reduction of member organizations in the A
category, from eight in 1997 to current three, and by irrecoverable claims by
companies in liquidation. Moreover, the editorial expenses of the TUNEL
have because of conlent expansion, bilingual mutation, all-color implemen-
tation and inflation increased from 815 000 K¢ in 1997 to. 1 460 000 K¢ in
2001 (budget). With the current condition of contractual obligations and con-
tributions of member subjects, an increase of adverlising is an essential
requirement for finaneing of activities in the following years.

Resolution : GA does not object to the presented materials, it approves uti-
lization of the 2000 budget as well as proposal of the 2001 budget without
comments,

5. Editorial intentions of Editorial council of the TUNEL magazine in 2001 and
composition of EC for the next four year's term (Ing. Novotny)

The TUNEL magazine evidenced a rather radical change during the last
office term, and thus from a domestic magazine to a one of world's level
within its field. Content increased from 32 to 56 pages, in no. 4/1998 English
mulation and in no. 4/2000 all-color mode were introduced. Also, consistent
language check was implemented. It is necessary to cover (he increased
ezfenses with advertising and foreign subscn’ﬁrions. Work of the current
editorial council was positively evaluated and therefore the board of direc-
tors approved its composition, including cooptation of Ing. Mafik and doe.
Ing. Rozsypal, CSc., for the next office term.

Resolution : Magaza‘ne will be further being published in current extent, qual-
ity and colors. For covering of increased expenses, evary member organiza-
tion will pravide in course of one year at least 2 color A5 adverlisements,
either its own or of its suppliers or cooperators. Moreover, increased activily
of individual members is expecled. GA has taken into account EC composi-
tion for the next term.

6. Information about activity of relative-professional companies (Prof. Aldorf)
Due to Prof. Aldorf's absence, it will be delivered by the upcoming occasion.

7. CTC webmaster's report on internet communication within the ITA/AITES
framework

Ing. Mafik practically demonstrated ITA/AITES www pages as well as inte-
gration of the CTC ones within those. Internet communication among individ-
ual WGs is possible with knowledge of a protective code, which can be
requested by WG animator.

8. Report on status of member platform and status of attendants (Ing. Matzner)
The current status means 3§ member organizations and 28 individuals
(including new member Ing. Spirk, representative of the Béhler company).
As of December 31, membership was terminated by : Vojenské stavby,
Vodni stavby, Describo, Carbogrouting. Membership as of 2001 : Vodni stay-
by, a.s. - in liquidation (dependent on fulfillment of contractual terms). 8
Brno was due to own request transferred from A to the B category. Potential
new member : BEL company, s.r.o. (distributor of Casagrande).

9. Election of the board of directors for the next office term (Ing. Matzner)
Mandate report : 34 delegates of member subjects are presenl in the room.
Those present are familiar with the electoral rules and ballot. Ing. Jindfich
Hess ran for the position of chairman, member organizations then proposed
15 candidates for other & positions in the board of directors. After the ballots
were handed over, the electoral commiltee evalualed the election :
33 valid ballots were for Ing. Jindfich Hess for chairman
Into the board were further elected:

Prof. Ing. Jifi Bartak, DrSc. (31)

Prof. Ing. Josef Aldorf DrSc. (26)

Ing. Petr Doubek (25)

Ing. Geogij Romancov, CSc. (23)

Ing. Vdclav Soukup (17)

Ing. Véclav Vale$ (17)
Not elected : ing. Hordk, CSe. (10), Ing, Dvoldk (9), Ing. Pohl (9), Ing. Zldmal
(7), Prof. RNDr. Karous, DrSc. (7). Ing. Bfezina (6), Ing. Starha (5), Ing.
Koleckar (3), Ing. Sikora (2).
Newly elected CTC chairman thanked for expressed trust and oullined his
vision of further activity of the board.
Resolution : The election processed in accordance with regulations and
according to approved electoral rules. GA lakes into account the election
results and congratulates the chairman as well as newly elected members of
the board of directors.

10. Miscellaneous

- Doe. Ing. Pavel Plibyl informed about last year established CTC workgroup
“Safety in underground structures”. It has already sel a contact with the
European Union within frame of the UPTON project. It has 8 members and
core of the group is represented by consortium of companies solving the
MTC project “Analysis and management of risks in road tunnels'. The group
visited the Mont Blanc tunnel; conclusions will be delivered at a seminar at
the Faculty of transportation under CTU on June 12. Invitations for CTC
members will be sent out.

- Along with the report, CTC members will receive a corrected list of EC
members
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- CTuK d&kuje hostitelské spoleGnosti ZAKLADANI  GROUP za zajisténi
dnesniho VS
- Oprava v adresati &lent:

CarboTech-Bohemia s. 1. 0., Ing. Drahomir Jani€ek,

Lihovarska 10, 716 03 Ostrava - Radvanice,

tel: 069/6232 801-3, 6258 427, fax: 069/632 994

e-mail: carbotech@carbotech.cz

internet: www,carbotech.cz

11. Prezentace firmy ZAKLADANI GROUP, a. s.,

a stavby Rekonstrukce Slovanského domu v Praze Na Pflkopé.

Generdlni feditel Ing. Rataj uved! zakladni problematiku této vyznamné
a technicky neobygejné narocné stavby a pfedstavil své spolupracovniky -
Ing. Milhla a Ing. Kiefera, ktefi demonstrovali slovem i obrazem jeji realizaci.

- CTC thanks the hosting company ZAKLADANI GROUP for provision of
today's GA
- Correction of the member address book :

CarboTech-Bohemia, s.r.0., Ing. Drahoslav JaniCek,

Lihovarska 10, 716 03 Ostrava - Radvanice,

Tel ".069/5232 801-3, 6258 427, fax : 069/632994

Email : carbotech@carbotech.cz

Internet : www.carbotech.cz

11. Presentation of the company ZAKLADANI GROUP, a.s., and of the con-
struction *Reconstruction of the Slavenic House in Prague Na Plkopech’
General manager Ing. Rataj presented basic problems of this significant and
technically extraordinarily complicated construction and introduced his two
cooperators - Ing. Mihl and Ing. Kiefer, who both by word and picture
demonstrated its realization.

Zapsal - Written by : Ing. Karel Matzner
Ovéfil - Confirmed by : Ing. Jindfich Hess

INFORMACE O CINNOSTI PRACOVNI SKUPINY ,,BEZPECNOST V PODZEMNICH STAVBACH*

INFORMATION ABOUT ACTIVITY OF THE ,,SAFETY IN UNDERGROUND CONSTRUCTIONS“ WORKGROUP

Pracovni skupina narodniho komitétu ITA/AITES s pracovnim ndzvem
"Bezpegnost v podzemnich stavbach" se rozrostla o nékolik ¢lend, takZe se
na jeji ¢innosti podilf jiz dvandct riznych organizaci ITA/AITES. Skupina se
schazi vzdy asi po dvou mésicich. Jedna se o profesnf skupinu odbornikd,
ktefi se dlouhodobé zabyvaji touto problematikou. Skupina pracuje
nezavisle na statnich organech.
Jadrem skupiny jsou kolegové fedici projekt MDS "Analyza a fizeni rizik
v tunelech pozemnich komunikacf', ktery byl zahajen v bfeznu tohoto roku.
Hlavnim fe8itelem je Eltodo, a. s., ve spolupraci s Metrostavem, Metro-
projektem, TSK a tunelovou sekci Silni¢ni spoleénosti. Velmi obecné feceno,
cilem tohoto projektu je analyzovat situaci u néds i v zahrani¢i a pfipravit
metodiku jak vyhodnocovat rizika v tunelech a jak na né pfiméfené reagovat.
Pravé slovo "pfiméfend" je velmi dllezité, nebot je nutné najit technicko-eko-
nomickou miru pfijimanych opatfeni. Soucasti feSenf bude navrh metodiky
porovnavajici néklady na stavebni a technologickou &ast souvisejici
s bezpecénosti a s moznymi redinymi riziky. Zasadou je, Ze vyhodnocovani
rizik je soucasti komplexni bezpe&nostni politiky, kterd musi byt stanovena
pro kazdy tunel. Pracovni skupina bude pofadat jednou za rok otevienou
diskusi k feSenému projekiu.
Dal§i Ukoly z planu prace pracovni skupiny Ize shrnout do nésledujicich
bodd:
(a) Technické podminky "Provoz, sprdva a UdrZba tunell pozemnich
komunikaci”
Technické podminky jsou zpracovany v konceptu. Jedna se o unikatni doku-
ment, ktery zatfm nema v Evropé obdobu. Proto je nutné vénovat jeho
oponovani maximalni pozornost. Nyni probiha pfipominkové Ffizeni, na
kterém se podileji i ¢lenové pracovn( skupiny a technické podminky by mély
byt vydany na podzim.
(b) Navstéva tunelu Mont Blanc
Navstéva spinila o8ekdvani. Z cesty je pofizena dokumentace, kterd je k dis-
pozici u doc. Pribyla. V &asopisech Tunel a Silni¢ni obzor budou pub-
likovany odborné ¢lanky. Cestu a jejl vysledky hodnotil i odborny seminaf
poréddany na Fakulté dopravnf dne 12. Cervna
(c) Dal3i aktivity
- Vytvofeni spole¢né databaze dokumentll zabyvajicich se analyzou a fize-
nim rizik v tunelech.
- Clenové soustfedujl ndaméty pro novou verzi TP98 "Technologické vybaveni
tunell pozemnich komunikaci®. Pfedpoklad zahajeni pracf je konec roku
2001,
- Diskuse o vytvoFenf instituce pro oponenturu ndvrhu (koncepce) feeni
bezpeénosti v tunelech pozemnich komunikaci.
- Koordinovana G¢ast na konferencich. Ing. Sajtar navstivil konferenci
v Hamburku, doc. Pribyl se igastni prosincové konference v Basileji.
(d) Diskusni férum
Jednim z hlavnich cild je vytvofeni zakladny pro diskusi odbornikd, kterd by
méla ptispét nejenom ke zlep8eni vzajemné informovanosti, ale hlavné by
méla pfispét ke kontrolovanému Ye$eni problematiky bezpe&nosti v sil-
ni¢nich tunelech.
V dal$f ¢&sti pFispévku je komentovana Ing. Sajtarem, &lenem komise pro
bezpetnost ITA/AITES, "Mezinarodni konference o dopravé a bezpecnosti
v silniénich tunelech” konand v Hamburku, kterd méla za cfl diskutovat
o novych ndzorech na ochranu osob a staveb. Konference se konala ve
dnech 28. a 29. kvétna za uéasti 150 specialistd z patnacti zemf. Jejim orga-
nizdtorem byla firma Heusch/Boesefeldt, GmbH., kterd se vice nez patnact
let zabyva vyvojem a vyrobou zafizeni pro dopravni systémy, zejména
dopravnim inZenyrstvim a dopravni telematikou. U&astnici konference byl
zastupci statni spravy, védedti pracovnfci, spravci tuneld a konzultaénf
inZenyfi. Kromé Francie zde byly zastoupeny vSechny evropské zemé véetné
Ceske republiky a také Japonsko a USA.
Sougasné s konferenci probihala vystava patnacti firem, které se zaméfujf na
moderni technologie pro provoz tunell, zejména s ohledem na bezpeénost.

The workgroup within the ITA/AITES national committee with the provisory
name of ‘Safety in underground constructions” has expanded by several
members, so that already twelve different ITA/AITES organizations take part
in its activities. The workgroup meets approximately every two months. It is a
specialized group of professionals, who on a long-term basis deal with these
activities. The workgroup works independently on state organs.

The core of the group consists of colleagues, currently solving the MTC proj-
ect "Analysis and management of risks in road tunnels’, which was com-
menced in March this year. The main manager is Eltodo a.s. in cooperation
with Metrostav, Metroprojekt, TSK and the Road Association/Tunnel section.
Generally expressed, the goal of this project is to analyze the both domestic
and foreign situation and to prepare methods how to evaluate risks in tun-
nels and how to adequately react to those. The word "adequately” is very
important here, because it is necessary to find a technical/economical level
of adopted measures. Part of the solution will also be the proposal of meth-
ods comparing the expenses on the engineering and technological section,
in coherence with the security and possible real risks. There is a principle
that evaluation of the risks is an element of complex safety policy, which has
to be determined for every tunnel. The workgroup will once a year hold an
open discussion about the current project.

Other tasks from the plan of work of the workgroup can be summarized in the
following points:

(a) Technical conditions, "Operation, management and maintenance of road
tunnels”

Technical conditions are elaborated in the concept. It is a unique document,
which has no match in Europe so far. Therefore, it is necessary to devote
maximal attention to its opposition. The process of comments is going on
right now, at which also members of the workgroup take part. The technical
conditions should be published during the fall.

(b) Visit of the Mont Blanc tunnel

The visit met the expectations. A documentation, which is at hand by Doc.
Pribyl, was acquired on the journey. Professional articles will be published
in the magazines Tunel and Road Review. A specialized seminar, held at the
Faculty of Transportation on June 12, also evaluated the journey and its
results.

(c) Other activities

- Creation of mutual database of documents dealing with analysis and man-
agement of risks in tunnels;

- Members concentrate the themes for the new TP98 version of "Tech-
nological equipment of road tunnels’. The estimated commencement of
works is the end of 2001;

- Discussion about creation of an institution for opposition of the proposal
(concept) of solution of safety in road tunnels; )
- Coordinated attendance at conferences. Ing. Sajtar visited a conference in
Hamburg, Doc. Pribyl will take part at the December conference in Basel.
(d) Discussion forum ) ‘

One of the main goals is the formation of a framework for the discussion of
professionals, which should not only lead to the improvement of common
know-how, but also should contribute to the controlled solution of safety in
road tunnels. -

An “International Conference on Transportation and Safely in Road Tunnels®,
which was held in Hamburg and which had a goal to discuss new opinions
on protection of persons as well as structures, will be commented on by Ing.
Sajtar, member of the ITAJAITES Safety Committee, in the next part of the
conlribution. The conference was held during May 28-29 with participation of
150 specialists from 15 couniries. The main organizer was the
Heusch/Boesefeldt GmbH company, which for more than 15 years deals with
development and production of devices for traffic systems, especially traffic
engineering and Iraffic telematics. There were deputies of the state adminis-
tration, scientific employees, lunnel operators and consulling engineers at
the conference. With the exception of France, there were all European coun-
tries present, including the Czech republic, but also Japan and the USA.
Simuitaneously with the conference, there was an ongoing exhibition of 15




s 10. ROCNIK, ¢&. 3/2001

Tunel

0O tom, e othzce bezpeénosti provozu v sitniCnich tunelech je v soucasné
dobé v odborné vefejnosti vénovana maximalnf pozornost, svédei i to, Ze se
konference zu&astnil prezident ITA/ITES prof. Dr. Ing. Alfred Haack.
Sestnact pfednadek prednesenych znamymi svétovymi experty je mozno
rozdélit na tyto tfi okruhy:
- nova narodni a mezindrodni pravidla;
- bezpednostn( standardy a dlleZité zkuSenosti z provozu tuneld

v Evropé i mimo ni;
- modernizace starsich tuneld.
Po tragickych nehodéach na jafe 1999 v tunelech Mt. Blanc a Tauern byla
vytvorena pod zastitou UN/ECE skupina expertd pro posouzeni bezpecnosti
v tunelech. Pfedpoklada se, Ze skupina pfipravi soubor mezindrodné
schvalenych doporugeni vedoucich ke snizeni rizika vzniku nehody v sil-
ni¢nich evropskych tunelech a zdrovef k minimalizaci nésledkd, jestlize tyto
nehody vzniknou. V pracovnf skupiné jsou jak statem doporuteni specia-
listé, tak zamé&stnanci soukromych spoleénosti, ktefl se touto problematikou
zabyvaiji.
Dopyoruléenl’ komise bude nésledné pfezkoumano UN/ECE Inland Transport
Commitee (ITC) a rozhodnuto, kterd opatfeni budou zavazné doporuéena
k zapracovan{ do rGznych smluv a dohod vyddvanych UN/ECE.
V soutasné dobé probihaji prace na Upravé a zméné platnych norem a pfed-
pish tykajicich se zajiténi bezpe€nosti v silni¢nich tunelech v fadé evrop-
skych zemf i v USA. Tato konference pfispéla k vyméné zkuenosti a hlavné
k sjednocovani ndzorl na otazky zvySeni bezpecnosti.

companies, which focus mainly on modern technologies for tunnel operalion,
especially with regards to safety. Also the fact that the ITA/AITES presi-
dent Prof. Dr. Ing. Alfred Haack himself attended the conference indica-
tes, that currently within a professional community a maximal altention is
being devoted to the question of safety of tunnel operation. Sixteen lectures,
deli-vered by distinguished world experts, can be divided into three
circuits :
- New national and international rules;
- Safely standards and important experience of tunnel operation

in Europe and outside;
- Modernization of older tunnels.
After tragic incidents in spring 1999 in the tunnels Mt. Blanc and Tauern, a
group of experts under the auspices of UN/ECE was formed to assess the
security in tunnels. It is estimaled, that the group will prepare a set of inter-
nationally approved recommendations, leading to reduction of risks of inci-
dents in European tunnels as well as to minimization of consequences when
these incidents occur. '
The committee recommendation will be consequently reviewed by the
UN/ECE Inland Transport Committee (ITC). It will be determined which
measures will be obligatorily recommended for elaboration into agreements
and treaties published by UN/ECE.
Currently, works on adjustments and changes of valid standards and direc-
tives concerning the provision for security in road tunnels in several
European countries as well as in the USA are in progress. This conference
contributed to the exchange of experience and most importantly to the unifi-
cation of opinions on the issues of enhancement of security.

Doc. Ing. Pavel Piibyl, CSc., Ing. Luavik Sajtar, CSc.

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES

NEWSLETTER OF THE SLOVAK TUNNELING ASSOCIATION ITA/AITES

Komitét Slovenskej tunelarskej asociacie participuje ako zastita a odborny
garant v r. 2001 na dvoch odbornych podujatiach. Prvé z nich bolo 5. - 7.
juna v Dome techniky Zilina. Podujatie bolo koncipované ako sympozium,
prezentécia firiem a vystava, zamerané na perspektivu vystavby tunelov na
Sovensku. V sympozidlnej ¢asti odzneli na tuto tému $tyri hlavné referaty:
1. Tunely na diafni&nej sieti v SR (Ing. Stefan Choma, Slovenska sprava ciest
Bratislava, veduci odboru tunelov)
2. Tunely a podzemné stavby v hlavnom meste SR Bratislave (Ing. Ernest
Tomasik, Magistrat hlavného mesta SR Bratislavy, veduci odboru vystavby)
3. Doterajie sklsenosti s vystavbou tunelov v SR (Ing. Miloslav Frankovsky,
Terraprojekt, a. s., Bratislava, veddci oddelenia projekcie a Ing. Juraj Kele§i,
Doprastav, a. s., Bratislava, veduci odboru pripravy tunelov)
4. Technologické vybavenie tunelov v st¢asnych Standardoch (Ing. Martin
Bako$,CSc., Infraprojekt Bratislava, riaditel )
Sympézia sa ztcastnilo celkom 130 Géastnikov, z toho 41 z CR, 4 z Porska,
1 zo Svajciarska a ostatni zo SR.
Na sympézium nadviazala prezentdcia firiem obsiahlymi referatmi nielen
propaga&ného zamerania, ale aj so zaujimavym technickym obsahom a ak-
tudlnymi informaciami z priebehu niektorych tunelovych stavieb. Pre-
zentaciu vyuzili: Doprastav, a. s., Bratislava, Metrostav, a.,s., Praha, divizia
5, HBP a. s., Rlavnd banskd z4chrann4 stanica o. z., Prievidza, Geofos
s. 1. 0., Zilina, Vahostav-SK, a. s., Zilina, Carbotech-Slovakia s.,r.,0., Zilina,
Bekaert ZDB, s. 1. 0., Kodice, RCD Radiokomunikace, s. . 0., Pardubice.
Tak ako pri predchadzajucich podujatiach v Dome techniky Zilina bola
sprievodnou akciou aj vystava, ktord vyuZilo celkom 26 organizacif, z toho
9z CR a 1 z Rakuska, ostatné zo SR.
Cyklus sprievodnych akcii ukontila exkurzia na blizke rozostavné tunelové
stavby v okoli Ziliny: tunel Horelica, ktory buduje Vahostav Zilina, a prie-
skumnu $t6lfu tunela Vifiové, ktord z jednej strany razi Doprastav, a. s.,
Bratislava a z druhej strany, od z4padného portalu, Metrostav, a. s., Praha.
Exkurzie sa zugastnilo takmer 50 Ggastnikov.
Sdgasny stav a perspektivu vystavby tunelov na Slovensku charakterizuje
redukcia poStu a tempa stavieb, ktoré pévodne uréil vladny program
v 1. 1955, Viaceré stavby, ktoré podla tohto programu mali byt ukon&ené do
r. 2005, sa &asovo posivaji aZ za horizont 2015. V si&asnosti st rozosta-
vane tunely Branisko a Horelica. Na Branisku skongila beton4Z sekundarneho
ostenia juZnej tunelove] riry, vetrace] Sachty a objekiu dopravno-vetracieho
Prepojenia. V {azkych geclogickych podmienkach na tuneli Horelica préace
pokrogili do polovitnej dizky tunela (375 m). Na prieskumnej &toini tunela
Visfiové pokracuje v sfaZenych podmienkach razenie z obidvoch stran,
Tunelovacim strojom od zépadného portélu bolo k 14. 6. 2001 vyrazenych
3 507 m a od vychodného portélu yrtno-trhavinou technol6giou 2 341 m.
Na stavbu mestského tunela Sitiny v Bratislave bude v druhom polroku 2001
vyhlasena verejna sutaz,

Sekretdr STA ITA/AITES - Secretary of STA ITA/AITES

Ing. Jozef Frankovsky

Committee of the Slovak Tunneling Association participates as a patron and
professional guarantor at two specialized meetings in 2001. First of them
took place in the House of technology in Zilina during June 5-7. The meeting
was arranged as a symposium, presentation of companies and an exhibition,
focused on prospects of tunnel construction in Slovakia. Within the sympo-
sium part, 4 main speeches on this topic were delivered:

1. Tunnels on highway network in Slovakia (Ing. Stefan Choma, Slovak Admi-
nistration of communications Bratislava, chief of the tunneling department)
2. Tunnels and underground construction in the Slovak capital of Bratislava
(Ing. Ernest Tomd$ik, Bratislava City Hall, chief of the building department)
3. Experience with tunnel construction in Slovakia until the present day (Ing.
Miloslav Frankovsky, Terraprojeki, a.s. Bratislava, chairman of the designing
section, and Ing. Juraj Kelesi, Doprastav, a.s. Bratislava, chairman of the
tunnel planning department)

4. Technological equipment of tunnels under current standards (Ing. Martin
Bako$ CSc., Infraprojekt Bratislava, director) .
Altogether 130 participants took part at the symposium, 41 from CR, 4 from
Poland, from Switzerland and the rest from Slovakia.

Company presentations followed after the symposium with extensive papers
not only of promotion purpose, but also with interesting technical content and
updated information from the course of some tunnels construction sites. The
presentation was used by Doprastav, a.s. Bratislava, Metrostay, a.s. Prague,
fifth division; HBP, a.s.; The Cenlral mining rescue station o0.z. Prievidza;
Geofos s.r.0. Zilina, Vahostav-SK, a.s. Zilina; Carbotech-Slovakia s.r.0. Zilina,
Bekaert ZDB, s.r.o. KoSice; RCD Radiokomunikace, s.r.0. Pardubice.

Such as by the predecessing meetings in the House of technology in Zilina,
also an exhibition was an associate event. This one was used by 26 organi-
zations, 9 from CR, 1 from Austria and the rest from Slovakia.

A cycle of associate events was finished by excursion to under-construction
tunnel sites in the vicinity of Zilina : the Horelica tunnel which is constructed
by Vahostav Zilina and the exploration gallery of the Visfiové tunnel, which is
from one side driven by Doprastav a.s. Bratislava and from the other by
Metrostav a.s. Prague. Almost 50 participants took part at the excursion.
The current condition and prospects of tunnel construction in Slovakia is
characterized by reduction of amount and speed of projects, which were
originally determined by the government program from 1995. Several proj-
ects, which according to this plan should have been completed by 2005 are
being postponed until 2015. Currently, tunnels Branisko and Horelica are
under construction. Within the Branisko, concrete casting of secondary lin-
ing of the southern tunnel tube, ventilation shaft and the cavern connecting
the ventilation shaft to the tunnel have been finished. Within tough geologi-
cal conditions of the Horelica tunnel, the works advanced up to the middie of
the tunnel length (375 m). Within the exploration gallery of the Visriové tun-
nel, excavation in complicated conditions from both sides continues. As of
June 14 2001, using the tunnel boring machine, 3507 m were driven from the
western portal and with the use of drill-and-blast technique 2341 m were
driven from the eastern portal.

A public tender will be called on construction of the urban tunnel Sitiny in
Bratislava in second half of the year 2001.ary
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Tunnellng

‘The DIBIT tunnel scanner is a revolulio-
n'er user- frlendly phologrammielric

- measuring system for monitoring the

conslruction of tunnels and under-
ground structures. The DIBIT tunnel

~ scanner provides the user with a 3D

mode| of the scanned structures as well
as photographic images. The 3D model
has grid of up to 1x1cm. The DIBIT soft-
ware allows the user to bolh evaluate
and visualize lhe slructures with profi-

ation System

@ Monitoring of underground  slructures and

deformation measurements relaled to tunnel
surface movements

® Quantilalive assessment for calculalTOHS of
volume, area, histogram

® Qualily managemen! regarding sholcrete
thickness, profile accuracy (over- and under-
break) and lining surface conditions

® Operation scheduling for resloring tunnel
profile, waterproofing system, and installing

formwork for the permanent concrete lining

Ies.' 'elevalion plols. cross sections, ete.

Advantages:

@ Full area 3D and tmage documentalion of the
scanned struclure

@ Straighl-forward operation of the recording
apparatus

® Quick avallability of the final data

@ User-friendly analysis software I

® Imporlant data for steering, optimizing and

conlrolling the construction process

Operal area:

@ Documenlation of the excavation
stages (heading, bench, invert) and
caonstruction phases (initial and trim
excavation, shotcrete, final lining), As
buill decumentation of pre-existing
underground structures and geologi-
cal fealures can be documented
-— by ', " L 1

j .'Um*n SCAMMED

Dibit Messtechnik GmbH

internet wochibnt-scannar.al

e-mail afficeddibit-scanner al

S.r.o.

Specializovany dodavatel urychlujicich pfisad do stfikaného betonu

Prestix 71
nealkalicka pfisada

Fastex 81
alkalicka pfisada

VSeobecné pouziti:

@ pro stabilizaci svahi @ nesnizuje konecné
pevnosti stfikaného

betonu

@ pfi nastriku
na mokry
a zvodnély podklad

@ pfi hloubeni Sachet
a jam
@ ckologicky a hygienicky

@ pii raZeni Stol a tuneld nezavadny

@ pri pozadavcich
na okamzity a rychly
narust tuhnuti

@ pfi zesilovani a sanaci
.stavebnich konstrukci

® neovliviuje vyluhovatel-
nost stfikaného betonu
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ZAKLADANI STAVEB, a.s.
K JEZU 1, P.0.BOX 104
143 01 PRAHA 4
CZECH REPUBLIC

tel.: +420 - 2 - 4400 4304, -7
fax: +420 -2 -402 57 01
mailbox@zakladani.cz
www.zakladani.cz

Zakladani staveb, a.s. nabizi ve svém vyrobnim programu Siroké
spektrum technologii specidlniho zakladani staveb, které
zajistuje vlastnim odbornym personalem pomoci strojniho parku
tak, Zze dokaze uspokojit zakaznika nejen svou vysokou technic-
kou Uroevni, ale i kapacitnimi moznostmi:

Podzemni stény Beranéni / Vibrovani

Piloty / Zapory Geotechnicky prizkum
Mikropiloty / Mikrozapory Vyvoj a laboratore

Zemni kotvy Zatézovaci zkousky a méreni
Injektaze Stavby pro ekologii

Tryskova injektaz Projekce

S

Zakladani staveb, a.s. offers a wide range of special foundation
engineering technologies, employing its own labor force and
technical equipment in order to fully satisfy all of the customer's
requirements not only on a high technological level, but also in
terms of high production capacity:

Diaphragm walls Driving / Vibration
Piles / Riders Geological survey
Micropiles / Microriders Research and develepment
Soil anchors Load tests and measurement
Grouting Ecological projects

Jet-grouting

Design and planning
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Tel.: +4217 46 57190 111, Fax: +427 46 542 44 94, .
E-mail: bespa@bb.telecom.sk, www.banske-stavby.sk ald



