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VAZENI CTENARI,

s potéSenim jsem pfijal moZnost vés pozdravit a pfipomenout vyznamné vyro-
¢i spole¢nosti Subterra, a. s. Ta vznikla pfed ¢tyficeti lety. Na strankach toho-
to Casopisu se zajemci mohou sezndmit s historii nasi firmy a vysledky jeji
prace, a to jiz po nékolikaté. Nebudu proto nosit dfivi do lesa.

Rad bych se vSak poohléd| za uplynulym obdobim a pokusil se ukazat na to,
co nového se v oboru podzemniho stavitelstvi u nas udalo.

Velké projekty, které byly pfed péti lety na svém pocétku, mezitim uspésné
skoncily. Za vSechny uvedme tunel Mrazovka a trasu IVC1 prazského metra.
Dozraval ¢as a pfibyvaly argumenty pro zahéjeni jinych velkych dopravnich
staveb, jako je tunel Dobrovského v Brng, tunely na silniénim okruhu kolem
Prahy a délnici D8. Byla zahéjena stavba dalSiho prodlouzZeni trasy C prazské-
ho metra. Projekt €asti méstského okruhu v Praze v useku Myslbekova-
-Pelc-Tyrolka naopak stéle éeka na sviij as. | zde v8ak jiz probihaji prizkumné
prace. Stavélo se také na Zelezniéni siti, kde musim zminit predevsim
tunely Krasikov. Pokraovala vystavba podzemnich objektt v infrastruktufe
velkych mést, ktera ziejmé predstavuje nikdy nekongici tkol.

Pozitivni vyvoj v podzemnim stavitelstvi nezastihl ¢eské specializované firmy
nepfipravené. Jsem réd, Ze Subterra, a. s., je mezi nimi na ¢elném misté.

Stale velmi Ziva je mezindrodni odborné spoluprace v naSem oboru. Pfispivé
k ni Cesky tunelafsky komitét a jeho asopis Tunel. Povérfeni uspofadat jiz
podruhé Svétovy tunelafsky kongres v roce 2007 v Praze hovofi za vSe.

Chtél bych pfi této pfileZitosti uvést jedno jméno vyznamného ¢eského odbor-
nika. Tim je Prof. Ing. Ji¥i Bartak, DrSc. JiZ mnoho let stoji u nds na ¢ele vech
hlavnich udélosti v oboru podzemniho stavitelstvi jako pedagog, odborny
garant, organizator i ¢len fidicich organt. Uprostied jeho netnavné prace
mnozi ani nepostiehli, Ze letos uplynulo 65 let od jeho narozeni. Jubileum,
k némuz mu znovu upfimné blahopfeji a dékuji za jeho pomoc a spolupraci.

Ctyficaté vyrodi vzniku nasi firmy otevira i novou etapu v jejim Zivoté. V letos-
nim roce se nasim rozhodujicim akcion&fem stala spole¢nost Metrostay, a. s.
Byl tak zavr§en bezmala dvoulety proces hledani strategického partnera. Sub-
terra, a. s., je tak dnes soucasti DDM Group - silné stavebni skupiny, ktera
svym obratem bude nejvétsi na ¢eském a slovenském trhu. V&Fim, Ze jsme pro
nasi firmu, jeji pracovniky i akcionafe zvolili dobfe. Spojila se dlouholetd tra-
dice s jasnou perspektivou a budoucnosti.

DEAR READERS,

| was pleased to be given the opportunity to greet you and remember an impor-
tant anniversary celebrated by the Subterra, a. s., company. The company was
founded forty years ago. Interested readers can find information on the history
of our company and results of its operations in this magazine already repeated-
ly. For that reason | am not going to hold a candle to the sun.

I would like, however, to briefly recapitulate the past period, and try to outline
news in our company in the underground construction sphere.

Large projects commencing five years ago have ended meanwhile successfully.
As examples, we can recall the Mrazovka tunnel and the Prague Metro line IVCT.
The time was nearly ripe, and arguments were growing for the commencement
of other large traffic projects, e.g. the Dobrovského tunnel in Brno, tunnels on
the city circle road around Prague and on the motorway D8. The work on anot-
her extension of the Prague Metro line C started. On the other hand, the con-
struction of the inner road circuit section Myslbekova - Pelc-Tyrolka is still wai-
ting for its time. But even here exploration operations are in progress. We also
participated in development of the railway network, above all the Krasikov tun-
nels. Construction of underground structures within the infrastructure of large
towns continued. This is probably a never-ending task.

Positive development in the sphere of underground engineering did not catch
Czech specialised companies unprepared. | am happy that Subterra a. s. is
among the top ones.

International professional co-operation is permanently very active in our pro-
fession. The Czech Tunnelling Committee and their magazine Tunel also contri-
bute in this field. The assignment to organise the World Tunnelling Congress for
the second time in Prague in 2007 is great evidence of this.

On this occasion, | would like to mention one name of an outstanding Czech
expert, the name of Prof. Ing. Jifi Bartak. He has been standing at the forefront
of all main events within the underground engineering industry for many years,
as a pedagogue, expert guarantor, organiser and member of executive bodies.
Distracted by his tireless work, many of us have not noticed that 65 years have
passed since his birth this year. This is an anniversary that | would like to con-
gratulate him on again, and thank him for his help and co-operation.

The forties anniversary of the foundation of our company also opens a new
phase of its life. Metrostav, a. s., has become its major shareowner this year.
Thus a nearly two-year process of seeking a strategic partner has been finished.
Today, Subterra, a. s., is part of DDM Group, a powerful civil engineering group,
which is going to become the largest one on the Czech and Slovakian markets.
| believe that our choice was good, for our company, as well as for its employ-
ees and shareholders. Long-term tradition joined a clear perspective and a
bright future.

Ve
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Ing. Petr Kuchar
generalni feditel Subterra, a. s.
General Manager Subterra, a. s.
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CTYRICATE VYROCI ZALOZENI FIRMY SUBTERRA, a. s.

FORTY YEARS SINCE THE FOUNDATION OF COMPANY SUBTERRA, a. s.,
ING. MIROSLAV UHLIK, ING. JIRI NOVY, SUBTERRA, a. s.

HISTORIE SPOLECNOSTI

Pocatek historie spoleénosti saha do roku 1964. V zafi uvedeného
roku byl proveden prvni odpal na pokusné razbé stolového privadé-
e pitné vody ze Zelivky do Prahy. To byl zagatek vyvoje podniku,
ktery se od samostatného utvaru Uranovych dolG Pfibram pres
odstépny zavod Zelivka, narodni podnik Podzemni inZenyrské stav-
by, koncernovy podnik Vystavba doltd uranového pramyslu, statni
podnik Subterra, pfeménil az na dnesni akciovou spole¢nost Subter-
ra. Ta byla na zakladé privatizacniho projektu zaloZena k 1. 4. 1992.
V poloviné 60. let nemély podniky resortu stavebnictvi prakticky
Zadné tunelarské kapacity, takze nabidka Uranovych dol Pfibram
na vybudovani 50 km §toly v redlném &ase a za pfijatelnou rozpo-
¢tovou cenu umoznila velkorysé feseni problému, které bylo nako-
nec pfijato a realizovano.

V dal$im obdobi se na zakladé pozitivnich zkusenosti z Vodniho dila
Zelivka objevily nové projekty jako $tolové privadéée na vodaren-
skych soustavach, podzemni objekty na pfehradach, razené kanali-
zace, kolektory, podzemni ¢istirny odpadnich vod, prazské metro,
podzemni precerpavaci elektrarna i silnicni a Zelezniéni tunely.
Vznikly nové specializované firmy na podzemni stavby, Subterra ve
své puvodni podobé vsak byla prvni.

Subterra vyznamné prispéla k rozvoji tunelarskych technologii.
V prostiedi Ceskoslovenského uranového primyslu, ktery patfil
mezi prioritni odvétvi, dokazala pofidit technicky vyspélé moderni
technologie. Jeji zaméstnanci zase dostali pfrilezitost naucit se
s modernimi mechanismy a technologiemi pracovat, ovladnout je
a podle téchto vzord vyvinout i zafizeni vlastni. Pozvedli tak technic-
kou uroven Ceskoslovenského podzemniho stavitelstvi na stupen
srovnatelny se zdpadnim svétem.

Podnik roz$ifoval své zku$enosti a aktivity v celém prifezu podzem-
nich inZzenyrskych staveb, ve vodnim hospodarstvi, ve vystavbé doll
i ve velkoprostorovych podzemnich stavbach pro energeticka dila
a podzemni garaze. V Praze je Subterra hlavnim stavebnim dodavate-
lem sité kolektorl. Kolektory stavi také v Brné, Ostravé a donedavna
stavéla i v Bratislavé. Soucasti dodavky velkych inZenyrskych staveb
byly také povrchové objekty. | ty Subterra zvladla a v dal§im vyvoji
postavila mnohé povrchové stavby jako samostatné zakazky.
Transformaci oborového podniku na koncern v roce 1976, ktera
spadla do zagatku obdobi posledniho rozmachu Ceskoslovenského
uranového priimyslu (CSUP), dostal podnik novy nazev a soudasné
nové ukoly pro matersky koncern. Koncernovy podnik Vystavba
dolli uranového pramyslu (VDUP) zaméstnaval zkuSené pracovniky
zvyklé pracovat v nejrliznéjSich pfirodnich podminkach véetné vel-

Obr. 1 Rok 1964, vodovodni pfivadéé Zelivka — prvni odpal na pokusné $tole
Fig. 1 1964, water feeder Zelivka - first blasting in the experimental gallery

COMPANY HISTORY

The beginning of the company history falls into the year 1964. The
first blast at the experimental excavation of the gallery feeder for
drinking water from Zelivka to Prague was carried out in September
that year. That was the start for development of a company that gra-
dually transformed from the independent department of the Urano-
vé doly Pribram, through separate division Zelivka, public corpora-
tion Podzemni inZenyrské stavby, trust corporation Vystavba doli
uranového prumyslu, and public corporation Subterra, a. s. to the
current joint-stock company Subterra, a. s. This was created based
on a privatization project as of April 1, 1992.

In the middle sixties, companies in the construction field had almost
no tunneling capacities, and therefore the commission of the Ura-
nové doly Pribram to construct a 50 km long gallery in reasonable
time and for an acceptable budget price enabled a generous soluti-
on of the problem that was ultimately accepted and realized.

Based on positive experience from the water-work Zelivka, new pro-
jects turned up in the following time period, such as gallery feeder at
water-work complexes, underground structures at dams, mined
sewers, collectors, underground sewage treatment plants, Prague sub-
way, underground pumped-storage power plant as well as road and
railway tunnels. New companies specialized in the underground field
were founded, yet Subterra, a. s. in its original form was the first one.
Subterra, a. s. significantly contributed to the development of the
tunneling technologies. In the field of the Czechoslovakian uranium-
mining industry, which ranked among the priority industrial fields, it
managed to secure technically advanced modern technologies. On
the other hand, its employees had the opportunity to learn how to
manipulate with modern mechanisms and technologies, to control
them and based on these models also how to design own devices.
Thus, they have raised the technical level of the Czechoslovakian
underground engineering to be comparable with the western world.
The company expanded its activities and experience in the entire
field of underground engineering constructions, in the water-work
industry, in construction of mines as well as in large underground
structures for power plants or underground garages. Subterra, a. s.
is the main construction supplier for the network of collectors in
Prague. It moreover realizes collectors in Brno, Ostrava and until
recently also in Bratislava. Surface structures were also part of
supply for the large engineering constructions. Subterra, a. s. mas-
tered even those and throughout its further development realized
many surface structures as separate commissions.

Transformation of the sectoral company into a trust in 1976, which
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Obr. 2 Podzemni COV v Peci pod Snézkou
Fig. 2 Underground STP in Pec pod SnéZkou
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Obr. 3, 4, 5 Razba vodovodniho pfivadéce Zjalivka
Fig. 3, 4, 5 Excavation of the water feeder Zelivka

kych hloubek. Z toho dlivodu byl orientovan na hloubeni novych
prizkumnych a téZebnich jam. Takovymi dily byly jAmy Milasin (530 m)
Nova Véelnice (690 m) nebo Vitkov v zapadnich Cechach.

V této souvislosti je nutno poznamenat, Ze podnik provadél pri-
zkumné a otvirkové prace i na rliznych lokalitach rudného hornictvi,
z nichz stoji za zminku otvirka XIlIl. obzoru na Rudnych banich v Rud-
fanech, kde byl poprvé v naSem rudném hornictvi nasazen plno-
profilovy razici stroj.

V dobé svého nejvétsiho personalniho rozvoje zaméstnaval VDUP
vice nez 3000 zaméstnancu pusobicich zhruba na 140 stavbach
v sedmi krajich. Pro né disponoval 1036 byty, z nich témér polovinu
postavil jako generalni dodavatel. Slo vesmés o byty v Praze.
K tomu jesté hotelovou ubytovnu na Zbraslavi se 400 ltzky a néko-
lik rekrea&nich objekt v Cechach i na Moravé. V roce 1990 nastal ve
vyvoji podniku zasadni obrat.

Velké zkusenosti z dllnich stavebnich praci pfispély k tomu, Ze jiz
v roce 1989 ziskala Subterra zakazku na provedeni dilnich dél ve
Spanélské Asturii. V poslednich letech byla Subterra Uspésna svymi
stavebnimi pracemi v Némecku, zejména na vystavbé silniéniho
tunelu Léwenherz, ktery je souéasti obchvatu mésta Annweileru.

PODZEMNIi STAVITELSTVi

Jak jiz bylo fe¢eno, specializované kapacity pro podzemni stavitel-
stvi vznikaly na pudé barnského pramyslu. Bylo tomu tak i v davné
minulosti, coZ lze dokumentovat na pfikladé Rudolfovy Stoly v
Praze, kterou na konci 16. stoleti vyrazili pfevazné kutnohorsti havi-
fi a jejich mistfi. Pfesto se oba obory, podzemni stavitelstvi a hor-
nictvi, postupné oddélily, coz bylo zptisobeno hlavné jejich odlis-
nym poslanim, rdznym ¢asovym vyuzitim jejich produktl a v nepo-
sledni fadé i rozdilnymi ekonomickymi kritérii.

Od poloviny Sedesatych let Ize vysledovat v nasledujicim obdobi tFi
¢asové viny. Prvni se tykala regionalni infrastruktury, kdy tunelarské
technologie pfinesly feSeni mnoha ukoll v zdsobovani vodou, likvi-
daci odpadnich vod i v energetice. Druha vina sehrala podstatnou
roli v méstské infrastrukture, ve které podzemni stavitelstvi domi-
novalo v pripadé metra, kolektord a kmenovych stok. Treti vina
pravé probiha a jejim prfedmétem jsou dopravni tunely, at Zeleznic-
niho nebo silniéniho stavitelstvi.

PODZEMNIi OBJEKTY VE VODNiM HOSPODARSTVI
A ENERGETICE

Vodni dilo Zelivka

Po desetileté investi¢ni a projektové pripravé bylo dilo v zakladnim
rozsahu vybudovano v obdobi 1965 az 1972. Sklada se z hydrotech-
nického komplexu, ktery obsahuje mj. ptehradni hraz na fece Zeliv-
ce u Svihova a z vodarenského komplexu, jeho? vyznamnym objek-
tem je Stolovy pfivadéc pitné vody z Gpravny u Soutic do vodojemu
u Jesenice.

Stola méa délku 51,1 km, svétly pramér 264 cm, projektovanou kapa-
citu 6000 I/sec a dodnes patii mezi evropské unikaty.

Celkovy obsah vyldmané horniny ze §toly 505 522 m? uloZeného
betonu 250 000 m?, pocet pracovnich Usekl pri razbé 14, technolo-
gie razby konvenéni pomoci trhavin. Po trase je fada objekt( na pre-
chodech vodnich tokud a Sachtic pro tlakové vyrovnani a odbér vody.
Prace na $tole se vyznacovaly vysokymi mési¢nimi vykony pfi razbé
i betonazi, dokonalym meéfickym vedenim, ale i nepfedvidanymi
potizemi z davodl mistnich geologickych anomalii, které mély

coincided with the beginning of the last boom of the Czechoslovaki-
an uranium-mining industry (CSUP), gave the company a new name
along with new tasks for the mother company. The trust Vystavba
doli uranového priimyslu (VDUP) employed experienced personnel
that were used to working in various natural conditions including
large depths. Due to these reasons it was focused on excavation of
new exploratory or mining shafts. To such works belonged the shafts
Milasin (630 m), Nova Vi¢elnice (690 m) or Vitkov in western Bohemia.
Connected to this it is necessary to mention that the company car-
ried out exploration and development works also at various locati-
ons of the mining industry, for instance the development of the XIl.
horizon in Rudriany ore mines, where a full-profile boring machine
was deployed for the first time within our mining industry.

In the times of the greatest personnel capacity the VDUP employed
more than 3000 people that covered approximately 140 constructi-
on sites in 7 regions. It offered them 1036 apartments, more than
half out of which it realized as a main contractor. Those were most-
ly apartments in Prague. On top of that there was a hostel accom-
modation in Zbraslav with 400 beds and several recreation structu-
res both in Bohemia and Moravia. A fundamental change in the
company development occurred in 1990.

Substantial experience from mine engineering works contributed to
the fact that Subterra won a contract for realization of mining struc-
tures in Spanish province of Asturia in 1989. Already in the recent
years, Subterra, a. s. was successful with its engineering works in
Germany, especially with construction of the Lowenherz tunnel as
part of bypass of the city of Annweiler.

UNDERGROUND ENGINEERING

As it was already said, specialized capacities for underground engi-
neering originated in the field of the mining industry. This also app-
lied in far past, for instance documented by the Rudolf's gallery in
Prague, which was excavated by miners and their masters of Kutna
Hora in late 16™ century. Nevertheless the two fields, underground
engineering and mining, did ultimately separate, which was mainly
due to their disparate purpose, time-oriented use of their products
and last but not least also due to different economic criteria.

Since the half of the sixties, three time phases can be observed. The
first one dealt with the regional infrastructure, when tunneling tech-
nologies brought solutions to many tasks such as water supply, liqui-
dation of sewage or in power engineering. The second phase played
an important role in the urban infrastructure, which was dominated by
the subway, collectors and trunk sewers. The first phase is currently
underway and it is focused on traffic tunnels, both road and railway.

UNDERGROUND STRUCTURES IN WATER RESOURCES
AND POWER ENGINEERING

Water-work Zelivka

Following ten years of investment and design preparation, the work
was constructed in its basic extent between 1965 and 1972. It con-
sists of the hydro-technical complex, which for instance includes
the dam at river Zelivka, and the water supply complex with its sig-
nificant structure in the drinking-water feeder from the treatment
plant near Soutice to the water-tank near Jesenice.

The 51,1 km long gallery with net diameter of 264 cm and designed capa-
city of 6000 I/sec ranks among unique structures in Europe until today.
Total volume of excavated rock from the gallery reached 505 522 n7’,
cast concrete then 250 000 m°. There were 14 working sections
throughout the excavation, using the conventional drill and blast
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dopad na cenu i smluvni terminy. V zavéru roku 1972 byl pfivadé¢
uveden do trvalého provozu a od té doby spolehlivé slouZi.
Oblastni zasobovani pitnou vodou

V sedmdesatych a osmdesatych letech probihala témér ve vSech
krajich v Cechach a na Moravé rozsahla vystavba oblastnich voda-
renskych soustav. Soucasti téchto staveb byly i podzemni objekty
a Subterra se na vSech podilela. Byly to tyto stavby:

Oblastni vodovod Prise¢nice pro zasobovani Chomutovska, Bfezov-
sky privadéc pro Brno, Vodni dilo Stanovice pro Karlovy Vary, Vodni
dilo Rimov pro zasobovani Ceskych Budgjovic, Skupinovy vodovod
Humpolec-Pelhfimov-Pacov, Vodni dilo Josefiv Dl pro libereckou
oblast, Vodni dilo Slezska Harta pro severni Moravu, Virsky oblastni
vodovod pro jizni Moravu. Celkové vyrazila Subterra razicimi stroji
na téchto dilech pfes 60 km Stol.

RaZené kanalizaéni shérace a podzemni éistirny odpadnich vod
Zvladnuti tunelarskych technologii prakticky ve vSech geologickych
podminkéach bylo impulsem pro projektanty kanalizac¢nich siti, aby
v méstské zastavbé nebo v ¢lenitém terénu extravildnu navrhovali
razené kanaliza¢ni sbérace. Subterra ma tento typ staveb ve vyrob-
nim programu od roku 1971. Do dnesni doby realizovala tyto hlavni
stavby:

Kmenova stoka K v Praze, Nadsidlis§tni kanaliza¢ni sbéra¢ pro Jiho-
zapadni Mésto v Praze, Soubor sbéracu v oblasti Barrandov, Sidlist-
ni kanalizace Cimice, Petrovice, Lhotka - Libug, Po$tovka, Hrdlofezy,
Cerny Most aj., Levobfezni kunraticky sbéra&, Sbéraé pro sidlisté
Brno-LiSen, Kanaliza¢ni sbéra¢ Jablonec - Liberec, Sbéra¢ A v Kar-
lovych Varech, Stoka C v Brng, Napojeni na COV Hradec Kralové,
Sbérad Y v Usti nad Labem.

Vyvoj technologii vystavby na téchto razenych kanalizacich ved| od
konvencni razby pfes poufZiti razicich stroju plnoprofilovych nebo
s frézou na vylozniku aZ po prvni nasazeni tunelovaciho systému
fizeného mikrotunelovani u nas od japonské firmy ISEKI v Usti nad
Labem, v dne$ni dobé vyuZivany napfiklad na stavbé ,RozSifeni
kanalizaéniho systému meésta Ostravy”. Nedostatek vhodnych
pozemk( pro vystavbu novych Eistiren odpadnich vod v okoli vel-
kych sidlist ¢i v chranénych Guzemich a snaha eliminovat jejich nepfi-
jemné vlivy na Zivotni prostfedi vede projektanty, zatim v ojediné-
lych pripadech, k umistovani téchto staveb do podzemi. Subterra
postavila prvni dvé takové &istirny u nas - COV v Peci pod Snézkou
a COV v Lokti nad Ohfi.

Podzemni pfecerpavaci vodni elektrarna Dlouhé Strané,
Jeseniky

Jde o jedno z nejvyznamnéjsich dél v historii spole¢nosti Subterra.
Vlastni stavba byla zahdjena v roce 1978, uvedeni do provozu pro-
béhlo v roce 1994. Z toho je patrné, Ze |hGta vystavby presahla
bézné normy. Je to zplGsobeno mnoha vlivy, zejména zménami
energetickych koncepci a technického feSeni, nedostatkem pro-
stiedkll a z toho plynouciho zafazeni stavby do ,utlumového pro-
gramu” atd. Tak na pfiklad na vylom a statické zajisténi kaverny hyd-
rocentraly byl vymezen ¢as 24 mésicl a Subterra jej dodrzela.

Tato elektrarna byla postavena v severomoravském regionu v Jese-
nikach pobliz masivu Pradéd. Dolni nadrz je vytvorena novou udol-

Obr. 6 Dolni nadrz Precerpévaci vodni elektrarny Dlouhé Stréné
Fig. 6 Lower basin of the pumped-storage power plant Dlouhé Strané

Obr. 7 Kaverna Pfecerpévaci vodni elektrarny
Dlouhé Strané

Fig. 7 Cavern of the pumped-storage power
plant Dlouhé Stréné

method. There are several structures along the path within river
crossings with shafts for pressure equalization and water extraction.
Works on the gallery were marked by high monthly outputs during both
excavation and concrete placement, perfect survey control, but also by
unexpected complications due to local geological anomalies, which had an
impact on contractual price as well as terms. By the end of 1972, the fee-
der was put into permanent operation and serves satisfactorily ever since.
Regional supply of drinking water

Extensive construction of regional water-supply complexes procee-
ded in virtually all regions of Bohemia and Moravia in the seventies
and eighties. Underground structures were part of this construction
and Subterra took part in all of them. It included these structures:
Regional water pipeline Prise¢nice for supply of the Chomutov regi-
on, Brezovsky feeder for Brno, water-work Stanovice for Karlovy
Vary, water-work Rimov for supply of Ceskych Budéjovic, group
water supply Humpolec-Pelhfimov-Pacov, water-work Joseftv Dal
for Liberec region, water-work Slezska Harta for northern Moravia,
Virsky regional pipeline for southern Moravia. Altogether, Subterra
excavated on these works more than 60 km of galleries.

Mined sewer collectors and underground sewage treatment plants
Mastering of the tunneling technologies in all geological conditions
was an impulse for the designers of sewerage networks to start desig-
ning mined sewer collectors in urban areas or segmented outer terra-
in. Subterra, a. s. has this type of structures in its production program
since 1971. Until present day it realized these main structures:

Trunk sewer K in Prague, sewer collector for Jihozapadni mésto in Prague,
Complex of sewers in the Barrandov district, residential sewerage network
Cimice, Petrovice, Lhotka - Libus, Postovka, Hrdlorezy, and Cerny Most; left-
bank collector Kunratice, collector for the district Brno - LiSeri, sewer col-
lector Jablonec - Liberec, collector A in Karlovy Vary, Sewer C in Brno, con-
nection to STP Hradec Krélové, collector Y in Usti nad Labem.
Development of the construction technologies at these mined sewe-
rage networks led from conventional excavation through the use of
tunnel boring machines, full-profile ones or equipped with a cutter,
to the first national deployment of the tunneling system for directi-
onal drilling (developed by the Japanese company ISEKI) in Usti
nad Labem, today for instance used at the construction "Expansion
of the sewerage system in Ostrava". Lack of suitable land for the
construction of new sewage treatment plants in the vicinity of large
residential areas or within protected areas as well as an effort to eli-
minate their unfavorable impacts on the environment leads the
designers, yet in very sporadic cases so far, to placing these struc-
tures in the underground. Subterra built the first two such treatment
plants - STP in Pec pod Snézkou and STP in Loket nad Ohfi.
Underground pumped-storage power plant (PSPP) Dlouhé Strané, Jeseniky
It is one of the most significant works in the company history of Subter-
ra, a. s. The own construction began in 1978 while the work was put into
operation in 1994. It is obvious that the time of construction exceeded
normal standards. It was caused by numerous reasons, namely chan-
ges in national energy policies, technical solutions, and lack of finance
and to that connected classification of the work as "suspended pro-
gram”. To give an idea, there was a 24-month period assigned excavati-

Obr. 8 Kolektor Centrum |.
(Il. kategorie)
Fig. 8 Collector Centrum |I.
(II. category)
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ni prehradou na ficce Divoka Desnd, horni nadrz leZi v sedle hor-
ského hifebenu mezi vrcholy Dlouhé strané a Mravenec¢nik. Vlastni
PVE véetné privadécl je umisténa do podzemi. Elektrarna je vyba-
vena dvéma reverznimi soustrojimi o vykonu 2 x 325 MW, hydrau-
licky spad je 525 m.

Specialnim problémem byla razba sikmin na pfivadécich se sklo-
nem 45° o délce 2 x 740 m a razeném profilu 18 m% Bylo pouzito
zafizeni Groundhog - GLH Alimak na zavésné dopravni dréaze. Se
v§emi témito novymi technologiemi se Subterra vyrovnala, odevz-
dala dilo v€as a v dobré kvalité. Dnes tvofi tato elektrarna dllezitou
soucast nasi elektrizani soustavy.

PODZEMNIi OBJEKTY V MESTSKE INFRASTRUKTURE

Kabelové tunely

Kabelové tunely v Praze budované v letech 1971 az 1985 maiji celko-
vou délku 15 km, kruhovy profil o pradméru 216 az 264 cm.
Kolektory

Pro ukladani hlavnich rozvodu vody, tepla, elektrické energie, plynu
a spojovych kabeld se v centru velkych mést stavi systém kolektoru.
Napriklad v Praze Subterra stavi kolektory jiz dvacet let. Podle
vyznamu ulozZenych siti se kolektory rozdéluji na primarni (v Praze
se uziva termin 2. kategorie) a sekundarni (3. kategorie). Pro 1. kate-
gorii jsou v Praze vyhrazeny tranzitni trasy hlavnich rozvodl pod
meéstem, k jejichZ realizaci dosud nedoslo.

V Brné systém primarnich kolektor(i obepina svym jednim okruhem
historické jadro mésta, druhy okruh je veden blize priimyslové zény.
Ty jsou vedeny v hloubce 20 az 30 m pod terénem a maji pfiény pro-
fil obdobny jako prazské metro o praméru 5,1 m. Na trasach jsou
technické komory a Sachty, provoz je zabezpecen automatickymi
prvky a fizen z centralniho velinu. Sekundarni kolektory v Brné
respektuji stavajici kanaliza¢ni sit, kterd je do nich svedena, takze
jsou umistény v mensich hloubkach a odbod&uji z nich jednotlivé
domovni pfipojky.

V Praze jsou kolektory 2. a 3. kategorie feSeny nezavisle na kanali-
zacni siti. Jejich hloubka uloZeni je dana geologickymi a provoznimi
podminkami a pohybuje se pod uUrovni 15 m. Pouze nékteré trasy
kolektor( treti kategorie jsou raZzeny v pokryvnych Gtvarech.
Dopravni tunely

Subterra se v letech 1979 — 1983 zUcastnila pfipravy Strahovského
tunelu. Realizovala prizkumnou $tolu, vlastni stavba v$ak byla
administrativnim rozhodnutim zadana jinému podniku.

Po 15 letech doslo k zahajeni stavby druhého méstského silniéniho
tunelu v Ceské republice. V sout&?i na jeho dodavku zvitézila Sub-
terra, protoze se mohla mimo jiné prokazat kladnymi referencemi
z obdobné stavby v Némecku. Jde o tunel na trase vnéjsiho doprav-
niho okruhu v Brné zvané Prazska radiala.

Tunel dalniéniho typu ma dvé roury o délce 2 x 500 m, z toho cca
25 % je hloubena ¢ast. Razeny pfi¢ny profil podkovovitého tvaru ma
rozméry 13 x 8,5 m. Byl proveden pomoci Nové rakouské tunelovaci
metody. Plocha vyrubu jedné roury €inila 95 m? Prvni ¢ast stavby
byla uvedena do provozu v zavéru roku 1997. S jistotou lze tvrdit, Ze
s témito parametry a rozméry nebylo dosud v Ceské republice tako-
vé dilo provedeno. Svym feSenim odpovida nejmodernéjsim stav-
bam tunelil v takové tradiéni tunelaiské zemi, jako je Svycarsko.

on and support of cavern of the hydro-center and Subterra kept it.
This power plant was built in the North Moravian region in Jeseni-
ky near the Pradéd massif. Its lower basin is formed by the new val-
ley dam on the Divoka Desna river, upper basin then in the saddle
of a mountain ridge between the peaks Dlouhé Strané and Mrave-
necnik. The own PSPP including the feeders is located underg-
round. The power plant is equipped with two reversal generating
sets with the output of 2 x 325 MW and hydraulic head of 525 m.
There was a special problem in excavation of the inclined adits with
a gradient of 45°, length of 2 x 740 m and excavated profile of 18 m*.
The machine Groundhog -GLH Alimak on a roof-mounted monorail
was used. Today, this power plant represents an important part of
our electrification framework.

UNDERGROUND STRUCTURES IN THE URBAN
INFRASTRUCTURE

Cable tunnels

Cable tunnels built in Prague between 1971 and 1985 have a total
length of 15 km and circular profile of 216-264 cm in diameter.
Collectors

A system of collectors is being constructed in the centers of large
cities in order to conduct the distribution grid of water, heat, power,
gas and connection cables. For example Subterra builds collectors
for already 20 years. Based on importance of the conducted grids
the collectors classify as primary (the term 2" category is being
used in Prague) and secondary (3rd category). In Prague, the 1st
category is reserved for transit paths of those main grids below the
city , which had not yet been realized.

In Brno, the system of primary collectors encircles the entire historical
city center, the second circuit is conducted close to the industrial zone.
All these are conducted app. 20 to 30 m below terrain surface and have
a cross section of 5,1 m in diameter like the Prague subway. There are
technical chambers and shafts along the track, operation is secured by
automatic elements and controlled from the central command station.
Secondary collectors in Brno observe the existing sewerage network,
which is diverted into them, so that they can be located in smaller
depths and individual house connections turn directly.

In Prague, the collectors of 2 " and 3 ™ category are realized indepen-
dently from the sewerage network. Their depth is given by the geologi-
cal and operational conditions and ranges below 15 m. Only some col-
lector tracks of the 3 ™ category are excavated within surface deposits.
Traffic tunnels

Subterra took part in preparation of the Strahovsky tunnel between
1979 and 1983. It realized an exploratory gallery, however, based on
an administrative decision, the own construction was commissio-
ned to a different company.

15 years later, construction of the second city road tunnel in the Czech
Republic started. Subterra won the contract, also because it could
prove favorable references from similar construction in Germany. It is
a tunnel on the outer city ring road of Brno called the Prague artery.
The motorway-type tunnel has two 500 m long tunnel tubes, 25% of
which are of cut-and-cover type. Excavated cross section of a horses-
hoe shape has the dimensions of 13 x 8,5 m. It was realized using the
new Austrian tunneling method. Area of the cut in one tube reached
95 m?. First section of the structure was put into operation in the late

Obr. 9 Razba silniéniho tunelu VMO na Prazské radiale v Brné
Fig. 9 Excavation of the road tunnel on the city ring road Prague artery in Brno

Obr. 10 Slavnostni zprovoznéni silni¢niho tunelu VMO na Prazské radiale v Brné
Fig. 10 Ceremonial opening of the road tunnel on Prague artery of the Brno
city ring road
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V roce 1998 byla zahajena dalsi stavba méstského silni¢niho tunelu
v Praze - tunel Mrazovka, ktery navazuje na jizni vyusténi Strahov-
ského tunelu. Ve verejné soutézi na tuto stavbu opét zvitézila spo-
lecnost Subterra, tentokrat ve sdruzeni s Metrostavem. Jedna se
o jednu z nejvyznamnéjsich dopravnich staveb v Praze posledni doby.

SOUCASNOST

Posledni vySe uvedené stavby néas pfivadéji do soucasnosti. Vyvoj
situace na stavebnim trhu v 90. letech si vynutil zna¢nou diverzifi-
kaci vyrobniho programu spole¢nosti. Subterra postupné rozsifuje
své aktivity do vSech oblasti podzemniho i pozemniho stavitelstvi.
V soucasnosti nabizi inZenyrské, dopravni, vodohospodaiské, eko-
logické, priimyslové, obcanské a bytové stavby.

Za zminku rozhodné stoji souc¢asné a v nedavné dobé dokonéené
Zelezni¢ni stavby. Prvni zakdzkou tohoto typu byla v letech 1997 az
1999 ,Modernizace tratového useku Hodonin — Moravsky Pisek”,
po ni nasledovala ,Modernizace tratového Useku Otrokovice — Pre-
rov” (2000 - 2002) a v soucasné dobé pravé dokoncovana ,Optima-
lizace Useku Krasikov — Ceska Trebova”, kde Subterra stavi tunely
Krasikov. Prvni z nich, tunel Krasikov 1 je svou délkou 1098 m
nejdel$im dvoukolejnym tunelem na koridoru v Ceské republice.
Nejnovéjsi stavbou tohoto charakteru je ,Optimalizace tratového
Useku Zabieh — Krasikov”. Zelezniéni stavitelstvi se tak pevné usadi-
lo mezi profilové oblasti vyrobniho programu spole¢nosti Subterra.
Dal$im vyraznym Uspéchem posledni doby je u€ast spolecnosti
Subterra na vystavbé prazského metra. Po prvni zakazce ,Metro
IVC1“, kde byla Subterra hlavnim subdodavatel Metrostavu, zah4ji-
la v nedadvné dobé stavbu dal§iho useku metra - IV C2, tentokrat
v§ak jiz jako ¢len sdruZzeni dodavatelu.

Subterra dale Uspésné pokracuje v realizaci kolektort. V posledni
dobé ziskala hlavni zakazky této oblasti - ,RozSifeni kanalizaéniho
systému mésta Ostravy”, jejiz soucasti je i stavba kolektoru Ostra-
va Centrum. V soucasné dobé téz probiha realizace stavby Kolekto-
ru Vodickova v Praze, kde je Subterra vedoucim sdruzeni. Dvaceti-
letd tradice vystavby kolektorli v centru Prahy a dal$i Uspésné
pokracovani fadi spole¢nost Subterra jednoznaéné do role leadera
mezi stavebnimi firmami v této oblasti.

Subterra se jiZz ¢trnact let pohybuje také na evropském trhu. V sou-
Casné dobé je jeji nejvyznamnéjsi zahrani¢ni zakazkou stavba tune-
lu Plasina v Chorvatsku.

DalSimi v sou€asnosti probihajicimi nebo v nedavné dobé dokonce-
nymi stavbami jsou: Tramvajova trat Hlubo€epy — Barrandov v Praze,
jedna z prazkumnych stol tunelu Dobrovského v Brné a prlizkumna
Stola 513 Lahovice — Vestec na Silniénim okruhu kolem Prahy, Stoko-
va sit mésta Brna, rekonstrukce Letenského dopravniho tunelu
v Praze, kavernovy zasobnik plynu v Pfibrami — hodnoceny odborniky
jako svétovy unikat, komplexni oprava Tésnovského tunelu v Praze.

1997. It can be stated with certainty that a work with such parameters
and dimensions has not yet been realized in the Czech Republic. With
its solution it is compatible with the most modern tunnel structures in
such a traditionally tunneling country like Switzerland.

In 1998, construction of another city road tunnel began in Prague -
the Mrazovka tunnel that connects to southern portal of the Stra-
hovsky tunnel. Subterra again won a public tender for this con-
struction, this time in a consortium with Metrostav. It is one of the
most significant traffic structures in Prague in recent time.

PRESENT DAY

The aforementioned structures have brought to the present day.
The market development in the field of civil engineering constructi-
on in the nineties called for substantial diversification of the com-
pany's production program. Gradually, Subterra expands its activi-
ties into all areas of underground as well as surface construction. It
currently offers civil engineering, traffic, ecological, water-economy
related, industrial, civilian and housing constructions.

Worth mentioning are the ongoing and recently completed railway
constructions. The first commission of this kind was "Modernization of
the railway section Hodonin - Moravsky Pisek" between 1997 and 1999.
"Modernization of the railway section Otrokovice - Prerov" followed
between 2000 and 2001 and about to be completed is the "Optimizati-
on of the railway section Krasikov - Ceské Trebova", where Subterra
builds the Krasikov tunnels. The first one of them, Krasikov 1, is with its
length of 1098 m the longest double-track tunnel in the Czech Republic.
The most recent construction of this type is "Optimization of the railway
section Zabreh - Krasikov". Railway engineering has thus entrenched
among the prestigious fields of Subterra's production program.

The next recent remarkable success is the participation of Subterra
in construction of the Prague subway. Following the first commissi-
on for "Subway section IV. C1", where Subterra acted as the main
subcontractor of Metrostav, it recently started the construction of
another subway section - IV. C2, although this time already as a
member of the consortium of contractors.

Subterra also successfully continues to realize collectors. Recently it
won main commissions in the field - "Expansion of the sewerage
system in Ostrava", as part of which it constructs the collector Ostra-
va Centrum. There is also the ongoing realization of construction of
the Vodickova collector in Prague, where Subterra leads the con-
sortium. The 20-year tradition of collector construction in Prague as
well as its successful continuation explicitly appoints Subterra a lea-
der among other construction companies in the field.

For 14 years, Subterra has been already active on the European
market. The commission for construction of the Plasina tunnel in
Croatia is currently its most significant foreign contract.

Other ongoing or recently completed constructions include: Tram track
Hlubocepy - Barrandov in Prague, one of the exploratory galleries of the
Dobrovského tunnel in Brno and exploratory gallery 513 Lahovice - Ves-
tec on the Prague city ring road, sewerage network of the city of Brno,
reconstruction of the Letensky road tunnel in Prague, cavern gas stora-
ge in Pribram - by experts appraised as globally unique structure, com-
plex refurbishment of the Tésnovsky tunnel in Prague.

Obr. 11 Silni¢ni tunel Mrazovka na Méstském okruhu v Praze na
Smichové
Fig. 17 Road tunnel Mrazovka on the Prague city ring road in Smichov

Obr. 12 Tramvajova trat Hlubocepy - Barrandov v Praze
Fig. 12 Tram track Hluboéepy - Barrandov in Prague

Obr. 13 Rozplet tunelu metra
trasy IV C1 v useku Troja - Koby-
lisy / Fig. 13 Bifurcation chamber
on the subway tunnel IV. C1 in
section Tréja - Kobylisy
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ZPROVOZNENI KRASIKOVSKEHO A TATENICKEHO TUNELU

KRASIKOV AND TATENICE TUNNELS OPENING TO TRAFFIC

ING. FRANTISEK KLOUBA, SUBTERRA, a. s., ING. JIRI TESAR, SUBTERRA, a. s.,
ING. ALOIS KEJIK, SZDC s. o., STAVEBNI SPRAVA OLOMOUC

1. UvOD

Dne 8. zafi 2004 presné podle harmonogramu jel po 2. koleji dvoukolejného
tunelu Krasikov a Tatenice prvni vlak. Tim do$lo k zprovoznéni vy$e uvedenych
tunel v obou smérech. Uzavfela se tak etapa vystavby tratového Useku z Kra-
sikova na Hostejn, ktery sestava ze dvou tunell - Krasikovského a Tatenického
- a dvou mostt pres Moravskou Sazavu. Krasikovsky tunel je jednim z nejdel-
sich dvoukolejnych tunelii v Ceské republice.

2. CHARAKTERISTIKA CELKOVE STAVBY

Stavba "CD, DDC, Optimalizace tratového tseku Krasikov - Ceska Trebova" lezi
na Zelezniéni trati Olomouc - Ceska Trebova. Upravou smérovych poméri se
Zelezni¢ni trat napfimuje a prochdzi zvinény terén kolem Moravské Sazavy
dvéma tunely, novym tunelem Krasikov (Novy tunel Krasikov 1, SO 51-21-01)
a novym tunelem Tatenice (Novy tunel Krasikov 2, SO 51-21-02), pficemz
opousti stary Tatenicky (Krasikovsky) tunel. Optimalizace tratového Useku je
feSena na rychlost 120 aZ 140 km/hod. pro klasické soupravy a 160 km/hod.
pro soupravy s naklapécimi skfinémi.

Zhotovitel: Subterra, a. s.

Podzhotovitelé (¢asti objektl): Metrostav a. s. - razba tunelu Krasikov

od P1 a betonéz dna, dno a stfedni odvodiovaci stoka Tatenického tunelu
Carpi CZ a. s. Praha - izolace

Ekozis Zabreh - terénni Upravy Tatenického tunelu

Zhotovitel realizacni dokumentace: Metroprojekt Praha, a. s.

Investor: SZDC, s. 0., Stavebni sprava Olomouc

3. IDENTIFIKACNi UDAJE

TU: (&islo, nazev): 1901 Ceska Trebova — Olomouc

DU: (Eislo, nazev): 08 Krasikov - Hostejn

Katastralni tzemi: k. 0. Krasikov, kraj Pardubicky

Mistné prislusny drazni urad: Drazni urad, sekce stavebni, oblast Olomouc
Mistné pislu$ny bafisky Gfad: OBU v Trutnové

Krasikovsky tunel Tatenicky tunel

1. INTRODUCTION

Exactly in compliance with the construction programme, the first train passed
along the track #2 through the double-track tunnels Krasikov and Tatenice on 8
September 2004. By this act the above-mentioned tunnels were opened to traf-
fic in both directions. It closed a phase of the route section from Krasikov to
Hostejn consisting of two tunnels - Krasikov and Tatenice - and two bridges over
the Moravska Sazava River. The Krasikov tunnel is one of the longest double-
track tunnels in the Czech Republic.

2. CHARACTERISTICS OF THE OVERALL PROJECT

The project "CD, DDC, Optimisation of the route section Krasikov - Ceska Trebo-
v4" is located on the railway line Olomouc - Ceské Trebova. The route is being
straightened by improvement of the horizontal alignment. It runs through undu-
lated topography along the Moravska Sézava River, passing through two tun-
nels, i.e. the new tunnel Krasikov (New Tunnel Krasikov 1, SO 51-21-01) and
new tunnel Tatenice (New Tunnel Krasikov, SO 51-21-02). It abandons a former
Tatenice (Krasikov) tunnel. The optimisation of the route section is designed for
a speed of 120 to 140 km/hour for conventional trains, and 160 km/hour for tra-
ins with tilting bodies.

Contractor: Subterra, a. s.

Subcontractors (construction parts):

Metrostav, a. s. - Krasikov tunnel excavation from P1 plus invert casting; invert
and central drainage duct in the Tatenice tunnel

Carpi CZ, a. s. Praha - waterproofing

Ekozis Zabreh - terrain finishes of the Tatenice tunnel

Designer (detailed design): Metroprojekt Praha, a. s.

Client: SZDC, s. 0., Stavebni spréva Olomouc

3. IDENTIFICATION DATA:

TU: (number, name): 1901 Ceské Trebové - Olomouc
DU: (number, name): 08 Krasikov - HoStejn
Cadastral district: c.d. Krasikov, region Pardubice

K’)’: 24,692.00 - 25,793.00 25,984.65 - 26,128.00 Locally relevant railway authority: Drézni Urad, Construction Department, Olo-

Délka tunelu: 1101,0 m 143,35 m mouc region

Delka razené casti: 1035,0 m 85,00m [ ocally relevant bureau of mines: OBU in Trutnov

Délka hloubené &asti na vjezdu: 42,5 m 14,35 m

Délka hloubené ¢asti na vyjezdu: 235 m 44,0 m Krasikov tunnel Tatenice tunnel
4. POSTUP STAVBY KRASiKOVSKEHO TUNELU Km: 24.69200 - 25.79300 25.98465 - 26.12800

i Tunnel length: 1,101.0 m 143.35 m

Pfedani stavenisté: 5. 9. 2002 Mined section length: 1,035.0 m 85.00 m

Zacatek razeb: 17. 2. 2003 kalota, 16. 6. 2003 jadro, 12. 1. 2004 dno Cut-and-cover section at the entrance: 42.5m 14.35 m

Konec razeb: 10. 9. 2003 kalota, 30. 9. 2003 jadro, 5. 4. 2004 dno Cut-and-cover section at the exit: 23.5m 44.0 m

Méfeni profilu primarni obezdivky: 11/2003 SG Geotechnika ;

Zagéatek betonaze dna: 5. 4. 2004 4. KRASIKOV TUNNEL CONSTRUCTION HISTORY:

Konec betonaze dna: 22. 5.2004 ]

Zatatek instalace izolace: 2.11.2003 Site take-over: 5/9/2002 ) ]

Konec instalace izolace: 19. 5.2003 Start of excavation: 17/2/2003 top heading; 16/6/2003 bench; 12/1/2004 invert

Zatétek betonaze klenby: 6. 11. 2003 End of excavatlon:' 10/9/ZQQ3 top hgadlng,' 30/9/2003 bench; 5/4/'2004 invert

Konec betonéze klenby: 2. 6. 2004 Mapp/ng of the primary lining profile: Nov. 2003, SG Geotechnika

Méfeni profilu definitivniho osténi: 07/2004  Startof invert casting: 5/4/2004

MéFeni , o End of invert casting: 22/5/2004
éreni bludnych proudu: 07/2004 Start of waterproofing installation: 2/11/2003

Méreni prostorové priichodnosti: 08/2004 prooting P

7 3ni koleie & 1- 23. 8. 200 End of waterproofing installation: 19/5/2003
provozneni koleje C. I - 8.2004 Start of vault casting: 6/11/2003

Zprovoznéni koleje €. 2: 8.9. 2004 End of vault casting: 2/6/2004

Krasikovsky tunel byl raZen soucasné ze dvou stran, na strané viezdové byl Final ining survey: Jul. 2004

podzhotovitelem Metrostav a. s. Razbu od vyjezdového portalu P2 zajistovala  peasurement of stray currents: Jul. 2004

Subterra, a. s. Styk obou raZeb v kaloté byl ve stani¢eni 25,261.50 Measurement of traffic clearance: Aug. 2004

Postup razby tunelu ¢lenénym vyrubem v jednotlivych tfidach vyrubu Track #1 opening to traffic: 23/8/2004

Portal P1 - zhotovitel Metrostav a. s. Track #2 opening to traffic: 8/9/2004

Proréazka kaloty probéhla dne 25. 9. 2003

Unikova §tola a Sachta

Razbu, izolaci véetné definitivniho osténi, vystavbu kiosku véetné zamecnickych
vyrobkd, elektroinstalaci a montaz vzduchotechniky zajistovala Subterra, a. s.
Stola

Razba v&. priméarniho osténi: 3. 11. 2003 - 18. 8. 2004

Izolace: 31.3.2004 - 29. 5. 2004

The Krasikov tunnel was excavated simultaneously from both sides, the sub-
contractor Metrostav, a. s. operated on the entrance side. The excavation from
the exit portal P2 was ensured by Subterra, a. s. The top headings met at chai-
nage 25.26150.

Description of the construction

Preparatory work

Preparatory work started on 9/9/2002. It consisted of setting out the constructi-
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Definitivni osténi: 16. 4. 2004 - 28. 6. 2004
Sachta
Razba vé. priméarniho osténi: 17. 7. 2003 - 15. 8. 2003

Izolace: 30. 6.2004 - 1.7.2004
Definitivni osténi: 20. 7. 2004 - 10. 8. 2004
Kiosek: 21.8.2004 - 6. 9. 2004

Dopliikové konstrukce: 14. 8. 2004 - 5. 9. 2004

PFipravné prace

Pfipravné prace byly zahajeny dne 9. 9. 2002. Jednalo se o vytyceni zabord
pozemku, odlesfiovani svah, naloZzeni a odvoz dfivi, odbér a odvoz ornice na
mezideponii.

Hloubeny usek - tézeni

Dne 6. 11. 2002 zahajeno odtéZovani horniny z hloubené &asti portélu P2 po
etapach dle schvaleného TP. Odtézené svahy byly zajistovany vrstvou stfika-
ného betonu vyztuzeného pletivem a svorniky SW a IBO. Nad profilem razené
¢asti byl vytvoren destnik z mikropilot v poétu 48 a zfizena prevazka z Zelbet.
nosniku, kotveného SN kotvami délky 10 m.

Dne 7. 1. 2003 zahajeno odtéZovani hloubené ¢asti portalu P1 obdobnym zpd-
sobem jako P2, tj. po etapéach se soucasnym zajistovanim odtéZzeného svahu
stfikanym betonem, siti a svorniky SN a IBO. Ochranny destnik pro razbu byl
proveden ze 36 mikropilot délky 10 m, rovnéZ proveden prevéazkovy nosnik ze
Zelezobetonu kotveny kotvami délky 10 m.

Razba a primarni osténi v tunelu

Razeny usek tunelu dlouhy 1035 m byl razen v masivu tvofeném piskovci, pra-
chovci a jilovci. Razba byla provadéna novou rakouskou tunelovaci metodou,
ktera je zaloZena na principu redistribuce (sniZeni) tlaki horninového prostie-
di na vyztuz tunelu, pfi cilevédomém vyuZiti deformaci horniny a priméarni
vyztuZe tunelu. Proto byl nezbytnou soucésti provadéné technologie razby
tunel NRTM geotechnicky monitoring (soubor observaénich méfeni a sledo-
vani) vyrubu a horninového prostfedi kolem vyrubu, ktery poskytoval podkla-
dy pro zatfidovani vyrubu do technologickych tfid vyrubu NRTM a také pro
operativni upfesnéni postupu razeni a stupné vystrojeni vyrubu ve skute¢né
zajisténych inZenyrskogeologickych (geotechnickych) pomérech v jednotli-
vych celbach. Hornina byla zatfidéna do péti technologickych tfid vyrubu
(3, 3a, 4, 5a, 5b).

Geotechnickym monitoringem byly naméreny konvergence vyrubu vé. prime-
ru max. do 15 mm, ve $tole do 5 mm. Primérnda konvergence v tunelu je 2,9
mm. Extenzometrickym méfenim byla zjisténa max. deformace nadlozi 24 mm.
Primarni osténi tvofil stfikany beton B20 (C16/20) tl. 250 - 350 mm vyztuzeny
ptihradovymi ocelovymi oblouky BTX a svafovanymi ocelovymi sitémi a hor-
ninové svorniky, vée v mnozstvi potfebném pro zajisténi zabéru v mezich pfi-
slusné technologické tfidy vyrubu. V mistech nestabilniho prostfedi byly pred-
hanény jehly v zavislosti na tfidé vyrubu a v mnozstvi uréeném geotechnickym
dozorem stavby. Podrobné udaje o mnozstvi vyztuznych prvki jsou obsahem
zabérovych listu.

V hloubené ¢asti P1 v délce 30 m a P2 v délce 10 m bylo vytvoreno ,ztracené

on site, deforesting the slopes, loading and removal of wood, topsoil stripping
and removal to an intermediate stockpile.

Cut-and-cover section - excavation

Excavation of rock from the cut-and-cover section at the portal P2 started on
6/11/2002, in phases according to the approved specification. Exposed slopes
were supported by a sprayed concrete layer reinforced with mesh and SN and
IBO rock bolts. A protective umbrella consisting of 48 micropiles was created
above the mined section profile, and a waler from a reinforced concrete beam
anchored using SN anchors 10 m long.

Excavation of the cut-and-cover section at the portal P1 started on 7/1/2003,
in a similar way as at the P2, i.e. in phases, with concurrent supporting of the
slopes by sprayed concrete, mesh and SN and IBO rock bolts. The canopy pre-
support consisted of 36 micropiles 10 m long. The reinforced concrete waler
anchored by 10 m long anchors was also installed.

Tunnel excavation and primary lining

The 1035 m long mined section of the tunnel was driven through a rock mass con-
sisting of sandstone, siltstone and claystone. The excavation was carried out using
the New Austrian Tunnelling Method, which is based on a principle of re-distribu-
tion (reduction) of pressures of the rock mass on the tunnel support, at purposeful
utilisation of deformations of the rock mass and primary support of the tunnel. For
that reason, an indispensable part of the NATM technique was geotechnical moni-
toring (a set of observation measurements and monitoring) of the tunnel opening
and rock mass around the opening, which provided data necessary for determina-
tion of NATM excavation classes and also for operative adjustment of the excava-
tion advance rate and degree of the excavation support in actually identified engi-
neering geological (geotechnical) conditions at individual excavation faces. Five
excavation classes were determined in the given rock mass (3, 3a, 4, 5a, 5b). Valu-
es of convergence of the tunnel opening including the diameter, measured by the
geotechnical monitoring, amounted to 15 mm as a maximum, up to 5 mm in the
gallery. Average convergence in the tunnel is 2.9 mm. Extensometric measure-
ment determined maximum deformation of the cover 24 mm.

Primary lining consisted of a layer of sprayed concrete C20 (C16/20) 250 — 350 mm
thick reinforced with BTX lattice girders and welded mesh, and rock bolts, all of
that at a quantity required for supporting the excavation round within limits of
the given excavation class. Forepoling was used in sections of unstable rock,
depending on the excavation class. The amount of spiles was determined by the
geotechnical supervision engineer. Detailed data on the amount of the support
elements is contained in round cycle sheets.

The breakthrough took place on 25/9/2004.

"Sacrificial formwork" forming the external face of the final lining was created in
the 30 m long cut-and-cover section P1 and 10 m long cut-and-cover section P2,
by means of the "primary" structure 400 mm thick, consisting of sprayed con-
crete C20/25 reinforced with lattice girders and welded mesh on both surfaces.
Waterproofing system in the tunnel

An intermediary waterproofing system was used in the tunnel, installed between
primary and secondary liners.

Waterproofing system: - 500 g/m* geotextile, anchored to the primary liner
- PE membrane 2.5 mm thick with a signal layer, welded to fixation blanks

Obr. 1 Novy tunel Krasikov 1
Fig. 1 Krasikov 1 New tunnel
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bednéni” vnéjsiho profilu definitivniho osténi pomoci ,priméarni” konstrukce
v tloustce 400 mm, tvofené stiikanym betonem C20/25 a vyztuzené pfihrado-
vymi rdmy s oboustrannou siti.

lzolace

Izolace tunelu byla provedena jako mezilehla mezi primarnim a definitivnim osténim.
Izolagni systém:

- geotextilie gramaze 500g/m? pfikotvena k primarnimu osténi

- folie PE tl. 2,5 mm se signalni vrstvou pfivafena na rondely

Spoje pasu izolace byly svafovany dvojitym svarem umoziujicim kontrolu tés-
nosti svaru. Zfizeni izolaéniho systému provedla firma Carpi CZ, a. s., Praha.
Stejnéa izolace byla provedena i na izolaci portald, kde navic bylo pouZito
ochranné vrstvy geotextilie a stf. beton tl. 70 mm. Izolace byla pfikotvena
k limci portalu nerezovym paskem.

Definitivni osténi

Trvalé osténi v razené ¢asti tunelu a v ¢asti hloubenych portal(i P2 a P1 v misté
ztraceného bednéni je z monolitického vyztuzeného betonu tl. 350 mm (tf.
vyrubu 3, 3a, 4) nebo 550 mm (tf. vyrubu 5a, 5b). Byl pouZzit beton C25/30 XC1,
XF1. Betonovalo se do pojizdného ocelového bednéni (bedniciho vozu), ktery
byl opatfen pfiloznymi vibratory. Zakladové pasy osténi byly provedeny
z betonu C25/30 XC1, XF1, XA1.

Mezi primarnim a sekundarnim osténim na obou stranach tunelu nad zakla-
dovymi pasy byla instalovana patni drenaz obetonovana filtraénim betonem
s Cisticimi Sachticemi po 50 m.

Betonaz konstrukce portald o tl. 600 m v klenbé se realizovala do oboustranné-
ho systémového bednéni MEVA. Na licni plochu se proved! sjednocujici natér.
né svody z patnich drendzi zausténé do Cisticich Sachet stfedni tunelové stoky
o priméru 400 mm, ktera je obetonovana filtratnim betonem.

Na zékladovych pasech v urovni koleje je na obou stranach pochozi betonovy
chodnik, ve kterém byl na obou stranidch umistén multikanal pro prevedeni
kabelovych vedeni s pfistupovymi Sachticemi po 50 m. Vedle multikandlu
vlevo od koleje €. 2 je umisténo nezavodnéné potrubi o 100 mm (suchovod)
s vyvody a rychlouzavérami v $achticich po 50 m (ve vyklencich). V definitiv-
nim osténi jsou zabudovany chranicky pro elektrorozvody osvétleni a zasuvek
a vyvody pro méfeni bludnych proudl. Osvétleni v tunelu je provozni a nou-
zové. Provozni se zapina uzamykatelnymi tlacitky na zac¢atku a konci tunelu,
nouzové tladitky u vyklenk(. V tunelu jsou zfizeny oboustranné zachranné
vyklenky ve vzdalenosti 25 m.

Unikova §tola a Sachta

Ve staniceni 25,242.00 vlevo od koleje €. 2 (pas ¢. 52) je provedena Unikova
§tola podkovitého tvaru o rozmérech 3,34 x 2,63 m, dlouha 245,85 m. Je ukon-
¢ena tnikovou $achtou hloubky 12,6 m, profilu 6,35 x 6,45 m.

Jeji razba byla provedena NRTM. Primarni osténi tvofil stfikany beton C16/20 vyztu-
Zeny pfihradovymi nosniky a svafovanymi sitémi kotvenymi horninovymi svorniky.
Izolace proti vodé byla provedena geotextilii a izolacni folii PE. Geotextilie
slouzi jako mechanicka ochrana a drendzni vrstva. Pi levé strané Stoly pode
dnem je provedena drenaz o 150 mm, ulozena ve filtranim betonu. Na dre-
nazi jsou Cistici Sachtice a je svedena do odvodnovaci $achty tunelu.
Definitivni osténi Stoly je z monolitického vyztuZeného betonu C25/30 XC1,
XF1. Stola je d&lena na dvé &asti, prepoustéci komoru a vlastni tinikovou cestu
zakonéenou Sachtou. Prepoustéci komora délky 16 m je vymezena protipozar-
nimi dvefmi na vstupu z tunelu a na vystupu do dal$i ¢asti $toly. Spad dna
komory je 0,5%, dale ve Stole je spad dna 10%.

V Sachté je umisténo ocelové schodisté. Na povrchu je Sachta uzaviena kruhovym
kioskem. Stény kiosku jsou z palenych cihel POROTHERM, zastieSeni tvofi dievény
krov zaklopeny dfevénym bednénim s oplechovanim pozinkovanym plechem. Ve
sténé kiosku jsou osazeny dvoje vystupni dvoukfidlé ocelové dvere 160 x 210 cm.
V tnikové $tole pfi levé strané je zfizeno pretlakové vétrani prepoustéci komo-
ry potrubim o 315 mm a vétrani zbylé ¢asti Unikové stoly potrubim o 500 mm.
Stola i 8achta jsou osvétleny nouzovym osvétlenim zapinanym otevienim vstup-
nich dvefi z tunelu. Otevienim vstupnich dvefi se rovnéZ uvede v €innost vétrani
vzduchotechnickym zafizenim zajistujicim pfivod a pretlak ¢erstvého vzduchu.
Dokonéovaci prace

Kolem limce portalu je uloZzen odvodiovaci Zlab z prefabrikatd TBM 51-30
obloZenych v §ifce 2 m kamennou dlazbou do betonu lemovanou obrubniky.
Nad dlazbou je svah vysvahovéan a zatravnén.

Odvodnovaci Zlab u portalu P1 je zalstén do systému odvodnéni pfijezdové
komunikace SO 51-18-05. U portéalu P2 je sveden do Sachtic, odtud do $achtic
odvodnéni mostu SO 51-19-02. Stfedni tunelova stoka je svedena do odvodrio-
vaci Sachtice u koleje €. 1. PFi¢ny prechod stoky pod koleji €. 1 je obetonovan.
Po obou stranach tunelu byla osazena zachytnd madla ve vySce 1,1 m nad
pochozim chodnikem. Hrany zachytnych vyklenkd a pfiblizovaci pasy byly
nabileny, dale byly osazeny orientaéni tabulky s udaji vzdalenosti k portalu.
Nad obéma portaly jsou zfizeny protidotykové zabrany k prvkim troleje pod
napétim. Orientacni tabulky ,Hydrant” byly osazeny nad vyklenky, ve kterych
jsou umistény vyvody suchovodu.

MéFeni svétlych profili tunelu

Joints between the membrane sheets were welded using double welds allo-
wing inspection of the weld tightness. The waterproofing system was installed
by Carpi CZ, a. s. Praha.

The same waterproofing system was used for portals. An additional protective
layer was applied there consisting of geotextile and sprayed concrete 70 mm thick.
The membrane was anchored to the portal collar using a stainless steel tape.
Final lining in the tunnel

Final lining in the mined section of the tunnel and in a part of cut-and-cover por-
tals P1 and P2 in the section provided with the "sacrificial formwork" is from
cast-in-situ reinforced concrete, 350 mm thick (excavation class 3, 3a, 4) or 550 mm
thick (excavation class 5a, 5b). Concrete grade C25/30 XC1, XF1 was used. Conc-
rete was cast behind a steel travelling form provided with external vibrators.
The footing of the lining was from concrete C25/30 XC1, XF1, XA1.

Springing drainage was installed between the primary and secondary lining on
either side of the tunnel, above the footing. It was encased in filter concrete. Ins-
pection shafts are every 50 m.

Double-sided shuttering system MEVA was used for casting of the portal struc-
tures, 600 mm thick at the vault. The exposed surface was provided with a uni-
fying coat.

The tunnel bottom is from unreinforced concrete C16/20-XO. Lateral drainage
pipes lead from the springing drainage to inspection shafts on the central drai-
nage duct (400 mm in diameter, encased in filter concrete).

A concrete pavement is on both sides, on the footing, at the railway track level.
A cables housing multi-duct was placed on both tunnel sides into the pavement.
Inspection shafts spacing is 50 m. A dry pipeline 100 mm in diameter is instal-
led next to the multi-duct, to the left of the track #2, with outlets and fast valves
in shafts installed every 50 m (in recesses). Casings for wiring for illumination
and sockets, and outlets for measurement of stray currents are embedded in the
secondary liner. Operational and emergency illumination circuits are available
in the tunnel. The operational illumination is switched on by lockable buttons at
the beginning and end of the tunnel, the emergency illumination is turned on by
buttons installed at the recesses. Safety recesses are provided on either side of
the tunnel every 25 m.

Escape gallery and shaft

A horseshoe shaped escape gallery (dimensions 3.34 x 2.63 m, 245.85 m long)
is built at chainage 25.24200, to the left from the track # 2 (round #52). It termi-
nates in a 12.6 m deep escape shaft (cross section 6.35 x 6.45 m).

The NATM was used for the excavation. Primary lining consisted of sprayed
concrete C16/20 reinforced with lattice girders and mesh anchored by rock bolts.
The waterproofing consisted of geotextile and PE waterproof membrane. The
geotextile provides mechanical protection and works as a drainage layer. On the
left side, under the bottom, there is drainage 150 mm in diameter, encased in fil-
ter concrete. Inspection shafts are on the drainage. The drainage leads to a tun-
nel drainage shaft.

The gallery final lining is from monolithic reinforced concrete C25/30 XC1, XF1.
The gallery is divided into two parts, i.e. a relief chamber and an escape route
proper terminating in the shaft. The 16 m long relief chamber is delineated by
fire-check doors at the entry from the tunnel and at the exit to the other part of
the gallery. The chamber bottom gradient is 0.5 %, further in the gallery the bot-
tom gradient is 10 %.

Steel staircase is installed in the shaft. On the surface, the shaft is provided with
a circular kiosk. Walls of the kiosk are from POROTHERM clay blocks, the roof con-
sists of a timber truss covered with timber shuttering, with galvanised sheet flas-
hing. A pair of double-wing exit doors 160 x 210 cm is installed in the kiosk wall.
Positive pressure ventilation of the relief chamber is provided in the escape gal-
lery, through a 315 mm diameter duct installed on the left side. Remaining part
of the gallery is ventilated through a 500 mm diameter duct.

The gallery and the shaft are illuminated by emergency lighting switched on by
opening the entrance door from the tunnel. Also the ventilation system provi-
ding supply and overpressure of fresh air is switched on by the entrance door
opening.

Finishing work

A drainage trough from TBM 51-30 precast units, clad within a width of 2 m with
concrete-bedded quarry tiles lined with curbs, is laid along the portal collar. The
slope above the tiles is trimmed and covered with grass.

The drainage trough at the portal P1 is connected to the SO 51-18-0 access road
drainage system. At the portal P2, the drainage is connected to shafts, then to
the SO 51-19-02 bridge drainage shafts. The central tunnel drainage duct is con-
nected to a drainage shaft at the track #1. The lateral transition of the duct under
the track #1 is encased in concrete.

Handrails were installed on either side of the tunnel, at a 1.1 m height above the
pavement. Edges of the safety recesses and approach marking strips were pain-
ted white, guide-boards informing about the distance from the portal were also
installed. Barriers preventing a contact with live elements of the overhead cate-
nary system are installed above both portals. Signs "Hydrant" were installed
above recesses housing outlets of the dry fire main.

Measurement of net tunnel profiles

The tunnel profile was surveyed after completion of the primary lining. The
measurement confirmed that the designed profile was maintained.

Another survey of the net profile was conducted after the final lining casting.
Measurement of geometrical position of the track # 1 followed. Both surveys
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Po dokonceni primarniho osténi se zaméfil profil tunelu. Méfeni potvrdilo
dodrzeni projektovaného profilu.

Dal$i méreni svétlého profilu se provedlo po vybetonovani definitivniho osténi.
Nasledujici méfeni bylo méreni GPK koleje ¢. 1. Obé méreni byla vyhodnocena
vzajemné s tim, Ze prostorova prichodnost v tunelu je dodrzena. Tunel vyhovuje
svétlému tunelovému prarezu dle CSN 737508 s pojistnym prostorem 300 mm.

5. POSTUP STAVBY TATENICKEHO TUNELU

Predani stavenisté: 5.9. 2002
Pfipravné prace: 9.9.2002 - 8. 10. 2002
Zacatek hloubené ¢asti: P1-8.10. 2002
P2 -11. 3. 2003
Konec hloubené ¢asti: P1-20. 1. 2003
P2 - 28. 5. 2003

Zacatek razeb:21. 1. 2003 kalota, 6. 4. 2003 jadro, 16. 2. 2004 dno
Konec razeb: 19. 5. 2003 kalota, 31. 5. 2003 jadro, 25. 2. 2004 dno
Méfeni profilu primérni obezdivky: 08/2003 SG Geotechnika

Zacatek betonéaze dna: 10. 4. 2004
Konec betonaze dna: 11. 4. 2004
Zacéatek instalace izolace: 16. 8. 2003
Konec instalace izolace: 1.10. 2003
Zacatek betonaze klenby: 21. 8. 2003
Konec betonéze klenby: 11.10. 2003
Méreni profilu definitivniho osténi: 06/2004
Méreni bludnych proudu: 07/2004
Méreni prostorové prichodnosti: 08/2004
Zprovoznéni koleje €. 1: 23. 8. 2004
Zprovoznéni koleje €. 2: 8.9. 2004

PFipravné prace

Pfipravné prace byly zahajeny dne 9. 9. 2002. Jednalo se o vytyceni zabord
pozemku, odlesfiovani svah(, naloZeni a odvoz dfivi, odbér a odvoz ornice na
mezideponii.

Hloubeny usek - tézeni

Dne 8. 10. 2002 zahajeno odtézovani horniny z hloubené ¢asti portélu P1 po
etapach dle schvaleného TP. Odtézené svahy byly zajistovany vrstvou stfika-
ného betonu vyztuzeného pletivem a svorniky SN a IBO. Nad profilem razené
¢asti byl vytvoren destnik z mikropilot a jehel v celkovém poctu 48 ks(24 jehel
+ 24 mikropilot) a zfizena prevazka z zelezobetonového nosniku, kotveného SN
kotvami délky 10 m.

Dne 11. 3. 2003 zahajeno odtéZovani a zajistovani hloubené ¢asti portalu P2
obdobnym zplisobem jako u P1.

Ve svahu nad pasem €. 9, tj. ve staniceni 26,079 az 26,084 vlevo byla provede-
na zesilujici Zelezobetonové deska kotvend systémem kotev a svorniki do hor-
niny i do Zelezobetonové konstrukce primarni obezdivky pasu ¢. 9.

Razba a primarni osténi

Razeny usek tunelu dlouhy 85 m byl raZen v masivu tvofeném piskovci, pra-
chovci a jilovci pomoci metody NRTM. Na zékladé geotechnického monitorin-
gu byla hornina zatfidéna do tfi technologickych tfid vyrubu (3, 4, 5a).
Geotechnickym monitoringem byly naméfeny konvergence vyrubu vé. pri-
marniho osténi max. do 15 mm, primérna konvergence v tunelu je 4,92 mm.
Inklinometrie vykazala hodnoty max. 22 mm.

Primarni osténi tvofil stfikany beton B20 (C16/20) tl. 250 - 350 mm vyztuzeny
pfihradovymi ocelovymi oblouky BTX a svafovanymi ocelovymi sitémi, ukot-
venymi horninovymi svorniky, vée v mnoZstvi potfebném pro zajisténi zabéru
vyrubu v mezich pfislu§né technologické tfidy vyrubu. V mistech nestabilniho
prostiedi bylo pouZito jehlovani. Podrobné idaje o mnozstvi vyztuznych prvki
jsou obsahem zabérovych list0.

V hloubené &asti P2 v délce 30 m bylo vytvorfeno ,ztracené bednéni” vnéjsiho
profilu definitivniho osténi provedenim ,primarni“ konstrukce tloustky 400 mm
tvorené stiikanym betonem C20/25 vyztuzenym pfihradovymi rdmy s obou-
strannou siti.

lzolace

Izolace tunelu je provedena jako mezilehla mezi primarnim a definitivnim osténim.
Izolaéni systém:

- geotextilie gramaze 500 g/m2 pfikotvena k primérnimu osténi

- folie PE tl. 2,5 mm ze signalni vrstvou pfivafena na rondely

Spoje pasu izolace jsou svafovany dvojitym svarem umoziujicim kontrolu tés-
nosti svarl. Zfizeni izola¢niho systému provedla firma Carpi CZ Praha.
Stejny izolacni systém se pouZil i u portald, kde se navic instalovala ochranna
vrstva geotextilie a stfikany beton tl. 70 mm. Izolace byla pfikotvena k limci
portalu nerezovym paskem.

Definitivni osténi

Trvalé osténi v razené ¢asti tunelu a v ¢asti hloubené portalu P2 (klen-
ba a opéfi) je z monolitického vyztuzeného betonu tl. 350 mm (tf. vyru-
bu 3,4) nebo 550 mm (tf.vyrubu 5a). Byl pouzit beton C25/30 XC1, XF1.
Betonovalo se do pojizdného ocelového bednéni (bedniciho vozu) osa-
zeného pfiloZznymi vibréatory. Zékladové pasy osténi jsou z betonu

were evaluated together with a result that the traffic clearance has been main-
tained, The tunnel conforms to a net tunnel cross section according to the stan-
dard CSN 73 7508, with construction margin of 300 mm.

5. THE TATENICE TUNNEL CONSTRUCTION HISTORY

Site take-over: 5/9/2002

Preparatory operations: 9/9/2002 - 8/10/2002

Start of cut-and-cover part: P1 - 8/10/2002 P2 - 11/3/2003

End of cut-and cover part: P1-20/1/2003 P2 - 28/5/2003

Start of excavation:

21/1/2003 top heading; 6/4/2003 bench; 16/2/2004 invert

End of excavation:

19/5/2003 top heading; 31/5/2003 bench; 25/2/2004 invert
Mapping of the primary lining profile: Aug. 2003, SG Geotechnika

Start of invert casting: 10/4/2004
End of invert casting: 11/4/2004
Start of waterproofing installation: 16/8/2003
End of waterproofing installation: 1/10/2003
Start of vault casting: 21/8/2003
End of vault casting: 11/10/2003
Final lining survey: Jun. 2004
Measurement of stray currents: Jul. 2004
Measurement of traffic clearance: Aug. 2004
Track # 1 opening to traffic: 23/8/2004
Track # 2 opening to traffic: 8/9/2004

Preparatory work

Preparatory work commenced on 9/9/2002. It consisted of setting out the con-
struction site, deforesting the slopes, loading and removal of wood, topsoil
stripping and removal to an intermediate stockpile.

Cut-and-cover section - excavation

Excavation of rock from the cut-and-cover section at the portal P1 started on
8/10/2002, in phases according to the approved specification. Exposed slopes
were supported by a sprayed concrete layer reinforced with mesh and SN and
IBO rock bolts. A protective umbrella consisting of 48 micropiles and spiles (24
spiles + 24 micropiles) was created above the mined section profile, and a waler
from a reinforced concrete beam anchored by SN anchors 10 m long.
Excavation of the cut-and-cover section at the portal P2 started on 11/3/2003, in
a similar way as at the P1, with an only difference - the number of the canopy
micropiles increased to 48.

A reinforcing RC slab was cast on the slope above the round # 9, i.e. at chaina-
ge 26.079 to 26.084, on the left side. The slab was anchored by a system of
anchors and rock bolts to the rock mass and to the reinforced concrete primary
lining structure of the round # 9.

Tunnel excavation and primary lining

The 85 m long mined section of the tunnel was driven through a rock mass con-
sisting of sandstone, siltstone and claystone using the NATM. Based on geo-
technical monitoring, three excavation classes were determined (3, 4, 5a).
Geotechnical monitoring identified the excavation convergences incl. primary
lining up to 15 mm as a maximum, average tunnel convergence is 4.92 mm. Icli-
nometry recorded maximum values of 22 mm.

Primary lining consisted of a layer of sprayed concrete C20 (C16/20) 250 - 350
mm thick reinforced with BTX lattice girders and welded mesh, anchored by
rock bolts, all of that at a quantity required for supporting the excavation round
within limits of the given excavation class. Forepoling was used in sections of
unstable rock. The amount of spiles was determined by the geotechnical super-
vision engineer. Detailed data on the amount of the support elements is contai-
ned in round cycle sheets.

The tunnel breakthrough took place on 19/5/2004.

"Sacrificial formwork" forming the external face of the final lining was created
in a 30 m long section of the cut-and-cover section P2 by means of the "prima-
ry" structure 400 mm thick, consisting of sprayed concrete C20/25 reinforced
with lattice girders and welded mesh on both surfaces.

Waterproofing system in the tunnel

An intermediary waterproofing system was used on the tunnel, between pri-
mary and secondary liner.

Waterproofing system: - 500 g/m* geotextile, anchored to the primary liner
- PE membrane 2.5 mm thick with a signal layer, welded to fixation blanks
Joints between the membrane sheets were welded using double welds allo-
wing inspection of the weld tightness. The waterproofing system was installed
by Carpi CZ, a. s. Praha.

The same waterproofing system was used for portals, where additional protecti-
ve layer was applied consisting of geotextile and sprayed concrete 70 mm thick.
The membrane was anchored to the portal collar using a stainless steel tape.
Final lining in the tunnel

Final lining in the mined section of the tunnel and in a part of the cut-and-cover
portal P2 (vault and side walls) is from cast-in-situ reinforced concrete, 350 mm
thick (excavation class 3, 4) or 550 mm (excavation class 5a). Concrete grade
C25/30 XC1, XF1 was used. Concrete was cast behind a steel travelling form pro-
vided with external vibrators. The footing of the lining is from concrete C30/37 3b.
Springing drainage was installed between the primary and secondary lining on
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C30/37 3b.

Mezi primérni a sekundarni obezdivkou na obou stranéach tunelu nad zéklado-
vymi pasy leZi patni drendz obetonovana filtratnim betonem s C¢isticimi
Sachticemi po 50 m.

Pro betonéz portali se pouzilo oboustranné systémové bednéni MEVA o tl.
600 m v klenbé. Licni plocha se natfela sjednocujicim natérem.

Dno tunelu je z prostého betonu C16/20-X0. Pod dnem tunelu prochazi pficné
svody z patnich drenéZi zalsténé do Cisticich Sachet stfedni tunelové stoky
o priméru 400 mm, ktera je obetonovana filtratnim betonem.

Na zékladovych pasech v urovni koleje je vytvoren na obou stranach pochozi
betonovy chodnik, ve kterém je na obou stranach umistén multikanal pro
kabelova vedeni s pfistupovymi $achticemi po 50 m. V definitivnim osténi jsou
zabudovany chranicky pro elektrorozvody osvétleni a zasuvek a vyvody pro
meéreni bludnych proudl. Osvétleni v tunelu se zapina uzamykatelnymi tlacit-
ky na zaGatku a konci tunelu. V tunelu jsou zfizeny oboustranné zachranné
vyklenky ve vzdalenosti 25 m.

Dokonéovaci prace

Kolem limce portalu je uloZen odvodiovaci Zlab z prefabrikatd TBM 51-30
obloZenych v Sifce 2 m kamennou dlazbou do betonu lemovanou obrubniky.
Nad dlazbou je svah vysvahovéan a zatravnén.

Nad portadlem P2 byla zfizena portalova zed navazujici na zarubni zed, zajistu-
jici svah vpravo u koleje ¢. 1. Svah nad timto portadlem je upraven ve sklonu
1:1,7 a zasahuje do prostoru byvalé traté.

Odvodnovaci Zlab u portalu P1 je zalstén do systému odvodnéni pfijezdovych
a pristupovych komunikaci SO 51-18-04. U portalu P2 je sveden do podélnych
pfikopl podél traté, z prvkd UCB. Stfedni stoka tunelu je svedena do odvod-
fiovaciho prikopu vlevo u kol. ¢. 2 u P2. Priény pfechod stoky pod koleji €. 2 je
obetonovan.

Po obou stranach tunelu jsou zfizena zachytna madla ve vysce 1,1 m nad
pochozim chodnikem. Hrany zachytnych vyklenku a pfiblizovaci pasy byly nabi-
leny, déale byly osazeny orientacni tabulky s udaji vzdalenosti k portalu. Nad
obéma portaly jsou zfizeny protidotykové zabrany k prvkim troleje pod napétim.
Méfeni svétlych profila tunelu

Po provedeni primérniho osténi byl zaméfen svétly profil. Méfenim bylo
potvrzeno dodrZeni projektovaného profilu.

Dal$i méreni svétlého profilu se uskutecnilo po vybetonovani definitivniho
osténi. Nasledovalo méreni GPK koleje ¢. 1. Obé méfeni byla vyhodnocena a
prokazala, Ze prostorova prichodnost v tunelu je dodrzena. Tunel vyhovuje
svétlému tunelovému pritezu dle CSN 737508 s pojistnym prostorem 300mm.

6. ZAVER

Krasikovsky a Tatenicky tunel predstavuji ojedinély, zajimavy a zéroven vSak
i technicky velmi naro¢ny projekt. Zhotovitel stavby, zkuSend tuneléiské spo-
lecnost Subterra, a. s., zvladla vystavbu a koordinaci navazujicich praci na

vybornou v souladu se schvalenym harmonogramem postupu praci a k pIné
spokojenosti investora i budouciho uZivatele.

either side of the tunnel, above the footing. It was encased in filter concrete. Ins-
pection shafts are every 50 m.

Double-sided shuttering system MEVA was used for casting the portals, 600 mm
thick at the vault. The exposed surface was provided with a unifying coat.

The tunnel bottom is from unreinforced concrete C16/20-XO. Lateral drainage
pipes lead from the springing drainage to the inspection shafts on the central
drainage duct (400 mm in diameter, encased in filter concrete).

A concrete pavement is on both sides, on the footing, at the railway track level.
A multi-duct housing cables was placed on both sides into the pavement. Inspec-
tion shafts spacing is 50 m. Casings for wiring for illumination and sockets, and
outlets for measurement of stray currents are embedded in the secondary liner.
The tunnel illumination is switched on by lockable buttons at the beginning and
end of the tunnel, the emergency illumination is turned on by buttons installed at
the recesses. Safety recesses are provided on either side of the tunnel every 25 m.
Finishing work

A drainage trough from TBM 51-30 precast units, clad within a width of 2 m with
concrete-bedded quarry tiles lined with curbs, is laid along the portal collar. The
slope above the tiles is trimmed and covered with grass.

A portal wall was built above the portal P2, connected to the revetment wall
supporting the slope on the right side of the track # 1. The slope above this por-
tal is cut to a 1: 1.7 gradient. It reaches to the area of the former track.

The drainage trough at the portal P1 is connected to the SO 51-18-04 access
roads drainage system. At the portal P2, the drainage is connected to longitudi-
nal ditches along the track, made from UCB elements. The central tunnel draina-
ge duct is connected to a drainage trench on the left side of the track # 2, at the
P2. The lateral transition of the duct under the track # 2 is encased in concrete.
Handrails were installed on either side of the tunnel, at a 1.1 m height above the
pavement. Edges of the safety recesses and approach marking strips were pain-
ted white, guide-boards informing about the distance from the portal were also
installed. Barriers preventing a contact with live elements of the overhead cate-
nary system are installed above both portals.

Measurement of net tunnel profiles

The tunnel profile was surveyed after completion of the primary lining. The
measurement confirmed that the designed profile was maintained.

Another survey of the net profile was conducted after the final lining casting.
Measurement of geometrical position of the track # 1 followed. Both surveys
were evaluated together with a result that the traffic clearance has been main-
tained. The tunnel conforms to a net tunnel cross section according to the stan-
dard CSN 73 7508, with construction margin of 300 mm.

6. CONCLUSION

The Krasikov and Tatenice tunnels represent a unique, interesting, but also tech-
nically very difficult project. The experienced tunnelling contractor Subterra, a.
s., coped with the construction and co-ordination of subsequent operations
excellently, in compliance with the works schedule, and to client's and future
operator's full satisfaction.

Obr. 3 Krasikovsky tunel
Fig. 3 Krasikov tunel

Obr. 2 Zelezniéni stanice Tatenice mezi Krasikovskym a Tatenickym tunelem
Fig. 2 Tatenice railway stop between Krasikov and Tatenice tunnels
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NEKTERE ZKUSENOSTI Z RAZENI JEDNOLODNI STANICE PRAZSKE PODZEMNIi DRAHY

EXPERIENCE FROM EXCAVATION OF ONE-VAULT STATION OF PRAGUE SUBWAY

PROF. ING. MILOS BUCEK, DrSc., METROSTAV, a. s.
ING. JOSEF KUNAK, METROPROJEKT PRAHA, a. s.

1. UVOD

1.1 STRUCNA HISTORIE

Prazské metro se buduje jiz 35 let. Jsou vybudovany tfi trasy (A, B, C) o celko-
vé délce 51 km s 51 stanicemi. Na lince C, ktera byla budovéana jako prvni, jsou
v§echny stanice budovany v oteviené jamé. Linka A, budovana jako druha, ma
jiz hlubinné stanice razené po hornicku, dokonce nejhlubsi v celém systému
metra. VSechny jsou v8ak konstruovany jako trojlodni, jak to vyhovovalo tehdy
pouZivané prstencové metodé vystavby. Rovnéz je tomu tak i na dal$i budo-
vané trase B. V soucasné dobé je realizovana 1. etapa IV. provozniho Useku
trasy C, s razenou stanici Kobylisy a hloubenou stanici Ladvi. Stanice Kobyli-
sy byla v dokumentaci pro UR z roku 1997 plivodné uvaZovéna jako stanice se
3 stani¢nimi tunely. V dal$im stupni feseni byla stanice upravena jako 2 samo-
statné staniéni tunely. Na koncich néstupisté byly dvé pfi¢né spojovaci chod-
by s prlchozi sitkou 8,0 m, do kterych byly zaustény eskalatorové tunely. (viz.
¢lanek Ing. Ruzicky a Ing. Hasika v ¢asopise TUNEL ¢. 4/99). Navrzené feseni
bylo na poZadavek investora pied zahajenim realizace zménéno na jednolod-
ni stanici s ostrovnim nastupistém. Jako poradci Metrostavu se na realizaci
stanice podileli Ing. F. K. Blindow, Prof. M. Bucek a Prof. Z. Eisenstein. Jako
stavbyvedouci zde pUsobil Ing. M. Zelenka, Metrostav. Vysledky méfeni jsou v
pfispévku pouZity s laskavym svolenim Ing. Kutila z IDS.

Stanice Kobylisy v§ak neni prvni jednolodni stanici prazského metra, jak by se
mohlo zdat. Jesté pred samotnym zapocetim vystavby linky C byla v letech
1953 a7 1959 v Praze na Klarové vybudovana prvni jednolodni stanice na pred-
pokladané trase podzemni drahy. Prvnim poslanim této stanice bylo slouzit
jako protiatomovy dkryt v dobé studené vélky. Jinak vSak byla koncepéné
feSena a provedena jako skutecnd stanice, se vSemi néleZitostmi vetné vyta-
h(, eskalator, nastupisté a zarodk( tratovych tunell. Bohuzel, béhem dal$iho
vyvoje alternativnich situacnich navrh se tyto prostory ocitly mimo koneéné
feseni, takZe se nikdy nedockaly a uz se ani nedockaji skute¢né jediného smys-
lupIného vyuZiti, pro které byly projektantem navrzeny, tj. zapojeni do doprav-
ni sité prazské podzemni drahy.

1.2 TECHNICKE PARAMETRY STANICE

Stanice ma svétlou Sirku 18,4 m a svétlou vysku 11,2 m. Vrchol klenby je 7,8
m nad Urovni ostrovniho nastupisté Sirky 10,6 m, délky 100 m. Celkova délka
staniéniho tunelu je 147,9 m, v misté zausténi vychodniho eskalatorového
tunelu je umistén vytah pro osoby s omezenou schopnosti pohybu. Stanice

bude vyuZivana i v rezimu OSM.
2. GEOLOGICKE POMERY
Zakladni charakter inZzenyrskogeologickych pomérd je naznacen v podélném a

pficném fezu stanici. Celkova mocnost nadloZi je cca 19,0 m. PFi povrchu jsou
sprasové hliny a spraSe, které vcetné navazek tvofi vrstvu 2 - 6 m. Nejvy-

1A
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1. INTRODUCTION

1.1 BRIEF HISTORY

The Prague subway, the Metro, has been built for 35 years. Three lines (A, B, C)
at a total length of 51 km with 51 stations have been finished. All stations on the
line C, which was built first, were constructed in open cuts. The line A, built as
the second one, features also mined stations, even the deepest ones within the
entire Metro system. All off them, however, are designed with three vaults, to
suit to the common excavation method of that period, the ring method. The
same applies to the line C. Currently under construction is the 1st phase of the
operational section IV of the line C, containing the KOBYLISY mined station and
the Ladvi cut-and-cover station. The Kobylisy station preliminary design from
1997 consisted originally of 3 parallel station tunnels. The next design stage
changed the station configuration to 2 separate station tunnels. There were two
cross passages 8.0 m wide at the platform ends, with escalator tunnels conne-
cting to them (see the article by Ing. Ruzicka and Ing. Hasik in the TUNEL maga-
zine No.4/99). The proposed design was changed at the request of the owner
before the commencement of the works to a single-vault station with an island
platform. Ing. F. K. Blindow, Prof. M. Bucek and Prof. Z. Eisenstein participated
in the construction as consultants for Metrostav, a. s., the contractor. Ing. M.
Zelenka was the site manager for Metrostav, a. s. Measurement results are pub-
lished in this article with a kind approval by Ing. Kutil, IDS.

The Kobylisy station, however, is not the first one-vault station of the Prague
Metro, as it could seem. The first one-vault station was built in 1953 -1959 in
Prague district Klarov, on the projected subway alignment, even before the
commencement of the line C construction. The primary purpose of this station
was to serve as a nuclear shelter in the cold war era. But it was designed con-
ceptually and constructed as a real station, with all facilities, including eleva-
tors, escalators, a platform and stubs of running tunnels. Unfortunately, the
final solution of the alignment developed in the process of selection of variants
passed by this structure. It has never been and will never be used for the only
reasonable purpose that it had been designed for, i.e. to operate in the Prague
Metro system.

1.2 TECHNICAL PARAMETERS OF THE STATION

The station net width and height is 18.4 m and 11.2 m respectively. The vault crown
is 7.8 m above the level of the 10.6m-wide and 100m-long island platform. The total
length of the station tunnel is 147.9 m. A disabled access elevator is installed in the
location where the eastern escalator tunnel connects to station tunnel. The station
will be also utilised in the OSM regime (a civil defence system).

2. GEOLOGICAL CONDITIONS

The basic character of the engineering geological conditions is shown in the
longitudinal and cross sections through the station. Total overburden thickness
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Obr.1 Podélny profil stanice Kobylisy
Fig. 1 Kobylisy station - Longitudinal profile
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Obr. 2 Geologické poméry: 1 - sprasova hlina, 2 - prachovce, 3 - hladina pod-
zemni vody, 4 - piskovec, 5 - ordovické horniny

Fig. 2 Geology: 1 - loessal loam, 2 - siltstone, 3 - water table, 4 - sandstone,
5 - Ordovician rock

znamnéjsi vrstvu nad profilem jednolodni stanice tvofi kifidové cenomanské
sedimenty mocnosti 12 — 15 m. Ve svrchni ¢asti téchto sedimentl se nachaze-
ji prachovce 2 - 6 m mocné, pod kterymi jsou piskovce. Na bazi téchto pis-
kovcl se nachazi silné zvodnéna propustna vrstva 0 - 1,0 m mocna, tvofena
zvétralinami ordoviku. Horninovy masiv podloZi je tvofen prevazné nepravi-
delné se sttidajicimi vrstvami kiemencu a jilovitych bfidlic dobrotivskych vrs-
tev. Hladina podzemni vody se nachazi cca 10,0 m nad vrcholem klenby. Ordo-
vické horniny, ve kterych lezi vylom stanice, jsou velmi mélo propustné. Moc-
nost souvrstvi téchto hornin nad vrcholem stanice je cca 4,0 m. Generelni
smér téchto vrstev je vychodo-zapad (tj. ve sméru podélné osy stanice) a sklon
cca 75° k jihu.

3. PRIMARNI ZAJISTENI VYLOMU STANICE
3.1 VYVOJ A ZMENY KONCEPCNIHO RESENI

Jako tunelovaci metoda byla pro provadéni stanice zvolena NRTM, s verti-
kalnim €lenénim vyrubu. Tento vertikaIni systém vystavby byl zvolen z néko-
lika diivodu. Jednak proto, Ze podle vysledkl inZzenyskogeologického prizku-
mu byla hornina vzhledem k tunelovani ocenéna jako velmi $patna. Déle
proto, Ze pfi svislém ¢lenéni zékonité musi dochéazet k mensim celkovym
deformacim vyrubu nez pfi ¢lenéni vodorovném, coz bylo prakticky ovéreno
pfi razbé tunelu Mrazovka v Praze, a tim i k mensim poklestim povrchu Gzemi.
ProtoZe konstrukce stanice se nachazi v zastavéné oblasti, bylo hledisko veli-
kosti poklest jedno z rozhodujicich. Rovnéz vzhledem k velikosti pficného
profilu, cca 228 m2 a celkové $ifce vylomu 21,0 m, bylo vhodné ho rozélenit
na tfi ¢asti, dvé bocni Stoly po stranach a kalota s jadrem uprostred, i kdyZ to
v porovnani s ¢lenénim vodorovnym pfinasi urcité tézkosti a celkové zpoma-
leni razby. Vzhledem k nizkému nadloZi to byl rozhodné i bezpecnéjsi zplisob
vystavby. V neposledni mife hral roli i fakt urcitych zkuSenosti a pracovnich
navykd, nabytych minérskymi partami s timto postupem razeni.

3.2 PUVODNI NAVRH

Vzhledem k pfedpokladané, pomérné nepfiznivé geologii bylo v prvni fazi
projektovani navrzeno klasické zajisténi, vychazejici z principd NRTM, tvore-
né 40,0 cm silnou vrstvou stfikaného betonu a véjifem kotev délky 4,0 m v
opéfi a 8,0 mv klenbé, celkem 135,0 m kotev na 1 bm stanice. Délka kotev v
klenbé vychazela z predpokladu, Ze do pevnych piskovcl bude vyvésena
nestabilni ¢ast ordovickych bfidlic, cca 4,0 m mocnd, nachdazejicich se v
oblasti tésné nad vyrubem. Vzhledem k pfitomnosti vody v nadloZnich pis-
kovcich a v propustné vrstvé, nachazejici se nepravidelné na jejich bazi, byl
navrzen systém injektaze nadloZi z provedeného vylomu opérovych $tol tak,
aby byl omezen ocekavany pfitok vody zprostiedkovany kotevnimi vrty a
puklinami skalniho masivu v oblasti kfemenc(i (obr. 3). Ze tento pfitok mize
byt znaény, se prokazalo pfi razbé pristupové Stoly mistnimi vyvéry o vydat-
nosti cca 5,0-10,0 I/sec. V technologickém predpise se pfedpokladalo, Ze kalo-

is about 19.0 m. Loessal loams and loess are found close to the surface, for-
ming together with made-ground a layer 2-6 m thick. The most significant layer
above the one-vault station profile, 12-15 m thick, consists of Cretaceous Ceno-
manian sediments. A layer of siltstones 2-6m thick is found at the upper part of
these sediments. Sandstones are underneath. Underlying the sandstones,
there is a heavily saturated permeable layer of weathered Ordovician rock, 0-
1.0m thick. The bedrock consists mostly of irregularly alternating layers of
quartzites and clayey shales of the Dobrotivy Member. The water table is found
about 10.0 m above the vault crown. The Ordovician rock mass that the station
excavation is found in is very little permeable. The thickness of the series of
measures above the station roof is about 4.0 m. Generally these layers are stri-
king in east-west direction (i.e. in the direction of the station centre line), and
dipping about 75° south.

3. PRIMARY SUPPORT OF THE STATION EXCAVATION
3.1 DEVELOPMENT AND CHANGES IN THE CONCEPTUAL DESIGN

The NATM was selected as the method suitable for the tunnel construction,
with vertical sequencing of the excavation. This vertical excavation system was
selected for several reasons. Firstly, because, according to the engineering geo-
logical investigation results, the rock was assessed as very poor in terms of tun-
nelling. The other reason was that the vertical sequencing is always associated
with smaller deformation of the excavation compared to the vertical sequen-
cing, therefore the surface settlement is also smaller. This fact was verified in
practice in the Mrazovka tunnels construction in Prague. Since the station struc-
ture is found in a developed area, the aspect of settlement magnitude was one
of the deciding aspects. It was suitable also because of the cross-section size,
about 228 m?, and the total width of the excavation of 21.0 m, to divide the cross
section into three parts, i.e. two side wall drifts and the central top heading with
bench, despite the fact that this solution, compared to the horizontal option,
causes certain difficulties and overall slowing down of the excavation perfor-
mance. No doubt, this sequence was better from the construction safety aspect,
considering the shallow overburden. Last but not least aspect taken into consi-
deration was certain experience and working habits gathered by the mining
crews in this excavation method.

3.2 ORIGINAL PROPOSAL

With respect to anticipation of relatively unfavourable geology, conventional
excavation support was proposed in the first phase of elaboration of the design,
based on the NATM principles, i.e. a 40cm-thick layer of shotcrete and a fan of
anchors 4.0m long in the side-wall area and 8.0 m long in the crown (135.0m of
anchors per 11m of the station in total). The length of anchors in the crown was
designed on a basis of an assumption that the unstable part of the Ordovician
shales, about 4.0 m thick, found in the area just above the excavated profile,
would be "suspended” under the competent sandstones. Because of the pre-
sence of water in the covering sandstones and in the permeable layer found irre-
gularly at their base, a system of grouting carried out from the side wall drift was
designed to reduce the anticipated inflow of water along anchor boreholes and
fissures existing in the rock mass in the area of quartzites (see Fig. 3). It was pro-
ved in the course of the access adit excavation that this inflow could be consi-
derable. The yield of local springs achieved 5.0 - 10.0 litres/s. The method state-
ment expected that the excavation of the top heading of the central part of the
station would start through a cross passage between the right and left side wall
drifts at the eastern end of the station, after closing the primary liners of the two
drifts by the invert. The excavation in the invert area was assumed in the two
side wall drifts first, to be followed by the central part excavation.

3.3 EXCAVATION SYSTEM MODIFICATION AS A RESPONSE TO THE
GEOLOGY ENCOUNTERED

When the running tunnels excavation reached the station, it was found out
that the quality of the rock mass encountered was much better than origi-
nally assumed. For that reason a close co-operation with Ing. Ruzicka was
requested to review the primary support system. With respect to the fact that
it was difficult to carry out the sealing grouting successfully, and that impro-
ved stability of the covering layers was anticipated, it was decided that the
anchors in the top heading, reaching into the water bearing environment,
could be left out, which would eliminate the need for problematic grouting.
To make this major change possible, it was necessary to change the original
excavation sequence: the area of side wall drifts (found entirely in a stable
rock mass) was increased and, as a result, the original 12 m span of the top
heading vault between the two side wall drifts was reduced to 8.0 m. The
designed support of this reduced central part of the excavation consisted of
primary lining (40.0 cm thick shotcrete layer) and 3m-long anchors. The vault
above the central part of the top heading, created using this method, rested
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Obr. 3 Pavodni navrh

Fig. 3 Original station design

Obr. 4 Revize plivodniho névrhu

Fig. 4 Reviewed original design of the station

ta stfedni ¢asti stanice bude oteviena propojkou mezi pravou a levou opé-
rovou $tolou u vychodniho ¢ela stanice, aZ po uzavieni priméarniho osténi
obou $tol spodni klenbou. Vylom v oblasti spodni klenby byl po celé délce
stanice predpokladan nejprve v obou $tolach a nakonec ve stfedni ¢asti.

3.3 ZMENA SYSTEMU RAZBY JAKO REAKCE NA ZASTIZENE GEO-
LOGICKE PROSTREDI

Po vyrazeni tratovych tunell aZ k ¢elu stanice v§ak bylo zjisténo, Ze kva-
lita zastizeného skalniho masivu, a tudiz i stabilita, je podstatné lepsi,
nez byl plvodni pfedpoklad, a bylo proto pfikroéeno v tésné spolupra-
ci s Ing. RGZickou k revizi ndvrhu systému provizorniho vystrojeni.
Vzhledem k obtiZznosti UspéSného provedeni tésnici injektaze a vzhle-
dem k pfedpokladu zlep8ené stability nadloZnich vrstev bylo rozhodnu-
to vypustit kotvy v kaloté zasahujici do vodonosného prostiedi, a tak
eliminovat nutnost provadéni problematické injektdaZze. Pro umoznéni
této zdsadni zmény bylo vSak Iépe pdvodni rozélenéni vyrubu upravit
tak, Ze plocha opérovych §tol, které celé lezely ve stabilni horning, byla
zvétsena, takze 12,0 m rozpéti plvodni klenby v kaloté mezi obéma opé-
rovymi §tolami bylo zkrdceno na 8,0 m. ZajiSténi takto zmen8ené stfed-
ni ¢asti vylomu bylo navrzeno pomoci primarniho osténi ze stfikaného
betonu tloustky 40,0 cm a pomoci 3,0 m dlouhych kotev. Tak byla vytvo-
fena klenba nad stfedni ¢asti kaloty, opfena do oblasti nad zajisténymi
vyruby opérovych $tol. Celkova délka kotev na 1 bm stanice je v tomto
pFipadé 165,0 m. Zadné z navrzenych kotev nezasahuje do vodonosné
oblasti (obr. 4). Vzhledem k jiz zminéné zastiZzené lep§i geologii byl rov-
néZz zménén zplsob vystavby spodni klenby. Po vyraZeni a zajisténi
horni ¢asti opérovych tol bylo navrzeno provedeni betonové desky na
jejich dné pro ochranu horniny proti rozbahnéni ve spodni polovingé. Po
vyrazeni kaloty ve stfedni ¢asti mezi opérovymi Stolami se provedl
vylom a vystrojeni spodni klenby po vétsich celcich. Prvni propojka
mezi obéma Stolami byla provedena zhruba v jedné tfetiné stanice, bez
uzavieni boé¢nich §tol spodni klenbou.

4. MODELOVE RESENi POMOCIi MKP

Matematicky model primarniho osténi obsahoval 11 zatéZovacich stav(, které

jsou zobrazeny na obr. 5:

- zatéZovaci stav A - Geostaticka napjatost horninového masivu; (neni na obr.
uveden);

- zaté7ovaci stav B - Vyrub kaloty levého bogniho tunelu. Celba kaloty se nacha-
zi v roviné vypo¢tu. Ke zménam napjatosti a pretvoreni v roving, ve které je
provadén vypodet, dochazi jesté pred tim, nez celba dosahne této roviny. Stav
napjatosti a zmény pretvoreni vyvolané pfiblizovanim se a dosazeni roviny
vypoctu éelbou jsou modelovany v tomto zatéZovacim stavu.;

- zatézovaci stav C - Osténi v kaloté levého boéniho tunelu. V tomto zatéZzova-
cim stavu je nastfikano osténi a celba je vzdalena z roviny vypoctu. Osténi
tvofi mlady stfikany beton;

- zat&%ovaci stav D - Vyrub kaloty pravého boéniho tunelu. Celba kaloty se
nachazi v roviné vypoctu. Beton osténi v kaloté levého boéniho tunelu je stary;

- zatéZovaci stav E - Osténi v kaloté pravého bo¢niho tunelu. Beton osténi je mlady;

- zatéZovaci stav F — Vyrub kaloty jadra tunelu. Beton osténi v kaloté pravého
boc¢niho tunelu je stary;

- zatéZovaci stav G - Osténi v kaloté jadra tunelu. Beton osténi je mlady;

- zatéZovaci stav H - Vyrub druhé lavky jadra tunelu. Beton osténi v kaloté
jadra tunelu je stary;

- zatéZovaci stav | - Vyrub pocvy levé poloviny tunelu;

- zatéZovaci stav J - Osténi v pocveé levé poloviny tunelu. Beton osténi je mlady;

on the areas above the supported excavation of the side wall drifts. The total
length of anchors per 1Im of the station amounts to 165.0 m in this instance.
None of the designed anchors reaches into the water-bearing region (see Fig.
4). With respect to the above-mentioned better geology, the method of the
invert construction was also changed. The design required that a concrete
slab be cast on the bottoms of the side wall drifts once their excavation had
been completed and supported in the top. The slab was to protect the rock of
the bottom from turning to mud. The excavation and support of the invert
section in larger units was carried out after the excavation of the top heading
in the central part, between the side wall drifts. The first cross passage bet-
ween the two drifts was excavated roughly in one third of the station length,
without closing the side wall drifts by the invert.

4. MODEL SOLUTION USING THE FEM

The mathematical model of the primary lining contained 12 load states. These

are shown in Fig. 5.

- load state A - Geostatical state of stress of the rock mass (not shown in the Fig. 5)

- load state B - Excavation of the left side wall drift top heading. The top hea-
ding face is found in the calculation plane (Note: Changes in the stress and
strain state in the plane in which the calculation is carried out, take place even
before the excavation face reaches this plane. The state of stress and changes
in the strain induced by nearing and reaching the calculation plane by the
excavation face are modelled in this load state).

- load state C - The lining in the left side wall drift top heading. (Note: The shot-
crete lining is applied in this load state, and the excavation face is remote from
the calculation plane.) The lining concrete is young.

- load state D - Excavation of the right side wall drift top heading. The top hea-
ding face is found in the calculation plane. The lining concrete in the left side
wall drift top heading is young.

- load state E - The lining in the right side wall drift top heading. The lining con-
crete is young.

- load state F - Excavation of the tunnel core top heading. The lining concrete is young.

- load state G - The tunnel core top heading lining. The lining concrete is young.

- load state H - Excavation of the second bench of the tunnel core. The lining
concrete in the tunnel core top heading is old.

- load state | - Excavation of the tunnel left half invert.

- load state J - The tunnel left half invert lining. The lining concrete is young.

- load state K - Excavation of the tunnel left half invert. The lining concrete in
the tunnel left half invert is old.

- load state L - The tunnel left half invert lining. The lining concrete is old.

Results of the calculations proved that the loading capacity of the designed

lining was sufficient for all working phases and states of maturity of the lining

concrete, in terms of the given rock environment.

Only those deformation changes can be compared with reality objectively

which depended on the progress of the partial headings. The following results

were obtained from the mathematical modelling assessment:

- Deformations of the side wall drifts and the central top heading fluctuate
approximately about 24 mm.

- The side wall excavation operations nearly do not affect each other.

- The invert excavation nearly does not affect the excavation deformation.

- At the eighth load state, increased deformation can be seen in the right side
wall drift, which is a result of differing rock mass properties.

If we compare the results of the model solution (obtained by means of the

MISES3 mathematical model) with the results of the monitoring carried out in

the course of the construction, we learn that:

- The values of total deformations of the excavation were more favourable in the
mathematical model than those obtained from convergence measurements
(see the text above) - see Table 1.

5. ASSESSMENT OF MEASUREMENT RESULTS

Detailed monitoring of deformations, both at the surface and in the underg-
round, was conducted in the course of the excavation operations. Because of a
necessity to minimise the effects of the excavation due to existing buildings, an
immediate response to increasing convergence values was essential.

5.1 CONVERGENCE MEASUREMENTS

The shape of most deformation curves measured in the underground fully cor-
responded to the rock mass character, exhibiting a relatively high value of the
modulus of deformation. The instantaneous deformation in the area of the exca-
vation face was followed by very rapid settling (within several days), unless its
development was affected by another excavation in the vicinity, see Fig. 6 - Time
dependence of development of measured convergences, where the rock defor-
mation velocity and the influence of commencing and advancing the other par-
tial headings could be observed easily.
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Obr. 5 Matematicky model primarniho osténi L | e F - —Jr'r'
Fig. 5 Mathematical model of the primary lining SN S i v a
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Obr. 6 Casova zavislost prib&hu deformace
Fig. 6 Time dependence of development of measured convergences

- zatéZovaci stav K - Vyrub pocvy pravé poloviny tunelu. Beton osténi v po¢vé
levé poloviny tunelu je stary;

- zatéZovaci stav L — Osténi v pocvé pravé poloviny tunelu. Beton osténi je stary.

Vysledky provedenych vypoétu prokézaly, ze v daném horninovém prostredi

bylo navrZzeno osténi dostatecné Ginosné ve vsech svych pracovnich fazich

i stavech zralosti betonu osténi.

Porovnavat se skute¢nosti Ize objektivné pouze deformacni zmény v zavislos-

ti na postupech ¢astecnych vylomda. Vysledky plynouci z vyhodnoceni mate-

matického modelovani v této oblasti byly nésledujici:

Deformace bocnich vyrubt a stfedniho vyrubu kaloty se pohybuiji kolem cca 24 mm.

Vyruby boc¢nich tunelt se téméf neovliviiuji.

Viyrub spodni klenby nemé témér zadny vliv na deformace vyrubu.

V osmém zatéZzovacim stavu Ize pozorovat zvétSenou deformaci v pravém bo¢-

nim vyrubu, coZ je zptisobeno rozdilnymi vlastnostmi horninového masivu.

Porovnaji-li se vysledky z modelového feSeni ziskané pomoci matematického

modelu MISES3 s vysledky monitoringu provadéného béhem razby, zjistime, Ze:

Hodnoty celkovych deformaci vyrubu v matematickém modelu byly pfiznivéj-

§i nez hodnoty celkovych deformaci vyrubu ziskané z konvergenéniho méreni

(pFedesly text) - viz tabulka 1.

hodnoty ___ deformace (mm) nodnaty gg\kllrish\{x (mm)
matematicky matematicky

model cca 24 model cca 11
monitoring cca 20 - 50 monitoring cca 60

Tab. 1 Hodnoty celkovych
deformaci

Tab. 2 Hodnoty poklest
povrchu

Hodnoty sedani povrchu dle matematického modelu byly opét pfiznivéjsi nez
hodnoty ziskané monitoringem - viz. tabulka 2.

5. VYHODNOCENI VYSLEDKU PROVADENYCH MERENI

Béhem razby bylo provadéno detailni sledovani deformaci jak na povrchu,
tak i v podzemi. ProtoZe vzhledem k povrchové zastavbé bylo tfeba minima-
lizovat G¢inky razby, bylo nutno okamZité reagovat na zvySeni konvergenc¢-
nich hodnot.

5.1 KONVERGENCNi MERENI

Prabéh vétsiny deformacnich kfivek mérenych v podzemi odpovidal zcela
charakteru horninového masivu, s pomérné vysokym modulem deformace.
Po okamiZité deformaci v oblasti elby dochazelo velmi rychle, v nékolika
dnech, k jejimu uklidnéni, pokud jeji pribéh nebyl ovlivnén dal$i razbou v
blizkosti, viz obr. 6, asova zavislost pribéhu namérenych konvergenci, kde
je mozno dobfe sledovat deformacni rychlost horniny a vliv zapoceti a pokra-
¢ovani dalsich dil¢ich vyloma.

O detailnim rozboru namétenych hodnot bylo mozno vyslovit nasledujici
zavéry. Vylomy obou §tol, vzdor pomérné tenkému cca 6,5 m Sirokému
horninovému pilifi, se navzajem ovliviiovaly bud jen velmi malo, cca 0,5
cm, nebo vilbec ne. Deformace pravé opérové $toly POS, ktera byla raze-
na jako druhd, byly v priméru tfetinové ve srovnani s levou opérovou $to-
lou LOS, razenou jako prvni (obr. 7). K nejvétsim pohybim, vektorové cca
4,0 cm, doslo v LOS zhruba v poloviné stanice, patrné diky mirné zhorge-
nym geologickym podminkdm a vodg, pfece jen v této oblasti pronikajici
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Obr.7 Vliv vylomu LOS na deformaci POS
Fig. 7 Influence of the LSWD excavation on the RSWD deformation

values deformations values surface

(mm) settlement (mm)
mathematical mathematical
model approx. 24 model approx. 11
monitoring approx. 20 - 50 monitoring approx. 60

Table 1 Total deformation

values

Table 2 Surface sattlement

values

- The surface settlement values following from the mathematical model were
again more favourable than those obtained from the monitoring measure-
ment - see Table 2.

The following conclusions could be formulated regarding the detailed ana-
lysis of the measured data: Despite a relatively thin, about 6.5 m wide rock
pillar between the two drifts, the excavation operations affected each other
either very little, about 5 cm, or not at all. Average deformations in the
right side wall drift (RSWD), driven as the second one, amounted to one
third of deformations experienced in the left side wall drift (LSWD), driven
as the first one (see Fig. 7). The most significant movements, about 4.0 cm
vector-wise, occurred in the LSWD roughly at the station mid point, pro-
bably due to slightly worsened geology and unexpected water, which see-
ped to this area along fissures in quartzites. Reinforcing anchors 6.0 to 8.0
m long were installed wherever required due to the deformation. Additio-
nal convergences reaching 4.0 to 5.0 mm were measured in the right drift
after the drifting completion, while the deformation rose by 3.0 cm in the
left drift, on the core side. Fig. 8 shows a continuous effect of individual
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Obr 8 Horizontalni a vertikalni deformace bodu 4 v zavislosti na postupném vylomu - stanice Kobylisy v podélném sméru
Fig. 8 Horizontal and vertical deformations of the point 4 in dependence on parcial excavations - Kobylisy station in longitudinal section

do vyrubu puklinami v kiemencich. Vsude, kde to deformace vyzadovala,
byly instalovany zesilujici kotvy 6,0 a 8,0 m dlouhé. V oblasti propojky, na
pocatku vystavby 11,0 m Siroké, byly po jejim vyrazeni naméfeny doda-
tecné konvergence na pravé stole, velikosti cca 4,0 - 5,0 mm, v levé §tole
se zvétSila deformace na strané jadra o cca 3,0 mm. Na obr. 8 je znazor-
nén postupny vliv jednotlivych vylomovych krokl na deformaci bodu 4.,
ktery byl v levé opérové Stole osazen jako prvni, po provedeni celého
vylomu stanice. Pfekvapujici vliv vylomu spodni klenby byl zptisoben kva-
litativni zménou horninového masivu vzhledem k hloubce uloZeni. Pro
rozvolnéni horniny bylo tfeba pouZit mnohem vétsi mnozstvi trhavin, nez
pro vylom kaloty.

5.2 EXTENZOMETRICKE MERENI

Deformace horninového masivu byly rovnéz sledovany pomoci extenzomet-
rd, viz obr. 9 extenzometrické méreni. Z téchto méfeni vyplynulo, Ze piskov-
cova deska vytvafi nad vyruby pfikrov, plynule se deformujici jako jeden
celek v celé tloustce az k povrchu terénu, zatimco v oblasti kolem vyrubu
dochazi v ose $tol nad jejich stropem k rozvolnéni horniny cca 25,0 mm. Hlav-
ni ¢ast tohoto rozvolnéni probiha patrné pravé na styku piskovcd a ordovic-
kych hornin.

5.3 DEFORMACE POVRCHU TERENU

Vliv postupnych vylomovych praci na poklesy povrchu terénu je uveden na
obr. 10. Zde je patrny velmi maly vliv vylomu spodni klenby. Piskovcové sou-
vrstvi prendsi vliv rozvolnéni spodnich vrstev svym pfiznivym deskovym
efektem. Z tohoto konstatovani vyplyva rovnéz opodstatnéni plivodniho
navrhu Ing. RUZicky - zavéseni ordovickych hornin do zminéné piskovcové
desky v nadlozi.

Maximélni poklesovéa pofadnice se nachazela v ose stanice a byla primérné
cca 60mm, coZ vzhledem k vySce nadloZi a Sifce vyrubu lze povaZovat za
uspokojivy vysledek. Zastavba na povrchu, kterd se nachazi v oblasti nad
LOS, zatim nevykazuje zavainé poru$eni zdiva, dochézi vak k naklanéni
budov nebo jejich ¢asti jako celki. Nejvétsi relativni pohyby byly u jednotli-
vych budov doposud naméreny v hodnotéach 6,0; 18,0; 16,0 a 25,0 mm, pfi-
¢emz préavé posledni uvedenéd hodnota méla za nasledek otevirani spary mezi
sousednimi ¢astmi budovy. Tato zvy$ena hodnota sedani byla patrné zpUso-
bena koncentraci vyrubl v Cele stanice, kde se setkavaji dva tratové tunely
s eskalatorem a velkym vyrubem stanice.

6. ZAVER

Z uvedenych skutecnosti vyplyva celé fada zajimavych souvislosti a pouceni.

Nésledujici konstatovani plati pro horninovy masiv podobnych vlastnosti

jako v tomto konkrétnim sledovaném pfipadé:

- Uzavirat ¢astecné vyrub spodni klenbou neni tfeba. Ochrana betonem proti
rozmoceni ve dné vyrubu neni povazovana za spodni klenbu.

- Paralelni vylomy, jsou-li spravné zajistény provizornim osténim, se jen velmi
malo vzajemné ovliviiuji, i kdyZ horninovy pilif je pouze 2/3 rozpéti vylomu.

- Na celkovou deformaci vyrubu ma podstatny vliv intenzita stielnych praci,
tento vliv se projevuje predevsim v jeho nejbliz§im okoli.

- Pro zmenseni deformaci a zajisténi bezpecné stability vyrubu je tfeba bez-
prostiedné reagovat na varovné zmény charakteru deformacniho diagramu
zahusténim, eventuainé prodlouzenim kotevniho systému.

excavation steps on deformation of the point 4, which was fixed in the left
side wall drift as the first one after completion of the entire station exca-
vation. A surprising influence of the invert excavation was caused by a
change in the rock mass quality with depth. Significantly larger amount of
explosives had to be used for the excavation than in the case of the top
heading excavation.

5.2 EXTENSOMETER MEASUREMENT

The rock mass deformations were also monitored using extensometers (see
Fig. 9 - Extensometer measurement). This measurement showed that the sand-
stone plate forms a nappe above the excavated openings, deforming continu-
ally as a single unit within the whole thickness, up to the ground surface, while
close to the openings, above the roofs of the drifts, on their centre lines, the
rock becomes loose. This process results in deformations of about 25,0 mm.

5.3 GROUND SURFACE DEFORMATIONS

The impact of the excavation operations on the ground surface settlement is
shown in Fig. 10. Very low influence of the invert excavation can be seen there.
The sandstone series of measures transfer the influence of loosened bottom
layers due to the favourable plate effect. It also follows from this finding that
the original Ing. Ruzicka's proposal to suspend the Ordovician rock from the
above-mentioned sandstone layer found in the overburden was well founded.
Maximum subsidence coordinate was identified on the centre line of the stati-
on. Its average value of 60 mm can be considered satisfactory with respect to
the overburden thickness and the excavation width. The masonry of the buil-
dings existing in the area above the LSWD have not exhibited any serious
damage yet, although tilting of the buildings or their parts has been recorded.
Till now the largest measured relative movements of individual buildings have
amounted to 6.0, 18.0, 16.0 and 25.0 mm respectively, where the latter value
resulted in opening the joint between neighbouring parts of the building. This
increased subsidence value was probably a result of concentrations of hea-
dings at the station end, where two running tunnels meet the escalator tunnel
and the large profile station excavation.

6. CONCLUSION

A lot of interesting consequences and lessons follow from the above-mentioned
facts. The following statement applies to a rock mass having similar properties
to those encountered in this monitored instance:

- There is no need for closing the excavation with invert. The bottom protection
against turning to mud with concrete is not considered to be an invert structure.

- Parallel headings, if supported properly by temporary lining, affect each other
very little, even if the rock pillar width is equal to 2/3 of the excavation span only.

- Intensity of drill-and-blast operations affects the total deformation significant-
ly; this effect shows mainly in the closest proximity of the excavation.

- To reduce deformations and secure safe stability of the excavation, it is neces-
sary to respond immediately to warning changes of the deformation diagram
character by reducing the spacing of anchors and extending their lengths.

- In rock types with a higher modulus of deformation, deformation changes
are quick; settling follows within several days after the excavation face pas-
sage, or behind the face of a parallel influencing heading. Longer lasting
development of deformation is a warning signal, and the anchoring system
has to be reinforced immediately.
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Obr. 9 Extenzometrické méreni
Fig. 9 Extensometer measurements
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Obr. 10 Vliv postupnych vylomU na poklesy povrchu stanice Kobylisy v profilu 15,480
Fig. 10 Influence of partial headings on subsidence of the Kobylisy station ground surface at chainage 15.480
-V horninach s vy$§im modulem deformace probihaji deformacni zmény - Quick installation of anchors as early as in the first round is crucial for reduc-
rychle, uklidnéni nasleduje béhem nékolika dni bezprostiedné za celbou tion of the rock mass deformations even in this rock type. Rapid development
vyrubu nebo za ¢elbou vedlejsiho ovliviiujiciho vyrubu. Déle trvajici pribéh of the rock mass deformation causes, if the anchors are installed late, impair-
deformace je varujici a je tfeba neprodlené posilit kotevni systém. ment of the anchoring system function.
- Rychld instalace kotev jiz v prvnim prstenci je rozhodujici i v tomto typu horniny - It follows from the extensometer measurements that vertical deformation of the
pro zmenseni deformaci HM. Rychly pribéh deformace horniny zpusobi pfi rock mass in the excavation area reaches a value of 105 mm. The convergences

opozdéné instalaci kotevniho systému znehodnoceni jeho funkce.

measured at the vault crown reached a value of 35 mm, which value is identical

- Z extenzometrického méfeni (dale jen E) vyplyva, Ze svisla deformace HM with the extensometer measurement carried out from the moment of the con-

v oblasti vyrubu dosahuje hodnoty 105 mm. Konvergencni méreni ve vrcholu
klenby dosahlo hodnoty 35 mm, cozZ je hodnota shodna s E od okamZiku osaze-
ni konvergenéniho bodu. Poklesy povrchu dosahuiji cca dvojnasobku hodnoty K
v ose stanice (72 mm). Z tohoto méfeni rovnéz vyplyva nutnost rychlé instalace
kotev, aby tohoto zbytku deformace bylo vyuZito k aktivizaci kotevniho systému.

vergence point installation. The ground surface subsidence values are approxi-
mately twice the K value measured on the station centre line (72 mm). It also fol-
lows from this measurement that quick installation of anchors is necessary so
that the remaining deformation is utilised for activation of the anchoring system.

To conclude, it can be stated that, despite all pessimistic predictions, the exca-

Zéavérem lze konstatovat, Ze pres vSechny pesimistické predpovédi probéhlo vation and primary support of the station was carried out successfully, owing to
vylomeni a primarni zajisténi stanice Uspésné, diky plodné a operativni spolu- the fruitful and operative co-operation of all parties to the project, the desig-
praci vSech zainteresovanych sloZek vystavby, projekéni kancelare, provadéci- ner/consultant, contractor and resident engineer.

ho podniku a zastupce investora.
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DEFINITIVNI OSTENI JEDNOLODNI RAZENE STANICE KOBYLISY

FINAL LINING OF THE KOBYLISY SINGLE-VAULT MINED STATION
ING. JIRI RUZICKA, METROPROJEKT PRAHA, a. s., ING. MILOSLAV ZELENKA, METROSTAV, a. s.

uvobp

Dne 26. ¢ervna 2004 byl zahajen provoz na dal$im Useku prazského metra.
Jedné se o 1. etapu IV. provozniho Useku trasy C, ktery napoji severni ¢ast Prahy
na sit metra. Jsou na ném situovany 2 stanice. Razena jednolodni stanice Koby-
lisy a hloubené stanice Ladvi, ktera bude kratkodobé také stanici koncovou.
Vyvoji dispozi¢niho feSeni stanice Kobylisy, geologickym pomérim a razbé
stani¢niho tunelu bylo v ¢asopise Tunel vénovano jiz nékolik ¢lanka (¢. 4/1999;
¢. 3/2000 a ¢. 2/2002). V tomto ¢lanku se chceme vénovat pouze navrhu a rea-
lizaci definitivniho osténi stanice Kobylisy.

NAVRH DEFINITIVNIHO OSTENI

Razend stanice ma svétlou $itku 18,4 m a svétlou vysku 11,2 m. Vrchol klenby
je nad drovni nastupisté 7,8 m. Osova vzdalenost koleji metra je 13,6 m a Sirka
ostrovniho nastupisté je 10,6 m. Celkova délka stani¢niho tunelu véetné cel-
nich stén je 147,9 m. Stfedni ¢ast tunelu, kde je vlastni nastupisté, ma délku
115,2 m a pficny profil tunelu je zcela otevieny (viz. obr. 1). Kratké koncové
Useky stani¢niho tunelu v délkach 15,1 m a 16,0 m jsou v pficném profilu déle-
ny 2 podélnymi nosnymi sténami na 3 ¢ast. Do stfedni ¢asti tunelu jsou zauls-
tény eskalatorové tunely, do bocnich ¢asti tunelu Usti tratové tunely metra (viz.
obr. 2). Stfedni ¢asti ¢lenéného profilu tunelu jsou v misté napojeni na otev-
feny profil stani¢éniho tunelu ukonceny pFi¢nou nosnou sténou, ve které je
umistén tlakovy uzéavér stanice.

Osténi stani¢niho tunelu je dvouplastové s mezilehlou vodotésnou izola-
ci z folie PVC tl. 3 mm v klenbé a ve dné tunelu tl. 2 x 2 mm. Priméarni
osténi, postupné provadéné v prabéhu razby tunelu, je ze stfikaného
betonu tl. 400 mm v kombinaci se systémem kotev. Definitivni osténi,
realizované nasledné po dokonéeni razby celého tunelu, je z monolitické-
ho Zelezobetonu B30 a ma v klenbé tl. 600 mm. Spodni klenba je navrze-
na s vnéjsim licem stupriovitym ve tfech drovnich (viz obr. 1 a 2), pfiéemz
v ose tunelu ma tl. 1050 mm.

STATICKE RESENi DEFINITIVNIHO OSTENI

V priibéhu zpracovani realizaéni dokumentace definitivniho osténi bylo
nutno fesit zasadni problém styku dvou staticky zcela odli§nych typl pfic-
ného profilu staniéniho tunelu. Pfiény profil v iseku néstupisté je zcela volny
profil (viz obr. 1), ktery se po nasledném zatizeni (pfedev§im hydrostatickym
tlakem) deformuje zcela odli§né, nez pricny profil vyztuzeny podélnymi sté-
nami s pficnou sténou v misté, kde jsou umistény tlakové uzavéry stanice (viz
obr. 2). Vypoctené rozdily deformaci na styku odlisnych profilt by byly v ose
tunelu 50 mm.

Z nasledujicich obrazkl statického modelu je velmi dobfe patrny pribéh
deformaci definitivniho osténi a vyraznd zména predevsim ohybovych

Obr. 1 PFi€ny fez nastupistém
Fig. 1 Cross section through the platform

INTRODUCTION

Another section of the Prague Metro was open to traffic on 26 June 2004, i.e. the
1st phase of the fourth operational section of line C (IVC2). This section will join
the northern part of Prague to the subway network. It contains 2 stations, the
Kobylisy single-vault mined station, and the Ladvi cut-and-cover station, which
will become a terminal station temporarily.

Development of the Kobylisy station interior layout, geological conditions and excavati-
on of the station tunnel have already been topics of several articles published in the
TUNEL magazine (No. 4/1999; No. 3/2000; No. 2/2002). In this article, we want to devote
ourselves to the design and implementation of the final lining of the Kobylisy station only.

FINAL LINING DESIGN

The net width and net height of the mined station is 184 m and 11.2 m respectively.
The crown of the vault is 7.8 m above the platform level. The subway's track centre
distance amounts to 13.6 m; the isle platform is 10.6 m wide. The overall length of the
station tunnel inclusive of front walls amounts to 147.9 m. The central part of the tun-
nel, containing the platform proper, is 115.2 m long, and the cross-section of the tun-
nel is completely open (see Fig. 1). The cross sections of the short end sections of the
station tunnel (15.1 m and 16.0 m long) are divided by 2 longitudinal structural walls
into 3 parts. Escalator tunnels are connected to the central part of the tunnel; the sub-
way running tunnels lead to the side parts of the tunnel (see Fig. 2). Side parts of the
divided tunnel profile end by lateral structural walls with pressure gates of the station.
The station tunnel lining is of a double-shell type, with an intermediate waterproofing
PVC membrane 3 mm thick in the vault and 2 x 2 mm thick in the invert. The primary
lining, erected continually in the course of the tunnel excavation, consists of a 400 mm
thick shotcrete layer, combined with a system of anchors. The cast-in-situ reinforced
concrete B30 final lining was constructed subsequently, after completion of the entire
tunnel excavation. It is 600 mm thick at the crown. The invert was designed with its base
divided into three levels (see Fig. 1and 2); its width on the tunnel centre line is 1050 mm.

STRUCTURAL DESIGN OF THE FINAL LINING

It was necessary in the course of elaboration of the detailed design of the final lining to
solve a fundamental problem of two types of the station tunnel cross section, which
are totally different in terms of structural analysis. The cross section within the platform
section is entirely free (see Fig. 1). It deforms in an absolutely different manner than the
cross section supported by longitudinal walls with lateral walls in the locations of the
pressure gates of the station (see Fig. 2). The calculated differences in deformations at
the contact of the differing profiles would amount to 50 mm on the tunnel centre line.
The presented pictures of a structural analysis model show very clearly the
course of deformations of the final lining, and the pronounced change, above
all, in bending moments and normal forces in the vicinity of the lateral pressu-
re walls, both in the lateral and longitudinal directions.

- ——
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Obr. 2 PFi¢ny fez s podélnymi tlak. sténami
Fig. 2 Cross section at the location of pressure walls
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Obr. 3 Staticky model - podélny pribéh deformaci tunelu
Fig. 3 Course of longitudinal deformations of the tunnel - structural
analysis model

Obr. 5 Priibéh podélnych normalnych sil
Fig. 5 Course of longitudinal normal forces

Obr. 7 Priibéh podélnych ohybovych moment
Fig. 7 Course of longitudinal bending moments

momentt a normalovych sil v blizkosti pficnych tlakovych stén jak v pFicném,
tak i v podélném sméru.

Z téchto ddvodl bylo nutno vyztuz osténi staniéniho tunelu, kde je navriena
hlavni nosna vyztuz v pficném sméru, doplnit v Usecich na styku rozdilnych pro-
fill 0 mohutnou podélnou vyztuz. Mimo tyto useky byly vSechny pracovni spary
mezi jednotlivymi pasy osténi stanice upraveny zalomenim (viz obr. 9), a tim se
zajistil plynuly priibéh deformaci definitivniho osténi v podélném sméru. Jedina
pfima pracovni a zaroven dilatacni spéra byla zachovana ve stfedu stanice.
Problém prechodu podélné nosné vyztuze v klenbé tunelu pfes ¢elo posunové-
ho bednéni byl feSen prodluzovanim podélné vyztuze pomoci Sroubovanych
spoju s konickymi zavity (systém LENTON). Ve spodni klenbé tunelu byla délka
pracovnich zabér upravena tak, aby nebylo potfeba pouZivat Sroubové spoje.

POSTUP VYSTAVBY DEFINITIVNIHO OSTENI

S minimalnim predstihem pfed betondzi definitivniho osténi se provadély
vodotésné izolace. Systém izolace z mékéeného PVC je doplnén pojistnym
injekénim systémem umoziiujicim event. sanaci poskozené izolaéni folie pro-
vedenim injektaZe spary mezi izolaci a rubem definitivniho osténi pomoci trva-
le pruznych gel.

Betonaz definitivniho osténi stani¢niho tunelu byla v pfi¢ném profilu rozdéle-
na na dvé ¢asti. Nejprve se provadéla betonaZz spodni klenby ve 3 vyskovych
arovnich. Casovy postup betonaze byl upraven tak, aby mezi jednotlivymi vys-
kovymi urovnémi nevznikaly nezadouci pracovni spary a zarover nedochaze-
lo k vytlacovani Gerstvého betonu u paty boéni stény vyssi etaze.

V podéIném sméru byla délka zabérd dna tunelu pfi betonazi navrzena s ohle-
dem na rozmisténi podélné nosné vyztuzZe a také na polohu jimek umisténych
ve dné tunelu. Délka zabérd se pohybovala v rozmezi 6,1 az 36,2 m (viz obr. 10).
Betonaz klenby stanice byla provadéna do posuvného bednéni délky 9,6 m,

Obr. 4 Staticky model - axonometrie deformaci tunelu
Fig. 4 Axonometric representation of the tunnel
deformations - structural analysis model

Obr. 6 Priibéh pricnych normalnych sil
Fig. 6 Course of transversal normal forces

Obr. 8 Priibéh pfi€nych ohybovych momentl
Fig. 8 Course of transversal bending moments

For the above-mentioned reasons, the reinforcement of the station tunnel
lining designed in the transversal direction only had to be strengthened by
mighty longitudinal reinforcement in the contact sections of the differing profi-
les. In the other sections, a sheer key design was used for all day joints betwe-
en individual sections of the lining (Fig. 9) The only flat joint serving as an
expansion joint was maintained in the station centre.

The problem of transition of the longitudinal structural reinforcement bars at
the tunnel vault over the stop end of the travelling formwork was solved by
application of the LENTON system of reinforcement splicing, using conically
threaded coupling sleeves. The length of casting sections of the invert was
adjusted so that threaded joints were necessary.

FINAL LINING CONSTRUCTION SEQUENCE

The waterproofing was installed with a minimum advance ahead of the final
lining casting. The waterproofing system using plasticised PVC is complemen-
ted by a safety grouting system allowing repair of a damaged membrane sec-
tion if required. The joint between the membrane and external face of the final
lining can be injected with permanently elastic gels.

Casting of the concrete final lining of the station tunnel was divided in the
cross section into two parts. Casting of the three levels of the invert was
carried out first. The concrete casting operation was organised in a man-
ner preventing both origination of undesired day joints between individu-
al levels and extrusion of moist concrete at the base of the side wall form
of the higher level.

In the longitudinal direction, the length of the invert casting sections was designed with
respect to placement of the main longitudinal reinforcement, and to the position of
sumps positioned in the tunnel invert. The length varied from 6.1 to 36.2 m (see Fig. 10).
The concrete vault casting was carried out using a tunnel form traveller 9.6 m



21 13. ROCNIK, €. 4/2004

lunel

coz byla délka poZzadovaného zakladniho podéiného modulu Elenéni klenby
stanice pfiznanymi vyraznymi pracovnimi sparami. Kromé 14 typickych past
délky 9,6 m byly betonovany i zkracené pasy délky 5,5 m a 6,4 m.

Pracovni spary mezi jednotlivymi sekcemi betonaze klenby byly v lici tunelu
pfiznany jako drazky a byly vytvoreny pomoci pryzového pasku osazeného do
formy pred kazdou betonazi.

Jak dno, tak klenba vyZadovaly specialni receptury. Nasi snahou bylo pouZit
pro beton B30 (poZadavek projektu) béZné dostupné materialy, které nadmér-
né nezvysi cenu betonu a zaroven splni poZzadavky na dobrou zpracovatelnost
cerstvého betonu po dobu potfebnou k dopravé, precerpani a ulozeni a zaro-
ven splni pozadavky uvedené v nasledujicich odstavcich.

BETONAZ DNA TUNELU

Nejdfive se betonovalo dno tunelu s boky a dny jimek. Dno stani¢niho tunelu
bylo navrZzeno se dvéma vyskovymi stupni na kazdé strané a bednéni dna bylo
provedeno pouze na Cele zabéru a na podélnych svislych sténach stuprit.
Z tohoto feSeni vyplyvala nutnost pfesného nacasovani betondze s ¢asovym
pribéhem tuhnuti pouZitého betonu. Bylo nutné zajistit, aby beton v nizsi vys-
kové trovni spodni desky dostatecné zatuhnul do doby, kdy se betonovala vys$si
uroven a boky, tak aby nedoslo k vytlaceni betonu dna v dusledku hydrostatic-
kého tlaku betonu na bocich. Dal$i pozadavek na pomalejsi tuhnuti betonu mél
garantovat, Ze nedojde k zavadnuti povrchu betonu pfi betonéZi a ke vzniku tzv.
neplanované pracovni spary dfive, nez bude doplnéna dals$i vrstva betonu do
bokd. Nabéh pevnosti i rychlost tuhnuti jsou zavislé na teploté a navrzeny beton
musel pokryt rlizné podminky pfi betonazi, tj. vysoké i nizké teploty.

Tento okamzik byl uréovén pomoci zkousky tuhnuti betonu dle CSN 73 1332
(zkouska penetraéniho odporu na cementové malté).

PFi betonaZich dna se betony do bednéni ¢erpaly béznym mobilnim ¢erpadlem
betonu, které bylo postaveno ve stani¢nim tunelu. Autodomichavace zajizdély
s betonem do podzemi. Jednotlivé bloky dna byly betonovéany po vrstvach cca
0,5 m a zpracovani betonové smési se provadélo pomoci ponornych vibrato-
ru. Betonaz jednoho velkého bloku dna trvala zhruba 16 az 24 hodin a béhem
ni bylo uloZeno pfiblizné 470 m* betonu.
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Obr. 9 Detail zalomené pracovni spary v klenbé tunelu
Fig. 9 Shear key day joint at the tunnel vault

Betonaz klenby tunelu
Tunnel vault casting sequence

Podélna vyztuz
Longitudinal reinforcement
L]

Podélna vyztuz
Longitudinal reinforcement
HE

i il il

(1] T T i Tl (T8 [

Jjoint

Dilataéni spara
Expansion joint
Sroub. spoj
Bolted
roub. spoj
Bolted joint
E

im

T
Sroub. spoj
Bolted joint
$

el ot = u

i T T 1] T ] T

BetonaZ dna tunelu
Tunnel invert casting sequence

Obr. 10 Schéma postupu betonaze definitivniho osténi
Fig. 10 Chart of the sequence of casting the final lining

long. This length was corresponded to the required length of a basic longitudi-
nal module of the station vault sectioning achieved by means of prominent unt-
reated joints. In addition to 14 typical sections 9.6 m long, shortened sections
5.5 m and 6.4 m were also cast.

Day joints between individual vault casting sections remained exposed on the
tunnel internal surface, in a form of grooves created by means of a rubber gas-
ket inserted into the form before each concrete casting operation.

Both the invert and the vault required special formulas. Our effort was to use
concrete C30 (required by the design) prepared from generally available mate-
rials, which would not increase the concrete price and, in the same time, would
meet requirements for good workability of wet concrete for a period needed for
transportation, pumping and placing, and would also meet the requirements
contained in the text below.

TUNNEL INVERT CASTING

The concrete tunnel invert with the sides and bottoms of sumps were cast first.
The invert of the station tunnel was designed with two steps on either side. The
formwork was erected at the front end of each casting section only, and along
the longitudinal vertical sides of the steps. This solution required precise timing
of the casting to suit the course of the concrete setting. It had to be ensured that
the concrete at the lower level of the lower slab set sufficiently before the hig-
her level and sides were cast, so that the concrete at the bottom was not forced
up due to the hydrostatic head from the wet concrete cast on the sides. Another
requirement regarding slower setting of concrete was for guaranteeing that the
concrete surface would not set in the course of the casting operation, causing
origination of an unplanned day joint before placing another layer of concrete
on the sides. Initial strength build-up and setting time depend on temperature,
and the designed concrete had to cope with various conditions during the cas-
ting operation, i.e. both high and low temperatures.

The proper moment was determined by a concrete setting test according to the
CSN 73 1332 standard (the penetration resistance testing on cement mortar).
When the invert was being cast, concrete was cast behind the formwork using
a standard mobile concrete pump standing in the station tunnel. Transmixers
with concrete entered the tunnel. Individual invert sections were cast in layers
about 0.5 m thick, and the concrete mix was processed using immersion vibra-
tors. The casting of one large section of the invert took about 16 - 24 hours, and
about 470 m® of concrete was placed during this operation.

VAULT CASTING

The concrete vault was cast using a steel formwork. The formwork was a pur-
pose-made self-propelled self-supporting frame structure. The weight of the
formwork amounted to about 160 t; the drive along rails for the casting of the

Obr. 11 Napojeni podélné vyztuze - systém LENTON
Fig. 11 Splicing of longitudinal reinforcement - LENTON system
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BETONAZ KLENBY

Betonaz klenby se provadéla do ocelové formy. Forma byla specialni samo-
hybna samonosna ramova konstrukce. Hmotnost formy byla cca 160 t, pojezd
po kolejnicich pro betonédZ dalSiho segmentu byl zajistovan elektromotory.
Konstrukce formy umoznila odsunuti bednéni od vnitiniho lice o cca 400 az
600 mm tak, aby vznikl prostor pro ¢isténi a nanaseni separaéniho natéru.
Hlavnim nosnym prvkem vyztuZze klenby byly Ctyfpruté pficné prihradové
oblouky obdélnikového profilu v intervalu 1,6 m, které byly svarené z beto-
narské oceli. Pfihradové oblouky byly sloZeny ze sedmi dild, které byly sesrou-
bovany. Na rubovych stranach pfihradovych nosnikd byly pfed montazi priva-
feny pomocné pasy z KARI siti, které umoznily fixovat nosnou vyztuz klenby
na rubové strané definitivniho osténi v pozadované poloze. Nosna vyztuz byla
jesté pridrZovéana tvarovanymi rozpérami. Hlavni vyztuz na licni strané defini-
tivniho osténi byla navrZena z vazané vyztuze. Minimalni kryti vyztuze bylo
projektem stanoveno na 50 mm.

Vzhledem k postupu vystavby nebylo mozné dopravovat beton do nitra stani-
ce domichéavati, ale bylo nutné jej ¢erpat z povrchu do hloubky 31 m. Beton
byl dopravovén z povrchu mobilnim ¢erpadlem eskalatorovym tunelem nebo
vytahovou Sachtou na pIné vyloZeni ¢erpadla a pomoci potrubi do druhého
stabilniho ¢erpadla pfed formou. Toto ¢erpadlo pfecerpavalo beton do distri-
butoru na formé. Beton byl do formy ukladan pomoci plnicich oken rovno-
mérné na obé betonované strany tak, aby rozdil hladin nebyl vy$si nez
1 m a nedoslo k deformacim formy. Téchto plnicich oken bylo v konstrukci
formy celkem 12 na kazdé strané. Zpracovani betonové smési se provadélo
pomoci pfiloznych vibratord umisténych na formé. Z vySe uvedeného je
patrné, Ze v tomto pfipadé byly na beton kladeny zvySené naroky zejména na
dobu jeho zpracovatelnosti, na konzistenci a na odolnost proti rozmiseni pfi
Cerpéni do extrémnich hloubek. Zarovef byl respektovén poZadavek stavby na
rychlost betonéZe a moZnost odbedfovani po asi 24 hodinach od ukoné&eni
betonéze.

Veskeré povrchy se provadély v pohledové kvalité. Navrzend smés o konzi-
stenci S4 sednuti kuzele méla maximalni vodni souéinitel cementu 0,5 a vodni
soucinitel jemnych podilt 0,4. Vhodnou skladbou kameniva a pouZitim opti-
malni davky pfisad a pfimési byl beton dostate¢né tekuty a zaroven soudrzny
a odolny proti segregaci hrubého kameniva a neodlucoval vodu. Priibéh beto-
nézi a vysledna kvalita betonu (pevnost a zejména kvalita povrchovych vrstev)
potvrdily vhodnost navrzené smési.

CASOVY PRUBEH BETONAZI VE STANICI

zahajeni betonaze definitivniho dna stanice 12/2002
ukonéeni betonaze definitivniho dna stanice 04/2003
zahéjeni betonaze klenby stanice 03/2003
dokonceni betonaze klenby stanice 05/2003

ZAVER

Betonéze ve stanici metra Kobylisy byly pfikladem nutného spojeni mnoha
¢asto protichtdnych pozadavk( na beton. Sou¢asné moznosti volby slozZek,
zejména pfisad na bazi modifikovanych polykarboxylatt, umoznuji vyrabét
tyto konstrukce za pfimérenych naklad(. Podminkou je vSak stanovit para-
metry betonu nejen z pohledu vysledného produktu (pevnosti), ale rovnéz
z pohledu technologie vystavby konstrukce v predstihu.

next section was ensured by electric motors. The collapsible formwork structu-
re allowed separation of the formwork from the internal face creating a gap of
approximately 400 to 600 mm allowing access for cleaning and application of a
separation coat.

The main load bearing element of the vault support were four-bar lattice girders
of a rectangular cross section, installed at 1.6 m spacing, welded from reinfor-
cement bars. The lattice girders consisted of seven sections bolted together.
Auxiliary mats of KARI steel mesh were welded to external sides of the girders
before the installation. The mesh made placement of the main reinforcement on
the external face of the vault into a correct position possible. The main reinfor-
cement was further fixed by distance inserts. Tie-up main reinforcement was
designed for the internal side of the final lining. The design required a minimum
cover of the main reinforcement of 50 mm.

With respect to the construction progress it was impossible to transport
concrete inside the station by transmixers. Concrete had to be pumped from
the ground level down to a depth of 31 m. A mobile pump pumped concre-
te via the escalator tunnel or the lift shaft, applying maximum outreach and
a stretch of a pipeline, to another pump, stationary one, standing next to the
formwork. This pump pumped the concrete to a distributor mounted on the
formwork. Concrete was cast behind the form through filling gates, evenly
on both sides of the vault, so that the difference between the surfaces did
not exceed 1 m and the formwork was not deformed. There were 12 casting
ports in the formwork structure, 12 in total, on either side. The concrete mix
was processed using external vibrators mounted on the formwork. It is obvi-
ous from the above text that increased demands were put on the concrete in
this case, namely for the workability time, consistency and resistance to
segregation during pumping to extreme depths. In the same time, a requi-
rement of the contractor regarding the speed of concrete casting operations
and possibility to strike the formwork after roughly 24 hours from the cas-
ting finish was respected.

Architectural concrete finishes were designed for all surfaces. The designed S4
slump concrete mixture had the water-cement ratio 0.5, and water-fine particles
ratio 0.4. Thanks to a proper composition of aggregates, and to utilisation of
optimal doses of admixtures and additives, the concrete was sufficiently fluid
and, in the same time, cohesive and resistant to segregation of aggregates, and
it did not separate water. Suitability of the designed mix was proved by the pro-
gress of the concrete casting and the resulting quality of concrete (the strength
and quality of surface layers above all).

HISTORY OF CONCRETE CASTING IN THE STATION

commencement of the final invert casting in the station Dec. 2002
finish of the final invert casting in the station Apr. 2003
commencement of the station vault casting Mar. 2003
finish of the station vault casting May 2003

CONCLUSION

Concrete casting operations in the Kobylisy subway station were an example of
a necessary combination of many, often contradicting requirements for con-
crete. Current possibilities to choose components, primarily modified
polycarbonate-based admixtures, make the construction of those structures
possible at reasonable costs. There is, however, a condition that parameters
of the concrete must be determined not only in view of the resulting product
(the strength), but also with respect to the fact that this is a matter of an
underground structure.

Obr. 12 Betonaz klenby definitivniho osténi
Fig. 12 Casting of the final lining vault

Obr. 13 Stanice pfipravena k zahajeni provozu
Fig. 13 The station ready for opening to traffic
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ANALYZA POSUNU KOTVENYCH PODZEMNICH STEN ZAJISTUJICIiCH
STAVEBNi JAMY HLOUBENYCH TUNELU VE VARSAVE

ANALYSIS OF DISPLACEMENTS OF ANCHORED DIAPHRAGM WALLS SUPPORTING

EXCAVATION BOXES FOR TUNNELS IN WARSAW
Dr hab. inz. ANNA SIEMINSKA-LEWANDOWSKA, POLITECHNIKA WARSZAWSKA

1. UVOD

Konstrukce var§avského metra se stavi jako hloubené nebo razené tunelova-
cimi stroji. Cast tratovych tunelii a viechny stanice se provadély v hlubokych
stavebnich jamach, zajisténych zéporovymi a podzemnimi sténami. Posledni
do provozu uvedené stanice (Ratusz = Radnice) byla postavena pomoci milan-
ské metody. Vystavba stanic ve stfedu mésta vyZadovala provadéni hlubokych
vykopU v souvisle zastavénych tzemich. Kvdli vlivu téchto stavebnich praci na
zastavbu v blizkosti vykopt se provadél trvaly monitoring dvou velkych stanic
A13 (,Centrum”) a A14 (,Swietokrzyska”). V tomto &lanku jsou popséany
vysledky méfeni posunuti podzemnich stén a pfilehlého stavenisté ve vSech
fazich zemnich praci i napinani kotev zajistujicich stabilitu stén.

S ohledem na finanéni mozZnosti se provadélo hodnoceni posunuti podzem-
nich stén a pfilehlého terénu pomoci presnych geodetickych méfeni pevnych
bodU, umisténych na podzemnich sténach a na povrchu terénu, a pomoci pieji-
macich zkou$ek a prikaznich zkousek injektovanych kotev (celkem 1600 kusU) [2].
Ukolem $etfeni bylo stanoveni prib&hu a rozdéleni skutegnych deformaci
stény a terénu v zavislosti na hloubce vykopu a stadiu praci, stanoveni rozsa-
hu vlivu vykopu na Zivotni prostiedi, posouzeni skute¢né a teoretické tuhosti
kotveni, a vybér vzorového pficného fezu pro hodnoceni parametrii zemin
(modul pruznosti) pomoci zpétné analyzy.

MéFeni posunuti se provadéla pomoci geodetickych sluzeb investora (Var$av-
ské metro) ve spolupréci se stavebni firmou ,Hydrobudowa 6“ SA a general-
nim projektantem ,Metroprojekt” SA.

S ohledem na velky objem vysledkl Setfeni se tento prispévek zabyva pouze
vybranymi problémy. UpIné zaznamy se najdou v samostatné publikaci [2].

2. SLEDOVANI PODZEMNi STENY NA STANICI ,CENTRUM*

2.1 POPIS DILA

Stanice metra A13 ,Centrum” [3] lezi v centralni ¢asti VarSavy. Zajisténi sta-
vebni jdmy tvofi kotvend podzemni sténa, spojend v horni ¢asti s pilotovou
zaporovou sténou. Nejvétsi hloubka vykopl byla 17,45 m.

Pilotova zéporova sténa o vysce 4,1 m se skladala z profilti | 500 s rozteci 1,5
az 2,5 m, zabetonovanych do podzemni stény do hloubky 1,5 m, a plechovych
nebo drfevénych paznic. Stabilitu této ¢asti zajistovala prvni Groven injektova-
nych kotev s inosnosti 500 kN, s rozte¢emi 2,7 m. Celkova délka kotev v prvni
urovni je 20,5 az 25 m, z toho injektovanéa ¢ast byla 8,5 m dlouhé.

Podzemni sténa o tloustce 80 cm a vySce 22 m se betonovala betonem B30.
Stabilitu podzemni stény zajistovaly tfi nebo Ctyfi urovné injektovanych kotev
(podle hloubky vykopu). Jejich Ginosnost byla 550 kN nebo, v nejnizsi urovni,
600 kN, a jejich rozte¢ byla 1,35 m. Celkova délka kotev byla rizna; 20,50 m
a 19,50 m ve druhé urovni, 19,50 m, 18,00 m a 17,50 m byla ve tfeti, a 15,00 m ve
Ctvrté a pété urovni. Délka injektovaného téla kotvy byla konstantni ve vSech
trovnich a byla rovna 8,5 m. Celkovy pocet kotev na stanici A13 ,Centrum”
byl 1241. Celkova 8itka vykopu byla rGizna, od 40,8 m na jiznim konci do
44,7 m v severni ¢asti. Schematicky vykres konstrukce, chranici vykop, s geo-
technickymi podminkami v jednom ze sledovanych profild, je na obr. 1.

2.2 GEOTECHNICKE POMERY

Na zakladé geologickoinZzenyrského prizkumu v oblasti stanice A13 [6] se urgi-

lo pét geotechnickych vrstev. Skladaly se z:

1. podpovrchovych navazek o tloustce 1- 3 m (misty az 4 m), nasledovanych;

2. formacemi morén, sahajicimi 8 - 11 m pod povrch, pfedstavovanymi tuhy-
mi jily a pevnymi pis€itymi jily; jilovitymi pisky - ledovcovymi usazeninami
feky Warty;

3. pod nimi pevné piscité jily z doby ledové feky Odry;

4. souvisla vrstva pis¢itych usazenin asi 15 m silnd, skladajici se z jemnych
a stfednézrnnych piskd;

5. pod tim soudrzné zeminy, 1-5 m, a pisCité usazeniny (jemné, stfedné a hru-
bozrnné pisky, ale i $térky a nerozliSené frakce) o tloustce 10 az 15 m.

Po celé délce stanice je pribéh vrstev velmi nepravidelny, ve formé kleneb

a kapes. V oblasti stanice byly pozorovany dvé tGrovné spodni vody. S ohle-

1. INTRODUCTION

Warsaw underground is built using cut-and-cover and TBM methods. A part of
railway tunnels and all stations were carried out in deep excavation boxes sup-
ported by soldier piles and diaphragm walls. The last station put into service
(Ratusz = Town Hall) was built using Milan method. The construction of stations in
town centre required carrying out deep excavations in compact settlement areas.
Due to the influence of these engineering works on buildings in the vicinity of exca-
vations, constant monitoring of the two large stations A13 ("Centrum") and A14
"Swigtokrzyska") was maintained. In this paper the displacement measurement
results of diaphragm walls and the adjacent site are described in every phase of
excavation as well as stressing stages of anchors assuring the stability of walls.

In view of the financial possibilities, the assessment of diaphragm wall displa-
cements and that of the adjacent ground was carried out on the basis of high
precision geodetic measurements of fixed points positioned on diaphragm
walls and on the ground, as well as on acceptance tests and injection anchors
suitability tests (1600 items in all) [2].

The object of the investigation was the determination of the course and distri-
bution of real deformations of the wall and the ground in function of excavati-
on depth and stages of work, establishing the range of excavation influence on
the environment, assessment of the real and theoretical injection anchorage
stiffness and choice of representative cross section to asses soil parameters
(modulus of elasticity) by back analysis.

Displacement measurements were carried out by geodetic services of the inves-
tor (Warsaw Underground) in co-operation with construction firm "Hydrobudo-
wa 6" SA and the Chief Designer - "Metroprojekt" SA.

In view of the large volume of investigation results the paper deals with the selec-
ted problems. The complete records can be found in separate publication [2].

2. INVESTIGATION OF "CENTRUM" STATION
DIAPHRAGM WALL

2.1 FEATURES OF THE WORK

The Underground station A13, "Centrum" [3] is situated in central part of War-
saw. The excavation support system consists of anchored diaphragm wall con-
nected in its upper part with soldier pile wall. The greatest depth of the excava-
tion was 17.45 m.

Soldier pile wall 4.1 m high was composed of | 500 sections spaced at 1.5 to 2.5
m concreted in diaphragm wall to the depth of 1.5 m and steel sheet or timber
lining. The stability of this part is assured by the first level of injection anchors
of load carrying capacity 500 kN at 2.7 m spacing. The total length of first layer
anchors is 20.5 or 25 m, of which the grouted body is 8.5 m long.

Diaphragm wall 80 cm thick and 22 m high was cast using B30 class of concrete.
Stability of diaphragm wall was assured by three or four (depending on excava-
tion depth) levels of injection anchors. Their load-carrying capacity was 550 kN
or - at the lowest level - 600 kN and their spacing was 1.35 m. The total length
of anchors was varied; 20.50 m and 19.50 m for the second level, 19.50 m, 18.00
m and 17.00 m for the third and 15.00 m for the fourth and fifth levels. The
length of grouted body was constant at all levels and equalled 8.5 m. The total
number of anchors on A13 station "Centrum" was 1241.

The overall width of the excavation varied from 40.8 m at the southern end to
44.7 m in the northern part.

Schematic drawing of the structure protecting the excavation together with the
geotechnical conditions in one of investigated cross-sections is shown in Fig. 1.

2.2 GEOTECHNICAL CONDITIONS

On the ground of geological engineering investigation of the A13 station area

[6], five geotechnical layers were distinguished. They were composed of:

1. sub-surface random fill 1-3 m thick (locally up to 4 m), followed by;

2. moraine formations reaching 8 -11 m below ground level, represented by stiff
clays and firm sandy clays; clayey sands of Warta river glacial deposits;

3. below - firm sandy clays of Odra river glacial period;

4. continuous stratum of sand deposit of about 15 m thickness consisting of fine
and medium sands;
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dem na zpUsob, kterym se prace provadély, a na zachovani stability dna jamy
se hladina spodni vody po dobu praci sniZzovala.

2.3 POSTUP PRACI

1. etapa - vykopy do hloubky 3,1 m pod troven terénu (31,4 m nad trovni ,0"
Vistuly), vybudovani zéporové stény, vrtani a napinani prvni irovné
kotev s injektovanymi tély v hloubce 2,1 m pod drovni terénu.

2. etapa - vykopy do hloubky 6,6 m, vrtani a napinani druhé Grovné kotev
s injektovanymi tély v hloubce 5,6 m pod Urovni terénu.

3. etapa - vykopy do hloubky 10,1 m, vrtani a napinani tfeti Grovné kotev s injekto-
vanymi tély v hloubce 9,1 m pod drovni terénu; zahéjeni snizovani hladi-
ny spodni vody pomoci ¢erpacich studni, zfizenych uvnitf jdmy a udrzo-
vanych do dokonceni izolaci proti vodé a vodotésnych konstrukci stanice.

s injektovanymi tély v hloubce 15,1 m pod Urovni terénu.
6. etapa - vykopy do hloubky 17,5 m, to znamenéa na zékladovou spéru zakla-
dové desky stanice metra.

2.4 MERENi VODOROVNYCH POSUNUTI STENY

Pfedmétem sledovani byly opérné zdi na stranach vychodni, zapadni,
jizni a severni, ve v8ech kotevnich urovnich. Svislé fady méficich bodd
byly ve vzéjemnych vzdélenostech asi 20 m. Body, vyznaéené méfici
ty¢i, byly stabilizovany na specialnich konzolach z uhelnikl, osazenych
v blizkosti hlav kotev (obr. 3). Schematické zakresleni situace svislych
fad méficich bodl v pudorysu stanice je na obr. 2. Zemni prace se pro-
vadély od osy stanice (mezi méFicimi profily 14 - 27 a 15 - 26) smérem
na jih a na sever.

Harmonogram pozorovani, upraveny pro etapy praci, predpokladal:

* méfeni vykopl v trovnich 3,1 m, 6,6 m, 10,1 m, 13,6 ma 16,1 m,

* méreni pfed a po napinani kotev

5. underneath - cohesive soils, 1to 5 m thick and sandy sediments (fine, medium

and coarse sands, as well as gravel and all-in aggregates) of 10 to 15 m thickness.
Over the entire station length the course of layers is very irregular, in form of
uplifts and pockets. In the station region two levels of ground water were
observed. In view of the manner the works were carried out as well as to main-
tain the stability of excavation floor, the groundwater table was lowered for the
duration of the work.

2.3 SEQUENCE OF WORK

Stage 1 - excavation to the depth of 3.1 m below the ground level (31.4 m above
"0" level of Vistula), constructing the soldier wall, drilling and stressing
first level of anchors with grouted bodies at 2.1 m below ground level.

Stage 2 - excavation to the depth of 6.6 m, drilling and stressing second level of
anchors with grouted bodies at 5.6 m below ground level.

Stage 3 - excavating to the depth of 10.1 m drilling and stressing third level of anchors
with grouted bodiies at 9.1 m below ground level; starting the drainage of the
ground by means of draining wells - installed inside the excavation and main-
tained till the completion of water insulation and leak-proof station structure.

Stage 4 - excavating to the depth of 13.6 m drilling and stressing third level of
anchors with grouted bodies at 12.6 m below ground level.

Stage 5 - excavating to the depth of 16.1 m drilling and stressing third level of
anchors with grouted bodies at 15.1 m below ground level.

Stage 6 - excavating to the depth of 17.5 m, that is to the foundation level of
the bottom slab of Underground station.

2.4 MEASUREMENT OF HORIZONTAL DISPLACEMENTS OF THE WALL

Under observation were the retaining walls on the eastern, western, southern
and northern sides, at all anchorage levels. Lines of vertical measuring points
were positioned about 20 m apart. The points marked by measuring rod were
stabilised on special cantilevers of angle section installed in the vicinity of
anchor heads (Fig. 3). The schematic drawing of situation of vertical lines of
measuring points on station plan is shown in Fig. 2. Earthworks were carried
out from station axis (between the measuring sections 14 - 27 and 15 - 26) in

southern and northern directions. Obse-

v kazdé Grovni,

* po dosazeni kone&né drovné dna vyko- | FAZA 1a - wykop 3,1 m

pu, tj. v hloubce 17,5 m, FAZA 1b - 1 rzad kotwi

* kazdy mésic, aZ do okamziku zabetono- | FAZA 2a - wykop 6,6 m

vani zakladové desky. FAZA 2b - 2 rzad kotwi

FAZA 3a - wykop 10,1 m

Méfeni byla zahéjena v Eervenci 1995

(nulové méFeni) a pokragovala do dubna | FAZA 3b - 3 rzad kotwi

1996 (posledni méteni 18. 4. 1996). Hod- | FAZA 4a - wykop 13,6 m

FAZA 4b - 4 rzad kotwi

noty posunuti v méfeném profilu 15 (na

zépadni strané jamy) z kazdé etapy praci | PAZA 5a - wykop 16,1 m

ve sledovaném obdobi jsou uvedeny | FAZAB5b -5 rzad kotwi

FAZA 6 - wykop 17,5m

v tab. 1 a na obr. 4. Tento profil lezel

! 2 3 4 rvation time-table, adjusted to work sta-

7 ges assumed:

9 * measurements of excavation at the levels of
17 3 31m,6.6m, 10.1m, 13.6 m, and 16.1m,
21 9 * measurements before and after stres-
18 6 1 sing the anchors at each level,

8 4 5 * after reaching the final level of excavati-
10 2 5 0 on bottom i.e. 17.5 m,

B 7 ) 4 * up to the moment of concreting bottom

8 7 10 5 slab - once every month.

11 4 1 ) The measurements started in July 1995
(zero measurement) and were continued

v oblasti nejhlubsiho vykopu, tj. s hloub-
kou 17,5 m. Znaménko ,-" znamena
posunuti stény smérem k ose jamy a "+"
posunuti smérem ven.

Tab. 1

2.5 ROZBOR VYSLEDKU

Metodika méfeni prfedpokladala ziskani obrazu posunuti stén stanice 13
.Centrum” v pribéhu dlouhého obdobi pozorovani (9 mésict). Velka
hloubka vykopu (17,45 m v nejhlubsi oblasti) a pét kotevnich Grovni impli-
kovaly znaéné hodnoty vodorovnych posunuti podzemni stény. Monito-
ring vykopu [2] a sou€asné analyza vysledkd méfeni umoznily investoro-
vi a dodavateli mit stdlou kontrolu nad stabilitou stény. Stejné tak dohled
nad napinadnim a prejiméani injektovanych kotev zajistily jejich Unosnost
podle projektu.

Velké rozméry jamy ztéZovaly pozorovani vSech svislych a vodorovnych méfi-
cich bodl ve vSech etapach jejiho hloubeni. Po celou dobu sledovani byly
pozorovany velké rozdily mezi oslunénim vychodni a zapadni strany jamy.
Vykyvy denni teploty, jak v Iété, tak i v zimé, mohly vysledky méreni ovlivnit.

Analyzou posund jamy A13 bylo zji§téno, Ze:

* vodorovna posunuti po vy$ce stény se ve sméru osy jamy zmensovala s jeji
hloubkou (krakorcovy typ prihybu),

* maximalni hodnoty vodorovnych posunuti (na vrcholu stény) byla 14 mm
v hloubce 13,6 m a 15 mm v hloubce 17,5 m,

* maximalni vodorovna posunuti smérem k ose jamy béhem 4. etapy, tj.
v hloubce 13,6 m, dosahla 0,103% vysky stény,

* maximalni vodorovna posunuti smérem k ose jamy béhem 6. etapy, tj.
v hloubce 17,5 m, doséahla 0,09% vysky stény,

Posuny v fezu 15 (hloubka vykopu a troveri kotev)
Table 1 Discplacements in cross-section 15 (excavation depth and anchor level)

till April 1996 (last measurement - 18. 04.
1996). Displacement values in the measu-
rement cross-section 15 (on the western side of excavation) for every stage of
work in the investigated period are presented in Table 1 and Fig. 4. This cross-
section was situated in the region of the deepest excavation , i.e. 17.5 m. Sym-
bol " - " means wall displacement toward the axis of excavation and "+" the dis-
placement to the outside.

2.5 ANALYSIS OF RESULTS

Measurement methodology assumed obtaining the pattern of displace-
ment of Station 13 "Centrum" walls during a long period of observations (9
months). Great depth of excavation (17.45 m in the deepest region) and
five levels of anchors implied appreciable values of horizontal displace-
ments of diaphragm wall. Monitoring of the excavation [2] and current ana-
lysis of measurement results allowed the investor and the contractor to
have constant control of wall stability as well as the supervision of stres-
sing and admission to service of injection anchors assured their capacity in
accordance with the design.

Large size of excavation made difficult the observation of all perpendicular and
horizontal measurement points in all stages of its excavation. During the entire
period of investigations large difference was noted between the insolation of
eastern and western sides of the excavation. Daily temperature fluctuation,
both in summer and in winter could influence the results of measurements.
On the basis of A13 excavation displacement analysis it was found that :

* over the height of curtain wall, the horizontal displacements in the direction
of excavation axis were diminishing with its depth (cantilever type of deflection),
maximum values of horizontal displacements (at the top of wall) were 14 mm
at the excavation depth of 13.6 m and 15 mm at 17.5 m,

maximum horizontal displacements towards excavation axis during stage 4
i.e. at the depth of 13.6 m amounted to 0.103 % of wall height,

maximum horizontal displacements towards excavation axis during stage 6
i.e. at the depth of 17.5 m amounted to 0.09 % of wall height,

%

%

%
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Obr. 1 Schematicky vykres zajisténi jamy stanice ,Centrum” ve vybraném
méficim profilu (s geologickymi poméry)

Fig. 1 Schematic drawing of excavation wall stabilisation in "Centrum" station
at the selected measurement cross-section (with geological conditions)

3. SLEDOVANi PODZEMNi STENY STAVBY STANICE
~SWIETOKRZYSKA“

3.1 POPIS DILA

Stavba stanice metra A14 - ,Swietokrzyska” [4] se nachézi na severozapad
od kfizovatky ulic Marszatkowska a ,Swietokrzyska”. K zajisténi bok( sta-
vebni jamy byly navrZeny podzemni stény tl. 80 cm, hluboké 20,7 m. Stabi-
lita stén byla zajistovana dvéma urovnémi injektovanych kotev a jednou
fadou rozpér. Celkova hloubka jamy byla 14,6 m. Unosnost prvni trovné
kotev byla 500 kN, celkové délka - 20,0 m nebo 21,0 m (z toho injektovéna
délka 6,0 m a 8,0 m, a vzdalenosti mezi kotvami 2,4 m). Druha droven kotev
méla unosnost 600 kN, celkové délka 17,0 m (vEetné injektované délky 8,0
m), rozte¢e 1,2 az 1,3 m. Sklon obou Grovni byl 15°. Technické parametry
kotev byly analogické s kotvami, provadénymi na stanici A13. Rozpéry byly
z ocelovych rour priim. 508 ve vzdalenostech 2,0 m. Celkova Sitka stavebni
jamy byla 20,0 m. Rez st&nou vykopu s geotechnickymi tdaji je na obr. 5,
a etapy praci a situace méficich bodl na sténé na obr. 6.

3.2 GEOTECHNICKE POMERY

Na zékladé geologicko inZzenyrského prizkumu [7] bylo zjisténo, Ze v oblasti
stanice A14 se nachéazeji glacialné-tektonicky premisténé kvartérni a terciérni
pliocenni usazeniny. Pfi povrchu byla nalezena vrstva smiSenych usazenin
o tloustce asi 2,5 m, nasledovana soudrznymi usazeninami (jil, varvsky jil,
tuhé jily, tuhé silitické jily), obsahujici vrstvy zvodnélych piscitych jilt, ale
i prachovitych a jemnych piski. Tyto vrstvy nejsou horizontalni - v piscich se
nachézeji dva horizonty spodni vody:

prvni - volnd hladina spodni vody se nachazi 4 m pod drovni terénu,

druha - pode dnem stanice, napjaté hladina spodni vody, stabilizovana asi
07 m vySe.

S ohledem na technologii hloubeni jamy (vrtani injektovanych kotev) a stabi-
litu desky dna se provadélo ¢erpani vody po dobu stavby, a hladina se udr-
Zovala 50 cm pod deskou dna.

3.3 POSTUP ZEMNICH PRACI

Etapa 1a - vykop do hloubky 4,55 m

Etapa 1b - vrtani a napinéni prvni Grovné kotev s injektovanymi tély
v hloubce 3,75 m pod terénem

Etapa 2a - vykop do hloubky 8,6 m

Etapa 2b - vrtani a napinani druhé Urovné kotev s injektovanymi tély
v hloubce 7,85 m pod terénem

Etapa 3a - vykop do hloubky 11,8 m

Etapa 3b - instalace rozpér prim. 508 mm v trovni -11,85 m

Etapa 4a - provedeni vrstvy z hubeného betonu tl. 20 cm

Etapa 4b - poloZeni desky dna

L] i= |
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Obr. 2 Pudorys podzemnich stén na Obr. 4 Vodorovné posuny ve svislé
stanici ,Centrum” s vyznace- fadé méreni ¢. 15
nymi svislymi fadami méteni Fig. 4 Setting-up of horizontal displace-
Fig. 2 Plan view of the diaphragm walls ment measurements at No 15
of "Centrum" station with verti- vertical measurements line
cal measurement lines marked

3. INVESTIGATION OF "SWIETOKRZYSKA" STATION
DIAPHRAGM WALL

3.1. FEATURES OF THE WORK

The Underground station A14 - "Swigtokrzyska" [4] is situated at the north-wes-
tern side of intersection of Marszatkowska and "Swigtokrzyska" streets. Diap-
hragm walls 80 cm thick and 20.7 m deep were designed to protect the sides of
excavation. Stability of the wall was assured by two levels of injection anchors
and one row of struts. The total depth of excavation was 14.6 m. The bearing
capacity of first level anchors was 500kN, total length - 20.0 m or 21.0 m (of
which the grouted body was 6.0 and 8.0 m and the spacing - 2.4 m. Second
level anchors had bearing capacity of 600kN total length - 17 m (including the
grouted body of 8.0 m) and spacing 1.2 to 1.3 m. Inclination of both levels was
15°. Technological parameters of anchors were analogous to those carried out
on A13 station. Struts consisted of f 508 steel pipes spaced at 2.0 m. Overall
width of the excavation was 20 m.

The section across excavation wall with geotechnical data is shown in Fig. 5
and stages of work and situation of measuring points on the wall - in Fig. 6.

3.2. GEOTECHNICAL CONDITIONS

On the basis of geological engineering investigation [7] it was found that in A14
station area quaternary - and tertiary Pliocene deposits with glacial-tectonic -
dislocations are present. Near the surface, a layer of mixed deposits of about
2.5 m thickness was found followed by cohesive deposits (clay, varve clay, stiff
clays, stiff silty clays) containing strata of water-saturated sandy clays, as well
as silty and fine sands. These strata are not horizontal.: Two levels of ground
water occur:

the first - free water table occurs at 4 m below ground,

the second - beneath the bottom of the station with perched - water table sta-
bilising some 7 m higher.

In view of the technology of excavation (drilling of injection anchors) and the sta-
bility of the bottom slab, pumping of underground water was carried out for the
duration of the construction, maintaining its level 50 cm below the bottom slab.

3.3. SEQUENCE OF EARTHWORKS

Stage 1a - excavation to the depth of 4.55 m,

Stage 1b - drilling and stressing first level of anchors with grouted bodies at
3.75 m below ground level,

Stage 2a - excavating to the depth of 8.65 m,

Stage 2b - drilling and stressing second level of anchors with grouted bodies
at 7.85 m below ground level,

Stage 3a - excavating to the depth of 11.85 m,

Stage 3b - placing of f 508 struts at the level of -11.85 m.
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Obr. 3 Méfici bod posunuti podzemni stény na stanici A13
Fig. 3 Measuring point of diaphragm wall horizontal displacement at station A13
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Obr. 6 Etapy praci pfi vykopu a pfi stavbé konstrukce ve stanici A 14
Fig. 6 Stages of work in excavation and during erection of the structure
in station A 14

Etapa 4c - rozebrani rozpér
Etapa 4d - betonaz mezistropu
Etapa 4e - betonaz stropu v trovni 0

3.4 SLEDOVANI POSUNUTI STENY A OKOLNIHO TERENU

Program sledovani, pfipraveny na zakladé [5], obsahoval:

- Méfeni vodorovnych posunuti podzemnich stén v 9 svislych fezech na
vychodni, zépadni a jizni strané jamy, v Urovnich: 1,0 m, 3,8 m, 80 ma 135 m
pod urovni terénu. Na Uhelnicich, pfipojenych na sténu, byly instalovany
vyskové znacky,

- méfeni sedani a posunuti podzemnich stén,

- méfeni posunuti v Urovni terénu - vyskové znacky byly instalovany na
vychodni a zapadni strané jamy ve sledovanych profilech ve vzdalenostech
1,0 m a 7,0 m vné od stény jamy,

- méfeni zdvihani dna jamy, méfeno na zakladé méreni hlubokych vyskovych
znacek.

Poloha méricich profilG a hlubokych vyskovych znacek jsou na obr. 7.

Harmonogram méreni byl upraven podle po sobé jdoucich etap vykopu, vrta-

ni kotev nebo instalace rozpér, a stavby konstrukce.

Zemni prace zacaly od jizniho konce stanice; instalace vyskovych znacek

a méreni proto byla provadéna postupné na profilech |, Il,IIl az VII. Kvuli sta-

vebnim pracim nebylo mozno provadét instalaci vyskovych znacek ani mére-

ni posunuti na v8ech ¢tyfech UGrovnich, jak bylo pfedvidano projektem moni-

toringu. [5].

AEFIIAFLEASFELARTIRER]

Obr. 5 Schematicky stavebni vykres stabilizace stény jamy stanice , Swigtokr-
zyska” (A14) s geotechnickymi parametry zemin [1]

Fig. 5 Schematic structural drawing of excavation wall stabilisation of "Swi-
etokrzyska" station (A14) with geotechnical parameters of the ground [1]

Stage 4a - placing 20 cm thick layer of lean concrete,
Stage 4b - placing the bottom slab,

Stage 4c - dismantling the struts,

Stage 4d - concreting the intermediate floor,

Stage 4e - concreting the floor at level 0.

3.4. INVESTIGATION OF THE DISPLACEMENTS OF THE WALL AND
THE SURROUNDING GROUND
The programme of investigations prepared on the basis of [5] included:
- Horizontal displacement measurements of diaphragm walls in 9 vertical
sections on the eastern, western and southern sides of the excavation at
levels: 1.0 m, 3.8 m, 8.0 m and 13.5 m below ground. Bench marks were
installed on angle sections attached to the wall.
- settlement displacement measurements of diaphragm walls,
- measurements of ground level displacements - bench marks were installed on
the eastern and western sides of excavation in the investigation cross-
sections at distances of 1.0 m and 7.0 m outside the excavation wall,
- measurements of excavation bottom heave-up measured on the basis of
deep bench mark measurements.
The position of measurement cross-sections and deep bench marks is shown in Fig. 7.
Measurement time-table was adjusted to the successive stages of excavation
progress, anchor drilling or strut erection and construction of the structure.
Earthworks started from the southern end of the station; bench mark installati-
on and measurements were therefore carried out successively on cross-secti-
ons I, Il, lll up to VII. Due to construction work, installing benchmarks or displa-
cement measurements could not be carried out at all four levels, as foreseen in
monitoring project [5].
Most measurements of horizontal displacements were carried out in cross-secti-
ons Il and lll (eastern side W and western side Z). They are set up in Table 2. Points
201, 211, 301 and 311 correspond to bench marks situated 1m below ground level.
; points 202, 212, 302 and 312 represent bench marks situated at 3.8 m below
ground and points 203, 213, 303, 313 - at 8.0 m below ground. Points having num-
bers 204 and 214 are situated in lowest level -13.5 m. Bench marks for the mea-
surements of surface level were installed between the cross-sections Il and Ill:
bench marks numbered P1, P2. P3 on the eastern side and bench marks P4, P5,
and P6 on the western side as well as between cross-sections VI and VIl P7, P8,
P9 - to the east and P10, P11, P12 to the west. of the excavation. The measure-
ments were taken from June to October 1998.
The results are presented in Table 3.
The graph of surface displacements in cross-section corresponding to ben-
chmarks P1to P6 is shown in Fig. 8.
The results of measurements of excavation bottom using deep bench marks
are also presented. The total value of vertical displacements of excavation bot-
tom due to elastic recovery amounted to +30 mm at quarter points of excavati-
on width to +60 mm at the mid-point.

3.5. ANALYSIS OF THE RESULTS

Overall dimensions of "Swigtokrzyska" station are much smaller than those of A13
station and also its depth is smaller (14.60 m) and ony two levels of anchorages.
In the analysis, two measurement results of bench marks 211 and 311 were omit-
ted because of the excessively large displacements of these points, due to the
detachment of the upper fragment of diaphragm wall resulting from the traffic of
heavy vehicles (loaded dump trucks) on the adjacent ground surface.
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VétSina méreni vodorovnych posunuti se provadéla v profilech Il a lll
(vychodni strana W, zépadni strana Z). Jsou sestavena v tabulce 2. Body 201,
211, 301 a 311 odpovidaji vyS$kovym znackdm, umisténym 1 m pod urovni
terénu, body 202, 212, 302 a 312 predstavuji vyskové znacky umisténé 3,8
m pod terénem, a body 203, 213, 303 a 313 v hloubce 8,0 m. Body s &isly 204
a 214 se nachézeji v nejnizsi Grovni -13,5 m. Vyskové znacky pro méreni trov-
né terénu byly instalovany mezi profily Il a Ill: vy$kové znacky s Eisly P1, P2,
P3 na vychodni strané a vyskové znacky P4, P5 a P6 na zapadni strané stejné
tak mezi profily VI a VIl znacky P7, P8 a P9 na vychod a P10, P11 a P12 na
zédpad od jamy. Méreni byla provadéna od ¢ervna do fijna 1998. Vysledky
jsou uvedeny v tabulce 3. Graf posunuti povrchu v profilu vy$kovymi body
P1 az P6 je na obr. 8. Vysledky méfeni dna jdmy s pouzitim hlubokych vys-
kovych bodl jsou uvedeny také. Celkova hodnota svislych posunuti dna
jamy v dusledku dopruzeni dosahla +30 mm ve &tvrtinach Sitky jamy, az +60
mm uprostied jamy.

3.5 ROZBOR VYSLEDKU

Celkové rozméry stanice ,Swietokrzyska” jsou mnohem mensi, ne# rozméry
stanice A13, a také jeji hloubka je mensi (14,60 m), a jsou na ni jen dvé Urov-
né kotveni. V rozboru byly vynechény dva vysledky méfeni vySkovych bodt
211 a 311 kvali nadmérnym posunutim téchto bodl v disledku oddéleni hor-
niho fragmentu podzemni stény, zplisobeného provozem tézkych vozidel
(naloZené sklapéci vozy) na pfilehlém terénu.

Maximéalni vodorovné posunuti podzemni stény v prvni Urovni méfeni v pro-
filu Il dosahuji hodnoty 0,125 % z vysky stény. V méficim profilu Ill na vychod-
ni strané (Ill/W) je rozdéleni posunuti podobné. Ve 2. etapé, pfed napinanim
kotev, doséhlo relativni posunuti 13 mm (0,15 % HW); po napinéni se pozoro-
valo ustoupeni stény asi o 10 mm, a instalace rozpér vede k zatlaceni stény
o dalSich 8 mm. Hodnota relativniho posunuti v této etapé dosahuje 18 mm.
Po dosaZeni dna vykopu dosahuje relativni posunuti v prvni Grovni 9 mm,
a po odstranéni rozpér se zvy$uji na +21 mm (0,164 % HW), bez ohledu na to,
Ze jiz byla provedena deska dna.

4. POHYBY POVRCHU TERENU

Bylo zjisténo, Ze obecny pohyb povrchu terénu je kladny, to znamend vzh(ru.
Nejvétsi hodnoty svislych posunuti (az 7,5 mm) byly zaznamenany na méficich
bodech nejvzdalenéjsich od okraje jamy, tj. bodech P1, P6, P7 a 12 (obr. 8). Jeli-
koz vzdalenost od okraje se zmensuje, posunuti se zmensuji, a dosahuji zapor-
nych hodnot v jeji t&sné blizkosti - sedéani vznikajici v disledku vodorovnych
pohybl podzemni stény. Tyto hodnoty sedani jsou od -1 mm do -8 mm.

Pfi rozboru svislych pohybt kolem jamy a na jejim dné by se mélo prihlizet ke
geotechnickym pomérim v pribéhu stavby stanice A14. Na zakladé geologic-
kého prizkumu bylo zjisténo, Ze celé téleso stanice bylo postaveno v bobtna-
vych pliocennich jilech, silné porusenych (glacialné-tektonicky), u kterych Ize
ocekavat vyrazné bobtnéni. Vysledky méfeni tyto Gcinky potvrzuji.
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Obr. 8 Graf svislych posunuti vyskovych znacek P1 az P6 a hluboké vyskové
znacky

Fig. 8 Graph of vertical displacements of bench marks P1 to P6 and deep
bench marks

Maximum horizontal displacement of diaphragm wall at the first measurement
level in cross-section Il attain 0.125 % of wall height. In Il measurement cross-
section on the eastern side (lll/W) the distribution of displacements is similar. In
stage Il, before stressing of the anchors the relative displacement amounted to
13 mm (0.15 % HW); after the stressing, receding of the wall by about 10 mm is
noticed and the installation of the strut results in driving the wall in by further
8 mm. The value of the relative displacement at this stage amounts to 18 mm.
After reaching the excavation bottom, the relative displacements of the first
level amount to 9 mm and are increasing to +21 mm (0.164 % HW) after remo-
ving the strut, despite that the concrete bottom slab was in place.

4. MOVEMENTS OF GROUND SURFACE

It was found that the general movement of ground surface is positive, that

means upward. The greatest values of vertical displacements (up to 7.5 mm)

were recorded in measurement points most distant from excavation edge, i.e.

points P1, P6, P7 and 12 (Fig. 8). As the distance to the edge is diminishing, the

displacements become smaller, reaching negative values in its close vicinity -
subsidence resulting from horizontal movements of diaphragm wall. These

subsidence values are from -1 mm to -8 mm.

When analysing vertical movements around the excavation and in its bottom,

account should be taken of geotechnical conditions during the construction of

A14 station. On the ground of geological survey it was found that the entire

body of the station was constructed in swelling Pliocene clay, highly disturbed

(glacial-tectonic) in which pronounced swelling can be expected. Results of

measurements confirm these effects.

On the basis of the results of horizontal displacement measurement analysis of

A14 station diaphragm wall as well as the ground surface, it can be stated that:

* Maximum horizontal displacements of anchored diaphragm wall are present
at the first measurement level and are reaching the value of +16 mm.

* The maximum values of horizontal displacements of diaphragm wall are
equal from 0.095 % to 0.164 % of excavation depth (14.6 m).

* Total value of positive vertical displacements of excavation bottom due to the
elastic recovery measured at its centre, amounts to 60 mm; the distribution of
displacements is parabolic.

* In geotechnical conditions of A14 station (Pliocene clays) swelling of ground surface
occurs up to maximum value of +7.5 mm at 14 m distance from excavation edge.

* The horizontal extent of excavation influence is greater than its depth (14.6 m).

5. CONCLUSIONS

General inferences formulated on the basis of measurement results are as follows:

1. The results of empirical analysis confirmed that horizontal displacements in
the direction of excavation centre are of cantilever character, i.e. are diminis-
hing with excavation depth.

2. Maximum horizontal displacements of the anchored diaphragm wall occur at
wall top and are formed during the stage of maximum excavation depth
(HW). Their value is contained in the range of 0.10 % m to 0.16 % HW.
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Prze- Nr Przemieszczenia poziome u, mm
kroj Pkt. Pomiar
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Data 23.06 | 06.07 | 13.07 | 17.07 | 20.07 | 30.07 | 06.08 | 14.08 27.08 | 03.09 10.09 | 17.09 24.09 | 02.10
/W 201 0 1 12 5 B 4 10 12 14 14 14 15 16 15
202 0 0 0 1 -1 0 0 0 -2 -2 7 9 10 13
203 0 0 0 0 0 1 1 -1 -5 B b5 8 zd zd
204 0 0 0 8 B zn zd zd
/Zz 211 2 12 26 37 37 38 44 49 53 *0 =8 *5 *5 *6
212 0 0 1 1 1 0 0 -1 0 1 11 13 12 17
213 0 -1 -3 -4 -2 12 12 20 17 17
214 0 0 0 zn 5 zn zd zd
1w 301 -2 -4 9 -2 -1 -9 0 4 8 9 10 12 12 12
302 0 0 0 0 0 0 0 0 0 2 8 13 14 13
303 0 0 0 0
/Zz 311 2 13 12 14 17 18 21 29 47 47 53 58 59 63
312 0 1 14 14 15 20
BiIE 0 -1 7

Tab. 2 Posun stén v profilech Il a lll ve stanici A14 ,Swietokrzyska”

Tab. 2 Displacement of diaphragm walls in cross-sections Il and
Il in the “Swietokrzyska” station

Przemieszczenia powierzchni, v, mm
P1 +2,4 +1,8 +5,4 +4,7 + 6,4 +5,5 +75 +4,5 +5,2 +5,0 + 4,6 +3,8
P2 +0,4 + 1,1 +1,3 +0,6 +1,6 -0,2 +1,3 -2,3 -1,5 -11 -2,4 -3,1
R38 -1,8 -15 -2,0 -1,9 -0,7 -3.2 -1,8 -39 -3,1 -4,4 -5,56 -6,8
P4 -3,7 - -24 -6,6 - - -0,7 -3.2 -3,7 -5,0 -7.3 -8,1
P5 -1,2 -0,7 - -05 - - - -3.2 - - - -
P6 +24 +2,6 +7,0 - - +4,7 +2,8 -3.2 -4,6 -5,2 -7.1 -7,0
P7 0 -3,2 -1,0 -1,4 +0,2 +0,3 +1,3 +0,7 +0,7
P8 0 0 0 +1,9 +2,3 +1,2 +1,0 -0,1 -1,4
P9 0 -1,1 -0,6 +0,9 +1,8 +0,3 -1,6 -1,9 -2,7
P10 0 +0,3 +1,8 + 3,2 +4,4 +3,3 +2,6 +1,6 + 1,4
P11 0 +1,8 + 3,7 + 3,6 +5,9 +5,5 + 3,5 + 2,7 +2,2
P12 0 +1,6 +2,7 +1,9 +2,9 + 3,0 +2,5 +1,4 -0,2
Data 19.06 06.07 13.07 30.07 06.08 20.08 28.08 02.09 10.09 17.09 25.09 05.10

Tab. 3 Posun povrchu terénu

Na zékladé vysledkl rozboru méfeni vodorovnych posunuti u podzemni stény

stanice A14 i povrchu terénu Ize prohlasit, Ze :

* Maximalni vodorovna posunuti kotvené podzemni stény se nachézi v prvni
Urovni méfeni, a dosahuji hodnoty +16 mm.

* Maximalni vodorovna posunuti podzemni stény jsou od 0,09 % do 0,164 %

hloubky vykopu (14,6 m).

Celkova hodnota kladnych svislych posunuti dna jamy v duisledku dopru-

Zeni, méfenych v jejim stfedu, dosahuje 60 mm: rozdéleni posunuti je para-

bolické.

* V geotechnickych podminkéach stanice A14 (pliocenni jily) dochazi k bobt-

nani povrchu terénu do maximalni hodnoty +7,5 mm ve vzdélenosti 14 m

od okraje jamy.

Vodorovny dosah vlivu vykopu je vétsi, nez je jeho hloubka.

*

*

5. ZAVERY

Celkové zavéry, formulované na zékladé vysledkd méfeni, jsou nasledujici:

1. Vysledky empirické analyzy potvrdily, Ze vodorovna posunuti ve sméru
stfedu vykopu maji krakorcovy charakter, tj. s hloubkou se zmens$uji.

2. Maximalni vodorovna posunuti kotvené podzemni stény jsou na vrchu
stény a vytvéreji se v priibéhu etapy maximalni hloubky vykopu (HW).
Jejich hodnota se nachézi v rozmezi 0,10 % do 0,16 % HW.

3.V pfipadé stanice A14 se zjistilo, Ze rozsah vlivu vykopu dosahuje do 14 m
od kraje jamy. Svislé posunuti tam bylo +7,5 mm., coZ prokéazalo zdvihani
povrchu terénu. To dokazuje, Zze dosah vlivu vykopu je vétsi, neZ je jeho
hloubka. Na zakladé vysledk( méfeni je tézké posoudit, o kolik vétsi.

4. Na stanici A14 se zjistilo, Ze v pliocennich jilech dochazelo k pruznému
uvolnéni dna vykopu. Jeho rozdéleni bylo parabolické, s maximéalni hod-
notou 60 mm ve stfedu.

5. Vysledky prejimacich zkousek prokazaly, Zze délky injektovanych tél kotev
8,0 m a 8,5 m zajistuji pozadovanou Unosnost kotev, vrtanych v glacialné-
tektonicky porusenych bobtnavych pliocennich jilech.

Table 3 Displacement of the surface

3. In case of A14 station, the range of excavation influence was found to extend
14 m from the excavation edge. The vertical displacement there was +7.5 mm,
proving the uplift of ground surface. This proves that the extent of influen-
ce of excavation is greater than its depth. On the basis of measurement
results it is difficult to assess exactly how much greater.

4. It was found on station A14 that in Pliocene clays elastic recovery of excava-
tion bottom occurred. Its distribution was parabolic with the maximum
value of 60 mm at the centre.

5. The results of the acceptance tests proved that grouted body lengths of
8.0 m and 8.5 m assure the required load capacity of anchors bored in glaci-
al- tectonic disturbed, swelling Pliocene clays.
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POZIARNA SKUSKA V TUNELI BRANISKO

FIRE TEST IN THE BRANISKO TUNNEL
ING. JAN DEKANEK, APOLLOPROJEKT, s. r. 0., BRATISLAVA

uvob

Krétko pred uvedenim tunela Branisko do uZivania sa uskuto¢nili 20. 6. 2003 v jeho
priestoroch skusky imitujuce rozptyl dymu. Tieto skisky boli ndzornou ukéazkou,
¢o sa moze diat, ked v tuneli vznikne poZiar, a sicasne poskytli informécie, ktoré
sme doposial na Slovensku nemali moznost ziskat z vlastnych merani.

ZAKLADNE UDAJE O TUNELI

Tunel je vybudovany na trase dialnice D1 medzi mestami Levoca a PreSov v hor-
skom masive Branisko a je st¢astou novootvoreného dialniéného tseku Beha-
rovce - Fricovce. Vyhotoveny je ako jednortrovy obojsmerny. Paralelne s tune-
lovou rurou vedie Unikova $tolfa. V jej trase sa vyhladovo uvazuje s vybudova-
nim druhej tunelovej rary. Dizka razenej ¢asti tunelovej riry je 4 822 m, celkova
dizka tunela vratane portalov je 4 974,6 m. Zapadny portdl sa nachadza
v nadmorskej vyske (Balt p.v.) 537 m n. m., vychodny portal vo vyske 590 m n. m.
Tunel mé na vacsine svojej trasy sklon 1,2 %. Tunelova rura je s Unikovou §t6l-
fiou prepojend trindstimi Unikovymi chodbami, z ktorych jedna je sucastou
dopravného a vetracieho prepojenia (DVP). Vzajomné vzdialenost vchodov do
tychto chodieb je v rozpéti od 300 do 370 m. Unikové cesty su vetrané samo-
statnym pretlakovym vetranim, ktoré zabezpecuju dva ventilatory v zdpadnom
a vychodnom portali. Systém vetrania tunelovej rary (za beznej prevadzky) je
poloprie¢ny. Ventilatory v portaloch tlacia Cerstvy vzduch do vetracieho kanala
pod stropom tunelovej rary. Tento vzduch sa rovnomerne distribuuje distribug-
nymi klapkami do priestoru vozovky. Znecisteny vzduch sa odséava pri doprav-
nom a vetracom prepojeni cca 2 km od zadpadného portalu centralnymi klapka-
mi do vetracieho prepojenia a $achtou pomocou dvojice odséavacich ventilato-
rov v zdruzenom vydu$nom objekte (ZVO) sa odvéadza do ovzduSia. Zdrojmi
elektrickej energie su elektrické stanice v portaloch, v DVP a v ZVO. Tieto stani-
ce su prepojené, ¢im tvoria vzajomné zélohy. Viybrané elektrické spotrebice su
okrem normélneho napéjania zasobované elektrickou energiou aj z ndhradnych
zdrojov (UPS). Spotrebice v tunelovej rire st napajané zo Siestich podruznych
rozvodni umiestnenych rovnomerne v nidzovych zalivoch na pravej strane rary
(v smere od Levoce do Presova). Situacia v tuneli je sledovana snimaémi roz-
nych fyzikalnych veli¢in, statickymi kamerami videodohladu a elektrickou pozi-
arnou signalizaciou Siemens. VSetky informacie sa ststreduju v centralnom ria-
diacom systéme (CRS), ktory ich vyhodnocuje a na zaklade vysledku riadi

Presov
direction

{3

Poprad
direction
TEn
Fapral
1 ZdruZeny vydusny objekt 1 Central suction object
2 Vetracia Sachta 2 Ventilation shaft
3 Dopravné a vetracie prepojenie 3 Traffic and ventilation connection
4 Unikové cesty 4 Escape ways
5  Zapadny portal 5 Western portal
6  Tunelova rira 6  Tunnel tube
7  Vozovka 7 Carriageway
8  Vzduchotechnicky kanal; medzistropna doska 8  Ventilation duct; Intermediate floor slab
9 Nudzovy zéliv (obojstranny) 9 Emergency bay (on either side)
10 Podruzna rozvodiia 10  Subsidiary switching room
11 Vychodny portal 11 Eastern portal

Obr. 1 Schéma tunela Branisko
Fig. 1 Scheme of the Branisko tunnel

INTRODUCTION

Shortly before the Branisko tunnel is about to be put into operation, tests that
imitate dispersion of smoke took place here on June 20, 2003. These tests were
meant to clearly demonstrate what could happen if there was a fire in the tun-
nel and also to submit information that we could not up to this point obtain from
our own measurements in Slovakia.

BASIC DATA ON THE TUNNEL

The tunnel is constructed on the D1 motorway between the cities Levoc¢a and
Presov within a mountain massif Branisko, and is a part of the newly construc-
ted motorway section Behdrovce - Friovce. It is realized as a single-tube two-
way tunnel. There is an exit gallery conducted parallely with the tunnel tube.
Construction of a second tunnel tube is being considered along its alignment.
Length of the mined tunnel tube reaches 4 822 m, the total tunnel length inclu-
ding portals then 4 974,6 m. The western portal is in the altitude of 537 m above
the sea level (the Baltic) while the eastern portal 590 m above the sea level. The
tunnel thus has a prevalent gradient of 1,2%. The tunnel tube is connected with
the exit gallery by thirteen exit corridors, one of which is a part of the traffic and
ventilation connection (TVC). Mutual distance of the corridors ranges between
300 and 370 m. The exit ways are ventilated using a separate overpressure ven-
tilation, which is provided by two fans in the western as well as eastern portal.
Ventilation system of the tunnel tube (under full operation) is semi-transversal.
Fans in the portals propel the fresh air into the ventilation canal below ceiling of
the tunnel tube. This air is equally distributed into the road area using distribu-
tion valves. Polluted air is sucked through the traffic and ventilation connection
app. 2 km away from the western portal by central valves into the ventilation
connection and then disposed in the atmosphere through a shaft using a pair of
sucking fans in central suction object (CSO). There are sources of electric power
in the portal power stations, in the TVC and CSO. These stations are connected
and thus form a mutual backup. On top of the normal power, selected electric
appliances are also powered by alternative sources (UPS). Appliances in the
tunnel tube are powered from six subsidiary switching rooms, equally located
in emergency niches on the right side of the tunnel tube (in direction from Levo-
¢a to PreSov). Situation in the tunnel is monitored by sensors of various physi-
cal factors, static supervision cameras as well as electric fire alarm Siemens. All
information is concentrated within the central control system (CCS), which eva-
luates them and based on the results controls the traffic and function of the tun-
nel equipment. On Fig. 1 see the synoptic symbolic scheme of the own tunnel
and connected objects.

THE TESTING PRINCIPLE

Tests using military smoke bombs were decided to be carried out in this tunnel.

Such smoke is cool and therefore has no ability to imitate turbulent currents and

other attributes typical for the dispersion of hot and gradually cooling smoke

and gases. Nevertheless, by larger distances from the "seat of fire" the differen-

ce between the smoke and the imitation plays no real part. Military smoke

bombs of two types (Fig. 2) were used for the tests :

* DCHG-2 - chemical hand grenade used as a small smokescreen by engineer
corps, and

« DDS-5 - large-scale smoke bomb, in the past used as a smokescreen for tanks.

It is worth mentioning that the DDS-5 smoke bombs of soviet production

coming from the era of the Second World War (!) were absolutely reliable.

Both types of the smoke bombs fulfilled the criteria required for fire tests :

Size of the particles is comparable with size of smoke particles during fire,

Temperature of smoke from the smoke bombs is low and does not endanger

observers,

The smoke is non-toxic and does not harm the environment

The smoke activates the electric fire alarms (EFA) without damaging them,

Density of the smoke satisfactorily imitates density of the real fire smoke,

Partial pressure of the arising smoke is sufficient for penetration through leaks

in fire dampers and for mixing with air in the tunnel tube.

Three fire tests were carried out in the tunnel, one of which was small-scale wit-
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Obr. 2 Typy dymovnic
Fig. 2 Types of the smoke bombs

dopravu a funkciu zariadeni tunela. Na obr. 1 je zndzornena prehladna symbo-
lickd schéma vlastného tunela i suvisiacich objektov.

PRINCIP SKUSOK

Pre tento tunel sa rozhodlo uskutoénit skusky pomocou dymu z vojenskych

dymovnic. Tento dym je chladny, a preto nemé schopnost imitovat turbulent-

né prudenie a dalSie vlastnosti typické pre rozptyl horlceho a postupne sa

ochladzujuceho dymu a plynov. Av§ak pri véacsich vzdialenostiach od ,ohnis-

ka” rozdiel medzi skutoénym dymom a imitéciou nehré podstatnejSiu Glohu.

Na skusky boli pouzité vojenské dymovnice dvoch typov (obr. 2):

* RCHG-2 - ruény chemicky granat pouZzivany ako malad dymova clona Zenij-
nych jednotiek a

+ DDS-5 - velkokapacitn dymovnica pouZivana v minulosti ako dymové clona pre tanky.

Stoji za pozornost, 7e dymovnice DDS-5 sovietskej vyroby pochédzajice

z obdobia Il. svetovej vojny (!) pracovali uplne spolahlivo.

Obidva typy dymovnic spifiali kritéria poZiadaviek na poZiarne skiisky:

+ velkost Castic je rddovo porovnatelné s velkostou ¢astic dymu pri poziari,

+ teplota dymu z dymovnice je nizka a neohrozuje pozorovatefov,

+ dym je netoxicky a neznehodnocuje Zivotné prostredie,

+ dym aktivuje hlasice elektrickej poZiarnej signalizacie (EPS) bez ich poskodenia,

+ hustota dymu uspokojivo simuluje hustotu dymu realneho poziaru,

+ parcidlny tlak vznikajuceho dymu je dostato¢ny na prienik netesnostami
v poziarnych uzaveroch i na mieSanie sa so vzduchom v tunelovej rare.

V tuneli boli vykonané tri poZiarne skusky, z toho jedna malorozmerové

v uzavretom priestore trafostanice a dve velkorozmerové v tunelovej rure. Cie-

fom skusok bolo:

+ overenie skuto¢nej funkcieschopnosti zariadeni tunela pri poZiari a

+ simulacia rozptylu splodin horenia (dymu) v priestoroch tunela.

SKUSKA C. 1

Prva skuska sa uskutocnila v priestoroch Dopravného a vetracieho prepojenia
(DVP) v miestnosti u¢enej na osadenie transformatora v buducnosti. Na obr. 3
je to miestnost s otvorenymi poZiarnymi dverami. Pohlad je z inikovej $tdIne do
chodby DVP smerom k tunelovej rure.

Skuska bola pévodne uréena pre podruznu rozvodiiu v tunelovej rare. V ¢ase
jej konania boli vSak uZ vSetky podruzné rozvodne plne funkéné. Zakladnu
Ulohu - ¢as a intenzitu prieniku dymu z miestnosti do tunela - bolo mozné ove-
rit aj v tejto ndhradnej miestnosti. Nahradnou skuskou bol okrem toho overe-
ny rozptyl dymu v priestoroch tnikovych ciest, pretoZe chodba DVP je tniko-
vou cestou. Na rozhrani medzi skiSobnou miestnostou a chodbou DVP su
osadené poZiarne dvere a poZiarna klapka. Skisobnou miestnostou prechad-
za potrubie VZT, medzi poZiarnymi isekmi st na potrubi VZT osadené poZiar-
ne klapky. V skiSobnej miestnosti je nainstalovany automaticky hlési¢ nasa-
vacieho systému EPS.

PRIEBEH A VYHODNOTENIE 1. SKUSKY
Na tvorbu dymu boli pouzit¢ 3 dymovnice RCHG-2. Dymovnice boli odpalované
postupne tak, aby vyvin dymu trval cca 10 minut. Priemerna rychlost tvorby dymu,

Obr. 3 Dopravné a vetracie prepojenie
Fig. 3 Traffic and ventilation connection

hin closed area of the power station and two large-scale in the tunnel tube. The
tests were aimed at :

« Verification of the actual functionality of the tunnel equipment during fire, and

« Simulation of the dispersion of fire exhausts (smoke) in the tunnel area.

TEST NO. 1

The first test took place in area of the Traffic and ventilation connection (TVC) in
a room determined for installation of a transformer in the future. On Fig. 3 see
the room with opened fire door. The view leads from the exit gallery into the
TVC corridor in direction towards the tunnel tube.

The test was originally intended for subsidiary switching room in the tunnel
tube. But at the time of its realization all subsidiary switching rooms were alre-
ady in full operation. The fundamental task - verification of time and intensity
of penetration of smoke out of the room into the tunnel - could be fulfilled also
from this alternative room. On top of that, an alternative test verified the dis-
persion of smoke in areas of the exit ways, because the TVC corridor is an exit
way. Boundary between testing room and the TVC chamber is formed by instal-
led fire door and a fire damper. Ventilation ducts pass through the testing room
and they are equipped with fire dampers between the fire compartments. An
automatic alarm of the suction system EFA is installed in the testing room.

PROCEDURE AND EVALUATION OF THE TEST NO. 1

Three smoke bombs RCHG-2 were used to generate smoke. They were set off
one by one so that expansion of the smoke lasted about 10 minutes. Average
speed of generation of the smoke, respectively of filling the area with opaque
mixture of smoke and air, was 0,36 m3.s" and thus was 1,9 times higher than
required by the model conditions for the given fire loading of switching rooms.
It was not possible to influence this speed as it was preset by the output of one
smoke bomb. At the same time, results of the test could be easily corrected by
a simple calculation.

The testing room was closed while tested, in other words the fire door as well
as all fire dampers were closed. The status of environment in the room during
the entire test was video-recorded. The test began by setting off the first smoke
bomb. The smoke advanced towards ceiling of the room where it dispersed and
about one and a half minute later activated the automatic alarm EFA, as a result
of which a fire alarm was triggered. About at the same time a small cloud of
smoke penetrated through the closed fire damper into the TVC and below cei-
ling of the corridor advanced towards the exit gallery, where it stopped and
returned back to the TVC corridor, because the exit ways are also under normal
operation ventilated by an adequate amount of air that provides the requisite
overpressure compared to the tunnel tube. In the TVC corridor, the smoke was
turbulently dispersed towards the tunnel tube while its concentration was
decreasing rapidly. As a result of the triggered fire alarm, the preprogrammed
sequence of activities of the tunnel equipment went off according to the fire sce-
nario. From the viewpoint of safety of participants of the traffic operation, the
most important thing is to prevent further entry of vehicles into the tunnel and
provision of safety for those persons already in the tunnel at the time of the fire.
Prohibited entry into the tunnel in form of red traffic lights in front of the tunnel
was activated 1 and 40 seconds into the test.

At 3 minutes into test, the entire area of the testing room was filled with opaque
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Obr. 4 Dym v DVP
Fig. 4 Smoke in the TVC

resp. zaplfiania priestoru nepriehladnou zmesou dymu a vzduchu bola 0,36 m®s’
a bola 1,9krét vacsia, ako pozadovali modelové podmienky pre dané poZiarne zataze-
nie elektrorozvodni. Tuto rychlost nebolo mozné ovplyvnit, pretoZe bola dana vykonom
jednej dymovnice. Vysledky skusky boli vSak jednoduchym prepoctom korigované.
Skusobna miestnost bola pocas skusky uzavreta, tzn., Ze zavreté boli poZiarne
dvere aj vSetky poZziarne klapky. Stav prostredia v miestnosti pocas celej skisky
bol zaznamenavany na videozaznam. Skuska zacala odpélenim prvej dymovni-
ce. Dym postupoval k stropu miestnosti, kde sa rozptyloval a asi po 1,5 minute
aktivoval automaticky hlasi¢ EPS, v dosledku ¢oho bol vyhlaseny poziarny
poplach. Priblizne v tom istom ¢ase prenikol dym v malom mnozstve cez zavre-
tu poziarnu klapku do DVP a pod stropom chodby smeroval k unikovej §téIni,
kde sa zastavil a vracal sa spat do chody DVP, pretoZe tinikové cesty su aj za nor-
maélnej prevadzky vetrané primeranym mnozstvom vzduchu zabezpecujlcim
predpisany pretlak oproti tunelovej rire. V chodbe DVP sa dym turbulentne roz-
ptyloval smerom k tunelovej rare, pricom jeho koncentracia rapidne klesala.
Vyhlésenie poZiarneho poplachu malo za nésledok nastartovanie naprogramo-
vaného sledu ¢innosti zariadeni tunela podfa poZiarneho scenéra. Z hladiska
bezpeénosti UCastnikov cestnej premavky je najdoleZitejSie zamedzenie vjazdu
vozidiel do tunela a zaistenie bezpe€nosti 0sdb nachadzajucich sa v ¢ase pozia-
ru v tuneli. Zakaz vjazdu do tunela v podobe ¢ervenych svetiel na semaforoch
pred tunelom bol aktivovany v ¢ase 1 min 40 s od zaciatku skusky.

V €ase 3 min od zaciatku skusky bol nepriehfadnou dymovou clonou zaplneny
cely priestor skiSobnej miestnosti a dym zacal prenikat z nej cez netesnosti
v poziarnych dverach do chodby DVP (obr. 4). V chodbe DVP sa rozptyloval
a smeroval k tunelovej rure a v ¢ase 4 min 20 s dosiahol koncentraciu, ktora
aktivovala automaticky hlasi¢ EPS umiestneny v tejto chodbe.

V ¢ase 8,5 min od zaCiatku skusky pracovali ventilatory vetrania Unikovych ciest
i ventilatory vetrania tunelovej rary v ZVO na plny vykon, éim sa dosiahol G¢in-
ny odtah dymu z chodby DVP cez poZziarno-pretlakovu klapku do priestoru tune-
la a odtial vetracim kanalom do ovzdusia. V ¢ase 9,5 min sa uskutocnila simula-
cia protipoziarneho zasahu otvorenim dvier skiSobnej miestnosti i vrat na roz-
hrani tunelové rdra (nidzovy zéliv €. NZ 3) - DVP. Dym nazhromazdeny v sku-
Sobnej miestnosti zaplnil v kratkom ¢ase cely objem trasy v DVP a7 k distribu¢-
nym vetracim klapkdm v tunelovej rire v priestore NZ 3. Po skonéeni vyvinu
dymu v ¢ase 10 min zacala koncentréacia dymu prudko klesat a v ¢ase 31 min od
zaciatku skusky bol vSetok dym z tunela odvetrany, ¢im sa skuska skongila.

Z priebehu skusky sa daju vyvodit zavery pre poZiar v energobloku DVP i pre
poziar v podruznej rozvodni. Osobitnt pozornost si zasluhuje ¢as tstop + 5
min, ktory je predpokladanym €asom od vyhlasenia poZiarneho poplachu
(tstop) po opustenie tunela poslednym vozidlom pri rychlosti 60 km.h". Tento
¢as sa pohybuje v rozsahu od 6 min 40 s do 7 min 30 s od vzniku poZiaru.

V energobloku DVP dym v pomerne kratkom €ase za¢ina v malom mnoZstve prenikat
cez netesnosti v zavretych poZiarnych dveréach a poZiarnej klapke do chodby DVP. Tu

Obr. 5 Tvorba dymu v tuneli
Fig. 5 Generation of smoke in the tunnel

smokescreen and the smoke began to penetrate through leaks in the fire door
into the TVC corridor (fig. 4). In the TVC corridor it dispersed and advanced
towards the tunnel tube and 4 minutes and 20 seconds into the test reached a
concentration that set off the automatic alarm EFA located in this corridor.

At 8,5 minutes into the test, fans of the exit ways as well as fans of the tunnel
tube in TVC worked in full capacity, which promoted a successful suction of
smoke from the TVC corridor through the fire-overpressure damper into area of
the tunnel and from here through the ventilation canal into the atmosphere. At
9,5 minutes, a simulation of firefighting action took place by means of opening
the door of the testing room and gates at the boundary tunnel tube (emergen-
cy niche EN no. 3) - TVC. The smoke amassed in the testing room within a short
time filled the entire length of the TVC to the distribution ventilation dampers in
the tunnel tube in area of the EN no. 3. At 10 minutes into the test when all the
smoke dispersed, its concentration began to fall rapidly and 31 minuets after the
test had begun all smoke was ventilated away from the tunnel, and that conc-
luded the test.

Conclusions for both the fire in the power block of TVC and the fire in the sub-
sidiary switching room can be deduced from progress of the test. Special atten-
tion should be paid to the time tstop + 5 minutes, which is the estimated time
since the fire alarm is triggered (tstop) until the last vehicle going with the speed
of 60 km.h' leaves the tunnel. This time ranges between 6 min 40 sec and 7 min
30 sec since the start of fire.

Within the power block of TVC, the smoke in small amount and relatively short
time begins to penetrate through leaks in the closed fire door and fire dampers
into the TVC corridor. In here, there is sufficient area for its dispersion at time
tstop + 5 minutes. With regards to maintained overpressure compared to the
tunnel tube, the smoke does not affect the exit gallery. Fans of the exit ways go
off in full capacity only when the tunnel is empty, that is at time tstop + 5 minu-
tes. Dangerous amount of smoke gets into the corridor and the tunnel only after
opening the door. At this time, however, suction in the tunnel tube in EN no. 3
must be working in full capacity. If these rules are kept, participants of the traf-
fic are not endangered by fire in the power block of TVC. A unit of firefighting
brigade has access to the TVC either from the tunnel tube or from the exit gal-
lery. Nonetheless, rescue units must be prepared for action in opaque and non-
breathable conditions of the TVC after opening the door of the room with fire.
Progress and results of the test in TVC can be extrapolated for the subsidiary
switching room. Model filling with smoke of the subsidiary switching room
should, according to methodology contained in the proposal prEN 1991-1-2 and
NFPA 92B, take place at 5 min 40 sec since start of the fire. From that it is clear
that a significant amount of smoke that penetrates through leaks in the fire door
into the tunnel tube will appear at 7 min 10 sec since start of the fire (with
regards to low temperature of the smoke it was not possible to simulate spu-
ming of the gasket between the fire door wing and doorframe, which should
temporarily reduce the amount of penetrating smoke). At this time, activities as
a result of the triggered fire alarm are already underway. Ventilation of the tun-
nel tube under the regime "fire" effectively ventilates the area of the given emer-
gency niche based on its location. The amount of smoke that penetrates
through the closed fire door of the subsidiary switching room is insignificant
when compared to suction capacity of the ventilation. Thus at the time of the
tunnel becoming empty, suction of combustion products out of the carriageway
space is reliably provided, in other words between 6 min 40 sec and 7 min 30
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je dostatok priestoru na jeho rozptyl v ¢ase tstop + 5 min. Vzhladom na udrZiavany
pretlak oproti tunelovej rure sa dym nedostane do Unikovej §tolne. Ventilatory tniko-
vych ciest sa spustia na pIny vykon aZ po vyprazdneni tunela, t.. v ¢ase tstop + 5 min.
Nebezpetné mnozstvo dymu sa dostane do chodby a tunela aZ po otvoreni dvier.
V tomto Case vak uz musi pracovat odsévanie v tunelovej rire v NZ 3 na plny vykon.
Pri dodrzani tychto pravidiel nebudu tcastnici cestnej premavky ohrozeni poZiarom
v energobloku DVP. Jednotka HaZZ méa moznost pristupu k DVP z tunelovej rary alebo
z Unikovej §tdlne. Zachranari vSak musia byt pripraveni na zasah v nepriehladnom
a nedychatelnom prostredi DVP po otvoreni dvier miestnosti, v ktorej je poZiar.
Priebeh a vysledok skusky v DVP je moZné extrapolovat na podruznt rozvod-
fiu. Modelové zadymenie podruznej rozvodne mé podla metodik uvedenych
v névrhu prEN 1991-1-2 a NFPA 92B nastat v ¢ase 5 min 40 s od vzniku poZia-
ru. Z toho vyplyva, Ze signifikantné mnozstvo dymu prenikajliceho cez netes-
nosti v poZiarnych dverach do tunelovej rury sa objavi v ¢ase 7 min 10 s od
vzniku poZiaru. (Vzhladom na nizku teplotu dymu nebolo mozné modelovat
napenenie pasky medzi kridlom poZiarnych dvier a zarubiiou, ¢im by sa malo
mnozstvo prenikajiceho dymu prechodne zmensit). V tomto ¢ase vSak uZ pre-
biehaju ¢innosti v désledku vyhlasenia poZiarneho poplachu. Vetranie tunelo-
vej rary v rezime ,poZiar” podla lokaliz4cie ucinne odvetréva priestor prislus-
ného nadzového zalivu. MnoZzstvo dymu prenikajliceho cez zatvorené poziar-
ne dvere podruZnej rozvodne je zanedbatelné vzhladom k saciemu vykonu vet-
rania. Tymto sa v Case potrebnom na vyprazdnenie tunela zabezpeéuje spo-
fahlivo odtah splodin horenia mimo jazdnu drahu vozidiel, a teda v ¢ase od
6 min 40 s do 7 min 30 s od vzniku poZiaru nebudu G¢astnici cestnej premav-
ky ohrozeni poZziarom v podruznej rozvodni.

Skuska preukazala funkcieschopnost automatickych zariadeni tunela pri vyhla-
seni poziarneho poplachu v energobloku DVP i moZnost dispecera ru¢ne ria-
dit niektoré dalSie ¢innosti (nastavenie a zapnutie vetrania tunela). Priamo
bolo moZné pozorovat rozptyl dymu v DVP a néasledne v NZ 3. Skaska preuka-
zala, Ze UCastnici cestnej premavky nebudu v ¢ase tstop + 5 min ohrozeni splo-
dinami poZiaru, pokial ostanu zatvorené poZiarne dvere.

SKUSKA C. 2

Tato skuska sa uskutoénila v priestore nidzového zalivu NZ 4 (vzdialenost
2880 m od zdpadného portélu a 2 095 m od vychodného portélu) a boli pri nej
pouzité dve velkokapacitné dymovnice a pat malych dymovnic. Cas tvorby
dymu bol 20 minat. Smer prirodzeného pradenia vzduchu na zaciatku skusky
bol zo zapadu na vychod pri rychlosti 1,2 m.s™. Nutené vetranie tunelovej rury
i Unikovych ciest bolo vypnuté. Zariadeni, ktoré st schopné v tunelovej rure
zaznamenat poziar, je niekolko. V prvom rade je to linearny teplocitlivy lase-
rovy kébel EPS. Dalej je to videodohlad, meranie zvy$enia opacity na kriticku
hodnotu 15 km (opacita je miera optickej nepriehladnosti prostredia v oblas-
ti viditelného spektra). PoZiar méZu tieZz nepriamo zaregistrovat snimace kon-
centrécie oxidu uhofnatého (CO). Vzhladom na pouZzity studeny dym dymov-
nic neprichadzal do Gvahy poZziarny signal ani od EPS ani od videodohladu ani
od snimacov CO. Jedinym kandiddtom na redlne vyhlasenie poZiarneho
poplachu bolo meranie opacity. V tunelovej rire je nainstalovanych 14 snima-
¢ov opacity vo vzajomnej vzdialenosti cca 350 m.

PRIEBEH A VYHODNOTENIE 2. SKUSKY

Dymovnice boli postupne odpalované tak, aby simulovali postupné rozhorievanie
poZiaru a aby €as tvorby dymu bol 20 minut. Vznikajici dym bol z miesta tvorby
unasany prirodzenym prudom vzduchu k vychodnému portélu, pretoZe nttené vet-
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Graf 1 Polohy vychodného ¢ela dymovej zony
Chart 1 Positions of eastern face of the smoke zone

sec since start of the fire are the participants of traffic not endangered by fire in
the subsidiary switching room.

The test proved functionality of the automatic devices in the tunnel after trigge-
ring the fire alarm in the power block of TVC as well as ability of the controller
to manually control some other activities (settings and switching on ventilation
of the tunnel). It was directly possible to observe dispersion of the smoke in the
TVC and consequently in the EN no. 3. The test also verified that participants of
the traffic will not be in danger of combustion products at time tstop + 5 min,
under the condition that the fire door remains closed.

TEST NO. 2

This test took place in area of the emergency niche EN no. 4 (in distance 2 880
m away from the western portal and 2 095 m away from the eastern portal)
while two large-scale and five small-scale smoke bombs were used. The smoke
was produced for 20 minutes. The direction of natural air current at the begin-
ning of the test was from west to east with a speed of 1,2 m.s’. Forced ventila-
tion of both the tunnel tubes and the exit ways was switched off. There are seve-
ral devices in the tunnel that are capable of identifying a fire in the tunnel tube.
It is the linear heat-sensitive laser cable EFA in the first place. Then the video-
surveillance, measurement of increased opacity to a critical value of 15 km-'
(opacity is the rate of optical invisibility in an environment within a visible spect-
rum). Fire can be also indirectly discovered by the sensors of concentration of
the carbon oxide (CO). With regards to the used cool smoke, fire signals from
either EFA or video-supervision or the CO sensors was out of question. The only
aspirant for actual triggering of fire alarm was the measurement of opacity.
There are 14 sensors of opacity installed about every 350 m in the tunnel.

PROCEDURE AND EVALUATION OF THE TEST NO. 1

The smoke bombs were set off one by one so that they simulated gradual
expansion of fire and so that it took about 20 minutes for the smoke to be gene-
rated. From the place of generation, the arising smoke was drifted by the natu-
ral air current towards the eastern portal, as forced ventilation of the tunnel was
switched off. Speed of the air current was sufficient enough for all arising smoke
to be drifted in the eastward direction. Western edge of the smokescreen did not
exceed boundary of the emergency niche EN no. 4 at all during the test. (Fig. 5).
The test proceeded in an anticipated way. Intensity of generation of the smoke
gradually rose until it reached a relatively constant value. At 5 min 20 sec into
the test, the closest sensor of opacity (distance of 135 m eastward from the tes-
ted place) recorded a critical value and subsequently triggered fire alarm. Soon
after that, activities of the tunnel equipment proceeded automatically according
to the fire scenario - traffic lights prohibited entry into the tunnel from both
sides, fire illumination was switched on, distribution ventilation valves were
switched into regime "fire" (according to location of the fire and existing wind
conditions) and fans in the TVC were switched on. At 8 min 20 sec into the test,
or 3 min after the fire alarm was triggered, fans reached full capacity. When the
fire alarm was triggered, eastern face of the smokescreen advanced in the east-
ward direction and kept this course until 11 min 20 sec into the test. By this
time, suction by the fans already came in effect - eastern face of the smokesc-
reen changed course to the westward direction in distance of app. 400 m from
the tested place, as suction of the smoke was realized using valves opened
above the tested place. Eastern face was retreating in the westward direction
at a constant speed until 20 minutes into the test, when generation of the
smoke ceased. After this, face of the smoke retreated with greater speed up to
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ranie tunela bolo vypnuté. Rychlost pridenia vzduchu bola dostato¢na na to, aby
bol v8etok vznikajlci dym unasany iba vychodnym smerom. Zapadny okraj dymo-
vej zony po cely ¢as skisky nepresiahol hranicu nidzového zalivu NZ 4 (obr. 5)
Skuska mala oCakavany Standardny priebeh. Intenzita tvorby dymu postupne
stlpala, aZ dosiahla pomerne konstantnd hodnotu. V ¢ase 5 min 20 s zazname-
nal najbliz§i snima¢ opacity (vzdialenost od miesta skusky 135 m vychodne) kri-
tickd hodnotu s néslednym vyhlasenim poZiarneho poplachu. Kratko na to sa
zatali automaticky vykondvat ¢innosti zariadeni tunela podfa poZiarneho scenéra
- semaformi bol zamedzeny vjazd do tunela z obidvoch stran, zaplo sa poZiarne
osvetlenie, prestavili sa distribuéné vetracie klapky do reZimu poZziar (podfa loka-
lizdcie miesta poZiaru a momentélnych poveternostnych podmienok) a spustili
sa ventilatory vetrania v ZVO. Ventilatory dosiahli plny vykon v ¢ase 8 min 20
s od zaCiatku skusky, ¢ize 3 min po vyhlaseni poZiarneho poplachu. V ¢ase vyhla-
senia poZiarneho poplachu postupovalo vychodné ¢elo dymovej zény vychod-
nym smerom a tento kurz si drZalo az do ¢asu 11 min 20 s. V tomto ¢ase sa uZ
prejavil U€inok odtahu ventilatorov - vychodné ¢elo dymovej zény obrétilo kurz
zapadnym smerom vo vzdialenosti cca 400 m od miesta skusky, pretoze odtah
dymu sa realizoval klapkami otvorenymi nad miestom skusky. Vychodné celo
ustupovalo zdpadnym smerom konstantnou rychlostou az do 20. minuty, kedy
bola ukonéena tvorba dymu. Po ukonéeni tvorby dymu ¢elo ustupovalo vaésou
rychlostou az do Uplného odvetrania tunelovej riry v 31. mintte skusky. Postup
vychodného ¢ela dymovej zény je graficky znézorneny na grafe 1.

PretoZe skusobny dym nemal vysoku teplotu, skuska interpretovala iba rozptyl
ochladenej frakcie dymu vo vacSej vzdialenosti od ohniska poZiaru. Vizuélne sa
dokazalo, Ze uz pri relativne malej rychlosti pradenia vzduchu dochadza pri danej
intenzite vyvinu dymu k jeho praideniu vylu€ne v smere prudenia vzduchu.
Vychodné &elo dymovej zony postupovalo pocas vypnutych ventilatorov prakticky
rovnakou rychlostou, ako bola rychlost pridenia vzduchu. Z rychlosti postupu ¢ela
dymovej clony pri ustdlenom pohybe pri vypnutych ventildtoroch sa uréila rychlost
tvorby zmesi dym - vzduch na 45 m®.s", ktoré je povazovana za vykon dymovych
generatorov. Podla literatiry a medzindrodnych odporucani sa predpoklada, Ze
z plochy 1 m? poZziaru sa uvolfiuje 0,2 - 2 m*.s” splodin horenia. Tomu a vykonu
generatorov zodpoveda potom plocha poZziaru v rozsahu od 22,5 m? do 225 m?.
VSetky sledované zariadenia tunela splnili predpokladané poZiadavky. Vetranie
dosahovalo taky vykon, Ze pri sustavnej tvorbe vy$Sieuvedeného mnozstva
dymu zabezpecilo stabilizaciu a nasledné zmen$ovanie dymovej zony aZ po jej
Uplna likvidéaciu. Skuska prebiehala podfa o¢akavania.

SKUSKA C. 3

Tato skuska sa uskutoénila v blizkosti vstupu do tnikovej chodby €. 1 vo vzdiale-
nosti priblizne 360 m od okraja zapadného portalu a boli pri nej pouzité tri velko-
kapacitné dymovnice, ¢im sa dosiahol ¢as tvorby dymu 30 minGt. Smer prirodze-
ného pradenia vzduchu na zaiatku skusky bol zo zdpadu na vychod pri rychlosti
3,5 mss' (= 9,7 km.h"). Ntené vetranie tunelovej rury i Unikovych ciest bolo
vypnuté. Systém detekcie a vyhodnotenia poZiaru bol rovnaky ako v skuske €. 2.

PRIEBEH A VYHODNOTENIE 3. SKUSKY

Skuska zacala odpalenim prvej dymovnice. Kratko pred 2. minttou od zadiat-
ku skusky zaznamenal najbliz§i snima¢ opacity (vzdialenost od miesta skisky
200 m vychodne) kriticki hodnotu s naslednym vyhlasenim poZziarneho popla-
chu. Vzéapati sa zacali automaticky vykonavat ¢innosti zariadeni tunela podlfa
poZiarneho scenara - semaformi bol zamedzeny vjazd do tunela z obidvoch
stran, zaplo sa poZiarne osvetlenie, prestavili sa distribu¢né vetracie klapky do
rezimu poZiar (podlfa lokalizacie miesta poZiaru a momentélnych poveternost-
nych podmienok) a spustili sa ventilatory vetrania. Vznikajlci dym bol z mies-
ta tvorby unéSany prirodzenym pridom vzduchu k vychodnému portélu.
Rychlost pridenia vzduchu bola dostatocna na to, aby bol v8etok vznikajuci
Legenda ku grafom 2 a 3/Legend to the charts 2 and 3

VR snimac rychlosti a smeru prudenia vzduchu
VR transducer of air current speed and direction

smer prudeniaz 0 v
air current direction WO E
smer prudeniav [ z
air current direction EC W
1 Cas/time 13:22:26 - ventilator vo VP ma vykon 97 %
- the fan at the EP is running at 97% power
2 Cas/time 13:32:00 - nastéva vypadok ventilatora vo VP v dosledku tepelnej ochrany vinutia
rotora elektromotora
- the fan fails at the EP due to heat protection of the fan motor winding

3 gas/time 13:39:00 - v ZVO beZi jeden ventilator na Ciastocny vykon, ktory odséava vzduch z
priestoru v km 8,635
- one fan is running at the CSO at partial power, removing air from the section at km 8.635

4 ¢as/time 13:50:00 - ukoncenie tvorby dymu
- the end of smoke generation

5 ¢as/time 13:58:00 - v ZVO beZia obidva ventilatory na vykon 100 %; otvorené su centralne
klapky v NZ 3
- both fans are running at the CSO at 97% power; central extraction nozzles at EN3 are open

the point of total ventilation of the tunnel tube at 31 minutes into the test.
Advance of the eastern face of the smokescreen is shown graphically in Chart 1:
As the testing smoke did not have a high temperature, the test simulated only
the dispersion of cool fraction of the smoke in larger distance away from the
fire seat. It was visually proved that already with relatively low speed of air cur-
rent under a given intensity of expansion of the smoke, the smoke flows exclu-
sively in direction of the air current.

By switched off fans, eastern face of the smokescreen advanced with a practically
constant speed, same as the speed of the air current. From the speed of advance
of smokescreen's face by switched off fans and constant movement it was pos-
sible to determine the rate of generation of the mixture smoke-air as 45 m’.s’,
which is considered to be the output of the smoke generators. According to lite-
rature and international recommendations it is estimated that an area of 1 m2 of
fire renders 0,2 - 2 m’.s" of combustion products generation rate. To that and to
the output of generators corresponds a fire area between 22,5 m? and 225 m?.

All observed tunnel equipment fulfilled estimated requirements. Ventilation
reached such capacity that by a constant generation of the aforementioned
amount of smoke provided stabilization and subsequent reduction of the
smoke zone until its total removal. The test proceeded as expected.

TEST NO. 3

This test took place in vicinity of entry into the exit corridor no. 1 app. 360 m
away from edge of the western portal while three large-scale smoke bombs
were used in order to achieve generation of smoke for a time of 30 minutes.
There was a natural air current from west to the east with a speed of 3,5 m.s’
(= 9,7 km.h") at the beginning of the test. Forced ventilation of both the tunnel
tubes and the exit ways was switched off. There was the identical system of
detection and evaluation of fire as in the test no. 2.

PROCEDURE AND EVALUATION OF THE TEST NO. 3

The test began by setting off the first smoke bomb. Closely before 2 minutes
into the test, the nearest sensor of opacity (distance of 200 m eastward from the
tested place) recorded a critical value, and subsequently triggered the fire
alarm. Soon after that, activities of the tunnel equipment proceeded automati-
cally according to the fire scenario - traffic lights prohibited entry into the tun-
nel from both sides, fire illumination was switched on, distribution ventilation
valves were switched into regime "fire" (according to location of the fire and
existing wind conditions) and fans in the TVC were switched on. The arising
smoke was drifted from the place of generation by the natural air current
towards to eastern portal. Speed of the air current was sufficient enough for all
of the arising smoke to be drifted in the eastward direction only. Western edge
of the smoke zone did not exceed border of the tested place at all during the test.
During this test there was an unexpected condition, i.e. a failure of fan in the eas-
tern portal (EP) and partially also both fans in the central suction object (CSO).The
cause for switching off the fans was the heat protection of the ventilating electro-
motors, which automatically turns them off when the critical temperature is rea-
ched. Earlier during the day of the tests, the fans were repeatedly switched on and
off which resulted in their overheating. The job of fan in the eastern portal was to
force air into eastern half of the tunnel tube, which would reduce spreading of the
smoke zone in the eastward direction. The job of fans in the CSO is to suck smoke
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dym unaSany iba vychodnym smerom. Zapadny okraj dymovej zény po cely
¢as skusky nepresiahol hranicu miesta skusky.

Pocas tejto skusky doslo k neoakédvanému stavu, a to k vypadku ventilatora
vo vychodnom portéli (VP) a Ciasto€ne obidvoch ventilatorov v zdruzenom
vydu$nom objekte (ZVO). Pri¢inou odstavenia ventilatorov bola tepelné ochra-
na elektromotorov ventiltorov, ktord ich automaticky odstavi pri dosiahnuti
kritickej teploty. Ventilatory boli v defi skiSok viackrat striedavo zapinané
a vypinané, o sa prejavilo na ich prehriati. Ulohou ventilatora vo vychodnom
portéli bolo tla¢it do vychodnej polovice tunelovej riry vzduch, ¢im sa malo
obmedzit &irenie dymovej zény vychodnym smerom. Ulohou ventilatorov
v ZVO je odsavat dym z miesta, kde st otvorené distribu¢né klapky. Kym boli
ventilatory v prevadzke, rozptyl dymu prebiehal podfa predpokladov (pozri
graf 2). Akonéahle do$lo k poruchdm, dym zacal velmi rychlo postupovat
v smere prirodzeného pridenia vzduchu. Vypadok ventilatorov trval 26 minut.
Za tento &as dosiahla dymova zéna dizku 2 853 m (!) a v &ase najvacse] dizky
zaberala takmer 60 % celkovej dizky tunela. Pre pozorovatelov nachédzajucich
sa v tuneli efektne pdsobilo vychodné ¢elo dymovej clony. Hranica medzi
¢istym vzduchom a dymovou zénou bola pomerne ostra a bolo mozné vidiet
pohybujicu sa nepriehfadnl a zarovefi nehmatatelnii dymovu stenu. Tato
stena sa pohybovala rychlostou 2,1 m.s" vychodnym smerom a zastavila sa vo
vzdialenosti 570 m od miesta skusky. Po minute stagndacie sa vracala spéat na
zapad, avSak v dosledku vypadku ventildtorov sa zastavila a zacala naberat
opéat vychodny kurz priemernou rychlostou 1,7 m.s'. Pohyb tymto smerom
trval takmer 26 minut. Dym v8ak okamzite reagoval na opéatovné spustenie
ventilatorov a zacal smerovat k centralnym klapkadm pri DVP, ktorymi bol odsa-
vany cez ZVO do ovzdusia. Tvorba dymu trvala 30 minut, av8ak posledné zvys-
ky dymu opustili tunelovd ruru v ¢ase 1 h 10 min od zaciatku skusky.

Pohyb dymovej zény v ¢ase i priestore je graficky znazorneny v grafe 2, na kto-
rom vidno komplikovany pohyb vychodného Cela i pozicie zdpadného cela,
ktoré v Case tvorby dymu zotrvévalo v mieste skisky, po skonéeni vyvinu
dymu smerovalo k miestu odsévania v nidzovom zélive NZ 3 a po dosiahnu-
ti NZ 3 ho tvoril dym prisavany z vychodu. Vzdialenosti v km su vzdialenosta-
mi od nultého kilometra dialni¢éného Useku stanoveného projektom.
Zaujimavé je porovnat graf 2 s grafom 3, na ktorom su zobrazené rychlosti
a smery pradenia vzduchu zaznamenané snimaémi prudenia vzduchu. Ich
polohy st zobrazené na schéme vlavo od grafu.

Tato skaska o.i. ukazala, akym nebezpecnym by sa stal tunel, keby zlyhalo
poziarne vetranie. Rychlosti pohybu vychodného ¢ela dymovej zény boli
o nieco vysSie ako v predchadzajucej skuske a zodpovedali ploche poziaru od
38 m? do 470 m? (pre rychlosti od 1,7 m.s" do 2,1 m.s").

CELKOVE ZHODNOTENIE

Napriek tomu, Ze vlastnosti dymu z dymovnic nevyjadrovali viacero atributov
vlastnosti skuto€nych splodin horenia pri redlnom poziari, vSetky tri popisané
skusky poskytli mnozstvo ojedinelych, praktickych a zaujimavych informacii.
V rdmci prvej skusky sa prakticky preverilo niekolko scenarov $irenia dymu -
prenikanie dymu cez zavreté poZiarne dvere podruznej rozvodne do tunelovej
rury, prenikanie dymu cez zavreté poZiarne uzavery z elektrickej stanice do
chodby DVP a jeho pohyb v unikovej ceste, ukadzka uvolnenia sa velkého
mnozstva dymu otvorenim poziarnych dvier (rovnako z podruznej rozvodne
alebo z elektrickej stanice), ukazka prechodu velkého mnozstva dymu z DVP do
nudzoveho zélivu v tunelovej rire otvorenim poziarnych vrat DVP.

Skusky v tunelovej rure poskytli v mierke 1:1 takmer reélny obraz o Sireni dymu
tunelom pri réznych (aj neo¢akavanych) situéaciach. Tu je vSak potrebné zdoraz-
nit, Ze tieto skusky nevypovedaju vobec ni¢ o Sireni neviditelnych plynnych splo-
din horenia, hlavne o oxide uhofnatom (CO) a uhli¢itom (CO:).

Fyziologické vlastnosti dymu z dymovnic umoznili vstupit priamo do dymovej
z6ny bez poutzitia dychacich pristrojov, resp. ochrannych masiek, pri¢om nehro-
zilo poskodenie zdravia. Ugastnici skugky vratane zéchranéarov tak mali moznost
priamo vstupit do dymovej zény a vyskusat si, ako rychlo sa da stratit orientacia
v priestore pri nulovej viditelnosti. Zistilo sa napr., Ze jednotlivé svietidla poZiar-
neho osvetlenia boli v hustom dyme lokalizovatelné do vzdialenosti iba niekolko
centimetrov a ich (rozptylené) svetlo do vzdialenosti mensej ako 1 m!

Skuskou €. 3 sa nad ramec priprav preukézala schopnost obsluhy operativne
zmenit odséavanie podla aktuélnej situécie (rozsah dymovej zony bol taky, Ze
efektivnejSie odsavanie sa dosiahlo otvorenim centralnych klapiek vetrania
v NZ 3 vzdialenom od miesta skusky 1800 m).

Prepoétami bolo moZné pretransformovat vykon dymovnic na pravdepodné roz-
sahy poziarov jednotlivych ski$ok. Tato transformacia napriek svojej malej pres-
nosti predsa len poskytla ur€ity obraz o vztahu plochy poZiaru k rozsireniu a cel-
kovému spravaniu sa dymu v tunelovej rure. Treba podotknut, Ze skiiSka nebola
vedeckym experimentom, ale bola orientatnou nazornou aplikéciou dymovnic
v tuneli s obmedzenymi moznostami ovplyvnenia vlastnosti pouZitého dymu.

Je mozné, Ze tento typ skusky by sa mohol osvedg¢it v buddcnosti aj v dalich
tuneloch na uréenie dynamiky pohybu dymovej zény pri réznych aerodyna-
mickych podmienkach tunelovych rar a spésoboch ich vetrania.

from the place of the opened distribution valves. In case the fans were operating,
dispersion of smoke would proceed according to expectations (see Chart 2). As
soon as the defects appeared, smoke began to very quickly move in direction of the
natural air current. Failure of the fans lasted for 26 min. During this time, the smoke
zone reached 2 853 m (!) of tunnel length and in times of greatest length covered
almost 60 % of the entire tunnel length. For the observers in the tunnel, eastern face
of the smokescreen had a formidable effect. Boundary between the clean air and
smoke zone was relatively sharp while it was possible to see the moving opaque
and at the same time intangible smokescreen. This smokescreen moved with a
speed of 2,1 m.s™ in the eastward direction and stopped about 570 m away from the
tested place. After a minute of stagnation it retreated back to the west, but as a result
of the switched off fans it stopped and again took the eastward course with an ave-
rage speed of 1,7 m.s’. It was moving in this direction for about 26 minutes. The
smoke immediately reacted to the fans being switched on again and began to move
towards central valves near the TVC, through which it was sucked further through
the CSO into the atmosphere. Generation of the smoke took 30 minutes, but the last
remains of smoke left the tunnel tube at 1 hour 10 min into the test.

Movement of the smoke zone in time and space is graphically depicted on Chart 2,
where we can see the complicated movement of the eastern face as well as posi-
tion of the western face which at the time of smoke generation remained at the test
place, after the ceased generation of smoke it moved towards the suction place in
the emergency niche EN no. 3 while after reaching the EN 3 it was further formed
by the smoke retreating from the east. Distances in km represent distances from
the zero kilometer of the motorway section as stipulated by the design.

It is interesting to compare Charts 2 with Chart 3, which illustrates speeds and
directions of air currents as recorded by the air current sensors. Their positions
are depicted on a scheme left of the chart.

Among other this test proved, how dangerous the tunnel would become if the
fire ventilation failed. Speeds of movement of eastern face of the smoke zone
were slightly higher than in the previous test and corresponded to a fire area
between 38 m?and 470 m? (for speeds between 1,7 m.s’ and 2,1 m.s").

GENERAL CONCLUSIONS

Although the attributes of smoke from smoke bombs did not match more attribu-
tes of combustion products developed by a real fire, all three described tests have
submitted a good deal of unique, practical as well as interesting information.
First phase of the test practically verified several scenarios of smoke spreading
- penetration of smoke through the closed fire door of the subsidiary switching
room into the tunnel tube, penetration of smoke through closed dampers of the
power station into the TVC corridor and its movement in the exit ways, demon-
stration of release of a large amount of smoke by opening the fire door (regard-
less whether the door to the subsidiary switching room or to the power station),
demonstration of transfer of a large amount of smoke from the TVC into the
emergency niche in the tunnel tube by opening the fire gate of the TVC.

Tests in the tunnel tube submitted with a 1:1 ration almost a real picture of the
expansion of smoke through the tunnel under different (also unexpected) con-
ditions. However, it is necessary to emphasize here that these tests do not sug-
gest anything about the expansion of invisible gases produced by combustion,
namely the carbon oxide (CO) and carbon dioxide (CO,).

Physiological attributes of the smoke from smoke bombs allowed to enter
directly into the smoke zone without the use of breathing apparatuses, or pro-
tective masks, as there was no health danger. Participants of the test including
the rescue units had the ability to directly enter the smoke zone and to try out
how fast can a person lose orientation in a room with zero visibility. For instan-
ce it was discovered that within heavy smoke separate lights of the fire illumi-
nation could be detected only up to distance of several centimeters while their
(dispersed) light up to distance lower than 1 m!

On top of the frame of preparations, test no. 3 verified ability of the personnel
to operatively change the suction according to existing conditions (extent of the
smoke zone was such that more effective suction could be achieved by means
of opening the central valves of ventilation in the EN no. 3 in distance 1 800 m
away from the test place).

By means of calculations it was possible to transform the output of the
smoke bombs to probable extents of fires in the individual tests. Despite its
low accuracy, such transformation still submitted some illustration of the
relation between the area of fire and its expansion as well as general beha-
vior of smoke in the tunnel tube. It is desirable to mention that the test was
not a scientific experiment, but rather an orientational illustrative applicati-
on of smoke bombs in the tunnel with limited ability to influence attributes
of the used smoke.

It is possible that in the future such type of tests could prove useful also in other tun-
nels in order to determine the dynamics of movement of the smoke zone under vari-
ous aerodynamic conditions in tunnel tubes and the methods of their ventilation.
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SEIZMICKY MONITORING TUNELA SITINA

SEISMIC MONITORING OF SITINA TUNNEL
Mgr. ZUZANA PAUCOVA, TAISEI CORPORATION

Dlhodobou prioritou hlavného mesta Slovenskej republiky, Bratislavy, je
odlahg¢it vyrazne sa zvySujlce dopravné zatazenie mestského komunika¢ného
systému. Jednym z rieSeni je aj vystavba dialniénych usekov na Gizemi mesta,
ku ktorym v tejto dobe patri budovanie Casti dialnice D2 Lamacska cesta -
Staré Grunty s celkovou dizkou 3,2 km.

Tunel Sitina, ako ¢ast projektu dialnice D2, patri k tunelom budovanym v oby-
vanej, mestskej ¢asti. Je nielen na ociach Sirokej verejnosti, ale konstrukénymi
pracami, ktoré na flom prebiehaju aj viac-menej zasahuje do kazdodenného
Zivota obyvatelov mesta. Tomu sa sice neda vyhnut, avSak tieto vplyvy sa daju
korigovat a minimalizovat.

Jednou z neoddelitelnych sucasti tunelovej metody NRTM, pouzivanej pri budo-
vani tohto 1,4 km dlhého tunela, st trhacie prace, pomocou ktorych rychlo napre-
duje razenie. Jednym z neZiaducich G¢inkov tychto prac su seizmické viny, ktoré
sa $iria geologickym prostredim a pdsobia na okolité stavebné objekty.

SEIZMICKY MONITORING

Cielom seizmického monitoringu je urcit dynamické zataZenie jestvujucich sta-

vebnych objektov od trhacich prac pri vystavbe tunelovych rur a upresnit

postup trhacich prac so zamerom predist pripadnym skodam na tychto objek-

toch. Vykonéava sa pred a subeine s razenim tunelovych rir a pozostava

z nasledujucich ¢innosti:

1. Klasifikacia objektov z hladiska seizmického zatazenia a dovolenych ucinkov vibracii

2. Realizécia skuSobnych odstrelov a merania rychlosti kmitania a vibracii na
uréenych objektoch a referenénych stanoviskach

3. Vyhodnotenie skiSobnych odstrelov a uréenie st¢initefa prenosu energie
geologickym prostredim "K" pre jednotlivé ekvivalentné hmotnosti nalozi
a vzdialenosti od taZiska odstrelu. Z uréeného "K" sa vypocitaju rychlosti
kmitania podloZia objektov a ur€ia sa pripustné mnozstva trhavin pre jed-
notlivé objekty

4. Vlypracovanie projektu trhacich prac (dodéavatel trhacich prac a jeho Specialista)

5. Uréenie objektov pre monitoring seizmickych uéinkov

6. Navrh spracovania zaznamenanych dat monitorovacieho systému

7. Instalacia monitorovacieho systému na uréenych objektoch

8. Odcitavanie, spracovavanie udajov, ich vyhodnotenie

PODROBNEJSi POPIS MONITORINGU

Postup ¢innosti m6zeme zhrnat do nasledujucich kategorii:

1. Klasifikacia objektov z hladiska seizmického zataZenia pozostava zo:

a) Zatriedenia objektov do tried vyznamnosti podfa STN 73 0031

b) Zatriedenia objektov do triedy odolnosti podla STN 73 0036

¢) Uréenia maximalnych pripustnych rychlosti kmitania pre jednotlivé objekty
podfa tabulky STN 73 0036, podla prevadzkového hladiska (uri uZivatel
objektu) alebo podfa nariadenia vlady SR ¢. 40/2002 Z.z. o ochrane zdravia
pred hlukom a vibraciami. Podla tohto nariadenia su najvyssie pripustné
hodnoty zrychlenia vibrécii na celé telo s trvanim najviac 10 min a = 4,16 m.s’
¢o zodpoveda pri frekvenénom spektre 5 az 50 Hz rychlosti 832 aZ
83,2 mm.s2 Pre naro¢nl dusevnu ¢innost je korekény sucinitel 0,1 z ¢oho
vychdadzaju rychlosti od 83,2 po 8,32 mm.s™.

d) Doplnenia maximalnych pripustnych rychlosti kmitania pre jednotlivé
objekty z prevadzkového hladiska podfa udajov ich uZivatelov.

- ——

Obr. 1 Dialniény tunel v zastavenej oblasti
Fig. 1 Highway tunnel in urban area

The long-term priority of Slovak capital city, Bratislava, is to reduce rapidly growing
traffic burden of the city road system. One of the solutions is the construction of
highway sections in the city area, among which the D2 Motorway Lamacska Cesta
- Stare Grunty currently belongs. The total length of this project is 3.2 km.

The tunnel Sitina, as a part of the D2 Motorway project, is being executed in an
urban area. It is a distinctly visible construction site for the public and it also
makes some influence upon the every day's life of the people. This situation
cannot be avoided, but all this influence can be corrected and minimized.

One of inseparable parts of the NATM used at the construction of this 1.4 km long tun-
nel are drill-and-blast operations, helping to the excavation progress. There occurs the
undesirable influence of this work called seismic waves, which are spread through the
geological environment and make influence to the surrounding structures.

SEISMIC MONITORING

Seismic monitoring is directed towards the determination of dynamic loading

imposed on existing buildings due to the blasting performed at construction of

tunnels, and specification of blasting procedures preventing any potential

damage to these structures. It will be carried out before and concurrently with

the tunnel excavation, and will consist of the following activities:

1. Classification of structures in terms of seismic loading and the allowed effects
of vibrations.

2. Execution of test blasting and measurement of oscillation and vibration rates
in specified structures and at reference sites

3. Evaluation of test blasting and determination of an energy transfer coefficient
through geological environment "K" for individual equivalent weights of blas-
ting charges and distances from the centre of the blasting. The specified fac-
tor "K" is used for the calculation of the oscillation rates of the structure sub-
grade and determination of the permissible volumes of explosives

4. Development of the blasting design (blasting contractor and their specialist)

5. Specification of structures intended for the permanent monitoring of seismic
effects, design of the instrument arrangement, its interaction and the selecti-
on of instrument components

6. Proposal of software intended for the control and processing of the data
recorded by the multi-channel monitoring system

7. Installation of the monitoring system on specified structures

8. Reading, processing, recording and evaluation of the data

DETAILED DESCRIPTION

The sequence of operations can be grouped in the following categories:

1. Classification of structures in terms of their seismic loading consisting of:

a) Categorization of structures into importance classes according to STN 73 0031

b) Categorization of structures into resistance classes according to STN 73 0036

c¢) Specification of the maximum permissible oscillation rates for individual
structures according to table STN 73 0036, from an operation point of view
(stated by the building user) or according to the Decree of the Government of
the Slovak Republic, No. 40/2002 (Coll.), on health protection against noise
and vibrations. According to this Decree there are the highest allowable valu-
es of acceleration of vibrations for a body with duration less than 10 minutes

PRT -
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Obr. 2 Zéna vplyvu trhacich préc pri ekvivalentnej néloZi 123 kg
Fig. 2 Zone of influence of blasting at equivalent charge of 123 kg
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Obr. 3 Seismicky monitoring
Fig. 3 Seismic monitoring

e) Odsuhlasenia uréenych zatriedeni a pripustnych rychlosti a frekvencii
s vlastnikmi, respektive uZivatelmi objektov.
Podla ¢lanku 8.4.4. STN 73 0036 je mozné vzdialenost stavebného objektu
urcitej triedy odolnosti a pripustného stupfia poskodenia od miesta odstre-
lu priblizne ur¢it podla vzorca
= Ky.mgy*

Kde K a Ko st koeficienty z tabulky ¢. 19 STN 73 0036. Pre v3etky triedy
odolnosti a nulovy stupef poskodenia (najprisnejSie kritérium) a pre ekvi-
valentnt néloZ mg,, do 1000 kg je K1=15 a K9=0,666. Pre ekvivalentni néloz
123 kg je potom vzdialenost | = 322 m. Tym padom sa vypracuje klasifikacia
vsetkych objektov do tejto vzdialenosti od osi tunelovych rur.

2. Dolezitymi objektmi z hladiska vyznamu a moznosti vplyvu G¢inku trhacich

prac su okrem inych aj regulaéna stanica plynu a trafostanica v blizkosti juz-
ného portalu, ktoré st zahrnuté do merania rychlosti kmitania pri ski$ob-
nych odstreloch.
Skusobné odstrely sa realizujui po odkopani svahu aZ po zdravud horninu.
V kalote tunela sa najprv odstreli naloz s hmotnostou cca 10 % z plano-
vanej hmotnosti pre samotny odstrel kaloty (€. 8.4.3.1 STN 73 0036)
a meraju sa hodnoty rychlosti kmitania na referen¢nych miestach. Dal-
Sie tri odstrely sa realizuju so zvy$ovanim néloZe az po maximalnu pla-
novanu velkost pri odstrele kaloty pokial namerané hodnoty rychlosti
kmitania neprekrocia dovolené.

3.V ramci vyhodnotenia skusobnych odstrelov sa pre jednotlivé velkosti nalo-
Ze a namerané rychlosti kmitania uréi "K" podla vzorca

K = u (1000.1/mg, )

Spatne z uréeného "K" sa vypocitaju rychlosti kmitania a porovnaju s povo-
lenymi pre prislusné objekty. Z toho budt znéme pripadné obmedzenia
mnozstva trhavin.

4. Podla vyhodnotenia skiSobnych odstrelov a zaradenia objektov si dodava-
tel trhacich prac upravi projekt trhacich prac.

5. Podla zisteného "K" a dovolenych rychlosti kmitania na jednotlivych objek-
toch sa uréia a s uzivate/mi odsuhlasia referencné miesta pre meranie rych-
losti a frekvencie kmitania. Spracuje sa navrh merania a vyhodnocovania
merani.

6. Nainstaluju sa meracie pristroje, budu prebiehat merania a na ich zéklade -
v pripade nameranych hodnét bliZiacich sa pre jednotlivé objekty limitnym
hodnotam, sa budu spatne upravovat projekty trhacich prac.

REALIZACIA SKUSOBNYCH ODSTRELOV

Na zaklade vzdialenosti od trhacich prac a stavebného stavu objektov bolo
vybranych 5 najviac ohrozenych objektov od trhacich prac: obj. ¢. 2 Trafosta-
nica, obj. ¢. 65 Sukromny dom, obj. ¢. 66 Stkromny dom, obj. ¢. 24 Chemické
laboratérium SAV, obj. ¢. 4 Koniaref v zoo. (Obr. 2)
Na vybranych 5 objektoch bola uréena trieda odolnosti objektu, geologické
pomery a na ich zaklade maximalna dovolend rychlost kmitania, pri ktorej
nedojde:
- k prvym prejavom 8kod,
- ku zvéacésenim uz jestvujucich, pricom sa prihliadne k uz publikovanym pra-
cam pre tuto lokalitu.
Z vysledkov sa zostavi ndvrh trhacich prac a im odpovedajica mapa izose-
ist, ktora sa bude upravovat s postupom razby. Na zaklade mapy izoseist sa
vyberu objekty, u ktorych je predpoklad ich monitorovania, urobi sa ich
zacGiatocna - nulova pasportizacia, na konci sa znovu spasportizuju a jed-
notlivé stavy sa porovnaju. Okolo tunela, vo vybranych objektoch, sa roz-
miestni 5 pristrojov, ktoré budu kontinualne monitorovat seizmické otrasy
vzniknuté trhacimi pracami v tuneli. Navazne na postup prac sa tieto pri-
stroje budu presuvat s liniou ¢elby na vopred odhadnuté objekty mozného
vplyvu konstrukénych préc.
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a = 4.16 ms? which corresponds with a speed of 832 to 83.2 mms’ in frequ-
ency range 5 to 50 Hz. A corrective coefficient 0.1 is used for demanding intel-
lectual work, then the speed gets to 83.2 to 8.32 mms’

d) Addition of maximum admissible speed of vibration for each structure from
the operating point of view according to the data of their users

e) Adjustment of specified classifications and permissible rates and frequencies
with the owners or users of individual structures
According to the section 8.4.4 of STN 73 0036, it is possible to approximately
specify the distance of a building of a certain class of resistance and permis-
sible level of damage, from the point of blasting, according to the formula:

I=Kpmg,®

where Ki and K: represent coefficients from table No. 19 of STN 73 0036. Ki=15
and K>=0.666F for all of the resistance classes and zero level of damage and for
the equivalent charge my,, up to 1000 kg. For an equivalent charge of 123 kg, the
distance is | = 322m. Classification of all of structures found within the specified
distance from the centre line of the tunnel tubes is carried subsequently.

2. Important, among other structures included in the measurement of vibration

speed generated by trial blasting, is a gas regulation station and transformer
station nearby the southern portal.
Trial blasting is executed after excavation of the slope and reaching hard
rock. A charge of approximately 10% of the weight designed for the calotte
(art. 8.4.3.1 STN 73 0036) will be blasted in the calotte of tunnel, and vibrati-
on values will be measured at reference points. Another three blasts are exe-
cuted by increasing of the charge weight until the measured values of vibra-
tions cross the allowable ones.

3. Within the evaluation of the test blasting, the "K" is determined for individual volu-
mes of me., and measured oscillation rates according to the following formula:

K = u. (1000./mg,,)

In reverse, the specified factor "K" is used for the calculation of the oscillation
rates and these are then compared with the permissible rates for the individual
structures. This will show any potential limitations of the volume of explosives.

4. On the basis of the evaluation of the test blasting and the classification of
structures, the blasting contractor develops the blasting design.

5. The reference places intended for the permanent measurement of rates and frequ-
encies of vibration is specified and approved with the users according to the speci-
fied factor "K" and the allowed oscillation rates in individual structures. The design
of measurement and evaluation of the measurements is going to be developed.

6. Measuring instruments will be installed; the measurements and the proces-
sing of the recorded data will be prepared. In the case of measured values
meeting the limitatis, the blasting design will be modified.

EXECUTION OF TRIAL BLASTING

Based on the distance from the trial blasting point and structural state of the
buildings, the following five objects most endangered by the blasting were cho-
sen: obj. No 2 Transformer station, obj. No 65 Private house, obj. No 66 Private
house, obj. No 24 Chemical laboratory SAS (Slovak Academy of Sciences), obj.
No 4 Horse stable in ZOO. (see Fig. 2)
For those 5 structures selected for the monitoring, the class of building resi-
stance, geological conditions were determined, as well as maximum allowed
vibration rate still preventing:
- initial signals of damage
- worsening of the existing damage, taking into account already published
papers for this site
Based on the values measured during the trial blasting, a blasting design draft and
corresponding map of isoseismic lines will be elaborated and later modified accor-
ding to the tunnel progress. Based on the map of isoseismic lines, the buildings that
need further monitoring will be selected, and zero passport certification will be ela-
borated. At the end of the blasting operations, a final passport certification will be ela-
borated, and both documents will be compared. Around the tunnel, 5 instruments
will be installed in the selected buildings. These instruments will continuously moni-
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PRISTROJE A ICH UMIESTNENIE

Trojzlozkové snimace rychlosti kmitania budd umiestnené v stlade s STN
73 0036 na zakladovej konstrukcii objektu alebo v blizkosti ohrozenych pri-
strojov. Na uréenych miestach musia byt splnené nasledujice podmienky:
majitel suhlasi s meranim oproti Uhrade el. energie, na mieste bude pripojka
220V, majitel umozni pravidelny zber dat a pristroj bude chraneny proti pove-
ternostnym vplyvom a odcudzeniu. Prahova rychlost kmitania, pri ktorej vib-
rograf vykona zaznam je 0,4 mm.s" (pri vy$$ej citlivosti by bol pristroj ¢osko-
ro zahlteny meranim Sumu). Na najohrozenejSom mieste je k seizmogramu
pripojeny modem, ktory cez vybrany server rozosle po odstrele e-mail
o vysledku merania: na stavbu, zhotovitelovi a spolo¢nosti vykonavajucej
meranie. Data st odoberané tyzdenne, odovzdavané v elektronickej podobe
zhotovitelovi a znalcovi k dalSiemu spracovaniu. Miesta merania sa v priebe-
hu vystavby budu menit podla potreby (obr. 3).

VYHODNOCOVANIE MERANIA

Namerané data budu porovnéavané s uréenymi limitnymi rychlostami kmitania
pre konkrétne stanoviSte a budi mesaéne vyhodnocované na zéklade doda-
nych parametrov odstrelov ako su:

a) Casovanie odstrelov

b) zéberov a vzdialenosti medzi vrtmi pre néloZe

c¢) velkosti néloZe na ¢asovy stupen

d) celkovej néloze

e) postupov

Znalec z tychto parametrov, zdznamov odstrelov, geologickych pomerov

a skusenosti, po dohode s geolégom stanovi:

a) maximalnu naloZ na ¢asovy stupefi a jej odpovedajucu vrtnd schému
s 95% pravdepodobnostou, Ze na najbliz§ich objektoch nebudl prekrocené
limitné rychlosti kmitania

b) miesta, kde nasledkom zhor$enych geologickych podmienok moze dojst k véc-
Siemu prenosu seizmickej energie - budu sem premiestnené seizmografy

¢) zmeny zéberov, pouZitie spozdenych (milisekundovych) rozbusiek, velkost
naloze, aby €o najviac energie vybuchu bolo vyuZité na rozpojenie horniny,
nie na seizmické ucinky

Zistenie maximalnych ekvivalentnych naloZi na ¢asovy stuperi:

Na zéklade 95% pravdepodobnosti (5 % je neistota a odchylka merania) boli

podla skusobného odstrelu z juzného portalu stanovené maximalne ekviva-

lentné néloZe na asovy stupen tak, aby neboli prekrocené kritéria hrani¢nych
rychlosti kmitania zaru€ujtcich vyluéenie vzniku prvych zndmok $kod:

a) milisekundové faza: 9 kg trhaviny pre vzdialenost od odstrelu 125 m

b) Casova faza: 15 kg trhaviny pre vzdialenost od odstrelu 125 m

c) maximalna celkové néloz: 280 kg trhaviny

ZAVER

Aktudlny stav seizmickych merani je zachyteny na obrazku 4 a mapuje zavis-
lost rychlosti vibracii od mnoZstva trhavin pouZitych pre €asovy stupef.
K dne$nému diiu sa mnozstvo trhavin znizovalo iba raz, pricom to nebolo
z dovodu seizmickych ucinkov, ale hlu€nosti a postupne s postupom raziacich
prac sa menia aj stanovistia uloZenia pristrojov na meranie seizmicity.

Na zaklade komplexného vyhodnotenia seizmického monitoringu vieme pres-
ne povedat a zhodnotit vplyv trhacich prac na okolité objekty, korigovat mnoz-
stva trhavin a tym pomaéct udrzat tieto objekty neporusené.

POUZITA LITERATURA:

Terraprojekt, a. s. - Seizmicky monitoring, technickéa sprava
Geo-Technic-Consulting, spol. s r. 0.- Mesa¢na sprava seizmického monito-
ringu a akustiky
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Obr. 4 Zavislost rychlosti vibracii od mnozstva trhavin (Gnor 2004)
Fig. 4 Amount of explosives / velocity (February 2004)
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tor seismic vibrations generated by the blasting in the tunnel. Consecutive to the pro-
gress of works these instruments will be moved along with the advancing tunnel
excavation, to the buildings estimated as affected by blasting. (see Fig. 3)

INSTRUMENTS AND THEIR LAYOUT:

Three-component sensors of oscillation rate will be deployed in accordance with
STN 73 0036 at the building foundation or in vicinity of the endangered instruments.
The following conditions have to be met on determined measurement sites at the
selected buildings: the owner agrees with measurement against reimbursement of
consumed electricity, 220 V electricity socket is available, the owner will allow regu-
lar data acquisition and the instrument will be protected against weather and theft.
The threshold oscillation rate when the vibrograph takes a record will be 0.4 mm.s’
(with lower sensitivity, the instrument would be soon overloaded with noise measu-
rements). A modem will be connected to the seismograph in the most endangered
place. This modem will send out an e-mail containing measurement results after the
blasting to the construction site, to the contractor and to the measurement perfor-
ming company. The data is downloaded weekly and handed over to the contractor
and the expert in the electronic form for further processing. The measurement loca-
tions will be changed during the construction period as necessary.

MEASUREMENT EVALUATION:

The measured data will be compared with limiting oscillation rates determined

for the measurement station, and will be monthly evaluated based on the blas-

ting parameters:

a) timing of blasting

b) depths and pitches of the charge holes

¢) blasting charge weight per delay

d) total charge

Following consultation with blasting engineer and geologist, a dedicated expert

will determine, from the above parameters, blasting record, geological conditi-

ons and experience:

a) Maximum charge weight per delay and corresponding drilling pattern with 95% pro-
bability that limiting oscillation rates will not be exceeded at the nearest building

b) Locations where higher transfer of seismic energy can take place because of
deteriorated geological conditions (aquifer faults); the seismographs will be
moved to the these places if the danger continues

¢) Changes of depths, use of detonator delays, weight of charges so that as
much explosion energy as possible is used for rock breaking rather than for
seismic effects

Ascertainment of maximum equipollent blasting charge for delay:

Based upon 95% probability (5% is uncertainty and deviation of measurement),

maximum equivalent charges from south portal were determined per delay so

that the criteria of limiting oscillation rates were not exceeded, assuring pre-

vention of development of the first signals of damage:

a) millisecond phase: 9 kg of blasting charge for a distance of 125m from the blasting

b) time phase: 15 kg of blasting charge for a distance of 125m from the blasting

¢) maximum total charge: 280 kg of blasting charge (Picture No 4)

CONCLUSION

The actual state of seismic measurement is recorded in the picture No 4. It
shows the dependence of the vibration speed and the amount of explosives for
delay. The reduction of the explosives amount was done just once as far and the
reason was not the vibration influence but noise. Changes of measurement instru-
ments positions are carried out along with the advancing tunnel excavation.
Based on the comprehensive evaluation of seismic monitoring we can exactly express
and appraise the influence of blasting operations upon the surrounding structures,
adjust the amount of explosives, thus to help to keep these structures undamaged.

REFERENCES:

Terraprojekt, a. s. - Seismic monitoring, technical report
Geo-Technic-Consulting, spol. s r. 0.- Monthly report of seismic monitoring and
acoustic pressure
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GEODETICKE MERANIA PRI VYSTAVBE TUNELA SITINA

SURVEY SERVICES AT THE SITINA TUNNEL CONSTRUCTION
ING. PETER FERANCIK, BANSKE STAVBY, a. ., PRIEVIDZA, ING. MILAN MIKOLAS, VSB-TU OSTRAVA

1. UvoD

Jednym z problémov v rieseni dopravnej situacie dialniéného obchvatu Brati-
slavy je Usek, ktory rie$i prepojenie dialnice D2 smerom na Brno. Kritickym
miestom tohto useku je krizovatka na Patrénke. Z tohto dévodu sa pristtpilo
v roku 2003 k vystavbe spomenutej dialnice D2 Lamacska cesta - Staré grun-
Sitina prechadzajlci pod arealom bratislavskej zoo.
Tunel Sitina sa skladé zo zapadnej tunelovej riry v dizke 1 440 m, z toho razeny
tsek predstavuje 1 189 m a 251 m pripada na hibené tunely na severnom a juz-
nom portéli a vychodnej tunelovej riry v dizke 1415 m, pri¢om razeny sek pred-
stavuje 1159 m a 220 m pripada na hibené tunely na severnom a juznom portali.
celky:
- Geodetické merania pri usmerniovani razenia, zameriavani skuto¢ného
stavu primarneho ostenia a reprofilacii tunela
Budovanie zékladnej a podrobnej vytycovacej siete v tuneli
- Geotechnické merania

2. GEODETICKE MERANIA PRI USMERNOVANI RAZENIA,
ZAMERIAVANI SKUTOCNEHO STAVU PRIMARNEHO
OSTENIA A REPROFILACII TUNELA

2.1 GEODETICKE MERANIA PRI USMERNOVANIi RAZENIA

Usmerriovanie razenia je vykonavané za pomoci liniovych laserov ako aj auto-

matickym vytyCovacim laserovym systémom (AVLS), v tunelarskej branzi

nazyvanym aj motorlaser.

Pri usmerfiovani razenia prvym sposobom, ¢ize za pomoci liniovych laserov sa

Uspesne pouziva metdda diferencovania projektu tunela na tri zlozky, ktoré

definuju jeho tvar a umiestnenie v priestore.

Su to tieto zlozky:

- polohovy priebeh osi tunela,

- vyskovy priebeh osi tunela,

- prislusny priecny profil tunela podla projektu (pripadne zmena prie¢neho
profilu).

Spomenuté tri zlozky jednoznacne definuji vacsinu geometrickych paramet-

rov tunela, pretoze je to liniova stavba.

S vyrazny efektom je v tejto fazi pouzivany program pre geodeticky pristroj

- elektronicky tachymeter - takzvana referenc¢na priamka, pripadne novsi

produkt ,Roadline”. Idea tohto programu je nasledovna: os tunela, ktora je

tvorend kontinualnou krivkou zloZzenou z useciek, oblikov a klotoidickych

prechodnic rozdelime na rovnaké useky (napr. 10,00 m) a nahradime ju

lomenou ¢iarou s vrcholmi na skutoénej osi. Ak dodrzime pri tom zésadu,

giea
I Ve o i Ml -

Obr. 1 Ukazka vytycovacieho protokolu
Fig. 1 Example of setting out record

1. INTRODUCTION

One of problems encountered when solving the traffic situation of the Bratisla-

va bypass motorway is a section solving interconnection of the motorway D2

heading towards Brno. A critical point of this section is the Na Patrénke inter-

section. For that reason a decision was made to start the D2 motorway section

from Lamacska Cesta to Staré Grunty in 2003. One of the most important struc-

tures along the route is the twin-tube motorway tunnel SITINA, passing under

the Bratislava ZOO area.

The SITINA tunnel consists of the western tunnel tube (1440 m long, out of this

length 1 189 m mined section, 251 m cut -and-cover sections at the northern and

southern portal) and 1 415 m long eastern tunnel tube (1 159 m mined, 220 m

cut-and-cover sections at the northern and southern portal).

Survey services provided at the SITINA tunnel construction can be divided into

three major complexes:

- Survey for the excavation guidance, primary lining as-built survey, and re-
profiling of the tunnel

- Establishment of basic and detailed setting out nets

- Geotechnical measurements

2. SURVEY FOR THE EXCAVATION GUIDANCE, PRIMARY
li'Il.IIVI(II)I\IGE I:AS-BUILT SURVEY, AND RE-PROFILING OF THE

2.1 SURVEY FOR THE EXCAVATION GUIDANCE

The excavation guidance is conducted using line lasers or an automatic survey

laser system (ASLS), called in the tunnelling branch also "motorlaser”.

When the former guidance procedure is used, i.e. using line lasers, a method is

applied successfully differentiating three components of the tunnel construction

defining its geometry and position in space. These are the following components:

- horizontal path of the tunnel centre line,

- vertical path of the tunnel centre line,

- relevant tunnel cross section according to the design (or a change of the cross
section).

The above-mentioned three components define unanimously most geometrical

parameters of the tunnel, as a tunnel is a linear structure.

A significant effect has been achieved in this phase by application of softwa-

re for the surveying instrument (electronic tacheometer), known as a "Refe-

rence line", or a newer product "Roadline". This software is based on the fol-

lowing idea: the tunnel centre line, which is a continual curve consisting of

intercepts, curves and clothoidic transition curves, is divided into equal sec-

tions (e.g. 10.00 m), and replaced by a polygonal line with points of traverse

found on the actual centre line. If we adhere to a rule that the spacing of the

centre line division is adjusted to correspond to the ends of the secondary

lining pouring sections, the polygonal line is the real central axis of the internal

lining of the tunnel to be built.

Then the break points of the line defined by co-ordinates - x, y, z can be

downloaded to the computer of the surveying instrument and, subsequent-

ly, during the surveying, any two points will create a reference line that each
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Obr. 2 Ukazka vytycovacieho protokolu pri pouZiti AVLS - motorlasera
Fig. 2 Example of setting out record at application of ASLS - motorlaser
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e vzdialenosti delenia osi odpovedaju aj koncom blokov buduiceho sekun-
déarneho ostenia, tato Ciara je skutoéné os vnutorného ostenia budiceho
tunela.

Lomové body &iary definované stradnicami - x, y, z potom moézeme uloZit do
paméti geodetického pristroja a nasledne, pri merani, ktorékolvek dva body
vytvoria referenénu priamku, na ktort je transformovany kazdy potrebny
zamerany bod, pri€om sa na displeji okamZite zobrazuju relativne ortogonéle
sUradnice zameraného bodu vzhladom k referencnej priamke. Takymto spdso-
bom je vyty€enie napriklad vSetkych zaistovacich znadiek ako aj konzol pre
montadZ usmerfiovacich laserov rychlou a jednoduchou operéaciou, pretoZe
zaistovacie znacky laserového li¢a st okamZite vytyCované do rovnakej vysky
a potrebnej polohy vzhfadom k osi, ¢im odpada neskorsi vypocet vyskovych
rozdielov od laserov do meraéskych protokolov.

Pri pouZiti liniovych laserov st zoradené vSetky potrebné hodnoty pre nastavenie
laserového IG¢a a osadenie vystuzného obllka primarneho ostenia do projekto-
vanej polohy vzhladom k laserovému lG€u do prehladného protokolu
a odovzdané do prevadzky. Ukazka vytyCovacieho protokolu je na obréazku 1.

Tak isto efektivne sa vyuZiva tento program nielen pre vytyéovanie stanicenia
tunela, ale aj v8etkych dal$ich objektov v tuneli, pretoZe poloha kazdého bodu
v tuneli je jednozna€ne uréend stani¢enim a vzdialenostou od tunelovej osi
(prie€nym profilom).

Popri usmerfiovani za pomoci liniovych laserov je vyuZivany aj automaticky
vytyCovaci laserovy systém AVLS - uz spominany matorlaser.

Princip merania s motorlaserom spociva vo vyty¢ovani referenénych bodov prie¢-
neho profilu, ku ktorym st vztiahnuté diferencie k vystuzovaciemu obltku primér-
neho ostenia (obr. 2). Referencné body maju jednu zakladnl vlastnost - maju po
celej dizke tunela rovnakd polohu (profilové stradnice) vzhladom k osi tunela, a vo
vytyéovacom protokole sa menia len vzdialenosti od vystuzného obluka (obr. 2).
Je treba poznamenat, Ze s nasadenim AVLS na tuneli Sitina mame od zadi-
atku dost problémov, predov§etkym z dévodu neustéle sa meniacej vzdia-
lenosti medzi ¢elbou kaloty a stupfia. Spomenutd skutocnost do znacnej
miery komplikuje efektivne nasadenie AVLS - matorlasera, pretoZe pri jeho
umiestneni v kalote je potrebna (z dévodu ochrany pred trhacimi pracami
v kalote a na stupni) dizka kaloty aspoi 100 m. Organizacia prac ovplyvne-
na zloZitostou geologickych pomerov si v8ak vyzaduje ¢asti zmenu postupu
prac v kalote a na stupni a tak dizka kaloty neustale osciluje od 40 do 100 m.
Tato skuto¢nost znemoziiuje nasadenie AVLS- motorlasera do kaloty, ale aj za
stupen, pretoZe pri vzdialenosti nad 150 m (50 za stupen) sa vyrazne zniZuje
presnost vyty¢ovanych bodov v ¢elbe kaloty pri jeho menej preciznom nasta-
veni na kontrolné body.

Ur¢ité zlepSenie prinesie nasadenie druhého kompletu novej generacie AVLS
- motorlasera v najbliz§ich diioch (v ¢ase vyjdenia prispevku uz bude nasade-
ny). Tento je zloZeny z novej rady motorizovanej totalnej stanice Leica TCRM
1105 so zabudovanym diédovym laserom, ktory ma vy3Siu svietivost a tym aj
dosah, a z novej generécie softwaru fy GEOID (SRN) a ovladacieho pocitaca
umoziujuceho dialkové ovladanie totalnej stanice za pomoci radiového spo-
jenia riadiaceho pocitaca s totalnou stanicou a ,handheldom” (ruénym mini-
pocitatom), ktory bude mat obsluha priamo v celbe. Ovladaci pocitac je
vyrobkom firmy SOFA Prievidza (obr. 3).

Spomenuta zostava umozni nasadenie AVLS aj za pracovisko stupia, a tym aj
vyty€ovanie na vacsie vzdialenosti z dévodu presnejSieho nastavenia na vzdia-
lenejsie kontrolné body. Pri tomto umiestneni bude tieZ moZné sicasne vyuZi-
vat AVLS tak pre razenie ako aj reprofilaciu tunela.

Vyty&ovacie prace mierne skomplikovalo razenie vo vyrubovej triede 5, tj. pod
ochrannym dazdnikom. Vrty ochranného dazdnika boli odvftavané klasickym
vrtnym vozom bez funkcii automatizovaného vrtania. Naznacenie Ustia vrtov
na ¢elbu bolo aj vdaka pouZitiu programu ,referenéna priamka” mensim pro-
blémom. Vaésim problémom bolo usmernenie smeru a sklonu lafety, ktory bol
pre kazidy vrt rozdielny. Tento problém bol efektne vyrieSeny umiestnenim

Obr. 3 Komplet AVLS - motorlasera novej generacie
Fig. 3 New-generation ASLS - motorlaser set

required surveyed point is transformed to, while relative (to the reference
line) orthogonal co-ordinates of the surveyed point are displayed immedia-
tely. This method makes setting out, for instance, all witness marks or brac-
kets for mounting the guidance lasers, a quick and simple operation. This is
because the witness marks of the laser beam are immediately set out to
equal height and required position with reference to the centre line. Thus a
subsequent calculation of height differences in survey records becomes
unnecessary.

When line lasers are used, all values needed for setting the laser beam and instal-
lation of the primary lining support arches into the designed position with refe-
rence to the laser beam are arranged in a comprehensive record and handed over
to the operation. An example of a record of setting out survey is shown in Fig. 1.
The same efficiency is achieved when this software is used for setting out the
tunnel chainage, abut also all other structures in the tunnel, because the positi-
on of any point in the tunnel is explicitly determined by chainage and the distan-
ce from the tunnel centre line (cross section).

Apart from line lasers, the guidance is also conducted using the automatic sur-
vey laser system ASLS, i.e. the above mentioned motorlaser.

The motorlaser-based setting out survey lies in setting out reference points of a
cross section, with relevant determined differences related to the primary lining
support arch (see Fig. 2).

The reference points have one basic property: their position (profile co-ordina-
tes) with reference to the tunnel centre line is equal along the entire tunnel
length, and only distances from the support arch vary.

It must be noted that we have had quite a lot of problems about the appli-
cation of the ASLS to the SITINA tunnel excavation, mainly due to perma-
nently changing distance between the top heading and bench excavation
faces. The above-mentioned fact complicates significantly effective deploy-
ment of the ASLS, the motorlaser, because a minimum distance of 100 m is
needed for its installation at the top heading (to be protected against dama-
ge due to blasting at the top heading and bench). The works organisation,
however, is affected by complexness of geology, requiring frequent changes
in the top heading and bench excavation procedure. As a result, the top hea-
ding advance varies from 40 to 100 m.

This fact makes the motorlaser installation at the top heading, as well as behind
the bench, impossible since the precision of the setting points at the top hea-
ding is decreasing if the motorlaser is set less precisely at the control points
and the distance exceeds 150m (i.e.50m behind the bench)

Certain improvement will be achieved by application of a second set of the ASLS -
a new generation motorlaser, in the nearest future (it will have been deployed at
the time of this paper publication). This set consists of a new line of motorised total
station Leica TCRM 1105 equipped with a built-in diode laser featuring higher light
intensity, thus higher range, and a control computer allowing remote control of the
total station using wireless connection of the control computer with the total stati-
on and a handheld computer used by the operator directly at the excavation face.
The control computer is produced by SOFA Prievidza (see Fig. 3).

The above-mentioned set will allow application of the ASLS also behind a
bench workplace, therefore also setting out up to a larger distance, thanks
to more precise targeting on more distant control points. At such the positi-
on, the ASLS will be applicable both to excavation and tunnel re-profiling
simultaneously.

The setting out was slightly complicated by excavation in class 5, i.e. under the
protection umbrella. Drilling for the canopy was carried out using a traditional
drilling set without automatic drilling function. Marking of borehole mouths on
the face was not, also owing to application of the "reference line" program, so
big a problem. A worse problem was adjusting the boom direction and inclina-
tion, which was different for each borehole. This problem was solved effective-
ly by placing two line lasers next to a theoretical apex of the cone found at a
point of intersection of centre lines of the protective umbrella boreholes. The
line connecting the apex of the cone (the laser) with the mouth of the borehole
marked on the face represented the protection umbrella line and, in the same
time, the line of the drifter rod at the drill boom. Therefore, continual checking
of the borehole geometry was possible.

2.2 SURVEY AND ASSESSMENT OF THE ACTUAL DAILY EXCAVATI-
ON ADVANCE OF THE PRIMARY LINING

Despite application of state-of-the-art techniques to setting out and guiding a
tunnel excavation, a crucial role regarding preciseness of excavation and erec-
tion of primary lining belongs to the human factor. For that reason it is neces-
sary to check the section of the tunnel being built corresponding to the day's
excavation advance daily, both its position in space with reference to the desig-
ned central line, and internal geometry of the cross section (when support
arches are not used above all).

In a simplified way, this could be compared to determination of horizontal and
vertical deviation of the designed tunnel centre line from the actual centre line
of the completed tunnel. Determination of the actually built tunnel centre line is,
however, virtually impossible (support arches are burried in sprayed concrete,
whose cross-section geometry is irregular; the arches may be partially defor-
med due to influence of more factors; ...), therefore comparison of of the inter-
nal face of the primary lining of the actual profile with the designed primary
lining profile is used.
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dvoch liniovych laserov do blizkosti teoretického vrcholu kuZela tvoreného prie-
se¢nikom linii vrtov ochranného daZdnika. Potom vlastne spojnica vrcholu
kuZela (laser) a ustia vrtu v ¢elbe predstavovala liniu vrtu ochranného dazdni-
ka a zaroven liniu vrtnej tyCe lafety vrtného voza a tym umoziiovala kontinu-
alnu kontrolu geometrie vrtu.

2.2 MERANIE A VYHODNOTENIE SKUTOCNEHO VYHOTOVENIA PRI-
MARNEHO OSTENIA DENNEHO POSTUPU RAZENIA
Aj napriek pouZitiu tych najmodernejSich technoldgii pri vytyéovani
a usmerfiovani tunela, zohréva rozhodujicu ulohu pri presnosti razby
a budovania priméarneho ostenia [udsky faktor. Preto je potrebné Usek vybu-
dovaného tunela, odpovedajici dennému postupu razenia, denne kontrolo-
vat, a to tak jeho umiestnenie v priestore vzhladom k projektovanej osi, ako
aj vnutornd geometriu prie¢neho profilu (predovsetkym v pripade ak sa
nepouzivajl vystuzné obluky).
ZjednoduS$ene by sa to dalo prirovnat k uréeniu horizontalnej a vysko-
vej odchylky projektovanej osi tunela a skutoénej osi vybudovaného
tunela. Uréenie osi skutoéne vybudovaného tunela je vSak prakticky
nemozné. Vystuzné obluky su skryté v striekanom betone, ktory ma
nepravidelny tvar prie¢neho profilu a mézu byt vplyvom viacerych ¢inite-
fov Ciastone deformované; preto sa pouZiva porovnanie licnej strany pri-
marneho ostenia skutoéného profilu, vzhladom na projektovany profil pri-
marneho ostenia.
Pri merani v tuneli zameriavame spravidla 7 ~ 10 bodov na licnej strane
primarneho ostenia s pomocou $pecidlneho teréa umiestneného na dlhej
vytycke - kvoli dosahu, pretoZe vyska kaloty je cca 5 m. Tak isto sa skon-
troluje aj priméarne ostenie na ustupku - 3 bodmi na lavej aj pravej strane
tunela. Pri pouZiti novSich totadlnych stanic, vybavenych dialkomerom
umozfiujicim bezodrazové meranie dizok, odpadé pouZitie vytyéky a odra-
zového ter¢a a zameraju sa priamo body na lici primarneho ostenia - strie-
kaného betdénu.
Takto zamerané body st potom vyhodnotené v geodetickom programe Power-
vermessung, priom program spocita radidlne vzdialenosti zameranych
bodov od projektovaného profilu (obr. 4).
Meranie skuto¢ného stavu denného postupu razenia je ¢asovo najmenej
naro¢nou ¢astou geodetickych merani na tuneli, nie v§ak najmenej délezZitou,
pretoZe je jedinym vystupom informujlcim o presnosti razenia.

2.3 GEODETICKE MERANIA PRI REPROFILACII PRIMARNEHO OSTENIA
Sucasne s raziacimi pracami prebiehaju aj prace na reprofilacii, tj. oprave
skuto¢ného prieéneho profilu tunela na profil projektovany, resp. na profil
bliZiaci sa projektovanému a reSpektovany vSetkymi G€astnikmi stavby
(objednavatel, zhotovitel, projektant). Pre merania v tejto faze sa vyuZiva pri-
stroj pre automatické zameriavanie bodov na licnej strane primarneho oste-
nia, vybaveny bezodrazovym dialkomerom Profiler 4000 - fy AMBERG. Aj
ked je tento pristroj uZ trochu zastaraly (predovSetkym moralne), ete stale
jeho vykonnost a spdsob produkovanych vystupov postacuje na pozadova-
nu dokumentaciu geometrickych parametrov skuto¢ného profilu primarneho
ostenia tunela. Vo vyhodnoteni je porovnany tvar skutoéného prieéneho pro-
filu tunela s projektovanym profilom a s vyhodnotenim odchyliek medzi
nimi. Graficky vystup je zrejmy z obr. 5.

V sticasnosti sa na presné zameriavanie tvaru projektovaného profilu tune-
la, a niektoré dalSie merania, vyuzivaju priestorové 3D scanery. Su to zari-
adenia s vysokym stupfiom automatizacie, efektivity prace a presnosti. Su
v8ak cenovo velmi naro¢né, predovSetkym ich sucasna kipna cena je viac
ako 3 mil. Sk. Nasadenie priestorovych 3D scanerov planujeme na dal$ich
tuneloch.
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Obr. 4 Ukéazka protokolu vyhodnotenia presnosti budovania primarneho
ostenia - v prieénom profile

Fig. 4 Example of evaluation protocol of preciseness of primary lining
erection - in a cross section

For measurements in a tunnel, we usually survey 7 - 10 points on the inter-
nal face of the primary lining, using a special target installed on a long rod
(for a reaching purpose, as the top heading height is about 5 m). The prima-
ry lining at the bench level is checked in the same way - 3 points on either
side of the tunnel. If newer total stations are used (equipped with a distance
meter allowing non-reflection measurement of distances), application of the
rod and reflective target is unnecessary, and points on the face of the prima-
ry lining (shotcrete) are surveyed directly. The points surveyed in the above-
mentioned way are evaluated then in a survey program Powervermessung.
The program calculates radial distances of the surveyed points from the desig-
ned cross section (see Fig. 4).

In terms of time, survey of the actual geometry of a day's excavation
advance is the least demanding survey performed in a tunnel, but it is not
least important, because it is the single output informing on the excavati-
on preciseness.

2.3 SURVEY DURING RE-PROFILING PRIMARY LINING

Concurrently with excavation operations, the work on re-profiling takes place,
i.e. repair of the actual tunnel cross section so that the designed profile is achi-
eved, or a profile is achieved close to the designed profile, respected by all par-
ties of the project (client, contractor, designer). The measurement in this phase
is carried out using an AMBERG's product, an instrument for automatic survey-
ing points on the internal face of the primary lining, equipped by a distance
meter, Profiler 4000. Although this instrument is a little bit obsolete (mainly
morally), its efficiency and form of produced outputs are sufficient for the requ-
ired documentation of geometrical parameters of the tunnel primary lining actu-
al profile. The evaluation consists of a comparison of the actual tunnel cross
section with the profile, and evaluation of identified deviations. A graphical out-
put is shown in Fig. 5.

Currently there are 3D scanners used for precise survey of the geometry of
the designed tunnel profile and some other measurements. These are
instruments featuring a high degree of automation, work efficiency and
preciseness. They are, however, highly cost-demanding. Their current
price is over 3 million Sk. We are planning deployment of 3D scanners for
other tunnels.

In this phase again, organisation of re-profiling work complicated our survey
operations considerably. Profiles were trimmed even in several time and
space horizons, therefore nearly each profile had to be surveyed twice and
more times. A certain problem during the re-profiling work is transition of the
detailed minor control from a not re-profiled tunnel section to a re-profiled
section. We have managed to solve this issue. The transition is carried out by
continual observation from a free station, from the points of the detailed tun-
nel setting out net used during excavation, and corrected using control tra-
verse measurement.

3. ESTABLISHMENT OF BASIC AND DETAILED SETTING
OUT NETS IN A TUNNEL

One of the most important factors affecting efficiency and preciseness of all
measurements in a tunnel is establishment of a quality setting out net on the
surface, but, above all, inside the tunnel. Survey inside a tunnel utilises basic
and detailed setting out nets.

A basic setting out net (BSN) consists as a standard of points of traverse lines
fixed along either side of tunnel tubes (mostly brackets used in the excavation
process for mounting lasers for bench surveying). The traverse chains method
combined with the net measuring of angles in one face and in rounds method
is used for the traverse survey.
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Obr. 5 Graficky vystup priecneho profilu primarneho ostenia tunela zame-
raného pristrojom Profiler 4000

Fig. 5 Graphical output of a cross section of tunnel primary lining surveyed
with Profiler 4000
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Opét aj v tejto fazi ndm do znacnej miery komplikovala meraéské prace
organizacia reprofilaénych prac. Profily sa opravovali az v niekolkych
¢asovych aj priestorovych horizontoch a teda skoro kazdy profil musel
byt zameriavany 2 a viac krat. Istym problémom pri reprofilacii je prene-
senie geodetického bodového pola podrobnej vytyCovacej siete z nere-
profilovaného useku tunela do reprofilovaného useku. VyrieSenie tohoto
problému mame zvladnuté uz davnejSie a robi sa priebeznym meranim
z volného stanoviska z bodov podrobnej vyty¢ovacej siete (PVS) tunela,
vyuzivanych pri razeni a opravenych z kontrolného polygénového merania.

3. BUDOVANIE ZAKLADNEJ A PODROBNEJ VYTYCOVA-
CEJ SIETE V TUNELI

Jednym z najdoleZitejSich faktorov ovplyviiujucich efektivitu a presnost vset-
kych merani v tuneli je vybudovanie kvalitnej vytycovacej siete tunela na povr-
chu, predovsetkym vsak v tuneli. Pre meranie v tuneli sa vyuZiva zakladna
a podrobna vytyCovacia siet geodetickych bodov.
ZakladnU vytycovaciu siet (ZVS) tvoria standardne body polygonovych tahov
osadenych po oboch stranach tunelovych rar, tvorenych vaésinou konzolami
pouZivanymi pri razeni pre osadenie vytyCovacich laserov na ustupok. Pri
polygénovom merani sa vyuziva metdda polygonovych retazcov kombinova-
na s metddou sietovych merani v radoch a skupinach.
Pre vaésinu merani sa v§ak vyuZiva podrobna vytycovacia siet (PVS), tvorena
bodmi konvergenénych profilov pre geotechnické merania 3D posunov pri-
marneho ostenia. Na tomto mieste je nutné poznamenat, Ze vyuzivanie bodov
konvergencénych profilov (opatrenych odrazovymi teréami), v kombinacii
s pouZitim metddy merania z volného stanoviska, sa nam ukazala ako jedno-
znacéne najefektivnejSia metoda pri meraniach v tuneloch budovanych NRTM -
a to po skusenostiach z ostatnych tunelov nielen u nas, ale aj v zahraniéi. Tato
metdda méa niekolko vyhod:
- rychle ur€enie polohy a orientacie stanoviska pristroja,
- moznost volby polohy stanoviska prakticky kdekolvek v tuneli,
rychle a jednoduché vylucéenie bodu s nespravnou polohou z vypoctov, pre-
toZe je stcasne merany velky pocet bodov a tym je k dispozicii velky pocet
nadbytocnych merani, takze pripadné chybné meranie je nahradené sprav-
nym meranim na iny bod,
velmi dobra korekttra drobnych zmien polohy bodov PVS z dévodu vypoctu
polohy a orientécie volného stanoviska aZ z desiatich bodov,
nemoznost zavedenia hrubej chyby do merania,
- minimalna udrzba siete, ako aj malad pravdepodobnost zmeny polohy jej
pevnych bodov.
Pri volbe vhodnej geometrie kazdého volného stanoviska dennych merani
a priemernych deformécii primarneho ostenia je mozné touto metédou budo-
vat podrobnu vyty€ovaciu siet tunela a usmerfovat razenie aZ na vzdialenost
300 - 400 m bez potreby korektiry podrobnej vytyéovacej siete tunela
z presného polygénového merania, priom absolttne prie¢ne odchylky ani
v tych najkritickej$ich podmienkach neprekracujice hodnotu 2 cm, ¢o v dosta-
toénej miere postacuje na vSetky vykonavané merania v tuneli.
Na tuneli Sitina pri razeni od juzného portalu vo vychodnej aj zapadnej tune-
lovej rare dosahovali rozdiely po premerani polohy bodov PVS presnym poly-
génovym meranim v polohe bodov hodnoty max. do:
16 mm - prie¢na odchylka
6 mm - vyskova odchylka
6 mm - dizkova odchylka (v staniéeni)
Tieto hodnoty boli vykazované prakticky po celej dizke prvych 350 m tunelov
a do znacnej miery boli ovplyvnené neskor$imi korektirami ZVS na juznom
portali tunela Sitina.
Merania vykonavané spdsobom z volného stanoviska az do vyrazenia cca
350 m v kazdej tunelovej rure boli do znacnej miery podmienené aj konfi-
guréciou terénu, postupu vykopovych préac na juznom portali (JP) a nevhod-
nej geometrie bodov ZVS (nebola priama viditelnost do tunela z bodov
ZVS). Naviac sa zopakoval problém z kazdej tunelovej stavby, ked aj velmi
dobra zékladna vytyéovacia siet tunela byva znehodnotena pribudajdcimi
objektami zariadenia staveniska (ZS), ¢im je znemozZnena viditelnost medzi
nimi. Aj na JP sa situacia zopakovala - najskor nebola moznéa priama vidite-
[nosti z bodov ZVS (s nttenou centraciou) do tunela z dévodu uz spomenu-
tych terénnych prac a po ich ukonéeni z dovodu vybudovania mnoistva
objektov ZS. Az v juli 2004 bol vybudovany novy geodeticky bod, z ktorého
bolo vidiet na v§etky body ZVS a aj do obidvoch tunelovych rur. Aj z tohoto
dévodu sa vykonalo presné kontrolné polygédnové meranie aZ po vyrazeni
cca 350 m oboch tunelovych rur.
Merania pri budovani PVS st vyhodnocované v programe firmy GEOID-
Powervermessung. Polygénové merania ZVS tunela na povrchu aj v tuneli st
vyhodnocované tiez v programe Powervermessung a v spolupraci s Geode-
tickou kancelariou Angermeier Praha, ako aj s Instititom banského meracstva
Vysokej Skoly banskej v Ostrave.
Vlyskové merania sa vykonavaju presnym nivelacnym pristrojom Leica NA
3003 len pri kontrolnych polygénovych meraniach a st z nich opravované
vysky polygénovych bodov kontrolného polygénového tahu. Pre vsetky
ostatné merania sa pouZivaju vysky z trigonometrického merania z volnych
stanovisk.

Although, a detailed setting out net (DSN) consisting of points of convergence
profiles (used for geotechnical measurements of 3D displacements of primary
lining) is used for most measurements. It must be noted at this place that utili-
sation of the points of convergence profiles (retro-reflective targets), combined
with application of the observation from a free station method, proved the most
effective method for measurements in tunnels built using the NATM (experien-
ce gained not by us only, but also abroad). This method is advantageous for
several reasons:
- prompt determination of the instrument station position and orientation,
- possibility to chose the position of the station virtually anywhere inside the
tunnel,
quick and simple exclusion of a point with incorrect position from the calcu-
lation because a large number of points is measured concurrently, therefore a
large number of excessive measurements is available, therefore a contingent
erroneous measurement is replaced by correct reading,
very good correction of minor changes in the position of DSN points due to
the calculation of the position and orientation of the free station based on up
to ten points,
impossibility to introduce a major error into the measurement,
- minimum maintenance of the net, as well as low probability of a change in
the position of its datum points
If a proper geometry of each free station for daily measurements is chosen,
and values of deformations of the primary lining are average, this method
can be used for establishment of a detailed setting out net of a tunnel, and
guide the excavation up to a distance of 300 - 500 m without any need for
correction of the detailed setting out net using the precise traverse survey,
while absolute lateral deviations do not exceed a value of 2 cm even in the
most critical conditions, which is sufficient for all measurements carried out
inside the tunnel.
Regarding the Sitina tunnel, at the excavation from the southern portal in both
the eastern and western tunnel tube, the differences in positions determined
after checking of the DSN points by a precise traverse survey reached the follo-
wing maximum values:
16 mm - lateral deviation
6 mm - vertical deviation
6 mm - error of length (in chainage)
The above values were recorded virtually along the entire length of the
initial 350 m of the tunnel tubes, they were affected to a significant extent
by subsequent corrections of the BSN at the southern portal of the Sitina
tunnel.
The measurements carried out using the free station method until about
350 m of either tunnel tube were excavated were to a significant extent
affected by terrain configuration, advancing excavation at the southern por-
tal (SP) and improper geometry of the BSN points (no unobstructed line of
sight from the BSN points into the tunnel available). In addition, a problem
encountered on every tunnelling site repeated, i.e. any very good basic set-
ting out net of a tunnel is usually compromised due to erection of new
structures of site facilities, thus lines of sight between them are obstructed.
This situation repeated at the SP - later the unobstructed line of sight from
the BSN points (with forced centring) into the tunnel was impossible due to
the above-mentioned terrain treatment and, after its completion, due to
erection of many site facility structures. It was not before July 2004 when
a new survey control point was built up from which all the BSN points and
interior of both tunnels were clearly visible.Also for this reason a precise
control traversing was not conducted before completion of excavation of
about 350 m of both tunnel tubes.
Measurements in the course of establishing the DSN are evaluated using the
GEOID-Powervermessung program. Traverse measurements of the tunnel BSN
on the surface and inside the tunnel are also evaluated using the GEOID-Power-
vermessung program, and in collaboration with Geodetické kancelai Angermeier
Praha, and the Institute of Mine Surveying of the Mining University in Ostrava.
Altimetry is carried out using a precise levelling machine Leica NA 3003
in case of control traversing, and altitudes of traverse points of the con-
trol traverse are corrected to the altimetry basis. Altitudes obtained by tri-
gonometric survey from free stations are used for all other measure-
ments.

4. GEOTECHNICAL MEASUREMENTS

The following geotechnical measurements are carried out by the survey and
geology group of Banské stavby, a.s.:

- Measurement of 3D displacement (deformations) of primary lining inside the tunnel

- Measurement of 3D displacement of portal walls

- Measurement of vertical displacement of designed levelling profiles at the surface

- Strain gauge and extensometer measurements inside the tunnel

The former 3 types of geotechnical measurements are performed independent-
ly, by the survey group of Banské stavby, a. s. The latter measurement is carri-
ed out in co-operation with GEOEXPERTS Zilina, s. r. 0., which is also a profes-
sional guarantor of the work. Final geotechnical evaluation is performed by Ter-
raprojekt, a. s., Bratislava, in collaboration with surveyors and geologists of
Banské stavby, a. s.
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4. GEOTECHNICKE MERANIA

Z geotechnickych merani st vykonavané geodetickou a geologickou skupi-
nou Banskych stavieb tieto merania:

- Merania 3D posunov (deformaécii) primarneho ostenia v tuneli

- Merania 3D posunov portalovych stien

- Meranie vertikalnych posunov projektovanych nivelaénych profilov na povrchu
- Tenzometrické a extenzometrické merania v tuneli

Prvé 3 druhy geotechnickych merani vykondvame samostatne - geodetickou
skupinou Banskych stavieb. Posledne spomenuté merania vykonavame
v spolupréci s firmou GEOEXPERTS Zilina s. . o, ktor4 je aj odbornym garan-
tom vykonévanych préac. Zaverecné geotechnické vyhodnotenia vykonéava
firma Terraprojekt, a. s. Bratislava, v spolupraci s geodetmi a geologmi Ban-
skych stavieb.

4.1 GEOTECHNICKE MERANIA 3D DEFORMACIi PRIMARNEHO OSTE-
NIA V TUNELI

Geotechnické merania 3D deformécii primérneho ostenia v tuneli st vykonava-
né meranim z volného stanoviska presnym pristrojom Leica TC 1800
s uhlovou presnostou 1", a dizkovou presnostou 1 mm + 2 ppm, priom ako body
pevné (resp. body PVS tunela) st vyuzivané fixné body konvergenénych (KVG) pro-
filov, tj. body umiestnené v dostato¢nej vzdialenosti od ¢elby stupria, kde je uz
dozneta deformacia primarneho ostenia. Spdsob merania bol podrobnejSie opisa-
ny v kapitole 3. Tu treba uviest, Ze na rozdiel od vSetkych tunelov
u nas aj v zahranici, kde Banské stavby vykonavali geodetické (geotechnické) mera-
nia, sa zmenila organizacia aj pocetnost merani jednotlivych KVG profilov. Doteraz
bolo zvykom, Ze KVG profil sa meral od jeho osadenia denne az prakticky do dozne-
nia deformécii na tomto profile. Pri geotechnickych meraniach na tuneli Sitina sa
pristupilo k modelu tzv. 6 merani na profile, ato 1., 2., 3., 5., 7. a 14. def po osade-
ni profilu v kalote. Tento cyklus merani sa samozrejme zopakoval pri razeni stup-
fia, pricom bol profil doplneny dal$imi dvoma bodmi na stupni. Dalsie merania na
profile sa vykonavaju 1x mesacne az do doznenia konvergencii na profile. Aj keby
takato pocetnost merani mala priniest geodetom Ufavu, skor je to naopak.

Prvou nevyhodou takéhoto poctu merani je dost komplikovana organizacia prace, kedze
sa siasne meria napr. aj 8 profilov a nasleduijuci deri povedzme len jeden. Zorgani-
zovanie takéhoto poétu merani vo viacerych tunelovych rdrach, popripade v prie¢-
nych prerazkach medzi tunelmi, si vyZaduje doslova kalendar geotechnickych merani.
Druhou nevyhodou je stanovenie okamihu doznenia deformécie. Kedze sa tieto
body vyuZivaju aj ako body PVS tunela, je potrebné s urcitostou tento okamih
stanovit - ¢ize preradit pohybujice sa konvergenéné body medzi fixné body
PVS. Z tohoto dévodu sa stava, Ze skutoény pocet merani byva ovela vacsi
a Casovy plan merani sa vztahuje viac menej len na expediciu grafickych vystu-
pov (obr. 6).

Vyhodnotenie merani sa vykonava v programoch Powervermessung a ARG
TECH firmy GEOID (SRN). Urcitym rozdielom pri priebeznom expedovani gra-
fickych vystupov priebehu deformécii je poZiadavka vysSieho dodévatefa stav-
by - firmy TAISEI (Japonsko) len na 3 grafické vystupy zloziek 3D deformécii:

- konvergencie medzi bodmi profilu,

- sadania celého profilu,

- vektorovy diagram.

Priklad grafického vyhodnotenia je na obréazkoch 7, 8, 9.

4.2 MERANIE 3D POSUNOV PORTALOVYCH STIEN

Délezitym faktorom pri budovani portalovych stien bolo aj sledovanie ich sta-
bility pocas vystavby a po nej az do Uplného doznenia deformécii. Na JP tune-
la Sitina bolo osadenych 11 bodov osadenych odrazovymi ter¢ami a na

4.1 GEOTECHNICAL MEASUREMENTS OF 3D DEFORMATIONS OF
THE PRIMARY LINING INSIDE THE TUNNEL

Geotechnical measurements of 3D deformations of the primary lining are car-
ried out inside the tunnel by the observation from a free station method, using
a precise instrument Leica TC 1800 (angular accuracy 1", distance accuracy 1
mm + 2 ppm), while points of convergence (CVG) profiles are used as fixed
points (or DSN points of the tunnel). Those points are located at a sufficient
distance from the bench excavation face, where the primary lining deformati-
on process has already faded away. The measurement procedure has been
described in section 2. It must be noted at this moment that, as opposed to all
tunnels in our country and abroad where employees of Banské stavby, a. s.
carried out the surveys (geotechnical measurements), the organisation and
frequency of measurement of individual CVG profiles changed.. It has been a
custom till now to carry out a daily survey in order to assess deformation to
the given CVG profile from its installation until the deformation of the profile
virtually faded away.

Regarding geotechnical measurements on the Sitina tunnel, a model of so cal-
led 6 measurements on one profile, namely on the 1st, 2nd, 3rd, 5th, 7th and
14th day after installation of the profile at top heading. This measurement cycle
was repeated at the bench excavation, with other two points added to the pro-
file at the bench. Other measurements on the profile are carried out once in a
month, until the convergence process at the profile fades away. Despite expec-
tation that such the frequency of measurement should become a relief for sur-
veyors, reality is rather the opposite.

The first disadvantage of this number of measurements is considerably com-
plicated organisation of the work, because, for instance, 8 profiles are survey-
ed simultaneously one day, and only one profile only the next day. We literally
have to have a survey operations schedule if we want to organise such a num-
ber of measurements in several tunnel tubes, or in cross passages between the
tunnels.

Another disadvantage is determination of the moment of the deformation
fading away. Because those points are also utilised as the tunnel DSN
points, this moment must be determined with a certainty so that the
moving convergence points can be changed into fixed DSN points. For that
reason it happens that the real number of measurements is much higher,
and the measurement schedule refers more or less to expedition of grap-
hical outputs only. Fig. 6

Evaluation of the measurements is cinducted using the software Powerver-
messung and ARG TECH of the GEOID company (the FRG). A certain differen-
ce in continual expedition of graphical outputs on the course of developing
deformations is a principal contractor's (TAISEI, Japan) requirement for only 3
graphical outputs on 3D deformations:

- convergences between the profile points

- subsidence of the entire profile

- vector diagram

An example of the graphical evaluation is shown in Fig. 7, 8, 9.

4.2 MEASUREMENT OF 3D DISPLACEMENT OF PORTAL WALLS

Also monitoring of stability in the course of the construction and afterwards,
until the deformations fade away, is an important factor in construction of por-
tal walls. There were 11 and 5 points provided with retro-reflective targets at
the SP and the northern portal (NP) of the Sitina tunnel respectively. Frequen-
cy of measurements at the portals was 1x in a week in the course of the con-
struction operations; once the construction had been finished and the excava-
tion faces in the tunnel tubes had shifted away, 1x in a month or at a request
by the designer.

Obr. 6 Meranie 3D deformacii primarneho ostenia tunela a vytyCovanie
prerazky UC-5 medzi tunelmi

Fig. 6 3D measurement of deformations of tunnel primary lining, and set-
ting out breakthrough of UC-5 between tunnels

Obr. 7 Graficky vystup zlozky ,konvergencie” z merania 3D deformaécii pri-
marneho ostenia tunela Sititna

Fig. 7 Graphical output of the "convergence" component from 3D measu-
rement of primary lining deformations of in the Sitina tunnel
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severnom portali (SP) to bolo 5 bodov. Pogetnost merani bola pocas staveb-
nych prac na portaloch 1x tyzdenne, po ukonceni vystavby a vzdialeni sa
¢elby razenia v tuneloch 1x mesacne, alebo na vyziadanie projektanta.

Pre meranie sa pouZivala totalna stanica Leica TC 1800 a metdda volného sta-
noviska, pricom ako pevné body sa pouzili body ZVS tunela na JP ¢&. 1000,
1998, 2066. Dosahovana presnost merania bola <2 mm.

Pre merania na SP boli pouZité body ZVS €. 1002 a 1003, ktoré boli hned na
zaCiatku doplnené o body ¢. 8000 - 8006 z dovodu nevyhovujucej geometrie
bodov ZVS. Pocetnost merani je podobna ako na JP. Za zmienku stoji dopl-
nenie 5 konvergenénych portalovych bodov o bod osadeny na Usti jediného
inklinometra osadeného medzi tunelovymi rirami na SP. Vyhodnotenia sa
vykonéva podobne ako na juznom portali.

4.3 MERANIE VYSKOVYCH POSUNOV NIVELACNYCH PROFILOV NA
POVRCHU

KedZe zépadna aj vychodna tunelova rura na Sitine prechadza miestami
v premenlivych geologickych pomeroch, poruchovymi zénami a s premenli-
vou vyskou nadloZia, boli v miestach predpokladanych geologickych portch
naprojektované extenzometrické a tenzometrické profily v tuneli a presne vo
vertikdlnom priemete boli na povrchu osadené aj dva priecne nivelacné profily
na povrchu v staniceni 1,5129 km vychodnej tunelovej rary (VTR) a 1,6162 km
VTR, pricom kazdy prechéadza ponad obidve tunelové rary. Jeden nivelacny
profil je osadeny v tesnej blizkosti severného portalu v stani¢eni 1,1300 km VTR
a pozostava z 5 bodov. Profil v stani¢eni 1,5129 je osadeny 9 a profil v stanice-
ni 1,6162 10 bodmi. Na profile v blizkosti severného portalu prebiehaju v sicas-
nosti merania 1x za 3 dni z dévodu raziacich préac v jeho tesnej blizkosti. Na
ostatnych dvoch profiloch bolo vykonané len zékladné meranie, dalSie merania
zaénu az po priblizeni sa ¢elieb v tunelovych rirach na vzdialenost uréent pro-
jektom. Profily v stani¢eni 1,5129 a v staniceni 1,1300 si merané presnou nive-
laciou digitalnym nivelaénym pristrojom Leica Na 3003. Profil v staniceni
1,6162 bude pravdepodobne merany presnym trigonometrickym meranim
z dévodu jeho umiestnenia v zloZitom &lenitom lesnom teréne.

Vlyhodnotenie zvislych posunov sa uvadza formou tabulky, vyjadrenim hod-
nét poklesov medzi poslednymi dvoma meraniami a hodnotou celkového
poklesu tj. medzi prvym a poslednym meranim. Presnost merani je <1 mm.

5. ZAVER

Geodetické merania na tuneli Sitina z dévodu zloZitych geologickych podmi-
enok, komplikovanosti organizacie prace, subehu prakticky vSetkych staveb-
nych faz vykonavanych pri budovani dialni¢éného tunela a v neposlednej
miere aj prace s nevyrovnanymi stradnicami bodov vyty¢ovacej siete v tune-
li si vyZaduju preciznu a dobre organizovanu pracu geodetickej skupiny. Pri
meraniach na tuneli Sitina boli vyuzité skisenosti z geodetickych prac, ktoré
ziskali Banské stavby na tuneloch v Slovinsku, ale aj na naSom prvom dia-
[ni€nom tuneli Branisko. Kombindcia skisenych geodétov, kvalitného pristro-
jového a programového vybavenia a dobre zladenej organizacie geodetickych
merani s pracou tunelarskych kolektivov vytvara jeden z délezitych predpo-
kladov pre Uspe$né zvladnutie vystavby tunela Sitina.
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Obr. 8 Graficky vystup zlozky ,sadania” z merania 3D deformaécii primarne-
ho ostenia tunela Sitina

Fig. 8 Graphical output of the "subsidence" component from 3D measure-
ment of primary lining deformations of in the Sitina tunnel

The survey was carried out using a total station Leica TC 1800, and the obse-
rvation from a free station method, while the tunnel BSN points # 1000, 1998
and 2066 were used at the SP. The measurement accuracy reached <2 mm.
BSN points # 1002 and 1003 were used for measurements at the NP. The
points # 8000 - 8006 were added from the beginning due to unsatisfactory
geometry of the BSN. Frequency of the measurement is similar to that at the
SP. Worth mentioning is complementing of 5 portal convergence points by
adding one point fixed at the mouth of the single inclinometer between the
two tunnel tubes at the NP. Evaluation is carried out similarly to that at the
southern portal.

4.3 MEASUREMENT OF VERTICAL DISPLACEMENT OF LEVELLING
PROFILES AT THE SURFACE

As both the western and eastern tunnel tube of the Sitina tunnel pass through
locations with varying geological properties, weakness zones and varying depth
of cover, the design required extensometers and strain gauges installed at profi-
les inside the tunnel. In addition, two lateral levelling profiles were established on
the surface, at chainage 1.5129 km of the eastern tunnel tube (ETT) and 1.6162 km
of the ETT, while each of them passes above both tunnel tubes. One levelling pro-
file was established in the close vicinity of the northern portal, at chainage 1,1300
km of the ETT. It consists of 5 points. The profiles at chainage 1.5129 km and
1.6162 km contain 9 and 10 points respectively. Due to excavation operations in
the immediate vicinity of the northern portal, the profile close to this specific area
is currently surveyed once every three days. Only basic measurements were con-
ducted on the other two profiles, the other measurements will commence after
arrival of the excavation faces in both tubes at a distance required by the design.
The profiles at chainage 1.5129 and 1.1300 are measured by precise levelling,
using digital levelling machine Leica Na 3003. Because of its position in compli-
cated dissected forest terrain, the profile at chainage 1.6162 will be probably
measured by precise traversing.

Evaluation of vertical displacement is presented in a tabular form, by expres-
sing values of the difference between the last two subsidence measurements,
and the value of the aggregated subsidence, i.e. the difference between the first
and last measurement. Accuracy of the measurement is < 1 mm.

5. CONSLUSION

Survey operations at the Sitina tunnel, because of complex geological conditi-
ons, complicated character of the work organisation, confluence of virtually all
construction phases existing at a motorway tunnel construction, and, at last but
not least, also utilisation of unadjusted co-ordinates of the points of the setting
out net in the tunnel, require precise and well organised work of the surveying
team. Experience gained by Banské stavby, a. s. from surveying for tunnels in
Slovenia or our first motorway tunnel BRANISKO was also exploited in the
SITINA tunnel survey. The combination of experienced surveyors, quality instru-
ments and software, and the organisation of survey operations brought well into
harmony with the work of tunnelling teams, has created one of the most impor-
tant conditions for successful coping with the SITINA tunnel construction.
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Obr. 9 Graficky vystup ,vektorovy diagram” z merania 3D deformaécii pri-
marneho ostenia tunela Sitina

Fig. 9 Graphical output "vector diagram" from 3D measurement of primary
lining deformations in the Sitina tunnel
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GEOTECHNICKY MONITORING A TECHNICKY DOZOR
PRI VYSTAVBE ZELEZNICNICH TUNELU

GEOTECHNICAL MONITORING AND TECHNICAL SUPERVISION

OF RAILWAY TUNNELS CONSTRUCTION
ING. BOHUSLAV STECINSKY, CESKE DRAHY, a. s., ING. VACLAV VESELY, SG-GEOTECHNIKA, a. s.

uvoD

Novodoba historie vystavby Zelezni¢nich tunelt ve stiedni Evropé je nepochyb-
né spjatd s NRTM, at uz je tak tato technologie pfimo nazyvana, nebo je jeji nazev
v té které zemi rGzné modifikovan. Doplnéno o nékteré minoritni technologie
jedné se tedy vétSinou o razbu s pouzitim strojniho nebo trhavinového rozpojo-
vani, zajisténi vyrubu nejdfive primarnim a nasledné sekundarnim osténim,
obvykle s mezilehlou izolaci. VZdy tak Ize hovofit o observaéni metodg, pfi niz
zasadni roli jak z hlediska prognézy, tak z hlediska zpétné kontroly hraje geotech-
nicky monitoring. Do obchodniho vztahu zadavatel (investor) - zhotovitel se tak
dostava dalsi, na zhotoviteli nezavisly subjekt provadéjici geotechnicky monitoring.
Zaroven je samozfejmosti, Ze investor uplatiuje své zajmy pfi vystavbé, v ramci
smluvnich vztahd, prostiednictvim technického dozoru. O systému provadéni geo-
technického monitoringu a technického dozoru investora (TDI) na stavbéach tunelt
Zelezni¢ni infrastruktury v Ceské republice pojednava dale tento ¢lanek.

MODERNIZACE ZELEZNICNICH KORIDORU

Vystavba novych Zelezni¢nich tunell u nés je spjata predevs§im s modernizaci
a optimalizaci tranzitnich Zelezni¢nich koridor(, jejichZ stav na pocatku 90. let
minulého stoleti si vyzadal rozsahlou rekonstrukci. Ta byla zpisobena jednak
nevyhovujici kvalitou Zelezniéniho svrsku a spodku, a pochopitelné také sna-
hou dosahnout vyssich provoznich rychlosti. Pozadavky na nové navrhové
rychlosti si v nékterych dsecich vynutily zménu smérovych a sklonovych
poméru tras a na nékterych mistech i vedeni trasy v tunelech.

NOVE TUNELY NA TRATICH ZELEZNICNICH KORIDORU
Vzhledem k reliéfu krajiny Ceské republiky jsou tunely nedilnou soucasti trati
Zelezniéni infrastruktury. Jesté pfed zapocetim praci na koridorovych stavbach byl
v ramci predelektrifikacnich uprav vybudovén novy Blanensky tunel 8/2 (uveden
do provozu v roce 1992) a rekonstruovan tunel Blanensky 8 z dvoukolejného na
jednokolejny (oznatovany nyni jako 8/1). V roce 2000 byla zahajena vystavba prv-
niho tunelu na modernizovanych tratich, tunelu Miechvosty, ktery je téZ nazyvan
tunel Veprek podle vesnice v jeho bezprostiedni blizkosti. Tunel se nachazi na
I tranzitnim koridoru v Useku trati mezi mésty Kralupy n. Vitavou - Vrafiany
a jedna se o prvni tunel v siti CD, ktery byl budovan NRTM. V soucasnosti je tunel
Micechvosty pIné funkéni a podléha pinému provozu I. tranzitniho koridoru.

V roce 2002 byla zah4jena modernizace trati Trebovice - Krasikov na spojce
I. a Il. tranzitniho koridoru na trati Ceska Trebova - Prerov, kterd je zaroven
soucasti lll. tranzitniho koridoru. Soucasti této stavby jsou i objekty novych
dvoukolejnych tunelli Krasikov | a Il (nové pod nazvem tunel Krasikov a tunel
Tatenice). V soucasné dobé se rozbihd navazujici stavba useku Krasikov -
Zabteh s dalsimi tfemi tunely - Mald Huba, Hnévkov | a Il. Na zakladé zku$enos-
ti z tunelu Veprek byl model geomonitoringu geotechnického dozoru roz$ifen
o vykon stavebniho dozoru se vSemi pravomocemi, povinnostmi a odpovéd-
nosti.

TECHNICKY DOZOR NA STAVBACH ZELEZNICNi
INFRASTRUKTURY

V obecné poloze je geneze technického dozoru na Zelezninich stavbéach
v Ceské republice zrcadlem toho, jak je komplexné zaji$tovana sprava a inves-
titni ¢innost na Zeleznici. Z pohledu 20. a zac¢atku 21. stoleti Ize do konce roku
2002 hovofit o historii zeleznice v Cechach a na Moravé (dfive vcetné Sloven-
ska) jako o historii unitarni Zeleznice. Do té doby plisobily Ceské drahy, resp.
jim predchézejici organizace, v roli stdtem povéreného vlastnika, spréavce,
investora i provozovatele drahy a soucasné i v roli dopravce, resp. provozova-
tele drazni dopravy. Od poloviny 90. let dochézi k privatizaci nékterych ¢innos-
ti a k postupnému zestihlovani firmy, z velké ¢ésti pravé v oblasti infrastruktu-
ry. Toto obdobi se zaroveri kryje s obdobim rozjezdu modernizace a optimali-
zace koridor(. Stavajici kapacity investi¢nich slozek Ceskych drah umoziiovaly
pokryti potieb technického, resp. stavebniho dozoru z vlastnich personalnich

TUNEL KRASTKOV 1

INTRODUCTION

Modern history of railway tunnel construction in Central Europe is undoubted-
ly associated with the NATM, no matter whether this name is used for this tech-
nique or is modified in respective countries. Supplemented by some minor
techniques, the excavation is mostly carried out using mechanical or drill-and-
blast rock breaking methods, primary and secondary lining for support, usually
with intermediate waterproofing systems. It is therefore always possible to
speak about an observation method for which the basic role, both in terms of
prognosis and follow-up, is the role of geotechnical monitoring. This is how
another subject is added to the owner (investor) - contractor business relati-
onship, carrying out the geotechnical monitoring independently of the contrac-
tor. In the same time it is commonplace that the owner exercises his interests in
the construction within the contractual framework through supervision engine-
ers. The system of execution of geotechnical monitoring and owner's site super-
vision on construction sites of tunnels for the railway infrastructure in the Czech
Republic is the subject of this article.

MODERNISATION OF RAILWAY CORRIDORS

Construction of new railway tunnels in our country is associated above all with
modernisation and optimisation of transit corridors. Their condition at the beginning
of the nineties required a major reconstruction. The objective of the reconstruction
was to improve the inadequate quality of the trackwork and substructure, and of
course also to allow achievement of higher operational speeds. Requirements for
new design speeds made changes in horizontal and vertical alignment in some sec-
tions necessary, even combined with construction of tunnels in some locations.

NEW TUNNELS ON THE RAILWAY CORRIDOR LINES

Due to the terrain configuration in the Czech Republic, tunnels are inseparable
part of the railway infrastructure. Still before the commencement of the work on
the Corridor projects, in the framework of pre-electrification actions, the new
Blansko tunnel 8/2 (inaugurated in 1992) was built and the Blansko 8 tunnel
(today denoted 8/1) reconstructed from double-track to single-track configurati-
on. The construction of the first tunnel on the modernised railway lines, the
Micechvosty tunnel, called also the Veprek tunnel after a village found in close
vicinity, started in 2000. The tunnel is situated on the Transit Corridor I, in the
track section between Kralupy nad Vitavou and Vrariany towns. This is the first
tunnel in the network of Ceské Drahy (Czech Railways) built by the NATM. Cur-
rently the Micechvosty tunnel is fully functional, and is operating within the
Transit Corridor | system.

Modernisation of the track Trebovice - Krasikov commenced in 2002. This track
lies on a railway line connecting the Transit Corridor | and Transit Corridor Il, on
the railway line Ceské Trebové - Prerov, which is in the same time part of the
Railway Corridor Ill. The new double-rail tunnels Krasikov | and Krasikov Il
(newly known under the names Krasikov and Tatenice) are also parts of this
modernisation project. Currently starting is the subsequent construction of the
Krasikov - Zébreh section containing other three tunnels, i.e. the Malé Huba,
Hnévkov | and Hnévkov Il. On the basis of experience gained at the Veprek tun-
nel construction, the model of geomonitoring to be performed by the geotech-
nical supervision was extended to comprise the role of site supervision, with all
powers, duties and responsibilities.

TECHNICAL SUPERVISION OF RAILWAY
INFRASTRUCTURE CONSTRUCTION SITES

In general, the genesis of technical supervision on railway construction sites in
the Czech Republic reflects the complex system of the railway administration
and capital investment. From the point of view of the 20th and the beginning of
the 21st century, the period ending by the year 2002 can be considered as a his-
torical period of a unitary railway in Bohemia and Moravia (formerly also Slo-
vakia). Till that time, Ceské Drahy (Czech Railways) and its predecessors had
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Obr. 1 Tunel Krasikov | - zjednodu$eny geologicky fez a sdruzené monitorovaci profily
Fig. 1 Krasikov I tunnel - simplified geological profile and combined monitoring profiles
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zdroju. Stavebni dozor v8ak neni vykonavan jako trvaly, ale jako nahodily.
Zatatkem roku 2003 vstoupila v Zivot zasadni reforma v oblasti Zeleznic Ceské
republiky. Funkci povéfeného vlastnika infrastruktury prebiréd nové ustanove-
na statni organizace Sprava Zelezni¢ni dopravni cesty (SZDC), Ceské drahy
jsou transformovany na akciovou spole¢nost; jsou povéreny spravou infra-
struktury na zékladé tfileté smlouvy se SZDC, provozovanim dopravni cesty
a zéroven podnikaji v oblasti osobni a nékladni dopravy; v osobni dopravé se
zietelem na vefejny zéjem a se zavazkem vefejné sluzby, kterd ma byt hraze-
na ze statniho rozpo¢tu, pfipadné z obecnich rozpoctl. _ .
Na zacatku tohoto roku doslo k dal$i zméné, a to kdyz SZDC prevzala od Ces-
kych drah i pfimé investorské ¢innosti na infrastrukture. Tento krok v praxi
znamenal prechod investorskych utvard, Stavebnich sprav, pod SZDC. Vlast-
nik se tak rozhodl provéadét ¢innost investora pfimo bez zprostifedkovatele.
Spréava infrastruktury, provadéna prostiednictvim Sprav dopravnich cest
(SDC) zlistadvé nadéle pfedmétem ¢innosti Ceskych drah, a. s.

Ceské drahy byly schopny pokryt vlastnimi kapacitami technicky dozor ve vét-
Siné profesi, které se pfi modernizaci a optimalizaci trati vyskytuji. Vyjimku
takika od pocatku tvorila oblast geotechniky. Z tohoto ddvodu byl smluvné
zajistén geotechnicky konzultant, kterym je SG-Geotechnika. SG-Geotechnika
se zdgastnila tendru na vybér geotechnického konzultanta Ceskych drah a pra-
cuje jako nezavisla firma pro vykon geotechnického dozoru na tratich CD.

V névaznosti na to a vzhledem na pfipravované stavby novych Zeleznicnich
tunelll zacala byt diskutovana také otazka technického dozoru na stavbach
Zelezni€nich tuneld. Prvni z novych tunel(, tunel Veprek, byl v oblasti technic-
kého dozoru jesté ve znameni standardnich zvyklosti u Ceskych drah. Ve smys-
lu vykonu geotechnického konzultanta a dozoru CD pro koridorové stavby pro-
véadéla SG-Geotechnika komplexni geomonitoring a geotechnicky dozor pfi
vystavbé tunelu Veprek. Technicky dozor investora byl vykondvan samostatné
zaméstnancem CD - DDC Stavebni sprava Praha. Obdobny charakter mé
vystavba mimokoridorového tunelu Bfezno.

Znactného posunu bylo dosaZzeno zasluhou progresivniho postoje Stavebni
spravy Olomouc na novych tunelech Krasikov a Tatenice. Zkusebné zde byl
nastartovan proces spojeni geotechnického monitoringu a technického dozo-
ru v komplexni dodavku jednou smluvné zajisténou organizaci. Na zakladé
zkuSenosti z této stavby pfistoupila Stavebni sprava Olomouc ke stejnému
postupu i na néasledné stavbé tuneld Mald Huba, Hnévkov | a Hnévkov II.
Obdobnym zplisobem je nyni, jiz pfimo v gesci SZDC, zajistovan monitoring
a dozor Stavebni spravou Praha na stavbach tunel Nového spojeni, které je
feSenim prazského Zelezni¢niho uzlu.

KOMPLEXNi GEOMONITORING A TECHNICKY DOZOR
PRI VYSTAVBE TUNELU

Obecné je geomonitoring soucasti technologie razeb. Priméarni geologicka
dokumentace a prognoza jsou konfrontovany s méfenim deformaci a stavu
napjatosti osténi a okolniho horninového masivu. Vysledkem je optimaliza-
ce technologie razeb tunelu, tzn. aplikace dané technologické tfidy NRTM,
popt. jeji modifikace. Pokud jsou navrhované tpravy v intencich platné pro-
jektové dokumentace, rozhodovaci proces se odehrava na stavbé, potazmo
ptfimo na Celbé. Pokud situace vyZaduje zasadni zmény presahujici mantine-
ly vymezené projektovou dokumentaci, je svolano jednani za Gcasti zastup-
cu vSech Ucastnikd vystavby. Rutinni (denni) interpretace vysledkd komplex-
niho geomonitoringu musi byt nepfretrzita, aplikace vysledk( a doporuéeni
okamzita a bezprostiedni.

V rdmci modelu pouzivaného na tunelu Veprek byla doporuéeni subjektu pro-
véadéjiciho geomonitoring pro stavbu pouze nezavazna. Musela byt schvalo-
vana technickym dozorem investora (dale TDI). Odpovédnost za aplikaci zavé-
rii geomonitoringu v rozhodovacim procesu je tak prenesena na treti osobu
(TDI). Vykon TDI Stavebni spravy CD neni, jak jiz bylo fe¢eno, staly (nepfetrzi-
ty). Cesta Upravy technologie razeb tak neni prima a odezva stavby na zavéry
geomonitoringu je zdrZena. Tato negativa byla pfi vystavbé tunelu Veprek eli-
minovana osobnim entuziazmem zéastupce TDI Stavebni spravy Praha ing.
Wohlmuthem a predevsim v pocatcich razeb také velkym nasazenim projektanta.
Na zakladé téchto zkusenosti byl model pouzity pfi vystavbé tunell Krasikov | a ll
upraven nasledovné: funkce komplexniho geomonitoringu a geotechnického
dozoru byla rozsifena o vykon nepretrzitého technického dozoru investora. Geo-
monitoring se tak stal pfesné definovanou soucasti stavby, odpovédnost za inter-
pretaci vysledk sledovani je také presné definovana a cesta mezi geomonitorin-
gem a zhotovitelem je pfima. Investor vyhodné vyuZil nepfetrzitou pfitomnost
organizace provadéjici geomonitoring na stavbé pro vykon stalého TDI. Stavba
Krasikovskych tuneld byla personéiné pokryta jednim zaméstnancem CD (resp.
SZDC), ktery koordinuje praci stavebniho dozoru smluvné zajisténého investo-
rem prostfednictvim organizace provadgjici geotechnicky monitoring,
Vzhledem k tomu, Ze tunely Krasikov | a Il jsou prvnimi stavbami v CR aplikuji-
cimi tento model, kooperace zastupc monitoringu a Stavebni spravy CD (resp.
SZDC) byla postupné optimalizovana. Koneény stav Ize charakterizovat nasle-
dovné: zastupce geomonitoringu vykonavajici funkci TDI zodpovida za aplikaci
optimalni technologie razeb v navaznosti na zastizenou geologii a vysledky
monitoringu, schvaluje protokoly o skutecném provedeni a podklady pro fak-
turace, je pfitomen nebo pfimo provadi sadu kontrolnich zkou$ek pouZzitych
materialt a_prejiméa veskeré konstrukce na stavbé. Zastupce Stavebni spravy
CD (resp. SZDC) pro vykon TDI zodpovida za vlastni fakturaci, kompletni dokla-
dovou ¢ast stavby, pfipominkuje a schvaluje realizaéni dokumentaci a techno-
logické predpisy pro pouzité technologie v intencich platnych TKP a ZTKP.
Tento model také odpovida trendim v oblasti sdileni rizik p¥i vystavbé tuneld.
Zpétné analyzy kolapsu tunell a krizovych situaci pfi jejich vystavbé po celém
svété vedou k obdobnym doporuéenim [1,2]. Investor v prvé fadé musi uznat
plnou zodpovédnost za geologickou situaci na stavbé jak ve fazi prizkumu, tak
ve fazi realizace, a to bez ohledu na zplsob financovani stavby. (Tunely v CR
byly doposud smluvné zadavany na zékladé jednotkovych cen.) Geomonito-
ring a geotechnicky dozor podléhéa tedy pfimo investorovi, ktery tak pfiznava
pfimou zodpovédnost za interpretaci zastizené geologie. Zaroven vyuZiva

acted as bodies appointed by the state to perform the role of owner, administ-
rator, investor and operator of railways, and , in the same time, the role of the
railway transportation operator. From the middle of the 90s, some of the activi-
ties have become subjects of privatisation, thus the company was downsized,
mainly in the area of the infrastructure. This period also coincides with the peri-
od of starting modernisation and optimisation of rajlway corridors. Existing
capacities of investment-oriented components of the Ceské Drahy organisation
made it possible for the technical supervision or site supervision to be carried
out using their own human resources. Although, the site supervision has been
performed as a random activity, not continually.

A fundamental reform in the field of railways of the Czech Republic came in effect
at the beginning of 2003. The function of the appointed owner of the railway
infrastructure was taken over by a newly founded state organisation, Spréva
Zelezni¢ni Dopravni Cesty, SZDC (Railway Route Administration). Ceské Dréhy
was transformed to a joint stock company commissioned to administer the
infrastructure on the basis of a three-year contract with SZDC, to operate railway
tracks, and, in the same time, to do business in the field of passenger and freight
transportation (in the field of passenger transportation with due respect paid to
the public interest, with an obligation of funding the public service from the state
budget or also municipal budgets. Another change took place at the beginning of
the current year, when SZDC took over from Ceské Drahy direct investment acti-
vities in the field of the infrastructure. In the practice, this step meant a transfer of
capital investment bodies, i.e. Stavebni Sprava offices (Construction Administra-
tion Offices), under the SZDC control. This meant that the owner decided to exe-
cute the investment activities directly, without any mediator. The administration
of the infrastructure, performed by Spréva Dopravnich Cest offices (SDC - Tran-
sport Routes Administration), remains the business of Ceské Dréhy a. s.

Ceské Drahy was able to cover the technical supervision over most professions
involved in modernisation and optimisation of railway tracks by its own sour-
ces. The field of geotechnics has been an exception since the very beginning.
For that reason a contract was concluded with SG-Geotechnika for geotechnical
consultantation. SG-Geotechnika took part in the tender for geotechnical con-
sultation for Ceské Dréhy (CD), and operates as an independent company con-
ducting geotechnical supervision on the CD railway lines.

Consequently, with respect to preparation of construction of new railway tun-
nels, also a discussion on technical supervision on railway tunnel construction
sites commenced. The technical supervision of the first one of the new tunnels,
the "Veprek" tunnel, was still carried out in the standard manner, customary in
the Czech Railways system. SG-Geotechnika performed complex geomonito-
ring and geotechnical supervision in accordance with its role of geotechnical
consultant and supervisor of Corridor structures for Czech Railways. Owner's
site supervision was performed separately, by an employee of CD - DDC - Sta-
vebni sprdva Praha. Similar system was applied to a non-Corridor construction
of the "Brezno" tunnel. A significant change was achieved owing to a progressi-
ve attitude of Stavebni Sprava Olomouc at new tunnel constructions "Krasikov"
and "Tatenice". A process of joining geotechnical monitoring and technical/site
supervision under a single contract concluded with a single organisation star-
ted there as a trial. Based on experience gained from those sites, Stavebni Spra-
va Olomouc adopted this system for further constructions of the "Mala Huba",
"Hnévkov I" and "Hnévkov II" tunnels. Monitoring and supervision of tunnels
contained in the Nové Spojeni (New Connection) project (a project solving the
Prague railway junction) is currently ensured by Stavebni Spréva Praha in a
similar manner, now already under direct SZDC sponsorship.

COMPLEX GEOMONITORING AND TECHNICAL/SITE
SUPERVISION IN TUNNEL CONSTRUCTION

In general, geomonitoring is part of the tunnelling methodology. Primary geo-
logical documentation and a prognosis are confronted with measurement of
deformations and the state of stress of the lining and surrounding rock mass.
This confrontation results in optimisation of the tunnel excavation procedure,
i.e. application of a relevant NATM technological class, or its modification.
When the proposed modifications agree with the valid design documents, the
decision-making process takes place on the construction site, even at the hea-
ding. When the situation requires basic changes reaching beyond the limits spe-
cified in the design documents, a meeting is called, attended by representatives
of all construction parties. Routine (daily) interpretation of results of the com-
plex geomonitoring must be continual, followed by immediate application of
the interpretation results and recommendations. Regarding the model used at
the "Veprek" tunnel, recommendations of the subject performing the geomoni-
toring were only optional for the construction management. They had to be
agreed by the Owner's Site Supervision (OSS). Thus responsibility for applica-
tion of monitoring conclusions in the decision-making process is delegated to a
third person (the OSS). As mentioned above, Stavebni Sprava CD does not exe-
cute the OSS continually. The process of modification of the excavation tech-
nology is not straightforward, and response of the construction management to
the geomonitoring conclusions is delayed. Those negatives were eliminated on
the "Veprek" tunnel construction site by personal enthusiasm of Ing. Wohimuth
(an OSS representative of Stavebni Sprava Praha), primarily at the beginning of
the excavation work, and also by great effort of the designer.

Based on the above experience, the model used for the Krasikov | and Il tunnels was
modified as follows: the assignment of complex geomonitoring and geotechnical
supervision was extended by adding obligations of continual owner's site supervisi-
on. Thus geomonitoring became exactly defined part of the construction process;
responsibility for interpretation of the monitoring results is also defined exactly, and
the path between geomonitoring and the construction contractor is straightforward.
The owner took the advantage of continual presence of the organisation performing
the site geomonitoring for execution of continual OSS. The construction site of the
Krasikov tunnels has been covered, in terms of human resources, by a single emplo-
yee of CD (or SZDC), who coordinates the work of the site supervision contracted by
the owner with the organisation performing the geotechnical monitoring.

Because of the fact that the Krasikov | and Il tunnels are the first constructions app-
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vysledkd geomonitoringu jako kontroly technologii razeb z hlediska jejich raci-
onalnosti pfi znatném zieteli na bezpec¢nost provadéni. Pomér mezi ekonomi-
kou a bezpecénosti stavby je vyvazeny. Jak jiz bylo zminéno, relevantni zavéry
geomonitoringu lze podavat po vzajemné konfrontaci interpretace zastizené
geologie a vysledki méfeni. Je tedy logické, Ze investor deleguje pravomoci,
povinnosti a odpovédnost TDI na zhotovitele komplexniho geomonitoringu.
Zhotovitel geomonitoringu musi zaroven disponovat nebo personalné zajistit
odborniky pro vykon TDI.

TUNELY KRASIKOV |, Il - VYSLEDKY

Konkrétni vysledky synergie komplexniho geomonitoringu a vykonu TDI Ize
dokumentovat na feseni mimoradnych situaci, kterym se vystavba tunell
nikdy nevyhne, tedy ani vystavba tuneld Krasikov I a Il. Profil tunelu byl ¢le-
nén horizontalné na kalotu, jadro (levé a pravé) a dno. Zakladni parametry
tuneld viz ¢lanek strana 7.

Pro sledovani pretvareni systému hornina-osténi tunelu se pouziva kombina-
ce nékolika zékladnich druhG méreni. S pfihlédnutim k minimalizaci ovlivnéni
plynulosti razby a zastizenym geologickym pomérim bylo pfi realizaci tuneld
Krasikov |, Il pouZito méfeni konvergenci vyrubu, méreni normalovych napéti
v priméarnim osténi, extenzometrické méfeni ve vrtech provadéné ve &tyrech
priénych profilech z povrchu nad tunelem, nivelace povrchu terénu nad tune-
lem (4 pricné profily v misté extenzometr(), trigonometrické sledovani svahi
portalovych jam, inklinometrické méreni stability horninového pilite mezi
tunelem a svahem a sledovani portalové stény, zaméreni skute¢ného prove-
deni primarniho osténi laserovym scannerem (Cyrax).

Vysledky méfeni je nutné posuzovat ve vzajemnych souvislostech. Proto
byly jednotlivé monitorovaci prvky situovany co mozna nejvice do sdruze-
nych profili. Sdruzeny profil obsahoval méreni konvergenci vyrubu, mére-
ni napéti v primarni obezdivce, sledovani deformace horninového masivu
nad tunelem pomoci extenzometrd, sledovani vyvoje poklesové kotliny
nad tunelem prostfednictvim nivelace povrchu. Celkem byly instrumento-
vany 4 sdruzené profily, situovany tak, aby postihly véechny predpoklada-
né horninové typy a predikovanou tektonickou poruchu v poloviné trasy
tunelu Krasikov |. Takto situované a instrumentované sdruzené profily
umoznily komplexni a relevantni geotechnické prognézy odezvy horninové-
ho masivu na razbu tunelu [3].

Nedilnou soucasti geomonitoringu bylo i nepfetrzité sledovani geologickych
a geotechnickych podminek na ¢elbé tunelu. Pfesny popis horninového masi-
vu a stability ¢elby s ohledem na vysledky geotechnickych méfeni umoznil
spravné zatfidéni vyrubu do technologickych tfid NRTM.

Pred poloZenim mezilehlé izolace bylo provedeno zaméreni skute¢ného stavu
lice primarniho osténi laserovym scannerem Cyrax 2500.

MIMORADNE SITUACE

Na zakladé rozboru pfedbézného geologického prizkumu byly pfedpokladany
2 nejkritictéjsi useky tuneld Krasikov I, Il. PIné v souladu se zésadami NATM
byly projektem navrZeny jednotlivé typy technologickych postupl razeb
a zajisténi vyrubu, pficemz o jejich konkrétnim uplatnéni bylo rozhodnuto na
zakladé konkrétni situace in-situ. Hlavni roli v rozhodovacim procesu sehréava
geomonitoring. Na zakladé vyhodnoceni vysledk(i méfeni a geologické situa-
ce na celbé byly operativné feseny i predpokladané kritické useky.

KRASIKOV | - TEKTONICKA PORUCHA

Razba tunelu probihala pfedevsim v navétralych kfidovych sedimentech,
zastoupenych piskovci a prachovci. Po 470 m byly na celbé kaloty zastizeny
podrcené piskovce charakteru horninové suti s jilovitou vyplni, nestabilni.
Aplikace vSech projektovanych opatieni byla dostacujici a razba nadale pokra-
¢ovala bezpecné. Dle projektu méla byt v tomto cca 60 metrovém Useku uza-
virana spodni klenba tunelu. PFi dobirce jadra jiz byly zastizeny unosné vrstvy
piskovcu. Po komplexnim vyhodnoceni monitorovacich prvku ve sdruzeném
profilu ¢. 3 (konvergence, tenzometry, extenzometry, nivelace) bylo rozhodnu-
to neuzavirat invert a také v tomto Useku pouZit typ NRTM ba - osténi tvaru kla-
sické podkovy. Toto feSeni pfineslo odpovidajici finan¢ni Gspory, které v cel-
kové sumé tunelu Krasikov | dosahly 4 %.

KRASIKOV Il - VYCHODNI PORTAL

V oblasti vychodniho portalu svird osa tunelu Krasikov Il s povrchem svahu
velmi ostry Ghel. Stavebni jdma je tvofena pouze dvéma sténami, z teti stra-
ny probihé stavajici koridorova trat. Vlastni portalova sténa dosahuje vysky 20 m,

Obr. 2 Vychodni portal tunelu Krasikov Il - monito-
rovaci prvky a zajisténi

Fig. 2 Eastern portal of Krasikov Il tunnel - moni-
toring elements and support

geomonitoringu

Obr. 3 Systém Barab®© - pienos a sdileni vysledki

Fig. 3 Barab© system - geomonitoring results
transmission and sharing

lying this model in the CR, cooperation of representatives of the monitoring and
Stavebni Sprava CD (or SZDC) has been continually optimised. The final state can
be characterised as follows: the representative of geomonitoring, performing a
function of the OSS, is responsible for application of an optimal excavation techno-
logy, taking into consideration the geology encountered and the monitoring results,
approves as-built reports and documents for invoicing, is present at or carries out
personally a set of checking tests of applied materials, and takes over all structures
on the site. The representative of Stavebni Sprava CD for execution of the OSS is
responsible for invoicing, complete documentation part of the construction, com-
ments on and approves detailed design documents and specifications for the app-
lied technologies (within the framework of the binding Project Specifications).

This model also corresponds with trends in the field of sharing tunnel constructi-
on risks. Back analyses of tunnel collapses and crisis situations occurring during
the construction phase all over the world lead to similar recommendations [1,2].
First of all, the owner must acknowledge full responsibility for the geological situ-
ation on the site, both in the phase of exploration and the phase of realization,
regardless of the project funding. (Tunnels in the CR have been contracted on a
basis of unit prices.) This means that geomonitoring and geotechnical supervisi-
on are controlled directly by the owner, who acknowledges direct responsibility
for interpretation of encountered geology. In the same time, the owner utilizes the
geomonitoring results as a control over the excavation technologies in terms of
their rationality, with considerable respect paid to the Works safety. The Works
economy and safety ratio are balanced. As mentioned above, relevant conclusi-
ons of geomonitoring can be presented after confrontation of interpretation of the
encountered geology and results of measurements. It is therefore logical that the
owner delegates the OSS powers, obligations and responsibilities to the complex
geomonitoring contractor. The geomonitoring contractor must also have profes-
sionals for the OSS execution available, or hire them.

KRASIKOV I, Il TUNNELS - RESULTS

Concrete results of synergy of complex geomonitoring and execution of 0SS
can be documented on solutions of extraordinary situations, which no tunnel
construction, nor the Krasikov I and Il tunnels construction, can ever avoid. The
tunnel cross section was divided horizontally into top heading, bench (left and
right) and invert. For basic parameters of the tunnels see the article page 7.
Observation of the rock-tunnel liner system deformation comprises a combination of
several basic types of measurement. With consideration of minimisation of influen-
cing the excavation fluency, and of the geological conditions encountered, the follo-
wing measurements have been carried out at the Krasikov I and Il tunnel constructi-
on: measurement of tunnel convergence, measurement of normal stresses in the pri-
mary liner, borehole extensometer measurements carried out in four transversal pro-
files from the surface above the tunnel, levelling of the surface above the tunnel (4
transversal profiles at the location of the extensometers), trigonometric observation
of slopes of portal pits, inclinometer measurement of stability of the rock mass bet-
ween the tunnel tube and the slope surface, and observation of the portal wall, sur-
veying of the as-built condition of the primary liner using a laser scanner (Cyrax).
The measurement results must be assessed considering their interrelations. For
that reason the individual monitoring elements were situated to combined profiles
as much as possible. A combined profile contained excavation convergence mea-
surement, measurement of primary stress in the primary liner, observation of the
rock mass deformation above the tunnel by extensometers, observation of deve-
lopment of the settlement trough above the tunnel using surface levelling. Four
combined profiles were instrumented in total. They were situated so that all anti-
cipated rock types and a tectonic disturbance predicted at the mid-point of the Kra-
sikov | tunnel route were covered. The combined profiles situated and instrumen-
ted in the above-mentioned way, allowed elaboration of complex and relevant geo-
technical prognoses of the rock mass response to the tunnel excavation [3]. Inse-
parable part of the monitoring was also uninterrupted observation of geological
and geotechnical conditions at the tunnel excavation face. Exact description of the
rock mass and the face stability in terms of the geotechnical measurement results
allowed correct determination of the NATM excavation classes.

The actual geometry of the primary lining structure was measured before installa-
tion of the intermediate waterproofing system using a Cyrax 2500 laser scanner.

EXTRAORDINARY SITUATIONS

Two critical sections of the Krasikov | and Il tunnels were anticipated on the
basis of interpretation of the preliminary geological investigation. In full com-
pliance with the NATM principles, the design proposed individual types of exca-
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Obr. 4 Pohled z tunelu Krasikov Il do tunelu
Krasikov |

Fig. 4 A view from Krasikov Il tunnel to Krasikov |
tunnel
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horninovy pilif mezi osténim tunelu a licem pfilehlého svahu je mocnosti jen
3 m. Dalsim aspektem je fakt, Ze zde byla provedena prorazka tunelu. Geo-
technicky obtizna situace na vychodnim portalu vyZadovala komplexni sledo-
vani. Proto byl portal vedle geodetickych bodi osazen inklinometrem pro sle-
dovani stability svahu v rohu portalové jamy. Priibéznému sledovani vsech
monitorovacich prvkl (konvergence a tenzometry v tunelu, geodetické body
a inklinometr) prokazalo dostatecnost navrzeného zajisténi svahu a tunelu.
Pozitivni roli zde sehrélo zejména sepnuti horninového pilife mezi tunelem
a svahem (obr. 2).

Spojeni vykonu geomonitoringu a TDI se béhem FfeSeni mimoradnych situaci
pfi vystavbé tunell Krasikov | a Il ukéazalo jako operativni a ucinné. Bezpro-
blémové zvladnuti razeb bylo v neposledni fadé podminéno profesionalni
komunikaci a pfistupem v8ech zainteresovanych stran.

PRENOS DAT - SYSTEM BARAB®

P¥i realizaci geomonitoringu na stavbé tunell Krasikov | a Il byl testovan systém
Barab®© jako nastroj pro rychly prenos a sdileni velkého mnozstvi zméfenych dat
prostfednictvim sité internet. Systém byl vyvinut firmou SG-Geotechnika jako reak-
ce na potiebu rychlého operativniho zpracovavani, sdileni a hodnoceni velkého
mnoZzstvi dat priibézné ziskavanych v ramci geomonitoringu, trendy ve sdileni dat
a jejich rostoucimu vyznamu v rozhodovacich procesech na tunelovych stavbach.
Primarni databaze vysledkl sledovani je umisténa na serveru a pfistup do ni
maji pouze zhotovitelé jednotlivych druhl meéfeni. Po vloZzeni primarnich
vysledkd jiZz neni mozné obsah této databaze ménit.

Koneéni uZivatelé systému Barab© jsou vlastni zhotovitelé geomonitoringu,
zhotovitelé stavby, konzultanti vSech zainteresovanych stran, investofi sta-
veb, projektanti. Vysledky sledovani si prohliZi prostfednictvim web portélu
po zadani pfistupovych hesel. Pfistupova hesla jsou pfidélovana dle kompe-
tenci k danym projektim a druhu prezentovanych vysledkul. Vysledky geo-
monitoringu jsou tak po zadani pristupového hesla dostupné kdekoli a kdykoli
na svété. Prostfednictvim pristupového hesla a presné specifikovanou oblas-
ti dostupnych vysledku je zarucena bezpecnost a diskrétnost systému. Vlast-
ni jadro - primarni databaze - je precizné chranéna proti jakymkoli zdsahim
a upravam. Zpracovani vysledkd do grafu, tabulek, dokumentd je provadéno
pfimo na serveru. UzZivatel specifikuje pouze druhy méfeni a okrajové pod-
minky (€asové rozhranni, Useky staveb apod.). Neni tedy kladen nérok na
jakékoli dal$i softwarové vybaveni koneénych uzivatelu.

V soucasné dobé jsou sdileni a prezentace vysledkdi geomonitoringu pro-
strednictvim systému Barab® jiz pIné funkéni i na stavbach silni¢nich tuneld
Panenska, Valik, prlizkumna Stola Slivenec - Radotin (vSechny RSD), Zeleznic-
nich tunelli Krasikov 1, Il (SZDC, CD). Na tunelech Mala Huba, Hnévkov | a Il
(SZDC, CD) bude modul geomonitoringu rozsifen o modul TDI ve zku$ebnim
provozu. Modul bude obsahovat databazi informaci o skute¢ném provedeni
a v navaznosti na to financni sledovani priibéhu vystavby.

ZAVER

Zhotovitel geomonitoringu musi mit jasné definované kompetence a vztahy
vUci ostatnim Ucastnikim vystavby (zhotovitel, projektant, investor). Z pohle-
du investora je vyhodné vyuZit nepfetrzitou pfitomnost zaméstnanci monito-
ringu na stavbé pro funkci stavebniho dozoru. Pak je vykon stavebniho dozo-
ru optimalni nastroj pro moznost operativniho ovlivnéni vystavby. Mimo jiné
jsou tak vytvoreny optimalni podminky pro skutecné efektivni uplatnéni observacni
metody i NRTM pro zefektivnéni vystavby. Investor musi uznat zodpovédnost
za geologickou situaci na stavbé. Pokud geomonitoring a geotechnicky dozor
podléhaji pfimo investorovi, ten takto pfiznava pfimou zodpovédnost za inter-
pretaci zastizené geologie. Zarovef vyuziva vysledkd geomonitoringu jako
kontroly technologii razeb z hlediska jejich racionalnosti.

Monitoring tuneli musi byt komplexni. Pouze vyhodnoceni méfeni vSech
monitorovacich prvk( ve vzajemnych souvislostech umozni relevantni pro-
gnozy a zaveéry. Soucasna aplikace spojeni monitoringu a dozoru umoznuje
nejefektivnéjsi a nejrychlejsi reakce na zastizené podminky i velmi Usporné
a efektivni jednéni mezi zadavatelem a zhotovitelem v rdmci smluvnich vzta-
ha.
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Obr. 5 Tunel Krasikov | - razba kaloty, montaz ramu BTX
Fig. 5 Krasikov I tunnel - top heading excavation, erection of BTX frame

vation and support specifications, while their concrete application was decided
on the basis of particular in-situ situation. The main role in the decision-making
process belonged to geomonitoring. Also the anticipated critical sections were
solved operatively, on the basis of assessment of measurement results and
geological situation at the face.

KRASIKOV | - TECTONIC DISTURBANCE

The tunnel excavation was carried out mainly through slightly weathered Creta-
ceous sediments represented by sandstones and siltstones. After 470 m, there
were unstable crushed sandstones of a character of debris with clayey fill
encountered at the face. Application of all measures proposed by the design was
sufficient, and the further excavation continued safely. According to the design,
the tunnel invert was to be closed in this about 60m-long section. Although, com-
petent sandstone layers were encountered during the bench excavation. A deci-
sion was adopted after comprehensive assessment of the monitoring elements
contained in the combined profile No. 3 (convergence, strain gauges, extenso-
meters, levelling), i.e. not to close the invert and to use the NATM type 5a, i.e. a
conventional horseshoe shaped profile lining. This solution yielded correspon-
ding savings, reaching 4% in the total of the Krasikov I tunnel.

KRASIKOV Il - EASTERN PORTAL

In the area of the eastern portal, the Krasikov Il tunnel centre line and the slope
surface form an acute angle. The excavation pit consists of two walls only; an
existing Corridor railway track runs along the third side. The portal wall proper
reaches a height of 20 m; the rock pillar between the tunnel liner and the sur-
face of the adjacent slope is 3 m thick. Another aspect is a fact that the tunnel
breakthrough took place at this place. The geotechnically difficult situation at
the eastern portal required complex monitoring. The portal was therefore
instrumented, apart from survey points, instrumented by an inclinometer for
observation of the slope stability at the corner of the portal pit. Continual obse-
rvation of all monitoring elements (convergences and tensometers in the tun-
nel, survey points and inclinometers) proved sufficiency of the designed sup-
port of the slope and the tunnel. Namely the connection of the rock mass bet-
ween the tunnel tube and the slope surface (Fig. 2) played a positive role.

The combination of the geomonitoring and the OSS in the process of solving
extraordinary situations during the construction of the Krasikov | and Il tunne-
Is showed operative and effective. Trouble free execution of the excavation
depended, among others, on professional communication and attitude of all
the parties involved.

DATA TRANSMISSION - BARAB® SYSTEM

The Barab© system was tested in the process of geomonitoring at the con-
struction of the Krasikov I and Il tunnels as a means of fast transmission and
sharing large amount of measured data through Internet. The system was
developed by SG-Geotechnika as a response to the need for fast operative pro-
cessing, sharing and interpretation of large amount of data obtained continually
in the framework of geomonitoring, a response to trends in data sharing, and their
increasing importance for decision-making processes at tunnel constructions.

A primary database of monitoring results is placed on a server, and is accessib-
le for contractors hired for particular types of measurement only. The contents
of this database cannot be modified once the primary results have been fed.
Final users of the Barab®© system are the geomonitoring contractors, civil enginee-
ring contractors, consultants of all involved parties, owners and designers. They can
study the monitoring results through a web portal after entering access passwords.
Passwords are assigned in relation to relevant competencies over the given projects
and the type of presented results. Thus the geomonitoring results are available, after
entering the password, anywhere and anytime in the world. Safety and confidenti-
ality of the system is guaranteed through an access password and exactly specified
fields of the results accessible. The database core proper, i.e. the primary database,
is precisely protected against any undesirable action and changes. Processing of the
results into charts, tables and documents is carried out directly on the server. The
user specifies the measurement types and boundary condlitions only (time interfa-
ce, sections of structures, etc.). End users need no other software.

Currently the sharing and presentation of geomonitoring results through the
Barab© system is fully functional on construction sites of the Panenska and
Valik road tunnels, exploration gallery Slivenec - Radotin (all of them for Direc-
torate of Roads and Motorways, the owner), and railway tunnels Krasikov | and
Il (for SZDC, CD). Regarding the Mald Huba, and Hnévkov | and Il tunnels
(SZDC, CD), the geomonitoring module will be extended by adding a module
for the OSS during the trial running. The module will contain a database of
information about as-built structures, interconnected with financial monitoring
of the construction process.

CONCLUSION

It is necessary for a geomonitoring contractor to have all competences and rela-
tions with the other project parties (construction contractor, designer, owner)
clearly defined. From the owner's point of view, it is advisable to take advanta-
ge of the uninterrupted presence of the geomonitoring staff on site for the func-
tion of site supervision. Then the site supervision is an optimal tool allowing
operative influencing of the construction work. Among others, this system cre-
ates optimal conditions for really effective application of the observation met-
hod, and for the NATM to increase efficiency of the construction work. The
owner must accept responsibility for the geological situation on the site. By
direct subordination of geomonitoring and site supervision to the owner the
owner acknowledges direct responsibility for interpretation of the geology
encountered. In the same time, the owner utilises results of geomonitoring as a
control over the excavation technologies in terms of their rationality.

Monitoring of tunnels must be comprehensive. Relevant prognoses and conclusi-
ons can only be achieved when measurements of all monitoring items are asses-
sed considering all interrelations. The present-day application of combination of
monitoring and site supervision allows the most efficient and quickest responses
to the encountered conditions, and highly economic and effective negotiation bet-
ween the owner and contractor in the framework of contractual relations.
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES V SINGAPURU
A CINNOST WG ITA/AITES

V minulém ¢isle naseho Casopisu jsme informovali o Valném shroméazdéni ITA/AITES,
dnes pfinasime prehled o ¢innosti pracovnich skupin (WG), které mély v prabéhu kon-
gresu své separétni jednani. CR ma své delegaty ve 12 z 13 aktivnich skupin, v Singapu-
ru v8ak byli pfitomni jen dva. V souvislosti s pfipravovanym WTC 2007 v Praze je inten-

WG 2 - RESEARCH (VYZKUM)

New Animateur: E. Leca (France); Vice-Animateur: Y. Takano (Japan); Tutor: H. Wagner
(Austria)

Zasedani WG 2 se zGgastnilo 14 delegati reprezentujicich 11 zemi: Rakousko, Cinu, Dan-
sko, Francii, Japonsko, Koreu, Nizozemi, Spanélsko, Svédsko, Velkou Britanii a USA. Byl
vydan dokument ,Rizeni rizik v tunelovych projektech”, schvaleny v roce 2003. Doporu-
¢eni ,Sedani vlivem tunelovani” je dokonceno a bude pfedlozeno vykonnému vyboru
k posouzeni. Prvni néavrh zpravy "Prizkum staveni$té" byl pfipraven a pfipominkovan.
V tomto roce bude skupina pracovat na dokonceni této zpravy a zahéji novou akci ,Monito-
ring a kontrola podzemnich dél”. Skupina zpracovala v uplynulych letech nékolik dokumen-
tl a Ize predvidat dal$i oblasti prizkumu pro rozvoj budoucich dél.

WG 3 - CONTRACTUAL PRACTICES IN UNDERGROUND CONSTRUC-
TION (SMLUVNI PRAXE V PODZEMNIM STAVITELSTVI)

New Animateur: A. Dix (Australia); New Vice-Animateur: M. Smith (Switzerland); Tutor:
Y. Erdem (Turkey)

Skupina zacala revidovat a aktualizovat obecné zasady ITA pro smlouvy v podzemnim sta-
vitelstvi. Inovované moznosti volby financovani, dodavky projektd, stavby i technologie
Udrzby vyzaduji pfezkoumat smérnice ITA a stanovit nové obecné pouZitelné formulace
pro kontrakty. Nedavny vstup pojistoven do Fizeni rizik ukazuje na vyznamny vyvoj trhu
a vyzaduje nutné projedndani v rdmci smluvni praxe ITA.

WG 5 - HEALTH AND SAFETY IN WORKS (ZDRAVI A BEZPECNOST PRACE)
Animateur: D. Lamont (United Kingdom); Vice-Animateur: W. Chromy (Germany); Tutor:
M. Belenkyi (Russia)

Jednani skupiny se Gcastnilo 9 narodnich delegéti. Byl dokonéen CD-Rom "Bezpecnost
pfi tunelovani". Pokraovala revize dokumentu "Smérnice pro dobré osvojeni zasad zdra-
vé a bezpe¢né préce pfi tunelovani". Lze doufat, Ze tento dokument bude dokonéen pred
zasedanim v roce 2005. Skupina schvalila zapoceti praci na novém projektu, tykajicim se
pouceni o pozarni bezpetnosti pfi praci s TBM a dalsi tunelaiskou mechanizaci. Doufaji
ve spolupracii s mnoha organizacemi, které se o tuto problematiku bézné zajimaji.

WG 6 - MAITENANCE AND REPAIR OF TUNNELS (UDRZBA
A OPRAVY TUNELU)

Animateur: H. Russel (USA); Vice-Animateur: M. Muncke (Germany); A. Haack (Germany)
Zasedani se zG&astnili zastupci 14 statd: Belgie, Egypt, Francie, Némecko, Italie, Japon-
sko, Korea, Nizozemi, Cina, Rumunsko, Singapur, Svycarsko, Velka Britanie a USA. WG
posoudila posledni navrh dokumentu "Smérnice pro konstrukéni odolnost silni¢nich
tuneld" spolecného s Mezinarodni silni¢ni federaci. Poskytuje pokyny k lepsi ochrané sil-
ni¢nich tuneld v pfipadé silnych pozari. Dodatkem k posudku tohoto dokumentu predne-
sl pan Rene van de Bosch z Nizozemska zpravu o runhamerské pozarni zkousce, ktera byla
letos provedena v Norsku. WG se rozhodla pokracovat ve své ¢innosti vyty¢enim dvou
UkolG: vypracovat podobnou smérnici pro pozarni odolnost systém0 metra a zagit dalsi
jako manual pro udrzbu tunel.

WG 11 - IMMERSED AND FLOATING TUNNELS (PONOROVANE A PLO-
VOUCI TUNELY)

Animateur: J. Saveur (Nizozemsko); New Vice-Animateur: J. Baber (United Kingdom);
Tutor: Y. Leblais (France)

Na jednani bylo zastoupeno 9 zemi 14 delegaty, z nichZ Indonésie, Madarsko a Singapur
se zUcastnili poprvé. Chris Marshall poZadal o uvolnéni z funkce vice-animateura. WG je
mu velice vdécna za jeho pFispévky.

Katalog ponofovanych tuneld byl pfedan webmasterovi ITA. Pfiprava zpravy o sedani
postupuje tak, jak bylo vytyéena na zasedani. Dalsim ukolem bude vypracovat seznam
specifickych aspektti ponofovanych tuneld tak, aby mohl byt zahrnut do systému nastro-
je-dokumentace-ovéreni, kratce NDO (IDV), coZ je metoda k zajisténi sledovani zafizeni od
koncepéniho navrhu az po celou dobu provozni Zivotnosti.

WG 12 - SHOTCRETE USE (POUZITi STRIKANEHO BETONU)

Animateur: K. F. Garshol (USA); New Vice-Animateur; Atsumu Ishida (Japan); Tutor:
E. Grov (Norway)

Zasedani se zU¢astnilo 13 delegétl z 12 zemi. K ukolu 1 (Zpréva o sou¢asném stavu) byly
predloZeny pfispévky z 21 zemi. Nyni je pfipraven k publikaci. Zpravy o stfikanych mal-
tach s ochrannym protipozarnim a¢inkem, certifikatni systémy pro provadéni stiikaného
betonu, konstrukéni viakna pro vyztuzeni - vSechny jsou planovany tak, aby byly k dispo-
zici na zasedani v Turecku. Byl navazan kontakt s WG 19 s cilem nalézt moznost spoleg-
nych akold.

WORLD TUNNEL CONGRESS IN SINGAPORE
AND WG ACTIVITIES

In the last issue of our journal the readers were advised on the ITA/AITES General Assem-
bly, now we are reporting the summary of Working Groups activities which were holding
their separate sessions. The Czech Republic has its delegates in 12 from 13 active WG, but
only two were present at Singapore WTC. In regard of the prepared WTC 2007 in Prague
the more intensive activity of the Czech Tunnelling Committee representatives is more than
desirable.

WG2: "RESEARCH"

New Animateur: E Leca (France); Vice Animateur: Y. Takano (Japan); Tutor: H. Wagner (Austria)
The meeting of Working Group 2 was attended by 14 participants representing 11 member
countries: Austria, China, Denmark, France, Japan, Korea, Netherlands, Spain, Sweden,
United Kingdom, and United States. The document on "Risk Management of Tunneling Pro-
jects", approved in 2003 has been published, and the recommendation on "Settlements
induced by Tunneling" is complete and being submitted to the Executive Committee for
review. A first draft report on "Site Investigations" has been prepared and reviewed. For the
coming year, the Group will work on the completion of this report and initiate a new action
on the "Monitoring and Control of Underground Works". The group has produced several
documents over the past years, and more areas of investigation can be foreseen for the
development of future works.

WG3: "CONTRACTUAL PRACTICES IN UNDERGROUND CONSTRUCTION"

New Animateur: A Dix (Australia); New Vice Animateur: M. Smith (Switzerland),; Tutor:
Y. Erdem (Turkey)

The contractual practices group has commenced its revision and update of the ITA's general
principles for underground construction contracts. Innovative financing options, project deli-
very and construction and maintenance techniques all requiring reconsideration of ITA's gui-
ding principles and the formulation of new globally applicable themes for contracting. The
reinsurers recent entrance into risk management was identified as a significant market deve-
lopment in need of urgent consideration within ITA's contractual practices framework.
WG5: "HEALTH & SAFETY IN WORKS"

Animateur: D. Lamont (United Kingdom), Vice Animateur: W. Chromy (Germany); Tutor: M.
Belenkiy (Russia)

Nine member nations participated in the meeting. The "Safety in Tunnelling" CD-rom pro-
ject has been completed. The revision of the "Guidelines for good occupational health and
safety practice in tunnelling” continued and it is hoped to have this document completed
prior to the 2005 meeting. The Group agreed to commence work on a new project relating
to guidance on fire safety for TBMs and other tunnel machinery. They hoped to collabora-
te with a number of organisations currently interested in the subject.

WG6: "MAINTENANCE AND REPAIR OF TUNNELS"

Animateur: H. Russell (USA); Vice Animateur: M. Muncke (Germany); Tutor: A. Haack (Germany)
The meeting group is attended by members from 14 nations. They were Belgium, Egypt, Fran-
ce, Germany, ltaly, Japan, Korea, Netherlands, Republic of China, Romania, Singapore, Swit-
zerland and United Kingdom, and the United States. The Working Group reviewed the final draft
of Document Guidelines for Structural Resistance for Road Tunnels, a joint document with the
International Road Federation. This document is to provide guidelines for better protection of
road tunnels in the event of a severe fire. In addition to the review of the document Mr.
Rene Van De Bosch of Netherlands provided a presentation on the Runhamer Fire Test
which was performed in Norway this year. The Working Group elected to continue our work by
forming two task forces one to develop a similar guideline for Fire resistance for Metro systems
and the other to start to develop a Rehabilitation Manual for Tunnels.

WG11: "IMMERSED & FLOATING TUNNELS"

Animateur: J. Saveur (Netherlands); New Vice Animateur: J.Baber (United Kingdom), Tutor:
Y. Leblais (France)

Nine countries were represented at the meeting by a total of 14 participants of which Indo-
nesia, Hungary and Singapore were represented for the first time. Chris Marshall has requ-
ested to step down as vice-animateur. The working group owes him a lot for his contributi-
ons. The catalogue of immersed tunnels has been handed over to ITA's webmaster. The prepa-
ration of the report on settlements will go ahead as outlined in the meeting. The new activity
will be to list the specific aspects of immersed tunnels to be included in the system of Instru-
mentation, Documentation and Verification, IDV for short, being a method to assure the viabili-
ty of a facility from conceptual design throughout its operational life.

WG12: "SHOTCRETE USE"

Animateur: K.F. Garshol (USA); New Vice Animateur: Atsumu Ishida (Japan); Tutor: E. Grov
(Norway)

The meeting had 13 participants from 12 different countries. Task 1 (State of the Art Report)
has received contributions from 21 countries and is now ready for publishing. Reports on
fire protective sprayable mortars; certification systems for shotcrete operators; and struc-
tural fibres for shotcrete reinforcement, are all planned to be ready at the Istanbul meeting.
Contact with WG 19 will be established to check for possible common topics.

WG14: "MECHANIZATION OF EXCAVATION"

New Animateur: K. Fukumoto (Japan); Vice Animateur: F. Amberg (Switzerland); Tutor: K.
Ono (Japan)

"Classification and definition of TBMs with recommended keywords" has been completed
with schematic drawings and will be on the ITA website soon. Also, as the "TBM Glossary"
has been completed in English, French, German and Japanese, it will be on the ITA websi-
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W14 - MECHANISATION OF EXCAVATION (MECHNIZACE RAZICICH PRACI)
New Animateur: K. Fukumoto (Japan); Vice-Animateur: F. Amberg (Switzerland); Tutor:
K. Ono (Japan)

WG15 - UNDERGROUND WORKS AND THE ENVIRONMENT (POD-
ZEMNI DILA A ZIVOTNI PROSTREDI)

Animateur: R. Craig (United Kingdom); Vice-Animateur: J. Rhode (Norway); Tutor: H. Par-
ker (USA)

WG se sesla jednou za piitomnosti 12 &lent z 8 zemi. Ugastnici vyslechli 6 pFispévk(i
o problematice Zivotniho prostfedi v ¢lenskych zemich. WG v zasadé schvalila revidova-
nou zpravu "Zivotni prostiedi a udrzitelny rozvoj - divody pro vyuZiti podzemi". Zprava
bude ukonéena po obdrZeni pisemnych pfipominek (do ¢ervna) a predloZzena béhem léta
Viykonnému vyboru ITA (EC). WG projednala sv(j dal$i dotaznik a praci do budoucna.

WG 16 - QUALITY (JAKOST)

Animateur: C. Oggeri (ltaly); Vice-Animateur: O; Tutor: A. Assis (Brazil)

WG se sesla v poctu 3 zastupcti z Koreje a 1z Japonska. Po nedavné publikaci souhrnné
zpravy v TUST bude aktivita WG pokracovat pfipravou materialG pro website ITA a pro
didaktickou prezentaci. Skuteénym obratem je zaméfeni na praktické otazky, také pro-
stfednictvim kontaktd s ostatnimi WG, zejména s WG Tradi¢ni tunelovani, s cilem pfi-
pravit kratkou zpravu "Vybér technickych postupt pro priizkum, projektovani a monitoring
pfi obtiznych a ménicich se podminkach". Novy vice-animateur bude vybran po projednani
s leny WG. Novi ¢lenové rovnéz vyzaduji vyraznéjsi praktické zaméreni prace WG.

WG 17 - LONG TUNNELS AT GREAT DEPTH (DLOUHE TUNELY VE
VELKYCH HLOUBKACH)

New Animateur: P. Grasso (ltaly); New Vice-Animateur: M. Shimokawachi (Japan); Tutor:
F. Vuilleumier (Switzerland)

Zasedani se zUGcastnilo 22 ¢lend z 15 riznych zemi. WG vybrala po rezignaci Prof. F. Des-
Minoru Shimokawachi za vice-animateura. WG byla informovana o rozhodnuti EC ITA, Ze
kone¢na verze zpravy WG "Dlouhé dopravni tunely ve velké hloubce" byla schvalena
a bude brzy publikovana. WG se rozhodla rozsifit své pole plisobnosti o dlouhé hydrau-
lické a trubni tunely, ale jen z hlediska projektovani a konstrukéni optimalizace.

WG 18 - TRAINING (VYCVIK)

Animateur: D. Peila (ltaly); Vice-Animateur: Nick Chittenden (CH); Tutor: F. Gruebl (Ger-
many)

Na jednéani bylo pfitomno 10 Ggastnikl z téchto zemi: Belgie, Cina, Korea, Francie, Italie,
Singapur a Nizozemi.

V diskusi byla zhodnocena prace od posledniho mitinku v Amsterdamu. Byla ukoncena stan-
dardni prezentace didaktickych materiald ITA a schvélena EC. Nyni jsou rovnéz k dispozici na
website ITA prvni uéebni texty vychazejici z ¢innosti WG.

Pro €innost do budoucna bylo rozhodnuto vyvinout novy soubor (dajl o univerzitnich
profesorech a tunelarskych kurzech, které budou zakladem univerzitni sité a ukonéi pfi-
pravu uéebnich materialli jako vysledek aktivity WG.

WG 19 - CONVENTIONAL TUNNELLING (TRADICNI TUNELOVANI)
New Animateur: H. Ehrbach (Switzerland); New Vice-Animateur: R. Galler (Austria);
Tutor: A. Assis (Brazil)

Na prvnim zasedéni zivé diskutovalo 17 delegétii z 12 zemi po prezentaci zprav ze Svy-
carska, Brazilie, Japonska a Rakouska o sou¢asném stavu tradi¢niho tunelovéni v jejich
zemich.

Na druhé schiizce WG 7 delegatt reprezentujicich Rakousko, Francii, Recko, Italii a Svy-
carsko schvalilo smérnice a harmonogram pro dokon&eni mezinarodni zpravy o tradic-
nim tunelovani. Na pfistim zasedani WG v fijnu 2004 u pfileZitosti kongresu EUROCK v Salc-
burku bude prvni navrh zpravy ITA WG 19 projednan.

WG 20 - URBAN PROBLEMS, UNDERGROUND SOLUTION (PROBLE-
MY MEST, PODZEMNI RESENI)

New Animateur: S. Nelson (USA); New Vice-Animateur: M. Thewes (Germany) and
J. Nishi (ACUUS); Tutor: J. P. Godard (France)

Prvnim ukolem bylo zvolit nového animateura a vice-animateura z divodu rezignace
J. Reilly. WG pak projednala cil své ¢innosti, kterym je publikace dokumentu popisujici-
ho Uspésné podzemni projekty ve svété a problémy mést, na néz jsou zaméreny. Doku-
ment ma oslovit osobnosti na vSech drovnich rozhodujici o planech a projektech. Jako
odpovéd na Zadost prezidenta ITA Andre Assise jiz pfisly prispévky z Nizozemi, Japon-
ska, USA, Francie, Ruska, Norska, Svédska a Némecka. Vyzadovany jsou pFispévky o zaji-
mavych a vyznamnych podzemnich projek-
tech od v8ech néarodu rodiny ITA. Pfispévky
mohou mit formu kratkého abstraktu, kde
bude popsan projekt a problém mésta, na
ktery je zaméren.

S vyuZitim tiskového komuniké pfipravil:
With using press release prepared by:
Ing. Karel Matzner

Obr. 1 Nové zvoleny prezident ITA/AITES
Harvey Parker mezi delegéty z Lesotha

v Singapuru

Fig. 1 New elected ITA/AITES President
Harvey Parker among delegates of Lesotho
in Singapore

te. Besides, "TBM Glossary" will be extended to other languages, such as in Italian, in Spa-
nish, in Korean and in Chinese, which will be good benefits to prospected authors of sci-
entific papers of tunneling. The scope of work and schedule for "ITA Recommendation in
Mechanized Tunneling”, which is the next theme for WG-14, was discussed. It is determi-
ned that it will be just focused on excavating machine and fundamental equipments for
functioning, which indicates that some comments on segments and other relevant items
would also be ITA - AITES Press release 4/4 May 2004 included. Since robotics was still far
from the field practice, those would not be included. Since completion of "ITA Recom-
mendation in Mechanized Tunneling” will be great benefits to member nations, it is expec-
ted to be completed in two years or so with our members' unlimited efforts. Three subg-
roups (EPB, Slurry, Hard rock TBM) were formed for this task.

WG15: "UNDERGROUND WORKS AND THE ENVIRONMENT"

Animateur: R. Craig (United Kingdom); Vice Animateur: J. Rhode (Norway); Tutor: H. Parker (USA)
The Working Group met on one occasion and was attended by twelve members from eight
Member Nations. The meetings heard six presentations on environmental considerations
and problems in Member Nations' countries. The Working Group approved in principle the
revised report of 'Environmental and Sustainable Development Reasons for Going
Underground'. Following receipt of written comments in June from members of the Wor-
king Group, the report will be finalised and forwarded to the Executive during the summer.
The meeting discussed the Working Group's other questionnaires and future work.
WG16: "QUALITY"

Animateur: C. Oggeri (Italy); Vice Animateur: --; Tutor: A. Assis ( Brazil)

The working group met with the participation of three members from Korea and one mem-
ber from Japan. After the very recent publication of the general report on TUST, the acti-
vity will go on with the preparation of material for the ITA website and for didactical pre-
sentation. The true turning point is now the focusing on detailed and practical items,
also by means of contacts with other WG, namely conventional tunnelling, in order to
prepare a short report on Selection of technical procedures for investigation, design
and monitoring when difficult or changing conditions are encountered. A new vice ani-
mateur will be appointed after discussion among the members. New members are also
claimed for increasing experience background of the Group.

WG17: "LONG TUNNELS AT GREAT DEPTH"

New Animateur: P. Grasso (Italy); New Vice Animateur: M Shimokawachi (Japan); Tutor: F.
Vuilleumier (Switzerland)

The meeting was attended by 22 members from 15 different countries. The group had appo-
inted ex vice animateur, P.Grasso as Animateur following the resignation of Prof.F.Descoe-
udres and elected at the same time Dr. Minoru Shimokawachi as vice animateur. The group
was informed about the decision of the Executive Council that the final version of the WG
report on "Long Traffic Tunnels at Great Depth" has been approved and will be published
soon. The working group decided to extend our domain of interest to cover the long hyd-
raulic and pipeline tunnels only for the design and construction optimisation aspects.
WG18: "TRAINING"

Animateur: D. Peila (Italy); Vice Animateur: Nick Chittenden (CH); Tutor: F. Gruebl (Germany)
The meeting was attended by 10 participants coming from the following countries Belgi-
um, China, Korea, France, Italy, Japan, Singapore and The Netherlands. The discussion
analysed the work done after Amsterdam's meeting. ITA standard presentation of the
didactic material was finalised and was approved by ITA Executive Council and it is now
available also the first teaching presentation coming from a working group's activity is
available on ITA web site. For the future activities it was decided to develop a new collec-
tion of data on University Professors and tunnelling courses which will be the base of the
University Network and to complete the preparation of teaching power point presentations
coming from the activity of the working group.

WG19: "CONVENTIONAL TUNNELLING"

New Animateur: H. Ehrbar (Switzerland); New Vice Animateur: R. Galler (Austria); Tutor: A.
Assis (Brazil)

In the first session, 17 delegates representing 12 nations held a vivid discussion after the
presentation of the Swiss, the Brazilian, Japanese and Austrian Reports on the state-of-the-
art on Conventional Tunnelling in their respective countries. In a second session 7 delega-
tes representing Austria, France, Greece, Italy and Switzerland agreed on the guidelines
and the working schedule for the finalisation of the international report on Conventional
Tunnelling. In the next meeting in October 2004, the first draft of the ITA WG 19 Report will
be discussed around the EUROCKCongress at Salzburg.

WG20: "URBAN PROBLEMS, UNDERGROUND SOLUTIONS"

New Animateur: S.Nelson (USA); New Vice Animateurs: M.Thewes (Germany) and J. Nishi
(ACUUS); Tutor: J. P. Godard (France)

The first task was to elect a new animateur and vice animateur, due to the resignation of
J.Reilly. The group then discussed the goal of the working group which is to publish a
document which describes successful underg-
round projects around the world and the urban
problems they have addressed. The intended
audience for the publication is planners and
decision makers at all levels. In response to a
request from ITA President Andre' Assis, con-
tributions has been received from The Nether-
lands, Japan, USA, France, Russia, Norway,
Sweden and Germany. Contributions on inter-
esting and significant underground projects
are requested from other nations in the ITA
family. The contributions can take the form of a
brief abstract where the project and the urban
problems it addressed are described.
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MEZINARODNI KONFERENCE ,RIZENi A BEZPECNOST
DOPRAVY VE VELKYCH MESTECH”

V poradi jiz 6. mezinarodni védecko-prakticka konference vénovana proble-
matice velkych (mega) mést se konala v Petrohradu v Ruské federaci ve dnech
14. - 15. zafi 2004. Tato konference je poradana kazdé dva roky Statni univer-
zitou pro architekturu a vystavbu. Ugastnilo se cca 400 delegat(i a zahranigni
delegati z USA, Némecka, Finska, Litvy a fady zemi SNS.
V plenarnim zasedani vystoupila fada vyznamnych osobnosti jako napf.
nacelnik vseruské dopravni policie Kirjanov, poradce prezidenta RF pro severoza-
padni okruh Li¢agin, gubernator Leningradské oblasti a pfedseda vlady Sedjukov,
gubernétor Petrohradu Matvejenko a samoziejmé rektor univerzity Panibratov.
V referatech byla zdlraziiovana role podzemnich staveb, nebot napfiklad bez
metra by Petrohradské oblast se svymi 4,5 mil. obyvatel byla zcela paralyzo-
vana. Z dal$ich referatd napfiklad vyplynulo, Ze v celé Ruské federaci je doslo-
va katastrofalni situace v otazce bezpecnosti dopravy. Jenom v Petrohradu
bylo v roce 2003 7525 nehod a z toho bylo 765 osob usmrceno, cozZ je 0 11,4 %
vice, nez v minulém roce a ve srovnani s Ceskou republikou jsou to podstatné
horsi vysledky, prestoZe patfime v tomto sméru k nejhor§im zemim Evropy.
Pred vlastni konferenci pfijal vyznamné Ucastniky a nékteré zahraniéni dele-
gaty rektor Panibratov na $élek Caje. Zde byla pfilezitost kratce promluvit
s fadou osobnosti. Po plenarnim zasedani byla konference rozdélena do sekci.
Na konferenci bylo pét sekci:
(1) Normativni, organizacni a kadrové zabezpeceni systéml dopravy
(2) Dopravni systémy velkych mést
(3) Automatizované a telematické systémy fizeni dopravy
(4) Expertné-analytické zabezpeceni systému fizeni
(5) Konstrukéni bezpeénost automobilovych prostiedkd
Prednasky tykajici se tunell se konaly v sekci 3 ,, Automatizované a telematic-
ké systémy Fizeni dopravy”. Zabiraly velikou $kalu problematiky od zcela teo-
retickych, pojednéavajicich o novych matematickych moznostech pro zjistova-
ni dopravnich excesu, aZz po praktické ukazky zafizeni pro méfeni rychlosti
v Lefortovském tunelu v Moskvé, kde byla zméfena i rychlost 135 km.h".
Pfednesl| jsem pfispévek na téma ,Silni¢ni tunel jako soucast dopravni bez-
pecnostni politiky”, ktery je uverejnén v anglickém jazyce ve sborniku. Hlavnim
cilem bylo sezndmeni kolegli s vysokym standardem v bezpeénosti v Ceské
republice. Bylo poukazano na vyznamnou roli Vyboru pro bezpeénost v pod-
zemnich stavbach a Tunelové sekce CSS, kde byly vytvoreny vechny platné
standardy. Dale byla pfednesena metoda pro analyzu rizik vyvinutd v ramci
projektu ministerstva dopravy, bylo provedeno seznédmeni s praktickymi
zkouskami pozarli a na zavér byly predvedeny obrazky novych tuneld (Mra-
zovka, Zlichov). Na uplny zavér jsem pozval delegaty konference na svétovy
kongres WTA poradany v Praze v roce 2007. Dotazy se tykaly moznosti ziskéni
téchto standardi a komentare ukazaly, Ze tak pékné a dobfe vybavené tunely
se v Rusku nestavi (bylo poukazovéno na $patné osvétleni, malo znacek atd.).
Velmi zajimavy pfispévek prednesl pan Holm z Finska, ktery referoval o pfi-
pravovaném projektu tunelu v centru Helsink, ktery je uréen pro dopravni ob-
sluhu centra mésta a pro parkovani. Projekt pfipominal ideu projektu v Praze
Na pfikopech. V tunelu musi byt na vjezdech klesani az 7 % a uvnitf jsou tfi
kruhové objezdy se specidlnim dopravnim reZimem. Projektovana Sife je 12,5 m,
z toho jizdni pruh je 4,5 m. Tato §itka je dana s ohledem na réadius vozovky. Aby
bylo zachovana pfimérena bezpecnost, ukazala analyza rizik, Ze rychlost nesmi byt
vys$8i nez 30 km.h. V celé délce bude rychlost kontrolovana kamerami.
Na dotaz, jak zajisti inik osob, a to specidlné hendikepovanych, odpovédél pan
Holm, Ze do stran budou vyraZeny dostate¢né dlouhé unikové cesty, na jejichz
konci budou vytahy.
Druhy den konference se navic konalo zasedani VSeruské akademie véd, co? je
jiz od dob Sovétského svazu vSemocnéa organizace. Diky prof. Syljanovovi
jsem se mohl zti€astnit jako host. Na zasedani promluvil rektor Moskevské uni-
verzity Prichodko na téma ,Koncepce dopravni politiky v soucasnych pod-
minkach”, dale akademik Ipatov na téma ,Organizacné-technické otazky
pasivni i aktivni bezpecnosti” a nasledné feditel Centra fizeni dopravy v Moskvé
s pfednaskou ,MoZnosti snizeni dopravniho zatiZzeni mésta”. Hlavné on pfine-
sl fadu konkrétnich priklad(, napfiklad v tom, Ze Moskva bude postupné
doplfiovat detektory na vSechny vyznamné komunikace, aby ziskavali obraz
dopravy v SirSich souvislostech. Také chtéji rozsifit pocty kamer i s ohledem
na bezpecnost ob¢anu a velky diraz kladou na proménné informacni tabule,
pficemzZ jesté nemaiji jasnou koncepci. Velky dlraz kladou na vystavbu dal$iho
okruhu a vystavbu tuneld. Z jeho prednasky vyplynulo, Ze razici stit, ktery pro-
razil tunel Lefortovo, zagina razit dal$i tunel na ¢tvrtém okruhu.
Mj osobni dojem z Ucasti na konferenci je, Ze rusti odbornici maji malo infor-
maci o nasich aktivitach, ale Ze nas povazuji za odborniky, ktefi pracuji a vyu-
Zivaji evropské standardy, a tudiz by radi navazali uzsi kontakty. Cesta k publi-
kovéni v jejich ¢asopisech je oteviena.

Prof. Ing. Pavel Pribyl, CSc.

INTERNATIONAL CONFERENCE “"TRAFFIC SAFETY
MANAGEMENT FOR BIG CITIES"

The international scientific-practical conference devoted to the issues of large
(mega-) cities, already the 6th one, took place in Petersburg in the Russian fede-
ration from 14 to 15 September 2004. This conference is organised in two-year
intervals by the State Architecture and Development University. About 400 dele-
gates and foreign delegates from the USA, Germany, Finland, Latvia and many
other countries of the CIS took part in the conference.

A lot of outstanding personalities addressed the plenary session, e.g. Mr. Kirja-
nov, head of the All-Russian traffic police, Mr. Licagin, an advisor to RF president
for the north-western region, Mr. Sedjukov, president of the Leningrad province
and Prime Minister, Mr. Matvejenko, president of the Petersburg province, and,
of course, Mr. Panibratov, president of the university.

The papers put stress on the role of underground construction, because, for instance,
the Petersburg province with its population of 4.5 million would be totally paralysed
without the subway. It followed from other papers that, for instance, a literally catas-
trophic situation is in the whole Russian federation regarding traffic safety. In Peters-
burg only there were 7525 accidents in 2003, out of that 765 fatalities, up 11.4 % from
the previous year. Those results are significantly worse compared to those of the
Czech Republic despite the fact that we belong among the worse countries in Europe.
Mr. Panibratov held a tea party with distinguished participants and some fore-
ign delegates before the conference dealings. It was an opportunity for him to
speak briefly to a number of personalities. After the plenary session, the confe-
rence was divided into sections. There were 5 sections in the conference:

(1) Normative, organisational and staffing background for the traffic systems
(2) Traffic systems in big cities

(3) Automated and telematics traffic control systems

(4) Expert-analytic securing of control systems

(5) Structural safety of vehicles

The papers dealing with tunnels took place in the section 3 "Automated and
telematics control systems". They covered a wide range of issues, from com-
pletely theoretical ones dealing with new mathematical options in detection of
traffic excesses, up to practical demonstration of speed measuring equipment in
the Lefortovo tunnel in Moscow (speeds up to 135 km.h" have been recorded).

| read my paper titled "Road tunnel - part of traffic safety policy", published in
the conference proceedings in English. The main purpose of the paper was to
inform the colleagues about the high standard of safety in the Czech Republic.
The paper pointed to the important role of the Underground Construction Safe-
ty Committee and the Tunnelling section of the Czech Road Association, which
elaborated all current standards. Further, | presented a risk analysis method
developed in the framework of a project promoted by the Ministry of Transport,
informed about in-situ fire testing, and, at the conclusion, | displayed pictures of
new tunnels (Mrézovka, Zlichov). At the very end, | invited the conference dele-
gates to the WTA world congress taking place in Prague in 2007. Enquiries con-
cerned a possibility of obtaining the above standards, and commentaries pro-
ved that so beautiful and well-equipped tunnels are not built in Russia (insuffi-
cient illumination, lack of signs etc. were pointed).

A very interesting paper was read by Mr. Holm from Finland. He informed about
planning of a tunnel project in the Helsinki centre, which is intended for resident
traffic and parking in the city centre. The project was reminiscent of the idea of
the project of the Na Prikopech tunnel in Prague. A downward slope up to 7 %
at the tunnel entrance has to be provided, and three roundabouts with a speci-
al traffic regime are inside the tunnel. Design width is 12.5 m, with the traffic
lane 4.5 m wide. This width is given with respect to the roadway curve radius.
A risk analysis proved that the speed must not exceed 30 km.h" to maintain rea-
sonable safety. Speed will be checked along the entire length by cameras.

For the enquiry how escape of persons, especially handicapped ones, will be
secured, Mr. Holms answered that sufficiently long escape routes will be driven
to the sides, with lifts at their ends.

In addition to the conference, a session of the All-Russian Academy of Sciences,
an almighty organisation existing from the era of the Soviet Union, took place
on the second conference day. Thanks to Prof. Syljanov, | was allowed to take
part as a guest. In the session, president of the University of Moscow Mr. Pri-
chodko read an article "Conception of traffic policy in current conditions”, aca-
demician Ipatov continued by a topic "Organisational-technical issues of passi-
ve and active safety", and director of the Traffic Control Centre in Moscow read
a paper "Possibilities of reducing traffic intensity in the city". This man was the
main person who presented many specific instances, e.g. stating that Moscow
is going, step by step, to install detectors on all major roads to obtain informa-
tion on traffic in wider context. They also want to extend the number of came-
ras, also with respect to safety of citizens, and put a significant stress on vari-
able message signs, while the conception is not clear yet. He put a strong stress
on construction of another circle road and tunnels. It followed from his presen-
tation that the tunnel boring machine that drove the Lefortovo tunnel is starting
to excavate another tunnel on the fourth ring road.

My personal impression from my presence in the conference is that Russian
professionals lack information about our activities, but they consider us as pro-
fessionals applying European standards, therefore they would like to communi-
cate closer with us. Access for publishing in their magazines is open.
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KRYNICA 2004

Ve dnech 12. - 17. z&fi 2004 se v polské Krynici konala 50. jubilejni védeckéa konference
o stavebni problematice. Jeji historie saha az na pocatek 50. let minulého stoleti a mezi
jejimi organizéatory byli vidy predni polsti odbornici v oboru stavebnictvi. Na organizaci
leto$ni konference se podilela Polska Akademie Véd, Védecka rada spolecnosti polskych
inZenyrG a techniku ve stavebnictvi a VarSavska Polytechnika. VV Polsku je tato konferen-
ce velmi popularni, jak bylo vidét z hojné ugasti (témér 500 osob) a velkého poétu pred-
nesenych referatt (pres 150) prednich polskych inZenyr(, védct a pedagogu z oboru.
Do programu konference byly zafazeny sekce Mosty a tunely, Geotechnika, Ocelové
konstrukce, Betonové konstrukce, Organizace staveb, Pozarni bezpe¢nost staveb,
InZenyrské komunikace a cela fada referatl se tykala i ryze teoretickych disciplin. Ve
svété neni tato akce pravdépodobné pili§ znama, Ucast ze zahranici i pocet referatl
prednesenych zahrani¢nimi U¢astniky byly relativné nepatrné. Je to $koda, celé fada
referatl méla vysokou odbornou Uroven a zabyvala se velmi zajimavymi tématy.
Vzhledem k dlouholetym kontaktim naSeho ¢lena predsednictva pana profesora
Aldorfa z VSB Ostrava s polskymi kolegy byl CTuK pozadan o zajisténi prispévku
na téma ,ZkuSenosti ziskané pfi pfipravé a realizaci prazského metra”. Prispévek
byl prezentovén v ramci programu sekce ,Mosty a tunely”. Nasledné dotazy potvr-
dily, Ze problematika prazského metra se mezi polskou odbornou vefejnosti tési
znatné popularité. Jesté je tfeba podotknout, Ze pani dr hab. inZ. Anna Lewan-
dowska, jejiz ¢lanek je uvefejnén v tomto Cisle TUNELU, byla rovnéz jednou
z vedoucich organizator(i konference a mistopredsedkyni sekce Mosty a tunely.
V diskusi projevila velky zajem o navazani blizSich styki mezi CTuK a polskymi
tuneléfi a geotechniky, coz bude z nasi strany jisté vitano.

Ing. G. Romancov, CSc.

F.

KRYNICA 2004

The 50th jubilee scientific conference on civil-engineering issues took place in Polish
Krynica from 12 to 17 September 2004. Its history reaches to the beginning of fifties,
and distinguished Polish civil engineering experts have always been among its organi-
sers. Also the Polish Academy of Sciences, Scientific Board of Association of Polish civil
engineers and technicians, and the Warsaw Polytechnics participated in the conferen-
ce organisation. This conference has always been very popular in Poland, as proved by
the presence of nearly 500 persons, and a large number of papers (over 150) presented
by outstanding Polish engineers, scientists and pedagogues from the given industry.
The conference programme contained the following sections: Bridges and tunnels, Geotech-
nics, Steel structures, Concrete structures, Organisation of projects, Fire safety of constructi-
ons, Civil engineering communications, and many other papers dealing with purely theoreti-
cal disciplines. This event is probably not too much known in the world. Foreign participation
and the number of papers read by foreign participants were relatively insignificant. This is a
pity, as the scientific level of many papers was high, and their topics were very interesting.
Due to long-term contacts of a member of our Board, Prof. Aldorf from the Mining Uni-
versity in Ostrava, with Polish colleagues, the CTuC was requested for a paper on "Expe-
rience gained from preparation and realisation of the Prague subway". The paper was
presented in the framework of the "Bridges and tunnels" section. Subsequent inquiries
confirmed that the issue of the Prague Metro is very popular among the Polish profes-
sional public. It must be also noted that Mrs. Anna Lewandowska, whose paper is pub-
lished in this issue of TUNEL, was one of leading conference organisers and vice-chair-
woman of the Bridges and tunnels section. She gave an indication in the discussion that
she was interested in establishing closer relations between the CTuC and Polish tunnel-
lers and geotechnicians, which will certainly be welcomed from our side.

LITY Z PODZEMNICH STAVEB V CESKE A VE SLOVENSKE REPUBLICE

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

CESKA REPUBLIKA

TUNEL MRAZOVKA UVEDEN DO PROVOZU

Automobilisty i obyvateli praiského Smichova dychtivé oéekédvané otev-
feni tunelu Mrazovka se stalo skuteénosti ve €tvrtek 26. srpna 2004. Tunel
slavnostné uvedl do provozu primétor hlavniho mésta Prahy MUDr. Pavel
Bém, ktery ve svém projevu zdUraznil vyznam vystavby méstského i vnéj-
§iho rychlostniho okruhu pro dopravu v Praze. Podékoval vSem, ktefi se
na pfipravé a realizaci tunelu Mrazovka podileli a doslova fekl, Ze v§ak
nedékuje tém ekologickym aktivitdm, jejichZ ¢innost znamenala prodlou-
Zeni a zdraZeni stavby. Jako prvni projela tunelem kolona historickych vozi-
del s oficialnimi hosty. V odpolednich hodinach byl zahajen regulérni provoz
tunelu. Pokles automobilové dopravy v pfilehlé oblasti Smichova je jasné
patrny.

RAZBA ZELEZNICNIHO TUNELU HNEVKOV Il ZAHAJENA

Na Zelezniénim tahu Ceska Trebové - Zabieh na Moravé byla 31. srpna 2004
zahdjena razba tunelu Hnévkov II. Tunel je dlouhy skoro pul kilometru a reali-
zuje jej Metrostav a. s. spole¢né s Doprastavem a. s. S tunely Hnévkov | a Mala
Huba se tak zajisti dal$i napfimeni traté mezi Krasikovem a Zabfehem, coz
umozni zvy$eni rychlosti vlakd az na 160 km/hod.

DALNICNI TUNEL VALIK U PLZNE

Na stavbé tunelu Valik provedl Metrostav a. s. dne 24. ¢ervence 2004 proraz-
ku stfedniho opérového tunelu. Tento duleZity okamzik umoznil nasledné
zahéjeni pfipravnych praci, pfedevsim zpeviiovéani podloZi a instalaci mikro-

CZECH REPUBLIC

THE MRAZOVKA TUNNEL INAUGURATED

The opening of the Mrézovka tunnel to traffic, long awaited by drivers and residents
of the Prague district Smichov, became reality on Thursday the 26th August 2004.
The tunnel was inaugurated by Prague's Lord Mayor MUDr. Pavel Bém. In his spe-
ech, he stressed importance of development of the inner and outer road rings for
traffic in Prague. He thanked everybody who participated in planning and imple-
mentation of the Mrdzovka tunnel project, and said that he did not thank those envi-
ronmental groups whose activity meant delay and increased costs of the works.

A convoy of historic vehicles carrying official guests passed through the tunnel
as the first user. Regular operation of the tunnel started in the afternoon. Reduc-
tion in traffic intensity in the adjacent area is clearly visible.

EXCAVATION OF THE HNEVKOV Il RAILWAY TUNNEL STARTED
Excavation of the Hnévkov Il tunnel on the railway route Ceské Trebové - Zébreh
na Moravé started on 31 August 2004. The nearly half a kilometre long tunnel is
built by Metrostav, a. s. jointly with Doprastav, a. s. Together with the Hnévkov |
and Mala Huba tunnels, this tunnel will make further straightening of the railway
line between Krasikov and Zabreh possible. This will allow the train speed to be
increased to 160 km/h.

ROAD TUNNEL VALIK NEARBY PILSEN

The "central side-wall" drift of the Valik tunnel, built by Metrostav, a. s., holed through
on 24 July 2004. This important moment allowed subsequent commencement of
preparatory operations, above all the sub-base consolidation and installation of mic-
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pilot pro betonaz stfedového opérného pilife. Probihd montaz bednéni pilife
a zahéjeni jeho betondaze se planuje v druhé poloviné zafi 2004.

ZAHAJENI STAVBY NOVE SPOJENI PRAHA HL. N., MASARYKOVO N.
- LIBEN, VYSOCANY, HOLESOVICE

Smlouva o dilo na tuto duleZitou Zelezniéni stavbu, kterd zavrsi pfestavbu
prazského Zelezni¢niho uzlu, byla podepséna dne 12. ervence 2004. Zhotovi-
telem stavby je sdruZeni s ndzvem ,Prazské spojeni”, jehoZ lidrem je Skanska
ZS, a. s., a dalimi ¢leny jsou firmy Stavby silnic a Zeleznic, a. s., Metrostav a.s.
a Subterra, a. s. Jednim z kliCovych objektl stavby jsou vitkovské tunely.
Jedné se o dva nové dvoukolejné tunely pod vrchem Vitkov délky pres 1,3 km
s razenymi ¢astmi 1150 m a 1250 m. Realizace stavby byla zahajena v srpnu
2004 s neobvykle malym ¢asovym odstupem od ukonéeni vybérového Ffizeni
a podepsani smlouvy.

ZAHAJENI RAZEB NA STAVBE PRODLOUZENI PRAZSKEHO METRA
Z LADVIi DO LETNAN SE BLIZi

Kdo v soucasné dobé projizdi prazskym sidlistém Prosek, mUze se na vlastni
oCi presvédCit, Ze realizace useku IVC2 prazského metra se velmi rychle roze-
béhla a je skoro v plném proudu. Zhotovitel stavby, sdruzeni firem Metrostav
a. s. (lidr sdruzeni), Skanska CZ, a. s., a Subterra, a. s., zahdjil prace v ¢ervnu
2004. Nyni (zafi 2004) jiz probihaji zemni préce na hloubenych tunelech na
Proseku a kon¢i pfiprava pro zahéjeni razeb. Razby na stavebnim oddile 13
(dvoukolejné tunely mezi stanicemi Prosek Il a Letfiany) zah&ji Metrostav, a. s.,
v poloviné fijna 2004. VyuZzije pfitom pfistupovy tunel budovany z plochy zafi-
zeni staveni$té pobliz autobusovych garazi na Klicové.

KOLEKTOR CENTRUM I.A - VODICKOVA ULICE

V prabéhu leto$niho roku se rozvinuly prace na vystavbé kolektoru Centrum
I.A, etapa 0004 Vodickova ulice v Praze 1. Kolektor na jedné strané zacina na
Vaclavském namésti, kde podchazi podchod pro chodce, dale pokracuje Vodi¢-
kovou ulici na Karlovo ndmésti. Tam tato etapa konéi. Soucasti stavby je rov-
néz odboc¢na vétev v ulici V Jamé. Celkem se jedna o vyhloubeni 10 $achet
o thrnné hloubce 123,89 m a o vyrazeni 1274,27 m kolektoru a 407,2 m
domovnich pfipojek kolektoru. Kolektor v razeném profilu 19,5 m? je z vétsi
¢asti razen plnym profilem ve $térkopiskovych teraséach, v ¢asti stavby pre-
chézi ¢ast profilu do skalniho podloZi. Vétsi ¢ast dila je pod urovni podzemni
vody. S ohledem na okolni zastavbu v centru mésta, automobilovy a tramva-
jovy provoz nad kolektorem a na jiz zminénou geologii, se jednd o velmi
narocné tunelarské dilo. Zvolena technologie razeb s vyuZitim tryskové injek-
téZe, spolu s dikladnym statickym zajisténim ohroZenych povrchovych objek-
td, by méla eliminovat v8echna uvedena rizika. Stavbu realizuje sdruZeni firem
Subterra, a. s., a Metrostav, a. s. Projektantem stavby je Pragoprojekt, a. s.
Metrostav, a. s., divize 1, ktery realizuje 50 % dila ze strany od Vaclavského
nameésti aZ k ulici V jamé veetné, do konce zafi letoSniho roku vyhloubil Sach-
ty S 17a a S 17 ¢ na Vaclavském namésti a Sachtu 21 v ulici V Jamé. Celkem
bylo jiz vyrazeno 63 m kolektoru v priméarnim osténi ze stfikaného betonu.

STOKOVA SiT MESTA BRNA - KOLEKTORY 10 A 11 NA NAMESTI
SVOBODY

V ramci stavby realizuje Metrostav, a. s., divize 1, jako U¢astnik sdruzeni, kolek-
tory K10 a K11 na ndmésti Svobody. Tyto kolektory jsou souéasti stavby ,Sto-
kova sit mésta Brna”, jejimz objednatelem je Centrum pro regionalni rozvoj
Praha ve spolupraci se Statutarnim méstem Brno. Jednd se o razbu v centru
mésta Brna pfi zachovani provozu na povrchu s minimalnim nadlozim nad
razenymi profily. Kolektor je razen v jilovych horninach s tenkymi vrstvami
vodonosnych piskd. PFi nizkém nadloZi razbu komplikuji stiety se zbytky sta-
rych staveb, nékdy zajimavymi i pro archeology, se starymi, vétSinou projek-
tovou dokumentaci nezaznamenanymi inZzenyrskymi sitémi a se sklepy nékte-
rych stavajicich doma.

Razené profily kolektort se pohybuji od 5 m? na kanalizaénich pfipojkach
az po 33 m? v technickych komorach v hloubce cca 2,5 az 4 m pod povrchem.
Celkova délka razenych ¢asti kolektori véetné technickych komor je 550 m
a razenych kanalizaCnich pfipojek malého profilu 266 m. V soutasné dobé je
pfevaina Cast razeb provedena a zbyvéa dokonéit pouze razbu technické
komory TK 116 v Usti ulice Ceska do Namésti Svobody. Préace dale probihaji
na izolacich, sekundarnim osténi a betonézich dna kolektord. Do konce roku
2004 se predpokladéa také dokonéeni prevainé ¢asti kanalizace. V pfistim
roce bude pak provedeno vnitfni vybaveni kolektori (dé&lici ZB pFigky, vzdu-
chotechnika, elektroinstalace, ocelové lavky a rozvod pitné vody).

ODVODNENI VIADUKTU VE STRAKONICICH

Zacatkem srpna byly zahéjeny prace na realizaci odvodnéni viaduktu ve
Strakonicich. Investorem je Mésto Strakonice, které fesi naprosto nevyho-
vujici stavajici poméry, kdy dochazi pfi intenzivnich destich k pravidelnému
zaplavovani Zelezni¢niho viaduktu. Pod viaduktem se pak kumuluji srazko-
vé vody a dosahuji vySe az 1.5 m nad povrchem vozovky a zcela ochromu-
ji dopravu na této frekventované komunikaci. K této situaci dochazi pru-

ropiles for casting of the central pillar. Erection of the pillar formwork is is being
carried out; concrete casting is scheduled for the second half of September 2004.
THE CONSTRUCTION OF THE NEW CONNECTION BETWEEN THE
PRAGUE MAIN STATION, MASARYK'S STATION, LIBEN, VYSOCANY,
HOLESOVICE LAUNCHED
The contract for this significant railway construction, which will cap off the
reconstruction of the Prague Rail Junction, was signed on 12 July 2004. The
contractor is a joint venture named "The Prague Connection”, having Skanska
7S, a. s., as a leader, and other companies, i.e. Stavby silnic a Zeleznic, a. s., Met-
rostav, a. s. and Subterra, a. s. as members. Among key structures of the pro-
ject belong the Vitkov tunnels, i.e. two new double-rail tunnels under Vitkov hill,
over 1.3 km long, with cut-and-cover sections 1150m and 1250m long.
The construction operations started in August 2004, with an unusually short
delay after the contract award and execution of the contract.
COMMENCEMENT OF EXCAVATION OF THE PRAGUE METRO EXTEN-
SION FROM LADVI TO LETNANY IS CLOSE.
Whoever is currently driving through the Prague housing estate Prosek can wit-
ness that the work on the Prague subway line section IVC2 took run very fast,
and it is nearly in full swing. The contractor, a joint venture of companies Met-
rostav, a. s. (the leader), Skanska CZ, a. s., and Subterra, a. s. started the work
in July 2004. Today (September 2004), earthmoving operations in cut-and-cover
tunnels in Prosek are in progress, and preparation for commencement of the
tunnel driving is ending. Metrostav, a. s. is going to start excavation at the con-
struction lot 13 (double-rail tunnels between the Prosek Il and Letriany stations)
in mid October 2004. They will utilise an access adit built from a site facility
nearby the bus depot in Klicov.
THE CENTRUM I.A COLLECTOR - VODICKOVA STREET
Operations on the phase 0004 of the construction of the collector Centrum LA, i.e.
the section under Vodickova Street in Prague 1, started this year. On one side, the
collector starts under the Wenceslas Square, where it passes a pedestrian under-
pass, then it continues along Vodickova Street to the Charles Square, where this
phase terminates. Part of this construction lot is also a branch in V Jdmé Street. In
total, 10 shafts will be sunk at an aggregated depth of 123.89 m, and 1274.27m of
the collector and 407.2m of house service connections will be driven. Full-face
excavation will be applied to the collector, featuring a cross section area of 19.5 7,
within a larger portion of its length. The collector passes through sand-gravel ter-
races, in a part of the route a part of the cross section hits the bedrock. Larger por-
tion of the works is under the water table level. This tunnelling job is extremely
difficult due to existing buildings in the city centre, automobile and tram traffic
above the collector, and the above-mentioned geology. The adopted excavation
technique using jet grouting, together with careful structural support of endange-
red surface structures, should eliminate all the above-mentioned hazards. The
construction is carried out by a joint venture of companies Subterra, a. s., and
Metrostav, a. s., with Pragoprojekt, a. s. employed as the designer.
Division 1 of Metrostav, a. s., which performs about 50% of the construction
work from the Wenceslas Square side up to (including) V Jémeé Street, sunk
shafts S 17a and S 17 ¢ in Wenceslas Square, and the shaft 21 in V Jdmé Street
by the end of September 2004. In total, 63 m of the collector have been excava-
ted (supported with shotcrete primary lining).
SEWERAGE NETWORK IN THE CITY OF BRNO - COLLECTORS 10 AND
11 IN SVOBODA SQUARE
In the framework of this project, Division 1 of Metrostav, a. s., as a member of a joint
venture, builds collectors 10 and 11 in Svoboda Square. Those collectors are part of
the project "Sewerage network in the City of Brno". The employer is the Centre for
Regional Development Prague in collaboration with the Statutory City of Brno. The
collectors are driven under the Brno centre, with surface traffic maintained, under a
minimum overburden above the mined profiles. The collector is excavated through
clayey rock with thin interbeds of saturated sands. Due to the shallow overburden,
the excavation is complicated by collisions with remnants of old structures, some-
times even interesting for archaeologists, with old utility services (mostly unrecor-
ded in the design documents), and some cellars of existing buildings.
Cross-section areas of the mined collectors vary from 5 m? (sewer service connecti-
ons) to 33 m? (equipment chambers at depths about 2.5 m to 4 m under the surfa-
ce). Total length of mined sections of the collectors including equipment chambers
amounts to 550 m, total length of small-diameter mined service connections is 266
m. Today, prevailing part of the underground excavation is finished. Only the exca-
vation of the equipment chamber TK 116 at the mouth of Ceské Street to Svobody
Square remains unfinished. The work on waterproofing, secondary lining and cas-
ting of the bottom of the collectors is in progress. Completion of a prevailing part of
the sewerage by the end of 2004 is also expected. Internal equipment of the collec-
tors (reinforced concrete partitions, ventilation, electrical services, steel walkways
and distribution of potable water) is scheduled for the next year.
DRAINAGE OF A VIADUCT IN STRAKONICE
The work on drainage of a viaduct in Strakonice started at the beginning of
August. The owner, the municipality of Strakonice, solves absolutely inadequa-
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mérné Sestkrat v roce.
Technicky se jedna se o kompletné razeny kanalizacni shéra¢ v celkové délce
1117 bm o vnitinim priiméru 2,0 m, ktery bude ukonéen odleh&ovaci komorou
s prepadem do feky Otavy. Vzhledem k hydrogeologickym pomérim v trase
budouciho shérace jsou navrzeny dvé odliSné technologie provadéni razeb.
Prvni Usek, ktery je charakteristicky zvodnélymi Sterkopisky, bude realizovan
razbou mechanizovany $titem Tauber DN 2000 mm v délce 663 bm ve Etyfech
Usecich o primérné délce 165 bm. Osténi Stoly budou tvofit specialni Zelezo-
betonové segmenty (3 ks na jeden vénec) o délce 0,75 m. Charakteristické je, Ze
ackoliv se jedna o priméarni osténi, garantuje jiZz vodotésnost a neni potreba dalsi
sekundarni obezdivky, kterad by tuto funkci plnila. Pouze v dolni ¢ésti stoky bude
proveden keramicky obklad z divodu vétsi odolnosti vici obrusu.
Druhy usek, ktery bude realizovén ve skalnim masivu (navétralé ruly), bude
realizovan pomoci klasicky razené $toly za poufZiti trhacich praci malého roz-
sahu v délce 454 bm. Do vyrazené $toly o vyrubu 6,9 m? bude nasledné mono-
liticky vybetonovan profil priméru 2,0 m.
Generalnim projektantem dila je Hydroprojekt, a. s., divize Ceské Budgjovice
a stavbu provadi sdruzeni firem ,Stoka Strakonice” reprezentované firmami
INGSTAV Brno, a. s. a Ingstav Ostrava, a. s. Lhita vystavby bude 12 mésicl pfi
celkovych investi¢nich nakladech 113,6 mil. K¢.

Ing. Miloslav Novotny

te current condition of the railway viaduct, which is regularly flooded during
intensive rainfalls. Storm water accumulates under the viaduct, reaching up to
a level of 1.5 m above the roadway surface, thus completely blocking traffic on
this frequented road. In average, this situation occurs six times in a year.

In technical terms, the task is to build a 2.0 m-diameter interceptor sewer, mined
along its entire length (1117 m). The sewer will terminate in a relief chamber
overflowing to the Otava River. Due to hydrogeological conditions along the route
of the sewer to be built, two different excavation techniques were proposed.

The first section, which is characterised by saturated sand-gravel, will be driven using
a tunnel boring machine Tauber DN 2000 mm. This 663 m long section will be divided
into four sections with an average length of 165m. The tunnel lining will consist of spe-
cial reinforced concrete segments 0.75 m long (3 pcs in one ring). The feature of this
system is that this single shell lining guarantees waterproofing in the tunnel, and no
other secondary lining fulfilling this function is necessary. Ceramic cladding will be
provided at the bottom of the sewer to improve the resistance of the lining to wear.
The other section, 454m long, will be driven through a rock massif (slightly weathe-
red gneiss) using a conventional method, small-scale drill-and-blast operations. The
excavated cross section area of the tunnel will be 6.9 n?. A 2.0m-diameter profile will
be created in this tunnel subsequently, using cast-in-situ concreting procedures.
General designer of the project is Hydroprojekt, a. s., Division Ceské Budéjovi-
ce, the contractor is a joint venture of companies "Stoka Strakonice" ("Sewer
Strakonice") represented by companies INGSTAV Brno, a. s., and Ingstav Ostra-
va, a. s. The construction work will take 12 months, total investment costs will
amount to 113.6 million CZK.

ZIVOTNI JUBILEA

LIFE JUBILEES

SEDESATINY
ING. LIBORA HAJKA

Oslavil své jubileum v srpnu letosniho roku. Narodil se v Praze a v pocatku své
Zivotni drahy se vénoval telekomunikacim, kdy fadu let pracoval na Spravé
dalkovych kabell, coz ho hodné pfiblizilo i stavbaiské profesi. Prestoze
nesmél nékolik let studovat, podafilo se mu ve zralejSim véku zacit studovat
a s ispéchem dokongit Vysokou $kolu dopravni v Ziling.

Velky obrat v jeho Zivoté znamenal nastup do VIS Praha, kde mél moznost se
ve funkci naméstka feditele podilet na vystavbé zékladniho komunikaéniho
systému v Praze. Z této doby je za nim celd fada staveb pozemnich komuni-
kaci a napfiklad i Barrandovsky most.

Zku$enosti z velkych staveb mu pomohly i pfi rozvijeni spole¢nosti Eltodo, kte-
rou v roce 1991 zakladal. Vibec prvni zakazky se tykaly metra, a to rekon-
strukce Fizeni energetiky, kde byly pouZity velmi progresivni Fidici systémy
General Electric. Prvni velky a Gspésné zvladnuty projekt byl fidici systém
Strahovského tunelu. Jeho osobni zasluhou je, Ze se od té doby spole¢nost
vyprofilovala na obor Fizeni tunell a tunelovych technologii, kde ma vlastni a
originalni know-how. Po tunelu Strahov nasleduiji dva fidici systémy a fidici centrala
v Brné, ¢tyfi tunely v Turecku atd. VZdy a v kazdé situaci postupuje ing. Hajek
lidsky a snaZi se s optimismem pFekondavat vzniklé problémy.

Ing. Hajek je Fadu let clenem Védecké rady Fakulty dopravni CVUT a od letos-
niho roku je i élenem Védecké rady Univerzity Zilina. Jeho Zivotnim krédem je
podporovat mladé lidi, a i proto prosadil v Eltodu vlastni u€ili§té a od leto$ni-
ho roku je i akreditovana primyslova skola.

Do dal$iho osobniho i profesniho Zivota preje kolektiv spolupracovnikd jubi-
lantovi mnoho zdravi a nevycerpatelného optimismu.

Prof. Ing. Pavel Pfibyl, CSc.

ING. LIBOR HAJEK'S
SIXTIETH

He celebrated his jubilee birthday this year, in August. He was born in Prague,
and, at the beginning of his career, he turned to telecommunications, working
for several years with the Long-Distance Administration. This job got him quite
close to the civil engineering profession. Despite the fact that he was not allo-
wed to study for several years, he managed to start studies as an adult man, and
successfully graduate from the Traffic Engineering University in Zilina.

Joining VIS Praha meant a significant turn in his life. In the position of a depu-
ty director, he had an opportunity to participate in development of the base
communication system in Prague. At that time he finished several road projects,
for instance the Barrandov Bridge.

Experience from large projects helped him also in developing the Eltodo compa-
ny, founded by himself in 1991. Initial contracts were connected with the Prague
subway construction, namely reconstruction of the power control system, with
application of highly progressive control systems designed by General Electric.
The first large and successfully implemented project was the control system for the
Strahov tunnel. It is thanks to him that the company has specialised in the branch
of tunnel control and tunnel equipment, where it has its own original know-how.
Two control systems and a control centre in Brno, four tunnels in Turkey and other
contracts followed after the Strahov tunnel. Always and in any situation does Ing.
Haéjek behave as a human, trying to overcome problems optimistically.

For many years Ing. Hajek has been a member of scientific boards of the Czech Tech-
nical University, the Faculty of Traffic Engineering, and since this year he is also a
member of the Scientific Board of the University in Zilina. His life's credo is to sup-
port the youth. Also for this reason he pushed through his idea of Eltodo's own app-
rentice training centre, which has also become a certified technical college this year.
The team of his fellow-workers wish Ing. Hajek good health and inexhaustible
optimism in his personal as well as professional life.
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TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

LASEROVY SKENOVACI SYSTEM PRO KONTROLU TUNELU

Laserové skenovaci systémy (LSS) se jiz uplatnily pfi zaméfovani sloZitych
technologickych celkd, konstrukci a staveb stejné jako pfi jejich budovani.
Topografické mapovani terénnich Gtvart a povrchl rlznych objektt patfi
k dalsim moznostem jejich uplatnéni. Do této kategorie pravé spada vyuZziti
v podzemnich prostorach, jako jsou tunely nebo jeskyné [1].

Némecka firma SPACETEC Datengewinnung GmbH ve Freiburgu [2] vyvi-
nula LSS Spacetec TS 360 (obr. 1) specialné navrieny pro méfeni v tune-
lech. Tento systém slouZi pro rychlé zmapovani povrchu tunelu, kdy vysled-
kem je uréeni tvaru tunelové trouby, vizualizace a termograficka mapa povrchu.
Ziskané informace jsou uloZeny v pocitaci a pomoci softwaru TUVIEW je Ize
dale analyzovat podle potieby v kancelafi, aniz by bylo nutné provést dalsi
fyzickou navstévu tunelu.

Systém se sklada ze skeneru a z fidici pocitacové jednotky. Samotny ske-
ner (obr. 1) ma tvar kvadru, na jehoZ pfedni sténé je umisténa rotacni
laserova hlavice. Je upevnén na konzoli na ¢ele méficiho vozu, ve kterém
je umisténa fidici pocitacova jednotka. Laserova hlavice se otaci 360 krat
za sekundu a v kombinaci s pohybem méficiho vozu rychlosti 2,5 az 10
km/h vytvafi hustou spiralu bodl (pixI(). Pocet bodl v jedné spirdle mlze
byt 2500 a rychlost vozu je 10 km/hod, 5000 a rychlost 5 km/hod, nebo
10000 a rychlost 2,5 km/hod. Dosah laserového dalkoméru je 8 m (lze ske-
novat tunely o priméru az 16 m). Pfesnost systému je 10 mm. Méficim
vozem muze byt libovolny kolejovy dopravni prostiedek, na ktery se da
upevnit konzole se skenerem a je v ném dostatek mista pro fidici jednot-
ku s obsluhou.

Spacetec nabizi tfi rizné vysledky: vizualizaci, termografii a profily.
Vizualizace slouzi k vytvoreni kompletniho a objektivniho obrazu celého
tunelu. Ten lze vyuZit k vizualni kontrole tunelu bez nutnosti tunel fyzicky
projit a k vytvofeni mapy prasklin (obr. 2), kdy je mozné detekovat praskli-
ny uz od 0,3 mm (obr. 3). Tento zaznam je samoziejmé uchovavan v digi-
talni podobé a pokud se po uréitém case provede méfeni znovu, program
TUVIEW obsahuje funkci na automatické porovnani obrazli z prvniho a dru-
hého méreni.

Pfi termografii se urcuje tepelna vodivost stény a je vytvorena termografic-
k& mapa povrchu tunelu (obr. 3). Z toho Ize vygist, kde je povrch tunelu suchy
a kde vlhky. Dokonce Ize z termografie odvozovat jiné materialové sloZeni

LASER SCANNING SYSTEM FOR TUNNEL CHECKING

Laser scanning systems (LSS) have already been utilised in surveying complex
technological units and structures, both completed ones and those under con-
struction. Topographic mapping of landforms and surfaces of various objects is
another option of how to apply them. This category also contains the applicati-
on in underground spaces such as tunnels or caves [1].

SPACETEC Datengewinnung GmbH, a Freiburg-based German company, developed
the LSS Spacetec TS 360 (see Fig. 1), designed especially for measuring in tunnels.
This system is used for quick mapping of tunnel surfaces. Its results are: determina-
tion of the tunnel tube geometry, visualisation and thermographic map of the surfa-
ce. Collected data is downloaded to a computer, and can be further analysed in an
office room using TUVIEW software, without any need for other visits to the tunnel.
The system consists of a scanner and a control unit. The scanner proper (see Fig.
1) is a cube in shape, with a spinning laser head attached to its front side. The
scanner is fixed to a bracket, at the head of a measuring car carrying the control
computer unit. The laser head spins 360 rev/sec and, in combination with the
measuring car moving ahead at a speed of 2.5 to 10 km/h, creates a dense spiral
of points (pixels). The number of points in a single spiral can be either 2500 (for
the car speed 10 km/hour), 5000 for the speed 5 km/hour), or 10000 (2.5 km/hour).
The laser distance meter range of 8 m allows scanning tunnels up to 16 m in dia-
meter. The system's accuracy is 10 mm. Any rail-mounted vehicle can be used as
the measuring car that allows installation of a bracket holding the scanner and
provides sufficient space for the control unit and operators.

The Spacetec offers three different outcomes: visualisation, thermography and
cross sections.

Visualisation is used for elaboration of a comprehensive and objective image
of the entire tunnel. It can be utilised for visual checking of the tunnel without a
need for a physical visit, and for development of a map of fissures (see Fig. 2),
allowing identification of fissures from 0.3 mm wide (see Fig. 3). Of course, this
record is maintained in a digital form, and the TUVIEW software contains a func-
tion allowing automatic comparison of the corresponding images in case of a
repeated measurement carried out after a certain time.

Thermography means determination of thermal conductivity of the wall, and
development of a thermal map of the tunnel surface (see Fig. 3). The map can be
used for identification of dry and wet portions of the tunnel surface. Even spots
with material composition differing from that in the neighbourhood, and what is

Obr. 1 Skener Spacetec TS 360 na méficim voze
Fig. 1 Spacetec TS 360 scanner on a measuring car
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Obr. 2 Zobrazeni povrchu tunelu s vyznacenymi prasklinami
Fig. 2 Tunnel surface map with marked fissures

osténi, néZ je v okoli, a co je za osténim. =
Kazdy podrobny bod ve spiréle
ma kromé obrazu pro vizualizaci
i prostorové soufadnice slouZici
pro uréeni tvaru tunelové trouby.
Toho Ize vyuzit pro ziskani pfic-
nych profilG a rlznych fezl. Pro-
gram TUVIEW také obsahuje funk-
ci, ve které lze vytvofit rtizné pra-
jezdni profily dopravnich pro-
stfedkl a zkontrolovat, jestli jsou
schopny projet tunelem, aniz by
zavadily o stény, a zobrazit kritic-
kd mista pfipadného kontaktu
(obr. 4). Tato funkce vytvori v celé
délce tunelu jeho barevny plan,
kde jednotlivé barvy predstavuji
vzdalenost dopravniho prostied-
ku od osténi. Dale Ize simulovat
napfiklad snizeni kolejového svrs-
ku pro zlepSeni prujezdnosti.
Z takto provedenych simulovanych jizd a Uprav muzZe spravce tunelu
usoudit, jestli rozmérny dopravni prostfedek je schopen jeho tunelem
projet bez problému nebo s drobnymi stavebnimi Gpravami, ¢i je nutno
zvolit jinou trasu.

Skener méfi délky od rotacni hlavice k povrchu tunelu, zna presné natoceni
hlavice, svou polohu a hodnotu staniceni, ve kterém se nachazi. V kolejovych
tunelech je poloha skeneru dana osou koleje, u silni¢nich tunell polohu ske-
neru vypodita fidici jednotka. Metoda a postup tohoto vypoctu jsou samoziej-
mé firemnim tajemstvim (podle vyrobce jsou v podstaté jednou z mala firem
nebo dokonce jedinou, kterad dokaze méfit v silni¢nich tunelech s uvedenym
principem skeneru).

Firma SPACETEC nenabizi svij vyrobek k prodeji, ale nabizi sluzby provadéné
systémem Spacetec 360 firemnimi zaméstnanci. Jedna se pfedevs§im o zamé-
feni Zelezni¢nich a silni¢nich tunell. Z hlediska finan¢niho je vhodné zaméio-
vat nékolik tunell o co nejvétsi délce (napf. v Belgii bylo provedeno zaméreni
vSech Zelezni¢nich tunelt najednou, jejich délka je mimochodem pfiblizné
stejna jako u nas). Vysledky méfeni se predavaji predevs§im spravci téchto
tunell, nebot on si toto méfeni nejcastéji objednava a pouziva ho pfi provozu
téchto tuneld.

Nezaméruji se jen staré tunely. Méfeni v novych je provadéno predevsim pro
provoz tunell, a také pro kontrolu stavby pfi pfedavani dodavatelem. Po néko-
lika letech (vétSinou na konci zaruéni Ihaty) se provede druhé méfeni, které se
porovna s prvnim. Pfipadné zavady jsou poté odstranény v ramci zaruky
a nezatéZuji rozpocet provozovatele (podobné méreni provedla firma na
novych dalni¢nich tunelech v Italii).

Laserové skenovaci systémy patfi k nejnovéj$im metodam pro pofizovani pro-
storovych dat. Poskytuji data v takové hustoté, presnosti a rychlosti, Ze
v nékterych aspektech neexistuje srovnani se stavajicimi klasickymi metodami
meéreni. Metoda LSS umozriuje ziskat poZzadovana data ve velmi kratkém ¢aso-
vém horizontu pfi vyrazném snizeni nakladi na vlastni méfeni a odstavky pro-
vozu. LSS Spacetec 360 umozriuje zachycovat miniaturni trhliny (od 0,3 mm)
ve sténé tunelu vizualizaénim zplGsobem, termograficky zéznam a urcovani
profilt tunelu a riznych prajezdnych profilt.

Obr. 3 Termograficky plan tunelu
Fig. 3 Thermographic plan of the tunnel

Obr. 4 Kontrola prajezdnosti profilu - barevné jsou ozna¢ena mista kolize
Fig. 4 Checking on passability of the profile - collision spots are distinguished by colours

behind the tunnel lining, can be dedu-
ced from the thermography.

Each particular point of the spiral has,
in addition to the image for visualisati-
on, also three-dimensional co-ordina-
tes allowing determination of the tun-
nel tube geometry. This can be applied
in obtaining cross sections and other
sections. The TUVIEW program also
contains a function allowing develop-
ment of various vehicle clearance
envelopes and checking whether the
particular vehicles can pass through

the tunnel without touching the walls,
and marking out critical touching
points (see Fig. 4). This function deve-
lops a coloured map of the entire tun-
nel along its length. Particular colours
represent the distance of the measu-
ring car from the lining. In addition, for
instance, lowering of the track with an
aim of improving the tunnel passability can be simulated. Such simulated measu-
ring car travels and modifications can serve the tunnel administration as a basis for
assessment whether a sizable vehicle can pass through the tunnel without pro-
blems or after minor construction work, or another route has to be chosen.

The scanner measures distances from the spinning head to the tunnel surface,
knows exact skew of the head, its position and chainage that it is found at. The
scanner position in railway tunnels is given by the centre line of the track; the posi-
tion in road tunnels is calculated by the control unit. The calculation method and
procedure are, of course, a company secret (according to the manufacturer, the
company is one of a small number companies, or even the only company, capable
of measuring in road tunnels using the above mentioned scanner principle).
SPACETEC do not offer their product for sale. They offer their services carried out using
the Spacetec 360 system by their company's employees. Railway and road tunnels are
surveyed above all. In financial terms, it is advantageous if several tunnels having the
longest possible lengths are surveyed (for instance all Belgium railway tunnels were
surveyed in one operation; by the way, their length is roughly the same as in our count-
ry). The measurement results are handed over to tunnel administrators, as they order
the surveys most frequently and use the results in the tunnel operation.

Only old tunnels are not surveyed. Survey of new tunnels is conducted for the
purpose of application in the operation, but also for construction checking in the
phase of the construction handing over to the client. Second measurement is
carried out after several years, mostly at the end of the warranty period, to be
compared with the first one. Defects, if any, are removed in the framework of
the warranty, and they do not burden operator's budget. (New motorway tun-
nels in Italy were surveyed be the company similarly.)

Laser scanning systems belong among the state-of-the-art methods of three-
dimensional data acquisition. They provide data so dense, exact and so quick that,
in some aspects, there no comparison exists with existing traditional measure-
ment methods. The LSS method allows acquisition of required data within a very
short time horizon, at significant reduction of costs incurred due to the measure-
ment proper and the tunnel outage. The LSS Spacetec 360 allows identification of
miniature fissures (from 0.3 mm) in tunnel walls visually, thermographic recording,
and determination of tunnel cross sections and various clearance profiles.
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SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES
SLOVAK TUNNELLING ASSOCIATION ITA/AITES REPORTS

SPRAVODAJSTVO Z KONFERENCIE ,VYZNAM TUNELOV V DOPRAVE”
REPORTS FROM THE CONFERENCE “TUNNELS IMPORTANCE IN TRANSPORTATION”

Slovenska tunelarska asociacia ITA/AITES zorganizovala v spolupréci Sloven-
skou cestnou spolocnostou pri Slovenskej sprave ciest konferenciu so zahra-
niénou ucastou ,Vyznam tunelov v doprave”.

Konferencia sa konala v diioch 16. - 18. 6. 2004 v hoteli Permon, Podbanské.
Napriek pomerne kratkej dobe pripravy vyvolala konferencia znacny zaujem
u domacej i zahrani¢nej odbornej verejnosti, ktory presiahol pévodné predpo-
klady organizatorov. Dévodom bol pravdepodobne aj fakt, Ze posledna podob-
na konferencia sa na Slovensku konala v roku 1995 v Poprade. Na konferen-
cii sa zti¢astnilo 123 G&astnikov zo Slovenska, 61 z Ceskej republiky a 25 z ostat-
ného zahraniéia (Polsko, Rakusko, Svajéiarsko, Nérsko, Japonsko), o zname-
nalo celkovy pocet 209 tcastnikov.

Zastitu nad podujatim prevzal minister dopravy, post a telekomunikécii
Ing. Pavol Prokopovié. V jeho mene konferenciu pozdravil riaditel odboru cest-
nej infrastruktdry Ing. Marian Miskovic, ktory zaroven informoval o zdmeroch
ministerstva vo vystavbe dialnic a tunelov na Slovensku. Konferenciu slav-
nostne otvoril Ing. Robert Turansky, predseda slovenskej tunelarskej asocia-
cie. Za Cesky tunelarsky komitét ITA/AITES pozdravil pritomnych prof. Aldorf.
Vlastné rokovanie konferencie bolo rozdelené do $tyroch pracovnych sekcii,
v ktorych bolo prednesenych celkom 29 prispevkov a 6 firemnych prezentécii.
Aktivny zaujem odbornej verejnosti odraza zbornik konferencie, v ktorom je
publikovanych 69 prispevkov.

V sekcii A s ndzvom ,Priprava a projektovanie tunelov pri zohladfiovani eko-
logickych a ekonomickych aspektov” bolo prednesenych 11 prispevkov. Od-
zneli zaujimavé prispevky tykajlce sa inZiniersko-geologického prieskumu pre
vystavbu dialniénych tunelov, velkych pripravovanych a budovanych stavieb

na Slovensku, akymi su tunely Visiiové, Borik a Sitina, ako aj $vajéiarskeho
tunelarskeho megaprojektu Tunel St.Gotthard.
V sekcii B ,Vystavba a rekonstrukcia tunelov” odznelo 8 prispevkov. Tieto sa
tykali najmé cestnych tunelov vo vystavbe (Sitina, Panenska, San Bernardino),
ale i tunelov podzemnych drah (Mnichov, Stuttgart). Podnetné bolo porovna-
nie dvoch odli§nych tunelérskych technolégii (NATM, TBM) pri realizacii kon-
krétnych tunelovych stavieb vo Svajéiarsku.
V sekcii C s nazvom , Technologické vybavenie a bezpecnost tunelov” odzne-
lo 7 prispevkov. Viaceré z nich sa venovali vetraniu a poZiarnemu vetraniu
cestnych tunelov, jednak vSeobecne, jednak konkrétne tunelom Branisko
a Mrézovka. Zaujimavé boli prispevky, v ktorych sa porovnavali poZiadavky
europskej smernice o bezpecnosti tunelov s Groviiou aplikovaného technolo-
gického vybavenia slovenskych dialniénych tunelov.
V sekcii D s nazvom ,Sprava a prevadzkovanie tunelov” boli prednesené
3 prispevky. Obzvlast aktudlnym bol prispevok venujlci sa sprave a prevadzke
tunela Branisko, ako prvého prevadzkovaného dialniéného tunela na Sloven-
sku. Zahrani¢ie reprezentovali prispevky venujice sa praiskému tunelu
Mrazovka a tunelu Flims v Svajéiarsku.
Na zaver konferencie sa uskutocnili odborné exkurzie, kde si zaujemcovia
z radov Ucastnikov konferencie mohli vybrat medzi prehliadkou tunela Branis-
ko, tnikovej toIne Visiiové, ¢i v sticasnosti dokonéovaného tunela Horelica.
Nielen ucast, ale aj odozva odbornej verejnosti bola velmi priaznivé, takze
organizatori konferencie mohli uzatvorit hodnotenie konferencie slovom
Uspesdna.

Ing. Miloslav Frankovsky

Obr.1 Slavnostné otvorenie konferencie
Fig. 1 Conference festive opening

Obr. 2 Impozantny Krivan vytvaral konferencii neprehliadnutelnt kulisu
Fig. 2 Mt Krivari was dominant in the view of the surrouding Tatra Mountains
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CLENSKE ORGANIZACE CESKEHO TUNELARSKEHO
KOMITETU A SLOVENSKEJ TUNELARSKEJ ASOCIACIE

ITA/AITES

MEMBER ORGANISATIONS
OF THE CZECH TUNNELLING COMMITTEE
AND SLOVAK TUNNELLING ASSOCIATION ITA/AITES

CTuK:

ABP, a. s.
Nameésti Hrdinl 6
140 00 Praha 4
AGE, a. s.

Sudomaricka 12433/25
130 00 Praha 3

AMBERG ENGINEERING BRNO, a.s.
Ptasinského 10
602 00 Brno

ANGERMEIER ENGINEERS, s.r.o0.
Pilovska 216
190 16 Praha 9

ANKRA BOLTEX, s. R. .
U Tesly 1825
735 41 Petivald u Karviné

AQUATIS, a.s.
Botanicka 56
656 32 Brno

CARBOTECH-BOHEMIA, s.r.o0.
Lihovarska 10
716 03 Ostrava-Radvanice

CESKE DRAHY, o. s.
Nabf. Ludvika Svobody 1222/12
110 15 Praha 1

CVUT STAVEBNI FAKULTA
Thékurova 7
166 29 Praha 6

ELTODO EG, a.s.
Novodvorska 1010/14
142 00 Praha 4

ENERGIE - stavebni a bariska, a.s.
Vasickova 3081
272 04 Kladno

EREBOS, s.r.o0.
Malé Svatonovice 249
542 34

GEOENGINEERING, s. R. 0.
Korunni 32
709 00 Ostrava-Marianské Hory

GEOTEC GS, a.s.
Chmelova 2920/6
106 00 Praha 6

GEOTEST BRNO, a.s.
Smahova 112
659 01 Brno

IKP CONSULTING ENGINEERS, s.r.o.
Jirsikova 5
186 00 Praha 8

INGSTAV BRNO, a. s.
Videriska 38/116
619 00 Brno

INGSTAY, a. s.
Noveské 22
709 06 Ostrava - Marianské Hory

INGUTIS, s.r.o.
Treboradicka 1/1275
182 00 Praha 8

INSET, s.r.o.
Novakovych 6
180 00 Praha 8

INZENYRING
DOPRAVNICH STAVEB, a.s.
Na Morani 3

128 00 Praha 2

METROPROJEKT PRAHA, a.s.
I. P. Pavlova 1786/2
120 00 Praha 2

METROSTAV, a.s.
KozZeluzska 5
180 00 Praha 8

OKD, DBP PASKOV, a.s.
739 21 Paskov

POHL ¢z, a.s.
Nadrazni 25
252 63 Roztoky u Prahy

PRAGOPROJEKT, a.s.
K Ry$ance 1668/16
147 54 Praha 4

PUDIS, a.s.
Nad vodovodem 2/169
100 00 Praha 10

REDITELSTVI SILNIC A DALNIC, a. s.

Na Pankraci 546/56
145 05 Praha 4

SATRA, s.r.o.
Podhofi 2879
276 01 MélInik

SG GEOTECHNIKA, a.s.
Geologicka 4
150 00 Praha 5

SOLETANCHE CR, s.r.o.

K Botici 6

101 00 Praha 10

SMP CONSTRUCTION, a.s.

Kafkova 19
160 41 Praha 6

SUBTERRA, a.s.
Bezové 1658
147 14 Praha 4

SUDOP, a.s.
Olsanska 1a
130 80 Praha 3

TUBES, s.r.o0.
Londynska 29
123 00 Praha 2

USTAV GEONIKY AV CR
Studentska ul. 1768
708 33 Ostrava-Poruba

VIS, a.s.
Bezova 1658/1
147 00 Praha 4

VOKD, a.s.
Nakladni 1/3179
701 40 Ostrava-Moravska Ostrava

VUT STAVEBNI FAKULTA
Vevefi 95
662 37 Brno

VYSOKA SKOLA BANSKA-
TU OSTRAVA

tr. 17. listopadu

708 33 Ostrava-Poruba

ZAKLADANI GROUP, a.s.
Rohansky ostrov
180 00 Praha 8

ZS BRNO, a.s.

STA:

ALFA 04, a. s.
Jasikova ul.6
821 03 Bratislava

AMBERG Engineering Slovakia, s. r. o.
Zahradnicka 27
81107 Bratislava

BANSKE STAVBY, a. s.
KoSovskéa cesta 16
971 74 Prievidza

DEGUSSA Stavebné hmoty, s. r. o.
ul.1.méja 4
01001 Zilina

DOPRASTAV. a. s.
Driefiovéa ul.27
826 56 Bratislava

DOPRAVOPROJEKT, a. s.
Kominarska 2,4
832 03 Bratislava

GEOCONSULT, spol. s r. o.
Mileti¢ova 21

P.0.BOX 34

820 05 Bratislava

GEOFOS, spol. sr. o.
Velky diel 3323
010 08 Zilina

GEOSTATIK, spol. s r. o.
Bytcicka 32

P.0.BOX B 138

010 29 Zilina

GEOTECHNIK, spol. s r. o.
Chraptiakova ul.7
052 01 Spisska Nova Ves

HYDROTUNEL, spol. s r. o.
Mojmirova ul.14

P.0.BOX 16

927 01 Bojnice

CHEMIA-SERVIS, spol. s r. o.
Vavilova ul.5
851 01 Bratislava

INCO BANSKE PROJEKTY
Mileti¢ova ul.23
821 09 Bratislava

INFRAPROJEKT, spol. s r. o.
Kominarska 4
832 03 Bratislava

ING. JAN FABRICKY SPECIALNE CINNOSTI
Kuklovska 60

P.0.BOX 20

841 05 Bratislava

INGEO-IGHP, spol. s r. o.
Bytcickg ul.16
010 01 Zilina

MAGISTRAT hl. m. SR
Primacialne nam.1
814 99 Bratislava

SLOVENSKA SPRAVA CIEST
Mileti¢ova ul.19

826 19 Bratislava

SLOVENSKE TUNELY, a. s.
Furmanska ul.8

841 03 Bratislava

SOLHYDRO, spol. s r. o.
Ponénska cesta 17
P.0.BOX 169

850 00 Bratislava

STI, spol. s r. o.
Hlavna 74
053 42 KrompACHY

STU, Stavebna fakulta
Katedra geotechniky
Radlinského 11

813 68 Bratislava

TECHNICKA UNIVERZITA
Kat.dobyvania lozZisk a geotech.
Letna ul.9

042 00 Kosice

TERRAPROJEKT, a. s.
Podunajska ul.24

821 06 Bratislava

URANPRES, spol. s r. o.
Frana Krala 2

052 80 Spisska Nova Ves

USTAV GEOTECHNIKY SAV

Watsonova ul.45
043 53 Kosice

VAHOSTAV-Tunely a $pec.zakladania, a. s.
Hlinska 40

012 16 Zilina

VODOHOSPODARSKSA VYSTAVBA, §. p.
Karloveska 2
P.0.BOX 45

840 00 Bratislava

VUIS-Zakladanie stavieb, spol. s r. o.

Stara Vajnorska cesta 16
832 44 Bratislava

ZELEZNICE SR
Klemensova 8
813 61 Bratislava

ZILINSKA UNIVERZITA
Staveb.fak., Katedra geotechniky
Komenského ul.52

010 26 Zilina

PUDOS PLUS, spol. s r. o.

Racianske Myto 1/A
839 21 Bratislava 32

. PRIRODOVEDECKA FAKULTA UK
zdvod MOSAN Kat.inz.geologie

Buresova 17 Mlynska dolina G
660 02 Brno 842 15 Bratislava

.

ZAKLADANIE STAVIEB, s. r. 0.
Pri Habanskom mlyne 30
811 04 Bratislava

KELLER SPECIALNI ZAKLADANI, s.r.o.
K RySénce 16
147 54 Praha 4
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ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS

PRIPRAVA WTC 2007 V PRAZE ZAHAJENA

PREPARATION OF THE WTC 2007
IN PRAGUE HAS BEEN STARTED

Po uspésné volbé Prahy jako mista konéani Svétového tunelarského kongresu
WTC 2007 povéfilo Valné shromazdéni CTuK své predsednictvo, aby nepro-
dlené podniklo vSe potfebné k zahajeni pfipravy. Prvnim krokem bylo ustave-
ni fidicich organl kongresu, tj. Organizaéniho vyboru, Védecké rady a Porad-
niho sboru ITA/AITES. Organizacni vybor v Cele se svym predsedou Ing.
Romancovem, CSc., pozval pak generalniho sekretafe ITA p. Claude Berengu-
iera z Lausanne k navstévé Prahy, aby s nim projednal navrh kontraktu na
usporadani kongresu a seznamil ho s navrzenymi prostory, v nichZ se budou
odborné i spolecenské akce kongresu konat. Jednani prob&hlo Uspésné a pan
Berenguier si prohlédl Kongresové centrum, schvalil rozdéleni mistnosti pro
Gcely Valného shromazdéni a sekretariatu ITA, navstivil Obecni dim, Rudolfi-
num, Spanélsky sal a dalsi objednané prostory Prazského hradu. Pro zajisté-
ni vysoké ucasti svétové odborné verejnosti na kongresu je v§ak nutné, aby i
nas$i odbornici v hojném poctu prezentovali ¢eské tuneléfstvi na predchazeji-
cich kongresech v Istanbulu v roce 2005 a v Soulu v roce 2006, kam je jesté
mozno prihlasit abstrakty prispévku.

After the successful election of Prague as hosting city of the World Tunnel
Congress 2007 the Council of the Czech Tunnelling Committee ITA/AITES has
been authorized by its General Assembly to begin preparation of the con-
gress without delay. Setting up the main executive bodies, namely the Orga-
nizing Committee, Scientific board and Advisory Committee of the congress,
has become the first step of its activity. The Organizing Committee chaired by
G. Romancov then invited Mr. Claude Berenguier, ITA Secretary General from
Lausanne, to Prague. The main aim of this visit was negotiation on the draft of
the WTC contract and acquainting Mr. Berenguier with the proposed rooms
where the professional and social events of the congress would take place.
The meeting was successful, the rooms both for the congress and ITA General
Assembly and Secretariat in the Prague Congress Centre were agreed and the
Municipal House, Rudolfinum, Spanish Hall and other rooms of the Prague
Castle were visited. For the high participation of world tunnelling experts to
the WTC in Prague the presentation of the Czech tunnelling by our numerous
specialists to the forthcoming congresses in Istanbul 2005 and Soul 2006 is
extremly desirable. Abstracts of papers for Soul are still accepted.

Ing. Karel Matzner

REDAKCE S| DOVOLUJI UPOZORNIT NA VYDANI REVIDOVANYCH
TECHNICKYCH PODMINEK

THE EDITOR'S OFFICE WOULD LIKE TO CALL READERS' ATTENTION
TO PUBLICATION OF REVISED TECHNICAL SPECIFICATIONS

TP 98 - TECHNOLOGICKE VYBAVENI
TUNELU POZEMNICH KOMUNIKACI

TS 98 - ROAD TUNNEL EQUIPMENT

V souvislosti se vstupem Ceské republiky mezi ¢lenské zemé Evrop-
ské unie od 1. kvétna t. r. byly prace na revizi textu TP 98 ovlivhény
pfislusnymi dokumenty EU, které byly v revizi textu zohlednény.
Jedné se zvlasté o Smérnici Evropského parlamentu a Rady o mini-
malnich bezpetnostnich poZadavcich pro tunely na evropské silni¢-
ni siti ( €. 2004/54/EC - Brusel - 29. dubna 2004).

Nové vydané TP 98 predstavuji aktualizaci pfedchozich TP 98 z roku
1997 a svym vyznamem a okruhem fesSenych problém budou jisté
velmi ucelnou pracovni pomickou pro odborniky, zabyvajici se pro-
jektovanim, vystavbou i provozovanim silni¢nich tunelli na pozemnich
komunikacich.

Clenéni textu se prakticky nelii od predchozich TP 98. Text pojed-
nava problematiku, o jejimz ¢lenéni a naplni vypovida zde uvedeny
obsah nové vydanych TP 98.

- V8eobecnda kapitola, pouZité zkratky, citované a souvisejici
pravni pfedpisy a normativni dokumenty
I.  Technologické vybaveni tunelu
Il. Kategorizace tunelll z hlediska bezpecnostniho vybaveni
Ill.  Dopravni systém
IV. Osvétleni tunelu
V. Veétrani tunelu
VI. Bezpecnostni vybaveni a bezpecnostni stavebni Upravy
VIl. Spojovaci a dorozumivaci zafizeni
VIIl. PoZarni zabezpeceni
IX. Systém videodohledu
X. Ridici systém tunelu
XI.  Zasobovani elektrickou energii
- Prilohy: Metodika navrhu osvétleni tunelu ve dne
Vypocet mnozstvi pfivddéného vzduchu

Revidované TP 98 jsou schvaleny Ministerstvem dopravy CR a jsou
distribuovany akciovou spolec¢nosti ELTODO EG (kontakt pro objed-

In the context of the entry of the Czech Republic among the mem-
ber countries of the European Union since 1 May 2004, the work on
the revision of the TS 98 text was affected by relevant EU docu-
ments, which were taken into consideration in the revision. The EU
documents in question are, above all, the Directive of the European
Parliament and of the Council on minimum safety requirements for
tunnels in the Trans-European road network (No. 2004/54/EC-Buxe-
les-29 April 2004).

The new TS 98 are the updated previous TS 98, published in 1997.
They will, because of their importance and range of solved issues,
certainly become an effective tool for professionals working in the
fields of design, construction and operation of road tunnels.
Division of the text does not practically differ from the previous TS
98. The text deals with issues whose division and content are obvi-
ous from the below-mentioned contents of the new TS 98:

- General chapter, list of abbreviations, quoted and related
legal regulations and normative documents
I. Tunnel equipment
Il.  Categorisation of tunnels according to safety equipment
. Traffic system
IV.  Tunnel lighting
V. Tunnel ventilation
VI. Safety equipment and safety structural details
VIl. Communication system
VIIl.  Fire provision
IX. Television surveillance
X. Tunnel management system
Xl.  Power supply system
- Annexes: Methodology of day-time tunnel lighting
Air supply calculation

The revised TS 98 are approved by the Ministry of Transport of the
CR, and are distributed by ELTODO EG, a. s. (contact for ordering -
Mrs. Zdenka Pitrova, tel. 261 343 704, pitrovaz@eltodo.cz

___ ZVEME VAS NA 10. MEZINARODNI SEMINAR )
ZPEVNOVANI, TESNENI A KOTVENI HORNINOVEHO MASIVU A STAVEBNICH KONSTRUKCI 2005

Hotel ATOM, Zkracena 2703, Ostrava-Zabreh, 3. - 4. tinora 2005
Poradatel: VSB-TU Ostrava a CarboTech-Bohemia, s. . o.
VSB-TU Ostrava, FSv, tel.: 596 991 943, fax: 596 991 944, e-mail: Hana.Sedlarova@vsb.cz

Prihlasky do 24. ledna 2005

.



