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VAZENI PRIATELIA,

prihovaram sa k Vam v Case, ked naSa spolo¢nost Banské stavby,
a. s. Prievidza si pripomina péatdesiaty rok nepretrZitej ¢innosti. Som
rad, Ze svoje pocity pri tomto vyznamnom jubileu méZem odovzdat
Citatefom Casopisu Tunel.

Tak ako v Zivote €loveka, aj v Zivote firmy je polstoroCie prileZitostou
poohliadnut sa spat a pripomendt si minulost, vyznamné milniky
naSej Cinnosti. Kedze som cely svoj produktivny Zivot stravil v tejto
firme, je to aj osobny pohfad do minulosti. Banské stavby Prievidza
boli svojim zameranim urené na budovanie banskych diel pre-
dovSetkym pre Slovensko, a to pre uholné a rudné banictvo a mag-
nezitové zavody. A tak pri pohlade do minulosti definuju také stavby
ako Bafa Cigel, Zelezorudné bane Rudfiany, Slovinky, Rudné bane
Banska Stiavnica, HodruSa, bane na magnezit KoSice, JelSava,
Lubenik a dalSie. V zahrani¢i najvyznamnejSie pracovisko uholna barna
Ibbenbiiren v SRN, kde sme pdsobili nepretrZite takmer 30 rokov. Za
tymito ndzvami s skryté stovky kilometrov banskych Stdini, velké
mnozstva Sacht, z ktorych vynika svojim rozmermi jama Roveii
v Banskej Stiavnici o hibke 790 m a svetlom priemere 7,5 m.
Vyznamnym milnikom naSej €innosti bola vystavba podzemnych objek-
tov na PreCerpavace] vodnej elektrarni Cierny Vah, kde sme koncom
sedemdesiatych rokov vybudovali 5,5 km tunelov pre privadzace vody
a dopravu. }

Nova odvodiiovacia Stéliia pre Rudné bane Banska Stiavnica v dizke
14 km bola prilezitostou uplatnenia Spickovej techniky a technologie.
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 najma tunely pre vodohos-
podarské a dopravné ucely.

Prvé skusenosti sme ziskavali v Nemecku na tuneli Kohlberg a tak vys-
tavba prvého dialnicného tunela na Slovensku, tunela Branisko, nas
naSla pripravenych. Vykony a prezentacia na tomto tuneli patria do
zlatého fondu podnikovej historie a si odrazom naSich skisenosti na
budovani niekofrych tunelov v Nemecku a Slovinsku.

Uvodnik Casopisu nedava priestor na podrobnejSi pohlad do minu-
losti, a preto si dovolujem na zaver vyjadrit osobné vyznanie. Myslim
si, Ze som urobil Stastny krok, ked som po absolvovani Fakulty
inZinierskeho stavitelstva v Bratislave v roku 1959 nastupil na Banské
stavby, n. p., Prievidza, netusiac eSte, Ze to bude jediny mdj zamest-
navatel v Zivote. Vystavba podzemia bani a tunelov ma velmi zaujala
a stala sa mojim profesionalnym osudom.

Za poctu povaZzujem aj to, Ze som na Cele tejto spolocnosti aj v roku
jej polstorocného jubilea. Vyjadrujem vieru, Ze Banské stavby, a. s.,
Prievidza preukazu svoje odborné schopnosti aj v nasledujlcich
rokoch, a Ze na strankach Casopisu Tunel budd mdct publikovat svoje
skasenosti 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 halfa century 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. Banské 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, Iron ore mines Rudnany, Slovinky, Ore
mine$ Banska Stiavnica, Hodru$a, Magnesite mines Kosice, JelSava, Lebenik and
other define themselves clearly. As for abroad, the most significant work is the
coalmine Ibbenbiren 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
Roveii 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 Banska 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 inseription 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.
| think | have done a fortunate step, when | after graduation of the Faculty of engi-
neering structures 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.

| 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. Jaroslav KAPUSTA
predseda predstavenstva a generalny 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 rognej historie podniku po linii postupujaceho
technického pokroku v podzemnom stavebnictve. Pfi¢inénim a tvorivostou
tak vlastnymi konstrukéno-vyvojovymi kapacitami, ako aj transferom z fondu
svetovej techniky, sa podnik usiloval udrzat kontakt s vyvojom vo svete.
Siroké pole pisobnosti podniku s pestrym sortimentom banskych a podzem-
nych inzinierskych stavieb spolu s odhodlanim hladat G€inné rieSenia
doviedol podnik k mnohym novym technikdm a technolégiam. Milniky tejto
cesty zacinali pri drevenych vystuziach, ruénych zbijackach a nakladani
lopatou. S postupom rokov drevo vystriedal betén a ocel, raziace Stity
a NRTM. Ruc¢né naradie vystriedali vitacie vozy, dieselové nakladace,
dumpre, tunelovacie stroje a iné.

UvoD

Banské stavby vznikli pri celkovej reorganizacii ceskoslovenského priemys-
lu koncom r. 1951 od&len&nim z podniku DuUlni stavby Ostrava nariadenim
Ministerstva paliv a energetiky Praha. Z tej istej materskej firmy zaroven
vznikli aj daldie dva podniky, a to DUIni stavby, n. p., Teplice a Vystavba
ostravsko-karvinskych dold, n. p., Ostrava. Nadriadenym organom v3etkych
troch podnikov bola Hlavna sprava vystavby uholného priemyslu Praha
v pozicii stredného ¢lanku riadenia.

Podla dikcie zakladacej listiny Glohou podniku bolo hlbenie jam z povrchu az
na najhlbsSie horizonty, odborné stavebné prace pri prehlbovani Sacht, 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 dopravna techniku,
Cerpadla a kompresory na podzemnych pracoviskach okrem pneumatickych
zbijaciek a vitaCiek bolo uz iba ruéné naradie. Najvacsim darom techniky sa
v tom Case stali prehadzovacie lopatové nakladace. V situacii obmedzenych
moznosti ndkupu a takmer embarga importovanej techniky, ak sa nechcel
zmierit so zaostavanim, musel sa o seba postarat vlastnymi silami. Podnik sa
touto cestou vydal a buduicnost ukazala, ze sa rozhodol spravne. Silnou
zlozkou jeho operativhosti sa potom nadlho stali dobré vybudované tech-
nické Gtvary a vlastna konstrukéno-vyvojova zakladna.

PRELINANIE BANICKYCH
A TUNELARSKYCH PRAKTIK

V dlsledku urgitych obmedzeni nariadenych centralnymi organmi podnik sa
viac pohyboval na stavbach uholnych ako rudnych bani. ISlo o razenie
hlavnych otvarkovych diel, pripadne taznych a vetracich chodieb vo vaésich
profiloch v tlakovo exponovanom horninovom prostredi. V tej dobe jedinym
vystuZzovacim materidlom bolo drevo, takze prechod na ocelovi oblukovu
vystuz TH a na vystuz z betonovych tvaroviek sa povazoval za velky pokrok.
Vtedy prisli velmi vhod Iudia s tunelarskou praxou, ktori mali za sebou
skusenosti z inych bani, napr. ostravskych a dokonca i francuzskych a bel-
gickych. Mall, ale velmi doélezitd skupinu tvorili tunelari, ktori v 30. a 40.
rokoch stavali tunely na trati Banska Bystrica - Diviaky. Nasli sa aj jed-
notlivci, ktori pracovali v povojnovych rokoch (1948 aZz 1956) na dokonc&o-
vanych stavbach Zelezniénych tunelov na Slovensku.

Pri modifikovanej tunelarskej metéde sa pouzivali na stabilizaciu celby
prie€ne nosniky z drevenej gulatiny a Celba sa otvarala tzv. kaplnkou, 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
etc.

INTRODUCTION

Banské 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 DUIni Stavby Ostrava, through a decree issued by the Ministry of
fuels and energy industry. Other two companies arose from the same mother
company, namely Dualni Stavby, n.p. Teplice and Vystavba Ostravsko-
karvinskych Doll, n.p. Ostrava. Hlavni Sprava Vystavby Uhelného Priimyslu
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 rozsSirovala po stropnej Casti smerom cez bocné steny az k
patkdm so zabezpecovanim tenSimi pozdfznymi prvkami z drevenej gulatiny

(obr. 1). Dizka zaberu sa volila najcastejSie 2 m a po zabudovani predbez-
nej vystuze nasledovalo vymurovanie definitivnej. Tento postup zabezpeco-
vala stability vyrubu bol v tom ¢ase v €eskoslovenskom banictve neznamy.
Ovladnutie tunelarskej metody v podmienkach tlakovo exponovanych pra-
covisk sa stalo dlhodobo prednostou viacerych osadok, ktorymi potom BS
operovali nielen doma, ale aj v zahranici.

STVORSEGMENTOVA PRSTENCOVA VYSTUZ

Vynalez Zelezobetdnovej vystuze banskych diel montovanej zo Styroch rov-
nakych prefabrikovanych segmentov bol prevratnou inovéaciou s daleko-
siahlym vplyvom na dalSi vyvoj podniku (obr. 2). Autori vynalezu zaroven
s navrhom tvaru, dimenzii a materidlového zloZenia segmentov navrhli aj
mechanizmus na ich ukladanie a predovSetkym spdsob ich uchytavania
a manipulacie s vyuZitim mimotelesného taziska. Okrem Uspé&sSného uplatne-
nia na mnohych stavbach mal tento vynalez eSte aj dalSie dosledky. Potreba
vyvoja sfubného technického rieSenia podnietila vznik vlastnej konstrukéno-
vyvojovej skupiny, ktord sa postupom rokov rozrastla az na jednu stovku
pracovnikov. Stvorsegmentova Zelezobetdnova vystuz sa stala aj klucom,

ktorym si Banské stavby otvorili brany Zeleznej opony smerom na zapad.

VYSTUZ Z TAZKYCH BETONOVYCH BLOKOV

So ziskanim zékazky razenia banskych diel v Ostrave-Vitkoviciach v r. 1963
az 1967 na Sachtach Hlubina a Jeremenko v hlbke cez 1000 m sa ukazala

potreba hrubostenného ostenia najma v dielach vaésich profilov, akymi boli
naraziska, trafostanice a iné priSachtové objekty. Jednym z rieSeni sa stali
tzv. Stassenové bloky. ISlo o transfer technologie hrubostennej vystuze (40
cm), ktorej autorom bol prof. Stassen z belgického vyskumného ustavu
INICHAR v Liege. Zakladnymi technickymi prostriedkami pri tejto metéde
bola ocelova Sabléna kopirujica tvar prie€neho profilu diela a lahky stlpovy
vytah, ktorym sa dopravovali 90 kg tvarovky na vrchol Sablony a odtial sa
ru¢ne spulstali na prislusné miesto v prstenci (obr. 3). Variantom tejto
metoédy bolo domace rieSenie, ktorého rozdiel spocival jednak v tom, Ze iSlo
o bloky s vac¢Sou hmotnostou (270 kg) a na ich ukladanie sa pouzil
hydraulicky ovladany vyloznik montovany na samohybnom pasovom pod-
vozku.

RAZIACE STITY

V sedemdesiatych rokoch sa podnik vydal svojou cestou vyvoja raziacich
Stitov od velkosti od O 256 cm po O 556 cm so zvaranym i delenym nosnym
plastom. Za zmienku mozno bude stat to, Zze dva raziace Stity z Prievidze
s priemerom 456 cm sa pouzili pri razeni patkovych stéIni Strahovského
tunela v Prahe. Vyvoj vyvrcholil konStrukciou plnomechanizovaného raziace-
ho §titu s frézovym rozpojovacim orgdnom z raziaceho kombajnu Alpine AM
50 (obr. 4).

Pri razeni autotunela na magnezitovom lozisku Mikova v nesudrznych nad-
loZznych horninach sa aplikovala netradicna kombinacia: raziaci stit, trhacie
prace a bezkolajova odtazba. Neobvykla bola aj konStrukcia segmentov
Zelezobeténovej prefabrikovanej vystuze. Stropny a dva bo¢né segmenty
boli hladké, Stvrty po&vovy segment svojim tvarom pfipominal pismeno D
nalezato. Zelezobetonova doska ako su&ast tohto spodného seg-

Obr. 1 Tunelarska metoda vystuzovania €elby. V obtiaznych geologickych
podmienkach a vo vynimoc&nych situaciach 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 segments 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
Banské 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.

Obr. 2 Stvorsegmentova montovana vystuz

Fig. 2 Four-segmental prefabricated lining



-

., 10. ROCNIK, &. 3/2001

mentu vyrieSila problém zasypu protiklenby. Hmotnost segmentov so Sirkou
1 m a hrabkou 20 cm prevySoval 1! tonu. Na ich ukladanie sa pouzili dve
hydraulicky ovladané ramend, tvoriace integralnu €ast konstrukcie raziace-
ho Stitu.

ZacCiatok vyvoja vrtacich vozov odstartovalo ziskanie prvej zakazky na
némeckych antracitovych baniach v Ibbenburene. Boli to dva vitacie vozy
vlastnej konsStrukcie postavené na pasovych podvozkoch z nakladacov
EIMCO a finskou vrtnou nadstavbou s vitacim ramenom ROTABOOM R 600
(TAMROCK) vybavenym tazkym sarfovym vitacim kladivom. V nadvaznosti
na uUspech tejto konStrukcie sa neskorSie vyrobil cely rad vitacich vozov
s pouzitim vitacej jednotky typu VJ-1 vlastnej konstrukcie (koépia finského
MINIRONDO) a vitacej jednotky HVJR ! z ostravskej konstrukénej dielne
ZAM.

Prehadzovacie nakladace (NL 12, NL 21, PML-1 a iné) boli celé desatrocia
najpouzivanejS§imi strojmi pri razeni horizontalnych banskych diel. K ich
Ciasto€nému vystriedaniu doSlo s prechodom na bezkolajovy systém me-
chanizacie s prepravnikovymi nakladami a dumprami. Prvym strojom tohto
druhu bol naklada¢ EIMCO 912 LHD, ktory bol skiSobne nasadeny v r. 1971
v bani Mikova. DalSou stavbou s relativne velkym nasadenim bezkolajovych
mechanizmov bola precerpavacia vodna elektraren Cierny Vah. Tu boli
nasadené nakladace a dumpre SCHOPF s vrtacimi vozmi vlastnej konstruk-
cie na podvozkoch lesnych kolesovych traktorov (obr. 5).

NAKLADANIE UCELENYCH VLAKOV
V JEDNOKOLAJNYCH DIELACH

Jednym z rieSeni, na ktoré sa podnik koncom 60. rokov zameral, boli zasob-
nikové viaky (v germanofénnej oblasti zname pod oznac¢enim Bunkerzug).
rozhodol pre vlastného vyvoja
v mnohych inych pripadoch len preto, ze dokonalejSie systémy zo zapadu si

Podnik sa cestu rovhako ako

nemohol dovolit importovat. Vlastné rieSenie dostalo pomenovanie viakovy

Obr. 3 Sablona a uklada¢ tazkej blokovej vystuZe z beténovych tvaroviek
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 556cm, 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 1m-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 Ibbenburen. 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 Mikova 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-construdion rails laid diredly 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
moving along movable rails, installed on the sides of the single track. This

bridge mounted on a portal structure

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 Hagglunds 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
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nasypnik a predstavovalo vcelku jednoduchy systém s kyvadlovym zasob-
nikom pohybujicim sa po stavebnicovej kolaji polozenej priamo na ban-
skych vozoch. Pohyblivy zasobnik s dvojsegmentovym uzaverom dna sa
ovladal lanami dvojbubnového vratu. Viakovy nasypnik sa uspesne pouzil pri
razeni niekolkych 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 efektivn&jSim rieSeniam.

S odstupom viac ako 25 rokov sa problém manipulacie s banskymi vozmi
v jednokoiajovych podzemnych dielach podafilo konstruktérom BS vyrieSit
inou cestou. ISlo o pasovy dopravny most na portalovej konstrukcii pohybu-
juci sa po presuvnych kolajniciach, kladenych po stranach jednokofajky.
V kombinéacii s hrablovym dopravnikom a nakladac¢om s boénym vysypom na
pasovom podvozku sa toto rieSenie s mimoriadnym Uspechom osvédcilo pri
razeni spojovacieho prekopu Kladno-Tuchlovice.

Do tfetice UspesSnych rieSeni odtazby z jednokoiajnych razieb nepochybné
patria Svédské samoplniace a samovypradzdiiovacie vozy Hagglunds.
Tento, v podstate najaktivnejsi systém odtazby, si mohli BS dovolit az v 90.
rokoch pri razeni prieskumnej St6lne tunela Branisko. Na tomto systéme,
prirodzene, mali BS zasluhu iba v tom, Ze si ho vybrali, Gspesne aplikovali a
dosiahli technologicky pokrok pri samotnom razeni.

RAZENIE A VRTANIE KOMINOV

Dovrchné razenie kominov patfilo k najtazSim a najrizikovejSim tech-
nolégidm. Vyznamnu Udfavu v polovici 60. rokov priniesli Splhavé raziace
plosSiny. ESte skor ako sa zacali pouzivat raziace ploSiny zo SedI¢ian (RP-1,
RP-2, RP-3) a dokonalejSie ALIMAK STH 5 Svédskej proveniencie si BS vyro-
bili prva raziacu ploSinu v r. 1963 vo vilastnych vyvojovych dielfiach. PloSinu
pouzili pri razeni komina na magnezitovom lozisku Dubrava pri JelSave. Po
havérii s tazkymi nasledkami dalsi vyvoj zastavili a orientovali sa na ploSiny
renomovanych vyrobcov.

Pozoruhodny vykon raziacimi ploSinami sa dosiahol na precerpavacej vod-
nej elektrarni Cierny Vah, kde sa Svédskymi ploSinami STH 5 vyrazili pre-
drazky troch Sikmych privadzacov a jedného technického tunela v Uklone 45
stupriov, kazda do Sikmej vysSky cez 500 m. Pfed nasadenim raziacich ploSin
sa uvazovalo s nasadenim techniky velkopriemerového vitania. Vtedy sa
rozhodlo o nakupe supravy Robbins R 71 pre priemer vrtov od 1520 do 2400
mm. Paradoxne na predvttanie privadzacov na PVE Cierny Vah suprava
nebola nasadena z obavy o neziaduci odklon od projektovanej osi privadza-
Ca, ktory logicky musel pri tejto technolégii nastat. Zaucinkovala tu v3ak aj
neoblomnost projektanta stavby, ktory nepripustil eventualné vybocenie
predvrtu za projektovany obrys profilu privadzaca rieSit dodato¢nym
zabetonovaim.

Suprava Robbins sa vSak osvedcila na niekolkych desiatkach vyvrtanych
kominov nielen na Uzemi SR, ale aj v CR, Nemecku a Madarsku. Vysoka
efektivnost' velkopriemerového vitania navodila potrebu dalSich suprav,
a tak BS pri nedostatku devizovych prostriedkov zvolili cestu skonstruovania
supravy z domacich komponentov pri zachovani vSetkych parametrov a s
dovozom iba nenahraditelnych originalnych prvkov. Suprava vlastnej
konstrukcie sa stala znamou pod menom BESPADRILL. V 80. rokoch,
v Case velkostnej kulminacie podniku a intenzivneho rozvoja rudného banict-
va podnik disponoval celkom tromi sUpravami na vitanie kominov.

TECHNOLOGIA HLBENIA SACHT

Hfbenie, prehlbovanie a rekonstrukcia Sacht je sortimentom vyzadujucim
vyS8Si stupeni Specializacie stavebnej organizacie. Poziadavky na objem
a technické parametre, ale hlavné na rychlost realizacie v zrovnani s pred-
vojnovymi rokmi mimoriadne vzrastlil. Ak chcel podnik splnit vSetky naroky
a preukazat opravnenost svojej existencie, musel sa nalezite vybavit potreb-
nou mechanizaciou (hfbiacimi vezami, taznymi strojmi, vratmi, drapakovymi
nakladaémi, cerpadlami, kompresormi), sformovat projekéno-konstrukénu
skupinu, zariadit sa na vyrobu a montaz hfbiacich zariadeni, ako aj na vy-
stavbu povrchovych objektov zariadenia staveniska.

Prvou lastovi€kou vlastnej tvorivosti sa stal jamovy teleskop, ktorym sa vyhl-
bilo 5 jAm v Sejkove, RatiSkoviciach a Novakoch (1954 az 1957). ISlo o oste-
nie jamy budované na Grovni terénu, ktorého spustanie bolo podporované
zatlaGanim hydraulickymi lismi. Pri tejto technoldgii sa ostenie budovalo
v ohlbni jamy na Grovni terénu a zatlacalo sa ku dnu postupujuceho hfbenia
hydraulickymi lismi.

V technolégii hibenia Sacht mal podnik otvoreny ristup k rieSeniam VOKD.
Mnohé prebral bez dalSich UGprav, napr. gravitacni dopravu betonu
potrubim, konstrukciu zavesného posuvného ocelového debnenia pomocou
sustavy dvojkridlovych dveri, ale nevynechal ani cestu vlastnych rieseni.
K takym patrila konsStrukcia zavesnej vitacej slpravy, aplikacia montovanej

viacsegmentovej vystuZe. Vlastnou cestou sa tiez podnik uberal pri
konstrukciach 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 SedIcany
(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 Dubrava 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 Vah 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 Mikova magnesite
deposit



-

s 10. ROCNIK, &. 3/2001

BEZTRHAVINOVE RAZENIE

Razenie 14 km dlhej odvodriovacej Stélne Voznica v bansko-Stiavnickom
revire sa stalo prileZitostou pre prvé nasadaeie technologie razenia tunelo-
vacim strojom v rokoch 1980 az 1986. Okrem toho, Zze BS dosiahli tunelo-
vacim stojom Wirth TB Il H priemeru 3,26 m pozoruhodné vysledky (najlepsi
v podobe 812 m vyrazenej Stélne za 31 pracovnych dni) museli siahnut
viackrat k mimoriadnym opatreniam a originalnym rieSeniam pri prekonavani
poruchovych pasiem. Absurdnost vtedajSich obmedzeni dovozu dohnala BS
ku konstrukcii a vlastnej vyrobe valivych dlat, Napodiv celkom Gspé&Sne sa aj
tato odvazna akcia vydarila, ale ked o vyrobu valivych dlat prejavili zajem
vo VLUP Kamennd, AS ISA radi vyroby vzdali a dokonce poskytli svoje knot-ho
v plno rozsahu novému vyrobcovi.

Druhou prileZitostou Ire napadeni toho jistého strofa ISA stalo razeni
prieskumnej Stélne pre dialni€ny tunel Branisko. Tunelovacim strojom bolo
v nej vyrazenych 2178 m od vychodniho portalu po bod podrazky v obdobi
od jaguara do decembra 1997.

Do tretice k technologiim beztrhavinového razenia pribudli raziace komba-
jny s €istotnym rezom s frézovym rozpojovacim orgadnom. Po predchadza-
jucich nevyraznych vysledkoch s kombajnom F6H sa podnik rozhodol pre
vykonnejSie kombajny typu ALPINE AM 50 vyrabané v rakulskej licencii
v Polsku. Prvy stroj bol nasadeny v r. 1984 a druhy v r. 1985 v slovenskych
uholnych baniach.

STRIEKANY BETON

Prvé pokusy so striekanym betébnom sa datuji do polovice 60. rokov.
V tom case podnik ziskal tlakovy dvoj komorovy stroj, kterého vyrobcem bol
Stav ostroj Nové Mésto nad Metuji. V obdobi nastupu tento technologie
s nedokonalym stojnym vybavenim Belo DOS problematické stiskany betén
presadit, preto sa pouzival IBM sporadicky. Vynimkou Bobi prace AS na
rakiiskej medenorudnej bani v Muhlbachu, kde sa striekany betén presadil

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

Obr. 6 Podchod z rdmovych Zelezobetonovych prefabrikatové, vybudovany
protlacenim

FIM. 6 A subway from prefabrikate reinforced concrete frames, built by
means of jacking

A mine Shift teleskope, which was the first case of BS's own inventiveness,
sunk 5 shafts in Sejkov, RatiSkovice and Novaky (1954 - 1957). It was a mat-
ter of a shaft lining constructed 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-Karvina Mines). It took over many of them
without any modifications, e.g. the gravitational transportation of concrete
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 OSN May Fin constructing
hostiny towers Oto.

VLASTIN-FRED TUNNEL DRIVING

Driving of tle 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 Kamenna 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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vefmi jednoducho a pouzil sa vo velkom. Pomohlo tomu prirodzene nielen
cudzie prostredie s vy$§imi narokmi, ale najma dokonalejSie stroje (Aliva).
Striekany beton sa potom postupne zacal rutinne pouZivat na viacerych
stavbach, ale k extenzivnemu vyuzitiu doSlo az pri razeni tunelov NRTM.
Dlho prevladala sucha metoda, a az v zavere 90. rokov nastal preklon
k vykonnejSej mokrej ceste.

NOVA RAKUSKA TUNELOVACIA METODA

Podnik par rokov pred dovrSenim patdesiatrocného pdsobenia v podzem-
nom stavebnictve konvertoval od banského podzemia ku podzemnym
inZinierskym stavbam. Z nich najma dopravné tunely sa stali jeho hlavnym
podnikatelskym sortimentom. S prechodom ku tunelovym stavbam aplikuje
v plnom rozsahu NRTM, ale vypomaha si vlastnymi rieSeniami napr. pri
zostave mechanizmov pre manipulaciu s hmotami pri technologii
strieckaného betdnu (medzizasobniky, dopravné a davkovacie zariadenia).
Jednym z vlastnych vyrobkov pouZivanych na tunelovych stavbach sa stali
ocelové priehradové obluky ARCUS.

Na tuneli Branisko sa prvy krat aplikovalo razenie pod ochranou mikropilo-
tového dazdnika pri zalustovani juznej tunelovej rary od zapadného portalu.
Dolezitou zloZkou pri razeni tunelov sa stalo operativhe vyhodnocovanie
kvality horninového prostredia a priradovanie vystrojovacich tried podia
vysledkov 3D geotechnickych merani konvergencii. Evidentny rast narokov
pri velkych profiloch tunelov a poZadované presnosti smerového, ako aj
vySkového vedenia trasy sa premietli do naro¢nosti geodetickych prac
s pouzitim najmodernejSej meracskej techniky: statickych laserov, motor-
lasera, totalnej geodetickej stanice, elektrooptického tachymetra, digitalne-
ho nivelacného pristroja. Pri reprofilacii primarného ostenia sa pouzil mo-
derny pfistroj Profiller 4000 s pocitacovym vyhodnocovanim obrysu prie¢ne-
ho profilu.

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

PRETLACANIE POTRUBI A PODCHODOV

Koncom 60. rokov, relativné skér ako mnohé renomované stavebné orga-
nizacie, zacal podnik s touto technolégiou, pre ktord si sam zariadenie
konstrukéne vyvijal a vyrabal. Povacsinou iSlo o pretlacanie prieleznych pro-
filov ocelovych potrubi s priemerom nad 800 mm. Na pretlacanie potrubi
neprielezného profilu s priemerom 630 mm podnik pouzil sipravu so zavi-
tovkovou vitacou a vynasacou kolonou, ktori podla poziadaviek BS
skonstruovali a vyrobili pracovnici Ustavu pre vyskum rad v Prahe.
V prieleznych profiloch sa pouzivalo ruéné rozpojovanie zeminy
a jednoducha vozikov4a, alebo kontajnerova odtazba. Okrajovo sa pretlacali
na tupo aj potrubia priemeru 150 - 350 mm. Vlajkovou lodou v tomto sorti-
mente bolo pretlacanie Zelezobeténovych ramovych prefabrikatov
obdlZnikového profilu 420 x 290 cm, z ktorych sa budovali podchody pod

cestnymi a zelezniénymi telesami (obr. 6).

PODJAZDY A KLENBOVE MOSTY

Pri rekonstrukcidch a novostavbach podjazdov a klenbovych mostov
v nasypoch Zzelezni€nych trati sa s Uspechom pouzila metoda ochranného
dazdnika z preinjektovanych mikropilét alebo suUstava pretlacanych rar
vacsieho priemeru (600 mm) nasledne v celej dfzke vyplnenych beténom.
DIlzkovy dosah tejto metédy neprekracuje 50 m, ale pre vacsinu pripadov aj
viackolajnych Zeleznic¢nych trati je to postacujuce. Ostatné prace, rozpojo-
vanie zeminy, odtazba, vybudovanie nosného ostenia podjazdu sa v mno-
hom podobaju tunelarskemu stereotypu (obr. 7).

RESUME

Vlastné konstrukéno-vyvojové kapacity pomohli prezit podniku relativné
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
zaklpenie 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 vitacich vozov stroskotali
na obavach zahrani€éného partnera, ze pridu o trh vychodnej Eurépy. Podnik
sa v niektorych pripadoch pustal do rieSenia obtiaznych technoldgii, aj ked
ich pouzitie malo iba obmedzeny rozsah. Prikladom takejto jednorazovej
technologie bolo rieSenie zmrazovania zvodnelych zemin tekutym dusikom
pri razeni prieskumnej Upadnice pod riekou Dunaj. V kazdom pfipade to
v8ak bolo Usilie najst cestu k efektivnéjSim rieSeniam a nestratit kontakt
s vyvojom podzemného stavebnictva v ostatnom svete.

digital levels. A modem 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. Forjacking 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
obtain 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 traté
Fig. 7 Arched bridge in a railway embankment
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DIALNICNY TUNEL BERG-BOCK

funél

THE BERG-BOCK MOTORWAY TUNNEL

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

1. UvoD

Padesiatro¢na tradicia firmy Banské stavby v pociatkoch Uzko spata s pracami
v podzemi, hlavné v hlbinnych baniach, neskdr so S&ir§im zameranim na
Ucelové a dopravné stavby v podzemi a na povrchu velkou mierou prispela
k Uspechom, ktoré podnik dosiahol v oblasti vystavby tunelov v zahranici.
Odbornikom z oblasti vystavby tunelov nie je potrebné zvlast zdGrazinovat
dolezitost' kvalifikovaného persondlu a najma vtedy, ked sa podnik sucasne
podiefa na vystavbe viacerych tunelov.

Tunel BERG-BOCK je uz desiatym tunelom od roku 1990, na ktorom sa
podiefali aj razicské osadky BS. Zoznam razenych tunelov (beténovanych by
bolo o nie€o viac) v kratkej porevolu€nej histérii firmy je dostatocne vypoveda-
juci a naznacuje ur€itd potenciu podniku, stavby takéhoto druhu realizovat.
K tymto stavbam patrili Zelezni€né tunely: Elzerberg, Gunterscheid, Aegidien-
berg, Stanjevci, dialni¢né: Kohlberg, Engelberg, Branisko, Rennsteig, Berg
Bock, vodohospodarské: Aachen a iné.

V ¢lanku chceme pribliZit situaciu na tuneli BERG-BOCK v SRN hlavne z tech-
nologického pohfadu a po stranke dosiahnutych vykonov.
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juci a odhliadnuc od spominanych elektronickych poruch bol vysoko
spolahlivy a jeden z najvykonnejSich strojov na stavbe.

Samotné trhacie prace boli vykondvané pomocou klasickej vrtnej schémy s Kli-
novym dvojitym zalomom a hustej§imi a presnejSimi obrysovymi vrtmi. Pouzila
sa zelatinova trhavina EURODYN 2000 (600 g patrony), rozbusky s vysokou
bezpecnostou DYNYDET-HU a do obrysu trhavinova Snura SUPERCORD 100
s priemerom 100 mm. Trhacie prace sa vykonavali pod dozorom strelmajstrov
nemeckého partnera (nutnost podfa nemeckych predpisov), ktori pUsobili
Casto velmi amatérsky. Boli to rekvalifikovani pracovnici z inych oblasti s mi-
nimalnou praxou. Pri nabijani vrtov vo vyske sa bud pouzila pracovna ploSina
vrtného voza, alebo pojazdna pracovna ploSina AMV na podvozku auta
SCANIA s dvoma samostatnymi ramenami s ploSinami a kompresorom na
prace so stlaéenym vzduchom. V zhorSenych geologickych podmienkach sa
rozpojovalo len mechanicky, pomocou lopaty alebo hydraulického kladiva,
osadenych na tunelovom bagri LIEBHERR 932.

Vetranie

Pracovisko sa ovetravalo fuikacim separatnym vetranim, kazda tunelova rara
zvIlast. Pouzili sa ventilatory KORFMANN 1600 s plynulou elektronickou reg-
ulaciou. Vzduch bol do €elieb vedeny flexibilnymi vetrackami @ 2000 s velmi
jednoduchymi spojmi pomocou zipsu, umoziujucimi rychlu montdz, prip.
vymenu. Kapacita bola dostato¢nd, zasobovanie €erstvymi vetrami uspoko-
jivé.

Nakladanie, odtazba

Na nakladanie sa pouzil kolesovy naklada¢ VOLVO L150C s 3,8 m3 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 plvodne vyberané na razenie do pIiného pro-
filu tunela. Pri razeni kaloty boli problémy s ich velkostou. Museli sa dokonca
upravit bo&nice dumprov, kvili Gzkemu priestoru pri nakladani. Naklada¢
VOLVO sa da hodnotit ako robustny a vykonny stroj, ale pre Spickové vykony
bol prili§ pomaly. Tym, Ze bol permanentne v nasadeni, zanedbanie servisu sa
prejavilo €astymi poruchami, hlavne elektronického ovladania. Na druhej

Rock fragmentation

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 ofmeasuring the accuracy. Itis 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 AMV 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 rar tunela Berg-Bock razila jedna osadka 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 m3 arrow-shaped bucket, 180 kw
engine, and 2 to 4-axle VOLVO 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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strane o dumproch sa da povedat, Zze to boli najmenej poruchové stroje na
stavbe, mali vynikajlce jazdné vlastnosti umoziujice vysoka rychlost jazdy pri
dobre upravenej jazdnej drahe v tuneli. Jedinou nevyhodou bola konStrukcia
kabiny, ktora na rozdiel od inych typov umoznovala cuvanie len cez spatné
zrkadla. Na stavbe nebolo dostatocne vyrieSené deponovanie rudbaniny, ¢o sa
prejavilo ku koncu razenia tym, Ze sa vysypavalo takmer az z 35 m vysky na
neosvetlenej halde. Bolo to na hrane bezpeénosti prace.

VystuZovanie
VSeobecne sa pouzivali na stavbé klasické prvky NRTM, a to ocelové obluky -1
profil, zvarané kari siete, strieckany beton, hnana vystuz - ihly, svorniky

kotvené mechanicky, SN a IBO. Za zmienku stoji pouzitie striekaného betonu
s ocelovymi vliaknami, ¢o Uplné vylécilo zdlhavli operaciu budovania kari sieti.
Samozrejme, da sa to pouzit len v tvrdych a kompaktnych horninach. Tento
spdsob vystuzZovania vyrazne skratil €as jedného cyklu a stopercentne sa
osvedcil. Beton vykazoval vynikajice pevnostné vlastnosti, zlepSila sa jeho
prilnavost’, znizil sa odpad pri striekanom betone. Co bolo prekvapujuce,
nezvysilo sazasadne opotrebenie casti dopravného cerpadla a hadic na
striekacom zariadeni. Jedinou nevyhodou je vysokd cena takéhoto betonu.
Tak isto stoji za pozornost pouzZity systém striekania betonu mokrej zmesi stro-
jom BETONSPRITZROBOT AMV 7000. Je to samohybny stroj na podvozku
SCANIE, ktory ma na korbe vlastny kompresor, zasobnik urychlovaca tuhnutia
s elektronicky nastavitelnym davkovacim Eerpadlom a ramenom, na ktorom je
uchytena kabina pre obsluhu striekacieho zariadenia. VSetky pohyby zariade-
nia pri striekani su ovladané hydraulicky pomocou 2 joystyckov v kabine. Stroj
dokaze za jednu hodinu spracovat okolo 16 - 18 m3 betonu. Prasnost pri
takomto spdsobe striekania je nepatrna a pri dobrej zru€nosti obsluhy sa do-
siahla vysoka kvalita povrchu ostenia.

Odvodriovanie

Pocas celého razenia tunela od juZného portalu, az na dva pripady vyronu
vody z poruchovych zén (pfechod porfyrit/granit kde bol pritok az 15 l/sek.)
sa vyskytovala len kvapkajica voda. Od juzného portalu sa razilo s miernym
stupanim cca 10 %, ¢im odpadlo tahanie odvodiriovacieho potrubia a na
odvadzanie vody postacili vyhlbené bocné rigoly.

Vzhladom na rozptylené kvapkajicu vodu a ilovité horniny na Useku prvych 2 x
500 m sa musela voda zachytit a odviest. RieSilo sa to hlavne nastrefovanim
folii (celkove niekolko tisic m2 pripadne hadic¢kami. Udrzat jazdnG drahu
v suchom a pevnom stave nebolo jednoduché a po neupravenej pocve sa
nedalo jazdit. Vrtny voz o hmotnosti 40 ton by nebol schopny prejst do celby
a bez neho by sa nedosiahli také razi¢ské vykony.

Po prerazeni tunela sa situacia prudko zmenila, pretoZze vSetku vodu z pro-
ticelby pustili na nasu stranu. V désledku toho bolo treba dobudovat doda-
te€né cCerpacie systémy v priestoroch rdmp a pred tunelmi. Voda tak isto
skomplikovala razenie zostupnej etdZe v januari a februari, kde sa musel
priestor razenia premostit potrubiami a €erpacim systémom s vykonom cca
20 - 30 I/sec.

Starostlivost 0 mechanizmy

Tato oblast sa d& oznacit ako ¢innost, ktord na Useku najvyraznejSie podcenil
na$ partner. To bolo aj pficinou mnohych prestojov spdsobenych nedostatec-
nou preventivnou starostlivostou. Druhou pri€inou boli nekone¢ne dihé doda-
cie lehoty nahradnych dielov a servisnych sluzieb. Na problém okolo servisnej
¢innosti sa treba pozriet podrobnejSie. Nastup nasich pracovnikov bol 1. 4.
2000 na zelenej luke. V tomto stadiu bol vykopany zafez pre portdl, zaistené
svahy a spevneny povrch terénu pred tunelmi. Na dvore boli odparkované
stroje a zlozenych par prazdnych buniek. Za 10 dni sa vybudovalo provizorne
zariadenie staveniska (sklad trhavin, vodné hospodarstvo, AT stanica, zakla-
dy pod ventilatormi a dielfiou, rozvody elektro a kanalizacia atd.). Po 10 diioch
sa zacali razi€ské prace od portalov tunelov.

Zaroven prebiehalo zaSkolenie pracovnikov pre obsluhu strojov. Takze jeden
mesiac bol Usek Uplne bez dielne a Gdrzbarov, druhy mesiac nam pridélili jed-
ného uUdrzbara, ktory si viac menej zariadoval dielfiu. Treti mesiac nam prvy
krat pridélili elektrikara na pondelok az piatok do rannej zmeny. Na konci stav-
by sme sa dopracovali na stav, ked ranné zmenu obsadili turnusovo jednym
elektrikArom a dvoma udrzbarmi. No¢na zmena nebola nikdy obsadena a pri
poruche sa volal Udrzbar z opacnej strany tunela, o €asto znamenalo aj dve
hodiny a viac. Tym, Ze stroje pracovali v ,kolotoCi* na dvoch celbach,
na servis a opravy boli len kratke, maximalne hodinové prestavky.
S na8im vytazenim pracovnikov sme sa obmedzili na obéasné umyvanie stro-
jov, mazanie a najnutnejSie opravy samostatné, pripadne za asistencie ne-
meckych Gdrzbarov. Taktiez zle fungoval systém Udrzby na norskych strojoch
AMV, kde servis mali robit servisni technici z Norska, kterych neskér odvolali
(dvod boli vysoké naklady) a nahradili ich dvoma udrzbarmi z blizkeho oko-
lia, ktori nemali o tychto strojoch ani zakladné znalosti. Za tychto podmienok
dokazali razi¢i BS skuto€ne Uctyhodné vykony, pri€om stroje boli vytazené nie
na 100 %, ale 120 % ich tabulkovych vykonov.

4. UDAJE O RAZICSKYCH VYKONOCH

Razenie vychodnej tunelovej riry do bodu preradzky trvalo 9 mesiacov. Na-
jlepsi vykon bol dosiahnuty v oktébri 2000, ked za 31 pracovnych dni vyrazila
jedna osadka razi€ov 502,75 m v obidvoch rarach (obr. 2).

Spi¢kovy denny vykon bol dosiahnuty 21,0 m za 24 hodin a to dokonca 7 krat
v mesiaci oktéber.

Priemerny denny vykon za mesiac oktéber bol 16,22 m, pri€¢om tento vykon bol
nepriaznivo ovplyvneny prestojovym ¢asmi pre poruchy na strojnych zariade-
niach. Prestoje trvali v stCte 72 hod za mesiac - ¢ize priemerne 2,3 hod/den.

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 types, allowed backing with the use of a rear view mirror only.
Deposition of muck on the 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 situation was at the very edge of working safety.

Supporting

In general, conventional NATM elements were used, namely steel arches (I-
profiles), KARI welded mesh, shoterete, forepoling (needles), SN and IBO
mechanically anchored rock bolts The use of steel fibre reinforced shot-
erete is worth mentioning. It completely exeluded 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, shoterete rebound diminished. It was sur-
prising that the wear of the components of the transport pump and hoses on
the sprayer did not inerease significantly. The only disadvantage was the
high price of such the concrete. Also worth mentioning is the used system of
wet mix shoterete application by BETONSPRITZROBOT AMV 7000. It is a
self-propelled machine mounted on SCANIA undercarriage. It has its own
compressor, a holding tank for accelerator with an electronically adjustable
dosing pump, and a boom with spraying operator’s cabin on its 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 to
process about 16 - 18 m3 of concrete per hour. Dust emissions at this man-
ner of spraying are negligible, and high quality 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 water inflow amounted even to
15 I/s), 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 omitted, and dug side ditches were sufficient for the
drainage. Because of the dispersed dripping water and clayey rock within
the initial 2 x 500 m long section, the water had to be collected and evacuat-
ed. This was solved by shotfiring of membrane (several thousand m2 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 tons would not have been able to pass to the tunnel face, and
the mining progress would not have been achieved without it.

The situation changed rapidly after the tunnel 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 AMV 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
tnuly respectable outputs. The machines worked not to 100%, but to 120% of
the production rates indicated by manufacturers.
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Razenie na konci mesiaca zbrzdila zhor§ena geoldgia, v disledku ¢oho sa za
poslednych 5 dni musel skratit zaber z pévodnych 3,50 m na 1,50 m.
Dosahovana presnost vitania pri dizke 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 pracoviskach je to velmi chulostiva otazka. Je tu viac fak-
torov, ktoré znacne odliSuju ¢innost na domacich pracoviskach a v SRN:

- je mozné si vybrat len pracovnikov, ktori mézu ist do SRN (dva roky doma po
predchadzajucej €innosti v SRN),

- ned& sa Casto menit zloZenie osadky, je to narocné na ¢as a niec€o to stoji,

- nie je veta priestoru na zaskolovanie, ziadaju sa Spickové vykony, a to hned
v prvy den nastupu,

- vzdy je vitana aspon ciasto€na znalost nemeckého jazyka.

Na useku BERG-BOCK to prebiehalo nasledovne:

Bola to komplet osadka z tunela Gunterscheid, ktora v ¢ase zaciatku prac bola
zostavovana ako tretia v poradi na razeni tunelov v SRN v roku 1999, cCiZze
vybér bol uz zna€ne obmedzeny. Napriek tomu sa da povedat, Ze sa podarilo
zostavit funkénl osadku raziCov s tym, Ze dvaja predaci boli presunuti z inych
usekov v SRN. Cely razi€sky kolektiv bol postaveny na par kli€ovych pracov-
nikoch - predadkoch. Do osadky okrem kvalifikovanych pracovnikov museli byt
zaradeni aj taki, ktori na razeni eSte nepracovali.

Takze na BERG-BOCK uz nastupoval "zohraty team” rudi po roku spolo¢nej
prace, €o bolo aj vidiet hned v Gvodnych metroch tunela. Problémom bolo, Zze
po necelych 6 mesiacoch razenia museli odist' 4 klu€ovi razi¢i — predaci, ¢o sa
nepriaznivo prejavilo vo vykonoch, ale hlavne poskodzovanim strojov a zari-
adeni zapri¢inenym nedostatoénymi skisenostami a malou praxou. Dulezitost
technickej a organizacnej prace zmenovych technikov sa ukazala pri 4
mesacnom pUsobeni nasich pracovnikov na severnom portali bez THP.
Pracovnici boli vlastne prepozZicani na Ucely nasadenia pri razeni zostupnej
etdZe. Ti isti pracovnici potom dokazali ( po pfesune na juzny portal ), ale uz
pod vedenim THP, dvojnasobny vykon ako predtym. Pozitivom bolo, Ze po
dodatoénom jednani nam nemecky partner umoznil fakturaciu na severnom
portali prepoctom rezijnych zmien, €o zabezpecilo ekonomickl opodstat-
nenost prac na severnom portali. Napriek tomuto kritickému pohfadu na per-
sonalne obsadzovanie musim dodat, Ze o nasej praci a pracovnikoch sa vset-
ci na stavbe vyjadrovali len v superlativoch.

6. ZAVER

Ku komplexnému hodnoteniu zakazky je treba pripocitat aj tzv. nehmotné
prinosy. Tuto zdkazku mdzeme bez skromnosti nazvat referencnou stavbou,
kde sa kredit podniku u zahrani€nych partnerov zvysil a boli sme vyhodnoteni
za Spicku medzi firmami z vychodnej Eurdépy zaoberajicimi sa razenim
tunelov. Dokazali sme vyrazit 2760 m tunela v rekordne kratkom case (pre-
rdZzka po necelych 9 mesiacoch razenia), vo velmi slusnej kvalite pri zachovani
vysokej kultary razenia (poriadok, celkovy vzhlad tunela atd.) a preukazania
profesionality v riadeni a vykonavani prac. TaktieZ sa zachovaval ur€ity image
firmy napr. pracovnym oble€enim zamestnancov, spravanim a celkovym doj-
mom, ktori sme na stavbe zanechali. Urc€ite by sa nasli dévody aj na kritickej-
Sie hodnotenie nad3ho podsobenia v SRN, ale predchadzajuce riadky boli len
vyjadrenim nahlas vyslovenych nazorov na nasSu pracu ktoré odzneli z Ust
nasho zmluvného partnera a ktoré by sa mali objavit v referenénom liste
Dipl. Ing. Bachsleitnera Johana, vedtliceho projektu tunela Berg-Bock.

Obr. 2 Razi¢ska osadka, ktora dokazala vyrazit za 31 praoovnych dni
502,70 m tunela

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

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 daiiy 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 ofone 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:
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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 zahajena 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 breh, kde bude reali-
zovan Usek razenych tunelll 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 délku cca 520 m (po stani¢eni km 14,194). Celkova délka
nového useku trasy je 3981 m. Usek razenych tunell se vyrazné lisi od pred-
chozich Usekd prazského metra. Prevazna ¢ast je feSena jako dvoukolejné
tunely o plosSe vyrubu 58 m2 (az 83,8 m2) - celkova délka 1815 m. Céast
tratového Useku u stanice Kobylisy je feSena jako dva jednokolejné tunely
o ploSe vyrubu 28,6 m? - délka celkem 2 x 585 m. Stanice je uvazovana jako
jednolodni o vyrubu Sitky 21,8 m, vysSky 13,8 m a ploSe cca 220 m2
V Trojské ulici, v misté podchodu tramvajové trati, je jesté kratky hloubeny
usek délky 95 m.

InZenyrskogeologické, hydrogeologické a geotechnické podminky stavby
jsou znacné proménlivé a z velké Easti malo pfiznivé, takze budou klast
velké naroky na pripravu i realizaci tunelovych konstrukci. Generelné lze
trasu dle geotechnickych podminek rozdélit do 3 zakladnich Usekl. Prvni
S vyjimkou 3 portalovych Usek( s nizkym nadlozim bude raZzba probihat
v horninach Sareckych vrstev (prachovitopisCité az piscitojilovité bridlice
pevnosti vétSinou 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 Usekl s lokalnimi tektonickymi poruchami, se jedna o horni-
nové prostrfedi, které je zafazeno prfevazné do 4. tfidy NRTM (QTS 44-66),
Inicialni pfitoky vody budou malé, misty stfedni.

Jako dalsi Usek lze vymezit trasu km 16,150 - 15,600 (délka 550 m), ktery
bude mit také pomérné priznivé geotechnické podminky pro razbu jed-
nokolejnych tuneld. V mist& pfechodu z dvoukolejného do 2 jednokolejnych
tunell budou podminky méné pfiznivé. Razba zde bude probihat v hor-
nindch skalecké facie (geotechnické typy SF = SK + SB), pficemz mocnost
hornin, neporusenych U€inky fosilniho zvétravani bude vétsi nez 1 - 1,5b (b -
Sitka vyrubu). Celkova mocnost nadlozi ¢ini 28 - 40 m, z toho ale neporuseny
horninovy masiv ordovickych hornin vytvari nadlozi o mocnosti zhruba
5 - 20 m. S vyjimkou lokalnich Usekl s tektonickymi poruchami bude razeno
prevazné v prostredi 4. tfidy NRTM. V misté rozpletu, kde bude mala Sitka
horninového pilitfe mezi tunely a dvoukolejny tunel bude mit zvétSenou Sitku
a prdfezovou plochu, se jedna o tfidy NRTM 4 - 5al

Vyrazné odlisné, a svym zpUlsobem unikatni, zel velmi malo pfiznivé, budou
geotechnické podminky razby v dal§im Useku délky 885 m v km 14,715 -
15,600. V tomto Useku budou razeny kromé dvoukolejného a jednokolejnych
tunell vyruby o vétsi plose: jednolodni stanice a eskalatorové tunely. To-
muto Useku, v prazskych podminkach tunelovani zcela atypickému, se bu-
deme vénovat podrobné&ji. Zakladni charakter morfologie, inzenyrskogeo-
logickych pomérd a geotechnickych podminek,je schematickou formou zna-
zornén v podélném profilu trasy metra a v charakteristickém priéném profilu
v misté stanice Kobylisy. InZenyrskogeologické a geotechnické charakteris-
tiky rozhodujicich geotechnickych typd jsou pfipojeny tabelarni formou. PFi
povrchu jsou kvartérni sprasové hliny a sprase: geotechnicky typ QH, které
vEetné lokalnich navazek a nasypl dosahuji mocnosti 2 - 6 m. Hloubéji je
horninovy masiv tvoren kfidovymi cenomanskymi sedimenty, které dosahuji
mocnosti 12 - 15 m, vyjime€né o malo vice. Kfidové sedimenty se vyznacuji
relativné klidnym vyvojem a pomérné homogennim slozenim vrstev, vrstev-
natost je subhorizontalni. Pfi povrchu jsou 2 - 5 m mocné prachovce: geo-
technicky typ KCS. Dominantni souvrstvi pod prachovci tvofi cenomanské
piskovce o mocnosti 10 + 2 m: gt typ KCP. Jsou to kvadrové piskovce
v rdzném stupni diagenetického zpevnéni s pomérné malym rozpukanim
tfemi systémy puklin. Vyznamnym prvkem horninového prostredi jsou bazal-
ni kiidové sedimenty: gt typ KCJ. Mocnost €ini pouze 1,5 + 1,0 m (vyjimecné
méné nez 0,5 m a lokalné i ponékud vice nez 2,5 m). Tyto sedimenty maji ale
charakter zemin a geneticky se jedna o ulozeniny pocinajici sladkovodni je-
zerni transgrese. Jsou tvofeny smési preplavenych kaolinickych fosil-
nich jilovych zvétralin ordoviku a Stérku. Mezi kfidovymi sedimenty
a podloznimi horninami ordoviku existuje vyznamné subhorizontalni diskor-
dantni rozhrani na kété zhruba 265 m (= 1 m, vyjimeéné = 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 Nadrazi 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 2,595m (km 17.310 - 14.715) and the mined
Kobylisy station will be built. The ending section with the Ladvi station is
being built as cut-and-cover tunnels. Its 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. Xl part of the routé section next to the Kobylisy station has been
designed as a pair of single-track tunnels with excavated cross section of
28.6 m2 - 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 m2. 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 sgctions with a low overburden, the tunnels will
be driven in the rock of the Sarka 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 5
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-
long, 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
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v poloviné délky Useku trasy v Kobylisich (km 15,25 - 15,6) tvofi podlozni
horniny sedimenty skalecké facie dobrotivskych vrstev. Jedna 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 kfemencl a kie-
mencovych piskovcd s podruznymi vrstvami prachovcd, jilovych bfidlic
a jiloved (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 kfemence). Souvrstvi ma smér
vrstev generelné vychod - zapad a sklon 75° + 10° k jihu. Existuji v ném tek-
tonické poruchy a zlomy, jednak smérné, jednak pficéné, jejichz pocet
a rozmisténi nebylo mozné stanovit prizkumem z povrchu. Pro mistni geo-
technické podminky ma mimofadny vyznam rozsahlé, celoplos$né intenzivni
poruseni horninového masivu UG€inky silného a dosti hlubokého fosilniho
predkfidového zvétravani. Proto je tfeba zakladni geotechnické 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 (lokalné, vyjimecéné i vice). V trase v Useku zhruba km 14,75
- 15,25 jsou v podlozi cenomanskych sedimentd bfidlice Sareckych vrstev
(rdmcovy geotechnicky typ BS). V celém uUseku 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 typll BSZ a BSZZ jsou dosti podobné jako u geotechnickych typl SBZ
a SBZZ.

Obr. 1 Podélny geotechnicky profil - isek km 14,2 -16,0
Fig. 1 Longitudinal geotechnical profile - section km 14.2 -16.0

lUilEI

measures; foliation is sub-horizontal. 2 to 5m thick siltstone 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 2.5m).
Although, these sediments are of a character of loams, and, in terms of their
genesis, they are sediments of starting fresh water lacustrine 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 quartzite 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
with minor layers of sandstone and quartzite). Generally, the measures of
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Obr. 2 P¥icny 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 okolnosti je existence puklinového obzoru podzemni vody v kfi-
dovych piskovcich. Piskovce vytvareji horninové prostredi s velkou propust-
nosti a vysokou vydatnosti puklinovych prament. Hladina podzemni vody je
na koté prevazné 272 + 2 m, takze mocnost zvodnélych piskovcl je 6 + 2 m.
Pii hloubeni vytahové Sachty o pUdorysné plose 22 m2 &inil pfi snizeni
hladiny o 5,3 m pfitok vody 7,0 az 7,5 I/s, coz je velmi silny pfitok. Bazalni
kfidové sedimenty jsou za pfirodniho stavu technicky nepropustné a geo-
technické typy SKZZ a SBZZ jsou velmi malo propustné. Vlivem razby
podzemnich objektd (vliv trhacich praci a vliv deformaci v aktivni zéné
vyrubu) a pfi znaéném hydrostatickém tlaku ovSem existuje nezanedbatelné
riziko zvétSeni propustnosti v nadlozi vyrubd, spojené s rizikem velmi silnych
inicidinich pfitokd vody do razenych prostor. Pfitoky podzemni vody budou
vyrazné komplikovat razbu tratovych tuneld v tseku 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 silniéni €i Zelezni¢ni. Jednim
z hlavnich rysd geologické stavby v oblasti Kobylis je existence souvrstvi
kfidovych hornin (kvadrové piskovce, prachovce), jejichz mocnost véetné
kvartérnich hlin €ini 20 + 5 m. DalS§im vyraznym rysem je existence zény
poruseni ordovickych sedimentd v podlozi kiidy Uc€inky velmi silného fosil-
niho predkriidového zvétrani. Vlastni komplex ordovickych hornin méa dosti
slozitou a v detailech viceméné& neznamou strukturu a tektonickou stavbu,
znama je pouze litologie zakladnich vrstevnich komplex(: dobrotivského
souvrstvi véetné skalecké facie a Sareckych vrstev. Nezanedbatelna je zde
lokalni tektonika, spojena s existenci pfi€nych a pravdépodobné i smérnych
tektonickych poruch a zloml. V trase razenych tunelll se proto budou
nepravidelné stfidat zejména komplexy hornin jednotlivych partii skalecké
facie (souvrstvi laminovanych prachovito-piscitych bfidlic, souvrstvi se
stfidanim kfemencd, piskovcd, bfidlic a jilovel) a v &asti trasy Dbfidlice
Sareckych vrstev. Mocnost zény poruseni ordovického sedimentarniho kom-
plexu Gc€inky silného predkfidového chemického i mechanického zvétravani
kolisd v rozpéti 4 - 10 m od subhorizontalniho diskordantniho rozhrani
ordoviku a kridy, které probih&d 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
znamena, Ze v geotechnicky aktivni zéné& projektovanych tunell existuje
vyrazné nehomogenni, v podstaté trizonalnf horninové prostredi s diametral-
né odliSsnymi geotechnickymi vlastnostmi a chovanim pfi tunelovani:

- Spodni zénu (zhruba pod kétou 258,0 + 5 m) tvofi komplex ordovickych
hornin, neporuseny U€inky fosilniho zvétravani (pfevazné gt typy SK a SB).
Pro tuto zénu Ize predpokladat mechanicky a deformacni charakter
s "pruznym", resp. "pruzné-plastickym" chovanim. Dale Ize ocekavat
pomérné pfiznivé geotechnické vlastnosti, malou deformabilitu, ale méné
priznivé stabilitni chovani (snizena smykova pevnost podél vrstevnich ploch
a podél tektonickych poruch). Také je tfeba vziti v Gvahu vyrazny rozdil
mechanickych vlastnosti (pevnost ve smyku a pretvarné vlastnosti) kolmo,
resp. napfi¢ vrstevnatosti a rovnobézné s vrstevnatosti. Tato zéna se vysky-
tuje v podlozi projektovanych vyrubl, v ¢asti plochy vyrubu a pouze
vyjimeéné zasahuje az do nadloZzi.

- Stfedni zénu (poloha v rozpéti két zhruba 258,0 + 5 m az 266,0 + 2 m) tvori
komplex fosilné zvétralych ordovickych hornin (gt typy SKZ, SKzZz, SBZ
a SBZZ), ke kterému je tfeba prirfadit bazalni nesouvislou vrstvu kfidovych
sedimentl (gt typ KCJ). Tuto z6nu Ize charakterizovat deforma¢nim charak-
terem “plasticko-pruzného” az témér “plastického” horninového prostredi,
které se svym chovanim do jisté miry bude blizit zeminam. V gt typech SKZ,
SBZ a zejména v typech SKZZ a SBZZ je tfeba oCekavat 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 Sarka 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 m2was being sunk, at the water table lowered by 5.3m, the water inflow
amounted to 7.0 to 7.5 I/s, which is a very strong inflow. Basa! 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 Cretaceous bedrock due to the effect of very strong fossil Pre-
Cretaceous weathering. The complex of the Ordovician shales propemhas a
rather complicated and in detail more or less unknown structure and tecton-
ic composition; only the lithology of basic complexes of Iaygrs, 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 rfllternate irregularly along the alignment of the mined tunnels, shales of
the Sarka 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,
exists 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 rovnobézné s vrstevnatosti. Geotech-
nické vlastnosti v této zé6né predpokladame znacné variabilni a velmi az
mimoradné nepfiznivé (nizka smykova pevnost, velmi nepfiznivé az kritické
stabilitni chovani a malo priznivé deformacni vlastnosti). Tato zéna existuje
zejména v pfimém nadlozi tunelll, v oblasti horninové klenby a misty bude
zasahovat pfimo do vyrubu tuneld. S chovanim takové i obdobné zény pfi
razbé tuneld nejsou v Praze ani v CR zadné zkuSenosti.

- Svrchni zénu (zhruba nad kétou 266,0 + 2 m) predstavuje komplex kf¥i-
dovych hornin (kvadrové piskovce stfedni az nizké a variabilni pevnosti
o mocnosti 10 + 2 m, v nadlozi prachovce nizké pevnosti a kvarterni
spraSové hliny). Jedna se o gt typy KCP, KCS (pfipadné téz QH). Nej-
vyznamné&jSim prvkem této zény, ktery bude rozhodovat o jejim napéto-
deformacénim chovani, jsou malo rozpukané kvadrové piskovce (gt typ KCP).
Tuto z6énu lze charakterizovat jako pomérné rigidni a viceméné témér kom-
paktni t&leso, rozdé&lené hlavnimi pribé&znymi diskontinuitami na kvadrové
bloky. U tohoto télesa je mozné predvidat pruzné az kiehké deformacni
chovani bez tendence k plastickym deformacim. Tato zéna ma vcelku
priznivé geotechnické vlastnosti (mala deformabilita, pomérné priznivé sta-
bilitni chovani). Mimoradny vyznam ma silnd propustnost a znacné zvodnéni
v této z6né. Svrchni zéna existuje v geotechnicky aktivni partii nadlozi
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 znacné nepravidelné, polohové
a zejména vertikalné velmi clenité. Naopak rozhrani mezi stfedni a svrchni
z6nou je pomérné pravidelné, subhorizontalni a je tfeba zdlraznit, ze se
jedna o zcela diskordantni plochu, resp. mimoradné vyznamnou diskontinu-
itni plochu obrovskych plodnych rozméra.

Jestlize v prvni, tj. spodni z6né bude dochazet v okoli vyrubu k relativné
malym a viceméné plynulym “"pruznym®”, resp. "pruzné-plastickym"” deforma-
cim, pak ve stfedni z6né oCekavame vyrazné veétsi plasticko-pruzné az plas-
tické deformace v okoli vyrubu a zejména v jeho nadlozi. Zcela odliSny
charakter deformaéniho chovani pravdépodobné bude mit tfeti, svrchni zéna
rigidnich kfidovych piskovcll. Domnivame se, Ze v této z6né& bude dochazet
k malym pruznym deformacim, ale podstatné a vyznamné mohou byt
"skokové deformace" podél dvou hlavnich predisponovanych subvertikalnich
systémi diskontinuit. Jednotlivé bloky horninového masivu kiidy se budou
chovat jako "tuhé prvky" a pripadné deformace v této zé6né Ize do jisté miry
prirovnat ke "zlomové tektonice", samoziejmé& s velmi malymi vertikalnimi
posuny (zhruba fddu mm az desitek mm). Lze ocCekavat, ze v této zoéné
budou deformace probihat s uritym zpozdé&nim oproti deformacim ve dvou
vySe popsanych zénach 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 near/y plastic rock environment, whose character will, to some extent,
get near to grounds. In the SKZ, SBZ and above all SKZZ and SBZZgt 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 geotechnicai 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
profile. 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
Quatemary 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 geotechnicai 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 is 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 vicinity ofthe excavation, name-
ly in its overburden. Totally different character of the deformational behav-
iour 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. Individua! 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
geotechnicai 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 geotechnicai 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 characteristics 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
SBZZ, SBZ,SKZZ, SKZ, even BSZZ and BSZ geotechnicai types:

- function and bearing capacity of anchors or rock bolts, namely in the
SBZZ, SKZZ, KCJ, BSZZ, BSZ and KSJ geotechnicai 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 vyrazné
heterogenniho horninového prostiedi je tfeba respektovat pfi feSeni geo-
technickych udloh a pri statickych vypoctech, zejména pfi:
- stanoveni rozsahu a tvaru poklesové kotliny a pfi vypoc¢tu velikosti defor-
maci
- konstituovani geotechnickyoh modell pro feSeni zmé&n napéto-deformac-
niho stavu horninového masivu a pfi statickych vypoctech primarniho i defin-
itivniho osténi
- stanoveni zény ohrozeni indukovanymi seismickymi Gcinky trhacich praci,
stanoveni izoseist (popsané tfi zény horninového prostfedi maji velmi rozdil-
né konstanty pfenosu a také S$ifeni seismickych G¢inkd ve vodorovném
a svislém sméru bude dosti odliSné).
Z uvedeného vyplyva, Ze v mistnim, vyrazné heterogennim horninovém
prostiedi nelze dost dobfe aplikovat bé&zné “"zavedené* vypocetni postupy
a modely, které maji své meze platnosti vesmés pouze pro podstatné
jednodussi a mnohem méné heterogenni prostredi.
Vy8e uvedena charakteristika predstavuje pouze prognézu, odvozenou z fi-
remnich a osobnich zkuSenosti, a pouze do jisté miry potvrzenou vysledky
priizkumu (vytahova Sachta a dfivéjsi prazkumné vrty). Popsana charakteris-
tika se vztahuje ke videm tunelovym vyrubdm pro metro v oblasti Kobylis: jed-
nokolejné tratové tunely, dvoukolejné tratové tunely, technologické a eskala-
torové tunely a zejména pro svym zpGsobem unikatni jednolodni stanici.
Z hlediska technologickych postupl razby zUstava oteviena také cela fada
dulezitych otazek, které bude tfeba citlivé dofesit a oveéfit, 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 horninach geotech-
nickych typl SBZZ, SBZ, SKZZ, SKZ i BSZZ a BSZ
- funkénost a Unosnost kotev ¢i svornikl, a to zejména v geotechnickych
typech SBZZ, SKZzZ, KCJ, BSZZ, BSZ a KCJ
riziko nacepovani silnych pramenl pfi vrtani pro svorniky ve stropu
problematika pfitok vody z vyznamného nadloZzniho silné zvodnélého
obzoru podzemni vody v kfidovych piskovcich
obtiznost az témeéf neredlnost Upadni razby vzhledem k silnym pfitokdm
vody, ktera by misty nepfijatelnym zplsobem zhorsovala kvalitu hornin
v Grovni pocvy a spodni klenby
- problematika volby optimalni a Setrné technologie rozpojovani hornin
v kontextu se stabilitou nezajiSténého vyrubu na pfidi tunelu (volba opti-
malni kombinace mechanického rozpojovani a rozpojovani trhaci praci
véetné aplikace hladkého vylomu).
Mistni geotechnické podminky stavby razenych tuneld metra v Kobylisich je
tfeba oznacit za mimoradné slozité a velmi nepfiznivé. Bez nadsazky je
tfeba konstatovat, Ze se bude jednat o jeden z nejobtizné&jSich uUsekd trasy
razenych tuneld v historii stavby prazského metra, ne-li pfimo o Usek

zejména razby vétSich a velkych tunelovych vyrubd, tedy dvoukolejnych
tunell, eskalatorovych tuneld a na prvém misté jednolodni stanice (vyrub
o ploSe cca 220 m2).

Proto bylo rozhodnuto, Ze pro objasnéni vySe popsané problematiky bude
vyrazena prlzkumna $tola v arovni budoucich tuneld. Umisténi Stoly bylo
zvoleno z jizni strany zhruba kolmo k trase metra, délka bude 262 m a Stolu
bude mozné vyuzit i jako pfistupovou pro razbu vétsiny tunell v oblasti
Kobylis. Stola bude mit §itku 6,1 m a plochu vyrubu 29 m2 Jeji trasa a vys-
kové umisténi v horninovém prostredi a rovnéz rozméry vyrubu byly zvoleny
tak, aby razba byla modelova pro pripravované tunely. Lze konstatovat, Ze
prizkumna Stola a jeji geotechnicky aktivni zéna budou de facto modelem v
méfitku zhruba 1 : 2 pro dvoukolejné tunely a pfriblizné 1: 4 pro jednolodni
stanici. Modelové méfitko plati i pro horninové prostfedi v aktivni zéné
vyrubu v nadlozi, takze Ize otekavat ziskani cennych a ddlezitych informaci
0 vyvoji napéto-deformaéniho stavu a reakci horninového prostfedi na razbu.
Razba Stoly bude sledovana podrobnym geotechnickym monitoringem (kon-
vergenéni méfeni ve vyrubu, geodetické sledovani deformaci na povrchu,
méfeni deformaci tfistupfiovymi extenzometry ve vrtech z povrchu a dalsi
méreni). Rovnéz je pfipravena podrobna geologicka, hydrogeologicka a
geotechnické dokumentace pfi razbé. V boc¢ni rozrazce budou polnimi
zkouSkami geomechaniky stanoveny pretvainé vlastnosti a pevnost ve
smyku na horninovych blocich. Po zpracovani a zhodnoceni vysledkd geot-
echnického prizkumu ve Stole bude
mozné odpovédét na fadu vySe uve-
denych otazek a vysvétlit cetné
nejasnosti. RovnéZz budou ziskany
vyhovujici geotechnické podklady
a materidlové charakteristiky pro fi-
nalni staticky vypocet a konstrukéni
feseni velkoplosnych vyrubl ve sta-
nici Kobylisy. Vysledky prizkumu
rovnéz poskytnou odpovéd na otaz-
ku, jakymi tunelovacimi metodami
a technologickymi postupy lze bez-
pecné realizovat jednolodni stanici.
Pro ovéfeni vlastnosti horninového
prostfedi a potvrzeni geotechnic-
kych podkladd bude jesté vyuzita
razba tratového tunelu délky cca
200 m od prazkumné Stoly k jed-
nolodni stanici.

V textu popsana problematika stav-
by trasy IV.C1 prazského metra je
feSena v Uzké spolupraci pracovnikd
zastupce investora IDS, a. s., Praha,
generalniho projektanta Metropro-

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

Foto 2 Skalecka facie - gt typ SK (vychoz u Cisafského mlyna v Praze 7)
Picture 2 Skalka facies - SK gt type (the outcrop at Cisarsky Mlyn 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 m2).

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 m2 Its
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 Ladvi 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). Fracturingadoes not apply -
horizontal stratification.
Classification: Prevailing F3 (MS)
and F5 (ML) of solid to hard consis-
tency, partially R6

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 pracovnikl OBU Kladno. V pfistich Cislech Easopisu
TUNEL jiz budeme odbornou verejnost informovat o prvych zkuSenostech
a vysledcich z realizace stavby. Do redak&éni uzavérky tohoto Cisla jesté
nebyla zahajena razba tratovych tunell, zatim probiha stavba hloubenych
tunelll a stanice Ladvi a pracuje se na rozsahlych prelozkach inzenyrskych
siti v€etné razenych kanaliza¢nich Stol.

CHARAKTERISTIKA ROZHODUJICICH
GEOTECHNICKYCH TYPU

Geotechnicky typ: KCS

Souvrstvi kfidovych prachovcl (misty téz piscity &i jilovity prachovec,
podruzné prachovity, velmi jemnozrnny piskovec). Slabé diagenetické
zpevnéni (pevnost 0,5 - 1 MPa, misty charakter pevné az tvrdé zeminy).
Rozpukani se vyraznéji neuplatiiuje - zvrstveni vodorovné.

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

Geotechnicky typ: KCP
Souvrstvi kvadrovych piskovctd (kfida - cenoman) v rdzném stupni diagene-
tického zpevnéni. Poloskalni az skalni hornina - variabilni pevnost: previada
R3-R4, 5 -25 MPa, podruzné az 40 MPa, misty vrstvy pevnosti pouze 1 - 5
MPa. Tii pribé&zné systémy diskontinuit - | subhorizontalni (vrstevnatost,
sklon 3 - 5° k vychodu) - 2 subvertikalni (sklon 90 + 15°). Hustota diskonti-
nuit - previada D1-D2 (0,6 - 2,5 m). Kvadrovita odlu¢nost. 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 slozeni: Stérk
s primési pisku, Stérk s pfimési jilu, jil s pfimési Stérku - jily pevné konzis-
tence. ProménlivA mocnost v rozmezi 1,5 + 1,0 m. Jedna se o diageneticky
nezpevnéné zeminy. Propustnost pralinova - velmi malo propustné az tech-
nicky nepropustné zeminy.

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

Tézitelnost: 4. - 5. tfida

Geotechnicky typ: SK

Souvrstvi skalecké facie s pfevahou kiemencl (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 opakujici vrstvy a laminy tvofi jilové az prachovité bridlice (misty
jilovce), podil 20 + 10 %, mocnost vrstev 5 - 150 mm (vyjimecné vétsi),
pevnost R3-R4 (10 - 50 MPa), rozpukani intenzity D4-D6. Vrstevnatost
prevlada sméru vychod - zapad (odchylky * 30°), sklon je strmy 75 + 10°
k jihu. Zakladni gt typ SK tvofi horninovy masiv neporuseny ucinky fosilniho
zvétravani (W1, resp. Al). Puklinova propustnost proménlivé intenzity.
Zatfidéni: K: R2-R1, W1, D3-D4 B: R3-R4, W1, D4-D6
Tézitelnost: 6. tfida (Cast. 7. tfida) QTS: 35 - 50 NRTM: tfida 4 - 5al
Geotechnicky typ: SKZ

Souvrstvi skaleckych kiemencl - petrografické slozeni a vrstevnatost jsou
stejné jako u zakladniho gt typu SK. Rozhodujici pro zafazeni je poruSeni
ucinky fosilniho predkfidového zvétravani, které je u piskovcd stfedni (pok-
les pevnosti na R2-R3 (25 - 100 MPa). Bfidlice jsou silné, z ¢asti kaolinicky
zvétralé (pevnost R4-R6, 0,5 - 25 MPa), misty az zcela zvétralé (na jil pevné
konzistence). Puklinova propustnost proménlivé intenzity, prevazné mala.
Zatfidéni: K: R2-R3, W2-W3, D3-D4 B: R4-R6, W4-W5, D5-D6

Tézitelnost: 5. - 6. tfida (vyjimecné 7. tfida)

QTS: < 30 - 45 NRTM: prevazné tfida 5al

Geotechnicky typ: SKZZ

Skalecké souvrstvi - petrografické sloZzeni a vrstevnatost jsou stejné jako u
zakladniho gt typu SK. Rozhodujici pro zarazeni je velmi intenzivni poruseni
horninového masivu Gginky fosilniho zvétravani. U kiemencld 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 rozloZzené na
kaolinioky jil pevné konzistence. Puklinova propustnost proménlivé intenzity,
prevazné mala 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 stfidaji tenké vrstvi€ky a laminy mocnosti 2 - 10 - 20 mm (max.
50 mm) prachové bridlice, prachovito-piscité bfidlice, jilové bfidlice a pis-
kovce - podil tvofi 85 + 10 %. Nepravidelné se vyskytuji vrstvy piskovce
nebo i kfemence o mocnosti 50 - 300 mm (vyjime&né az 500 mm). Pevnost
horniny je proménliva, prevlada tfida R3-R4 (10 - 50 MPa), vyjime&né az R3
(50 - 100 MPa). Odluéné plochy vrstevnatosti maji hustotu prevazné D4 (60 -
200 mm), ojedinéle D5 nebo i D3, rozpukani je hustoty D3-D4, pocet sys-
tém0 diskontinuit 1 + 2. Zakladni gt typ SB tvofi horninovy masiv neporuseny
ucinky fosilniho zvétravani (W1, resp. Al). Vrstevnatost prevlada sméru
vychod - zapad (odchylky * 30°), sklon je strmy 75 * 10° k jihu.
Puklinova propustnost variabilni intenzity.

Zatfidéni: R3-R4, W1, D3-D4
Tézitelnost: 5. tfida, Cast, aZz 6. tfida

QTs: 35 - 50 NRTM: tfida 4 - 5al

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 - days of solid
consistency. Variable thickness within a range of 1.5 + 1.0m. Itis 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 Al). 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 - 5al
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

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

NATM class 5al prevails

Geotechnical type: SKzZZ
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: 5

QTS: <30

B: solid ground, 7/5 to ground
NATM class: 5al - 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 (V/1, or Al). 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 - 5al

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 laminovanych bridlic, stejného slozeni jako gt typ SB. Pro zarazeni
je rozhodujici poruSeni G€inky fosilniho predkfidového zvétravani, které je
stfedni az velmi silné (W3-W5). Pevnost klesa na 0,5 - 15 MPa, vrstvy jilové
bridlice jsou Casto rozloZené na kaolinicky jil pevné konzistence. Puklinova
propustnost variabilni intenzity - prevazné mala.
Zatfidéni: R4-R6 (az pevna zemina), W3-W5, D4
Tézitelnost: 5., Caste€né az 4. tfida QTS: < 30 (35) NRTM: tfida 5al
Geotechnicky typ: SBZZ

Souvrstvi laminovanych bfidlic, stejného slozeni jako gt typ SB. Rozhodujici
je velmi silné poruseni az Uplné rozloZzeni horniny Gc€inky fosilniho predkf¥i-
dového zvétravani (W5 az zemina). Hornina je rozlozena z velké casti na
kaolinicky jil pevné konzistence se stfipky bridlic, misty se vyskytuji partie
tvofené 50 - 90 % kiehkych stfipkl a uUlomkd bfidlice s pfimési jilu.
Diskontinuity jsou setfené a neuplatiiuji se, ale tvofi misty predisponované
smykové plochy. Puklinova propustnost variabilni intenzity - prevazné mala
az velmi mala.

Zatfidéni: zemina pevna (az R5), W5

Tézitelnost: 4. - 5. tfida QTS: < 30 NRTM: tfida 5al aZz 5a2

Geotechnické charakteristiky horninového masivu
Geotechnical characteristics of the rock mass

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 brittle 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), W5

Excavation class: 4 - 5

QTS: <30 NATM class: 5al to 5a2
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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 v3echno je v tom temném tunelu?" Ano, dnes jiz v labyrintu tunel(l, které
vytvofily v minulém stoleti sit prazského metra. Takové otdzky moZna
vytanou v mysli nékterych lidi, kdyz €ekaji trochu déle, snad v nedéli, na
nastupisti ohraniCeném dvéma oponami utkanymi ze tmy.

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

Na podzemni drahu v Praze si totiz za€ali myslet jiz v pfedminulém stoleti.
Podnikatel Rott dal tuto myslenku na papir svého podnétu méstskému
Magistratu v r. 1898. Ve 20. letech minulého stoleti vznikly prvni predstavy
a studie. Ve 30. letech byly jiz soucasti dopravniho programu Velké Prahy.
V r.1966 se zacalo 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 prdjezdnym prafezem pro vedeni
metra a doprovodné technologie. Firmou Vagonka TATRA byla vyvinuta
a zkouSena vlakova souprava R1. Na jeji zatézové parametry byl dimen-
zovan most pres Nuselské udoli. DoSlo v8ak k dalSi zméné. Byly prevzaty
vozové soupravy E€s ze Sovétského svazu, ale s vétSi hmotnosti. Proto se
tubus Nuselského mostu doplioval o roznaseci rost pod kolejovou drahu.
Hodné se premyslelo a premysli a pracovalo a pracuje na metru dodnes.
K nic¢emu hotovému jsme zatim v podzemi nepfrisli.

Pfesto dochazi na nékterych nastupistich k jeviim, které zplsobuji, zfejmé
na pozadi pravidelnosti provozu, nejistotu. "SlySel jsem pfrijizdéjici viak, uz
jsem vidél i svétla, ale nékam zmizel." Ne, neSlo o néjaky jev, pozorovany
autorem science-fiction v podzemni draze "Mo6bius" pfi rozvijeni topologic-
kych dvah. Ten clovék jen neodolal pohlédnout za jizni oponu stanice
I. P. Pavlova. Slo nejspiSe o sluzebni jizdu vlaku z trasy C na trasu A spoj-
kou C-A. Tyto jevy umoZiuje kolejova draha s dalkové ovladanymi vyhyb-
kami.

"To se v takovém labyrintu pod Prahou tedy nenajde nic tajemného?" Snad
prece. Ale cestujici verejnost je o to oSizena. Kdyz se jede na trase A ze
stanice Skalka do stanice Strasnicka, tak pred strojvedoucim na chvili koleje
skonéi a ty pokracujici v dalce jakoby uskakuji stranou. K tomuto perspek-
tivnimu obrazu dochazi pri urc€ité kombinaci smérového a vyskového oblouku
koleje. Nejde o Zadnou technickou zavadu. Legislativhé je téz vSe v porad-
ku. Na plynulosti jizdy se nic neprojevuje. Pfi navrhovani silnic se tato kom-
binace nedoporuduje z estetickych davodu.

"Jezdime po tom 20 hodin denné uz desitky let. Je to bezpecné?" Pro povr-
chové Useky a trasu I.C, I.A a ¢ast II.A byla prevzata konstrukce dlouhodobé
provéfena v husté domaci zelezni¢ni siti. Tedy kolejovy rost tvoreny kolej-
nicemi na prazcich. Kolejnice tvaru S 49 je z vakuované oceli pro napéti 950
MPa s rozchodem 1435 mm. Kolejnice jsou v tunelech prib&zné svafeny.
(Po cca 180 m jsou pro funkci zabezpecovaciho zafizeni opatfeny izolo-
vanym stykem, ale bez povahy dilataéniho styku.) Mluvime proto o bez-
stykové koleji. PraZzce jsou drevéné. Kolejnice jsou upevnény na ocelovych
Zebrovych, klinovych (se sklonem ulozné plochy kolejnice 1:20) podklad-
nicich specialnimi Srouby s tuhymi svérkami. Tento typ upevnéni je znam
pod oznacenim "K". Podkladnice, podloZzené polyetylénovou podlozkou, jsou
upevnény k prazcam ¢&tyfmi vrtulemi. Pruznost uzlu zajistuje pryzova
podlozka pod kolejnici a pruzné krouzky na Sroubech a vrtulich.

Kolejovy rost byl v tunelech smontovan, smérové a vyskové zafixovan a pod-
lit betonem. V ose koleje byl zfizen kapacitni odvodriovaci zlab. Jeho
hloubku si vynutil prdtoény prifez pod prazci. Ve stanicich k tomu pfibyl
bezpe€nostni pozadavek. Totiz Gto€isté pro osoby, které by spadly do kole-
jisté. Proto vidime u nastupist v misté odvodnovaciho Zzlabu prazce
profezané (fika se jim kratcata). 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-1 velkym ventilatorem ve vyklenku ne jed-
nom konci tunelu. Linka byla oteviena r.1870. Panika na burze 1873 vSak vedla k jeji-
mu uzavieni a zapomenuti na témér 40let. Stanice se stala souc¢asti dnesni stanice
City Hall v centru Manhattanu 1).

“"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 at 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 century before last. Mr. Rott, entrepreneur, put this idea down
and sent it as an impulse to the Prague City Hali in 1898. First concepts and
studies originated in the twenties of the past century. They became a part of
the traffic planning of the City 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,
manufactured in the Soviet Union, were taken over. Their weight was higher.
What followed? A load distribution grid was added inside the bridge tube.
There was lots of thinking then, and there is lots of thinking and working on
the metro nowadays too. Nothing finished or completed has been given to 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 "Mobius" subway when developing topological con-
siderations. That man only could not resist the temptation to look behind the
southern "curtain” at the end of the |.P.Pavlova station. 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 StraSnicka 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. Itis no technical defect. From the legislative aspect, itis 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 elips. This type of fixation is known as the type ‘K'. The
tie-plates, supported by a polyethylene pad, are fastened to sleepers by
four coach-screws. Resilience of this node is ensured by a rubber pad under
the rail and spring collars on the bolts 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 at 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 dosed and forgotten for nearly 40 years. The station became a part of the cur-
rent City Hall Station in the Manhattan Downtown 1).
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Od trasy Il.A je jiz kolejovy rost upevnén na betonovych pasech bez prazcl
(kromé& vyhybkového objektu za stanici Zelivského), Upevnéni kolejnice
zUstava podkladnicové, nepiimé. To znamena, Ze pata kolejnice je upevné-
na parem upeviiovadel k podkladnici a podkladnice je upevnéna jinymi
upeviiovadly k betonové desce.

S bezprazZcovym upevnénim se zacalo v 70. letech minulého stoleti. V té
dobé jiz ve svété existovala fada typd upeviovacich sestav, neboli uzld,
které zlstaly po odstranéni prazcl z tunelu. Nahrada pruznosti prazcl ve
Stérku byla vytvafena pryZovymi, korkopryZzovymi a polyuretanovymi
podloZzkami, svérkami s del§i pruznostni drahou, jejich kombinaci a zdvo-
jovanim. Byla k pouziti a vidéni upevnéni tézka i lehka. K vidéni na vlastni oci
nedaleko od Prahy, na Zelezniénim zkuSebnim okruhu u Velimi. Bylo k dis-
pozici i jejich vyhodnoceni Vyzkumnym Ustavem Zzelezni€nim. K aplikaci na
prazském metru byla vybrana leh&i a poétem prvkd jednodudsi sestava
upevnéni nizozemského typu, pouzitého v metru Rotterdam. Pocet soucastek
na jedné sestavé upevnéni - podkladnici byl 17 ks. (Pocet soucastek u téz-
kého upevnéni s podkladnici spocivajici na podkladni desce byl 38 ks).
Zménu vSak predstavovalo to, Zze nékteré klicové soucastky originalu
(napf.pruzna svérka D.E. s dlouhym chodem z pérové oceli; kotevni Sroub
M22 s prechodem na @ 27mm z oceli tf. 14 s kadmiovanym povrchem) byly
materiadlové i funkéné& nahrazovany. Nakonec byla cela sestava upevnéni
sloZzena z 31 soucastek tuzemské vyroby.

Kolejnice spocivajici na ryhované, 5 mm tl., pryzové podloZce byla pfichyce-
na k Zebrové, klinové podkladnici dvéma svérkovymi Srouby se dvéma tuhymi
svérkami. Nad svérkami byly osazeny pod maticemi trojité pruzné krouz-
ky. Podkladnice byla upevnéna k betonové desce dvéma ocelovymi kotevni-
mi Srouby priméru 24 mm, tf.11 500 v zavrtech zalitych epoxidovou
pryskyfici. Na kotevnich Sroubech byly spirdlové pruziny dotazené matici
s krytem. Podkladnice byly opatfeny dvéma otvory o primeéru 40,8 mm, které
umoziiovaly osazeni excentrli pro doladéni rozchodu koleje v rozsahu = 8 mm
k betonové desce. Pod podkladnici byla vloZzena pryZzova podlozka tl.
15 mm.

V tunelu byly nejdfive zfizeny betonové pasy. Na nich byl smontovan kole-
jovy rost s montaznimi sajmy (rozchodnicemi). VySkové tolerance mezi
povrchem betonu a podloZzkami pod podkladnicemi byly vyrovnany plast-
betonovymi polStari oddélenymi od pryZzové podlozky pod podkladnici poly-
etylénovou podlozkou. Viz obr. 2.

Ve fazi realizace ke zménam v systému pribylo i zvétSovani tloustky tohoto
polstare, vyvolané tolerancemi povrchu betonové desky.

Cas prinesl této kolejové draze r@izné zkuSenosti. Pro volbu této sestavy
miuvila na zacatku i skutec¢nost, Ze sestava obstala pfi zatézovani
tézkotonaznim vlakem s napravovym zatizenim 22 tun i pfi pomalych jizdach
obloukem s prevySenim, tedy s pfitizenim niz§iho kolejnicového pasu.
Nékolik kotevnich Sroubd se ohnulo, zadny nepraskl. Pfekvapivé destruk-

tivnéji se projevil intenzivni provoz metra s napravovym zatizenim 13 tun
(pouze pfi pln& obsazenych vozech). Rada kotevnich Sroubl z oceli tF.11500
(ale i 12 050.6) praskla kfehkym lomem. Cetnost byla vyrazna ve smérovych
obloucich s polomérem bliZicim se predpisy povolenému minimu 350 m.1
Co k tomu vedlo?

Upeviovaci uzel se odvozoval od prazcového upevnéni a empiricky upravo-

val. Pro staticky a jesté |épe dynamicky vypocet nebyla k dispozici jedno-

Obr. 1 Hloubena stanice
Fig. 1 Cut-and-cover station

to 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 IlLA, the rail grid is fixed on concrete strips without
sleepers (with an exception of a switching assembly behind the Zelivskeho
Station). The system of rail fixing indirectly on tie-plates is unchanged. This
means that the rail flange is fixed by means of a pair of fasteners to the tie-
plate. and the tie-plate is fixed to the concrete slab by means of other fas-
teners.

The use of fastenlng 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 elips with longer elasticity path, their
combination and doubling. Both heavy and light assemblies were available
and seen. They could be seen by own eyeball not 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 tie-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 elips with long sliding
motion; the cadmium-plated steel grade 14 holding-down M22 bolt with a
transition to diameter of27mm) were replaced in terms of material and func-
tion. Eventually, the whole fastening assembly consisted of 31 parts of a
domestic make.

The rail, resting on 5mm thick riffled rubber pad, was fixed to the ribbed,
canted tie-plate with two sleeper clip bolts with two rigid elips. Triple spring
collars were inserted above the sleeper elips, under the nuts. The tie-plate
was fastened to the concrete slab with two steel grade 11 500 holding-down
bolts 24mm in diameter, fixed in boreholes by epoxy resin. Spiral springs
tightened by a nut with a cap were on the holding-down bolts. 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 tie-plate.

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

In the realization phase, the system changes were extended due to the
necessity to inerease the thickness of this cushion due to 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-down
bolts bent, but none 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 holding-down bolts made of steel
grade 11 500 (but 12 050.6 too) suffered a brittle fracture. The frequency
was considerable at horizontal curves with diameter near the minimum of
350m, allowable according to regulations. What was the reason?

Obr. 2 Razeny tunel z litinovych nebo Zelezobetonovych dilct
Fig. 2 Mined tunnel in cast-iron or RC segments
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znacna a objektivni metodika. To se ukazalo i ve chvili, kdy se do problému
viozily védecké autority. Doporuceni ztuzit uzel upevnénim pomoci Cctyf
kotevnich 3roubl a zahustit pocet uzll se na zkudebnim Useku prokazalo
jako nevhodné.j

Védomi projektanta, Ze trajektorii masivni vodici sily je tfeba prodlouzit, tedy
zpruznit uzel, bylo podpofeno i reSersi ze sovétskych zkuSenosti v moskev-
ském metru.4) Lavinovitému lamani vrtuli v zabetonovanych prazcich ve
smérovych obloucich o polomérech menSich nez 400 m nezabranilo ani
upevnéni podkladnice osmi vrtulemi.

Otazky a patrani vedou postupné k uspokojivym odpovédim a cennym
zkuSenostem. K tém patfi i to, neslySet jen na otazku “Po €em to jezdime?*,
ale chtit si v€as zodpovédét i otazku “S €im po tom budeme jezdit?”. Do této
doby nebyly k dispozici Udaje o silovych ucincich vozu na kolejovou drahu.
Teprve v disledku téchto poruch doslo k zevrubnému meéfeni vodici sily na
voze ECs v siti prazského metra.5) To ukazalo, Ze jezdime s vozy opatfenymi
podvozky typu Minden Deutz, bezesporu vhodnymi pro sit metra, kopirujici
nadzemni ortogonalni usporadani "street" a “avenue”, tedy napr. pro zminény
New York. Viz dobfe sedi v kolejovém kanalu v pfimych Usecich. O to tuzsi
je prjezd smérovymi oblouky zvlasté pak malych polomé&rd.

Problematika tématu kolo-kolejnice byla pak feSena volbou dvou typt
upeviovacich uzll pro bezprazcové upevnéni v hlavnich kolejich.

Pro pfimé Useky a poloméry obloukd > 600 m zlstalo upevnéni se dvéma
kotevnimi Srouby. Jejich profil byl pod zavitovou ¢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 zuSlechténim 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 polomeéry obloukl < 600 m je upevnéni doplné-
né ocelolitinovou podkladni deskou. Jeji ukotveni zlstava pomoci dvou
kotevnich Sroubl M24 zesilenych pod zavitovou ¢asti na @ 30mm. Sroub je
z oceli tF.15260.6. Kolejnice je ke zkracené Zebrové, klinové podkladnici
prichycena 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 navrhdm predchazela fada diskusi, studium pfistupu k upeviiovacim
uzldm v zahrani¢i, zkousky a méfeni. Bylo vyuzito dobrych zkusenosti s pod-
kladni deskou v budapesStském metru, které ma shodné zatéZzovaci pod-
minky dané rovnéz vozem E€s. Byl opustén psychologicky motivovany pfi-
stup, totiz ztuzovat upeviovaci uzel €i zahusStovat uzly. Stalo se tak i v le-
gislativnim opatfeni.s

Tvorba sestavy upevnéni byla vzdy vysledkem tymové spoluprace, prvorade
VUZ, CVUT, DP-hl. m. Prahy-GR, DP-Metro, IDS a Metroprojektu. Do projek-
tové dokumentace byly zafazovany vyhradné konstrukce schv@lené.

Na novych vozech fady 41 (M1) - dodavanych konsorciem CKD, Adtranz,
Siemens je pouzito podvozku, jehoz napravy jsou v samotném podvozku
ulozeny poddajnéji, coZz je pro prazské metro, kde navazuje takika jeden
oblouk na druhy, nezbytné.

Tak se postupem &asu prizpisoboval systém kolejové drahy danému vozidlu
pohybujicimu se v nastoleném tvaru sité a ukazal na nutné Gpravy pfi jeho
rekonstrukcich a inovaci.

Rozhodné by bylo vlastenecké, le€¢ ukvapené a neobjektivni Ffict, Ze upev-
néni Rotterdam neni nic moc a viz E€s je monstrum. Chybovali jsme my, ze
jsme si upevnéni furiantsky predélali a viz lépe nevyzkouseli.

Mnohé zistava dobré pii splnéni urditych podminek. A tyto podminky se
stale méni. Kratké obdobi noéniho dopravniho klidu a nedostatek kvalifiko-
vanych pracovnikd ochotnych pracovat pouze v noci vola po bezudrzbové
konstrukci. PouZiti samojistnych matic na Sroubech je jen diléim krokem
v tomto naro&ném zadani. Upeviovacich uzl( s témé&F soucastmi je 2 960 na
1 km koleje. Sit prazského metra ma dnes 50 km dvoukolejné trati s 51 sta-
nicemi. To jsou, na vice nez 100 km koleji, miliony soucastek. Vhodné se jim
fikA drobné kolejivo. Provozovatel je rad za Zivotnost pryzovych podlozek,
které vymeénuje spolu s ojetou kolejnici cca po 12 letech provozu. Ze souvis-
losti mdZzeme lépe pochopit, pro¢ ve svété existuje hned fada firem, které se
dlouhodobé& vénovaly pouze vyvijeni upeviovacich soustav (Pandrol,
Vossloh, STEDEF, resp. Sonneville). Nékteré 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
nahoda. VétSinou vSak za vysledky, které obstoji v konkurenci, stoji setrvalé
usili a znac¢né finanéni prostfedky vénované do zakladniho i aplikovaného
vyzkumu, vyvoje a do zkouseni.

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

Od trasy IIl.C jsou bezprazcovym upevnénim vybavovany i vyhybky.
Betonova deska je vodorovna, pricné nespadovana. Odvodnéni je vedeno
zakrytymi zlabky pfi sténach tunelu. Volba dilatacnich spar v tunelové kon-
strukci 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 Srouby. Pro
pfestavovani vymén se prechazi od hakovych k &elistovym zavérim s odpo-
vidajicimi elektromotorickymi prestavniky s dalkovym ovladanim.

Vzhledem k zvinénému terénu mésta vystupuje nékde tubus metra na
povrch. Pak nejsme v tunelu, ale v uzavieném 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 E¢s carriage measured in detail with-
in the Prague Metro network5). 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 (rail
anchoring device), made of heat treated spring steel, is manufactured by a
domestic company IRBIS PANDA s. r. 0. in Jihlava. Two spring steel sleeper
elips 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. Its 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 Skl-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 elips 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 inereasing 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 Institute 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 patriotic 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. Itis 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 etc.
The system of fastening without sleepers has also been used on switches
since the time of construction of the line Il1I.C. The concrete slab is horizon-
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Na Nuselském mosté na trase C, dlouhém 485 m, je upevnéni kolejového
roStu na mostnicich z tvrdého dreva, spocivajicich na roznaSecim rostu. Ten
tvofi ocelové podélniky, vynadSené na predpjatou zelezobetonovou komo-
rovou mostovku pFicniky. Kolej je v celé délce vybavena pojistnymi Ghelniky.
Na koncich mostu jsou umisténa velka kolejova dilatacni zarizeni (VKDZ).
Na trase V.B je mezi stanicemi Hlrka a Luziny ocelovy, proskleny most délky
375 m s ocelovou svafovanou komorovou mostovkou ovalného prdfezu
s dvoukolejnym usporadanim. Jedno pevné lozisko je uprostifed 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 rost na difevénych prazcich ve Stérkovém
lozi. Upevnéni kolejnic je pomoci Zebrovych, klinovych podkladnic, kotve-
nych ctyfmi vrtulemi. Konce mostu jsou opatfeny VKDZ. Na mosté jsou sva-
fené pojistné ahelniky, u koncd, na délku 75 m stykované, u VKDZ dilatova-
né. Dilatace mostovky je pod prib&znym Stérkovym lozem pieklenuta ocelo-
vym plechem tl. 12 mm. Vodivé propojené dilatacni styky svarené privodni
kolejnice jsou zde po 37,5 m. V misté di[atacije privodni kolejnice prerusena.
Na trase IV.B je pfed koncovou stanici Cerny most Zelezobetonovy predpjaty
dvoukomorovy most (estakada) délky 488 m, obdélnikového prifezu,
s osovou vzdalenosti koleji 4,9 m. Most je dodatecné oplastén na ovalny
prifez. Stény oplasténi jsou opatieny okny. Jedno pevné loZisko je
uprostfed mostu o 15 polich. Vana mostovky je opatfena dvouvrstvymi antivi-
braénimi rohozemi tl. 2x15 mm z recyklované pryze pojené polyuretanem.
Lozna vrstva je mékcEi, horni vrstva, ve styku se Stérkem, je tuzsi. Na dné
mostovky jsou zpfistupnény odvodiiovace. Ve vané mostovky je kolejovy rost
na drevénych prazcich ve Stérkovém lozi. Upevnéni kolejnic je pomoci
Zebrovych, klinovych podkladnic, kotvenych ¢&tyfmi vrtulemi. V predmosti
i zamosti jsou VKDZ. Prechodové Useky, délky 20 m, v pfedmosti i zamosti,
jsou na prazcich ve Stérkovém lozi. Upevnéni je vybaveno pruznymi svérka-
mi Hr-2, distan€nimi krouzky na vrtulich a dvéma 5 mm silnymi penefolovymi
podlozkami pod podkladnici. Na mosté jsou rovnéz priib&zné& svafené pojist-
né uhelniky, dilatované u VKDZ. Dilatace mostovky je opatfena cely
z vyztuzenych ocelovych plechd tloustky 12 mm, které preruduji Stérkové
loZze. Vodivé propojené dilataéni styky svafené pfivodni kolejnice jsou zde
po 37,5 m. V misté dilataci je pfivodni kolejnice preruSena.

S konstrukci kolejového svrsku Uzce souvisi konstrukce privodni (napajeci)
kolejnice. Ta zajiStuje nepretrzitou dodavku elektrické energie (stejnosmérny
proud o jmenovitém napéti 750 V) vlakovym soupravam. V Praze je
pouzivana konstrukce pro spodni odbér proudu. Obrys prostoru pro kon-
strukci  pfivodni  kolejnice je sougasti prljezdného prifezu, nebot
bezprostfedné souvisi s vozidlem.

Vzhledem k pouziti sovétskych voz( na prazském metru byly zakladni pod-
minky prostorového usporadani i konstrukce prevzaty ze sovétskych meter.

Od pocatku realizace privodni kolejnice u nas vSak byly v konstrukci vyuzity
polymerni hmoty se souborem retardacnich pfisad pro docileni stupné
horlavosti minimalné B. Tyto umélé hmoty se pouzily napf. na vSechny druhy
krytQ, drzéaky krytQ, ukon&eni najezdu vyb&hl. TéméFr kazda nova aplikace
polymernich materiald si vyzadala vlastni vyvoj a zavedeni nebo zajisténi
vyroby novych prvkd.

Navrzena konstrukce privodni kolejnice je v zasadé pouzivana doposud.
Byly provedeny pouze dil€i Gpravy v kotveni podpor souvisejici se zménou
konstrukce jizdnich kolejnic (prazcové, bezprazcové upevnéni) a ve zpUO-
sobu pfipojeni trakénich kabell k pfivodni kolejnici.

Vlastni privodni kolejnice se vyrabi 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 svarené dily jsou

Obr. 3 Razeny tunel z litinovych nebo Zelezobetonovych dilcl
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.

In 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 distributing
grid. This grid consists of steel stringers, which are born by cross beams
transferring the load on the pre-stressed reinforced concrete through span.
The rail is equipped with guard angles. Mechanisms allowing enormous
expansion of rails (MAEER) are located at the ends of the bridge.

On the line V.B, between the Hlrka 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 of this 9-
span bridge. The bridge is located on a tangent track and reverse curves
with diameters of 350 m, with the track center distance of 6.8 m. The through
span is protected by polymer concrete coating. The rail grid with timber
sleepers in gravel ballast lay on the through span. The rail fastening is by
means of ribbed, canted tie-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 at the MAEER locations. The
through span expansion joint is bridged over by a 12mm-thick steel sheet
placed under the continuous trackbed. Bonded expansion joints 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 to
an oval. There are windows in the bridge side walls and the envelope. One
fixed 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 recycied rubber with a polyurethane binder. The bed-
ding layer is softer while the top layer, which is on the contact with gravei, is
tougher. At the bottom of the box girder there are drains made accessibie.
Inside the box girder there is the rail grid with timber sleepers in gravel bal-
last. 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 elips Hr-2, distance rings on coach-screws and two 5mm-thick penefol
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 structure of the conductor rail is dosely 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.

Obr. 4 Razeny tunel monoliticky s mezilehlou izolaci NRTM
Fig. 4 Mined tunnel monolitic, with intermediate insulation NATM
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v dilata€nich stycich sespojkovany a vodivé propojeny. Pfivodni kolejnice je
zavédena do drzakd zatmelenych do izolatord osazenych na kazdé konzole
(podpore). Ty jsou v podélném sméru ve vzdalenosti cca 5,4 m. Konzola je
k prazclm pfipevnéna tfemi vrtulemi, k betonové desce (bezprazcové
upevnéni) pres podkladni plech tfemi kotevnimi Srouby. Seshora je chranéna
tuhym, elektricky nevodivym a tepelné& odolnym krytem.

Privodni kolejnice se umistuje na tzv. silnoproudé strané tunelu - zpravidla
vlevo ve sméru jizdy. Ve stanicich se z diivodu bezpeénostnich preklada na
stranu proti nastupisti. (Viz obr. 1 - 5).

V podélném sméru mize byt pFivodni kolejnice prerusena bud z ddvoda
mechanickych (to jsou napf. tratové zavéry, vyhybky, propojovaci Stoly
tunell, zména polohy apod.), nebo elektrickych - zejména v mistech styku
dvou elektrickych Usekl napajenych rliznymi napajeci. Mechanické déleni je
zpravidla provedeno jako déleni pfeklenutelné pres sbérace projizdéjiciho
vozidla. Konce pfivodni kolejnice jsou pak v misté preruSeni proudové
propojeny kabelovymi vodici. Elektrické déleni je feSeno jako déleni nepre-
klenutelné pres sbérace projizdé&jiciho vozidla a je i bez kabelového propo-
jeni.

V misté prerusSeni je pfivodni kolejnice vzdy opatfena zkosenymi vybéhy,
které umoznuji ndjezd sbé&ract vozidla.

Pro nové budovanou trasu IV.C je nav[hovéna - misto doposud pouzivané
ocelové - pfivodni kolejnice hlinikova. Céastec¢né zvySené investi€ni naklady
na realizaci vlastni pfivodni kolejnice jsou kompenzovany snizenymi naklady
na kabelovych rozvodech a jeji dalSi 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. Otazka "Pro¢ neni vede-
no samostatnym servisnim tunelem?" nezni projektantovi kolejové drahy pfi-
jemné. PFi fadé prilezitosti si pfipadal s témi svymi kolejemi jako na milost
vzaty. Jako by Slo o boj o misto v obecnim kolektoru. Odpovéd je hlavné
v ekonomii. Proto se technologické tunely v prazském metru omezuji na
stanice. Protoze rozmisténi zafizeni v celém tunelovém prifezu se odviji od
smérového a vyskového vedeni trati, vAZze se nejzfetelnégji k feSeni kolejové
drahy. Tak je soucasti pfipravy trasy a kolejového svrsku i uréeni prdjezd-
ného prifezu metra. Od toho je mozné odvozovat prifez stavby véetné& 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?"
Zastaveni mezi stanicemi je vyjime€nost v provozu a cestovni pohodli to
skute&n& na chvili pokazi. Je to zplsobeno prevySenim koleje v oblouku,
kterym je naopak pfi pravidelném provozu zajisténo, Ze projedeme ob-
loukem i bez drzeni a ani si to neuvédomujeme. Totiz pokud se nedivame
skrze vlakovou soupravu. Potfebé jizdni pohody vychazi vstfic pojeti CSN 73
6430 Geometrické usporadani koleji metra - Kolejovy svrSek metra, z r.1997.
Hodnota prevyseni se jiz navrhuje pro skute¢né dosahovanou rychlost jizdy
s cestujicimi.

U stanic byva zminéné padani dUsledkem toho, Ze vlak neni hmotnym
bodem. Prvni viiz opousti posledni oblouk - a jeho prevy3eni - t&sné pred
stanici odpovidajici rychlosti. Ovéem posledni viz opousti tentyz oblouk jiz
dojezdovou rychlosti. Proto v ném, jako stojici, pocitujeme na chvilicku
prevySeni nadbyteéné. Naklanime se smérem ke stfedu oblouku.
(Vzdalenost mezi cestujicim na predni plosSiné prvniho vozu a zadni ploSiné
posledniho vozu je 90 m. Ale délka prfechodnice, ve které pfi dojezdu do

Obr. 5 Hala depa
Fig. 5 Hall of depot

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 modifications in the support brackets anchoring have been made
only, which were associated with the change in the structure of running rails
(the fastening on sleepers or fastening without sleepers), and modifications
in the manner of traction 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 37.5m 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
cemented 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, switches, 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 line 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 lots 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, utility 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 associated with the design of the
rail track. Thus, determination of the metro clearance envelope is a part of
the routé and trackwork 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 the train is stopping or when it is at
a station?' Stopping between stations is an exception during operation, and
it really spoils the comfort of travelling for a while. This is due to the superel-
evation of the track at a curve, which, on the contrary, ensures that the train,
in regular operation, passes the curve without the need for passengers to be
holding. We do not realize this unless we are looking through the train. The
conception of the CSN 736430 standard "Geometrical arrangement of the
metro tracks - Metro Trackwork" from the year 1997 meets the requirement of
the travelling comfort. The superelevation value is already designed for
actually achieved speed of the travel with passengers.

At stations, the above mentioned falling is usually a result of the fact that the
train is not a point particle. First carriage leaves the last curve and its super-
elevation just before the station, 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. But the
length of the transition curve, through which the track superelevation sinks
when the train 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 are standing, 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 train passes curves too fast.
Therefore, he stands on the front platform of the first carriage. However, this
is not always practical with respect to the target of our travel, i.e. to 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 metro despite the fact that we,
as bipeds, 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 kratSi.) Pfi vyjezdu ze stanice je
plsobeni na zadni plosing posledniho vozu v opa&ném sméru. Stojime-ii,
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 vSak nalezne jesté jiné feSeni. Postfehne, Ze i u 96 m dlouhého
vlaku plati fraze "ten zadek s nama ty zatacky vymeta" Postavi se tedy na
predni ploSinu prvniho vozu. Ale to neni vzdy praktické vzhledem k cili nasi
cesty, totiz k mistu vystupu z nastupisté. Vzdyt tak spé&chame. Proto jsme
také zvolili metro, i kdyz se, coby dvounoZci, otfeseme pomyslenim, Ze
jdeme do podzemi. Jisté, nejlepSim feSenim je poskytnout vSem cestujicim
v podzemi mista k sezeni.

"A da se to zafidit, aby vSichni sedéli?" Ve Spicce asi tézko, nebot interval
pro naslednou jizdu dalSiho vlaku nelze natolik vyrazné zkracovat. V 80.
a 90. letech minulého stoleti patfilo prazské metro k nejzatizené&jSim na
svét&. Posuzovano z hlediska obsazenosti vozl, druhé po Tokiu, pfed tretim
v Moskvé. 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 drahu to pfedstavuje zatiZeni |. fadu.

"A tati, co vlastné déla ten hluk a dunéni, kola, nebo koleje?" Koleje vypada-
ji pasivné a nevinné. Na viné za¢nou byt, kdyz se daji dohromady s vlakem.
Je pravda, Ze kdyby pred jeho koly uhnuly, tak by to tolik neskfipalo, hlavné
v téch obloucich. Ale zase by fin€ela rozbitd okna a kdyby jen okna.
Nesméjte se, koleje prosté kolim ustoupit nesméji. "To ale odporuje zasadé
moudrejsi ustoupi.” Spravné, mali¢ko ustoupit musi, kvili pruznosti. Ale celé
se to do poradku neda. Rozhodné se rozkfikne do okoli, Zze vlak jede.
A takové technické ostudé je tfeba spojenymi silami zamezit. "A pro€ je to
ostuda? Ja bych byl rad, kdyby v nasi ulici bylo metro." Zrodila se ctyfia-
dvacetihodinova spolecnost. Déla se na smény. A tak nékdo, kdo se vloni,
kdyz chodil na denni sménu, radoval, Ze m& metro pod okny, je letos
nesdtastny, protoze se po no&ni nemize dobfe, v tichu vyspat.

Nejlépe je zamezit Sifeni hluku hned u zdroje. U podkladnicového upevnéni,
totiz v tomto uzlu, je to drahd technicka hracka (napf. tzv. Kolinska vejce,
Megiflex, Centricon apod.). Jednodu3si zplsob jsou napf. zmin&né antivi-

bragni rohoZe ve tvaru vany pod Stérkovym lozem. Brani Sifeni zemniho
hluku, resp.vibraci. Byly pouzity na estakadé pred stanici Cerny most.

Do sbirky realizovanych projektd nam chybi takova vana s antivibragnimi
rohoZzemi pod betonovou deskou (nejucinngjsi systém, znamy jako FMS -
systém odpruzeni velkych hmot). Ve stanici Rajskd zahrada a Cerny most
pro rohoZe jiz nezbyly finanéni prostredky. Ale jejich pouziti se sleduje pro
trasu IV.C.

Ve stanicich je mozné prispét k odstranéni vzdusného hluku od rozkmitané
stojiny kolejnice obloZenim stojiny kolejnice prilozkami z recyklované pryze.
Mozné je téZz feSeni bezpodkladnicovym, kontinualnim podepienim kolejnic
pruznymi pasy z recyklované pryze v usporadani, ve kterém je kolejnice cela
zapusSténa v dradzce betonového pasu a fixovana pruznou zalivkou. Tento
zplsob mame realizovan ve dvou variantach provedeni zatim zkusmo v hale
depa Kacerov, kde je zadouci tzv. prejezdova Uprava koleje. Viz obr. 5.
Uziti téchto novinek ve stanicich je snad véci budoucnosti. Cilové feSeni
"bezudrzbové technologie" kolejové drahy a pohonu lze spatfovat v bezpod-
kladnicovém upevnéni kolejnic, pokud kvalitativni skok neudéla pro zménu
vozovy park tfeba s linearnim motorem (s vyuzitim magnetické levitace),
nebo pohybem na vzduchovém polstafi (s vyuzitim aerodynamické levitace).
Prazské metro je v provozu od r. 1974. Nékteré Useky se proto jiz rekonstru-
uji. Na vle€ce ze Zelezni¢ni stanice Kré do depa Kacerov, resp. zkuSebni
koleji, které spolu tvofi splitku, bylo pfi rekonstrukci uzito prazcl Zzelezo-
betonovych namisto dfevénych. Jsou vybaveny polyetylénovymi, odvodnitel-
nymi vlozkami pro vrtule k uchyceni jizdnich, resp. pfivodni kolejnice pomoci
podkladnic, resp. podkladni desky.

Projekéné je prokazana realnost vymeény vyhybky na prazcich ve Stérkovém
loZi za bezprazcové upevnéni na betonové desce v tunelu, za provozu. Je to
ovSem mozné jen pfi pomalych jizdach, které jsou pro mésto Gnosné pouze
o letnich prazdninach.

Ve stani¢nich tunelech energie nahromadéna intenzivnim provozem v za-
betonovanych kratéatech vedla né&kdy k jejich uvoln&ni. Spary kolem prazcl
byly proto v minulych letech zaplnény tmelem a prazec zafixovan k betonu
svislou ocelovou kotvou.

Co dale?

Ve snaze udélat néco s ucpanou méstskou dopravou je zadouci jit kolejovou
drahou vstfic dalSim cekajicim. Snad i tém, ktefi se rychlosti 900 km.Ir!
pfemistili od protinozct do Ruzyné a tak uz by radi byli i v Praze.

“"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 lst 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. "But this is inconsistent with the rule that
who is wiser gives way." Right, they must give way a little bit because of
flexibility. But this will not fix the things. Definitely, the news that the train is
moving gets about. Such a technical shame must be prevented jointly. "But
why is it the shame? | would be happy if we had the metro in our street." A
society busy for twenty-four hours has been born. Three shifts are worked.
Thus somebody, who was happy last year for having the metro just next to
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 IV.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 Ruzyné international airport at
a speed of 900km.h-1, 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 'privodni (proudova) kolejnice" je v tomto €lanku pouzit pro kolejnici s kladnym poten-
cidlem, kterd rozvadi trakéni proud. Pivodni (proudova) kolejnice je vedena na izolatorech
umisténych podél kolejového svrsku, které jsou osazeny bud pro horni kontakt, nebo pro
spodni kontakt shérace, ktery je pfitlacovan na povrch napéjeci kolejnice. Tento systém vede
stejnosmérné napéti 660/750/825 V z trak&nich méniren ke sbé&raclim na vozidle. Obvykle
byva pouzit systém s tfemi kolejnicemi, obr. 1., ale dfive byl také pouzivan systém se Ctyfmi
kolejnicemi, obr. 2.

Systém pfivodni kolejnice zahrnuje vSechno nezbytné pfisluSenstvi pro spojovani, izolaci
a podepreni koleji. Pfivodni kolejnice jsou vyrobeny z oceli o nizkém obsahu uhliku nebo
z kompozitu hliniku a nerezové oceli. Konzolova opéra je obvykle ocelova, ale nékdy je
vyrobena z polyesteru vyztuzeného vlakny a udrzuje polohu izolatoru, ktery podpira privodni
kolejnici v{¢i trefovému svrsku. Opéra privodni kolejnice musi pfenést vSechna staticka
a dynamicka zatizeni a pfivodni kolejnice musi byt uchycena tak, Ze jeji délkové zmény
v disledku zmény teplot mohou byt snadno vyrovnany. Navrh konzolové opéry musi byt
takovy, aby jeji vodorovné a svislé sefizeni mohlo byt snadno provedeno na stavbé.

2. PRIVODNI KOLEJNICE - MATERIALY A TVARY

2.1. Ocelova pfivodni kolejnice

Privodni kolejnice vyrabéné v Anglii jsou vyrobeny z oceli, kter4 obsahuje 0,04 % uhliku
a chromu, 0,36 % manganu a stopy kfemiku, 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 elektrickou vodivost, ale obsah pouze desetiny objemu uhliku
ve srovnani z normalni oceli ji €ini extrémné mékkou a m& malou pevnost. Nehledé na tyto
metalurgické odliSnosti, pfimost a pfesnost dimenzi pfivodni kolejnice je dodrzena se stejnou
vyrobni presnosti jako u kolejnic pro kolejovy svrSek. Zatimco ocel s tak nizkym obsahem
uhliku neni tak kiehka a nachylna ke vrublim jako ocel pro kolejnice svrdku, jeji mékkost
a nizka pevnost znamend, Ze se s ni musi zachazet opatrné. Pfivodni kolejnice jsou valco-
vany o hmotnosti 51,7 - 74,4 kg/m a elektricky odpor pfi 15 °C je 14 miliohmd/km.

Kontaktni sila sbérace na pfivodni kolejnici je 250 N a je predpokladana konstantni
a rovnomérné rozlozena na kontaktni plochu. Pfivodni kolejnice mohou byt spojeny specialni-
mi spojkami pfipevnénymi z boku ke kolejnicim, které dosedaji ke kolejnicim mnohem t&snéji,
nez spojky kolejového svrsku. Tam, kde jsou pouzity spojky, je nutné upevnit paskové nebo
splétané médéné spojky, které zajisti dobrou elektrickou vodivost spoje. Lisované nebo nyto-
vané napdjeci svorky jsou hydraulicky nalisovany do otvorl vyvrtanych ve spodni pfirubé
kolejnice (Anglie). Alternativné je mozné pouzit navarfované napéjeci svorky. Pro horni kon-
takt sbérace jsou svorky u privodnich kolejnic umistény pod kolejnici, svorky jsou pfivareny
ze spodu k dolni paté kolejnice. Pouzivani spojek pfivodni kolejnice se ale snazime vyhnout,
kolejnice jsou svafovany tak dlouhé, jak jen to je mozné.

2.2. Privodni kolejnice z kompozitu hliniku a nerezové oceli

Ocelova privodni kolejnice byla donedavna povazovana za nejefektivnéjsi a nejekonomictéjsi
material pro velka trakéni napéti Zeleznic, bez ohledu na jeji relativné vysoky elektricky odpor
(14 miliohm0/km pfi plném opotfebeni) ve srovnani s ostatnimi ¢astmi trakéniho napéajeciho
systému. U pfivodni kolejnice z kompozitu hliniku a nerezové oceli je kombinovan nizky odpor
hliniku a odolnost proti otéru nerezové oceli, obr. 5.

Tato privodni kolejnice je leh¢i a ma mensi pricny fez nez konvenéni ocelova kolejnice, ale
pfesto je po dobu jeji Zivotnosti dostatecné odolna proti mechanickému a elektrickému
poskozeni. Mechanické, elektrické a urychlené korozni testy a provozni zkousky zarucujf
provozni zivotnost nad 45 rok(. Provozovatelé metra obvykle uvaZzuji o dvou typech pfivodni
kolejnice z kompozitu hliniku a nerezové oceli:

- Standardni vodivost (odpor 14 miliohmd/km) - kolejnice se stejnym odporem jako ma
ocelova kolejnice, montuje se tam, kde je zaméfnovan soucasny systém.

- Vysoka vodivost (odpor 6,7 miliohmC/km) - kolejnice s nizkym odporem umozfiujici
navrhnout lepsi elektricky systém a redukci méniren zajistujicich dodavku proudu.

Za dobu Zivotnosti musi privodni kolejnice vydrzet 5x101 piejezdl sbérage. Kontaktni sila
shéraCe na privodni kolejnici je 120 - 50 N a je rovnomérné rozlozena na kontaktni plochu.
Kolejnice jsou dodavany v délce 15 az 18 metrd a na stavenisti jsou spojovany hlinikovymi
spojkami pfipevnénymi Ctyfmi nalisovanymi nyty s rybinovitymi zafezy. Rozmér spojek
zajistuje jak mechanické, tak elektrické propojeni. Pfivodni kolejnice s vysokou vodivosti ma
obvykle hmotnost 15,7 -16,5 kg/m, jeji mala hmotnost ve srovnani s ocelovou pfivodni kolej-
nici umoziuje snadnéj$i manipulaci a instalaci a na stavbu je mozné kolejnice dopravovat
pomoci lehkych kolejovych vozikli. Vyhoda pfi vyméné pivodni kolejnice z kompozitu hliniku
a nerezové oceli v rdmci Gdrzbovych praci je v tom, Ze dlouh& doba mezi vyménami kolejnice
snizuje naklady na udrzbu.

3. OPERA PRIVODN| KOLEJNICE

3.1. Technicky popis

Pro podepieni piivodni kolejnice jsou pouzivany tii r(zné konstrukeni systémy, systém
s hornim kontaktem sbérace, obr. 6., s bo¢nim kontaktem shérace, obr. 7., a systém se spod-
nim kontaktem sbérace, obr. 8.

1. INTRODUCTION

The term "conductor rail" should in this paper be understood to refer to the positive conductor
rail which supplies the traction current. The conductor rail system consist ot the track side
insulator mounted either Top Contact or Underside (bottom) Contact type in which current-col-
lector shoes press onto conductor rail surface. This system conduct electrical energy at a
potential of 660/750/825 volt direct current (DC) from the traction substation to the transit-vehi-
cle-mounted current-collector 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 rails. The conductor rails are made of low carbon steel or Aluminium-Stainless
steel composite (ASC). The Conductor rail support (bracket) is usually metallic but sometimes
is made of PE material and shall provide the fixing between the insulator supporting the con-
ductor rail and the track support system. The support assembly of conductor rail shall carry all
static and dynamic loads and conductor rail shall be supported so that changes in its length
due to 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 steel containing 0,04 % carbon and chromium
respectively, 0,36% manganese and a trace of Silicon Fig. 3. The steel conductor rail used in
MRT systems of the CRandRussia is made of Martin steel containing 0,05 % of carbon Fig. 4.
Such steel is designed to be of high electrical conductivity, but containing as it does only a
tenth of the carbon of normal rail steel, itis also extremely soft, and of low strength. Apart from
this metallurgical difference, conductor rails are made to the standards of straightness and
dimensional accuracy as the running rails. Whilst such low carbon steel is not so brittle and
notch sensitive as rail steel, its softness and low strength imply that 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° Cis 14 milliohms/km.

The contact force of the current-collector shoe is 250 N, which is supposed to be constant and
spread over fiat contact surface. The conductor rails can be joined by fishplates of special
design to fit in space between the fishing surfaces, which are much closer together than those
on running rails. Where fishplates joints are used it is necessary to fit laminated or stranded
copper bonds to ensure good electrical continuity across the joint. In the pressed or riveted
type of bond connection the terminals are pressed hydraulically into holes drilled through the
bottom flange of the rail (UK). Alternatively welded bonds can be used. In top contact con-
ductor rail these are placed under the rail, the terminal being welded to the underside of the
rail foot. However, the use of conductor rail fishplates is to be avoided, the rails being welded
into as long lengths as possible.

2.2. Aluminium-Stainless Steel Composite Conductor Rails

Until recently steel conductor rail has been the most economical and effective material for
heavy traction current railways despite its relatively high electrical resistance (14 milliohms/km
when fully worn) compared to the other components of the traction current supply system. The
lower resistance of aluminium and the wear resistance of stainless 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 to resist mechanical and electrical damage during its service lite. Mechanical,
electrical, and accelerated corrosion tests, and service trials, indicate a service life in excess
of 45years. Two sizes of ASC conductor rail are usually under consideration by MRT office:

- Standard conductivity (resistance 14 milliohms/km) - a rail with a resistance similar to steel
conductor rail for installation as a replacement on existing systems.

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

The conductor rail shall be capable of withstanding 5x107 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 fiat contact surface. The rails are supplied in 15-18 meters length and connected on site by
aluminium fishplates secured by four pre-tensioned huck-bolts. The fishplates are sized to
provide both the mechanical connection and electrical connection. The high conductivity sec-
tions usually weigh 15,7-16,5 kg/m, a light weight compared to steel, making handling and
installation easier, and enabling the length of rail to be transported to site by light weight self
propelled rail vehicles. The ease with which ASC conductor rail may be removed and reinstat-
ed in association with track maintenance work is seen as making a long-term contribution to
reducing maintenance costs.

3. CONDUCTOR RAIL SUPPORT ASSEMBLY

3.1. Characteristics

There are used three construction systems to support conductor rails, the top contact conduc-
tor rails Fig. 6, side contact conductor rail Fig. 7 and underside contact conductor rails Fig. 8.
The conductor rail supports were made of cast iron, Rectangular hollow sections (RHS), and
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Obr. 1 Systém se ¢tyfmi kolejnicemi

Obr. 1 Systém se tfemi kolejnicemi
Fig. 1 Fourth Rail System

Fig. 1 Third Rail System

Obr. 5 Pf¥ivodni kolejnice z kompozitu hliniku a nerezové oceli

Obr. 3 Privodni kolejnice Anglie
Fig. 5 The Aluminium - Stainless Steel Composite conductor rails

Fig. 3 The steel conductor rail of the UK

Obr. 7 Pf¥ivodni kolejnice bo€nim kontaktem

Obr. 4 Privodni kolejnice CR a Ruska
Fig. 7 The side contact conductor rail

Fig. 4 The steel conductor rail of the CR and Russia

Obr. 6 Pfivodni kolejnice hornim kontaktem

Fig. 6 The top contact conductor rails

company REHAU developed a system, which uses PE material. The steel components are usu-
ally hot-dip galvanised. The conductor rail support will carry all static and dynamic loads,
which may occur in the system. The conductor rail support insulator assembly is designed to
support the loads imposed at an insulator spacing, depending on the track curvature, location

Opéry privodni kolejnice jsou vyrab&ny z litiny, ocelovych valcovanych profild a firma REHAU
vyvinula konzolu, ktera je vyrobena z PE materidlu. Ocelové soucastky jsou obvykle za tepla
galvanizovany. Opéra pfivodni kolejnice musi snést vSechna staticka a dynamicka zatizeni,
kterd se mohou na konstrukci vyskytnout. Opera pfivodni kolejnice je navrzena tak, aby pre-



Ve

27 10. ROCNIK, & 3/2001

Obr. 8 Privodni kolejnice se spodnim kontaktem - ocelova konzola
Fig. 8 The underside contact condactor rail - steel bracket

nesla zatizeni odpovidajici vzdalenostem konzol, kfivosti oblouk(, poloze a typu upevnéni
a snesla normalni staticka zatizeni (hmotnost) a statické sily plisobici rovnob&zné s kolejnici
(sily od tieni) a sily od zakfiveni. Opéra musi byt zpdsobila akomodovat posuny pfivodni ko-
lejnice v disledku tepelné roztaznosti a pfenaset dynamické sily zplisobené vibraci tratového
svrsku, prenaset zatizeni od pohybuijiciho se sbérace a odolavat silam od elektrickych zkratt.
Opéra musi byt nastavitelna tak, aby kompenzovala svislé a vodorovné montazni tolerance
tratového svrsku a zajistila izolaci takové velikosti, kterd odola bezpecné vSem prepétim,
ktera se vyskytnou ve stejnosmérné siti o napéti 750 - 825 V, které vzniknou jako ddsledek
zapinani zkratova&i.

3.2. Opéra pro horni kontakt

Privodni kolejnice mlze byt umisténa na
obou stranéach tratového svrSku. Na nejmo-
dernéjSich dvoukolejnych tratich jsou opéry
umistény mezi koleje, kde jsou vzdaleny od
pochozi stezky prochazejici okolo odvodiio-
vaciho Zlabku. Ve stanicich se pfivodni ko-
lejnice, pokud je to mozné, umistuje na
vzdalenégjsi strané od hrany nastupisté a ve
vyhybkach (obr. 10.) a v kfizenich trati je
pfivodni kolejnice umisténa tak, aby se mini-
malizovala ztrata kontaktu mezi kolejnici
a sbéracem.

Opéra privodni kolejnice je obvykle navrzena
na prenos zatizeni odpovidajici vzdalenos-
tem konzol na kazdém osmém, Sestém nebo
Ctvrtém prazci (metro v Anglii) a vzdalenos-
tem konzol 6 metrd (pfivodni kolejnice ASC).
Soucasti opéry privodni kolejnice s hornim
kontaktem je porcelanovy izolator, ktery je
upevnén do litinového drzéku. Ucel drzaku
(nékdy je nazyvan UGchyt) je presné pricné
umistit privodni kolejnici ve vztahu ke ko-
lejnicim  svrSku, bez omezeni podélného
posuvu. lzolatory lezi na horni strané prazce
a jsou upevnény dvojici zapusténych liti-
novych Gchytl, které jsou pfipevnény
k prazci. Tam, kde jsou pouzity dfevéné
prazce, jsou litinové Uchyty pfipevnény
ocelovymi Srouby (vrtulemi), ale pfi pouziti
betonovych prazcd je pouzito bud pfipevnéni

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 support shall be adjustable so as to compensate the trackwork installation
tolerance horizontally 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 circuits.

3.2. Support for top contact

The conductor rail may be placed on either side of the track. In most modem twin track 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
minimise loss of contact between shoe and
rail.

The conductor rail support insulator assembly
is usually designed to support the loads
imposed at an insulator spacing at every
eighth, sixth or fourth sleeper (MRT systems in
UK) and 6 meters (ASC conductor rail). The
insulator assembly of the top contact rail con-
sists of a porcelain pot, the top of which is
cemented into 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 longitudinally. The insulators lie
on top of the sleeper, and are restrained by a
pair of cast malleable iron wraparound base
elips, which are fixed to the sleeper. Where
timber sleepers are used, the elips are fixed
by coachscrew, but when concrete 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
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Srouby do plastovych hmozdinek, nebo pfipevnéni pomoci rozsifenych Sroubd, které jsou
zapustény do otvorldl vytvofenych pfi vyrobg.

V3ude, kde to je mozné, je privodni kolejnice montovana v dlouhych svafovanych pasech,
v piimé trati je délka pasd az 550 m, v obloucich s polomérem mensim nez 600 m je délka
past Umérné zkracovana. Podobné usporadani je pouZito pro piivodni kolejnici z ASC, maxi-
malni délka Useku pfi pouZiti vysoce vodivé kolejnice je 310 m.

3.3. Opéra pro spodni kontakt

Opéra pro spodni kontakt je pouzitelna jak pro ocelovou privodni kolejnici, tak pro pfivodni
kolejnici z kompozitu hliniku a nerezové oceli. Kolejnice ma volnost pohybu v podélném
sméru. Opéra pro spodni kontakt je sestavena z konzoly, upeviiovadel pfivodni kolejnice,
izolatoru, Sroubd, podloZzek a matek. Opéra je obvykle vyrobena z oceli, litiny nebo PE mate-
ridlu, obr. 11. Opéra je navrzena tak, aby prenesla zatiZzeni odpovidajici vzdalenostem konzol
4,5-54m (metro v CR a Rusku) a 6 m (pfivodni kolejnice z ASC). Izolatory jsou vyrobeny
bud z polyesterové pryskyfice vyztuzené sklenénymi vliakny, nebo z lisované pryskyfice nebo
z porcelanu. Protoze privodni kolejnice z ASC je velmi lehkd, musi byt ukotvena jak svisle, tak
vodorovné, aby se zamezilo jejimu posunu.

Konzola opery pfivodni kolejnice musi byt tvarovana tak, aby nezasahovala do préjezdného
prGfezu a byla dostate¢né vzdalena od povrchu 3térkového lozZe.

4.PRISLUSENSTVI K PRIVODNi KOLEJNICI

4.1. Spojkovy styk

Spojkové styky pFivodni kolejnice musi spojovat jednotlivé dily pfivodni kolejnice k sobé jak
mechanicky, tak proudové. Pfivodni kolejnice jsou obvykle k sob& spojovany nalisovanymi
nyty s rybinovitymi zafezy a spojkami. Nyty s rybinovitymi zafezy jsou z uhlikové oceli, ktera
je bud kadmiovanda, nebo pozinkovana, aby se omezila koroze, a obvykle pro kazdy spoj
musi byt pouzity nejméné Ctyfi nyty. Spojky jsou vyrobeny ze stejného materialu jako pfivod-
ni kolejnice a jsou navrzeny tak, aby tésné dosedly ke stojiné privodni kolejnice.

4.2. Dilata¢ni styk

Zmény okolni teploty a zahfivani v disledku vedeni proudu zapficifuji zmény délky pfivodni
kolejnice. Dilatacni styky jsou proto potiebné, aby preklenuly proménnou mezeru mezi
dvéma Useky pfivodni kolejnice jak mechanicky, tak vodivé. Dilatacni styk privodni kolejnice
je sestaven ze dvou kusl privodni kolejnice, dvou vodicich spojek a jednoho vodivého
a posuvného konektoru na horni €asti kolejnice. Vodici spojky jsou stejné jako u spojkového
styku. Mezi spojkami a pfivodni kolejnici je umistén pasek z nerezové oceli nebo z hliniku,
ktery ma zlepsit klouzani. Aby se docililo hladkého klouzani sbérace, pficné fezy privodni
kolejnice jsou provadény v uhlu pfiblizné 15°.

Maximalni mezera mezi dvéma konci pfivodni kolejnice je okolo 200 mm. Vodivé propojeni je
zajisténo pomoci vodivého posuvného konektoru. Tento proudovy konektor kompenzuje
podélnou dilataci pfivodni kolejnice a pfenasi stejny proud jako originalni pfivodni kolejnice.
Kontaktni plocha pfivodni kolejnice nesmi byt touto konstrukci ani zkroucena, ani deformova-
na. Vodivy posuvny konektor tvofi médény pas a dva médéné kontakty, které jsou pro lepsi
pfenos proudu na kluzné ploSe obvykle postfibfeny, nebo poddajny zahnuty médény bocnik,
jehoz plocha pficného fezu je obvykle 900 - 1 000 mm2 Dilatacni styk i vodivy posuvny
konektor jsou chranény podobnym krytem, jakym je chranéna pfivodni kolejnice.

4.3. Izolovany styk

1zolovany styk pfivodni kolejnice nebyva kratsi nez 4,0 m, musi byt navrzen tuhy a obvykle ma
dvé 100 mm mezery, méfeno rovnob&zné s podélnou osou kolejnice. Elektricky odpor smon-
tované sestavy méreny v mezeradch musi byt mensi nez 106 Q. Konce pfivodni kolejnice jsou
ukonceny svislym fezem, ktery je veden v Uhlu 30° k podélné ose kolejnice. Izolacni spojky
jsou k privodni kolejnici pfipojeny minimalné 8 nyty s rybinovitymi zarezy.

4.4. Stredova kotva

Toto zafizeni musi zabranit posunu pfivodni kolejnice v izolatoru a opéfe umisténé uprostred
délky jednoho Useku privodni kolejnice (pfiblizné 75 m). Pfivodni kolejnice je upevnéna
pomoci kotvicich prvkd tak, aby na obé strany od kotvy byla umoznéna tepelna dilatace.
Soucasti tohoto zafizeni jsou obvykle dvé Ccelisti pfiSroubované k napdjeci kolejnici
a znemoziuji pohyb v obou smérech od opéry, které jsou navrzeny dostatecné pevné, aby
odolaly maximalnimu zatizeni od pfivodni kolejnice. V pfipadé poruchy dilataéniho styku
nebo jinych potizi vznikne v pfivodni kolejnici sila, kterd je pfenesena kotvou do konzoly
opéry, jez se zdeformuje, a tim vizuainé informuje pracovniky Gdrzby.

4.5. Svorky privodni kolejnice

Svorky (obr. 14.) jsou nutné k pfipojeni kabeldl zejména pro napojeni napajecich rozvoden
a tam, kde je pfivodni kolejnice preruSena a je vodivé propojena kabely v mistech, jako jsou
vyhybky, kolejova kfizeni, pfechody pro pési a prejezdy pro vozidla, napajeci oddily atd.
Svorky jsou k pfivodni kolejnici pfipojeny nyty s rybinovitymi zafezy. Navrh a provedeni
kabelového pfipojeni musi byt takovy, aby minimalizoval excentrickd zatizeni na pfivodni
kolejnici. Aby se zabranilo korozi mezi pfivodni kolejnici z kompozitu hliniku a nerezové oceli
a médénymi kabely, musi byt svorky opatfeny pfenosovou bimetalovou vrstvou nebo podob-
nym ochrannym opatfenim.

4.6. Ochranny kryt pfivodnich kolejnic

Aby se z bezpe€nostnich dlvod zabranilo pfimému dotyku pfivodni kolejnice, musi byt
pfivodni kolejnice montovana na povrchovych Usecich zakryta krytem z nezmékéeného liso-
vaného polyvinylchloridu (PVC-U) "tvrzené PVC". V tunelech se obvykle pouZziva sklolaminat.
Materidl pouzity pro ochranny kryt v povrchovych Usecich musi mit nizkou hoflavost a mi-
nimalni emise toxickych plynd, kryty pro tunely nesmi mit Zadné emise toxickych plyn(i a musi
byt samozhdasivé. Kryt je pfipevnén k napajeci kolejnici pomoci upinek z umélé hmoty
s vysokou izolagni schopnosti tak, ze pii nehod& nemdze dojit k jejich odstranéni.
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laid in long continuously welded lengths up to maximum of 550 metres on straight track, the
length being reduced proportionately on curved track below 600 metres radius. Similar
arrangements apply to ASC conductor rails, the maximum fishplated length for the high con-
ductivity section being 310 metres.

3.3. Support for underside contact

The support for underside contact uses either steel conductor rail or Aluminium-Stainless steel
composite rail. The rail is free to move longitudinally. The conductor rail support for underside
contact consists of the mounting brackets, conductor rail fixings, insulator, bolts, washer and
nuts. This support is usually made of steel, castiron or PE material Fig. 11. The conductor rail
support insulator assembly is designed to support the loads imposed at an insulator spacing
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 porcelain. However, because the ASC rail is so
light it has to be restrained vertically as well as laterally to avoid displacement.

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

4. THE COMPONENTS OF CONDUCTOR RAIL

4.1. Splice-Joint Assembly

Splice-joint assemblies shall connect individua! 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-bolt 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. Expansion-joint Assembly

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

The maximum gap between 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 continuous current as the original conduc-
tor rail. The contact surface of the conductor rail will neither be twisted nor distorted by this
construction. The current connector consists of a copper contact blade and two copper con-
tact pieces which are usually silver 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 conductor 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 the completed assembly measured across the air gap shall be not less than
106 Q. The ends of conductor rails have vertical ends cut at a 30 degrees angle to the longitu-
dinal axis. The insulating joint bars are fixed to 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). The 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 bolted to the conductor rail, fixed to the both sides of
the support and is designed to be strong enough to withstand the maximum fault loading from
the conductor rail. In case of expansion joint fail or some other difficulty arise, the force of the
rail shall be transmitted by the anchor to the support bracket, 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 necessary to connect cables, particularly at
substations feeding points and at all locations where the conductor rail is physically interrupt-
ed and electrically interconnected by cables, such as turnouts and crossings, cross-walks or
cross roads, points of sectionalization, etc.

Fixing the cable terminal to the rail is done by huck-bolts. The cable connection design and
fabrication shall be such as to minimise eccentric 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 rail, the cable terminal shall include a bimetal transition piece or
similar preventive measures.

4.6. Protective Cover for Conductor Rails

To prevent direct contact with the conductor rail and for safety reasons, the conductor rail
shall be covered by unplasticized polyvinyl chloride (PVC-U) moulding material "Hard PVC" for
daylight. In tunnel sections GRP moulding material is usually used. The material used for pro-
tective cover shall have low flammability and minimum emission of toxic fumes in at-grade
sections, and no emission of toxic 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 plastic 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. UvVOoD

Projekt dvoukolejného Zelezniéniho tunelu na trati Kralupy nad Vitavou -
Vranany byl podrobné& popsan v €asopise Tunel 4/2000. Pfedmétem c¢lanku
je porovnani predpokladl realizagniho projektu a skuteéného chovani horni-
nového masivu pii provadéni hloubenych i razenych Usekd tunelu. Dale jsou
popsana nékterd specifika zpracovani realizacni 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

Dé&cCinsky 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 etaze vySky 6 m. Zahajeni stavby zacalo na
podzim roku 2000 vybudovanim pfistupové komunikace umisténé v rokli.
Dale nasledovalo vybudovani pracovni pfistupové komunikace k hornim
etdZzim stavebni jamy. Pfi zpracovani projektu se vyuZilo geodetického
zaméreni skute¢ného stavu povrchu Uzemi, které slouzilo jako podklad pro
vytvoreni digitadlniho 3D modelu terénu. Model feSil jednotlivé faze
odtézovani stavebni jamy véetné pfistupovych komunikaci a ramp k diléim
etazim.

Prvni etdz se podle predpokladd inzenyrsko-geologického prizkumu
provadéla v kvarternich sedimentech tvorenych pisky pfechazejicimi v dol-
nich partiich do silné zvétralych slinovou charakteru zemin (viz obr. 1).
Projekt predepisoval sklon svahu stavebni jamy 1:1. Pfistup k etazi
zajiStovala pracovni pristupova komunikace situovana v horni ¢asti svahu.
Druhd etdz se jiz provadéla v silné zvétralych a rozpukanych vrstvach
slinovou (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 zdlivky. Pfistup k druhé etdzi probihal po upravené (prohloubené) pra-
covni komunikaci k prvni etazi.

Odtézovani tfeti etdze jiz umoziovalo vyuzit pfistupovou komunikaci situo-
vanou v rokli. Svahy etdze navrzené ve sklonu 5:1 =zajiStovala vrstva
stfikaného betonu se siti KARI a kotvami SN. Pfi rozpojovani subhorizontalné
ulozenych zvétralych slinovcd dochazelo k vypadavani vétsich blokd.
Z hlediska stability nehralo povrchové rozvolnéni svah( vyznamnou roli a po
zastiikani vrstvou betonu bylo dosazeno pozadovaného tvaru svahu jamy.
Sledovani deformaci bokl stavebni jamy zajistovala soustava geodetickych
bodd pfipevnénych na hlavy kotev. Po vyhodnoceni méfeni byly vysledky
zasilany prostfednictvim e-mail jak projektantovi, tak dodavatelské firmé,
ktera je predavala zastupciim investora. Deformace dosahovaly max. 12 mm

a velmi rychle dochazelo k jejich ustaleni.
Ctvrtou etdz se sklony svaht 5:1 tvofily navétralé slinovce o mocnosti vrstev

ki) m az 1,0 m. Rozpojovani horniny bez pouZziti trhacich praci pGsobilo jiz
znacné obtize a zpomalovalo denni postup praci. Z Grovné ctvrté etdze byla
navrzena rampa do kaloty, navrtan ochranny "destnik" z kotev IBO a po-
staven zarodek kaloty (viz obr. 3). Ddle jiz nic nebranilo zahajeni razby
tunelu. Pfistup pro odtézovani etdze, a tim i k portdlu umoznovala komu-
nikace v rokli. Navrh povrchu komunikace i zplsob odvodnéni zohledioval
pozadavek na dlouhodobé vyuziti pfistupové cesty po celou dobu vystavby
tunelu. Pracovni Uroveni dna ctvrté etadze tvofilo rozhrani jadro - poéva (viz
obr. 4). Hornina nad Grovni spodni klenby tunelu slouzila jako ochrana pra-
covni spary pred uCinky tézké stavenistni dopravy a jeji odtézeni probihalo
tésné pred betonazi spodni klenby definitivhiho osténi.
Navrh stavebni jamy byl proveden na zakladé informaci ziskanych v ramci
inzenyrsko-geologického prizkumu (IGP). Predpoklady projektu vypraco-
vaného na zakladé IGP se pfi realizaci potvrdily a projekt nebylo nutno
b&hem provadéni upravovat. PouzZiti digitdlniho modelu terénu umoznilo po
ukonceni praci a po zaméreni skute¢ného stavu stavebni jAmy vypocet obje-
mu provedenych zemnich praci.

3. RAZBA TUNELU - PRIMARNI OSTENI

Razba kaloty od décinského portalu zahdjila zacatkem roku 2001 etapu
provadéni razené Casti tunelu (viz obr. 5). Prace probihaly zpocatku zcela
podle realizacniho projektu. Souc¢asné dochéazelo k vyhodnocovani postupu

1. INTRODUCTION

The design of the double-rail tunnel on the railroad line from Kralupy nad
Vitavou to Vranany 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. o., for Metrostav, a. s., the contractor for
the tunnel construction.

2. THE DECIN PORTAL

The Dé&cCin 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 model 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 shoterete 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 of5:1, 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 marlstones. 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 IBO 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 G&inkd na horninovy masiv. Na zakladé téchto sledovani
byl realizaéni projekt upravovan tak, aby razba probihala bezpec¢né a zpu-
sob zajisténi vyrubu odpovidal pozadavkim na ekonomické provadéni praci.
Razba prvnich 40 m tunelu probihala v technologické tfidé vyrubu VI. s dél-
kou zabéru 0,8 m. Hornina byla rozpojovana bez pouziti trhacich praci
tunelovym bagrem. Stabilitu celby i lice vyrubu zajiStovalo primarni osténi
provadéné podle v projektu navrzeného technologického postupu. Vyvoj
deformaci vyrubu se pohyboval pod meznimi hodnotami uvedenymi v rea-
lizaéni dokumentaci.

Vysledky geofyzikalniho prlzkumu provadéného v ramci IGP signalizovaly
v priportalovém UGseku anomalii, ktera vSak pfi razbé kaloty nebyla zastizena.
Navrh geotechnickych méfeni predstavuje nedilnou soucast kazdé reali-
zacni dokumentace tunelu provadéného NRTM. Geotechnickd méreni
provadéna béhem razby méla za cil soustavné ovéfovani projektem
stanovenych predpokladd o chovani horninového masivu. Vyhodnoceni
Casového prib&hu deformaci i jejich absolutnich hodnot vedlo k Gpravam
pAvodniho navrhu projektu. V tfidé vyrubu VI. nebylo dale pozadovano
provadéni rozsifeni paty kaloty. Ani po této Upravé nedoslo k narlstu defor-
maci a razba probihala bez komplikaci. Po kratkém useku délky 20 m
razeném v technologické tfidé vyrubu V. preSla razba do Useku technolo-
gické trfidy vyrubu IV. v celkové délce 172 m. S pfibyvajici vzdalenosti od
portalu dochazelo k zvySovani pevnosti horniny a snizovani cetnosti
rozpukani. Nasazena mechanizace (tunelovy bagr) jiz nebyla schopna zajis-
tit pozadovany vykon, a proto bylo pfistoupeno k pouziti trhacich praci. Tim
dosSlo k urychleni postupu razby. Maximalni projektem povolena délka
zab&ru 2,0 m v3ak nebyla pfi razb& nikdy pouzita. Duivodem bylo
vypadavani velkych blokd slinovce rozvolnéného pravdépodobné vlivem
trhacich praci, které vedlo pfi vétSich délkach zabéru k nezadoucim nad-
vyrubdm. Délka zabéru se pohybovala podle zastizenych podminek
v rozmezi 1,5 az 1,7 m. Po dohodé projektanta se zastupci investora i doda-
vatele bylo pfi délce zabéru 1,5 m provadéno systémové kotveni kaloty
v kazdém druhém zabéru.

K dalSi Gpravé oproti realizacnimu projektu doslo v kotveni kaloty v techno-
logické tfidé vyrubu V. v oblasti prazského portalu. Pivodné navrzené kotvy

Obr. 1 Zahajeni praci na odtézovani prvni etaze décinského portalu

v kvarternich sedimentech (pisky)

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

Obr. 3 Zahajeni odtézovani ctvrté etdze a priprava ochranného "destniku"
nad kalotou tunelu

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

3. THE TUNNEL DRIVING - PRIMARY LINING

Top heading excavation at the Dé&CEin portal 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 detailed design.
The progress of excavation and its impact on the rock mass were evaluated
concurrently. The detailed design was modified on the basis of this monitor-
ing so that the driving was safe and the way of the excavation support corre-
sponded to the requirements on economic execution of the works.

The driving of the initial 40m of the tunnel was carried out within a techno-
logical excavation class VI, with the round length of 0.8m. The rock was dis-
integrated without blasting, by means of a tunnel excavator. Stability of both
the tunnel face and the excavated 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 geotechnical measurements represents an indispensable
part of any detailed design documentation for a tunnel constructed by the
NATM. The purpose of the geotechnical measurements carried out during
the driving was to continuously 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 Druha etaz jiz zasahovala do vrstev zvétralych a silné rozpukanych
slinovct

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

Obr. 4 “Svétlo na konci tunelu" po prordzce v kvétnu 2001 - ctvrta etadz
odtéZena na rozhrani jadro - pocva

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
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délky 6 m byly nahrazeny kotvami délky 4 m (viz lit.[3]) . Tim doS$lo v rdmci
kotveni kaloty k pouziti jedné délky kotev a pfi provadéni vrtd nebylo nutno
nastavovat vrtaci tyce. Vysledky geotechnickych méfeni nezaznamenaly
vyrazny narlst deformaci a potvrdily spravnost Gpravy zajisténi vyrubu.

V projektem predepsaném odstupu od celby kaloty probihalo odtéZovani
jadra (viz. obr. 6) a v prfipadé technologické tfidy vyrubu VI. uzavirani
primarniho osténi spodni klenbou ze stfikaného betonu a siti KARI. Po
prordzce tunelu zacatkem kvétna 2001 byla zahijena razba jadra i od
prazského portalu. Z ddvodu minimalniho zatizeni obce Vepiek stavenistni
dopravou byla rubanina vyvazena tunelem pres décinsky portal.

Pii razbé jadra dosSlo v technologické tfidé vyrubu IV. k Gpravé plvodné
navrzeného systému kotveni a kotvy SN délky 3 m byly z navrhu zajisténi
vyrubu zcela odstranény. Osténi jadra tvofila pouze vrstva stfikaného betonu
tloustky 0,2 m s jednou vrstvou sité KARI. Maximalni hodnota sedani byla
zaznamenana v tunelovém metru 175 a Cinila 32 mm. V ostatnich mérenych
profilech se hodnoty deformaci pohybovaly do 20 mm.

Ustalenad hladina podzemni vody nedosahovala podle IGP urovné pocvy
tunelu. Pfi razbé se tento predpoklad potvrdil a béhem vystavby nedochaze-
lo k vyraznym pfitokdm vody do vyrubu. Po vytrvalych destich na jafe roku
2001 se objevily ojedinélé pfitoky vody z boku tunelu priléhajiciho ke svahu.
Voda vytékala zpravidla v misté vrtl pro kotvy a pfitoky odpovidaly s urgitym
zpozdénim intenzité destd. Jednalo se o povrchovou vodu prosakujici po
puklinach v misté zvySeného poruseni horninového masivu. Poloha pfitoku
zhruba odpovidala poloze anomalie lokalizované geofyzikalnim priizkumem.
Z toho je mozné usuzovat, Zze anomalii pravdépodobné tvofi zéna slinovcl
vy§Siho stupné zvétrani zasahujici do vétSi hloubky pod Uroven terénu.
Pritoky vody nemély vliv na stabilitu tunelu a neprojevily se ani na vysledcich
méreni deformaci vyrubu.

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 clients and con-
tractot'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 KARI 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 Déc¢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 stope
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 Dé&cCin 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 Dé&Cin portal (see Fig. 8).
The Quaternary sediments did not reach such the thickness as those found
at the Dé&Cin 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 === 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 vypracovani pro-
jektu slouzil opét digitalni model terénu. Model vytvorfeny v predchozim stup-
ni projektové dokumentace vychazel pouze z vysledku letecké fotograme-
trie. HustA vegetace neumoZznovala v dobé zpracovani projektu stavby
pouziti pfesnéjsiho zplsobu zamé&feni. Pro potifeby realizagniho projektu byl
stavajici terén po odstran&ni strom a kfovin znovu zamé&fen a pavodni
model upfesnén.

Prace na odtézovani portalu probihaly paralelné s razbou tunelu. Odtézovani
jednotlivych etazi i zplsob zajisténi stability svah( probihaly analogicky
s postupem pouzitym v pfipadé décinského portalu (viz obr. 8). Kvarterni
sedimenty nedosahovaly takovych mocnosti jako v pripadé décinského
portalu a pod vrstvou humusu tloustky 0,8 m se jiz nachazely silné zvétralé
polohy slinovcl. Hloubka stavebni jamy dosahovala v nejhlubSim misté 29 m
a horizontalni ¢lenéni na 5 etazi vyplyvalo jak z technologickych moZnosti
pouzité mechanizace, tak i z dlvod@ stabilitnich (viz obr. 9). Hornina z pros-
toru spodni klenby byla odtézena az pred betonazi definitivhiho osténi (viz
obr. 10). V tomto okamziku dosahovala hloubka stavebni jamy 29 m.

5. DEFINITIVNI OSTENI

Béhem razby tunelu firma SG Geotechnika pravidelné provadéla geotech-
nicka mérfeni. Jednalo se o sledovani deformaci horninového masivu; déale o
extenzometrickd méfeni provadéna z povrchu a doplnéna o méfeni rozsahu
poklesové zoény v Grovni terénu. Osazeni extenzometr(l v dostateéném pred-
stihu pfed pridchodem &elby sledovanym profilem umoznilo ziskat informace
o chovani horninového masivu pfed razbou kaloty. Dopliiovaly tak informace
o pretvareni horninového masivu ziskané z méfeni deformaci vyrubu. Méreni
méla zjistit jednak Udaje o chovani horninového masivu potfebné pii razbé
tunelu, jednak ziskat vstupni data pro staticky vypocet definitivniho osténi.

Po vyhodnoceni vysledkdl geotechnickych méfeni nasledovala korekce
matematického modelu primarniho osténi tak, aby vysledné hodnoty defor-
maci odpovidaly pfibliZné hodnotdm naméfenym pfi razbé tunelu. Vysledky
upraveného matematického modelu primarniho osténi pak predstavovaly
vstupni data pro vypocet dimenzi definitivniho osténi. Vzhledem k délce

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

Obr. 9 OdtéZovani paté etaze na Uroven 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 to
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 Austrian 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

Obr. 8 Jednotlivé etdZe 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

Obr. 10 Odtézovani na uroven spodni klenby pred betonazi 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 &asti tunelu 280 m a vysledkim geotechnickych mé&feni postacovala
volba pouze jednoho reprezentativniho profilu, ktery byl pouzit pro vypocet
definitivniho osténi v celé délce razeného tunelu. Osténi hloubenych casti
tunelu je dimenzovano na zemni tlak hutnéného zpétného zasypu.

6. ZAVER

Realizaéni dokumentace tunelu razeného novou rakouskou tunelovaci
metodou vychazela z informaci ziskanych v ramci inZzenyrsko-geologického
priazkumu a z predpokladd o chovani horninového masivu. Zcela v souladu
se zasadami NRTM prochazela dokumentace v pribé&hu vystavby tunelu
zmé&nami na zékladé zastizenych podminek razby a vyhodnoceni vysledk{
geotechnickych méfeni. Upravy se tykaly jednak délky zabéru, jednak zp0-
sobu a rozsahu kotveni. Tloustka primarniho osténi i pouziti siti zGstaly podle
plvodniho navrhu realiza&niho projektu. K apravam systému zajisténi vyrubu
dochazelo vzdy na zakladé dohody zastupcl vSech uGcastnikd vystavby
(investor, dodavatel, projektant). K operativnim zmé&nam navrhu zajisténi
vyrubu pfispély vyznamnou mérou denné aktualizované vysledky geotech-
nickych méreni rozesilané ihned po vyhodnoceni prostfednictvim e-mail za-
stupc@im zuacéastnénych stran.

Bezproblémova etapa razby tunelu i hloubeni stavebnich jam portalovych
usekl ukazala vyznam kvalitné a komplexné& provedeného inzenyrsko-geo-
logického prizkumu, ktery je nezbytnym podkladem pro spravny navrh tech-
nologickych postupl vystavby v ramci projektu i b&hem razby. B&hem rea-
lizace se vysledky IGP v plné mife potvrdily jak z hlediska vlastnosti horni-
nového masivu (pevnost, zplsob uloZeni vrstev, stupen porudeni), tak
z hlediska vyskytu podzemni vody.

Projekt stavby byl v dobé& zpracovani dokumentace oznafovan zastupci
Ceskych drah diky nové pouzité tunelovaci metodé (NRTM) za vzorovy a po-
dle toho byl i ze strany objednatele sledovan a kontrolovan.

Dlvodem Uspé&chu byl odpovédny pristup zastupcl investora i profesionalné
provedena prace dodavatelské firmy Metrostav, kterd ma s vystavbou tuneld
v Cechéach i v zahranic¢i dlouholeté zkuSenosti.

Razba prvniho tunelu v siti Ceskych drah provadéného NRTM ukéazala
vyhody této metody a bude zcela jisté dobrym prikladem pro dalsi tunelové
stavby budované v ramci vysokorychlostnich Zelezni¢nich koridor& v Ceské

republice.

Obr. 11 Uprava zékladové 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. Itis 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. Metrostav,
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 Drahy 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.

Obr. 12 Vyztuz spodni klenby definitivhiho osténi hloubeného tunelu
Fig. 12 Reinforcement of the invert of the cut-and-cover tunneTs 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. UvVOD

V lednu 2001 prob&hlo poprvé na uzemi Ceské republiky méfeni systémem DIBIT-
Tunnelscanner. Dodavatelska firma Metrostav objednala u firmy ILF Consulting Engineers
zaméreni a vyhodnoceni skute¢ného stavu primarniho osténi severni asti zapadni tunelové
trouby tunelu Mrazovka v Praze, Cilem provadénych méfeni bylo ziskat podklady pro Upravy
osténi spojené s osazenim mezilehlé izolace a budovanim definitivniho osténi tunelu. Délka
méfeného Useku byla 653 m s obvodem sledované ¢asti horni klenby 28 az 30 m. Vlastni
mefeni provadéla rakouska firma DIBIT Messtechnik GmbH. Systém DIBIT-Tunnelscanner byl
vyvinut v Rakousku a kromé& Némecka a Svycarska byl jiz nasazen pro méfeni tunelll v Anglii,

Déansku, USA a na Tchaj-wanu.

2. POPIS SYSTEMU

2.1 Princip

MysSlenka systému DIBIT je zaloZzena na stereo-fotogrammetrickém snimkovani povrchu
tunelu v kombinaci s geodetickym uréenim polohy kamer pro ziskani soufadnic bodii povrchu
tunelu v soufadnicovém a vySkovém systému projektu. Znamena to, Ze kazda Cast povrchu
tunelu je souasné snimana ze dvou riznych pozic pro nasledné vyhodnoceni ve 3D.

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

- kratka doba méfent;

- jednoducha obsluha jednou osobou bez specializované kvalifikace;

- robustni konstrukce pfizplisobend podminkam pro praci v tunelech;

- presnost vyhodnoceni v rozsahu +/-1 cm;

- snadné a rychle vyhodnocenti;

- jasna a modifikovatelna prezentace vysledkd.

Z toho plynou zakladni specifikace systému DIBIT:

- pouziti CCD kamer s vysokou rozliSovaci schopnosti jako zdznamového zafizeni;

- pouziti motorizované programovatelné totalni stanice s moznosti automatického cileni pro
ur€eni polohy kamer;

- pouziti pfenosného PC vhodného pro praci v tunelu;

- pouziti vykonného softwaru pro plné automatické vyhodnoceni naméfenych dat.

Struény popis tfi fazi systému DIBIT - snimkovani, vyhodnoceni snimkd, analyza nasleduje
dale.

2.2 Snimkovaci modul

Snimkovaci modul se sklada z pevného ramu (z uhlikového vldkna), na kterém jsou namon-
tovany dvé CCD kamery a tii odrazné hranoly (viz obr. 1). CCD kamery sou¢asné snimaji
stereoskopickou dvojici snimkd povrchu tunelu. Odrazné hranoly jsou pouZity pro ureni
polohy a vy3ky obou kamer. Vlastni zaméfeni polohy kamer je provedeno pomoci pIné auto-
matizované motorizované totalni stanice. Tunelovy skener a totalni stanice jsou navzajem
propojeny pomoci modemu, takZze veSkeré operace jsou provadény automatizované. Ram je
otocny kolem horizontalni osy. Pfi jednom postaveni aparatury je zpravidla snimkovano pét
segmentll tunelového profilu. Pfenosny PC vhodny pro podminky v tunelu kontroluje proces
snimkovani a soucasné uklada veskera zméfena data. VeSkeré komponenty systému jsou
umistény na stativu. Celkova vaha asi 18 kg umoziiuje snadné premisténi a umisténi systému
podle specifickych pozadavkd.

Pridavna halogenova svétla jsou nezbytnd pro osvétleni povrchu tunelu. Provozni doba pol-
niho pocitace je pfi pouziti baterii 40 minut. Pro delSi provozni dobu je nutné pouzit externi
zdroj elektrické energie.

Snimkovaci modul je nejprve umistén pfiblizné do stfedu méreného profilu a rdm je soucasné
kolmo na tunelovou osu. Pfiblizna poloha je zadana do polniho pocitace (tunelovy metr
a vySka stanoviska). Pak je vybran prislusny snimkovany sektor profilu a snimkovaci proces
je odstartovan. Dalsi sektory jsou snimkovany stejnym zplisobem: ¢as potiebny na
snimkovani jednoho sektoru je zhruba 40 vtefin.

2.3 Vyhodnocovaci modul

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

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

- vypocet soufadnic t&chto bodd z prvkd vnitini a vné&ji orientace (parametry kamery,
snimkové soufadnice a soufadnice X, Y, Z hranolQ);

- pfipojeni jednotlivych rektifikovanych snimkd k celkovému souboru povrchu tunelu.
Optimalizace vypocetnich procedur a pouZiti v sou¢asnosti dostupného hardwaru umoziuje
vyhodnoceni stereoskopické dvojice do 2 minut. Pozadovana kapacita paméti je 2 MB pro
stereoskopickou dvojici snimkd, 33 MB pro odpovidajici mezivypocty a 1 MB pro ortofotoma-
pu I m vyhodnoceného tunelového pasu véetné digitdlniho modelu (3-D souradnice).

1. INTRODUCTION

The first measurement using the DIBIT-Tunnelscanner system in the Czech Republic took
place in January 2001. Metrostav a.s., the contractor, placed the order for a survey and
assessment of the actual state of the primary lining of the northern part of the western tube of
the Mrazovka tunnel in Prague with ILF Consulting Engineers. The purpose of the measure-
ments was to obtain source data for modifications to the lining associated 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 to 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 Switzerland,
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 points in the co-
ordinate system of the project. That means that all 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 systém has to meet the following requirements:

1 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 geometry within a range of +/-1 cm

- 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 motorized, 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 ofimages 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 portable 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 weightis approx. 18 kg, which makes the system portable and allows it to be
positioned as required.

Additionally, a halogen spotlight is necessary for illuminating 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-
lion with the measuring frame being positioned at a right angle to the tunnel axis. The
approximate position is entered in the field computer. Then the sector to be recorded is
selected and the automatic measuring process is started. The other sectors 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 evaluation 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 matching, 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 parameters, the co-
ordinates of the glass prisms and the pairs of image co-ordinates

- joining the individua! rectified images to an overall image of the tunnel surface.
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2.4 Analyza vysledk(

Analyza vysledkdl predstavuje jejich nazornou a jednoznanou prezentaci pro dal$i pouZiti
v navazujicich aplikacich. Detailné se jedna o nasledujici vystupy:

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

- moznost vytvoreni digitalniho modelu umoziuje nasledujici analyzy:

- porovnani projektovaného a skuteéného tunelového profilu (nadvyrub/podvyrub);

- porovnani profilli dvou stavebnich fazi (tloustka stfikaného, resp. monolitického betonu);

- porovnani dvou snimkii stejné stavebni faze v riizném ¢ase (deformace);

- vypocet rozdilli objem( dvou stavebnich fazi (spotfeba stfikaného betonu, opad);

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

Ziskana data maji Siroké uplatnéni i v dalSich oblastech:

- export soufadnic do rdiznych interaktivnich grafickych systém( umozniujicich napf. vizua-
lizaci;

- zpracovani dokumentace skute¢ného provedenti;

- import dat jako dodatecné informace za Gcelem integrace do dokumentace skute¢ného
provedeni.

O vyuziti vysledk( pojednava dalsi kapitola.

3. APLIKACE

3.1 Snimkovani profild b&hem razby

Pro kompletni dokumentaci razby miize byt tunelovy povrch snimkovan v kazdém zabéru.
Znamena to, Ze systém musi byt k dispozici nepfetrzité pro kazdou etapu technologického
postupu (napf. kalota, jadro, pocva). To je zpravidla po odtéZeni rubaniny dfive, nez jsou
umistény ramy a sité primarniho osténi. Prostor ve vzdalenosti poloviny priiméru tunelu pred
Eelbou musi byt pro snimkovani volny po dobu asi 5 minut. Praktické zkuSenosti ukazuji, Ze
Casové ztraty vzniklé v pracovnim postupu pii snimkovani je mozno kompenzovat vhodnou
koordinaci pripravnych praci pro dalsi technologicky postup razby.

3.2 Dokumentace Celby

Digitalni snimky Celby jsou pouzivany pro geologickou dokumentaci. Soucasné s nimi jsou
ziskavany snimky nevystrojeného lice vyrubu v profilu tunelu. Snimkovani je provedeno
b&hem jedné minuty ve vzdalenosti jednoho tunelového priiméru za &elbou.

Vysledkem je trojrozmérny model geologickych struktur Gelby, ktery mize byt dale vyuzit
napf. pro vytvofeni modelu vrstevnatosti a ploch diskontinuit nebo pro pfesné uréeni mor-
fologie. V kombinaci se snimky vnitfniho lice profilu tunelu je pak mozné vytvorit geologicky
model vysoké kvality, ktery poskytuje dopliiujici tdaje pro statické vypocty.

3.3 Dokumentace pred a po umisténi sekundarniho osténi

Dokumentace tohoto druhu je provadéna systémem hromadného snimkovani. Bez zohlednéni
doby nutné pro souradnicové pfipojeni totalni stanice je tunelovy skener schopen zdokumen-
tovat osténi b&hem 1 hodiny v délce odpovidajici sedmi profiliim tunelu. Odpovidajici doba
potiebna pro vyhodnoceni snimkd je asi 3 hodiny.

Obr. 1 DIBIT-Snimkovaci modul - polni poéitac s kamerou, ramem
a stativem

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

The combination of optimized calculation modules and presently available hardware enable
an evaluation velocity ot 2 minutes per stereoscopic pair of images The required memory
capacity is 2 MB for a stereoscopic pair of images, 33 MB for the corresponding intermediate
results and 1 MB per tunnel meter for the 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 actual tunnel profile (overbreak/underbreak)

- comparison 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)

- calculation of the difference in volume of two construction phases (shotcrete consumption,
rebound)

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

There are different possibilities for more far-reaching applications:

- export of co-ordinates to different CAD and graphics programs for visualizing the geomet-
rie situation

- elaboration of as-built records

- data import of additional information in order to be integrated into the as-built 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 complete documentation of a tunnel advance, the tunnel surface can be recorded with
the tunnel scanner in each construction 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 to be avail-
able for the recording activities for approximately 5 minutes. 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 ofthe 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 construct a geological model of high quality, which can
subsequently provide valuable findings for the evaluation of the stability.

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 ofthe 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 status quo assessment in
existing tunnels. The resulting data provide the essential basis for comprehensive documen-
tation 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 ol the tunnel scanner are presented in three ways:

- graphic depiction as cross-section

- graphic depiction as an image (rectified orthophoto) projected onto the nominal profile

- numerical deseription of geometrie and thematic resulting data.

The geometrical location of the tunnel 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

Obr. 2 Schéma snimkovaciho procesu tunelového skeneru pro horni
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 tunel

Dalsi zajimavou oblasti uplatnéni tunelového skeneru je dokumentace soucasného stavu
existujicich tuneld. Vysledna data poskytuji komplexni informace pro navrh ekonomického
feSeni nasledné rekonstrukce, rozsiteni tunelového profilu a podobnych rozsahlych
tunelarskych praci.

3.5 Prezentace vysledk(

Vysledky tunelového skeneru je mozné prezentovat tfemi zplsoby (viz obr. 3):

- grafické zobrazeni pfi¢ného profilu;

- grafické zobrazeni snimku (ortofoto) v prislusném profilu (tunelovém metru);

- numericky popis geometrie profilu.

Pro nazornost je pribéh povrchu tunelu v profilu vykreslen jako prevyseny, v ortofotosnimku
je znazornén vrstevnicemi vyjadfujicimi odchylky od projektovaného profilu, které jsou
barevné odstupriovany. Snimky a digitalni model osténi pro rGznou fazi mohou byt zobrazeny
soucasné a jsou jednoznacnou dokumentaci stavby.

Velmi zajimavé je porovnani snimkd v rliznych fazich vystavby jako napfiklad v pocatecni fazi
vyrubu a po nastfiku osténi ze stfikaného betonu, nebo fazi ihned po néstfiku primarniho
osténi a nasledné po péti nebo deseti dnech. Tak je mozno zjistit silu stfikaného betonu
a jeho priibézné deformace komplexné popsat. Kombinacemi riiznych snimkd mizeme zjistit
dalsi informace jako napf. tloustku materialu, objemy hmot, deformace a ty pak registrovat
a prezentovat rlznymi zpQsoby.

Ortofotosnimky €elby a vyrubu jsou v neposledni fadé nejen zakladem pro popis geologické
situace, ale predstavuji sou¢asné 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 uskute€nénd méfeni systémem DIBIT ukazuji stejné vyhody pro investora i doda-
vatele.

- Kontrola kvality vlastnich pracovnich skupin:

Systém umoziiuje stavbyvedoucimu detailné kontrolovat dodrzeni projektovaného profilu
provadéného kazdou pracovni skupinou. Vzhledem k jasné grafické prezentaci jsou okamzité
zfejmé nadvyruby zplsobené nepfesnym vrtdnim nebo nevhodnym téZebnim postupem.
Stejné tak muze byt kontrolovana poloha ulozeni vyztuznych ramd.

- Kontrola kvality stavebniho materilu:

Ur€eni odpadlého stfikaného betonu bylo doposud mozné jen pomoci drahych individualnich
a nejistych testd. Novy systtm umoZziuje jednoznacné exaktni uréeni objemu odpadlého
stiikaného betonu. To je velmi ddlezité a rozhodujici kritérium pro aktualni zmény smésného
vzorce receptury stfikaného betonu.

- Pfiprava préace:

Presnost a predevsim komplexni znalost skute€ného profilu poskytuji velmi kvalitni zaklady
pro planovani dalSiho postupu praci. VSechny nasledujici prace jako frézovani a pfiprava
izolaci proti vodé vyZzaduji detailni znalost oekavanych nakladl. To zajistuje pouziti nového
systému, ktery s dostate¢nou pfesnosti umoziiuje rozhodovat o personalnim nasazeni, frézo-
vacich pracich nebo umisténi a geometrii bednéni.

Vyhody pro investora jsou nasledujici:

- Objektivni zkousky kvality a provedeni:

Systém poskytuje Udaje, které umoziiuji objektivni kontrolu dodrzovani smluvné dodavatel-
skych vztah(. Skute¢na sila stiikaného betonu je zjisténa exaktnim zplsobem stejné jako
umisténi profilovych obloukl. Geologické struktury jsou piesné determinovany. Také Cas
snimkovani je registrovan a je soucasti dokumentace.

- NarGist mnozstvi informaci pro statiku tunelu:

V pfipadé specialnich problémd je nyni mozno pouzit informace o skutecné tloustce

lines of the distances to the nominal profile and by means of coloring. Thus the image and
the digital spatial model 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 shotcrete lining, or those immediately after the installation
of the shotcrete lining and those 5 or 10 days fater. Thus itis possible to depict the thickness
of the shotcrete of the deformations in a comprehensive and continuous 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 orthophotos of the excavation and the working face not only provide the basis for
a graphic depiction of the geology in the form ofas-built records, but also enable a complete
evaluation of the spatial orientation of geologically relevant lines and areas. The geologists
compass therefore does not have to be used directly on site 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 opportunity to check in detail 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 shotcrete rebound was so far only possible in vety costly individua!
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 great importance for the evaluation of changes in the mix formula or in the
system when applying shotcrete and therefore a crucial decision 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 trimming
works and preparation of waterproofing require detailed 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 scaffolding, geometry of shutter, etc.
The advantages 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 actual thickness of shotcrete is checked in a compre-
hensive manner, arches and face plates are discernible and their location determined exact-
ly. Geological overbreaks are measured exactlyand the volume determined. Also, the time of
recording is registered and is entered in the documentation of the shifts.

- Increased informative value of deliberations on tunnel statics:

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

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

The system provides comprehensive documentation of all excavation, shotcrete and in-situ
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 shotcrete lining and secondary lining, etc. and to depict them

Obr. 3 Analyza vysledk( s orthofototo snimkem, pfiénym profilem a numerickym vyhodnocenim
Fig. 3 Analysis module with orthophoto, cross-section and numerical resulting data
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stifkaného betonu jako zéakladni hodnoty pro statické vypocty. To je vyznamny pokrok ve
srovnani s dosud pouzivanymi postupy,

- Vysoce kvalitni vykresy skute¢ného provedeni ("prahledny’ tunel):

Systém poskytne komplexni dokumentaci vSech postupl razby, stfikaného i monolitického
betonu. Na stisk tlacitka mysi je mozné vyvolat vSechna data z jakékoliv €asti tunelu, at uz se
jedna o vyrub, primarni nebo sekundarni osténi, tloustku stiikaného betonu atd., a graficky je
znazornit. Snimky v digitdlnim tvaru tak nahrazuji dosud zavedeny systém vykres(
skutec¢ného provedeni. Informace o konstrukcich nebo instalacich v tunelu, které nejsou ve
snimcich zahrnuty, jsou v pfipadé dokumentace skute¢ného provedeni do nich dodatec¢né
integrovany. Souhrn vSech téchto dat je objektivnim podkladem pro vyhodnoceni
dodateénych pozadavkil dodavatele,

- Pokrok v geologické dokumentaci:

Prekreslené snimky Celby predstavuiji vysoce kvalitni dopliiujici informace pro geologa, ktery
zhotovuje dokumentaci in-situ. To je kvalitativni zlom v geologické dokumentaci.

Vyuziti celkovych vyhod pro investora a dodavatele, a tim i pro celou stavbu, bude optimalni
v pripadé, Ze aplikace tunelového skeneru bude specifikovana investorem a realizaci bude
povéren dodavatel.

5. MERENI V TUNELU MRAZOVKA

Firma Metrostav objednala zaméreni DIBIT jako kontrolu skute¢ného provedeni primarniho
osténi severni ¢asti zapadniho tunelu se zamérem ziskani podklad( pro dalsi prace. Veskeré
¢innosti v tunelu probihaly v koordinaci se stavbou. Méfeni celého 653 m dlouhého Useku
tunelu probé&hla b&éhem &tyF dnli a nasledné bylo digitalné vyhodnoceno asi 2000 m? povrchu
primarniho osténi.

Po porovnani vysledk( zaméfeni s projektovanym profilem byla urena mista zasahujici pod
projektem stanovenou hranici. Okraje oblasti osténi, které bylo nutno z diivod(i prekro&enych
toleranci na stavbé upravit, byly definovany soufadnicemi (y, x, z). Pomoci soufadnic, roz-
vinutych tunelovych pasti s barevné rozlisenymi odchylkami od projektovaného profilu
a pficnych fez( vyhotovenych pro kazdy cely tunelovy metr mohli geodeti dodavatele tato
mista v tunelu bez vétSich probléml vytygit.

Mista zasahuijici do profilu definitivniho osténi byla vyznacena v tunelu tak, aby obsluha frézy
mohla tyto oblasti zbrousit a pfipravit je pro pfipevnéni izolace.

Vysledky méfeni ziskaval dodavatel pribé&zné tak, aby je mohl okamzité vyuZit pfi pracich
v tunelu. Celkové trvalo vyhodnocovani vysledkd zaméfeni 653 m tunelu 14 dni.

Drive, nez dodavatel objednal zaméfeni osténi systémem DIBIT, probihala kontrola sku-
tecného stavu pristrojem Profiler 4000, kterym bylo zaméfeno osténi v Useku délky 25 m.
Vysledky méfeni se zaznamenavaly ve formé& odchylky od projektovaného tvaru sprejem
pfimo na lic osténi. Po provedeni méfeni stejného Useku tunelu systémem DIBIT doslo
k porovnani vysledki obou metod. Zjisténé rozdily nepresahovaly 10 mm.

6. ZAVER

Po padu Zelezné opony dolo pfi vystavhé tuneld v Cechach k relativng rychlému nasazeni
modernich stavebnich strojéi pouZivanych pfi razb& tuneld. Divodem je okamzity a hmatatel-
ny efekt v podobé zrychleni razby a zkvalitnéni provadénych praci. Otazka nasazeni nejmo-
dernéjsi technologie z oblasti méfeni a kontroly skute¢né provedenych praci byla dosud ne
zcela docenéna. Pfi méfeni souasného stavu primarniho osténi provadéného v tunelu
Mréazovka byla vyuzita pouze mald ¢ast moznosti pouziti systému DIBIT. Jeho plné vyuZziti
znamend komplexni nasazeni systému od zahdjeni razby az po ukoncéeni praci na defini-
tivnim osténi, DIBIT je modernim kontrolnim nastrojem pro vSechny zUcastnéné strany pfi
vystavbé tunell. Je to velice rychly a efektivni zplsob ziskavani pfesnych a ucelenych infor-
maci o tvaru a objemu tunelového télesa v jednotlivych etapach vystavby a urcit€ ma pfi
budovani tuneld velkou budoucnost.

optically. The digital image observation system thus replaces the current type of tunnel as-
built drawings. All as-built data not depicted on the CCD images of the support measures are
additionally integrated into these new as-built records of the tunnel. All data comprise an
objective basis for the evaluation of additional claims by the contractor.

- 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 Metrostav company ordered the DIBIT-based measurement as a checking on the actual
performance of the primary lining of the northern part of the western tunnel tube to serve as
a source document for following operations. All operations in the tunnel were conducted in
coordination with the sile management. The measurements of the whole 653 m-long tunnel
section were carried out within four days. Subsequently, an area of about 2000 m2 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 the design. Edges of the lining
areas, which had to be treated on the site due to crossed toterances, were defined by means
of coordinates (x, y, z). Contractor’s surveyors were able to set out 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 tunnel
section had been measured by the DIBIT system, the results 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 accelerated driving and improved quality of the operations. The issue of appli-
cation of the state-of-the-art equipment in the field of measurement and inspection of the
actually performed works has not been fully appreciated yet. A small portion only of the
potential of the DIBIT systém utilization has been exploited in the measurement of the exist-
ing state of primary lining on the Mrazovka tunnel. Its full exploitation 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 con-
struction. It is a very fast and efficient way of obtaining accurate and integral information on
the shape and volume of a tunnel body in the course of particular construction phases. Ithas
a great future in tunnel engineering.

Obr. 4 Interpretace vysledkd - rektifikovany, rozvinuty tunelovy pas - barevné odstupiovani vysek
Fig. 4 Interpretation of results - rectified, color-coded tunnel-layout
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TUNEL MONT BLANC DNES

MONTBLANC TUNNEL TODAY

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

V tunelu Mont Blanc se 24. bfezna 1999 stala jedna z nejvétSich dopravnich tragédii, kdy pfi
silném pozaru zahynulo 39 lidi, bylo zni€eno 24 nékladnich automobilli a osténi tunelu
v délce asi 900 metrd, lit. [1]. Pfes plvodni optimistické predpoklady o rychlé rekonstrukci
tunelu je tento stale zavien a vozy objizdéji vzdalenym tunelem Fréjus, ktery je extrémné
pretizen.

V pracovni skupiné Fesici tfilety projekt 'Rizika v silninich tunelech' Ministerstva dopravy
a spojd vznikl ndmét navstivit tunel Mt. Blanc jesté pred jeho otevienim. Po slozitém pdl-

rocnim vyjednavani hlavniho feSitele Eltodo, a. s., kde velmi_pomohl i sekretariat ITA/AITES,
se podarilo koncem ledna navstivit rekonstruovany tunel. Cleny tymu omezeného na osm

osob byli zastupci Metrostavu, Metroprojektu, Subterry, TSK, Eltoda, UDI a Fakulty dopravni
CVUT.

Prijeti zastupci investora bylo velmi pfatelské a bylo mozné detailné prohlédnout cely 11 600
metrd dlouhy tunel. V ¢lanku, ve kterém jsou pouzity podklady z lit. [2] - [5], jsou pfiblizena
nové prijatd bezpecnostni opatfeni a je komentovan stav rozpracovanosti, ktery byl jistym
prekvapenim zvlasté proto, Ze se predpoklada otevieni tunelu v zafi tohoto roku.

ORGANIZACNI ZAJISTENI REKONSTRUKCE

Francouzskou €ast tunelu spravuje polostatni akciovd spoleénost ATMB (La societé
Autoroutes et Tunnel du Mont Blanc) a italskou Cast akciova spole¢nost SITMB (Société
Italienne du Tunnel Mont Blanc). JelikoZz dvoji sprava vedla k neurcitosti v fizeni a byla i jed-
nou z pricin velkého rozsahu katastrofického pozaru, doslo ve vzdjemné shodé ke zfizeni
nadfazené nadnarodni fidici organizace. Touto organizaci je GEIE (Groupement Européen
dintéret économique du tunnel du Mont Blanc), ktera je fizena Fidici komisi tvofenou tfemi
fediteli, pficemz jeden z nich je vykonnym Feditelem, obr. 1.

Rekonstrukei tunelu fidi obé akciové spole¢nosti ATMB a SITMB, ale o vSech otazkéach
zabezpe&eni a bezpetnostnich systémd rozhoduje GEIE, coz vytvafi pfedpoklad zavedeni
jednotného a kompatibilniho bezpeénostniho systému.

Bliz§i seznameni se stavem praci a prezentaci projektu rekonstrukce tunelu provedli za
spole¢nost hlavniho inZenyra projektu SCETAROUTE - SPEA feditel projektu pan Laurent
Samma a za spolecnost hlavniho dodavatele francouzské ¢asti oprav BG pan Francois Xavier
Giugas.

Po pozaru v bfeznu 1999 a jeho nasledném vySetfeni, které ma mimochodem 1200 stran
soudnich spis{, dnes pfistupnych i na internetu, byla do ledna 2000 vytvofena koncepce
oprav a rekonstrukce a v nabidkovych fizenich vybrani inZzenyr projektu a dodavatelé. Plati,
Ze projekt je jednotny, ale italska a francouzska €ast je realizovana vzdy narodnimi konsorcii.
Dnesni pfedpoklad dokon&eni oprav a rekonstrukce je sice srpen - z&fi, ale podle shodného
odhadu Ucastnik( cesty je mozno oCekavat spie termin dokonceni na pfelomu leto$niho
a pristiho roku.

Obr. 1 Nové bezpeé€nostni organiza¢ni schéma
Fig. 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 reconstruction of the tunnel, it is still dosed and vehicles use bypass
through the distant tunnel of Fréjus, which is extremely overburdened.

Within the workgroup which is solving a three year projed "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 secretariat
helped a lot, it was finally possible to visit the reconstructed tunnel by the end of
this Januajy. Representatives of Metrostav, Metroprojekt, Subterra, TSK, Eltodo,
UDI and CVUT Faculty of Transportation were the eight members of the reduced
team.

Acceptance by the tunnel owner was very warm and it was possible to take a
detailed look at the entire 11600 m long tunnel. Within the article, where sources
from literature [2]-[5] are used, new safety measures are introduced and the condi-
tion of work is commented on, especially when this was a certain 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 et Tunnel du Mont Blanc) and the Italian one by
SITMB inc. (Societe Italienne du Tunnel Mont Blanc). Because the dual administra-
tion led to vagueness in management and thus was one of the causes of large extent
of the disastrous fire, after mutual agreement, a superior management organization
was established. This organization is GEIE (Groupement Européen dintéret
économique du tunnel Mont Blanc), which is controlled by a management committee
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
requirement for implementation of uniform and compatible safety system is
ensured.

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

After the fire in 1999 and its consequent investigation, which by the way has 1200
pages of court documents, today also accessible on the internet, until January
2000 a concept of repairs and reconstruction had been created and within a ten-
der, projed engineer and suppliers were seleded. Itis a fact that the projed is uni-
form, but both the French and Italian 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 exped the completion rather at the break of this and
next year.

Obr. 2 Ohenn kompletné znicil betonovou obezdivku
Fig. 2 The fire completely destroyed the concrete lining
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DUSLEDKY POZARU

Celkova bilance ztrat na zivotech v dlsledku 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 hodinach
a jeden ze Ctrnacti hasicll po pfevozu do nemocnice zemiel Pozar se podaiilo zlikvidovat az
za dva dny 26. bfezna po 16.00 hod. VétSina ztrat na Zivotech na francouzské strané byla
zplsobena udusenim koufem (s pfispénim pretlaku z italské strany) a naslednym upalenim.
Na italské strané vozidla jedouci pfed hoficim kamionem odjela bez poSkozeni a uvolnila
navratovou cestu protijedoucim vozidldm, jedoucim do Francie. | fidi¢ hoficiho kamionu pan
Gilbert Degrave se zachranil a mohl byt vyslychan pfi nasledném soudnim fizeni.

Pfi pozaru v uzavieném prostoru, podporovaném intenzivni ventilaci, dosahla teplota vyse
mnoho set stupiidl Celsia (az 1200 °C), coz dosvédEuje i skute€nost, ze do3lo k rozpadu
betonového zdiva tunelu az na skalu a ohnisko pozaru bylo dostupné po intenzivnim chlazenfi
az za vice nez 48 hodin.

PRICINY POZARU A ZiISKANE ZKUSENOSTI

Vlastni pfi¢ina pozaru nakladu na belgickém kamionu, tj. pro¢ zacaly horet jinak ne prili§
hoflavy margarin a mouka, naloZzené na korbé kamionu, nebyla ani soudné, ani expertné
dodnes prokazana, lit. [6], Nasledné vy3etfeni zbytkG kamionu nepfineslo zadné prikazné
vysledky vzhledem k jeho totalni devastaci pozarem.

Samovzniceni nakladu neslo racionalné zddvodnit, a tudiz Ize o ném vazné pochybovat.
Jeho vzniceni, napfiklad od hofici pneumatiky, nebylo mozné také prokazat. Rovnéz exper-
tizy odbornikli na nakladni automobilovou dopravu, véetné odbornikl vyrobce (VOLVO),
nepotvrdily pravdépodobnost této priciny.

Otazkou je i skutecnost, pro¢ kamion po zastaveni v odstavném vyklenku 21 okamzité cely
vzplanul a zda nemohl s doutnajicim pozarem na korb& dojet az na vyjezd z tunelu na italské
strané. Vzhledem k okamzitému vzplanuti kamionu nemohl fidi€ pouZzit hasici pfistroj na
palubé kamionu a zachranil si Zivot Gtékem na italskou stranu.

Cely vyvoj pozaru v silniénim tunelu Mont Blanc Ize uvést jako varovny pfipad fizeni hetero-
gennich systémd. V daném piipadé byla heterogennost systému dana hlavné dvojim nezavis-
lym fizenim zabezpecovacich zafizeni (z italské a z francouzské Fidici stanice) a navic pak
spontannim a nepfedvidatelnym chovanim Ggastnikl katastrofy. Vlastni rozsah katastrofy
v daném konkrétnim pfipadé byl vyvolan nékolika zasadnimi nedostatky, kterym je nutno do
budoucna zabranit:

1. Zvyseni dUsledk( katastrofy bylo bezpochyby zplisobeno nezavislym zasahem italského
dispecera vedoucim ke zvySeni vykonu ventilace z italské strany, které podpofilo rychlé
vzplanuti kamionu po zastaveni v odstavném vyklenku ¢. 21. Déle také zpUsobilo zakoureni
francouzské strany tunelu v Useku za hoficim kamionem, ve kterém byla uvéznéna vozidla
jedouci za kamionem. Jejich posadky se udusily (i na Gtéku) a pak nasledné uhofely. Zprava
expertd, lit. [7] na strané 159 a dalich, znovu konstatuje, Ze se jednalo o dva zcela nezavis-
1é Fidici systémy: jeden na francouzské a jeden na italské strané tunelu.

Zavér 1: Veskeré fidici a zabezpecovaci systémy musi byt fizeny a ovladany z jediného
centra.

2. Odstavné vyklenky neposkytovaly ochranu ani pred koufem, ani pfed zarem vzniklého
pozaru. Jiné Ukryty posadek v tunelu nebyly.

Zavér 2: Je nutno vybudovat bezpecné ochranné uUkryty a Unikové cesty pro posadky
uvéznénych vozidel v pfipadé havarie.

3. Tunel byl vybudovan jako obousmérny, coz znaéné komplikuje zachranné prace pfi havarii

operaci. Unikové chodniky umisténé po stranach podél vozovky v tunelu byly Siroké pouze

Obr. 3 Princip nové vybudovanych Gnikovych cest;

privod Cerstvého vzduchu - modre, odvod koure - Cervené
Fig. 3 The principle ofnewly 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 lItalian section) and conse-
quent burning. Within the Italian section, cars moving in front of the on-fire truck got
away with no damage and thus opened return way for cars in the opposite direc-
tion, going to France. Driver of the on-fire truck Mr. Gilbert Deigrave also survived
and could be consequently interrogated during the following lawsuit.

By fire in the pent area, supported by intensive ventilation, the temperature
reached several hundred Celsius degrees (even 1200). That is also evidenced by
the fact that the concrete tunnel lining was eroded up to the very rock and the 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 truck, i.e. why usually not very inflam-
mable margarine and flour, loaded in the back of the truck, caught on fire, has been
proved neither by court nor by experts until today., lit. [6]. Consequent investigation
of the truck 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 fire. In the same way, expertises of cargo transportation
professionals, including professionals of the producer (VOLVO), 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 Italian section. With regards to immediate flame up, the
driver could not use the fire extinguisher on board and instead saved his life by
running to the Italian section.

The entire fire progress in the Mont Blanc tunnei 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 lItalian controlling stations), but also by spontaneous and unpredictable behav-
ior of the disaster participants. The own extent of disaster was in this concrete case
caused by several basic imperfections, which have to be prevented in future ;

1. Increase of disaster 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 after 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' report, 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 Italian 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 two-way traffic and that significantly complicates
rescue works by accidents, with regards to vehicles in opposite direction, and
leads to complication or even impossibility of escape operations. Exit pavements,
located at sides along the tunnel road, were only 80 cm wide and the escaping
persons were, regarding to position of the air extraction openings, in smoked
area.

Conclusion 3: It is generally valid that it is necessary to build one-way road tunnels
with safety connections between the tubes. Two-way tunnels must be equipped
with ventilation tunnel or escape tunnel, which can be used as independent pedes-
trian way of escape in case of extensive accident (fire).

4. The tunnel was equipped with neither hydrants nor water reservoirs for fire extin-
guishing, therefore the blaze could have been tackled only using equipment
brought by the fire brigade vehicles (foam etc.) That proved as insufficient in case
of extensive fire in pent area, also with regards to the need of intensive cooling of
the fire vicinity, only that consequently enabled access to the fire center and its
containment.

Conclusion 4: Long road tunnels must be equipped with sufficient number of fire
hydrants, fed from emergency fire water reservoirs.

5. The tunnel was equipped with radio links with regards to the possibility of burn-
ing of telephone cables. That enabled signalization and phone connection of the
tunnels users from individual lay-by niches with the controlling centers even during
such an extensive fire.

Conclusion 5: Long road tunnels must be equipped with 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 tunnel was ventilated by a ventilating corridor beneath the road, using venti-
lation shafts located next to the escape pavements at the bottom tunnel side, with
regards to common location of car exhausts. That on one hand ventilates the
exhausted gases well, but on the other caused gathering of smoke at the tunnel
bottom, and thus increased the chance of tunnel users’ intoxication with fire
exhausts and complicated visibility and orientation in the tunnel.

Conclusion 6: Ventilation at road tunnels must be so designed, that beside the
common evacuation of exhaust gases, it would allow intensive extraction of smoke
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80 cm a unikajici osoby byly vzhledem k poloze odsavacich otvor(l v zakoufeném prostiedi.
Zavér 3: Obecné plati, Ze silni€ni tunely je nutno budovat jako jednosmérné s bezpecnost-
nimi prostupy mezi troubami. Obousmérné tunely musi byt vybavené ventilaénim tunelem
nebo Unikovym tunelem, pouZzitelnym jako nezavisla pési Unikova cesta v pfipadé rozsah-
1é havarie (poZzaru).

4. Tunel nebyl vybaven ani hydranty, ani zasobniky vody pro haSeni pozaru, takze pozar
mohl byt haSen pouze hasicimi prostfedky dovezenymi hasi¢skymi vozy (péna apod.). To se
ukézalo jako nedostate¢né v pripadé rozsahlého pozaru v uzavieném prostoru vzhledem
k potfebé intenzivniho chlazeni okoli pozaru, které teprve nasledné umozni pfistup k ohnisku
pozaru a jeho haseni.

Zavér 4. Dlouhé silni¢ni tunely musi byt vybaveny dostate€nym po&tem pozérnich hydrantd,
napajenych z pohotovostnich protipoZarnich vodnich nadrzi.

5. Tunel byl vybaven radiovymi pojitky s ohledem na moznost prohofeni telefonnich kabeld.
To umoznilo signalizaci a telefonni spojeni uzivatelli tunelu z jednotlivych odstavnych vy-
klenk( s fidicimi stiedisky i béhem tak rozsahlého pozaru.

Zavér 5: Dlouhé silniéni tunely musi byt vybaveny vhodnym komunikacnim prostfedim (bez-
dratova pojitka, telefonni spojeni), umoziujicim komunikaci z jednotlivych partii tunelu
s fidicim stfediskem tunelu v pfipadé havérii a pozar(i, bez nebezped&i prehoreni kabell.

6. Tunel byl odvétravan odvétravacim koridorem pod vozovkou pomoci ventilaénich Sachet,
umisténych vedle tnikovych chodnikl na spodni strané tunelu, s ohledem na b&zné umisténi
vyfukd u vozidel. To sice dobfe odvétrava vyfukové plyny, ale zplsobilo stahovani koufe k
podlaze tunelu, tim zvysilo moznost otravy uZzivateld tunelu zplodinami pozéru a ztizilo
viditelnost a orientaci v tunelu.

Zavér 6: Ventilace silnicnich tunelli musi byt projektovana tak, aby kromé& b&zného odsavani
vyfukovych zplodin umozZriovala intenzivni odsavani koure od stropu tunelu v pfipadé pozaru,
a tim trvale sniZovala zakoufeni spodni partie tunelu.

7. Tunel Mont Blanc nemél vlastni zachranou jednotku. Operatofi na obou koncich tunelu
(francouzské i italské) alarmovali mistni zachranné sbory, kazdy na svém Uzemi, ¢imz
dochazelo ke zpozdéni zahajeni zachrannych praci.

Zavér 7: Operatofi dlouhych silnicnich tunelli musi mit pod pfimym velenim zachranné

Obr. 4 Podélné schéma ventilace (teCkované-odvod vzduchu)
Fig. 4 Longitudinal scheme of ventilation (dotted line - air evacuation)

Obr. 6 Pohled na radialni ventilatory ve strojovné vzduchotechniky
Fig. 6 View ofradial 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 safety measures. First step to 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 all works in the tunnel;

- Preparation and training of personnel.

The second step to unification of tunnel management was a creation of French-
Italian 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

Obr. 5 PFi¢ny fez ventilatnim systémem
Fig. 5 Cross section ofthe ventilation system

Obr. 7 Schéma pfidavnych ventilatorQi, které v pfipadé& nutnosti
posiluji odvod znecisténého vzduchu

Fig. 7 Scheme of aditional fans boosting the polluted air exctraction
in case of a necessity



-

s 10. ROCNIK, &. 3/2001

druzstvo umisténé v tunelu a vybavené specialnim zachrannym vozidlem, umoziiujicim prvni
pomoc pfi havérii v tunelu, tj. jak prvni zésah pfi haSeni, tak prvni pomoc ranénym
a zachranu ohrozenych posadek jesté pfed pfijezdem pfivolanych obecnych zachrannych

sbord.

ZAKLADNI BEZPECNOSTNI OPATRENI

Ziskané zkuSenosti byly rozpracovany do konkrétnich bezpecnostnich opatfeni. Prvnim

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

tj. zfizeni nadnarodni organizace GEIE, ktera v rdmci rekonstrukce tunelu zajiStuje zejména

nasledujici ¢innost:

- dozor nad vSemi pracemi provadénymi konsorcii ATMB a SITMB

- zajisténi prejimek vSech praci v tunelu,

- pfipravu a vycvik personalu.

Druhym krokem k unifikaci fizeni tunelu bylo ustaveni francouzsko-italské mezivladni komise

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

plsobici na vladni drovni odstrariuje pfipadné spory vzniklé hajenim regionalnich zajmi jed-

notlivych akciovych spole¢nosti ATMB a SITMB, které nemdze fesit GEIE. Vladni smérnice

Fidici praci CIG zohlediuje pfedevsim nasleduijici tfi zasady bezpecnosti:

- odvedeni ohroZzenych osob do bezpecného prostfedi a jejich co nejrychlejsi evakuaci,

- rychla aktivace zachrannych slozek,

- integrace bezpecnostnich prostiedkd.

Pri¢inou velkého mnoZstvi lidskych obéti pfi vySe zmirfiované nehodé byla neexistence

Unikovych prostor z tunelu. Nouzové Ukryty, které zde byly, se bohuzel ukazaly jako neugin-

né. Protoze pod vozovkou vedou vétraci kandly, byly do nich, v rdmci rekonstrukce, reali-

zovany nouzové vstupy z tunelu. Jednim z prostiednich vzduchovych kanald mdze projizdét

speciélni vozidlo hasi¢ského sboru (n&co na zplisob diini lokomotivy) s pfepravni kapacitou

asi 40 osob.

Dal3i opatieni se tykaji dopravnich a zabezpe&ovacich systéma:

Odstupy vozidel: ProtoZe je tento tunel obousmérny, coz pfinasi znacné zvySeni rizik pfi

provozu, bude do tunelu zamontovan elektronicky systém dohlizejici na dostate¢nou vzajem-

nou vzdalenost vozidel, kterd byla stanovena na min. 150 m. Toto opatfeni platilo i pred

havaérii, proto bude pouzit elektronicky systém. Stanice tohoto elektronického systému budou

od sebe vzdaleny 600 m a maji vystupy na informacéni systém v tunelu (upozornéni fidice)

i na pracovisté dopravnich dispecer (i policie).

Omezeni rychlosti: V tunelu je snizena maximalni rychlost vozidel z 80 km/hod na 70 km/hod

minimalni rychlost 50 km/hod.

Nebezpeény néaklad: Vozidla s nebezpecnym néakladem maji zakazan vjezd do tunelu.

Néakladni vozidla, u kterych vznikne podezieni na prevazeni nebezpe¢ného nakladu, budou

pred vjezdem do tunelu odstavena a kontrolovana.

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

Italsk& strana tunelu bude vybavena kontrolnim Fidicim stfediskem.

Informaéni systém: Vzdy po 600 m budou v tunelu osazeny informaéni tabule a svételna sig-

nalizace pro zastaveni provozu. Ta bude doplnéna, pro dosazeni jistoty zastaveni, mecha-

nickou vertikalni zavorou.

Unikové vychody: Plvodnich 24 Gnikovych prostor, budovanych zejména pro piipad vzniku

pozaru, je dopliiovano na novy celkovy pocet 46. VSechny Unikové prostory jsou rozsifovany

0 schodisté pro p&si komunikaci z tunelu do vétracich kanalll s Gerstvym vzduchem,

umisténych pod Grovni vozovky, obr. 3. Vétraci kandly maji vysku asi 2 m a umoZziiuji dojit

k portalim tunelu. Nejvétsi vzdalenost z libovolného mista v tunelu k tnikovému schodisti je

asi 125 m.

Detekce koufe: Kromé liniové detekce poZaru a opacitometrl pro detekci koufe bude

dlilezitym prvkem detekce koufe systém videokamer, které by mély byt vybaveny elektro-

nickym systémem pro identifikaci koure.

Oblozeni tunelu: Vnitini povrch tunelu bude v celé délce vystrojen protipozarnim obkladem.

Bezpecnostni sluzba: Uprostfed tunelu bude nové vybudovana mistnost pretlakové vétrana

a klimatizovana, kde bude celodenné sluzba zachranného tymu a budou zde i pfislusné

vybavena vozidla. Rovn&z u obou portalli budou trvale zachranné tymy pro pfipad nehody

nebo pozaru vozidla.

Vétrani tunelu: Vétrani tunelu ma zékladni vyznam pro zajisténi pfiméfené bezpecnosti.

V dal$im textu jsou shrnuty nové zasady a detailnéjSimu popisu je vénovana nasleduijici kapi-

tola:

- koncepce vétrani s pomoci vétracich kanall pod urovni vozovky zlstava beze zmény;

- centralné fizené klapky budou pfivadét Cerstvy vzduch z kanalu pod vozovkou po celé
délce tunelu s odstupem 10 m;

- pohyb vzduchu v tunelu bude mozno upravovat pomoci 76 nové instalovanych ventilatord
zavéSenych pod klenbou tunelu;

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

Obr. 8 Unikovy vychod na italské stran& je pred dokon&enim
Fig. 8 Emergency exit at the Italian section is before completion

human casualties in the aforementioned accident. Emergency shelters that were
present unfortunately proved as ineffective. Because ventilation canals are con-
ducted beneath the road, within the frame of reconstruction, emergency tunnel
exits were realized into those. Through one of the central air canals, a special fire
brigade vehicle with the capacity of app. 40 persons can move (something like
mine locomotive).

Further measures concern traffic and safety systems:

Vehicle distances: Because the tunnel is of a double-way design, thus significantly
increasing the risks by operation, an electronic system supervising the sufficient
mutual distance between vehicles, which had been set as minimum of 150 m, will
be built in. This measure had been valid even before the accident, and therefore
the electronic system will be utilized. Stations of this electronic system will be 600
m away from each other and will have outputs to the information system in the tun-
nel (drivers’ warning) as well as to workplaces of traffic 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.

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

Controlling center: Operation in the entire tunnel will be controlled from the main
controlling center in Chamonix. Italian 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: Preliminary the number of exits, constructed especially for the case
of fire, have been increased from 24 to the total of 46. All exit areas are being
enlarged with staircase for pedestrian connection between the tunnel and ventila-
tion tunnels with fresh air, fig. 3. Ventilation canals are app. 2 m high and allow to
get to the tunnel portals. The largest distance from any place within the tunnel to an
exit staircase is app. 125 m.

Smoke detection: Beside the line detection of fire and opacitometers for smoke
detection, a set of cameras, which should be equipped with electronic system for
smoke detection, will be an important detection element.

Tunnel cladding: Inner tunnel surface will be along the entire length equipped with
fireproof cladding.

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 team, also with accordingly equipped vehicles. In the same way, rescue
teams for cases of accident or vehicle fire are located permanently by both por-
tals.

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

- Concept 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
top 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
entrance, new ventilation stations, providing for evacuation of majority of contami-
nated winds away from the portal, are constructed.

VENTILATION SYSTEMS

Obr. 9 V 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
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300 m) vétraci kandly z vrcholu klenby do kanalu odvodu vzduchu pod Grovni vozovky s ovla-
danim prachodu vzduchu v kazdém jednotlivém kanalu centralné fizenou klapkou. Pfed-
poklada se vyuziti hlavné pfi pozaru;

- v tunelové trase budou vybudovany 4 nové pomocné ventilatory s dalkové fizenymi klap-
kami;

- na obou vstupnich portalech jsou vzdy ve vzdalenosti 100 m od vstupu do tunelu nové
vybudované vétraci stanice zabezpedujici odvedeni vétsiny kontaminovanych vétri od
portalu.

CONCLUSION

The visit took place thanks to long-term preparation and to ITA/AITES vice-presi-
dent Mr. Vuilleumier with contribution of the CTuC Secretary Mr. Matzner. Our gra-
titude also belongs to 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.
803/110/105 'Analysis and management of risks in road tunnels' and will be dis-
cussed within the frame of national workgroup 'Safety in road tunnels'. However,
already today it is possible to adopt an unanimous conclusion : beside the techno-
logical solution of the tunnel, it is also essential to devote maximum attention to
management as well as personnel training. These principles are present in the pre-
pared technical conditions for operation, administration and maintenance of tun-
nels at ground communications.
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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 zelezni¢ni
dopravé, zasobovani vodou, vyrobé elektrické energie a také vojenskym
uceldim.

Soucasny rozmach vystavby silni¢nich a pfedevsim Zzelezni¢nich tuneld vSak
prekonava vse, co bylo v tunelovém stavitelstvi ve Svycarsku v minulosti
vykonano. Podle udaji uvedenych v oficialnim Casopise ITA/AITES Tribune
z Unora 2001, se nyni ve Svycarsku stavi 10 Zelezni€nich a 36 silni€nich
tunell; dohromady tedy 47 tunelll o celkové délce 178 400 m. A to nejsou
v tomto poctu zahrnuty pomocné a pristupové tunely! .

Dlvody pro tyto stavby nejsou jen ekologické, ale také politické. Svycarsko
se jimi jesté tésnéji zapojuje do evropské dopravni sité a postupné nabidne
kapacitng&jsi a efektivnéjsi spojeni statd Evropské unie ve sméru sever - jih
a obracené. Rozmach je tak veliky, Ze vlastni kapacity Svycarskych firem
nestaci a pro realizaci projektd a jejich €asti jsou vytvarena sdruzeni s Gcasti
zahrani€nich tunelarskych firem.

Velké silniéni tunely jsou na jiznim dalniénim obchvatu Curychu a na prdtahu
dalnice Basileji. Zcela mimoradnym dilem je spole¢na investice nékterych
evropskych statl - vystavba zafizeni pro vyzkum zakladnich &astic hmoty,
ktera je asi nejvétsim svétovym tunelarskym projektem soucasnosti.

Zeleznicni tunely

Z velkych Zzelezniéni tuneld mdzeme jmenovat tunel Thaiwil na nové trase
vychazejici jiznim smérem z Curychu, ale jadrem tunelarskych aktivit jsou
tunely podchazejici hlavni alpsky masiv. Jde o dvé vysokorychlostni
Zelezni¢ni trasy zahrnujici Sest velkych tunelll, z nichz nejvétsi jsou: tunel
pod svatogothardskym prasmykem (je dokonce o né&kolik kilometrl delsi nez
tunel pod kanalem La Manche) a tunel Lotschberg. Vystavba obou tras si
podle dnesnich predpokladl vyzada prostiedky ve vysi 14 miliard 3Svy-
carskych frankd. Je to prvni ¢ast ze 30 miliard, které referendum v listopadu
1998 odsouhlasilo na rozvoj dopravni infrastruktury.

Zapadnéjsi trasa, ktera zahrnuje tunel Lotschberg, vyuzije existujici simplon-
sky tunel a propoji Francii a zapadni cast Némecka pres Basilej, Bern a udoli
Rhony s Italii, kde bude sméfovat na Milan. VychodnéjsSi gothardska trasa
propoji opét Milan pres Curych se stfednim a vychodnim Némeckem. Tuto
trasu budou pouzivat, mimo jiné, viaky typu TGV.

Oba projekty, které zahrnuji gothardsky tunel a tunel Lotschberg, jiz vstupu-
ji postupné do tadze plné realizace. Jsou vybudovana zafizeni stavenist
provadéji se pripravné prace a montuji se nebo jsou vyrabény razici stroje
pro razbu hlavnich tuneld.

Oba hlavni tunely jsou vedeny pod stavajicimi zelezniénimi trasami. Ty
obtizn& stoupaji po horskych uUboc&ich, a to i pomoci kratSich tuneld
(vyrazenych i ve spirale), pod horské prismyky, do vysky, ze které bylo
mozno razit vrcholové tunely. Délka vrcholovych tuneld musela byt pfijatelna
pro technologie a vybaveni, které meéli k dispozici pfedchddci dnesnich
tunelard zacatkem minulého stoleti. Staré trasy z téchto dfvodd neumozinuji
vysS§i rychlosti, a tim i moznost podstatné zvysit jejich prepravni kapacitu.
Hlavni tunely na obou trasach budou tvofeny dvojici jednokolejnych tuneld,
a to predevidim z bezpe&nostnich divodd. Budou vzajemné propojeny
v pravidelnych vzdalenostech (u tunelu Lotschberg bude propoj kazdych
325 m) a v pripadé mimoradné udalosti v jednom tunelu poslouzi druhy jako
unikova cesta. Ve stfedni Casti se vyrazi bo€ni tunely, na které se napoji
vétraci vrty pro odvod tepla a koure v pfipadé poZzaru.

Pomocné stavby pro razbu hlavnich tunell

Hlavni tunely jsou zcela mimofadna dila rozsahem i problémy, které jsou
spojeny s jejich realizaci. To vyvolava i znaEné velky rozsah pfipravnych
staveb nejen z hlediska zafizeni jednotlivych stavenist a komunikaénich pfi-
stupd k nim. Jde pfedeviim o pomocné stavby, které maji zajistit moznost
otevieni dalSich &eleb pro razbu hlavnich tunell, které z technickych
i Casovych dlvodi nelze razit pouze od koncovych portald. Tato dila - vétsi-
nou bocéni pfistupové tunely nebo tunely pro dopravu rubaniny a v jednom
pfipadé i hluboka Sachta - jsou sama o sobé velka a slozita tunelarska dila.

Na né zamérfime dale svoji pozornost.

Tunel Lotschberg

Tunel Lotschberg bude 34,6 km dlouhy a termin zahajeni provozu se pred-
poklada v roce 2006. V té dob& budou z bezpe&nostnich dvodl, uve-
denych vysSe, vyrazeny z vétsSi Casti oba tunely. Zapadni tunel nebude
pfedevsim z finanénich ddvodd vyrazen v celé délce a ani cela vyrazena
C¢ast nebude vybavena pro provoz. Uvazuje se, Ze v Useku délky 14 km za
boénim pristupem Ferden nebude provedeno kolejisté a dalsi provozni
zafizeni. Vlaky jedouci z jihu zapadnim tunelem musi prejet vybudovanym
kfizenim u Ferdenu do vychodniho tunelu, ktery bude dal provozovan jako
jednokolejna trat. RaZba zapadniho tunelu bude ukon€ena u boé&niho pfi-
stupu Mitholz. Od tohoto mista az k severnimu portalu Frutigen poslouzi jako
unikova cesta prazkumny tunel, ktery byl vyrazen v poloving devadesatych
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 transportation, water supply, production of electrical
energy as well as military purposes.

Current boom of construction of road and especially railroad tunnels, however,
overcomes everything that 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, Switzerland integrates itself even more tightly into 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 and/or their parts, joint ventures with participation 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 Thaiwil tunnel on the new track, com-
ing southern direction from Zurich, but the core of tunneling activities are tunnels
underpassing the main Alpine massif. There are two high-speed railroad lines,
including six large tunnels, from which the largest are : tunnel underneath the St.
Gotthard pass (it is even few km longer than the tunnel underneath the La Manche
channel) and the Lotschberg tunnel. Construction of both tracks will according to
current estimations demand the means of 14 bill. Swiss Franks. It is the first part of
the 30 bll., which the November 1993 referendum approved for development of
transportation infrastructure.

The western route, which includes the Lotschberg 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 towards
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 trains.

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 summit tunnels had to 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 to significantly increase their cargo
capacity.

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

Auxiliary structures for excavation of the main tunnels

The main tunnels are entirely extraordinary works by extent as well as problems,
which are linked to their realization. That also evokes a significantly large range
of auxiliary structures, not only from the perspective of facilities for the individual
construction sites and accesses roads to them. It deals mostly with those, which
are to ensure the possibility of opening other headings for excavation of the main
tunnels, which from technical as well as time reasons cannot be driven only from
the portals at the ends. These works - mostly side access tunnels or tunnels for
mucking out and in one case even a deep shaft - are by themselves large and
complex tunneling works. On those we will further focus our attention.

Lotschberg tunnel

The Lotschberg tunnel will be 34.6 km long and the date of commencement of
operation is estimated in 2006. By that time from the aforementioned safety rea-
sons, excavation of both tunnels will have been completed from larger part. The
western tunnel will not especially from financial reasons be excavated entirely
and not even the entire excavated part will be equipped for operation. It is con-
sidered that in the 14 km long section after the side access Feldern, rails will not
be laid as well as other operational equipment not realized. Trains coming from
south with the western tunnel have to go through constructed intersection into 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 Létschberg

Plvodni tunel se stavél 10 let a vystavba nového tunelu by i s pouZitim
dnesnich vykonnych technologii trvala pfili§ dlouho. Proto bude trasa
rozdélena na Ctyfi hlavni zakazky, které vyuziji tfi bo€ni pfistupové tunely -
Mitholz (jeho délka je 1,4 km), Ferden a Steg (viz obr. 1).

PFistupovy tunel Mitholz

Razba hlavni trasy z bo¢niho pfistupu Mitholz zahrnuje razbu délky 8,7 km
jiznim smérem (dva tunely) a 7,4 km severnim smérem (jeden tunel).
Soubézné vedeny prizkumny tunel, realizovany v devadesatych letech min-
ulého stoleti, ukazal, Ze v této Casti, kde trasa podchazi nizsi pohofi Wildhorn
Nappe, nebudou geotechnické podminky pfili§ nepfiznivé. ObtiZe vyplyvajici
z flySového vyvoje sedimentarnich hornin masivu se vSak daji ocekavat.
Problémem mohou byt i pfitoky podzemni vody do dila, i kdyz prlzkumny
tunel ukazal, Ze budou nizsi, nez se ocekavalo. Investor AlpTransit vybral pro
tuto C€ast razbu pomoci trhacich praci a predpoklada denni postup 20 m.
Razba pomoci TBM byla vyhodnocena jako pfili§ riskantni.

PFistupovy tunel Ferden

Do mista na hlavni trase ve vzdalenosti asi 12 km severné od jizniho portalu
Raron v Udoli feky Rhony byl jiz proveden smérem od Ferdenu 4,2 km dlouhy
pristupovy tunel. Odtud bude zahajena razba 6,6 km severnim smérem a 1,5
km jiZnim smérem. Podminky pro razby v masivu Aar, ktery je tvoren vétsi-
nou Zulou, déale granodioritem a rulou, budou zfejmé pfiznivé. Vzhledem
k hloubce pod povrchem bude problém s teplotou horniny kolem 30 °C, ke
které je nutno pfipoCist teplo produkované motory raziciho stroje. To si
vyzada intenzivni chlazeni a ventilaci.

PFistupovy tunel Steg

Z jihu od Stegu se razi spojovaci tunel, ktery je dlouhy 3,1 km a ma stejny
razeny profil 9,1 m jako hlavni tunely. Pro montadZ raziciho stroje byla kla-
sickou metodou pomoci trhavin a s osténim ze stfikaného betonu pfipravena
60 m dlouhd montazni komora, ze které provadi firma Herrenknecht zkuseb-
ni razbu 100 m dlouhou. Stroj dlouhy 140 m ma novou koncepci. Jiz 4,2 m za
Celem Fezné hlavy, ktera vazi 180 t v€etné deseti vodou chlazenych 400 kW
motorll, jsou dvé vrtné soupravy Tamrock pro kotveni horniny. Pomoci
kruhové vodici drahy jsou schopné vrtat ve vSech smérech. Pak teprve
nasleduji dvé mohutné rozpérné desky zajistujici stabilizaci stroje. DalSimi
mechanizmy Ize jiz v tomto prostoru osazovat sit€ i vyztuzné oblouky
a provadét stiikany beton. Rezna hlava je osazena 70 ks feznych nastroj
v€etné 6 obvodovych a predpoklada se, ze velikost tlomkd rubaniny bude
az 300 mm.

Z mista, kde pfistupovy tunel protne trasu hlavnich tuneld, se bude provadét
dvojita razba v hlavni trase - severné 5,3 km a 2,5 km jizné. Ocekava se, ze
vétSina razeb probéhne v relativné velmi dobré horniné. Problémem bude
vyskyt odpryskl vzhledem k vysoké napjatosti horninového masivu (nadlozi
tuneld je az 1 800 m).

Obr. 1 Schematické znazornéni tunelu Létschberg
Fig. 1 Schematic sketch of the Lotschberg tunnel

Auxiliary structures for the Létschberg tunnel

The original tunnel was built 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 track will be divided into 4 main contracts, 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
century, showed that within this section, where the track 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 excavation 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 into a spot on the main track app. 12 km away from the southern portal of
Raron in the 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 to 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 motors. This will require intensive cooling as well as ventilation.

Access tunnel Steg

South of Steg there is a connecting tunnel being driven, which is 3.1 km long and
has the same excavated 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 Herrenknecht realizes a 100 m long trial excavation, was prepared
using the conventional drill+blast method and shotcrete lining. The 140 m long
machine has a new concept. Already 4.2 m behind the cutterhead, which weights
180 tons including 10 water-cooled 400 kW motors, there are two boring sets
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, it is already possible with-
in this space to install welded mesh and steel arches as well as to apply shot-
crete. The cutterhead is equipped with 70 pieces of cutting tools including six
peripheral and it is estimated that the size of cuttings will be up to 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 that 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 massif (the tunnels' overburden
reaches 1800 m)

Obr. 2 Schématické znazornéni tunelu Gotthard
Fig. 2 Schematic sketch ofthe Gotthard tunnel
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Pro vétrani je pouzito v celé délce potrubi o prdméru 2,5 m, aby se zajistila
v pracovnim prostoru lidi teplota maximalné 28 °C v souladu se Svycarskymi
predpisy. Chladici voda pfivadéna z feky Rhony ma nastésti teplotu pouze
7 °C.

Jizni portal Raron

U dvojitého jizniho portdlu Raron je uddoli Rhony velmi Uzké a obtizné
umoziuje vytvofeni montazni plochy pro razici stroj. Prakticky od brehu
Rhony se prudce vzty€uji horské svahy, které pro pfipravu portalu musely
byt zajistény kotvami. Pro pfistup na stavenisté se postavi mosty, z nichz
jeden bude slouzit i pro dopravni pas pro dopravu rubaniny k vlecce.
Rubanina, obdobné jako na stavenisti u Stegu, je majetkem investora
a podle jeho dispozic bude uréena k odvozu po Zeleznici nebo do nasypl
a eventualn& k Upravé na kamenivo pro betonové osténi tuneld.

Gotthardska trasa

Gotthardsky projekt je mnohem vétsSi nez projekt zahrnujici tunel Létschberg.
Bude jisté také obtizné&jsi i s ohledem na vétSi hloubku hlavniho tunelu
a vyssi teplotu v ném. Cela trasa z Curychu do Lugana je dlouha pfiblizné
100 km a zahrnuje 5 hlavnich tuneld, ke kterym patii pfedevsim 57 km dlouhy
tunel pod svatogotthardskym pridsmykem, 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 pridsmykem za¢ind na severu portalem
u Erstfeldu blizko lucernského jezera a koné&i na jihu portdlem u Bodia.
Dvojice tunell se v pravidelnych vzdalenostech z bezpe&nostnich ddavodd
propoji pricnymi tunely. Severni ¢ast bude razena v podobnych horninach
jako tunel Lotschberg, avSak Zuly centralniho gotthardského masivu budou
tvrdSi. Na jihu je dlouhy uUsek v rulach, které jsou také vhodné pro razbu ra-
zicimi stroji. Strojd bude nasazeno v obdobi hlavnich razeb nejméné osm.
Trasa vSak prochazi i mnohem hor§imi horninami. Navic v hloubkach az
2200 m bude teplota skalniho masivu dosahovat 45 °C a jeho napjatost se
projevi Castymi odprysky. Problém chlazeni, ventilace i odpryskd bude jesté
vaznéjsi nez u tunelu Loétschberg.

Z UuUsekll se Spatnymi geotechnickymi podminkami byla nejvice znama
a diskutovana tzv. Piora Mulde. Pruh na jemny prach rozdrcené dolomitické
skaly, navic zvodnélé, Sitky 300 m, vyvolaval velké obavy. Ty se potvrdily, co
do vlastnosti tohoto materidlu, pfi razbé prizkumného tunelu. Kdyz byl pod
velkym tlakem uzavieny zvodnély prach zastizen vrty z Eelby prizkumného
tunelu, zaplavil bily jemné piScity az prachovity material stroje v tunelu
a trvalo dva mésice, nez byly znovu vyprostény.

Nastésti se Sikmymi vrty, vedenymi z prizkumného tunelu do uarovné
hlavniho tunelu, ktery lezi 300 m hloubé&ji, prokazalo, ze zvodnély prachovity
material se v této Urovni jiz nevyskytuje. To znamenda, Zze se nemusi provadét
nakladné injektazni prace pro zajisténi priichodu pfes tuto poruchu.

Podle dnesnich znalosti bude nejobtizn&jSim Usekem razba v ¢asti masivu
Tavetsch, ktery je vzdaleny 20 km od severniho portalu. Jde o Usek dlouhy
6,7 km, z néhoz minimalné 4 km budou razeny v dosti mékkych a po-
ruSenych horninach Useku mezi masivem Tavetsch a gotthardskym
masivem, kde se prochazeji sedimenty, které zahrnuji dolomity, bfidlice, fyl-
ity a mozna také anhydrit. Hornina je silné poruSena, misty az na Stérk.
Pravdépodobné& bude zvodnéla a vodni horizont mize byt propojen aZz na
povrch, ktery je o 2000 m vySe.

Ocekava se mimoradna tlaivost masivu, a proto bude z Némecka dodana
teleskopicka ocelova obloukova vyztuz, kterd se pouZziva v dolech. Razeny
profil se oproti projektovanému priméru 9,5 m zvétsi o 4 m a teleskopicka
vyztuz musi tento rozdil zvladnout. VyztuZz bude osazovana po 0,33 m. V né-
kterych Usecich se vyrub bude zabezpecCovat i velkym mnozstvim svornikd
a kotev, predpoklada se jejich celkova délka az 400 m na 1 m délky tunelu.
Prekonani tohoto Useku bude vyZzadovat mimorfadna opatfeni a velmi opa-
trnou konvenéni razbu. Musi se ale pocitat i s pouZitim trhavin. Investor,
AlpTransit Gotthard AG (cozZ je jind soukroma spole¢nost, nez je investorska
akciova spolecnost zajiStujici vystavbu tunelu Lotschberg), povaZuje tento
Usek za kriticky pro vystavbu tunell. Jeho prorazeni bude trvat déle nez
vétSina ostatnich hlavnich raZzeb a bude to také Usek s nejvy$8imi naklady na
meérnou jednotku.

Pomocné stavby pro razbu hlavnich tuneld

Podobné jako u tunelu Loétschberg bude i pro razbu gotthardského tunelu
vyuzito nékolik bo&nich pfistupovych tunelll a navic jedna hluboka 3achta
(Sedrun) pro umoznéni soubézné razby na vice celbach. U obce Amsteg, asi
7 km od severniho konce hlavniho tunelu, je ve stavbé jeden z téchto pfi-
stupovych tuneldl a dal3i se razi u obce Faido pobliz jizniho konce. U jizniho
portalu se realizuje tunel, ktery obchazi Usek nezpevnéné skalni suté, aby
bylo moZno zahdjit hlavni razbu v pevné skale bez zdrzeni (viz obr. 2).

Jak pristupové tunely, tak Sachta Sedrun jsou samy o sobé velka dila, avSak
jedna se vlastné o pripravné prace. Hlavni razby budou provadény ze se-
verniho portalu u Erstfeldu, pomoci pfistupovych dé Amsteg, Sedrun
a Faido, z obchvatového tunelu u jizniho portalu a z jizniho portalu Bodio.

Pfistupovy tunel u Amstegu )

Maléa vesnice Amsteg lezi v izkém Gdoli obklopeném vysokymi horami. Udoli se
sem rozprostird az od lucernského jezera. Odtud jiz prudce stoupala hluboce
zafiznutou soutéskou staré cesta na prlsmyk sv. Gottharda. Pfes sout&sku byl
ve 12 stoleti postaven tzv. Dabllv most, ktery umoznil prdjezdnost cesty.

Ze stavenisté oddéleného od Amstegu dalnici se pomoci trhacich praci razi
1 800 m dlouhy pfistupovy tunel o ploSe vyrubu 60 m2 vyska tunelu je 7,8 m.
Pouziva se tekutad vybusnina a pri tfech az péti odpalech za den se dosahu-
je postupl 10 az 15 m/den. Jedinou obtiznou &asti je Usek u portalu, ktery
lezi 40 m pod silné pouzZivanou Zelezni¢ni trati, jeZ zde prudce stoupa po
svazich nad udolim. Opérné zdi Zeleznice jsou zaloZzeny na rozvolnéném
materialu, a proto byly obavy z G¢inkd trhacich praci.

Aby se snizila hlu¢nost na stavenisti, drti se rubanina jesté v tunelu a pak se
ven dopravuje pomoci pasového dopravniku. AZ se bude zpracovavat 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 regulations. 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 to be secured
with anchors, 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 property of the
investor and according to his dispositions it will be determined for disposal by
railroad or into embankments or eventually for treatment into aggregates for con-
crete lining of the tunnels.

Gotthard track

The Gotthard project is by far larger than the projed of the Létschberg tunnel. It
will certainly be more complicated, also with regards to larger 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 tunnel
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
northern end of the line by Zurich. The line will be put into operation 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 a long
section of gneisses in south, which are also suitable for excavation using driving
machines. Within the period of main excavations, there will be at least eight
machines deployed. Nevertheless, the track 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 geotechnicai 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 excavation
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 material 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 extraordinary pressure of the massif is expected and therefore there will be
telescopic steel arch supports, 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 Létschberg tunnel con-
struction), considers this section critical for tunnel’s construction. Its excavation
will last longer than majority of other main excavations and it will also be the sec-
tion with highest expenses per measurable unit.

Auxiliary structures for excavation of the main tunnels

Similarly as by the Létschberg tunnel, also at the excavation of the Gotthard tun-
nel several side access tunnels will be used. Moreover, one deep shaft (Sedrun)
will enable simultaneous excavations at more headings. By the village of Amsteg,
app 7 km away from the northern end of main tunnel, one of these access tunnels
is under construction. Other is being driven near the village of Faido by the
southern end. A tunnel is being realized by the southern portal, which bypasses
the loose rock debris, so that excavation in solid rock would begin without delay
(see fig. 2).

Both the access tunnels and the Sedrun shaft are significant constructions by
themselves, but they are merely preparatory works. Excavations will be realized
irom the northern portal of Erstfeld, with the help of access works of Amsteg,
Faido and Sedrun, from the bypass tunnel by southern portal and from the south-
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 to the pass of St. Gotthard. So-called
Devil’s bridge was built over the pass in 12th century, which allowed passage of
the way.

From the construction yard separated from Amsteg by a highway, using the
drill+blast technique, an 1800 m long access tunnel with the excavated cross sec-
tion of 60 m2 is being driven, tunnel height is 7,8 m. A liquid explosive is used and
with 3 to 5 blasts a day, a daily advance 10-15 m is reached. Section by the portal
is the only complicated part, which lies 40 m beneath a heavily used railroad,
which here steeply ascends along the slopes above the valley. Retaining walls of
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na z razby hlavniho tunelu, budou dnes pouzivané mechanizmy nahrazeny
vykonné&jSimi s automatizovanym provozem. Vytfidéné kamenivo se pouzije
pro vyrobu betonu a jeho prebytky se odvezou po Zeleznici. Nepouzitelné
zbytky po tfidéni budou odvezeny a uloZzeny do lucernského jezera. Neni to
neekologické feSeni, protoze se tak zaplni hluboké prostory po mnohaleté
téZbé Stérku z jezera a obnovi se mél€iny vhodné pro tfeni ryb.

Pomocné tunely u jizniho portalu Bodio

V Uzkém uadoli u jizniho portalu hlavniho tunelu pobliz Bodia jiz vyrostlo
zafizeni stavenisté a rozbéhlo se nékolik staveb - dva pomocné tunely
razené ve skale, prvni Gsek hlavniho tunelu razeny v nesoudrznych horni-
nach (sutich) a hloubeny tunel.

Prvni z pomocnych tunelll ma primér 5 m a je dlouhy 3,2 km. Je razen
v pravém Uhlu ke sméru hlavniho tunelu do sousedniho udoli, kde je prostor
pro Upravu a tfidéni rubaniny. Rubaninu bude tunelem dopravovat pasovy
dopravnik, vedle kterého zlstane prostor pro pohyb vozidel zajistujicich
udrzbu. Tunel razi TBM firmy Robbins, ktery byl jiz nasazen v Jizni Africe na
vodohospodarském projektu Lesotho. Stroj ma hned za hlavou, instalované
vrtné zafizeni na kotveni skaly, které je i pfes dobrou geologii nutné vzhle-
dem k vodorovnym vrstvam horniny.

V misté, kde se nova trasa odklani od staré zZeleznice, ktera pak dale stoupa
v soubéhu s dalnici podél feky Ticino, bude jizni portal. Hned za nim se musi
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 ic¢elem druhého pomocného tunelu, razeného v pevné horniné, obe-
jiti sutoviska a urychleni zahajeni razby dvojice hlavnich tunell. 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 hore
vyrubaji dvé montazni komory a po smontovani razicich strojd se nezavisle
na prvnim obtizném Useku zahaji razby severnim smérem.

Na stavenisti u portalu se také vybuduje vodni hospodarstvi, které musi
zachytit vodu pfitékajici z tuneld, a to jak v obdobi razeb, tak i v dobé
bézného provozu. Voda bude pred vypusténim do feky Ticino vycisténa
a chlazena (teplota pritékajici vody bude vice nez 40 °C).

Sachta Sedrun

V predstihu tfi let pfed zahajenim praci na vySe uvedenych pristupovych
tunelech se zacala realizovat Sachta Sedrun, kterA méla umoznit zahajeni
vySce 1335 m n. m. se nejprve vyrazil 1 km dlouhy tunel. Kaverna provedena
na jeho konci slouzila pro hloubeni 800 m hluboké Sachty Sedrun a pro
razeni vétraciho tunelu, castecné Sikmého, ktery Usti v dalSim udoli ve vySce
1517 m n. m.

Sdruzeni dodavatell, které dva roky hloubilo Sachtu, zahrnuje také firmu
z Jizni Afriky, kterd ma zkuSenosti s vystavbou hlubokych Sachet v dolech na
téZbu zlata. Pro stavbu Sachty se pouzivalo specialni zafizeni zavéSené na
péti lanech. Zafizeni ma pét pracovnich plosin. Prvni (shora) slouzi pro
dopravu materidlu, druh& pro betonaz osténi, tfeti pro montdz bednéni,
¢tvrtd umozinuje provadéni stfikaného betonu a pata kotveni a instalaci siti.
Spodni €ast zafizeni nese vrtatky a drapadk na odtéZzovani a nakladani
rubaniny. Jednim z nejvétSich problém byla nutnost zabranit pfitokdm
vody. | malé mnoZstvi, které se shromazdilo na dné&, komplikovalo vyrazné
trhaci prace. Proto byl okolo Sachty razené v tvrdé Zule nejprve vyvrtan
smé&rem doll VE&jif injektaznich vrtl o délce 42 m a nasledné& byla provedena
utésnujici injektdz. Injektazni prace byly velmi Gspésné, pfitok v celé Sachté
nepresahl 1 I/sec. .

Pak teprve bylo provadéno hloubeni pomoci trhacich praci. Sachta se tedy
hloubila po sekcich. Vrtné zafizeni nesouci Sest vrtacek bylo vyrobeno fir-
mou Atlas Copco a je schopné se slozit do prdméru, ktery je stejnyJako
pramér t&zniho okovu, takZe je lze dopravovat stejnou cestou jako okov.
Doprava osadky pfi hloubeni se provadéla v okovu rychlosti 9 m/sec, mate-
ridl byl spoustén rychlosti 12 m/sec.

Betonové osténi Sachty se betonovalo v zabé&rech po Sesti metrech s meze-
rou 300 mm, kde je ponechana jen hola skala. Toto FfeSeni ma umoznit
budouci odvodiiovani a vylouceni hydrostatického tlaku ve velké hloubce.
Drenézni trubky budou do mezer osazeny pred provedenim definitivniho
vodotésného osténi, které musi mit velmi hladky povrch, aby se snizil odpor
vzduchu pfi vétrani. Sachta bude pfi provozovani zeleznice slouzit pro
vétrani a jako Unikova cesta z podzemni bezpecnostni stanice drahy, vybu-
dované pod urovni dna Sachty.

Po vyhloubeni Sachty byla z jejiho dna provedena kaverna, ze které se razi
obsluzné tunely a tunel propojujici hlavni Zelezni€ni tunely. Vrtné vozy
a dopravni prostfedky pro jejich razbu jsou spoustény Sachtou.

AZz budou tyto pfipravné prace dokonéeny, nahradi se té&zni zafizeni
pouzivané pfi hloubeni Sachty mohutné&jSim a vykonné&jSim. Bude umisténo
v Grovni ohlubné Sachty v boc¢ni kaverné a zajisti provoz dvoupodlazniho
vytahu o Unosnosti 50 t. Vozy s rubaninou uréené k vyprazdnéni bude vyta-
hovat a prazdné opét spoustét rychlosti 16 m/sec. Pro dopravu osobnich aut
s posadkou se pouzije nizsi rychlost.

Tak bude pfipraveno pracovisté pro budouciho dodavatele razeb hlavnich
tuneld v obtiznych podminkach nestabilnich hornin v Gseku délky 6,7 km
v masivu Tavetsch.

Zaveér
Pomocnych a pfistupovych dél (tunely a Sachta Sedrun) pro razbu hlavnich

tunelll Lotschberg a Gotthard bude celkem vyraZzeno priblizné& 19 000 m (bez
zapocitani prdzkumnych dél).

Podle zahrani¢nich podkladl zpracoval:
Accordmg 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. Itis driven in
right angle to the main tunnel into the adjacent valley, where is a space for trimming
and screening ofmuck. 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 horizontal 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 ofthe 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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LIFE-JUBILEES

ING. JAROSLAV KAPUSTA -
SESTDESIATPATROCNY

Narodil sa 9. aprila 1936 v Topolc¢anoch, ale jeho domovom od

detstva aZz po dnes je Prievidza. Po maturit¢ pokracoval vo
vysokoSkolskom Stadiu na Slovenskej vysokej Skole technickej

v Bratislave na Fakulte inZinierskych stavieb, ktori absolvoval

v roku 1959. Téma diplomovej prace Technolégia budovania

hlavnej §télne Bane Cigel ho nasmerovala k Banskym stavbam

Prievidza, ktorym nielenze zostal cely zivot verny, ale sa v zavere

svojej pracovnej kariéry prepracoval na ich ¢&elo. Hodno

spomenut, Ze veducim jeho diplomovej prace bol prof. Ing.

FrantiSek Valachovi¢ a konzultantom Ing. Jozef Friem, ktori

v podzemnom stavebnictve boli znamymi osobnostami a

ovplyviiovali nielen odvetvie, ale aj nasSho jubilanta v jeho odbor-

nom zamerani.

Pocas prvych rokov prace na Banskych stavbach v Prievidzi na

technickom Useku so silnou projekéno-konstrukéno-technologic-

kou zlozkou pUlsobil ako projektant-statik, neskér technolog ban-
sko-stavebnych prac a veduci pripravy vyroby.

V tomto obdobi mu presli cez ruky mnohé projekty a konstrukcie a nielen rutinne
ale aj zvlastne, alebo ojedinelé. K takym bezpochyby patrila aj stavba, s ktorou
sa zacal zoznamovat pocas diplomovej prace - Bana Cigel, ktord bola v tom
Case najvyznamnejSou zakazkou Banskych stavieb. Na tejto stavbe sa uvadzala
do zivota banskad panelova vystuz (v prazskych odbornych kruhoch znama ako
prstencova metoda), pneumatickd doprava betonu, posuvné ocelové debnenie,
injektdze a dalSie. Autorom prvého posuvného ocelového debnenia bol prave
jubilant.

K dalsim takymto stavbam, ktoré tvorili milniky jeho projektantsko-konstruktérsko-
technologickej kariéry patri eSte niekolko dalSich mimoriadnych stavieb.
PreCerpavacia vodna elektraren Cierny Vah sa stala jednou z najvacsich
prilezitosti pre jedincov nadanych technickou tvorivostou uplatnit svoj talent pri

konstrukcii hibiacich vezi Sikmych privadzacov, raziacich plosin, betonarskych

prac, doprave a montazi ocelovych rir privadzacov, svornikovej vystuze a iné.
On k tymto individualitdm bezpochyby patri. DalSou podzemnou stavbou, ktorej

narocnost urCovala uz samotna dizka - 14 km, splsob spristupnenia trasy,
kons&trukcia a technolégia definitivneho ostenia, prekonavanie poruchovych
pasiem bola nova odvodriovacia $télfia Voznica. Zaujimavou bola aj konstrukcia
pristupovej Sachty a taznych zariadeni, ktoré malo umoZznit dopravu velkych
celkov tunelovacieho stroja. Do tretice zaujimavych stavieb iste patri aj
rekonstrukcia podzemného privadzaca vodnej elektrarne Lopej Dubova, kde sa
plvodné ostenie z monolitického betonu nahradilo prefabrikovanymi Zelezo-
betonovymi panelmi a Cast otvoreného kanalu nahradila monolitickou Zelezo-
betonovou rdrou betonovanou do dvojplastového debnenia zvlastnej 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 Statneho podniku na akciovl spoloénost
sa stal predsedom predstavenstva. Od 1. 7. 1997 zastava popri funkcii predsedu
predstavenstva aj funkciu generalneho riaditela. V obdobi transformacie podniku
sa pric€inil o najdenie schodnej cesty manaZérsko-zamestnaneckej privatizacie
a zachovanie vitalnych funkcii podniku po jeho rozéleneni nadiktovanom scasti
ministerskymi dekrétmi, scasti odstredivymi tendenciami byvalych zavodov
s inym ako bansko-stavebnym vyrobnym programom.

Jeho dlhoro€nou viziou boli tunelové stavby na Gzemi SR. Tunel Branisko, aj ked
neskorSie ako si to prial, naplnil jeho stavebno-inziniersky sen, ktory nosil
v hlavne od ¢ias svojich zaciatkov v podzemnom stavebnictve. Jednym z jeho
neotrasitelnych nazorovje, ze dobre vymyslené inZinierske dielo nemize uskodit
prirode, naopak mdze sa stat jej harmonickym doplnkom.

Patrilo by sa spomenut aj na cely rad jeho sympatickych ludskych, kolegialnych
vlastnosti a spoloéenskych dispozicii. Po tejto stranke muizeme len uistit tych, ¢o
ho bliz8ie nepoznajl, ze je dobrym, hoci prisnym $éfom a mimoriadne pfijemnym
spoloénikom v pracovnych i mimopracovnych kruhoch.

Ako Prievidzana ho mnohi v tomto meste poznaju, ale mnohi mozno nemaji ani
tuSenie, 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 Stadiona).

Jubilantovi vyjadrujeme vdaku za jeho osobny pfinos do existencie podniku
a prianie pekného babieho leta v za€inajucej jeseni zivota.

Sekretar 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 remind-
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 friends, celebrating the anniver-
sary, professional orientation.
In the course of the initial years of his work at the technical depart-
ment of the Banské 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 engi-
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 projeds 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 exadness 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 projed 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-shell mould ofa
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 deputy. Since the year 1994, the year of transformation of the state-
owned company into a joint stock company, he has been chairman of the board of
diredors. In addition, he has been performing the fundion of general director since
1.7.1997. In the course of the company transformation he did his best to find a practi-
cable way of privatisation by management and employees, and preservation of vital
functions of the company after its splitting, dictated partially by ministerial decrees,
partially by centrifugal tendencies emerging in former plants having different non-mi-
ning engineering production programs.

His long-time vision were tunnel structures in Slovakia. The Branisko tunnel, even if it
happened later than he had wished to, was his civil engineering dream come true, 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, just opposite, it can become its harmonic supplement.

It would be right to remember his likeable human attitude towards his colleagues and
his societa! dispositions. In this aspect, we can assure those who do not know him that
he is a good, even if exacting chief, and an extraordinarily pleasant partner as far as
work is concerned or beyond the work.

Many inhabitants of Prievidza know him as a fellow-citizen, but many of them may not
have a due that he has also contributed to his town's development through his expert-
ise and activities, both deputy's and non-deputy's ones (e.g. to implementation of the
projed of the sports hali or the ice hockey stadium).

We are expressing our gratitude to our friend celebrating this important anniversary for
his personal contribution 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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NEWS FROM TUNNELLING CONFERENCES

DVACATE SEDME VYROCI ZASEDANI ITA/AITES - MILAN 2001

TWENTY SEVENTH ANNUAL MEETING - MILANO 2001

Pfitomné Clenské 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, Italy, Japan, Lesotho, Morocco, Mexico, Norway, Netherlands, Poland, Portugal, Flomania, 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.

CLENSTVI

Asociace zaregistrovala 25 novych pfidruzenych ¢&lent (6 korporativnich
a 19 individualnich). Celkovy stav je 50 ¢lenskych zemi a 290 pridruzenych
Clent (93 korporativnich a 197 individualnich) po zapod&teni prirdstkd
a Ubytkd.

STRATEGIE ASOCIACE
Valné shromazdéni rozhodlo o pfijeti Svycarského navrhu na umisténi sekre-
tariatu asociace ve Svycarském federalnim technologickém institutu
v Laussane. Rozhodnuti nabude platnost v €ervenci 2002.

KOMUNIKACNI SPOJE

- Tribune: 4 Cisla uplynulého roku byla publikovana se zaméfrenim na Italii,
Singapore, Slovenskou a Ceskou republiku a Svycarsko. Kazdé ¢islo vyslo
nakladem asi 2700 ks.

- Tunnelling and Underground Space Technologie: V patnactém rocniku
TUST bylo publikovano 44 pfispévk( z 23 zemi a rovnéz 2 zpravy z pracov-
nich skupin ITA, WG Vyzkum a WG Podzemni planovani. V pfistim roce
budou publikovany zpravy nékolika dalSich pracovnich skupin.

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 Secretariat
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 H/G
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- Web site: Asociace ma svou stranku od roku 1998. Za rok 2000 ji navstivilo
15 000 osob z 85 zemi, které mély 600 000 dotazl a precetly 135 000 stran.

Stranka se aktualizuje primérné desetkrat rocné a pridavaji se nové udaje,
tykajici se zejména tribune a diskusniho féra ¢lenskych zemi a pracovnich

skupin. Nejnavstévovangjsi stranky jsou “"glossary”, "focus" a Tribune.
- Glossary: Prvni verze vykladového slovniku byla pfevedena na web. To je
provizorni verze, kterd bude dokon€ena béhem nadchazejiciho roku.

OTEVRENA SEKCE KONGRESU

Namét vybrany pro letosni rok byl "Odhad rizik pro navrh financovani®. Tato
otazka se tykad predevSim podzemniho stavebnictvi. Pét prednaSejicich ji
posuzovalo z rGznych hledisek: z pravnich hledisek, z funkce vefejného
a soukromého sektoru, posouzeni geologickych rizik, vztahl mezi hospo-
darnou proveditelnosti a planem financovani. Pokracovalo se u kulatého
stolu bouflivou diskusi. Sekce shromazdila na 300 ucastnikd.

SPOLECNA PRACOVNI SKUPINA ISTT - ITA

Hlavnim bodem jednani byl navrh verze sestavy rizikového rozpoctu pro
podzemni dila, pfipravené béhem 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 spolecném zasedani v Praze
v zafi 2001.

PRISTI VYROCNI ZASEDANI

- Sydney (Australie) od 2. do 7. bfezna 2002 béhem Svétového tunelarského
kongresu ITA/AITES " Downunder 2002" poradany Australii a Singapore.
- Amsterdam (Nizozemsko) od 14. do 17. dubna 2003, b&hem kongresu
ITA/AITES 2003 "(Re)claiming the Underground Space"
- Singapur v kvétnu 2004 na pozvani Singapurské narodni 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 réamci konani ITA/AITES World Tunnel Congress 2001 se uskute€nily
porady vSech 14 pracovnich skupin.Tyto porady probéhly ve dnech 10 - 11.
Cervna 2001 a navazovaly na zasedani vykonného vyboru ITA/AITES.
Souhrnné zprava z nich bude uvefejnéna v pristim cisle nasSeho Easopisu.
Z Ceskych zastupcl se té&chto jednani pfimo zG&astnili Doc. Ing. Alexandr
Rozsypal, CSc. (prac. skupina €. 2 - vyzkum), Ing. Jaromir Zlamal (prac.
skupina €. 3 -Smluvni praktiky v podzemnich stavbach) a ing.Vaclav Vales
(prac. skupina 4 - Planovani podzemi).

Pracovni skupina 3 - Smluvni praktiky v podzemnich stavbach

Na zasedani bylo zvoleno nové predsednictvo prac.skupiny. Novym predse-

dou byl zvolen W. Maartens (Jizni Africa-Lesotho), mistopredsedou A. Dix

(Australie) a tutorem byl zvolen F. Vuilleumier (Francie).

Jednani pracovni skupiny se zG&astnilo 20 &lenl ze 13 zemi. V nejblizsi

dob& budou dokon&eny komentare tfi dokumentd FIDIC pro zpracovavani

kontraktl a vyhodnoceny tendry mezi konzultanénimi inZzenyry a kontraktory.

Zasedani schvalilo aby v pfistim roce byly projednavany tfi nové ukoly:

- Alternativni finan€éni podminky pro zadavatele stavby

- Komentar dokumentu Dams and Development, kde jsou zajimavé zpraco-
vany podminky kontraktd (www.dams.org)

- ZlepSovani fizeni podzemnich staveb

Pracovni skupina 4 - Planovani podzemi

Setkani se uskuteCnilo pod vedenim predsedkyné& A. Nordmarkové,

mistopredsedy E. Grova a tutora J. P. Godarda. Jednani pracovni skupiny se

zUcastnilo celkem 12 ¢lend z 11 zemi.

Na zasedani projednany materialy:

- Water Installations Underground (final Draft ¢teni a odsouhlaseni znéni)

- Access Ways to Underground for Public Use (€teni prvniho navrhu)

- navrh na spole¢né zpracovani zaveérd "Planovani podzemi" 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 most 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 ‘Pisk 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.

1 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. Véaclav Vales (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 contrador 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 took place under guidance of the chairwoman A. Nordmark,
her deputy E. Grov and tutor J.P. Godard. Altogether, 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 expertise" -
cooperation of IUEG/ITA Ing. Vaclav Vale$


http://www.dams.org
http://www.dams.org
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INFORMACE O CINNOSTI PRACOVNI SKUPINY
ITAC. 2-VYZKUM

Jako obvykle zasedaly béhem tunelafského kongresu ITA, ktery se tentokrat
seSel v Milané, i jeho pracovni skupiny. Z povéfeni narodniho vyboru
Ceského tunelarského vyboru jsem se zu&astnil dne 13. 6. 2001 jednani pra-
covni skupiny ¢islo 2, ktera se vénuje vyzkumné problematice.
Animatorem této skupiny je od roku 1994 Yann Leblais, vedouci technické
komise francouzské narodni skupiny ITA a prezident mezinarodniho usku-
peni inZenyrskych a konzultacnich firem FC International. Delegatem vykon-
ného vyboru ITA, ktery je zastoupen v kazdé pracovni skupiné, je professor
Assis z Brazilie. Ten byl poté na valném shromazdéni ITA dne 15. 6. 2001
zvolen prezidentem ITA na dalsi funkéni obdobi.
Byly projednavany 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 lllinois.
- Draft of the Gudelines of Risk Analysis on Tunneling Projects.
Referentem byl Soren Eskesen z Danského geotechnického institutu.
Kromé& toho bylo konstatovano, Zze byla ukonena prace na studii
Recomendation on the settlement induced by urban tunneling. Toto téma
bylo rozpracovavano i technickou komisi francouzské narodni spolecnosti
pro tunelovani a podzemni prace AFTES, kterou vede rovnéz Yann Leblais.
Pracovni skupina €. 2 byla zaloZzena jiz v roce 1975. Hlavni publikace, které
od svého zalozeni vypracovala, jsou nasledujici:
- 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 jednani skupiny byla po obsahlé diskusi odsouhlasena studie Seismic
design and Analysis of Underground Structures a doporucena k vydani jako
oficialni material ITA. Tento material mam pro ¢leny CTuK k dispozici.

Na pfistim jednani pracovni skupiny se bude dale diskutovat o materialu
Guidelines of Risk Analysis on Tunneling Projects. Clenové CTuK, ktefi by

méli zadjem se k této problematice vyjadfit, se na mne mohou kdykoliv
obréatit, abychom mohli vypracovat podklad za na$ narodni 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 Committee 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 Executive

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;

- Draft of the Guidelines of Risk Analysis on Tunneling Projects

Speaker Soren Eskesen of the Danish Geotechnical Institute.

Besides it was stated that work on the study "Recommendation on the settle-

ment induced by urban tunneling" was finished. This topic 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 to contact me any time

in order to be able to elaborate a framework for our ITA National Committee.
Doc. Ing. Alexandr Rozsypal, CSc.

ROADWARE 2001

Sedmy mezinarodni silnicéni veletrh Roadware 2001 se konal v Praze ve
Veletrznim palaci ve dnech 22. - 24. 5. 2001. Poradatelem byla Ceska sil-

niéni spoleénost pod zastitou Ministerstva dopravy a spoji CR ve spolupréaci
s Reditelstvim silnic a dalnic CR.

Na vystavni ploSe uvnitf budovy a venkovni ploSe vystavovalo 93 firem
a investorll zaméfenych na veskeré inzenyrské, projek&ni a realiza¢ni &in-
nosti a také strojni vybaveni ¢i vyrobu materialu pro silni€ni stavitelstvi.

V katalogu, vedle klasického provedeni také na CD ROM, je v prfehledech
uvedena kategorizace expozic dle naplné cinnosti. V kategoriich Geotech-

nika, Zakladani staveb a Podzemni stavby se predstavilo cca 22 expozic
veetn& ¢lend ITA/AITES jako napf. GEOTEX, KELLER, PUDIS, SATRA, SG-

GEOTECHNIKA, METROSTAV, POHL, SUBTERRA, ZS Brno.
Organizovani silniéniho veletrhu Roadware je jednou z vyznamnych cinnosti
Silniéni spolecnosti, ktera také pfipravila k této pfilezitosti ¢asopis Silni¢ni
obzor ve zvlastni Gpraveé.
Z dalSich €innosti je vyznamnda prace v 8 odbornych sekcich
- sprava a udrzba komunikaci
povrchové vilastnosti vozovek
cementové vozovky
- asfaltové vozovky
silniéni a méstské dopravni inZenyrstvi
silniéni tunely
- zemni prace,odvodnéni a spodni stavba
- telematika

Odborna tematika vzdy néjak souvisi s pracemi odbornych skupin v ramci
ITAJAITES. Cinnost tfi poslednich se vlastn& pfimo prolina. Ob& spole&nosti

tak vlastné usiluji o rozkvét dalnic a dalSich komunikaci, propaguji nové poz-
natky védy i praxe v oborech, jakoz i dalSi ¢innost ve spolec¢ensko-politické
oblasti.

TUNELY 2001

Dom techniky ZSVTS Zilina, Slovenska republika, uspofadal ve dnech 5. - 7.
6. 2001 seminar spojeny s exkurzemi firem pod nazvem Tunely 2001.
Seminar byl zamé&fen na problematiku Vystavby tuneld hlavné ve Slovenské
republice. V nasledné prezentaci firem se predstavil mimo jiné DOPRA-
STAV, a. s. Bratislava, VOKD, a. s., Ostrava, GEOFOS Zilina, HBP Prievidza,
CARBOTECH Slovakia apod.

V ramci seminare byla organizovana exkurze na stavbu tunelu Horelica
a geologické Stoly Visiové.

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
Communications in cooperation with the Directorate of Roads and Highways
of the CR.
At 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 catalogue, 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 Geotechnics, Foundation of structures and
Underground construction, 22 expositions were introduced, 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 prosperity 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 Doprastav a.s. Bratislava, VOKD a.s. Ostrava, Geofos Zilina,
HPB Prievidza and Carbotech Slovakia.

Within the seminar, excursion to construction sites of the Horelica tunnel and
Visiové geological gallery was organized. Ing. Petr Vozarik
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PRAZSKE GEOTECHNICKE DNY 2001
PRAGUE GEOTECHNICAL DAYS 2001

V jiz tradi€nim kvétnovém terminu, ve dnech 14. a 15. 5. 2001 se v dUsto-
jném prostfedi Akademie véd v Praze konaly kazdoro¢ni Geotechnické dny.
Toto pravidelné setkani odbornik pofadala a sponzorovala Stavebni geolo-
gie-Geotechnika, a. s. ve spolupraci s Ceskou geotechnickou spole&nosti
CSSI a Ceskym a Slovenskym vyborem MZZS. Prazské geotechnické dny se
svym charakterem ponékud vymykaji obdobnym odbornym akcim, pora-
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 spolecnosti tak, aby svou aktualnosti byl
pfinosem pro odbornou geotechnickou verejnost.
Soudasti Prazskych geotechnickych dnl je i pravidelna "Prazska geotech-
nickad prednaska”, ke které je kazdoroc¢né poradateli zvan vyznamny evrop-
sky geotechnik. Z minulych prednasejicich mizeme vzpomenout napfiklad
prof. Jamiolkovského, Biareze, Brandla, Schlossera a dalsi.
LetoSni Geotechnické dny probéhly v nasledujicich blocich:
14. 5. 2001 dopoledne odborny seminar: Provadéni a vyhodnocovani
specialnich laboratornich zkousek zemin a hornin
V Gvodu seminafe prednesli kratké zahajovaci pozdravy prof. Ing. Ivan
Vanigek, DrSc., jménem Geotechnické spole¢nosti CSSI a Ing. Vit&zslav
Herle, odborny garant seminare, jménem hlavniho poradatele a sponzora
Geotechnickych dnd 2001 SG-Geotechnika, a. s.
Poté jiz nasledovalo Sest odbornych prfednasek zamérenych na nosné téma
seminare. V prvni pfednasce Doc. Ing. Jaroslav Feda, DrSc. z Ustavu teore-
tické a aplikované mechaniky AV CR upozornil na problémy s interpretaci
laboratornich zkouSek v geotechnice. Se zkouSkami polonasycenych zemin
a méfenim poérového tlaku, které byly provadény na Stavebni fakulté CVUT
seznamil posluchace Ing. Jan Zalesky, CSc. Na téma zjiStovani defor-
macnich vlastnosti zemin pfi velmi malych pretvofenich pohovofil Ing. Jan
Bohag, CSc. z Prirodovédecké fakulty UK. DalSi pfednasejici Ing. Jifi Hudek,
CSc. z PUDIS Praha se ve svém referatu zaméfil na uskali zkouSek hornin
provadénych pro podzemni stavby. Ing. Jaroslav HolejSovsky z SG-
Geotechnika, a. s., ve své prednasSce s tématem laboratornich zkousek
spoluplisobeni geosyntetik se zeminami podrobné prezentoval zkousku
smykové pevnosti rozhrani zemina - geosyntetikum, ktera se jiz nékolik let
Uspésné provadi v laboratofich SG-Geotechnika, a. s. Posledni dva pred-
nasejici odborného seminafe Ing. Jifi Zaruba a Ing. Vitézslav Herle z pora-
dajici organizace hovorili na téma zkousky mechanickych vlastnosti
zlepSenych zemin a druhotnych materiald. Na nékolika praktickych pfi-
kladech ukazali pouziti stabilizovanych popilkd z rlznych energetickych
zdroja.
Ve vyzadaném koreferatu na téma laboratornich zkousek produktl odsifeni
vystoupil Ing. Jaromir Stastny, CSc.
14. 5. 2001 odpoledne - 9. prazska geotechnické prednaska
Hlavnim hostem letosnich Geotechnickych dnl byla Dr. Suzanne Lacasse,
vykonna feditelka Norského geotechnického institutu. Ve své prednasce na
téma "Geotechnical Engineering at the Dawn of the Third Millenium" se
zameéfila na rekapitulaci momentalni pozice geotechniky v rodiné ostatnich
inzenyrskych disciplin a na vytyceni jejich kol v pfistim obdobi. Pfednaska
byla velmi dobfe zpracovand, neobycejné poutava a sklidila velky uspéch.
Dopoledniho seminare a 9. prazské geotechnické prednasky se zuc€astnilo
témeéfF 100 posluchacl, z nichz vétSina rovné&z navstivila doprovodnou
propagacni vystavku 11 odbornych firem.
15. 5. 2001 dopoledne
Program Geotechnickych dnli pokragoval vyro¢ni €lenskou schiizi Ceského
a Slovenského vyboru MZZS a druhou pfednaskou Dr. Suzanne Lacasse,
tentokrat na téma "Risk Analysis in Geotechnical Engineering".
V této opét dokonale pripravené a velmi zajimavé prednasce Dr. Lacasse na
mnoha praktickych pfikladech zdokumentovala geotechnické rizika rliznych
typl inZenyrskych staveb a ukazala cesty, jak geotechnické rizika ocefovat
a metodu Fizeni geotechnickych rizik uplatfiovat v praxi.
Poslednim bodem programu Geotechnickych dnd 2001 byl workshop na
téma "Vliv vlastnosti zemin na feSeni geotechnickych uloh". Moderator Doc.
Ing. J. Feda, DrSc. vybral jako hlavni diskutujici Ing. Jifiho HerStuse, CSc.
z AGE s. r. 0., Ing. M. Masarovicovou, CSc. z katedry geotechniky Stavebni
fakulty STU a Dr. Ing. I. Herleho z UTAM AVCR.
Druhého dne Prazskych geotechnickych dnd se za&astnilo na 40 odbornikd.
Pocet GcastnikG prvniho dne i po&et vystavovatelt byly zatim nejvy3si v celé
historii Geotechnickych dnl, poprvé byl vydan sbornik se struénymi obsahy
pfednasek odborného seminafe. Diky sponzorskym pfispévkim poradatel
se podafilo i letos usporadat kvalitni dvoudenni geotechnickou akci bez nut-
nosti vybirat od G¢astnik( viozné.

Doc. Ing. Alexandr Rozsypal, CSc.

Ing. Vladimir 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
CSSI 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 Geotechnical 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 Vanigek, 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
Bohag, 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. Jifi 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 Zaruba 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 to 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.o.,, Ing. M. Masarovicovd, CSc. from the department of geonics by the
Engineering faculty under STU, and Dr. Ing. |. Herle from ITAM by AS CR.
Approximately 40 professionals took part at the second of the Prague Geotechnical
days.

Number of participants from the first day as well as number of exhibitors have so far
been the highest in the entire history of the Geotechnical days. For the first time, a
proceedings with digest contents of lectures 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 to
require any fee from the participants.

Doc. Ing. Alexandr Rozsypal, CSc.
Ing. Vladimir Pachta
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ACTIVITIES OF PROFESSIONAL CORPORATIONS
INTERESTED IN UNDERGROUND CONSTRUCTION

Ceska narodni skupina Mezinarodni spoleénosti pro mechaniku hornin
(ISRM) ve spolupraci s Ustavem geoniky AVCR v Ostravé usporadala
regionalni sympozium Geonics 2001 Teplota a jeji vliv na geomaterialy.
Sympozium se konalo v Ostravé ve dnech 15. az 17. kvétna 2001 za Ucasti
35 odbornik& z Evropy, Asie a USA. Bylo pfedneseno 23 referatd, zahrnu-
jicich oblast laboratorniho vyzkum mechanickych vlastnosti hornin pfi
rGznych teplotach, méfeni in situ, zejména méfeni teplot a teplotnich vlast-
nosti hornin, vysledky experimentalnich praci, zabyvajicich se mj. vyzkumem
plazmatického a laserového rozpojovani a ovliviiovani geomaterialdl, jakoz
i problematiku matematického modelovani tepelnych procest v horninach.

K nejzajimavéjSim prednaskam patfilo vystoupeni prof. O. Stephanssona
(Kralovska univerzita Stockholm), zabyvajici se teplotnim zatizenim horni-
nového masivu v okoli podzemnich Uulozist vyhorelého jaderného paliva.
Dosavadni teoretické i praktické poznatky vedou k zavéru, Ze teplotni pro-
cesy v horninAch musi byt studovany soucasné s hydrologickymi, mechan-
ickymi a pfipadné& chemickymi déji jako soucast komplexniho pldsobeni na
horninovy masiv. V tomto sméru byly ziskany vyznamné vysledky v ramci
mezinarodniho projektu DECOVALEX, ktery se zabyva matematickym mode-
lovanim této problematiky. V soucasnosti se v souvislosti s timto projektem
pripravuji dva rozsahlé verifikacni experimenty zalozené na umélém ohievu
podzemnich prostor (Svycarsko, USA).

S problematikou vystavby tunelll byla Gzce spjata prednaska Dr. D. Fabreho
(Univerzita J. Fouriera Grenoble), zabyvajici se vyzkumem a modelovanim
teplot hornin pfi razb& dlouhych bazalnich tunell v Alpach. Na konkrétnim
pfipadu 53 km dlouhého tunelu Maurienne-Ambien na budouci Zelezni€ni
trati Lyon - Turin byly prezentovany vysledky geotermického priizkumu,
modelové vypocty teplot a jejich srovnani s namérenymi hodnotami a disku-
tovany priciny zjisténych anomalii.

Z dalSich velmi zajimavych referatd jmenuji jesté prispévek ing. Hlavace et
all. (vSB TU Ostrava, Ustav geoniky AVCR) o plsobeni laserového paprsku
na povrch hornin, studii mechanickych vlastnosti hornin pfi zapornych
teplotach, vyvolanou potfebami podzemnich elektraren ve velkych nad-
morskych vySkach 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 pérovitého vapence (N. Rozgonyi et all.,
Technicka univerzita Budapest).

Sympozium se vyznacovalo pfijemnou pracovni atmosférou, ktera pfispéla
k obsahlé diskusi k jednotlivym pfednasenym tématdim. 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 planem ¢innosti na r. 2001 se dne 21. 6. 2001 uskutecnilo jed-
nani sekce v informaénim stfedisku stavby MO RAST

Vedle informaci z ¢&innosti Rady silniéni spole¢nosti po 4. sjezdu CSS
a redakénich rad Silniéniho obzoru a €asopisu Tunel bylo jednani zaméreno
na:

- prezentaci studijnich cest na stavby tunelovych Usekl dalnice A86 v Parizi
a rekonstrukci tunelu Mont. Blanc, hlavné se zaméfenim na bezpecnost
provozu.

- Ing.Sajtarem byla podana informace o priib&éhu konference Bezpeé&nost
v tunelech pozemnich komunikaci konané 27.-28. 5. 200 v Hamburku.

- organiza¢ni Gpravy a zmény v Ffizeni Hasi¢ského zachranného sboru CR
v souvislosti se zfizovanim regionalni samospravy a zavadénim zakona o in-
tegrovaném zachranném systému a krizovém fizeni. Déale bylo upozornéno
na vyhlasku zakona o pozarni ochrané&, kde urcité body se tykaji tuneld.

- spoluprace sekce Silniéni tunely s komisi C5 AIPCR a komisemi ITA/AITES
- v dalsim jednani bylo dohodnuto publikovani prednesenych informaci
v Casopisech Silni€ni obzor a Tunel, jesté do konce roku. V ¢Eisle 4/2001
Tunel vyjde také informace ze zasedani 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 of35
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 massifin
the vicinity of underground storages of burnt-out nuclear fuel. Hitherto, theoretical
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 dosely 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.
Hlavag 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 Shupéarek, CSc.
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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

Pfitomni: 30 delegatll zastupujicich &lenské organizace, 4 individualni ¢len-
ové, Clenové predsednictva, predseda RR TUNEL a hosté podle prezencni
listiny

Omluveni: Prof. Aldorf, Ing. Doubek, Ing. Dolezalova

Program: podle pozvanky

Pffadané podklady: Pfehled WG ITA/AITES (k bodu 3)

- Cerpani rozpoctu v roce 2000 (k bodu 4)

- Navrh rozpoctu na rok 2001 (k bodu 4)

- Slozeni redakéni rady ¢asopisu TUNEL (k bodu 5)

- Cenik inzerce (k bodu 5)

- Clenska zakladna - soucasny stav (k bodu 8)

- Adresar ¢lenskych subjektd (k bodu 8)

- Volebni fad a volebni listek s kandidatkou (k bodu 9)

0, Zahajeni

Sekretar CTuK privital pfitomné a uvedl predané podklady k jednani. Valné
shromazdéni (dale VS) pak aklamaci schvalilo:

- program jednani

- navrZzenou volebni komisi ve slozeni

_Ing. Novotny - Ing. Vozarik - Ing. Matzner

Ucastniky VS dale pozdravil generdlni feditel hostitelské organizace

Ing. Zdenék Rataj.

1. Zprava o €innosti predsednictva za uplynulé funkéni obdobi (Ing. Hess)
Predseda CTuK ve své zpravé zdUOraznil zasady ¢&innosti pfedsednictva
a rozhodnuti u€inéna v uplynulém funk&énim obdobi, vyznamna pro dalsi
rozvoj organizace a zakotvend do zmény stanov CTuK: zfizeni vlastniho
sekretariatu, ziskani zivnostenského opravnéni k poradenskym a zprostrfed-
kovatelskym sluzbam, zajisténi financovani ¢innosti, zvyseni ¢lenl predsed-
nictva z 5 na 7. Kazdy ¢len predsednictva mél svéfenu uréenou oblast ¢&in-
nosti komitétu. Obé& konference PS v roce 1997 i v roce 2000 byly zdafilé.
Casopis TUNEL po zavedeni jazykové mutace a rozsifeni obsahu se dostal
svou Urovni mezi nékolik nejkvalitnéjSich svétovych tunelarskych periodik.
ZvySené financni naklady se dari pokryt jen diky aktivnimu vysledku konfe-
rence, ziskani inzerentd je pro dal$i udrzeni souCasné Urovné zcela nezbyt-
né. Na ekonomiku CTuK ma velmi nepfiznivy dopad Ubytek nejvétsich &len-
skych subjektl po jejich zaniku nebo zmé&né sortimentu vyroby. K publicité
CTuK prispéla vyznamné naSe internetova stranka a zvefejnéni TUNELU na
internetu. O &lanky v TUNELU je zajem z redakci rlznych zahraniénich
odbornych ¢&asopisll. Zatim jsme se neprosadili se zfizenim technické
kancelare. Styk s pfibuznymi organizacemi rovnéz nema adekvatni odezvu.
Podzimni pracovni shromazdéni ve formé seminail se osvéddcila.

2. Zprava o jednanich EC ITA/AITES, o perspektivach asociace,

GA ITA/AITES a svétovém kongresu v Milané (Ing. Hess)

Predseda seznamil VS s kandidatkou na prezidenta a ¢leny EC. Chceme-li
udrzet a zvySit mezinarodni Uroven nasSich konferenci, je nezbytné prezento-
vat se v zahranici vlastnimi pfispévky a byt agilnéjsi v ramci WG ITA/AITES.
Nase konference je tfeba zpfistupnit zahrani¢nim G&astnikdim jazykové vcéet-
né sborniku prisp&vkd.

Na GA v Milané se budou schvalovat jiz konkrétni navrhy na zfizeni profe-
sionalniho sekretariatu ITA/AITES, z toho vyplyvajici zmény statutu a By-
Laws ITA/AITES, zplsob financovani atd. Rovnéz bude ustavena nova WG
pod nazvem Conventional Tunnelling.

Usneseni: Na GA v Milané bude CR zastupovat Ing. Kuchar a Ing. Rozsypal.

Jednani o edi€nich otazkach v ramci ITA/AITES se Gc¢astni Ing. Matzner.

3. Zprava o €innosti pracovnich skupin - WG ITA/AITES (Ing. Vale$)
V priloze obdrzeli Gc€astnici oficialni seznam c¢innych WG v€etné jejich
vedoucich predstavitelld. CTuK je zastoupen v téchto WG:

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 ITA/AITES 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 attendants and presented the submitted sources
for negotiation. The General Assembly (further GA) then by acclamation
approved:
- session 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 boards activity and
decisions made in the past office term, significant for further development of
the organization and linked to the alteration of CTC regulations : establishment
of own secretariat, acquirement of trade license for consulting 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 worlds highest-qua/ity tunneling 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-
cantly contributed towards CTC's publicity. There is an interest for TUNEL arti-
cles from editors of various foreign specialized magazines. So far we have not
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 ITA/AITES 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 establishment of pro-
fessional ITA/AITES secretariat, and from that deriving revisions of Statute
as well as ITA/AITES By-Laws, ways of financing etc. Also, new WG with the
name of Conventional Tunneling will be established.

Resolution : At the GA in Milan, Ing. Kuchar and Ing. Rozsypal will represent
the CR.. Ing. Matzner will participate at negotiations about the editorial
questions within the ITA/AITES framework.
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4. Zprava o vysledku hospodareni v roce 2000 a navrh rozpoctu na rok 2001
(Ing. Matzner v zast. Ing. Doubka)

Ing. Matzner podal strué¢ny komentar k polozkam uvedenym v predlozenych
materidlech. Cast rezijnich polozek nakladd na konferenci se promitla do
rezii na konté 00200, nékteré vynosy naopak presly do roku 2001.

Celkovy hospodarsky vysledek byl +50,3 tis. K& Stav nam neuhrazenych
faktur k 31. 12. byl 479 100 KE&. NejvétsSimi dluzniky jsou: Slovenska
tunelarskd asociacia, Amberg, Vodni stavby a Vojenské stavby. Soucasny
stav neuhrazenych faktur, v¢. letos vystavenych, ¢ini 815 tis. K¢.

Rozpocet na rok 2001 ve vysi 2324 tis. KE bylo mozno sestavit jako vyrov-
nany jen diky vynosim z konference a planovanému zvySeni inzerce
v €asopisu TUNEL. Financovani €innosti komitétu vazné ohrozil pokles poctu
C¢lenskych organizaci v kategorii A, z osmi v roce 1997 na soucasné tfi
a zatim nedobytné pohledavky u likvidovanych spole¢nosti. Pfitom ediéni
naklady na TUNEL vlivem podstatné vétsiho rozsahu, dvojjazyéné mutace,
zavedeni celobarevnosti a inflace vzrostly v obdobi 1997 - 2001 (rozp.)
z 815 na 1460 tis. KE. Za soucasného stavu smluvnich zavazk( a prispévkd
Clenskych subjektd je zvySeni inzerce zasadnim predpokladem pro finan-
covani €innosti v pristich letech.

Usneseni: VS nema vyhrady k predlozenym materialdm, schvaluje Cerpani
rozpoctu v roce 2000 a navrh rozpoc&tu na rok 2001 bez pfipominek.

5. Edi¢éni zaméry redakéni rady casopisu TUNEL v roce 2001 a slozeni
RR jmenované predsednictvem na pfisti ¢tyfleté obdobi (Ing. Novotny)
Casopis TUNEL doznal v minulém funk&nim obdobi radikalni promé&nu z do-

maciho periodika na C¢asopis ve svém oboru svétové Urovné. Obsah vzrostl
z 32 na 56 stran, od €. 4/1998 byla zavedena anglickd mutace, od cCisla
4/2000 celobarevna forma a disledna jazykova korektura. Zvysené naklady
je tfeba pokryt pfedevSim inzerci a zahrani¢ni subskripci. Prace dosavadni
redakéni rady byla kladné hodnocena a proto predsednictvo schvdlilo jeji
slozeni véetné kooptace Ing. Mafika a doc. Ing. Rozsypala, CSc., i pro pristi
funkéni obdobi.

Usneseni: Casopis se bude vydavat nadale v soucasném rozsahu, kvalité
a barevnosti. Pro pokryti zvy3enych nakladl zajisti kazda &lenska organi-
zace v prlb&hu roku alespon dva barevné inzeraty 1A5, bud vlastni, nebo
svych subdodavatelll a kooperantll. Ofekava se i zvysSena aktivita indi-

vidualnich ¢lend. VS bere na védomi sloZzeni RR pro pfisti obdobi.

6. Informace o €innostech pfibuznych odbornych spolecnosti (Prof. Aldorf)

Pro nepfitomnost prof. Aldorfa bude podana pfi pfisti prilezitosti.

7. Zprava web-mastera CTuK o internetové komunikaci v ramci ITA/AITES

Ing. Marik prakticky demonstroval www stranky ITA/AITES a zaclenéni
stranky CTuK do nich. Internetovd komunikace mezi jednotlivymi WG je

moZnda pfi znalosti ochranného kédu, ktery Ize vyzadat u animatéra WG.

8. Zprava o stavu €lenské zakladny a o stavu pfitomnych (Ing. Matzner)
Soucasny stav je 38 Clenskych organizaci a 28 jednotlived (v€. nového &lena
Ing. Spirka, zastupce fy. Bohler). K 31. 12. 2000 ukongily €lenstvi: Vojenské
stavby, Vodni stavby, Describo, Carbogrouting. Clenstvi od roku 2001:
Vodni stavby, a.s. - v likvidaci (podminéno splnénim smluvnich podminek).
ZS Brno bylo na vlastni zadost pfefazeno z kat. A do B.

Potencialni novy €len: firma BEL, s. r. o. (distributor fy. Casagrande).
9. Volby predsednictva na pfisti funkéni obdobi (Ing. Matzner)
Mandatni zprava: v sale je pfitomno 34 delegatld c¢lenskych subjektd.
Pfitomni byli podrobné seznameni s volebnim Ffadem a kandidatkou. Na
funkci pfedsedy kandidoval Ing. Jindfich Hess, na dalSich 6 mist v prfedsed-
nictvu navrhly €lenské organizace 15 kandidatl. Volebni komise po ode-
vzdani volebnich listkd vyhodnotila volby takto:
Pro predsedu Ing. Jindficha Hesse bylo odevzdano 33 platnych hlasg.
Do predsednictva byli dale zvoleni:

Prof. Ing. Jifi Bartak, DrSc. (31)

Prof. Ing. Josef Aldorf, DrSc. (26)

Ing. Petr Doubek (25)

Ing. Geogij Romancov, CSc. (23)

Ing. Vaclav Soukup (17)

Ing. Véaclav Vales (17)
Nebyli zvoleni: Ing. Horak CSc. (10), Ing. Dvorak (9), Ing. Pohl (9), Ing.
Zlamal (7), Prof. RNDr. Karous, DrSc. (7), Ing. Bfezina (6), Ing. Starha (5),
Ing. Kolec€kar (3), Ing. Sikora (2)
Nové zvoleny predseda CTuK podé&koval za projevenou ddvéru a nastinil
svou predstavu o dalSi ¢innosti predstavenstva.
Usneseni: Volby byly provedeny ve smyslu stanov a podle schvaleného
volebniho fadu. VS bere vysledek voleb na védomi a gratuluje predsedovi
a nové zvolenym &lentm predsednictva.

10. Razné

- Doc. Ing. Pavel P¥ibyl informoval o vloni ustavené pracovni skupingé CTuK
"Bezpecnost v podzemnich stavbach". Navazala jiz kontakty s Evropskou
unii v rdmci projektu UPTUN. Ma 8 ¢&lenU a jadrem skupiny je konsorcium
spolecnosti feSici projekt MDS "Analyza a fizeni rizik v tunelech pozemnich
komunikaci*. Skupina navstivila tunel Mt. Blanc; zavéry budou predneseny
na seminafi 12. 6. na fakulté dopravni CVUT. Pozvanky budou ¢&lendm CTuK

rozeslany.
- Spolu se zapisem obdrzi ¢lenové CTuK opraveny seznam ¢lend RR

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 mate-
rials. Part of overhead entries 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,- K¢&. Level of to
us unpaid invoices was 479 000,- K& as of December 31. The principle
debtors are : Slovakian Tunneling Association, Amberg, Vodni Stavby and
Vojenské 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 boost 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 content 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 advertising is an essential
requirement for financing 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 worlds level
within its field. Content increased from 32 to 56 pages, in no. 4/1998 English
mutation and in no. 4/2000 all-color mode were introduced. Also, consistent
language check was implemented. It is necessary to cover the increased
expenses with advertising and foreign subscriptions. Work of the current
editorial council was positively evaluated and therefore the board of direc-
tors approved its composition, including cooptation of Ing. Marfik and doc.
Ing. Rozsypal, CSc., for the next office term.

Resolution : Magazine will be further being published in current extent, qual-
ity and colors. For covering of increased expenses, every member organiza-
tion will provide in course of one year at least 2 color A5 advertisements,
either its own or of its suppliers or cooperators. Moreover, increased activity
of individua! members is expected. 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. Aldorfs absence, it will be delivered by the upcoming occasion.

7. CTC webmastets report on internet communication within the ITA/AITES
framework

Ing. Marik 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 38 member organizations and 28 individuals
(including new member Ing. Spirk, representative of the Bohler company).
As of December 31, membership was terminated by : Vojenské stavby,
Vodni stavby, Describo, Carbogrouting. Membership as of 2001: Vodni stav-
by, a.s. - in liquidation (dependent on fulfillment of contractual terms). ZS
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 present 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 6 positions in the board of directors. After the ballots
were handed over, the electoral committee evaluated 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. Vaclav Soukup (17)

Ing. Vaclav Vales (17)
Not elected: Ing. Hordk, CSc. (10), Ing, Dvorak (9), Ing. Pohl (9), Ing. Zlamal
(7), Prof. RNDr. Karous, DrSc. (7). Ing. Bfezina (6), Ing. Starha (5), Ing.
Kole€kar (3), Ing. Sikora (2).
Newly elected CTC chairman thanked for expressed trust and outlined his
vision of further activity of the board.
Resolution : The election processed in accordance with regulations and
according to approved electoral rules. GA takes into account the election
results and congratulates the chairman as well as newly elected members of
the board of directors.

10. Miscellaneous

- Doc. Ing. Pavel Pfibyl informed about last year established CTC workgroup
“Safety in underground structures"”. It has already set a contact with the
European Union within frame of the UPTON projed. It has 8 members and
core of the group is represented by consortium of companies solving the
MTC projed '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 deékuje hostitelské spolecnosti ZAKLADANI
dnesniho VS
- Oprava v adreséfi ¢lenU:
CarboTech-Bohemia s. r. 0., Ing. Drahomir Janicek,
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

GROUP za zajisténi

11. Prezentace firmy ZAKLADANI GROUP, a. s.,

a stavby Rekonstrukce Slovanského domu v Praze Na Pfikopé.

Generalni feditel Ing. Rataj uvedl zakladni problematiku této vyznamné
a technicky neobycejné naroc¢né stavby a predstavil své spolupracovniky -
Ing. Muhla 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.o., Ing. Drahoslav Janicek,

Lihovarska 10, 716 03 Ostrava - Radvanice,

Tel: 069/6232 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 Slavonic House in Prague Na Pfikopech’
General manager Ing. Rataj presented basic problems of this significant and
technically extraordinarily complicated construction and introduced his two
cooperators - Ing. Muhl and Ing. Kiefer, who both by word and picture
demonstrated its realization.

Zapsal - Written by: Ing. Karel Matzner
Ovefil - Confirmed by: Ing. Jindfich Hess

INFORMACE O CINNOSTI PRACOVNI SKUPINY ,,BEZPECNOST V PODZEMNICH STAVBACH*

INFORMATION ABOUT ACTIVITY OF THE ,,SAFETY IN

Pracovni skupina narodniho komitétu ITA/AITES s pracovnim nazvem
"Bezpecnost v podzemnich stavbach" se rozrostla o nékolik ¢lend, takze se
na jeji ¢innosti podili jiz dvanact rldznych organizaci ITA/AITES. Skupina se
schazi vzdy asi po dvou mésicich. Jedna se o profesni skupinu odbornikd,
ktefi se dlouhodobé& zabyvaji touto problematikou. Skupina pracuje
nezavisle na statnich organech.
Jadrem skupiny jsou kolegové feSici projekt MDS "Analyza a fFizeni rizik
v tunelech pozemnich komunikaci”, ktery byl zahdjen v bfeznu tohoto roku.
Hlavnim feSitelem je Eltodo, a. s., ve spolupraci s Metrostavem, Metro-
projektem, TSK a tunelovou sekci Silni€ni spole€nosti. Velmi obecné feceno,
cilem tohoto projektu je analyzovat situaci u nas i v zahrani€i a pfipravit
metodiku jak vyhodnocovat rizika v tunelech a jak na né pfiméfené reagovat.
Pravé slovo "piimérené" je velmi ddlezité, nebot je nutné najit teohnioko-eko-
nomickou miru pfijimanych opatfeni. Soucasti feSeni bude navrh metodiky
porovnavajici naklady na stavebni a technologickou ¢ast souvisejici
s bezpecnosti a s moznymi realnymi riziky. Zasadou je, Ze vyhodnocovani
rizik je soucasti komplexni bezpecnostni politiky, kterd musi byt stanovena
pro kazdy tunel. Pracovni skupina bude poradat jednou za rok otevienou
diskusi k FfeSenému projektu.
Dal8i ukoly z planu prace pracovni skupiny Ize shrnout do nasledujicich
boda:
(a) Technické podminky "Provoz, sprava a Udrzba tuneldl pozemnich
komunikaci*
Technické podminky jsou zpracovany v konceptu. Jedn& se o unikatni doku-
ment, ktery zatim nema v Evropé& obdobu. Proto je nutné vénovat jeho
oponovani maximalni pozornost. Nyni probiha pfipominkové fizeni, na
kterém se podileji i €lenové pracovni skupiny a technické podminky by mély
byt vydany na podzim.
(b) Navstéva tunelu Mont Blanc
Navstéva splnila ocekavani. Z cesty je porizena dokumentace, ktera je k dis-
pozici u doc. Pfibyla. V €asopisech Tunel a Silniéni obzor budou pub-
likovany odborné ¢clanky. Cestu a jeji vysledky hodnotil i odborny semina¥
poradany na Fakulté dopravni dne 12. €ervna.
(c) Dalsi aktivity
- Vytvoreni spolec¢né databaze dokumentd zabyvajicich se analyzou a fize-
nim rizik v tunelech.
- Clenové soustfeduji nAméty pro novou verzi TP98 “"Technologické vybaveni
tuneld pozemnich komunikaci". Pfedpoklad zahajeni praci je konec roku
2001.
- Diskuse o vytvoreni instituce pro oponenturu navrhu (koncepce) feseni
bezpecnosti v tunelech pozemnich komunikaci.
- Koordinovana uG¢ast na konferencich. Ing. Sajtar navstivil konferenci
v Hamburku, doc. Pfibyl se G€astni prosincové konference v Basileji.
(d) Diskusni forum
Jednim z hlavnich cild je vytvoreni zakladny pro diskusi odbornikd, ktera by
méla prispét nejenom ke zlepSeni vzajemné informovanosti, ale hlavné by
méla prispét ke kontrolovanému feSeni problematiky bezpecnosti v sil-
ni¢nich tunelech. _
V dalSi Casti prispévku je komentovana Ing. Sajtarem, ¢lenem komise pro
bezpecnost ITA/AITES, "Mezinarodni konference o dopravé a bezpec&nosti
v silniénich tunelech” konana v Hamburku, kterd& meéla za cil diskutovat
o novych nazorech na ochranu osob a staveb. Konference se konala ve
dnech 28. a 29. kvétna za Ucasti 150 specialistd z patnacti zemi. Jejim orga-
nizatorem byla firma Heusch/Boesefeldt, GmbH., kter4 se vice neZ patnact
let zabyva vyvojem a vyrobou zafizeni pro dopravni systémy, zejména
dopravnim inzenyrstvim a dopravni telematikou. Ucastnici konference byli
zastupci statni spravy, védedti pracovnici, spravci tuneld a konzultaéni
inzenyfi. Kromé Francie zde byly zastoupeny vSechny evropské zemé vetné
Ceské republiky a také Japonsko a USA.
Soucasné s konferenci probihala vystava patnacti firem, které se zaméruji na
moderni technologie pro provoz tuneld, zejména s ohledem na bezpe&nost.

UNDERGROUND CONSTRUCTIONS* WORKGROUP

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. Itis 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-
ed ‘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 pian 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. Itis 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. Pf¥ibyl 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 Safety 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 ITA/AITES Safety Committee, in the next part of the
contribution. The conference was held during May 28-29 with participation of
150 spécialists from 15 countries. 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 traffic telematics. There were deputies of the state adminis-
tration, scientific employees, tunnel operators and consulting 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.
Simultaneously with the conference, there was an ongoing exhibition of 15
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O tom, ze otadzce bezpecnosti provozu v silni€énich tunelech je v soucasné
dobé v odborné verejnosti vénovana maximalni pozornost, svédci i to, ze se
konference zuc€astnil prezident ITAITES prof. Dr. Ing. Alfred Haack.
Sestnact prednaSek prednesenych znamymi svétovymi experty je mozno
rozdélit na tyto tfi okruhy:
- nova narodni a mezinarodni pravidla;
- bezpecnostni standardy a dUlezité zkuSenosti z provozu tuneld

v Evropé& i mimo ni;
- modernizace starsich tuneld.
Po tragickych nehodach na jafe 1999 v tunelech Mt. Blanc a Tauern byla
vytvofena pod zastitou UN/ECE skupina expertdl pro posouzeni bezpe&nosti
v tunelech. Predpoklada se, Ze skupina pfipravi soubor mezinarodné
schvalenych doporu€eni vedoucich ke sniZzeni rizika vzniku nehody v sil-
ni¢nich evropskych tunelech a zaroven k minimalizaci nasledkd, jestlize tyto
nehody vzniknou. V pracovni skupiné jsou jak statem doporuceni specia-
listé, tak zaméstnanci soukromych spole€nosti, ktefi se touto problematikou
zabyvaiji.
Doporuceni komise bude nasledné prezkoumano UN/ECE Inland Transport
Commitee (ITC) a rozhodnuto, ktera opatfeni budou zavazné doporucena
k zapracovani do rliznych smiluv a dohod vydavanych UN/ECE.
V soucasné dobé probihaji prace na Upravé a zméné platnych norem a pred-
pist tykajicich se zajisténi bezpec€nosti v silnicnich tunelech v fadé evrop-
skych zemi i v USA. Tato konference prispéla k vyméné zkuSenosti a hlavné
k sjednocovani nazord na otazky zvyseni bezpe&nosti.

companies, which focus mainly on modem technologies for tunnel operation,
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 attention 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;
- Safety 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 estimated, 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 Pfibyl, CSc., Ing. Ludvik Sajtar, CSc.

NEWSLETTER OF THE SLOVAK TUNNELING ASSOCIATION ITA/AITES

Komitét Slovenskej tunelarskej asociacie participuje ako zastita a odborny
garant v r. 2001 na dvqch odbornych podujatiach. Prvé z nich bolo 5. - 7.
juna v Dome techniky Zilina. Podujatie bolo koncipované ako sympézium,
prezentacia firiem a vystava, zamerané na perspektivu vystavby tunelov na
Sovensku. V sympozialnej €asti odzneli na tuto tému Styri 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 hlavhom meste SR Bratislave (Ing. Ernest
Tomasik, Magistrat hlavného mesta SR Bratislavy, veduci odboru vystavby)
3. DoterajsSie skusenosti s vystavbou tunelov v SR (Ing. Miloslav Frankovsky,
Terraprojekt, a. s., Bratislava, veduci oddelenia projekcie a Ing. Juraj Kelesi,
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 zU&astnilo celkom 130 G&astnikov, z toho 41 z CR, 4 z Polska,

1 zo Svajciarska a ostatni zo SR.
Na sympézium nadviazala prezentacia firiem obsiahlymi referatmi nielen
propagacného zamerania, ale aj so zaujimavym technickym obsahom a ak-
tualnymi informéaciami z priebehu niektorych tunelovych stavieb. Pre-
zentaciu vyuzili: Doprastav, a. s., Bratislava, Metrostav, a.,s., Praha, divizia
5. HBP a. s., Hlavna banska zachranna stanica o. z., Prievidza, Geofos
s. r. o, Zilina, Vahostav-SK, a. s., Zilina, Carbotech-Slovakia s,,r.,0., Zilina,
Bekaert ZDB, s. 1. 0., KoSice, RCD Radiokomunikace, s. r. 0., Pardubice.
Tak ako pri predchadzajucich podujatiach v Dome techniky Zilina bola
sprievodnou akciou aj vystava, ktort vyuzilo celkom 26 organizacii, z toho
9 z CR a 1 z Raklska, ostatné zo SR.
Cyklus sprievodnych akcii ukonCila exkurzia na blizke rozostavné tunelové
stavby v okoli Ziliny: tunel Horelica, ktory buduje Vahostav Zilina, a prie-
skumnu 3$télfu tunela Visnové, ktord z jednej strany razi Doprastav, a. s.,
Bratislava a z druhej strany, od zapadného portalu, Metrostav, a. s., Praha.
Exkurzie sa zGc¢astnilo takmer 50 Gcastnikov.
Sucasny stav a perspektivu vystavby tunelov na Slovensku charakterizuje
redukcia poctu a tempa stavieb, ktoré pdvodne ur€il vladny program
v r. 1955. Viaceré stavby, ktoré podfa tohto programu mali byt ukonené do
r. 2005, sa €asovo poslvaju az za horizont 2015. V su€asnosti sl rozosta-
vané tunely Branisko a Horelica. Na Branisku skoncila betonaz sekundarneho
ostenia juznej tunelovej rary, vetracej Sachty a objektu dopravno-vetracieho
prepojenia. V tazkych geologickych podmienkach na tuneli Horelica prace
pokro€ili do poloviénej dizky tunela (375 m). Na prieskumnej $tolni tunela
Visnové pokracuje v stazenych podmienkach razenie z obidvoch stran.
Tunelovacim strojom od zapadného portalu bolo k 14. 6. 2001 vyraZenych
3 507 m a od vychodného portalu vrtno-trhavinou technolégiou 2 341 m.
Na stavbu mestského tunela Sitiny v Bratislave bude v druhom polroku 2001
vyhlasena verejna sataz.

Sekretar 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 Tomasik, Bratislava City Hall, chief of the building department)
3. Experience with tunnel construction in Slovakia until the present day (Ing.
Miloslav Frankovsky, Terraprojekt, 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; Metrostav, a.s. Prague,
fifth division; HBP, a.s.; The Central mining rescue station o.z. Prievidza;
Geofos srn.o. Zilina, Véhostav-SK, a.s. Zilina; Carbotech-Slovakia s.r.o. Zilina;
BekaertZDB, s.r.o. Kosice; RCD Radiokomunikace, s.r.o. 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 Véahostav 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 pian 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 middle of
the tunnel length (375 m). Within the exploration gallery of the Vishové 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















