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EDITORIAL

Kym sme mali na Slovensku iba jeden cestny tunel, tunely ndm
ani velmi nechybali. Teraz, ked sme ich zacali budovat, akoby
ndm zacali aj viac chybat. Ked je kvdli pravidelnej idrzbe odsta-
veny tunel Branisko, vie o tom celé Slovensko. A ndrodu sa opa-
kovane serviruju vSetky zdporné tuneldrske praktiky, ktoré tito
stavbu zataZuji bremenom negativne posilnovanej verejnej mien-
ky. Nikomu sa nechce vidiet aj to, ¢o na tejto stavbe bolo urobené
vynikajico, napriek tomu, Ze to bola prvd stavba dialni¢ného
tunela a stretli sa na nej icastnici prevazne bez predchddzajicich
skisenosti.

Tunel Branisko je prvym slovenskym dialniénym tunelom, i ked
len s jednou rdrou s obojsmernou premavkou. Z hladiska doprav-
nej intenzity je to v poriadku, jedna rura zatial postaci na viac ako
pitndst rokov. M4 to viak isté dosledky. Ked sa v tuneli ¢okolvek
udeje, cely sa musi na uréity ¢as odstavit'a doprava odklonit’ na
pdvodnu trasu cesty I/18. A média sa nad tym tvahami r6zneho
druhu a kvality rozplyvaji. Keby bolo Branisko dvojri-
rové, odstavenie jednej tunelovej riry by nestdlo za povSimnutie.
Co viak v médiach Casto chyba, je zmienka o tom, Ze tunel po sta-
vebno-technickej strdnke md vSetky parametre zodpovedajice
bezpecnostnym poziadavkam eurépskeho Standardu.

Keby na Slovensku platili kauzdlne vztahy medzi prirodou (¢le-
nitou morfolégiou s rozsiahlymi horskymi pdsmami) a potrebami
motoristov, Slovensko by muselo mat niekolko desiatok tunelov.
Ak ponechame stranou tunely Zelezni¢né, v cestnych naSe tunelo-
vé bohatstvo predstavuji dva dialni¢né tunely (obidva jednortro-
vé) a jeden kratky cestny.

Obdobie, ktoré sme vo vystavbe tunelov za ostatnym svetom
zmeskali, spada do poslednych dvoch desatroci predchddzajiiceho
storocia. Dovodov bolo viac. Jednym z nich bola politickd priori-
ta uprednostnenia stavby lah§ich a lacnejSich usekov zdkladnej
dialni¢nej trasy. V Statistike to nabudzovalo lepsi dojem, ked sa
vykazovali ro¢né prirastky kilometrov novych dialnic. Druhy
ddvod je cCiasto¢ne naznaleny uZ v predchddzajicom tvrdeni —
tunel je najdrahSou Castou trasy. Treti dovod pramenil z obavy, Ze
na projektovanie a stavbu tunelov ndm chyba odbornost’ a pred-
chadzajuice skisenosti, Ze na to jednoducho nemame. Argumenty
o tom, Ze vieme stavat’a vo velkom vieme stavat’ podzemné diela
pre potreby tazobného priemyslu, sa nihilizovali namietkou, Ze
tunel je podstatne ndro¢nejsie dielo. Tak ¢i onak, banici sa na stav-
be dialni¢nych tunelov ukdzali ako velmi rychlo rekvalifikovate-
Ina profesia.

V tomto ¢isle Casopisu sa prezentuji zhodou okolnosti dva pod-
nikatelské subjekty oslavujice 55. vyrocie svojho zaloZenia, ktoré
v povojnovom obdobi vybudovali stovky kilometrov hlavnych
otvarkovych a investi¢nych diel zdkladnej banskej infrastruktury.
Obidva subjekty maju spolo¢nych predkov. Poslednym z nich boli
Dulni stavby, n. p., Ostrava, ale aj tie mali predchodcu, ktorého
korene siahaji do hibky c. k. monarchie. TakzZe tradicii obidvoch
subjektov uc¢inkujicich v podzemnom stavebnictve sa tu nedd
upriet ani ¢asové trvanie, ani kvantitativny rozmer vysledkov ich
prace. Viac ako polstoro¢né ic¢inkovanie v podzemi ich pripravilo
na mnohé eventuality typické pre zdludnosti geoldgie a hornino-
vého prostredia bez ohladu na to, pre koho stavali, pod akym
menom vystupovali, a kto bol, alebo bude uZivatelom vysledkov
ich préce.

Ing. Jozef Frankovsky,
odborny redaktor ¢asopisu Tunel
a Cestny clen STA ITA/AITES
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EDITORIAL

When we had only one road tunnel in Slovakia, we did not miss tun-
nels too much. Now, when we have started to build them, we seem to
be missing them more and more. When the Branisko tunnel is out of
service because of regular maintenance, all Slovakia is informed. And
the nation is served with details of all negative tunnelling practices,
which impose a burden of negatively strengthened public sentiment on
this construction. Nobody is willing to see that also the excellent things
which have been done on this project, despite the obstacles following
from the fact that it was the first construction of a motorway tunnel and
that the parties which met there mostly lacked previous experience.

The Branisko tunnel is the first Slovakian motorway tunnel, even
though with a single tube with bi-directional traffic. In terms of traffic
volume, it is acceptable. One tube is sufficient for the time being, mea-
ning for more than fifteen years. But there are certain consequences of
this state. Whenever whatever happens in the tunnel, it must be closed
for a certain time and traffic must be diverted to the original route of the
I/18 road. And the media are enthusing about it, presenting various con-
templations of various quality. If Branisko had been a twin-tube tunnel,
a closure of one tube would lack interest. But what is often missing in
the media is a mention of the fact that, from the structural and technical
point of view, all parameters of the tunnel comply with safety require-
ments of the European standard.

If causal relationships between nature (broken morphology with
extensive mountain ranges) and the needs of motorists had been res-
pected in Slovakia, Slovakia would have had to have several tens of
tunnels. If we leave railway tunnels aside, our wealth of road tunnels
consists of two motorway tunnels (both of them single-tube) and one
short road tunnel.

The period of time which we missed regarding tunnel construction
compared with the other world comes to the last two decades of the last
century. There were several reasons for this state. One of them was the
political priority to preferring projects comprising easier and cheaper
sections of the basic motorway route.

It created a very favourable impression when annual increase in kilo-
metres of new motorways was stated in statistics. Another reason is par-
tially hinted in the previous statement, i.e. that a tunnel is the most
expensive part of a route. The third reason resulted from a fear that we
lacked expertise and previous experience, in simple terms that we were
not up to the things. Arguments saying that we know how to build and
we know on a wide-scale how to build underground structures for the
needs of the mining industry were annihilated by an objection that
a tunnel is much more difficult to build. One way or another, miners
working on the motorway tunnel constructions showed to be a very
quickly retrainable profession.

By chance, this issue of the magazine contains presentations of two
entrepreneurial subjects celebrating their 55th anniversaries of the foun-
dation, which built hundreds of kilometres of main development wor-
kings and investment works forming the basic mining infrastructure.
Both of the subjects have the same ancestors. The last of them was
Dulni stavby, n. p., Ostrava. But even this company had its ancestors,
with the roots reaching deep into the Austro-Hungarian monarchy. The-
refore neither the tradition of the two subjects performing in the field of
underground construction nor the duration or the quantitative dimensi-
on of the results of their work can be denied. Their over half-century
lasting presence in the underground space set them up for many even-
tualities and trickiness typical of geology and rock environment, no
matter who was their client, what was the company name and who was
or will be the end user of the results of their work.

Ing. Jozef Frankovsky,
Technical Editor of Tunel
and Honorary Member of the STA ITA/AITES
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VAZENI CITATELIA CASOPISU TUNEL!

Spolocnost Skanska BS, a. s., ktord si pripomina 55. vyrocie svojho zaloZenia, je Speciali-
zovanou stavebnou spolo¢nostou s bohatou histériou so zameranim na dopravné, podzemné
a ekologické stavby, posilnend v sticasnosti zdzemim nadndrodnej skupiny Skanska. Firemnd
histéria sa zagala pisat zaloZenim ndrodného podniku BANSKE STAVBY v roku 1951, pod-
nik vybudoval na Slovensku takmer vietky investicné a otvdrkové banské diela. Koncom 80.
rokov vSak nastal dtlm banictva, a ak podnik nechcel prist'o svoju kvalifikdciu v podzemnom
stavebnictve, musel okamzite reagovat'a poobzerat’sa po uplatneni pre iné odvetvia. Zacali sa
preto realizovat pretlaky potrubi, podchodov, razit' vodohospodérske $tdlne, budovat’ podzem-
né objekty pre vodné elektrarne a predovsetkym dopravné tunely.

S bliziacim sa novym usporiadanim Eurdpy si vedenie firmy priblizne pred Styrmi rokmi
uvedomilo, Ze nesmie zmeSkat' bliZiaci sa vlak priClenenia Slovenska do Eurépskej tnie
a s tym sdvisiaci neodvratny proces globalizdcie. Usilie ziskat'strategického partnera vydstilo
do akvizi¢ného procesu, ktorého vysledkom bolo vélenenie do koncernu Skanska. Integracny
proces v rokoch 2003-2004 vyvrcholil zmenou obchodného mena spolocnosti (s platnostou
od 1.1.2005) na Skanska BS, a. s. Zdroven spolo¢nost’rozsirila svoju sortimentovi orientd-
ciu o dopravné stavby, a tak v sicasnosti v rdmci divizie Dopravné stavitelstvo pontka kom-
pletné sluzby v oblasti dopravného, podzemného a ekologického stavebnictva na Slovensku.

Nasa tunelov4 histdria sa nezacala pisat'na Slovensku, ale na tuneloch v Nemecku. Prvou
stavbou bol tunel Kohlberg pri Mnichove (1987-1990). Dalsim bol dialni¢ny tunel Engelberg
pri Stuttgarte a po iom nasledovalo pit tunelov na trati rychlej Zeleznice Kolin nad Rynom —
Franfurkt nad Mohanom. Pracovali sme aj na tuneloch Goggelsbuch, Berg Bock, Bernhausen,
Berg Bock a Rennsteig.

Tridsat'rokov sme vykondvali razi¢ské prace v antracitovej bani Ibbenbiiren.

K pracam v zahrani¢i pribudli v rokoch 1999-2004 tunelové stavby v Slovinsku (Zeleznic-
ny — Stanjevci a dialniéné - Trojane, Dekani a Kastelec). N4 presah do arabského sveta pred-
stavoval tunelovy privadza¢ vody v AL ROUJ v Syrii a cestny tunel Wadi Muddiq to Gillay
v Spojenych arabskych emirdtoch.

Tuneldrske skisenosti ziskané v zahrani¢i sme na domdcom teritoriu prvykrét uplatnili na
stavbe dialnicného tunela Branisko (1997-1999). Stavba zahrfiovala razenie prieskumne; $tol-
ne, razenie juznej tunelovej riry od zdpadného portédlu a vyhlbenie vetracej Sachty. Dalsim je
dialni¢ny tunel Sitina v Bratislave, ktory je tesne pred dokon¢enim a po spristupnent verejnosti
bude to prvy dvojrirovy dialnicny tunel na Slovensku.

V zahrani¢f sme sa v poslednej dobe podiefali na vystavbe tunela Avigliana v Taliansku,
realizovali sme betondz podzemnej Casti COV v meste Mariehamn vo Finsku. Pozitivne refe-
rencie ndm otvorili cestu k spolupraci s finskym partnerom z koncernu Skanska na stavbdch
tunelov Orosmaki a Karnainen na dialnici E 18 Helsinki — Turku a tunela Vuoserrasatama,
ktory tvorf ¢ast'dopravnej infastruktdry projektu pristavu Vuosaari.

Dlhorocne pdsobime aj na ¢eskom tizemi v ostravsko-karvinskych baniach a v sticasnosti
aj na stavbe tunela 513 Vestec — Lahovice.

V sortimente ekologickych stavieb sa podielame na Vystavbe kanalizdcii a COV
v B. Bystrici, P. Bystrici a Sali. Skdsenosti v podzemi sme pouzili aj pri tychto stavbéch.

V poslednych rokoch spolocnost rozsirila svoju sortimentovd orientéciu o dopravné stavby.
V Bratislave budujeme dialni¢ny tsek D2 Lamacskd cesta — Staré Grunty, na Orave obchvat
v Oravskom Podzdmku, na Kysuciach cestné spojenie Novd Bystrica — Oravskd Lesnd.
Modernizujeme Zeleznicnt tra’ Senkvice — Cifer, ako aj stanice tseku Rata — Timava.
V Moravskom svitom Jdne sme v minulom roku odovzdali do uzivania hrani¢ny most cez
rieku Moravu. Pre pracu v podzemf sme sa zrodili a nase nepretrZité posobenie vyse polstoro-
¢ia dokazuje, e sme pevnou a neodmyslitelnou sti¢astou rodiny pracovnikov podzemného sta-
vitelstva. Ovlddli sme prakticky vietky technoldgie, dopliame technologické procesy o naj-
novsie poznatky.

NaSe krajiny prezivajii ndrast pric v celej Sirke stavebnictva. Som presvedceny, Ze sme
schopni a pripraven{ zvlddnut'budtce projekty.

Dovolim si na zdver prezentovat' myslienku vyslovend p. Harvey W. Parkerom, prezidentom
ITA -AITES. Okrem pouzivania najnovsich poznatkov vedy a techniky musime neustale vylep-
§ovat’predstavy 0 podz;emn}’/ch djelach nielen v ociach ludf, kt0r1’ majl’l rozhodovacie pravomo-

Vazem priatelia, som presvedceny, Ze skupma firiem zaobera]uca sa podzemnym stavite-
Istvom v Ceskej a Slovenskej republike md za sebou nielen bohatd histériu, ale aj skveld
budticnost. V mene spolocnostl Skanska daku]em za doterajsiu spolupracu vSetkym, ktor{
pomohli budovat zaujimavé projekty a prajem vela dspechov do dalsich rokov. -

DEAR TUNEL READERS

Skanska BS a. s., which is commemorating the 55th anniversary of its foundation, is a speciali-
sed construction company with chequered history focused on traffic, underground and environmen-
tal constructions, currently reinforced by the background provided by Skdnska a supranational
company. The company history started to be written by the foundation of BANSKE STAVBY, nati-
onal enterprise, in 1951; the company built nearly all of investment and opening mining works on
Slovakia. Although, significant checks were made on mining in the late 1980s and the company, if it
did not wish to lose its qualification in underground construction, had to respond by looking for
opportunities to assert itself in other branches. For that reason it started to carry out pipe jacks, jac-
ked subways, to drive water-resources galleries, to build underground structures for hydropower
plants and, above all, traffic tunnels. With the new organisation of Europe in sight, the company
management realised roughly four years ago that it was not allowed to miss the opportunity offered
by the admission of Slovakia to the European Union and the associated unavoidable process of glo-
balisation. The effort to find a strategic partner resulted into an acquisition process ending by the
incorporation into Skanska concern. The integration process culminated in 2003-2004 by changing
the company name to Skanska BS a. s. (valid since 1.1.2005). At the same time, the company expan-
ded its assortment orientation by adding traffic structures, thus it is currently offering, through its
Traffic Construction Division, complete services in the field of traffic, underground and environ-
mental construction in Slovakia.

Our tunnelling history did not begin in Slovakia, it started in Germany. The first construction was
the Kohlberg tunnel near Munich (1987 — 1990). The other tunnel was the Engelberg near Stuttgart,
which was followed by five tunnels along the high-speed railway from Cologne on the Rhine to
Frankfurt on Main. We also worked on the Goggelsbuch, Berg Bock, Bernhausen and Rennsteig tun-
nels. Our miners worked in the [bbenbiiren anthracite mine for 30 years.

The portfolio of foreign constructions was enlarged in 1999 — 2004 by adding tunnel constructi-
ons in Slovenia (the Stanjevci railway tunnel and the Trojane, Dekani and Kastelec motorway tun-
nels). Our expansion to the Arabian world was represented by the AL ROUJ water supply tunnel in
Syria and the Wadi Muddiq to Gillay tunnel in the United Arab Emirates.

We were able to utilise the tunnelling experience gained abroad for the first time in our country on
the Branisko motorway tunnel construction (1997 — 1990). The works comprised the exploration gal-
lery drive, the southern tunnel tube drive from the western portal and the ventilation shaft sinking. The
other domestic construction is the Sitina motorway tunnel in Bratislava, which is just before comple-
tion. When it is opened to the public, it will be the first twin-tube motorway tunnel in Slovakia.

Our recent foreign operations consisted of our collaboration on the construction of the Avigliana
tunnel in Italy and concrete structures of an underground section of the STW in Mariehamn, Finland.
Positive references opened doors for us to the collaboration with a Finnish partner from the Skanska
concern on constructions of the Orosmaki and Karnainen tunnels on the E18 motorway from Hel-
sinki to Turku and the Vuoserrasatama tunnel, which is part of the traffic infrastructure of the Vuo-
saari harbour project.

We are long-term active also in the Czech Republic, namely in the Ostrava-Karvind mines and
currently on a tunnel on the 513 Vestec — Lahovice motorway section.

In the field of environmental constructions, we participate in the construction of sewerage and
a STW in B. Bystrica, P. Bystrica and Sala. We also utilised our experience on those sites.

In recent years our company expanded the assortment of its skills by adding traffic structures.

We are building the Lamaéskd Cesta — Staré Grunty section of the D2 motorway, a road bypass
of Oravsky Podzdmok in the Orava region, a road link between Nové Bystrica and Oravskd Lesnd.
We are upgrading the Senkvice — Cifer railway track and stations within the Rata — Trmava track sec-
tion. We handed over a completed border bridge over the Morava River last year in Moravsky Svaty
Jan. We were born to work underground and our over half of a century lasting involvement proves
that we are firm and inherent part of the underground working family. We have become professio-
nals virtually in all techniques; we add the latest know-how to the construction processes.

Our countries are experiencing a growth in the volume of work throughout the construction
industry. I am convinced that we are able and prepared to cope with the future projects.

To conclude, I would like to present an idea expressed by Mr. Harvey W. Parker, the president of
ITA/AITES. Apart from utilisation of the latest scientific and technical findings, we must continually
improve the image of underground structures not only in the eyes of people who have the deciding
powers, but also in the eyes of the general public. Thus we will create more space for future projects.

Dear friends, I believe that the group of people dealing with underground construction in the
Czech and Slovak republics have got not only a chequered history behind, but also a brilliant future
ahead of them. I would like, on behalf of Skanska, to express my thanks to everybody who helped
to develop interesting projects. I wish you lots of success in the years to come.

Ing. Miroslav Beka,

predseda predstavenstva a generaliny riaditel Skanska BS, a. s.
Chairman of the Board and C.E.O. of Skanska BS, a. s.
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VAZENI CTENARI TUNELU, MILI KOLEGOVE,

po péti letech opét piSi dvodnik do renomovaného Casopisu obce tuneldr-
ské. Jsem hrdy na to, Ze mohu &tendre bliZze sezndmit s akciovou spole¢nosti
VOKD, kterd v letoSnim roce zavrsi jiz 55 let své existence. Stavebnich spo-
le¢nosti s tak dlouhou historif v Ceské republice neni mnoho.

Pii svém zaloZeni v roce 1951 dostal n. p. VOKD za tikol predevsim pro-
vést urychlenou rekonstrukei starych Sachet a zalit s postupnou vystavbou
novych doll v ostravsko-karvinském reviru. Jednim z nosnych programu od
pocitku existence VOKD byla zejména vystavba vertikdlnich dél, k nimZ pat-
filo technicky ndro¢né hloubeni novych jam z povrchu. Historie hloubeni dul-
nich jam je téma ¢lanku, ktery naleznete v tomto ¢isle ¢asopisu TUNEL.

V soucasné dobé je VOKD, a. s., jednou ze spolecnosti, kterd ma ve své
vyrobni ndplni kromé staveb dulnich a povrchovych i podpovrchové stavitel-
stvi. JiZ od osmdesatych let minulého stoleti patfi do vyrobniho programu
VOKD raZeni Stol a hlouben{ Sachtic pro podzemni vedeni inZenyrskych siti.
Pii téchto pracich jsou vyuZivany nase dlouholeté zkusenosti v oblasti hlou-
ben{ a razen{ dulnich dél. Pro mésto Karvina jsme realizovali stavbu pfivadé-
e vody a v Ostravé stavbu kanalizalniho sbérace v aredlu Vitkovickych Zele-
zdren. V devadesdtych letech VOKD vstoupilo na stavebni trh v Némecku
a realizovalo vétrni Sachtice pro silni¢ni tunel Saukopf pobliz Weinheimu
a Sommerberg nedaleko Hausachu. Diky dobré kvalité provddénych praci
jsme byli pfizvéni ke spolupréci pri razbé tunelu Bonn — Bad Godesberg. V té
dobé také VOKD technologii monolitickych Zelezobetonovych konstrukci
realizovalo dvoupodlazni podzemni{ gardze ve Wolfsburgu a zkusenosti z této
stavby jsme vyuZili i pfi vystavbé podzemnich gardzi na ProkeSoveé namésti
v Ostravé. DalS{ tspéSnou stavbou, ocenénou referenénim listem Magistratu
mésta Ostravy, byla vystavba kolektoru pod ulici Podébradovou v Ostrave.
Pri dekontaminaci tizemi byvalé koksovny Karoliny pouzilo VOKD pro
vystavbu dvou ramen kanaliza¢niho sbérace ojedinélou technologii protlaku
zafizenim Uncle Mole firmy EURO ISEKI.

Od roku 1991 VOKD, a. s., ispé§né podnikd na trhu dulnich a podpovr-
chovych stavebnich praci ve Spanélsku. Po prvnich letech, kdy jsme se etab-
lovali v dulnich ¢innostech, jsme v roce 2001 ziskali prvni zakdzku v oblasti
podpovrchového stavitelstvi. Jednalo se o Zelezniéni tunel El Cortijo. Uspés-
né dokoncenf zakdzky nam pfineslo prace na dal§ich Zelezni¢nich a silni¢nich
tunelech i jinych podpovrchovych stavbédch. Jen v roce 2005 vyrazily osddky
ve Spanélsku 7 801 m podpovrchovych a diilnich dél a dvé velkd podzemni
velkoprostorovd dila. V tomto roce jsme dokoncili razbu podzemnich labora-
tori v Canfranc, kdy se jednalo o soustavu velkoprostorovych podzemnich
dél, jez dnes slouZi jako laboratore pro jaderny vyzkum. U mésta Pontevedra
jsme vyhloubili a zabetonovali vyrovndvaci jamu, kterd je soucdsti vodn{
elektrarny. Zde jsme opét tspéiné nasadili t€Zni zarizeni Kudlanka vyvinuté
VOKD, které prokézalo své kvality jiz pri hloubeni Sachtic a razbé spojky pro
metrotren v Gijénu. U mésta Pontevedra VOKD realizovalo horizontdlni
vodni dilo, ddle jsme velice tspé$né vyrazili pristupové dilo a rozsdhlou pod-
zemni komoru o prifezu 400 m?. Myslim, Ze mohu sméle prohldsit, Ze na $pa-
nelském trhu se ndm v oboru tuneldfskych a dalsich podpovrchovych staveb-
nich aktivit dafi.

Na zdvér bych chtél fici, Ze spole¢nost VOKD je ve svém véku 55 let
firmou Zivotaschopnou, bohatou zkuSenostmi a znalostmi svych odbornika,
firmou, kterd je dobfe etablovand na Ceském i $panélském stavebnim trhu.
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DEAR TUNEL READERS, DEAR COLLEAGUES

Again after five years, I am writing an editorial for this renowned magazine
of the community of tunnellers. I am proud that I am allowed to inform the rea-
ders about the VOKD joint-stock company, which is going to round off the 55th
year of its existence this year. There are not so many construction companies
boasting so long history in the Czech Republic.

At the time of its foundation in 1951, the main task of VOKD, national
enterprise, was to execute prompt reconstruction of old shafts and commence
gradual development of new mines in the Ostrava-Karvnd coal district. Since
the beginning of VOKD existence, one of the main programmes has been con-
struction of vertical works comprising technically less demanding sinking of
new shafts from the surface. The history of shaftsinking work is the topic of an
article you will find in this issue of TUNEL.

Today, VOKD, a. s. is one of the companies which have subsurface con-
struction in their programme, in addition to mine and surface construction. Dri-
ving galleries and excavation of manholes for underground utilities has been in
VOKD'’s programme since the 1980s. We draw on our long-term experience in
the field of construction of vertical and horizontal underground works. We built
a water supply tunnel for Karvind and a trunk sewer in the grounds of Vitkovi-
ce iron works in Ostrava. In the 1990s, VOKD entered the German constructi-
on market and built ventilation shafts for the Saukopf tunnel near Weinheim
and Sommerberg tunnel near Hausach. Owing to good quality of the work, we
were invited to participate in the excavation of the Bonn — Bad Godesberg tun-
nel. At that time VOKD was also using the monolithic reinforced concrete con-
struction technique on double-floor underground garages built in ProkeSovo
Square, Ostrava. Another successful construction, which was well appreciated
in a Reference Sheet issued by the municipality of the city of Ostrava, was the
utility tunnel under Podébradova Street in Ostrava. The decontamination of
a former cooking plant Karolina required construction of two branches of
a sewer interceptor. VOKD used a unique technique, i.e. a pipejack with EURO
SEKI’s Mole set for this construction.

Since 1991, VOKD, a.s. has been successful in doing business on the mining
and underground construction market in Spain. After initial years when we were
implanting ourselves in mining activities, we won the first underground con-
struction contract (2001), namely the El Cortijo railway tunnel. The success in
the completion of this contract yielded other contracts for work on railway and
road tunnels and other underground structures. The single year of 2005 saw our
crews in Spain drive 7,801m of underground and mining works plus two major
underground large-span caverns. This year, we have completed excavation of
underground laboratories in Canfranc, where the contract comprised a system of
large-span underground works, which are used today as a nuclear research labo-
ratory. We carried out excavation and concrete casting of an equalising basin,
which is part of a hydropower plant. Again in this case we successfully utilised
a Kudlanka shaft pre-sinking set. This equipment, which was developed by
VOKD, has proved its quality before, on the construction of shafts and excava-
tion of a connection for metrotren in Gijon. VOKD performed a horizontal water
works near the town of Pontevedra, further we very successfully drove an access
adit and a large underground chamber with a cross section of 400m’. I believe
that I can boldly state that our activities in the field of tunnelling and other
underground construction activities on the Spanish market are getting on well.

In conclusion, I would like to say that VOKD, at its age of 55, is a viable
company, rich in experience and knowledge of its technical staff, a company
which is well established on the Czech and Spanish construction markets.

Ing. Jan Bi'ezina

predseda predstavenstva VOKD, a. s., Ostrava
Chairman of the Board VOKD, a. s., Ostrava
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TRHACIE PRACE PRI RAZENI TUNELOV VUOLI VO FINSKU
DRILL AND BLAST WORK ON THE VUOLI TUNNELS, FINLAND

ANTON PETKO, RICHARD ZIMAN

uvob

Clanok si ddva za ciel podelit'sa s odbornou verejnostou o praktické poznat-
ky a skiisenosti z pouzitia trhacich prac v Skandindvskych podmienkach vo
velmi tvrdych a kompaktnych skalnych hornindch pri razeni tunelov na projek-
te Vuoli vo Finsku. Skandindvske krajiny vo vieobecnosti z hladiska geologic-
kych podmienok sa vyznacuji pevnymi skalnymi horninami s velmi malym
zastipenim sedimentov glacidlneho povodu. Kvartérne sedimenty ¢i produkty
zvetrdvania tvoria len maly podiel hornin, s ktorymi sa tu stavbdri stretdvaji. Uz
pri pracach ako poklddka kdblov ¢i vystavba kanalizicii a vodovodov, o vystav-
be komunikdcif a podzemnych dielach ani nehovoriac, musia byt na rozpojova-
nie pouZzité trhacie prdce. S odstrelmi sa tu stretdvate na kazdom kroku. Aj to je
urcite dovod historicky najvacsich vyndlezov, vyvoja a rozmachu trhacej tech-
niky v tomto regione.

TUNELY PORVARINLAHTI A LABBACKA
NA PROJEKTE VUOLI

Pristav Vuoli sa nachddza vychodne od Helsink priblizne 15 km od medzind-
rodného letiska Vantaa. V roku 1992 bola oblast’ Vuosaari vybrand ako miesto
budticej vystavby moderného nédkladného pristavu na ploche 150 ha, ktorej
stcastou je budovanie obchodného parku, vodnych ciest a dopravnych prepoje-
ni jednym dvojrirovym dialni¢nym tunelom Porvarinlahti a dvomi Zelezni¢ny-
mi tunelmi Labbacka a Savio. Stavba sa zacala zaciatkom roku 2003 a jej ukon-
Cenie je pldnované na jesen roku 2008.

Celkové ndklady na projekt Vuosaari si 508,5 miliénov eur. Z toho tunely
Labbacka a Porvarinlahti 23,7 mil. eur.

Diiky tunelov:

Tunely Porvarinlahti 2x 1,7 km
Tunel Labbacka 0,6 km
Tunel Savio 14 km

Firma Skanska BS sa podiela na vystavbe uvedenych tunelov od
15. augusta roku 2005, ked boli zapocaté préce na severnom portdli postupne na
troch tunelovych rirach (obr. 1). Samotnému razeniu predchddzala kone¢nd
Uprava portdlu pomocou trhacich pric a taktieZ jeho zabezpecenie osadenim
ocelovych kotiev a striekanym beténom s ocelovou mikroarmatirou. Cestné
tunely budi spdjat’ pristav Vuosari s dialhi¢nym okruhom Keha III a ndkladnd
zelezni¢nd doprava v celkovej dlzke 19 km bude smerovat'z pristavu do regié-
nu Kerava, kde sa napoji na hlavnd Zelezni¢nu siet.

Obr. 1 Severny portdl tunelov Vuoli
Fig. I The northern portal of the Vuoli tunnels

INTRODUCTION

The aim of this article is sharing the practical knowledge and experience in
execution of drill and blast work in the conditions of Scandinavian very hard and
compact rock during excavation of the tunnels that were part of the Vuoli project,
Finland. In general, geological conditions in Scandinavian countries are charac-
terised by hard rock with very low proportion of sediments of the glacial origin.
Quaternary sediments or weathering products are encountered during constructi-
on work rather sporadically. Explosives must be used for excavation even during
such types of work as laying cables, construction of sewers and water pipelines,
not to mention roads and underground works. You can meet rock blasting per-
manently. This must certainly be the reason for the greatest inventions, develop-
ment and advances of blasting technology in this region.

THE PORVARINLATI AND LABBACKA TUNNELS,
THE VUOLI PROJECT

The harbour of Vuoli is found east of Helsinki, approximately 15km from Van-
taa international airport. In 1992, the Vuosaari region was selected as the place for
the future construction of a modern freight harbour on an area of 150 hectares.
Part of the construction will be a shopping park, waterways and traffic connecti-
ons through the Porvarinlahti twin-tube motorway tunnel and Labbacka and Sivu-
io railway tunnels. The work on the project started at the beginning of 2003 and
its end is planned for autumn 2008.

The total cost of the Vuosaari project amounts to 508.5 million euro. Of this
sum, 23.7 million euro for the Labbacka and Porvarinlahti tunnels.

The lengths of the tunnels:

The Porvarinlahti tunnels 2x1.7km
The Labbacka tunnel 0.6km
The Savio tunnel 14km

Skanska BS has participated in the construction of the above-mentioned tun-
nels since 15 August 2005 when work started on the northern portal successively
of three tunnel tubes (see Fig. 1). The excavation proper was preceded by finis-
hing of the portal by blasting and stabilisation of the portal by the installation of
steel anchors and shotcrete with steel micro-reinforcement. The highway tunnels
will interconnect the harbour of Vuosari and Keha III motorway ring; the freight
railway traffic at a total length of 19km will lead from the harbour to the Kerava
region where it will join the main railway network.

GEOLOGICAL CONDITIONS

From the regional point of view, the area of the construction site is found in the
province of Svekofenoidy. From the geological point of view, it consists mostly
of dark, very fine to vitreous metamorphosed basalt with occasional occurrence
of light pink, coarse-grained granite, quartzite veins and light metamorphosed
carbonates. The rocks that the rock massif consists of were formed 1750-1900
million years ago by the Svekokarél orogeny. According to laboratory testing and
measurements based on the uniaxial compressive strength, they belong among
very hard to extremely hard, with the strength varying from 200 to 333 MPa.
They are sound, unweathered and interwoven with a system of fissures without
noticeable faults or other tectonic disturbances, which occur sporadically, with
a maximum thickness not exceeding 3m. The rock is hydrothermally metamorp-
hosed at the faults. The joints found at the faults are mainly filled with calcite,
fine-grained pyrite and brown-red clay. Three main joint systems were determi-
ned on the basis of geological mapping at the tunnel excavation faces, with the
trend 180-190/81, 270/80 and a 297/20 system, which, however, is not regular.
The joints are persistent, closed and mostly without any filling. Their surface is
coarse to stepped, rarely undulated. The spacing of the joints is of 400 to 900mm,
it means medium to wide. Quality of rock and its strength together with the ove-
rall character of discontinuities in the rock mass, presence of water and stress fac-
tor determined during the course of the excavation form the basis of the rock mass
classification system according to the Q value during the tunnel excavation.
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GEOLOGICKE POMERY

Z regiondlneho hladiska patri tizemie staveniska do provincie Svekofenoidy.
Po strinke geologickej je tvorené prevazne tmavymi, velmi jemnozrnnymi az
sklovitymi metamorfovanymi bazaltmi s obasnym vyskytom svetlo ruzovych,
hrubozrnnych 7il, kremennych Zil a svetlych metamorfovanych karbondtov.
Horniny skalného masivu boli formované pred 1750-1900 mil. rokov pocas
horotvornych procesov zndmych aj ako Svekokarélsky orogén. Na zdklade labo-
ratérnych skdsok a merani podla pevnosti v jednoosom tlaku patria horniny
k velmi az extrémne tvrdym, s pevnostou medzi 200 az 333 MPa. Horniny si
zdravé, nezvetrané a pretkané systémom puklin bez vyraznych zlomov alebo
inych tektonickych portch vyskytujiicich sa ojedinele s hribkou maximalne do
3 m. Hornina je na zlomoch hydrotermdlne premenend a pukliny sd v poruche
prevazne vyplnené kalcitom, jemnozrnnym pyritom a hnedocervenym ilom.

Na zdklade geologického mapovania na ¢elbdch tunelov boli vyclenené tri
hlavné puklinové systémy so smermi sklonov 180-190/81, 270/80 a systém
297/20, ktory vsak nie je pravidelny. Pukliny su priebezné, uzavreté a zvicsa bez
vyplne. Ich povreh je drsny aZ stuptiovity, zriedkavo zvlneny. Rozostupy medzi
puklinami sd vo vzdialenosti medzi 400 az 900 mm, teda stredné az velké. Kva-
lita horniny, jej pevnost spolu s celkovym charakterom diskontinuit v hornino-
vom masive, pritomnostou vody a napitovym faktorom, je zdkladom systému
klasifikdcie horninového masivu podla hodnoty ,,Q* pocas razenia tunelov.

TECHNOLOGIA VRTNYCH A TRHACICH PRAC
A POSTUP RAZENIA

Samotnému zapoCatiu razenia predchddzala technologickd priprava, ktord
okrem iného zahffiala aj vypracovanie technologického projektu trhacich préc.
Ten bol pripravovany tak, aby v zdsade vyhovoval tak slovenskej ako aj finskej
legislative regulujicej trhacie prace. Obsahova népln a ¢lenenie boli podla pri-
lohy ¢. 4 vyhlasky SBU &. 71/1988. Niektoré postupy a opatrenia vyZadované,
resp. povolené finskou legislativou boli doplnené do prislusnych kapitol. Tyka-
lo sa to hlavne spdsobu ochrany okolia pred t¢inkami trhacich prdc, spésobu
ddvania signdlov pred a po odpale, moznosti nabfjat’ Celbu sibezne s vitanim
a pod. Tak isto projekt vetrania bol neskdr upraveny na zdklade parametrov ven-
tildtorov dodanych Skanskou Tekra Oy.

Vyssi doddvatel spolu so zdstupcom investora podmienili zapocCatie trhacich
préc tizkou spoluprédcou s ich konzultantom a jeho spolupracovnikmi. Spolupra-
ca bola bez problémov a na vysokej trovni a naSich kolegov sme uZ po prvych
odpaloch presvedcili o nasej odbornej sposobilosti. DalSia spoluprdca spocivala
uz len v pritomnosti finskeho strelmajstra z juzného portdlu pri odpaloch, a to
preto, Ze nasi strelmajstri a TVO nemohli samostatne vykondvat' odpaly, kym
fyzicky neziskali finske licencie, aj ked pred odchodom na stavbu vietci tispes-
ne absolvovali doplnkovy strelmajstrovsky kurz spolocnosti Oy Finrock AB,
ktord zabezpecCuje vysSkolovanie strelmajstrov. Pritomnost’ strelmajstrov bola
viac menej formédlna a nasi finski kolegovia nds nechali samostatne pracovat’

Specifikd trhacich prac na tomto projekte moZno charakterizovat' v skratke
takto:

— dlzka zdberov az 5,5 m;

— tvrdd a tazko rozpojitelnd hornina;

— poziadavka na minimdlny vplyv trhacich prdc na okolitd horninu (minima-

lizécia trhlin po obvode vyrubu) — pouZitie hladkého vylomu;

—tseky s nizkym nadloZim;

—odpal celej celby naraz — velky pocet ndlozi, az 800 kg trhavin na jeden

zdber.

Prvym predpokladom pre tspesné a ekonomické rozpojovanie pocas razenia
je spravne navrhnutie a hlavne presné navitanie vyvrtov na trhavinové néloze. Z
ekonomického hladiska je samozrejme dolezitd rychlost tejto operdcie. Dnesnd
vrtnd technika a moderné vrtné vozy vybavené vykonnymi hydraulickymi vita-
cimi kladivami, automatickym dodrZiavanim paralelity vyvrtov, systémom anti-
jamming a systémom vitania riadenym pocitatom umoznujd splnat’tieto vysoké
ndroky na vrtné prace.

Na tomto projekte sa vrty pre trhacie préce, svornikovanie, injektdZe a pod.
vykondvali trojlafetovym vrtnym vozom Atlas Copco Rocket Boomer 353 ES
a dvojlafetovym vrtnym vozom Atlas Copco Rocket Boomer L2C, ktory neskor
nahradil trojlafetovy Tamrock Super Axera 316.

Razenie bolo usmertiované liniovymi lasermi, pomocou ktorych sa navigova-
li vrtné vozy v Celbe. Riadenie vitania bolo poloautomatické, to znamend, Ze
strojnik ru¢ne umiestrioval lafety do pozicie a smeru v zdvislosti na pohybe kur-
zora na monitore pocitaca, na ktorom bola zobrazend aktudlna vrtnd schéma.

Vyvrty pre trhacie prace a svorniky sa vitali korunkami & 48 mm, injektdz-
ne vrty boli vitané korunkami @ 54 mm. Vsetky vrtné vozy boli vybavené poci-
ta¢om na riadenie vftania.

Na zdklade vysledkov prvych odstrelov sa vopred pripravené vrtné schémy
prispdsobovali, aby t¢innost’ trhacich prac bola ¢o najlepsia. Zvoleny priamy
paralelny zdlom (obr. 2) s centrdlnym vyvrtom & 102 mm sa upravil do podo-
by podla (obr. 3) so Stvoricou vyvrtov & 102 mm, ¢o viedlo k dcinnejSiemu

TuNel

THE DRILL AND BLAST TECHNIQUE AND
EXCAVATION PROCEDURE

The beginning of the excavation work proper was preceded by technical prepara-
tion, which, apart from other operations, consisted of development of a blast design.
The design was prepared in a manner satisfying both Slovak and Finnish legislation
on blasting operations. Its contents and structuring followed the Annexe No4 of the
SBU (Slovak Bureau of Mines) Order No. 71/1988 Coll. Some procedures and mea-
sures required or allowed by Finnish legislation were added to relevant chapters. The
main issues comprised protection of the surrounding area against the effects of blas-
ting operations, signals to be given before and after the blasting, the possibility of
charging blast holes simultaneously with drilling etc. The ventilation design was also
modified according to the parameters of ventilators supplied by Skanska Tekra Oy.

The main contractor together with client’s representative imposed a condition
for the commencement of the work that close co-operation with their consultant
and his co-workers had to be maintained. The co-operation was smooth, on a high
level, and we convinced our colleagues of our skills just after initial blasting.
Other co-operation consisted only of the presence of a Finnish shot firer from the
southern portal during blasting. The reason was the fact that our shot firers and
the blasting engineer in charge were not allowed to perform the blasting before
obtaining Finnish certification, despite the fact that all of them had successfully
passed a complementary shot firing course at OY Finrock AB, which provides
training for shot firers. The presence of shot firers was more or less formal and
our colleagues let us work independently.

The specifics of the blasting operations on this project can be briefly characteri-
sed as follows:

— round lengths up to 5.5m

— hard rock difficult to disintegrate

— a requirement for minimal influence of the blasting operations on surrounding

rock mass (minimisation of cracks along the circumference of the excavated
opening) — application of smooth blasting

— sections with shallow overburden

— all charges within the full face fired simultaneously — a large number of char-

ges, up to 800kg of explosives per round

The first condition for successful and economic disintegration during the excava-
tion is a correct design and, above all, accurate drilling of blast holes. Naturally, the
speed of this operation is important from the economic point of view. Today’s dril-
ling technique and modern drilling rigs equipped with high-performance hydraulic
drifters, automatic control of keeping the drill holes parallel, the anti-jamming pro-
tection system and computer-controlled drilling allow us to meet the high demands
on drilling operations.

The drilling for blasting, rock bolting, grouting etc. was performed on this project
using an Atlas Copco Rocket Boomer 353 ES three-boom drill rig and an Atlas
Copco Rocket Boomer L2C twin-boom drill rig, which was later replaced by a Tam-
rock Super Axera 316 three-boom drill rig. The excavation was guided by line lasers,
which we used for navigation of the drill rigs at the face. The drill rigs were equip-
ped with a semi-automatic system of drilling control, which means that the operator
set the booms into position and direction manually according to the motion of an
arrow on the computer screen displaying the actual drill pattern.

The blast holes and holes for rock bolts were drilled with bits 48mm in diameter;
the grout holes were drilled with bits 54mm in diameter. All drill rigs were equipped
with drilling control computers. Based on the results of the initial blasting operati-
ons, the pre-designed drill patterns were adjusted so that the blasting efficiency was
as high as possible. The direct parallel cut (see Fig. 2) with the central hole 102mm
in diameter was modified to the pattern shown in (Fig. 3), 1.e. with four holes 102mm
in diameter. It resulted into creation of more effective free areas for other charges and
also reduction of the number of detonator delay stages necessary. The spacing and
numbers of the holes, timing and structure of the other charges were fine-tuned sub-
sequently. Regarding road tunnels, the final number was of 189 boreholes & 48 mm
and 4 boreholes 102 mm. The railway tunnel required 179 boreholes & 48 mm
and boreholes @102 mm. The final drill patterns and structure of charges utilised
until the breakthrough are shown in Figures 5 and 6.

A twin-basket Normet Charmec 9910 BC ANT 1000 platform lifter — charger of
explosives (see Fig. 4) was used for the charging of blastholes.

Cartridge explosives were charged manually. Bulk loaded ANFO explosives
were charged by compressed air. For this reason the platform was equipped with
a pair of charging devices. Each container had a capacity of 500 I of explosives.
The devices were controlled by a radio controller from the basket and air was
supplied by their own compressor installed on the chassis of the platform. Befo-
re the charging the holes with ANFO explosives, the necessary condition was that
water had to be blown out of the holes using compressed air because the above-
mentioned explosives are easy to dissolve in water. The firing circuit containing
electric detonators was connected solely in series. At this connection system, the
Firex VA-T initiation machine was capable of firing only 75 Firex VAT detona-
tors with 7m-long leads. For that reason electric detonators were utilised for the
sequential excavation, removal of contingent underbreaks and, mainly, for initia-

tion of Nonel LP non-electric detonators.
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Obr. 2 Priamy zdlom s jednym prdazdnym vyvrtom 2102 mm
Fig. 2 A direct cut with one relieving hole 102mm in diameter

Obr. 3 Priamy zdlom so §tvoricou prdazdnych vyvrtov &102 mm
Fig. 3 A direct cut with four relieving holes 102mm in diameter

vytvoreniu volnych ploch pre dalsie ndloZe a tieZ zniZeniu poltu potrebnych
Casovych stupnov rozbusiek.

Neskor sa doladovali rozstupy a pocty vyrtov, asovanie a konstrukcie ostat-
nych ndlozi. Definitivny pocet v cestnych tuneloch bol 189 vyvrtov & 48 mm
a 4 vyvrty @102 mm. V Zeleznicnom tuneli to bolo 179 vyvrtov & 48 mm
a4 vyvrty @102 mm. Vysledné vrtné schémy a konStrukcie ndloZ{ pouzivané az
do prerdzky su zndzornené na obr. 5 a 6.

Nabfjanie vyvrtov trhavinami sa vykondvalo z dvojkoSovej plosiny Normet
Charmec 9910 BC ANT 1000 (obr. 4).

Nélozkované trhaviny sa nabijali ru¢ne. Sypké trhaviny Anfo sa nabfjali stla-
¢enym vzduchom. Za tymto tcelom bola ploSina vybavend dvojicou nabfjacich
zariadeni. Kazdy zdsobnik mal kapacitu cca 500 1 trhavin. Zariadenia sa ovldda-
li rddiovym ovlddacom z koSa a vzduch doddval vlastny kompresor umiestneny
na podvozku plosiny. Pred nabijanim trhavin Anfo bolo délezitou podmienkou
vyfikanie vody z vyvrtov, kedZe uvedend trhavina je fahko rozpustnd vo vode.

Roznetnd siet'pri elektrickych rozbuskach sa zapdjala vylu¢ne do série. Pou-
Zivanou roznetnicou Dyno Nobel CI 140 VA bolo moZné pri tomto zapojen{
naraz odpalit maximalne 75 ks rozbusiek Firex VA-T s dlzkou vodi¢ov 7 m.
Z toho dovodu sa elektrické rozbuSky pouzivali pri razeni delenou celbou,
odstranovani pripadnych podprofilov a hlavne na inicidciu neelektrickych roz-
busiek Nonel LP.

Zarazenie tunelov sa vzhladom na nizke a zna¢ne rozrusené nadloZie realizo-
valo v zmensenom profile 6x5 m, skratenym zaberom 2 m a postupnym rozsi-
rovanim od zdlomu na cely rozmer zmenSeného profilu. Hlavnym cielom tohto
postupu bolo ¢o najviac eliminovat'seizmicky vplyv na masiv v nadloZi tunelov.
Tymto spdsobom sa vyrazilo cca 10 bm v kazdom tuneli. S ndslednym postu-
pom Celieb sa profil rozsiroval na projektované rozmery.
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Because of the shallow and significantly broken overburden, the initial appro-
ximately 10m section of the tunnel excavation was carried out with a cross-secti-
on reduced to 6x5m, shorter round length of 2m and gradual widening from the
break-in entry to the full dimensions of the reduced cross-section. The main pur-
pose of this procedure was maximum elimination of seismic effects on the rock
mass in the overburden. After the 10m, the profile was widened to the design
dimensions.

The further procedures of the excavation in the motorway tunnels (A and B) and
the railway tunnel (R) partially differed. The motorway tunnels, with their align-
ment positioned lower than the railway tunnel, downhill excavation gradient and
the ground surface rising more steeply, could be excavated using extended lengths
of rounds up to 5 — 5.5m, despite the fact that the system of three excavation sequ-
ences was still applied (the central part of the bench with the dimensions of 6x5m
was excavated first, then the roof part of the cross section was blasted away wit-
hin a width of the previous opening, and then both sidewall pillars were removed).
This procedure was applied up to a distance of 50m from the portals. The blasting
in those sections was carried out solely with Kemix and Aniitti cartridged explosi-
ves and Firex VA-T electric detonators. From chainage 50m up to the breakt-
hrough point, the road tunnels including cross passages were driven full-face and
ANFO and Nonel LP non-electric detonators started to be used in addition to the
above-mentioned explosives.

The geotechnical conditions in the vicinity of the railway tunnel were signifi-
cantly worse owing to the higher position of the alignment, which, in addition,
moderately rose from the north portal. This was the reason why the excavation
continued even after the widening of the excavated cross section with shorter, 2m
long rounds. A noticeable surface depression found in the section about 30m
— 100m from the portal exactly on the centre line of the railway tunnel signalled
other complications. They were confirmed by georadar measurements in a bore-
hole carried out under the tunnel roof and in parallel with the tunnel centre line.
This measurement revealed locations in the overburden where firm rock was only
several tens of centimetres thick. Eventually the excavation work was suspended
at chainage about 32m. The designer was asked to solve this problem. With the aim
of preventing total disruption of the excavation operations, the site management
decided that the excavation continue beyond the critical place, with the access pro-
vided from the A tunnel. For this reason an inclined cross cut was driven, uphill
from the A tunnel to the R tunnel, in contrast with the first cross passage between
the A and B tunnels, which was at a distance of about 120m from the portal of the
A tunnel. When the R tunnel was reached, the excavation continued in both direc-
tions. The full-face excavation with maximum round lengths was possible in that
place. The railway tunnel excavation was allowed using solely Kemix and Aniitti
cartridged explosives with Nonel LP non-electric detonators. ANFO explosive was
forbidden on the basis of directives issued by Finnish Railways, the client for the
railway tunnel construction.

EXPLOSIVES, DETONATORS AND TOOLS USED

Explosives used in the course of the excavation are manufactured by the largest
Finnish manufacturer of explosives, Oy Forcit AB, more specifically its Forcit
Explosives division based in the town of Hanko. Out of the assortment of its pro-
ducts, the specifications allowed utilisation of Aniitti, Kamix A and ANFO explo-
sives.

Aniitti is a powder ammonium nitrate explosive with a trinitrotoluene and pow-
der aluminium addition. It is supplied in the form of cartridges, wrapped in wax-
paper. Owing to the additives, it features short-term water resistance, under the
condition that the wrapping is intact. It is therefore applicable even to wet boreho-
les, which are blown out with compressed air before the charging. It is frost resi-
stant. Cartridges & 32 mm (370 g) and & 36 mm (460 g) were used as primers in
contour holes and contour pop holes.

Obr. 4 PloSina Normet Charmec 9910 BC ANT 1000
Fig. 4 Normet Charmec 9910 BC ANT 1000 platform lifter
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TuNel

Dalsi postup razenia bol v cestnych (A a B) a Zelezni¢nom (R) tuneli ¢iastoc- Kemix A — pp is an ecological slurry-type explosive supplied in polypropylene
ne odhsny V cestnych tuneloch, ktoré mali niveletu niZie ako Zelezni¢ny, boli tubes. The six diameters of the cartridges, which are offered by the manufacturer,
razené Upadne a terén stipal strmsie, bolo mozné pred121t Zabery na 5-5,5 m, aj allow more effective planning of blasting operations. Small diameters are used
ked sa Celba stile otvérala v troch krokoch, pri¢om ako prvé sa otvorila strednd above all for smooth blasting. The cartridges are manufactured at standard lengths
Cast’profilu rozmerov 6x5 m, po odtazen{ sa pristrelila stropnd Cast'na Sirku pred- of 1m. Their ends are designed in a manner allowing the cartridges to slip into each
razky a nakoniec obidva bo¢né piliere naraz. Tymto spdsobom sa cestné tunely other, thus to significantly accelerate the hole charging operation and aid the trans-
vyrazili do vzdialenosti 50 bm od portdlov. V tychto dsekoch sa pouzivali len mission of detonation. The 17mm-diameter cartridges are provided with a cente-
ndlozkované trhaviny Kemix a Aniitti a elektrické rozbusky Firex VA-T. Od sta- ring ring. The explosive is water and frost resistant. Even holes filled with water
nicenia 50 bm az do prerdzky sa potom cestné tunely, vrdtane priecnych spojok, can be charged with it. It can be divided by cutting or breaking as required. It is
razili v plnom profile a zacalo sa, okrem uz spominanych trhavin, pouzivat' Anfo possible owing to fine scoring in the around the circumference of the cartridge, in
a neelektrické rozbusky Nonel LP. the middle of its length. Contour holes were charged with & 17 mm (220 g) car-

Geotechnické pomery v okoli Zelezni¢ného tunela boli v dosledku vyssie tridges, the contour (trimming) pop holes with & 32 mm (900 g) cartridges and
vedenej trase, ktord naviac od severného portdlu mierne sttipa}a, podstatne hor- the blast holes in the invert (the railway tunnel) and for the break-in entry and
Sie. Z toho d6vodu po rozsireni profilu razenie prebiehalo nadalej so skratenym enlarger holes with @ 39 mm (1290 g).
zdberom 2 m. Vyraznd terénna depresia presne v trase Zelezni¢ného tunela ANFO is a granulated explosive consisting of a mixture of amonium nitrate,
v tiseku cca 30-100 bm od portalu signalizovala daliie komplikicie, ktoré sa fuel oil, various additives and dye. It is supplied in 25kg plastic sacks. The char-
nasledne potvrdili georadarovym meranim vo vrte vitanom pod stropom tunela ging was carried out pneumatically. The explosive is not water resistant. For that
a stibezne s jeho osou. Toto meranie odhalilo miesta v nadloZi, kde mocnost pev- reason, we executed several blasting trials using another product from the ANFO
nych skalnych hornin bola len niekolko desiatok centimetrov. Nakoniec bolo product line, namely Ahti-Anfo, which is water resistant. Although the results were
razenie pozastavené v stanic¢eni cca 32 bm a projektant mal pred sebou tlohu very good, the aspect of economy made us return to the common ANFO.
tento problém vyriesit. Aby vSak razenie Zelezni¢ného tune-
la nezostalo stat tplne, rozhodlo vedenie stavby o razeni za o .

e, . L, ., Project: Vuoli Tunnel A
kritickym miestom s pristupom z A tunela. Tak sa pristtipilo Date: 16.09.2005
k razeniu Sikmej dovrchnej spojky z A do R tunela oproti  File: CATML_Projeky\Vuoli_Tunnel A\Vuoli Tunnel A.tsp

prvej priecnej spojke medzi A a B tunelom, ¢o bolo cca 120
bm od portdlu A tunela. Po dosiahnut{ trasy R tunela sa tunel
rozfdral na obe strany. V tychto miestach uZ bolo moZné
razenie v plnom profile s maximdlnymi dlzkami zdberov. Pri
razeni v Zeleznicnom tuneli sa pouzivali vyhradne nalozko-
vané trhaviny Kemix a Aniitti s neelektrickymi rozbuskami
Nonel LP. Pouzitie trhaviny Anfo bolo zakdzané na zdklade
smernic vydanych finskymi Zeleznicami, ktoré boli investo-
rom vystavby Zelezni¢ného tunela.

POUZIVANE TRHAVINY, ROZNECOVADLA
A POMOCKY

Trhaviny, pouzivané pocas razenia, sii produktmi najvéc-
Sieho finskeho vyrobeu trhavin Oy Forcit AB, presnejsie jeho
divizie Forcit Explosives, ktory md sidlo v meste Hanko.
Z jeho sortimentu boli na zdklade technicko-kvalitativnych
podmienok povolené trhaviny Aniitti, Kemix A a Anfo.

Aniitti — je praskovd amonoliadkovd trhavina s primesou
tritolu a praskového hlinika. Doddva sa ndlozkovand, balend
do voskového papiera. Vdaka prisaddm je krdtkodobo odol-
nd voci vode, avsak za predpokladu, Ze obal je neporuseny.
Da sa teda pouzit'aj do vlhkych vyvrtov, ktoré sa pred nabi-
janim vyfikaji stlacenym vzduchom. Je mrazuvzdornd.
Nalozky priemeru & 32 mm (370 g) a & 36 mm (460 g) sa
pouzivali ako pocinové v obrysovych a pomocnych obryso-
vych vyvrtoch.

Kemix A - pp - je ekologickd emulznd trhavina doddva-
nd v polypropylénovych trubiciach. Sest’ priemerov tychto
ndloZiek, ktoré pontika vyrobca, umoziuje efektivnejsie pld-
novat trhacie prace. Malé priemery su uréené predovsetkym
pre metddu hladkého vylomu. Nalozky st Standardne vyra-
bané s dlzkou 1 m a konce st upravené tak, ze sa daju zasu-
vat'jedna do druhej, o vyraznym sposobom zrychluje nabi-
janie a pomdha zabezpeCit prenos detondcie. Nédlozky prie-
meru 17 mm sd vybavené centra¢nym prstencom. Trhavina
je odolnd voci vode a mrazu. Je ju mozné nabfjat’aj do vyvr-
tov tplne zaplnenych vodou. D4 sa podla potreby delit reza-
nim alebo ldmanim, ¢o umoZiuje jemné ryhovanie po obvo-
de ndlozky v p010v1c1 jej dlzky. V obrysovych vyrtoch sa
pouzivali ndlozky priemeru & 17 mm (220 g), v pomocnych
obrysovych vyvrtoch & 32 mm (900 g) a v pocvovych vyvr-
toch (v Zelezni¢nom tuneli aj v zdlome a pribierkovych vyvr-
toch ) & 39 mm (1290 g).

Anfo — je granulovand trhavina tvorend zmesou dusi¢na-
nu aménneho, petroleja, roznych prisad a farbiva. Doddvand
je v plastovych vreciach po 25 kg. Nabijanie sa vykondvalo
pneumaticky. Trhavina nie je odolnd voci vode. Z tohto
dovodu sme pokusne vykonali niekolko odstrelov s dalsim
vyrobkom z radu Anfo s Ahti-Anfom, ktoré je voci vode
odolné. Vysledky boli velmi dobré, avsak ekonomické
hladisko nds viedlo k ndvratu k oby¢ajnému Anfu.

Tunnel Manager Lite - Protokol o trhacich pracach

Z2akladni udaje

Trasa tunela: Trasa_TA.tli Laser:
Vrtnd schéma APP26101DK.tun Pocet vrtov [ks/m] 187 825
Cislo sekcie 118.000 Vyvrty [ks/m] 187 825
Zaciatok vr’tania 2007/11/07 01:07:41 - svornikové 0 0
Konec vr’tania 2007/11/07 06:53:17 - injektdZne 0 0
Doba vr’tania 05:45 - neSpecifikované 0 0
Typ vr'tacieho voza AC 353ESB (11168 5.02) Chybné vity 0
Vrt Vitr Vitr Vir Celkovd Rychlost’ Doba
Odpal svornikové injektdzne  neSpec. dlzka vrtov vr'tdnia vr'tdnia
[m] [m/min]
Rameno 1 70 0 0 0 303 1.51 03:20
Rameno 2 49 0 0 0 217 1.44 02:31
Rameno 3 68 0 0 0 305 1.61 03:10
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Obr. 5 Protokol odpalu v dialhicnom tuneli
Fig. 5 Blasting record — the motorway tunnel
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Trhavina (mm) Hmotnost’ Hustota Detonacna Prenos Vybuchové Merny objem Kyslikova
nalozky (g) trhaviny (kg.dm?)  rychlost’(m.s") detonacie (cm) teplo (MJ kg) splodin vybuchu bilancia (%)
(dm*kg")
Explosive (mm) Cartridge Explosive Detonation Detonation Heat of Specific explosion Oxygen
weight (g) density (kg.dm?) velocity (m.s") transmission (cm) explosion (MJ.kg")  products volume balance (%)
(dmkg?)
Aniitti
32x400 370 10-12 2500 - 4500 8-15 43 880 038
36x400 460
Kemix A-pp
17x1000 220 1,0 4500 1-2 29 946 -13
29x1000 740 1,2 5000 2-4 30 964 -1,5
32x1000 900 12 5000 4 30 964 -1.6
39x1000 1290 12 5000 4-8 30 964 -1,7
Nobel Prime ( Buster)
15x150 30 145-155 >6000 30 52 860 5.1
ANFO
Anfo 09 3000 - 3500 0 40 965 0
Ahti-Anfo 09 3000 - 3500 0 38 925 22

Tab. 1 Zdkladné charakteristiky jednotlivych druhov pouZivanych trhavin
Table 1 Basic characteristics of individual types of explosives used

Odvrtané vty / Completed boreholes:

DN - 48 mm 189 Celkovy pocet vrtov / Total number of boreholes 193 ks/ pes:
DN - 102 4

Nenabijané / Dummy holes

stupen 1. - 8./ stages 1 - 8

KEMIX -39 KEMIX -39 KEMIX -39 KEMIX -39 KEMIX -39
stupen / stage 60=27 ks/pes 45224 ks / pes
ANITII-36 KEMIX -17 KEMIX -17 KEMIX -17 KEMIX -17 KEMIX -17
stupen / stage 55=2Kks/ pes 0=6Kks/pcs,16= 6 ks / pcs, 20= 6 ks / pcs
KEMIX -39 KEMIX -39 KEMIX -39 KEMIX -39 KEMIX -39
stupen / stage 35=10 ks / pcs, 20=4 ks / pcs 40= 12 ks / pcs
ANITII-36 KEMIX -32 KEMIX -32 KEMIX -32 KEMIX -32
stuper / stage 55=7 ks / pcs kanaly v tuneli /channels inside the tunnel
KEMIX -32 KEMIX -32 KEMIX -32 KEMIX -32 KEMIX -32
stupen / stage 9=6ks/pcs,10 =4 ks / pcs, 11 =4 ks / pes, 12 =4 ks / pes, 14 =7 ks / pes, 16= 10 ks / pes, 18= 10 ks / pes, 20= 8 ks / pcs,
25 =17 ks / pcs, 30 =12 ks / pcs
NOBELPRIME ANFO
Priklad vrtnej schémy a asovania vyvrtov v cestnom tuneli je zobrazeny na obrdzku 6
An example of a drilling pattern and timing of the holes in the motorway tunnel is shown in Fig. 6
Tab. 2 Schéma jednotlivych typov ndloZi podla ¢asovych stupriov a pozicie vo vrtnej schéme
Table 2 Diagram of individual types of charges according to delay stages and the position in the drilling pattern
Iniciacia ndlozi Anfo bola zabezpec¢ovand ndlozkami Nobel Prime 15x150 The ANFO charges were initiated using Nobel Prime 15x150 (30g) cartridges
(30 g). Ide o dynamit so zvySenou detonacnou rychlostou s pridanim pentritu. containing dynamite with a pentrite addition increasing the detonation velocity.
Tieto ndlozky sa po adjustdcii umiestiiovali na dno vrtov a zafikali sa Anfom. After adjustment, these cartridges were placed at the bottom of the boreholes and
Pre roznet ndloZ{ boli pouZité dva druhy rozbusiek: the ANFO was blown over them using compressed air.

Two types of detonators were used for priming:

o Firex VA-T electric detonators — a specially developed line designed for tun-
nel excavation with delay stages of 1 — 20 (25ms — 5000ms). We used these
detonators during sequential excavation operations.

o Nonel LP non-electric detonators — also designed for tunnel excavation. The

o clektrické Firex VA-T, Co je zvlast vytvorend rada pre razenie tunelov
s Casovymi stupnami 1 —20 (25 ms — 5000 ms). Tieto rozbusky sme pouZzi-
vali pri razeni delenou ¢elbou;

o neelektrické Nonel LP, ktoré st tieZ urcené pre razenie tunelov. Roznetnd

siet’;a. spdjala zvizkovymi konektormi ¢asového stupiia 0. Z.ﬁih PlaStOfof?h firing network was connected using the O delay stage multiple connectors.
trubiciek poslednych zvizkovych konektorov sa vykondval jednou elektric- The plastic tubes of the last multiple connectors were ignited with a single
kou rozbuskou Firex VA-T. Firex VA-T electric detonator.
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POSTUP PROVADENI TRHACICH PRACI

TuNel

A’B tunnel Enclosure No.2
METHOD STATEMENT FOR BLASTING WORKS profile 1b,c
Trhaviny
18.1.06 NONEL LP Explosives

1 1 ANFO | 750 kg

= 2 1 Buster 75 ks

3 1 Anitti 36 75 ks

4 1 Kemix 39 | 155 ks

5 1 Kemix 17 | 255 ks
6 2
7 2
8 4
9 6
10 4
11 4
Q 12 4
S 14 7
16 16
18 10
20 18
S e L L L e N N T o 25 | 7
45 s 1 s |45 30 12
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Obr. 6 Vrtnd schéma Zeleznicného tunela
Fig. 6 Drill pattern — the railway tunnel

Inicidcia elektrickych rozbusiek sa uskuto¢novala roznetnicou Dyno Nobel
CI 140 VA, ktord tieZ dodala firma Forcit. Privodné vedenie tvorili farebne roz-
liSené rozbuskové vodice doddvané Forcitom v ndvinoch po 300 m.

PREHLAD NIEKTORYCH TECHNICKO-EKONOMICKYCH
UKAZOVATELOV

Uvedené budu len tdaje ziskané z razenia cestnych tunelov, pretoZe v Case
pisania ¢lanku razenie Zeleznicného tunela este neskoncilo.

V oboch cestnych tuneloch sa od 31. 8. 2005 do 4. 2. 2006 celkom vyrazilo
766 bm v profile s projektovanou plochou 90 m*. Skutoénd plocha vylomu sa
s nutnym technologickym nadvylomom a nevitanym geologickym nadvylomom
pohybovala medzi 95 — 105 m*. Pocas tejto doby sa vykonalo celkom 154 odpa-
lov, s priemernou dlzkou zdberu 4,97 m. Pri tychto prdcach sa navitalo
163 471 m vyvrtov, spotrebovalo sa priblizne 110 ks vrtnych ty¢i s priemernou
zivotnostou 1500 bm/ty¢ a priblizne 1200 ks vrtnych koruniek s priemernou
zivotnostou 150 bm/ks. Celkom sa spotrebovalo 157 333 kg trhavin vsetkych
druhov a 31 839 ks rozbusiek z toho 28 495 ks Nonel LP a 3 344 ks Firex VA-
T. Mernd spotreba trhavin sa pohybovala okolo 2,2 kg/m’, ¢o vo finanénom
vyjadreni bolo 4,03 €/m’.

ZAVER

PodTla nasich skisenosti st vo Finsku vo vSeobecnosti menej ndrocné pozia-
davky zo strany legislativy — od ziskania oprdvneni pre naSich strelmajstrov,
typov oprdvneni, povolenia na trhacie price a samotnej realizdcie trhacich préc.
TieZ doddvka trhavin bola bezproblémov4, na stavbe boli tischovne len na dennd
spotrebu, trhaviny a rozbusky sa doddvali kazdé rano. Uschovne a transport mal
na starosti doddvatel. Samozrejmostou je servis projektovania a optimalizicie
trhacich prac expertmi doddvatela.

Trhacie price na projekte Vuoli st zaujimavé svojim rozsahom, v nasich pod-
mienkach neobvyklym pri razeni tunelov (razi sa v plnom profile, ¢elba sa nede-
1), druhmi pouzitych trhavin a roznetného systému (NONEL), technikou vita-
nia a nabijania ndlozi. Vykonny systém poCitatom riadeného vitania vyvrtov,
pneumatické nabfjanie sypkych trhavin, pouzitie hladkého vylomu a zdberov az
5.5 m v plnom profile st prikladom efektivneho vyuzitia trhacich prac a najmo-
dernejsich metdd pri konvenénom razeni tunelov, ktoré by sa mohli uplatnit’
aj v naSich podmienkach, napriklad pri razenf tunela Visiové, kde to predurCuji
vhodné geologické podmienky.

ING.ANTON PETKO, anton.petko@skanska.sk,
ING. RICHARD ZIMAN, richard.ziman@skanska.sk,
SKANSKA BS, a. s., Prievidza

Electric detonators were initiated by means of a Dyno Nobel CI 140 VA initia-
tion machine, which was also supplied by Forcit. The supply lead consisted of
detonator leads distinguished in colour, supplied by Forcit in 300m windings.

SUMMARY OF SOME TECHNICAL-ECONOMIC INDICATORS

We present only the data obtained from the excavation of the road tunnels
because the excavation of the railway tunnel still continued at the time of prepara-
tion of this paper.

Atotal length of 766m of the tunnel profile of 90m?> was driven from 31.8.2005
t0 4.2.2006 (both road tunnel tubes). The actual excavated cross-section area toget-
her with the technically necessary overbreak (bordered by the payline) plus the
undesired geological overbreak fluctuated between 95 and 105m?. A total of 154
shots with an average pull of 4.97m was carried out during that time. This work
required 163 471m of blast holes to be drilled, and the drilling consumed approxi-
mately 110 pieces of drill rods with an average life of 1500m/rod and approxima-
tely 1200 pieces of drill bits with an average life of 150m/pc. The total consump-
tion of all types of explosives amounted to 157,333kg; the total consumption of
detonators of 31,839 pieces consisted of 28,495 pcs of Nonel LP and 3,344 pes of
Firex VA-T detonators. The specific consumption of explosives fluctuated about
2.2kg/m?, which meant, expressed in financial terms, 4.03 €/m’.

CONCLUSION

In our experience, Finland has generally less demanding legislative require-
ments, starting from the issuance of permits for our shot firers, types of authorisa-
tions, the blasting permission and the execution of the blasting operations proper.
The supplies of explosives were also trouble-free; explosives and detonators were
supplied to the site every morning — the site depositories contained only amounts
to be consumed during the day. The depositories and transportation were taken
care of by the contractor. The design service and optimisation of blasting operati-
ons service provided by contractor’s experts are commonplace.

The blasting operations on the Vuoli project are interesting because of their extent,
which is unusual in our conditions in tunnelling (full-face excavation, without exca-
vation sequences), types of explosives and the initiation system (NONEL), the tech-
nique of drilling and charging the holes. The high-performance system of computer
controlled drilling of blast holes, pneumatic charging with bulk explosives, applica-
tion of smooth blasting and full-face excavation round lengths up to 5.5m are exam-
ples of effective utilisation of blasting operations and state-of-the-art methods of tra-
ditional tunnel excavation, which could be utilised even in our conditions, for exam-
ple in the Visnové tunnel excavation where it is possible owing to favourable geolo-
gical conditions. ING.ANTON PETKO, anton.petko@skanska.sk,

ING. RICHARD ZIMAN, richard ziman@skanska.sk,
SKANSKA BS, a. s., Prievidza
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INTENZIFIKACIA PODZEMNEJ CISTIARNE ODPADOVYCH VOD
MARIEHAMN - FINSKO

INTENSIFICATION OF THE MARIEHAMN SEWAGE TREATMENT
PLANT, FINLAND

ANTON SUMERAK

ovoD

Mariehamn je najvacsi ostrov stostrovia Alandy, ktoré tvorf
6 554 ostrovov a Zije na nich 25 tisic Iudi. V poslednej dobe ziska-
va na doleZzitosti cestovny ruch, pretoze Alandy st vyznamné rekre-
a&né stredisko nielen pre Finov, ale aj turistov zo Svédska. Vystav-
bou novych rekrea¢nych zariadeni sa zvySuje aj mnozstvo splasko-
vych vdd, ktoré je treba prelistit. Jestvujica podzemnd Cistiaren
odpadovych vdd uvedend do prevddzky v roku 1974 uz kapacitne
nevyhovovala, preto bola nutnd jej intenzifikdcia, spojend s rekon-
Strukciou technoldgie.

TECHNICKE PARAMETRE A OBJEKTY INTENZIFIKACIE

Objekty Cistiarne odpadovych vod tvori nadzemna Cast hrubého
precistenia splaskov a podzemnd biologicka cast’ prelistenia
s potrubnym vypustom do mora. Povodnd kapacita Cistiarne pre
20 tisic ekvivalentnych obyvatelov sa po rekonstrukcii zvysi na
40 tisic. S tymto sa spdja vystavba novej podzemnej biologickej
Casti vo vopred vyrazenej kaverne, prebudovanie starej biologickej
Casti na objekty flotacie, flokdcie a preCerpdvacej stanice. V nad-
zemnom objekte bola kompletne zrekonStruovand technoldgia
hrubého precistenia splaskov a vybudované nové kanceldrske
a socidlne priestory.

VYSTAVBA NOVEJ BIOLOGICKEJ CASTI

Vo vopred vyrazenej kaverne (obr. 1) pddorysnych rozmerov
120 x 18 m bola vybudovand nova biologicka Cast), ktord sa deli na
sekcie nitrifikdcie a sedimentdcie s potrubnym vypustom do mora.
Na dopravu potrebného materidlu bol pouzity pristupovy tunel so
zaustenim v strede kaverny. Z dévodu ¢asového harmonogramu
a koordindcie prac sa museli zacat’ prdce na obidvoch sekcidch
sucasne, a to od koncov kaverny smerom do stredu k pristupové-
mu tunelu.

Obr. 1 Kaverna novej biologickej casti
Fig. I The new biological block cavern

INTRODUCTION

Mariehamn is the largest island of the Aland Islands consisting of
6554 islands, with a population of 25 thousand. The travel industry has
assumed greater importance because the Aland Islands are a significant
centre not only for the Finns but also for tourists from Sweden. Deve-
lopment of new recreational facilities is accompanied with an increa-
sed amount of sewage, which must be treated. The existing underg-
round sewage treatment plant, which had been brought into service in
1974, was no more sufficient; reconstruction was necessary for inten-
sification of the works.

TECHNICAL PARAMETERS AND SUBJECTS OF
INTENSIFICATION

The sewage treatment plant consists of a surface block and underg-
round block, namely a preliminary treatment block and biological tre-
atment block with a discharge pipeline leading to the sea. The original
capacity of the plant capable of serving a 20 thousand population will
grow to 40 thousand after the reconstruction. Apart from other work,
the reconstruction comprises construction of a new underground bio-
logical treatment section inside a newly excavated cavern, conversion
of the old biological treatment section into flotation and flocculation
tanks and an intermediate pumping station. The work on the surface
block consisted of overall reconstruction of the preliminary treatment
equipment and construction of new office spaces and changing rooms.

CONSTRUCTION OF THE NEW BIOLOGICAL BLOCK

The new biological treatment block was erected in a cavern (see Fig.
1) with ground plan dimensions of 120 x 18m, which was excavated in
advance. The block is divided into a nitrification section and sedimen-
tation section with a discharge pipeline leading to the sea. An access
adit ending at the middle of the cavern was used for transport of mate-
rials. Because of the works schedule and co-ordination of the operati-
ons, the work on both blocks had to start simultaneously, i.e. from the
ends of the cavern toward the centre, i.e. toward the access adit.

THE SEDIMENTATION SECTION

The structure of the sedimentation section consists of a reinforced
concrete slab, external walls against the rock surface, internal dividing
walls and troughs. The entire section comprises four independent dila-
tation blocks. The joints between the blocks are provided with rubber
waterstops. To keep transport of concrete possible, it was necessary first
of all to build the base slab blocks. Irregularities in the bottom of the
excavation were removed by means of a compacted layer of gravel.
When the reinforcement had been placed and the dilatation block of the
concrete slab cast, it was necessary to treat the surface by grinding and
applying spray preventing shrinkage cracks from developing. With res-
pect to the subsequent installation of equipment, the maximum allo-
wable surface misalignment was set at Smm. It required high quality of
the surface and great accuracy. A rotary laser was of great help in this
work. The contact of treated water with the rock mass was prevented by
means of Sm high and 30cm thick reinforced concrete walls encasing
the sedimentation section. All of the dilatation blocks were cast step by
step using a Doka Top 50 forming system. Individual segments of the
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Obr. 2 ZIubové steny — sedimentaénd sekcia
Fig. 2 A trough wall in the sedimentation section

SEDIMENTACNA SEKCIA

KonStrukcie sedimentacnej sekcie tvoria Zelezobetonovad doska,
obvodové steny oproti skalnému vyrubu, stredové deliace steny
a zlaby. Celu sekciu tvoria Styri samostatné dilatacné celky, ktoré si
navzdjom spojené kontaktnym vodotesnym gumenym pdsom.
Z dovodu dopravy beténovej zmesi bolo potrebné ako prvé vybudo-
vat’ bloky zdkladovych dosiek. Pre vyrovnanie povrchu pocvy
kaverny bol pouzity zhutneny Strkovy zdsyp. Po zabudovani ocelo-
vej vystuze a zabetdnovani dilatacného celku bolo potrebné povrch
dosky vybrtsit’ a oSetrit’ ndstrekom proti tvorbe zmraStovacich
trhlin. Z dovodu neskorsie inStalovanej technoldgie bola maximdlna
odchylka nerovnosti 5 mm, ¢o si vyZadovalo vysoku kvalitu povr-
chu a vyskovi presnost. Pri tychto pracach sa s vyhodou pozil rotac-
ny laser.

Pre zabranenie kontaktu precistenej vody so skalnym masivom
boli vybudované Zelezobetonové obvodové steny sedimentdcie
vy$ky 5 m a hribky 30 cm. Za pomoci systémového debnenia Doka
Top 50 boli postupne zabeténované vsetky dilatacné celky. Pre uchy-
tenie jednotlivych segmentov jednostranného debnenia sa vyuZili
vopred vyvitané kotvy diiky 1,5 m, na ktoré za pomoci adaptérov
boli namontované snimatelné zavitové tyCe rastrového uchytenia.

Poslednou fazou betondrskych pric sedimentacnej sekcie boli
stredové deliace Zlabové steny (obr. 2). Spodnu cast konStrukcie
tvori Zelezobeténova stena vysky 3 m a hribky 0.4 m, na ktord
navizuje zlabova doska a zlabové steny. Pri tychto pracach bolo
vyuzité obojstranné systémové debnenie Doka Framax.

Obr. 3 Stredovd stena — nitrifikacna sekcia
Fig. 3 The central wall in the nitrification section

single-sided formwork were fixed by a system of 1.5m long in advan-
ce installed anchors and threaded rods of the supporting grid, which
were attached to the anchors by means of adaptors.

The last phase of the concrete casting operations in the sedimentation
section comprised central separation trough walls (see Fig. 2). The bottom
part of the structure consists of a 3m high and 0.4m thick reinforced conc-
rete wall. The trough slab and trough-walls are connected to this wall.
A Doka Framax double-sided forming system was utilised for this work.

THE NITRIFICATION SECTION

The nitrification section was constructed simultaneously with the
sedimentation section. The main structures of the nitrification section
were a reinforced concrete central wall, dividing transverse walls and
service walkways. The 6.5m high and 0.4m thick central wall was cast
using the Doka Framax double-sided forming system. The wall was built
on top of 2m wide and 0.5m thick strip foundation, which was anchored
to the rock mass by a grid of 3m long anchors (see Fig. 3). Handling of
formwork segments in the confined conditions of the cavern during the
formwork assembly posed a problem. A pair of truck cranes and a hois-
ting platform were necessary to cope with it. Regarding elevated work,
it proved to be necessary to install additional anchoring of the Haki rol-
ling scaffold to the rock mass so that safety and stability of the scaffold
was secured. Concrete was cast by a concrete pump in 0.5m thick layers
and concurrently compacted with immersion vibrators. The nitrification
section is divided into 4 independent tanks on either side. They are sepa-
rated by 6.5m high and 0.3m thick transverse reinforced concrete walls
and 1.5m wide and 0.4m thick transverse service walkways running at

Obr. 4 Priecne steny — nitrifikacnd sekcia
Fig. 4 Transverse walls in the nitrification section

Obr. 5 Pochddzné lavky — nitrifikacnd sekcia
Fig. 5 Service walkways in the nitrification section




Obr. 6 Prepojovacia stredovd Zlabovd stena — sedimentdcia — nitrifikdcia
Fig. 6 An interconnecting central trough-wall between the sedimentation and
nitrification section

NITRIFIKACNA SEKCIA

V stbehu so sedimentacnou sekciou bola budovand aj nitrifika¢nd
sekcia, kde hlavnymi konstrukciami st Zelezobeténovd stredova stena,
deliace priecne steny a ldvky pre obsluhu. PouZitim obojstranného
debnenia Doka Framax bola zabeténovand stredovd stena vysky
6,5 m a hribky 0,4 m, pod ktorou je zakladovy pds Sirky 2 m a hrib-
ky 0,5 m, zakotveny do skalného masivu rastrom kotiev diiky 3m
(obr. 3). Pri debniacich prdcach steny bolo problematické manipulo-
vanie so segmentami debnenia v stiesnenych podmienkach kaverny
a bola nutnd kombindcia dvoch autoZeriavov a pojazdnej pracovnej
plosiny. KedZe islo o prace vo vyskach, ukézalo sa, 7e sa musi doda-
tocne ukotvit' pojazdné Haki leSenie o skalny masiv, pre zabezpece-
nie bezpecnosti a stability leSenia. Pri betondZi sa pouZilo ¢erpadlo
beténu a betén sa ukladal po vrstvach hribky 0,5 m so sibeZnym
zhutinovanim ponornymi vibratormi.

Nitrifika¢nd sekcia je rozdelend na 4 samostatné nadrze po kazdej
strane, kde deliace prvky tvoria prie¢ne Zelezobetonové steny vysky
6,5 m a hribky 0,3 m a prie¢ne lavky pre obsluhu v strede kazdej
nddrze Sirky 1,5 m a hribky 0,4 m. Priecne steny boli vybudované
(obr. 4) podobnym spdsobom ako stredova deliaca stena smerom od
konca kaverny k pristupovému tunelu. Debnenie a podperny systém
priecnych lavok pre obsluhu (obr. 5) pozostdval zo systémovych
vezi Doka Staxo a priehradového stropného debnenia Doka Multi-
plex. S uzatvdranim jednotlivych sekcii sa beténovali aj ldvky pre
obsluhu spojené so stredovou deliacou stenou $irky 1,5 m a hribky
0,2 m pomocou dreveného debnenia.

Po ukonceni priac v kazdej sekcii bolo nutné obidve prepojit’
stredovou deliacou Zlabovou stenou vysky 6,5 m a hribky 0.4 m,
ktord zabezpecuje odtok vody z Casti nitrifikacnej do sedimentacnej
(obr. 6).

Pocas Siestich mesiacov vystavby 15¢lennd osddka pracovnikov
zabudovala v novej biologickej ¢asti 151 000 kg betondrskej ocele
a 2 002 m? vodostavebného beténu. Po dozreti beténu skisky vodo-
tesnosti jednotlivych sekcii preukdzali pozadovani vodotesnost’
diela.

Po ukonceni montdZe technolégie doddvatelskou firmou nasledo-
vala poslednd fdza prac v novej biologickej Casti, a to inStaldcia pro-
tizapachovej zabrany nitrifika¢nej sekcie. Tvoria ju ocelové profily
s povrchovou tpravou proti kordzii, ktoré sa museli montovat
z pojazdnej pracovnej ploSiny zakotvenej v strope kaverny. Posled-
nou operdciou bola montdz hlinikového zabradlia. Nova biologickd
Cast’ Cistiarne bola sldvnostne odovzdand do prevddzky dva tyzdne
pred zmluvnym terminom (obr. 7).

REKONSTRUKCIA POZEMNEHO OBJEKTU CISTIARNE
ODPADOVYCH VOD

Vzhladom na intenzifikdciu Cistiarne odpadovych vdod musela sa
modernizovat’ aj technolégia hrubého ocistenia vod v pozemnom
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Fig. 7 The new biological block brought into service

the centre of each tank. The transverse walls were constructed (see
Fig. 4) in a similar way as that used for the central division wall, i.e. in
the direction from the end of the cavern toward the access adit. The
formwork and falsework system under the transversal walkways (see
Fig. 5) consisted of Doka Staxo system towers and the Doka Multiplex
lattice formwork. The 1.5m wide and 0.2m thick service walkways con-
nected with the central wall were cast concurrently with the closing of
individual sections, using timber formwork.

When the work in each section had been finished, pairs of the secti-
ons had to be interconnected by a 6m high and 0.4m thick central divi-
ding trough wall, which provides the outflow of water from the nitri-
fication section to the sedimentation section (see Fig. 6).

A team of 15 workers placed 151,000 kg of concrete reinforcement
and 2,002m? of water-retaining concrete in the new biological treat-
ment block during six months. Tests carried out when the concrete
maturing process had ended proved that the required waterproofing
properties of individual sections were achieved. The last phase of the
works in the biological section, i.e. the installation of a disconnecting
trap sealing the nitrification section, followed after completion of
installation of equipment by the equipment supplier. The disconnecti-
on consists of corrosion-protected steel sections, which had to be
installed from a hoisting platform anchored to the roof of the cavern.
The installation of the aluminium handrail was the last operation. The
new biological block of the sewage treatment plant was inaugurated
two weeks ahead of the contractual deadline (see Fig. 7).

RECONSTRUCTION OF THE UNDERGROUND BLOCK OF THE
SEWAGE TREATMENT PLANT

The intensification of the sewage treatment plant required also the
process of treating sewage in the underground part of the plant to be
modernised, which meant complete reconstruction of the digestion
tank and some construction work needed for the installation of new
equipment. The concrete surfaces of the digestion tank, which had
been in operation for 30 years, had to be rehabilitated. After being cle-
aned with high-pressure water at the beginning, the surface was repa-
ired using special mortar. Grinding of all surfaces followed. The work
was carried out from a 15m high tower scaffold. All materials were
transported through a service opening with dimensions of 1.0 x 1.0m,
which, in addition, was partly occupied by a DN 300 temporary venti-
lation ducting.

The office spaces existing on the above ground level were comple-
tely reconstructed and extended and supplemented with newly built
changing rooms, showers and a sauna.

CONSTRUCTION OF THE FLOCCULATION AND FLOTATION
TANKS AND THE INTERMEDIATE PUMPING STATION

Once the new biological treatment block of the sewage treatment
plant had been placed into service, the work on the conversion of the
old underground biological block into the flotation and flocculation



15. rocnik - €. 3/2006

objekte, s ¢im suvisela kompletnd rekonstrukcia vyhnivacej nddrze
a stavebné tupravy pre montdZ novej technoldgie. Po viac ako
30 ro¢nej prevadzke vyhnivacej nddrZe bola nevyhnutnd sandcia jej
beténového povrchu. Po prvotnom ocisteni vysokotlakou vodou bol
povrch oSetreny sana¢nou maltou a komplexne zabriseny. Pri tych-
to pracach sa muselo vo vnitri nadrze postavit' vysoké leSenie
(15 m) a vSetok materidl dopravovat' cez servisny otvor s rozmermi
1 x 1 m, cez ktory naviac viedli eSte aj vetracky doc¢asného vetrania
DN 300.

V nadzemnom podlaZi, za nepreruSenej prevddzky, sa kompletne
zrekonStruovali a rozsirili jestvujice kanceldrske priestory, vybudo-
vali nové socidlne zariadenia, sprchy a sauna.

VYSTAVBA OBJEKTOV FLOKACIE, FLOTACIE
A PRECERPAVACEJ STANICE

Po tdspesnom spusteni novej biologickej Casti Cistiarne odpa-
dovych vod do prevadzky stara podzemnd biologicka ¢ast bola
prebudovand na objekty flotdcie, flokdcie a precerpdvacej sta-
nice. Vypustenim jestvujicich bazénov nastal problém s prie-
sakmi morskej vody, ktord sa nachddza v tesnej blizkosti stav-
by. Dlhoro¢nou prevadzkou boli beténové konstrukcie s lokdl-
nym vyskytom trhlin zna¢ne povrchovo poskodené agresivny-
mi splaskovymi vodami. Problém sa podarilo vyriesit vysoko-
tlakou injektdZou zmesou cementu a polyuretanovych Zivic.
V kritickych miestach bola beténova kons$trukcia previtand az
po horninovy masiv s ndslednym zavedenim Hilti injektdZnej
rirky priemeru 16 mm. Po komplexnom zastaveni priesakov
tlakovou injektdZou a vycisteni povrchu jestvujicich beténo-
vych Casti bola vykonand sandcia poSkodenych miest sanacnou
maltou, aby sa dosiahlo pozadované krytie ocelovej vystuze
beténu. AZ po vykonani tychto nevyhnutnych opatreni sa
mohli zaCat prace na objektoch flotacie, flokdcie a preCerpava-
cej stanice.

V miestach starej nitrifika¢nej nddrZe boli vybudované Zelezobe-
ténové stipy vysky 6 m a doska do drovne jestvujicej lavky pre ob-
sluhu, ktord tvori podlahu precerpdvacej stanice. Price stazovalo
a spomalovalo to, Ze v objekte starej biologickej Casti sa nedala pou-
zit' ziadna mechanizdcia, pretoZe pristup bol mozny len cez pozem-
ny objekt. Z tohto dévodu muselo byt pouzité drevené debnenie
a vSetok materidl sa musel dopravovat rucne.

V starych nddrZiach sedimentécie boli vybudované objekty flo-
kécie a flotdcie (obr. 8). KonStrukcie tvoria Zelezobeténové steny
vySky 6 m, dosky a lavky pre obsluhu. Velmi ddlezitou podmien-
kou bolo dosiahnutie vodotesnosti styku jestvujicich a novych
konstrukcii. To sa podarilo vyriesit pouzitim bentonitového pasu
a ndaslednou injektdZou spoja cez vopred zabudované injektdZne
hadicky. Po tspe$nom vykonani skiSok vodotesnosti sa vybudo-
vali drevené technologické steny pre filtrdciu vody a namontova-
li ocelové ldvky pre obsluhu ponad objekt flokdcie. Tym sa ukon-
¢ili prdce na intenzifikdcii Cistiarne odpadovych vod a stavba sa
mohla odovzdat' spravcovi do uzivania.

ZAVER

Pocas necelych 12 mesiacov vystavby sa podarilo 25¢lennej osad-
ke skusenych pracovnikov tspesne zvladnut a odovzdat klientovi,
zo strany spolo¢nosti Skanska BS historicky prvi stavbu na finskom
teritériu, do plného uZivania o mesiac skor oproti zmluvnému
terminu.

Pre investora je tento projekt dolezity svojim vyznamom pre
zivotné prostredie, pre zhotovitela je nielen novou skisenostou
a dobrou referenciou, ale i tym, Ze sa na nom Skanska BS podielala
s tak vyznamnym a renomovanym partnerom, akym je Skanska
Tekra OY.

ING.ANTON SUMERAK,
anton.sumerak @skanska.fi,
SKANSKA BS, a. s.

Obr. 8 Objekt flotdcie a flokdcie
Fig. 8 The flotation and flocculation tanks

tanks and the intermediate pumping station could start. Emptying the
existing tanks brought about a problem of seawater seeping from the
see found in the vicinity. The long-term corrosive sewage action on
the concrete structures with local cracks caused a serious damage.
The problem was successfully resolved by high-pressure grouting
using a mixture of cement and polyurethane resin. In critical places,
the concrete structure was drilled through up to the rock surface and
a l6mm-diameter Hilti grouting tube was inserted in the borehole.
Once the seepage had been completely intercepted by pressure grou-
ting and the existing concrete surfaces had been clean, the defective
places were repaired by special mortar to achieve prescribed cover of
concrete reinforcement. Only than could the work on the structures of
the flotation and flocculation tanks and the intermediate pumping
station start.

Reinforced concrete columns 6m high and a concrete slab were
erected in the space of the former nitrification tank. The slab forming
the floor of the intermediate pumping station was built at the level of
the existing service walkway. The work was made more difficult and
slower by the fact that no equipment could be used in the old biologi-
cal block because it was accessible only via the at grade structure. For
that reason it was necessary to use timber formwork and all materials
had to be transported manually.

The flotation and flocculation structures were built in the old sedi-
mentation tanks (see Fig. 8). The structures consist of 6m high rein-
forced concrete walls, slabs and service walkways. The requirement
for waterproof joints between the existing and new structures was
a significant condition. The problem was solved by utilisation of ben-
tonite waterbars combined with subsequent grouting through tubes
embedded in advance in the concrete structure. When the structures
had successfully passed the leakage tests, process timber walls were
erected and steel service walkways installed above the flocculation
tank. This operation was the final operation of the project of intensifi-
cation of the sewage treatment plant. The works could be handed over
to the owner for operation.

CONCLUSION

The time of incomplete 12 months was sufficient for the team of
25 experienced workers to successfully build and hand over to the
owner a month ahead of the contractual term the first construction in
the history of Skanska BS operations in Finland. This project is impor-
tant for the owner because of its environmental aspects; it is also
important for the contractor, not only because of the new experience
and favourable reference, which the company gained, but also by the
fact that Skanska BS participated in the work with so important and
renowned partner as Skanska Tekra OY.

ING.ANTON SUMERAK,
anton.sumerak@skanska.fi,
SKANSKA BS, a. s.
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HISTORIE HLOUBENI JAM U VOKD
HISTORY OF SHAFT SINKING BY VOKD

STANISLAV SIKORA, MILAN CERVENY

uvob

Hloubeni jam na Ostravsku je neodmyslitelné spjato se jménem spo-
le¢nosti VOKD. Pfi vyro¢i pétapadesati let jejiho vzniku se slusi pfi-
pomenout tuto vysoce specializovanou a ndro¢nou hornickou profesi,
kterd se v dobéach nejvétsiho rozvoje hloubeni jam nezapomenutelné
zapsala zlatym pismem do historie hornictvi.

Vystavba ostravsko-kravinskych doli (VOKD), ndrodni podnik,
vznikl 26. 11. 1951 vymérem Ministerstva paliv a energetiky v rdmci
celkové reorganizace Ceskoslovenského prumyslu. Za 55 let své exis-
tence proslo VOKD zdsadnimi vyvojovymi zménami od stdtniho podni-
ku, tzce se specializujictho na dulni stavby, ke stavebni spolecnosti se
Sirokym spektrem aktivit v oblasti dulni, podpovrchové a povrchové
stavebni ¢innosti. Mezi mnohymi organizaénimi zménami patiil v roce
1955 k velmi vyznamnym vznik samostatného zdvodu hloubeni jam.

Vznik specializovaného zdvodu hloubeni jam vyraznym zpusobem
ovlivnil dal3i vyvoj této profese. Diky komplexnimu programu tech-
nické politiky a zfizeni vyzkumného a vyvojového stiediska VOKD
byly u zdvodu pro hloubeni jam testovdny a zavadény v té dob¢ nej-
progresivnéjsi technologie jednotlivych operaci pri hlouben{ jam.

HISTORIE HLOUBENI JAM NA OSTRAVSKU

Snaha ziskdvat uhli nejen z povrchovych dolg, ale i z hlubin zemé
vedla nase predky k hloubeni Sachet. Nejstar$i zminka o hloubeni se
tykd vétrni jamy Zofie. Byla vyhloubena jiZ v roce 1795 na kopci Lan-
deku jako vétrni propojeni se Stolou. Méla Ctvercovy prufez, vyhlou-
bena byla do hloubky 52 m a vyztuZ méla dfevénou. Druhou jgmou na
stejném kopci byla jama David, kterd byla vyhloubena v roce 1796.

Dalsi jamy se ve veét§im rozsahu zacaly hloubit az ke konci prvni
poloviny 19. stoleti. Situovani jamy, pozdéji dvou jam, zdviselo na
velikosti dulniho pole a jamy, tak jako i dnes slouzily pro dopravu lidi
do podzemi, vétrdn{ a t€Zbu rubaniny a uhli.

Pocate¢ni drevénd vyztuZ jam byla pozd€ji nahrazena vyztuzi zdé-
nou. Prvni zdénd jama byla jama Hlubina v Moravské Ostravé dokon-
¢end v roce 1852.

Tvar hloubenych jam se stéle vyvijel. Ctvercovy a obdélnikovy pro-
fil jam preSel v elipticky ¢i soudkovy, jak je zakresleno na obr. 1.

Prvni kruhovy profil jamy u ostravskych jam byl uplatnén pfi hlou-
beni jamy Ignat v Maridnskych Horach v roce 1890.

Hloubeni jam bylo velmi pracné, s vysokym rizikem trazu pracov-
niku v hloubeni. Také proto byly v prabéhu prvni republiky vyhloube-
ny jen Ctyfi jdmy a stdvajici byly jen prohlubovdny. Behem druhé své-
tové vilky bylo zapocato hlouben{ $esti jam, z nichZ dve jamy patfici
Dolu Viktoria v Hefmanicich byly dokonéeny aZ po roce 1945.

V obdobi po roce 1945 doslo v tomto sortimentu praci ke stagnaci.
Jamy se hloubily jen vyjime¢né, nebot technologie hloubeni, a s nimi
souvisejici strojni vybaveni, byly na velmi nizké drovni. Lze konsta-
tovat, Ze byly zastaralé a prevazoval vysoky podil ruéni price, Cemuz
odpovidaly i velmi nizké mesi¢ni postupy v hloubeni a malé vykony
hlubicu.

VYVOJ A ZAVADENI NOVYCH TECHNOLOGII U VOKD

Cely dal3i vyvoj v otvirkdch a piipravdch dulnich dél na Ostravsku
jen potvrdil, Ze rozhodnuti o zaloZeni specializované vystavbové orga-
nizace — Vystavba ostravsko-karvinskych dola dne 26. 11. 1951 bylo
spravné.

U VOKD se velmi rychle naplnily hlubi¢ské kapacity, zacaly se
intenzivné rozpracovédvat nové, progresivnéjsi metody technologie
hloubeni jam. Bylo ptikro¢eno k radikdlni modernizaci strojniho zafi-
zeni. Odbornici VOKD vyvinuli stroje a zafizeni, které podstatnym
zpusobem zlepSily organizaci provadénych praci a jejich produktivitu
a bezpecnost.

INTRODUCTION

In the Ostrava region, the term “shaft sinking” is inseparably asso-
ciated with the company name “VOKD”. This highly specialised and
demanding mining profession, which made the history of mining at the
time of the shaft sinking boom, is worth mentioning now, on the occa-
sion of the 55th anniversary of this company origination.

Vystavba ostravsko-karvinskych dola (VOKD), national enterprise,
was founded on 26 November 1951 through a decree by the Ministry
of Fuels and Power Generating Industry in the process of overall reor-
ganisation of the Czechoslovak industry. During the course of the 55
years of its existence, VOKD experienced fundamental development
changes, from a national enterprise with a narrow specialization in
mining construction to a construction company with a wide range of
activities in the fields of mining, subsurface and surface construction.
The origination of an independent VOKD shaft-sinking plant in 1955
belonged among the very important among all organisational changes.

The origination of the plant specialised in the shaft sinking work sig-
nificantly influenced the further development of this profession.
Thanks to a comprehensive programme of the technical policy and
establishment of a department of development in VOKD, the shaft-sin-
king plant introduced the most progressive techniques of that period in
its shaft sinking operations.

HISTORY OF SHAFT SINKING IN THE OSTRAVA REGION

The efforts to get coal not only from open-cast mines but also from
the depths of the earth made our ancestors sink shafts. The oldest
recorded mention of shaft sinking work refers to Zofie wind shaft. It
was excavated in Landek Hill as long ago as 1795 to provide wind
connection to an adit. It was timbered, square in ground plan, and its
depth amounted to 52m. The second shaft, David, was excavated in the
same hill in 1796.

The excavation of other shafts started in a larger extent as late as the
end of the first half of the 19th century. The position of the shaft (later
two shafts) depended on the size of the mining area; the shafts were
used, like today, for transport of persons underground, ventilation and
hoisting of spoil and coal.

The initial timbering was later replaced with masonry lining. Hlubi-
na in Moravskd Ostrava was the first shaft provided with masonry
lining. It was completed in 1852.

The shape of shafts continuously developed. The square and rectan-
gular shapes changed to elliptical or barrel-shape geometry
(see Fig. 1).

Regarding the Ostrava shafts, the first circular cross section was
designed for Ignat shaft in Maridnské Hory in 1890.

The shaft sinking profession was labour demanding, with a high risk
of injury of workers. This was one of the reasons why only four shafts
were sunk during the existence of the so-called ‘First Republic’ and the
existing shafts were only deepened. Sinking of six shafts started during
World War II; two of them, which were built for Viktoria Mine in Her-
manice, were completed as late as after 1945.

This branch of construction work stagnated after 1945. Shafts were
sunk only exceptionally because the shaft sinking technique and equ-
ipment were at a very low level. It is possible to state that they were
outdated, with prevailing high proportion of manual work. The very
low monthly advance rates of the excavation and poor performance of
shaft miners corresponded with this state.

DEVELOPMENT AND INTRODUCTION
OF NEW TECHNIQUES IN VOKD

The whole subsequent development in opening up and preparation
of new mines in the Ostrava region proved that the decision made on
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V dusledku uplatiiovani novych poznatka v celém technologickém
procesu hloubeni doslo postupné k zmechanizovani rozpojovani hor-
niny, jejiho naklddéni a odtézen{ jdmou.

ROZPOJOVANI HORNIN, VRTANI

Pfi hloubeni prvnich jam na pocdtku padesétych let dvacétého sto-
leni nebyla v pokryvu pouZivéna trhaci prace a rozpojovani horniny
bylo provadéno ruéné sbijecimi kladivy.

S ruénim vrtdnim, ov§em jen rota¢nim (jako v uhli), se v hlouben{ zapo-
¢alo v roce 1953. Nebylo mozno pouZit vyplach, dochazelo k zahlcovan{
vyvrtd, vrtdni bylo pracné a zdlouhavé. Zlepseni pfinesly aZ trubkové vrta-
ky s navarenymi korunkami, ov§em jen v pokryvnych horninach.

V karbonskych hornindch bylo i v dalSich letech vrtani provadéno
ru¢né, rotaéné — priklepnymi kladivy typu EDLK 60 a pozdéji VK 24,
VK 25 a VK 29.

Proto se tdtvar technického rozvoje VOKD zaméfil na sniZeni prac-
nosti operace vrtani v hloubeni a vyvinul vrtaci soupravu VSH-1.
Poprvé byla zkuSebné nasazena v roce 1976 na hloubeni jamy Sverma-
Odersky.

Po ukonceni ovéfovaciho provozu vrtaci soupravy VSH-1 se jeji
dal§i vyvoj u VOKD v kone¢ném stadiu ustélil na tfech typech vrta-
cich souprav, a to VSH-2, VSH-3 a VSH- 4. Typ VSH-1 byl postup-
né nahrazen typem VSH-4, ktery je konstruovén jiz s ohledem na veétsi
praméry hloubenych jam (az 8,5 m svétlého pruméru). Jeho ukonce-
nym vyvojem v roce 1982 se zavrSily také snahy o maximalni mecha-
nizaci jednotlivych operaci hloubeni.

Dvoulafetova vrtaci souprava VSH-2 (rok 1979) a trilafetovd VSH-
3 (rok 1980) s vrtacimi kladivy VKS VM2 byly uréeny pro prohlubo-
vani jam a hloubeni §ibikl a zohlediiovaly mensi dulni prostory i poZa-
dovany prostor pro odstaveni soupravy v dobé jinych operaci (obr. 2).

Zavedenim vrtacich souprav VSH doslo k podstatnému zvyseni pro-
duktivity prace v operaci vrtdn{, odstranéni fyzicky naro¢né prace pri
difvéjSim ruénim vrtdn{, odstranén{ pri¢in vzniku vazoneurdzy, snize-
ni hluénosti na poc¢vé hloubeni, sniZeni prasnosti, a tedy k celkovému
zvySeni bezpelnosti a hygieny pracovniho prostredi.

NAKLADANI
Ruéni nakldddni horniny ze dna hloubeni do okovi bylo od roku 1953
postupné mechanizovdno nejdifve rucéné navddénymi drapdkovymi

Obr. 2 Vrtaci souprava VSH 4 pro hloubeni jam
Fig. 2 VSH 4 drill rig used in shaft-sinking operations

TuNel

PROFIL JAMY SV. TROJICE 1
CROSS SECTION THROUGH SVATE TROJICE 1 SHAFT

AT T

LEGENDA / LEGEND:
K1 - telefonni kabel | KI — telephone cable

K2 - signdlni kabel | K2 — signaling cable

K3 — kabel vysokého napéti | K3 — high voltage cable
V — vzduchovod D = 250 mm | V — air duct D = 250mm

Obr. 1 Elipticky profil jamy Svaté Trojice 1
Fig. 1 The elliptic profile of Svaté Trojice 1 shaft

26 November 1951 on the foundation of the company specialized in
development of mines, i.e. Vystavba ostravsko-karvinskych dolu
(VOKD), was right.

VOKD’s shaft-sinking capacities were very quickly activated and
the company began to work on new, more progressive shaft sinking
methods. The company set to work to radically modernize its mecha-
nical equipment. VOKD’s technical staff developed machines and
equipment that substantially improved the organisation, productivity
and safety of the work. The application of new knowledge throughout
the shaft sinking technical process led gradually to mechanisation of
the rock breaking, loading and hoisting the muck through the shaft.

ROCK BREAKING, DRILLING

The shafts from the beginning of the fifties of the twentieth century
were not excavated using blasting operations in the overburden; rock
was broken manually with pick hammers.

Hand drilling techniques, even if only rotary drilling (like in coal),
were used for the first time in shaft-sinking processes in 1953. Dry
drilling had to be used; therefore the boreholes got clogged up, the
work was laborious and time consuming. Improvement was achieved
by introduction of pipe drills with welded bits, although only in the
overburden rock.

Carboniferous rock drilling was performed manually with percussi-
ve-rotary hammers of the EDLK 60 type, which were later replaced
with VK 24, VK 25 and VK 29 types.

For the above reason the department of development concentrated
on reduction of laboriousness of drilling in the shaft sinking process.
It developed VSH-1 drill rig, which was tried for the first time in 1976

on Sverma-Odersky shaft excavation.




Obr. 3 Ruéné navddény nakladaé KS-3
Fig. 3 KS-3 manually operated loader

naklada¢i BC-1 a BC-2, které byly pozd&ji nahrazeny vykonngjsimi
nakladaci KS-3 (dovoz ze SSSR).

Dosud pouzivané ru¢né navadéné nakladace KS-3 prestavaly svymi
technickymi i hygienickymi parametry vyhovovat, protoZe vyZadova-
ly relativné velky poCet hlubi¢u na pocvé hloubeni v zévislosti na pru-
méru jamy. Ruéni manipulace s nimi byla znac¢né fyzicky ndro¢na,
jejich uZzitim byla omezena vyska téznich okovu jejich objemem, a tim
se omezila i kapacita téZby (obr. 3).

Ve svétovém uhelném i rudném hornictvi se zacinaly stéle vice
uplatiiovat vykonné, mechanicky navadéné nakladace, zajistujici vyssi
produktivitu operace nakladani horniny i bezpec¢nost, namdhavost
a hygienu préce. Pro vybér inovaénich typa naklada¢l pro hloubeni
jam z povrchu v ostravsko-karvinském reviru (OKR) byla nejdulezi-
t¢jSi kritéria vykonova, technologickd a cenova. Z hlediska technolo-
gie hloubeni jam a jejiho dalsiho predpoklddaného vyvoje v OKR byly
vybrdny jako nejvhodnéj§i mechanicky navadéné kabinové nakladace
fady KS, tj. KS-2U/40, a 2KS-2U/40, vyhledové pak po zkuSenostech
KS-2U/40, pro hlouben{ jam nového dolu Frenstdt mechanicky nava-
déné nakladace KS-1m a 2KS-1m. Jako inovaéni typ byl pouZit nakla-
da¢ KS-2U/40 (dovoz z byvalé SSSR) — viz obr. 4, jehoZ technické
parametry byly srovnatelné s obdobnymi typy nakladacu pouZivanymi
ve svétovém uhelném a rudném hornictvi.

Naklada¢ KS-2U/40 byl nasazen do ovéfovaciho provozu pii hlou-
beni jamy Odersky Dolu Jan Sverma v roce 1977 v hloubce 570 m od
povrchu. Do této hloubky byla hornina nakladéna tfemi ru¢né navade-
nymi nakladaci KS-3 do okovu o objemu 3,0 m?. Na hlouben{ soucas-
né probihal ovéfovaci provoz vrtaci soupravy VSH-1 konstrukce
VOKD. Po zapracovani strojnika nakladace a obsluhy na po¢vé hlou-
beni bylo pfi nakldddni horniny do okovt o obsahu 3 m? pfi koefici-
entu pInéni okovu 0,95 dosaZeno hodinového vykonu v naklddani hor-
niny cca 100 m3.hod. !, coZ byl vykon zna¢né vyssi, neZ vykon udéva-
ny vyrobcem (72 m?.hod. "), obr. 4.

VYZTUZOVANI

Technologie vyztuzovani v hloubeni{ prosla u VOKD svym vyvojem
od pouziti cihel, betonovych tvdrnic, blokopaneld, Zelezobetonovych
tybinek aZ po kone¢nou betonovou vyztuz litym betonem spousténym
z povrchu samospddovym potrubim za ocelovou Sablonu.

K této zdsadni technologické zméné hloubeni jam doslo v roce
1956, kdy paralelné s vyztuzovanim, pozdéji i s téZbou horniny, byla
jdma vystrojovédna z pojizdného pracovniho povalu.

Technické feSeni zpusobu pouziti potrubi pro gravitaéni dopravu
betonové smesi za bednéni na dné jamy prodélalo sloZity vyvoj. Bylo
nutno stanovit optimélni svétly prumér potrubi, kvalitu trubniho
a spojovaciho materidlu, zptisob montdZe a uchyceni potrubi v jamé
pfi striktnim dodrzen{ podminky svislosti potrubi pfi montdZi v jame.
Komplexnim feSenim problematiky dopravy betonové smési jamou
byla konstrukce tlumi&u rychlosti betonové smési, teleskopu na spod-
ni ¢dsti potrubi a doprava betonu pres pracovni poval za bednéni na
dné jamy, tzv. zvonky.

Montéd7 spadového potrubi se provddéla zprvu uchycovanim na
jdmovou vystroj (napf. pii hloubeni jdmy Dolu General Jeremenko
v roce 1959). Pozdéji pii hloubeni jam Dolu CSM-Sever bylo poprvé
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Once the verification operation phase of the VSH-1 drill rig had
been over, the further development of the rig in VOKD concentrated
in the final stage on three types, i.e. VSH-2, VSH-3 and VSH-4. The
VSH-1 type was gradually replaced with the VSH-4 type, which is
designed with respect to larger diameters of the shafts (the net diame-
ter up to 8.5m). The development was finished in 1982; thus the efforts
to maximise mechanisation of individual shaft sinking operations were
crowned.

The VSH-2 twin-boom drill rig (1979) and triple-boom VSH-3
(1980) with VKS VM2 drifters were designed for deepening shafts and
excavation of staple shafts. These rigs were accommodated to smaller
mine spaces including spaces for equipment to be left idle during other
operations (see Fig. 2).

The introduction of the VSH drill rigs product line significantly
improved productivity of work in the drilling operation, removed phy-
sically demanding work required in hand drilling, removed the causes
of the Hand Arm Vibration Syndrome, reduced the noise level at the
bottom of the shaft being sunk, reduced dust emissions, therefore it
improved the overall safety and comfort of the work environment.

LOADING

Manual loading of muck from the bottom of the excavation into buc-
kets started to be gradually mechanised since 1953, first using manu-
ally controlled BC-1 and BC-2 grab loaders, which were later replaced
with more powerful KS-3 loaders (imported from the USSR).

The till that time used KS-3 manually controlled loaders with their
technical and H&S parameters ceased to satisfy requirements because
they needed relatively large numbers of miners present at the excava-
tion bottom relative to the diameter of the shaft. Manual handling of
the loaders was physically very demanding; to make their utilisation
possible, the height (thus also the volume) of the buckets had to be
reduced, which resulted into reduction of the excavation performance
(see Fig. 3). The coal and ore mining industries in the world started to
more and more utilise high-performance, mechanically controlled loa-
ders, which provided higher productivity of the muck loading operati-
on and improved safety and comfort of work. The most important cri-
terions for the selection of innovative types of loaders designed for sin-
king shafts from the surface in the OKR (the Ostrava-Karvina coal
district) were the capacity, technical level and price. In terms of the
shaft sinking technique and its further anticipated development in the
OKR, mechanically controlled cabin-type loaders of the KS product
line, i.e. KS-2U/40 and 2KS-2U/40 were selected as the most suitable;
mechanically controlled KS-1m and 2KS-1m were selected to be pro-
vided in the future for the excavation of shafts for Fren$tat, a new
mine, after good experience with the KS-2U/40. The KS-2U/40 loader
was used as an innovative type (imported from the former USSR) — see
Fig. 4. Its technical parameters were comparable with those provided
by similar types of loaders utilised worldwide in the coal mining and
ore mining industries.

Obr. 4 Nakladac KS-2U/40
Fig. 4 KS-2U/40 loader
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spddové potrubi zavéseno na dvou lanech praméru 50 mm na vratech
2 x 25 t. Pfidavani potrubi se provddélo na ohlubni jamy. Uchycova-
ni potrubi na vystroj jdmy se pouZzivd doposud v hloubeni $ibika a pfi
prohlubovéani jam. Omezené se pouZivalo spadového potrubi pri
dopravé tamponaznich smési v dobé zavadeéni vyztuze ze Zelezobeto-
novych tybinka.

Progresivni vyvoj zaznamenalo rovnéZ bednéni pro betondZ jamové
vyztuZe. Pfi hloubeni jamy Generél Jeremenko v roce 1958 bylo popr-
vé pouZito ocelové dvefové bednéni o pruméru 7,5 m a pracovni vysce
2 m. Systém dvefového bednéni byl zpracovan VOKD dle sovétské
dokumentace. Jeho pozdéjsi tipravou byla zvySena pracovni vyska na
3 m s doplnénim konstrukce o §ikmé dno, které bylo soucésti dvero-
vého bednéni. Pfednosti tohoto feseni se zcela prokdzaly jiZ pti prvnim
nasazeni (hloubeni jdmy Petr Bezruc). Postupnd progrese v technolo-
gii a organizaci prdce pii prodluzovani délky zabirky vedla ke kon-
strukci dvefového bednéni pracovni vysky az 4 m. Zcela novym systé-
mem betonovaciho bednéni bylo ocelové segmentové bednéni OBS
7,5 x 4 (prumér 7,5 m a pracovni vySka 4 m), konstrukce VOKD,
s podstatnym sniZenim hmotnosti bednéni, které jiz bylo vybaveno
hydraulickym ovldddnim rozpindnf{ a stahovéni betonové formy s moz-
nosti betonovat useky 2, 3 a 4 m.

MODERNIZACE A TECHNICKA ZLEPSENI V JAMACH,
DOPROVODNE TECHNOLOGIE

Zavod hloubeni jam, ktery VOKD snad nejvice proslavil, prinesl
mimo jiZz vyjmenovand i jind technickd a konstruk¢ni feSent:

e ndhrada pomocnych vrati RV (ruéni vraty) pro napindni vodicich
lan a zavéSeni povalu vraty se strojnim pohonem typu SW 10,
SW 5,SW 3.5;

e ocelové segmentové bednéni OBS s hydraulickymi vélci, umoz-
fiujici betondZ dsekd 2 m, 3 m, a 4 m;

e kotvend vystroj jam a $ibikl ocelovymi svorniky (prevzato z Pol-
ska);

e automatické vyklapéni a natdCeni zafizeni okova (AVO) o objemu
1 m? az 6 m? (pievzato z Polska);

e projekt feSeni zavéSeni pracovniho povalu s nakladacem
KS-2U/40 poprvé uplatnény na hloubeni jamy Darkov 1 (dvou-
etdzovy hloubici poval byl rozdélen na dva jednoetazové);

e pouZzivdni vétich primért néloZek trhavin;

e vyuZivani centrdlnich betondren, transport betonu a vyreSeni kom-
plexu duln{ betondrny.

Nejvyznamnéjsi postup v hloubeni jam byl zaznamendn v roce 1964
na hloubeni vtazné jamy Stafi¢ 3 o pruméru 7,5 m, kde bylo za 31 dnu
vyhloubeno 321,93 m.

Vysokym zvlddnutim nové techniky zdvod hloubeni rozhodujicim
zpusobem zabezpedil otvirky novych zdsob uhli a zabezpedeni té7by
na dolech CSM, Paskov a Staf{¢.

V roce 1967 doslo k dlouhodobému preruSeni hlouben{ jam z povr-
chu a ndvrat k hloubenf nastal az v roce 1973 jamami Sverma-Oder-
sky, Paskov-Repisté, Mir 5, jama ¢. 6 nynéjsiho Dolu Lazy, Darkov
2, Frenstat 4 a 5, Doubrava IV. Pfi hloubeni Dolu Frenstdt 4 se uplat-
nila technologie vyztuzovani ocelolitinovymi tybinkami.

PRIKLAD PRAKTICKEHO UPLATNENI MODERNI TECHNIKY

Hloubeni jamy Darkov 1 o svétlém priméru 7,5 m bylo realizovano
s pouZitim definitivni téZn{ véZe upravené pro potreby hloubeni s defi-
nitivnim téznim strojem CKD-2B-6018 s maximalni rychlosti pfi t&zbé
10m.s-1, pfi jizdé osob 6 m.s”. Bylo vyjime&né svou technickou vyba-
venosti, nebot'na ném byly jako na prvnim hloubeni v OKR uplatnény
viechny dosud nové vyvinuté progresivni prvky technického rozvoje,
které pak byly ddle zapracovavany do projekti ZS vsech dalsich hlou-
benych jam z povrchu a z&4sti aplikovény i do projektd ZS prohlubova-
nych jam. Byla to predevsim realizace novatorské myslenky rozdélit az
dosud pouzivanou dvouetdZovou konstrukci pracovniho a napinaciho
povalu spojeného s pojezdovou drdhou nakladae KS-2U/40 na dvé
Césti: na samostatny zdvésny ram nakladace KS-2U-40 a na samostatny
jednoetdzovy vystrojovaci a napinaci poval. Na tomto hloubeni bylo
poprvé v karbonskych hornindch GspéSné nasazeno a ovéfeno nové
ocelové segmentové betonovaci bednéni OBS 7,5 x 4 m, konstrukce
VOKD. Plast' bednéni byl stavebnicové konstrukce umoznujici sestavy
zabirek 2, 3 a 4 m. ZmenSovdni priméru plasté a jeho rozpindni bylo
feSeno hydraulickymi vdlci z posuvné vyztuze 2 MKE. Hmotnost
bednéni byla sniZena na 21,7 t. Vrtdni vyvrta pro trhaci praci bylo

TuNel

The KSU-2U/40 loader was set in the verification operation on the
excavation of Odersky shaft of Jan Sverma mine in 1977, at a depth of
570m under the surface. Up to this depth, muck was loaded by three
KS-3 manually operated loaders into a 3.0m? skip. A VOKD-design
VSH-1 drill rig verification testing was carried out simultaneously in
the same shaft. When the learning curve period was over, the loader
operator and the crew managed to achieve a rate of about 100m® per
hour when loading 3.0m? buckets (0.95 coefficient of filling). This out-
put was much higher than the output declared by the manufacturer
(72m? . h'l). (see Fig. 4)

SHAFT LINING

The shaft lining technique used by VOKD has developed from uti-
lisation of bricks, concrete blocks, block-panels and reinforced conc-
rete segments to the current in situ concrete lining cast from the surfa-
ce behind a steel form using a drop pipe system.

This fundamental change in the shaft sinking technique took place
in 1956. The shaft lining was built from a movable staging, concur-
rently with installation of support and, later, with hoisting of muck.

The technical solution of the pipeline for the gravity transport of
concrete mix behind the formwork at the shaft bottom experienced
complicated development. It was necessary to determine an optimum
net diameter of the pipes, quality of the pipe and fittings material, man-
ner of the assembly and fixing of the pipeline in the shaft, with a neces-
sity for strict maintenance of a condition of verticality of the fixed
pipeline. A comprehensive solution to the issue of concrete transport
down the shaft was designed: a structure of dampers of the concrete
mix velocity, a telescope in the bottom section of the pipeline, and
transport of concrete across the staging behind the formwork at the
shaft bottom, so-called ‘bells’.

In the beginning, e.g. in 1959 when a shaft for Generdl Jeremenko
mine was being excavated, the pipeline was fixed to the shaft lining.
Later, during the excavation of shafts for CSM-North mine, the gravi-
ty pipeline was suspended on two 50mm-diameter cables, on 2x25t
winches. The pipes were added at the shaft mouth. The system of
fixing pipes to the shaft lining is still used in excavation of staple
shafts and in the process of deepening shafts. The gravity pipeline sys-
tem was used to a limited extent for transport of concrete for plugging
purposes in the period when the reinforced concrete segmental lining
system was being introduced.

Formwork systems for casting of shaft liners also underwent pro-
gressive development. The excavation of General Jeremenko shaft car-
ried out in 1958 saw the first utilization of steel shuttering (7.5m in
diameter, 2m working depth) suspended on ropes of winches installed
on the shaft frame (hereinafter referred to as suspended shuttering).
This shuttering system was produced by VOKD according to Soviet
documentation. Later it was modified: the height was increased to 3m
and a structure was added to the shuttering structure allowing an inc-
lined bottom casting. The advantages of this solution showed as early
as the first application (Petr Bezru¢ shaft sinking). The gradual pro-
gress in the technique and organization of work focused on extension
of the advance round length led to the construction of the suspended
shuttering up to 4m high. A completely new system appeared with the
OBS 7.5x4 steel segmental collapsible shuttering system (7.5m in dia-
meter, working height of 4m), which was developed by VOKD. The
system featured substantially lower weight, hydraulic expansion and
contraction control and allowed casting of 2, 3 and 4m long (high) sec-
tions.

MODERNISATION AND TECHNICAL UPGRADE IN SHAFTS;
ACCOMPANYING TECHNIQUES

The shaft-sinking plant of VOKD, which probably brought the com-
pany most fame, brought, apart from the above ones, even other tech-
nical and structural solutions:

e replacement of auxiliary manually operated RV winches used for
stretching of guiding ropes and suspension of staging with motor-
driven winches of the SW 10, SW 5 and SW 3.5 types,

e OBS steel segmental collapsible shuttering with hydraulic cylin-
ders, which allowed casting of sections 2m, 3m and 4m high,

e anchoring used for the support of shafts and staple shafts (taken
over from Poland),

e automatic skip tipping and rotating equipment (AVO) for 1m? to

3m? skips (taken over from Poland),




Obr. 5 Hloubici stroj
WIRTH typu
VSB-VI-580/750/E/Sch
Fig.5 VSB-VI-
580/750/E/Sch

type of WIRTH
down-reaming machine

provddéno mechanicky vrtaci soupravou VSH 1. Hloubeni bylo ddle
vybaveno zafizenim pro automatické vykldpéni a natdCeni okovi
AVO-4 a okovy o objemu 4 m?, elektrickym zafizenim pro automatic-
ké vyrovndvani taht vodicich a zavésnych lan pro transportbeton. Pro
Cerpani vod z hloubeni byl navrzen kaskddovy systém cerpadel VN3/6
a Cerpadel FLYGT.

Dosazeny postup 112,3 m v 04/1980, pfi vykonu 11,22 m3.sm™! byl
srovnatelny s dosahovanymi Spic¢kovymi vykony v hloubeni.
V nékterych hodnotdch byly prekroceny i vykony pfi hloubeni Dolu
Stari¢, zdvod 1 v letech 1959 — 1964.

Podstatné bylo sniZeni po¢tu hlubi¢u na 21 z puvodnich 26 az 29
pracovniku.

HLOUBICI STROJ VSB-VI, MODERNI TECHNOLOGIE
V HLOUBENI A PROHLUBOVANI JAM

Stélé uplatnovéni védy, moderni technologie v praxi a vyerpan{
rezerv u jiz vyrazné vylepSené technologie hloubeni vertikdlnich dél
vedlo VOKD k rozhodnut{ hledat resen{ v kontinudlnim prohlubova-
ni jam a Sibiku.

Plnoprofilovou vrtaci metodou rozsifovani{ predvrtu bylo v zahra-
ni¢i, zejména v SRN, dosahovédno velmi dobrych vykonovych para-
metrl, soucasné s vysokou kulturou préce.

V roce 1983 byla proto uzavrena s firmou Wirth (SRN) smlouva
na dodévku rozhodujicich komponentd stroje pro vrtdni jam typu
VSB-VI-580/750/E/Sch. Kompletaci vrtaciho stroje, jeho nasazenim
a provedenim ovérovaciho provozu bylo povéfeno VOKD (obr. 5).

Prvni nasazeni stroje probéhlo na jamé Alexandr v roce 1985.
V této lokalité byly nahrazeny dva puvodné projektované vétrni vrty,
kazdy o pruméru 2,36 m, jednim vrtem o pruméru 5,80 m, provede-
nym soupravou VSB-VI v dseku mezi 8. patrem z kéty -501,50 m
a 10. patrem na ko6té -699,39 m. Na 10. patfe bylo provddéno odté-
Zen{ rozruSené horniny $krabdkovym nakladacem, pdsovym doprav-
nikem s vysypem do dulnich vozu.

Hloubeni vétrni slepé jamy vrtacim komplexem prochdzelo pres
svrchni ¢ast hruovskych vrstev. Pét tsekl vykazovalo sniZenou sta-
bilitu stén jamového komina v dusledku tektonickych poruch
a podélnych puklin. Hloubeni prochazelo ¢tyfmi slojemi o ocelkové
mocnosti 5,5 m.

Ovérovaci provoz vrtaci metody byl zahdjen v zdfi 1985. Celkova
doba vrtdni &inila 44 pracovnich dnt, pouze 37 dnu bylo vsak vrta-
cich, tj. takovych, ve kterych byl alespon v jedné sméné zaznamendn
postup. Béhem téchto dnt bylo odvrtédno a vyztuZeno 180,12 m §ibi-
ku a bylo docileno pramérného denniho postupu 4,87 m. Béhem
vrtdni se uskute¢nil pétidenni zrychleny postup, pii kterém bylo
odvrtdno 42,5 m s prumérnym postupem 8,5 m.den-!.

Dalg{ nasazeni vrtactho stroje VSB-VI v ovéfovacim provozu se usku-
te¢nilo v roce 1986 na Dole Dukla pfi prohlubovéani vydusné jamy ¢. 1
z Grovné 5. patra-321,30 m (hloubicf patro) na 8. patro -669,10 m. Jima
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o the design of a suspension system for the staging carrying a KS-
2U/40 loader, which was for the first time utilised in Darkov 1
shaft

e sinking (a double-floor staging was divided into two single-floor
staging sets),

e application of larger-diameter explosive cartridges,

o utilisation of central concrete batching plants, transport of concre-
te and design of a mine concrete batching plant.

The most important shaft sinking advance rate was achieved in
1964. The 321.93m deep, 7.5m-diameter downcast air shaft Stafi¢ 3
sinking was completed within 31 days.

Owing to excellent mastering of the new technique, the shaft-sin-
king plant managed to ensure exposure of new resources of coal and
work for CSM, Paskov and Stafi¢ mines.

A long-term suspension of the shaft-sinking operations started in
1967. They were resumed as late as 1973 by sinking Sverma-Odersky,
Paskov — Repisté and Mir 5 shafts, the shaft No.6 for today’s Lazy
mine, Darkov 2, Frenstat 4 and 5 and Doubrava IV shafts. Cast steel
segments were used for the lining of Fren§tat 4 shaft.

AN EXAMPLE OF PRACTICAL APPLICATION OF MODERN
TECHNIQUES

Darkov 1 shaft with a net diameter of 7.5m was sank using the final
hoisting tower adjusted for the needs of the excavation, with a CKD-
2B-6018 final winding machine allowing the maximum muck winding
speed of 10m.s-1 and the maximum man winding speed of 6m.s-1.
This undertaking was exceptional because of the technical equipment.
It was the first shaft-sinking event where all of the newly developed
progressive elements of technical development were applied. They
were subsequently incorporated into construction site facility designs
for all other shafts to be sunk from the surface, partially even for site
facilities for shafts to be deepened. The main innovation was brought
about by the idea of dividing the till that time used double-floor struc-
ture of the working and tensioning staging connected with the KS-
2U/40 loader track into two parts: an independent suspension frame for
the KS-2U/40 loader and an independent single-floor lining installati-
on and tensioning staging. This shaft sinking case was the first occasi-
on where OBS 7.5 x 4m, the new steel segmental shuttering designed
by VOKD, was successfully used and verified in Carboniferous rock.
The skin of the shuttering was a kit allowing 2, 3 and 4m advance opti-
ons. Reduction of the diameter of the skin and the expansion were sol-
ved using hydraulic cylinders from 2 MKE movable supports. The
weight of the shutter was reduced to 21.7t. Blast holes were drilled
mechanically with a VHS 1 drill rig. The shaft sinking equipment furt-
her consisted of an AVO-4 facility for automatic tipping and rotating
skips, 4m? skips and an electrical device automatically balancing ten-
sions in guiding and suspension ropes serving for the concrete mix
transport. A cascade system of VN3/6 and FLYGT pumps was desig-
ned for pumping water during the shaft sinking operations.

The advance of 112.3m achieved in 04/1980 (11.22m? per shift) was
comparable with peak performances achieved in the shaft sinking pro-
fession. Some of the parameters even exceeded the outputs achieved
during the excavation of Stafi¢ Mine, Plant 1 in 1959 — 1964.

A substantial achievement was the reduction of the number of shaft
miners to 21 from the original number of 26 to 29 workers.

VSB-VI DOWN-REAMING MACHINE — A MODERN
TECHNIQUE IN SHAFT SINKING AND DEEPENING WORK

Continuous application of science, modern techniques in practice, as
well as the fact that reserves in the already significantly improved
technique of excavation of vertical works had been excavated, led
VOKD to a decision to seek a solution in continual deepening of shafts
and staple shafts.

The method of reaming a pre-bore to the full-profile borehole was
used abroad, above all in Germany. It achieved very good performan-
ce parameters, together with high work culture.

For that reason VOKD concluded a contract with Wirth (the FRG)
in 1983 for the supply of the main components of the VSB-VI-
580/750/E/Sch type of a down-reaming machine. The task of assem-
bling the machine, deploying it and setting it in verification operation
was assigned to VOKD (see Fig. 5).

The first deployment of the machine took place in Alexandr shaft in
1985. In this location, an originally designed pair of ventilation shafts
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Zaifizeni pro hloubeni Sachet s predvrtem Wirth USB VI a systém odebirani rubaniny pfi rozsifovani vrtu
Boring machine for shaft sinking with pre-bore Wirth USB VI and muck handling arrangement

for reaming and slashing

Dopravni osa

Axis Transport v~ Emergency Winding

Osa pro nouzovou dopravuAxis

TuNel

with the diameters of 2.36m each were replaced by
a single borehole 5.80m in diameter. The borehole
between the level 8 (an altitude of —501.50m a.s.l.)
and level 10 (an altitude of —699.39m a.s.l.) was car-
ried out using the VSB-VI machine. On the level 10,

1 _ Osa 3achty the muck was removed using a scraper-slide loader

', i7" | Shaft axis __ Nouzova svisla doprava and a belt conveyor discharging to mine trucks.
Emergency winding The excavation of the ventilation staple shaft
using the reaming machine passed through the
Tésni nddoba 3 upper part of the HruSov Member. Five sections
Hosting bucket . | Dotasné osténi — svorniky, sit’ exhibited reduc.ed stability of the wglls of the shaft
! " Temporary lining — rockbolt, chimney resulting from tectonic disturbances and

Vyloznikovy jerdb
JIB crane T

Ovladaci panel stroje I
Control counter of machine |
!

Hydraulické vélce pro otvirani — 4 ks
Opening of hydraulic cytinder 4 pes

Rezn4 hlava
Cutterhead T —

wire mesh

= Pracovni plosina
~ Work deck

Plosina pro zrizovani
__dotasného osténi
L "~ Platform for support

Spodni plosina
-
~  Lower platform

_ Podepreni 3 ks vélcu
~Supporting cylinder 3 pcs

Vétraci potrubi do odlu¢ovace prachu
Exhaust air duct to de-duster

longitudinal joints. The excavation passed through
four coal seams with an aggregated thickness
of 5.5m.

The verification operation of the down-reaming
system started in September 1985. The total work
time amounted to 44 working days (only 37 days on
which the reaming work was done, i.e. days where
at least one shift made an advance). During those
days 180.12m of the staple shaft were bored and
supported (an average advance rate of 4.87m per
day). A 5-day accelerated advance was performed in
the course of the down-reaming operation, which
— resulted in 42.5m of the shaft excavation (an avera-
ge advance rate of 8.5m per day).

The next deployment of the VSB-VI machine in
the verification operation took place in 1986, in
Dukla mine, in the process of deepening the upcast
shaft No. 1 from the level 2 (-321.30m — a bottom
floor) to the level 8 (-669.10m). The shaft was dee-
pened by drilling a 6.5m diameter borehole through
saddle layers comprising three coal seams 2.0 to

e

6.3m thick ((Prokop seam). The passage through

.
&
g
i

Ochranni sténa
Protection wall

Obr. 6 Schéma hloubeni p i stroje WIRTH, typ VSB-VI

Fig. 6 A chart of shaft sinking with the VSB-IV type of WIRTH down-reaming machine

byla prohlubovdna vrtdnim o pruméru 6,5 m v sedlovych vrstvach se
tfemi uhelnymi slojemi 0 mocnosti 2 m az 6,3 m (sloj Prokop). Prachod
témito slojemi vrtacim strojem VSB-VI byl vdZnym technickym problé-
mem. Byla fe§ena ochrana sloji proti kavernovani a moznému samo-
vzniceni. Jako protizdparovd prevence byly pouzity zpeviujici injektdze
a postiiky sloji vhodnymi inhibitory. Pfi pruchodu slojemi nevznikly
vyrazné komplikace, uhelnd hmota byla v dusledku provedenych injek-
tdz{ pevnd a stabilni. Pro vyztuzovani jamového komina byly pouZity
lepené svorniky a ocelomiiZové paziny, vicevylomy se zakladaly pytlo-
vanou sddrou. Pro odtéZeni vrtné drté v komore na 8. patfe bylo pouZi-
to stejné zafizeni jako u prvniho nasazeni na zdvodé Alexander Dolu
Ostrava. Prohlubovani{ dseku jdmy mezi 5. a 8. patrem, které trvalo cel-
kem 70 dnu, bylo zahdjeno v devdtém mésici 1986, 62 dnu bylo vrtédno
a 8 dnu se provddéla ddrzba stroje, vyména dldt a protizdparové preven-
ce sloji. Celkem bylo odvrtdno 3032 m pii prumémém postupu
4,89 m.den-!.

Nejlepsi vysledky byly dosaZeny v obdobi 30. 10. — 25. 11. 1986

odvrtand metraz 160,0 m
pocet vrtacich dnt 20,0 dnu
prumérny postup 8,0 m.den!
pramérny vykon v cm 40,0 cm.sm™!
prumémy vykon v m? 11,1 m?sm!
nejvys§i dosazeny postup 12,0 m.den!

Vykon nékolikandsobné prevySuje dosahované vykony na predvrt
0 mensim praméru. Hloubeni ¢i prohlubovéni Sibika o pruméru 5,8 m
nebylo dosud provadéno.

.. Naklada¢ / Loader

= | those layers with a VSB-VI was a serious technical

J problem. A solution was found for protection aga-

B inst caving in and possible spontaneous combustion.
t The spontaneous fire protection consisted of conso-

lidation grouting and spraying of the seams with

— proper inhibitors. No significant complications

— arose during the passage through the seams; owing

to the grouting the coal mass was firm and stable.

The shaft excavation was supported using resin-
encapsulated rockbolts and steel-grid lagging;
overbreaks were packed with bagged gypsum. Drill
cuttings were loaded at the bottom of the pre-bored
hole, in the chamber on the level 8, with the same
equipment as that utilised at Alexander plant of Ostrava Mine. The
deepening of the shaft section between the levels 5 and 8, which took
70 days in total, commenced in September 1986; the boring took 62
days; maintenance, replacement of cutting tools and protection of the
seams against spontaneous combustion were carried out for 8 days. A
total of 303.2m of the shaft were drilled, with an average advance rate
of 4.89m per day.

The best results were achieved in the 30.10. — 25.11.1986 period

completed metres of the drilling 160.0 m
number of drilling days 20.0 days
average advance rate 8 m.day-!
average output in cm 40.0 cm.shift!
average output in m3 11.1 m3.shift!
the highest advance rate achieved 12.0 m.day-!

The output was several times higher than outputs achieved on down-
reamed boreholes with a smaller diameter. Excavation or deepening of
5.8m diameter staple shafts had not been carried out till then.

The experience obtained during the two verification operation cases
and the results achieved proved that the utilisation of the VSB VI
machine in the conditions of the Ostrava-Karvina Coal District (OKR)
was reasonable.

Another two cases of utilisation of the VSB-VI machine took place
during the years 1987 — 1989, namely on Odra Mine on excavation of
the upcast shaft No.4 between the level 6 and level 11, and the staple
shaft No.4 between the level 13 and level 14 at Petr Bezru¢ plant of
Ostrava Mine, at a depth of 870 to 1230m. The excavation of the new
skip pit No.4 for Odra Mine saw the greatest length drilled till that
time with the VSB-VI in the OKR, i.e. 619m of a 6.5m-diameter shaft



Obr. 7 Pouziti ,,Kudlanky“ v Gijonu, Spanélsko
Fig. 7 ‘Kudlanka’ deployment in Gijon, Spain

ZkuSenosti a docilené vysledky obou ovéfovacich provoza prokazaly,
Ze pouziti vrtaciho stroje VSB-VI v podminkdch OKR méelo své opod-
statnéni.

V prubéhu let 1987 — 1989 byla uskute¢néna jesté dvé dalsi nasazeni
vrtactho komplexu VSB-VI, a to na Dole Odra pii hloubeni vydusné
jadmy €. 4 mezi 6. a 11. patrem a Sibiku ¢. 4 mezi 13. a 14. patrem na
zdvodé Petr Bezru¢ Dolu Ostrava v hloubce 870 aZ 1230 metru. Pfi
hloubeni nové vydusné skipové jamy ¢. 4 na Dole Odra byla vrtacim
strojem VSB-VI odvrtdna v OKR dosud nejdel$i metrdz, a to 619 metru
jdmy o pruméru 6,5 m (bez metrdZe ndrazi). I kdyZ obé hloubeni pro-
chdzela ve velice obtiZznych dulné-geologickych podminkdch v nestabil-
nim horninovém prostredi, byla ispé$nd a zkuSenosti ziskané na techto
lokalitach potvrdily, Ze nasazeni komplexu VSB-VI je redlné i v nepriz-
nivych dulnich podminkach (obr. 6).

Hlouben{ Sibiku ¢. 4 na zdvode Petr Bezru¢ Dolu Ostrava bylo posled-
nim nasazenim vrtactho komplexu VSB-VI v OKR. S dtlumem hornic-
tvi se jiz dalsi nasazeni stroje, planované na rok 1990, neuskutecnilo.

Technicky rozvoj spolu se zavadénim novych progresivnich techno-
logif a mechanizace jednotlivych operaci hloubiciho cyklu i mimoradné
formy organizace prace vedly k docilovani $pickovych vykonovych
parametru pii hloubeni vertikdlnich dalnich dél v ostravsko-karvinském
reviru, které byly na drovni svétového uhelného hornictvi.

VYVOJ TECHNOLOGIE A MECHANIZACE PROHLUBOVANI
JAM A HLOUBENI SIBIKU

Soucasné s rozvojem mechanizace a technologie hloubeni jam z povr-
chu probihal u VOKD s ur¢itym ¢asovym odstupem i technicky rozvoj
na prohlubovanych jamédch. Omezené dulni prostory pro potrebné zafi-
zeni staveni§té (t€Znf stroje, vraty, prostory pro vykldpeni), prostredi se
zvySenym nebezpecim vybuchu metanu, mnohdy nizky tlak vzduchu
a jiné vlivy omezovaly pouziti nekterych progresivnich technologii.
Zminime ty, které se u spole¢nosti pouZily:

e prechod od cihlové vyztuze pres tvarnicovou az k monolitické beto-

nové vyztuzi,

o hloubeni pomoci sirokoprimérového vrtu (SPV),

e realizace bezpecnostniho kaskddového povalu,

o automatické vykldpéni a navadéni okovi (AVO),

e zavedeni sil s voln€ loZenym cementem (VLC),

o strojn{ vrtan{ vyvrtd (VSH-2 a VSH-3),

e Vyvoj, vyroba a zavedeni dulnich michatek KM-10 a pozdéji

DDM-250,

o podle podminek nahrazovani vzduchového pohonu strojnich zafize-

ni pohonem elektrickym,

o kotveni jdmové a Sibikové vystroje na svorniky.

Kategorie prohlubovén{ jam a hloubeni ibiku se 1isf od klasického
hloubeni svou specifi¢nosti, kterou jsou naprosto rozdilné podminky
u kazdého jednotlivého pripadu. Patii sem ruzné praméry jam a Sibiku,
razné druhy vyztuZe, ruzné druhy vystroje, vzddlenosti pater, rozdilné
feSend nérazi a sklipky, zpusoby pouZité technologie, hloubeni plného
profilu nebo s pouzitim SPV a dalii.
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(without the drilling length for the shaft station). Despite the fact that
the sinking operations were carried out in very difficult mining-geo-
logical conditions, in an unstable rock environment, they were
successful and the experience gained in those locations confirmed
that deployment of the VSB-VI complex in the OKR was realistic
even in unfavourable mining conditions. (see Fig. 6)

The excavation of the staple shaft No. 4 at Petr Bezru¢ plant of
Ostrava Mine was the last case of utilisation of the VSB-VI down-rea-
ming machine in the OKR. The other planned case, which was plan-
ned for 1990, did not materialise due to a check put on the mining
industry.

Technical development together with new progressive techniques
and equipment for individual operations of the shaft sinking cycle and
extraordinary forms of organisation of work led to achievement of
peak performance parameters during the excavation of vertical mining
works in the Ostrava-Karvina coal district, which were at the world-
wide coal mining industry level.

DEVELOPMENT OF TECHNIQUES AND EQUIPMENT FOR
DEEPENING SHAFTS AND EXCAVATION OF STAPLE SHAFTS

Concurrently with development of the technique and equipment for
sinking shafts from the surface, VOKD’s technical development con-
tinued also on shafts being deepened. The constrained mine spaces
available for the site facilities (hoisting machines, winches, spaces for
tipping), the environment with increased risk of methane explosion,
frequently low air pressure and other effects limited the possibility of
application of some progressive techniques. We are going to mention
the techniques which have been utilised during the existence of OKD:

e Transition from brick lining through block lining up to cast-in-situ

concrete lining,

e Shaft sinking processes using large-diameter boreholes (LDB),

e Construction of the safety cascade staging,

e automatic tipping and guidance of skips (ATG),

e introduction of bulk cement (BC) silos,

e mechanical drilling of boreholes (VSH-2 and VSH-3,

e development, manufacture and introduction of KM-10 colliery

mixers, later succeeded by DDM-250,

e replacement of compressed-air drive of mechanical equipment

with electric drive

e application of rock bolts to anchoring of the shaft and staple shaft

support.

The shaft deepening and staple shaft sinking category differs from
traditional excavation methods in its specificity, which resides in com-
pletely different conditions in each particular case, i.e. differences in
diameters of shafts and staple shafts, types of support, equipment,
lining, distances between the mine levels, design of mine stations and
chambers, applied technique, full-face excavation or utilisation of
LDB, etc. The various technical solutions were capable of providing
full professional self-realisation for both the technicians and miners.

“KUDLANKA®“, A COMPREHENSIVE SHAFT PRE-SINKING
EQUIPMENT

The ‘Kudlanka’ (‘Mantis*) shaft pre-sinking equipment system (see
Fig.7,8) was utilised in VOKD from 1970. This shaft pre-sinking tech-
nique was taken over by nearly all organisations active in shaft sinking
operations, both in Czechoslovakia and other countries. The main ele-
ment of the pre-sinking equipment is the ‘Hoisting plant for shaft pre-
sinking’ according to the Czech patent No. 146 711 by Ing. Petr Brych-
ta, the author. This facility is used for lowering of materials and persons
up to a depth of 60m. The Im? (or 2m?) skip is suspended on a rope of
the H 800 or H 1200 hoisting machine. Two barriers controlled by
electromagnets from the operator’s station are used for checking of the
suspended skip in the process of the skip tipping. The muck is loaded
with 2 KS-3 loaders suspended on foldable arms hinged on the top
frame. Mortar for masonry work and concrete mix used for the backfill
behind the block masonry is produced in a batching plant (i.e. a PM 500
mixer, ZC-30 silo, AVC 150 scales and an MLP-2 mechanical shovel)
and then fed via a chute directly to a gravity supply pipeline.

FRENSTAT 4 AND 5, THE LAST SHAFTS SUNK FROM THE
SURFACE IN THE OSTRAVA REGION

The Frenstat-West mine field development in the Beskydy area started
by the excavation of the downcast shaft No. 4 and upcast shaft No. 5
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Tradioni hioubeni sachty pomoci trhacich praci — Hloubici zafizeni .Kudlanka 2 m** (Hloubka 250 m)
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Obr. 8 Schéma zahlubovdni pomoci ,,Kudlanky“
Fig. 8 A chart of a shaft pre-sinking operation using ‘Kudlanka’

Razn4 technickd feSeni uméla poskytnout plnou profesni seberealiza-
ci jak technikiim, tak i hlubi¢am.

KOMPLEXNI ZARIZENI PRO ZAUSTOVANI JAM, TZV.
-KUDLANKA*"

Komplexni zaf{zeni pro zadstovdni jam (obr. 7, 8) bylo u VOKD,
k. p., pouzivdno od roku 1970. Tuto technologii zadstovani prevzaly
téméF vechny organizace zabyvajici se hloubenim jak v Ceskosloven-
sku, tak i v dalsich zemich. Hlavnim prvkem zaustovaciho zafizeni je
,»TéZni zafizeni pro zadstovani jam* podle Cs. patentu &islo 146 711
autora ing. Petra Brychty, které slouzi pro dopravu materidlu i jizdu lid{
do hloubky 60 m, pouZiti okovu 1 m® (pfip. 2 m®) zavéseného na lané
t€zniho stroje H 800 nebo H 1200. Pfi vykldpéni okovu jsou pro areta-
ci zavésného voziku pouzivany dvé zavory ovlddané elektromagnety ze
stanovis§t¢  strojnika. K naklddani horniny jsou pouZivdany
2 nakladace KS-3, zavéSené na sklopnych ramenech kloubové uloze-
nych na ohlubriovém vénci. Malta pro zdéni a betonovd smes pro zéliv-
ku za tvarnicové zdivo jsou vyrdbény v betonovaci jednotce (tj. michac-
ka PM 500, silo ZC-30, vdha AVC 150 a mechanicka lopata MLP-2)
a odtud dopravovény skluzem primo do samospddového potrubi.

POSLEDNI HLOUBENE JAMY Z POVRCHU NA OSTRAVSKU,
FRENSTAT4AS5

Otvirka nového dalntho pole Frenstét-zdpad v podbeskydské oblasti
byla zahdjena hloubenim vtazné jamy ¢&. 4 v zafi 1984 a vydu$né jamy
¢. 5 v zarf 1985. Pred vlastnim hloubenim byla provedena zadsténi
obou jam do hlouby 60 m typovym zadstovacim zafizenim, vyvinutym

u VOKD, tzv. ,,Kudlankou 2 m*“. Price na zadstén{ jémy ¢&. 4 byly

“Personal transport way

= 230.0m

_Tézni nadoba 2 m’
Hoisting bucker 2 m®

- 250,0m
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in September 1984 and September 1985 respecti-
vely. The shaft excavation sinking proper was pre-
ceded by pre-sinking of both shafts up to a depth of
60m using so-called ‘Kudlanka 2m*” standardized
pre-sinking set of equipment, which was developed
by VOKD. The pre-sinking of the shaft No. 4 star-
ted in June 1982. It was necessary to improve
mechanical properties of earth/rock mass in the
location by pressure grouting with clay-cement
suspension in the shaft surroundings. The pre-sin-
king operations were completed in the first quarter
of 1983, after stabilization of the masonry. The pre-
sinking of the shaft No. 5 was finished subsequent-
ly, in the third quarter of 1983. (see Fig. 9)

[Hlavni t&ni stroj
| Main hoist

FRENSTAT NO. 4 SHAFT SINKING

The shaft No. 4 was excavated with a net diame-
ter of 8.5m, 60cm thick concrete lining from in-situ
concrete poured behind an OBS 8.5 x 4 steel shut-
ter installed at the bottom of the shaft. The shutter
was suspended on ropes of SW 10 winches. Two
ropes of LPE 45 winches carried the 150mm-dia-
meter gravity pipeline conveying concrete down
the shaft. The muck was loaded with a KS-2U/40
loader to 6m3 skips (the full and empty skips were
re-slung at the excavation bottom. The suspension
frame of the KS-2U/40 loader, the working and
tensioning staging and guiding ropes for auxiliary
emergency equipment in the shaft were suspended
on LPE 18 winches; the shaft cables were carried
by SW 3.5 winches. All winches were electrically
synchronised. A VSH-4 drill rig was used for dril-
ling of blast holes. The shaft sinking facility was
provided with a 2C 6 x 2.4 hoisting machine
(imported from the USSR). A pair of RVE 1600
fans provided sufficient amount of air for the blo-
wing ventilation system during the excavation.
VHF-1, a new type of temporary hoisting tower
developed by VOKD was used on both shaft-sin-
king sites. Concrete was transported by ready-mix
trucks from a central batching plant. The shaft-sin-
king process was equipped with an auxiliary CKD
B 2014 hoisting machine (emergency equipment
with a ladder lift). The shaft sinking passed through
Silesian and Sub-Silesian nape rock types using a technique well pro-
ven in the OKD for many years. The average monthly advance rate
calculated from the beginning of the excavation (September 1984) up
to a depth of 778 metres amounted to 55.8m; the maximum advance
rate of 76.7m was achieved in November 1984.

The shaft inspection carried out on 12 November 1985 detected
damage to the concrete lining in the southern part of the shaft chimney,
i.e. shear cracks. Sections of the concrete lining were slipping along
the cracks to the shaft space. This finding resulted in a decision imme-
diately to suspend the excavation and deposit gravel and muck on the
bottom of the shaft (at a depth of 748m) with the aim of stabilising the
lining; the lining was to be repaired subsequently. But the backfill of
the shaft never reached the required altitude. The southern side of the
lining collapsed on 15 November 1985 and the shaft was filled with
rock/ground and other debris up to a depth of 666m from the shaft
mouth. The bottom of the excavation was found at that time at a depth
of 778m under the shaft mouth. To prevent the collapse from spreading
further upwards, the decision was made that the shaft be backfilled
with concrete from the depth of 665m to 636m.

A total of 3,250m3 of concrete was placed in the shaft, l,675m3 of
that volume to the shaft proper and 1,575m’ to the cavern. This volu-
me of concrete corresponds to an approximately 30m high concrete
plug. The casting started on 21 November 1985 and ended on 30
November 1985. The recovery operations carried out jointly by Vodn{
Stavby Praha and VOKD started subsequently.

Prior to the reconstruction of the collapsed shaft section proper, the
existing concrete lining from the level of 636m to the level of 277m
from the shaft mouth was reinforced by a 50cm thick RC shell. The
shell reduced the net diameter of the shaft from 8.5m to 7.5m.



zahdjeny v ervnu 1982. Pro zlepSeni pudnémechanickych vlastnosti
hornin v zadstén{ bylo nutno provést tlakovou injektdZ okolni zeminy
jilocementovou suspenzi a po asanaci zdiva bylo zatsténi ukonceno
v prvém Ctvrtleti 1983. Zatsténi jamy ¢. 5 bylo ukonceno nésledné
v tfetim Ctvrtleti 1983 (obr. 9).

HLOUBENI JAMY FRENSTAT €. 4

Jama &. 4 byla hloubena ve svétlém pruméru 8,5 m s betonovou
vyztuzi tloustky 60 cm s pouzitim technologie litého betonu za ocelo-
vé segmentové bednéni OBS 8.5 x 4 na dné jamy. Bednéni bylo zavé-
Seno na vratech SW 10. Na dvé lana vrati LPE 45 bylo zavéseno spa-
dové potrubi Js 150 mm pro dopravu betonové smési jamou. Hornina
byla nakldddna nakladatem KS-2U/40 do okovi o objemu 6 m3 s pre-
véSovanim okovu na pocvé hloubeni. Zavésny rdm nakladace KS-
2U/40, pracovni a napinaci poval a vodici lana pomocného havarijni-
ho zafizen{ v jamé byly zavéSeny na vratech LPE 18, kabely v jamé na
vratech SW 3.5. VSechny vraty byly elektricky synchronizovény.
K vrtdni vyvrta pro trhaci praci bylo pouZito vrtné soupravy VSH-4.
Hloubeni bylo vybaveno t¢Znim strojem 2C 6 x 2.4 (dovoz z byv.
SSSR). Dva ventildtory RVE 1 600 zajistovaly potfebné mnozstvi
vzduchu pro foukaci systém vétrani v hloubeni. Pro obé hloubenf{ byl
pouzit novy typ provizorni téZni véze konstrukce VOKD VHF-1.
Betonova smés se dopravovala domichdvali z centrdlni betondrny.
Hloubeni bylo vybaveno pomocnym t&Znim strojem CKD B 2014
(havarijni zafizen{ s Zebfikovym vytahem). Hloubeni prochézelo hor-
ninami slezského a podslezského pifkrovu a probihalo zpusobem
a technologii osvéd¢enou v OKR jiz fadu let. Od zahdjeni hloubeni
v zari 1984 ¢inil do hloubky 778 metri primérny mésicni postup
55,8 m, maximdlniho postupu 76,7 m bylo docileno v listopadu 1984.

Dne 12. 11. 1985 bylo pfi prohlidce jamy zjisténo poruSeni betono-
vé vyztuze v jizni ¢4sti jdmového komina — smykové trhliny ve vyztu-
Zi jamy, podle kterych se vysouvaly Casti betonové vyztuze do prosto-
ru jamy. Toto vedlo k rozhodnuti dalsi hloubeni ihned zastavit a pro
stabilizaci vyztuZe dopravit na dno jdmy az po hloubku 748 m §térk
a hluSinu a provést ndsledné opravu vyztuZe jamy. K zasypu jamy na
stanovenou kétu vak jiz nedoslo, nebot’dne 15. 11. 1985 doslo ke zfi-
ceni jizni strany vyztuZe jamy a k jejimu zdvalu aZ po hloubku 666 m
od ohlubné. Po¢va hloubeni byla v té dobé v hloubce 778 m pod ohlub-
ni. Aby se zdval nesifil ddle vzhuru, bylo rozhodnuto jamu od hloub-
ky 665 m az do 636 m zabetonovat.

Do jémy bylo uloZeno 3 250 m?* betonu, z toho do vlastni jamy 1 675 m’
betonu a do kaverny 1 575 m’. Tomuto mnoZstvi betonové smési
odpovidd vyska asi 30 m betonové zdtky. BetondZ byla zahdjena
21. 11. 1985 a ukoncena 30. 11. 1985. Nasledn¢ byly zahdjeny sanac-
ni préce, které provadély Vodni stavby Praha ve spolupraci s VOKD.

Pred vlastni rekonstrukci havarovaného dseku jamy byla stdvajici
betonové vyztuz od hloubky 636 m po troven 277 m od ohlubné jamy
zpevnéna Zelezobetonovym pldstém o tloustte 50 cm, kterym byl sou-
Casny svétly prumér jdmy zmenSen z 8,5 m na 7,5 m.

V tnoru 1988 byly zahdjeny z tdrovné 636 m price na vyztuZovani
jdmy ocelolitinovymi tybinkami o svétlém praméru 7 500 mm. Ocelo-
litinovd vyztuZ navazovala plynule na dsek jamy zpevnény Zelezobe-
tonovym pldstém provedenym v predchozi etapé rekonstrukce z drov-
né 280 m do hloubky 636 m. Montaz tybinkové vyztuzZe probihala ve
vzdjemné soucinnosti s injektdZnimi a tampondZnimi pracemi prova-
dénymi Vodnimi stavbami Praha.

Price na rekonstrukci jdmy s pouZitim ocelolitinovych tybinku
pokraCovaly az do drovné 703 m. Z této hloubky, které bylo dosazeno
v Cervnu 1990, byla rekonstrukce jamy provddéna déle jiz v dvouplas-
tové vyztuzi (blokopanel a Zelezobetonovy vnitini pldst) ve svétlém
praméru 7,5 m. Prdce i naddle probihaly ve vzdjemné soucinnosti
s Vodnimi stavbami Praha, které provadély injektazni prace v predpo-
I devastovaného jamového komina. V roce 1993 bylo u kéty -440,5 m
vybudovdno ndraZi 1. patra a raZena Cast protiCelby vétrniho spojeni
k jamé ¢. 5. Ndsledné, po dohloubeni Zumpy bylo vlastni hloubeni
v Cervnu 1994 ukoncéeno v hloubce 903 m na kote -448 m.

Rekonstrukeni prdce v havarované jamé probihaly za mimorddné
obtiznych podminek. V havarovaném udseku jamy zustalo veskeré
technologické zarizeni hloubeni, pracovni povaly, naklada¢ KS
2U-40, jamovd vystroj, lana, vratky, okovy a ostatn{ zafizeni, lanov-
nice, Givazky atd. Rekonstrukce probihala nejenom se specidlni vyztu-
Z{ s vysokou pracnosti, ale po predchozim proinjektovéni v prostredi
kompaktniho Zelezobetonu s ru¢nim rozruSovanim betonu, z¢dsti
s pomoci omezené trhaci price, s pouzitim rezan{ ocelové konstrukce
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The operations which were intended to line the shaft from the level
of 636m with cast-steel segments with a net diameter of 7500mm star-
ted in February 1988. The cast-steel lining fluently linked to the shaft
section supported with the reinforced concrete shell executed in the
previous phase of the reconstruction, i.e. from the level of 280m to the
depth of 636m. The installation of the segmental lining was co-ordi-
nated with grouting and plugging operations carried out by Vodni
Stavby Praha.

The shaft reconstruction using cast-steel segments continued down
to a level of 703m. From this level, which was achieved in June 1990,
the shaft reconstruction was executed using double-shell lining
(a block-panel and internal reinforced concrete shell) with a net dia-
meter of 7.5m.

The work continued to be executed in collaboration with Vodn{
Stavby Praha. This company carried out the grouting of the advance
core of the devastated shaft chimney. A level 1 shaft-landing was built
at the altitude of —440.5m a.s.l. in 1993 and part of the counter-heading
of the ventilation adit to the shaft No. 5 was performed. Subsequently,
in June 1994, when the excavation of the sump had been completed,
the excavation proper was terminated at a depth of 903m, at an altitu-
de of 448m a.s.l.

The reconstruction operations in the collapsed shaft continued in
extraordinarily difficult conditions. All technical equipment used for
the excavation, working staging elements, the KS 2U-40 loader, shaft
support, ropes, winches, skips and other items, sheaves, slings etc. It
means that the reconstruction was carried out not only using special
lining with a high degree of laboriousness, but also in an environment
previously grouted, filled with compact RC concrete, which had to be
broken manually, partly using blasting operations, with a necessity for
cutting steel structures by burning, i.e. in a work regime which ran inc-
reased risks and required adequate safety measures.

FRENSTAT NO. 5 SHAFT SINKING

The loss of stability of the lining of the shaft No. 4 and the subse-
quent collapse in November 1985 was a reason for re-evaluation of the
opinion on utilisation of the lining systems used till that time for
a shaft chimney in the difficult geomechanical conditions of the rock
massif formed by the Silesian and, above all, the Sub-Silesian nape.

The negotiations on the issue of the bearing-capacity of the lining
for the shaft No. 5 resulted in a final solution, i.e. a design of double-
shell reinforced concrete lining. The outer shell was built with block-
panels able to immediately carry the rock pressures and thus provide
the hydration rest necessary for hardening of concrete of the internal
reinforced concrete lining shell.

The shaft No. 5 sinking started in September 1985, with a net dia-
meter of 8.5m, using the same equipment as that used on the shaft No.
4, with cast-in-situ lining, using the cast concrete technique. The exca-
vation using this lining lasted only for three months: 31m of the shaft
sunk in September 1985; 77.4m sunk in October; 60m, i.e. up to a total
depth of 239m, sunk in November 1985. From the 239m level to
a depth of 296m, the shaft was excavated using single-shell reinforced
concrete lining. Reinforcement cages were placed behind OBS 8.5 x 3
shuttering; concrete was supplied behind the shutter through a gravity
pipeline. A double-shell lining system was used from the 496m level
to a depth of 892m. The external shell was built with block panels, the
internal shell, which maintained the net diameter of the shaft of 8.5m,
was from reinforced concrete (reinforcement cages and concrete). The
depth of 892m was achieved in April 1988. The subsequent excavati-
on was again lined using the single-shell reinforced concrete system.

The average monthly advance rates achieved in the section with the
single-shell reinforced concrete lining and in the section with the
double-shell lining amounted to 25.5m and 21.0m respectively. Three
mine stations were built in the shaft No. 5: at the —422m, -501m and
—590m altitudes. Excavation of two wings of the mine station started
in June 1988 and was followed by excavation of a wind connection
between the shafts No. 5 and 4. The excavation of the mine stations
was divided into three benches each.

The passage of the excavation through the interface between the
nape and the Carboniferous massif required implementation of a num-
ber of safety measures because of the difficult mining-geological con-
ditions in the Silesian and Sub-Silesian nape characterised by the pos-
sibility of occurrence of anomalous gas breakout phenomena. Probe
holes 25 — 75m long, 42mm in diameter were drilled so that a 10m
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Obr. 9 Dul Frenstdt
Fig. 9 Frenstdat Mine

autogenem, to znamend v reZimu praci se zvySenym nebezpecim
a k tomu odpovidajicimi bezpecnostnimi opatrenimi.

HLOUBENI JAMY FRENSTAT €. 5

Ztrita stability vyztuZe jamy €. 4 a ndslednd havdrie v listopadu
1985 byly divodem k piehodnoceni ndzoru na uziti dosavadnich beto-
novych vyztuzi jaimového kominu ve sloZitych geomechanickych
podminkdch horninového masivu slezského a zvlasté podslezského
piikrovu.

ReSeni problematiky dnosnosti vyztuZe pro jamu ¢. 5 vydstilo
v kone¢ném reseni v projekt dvoupldstové Zelezobetonové vyztuze,
jejiz vnéjsi plast byl navrzen z blokopanela schopnych okamzité pre-
néset tlaky horniny a zajistit tak potfebny hydrataéni klid pro zrani
betonu ve vnitinim Zelezobetonovém vyztuzném plasti.

Hloubeni jamy &. 5 bylo zahdjeno v zai{ 1985 ve svétlém pruméru
8,5 m se stejnym strojnim a technologickym vybavenim jako na jamé
¢. 4, ve vyztuzi z monolitického betonu s uZitim technologie lit¢ho
betonu. S touto vyztuZi probihalo hloubeni pouze tfi mésice, a to v zafi
1985 s vyhloubenim 31 m jdmy, v fijnu s vyhloubenim 774 m
a v listopadu 1985 s vyhloubenim 60 m do celkové hloubky 239 m. Od
trovné 239 m do hloubky 296 m byla jiz jama hloubena v jednoplds-
tové Zelezobetonové vyztuzi. Do betonové formy OBS 8,5 x 3 se ukla-
daly armokoSe a betonovd smés se dopravovala za bednéni samospa-
dovym potrubim. Od drovné 496 m do hloubky 892 m bylo pouzito
dvouplastové vyztuZe s vnéj§im pldstém z blokopaneld, vnitini plast'se
provadél v Zelezobetonu (armokoSe a betonovd smés) pii zachovani
svétlého pruméru jamy 8,5 m. Hloubky 892 m bylo dosaZeno v dubnu
1988. Pak byla jama hloubena opét v jednoplastové Zelezobetonové
VyZtuZzi.

V tseku s pouZzitim jednoplaStové vyztuzZe z armobetonu se docilo-
valo prumérnych mési¢nich postuptl hloubeni 25,5 m, v dseku s dvou-
plastovou vyztuzi v priméru 21 m za mésic.

V jamé ¢. 5 byla provedena tfi ndrazi: na kété -422 m, -501 m
a -590 m. V drovni 1. patra byla v ¢ervnu 1988 zahdjena z jamy €. 5
razba obou kiidel ndrazi a ndsledné razba vétrniho spojeni mezi jamou
¢.5 a &. 4. Ndrazi§té byla razena na tfi pracovni etéZe.

Pri hloubeni jamy pres kontakt pokryv—karbon byla vzhledem ke
slozitym dulnégeologickym podminkdm ve slezském a podslezském
prikrovu s moZnosti vyskytu anomélnich plynodynamickych jevi rea-
lizovéna fada bezpelnostnich opatfeni. Byly provadény zajiStovaci
vrty délky 25 — 75 m o pruméru vyvrti 42 mm tak, aby pfed podvou
hloubeni byla dosahovana chranéna bezpend zéna minimalné deseti
metra. Vysledky dlouhych zajistovacich vrta byly ovéfovany kratkymi
zajiStovacimi vrty délky 7 m. V hloubkach 815 m a 848 m byl prove-
den ze dna jdmy soubor progndznich a zajistovacich vrtd. Vzhledem
k tomu, Ze témito vrty nebyly prokdzdny zvySené napétodynamické
stavy, hloubeni pokracovalo déle klasickym zpusobem. Pfi pruchodu
kontaktu pokryv—karbon nebyly zaznamendny anomdlni plynodyna-
mické jevy.

Pruchod hloubeni pres horizont s nebezpe&im prutrZi hornin a plynu
byl na zdkladé vyhodnoceni pruzkumnych vrti provddén v reZimu
protiotfesovych a pratrzovych opatreni. U sloji ¢. 36 a &. 37 byly pre-
krogeny povolené hodnoty prubéZzné progndzy, a proto musely byt
otevieny pomoci otfasné odlehCovaci trhaci préce.

TuNel

deep protected safe zone was achieved under the excavation bottom.
The results of the long probe hole drilling were verified by means of
short (7m) probe holes. Arrays of probe holes were drilled from the
excavation bottom at the depths of 815m and 848m. As those boreho-
les did not prove states of increased dynamical stresses, the excavati-
on continued using traditional methods. No anomalous gas breakout
phenomena were recorded during the passage through the cover-Car-
boniferous mass interface.

The excavation passed a horizon posing a risk of gas breakout asso-
ciated with the excavation collapse. It was carried out on the basis of
assessment of the probe drilling, in a regime of implementation of anti-
tremor and anti-gas-breakout measures. The allowable values determi-
ned by the continuous prognosis were exceeded in the seams No. 36
and 37, therefore those seams had to be opened by means of inducer
destressing shot firing.

The mine station at the level 2 was founded at an altitude of -501m
a.sl., in a 14m thick sandstone layer, above the seam No. 40 (Prokop
seam; —504m) with an expected thickness of 9.7m. Anomalous acous-
tic manifestations appeared in the course of excavation of the second
bench of the mine station in a manner similar to that recorded above
the seam No. 37. A decision was made during the excavation of the
shaft section between the level 2 mine station and the seam No. 40,
based on a running prognosis of gas outbursts, to use blasting in a three
metre block of rock (together with destressing blasting). The passage
through the rock block lasted from 24.3. to 4.4.1989. Prokop seam was
uncovered in the course of muck loading on 3.4.1989. After completi-
on of prognoses and measures preventing damage due to a mine tre-
mor or gas outburst, the excavation continued in the destressing blas-
ting regime through the seam No. 40. It was accompanied by nume-
rous acoustic effects ranging from very slight sounds to effects associ-
ated with a distinct tremor of the rock massif. CO2 was not detected
throughout the monitored period and CH4 content was permanently
lower than 0.1%.

When the level 1 mine station excavation at an altitude of —-422m
a.s.l. had been completed, the shaft sinking continued with the single-
shell reinforced concrete lining (reinforcement cages and concrete);
the depth of 932m was reached in December 1988. In 1989, the level
2 mine station at —501m was excavated, the 9.7m thick Prokop seam
was passed through and the level 3 mine station excavation at —590m
level started. In the first quarter of 1990, the construction of the level
3 mine station was finished and the sump was excavated. The shaft sin-
king was completed in March 1990, at a depth of 1088.6m under the
surface. Finishing work in the shaft with subsequent permanent conse-
rvation operation and man riding in a 2m3 skip followed.

SELECTION OF RESULTS AND PARTIAL SURVEY OF SOME
OF THE SHAFTS

Outstanding results were achieved in the course of the years when
VOKD sunk shafts from the surface. The monthly advance rates and,
above all, outputs per head and shift represented the worldwide lea-
ding edge.

For guidance only, we present some results achieved within the
worldwide mining practice (Table 1).

The above outputs were achieved with stress placed on maximum
utilisation of working time, 24-hour operation, absolute utilisation of
equipment available and perfect organisation of work.

All of the above-mentioned worldwide outputs were achieved by
VOKD’s mining crews. When the investments in mines in the Ostrava
district were suspended at the end of the sixties and the beginning of
the seventies of the 20th century, the successful performance in the
shaft sinking operations was interrupted.

Despite the fact that other shifting of the level of technical equip-
ment up occurred and state-of-the-art techniques were developed, such
outstanding monthly advance rates have never again been achieved. It
must be attributed among others to the decline in the shaft sinking pro-
fession.

When VOKD resumed the shaft sinking operations, the following
advance rates were achieved (Table 2).

Nevertheless, a qualitative shift was achieved. It is documented
even by the output of 14.81 m3/head/shift recorded during the Stafic
1/2 shaft sinking. We are not aware of any other performance which

would have exceeded this output.




TuNel

Nad sloji ¢. 40 (Prokop -504 m ) o pfedpoklddané mocnosti 9,7 m
bylo zaloZeno na kéte -501 m v piskovcové vrstvé o mocnosti 14 m
ndrazi 2. patra. Pfi provadéni druhé ldavky néraZi se zacaly projevovat
obdobné jako nad sloji ¢. 37 anomdlni zvukové projevy. Pii hlouben{
jdmy mezi ndrazim 2. patra a 40. sloji, po predchozim provedeni pru-
béZzné progndzy prutrzi uhli a plynu, bylo prikrofeno k trhaci praci
v tfimetrovém horninovém celiku (souasné s odlehovaci trhaci
praci). Prichod hloubeni horninovym celikem probihal od 24. 3. do
4.4.1989. K odkryti sloje Prokop doslo 3. 4. 1989 pfi naklddéni. Po
provedenych prognézach a prevenci HO a PUP byl v reZimu odlehco-
vacich trhacich praci provddén pruchod hloubeni 40. sloji, ktery byl
doprovézen fadou akustickych projevu, a to od velmi slabych aZ po
projevy spojené se zretelnym zachvénim horninového masivu. Za celé
sledované obdobi nebyl zjistén CO, a rovnéZ obsah CH, trvale nepfe-
kracoval hodnotu 0,1 %.

Po vyrazeni ndrazi 1. patra na k6t€ -422 m byla jadma opét hloubena
v jednopldstové Zelezobetonové vyztuzi (armokoSe a betonovd smés)
a v prosinci 1988 bylo docileno hloubky 932 m. V roce 1989 na -501 m
bylo vyraZeno narazi 2. patra, pruchod sloji Prokop (mocnost 9,7 m)
a zahdjena razba ndrazi 3. patra na k6t€ -590 m. V prvnim &tvrtleti roku
1990 byla dokoncena vystavba ndrazi 3. patra a vyhloubena Zumpa.
Hloubeni bylo ukonéeno v breznu 1990 v hloubce 1 088,6 m pod povr-
chem. Ndsledovaly dokoncovaci price v jamé s ndslednym trvalym
konzerva¢nim provozem a s jizdou lidi okovem o objemu 2 m?.

VYBER VYSLEDKU A CASTECNY PREHLED NEKTERYCH JAM
V prabéhu let, kdy VOKD hloubilo jamy z povrchu, bylo dosaZeno

vynikajicich vysledku, které, pokud se tykd mési¢nich postupt a hlav-
né€ vykonu na hlavu a sménu, predstavovaly svétovou Spicku.
Pro orientaci uvddime nékteré vysledky docilené ve svétové hornic-

ké praxi.
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Obr. 10 Naklddaci zarizeni PRH-l vyvinuté VOKD
Fig. 10 PRH-1 loading equipment developed by VOKD

A detailed description of Fren$tat 5 shaft is contained in the prece-
ding chapter. Its depth of 1088.6m under the surface is the second lar-
gest among Ostrava shafts. The evidence of the ability of VOKD’s
shaft miners to cope with shaft sinking operations at a depth about
1000m is provided by the following excerpt concerning several shafts,
obtained from the shaft sinking archives (Table 3)

This brief survey is evidence that apart from the shaft sinking work
also mine stations including chambers had to be constructed.

Zemé Max. postup za mésic Vykon v m3/hl/sm Svetly & Rok Dul

Country Max. monthly advance rate Output in m3/head/shift ~ Net diameter Year Mine

SSSR / USSR 390,10 m - 6,2 m 1964 -

Jizni Afrika | South Africa 381,00 m - 6,7 m 1962 Bufelstoutein

CSSR / CSSR 321,93 m 11,09 7.5 m 1964 Stari¢ 3

CSSR / CSSR 284,02 m 9,53 7,5 m 1962 Paskov, vt. j. / downcast sh.
Maroko / Morocco 247,70 m - - 1959 El. Makeba

CSSR /| CSSR 221,49 m 11,52 7.5 m 1961 Paskov, vyd. j./ oc. sh.
CSSR / CSSR 157,63 m 9,04 7,5 m 1961  CSM-jih, vyd. j. / outcast sh.

Tabulka 1 / Table 1

Pri dosazeni t€chto vykona byl kladen daraz na maximélni vyuZit
pracovni doby, plnou sménnost, dokonalé vyuziti stdvajici techniky
a dokonalou organizaci préce.

Vsechny tyto svétové vykony byly dosaZeny hlubi¢skymi kolektivy
VOKD. Koncem Sedesatych a pocatkem sedmdesétych let 20. stoleti
doslo k zastaveni investic do dolu na Ostravsku, coZ pfineslo i preruse-
ni Uspé$nych postupt v hloubeni.

Prestoze doSlo k dal$im posunum v technickém vybaveni hloubeni
a byly vyvinuty nejmodernéjsi technologie, nedoslo jiz nikdy k tak

vyraznym mési¢nim postupum. Nutno to pricist také odlivu hlubi¢ské
profese.

Po obnoveni ¢innosti hloubeni jam u VOKD bylo dosaZeno téchto
postupu:

Dul Postup za mésic
Mine Monthly advance rate in m
Stari¢ 1/2 150,32
Paskov-Novd Béld 122,50
Paskov-Repiste 121,10

Darkov 1 112,30

Stari¢ 1/2 112,00

Darkov 2, vydechovd jama | outcast s. 102,62

Tabulka 2 / Table 2

SHAFT SINKING WORK OUTSIDE THE OSTRAVA-KARVINA
COAL DISTRICT

In the period of the most intensive development of shaft sinking in the
Ostrava coal district, all shaft-sinking resources of VOKD were concent-
rated in this region. The only shaft sunk in this period outside the OKR
was Novaky shaft (Slovakia) with a diameter of 3.0m, depth of 204.72m
and one mine station. As mentioned above, the decline in the shaft sin-
king operations in the OKR resulted in the necessity for seeking utilisati-
on for this expertise somewhere else.

Another cases were the shaft-deepening job in Zlaté Hory at the turn
of the 1970s and excavation of shafts for the metro construction in 1972
— 1974. Shaft sinking operations in former Yugoslavia in 1968 — 1981
were the first foreign contracts within the shaft-sinking profession.
VOKD sunk shafts for Raspotocje, Blagodat and Stari Trg mines.

Vykon m3/hl/sm Svetly & m Rok
Output in n’/head/shift Net diameter in m Year
14,81 7.5 1982

11,93 7,5 1982

9,32 7,5 1976

1122 7.5 1980

10,50 7,5 1983

11,16 7,5 1978
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Posun vSak nastal kvalitativné, coz dokladuje i vykon
14,81 m*hl/sm pfi hlouben{ jémy Stafi¢ 1/2. Neni ném zndmo, Ze by
tento vykon byl nékde prekonén.

Podrobny popis jamy Frenstdt 5 je v prechdzejici kapitole. Jeji hloub-
ka 1 088,6 m pod povrchem je druhou nejvétsi na ostravskych jaméch.
O uméni hlubi¢t VOKD zvlddnout hloubeni jam i v hloubce kolem

1 000 m svéd¢i i vypis nékolika jam z archivu hloubenti:

Jdama Hloubka v m
Shaft Depth in m
Bezruc¢ 1091,2
,Leremenko 10620
CSM-sever, vydechovd jama | North outcast s. 8420
Staric I1. vydechovd jama | outcast s. 816,7
Paskov, vydechovd jama | outcast s. 8127
CSM-sever, vtaznd jama | North, downcast s. 807,3
Paskov, vtaznd jama | downcast s. 805.,5
CSM-jih, vydechovd jama | South, outcast s. 803.5

Tabulka 3 | Table 3

Maly vypis svedéi o skutecnosti, Ze béhem hloubeni jam bylo nutno
rovnéZ provést vystavbu néraZi, véetné sklipka.

HLOUBENI JAM MIMO OSTRAVSKO-KARVINSKY REVIR
AV ZAHRANICI

V dobé nejvétsiho rozvoje hloubeni na Ostravsku zde mélo VOKD
soustfedény veskeré hlubiéské kapacity. Jedinou jamou vyhloubenou
v tomto obdobi mimo OKR byla jama Novaky (Slovensko) o priméru
3 m, hloubce 204,72 m, kterd méla 1 ndrazi§té. Jak jiZz bylo dfive uve-
deno, dbytek hloubeni v OKR znamenal hleddni praci této odbornosti
jinde.

Dalsi lokalitou bylo na prelomu 70. let prohlubovéni jamy ve Zla-
tych Hordch a hloubeni Sachtic pro metro v letech 1972 — 1974. Prv-
nimi zahrani¢nimi zakézkami v komodit€¢ hloubeni byly hlubi¢ské
prace v byvalé Jugoslavii v letech 1968 az 1981, kde VOKD hloubilo
postupné na dolech Raspotocje, Blagodat a Stari Trg.

Z neddvné minulosti jen pfipomindme hloubeni vétracich Sachet pro
silni¢ni tunely v SRN (Saukopf a Sommerberg). Technicky popis
jejich realizace byl uveden v Casopisu Tunel (Ro¢nik 25-2-94, Ro¢nik
25-4-94). Dokladem technického umu v hloubeni byl vyvoj naklddaci-
ho zarizeni PRH-1 pro odtéZen{ horniny ze dna hloubeni do pfedvrtu,
vyrobeného pro tuto technologii. Je to i zfejmé z obr. 10.

V soudasné dobé VOKD realizuje hloubeni jam jen ve Spanélsku.
Prvni hloubeni zdsobniku o pruméru 3 m a hloubce 200 m bylo pro-
vedeno na Dole Santiago v roce 1994. Od té doby byla realizovdna
dali vertikéln{ dila a celkem bylo vyhloubeno 900,6 m o prumérech
jam od 2,5 m az po 7 m. Dila byla provedena na dolech Santiago, Figa-
redo, Nicolas a San Antonio (obr. 11).

Uspéiné se ve Spanélsku uvedlo i zahlubovaci zafizeni Kudlanka,
a to realizaci jdmy v mést¢ Gijon a vyrovndvaci jdmy na vodnim dile
San Xusto u mésta Pontavedra v Galicii (6/2005). Dalsi nasazeni
Kudlanky probéhlo v dubnu 2006 v Madridu. Bliz§{ informace
o prici VOKD ve Spanélsku naleznete v dfivéjich &islech asopisu
TUNEL.

Slavnd hlubi¢skd minulost VOKD pokracuje, i kdyZ v menSim
méritku, v zahrani¢i.

ZAVER

Beéhem  padesitipétileté historie VOKD bylo jejimi kolektivy
vyhloubeno vice nez 47 km jam z povrchu a 18 km vyhloubenych §ibi-
ku a slepych jam.

Vyse uvedeny stru¢ny prehled historie hloubeni jam nemtzZe pod-
chytit v8e, ale jen to nejpodstatnéjsi. D4 se vSak zcela jisté rozpoznat,
jak Siroké znalosti je nutné pri hloubeni jam mit a jaké odbornosti
a zkuSenosti je nezbytné dosdhnout pro tGspesné dokonceni hloubené-
ho dila.

Chci vyjadrit presvédCent, ze uméni hlubi¢i VOKD budou poznévat
i v dalsich statech Evropské unie.

ING. STANISLAV SIKORA, sikora@vokd.cz ,
ING. MILAN CERVENY, VOKD, a. s.

Pozn.: V ¢lanku byly pouZity materidly z archivu firmy VOKD, a. s.
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Out of recent contracts, we remember the excavation of ventilation shafts
for road tunnels in the FRG (Saukopf and Sommerberg). Technical descripti-
on of these constructions was published in Tunel magazine (volume 25-2-94;
volume 25-4-94). The proof of the technical skill in the field of shaft sinking
was the development of the PRH-1 loading equipment for removal of muck
from the bottom of a pre-bored hole. This equipment was manufactured spe-
cially for this shaft sinking technique. It is also obvious from Fig. 10.

Naraziste
Mine stations

Priumér v m
Diameter in m

6.5 3 nérazi$té / 3 m. stations
75 3 ndrazisté / 3 m. stations
75 3 nérazisté / 3 m. stations
7.5 3 n4razi$té / 3 m. stations
75 3 ndrazisté / 3 m. stations
75 3 nérazisté / 3 m. stations
7.5 3 n4razi$té / 3 m. stations
75 3 ndrazisté / 3 m. stations

Obr. 11 Dil Santiago, Spanélsko
Fig. 11 Santiago Mine, Spain

Currently VOKD is sinking shafts only in Spain. The first 3.0m-dia-
meter, 200m deep storage shaft was excavated for Santiago mine in 1994.
Since that time other underground vertical works have been completed;
a total of 900.6m of shafts with diameters ranging from 2.5m to 7.0m.
The shafts were sunk for Santiago, Figaredo, Nicolas and San Antonio
mines (see Fig. 11).

Also Kudlanka, the pre-sinking plant, succeeded to give a good account
of itself in Spain, namely by execution of a shaft in the town of Gijon and
an equalising shaft for the San Suxto hydroelectric scheme near the town
of Pontavedra in Galicia (06/2005). Other work with Kudlanka was in
Madrid in 04/2006. (More detailed information on the Spanish operations
of VOKD is available in previous issues of Tunel magazine.)

VOKD'’s glorious shaft-sinking history is continuing abroad, even if on
a smaller scale.

CONCLUSION

Working teams of VOKD have managed to excavate over 47km of
shafts from the surface and 18km of staple shafts.

The above brief survey of the shaft sinking history cannot put everything
on record, only the most important parts. It is, however, certainly possible to
recognise the width of the know-how required for the shaft sinking operati-
ons and the high demands on expertise and experience which must be satis-
fied to make successful completion of a shaft sinking operation possible.

I would like to express my conviction that even other countries, mem-
bers of the European Union, will be given the opportunity to see the skills
of VOKD’s shaft miners.

ING. STANISLAV SIKORA, sikora@vokd.cz ,
ING. MILAN CERVENY, VOKD, a. s.

Note: Documents from VOKD, a.s. archives were used in the paper.
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STATIKA SEKUNDARNIHO OSTENI TUNELU VALIK

STRUCTURAL ANALYSIS OF THE SECONDARY LINING
OF THE VALIK TUNNEL

JOSEF ALDORF, LUKAS DURIS

ovoD

Tunel Valik je navrZen jako dvojice tunelovych trub svétlych prufe-
zu cca 130 m?2, stykajicich se ve stfednim Zelezobetonovém pilifi pro-
vedeném v prostoru stfedniho tunelu, coZ je v naSich pomeérech aty-
pické feSeni, vyrazné snizujici §itku tunelového komplexu. Tim je
dosaZeno omezeni §ifky poklesové kotliny na povrchu. Kazd4 tunelo-
vé trouba md ovdlny tvar s protiklenbou; max. §ifka vyrubu v kaloté
¢inf cca 16 m, celkovd vyska vyrubu je cca 11,7 m. V pravém tunelu
(JTT) byla vyraZena prazkumnad $tola pro upfesnéni inzenyrskogeolo-
gickych a geotechnickych poméra tunelu, dle doplnénych pfi prové-
dénf stredniho tunelu, ktery slouZil ke zhotoveni stfedniho nosného
pilife osténi bo¢nich tuneld.

Obr. 1 Vystavba tunelu
Fig. 1 Tunnel construction

Primédrni ostén{ tunelt je provedeno v tl. 250 — 350 mm z betonu
C20/25 vyztuzeného oblouky BRETEX BTX 112-25 v celém obvodé
osténi, ve vzddlenostech danych zafazenim do prislusné technologické
tfidy NRTM horninového prostiedi. RaZba tuneld byla provadéna
metodou NRTM v porusenych proterozoickych bridlicich, jejichZ kva-
lita byla hodnocena vesmes technologickou tfidou NRTM 5a.

Cilem statického feSeni sekunddrniho osténi tunelu bylo predev§im:

- stanoveni ndvrhovych parametru pro posouzeni mezniho stavu

tnosnosti, pouZitelnosti a mezniho stavu $itky trhlin sekunddrni-
ho osténi tuneld pfi raznych zatéZovacich stavech;

- stanoven{ vnitfnich sil v ostén{ pfi ptisobeni nejméné piiznivych

zatéZovacich stavu;

-> aplikace vlivu smr§tovani betonu, tepelné expozice ostén{ a vlivu

mezilehlé izolace na velikost vnitinich sil v osténf;

- posouzeni vlivu prostupt v sekunddrnim osténf;

- posouzeni meznfho stavu tnosnosti, pouZitelnosti a mezniho

stavu vzniku trhlin konstrukce sekunddrniho osténi.

Statické feSeni sekundarniho osténi pro stanoveni normalového zati-
Zeni v aktivni oblasti bylo provedeno pomoci programového systému
Phases, metodou kone¢nych prvki modelem 2D v reZimu pruzno-plas-
tického pretvareni. K feSeni dalSich zat€Zovacich stava (smriténi,
tepelnd expozice, nelinedrni vypocet) byl vyuzit programovy systém
FEAT, pracujici s deskosténovymi prvky.

ZHODNOCENI INZENVRSKOGEO!.OGICKYCH POMERU
TUNELU VALIK ZJISTENYCH PRUZKUMNOU STOLOU
A PRI RAZENi STREDNIHO TUNELU

RaZeni pruzkumné $toly a stfedniho tunelu a provedend sledovani
vyrazné zlepSila pavodni informace o inZenyrskogeologickych

INTRODUCTION

The Valik tunnel is designed as a pair of tunnel tubes with net cross-secti-
onal areas of 130m2 each, which touch each other at a central reinforced
concrete pillar built in the space of a central tunnel. This solution, atypical in
our conditions, significantly reduces the width of the tunnel complex, thus
the width of the settlement trough, which develops on the surface, is also sig-
nificantly reduced. Each of the tunnel tubes is oval in the cross section, with
an invert; the maximum width of the top heading excavation amounts to 16m,
the total height of the excavated opening is about 11.7m. An exploration gal-
lery was driven within the cross section of the right tube (STT). It was desig-
ned to improve the information on the engineering geological conditions
along the tunnel alignment. This information was further complemented
during the excavation of the central tunnel, which served for the constructi-
on of the central pillar of the tunnels driven on its sides.

The primary lining of the tunnels consists of a 250 — 350mm thick layer of
C20/25 sprayed concrete reinforced with BRETEX BTX 112-25 lattice gir-
ders installed along the whole circumference of the lining at a spacing deter-
mined according to the respective NATM excavation class. The tunnels were
driven using the NATM. It passed through broken Proterozoic shale catego-
rised mostly as the NATM class 5a.

The aim of the structural analysis of the secondary lining was above all:

- Determination of design parameters for assessment of the ultimate limit
state, serviceability limit state and limit state of crack width for the
secondary lining during various loading stages;

- Determination of internal forces in the lining exposed to the action of
the least favourable loading stages;

-> Application of the influence of shrinkage of concrete, heat exposure of
the lining and influence of intermediate waterproofing membranes on
the magnitude of internal forces in the lining;

-> Assessment of the influence of openings in the secondary lining;

- Assessment of the ultimate limit state, serviceability limit state and the
limit state of crack width for the secondary lining.

The structural calculation of the secondary lining for determination of the
normal loading in the active zone was carried out using the Phases program
system, by the Finite Element Method, using a 2D model in an elasto-plastic
deformation regime. The FEAT program system operating with plate ele-
ments was applied to the solution of other loading states (shrinkage, heat
exposure, non-linear calculation).

ASSESSMENT OF ENGINEERING GEOLOGICAL CONDITIONS
AT THE VALIK TUNNEL CONSTRUCTION DETERMINED BY
THE EXPLORATION GALLERY AND DURING THE
EXCAVATION OF THE CENTRAL TUNNEL

The excavation of the exploration gallery and the central tunnel, together
with completed observations significantly improved the original information
on the engineering geological and geomechanical conditions along the route
of the tunnels. The consistently maintained geological and technical docu-
ments and the completed geomechanical and geophysical measurements pro-
ved the following main features and properties of the rock mass important for
the development of structural design of the secondary lining:

-> the rock mass consists predominantly of weakly metamorphosed Pro-

terozoic shale (mostly phyllite), heavily and intensely fractured, weat-
hered and slightly weathered, with a claey filling of mostly about 2mm
wide joints.
The joints are mostly smooth, undulated, with a 5 — 10cm spacing, ori-
ented into several joint systems. This significant degree of fracturing is
documented both by the RQD values reaching generally approximately
25% and the RMR value (mostly 20-25 points) and the QTS assessment
value with the prevalence of values within the range of 32-39 points;



15. rocnik - €. 3/2006

a geomechanickych pomérech v trase tunelu. Soustavné vedend geo-
logickd a technologickd dokumentace a provedend geomechanickd
a geofyzikdlni méfeni prokazuji tyto hlavni rysy horninového pro-
stfedi a jeho vlastnosti, podstatné pro realizaci statického feSen{
sekundérniho osténi.

- Horninovy masiv je prevazné tvoren slabé metamorfovanymi
proterozoickymi bridlicemi (prevazné fylity), silné a intenzivné
rozpukanymi, zvétralymi a navétralymi, s jilovitou vyplni puklin
tl. prevazné do 2 mm.

Pukliny jsou prevazné hladké, zvinéné, se vzddlenosti okolo

5-10 cm, orientované do nékolika puklinovych systému. Tuto

zna¢nou porusenost masivu doklddaji jak hodnoty RQD dosahu-

jici prevédzné velikosti 25 %, tak hodnoceni RMR (prevédiné

20-25 bodu) a QTS s prevahou hodnot v pdsmu 32-39 bodu.

- V profilu stiedniho tunelu i bo¢nich tuneld se pievazné vyskytuje
puklinovy systém s dklonem 60-80 se smérem prakticky totoz-
nym s osou Stoly. V interakci s pri¢nymi puklinovymi systémy
vznikéd nebezpedi tvorby nadvylomu a vyvali horniny ve stropé
i bocich, coz dokumentuji i provedend méfeni. Toto nebezpeli
roste se zvétSenim §itky vyrubl.

-> Z hlediska technologickych tiid NRTM je vylom ve §tole i tune-
lech hodnocen tfidou 5a (zdkladni oznaCeni 5a I). Lokdlni zlepSe-
ni geotechnickych poméra charakterizuji tiidy 5a Il a 5a III.
Pomér jednotlivych trid byl predpokladén relaci 80/10/10 %, sku-
tenost prokdzala sniZeni rozsahu tf. 5a I ve prospéch tridy 5a II.

- Hydrogeologickd situace ve $tole je piiznivd a nebyly zachyceny
Z4dné vyznamnéjsi trvalé pfitoky vody.

- Vysledky presiometrickych méfeni vykézaly pro modul pruznosti
rozptyl v rozmezi hodnot Eq od cca 250 MPa do 680 MPa a indi-
kuji i urcitou hodnotu mechanické anizotropie horninového pro-
stiedi. Soucinitel anizotropie Ize u téchto typu fylitd predpoklddat
v rozmezi Olanis. = cca 1,1-2.5 (RZevskij, Fisenko). Vysledky mére-
ni posunu v raZenych tunelech prokazuji, ze hodnotu Oaniz. 1ze uva-
zovat ve velikostech az 2,5.

Pro vypocet zatiZeni modelem MKP byl zvolen izotropni konstitutiv-

ni model horninového prostiedf a stanovend velikost zatiZeni odpovi-

da tomuto izotropnimu chovéni masivu. Anizotropni model hornino-
vého prostedi byl vyuZit pouze pro kontrolu vysledku feseni.

- Seismickd méreni prokdzala, Ze:

— hodnoty statickych moduld pruznosti horninového masivu Eqm
mohou nabyvat velikosti Eqm = cca 250-1400 Mpa;

— prumérnd tlakovd pevnost horninového masivu v oblasti okoli
tunelu Rgm kolisd kolem velikosti Rgm = 2-3 MPa, pri¢emz
jsou redlné i hodnoty Rgm = 0,4-0,6 MPa a na druhé strané
hodnoty Rgm = 10 a vice MPa. Pfi tlakové pevnosti horniny
Rq = cca 20-30 MPa to predstavuje hodnotu soudinitele struk-
turniho oslabeni ks = cca 0,15-0,03, coZ charakterizuje poruSe-
ny az drobivy masiv (tf. 5a I);

— rozsah oblasti poruseni a nepruzného pretvoreni v okoli Stoly
¢inil cca 2-2,5 m. Naméfené hodnoty Egq v této oblasti byly
proto pri hodnoceni ignorovany;

— velikost objemové tihy hornin kolisa v rozmezi yq = 22,5-25 kNm™
podle miry trhlinatosti a obsahu vyplné puklin;

— Poissonovo ¢islo horninového prostredi kolisd v rozmezi
n=0.2-032.

- Monitorovaci méfeni (méfeni konvergenci) vykazovala velmi
rychlé ustalovani deformaci a indikuji velikost soucinitele bo¢ni-
ho tlaku Kp v rozmezi Ky = 0,3-0,5.

> Vsechny ostatni geomechanické parametry horninového prostie-
di, které nebyly primo méreny nebo jinak overeny (g, ¢, Ghel dila-
tance 9), byly stanoveny odbornym odhadem, nebo zjednoduse-
nymi postupy vyuZzivajicimi obecné platné pevnostni zédvislosti
Mohr-Coulombovy podminky pevnosti. Zakladni vypoctové
hodnoty tr. 5a T byly definovany firmou SG-Geotechnika. Pro
tiidy 5a IT a 5a III byly vypoctové velikosti pretvarnych a pev-
nostnich vlastnosti odborné odhadnuty s vyuZitim vySe uvede-
nych hodnot vyskytu a rozptylu.

Za nejpodstatnéjsi geomechanicky faktor bylo nutno povazovat pre-
devsim strukturni vlastnosti hornin (puklinatost, velikost horninovych
kusu, pevnostni vlastnosti puklin apod.), které pii $itkdch vylomu
vlastniho tunelu (od cca 6 do 16 m) determinuji vylomové a stabilitn{
poméry prevazné v 5a I a 5a II technologické tfidé NRTM, s vyznam-
nym podilem tf. 5a I.Technologickd tiida NRTM 4 se v trase tunelu
prakticky nevyskytuje. Statické feSenf sekundérniho osténi tunell bylo
proto, ve prospéch bezpecnosti, provedeno pro podminky technologic-
ké tridy 5aT.
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- a joint system dipping 60 — 80° in the direction virtually identical with
the direction of the gallery prevails in the profile of the central tunnel
and side tunnels. An interaction with transverse joint systems gives rise
to a threat that overbreaks and caving-ins can occur in the roof and side
walls; this is documented among others by the completed measure-
ments. This threat grows with the excavation width increasing;

- in terms of the NATM support categorisation, the excavation in the gal-
lery and the tunnels is categorised as class 5a (basic denomination 5a I).
A local improvement of the geotechnical conditions is characterised by
classes 5a I and 5a III. The proportion of individual classes was assu-
med as 80/10/10%; the reality proved decreased proportion of the class
5a I on behalf of class 5a II.

-> the hydrological situation in the gallery is favourable — no more signi-
ficant water inflows were encountered;

- the results of pressuremeter tests proved the modulus of elasticity vary-
ing within a range of Eq values from about 250 MPa to 680 MPa; they
indicate even a certain value of mechanical anisotropy of the rock envi-
ronment. The coefficient of anisotropy for these types of phyllite can
be assumed within the range of ctanis. = circa 1,1 — 2,5 (RZevskij, Fisen-
ko). The results of measurement of displacements in the mined tunnels
have proven that the Oaniz. value can be assumed to amount up to 2.5.
An isotropic constitutive model of the rock mass was chosen for the
FEM analysis; and the determined magnitude of the loading corres-
ponds with this isotropic behaviour of the rock mass. The anisotropic
model of the rock mass was applied only to the checking of results of
the solution.

-> seismic measurements proved that:

— static moduli of the rock mass elasticity Eqm can assume values
Edm = circa 250 — 1400 MPa

— average compressive strength of the rock mass in the vicinity of the
tunnel Rdm fluctuates about a value of Rqm = 2-3 MPa, while even
the values of Rgm =0.4 — 0,6 MPa are realistic, as well as the values
of Rgm = 10 MPa and higher on the other side. For the compressive
strength of the rock mass Rq = circa 20-30 MPa, it represents a value
of the coefficient of structural weakening ks = circa 0,15 — 0,03,
which is a characteristic of a sheared to friable rock mass (class 5a I).

— the weakness and permanent deformation zones in the gallery sur-

roundings extend to a distance approximately of 2-2,5 m; therefore
the Eq values measured in this area were disregarded during the
assessment.

— the magnitude of the specific weight of rock varies within a range of
Yg = 22,5-25 kKNm™, depending on the degree of cracking and the
content of joint filling.

— Poisson’s ratio of the rock mass fluctuates within a range of n = 0,2-0,32.

-> monitoring measurements (convergence measurements) exhibited very
rapid stabilisation of deformations and indicate the magnitude of the Ky
side pressure factor within a range of Ky =0,3-0.5.

- all of the other geotechnical parameters of the rock mass that were not
directly measured or verified another way (g, ¢, d angle of dilatancy),
were determined by means of an expert estimation or by simplified
methods utilising the generally valid strength dependence of the Mohr-
Coulomb’s strength condition. Basic design values of the class 5a I
were defined by SG-Geotechnika. The design values of deformation
and strength properties of the classes 5all and Salll were professional-
ly estimated using the above-mentioned values of the occurrence and
variation.

Structural properties of the rock mass (jointing, size of rock pieces,
strength-related properties etc.) had to be considered to be the most important
geomechanical factor. At the given width of the excavated cross section of the
tunnel proper (approximately from 6m to 16m), they determine the excavati-
on and stability conditions predominantly at the 5a I and 5a II NATM class,
with a significant proportion of the 5a I class. The NATM class 4 virtually
does not exist along the alignment of the tunnel. For that reason the structu-
ral design of the secondary lining of the tunnels was carried out, in favour of
safety, for the conditions of the NATM class 5a I.

DESIGN VALUES OF PHYSICAL-MECHANICAL PROPERTIES
OF THE ROCK ENVIRONMENT AND MATERIALS OF THE
ROCK SUPPORTING ELEMENTS

The structural design of the secondary lining was carried out by means of
a 2D model of the Phases and FEAT program systems, which utilise the Fini-
te Element Method within the elasto-plastic calculation regime (see Fig. 2).
The design values of geotechnical properties were determined, on the basis
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Obr. 2 Vypoctovy model MKP
Fig. 2 The FEM calculation model

VYPOCTOVE HODNOTY FYZIKALNE-MECHANICKYCH
VLASTNOSTi HORNINOVEHO PROSTREDI
A VYZTUZOVACICH MATERIALU

Statické feSeni sekunddrniho osténi bylo provedeno programovymi
systémy Phases a FEAT, vyuZivajicimi metodu kone&nych prvku
v pruzno-plastickém rezimu vypoctu, modelem 2D (obr. 2). Vypocto-
vé hodnoty geotechnickych vlastnosti byly stanoveny na zakladé
doporuceni SG-Geotechnika pro vSechny technologické tiidy (5a T —
Sa III) a pro feSeni sekundéarniho osténi byly prijaty zdkladni hodnoty
uvedené ddle. Vypoctové hodnoty vlastnosti horninového prostredi
koresponduji s velikostmi pouZitymi v pravdépodobnostnim feSeni
priméarniho osténi (Aldorf, HrubeSovd 2003), a tim zhodnocuji vliv
proménlivosti prostiedi na hodnoty zatiZenf osténi a na tvorbu poruse-
nych oblasti v okol{ tunelu.

Pro statické a stabilitni feSeni bylo pouZito téchto velikosti fyzikal-
né-mechanickych vlastnosti horninového prostiedi:

-> objemov4 tiha hornin yq

va =25 kNm?
-> dhel vnitiniho tfenf vy

¢’q = 32° pro viechny technologické tiidy NRTM (5a I — 5a III)
- soudrZnost ¢y

-tiida S5al:  ¢)y=120kPa

- tifida S5aIl: ¢’y = 140 kPa

- tiida Sa III: ¢y = 170 kPa

Tyto velikosti ¢’y redlné odpovidaji velikostem tlakové pevnosti hor-

ninového masivu Rgm v rozmezi cca 0,6-1 MPa.

- thel dilatance &

1
d=cca Y @’ = 8° pro viechny technologické tridy

-> soucinitel bo¢niho tlaku Kp
Soucinitel bo¢niho tlaku je ve vSech technologickych tfiddch
uvazovén ve velikosti

podle hodnoty Poissonova &isla pro prislusnou tridu.

-> modul pruznosti (pretvdrnosti) Eq
-tfidaSal: Eg=250 MPa
- tfida Sa II:  Eq =300 MPa
- tfida Sa IIl: E4 = 350 MPa

-> Poissonovo &islo v
-tifda5al: v=032
- tiida S5all: v=032
- tiida 5alll: v=0,3

- zatéZovaci funkce a* (podil deformaci prendSenych na osténi
k celkovym deformacim — vliv Celby). Ve prospéch bezpecnosti
a spolehlivosti osténi byla pro sekundérni osténi uvazovana plnd
hodnota soudinitele zatizeni o* dle tfidy 5a I, prestoze vysledky
méfeni ¢asové zdvislosti posunu ve stfednim tunelu indikovaly
velikost a* podstatné nizsi.
-tiida5al: o*=0,7
- tiida 5a II: o* = 0,65
- tiida 5a III: o* =0,6

vyska nadlozi tunelu h
h=16 m - tidy 5a I - 5a III
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of recommendations of SG-Geotechnika, for all support classes (5a I — 5a
IIT). The basic below-mentioned values were adopted for the design of the
secondary lining. The design values of the rock mass properties correspond
with the values utilised in the probabilistic design of the primary lining
(Aldorf, HrubeSova 2003), thus they enhance the effect of variability of the
environment on the values of the loads acting on the lining and on develop-
ment of weakness zones in the tunnel surroundings.

The following values of physical-mechanical properties of the rock envi-
ronment were used for the structural and stability design:
-> specific weight of rock yq
Ya =25 kNm™
- angle of internal friction ®q
@’q = 32° for all NATM support classes (5a I — Sa III)
-> cohesion cq

-S5alclass:  c¢y=120kPa
-S5allclass: ¢’y=140 kPa
-Salll class: ¢’q=170 kPa

These ¢’y values realistically correspond with the values of the compressi-
ve strength of the rock mass Rqm within a range of circa 0,6-1 MPa.
- angle of dilatancy &

1
d = circa e ¢’ = 8° for all support classes

-> coefficient of lateral pressure Ky,
The value of the coefficient of lateral pressure for all excavation
classes is assumed to be of
v 03
l-v ~1-03
according to Poisson’s ratio value for the respective class.
- modulus of elasticity (deformation) Eq

K = =042

- 5alclass: Eq =250 MPa

-5allclass:  Eq =300 MPa

-5alll class: Eq =350 MPa
-> Poisson’s ratio v

- 5alclass: v=032

-5allclass:  v=0.32

-5alllclass: v=03

- loading function a* (proportion of deformations transferred on the
lining to overall deformations — the influence of the excavation face).
In favour of safety and reliability of the lining, the full value of the loa-
ding factor o* was assumed, according to the 5a I class, despite the fact
that the results of measurement of the time dependence of displace-
ments in the central tunnel indicated the a* value to be significantly

lower.

- Salclass: a*=0.7
-Sallclass: o*=0.65
-S5alll class: a*=0.6

- tunnel overburden thickness h
h =16 m—classes 5a 1 - 5alIll

CHARACTERISTICS OF THE LINING

-> the secondary lining is designed from reinforced concrete C 25/30 with
the thickness d = 0.4-0.7 m (see Fig. 3).

-> The modulus of elasticity of the lining material (concrete C 25/30) Eq
and Poisson’s ratio
Ego = 30,500 MPa for t > 28 days,v=0.2

- Design compressive strength: fcg=16.6 MPa  for t > 28 days
- Design tensile strength: feid = 1.7 MPa for t > 28 days
- Poisson’s ratio: v, =02

-@u=55°

-y =24 kN/m®

-c;=2.1MPa

- concrete lining reinforcement
-steel 2x @ 16 R + 10 x & 8 R on both surfaces
- Ay =0.000904 m2
- Es =210,000 MPa
-u=02
- Rya =450 MPa
- Rycd = 420 MPa
- concrete cover: 0,050 m
-> anchors installed as part of the primary lining were not taken into
account in the design of the secondary lining (total degradation of the
bearing capacity).
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RAZENA CAST — SEKUNDARNI OSTENI
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Obr. 3 Sekunddrni osténi
Fig. 3 Secondary lining

CHARAKTERISTIKY OSTENI
- tloustka sekunddrniho osténi tunelt je navrZena ve velikosti
d =0,4-0,7 m z vyztuZeného betonu C 25/30 (obr. 3)
- modul pruznosti materidlu osténi Eq (beton C 25/30) a Poissono-
vo ¢islo
Edo = 30 500 MPa pro t > 28 dnu, v =10,2

- vypoctova pevnost v tlaku:  feq = 16,6 MPa pro t 28 dnu
- vypoctovd pevnost v tahu:  feq = 1,7 MPa prot 28 dnu
- Poissonovo ¢islo: b=0,22

- g =55°

-y =24 kN/m?

-¢,=2.1 MPa

> vyztuZ osténi

-ocel2x @ 16 R + 10 x @ 8 R oboustranné

- As =0,000904 m2

- Es =210 000 MPa

-u=02

- Ryq = 450 MPa

- Ryq = 420 MPa

- kryci vrstva: 0,050 m

—> kotvy instalované jako soucdst priméarniho osténi nebyly pfi fese-
ni sekunddrniho ostén{ uvazovéany (plnd degradace inosnosti).

Pro statické feSeni bylo predpoklddédno, Ze:

—kotvené a injektované oblasti horninového prostredi v okol{
tunelt si zachovaji mechanické vlastnosti (¢, ¢, E) nezpevné-
ného horninového prostredi po celou dobu Zivotnosti dila;

— primarn{ osténi postupné v dobé Zivotnosti mechanicky degra-
duje a jeho pevnostni a pretvarné vlastnosti (Eg, f.4) se postup-
né sniZ{ az na droven 10 % puvodnich poléte¢nich velikosti.

Totdlni degradace (100 %) mechanickych vlastnosti primarniho

osténi neni predpokldddna vzhledem k priznivym hydrogeologic-

kym poméram v horninovém prostfedi.

KONSTRUKCE SEKUNDARNIHO OSTENI

Sekundédrni osténi v geometrickém a tvarovém provedeni podle
obr. 3 je staticky neurcitou konstrukc{ sestdvajici z:

— konstrukce horni klenby tl. 0,4-0,7 m z vyztuZeného betonu C
25/30, provedené do posuvného bednéni v pasech délky cca 10 m.
Styk horni klenby s protiklenbou je realizovan plochym stykem
(kloubem) s délkou uloZeni min. 0,5 m. V celé plose horni klenby
je provedena mezilehld foliovd izolace;

The following assumptions were made for the purpose of the structural

design:

— the anchored and grouted areas of the rock environment in the tunnel
surroundings will maintain the mechanical properties (¢, c, E) of the
unreinforced rock environment for the whole life of the structure;

— the primary lining will gradually mechanically deteriorate during its
life and its strength-related and deformational properties (Eg, f.q) will
gradually drop to the level of 10% of the original initial magnitudes.

Total deterioration (100 %) of the mechanical properties of the prima-

ry lining is not assumed owing to the favourable hydrogeological

conditions in the rock environment.

SECONDARY LINING STRUCTURE

The secondary lining with the geometry and shape shown in Fig. 3 is a sta-

tically indeterminate structure consisting of:

—the 04 — 0.7m thick upper vault structure from reinforced concrete C
25/30 cast behind a travelling form; the casting blocks about 10m long.
Aflat hinge with a 0.5m long bearing is designed for the connection at the
springing point between the vault and invert. The entire surface of the
upper vault is provided with an intermediate waterproofing membrane.

— the C 25/30 reinforced concrete invert structure with a constant thickness
of 0.6m is placed on the primary lining invert without any intermediate
waterproofing. Part of the flat hinge is execution of a side drain, which
collects water flowing on the external surface of the intermediate waterp-
roofing membrane. The PE drainage pipeline is backfilled with porous
concrete with the assumed strength corresponding to C 10/15.

The connection of the upper vault with the invert by means of the flat joint
where the upper vault is supported by the invert without the reinforcement
bars continuing without interruption from the invert to the upper vault crea-
tes a specific structural situation where the normal force in the joint acts
eccentrically with respect to the bearing surface, therefore the joint transfers
both the normal force and the bending moment. The contact surface is then
subjected to the action of non-uniformly distributed normal stresses, which
must not:

—exceed the value of the design compressive strength of concrete

(f.g = 16.6 MPa)
— create a state of tensile stressing of the flat joint (development of cracks

and facilitation of water penetration through the contact area).

Both of the above conditions were met (see Fig. 4).
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— konstrukce protiklenby (spodni klenba) konstantni tloustky 0,6 m
z vyztuzeného betonu C 25/30, uloZend na protiklenbé primdrni-
ho osténi bez mezilehlé izolace.

Soudasti plochého styku konstrukei je provedeni bo¢niho odvodno-
vaciho drénu, do kterého je svedena voda stékajici po rubu mezilehlé
izolace. Odvodnovaci potrubi z PE je uloZeno ve vyplni z porézniho
betonu predpoklddané pevnosti C 10/15.

Spojeni horni klenby a protiklenby pomoci plochého styku (ploché-
ho kloubu), ve kterém je horni klenba uloZena bez prevedeni ocelové
armatury z protiklenby do horni klenby, vytvéii specifickou statickou
situaci, kdy normélovd sila v kloubu pusobi excentricky vzhledem
k plo$e uloZeni a kloub tedy prendsi jak normdlovou silu, tak ohybovy
moment. Kontaktni plocha je pak naméhdna nerovnomérné rozdéle-
nym normdlovym napétim, které nesmi:

— prekrocit hodnotu vypoctové pevnosti betonu (f,q = 16,6 MPa);

— vytvéret stav tahového namdhdni plochého styku (vznik trhlin

a usnadnéni pronikdni vody kontaktem).

Obé tyto podminky byly splnény (obr. 4).

ZATIZENI, ZATEZOVACI STAVY A KOMBINACE ZATIiZENI VE
VZTAHU K MS UNOSNOSTI, POUZITELNOSTI A SIRKY TRHLIN

ZatiZen{ osténi ve vztahu k meznim stavam (MS) je uvaZovano jako:
- zatizeni stalé: - vlastni tiha (ZS 1)
-> zatiZeni nahodilé dlouhodobé:
- zatiZen{ horninovym tlakem (ZS 2)
- zatizeni smrsténim (ZS 5)
-> zatiZeni nahodilé kratkodobé:
- vliv otepleni (ZS 3)
- vliv ochlazeni (ZS 4)
Kombinace zatizeni (KZS):
- celkové zatiZeni: KZS 1 (ZS1 + ZS2 + ZS3 + ZS5)
KZS 2 (ZS 1 + ZS2 + ZS4 + ZS5)
KZS A (ZS1 + ZS3 + ZS5) — rané stadium ostén{
KZS B (ZS1 + ZS4 + ZS5) ) — rané stadium ostén{
-> dlouhodobé zatiZeni: KZS3(ZS1+7ZS2+7ZS5)
KZS C (ZS1 + ZS5) ) — rané stadium osténi
ZS 3 (otepleni)
ZS 4 (ochlazeni)
Pozadavek zhotovitele osténi na mezni §ifky trhlin s pfihlédnutim
k pozadavkam CSN 73 1201:
Rub osténi: - W3a5im = 0,20 mm (dlouhodobé zatiZent)
- W3p, 1im = 0,30 mm (kratkodobé zatiZeni)
- W3, 1im = 0,10 mm (dlouhodobé zatiZeni)
- Wb, jim = 0,20 mm (krdtkodobé zatiZenf)

- kritkodobé zatiZeni:

Lic osténi:

Kromeé toho byl z feSeni MKP uplatnén pro zatéZovaci stav ZS 2 vliv:

-> sniZeni tfeni na kontaktu priméru a sekunddru (vliv izolace);

—> degradace pevnostnich a pretvarnych vlastnosti primdrniho osténi.

Zatizeni hydrostatickym tlakem vody se nepredpokladalo.

Statické teSeni sekunddrniho osténi bylo provedeno pro technolo-
gickou tfidu 5a I a vy$ku nadlozi tunelu 16 m. Charakteristiky pro tuto
tridu tvori podstatnou ¢dst horninovych poméru tunelu Valik, coZ uké-
zalo raZeni pruzkumné $toly i stfedniho tunelu, a zajiSthji dostate¢nou
troveii spolehlivosti vysledku feSen.

Vliv smrstovani betonu v procesu tvrdnuti a hydratace byl aplikovan
ve smyslu ustanoveni a postupi dle CSN 73 1201 (&1. 2.1.6).

Nerovnomeérnd teplotni expozice povrchu betonového osténi (letni
a zimni rezim) vychdazela z predpoklada:

-> ustdlend teplota horninového prostredi ¢ini 8°~9°C (nebyla

v prubéhu IGP ovéfovédna)
- v letnim rezimu jsou teploty povrchu uvazovéany ve velikostech:

- vnitin{ lic osténi: 25°C
- vngjsi lic osténi:  15°C

- v zimnim rezimu:
- vnitni lic osténi: -15°C
- vngjsi lic osténi:  -5°C
Konstrukce protiklenby a ¢ast spodniho obvodu horni klenby neni
prakticky teplotné ovlivnéna vzhledem k dostate¢né vysce zdsypu dna
tunelu, ktery spolehlivé tepelné izoluje tyto konstrukce a spodni st
horni klenby. Presto byl pfi feSeni uvazovén stav teplotniho ovlivnéni
na celém obvodé (ve prospéch bezpecnosti).
SniZeni tfeni a pevnosti mezi sekunddrnim a primarnim osténim vli-
vem vloZeni hydroizola¢ni félie (mezilehld izolace) v horni klenbové
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Obr. 4 Hodnoty hlavniho napéti ol , (izotropni prostiedi) v osténi
Fig. 4 Values of the principal stress o1, (isothropic environment) in the lining

LOADING, LOADING CASES AND COMBINATION OF LOADS
RELATIVE TO THE ULTIMATE LIMIT STATE, SERVICEABILITY
LIMIT STATE AND LIMIT STATE OF CRACK WIDTH

In terms of the limit states (LS), the loading which acts on the lining is con-
sidered as:
-> permanent loading: - own weight (loading case LC 1)
—> permanent live load: - rock pressure load (LC 2)
- shrinkage load (LC 5)
-> short-term live loading:
- heating effect (LC 3)
- cooling effect (LC 4)
Combination of loads cases (CLC):
-> aggregated load: CLC 1 (LC1+LC2+LC3+LC5)
CLC2(LC1+LC2+LC4+LC5)
CLC A (LC1 + LC3 + LC5) — early stage of the lining life
CLC B (LC1 + LC4 + LCS) ) — early stage of the lining life
-> permanent load: CLC 3 (LC1 + LC2 + LCS)
CLC C (LC1 + LCS5) ) — early stage of the lining life
-> short-term loading: LC 3 (heating)
LC 4 (cooling)
A requirement of the lining erection contractor for the crack width limits
considering the requirements of CSN 73 1201:

Lining extrados: - wj, j;,, = 0.20 mm (permanent load)
- Wsp,iim = 0.3 mm (short-term load)
Lining intrados: - ws,;;;, = 0.10 mm (permanent load)

- Wsp_iim = 0.20 mm (short-term load)

In addition, out of the FEM solution, the following effects were taken into
consideration for the loading case LC 2:
-> reduction in friction at the interface between the primary lining and
secondary lining (owing to the waterproofing membrane)
—> deterioration of strength-related and deformational properties of the
primary lining.
The hydrostatic head action was not assumed.

The structural design of the secondary lining was developed for the sup-
port class 5a I and the overburden thickness of 16m. The characteristics of
this class form a substantial portion of the rock conditions along the Valik
tunnel. It was proven by the excavation of the exploration gallery and cent-
ral tunnel tube. These characteristics guarantee a sufficient level of reliabili-
ty of the results of the design.

The effect of concrete shrinkage during the hardening and hydration pro-
cess was applied in compliance with relevant stipulations and procedures
defined by CSN 73 1201 (paragraph 2.1.6).

The uneven heat exposure of the concrete surface (the summer and winter
work regimes) was based on the following assumptions:

-> the settled temperature of the rock environment is of 8°-9°C (it was

not verified during the EGI)

-> in the summer work regime, the following surface temperatures are

assumed:
- lining intrados: 25°C
- lining extrados: 15°C
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Casti tunelu bylo simulovéno vloZenim vrstvy ,interface* mezi kon-
strukci primdru a sekunddru. Dusledkem je mirné zvyseni velikosti
normélovych napéti na kontaktu ostén{ v konstrukci sekundéru i malé
zmény Vv jejich rozloZeni, takZe zatéZovaci stavy s uvazovanim vlivu
dnosnosti.

Degradace pevnostnich a pretvarnych vlastnosti primdrniho osténi
je Casové zdvisly proces determinovany prubéhem vnitini i vnéjsi
koroze stiikaného betonu primdru v dusledku pusobenf faktorti vnéjsi-
ho horninového prostredi (podzemni voda, vlhkost, pudni vzduch,
difuze, iontové vymény apod.).

Vzhledem k nemoznosti jeji spolehlivé predikce bylo ve prospéch
bezpednosti sekunddrniho osténi uvazovano se sniZzenim pevnostnich
a pretvdrnych vlastnosti betonu primdru na velikost odpovidajici 10 %
jejich puvodni pocate¢ni hodnoty (degradace 90 %).

Vliv kotev pro stanoven{ zatiZeni sekundarniho osténi nebyl uvazo-
vén (ve prospéch bezpenosti).

VLIV SMRSTOVANI A DOTVAROVANI BETONU OSTENI

Vliv smrstovani a dotvarovani betonu nelze, vzhledem ke statické-
mu charakteru konstrukce osténi, zanedbat. Velikost délkového
fetvoreni betonu od smr§téni &, v Casovém intervalu <t;; t,> je dle
CSN 73 1201 ¢l. 2.1.6 dana vztahy
€ps = Epst (B, = By)
By =1-exp (-007 .Vt)
Zékladni hodnota €,y byla dle tab. 3 CSN 73 1201 uvaZovdna ve
velikosti g = -0,00012.
Konec¢ny ¢as pro posouzeni vlivu smrStovani a dotvarovani byl uva-
Zovén t = 10 rokd — t. = 3650 dnd.
Pro  t, = I den (betondZ osténi)
t, = 10 roku, tj. 3650 dnu
B, =(1 —exp (-0,07 .V3650 ) =1-0,014 = 0,985
By =(—-exp (-007 .V1)=0,067
Bz - Bl = 0,917
Pro betondZ ve vlhkém prostiedi &, = -0,00012
€y = -0,00012 .0,917 = -0,00011

Ekvivalentn{ d¢inek smr§téni vyvold sniZeni teploty betonu o

Ao B 0,00011
‘"o 0,00001
O tuto hodnotu byla pro stanoveni vlivu smrténi vypoétove snize-
na teplota betonu v celém jeho prufezu.

=-11°C

Vliv dotvarovani pro predpoklad uplatnéni zatizen{ v Case t = 2 roky
(t =730 dnui) a dobu Zivotnosti t; = 100 roka (36 500 dnu)
B, — B; =0,999-0,849 = 0,15
@pp = 2,2 dle tab. 3 CSN 73 1201
O = Qpf (BZ — Bl) = 2,2 . 0,15 = 0,33
Ep,
1+¢
Modul pruznosti betonu v Case t = 100 roka Ept

(1 _
E’ =

3
Ept = 30500 . 8% = 30500 . (1,36[

172
36510 ]: 30500 . 1,16 =35500 MPa

Casovy operator modulu pruznosti pro t = 100 roki £\ tedy &ini
3
E) = 33300 = 26690 MPa

1,33
0,5-0,2
14033

S témito hodnotami E;” a u,” bylo provedeno feseni simulujici pri-
béh dotvarovdni betonu sekunddrniho osténi béhem 100 roku jeho
Zivotnosti.

Reseni prokézalo, Ze vliv dotvarovani je témér zanedbatelny a zvy-
Seni zatiZeni osténi ¢inf lokdlné max. cca 12 %, pokles napjatosti v osté-
ni cca 5 % ve srovndni s puvodnim stavem zatiZeni a napjatosti. Z hle-
diska pozadavku na dnosnost je vliv dotvarovéni priznivy. Pro vlastn{
statické feSeni byl proto uvazovan pocdtecni stav zatiZeni (400 kPa),
ktery prakticky koresponduje s plnou tthou nadlozi (16,25 = 400 kPa.).

Poissonovo ¢&islo u)’ =05 - =027

STANOVENI VLIVU TEPELNE EXPOZICE OSTENI

Pro prijaté velikosti otepleni ¢i ochlazeni vnitintho povrchu bylo
stanoveno linedrni rozloZeni teploty v prufezu osténi, zavadéné do
vypoctt pomoci programového systému FEAT ve velikostech:
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-> in the winter work regime:
- lining intrados: -15°C
- lining extrados: -5°C

The invert structure and part of the lower section of the upper vault are
virtually thermally unaffected thanks to the sufficient thickness of the back-
fill on the tunnel bottom, which provides reliable thermal insulation of those
structures and the lower portion of the upper vault. Despite this fact, the state
of thermal affection along the whole circumference was assumed (in favour
of safety).

The reduction in the friction and strength between the secondary and pri-
mary liners by means of the insertion of the waterproofing membrane (inter-
mediate waterproofing) in the upper vault of the tunnels was simulated by
insertion of an interface layer between the primary and secondary liners. It
results in slight reduction in the magnitude of normal stresses at the interfa-
ce between the liners in the secondary lining structure and minor changes in
their distribution. It means that the loading cases with the effect of waterpro-
ofing taken into consideration yield safer results in terms of the assessment
and guaranteeing the loading capacity.

Deterioration of the strength-related and deformational properties of the
primary liner is a time-dependent process determined by the development of
internal and external corrosion of the primary lining shotcrete due to the
effects of factors of the external rock environment (ground water, moisture,
soil air, diffusion, ion exchange etc.).

Because of impossibility of its reliable prediction, in favour of safety of the
secondary liner, reduction of the strength-related and deformational properti-
es of the primary lining concrete to a magnitude corresponding to 10% of
their original initial values (90% deterioration) was assumed.

The influence of anchors was not taken into consideration when the loads
acting on the secondary liner were being determined (in favour of safety).

THE EFFECT OF THE LINING CONCRETE SHRINKAGE AND CREEP

The concrete shrinkage and creep cannot be disregarded because of the
static character of the lining structure. The magnitude of the concrete linear
strain due to shrinkage ¢, within a time interval <t;; t,> is, according to
CSN 73 1201 paragraph 2.1.6, given by the relationships

Eps = Epsf (82 - Bl)

By=1—exp (0,07 .Vt)

The basic value of the €, was determined according to the CSN 73 1201
standard, Table 3 as &, = -0,00012.

The end time for the assessment of the effect of shrinkage and creep was
assumed to be t = 10 years — t. = 3650 days.

For  t; =1 day (concrete casting)

t, = 10 years, tj. 3650 days
By =(1—exp (-007 .vV3650)=1-0,014 =0,985
B, =(1—-exp (-007 .V1)=0,067
B,-B,=0917
For concrete casting in a moist environment gy = -0.00012
€y = -0,00012 .0,917 =-0,00011
The equivalent shrinkage effect is induced by lowering the temperature by

es _ -0,00011
a  0,00001

The concrete temperature was reduced by this value within the whole cross
section for the purpose of calculation of the shrinkage effect.

A(: :—11°C

The shrinkage effect in the case of the assumed loading duration of t = 2
years (t = 730 days) and life length t; = 100 years (36500 days)
By —B; =0,999-0,849 = 0,15
Pp = 2,2 according to CSN 73 1201, Table 3
¢ =@pr Br-61)=22.0,15=0,33
M _ Ebt
B =1ve
The modulus of elasticity at the time t = 100 years (E;” )

3 12
36510 ]: 30500 . 1,16 = 35500 MPa
The time operator of the modulus of elasticity for t = 100 years E;’ there-
fore amounts to
35500
(1) _
E'= "3

Ept = 30500 . 82 = 30500 . (1 ,36[

=26690 MPa

05-02
1+033

The above E,” and w,” values were used for the solution simulating
the development of creep of the secondary lining during the 100-year life of

the structure.

Poisson‘s ratio u )’ = 0,5 - =027




Tgmtrm = Tvmtrm ’ T\‘/Inéjﬁ = Tvnéjﬁ' -T
T, — prumérna teplota horninového masivu béhem roku (uvazovano
8°C)

T, — teplota v ose osténi ( T¢,;mnr + Tlvinevjsv,») /2

Tv,”,m, nédvrhovd teplota na vnitinim lici ostén{
Tynejse — ndvrhovd teplota na vn&jsim lici osténi

o — sou¢initel tepelné roztaznosti (1.105.K-" dle CSN 73 1201)

T¢,iiini — VYPOCtova hodnota teploty na vnitinim lici osténi

T¢,5¢ — vypoctovd hodnota na vnéjsim lici osténi

Modul pruznosti osténi:

Ey, = 30 500 MPa

Velikosti vnitrnich sil byly stanoveny pomoci programového systé-
mu FEAT pracujiciho s deskosténovymi prvky.

STATICKE RESENI SEKUNDARNIHO OSTENI

Statické reSeni sekunddrniho osténi bylo provedeno s vyuZitim pro-
gramového systému Phases pomoci 2D prvki MKP v rezimu pruzno-
plastického pretvéreni. Vypoltova sit’ prvki je dokumentovdna na
obr. 5. Vzhledem k tomu, Ze programovy systém neumoZznuje piimou
aplikaci stanovenych pomérnych pretvoreni (smrStovani, tepelnd
expozice), bylo vyuZito postupu, ktery aplikoval stanovené velikosti
kontaktnich normélovych napéti v aktivni oblasti zatiZeni osténi
(a0 = 90° — vrcholovy thel zatiZeni) na deskosténovém modelu 2D
(FEAT). V této oblasti bylo aplikovano aktivni zatiZeni ve velikosti
q = 400 kPa, zbyvajici obvod osténi byl podepfen Winklerovym pro-
sttedim s proménnou velikosti normdlového soucinitele pasivniho
odporu kp stanoveného v zdvislosti na velikosti modulu pruznosti
obklopujiciho prostredi

Vypoctem byly ziskdny tyto velikosti kp: v, klenbé tunelu
k=320 MPa/m, v bocich tunelu k=430 MPa/m kB)= 4230 MPa/m
(v misté ZB pilite) a v protlklenbe k() = 151 MPa/m. Pfi vlastnim
vypoctu byl kontrolovén stav naméhdni pruZin podepreni, upravovana
velikost kp s cilem dosaZeni obdobné hodnoty zatiZeni na pasivnim
obvodé osténi a ze spoluprdce byly vyloufeny pruziny namdhané
tahem. Timto zpusobem bylo dosaZeno velmi dobré shody s rozdéle-
nim zatiZeni stanoveného vypoctem MKP. Toto uloZen{ ostén{ do pruz-
ného prostiedi bylo vyuZito i pro stanoveni vlivu smr$téni a vlivu
tepelné expozice osténi. S ohledem na pravdépodobny Vyskyt trhlin pri
posuzovani podle MS 3itky trhlin z vysledkd linedrniho feSeni bylo
ddle aplikovano fyzikdlné-nelinedrni reSeni osténi, jehoZ vysledky jsou
relevantni pro posouzeni tohoto mezniho stavu.
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The solution proved that the effect of the creep is nearly negligible; the inc-
rease in the load acting on the lining amounts locally to a maximum of 12%,
the decrease in the liner stress amounts approximately to 5% compared with
the original loading and stress condition. In terms of the requirements for the
loading capacity, the effect of creep is favourable. For that reason the initial
loading state (400kPa) was taken into consideration for the purpose of the
structural design proper. This state virtually corresponds with the full weight
of the overburden (16,25 = 400kPa.)

DETERMINATION OF THE HEAT EXPOSURE EFFECT ON THE LINING

Linear distribution of temperature within the liner cross section was deter-
mined for the adopted magnitudes of the heating or cooling of the internal
surface. It is introduced into the calculations by means of the FEAT program
system in the following magnitudes:

Tmt - Tmt ’ Tmt - Te\t - 7;1 5

T, — average temperature of the rock mass during the year (assumed value
of 8°C)

T, — temperature on the centre line of the lining ( 7¢,, + T4, ) /2

T — design temperature on the internal surface of the lining

Text. — design temperature on the external surface of the lining

a1 — heat expansion coefficient ( according to CSN 73 1201)

Tf{n - design value of temperature on the internal surface of the lining

T4, - design value of temperature on the external surface of the lining

Modulus of elasticity of the lining:

E. =30,500 MPa

The magnitudes of internal forces were determined using the FEAT pro-
gram system operating with plate elements.

STRUCTURAL DESIGN OF THE SECONDARY LINING

The structural design of the secondary lining was carried out by means of
the Phases program system, using 2D elements of the FEM in an elasto-plas-
tic deformation regime. The design network of elements is documented on
Fig. 5. Because the program system does not allow direct application of the
determined relative deformations (shrinkage, heat exposure), the procedure
was utilised which applied the determined values of normal contact stresses in
the active zone of the liner loading (o = 90° - apex angle of loading) on the
2D plate-element model (FEAT). An active load q = 400 kPa was applied in
this area; the remaining circumference of the lining was supported by Wink-
ler environment with varying value of the normal coefficient of passive resi-
stance kp determined relative to the magnitude of the modulus of elasticity of
the surrounding environment.

Priibéh normalovych zatizeni horninovym a pasivnim zatizenim podél osténi na kontaktu s primarnim osténim (t = 2 roky)

Variation of hormal stresses on contact with the primary lining for the loading by rock pressure
and passive loads (t = 2 years)

35 \ ~
3

\f—\\ .

ti (MPa) / Normal stress (MPa)

g ——
1 ‘\
5l ¢ Gn=2,42MP ||
v ‘J/ Krivka normdlového zatiZeni | Normal load curve
1,5 Il
.| N I . Krivka pasivniho odporu
: SN ‘/ Passive resistance curve
1 J N
V. 7 -
2 i Il\ ¢ Gn=0,39MP. ; v/ \ ¢ on=0,495MPa
Pilif | Pillar . n=0, a - : :
g . ilif | Pillar R . N A ;
s > =AY — 7 = B
‘g . Obvod (m) | Circumference (m) . h -
‘g 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42| 4p
5 .05 Klenba | Vault Dno [ Invert
Z < >l === >

Obr. 5 Aktivni a pasivni zatiZeni aplikované na deskosténovém modelu
Fig. 5 Active and passive loads applied to the plated-structure model
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STANOVENI NAHRADNI TUHOSTI PRUREZU OSTENI( The following values of the kp were obtained by the calculation: in the tun-
V MISTECH VZNIKU TRHLIN PRO FYZIKALNE-NELINEARNI nel crown k() = 320 MPa/m, on the tunnel sides k() = 430 MPa/m and
RESENI OSTENI k(“B)= 4230 MPa/m (in the location of the reinforced concrete pillar) and in

the invert k()= 151 MPa/m. The condition of support springs stressing was
checked during the calculation proper, the kp value was adjusted with the aim
of reaching a similar value of the load acting on the passive circumference of
the lining; the springs stressed by tension were excluded from the joint acti-
nostic* E,, podle vztahu on. This procedure resulted in achievement of very good agreement \yith the
n I distribution of loads determined by the FEM calculation. This elastic envi-
E,=E,. I—’ ronment, which was used for the liner bearing, was utilised even for deter-
. ) mination of the influence of shrinkage of concrete and influence of heat expo-
Ep . m(/)du} pruznosti betozlu . L oo sure of the lining. Considering the fact that cracks are likely to occur when
I; ~ idedlnt momenvt setr.vac(flf) sti vyztuZeného prifezu the limit state crack width assessment based on the results of the linear
I'— moment setrvaCnosti prurezu solution is being carried out, a physically nonlinear analysis of the lining was
L=Ag . (han-x)7+ % X1 further applied, which provides results relevant for the assessment of this

limit state.

V mistech vzniku trhlin v osténi indikovanych z pruzného feseni
bylo pro realizaci fyzikdlné-nelinedrniho feSeni nutno stanovit nahrad-
ni parametry tuhosti, odrdzejici vliv vzniku trhlin.

Postup stanoveni vychdzi z urceni tzv. ,,ndhradntho modulu pruz-

h — vyska prufezu

if‘vyvszlf;lt‘f;f;ﬁ :Z{ij‘;fr;uvrgﬂ‘ze od tazencho okraje DETERMINATION OF SUBSTITUTE STIFFNESS OF THE
1 5 LINING CROSS-SECTIONS IN POINTS OF CRACKING FOR
I=1y  1h PHYSICALLY NONLINEAR DESIGN OF THE LINING
Vyska tlatené oblasti betonového prufezu x byla uréena z rovnice Substitute parameters of stiffness reflecting the influence of cracking had to
(Zapletal) be determined for the purpose of execution of the nonlinear analysis in the

¥ h points of cracking of the lining which had been indicated by the linear analysis.
A B (}Ll + )LZ)— ( h- a, 2)( )"1 + )"z) -0, kde The procedure of the determination is based on determination of so-called
2 2 ’ “substitute modulus of elasticity En according to the relationship
}‘1 = 5 A,.e E =FE i

£ n= BTy

E h E¢ — modulus of elasticity of concrete
Ay = ?S‘Ast(E Ay ) I; - ideal moment of inertia of the reinforced cross section

b I — moment of inertia of the cross section
_M 2,1 3
E—W liZAS[.(h—asz—X) +?X .1
M — ohybovy moment na ,,nezmék&ené* konstrukci h —height of the cross section
N — normadlova sila na ,,nezmék&ené* konstrukci, ag, — distance of the tensile bars axis from the tension edge
prip. z rovnice rovnovéhy vnitinich sil v prifezu x — height of the compression zone of the cross section
=L 1w

No= LN, - N, B

Yu The height x of the compression zone of the concrete cross section was
Ns1= As1. Reed determined from the equation (Zapletal)
No2= As. R 3

N, x—xz(g—€)+x(}1+7\2)—(h—a52).(7\1+)LZ) =0, where

TR, 2

A — plocha tlacené vyztuze M=—A,e

™

Ay, — plocha taZené vyztuze E,
Yu — soucinitel geometrie _E, h
.20 b= Aul 50
Yu=1-—=+ b
h + 50 M
Podle téchto vztahu byly stanoveny hodnoty ndhradniho modulu e = N

pruznosti E, uvedené v tabulce 1.
M - bending moment on a ‘non-plasticized’ structure

FYZIKALNE-NELINEARNI STATICKE RESENI N —normal force on a ‘non-plasticized” structure,
A JEHO VYSLEDKY PRO STANOVENI MS SIRKY TRHLIN, or from the equation for equilibrium of internal forces within the cross section
MS UNOSNOSTI A MS POUZITELNOSTI N
S vyuZitim stanovenych ndhradnich tuhosti Eq I v prutech oslabe- Np = v + N =N,
nych vznikem trhlin bylo provedeno nelinedrn{ statické feSeni pro: Ny = A“q Red
- celkové zatizeni (KZS1 a KZS2), Nb B AA ’ R; ‘
- celkové zatizeni pro rané stadium osténi ( KZS A, KZS B), s27 A2 Bed
- dlouhodobé zatizeni (KZS 3,7ZS 5, KZS C), x= N,
- kratkodobé zatizeni (ZS 3, ZS 4). b.R,
Pruty €. / Bars No. X M N I I tloustka / thickness En
(m) (kNm) (kN) (m*).10°? (m*).10°3 h (m) MPa)
1,2,21,22 021 -180,6 2910 3,27 5,33 04 ~18 700
7,8,39 0,23 466.5 3020 5.8 104 0.5 ~17 000
13,12, 11 0,28 -684.2 2920 543 28,5 0,7 ~ 5800
26, 25,27 0,23 4459 3020 1,49 104 0,5 ~ 4300
31,20, 32 0,36 -484.7 2722 84 28.6 0,7 ~ 8800
16,14, 14,17 0,255 -5433 2880 8.8 18 0,6 ~14 900

Tabulka 1 / Table 1




Prubéhy a velikosti vnitinich sil v osténi jsou zndzornény na
obr. 5. Rozhodujici kombinace vnitfnich sil ze zatéZovacich stavi
byla stanovena z téchto vysledku a pro posouzeni tinosnosti a vypo-
Cet Sitky trhlin byly vybrdny nejméné ptiznivé hodnoty vnitinich sil
uvedené v tabulce 2.

STATICKE RESENI OSTENI V MISTE PROSTUPU

Pro posouzeni velikosti vnitfnich sil a napéti v osténi v misté
prostupti v ZB pilifi byl realizovan 3D deskosténovy model v pro-
gramovém systému FEAT pro vSechny kombinace zatéZovacich
stavu ve fyzikdlné-nelinedrnim reZimu vypoctu a aktivni zatizeni
ve velikosti 400 kPa. Otvor prostupu byl pro zjednoduSeni simu-
lovan jako pravouhly s rozméry 2,5 x 3,7 m. Délka modelu ve
sméru osy tunelu odpovidala délce tunelového pésu (~ 10 m).

POSOUZENI SPOLEHLIVOSTI OSTENI Z HLEDISKA MEZNIHO
STAVU UNOSNOSTI

Pro jednotlivé tloustky osténi a oboustranné vyztuZzeni 2 <
16 + 10 & 8 (ocel R) a beton C25/30 byly zpracovéany interakéni
diagramy tnosnosti pro zatiZeni prufezu tlakem a ohybem
(obr. 6). Do téchto interakénich diagramu byly zakresleny vSech-
ny extrémni ndvrhové kombinace vnitinich sil My, Nx podle
vysledka pro tubus tunelu a pro tunelovou propojku. Vzhledem
k tomu, Ze v8echny vynesené kombinace M, N leZ{ uvnitf inter-
ak&nich diagramu, lze povaZovat sekunddrni osténi za plné spo-
lehlivé (obr. 7). Lokdlni extrémy v rozich prostupu vzniklé
v dasledku zjednoduseni tvaru prostupu (pravodhlé rohy versus
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Ay — compression steel area
Ag, — tensile steel area
Yu — geometry factor
20
W=l S0
The values of the substitute modulus of elasticity E presented in
Table 1 were determined according to the above relationships.

PHYSICALLY NON-LINEAR STRUCTURAL ANALYSIS AND
ITS RESULTS FOR DETERMINATION OF THE LIMIT STATE
OF CRACK WIDTH, ULTIMATE LIMIT STATE AND
SERVICEABILITY LIMIT STATE

Using the determined values of substitute stiffness E, I in beams
weakened due to cracking, the non-linear structural analysis was
performed for:

- aggregated load (CLC1 and CLC2),

- aggregated load for the early stage of the lining (CLC A, CLC B),

- permanent load (CLC 3, LC 5, CLC C)

- short-term loading (LC 3, LC 4).

The variations and magnitudes of internal forces in the lining are
shown in Fig. 5. The deciding combination of internal forces from
the loading cases was determined using these results; the least
favourable values of the internal forces contained in Table 2 were
chosen for the purpose of assessing the bearing capacity and calcu-
lating the width of cracks.

STRUCTURAL DESIGN OF THE LINING IN LOCATIONS
CONTAINING OPENINGS

A 3D plate element model in the FEAT program system was deve-
loped for the purpose of assessing the magnitude of internal forces

klenba) jsou pro posouzeni inosnosti nevyznamné. and stresses in the lining in locations with openings in the RC pillar.

Obdobi Prut / Beam ZATIZENI | KOMB VA M N e h
Season &islo / No poloha / position LOAD COMB [kNm] [kN] [m] [m]
LETN{ 1 vrchol kaloty celkové KZS 1 1+243+5 -824 +2990 0,027 04
SUMMER top heading crown aggregated
1 vrchol kaloty celkové KZS 3 14245 -100,2 +2980 0,033 04
top heading crown aggregated
ZIMNI 1 vrchol kaloty celkové KZS 2 1+2+4+5 -1119 2980 0,037 04
WINTER top heading crown aggregated
1 vrchol kaloty dlouhodobé KZS 3 14245 -100,2 2980 0,034 04
top heading crown permanent
LETNI 7 kalota bok celkové KZS 1 1424345 2347 3073 0,076 05
SUMMER top heading side aggregated
7 kalota bok dlouhodobé KZS 3 14245 2385 3065 0,077 05
top heading side permanent
ZIMNI 7- kalota bok celkové KZS 2 142+4+5 2333 3061 0,076 0,5
WINTER top heading side aggregated
7 kalota bok dlouhodobé KZS 3 14245 2385 3065 0,078 0.5
top heading side permanent
LETNI 12 opéra klenby bok celkové KZS 1 1+2+3+5 3055 2906 0,105 0,7
SUMMER springing aggregated
12 opéra klenby bok dlouhodobé KZS 3 1+2+5 -286.,2 2555 0,11 0,7
springing permanent
ZIMNI opéra klenby bok celkové KZS 2 14+2+4+5 -238,7 2340 0,12 0,7
WINTER springing aggregated
opéra klenby bok dlouhodobé KZS 3 1+2+5 -286,2 2555 0,11 0,7
springing permanent
LETNI 15 protiklenba celkové KZS 1 14+2+3+5 -338.,6 2842 0,12 0,6
SUMMER invert aggregated
15 protiklenba dlouhodobé KZS 3 14245 -360 2765 0,13 0,6
invert permanent
ZIMNI 15 protiklenba celkové KZS 2 142+4+5 -378 2734 0,14 0,6
WINTER invert aggregated
15 protiklenba dlouhodobé KZS 3 14245 -360 2765 0,13 0,6
invert aggregated

Tabulka 2 Prehled nejméné priznivych hodnot vnitinich sil pro stanoveni §iiky trhlin, rozhodujici kombinace zatéZovacich stavii KZS 1, KZS 2 a KZS 3
(nelinedrni reSeni)
Table 2 Summary of internal forces values the least favourable for determination of the crack width, deciding combination of loading cases CLC 1, CLC 2 and

CLC 3 (the non-linear analysis)
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Interakéni diagram — tloustka 600 mm

Interactive diagram — thickness of 600mm +12000 1
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Obr. 6 Interakéni diagram pruiezu tl. 600 mm
Fig. 6 Interactive diagram of a 600mm thick cross section

POSOUZENI SPOLEHLIVOSTI OSTENI Z HLEDISKA MEZNIHO
STAVU POUZITELNOSTI

Velikosti a rozdéleni pretvoreni (posunu) osténi pro zatéZova-
ci stav KZS 3 (dlouhodobé provozni zatiZeni) pro tunel a pro
prostup mezi tunelovymi troubami (obr. 8). Limitn{ hodnoty pri-
pustnych posunu osténi jsou podle projektantu uvaZovédny ve
velikosti Ajim = 100 mm (bezpecnostni zvétSeni svétlého prure-
zu tunelu), takZe kritérium mezniho stavu pouZitelnosti je spo-
lehlivé splnéno. Je nutno poznamenat, Ze toto pretvoreni bylo
stanoveno na fyzikdlné-nelinedrnim modelu osténi. Pro pruzny
model dosahuje velikost Aq hodnoty 22 mm. Rozdily v pretvore-
ni osténi tunelu a prostupu pro stejné KZS lze vysvétlit prizni-
vym vlivem 3D efektu ve vypoctovém modelu prostupu oproti
2D modelu ostén{ tunelu.

Obr. 7 Prubéhy vnitinich sil (KZ2, ZS 1+2+4+5)
Fig. 7 Variation of internal forces (CLC 2, LC 1+2+4+5)

The model was developed for all combinations of the loading cases
in the physically non-linear calculation regime and for an active
load of 400 kPa. For simplification, the opening was simulated in
a rectangular configuration with dimensions of 2.5 x 3.7m. The
length of the model in the direction of the tunnel centre line corres-
ponded to the length of the tunnel block (~ 10 m).

ASSESSMENT OF RELIABILITY OF THE LINING FROM THE
ULTIMATE LIMIT STATE ASPECT

Interactive diagrams of the load-bearing capacity for the cross
section loaded by pressure and bending and flexural load (see Fig.
6) were developed for individual thicknesses of the lining, 2 & 16 +
10 & 8 reinforcement (R steel) on both surfaces and concrete
C25/30. All extreme design combinations of internal forces Mx, Nx
according to the results obtained for the tunnel tube and the cross
passage were plotted in the diagrams. With respect to the fact that
all plotted M, N combinations lie inside the interactive diagrams,
the secondary lining can be considered as fully reliable (see Fig. 7).




TuNel

Obr. 8 Pretvorent osténi pro KZS 3
Fig. 8 Deformation of the lining for CLC 3

STANOVENI SIRKY TRHLIN

S vyuzitim rozhodujicich velikosti vnitfnich sil pro vSechny
kombinace zatiZzeni prfi fyzikdlné-nelinedrnim feSeni ve stropé
kaloty, bocich kaloty, bocich opér a v protiklenbé byl proveden
vypocet rozhodujicich §itek trhlin w3, a w3y, a vysledky posouze-
ny ve vztahu k hodnoté ws,, lim = 0,1 mm (dlouhodobé zatiZenfi)
aws3p, im = 0,2 mm (krdtkodobé zatiZenf). Jak dokladaji vysledky,
vsechny stanovené hodnoty $itek trhlin v tubusu pro KZS 1, KZS
2 a KZS 31 KZS A, KZS B, KZS C jsou mensi nez limitni hod-
nota Wz, jim = 0,1 mm, pfi¢emz prifezy tl. 0.4; 0,5 i 0,6 m jsou
pro KZS1 — KZS3 vesmés v celé tloustce tlaceny, takZe vznik trh-
lin vétsich nez 0,1 mm je prakticky vyloucen. Tim je pro vSechny
kombinace zatiZeni naplnén pozadavek CSN 73 1201 i pozadavek
zhotovitele osténi.

POSOUZENI PRUREZU NA POSOUVAJICI SILY

Velikosti posouvajicich sil prekracujicich hodnotu Qpu (posou-
vajici sila prendSend betonem) se projevuji pouze na bocich osté-
ni a v oblasti kontaktu osténi se stfednim pilifem byly eliminova-
ny dostate¢né dimenzovanym systémem spon (tfminki) mezi
vnitini a vnéjsi vyztuzi (5 G R8 + 2 & E12/m2). Pro nejvetsi veli-
kosti posouvajicich sil:

Qdmax = 5343 kN (d =0,5 m — tloustka osténi),

Qdmax = 897 kN (d=0,6 m),
Qdmax = 1176 kN (d=0,6m),
Qdmax = 1325 kN (d =0,7 m)

posouzeni prufezt dokumentuje splnéni podminek spolehli-
vosti pro uvedené smykové vyztuzeni. V ostatnich piipadech
(d = 0,4 m) nenf pouZiti tfrminka (spon) nutné a je moZno provést
pouze jejich konstrukéni usporddéni, protoZe Qp, > Qq. Posouva-
jici sily v podélném smeéru (Qy) v oblasti prostupl jsou vzdy
mensi neZ posouvajici sila (Qp, + Qss) pro 8 ks tfminku
O R8 +2JEI2.

ZAVER

Provedend posouzeni mezniho stavu dnosnosti, pouZitelnosti
i §ifek trhlin prokdzala, Ze pfi oboustranném vyztuZeni 2 & 16 + 10
@ 8 (R) jsou splnény pozadavky CSN 73 1201 z hlediska tnos-
nosti, pouzitelnosti i ochrany vyztuZe proti pusobeni vlivi agre-
sivniho prostredi v tunelu a osténi tunelu Valik Ize povaZovat za
plné spolehlivé.

PROF. INQ. JOSEF ALDORF, DrSc., josef.aldorf@vsb.cz,
ING. LUKAS DURIS, lukas.duris@vysb.cz, VSB — TU Ostrava,
Fakulta stavebni, Ostrava
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The local extremes in the corners of the opening, which originated
as a result of the simplification of the geometry of the opening (rec-
tangular corners versus a vault) are insignificant for the assessment
of the load-bearing capacity.

ASSESSMENT OF RELIABILITY OF THE LINING
FROM THE SERVICEABILITY LIMIT STATE ASPECT

The magnitudes and distribution of deformations (displacements)
of the lining for the CLC 3 loading case (permanent normal load),
for the tunnel and for the opening, are shown in Fig. 8. The limit
values of allowable displacements are considered according to the
designer to be A, = 100 mm (safety margin of the tunnel clearan-
ce profile), therefore the serviceability limit state criterion is reliab-
ly met. It is, however, necessary to note that this deformation was
determined using a physically non-linear model of the lining. For
an elastic model, the A4 reaches a value of 22 mm. The differences
in the deformation of the tunnel lining and the opening for identical
CLCs can be explained by a positive influence of the 3D effect in
the calculation model of the opening compared with the 2D model
of the tunnel lining.

DETERMINATION OF THE CRACK WIDTH

The calculation of deciding widths of cracks w3, a w3, was carri-
ed out using the deciding magnitudes of internal forces determined
for all combinations of the loads during the physically non-linear
analysis at the top heading crown, on the top heading sides, at the
springing and in the invert. The results were assessed in relation to
the w3, jim = 0,1 mm value (permanent load) and w3}, jjm = 0,2 mm
(short-term loading). As documented by the results, all of the valu-
es of the crack widths in the tunnel tube determined for the CLC 1,
CLC 2 and CLC 3, as well as CLC A, CLC B and CLC C are lower
than the limit value of w3, |j;m = 0,1 mm, while the cross sections
0.4; 0.5 and 0.6 m thick are for the CLC 1 — CLC 3 mostly com-
pressed throughout the thickness, thus development of cracks wider
than 0.Imm is virtually excluded. It means that the requirement of
CSN 73 1201 as well as the requirement of the lining erection con-
tractor is fulfilled for all of the loading combinations.

ASSESSMENT OF THE CROSS SECTIONS ON SHEAR
FORCES

The magnitudes of shear forces exceeding the Qy, value (shear
force transferred by concrete) become apparent only on the sides of
the lining; they were eliminated in the area of the contact between
the lining and the central pillar by an adequately designed system of
stirrups between the internal and external reinforcement bars
(5 G R8 + 2 @ E12/m?2). The assessment of the cross sections on the
largest magnitudes of the shear forces:

Qdmax =543 kN (d=0.5m),
Qdmax = 897 kN (d=0.6 m),
Qdmax = 1176 kN (d=0.6 m),
Qdmax = 1325 kN (d=0.7m)

documents that the reliability conditions for the above shear rein-
forcement are met. Regarding the other cases (d = 0,4m), the stir-
rups do not need to be used. Because Qy, > Qg , they can be instal-
led only as auxiliary reinforcement. The shear forces in the longitu-
dinal direction (Qy) in the area of openings are always smaller than
the shear force (Qp, + Qss) for 8 pieces of stirrups & R8 + 2 J E12.

CONCLUSION

The completed assessments of the ultimate limit state, serviceabi-
lity limit state and limit state of crack have proven that reinforce-
ment consisting of 2 & 16 + 10 & 8 (R) bars installed on both sur-
faces satisfies the requirements of CSN 73 1201 in terms of the
load-bearing capacity, serviceability and protection of reinforce-
ment bars against the effects of the aggressive environment in the
tunnel; thus the lining of the Valik tunnel can be considered as fully
reliable.

PROF. ING. JOSEF ALDORF, DrSc., josef.aldorf@vysb.cz,
ING. LUKAS DURIS lukas.duris@vsb.cz, VSB — TU Ostrava,
Fakulta stavebni, Ostrava



15. rocnik - €. 3/2006 TuHel

STAV PRIPRAVY A REALIZACE SITE HLAVNICH KOMUNIKACI
V PRAZE SE ZAMERENIM NA TUNELOVE STAVBY
NA MESTSKEM OKRUHU A RADIALACH

THE STATE OF PREPARATION AND CONSTRUCTION OF THE NETWORK
OF MAIN ROADS IN PRAGUE, WITH THE FOCUS ON TUNNEL
STRUCTURES ON THE CITY CIRCLE ROAD AND RADIAL ROADS

JOSEF DVORAK

1. UZEMNI PLAN - KOMUNIKACNI S[T

Usnesenim zastupitelstva hlavniho mésta Prahy ¢&islo 10/05 ze
dne 9.9. 1999 a vyhlaskou ¢islo 32/99 Sb., O zdvazné ¢4sti tizem-
niho pldnu hlavniho mésta Prahy, byl v zdvéru roku 1999 schva-
len tizemni pldn sidelniho dtvaru hlavniho mésta Prahy s ndvrho-
vym horizontem rok 2010. Soucdsti schvdleného izemniho planu
je mimo jiné téZ planovany, kone¢ny stav sité hlavnich komuni-
kaci v Praze. Tato sit’ je navrZzena jako radidln¢ okruzni systém,
ktery sestdva ze dvou okruhu, vnéjsiho silni¢niho okruhu (rych-
lostn{ silnice R1), vnitiniho méstského okruhu, sedmi radidlnich
komunikaci a dvou komunikac¢nich spojek, kategorie mistn{
komunikace sbérné, funkéni tiidy B1 (obr. 1).

1. TERRITORIAL STRUCTURE PLAN — ROAD NETWORK

The Territorial Structure Plan for the City of Prague with the plan-
ning horizon set for 2010 was approved in late 1999 through the Pra-
gue City Council‘s Resolution No. 10/05 of 9.9.1999 and the Public
Note No. 32/99 Coll. on the obligatory part of the Territorial Structure
Plan of the City of Prague. Part of the approved territorial plan is,
among others, also the planned final state of the network of main roads
in Prague. This network is designed as a radial-circular system consis-
ting of two circles, the outer one called the Prague City Ring Road (an
R1 road type with limited access), the inner circle called the City Circ-
le Road (CCR), seven radial roads and two connecting roads of local
bypass road category, B1 function class (see Fig. 1).
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Obr. 1 Sit’hlavnich komunikaci v Praze
Fig. 1 The network of main roads in Prague




Tuel 15. rocnik - €. 3/2006

SOUCASNY STAV THE CURRENT STATE

Pldnovand délka méstského okruhu je cca 33 km. V soucasné The planned length of the City Circle Road is approximately of 33km.
dobé je v provozu jihozdpadni ¢4st okruhu, od Stérboholské radidly The currently operating section consists of the south-western part of the
pres Barrandovsky most aZz po severni portdl Strahovského tunelu Circle Road from the Stérboholy radial road via the Barrandov Bridge to
k provizornf drovnové kiizovatce Malovanka, coz pfedstavuje zhru- the northgrn pOI‘tE%l of the Strahov tunnel, i.e. to the Malovanka temporarx
ba polovinu planované délky méstského okruhu. Byla zahdjena rea- at-grade intersection. It represents roughly a half of the planned length of
lizace mimotiroviiové kfizovatky Malovanka, 2A stavba Strahov- the City Circle Road. The construction work has started on the Malovan-

ka grade-separated intersection (construction lot 2A of the Strahov tunnel
construction, Ref. No. 0065). The development of the City Circle Road is
funded by the City of Prague.

Four radial roads of the total number of 7 planned radial roads are ope-
rating, namely the Stérboholy, Chodov, Chuchle and Prosek radial roads.
Part of the Vysocany radial road between the City Ring Road and Kbelska
Street is under construction. Regarding the two connecting roads, the Spo-
filov connecting road between the Chodov radial road and the City Circle
Road is operating. The development of radial roads and connecting roads
within the network of main roads is funded partly by the Prague munici-
pality, partly directly from the state budget.

ského tunelu evidenéni ¢islo 0065. Vystavba méstského okruhu je
finan¢né zajiStovana hlavnim méstem Praha.

Ze sedmi planovanych radiél jsou v provozu &tyfi — Stérboholskd,
Chodovskd, Chuchelskd a Proseckd. Ve vystavbé je &dst Vysolanské
radidly mezi silni¢cnim okruhem a Kbelskou ulici. Ze dvou pldnova-
nych spojek je v provozu spojka Sporilovskd mezi Chodovskou
radidlou a méstskym okruhem. Vystavba radial a spojek na siti hlav-
nich komunikaci je finan¢né zajiStovdna &dste¢né z prostiedku hlav-
niho mésta Prahy a Cdste€né piimo z prostredku stdtniho rozpodtu.

Planovand délka vnéjSiho silni¢niho okruhu je cca 83 km, toto

&islo se muze ménit v zdvislosti na vybéru vl(gneénych variant zejmé- The planned length of the City Ring Road amounts approximately to
na staveb 518, 519 a 520. V soucasné dob¢ je v provozu tsek Slive- 83km; this figure may vary depending on the selection of final variants of
nec — Ruzyné (stavby 515, 516 a 517 na zdpadnim obvodu Prahy) construction lots No. 518, 519 and 520. The Slivenec — Ruzyné section
a kréitky dsek Béchovice — Satalice (stavba 510, ve vychodni ¢dsti (construction lots No. 515, 516 and 517 found in the western part of the
Prahy), celkem zhruba 17 km. Stavby 513 a 514 jsou pfipraveny Prague circumference) and the Béchovice - Satalice short section (con-
k realizaci, zbyva pouze ziskat nezbytnd stavebni povoleni. Ostatn{ struction lot No. 510, in the western part of Prague), roughly 17km in total,
stavby jsou v ruzné fézi pripravy. Vystavba silni¢niho okruhu je are operating. Construction lots 513 and 514 are prepared for constructi-
plné finan&n€ zajistovdna z prostiedku stdtniho rozpoctu. on, only the necessary building permits have not been obtained yet. The

development of the Prague City Ring Road is funded by the state.

ZAVAZNA CAST UZEMNIHO PLANU,
NAVRHOVY HORIZONT ROK 2010 OBLIGATORY PART OF THE TERRITORIAL STRUCTURE PLAN,

V navrhovém horizontu izemniho planu, coz je rok 2010, byla PLANNING HORIZON THE YEAR 2010

zdvazné stanovena realizace sité hlavnich komunikaci v nésleduji- The f_ollowing obligatpry scope of development of main roads was
cim rozsahu: set within the 2010 planning horizon of the territorial plan:

e Completion of the entire City Circle Road.

e Completion of the Radlice radial road, i.e. a radial connection from
the Rozvadov connecting road (from the Bucharova crossing) to the
City Circle Road.

e Completion of the Libeni connecting road, i.e. a connection between
Libereckd and Cuprova Streets.

o The Ruzyné — Bfezinéves section in a northern part of Prague consis-
ting of two construction lots (No. 518 and 519) and the Vestec — Sli-
venec section in the southern part of the City Circle Road comprising
two construction lots (No. 513 and 514) should be put into operation.

In the longer run, after the planning horizon of the territorial plan (after

e Dokoncit cely méstsky okruh.
e Zrealizovat Radlickou radidlu, radidlni propojen{ z rozvadovské
spojky, z kfizovatky Bucharova na méstsky okruh.
o Zrealizovat libefiskou spojku, propojeni Libereckd — Cuprova.
o Na silni¢nim okruhu by mély byt zprovoznény tiseky Ruzyné —
Brezinéves, dvé stavby ¢. 518 a 519 v severni ¢dsti Prahy a dsek
Vestec — Slivenec, dvé stavby ¢. 513 a 514 v jizn{ ¢asti okruhu.
Ve vyhledu, po ndvrhovém horizontu tzemniho pldnu (po roce
2010) byly zarazeny stavby celé Bifevnovské radidly mezi silni¢nim
okruhem a méstskym okruhem a Cdst VysoCanské radidly v dseku

Kbelskd — méstsky okruh k dopravnimu uzlu Balabenka. Na silni¢- 2010), the plan contains all structures of the Bfevnov radial road between

nim okruhu byly do vyhledu zarazeny dvé stavby ¢. 511 a 512 v jiho- the Ring Road and the Circle Road, and part of the Vysocany radial road

vychodni ¢dsti Prahy v dseku Béchovice — Jesenice a stavba ¢. 520 within the section from Kbelskd Street - the City Circle Road to the Bala-

Bfezinéves — Satalice v severovychodni ¢dsti okruhu. benka traffic node. Construction lots No. 511 and 512 on the Ring Road, in

the southern part of the city, the Béchovice - Jesenice section, and the con-

2. POSTUP PRIPRAVY A PREDPOKLADY PQSTUPU struction lot No 520 Bfezinéves — Satalice) in the north-eastern portion of
REALIZACE JEDNOTLIVYCH STAVEB SITE HLAVNICH the Ring Road have been incorporated into the long-term planning.
KOMUNIKACI

21 f\)/IESUTSKY OCIJ(RUH 2. PROGRESS ON THE PREPARATION AND CONDITIONS

- FOR CONSTRUCTION OF INDIVIDUAL STRUCTURES

USEK MALOVANKA - PELC-TYROLKA OF THE NETWORK OF MAIN ROADS

Jak jiz bylo feCeno, byla zahdjena vystavby mimotdrovniové kiizo- 2.1 THE CITY CIRCLE ROAD
;i%yzidalovanka u severniho portdlu Strahovského tunelu, stavba THE MALOVANKA — PELC-TYROLKA SECTION
Cist r.néstského okruhu v tseku Malovanka — Pelc-Tyrolka je As mentioned above, the construction of the Malovanka grade-separated
zhruba ve stejné drovni projektové a investorské pripravy. Uvedeny intersection has been started at the northern portal of the Strahov Automobi-

usek sestavd celkem z péti staveb. Dvé stavby SAT 2A a SAT 2B le "gunnell (ktlhecc'ons(tjr.ucltio'n ]%t SI\/:T] 2A)'k Pele-Tyrolk . Hl
spadaji do 2. stavby Strahovského tunelu evidenéni &islo 0065. art of the City Circle in the Malovanka — Pelc-Tyrolka section is roughly

P vy P ) at the same level of design and investment preparation. This section consists of
E;IIEI:;'E k?l;m;élg((;vgg ﬁual;;f:&t%xs lgéil;kggsgk;laggﬁggig_ five construction lots. Two lots, SAT 2A and SAT 2B, come under the phase 2

Ky, pod ulici Patotkova za kii¥ovatku s ulici Myslbekova. Na obs of the Strahov tunnel construction, reference number 0065. They comprise the

. P P pape Malovanka grade-separated intersection with a short tunnel section 89m long
stavby Je)pravg)mocln e uzemrzl rozhodr}utl ([.JR)’ na stavbu SAT 2’,A and a 398m long tunnelled section from Malovanka, under Patockova Street,
byla vydana nékterd stavebni povoleni, realizace stavby byla zahd-

. . o . . p beyond the crossing with Myslbekova Street. Planning permissions (PP) for
jena, ale v soucasné dobé je stavba na zdkladé rozhodnuti soudu | i construction lots are in force, some of building permissions for the SAT

zastavena. ) » 2A construction lot have been issued and the construction work has started; for
Na 2. stavbu SAT navazuje soubor tif staveb Myslbekova — Pelc- the time being the work is suspended on the basis of a court ruling.

Tyrolka stavbou evidencni &islo 9515 Myslbekova — Prasny most. V A package of three constructions Myslbekova — Pelc-Tyrolka links to the

celé délce 915 m této stavby je trasa méstského okruhu vedena SAT 2 construction package through Myslbekova — Prasny Bridge construction

v tunelech. Déle navazuje stavba evidencn{ ¢islo 0080 Prasny most lot No. 9515. The City Ring Road route is tunnelled along the whole 915m

— Spejchar, v celé délce 660 m je opét trasa okruhu vedena v tune- length of this construction lot. The next construction lot, Pra$ny Bridge — Spej-

lech. Nejrozsahlejsi stavbou souboru staveb je stavba evidencni char, Ref. No 0080, is again a tunnel at the whole length of 660m. The

&islo 0079 Spejchar — Pelc-Tyrolka celkové délky 4320 m. Trasa largest construction lot of this construction package is the 4320m long Spejchar
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méstského okruhu je v této stavbé prevazné vedena opét v tunelech, — Pelc-Tyrolka lot, reference No. 0079. The route of the City Circle Road runs
v délce 3438 m. Zavére¢ny tsek trasy méstského okruhu na troj- again mostly in tunnels (3438m). The final section of the City Circle Road,
ském nabrezi pred mostem Barikddniki je v délce 882 m veden which is on the Troja embankment before the Barikddnikd Bridge, runs at grade
povrchove. at a length of 882m.

Soubor staveb Myslbekova — Pelc-Tyrolka mé od roku 2003 pra- .The Myslbekoya - Pelc—Tyroll_(a CO“SFI'UCtiOH package has its planning per-
vomocné tizemn{ rozhodnuti, byly zpracovany dokumentace pro sta- mission in force since 2003; the final design has been completed for constructi-

on lot No. 0079; some of the building permits have been issued. Building per-
mission proceedings covering deciding parts of the construction are in progress.
Some of the data is interesting: the work on the documents for issuance of the
PP started in June 1999, the PP has been in force since June 2003, i.e. after 4
years, which also comprised the solution of numbers of appeals; the deciding
building permit is expected to be issued at the end of 2006 or beginning of 2007,
which means other 4 years; the overall duration of the preparation phase
amounts to 8 years. The realistic term for the construction works is of 5 years!

The entire above-mentioned section of the City Circle Road from Malo-
vanka to Pelc-Tyrolka is 6382m long. A 5500m long portion of this section

vebni povoleni (DSP), na stavbu ev. ¢. 0079 byla jiZ vydédna nékte-
rd stavebni povoleni. Na rozhodujici ¢dsti stavby stavebni Fizeni
probihaji. Jen pro zajimavost, prdce na dokumentaci pro UR byly
zahdjeny v Cervnu 1999, pravomocné UR je z Cervna 2003, tj. 4 roky
véetné vyteSeni fady odvoldni, rozhodujici stavebni povoleni se
olekévaji na prelomu roka 2006/2007, to jsou dals{ 4 roky, celkové
zhruba 8 let piipravy. Pfitom redlnd lhita na vlastni realizaci je 5
roku!

Cely popisovany tdsek méstského okruhu Malovanka — Pelc-

Tyrolka mé délku 6382}“; z .tOhO 5590 m j? \:gdeno v tqnelovém is formed by Blanka, a complex of tunnels comprising four grade-separated
komplexu Blanka se ¢tyfmi mimotroviovymi kfizovatkami. Z tech- intersections. From the technical point of view, it is one of the most difficult
nického hlediska se jednd o jednu z nejndro¢néjsich dopravnich sta- traffic engineering structures to be built in the Prague conditions. The last rea-
veb, kterd bude v podminkdch Prahy realizovdna. Posledni redlnd listic idea of the construction time is the years 2006 — 2011. The end of 2001
predstava o realizaci je obdobi 2006 — 2011. Na konci roku 2011 by should see the whole section of the City Circle Road from the Strahov tunnel
mél byt zprovoznén cely tsek méstského okruhu od Strahovského to Pelc-Tyrolka operating.

tunelu po Pelc-Tyrolku.

Aggregated data on the Malovanka — Pelc-Tyrolka section of the CCR

Souhrnné udaje iseku MO Malovanka — Pelc-Tyrolka Total length of the CCR section 6382m
Celkova délka tdseku MO 6382 m Blanka complex of tunnels 5500m
Tunelovy komplex Blanka 5500 m At-grade part of the secFion 882m
Povrchovia &dst trasy 882 m Grade—se'parat'ed intersections (GSI)
Mimotroviiové kiizovatky on the City Circle Road MaEO\iankg GSI
na méstském okruhu MUK Malovanka Prasny’Bcn iz Gl
M[:JK Pras$ny most ;"jr(:;(;rlcl}ksﬂ sl
MUK U Vorlikt
p .. Pelc-Tyrolka GSI
MUK Troja Bridge structures on the CCR
o SALLIS e =il Malovanka GSI The bridge on Patockova Street
Mo}stnl objekty na MO over the CCR
MUK Malovanka Most na ulici Patoc¢kova pres MO The bridge on the G branch
Most na vétvi G The pedestrian bridge over the CCR
Most pro pési a zeleii pfes MO The pedestrian bridge over Patockova Street
Most pro pési pies ul. Patockova Construction lot Ref. No. 9515 The bridge on Svatovitskd Street over railway
Stavba ev. €. 9515 Most na ulici Svatovitskd pres CD Construction lot Ref. No. 0079 The Troja Bridge, a combined bridge over
Stavba ev. ¢. 0079 Trojsky most, sdruZeny most pres the Vltava
Vltavu Pedestrian and cycle subway under railway
Podchod pro péi a cyklisty pod CD Pedestrian subway under the CCR in Troja

Podchod pod MO Tréja

Construction lot Ref. No. 0065 — The Strahov Automobile

Tunnel - phases 2A and 2B

Stavba ev. ¢. 0065 Strahovsky automobilovy tunel — stavba 2A a 2B

- 2A / Malovanka GSI
2A/ MUK Malovanka 2A/ CCR cut and cover tunnels 89m
2A/ MO hloubené tunely 89 m 2B / CCR cut and cover tunnels 398m

2B/ MO hloubené tunely 398 m Construction lot Ref. No. 9515 Myslbekova Street — Prasny Bridge

Stavba ev. ¢. 9515 Myslbekova — Prasny most CRC i and cover tunnels —west  55m
CCR mined tunnels 552m

MO hloubené tunely zdpad 55 m CCR cut and cover tunnels —east ~ 308m
MO razené tunely 552 m Total length of the lot 915m
MO hloubené tunely vychod 308 m

Construction lot Ref. No. 0080 Prasny Bridge — Spejchar

Celkova délka stavby 915 m
- CCR cut and cover tunnels 660m

Stavba ev. ¢. 0080 Prasny most — Spejchar Total length of the lot 660m

MO hloubené tunely 660 m Construction lot Ref. No. 0079 Spejchar — Pelc-Tyrolka

Celkovd délka stavby 660 m CCR cut and cover tunnels in Letnd  647m
CCR mined unncls 221m
MO hloubené tunely Letnd 647 m CCR cut and cover t.unnelg in Troja ~ 570m
N CCR at-grade route in Troja 882m
OBk 222l m Total length of the lot 4320m
MO hloubené tunely Tréja 570 m
0] poYrct/lova () N S Blanka (see Fig. 2) is a tunnel complex with a total length of 5.5km con-
Celkov4 délka stavby A2 sisting of alternating mined sections and cut and cover sections. In the direc-
3 o o tion of the excavation, i.e. from the Malovanka GSI, the first section of the
vTunevlovy komplex Blankoa (obr. 2) celkové délky 5.5 km Sestava CCR runs through three-lane cut-and-cover tunnels at a total length of 542m,
stfidave z tunelovych dseku hloubenych a raZenych. Ve sméru sta- beyond the Myslbekova x Patockova intersection. In terms of the structure,
ni¢eni, tj. od MUK Malovanka je prvni isek trasy MO veden v hlou- the tunnels are partly built as a cast in situ reinforced concrete structure erec-
benych tifpruhovych tunelech o celkové délce 542 m za kfiZovatku | ted in an open trench and partly using structural diaphragm walls. At the end
Myslbekova x Pato¢kova. Konstrukéné se jednd o tunely realizova- of the cut-and-cover section, before the portal of the mined tunnels, there is
né Castené jako vestavény Zelezobetonovy monolit do oteviené an underground services centre SC 1. The basic problem of this section is
jamy a ¢dste¢né pomoci konstrukénich podzemnich stén. Na konci organisation of substitute routes for vehicular traffic for the Patockova Street
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I RaZeni tunely / Mined tunnels

m Hloubené tunely
Cut-and-cover tunnels

Obr. 2 Méstsky okruh v iiseku Malovanka — Pelc-Tyrolka, tunelovy komplex Blanka

Fig.2 The City Circle Road in the Malovanka — Pelc-Tyrolka section; Blanka complex of tunnels

hloubeného tseku pred portdlem raZenych tuneld je umisténo pod-
zemni technologické centrum TGC 1. Zakladnim problémem tohoto
useku je organizace ndhradnich tras pro automobilovou dopravu
mimo ulici Patockova v dseku Myslbekova — Malovanka, kde bude
probihd vystavba hloubenych tunelu. Tento hloubeny tsek je sou-
casti staveb SAT 2A, 2B a stavby 9515.

Navazuje dsek raZenych tuneld. Jednd se o dvé jednosmérné
tifpruhové tunelové trouby délky 552 m, vyrubniho prufezu cca
160 m2. Jsou vedeny od portélu pfed puvodnim opevnénim mezi uli-
cemi PatoCkova a Jeleni do prostoru kfizovatky Pra§ny most, k por-
tdlu umisténému za zbytky puvodniho opevnéni. Z hlediska profilu
tunelt a zastizené geologie je realizace tunelu klasifikovdna do
3. geotechnické kategorie. Bylo nutné vyfesit technologii realizace
tifpruhovych tuneld u vychodniho portdlu, kde severni tunelova
trouba zcela vystupuje ze skalniho podlozi do deluvidlnich sedi-
mentu, ¢astené se to tykd i trouby jizni. Skalni podloZi je tvofeno
souvrstvim letenskych bridlic. Na délku cca 80 m je navrZena hori-
zontélni tryskovd injektdZz doplnénd horizontdlnimi mikropilotami.
Cely usek raZenych tunelt néleZi do stavby 9515.

Déle navazuje velmi rozsdhly dsek hloubenych tunela celkové
délky 1615 m od Pra§ného mostu aZ po portdly navazujiciho raze-
ného tdseku u fotbalového stadionu AC Sparta. Celd tato ¢ast hlou-
benych tunelu je souddsti tif staveb 9515, 0080 a 0079. Jednd se
o dvou- a tfipruhové jednosmérné tunely v prevazujici délce se
stfedni délici st€nou, pouze u portdlu navazujicich razenych tseku
se tunelové trouby rozbihaji. Z hlediska realizace v tomto dseku pre-
vazuje technologie podzemnich konstrukénich stén, a to predevsim
z duvodu moZnych postupt vystavby, kde zdkladnim poZadavkem
bylo zachovan{ soucasnych kapacit pro povrchovou automobilovou
dopravu a MHD, a zachovani funkénosti rozhodujicich inZenyr-
skych siti. Metoda monolitickych konstrukei vestavénych do otev-
fenych stavebnich jam je uplatnéna v portdlovych &dstech tunelu.
Z hlediska ndro¢nosti feSeni se lze zminit o tfech dsecich této
¢asti MO.

Prvnim sloZitym dsekem bylo predevsim feeni postupu vystavby
pruchodu hloubenych tuneld pres kiiZovatku Pra§ny most z hledis-
ka podminek pro provoz automobilové dopravy, MHD a soubéZnou

section between the Myslbekova and Malovanka intersections, where the
cut-and-cover tunnel will be built. This cut-and-cover section is part of the
construction lots SAT 2A, 2B and construction lot 9515.

A mined tunnel follows. It is a twin-tube structure with 552m long three-
lane tubes, the excavated cross-section area of approximately 160m?2. It is led
from the portal before the former fortification between Patoc¢kova and Jelen{
Streets to the space of the Pra$ny Bridge intersection, to the portal which is
built in original fortification. In terms of the tunnel profiles and encountered
geology, the construction of the tunnels is categorised as the support class 3.
It was necessary to solve the excavation technique for the three-lane mined
tunnels at the eastern portal, where the northern tunnel tube completely lea-
ves the bedrock and enters diluvial sediments; this partly applies also to the
southern tube. The bedrock consists of Letnd Shale measures. A length of
approximately 80m will be excavated using horizontal jet grouting comple-
mented with horizontal micropiles. The whole section of the mined tunnels
belongs in construction lot 9515.

Next, there is a very long cut-and-cover tunnel section with the total length
of 1615m. It starts at PraSny Bridge and ends at the portal of the subsequent
mined section at the AC Sparta football stadium. The whole of this cut-and-
cover tunnel section is part of three construction lots, i.e. Nos. 9515,0080 and
0079. The double- and triple-lane unidirectional tunnel tubes have a common
central dividing wall along major part of the length; the tunnel tubes diverge
only at the portals of the adjoining mined tunnel tubes. In terms of the con-
struction technique, structural diaphragm walls prevail in this section, main-
ly because of the possibility to work on the tunnels and maintain the existing
capacity for surface vehicular traffic and urban mass transit as well as the
function of principal utility services. The method of cast-in-situ RC structu-
res erected in open trenches is designed for portal sections of the tunnels. In
terms of problems associated with this solution, it is possible to mention three
sections of this part of the CCR.

The first section, more difficult in terms of design, was the passage of the
cut-and-cover tunnels across the Prasny Bridge intersection where problems
of vehicular traffic, urban mass transit and concurrently carried out recon-
struction of a bridge over a railway on Svatovitska Street had to be solved. In
addition, part of the cut-and-cover tunnels in this section is the underground
services centre SC 2, the Prasny Bridge underground garages and an underg-
round structure of fire ventilation facility for the cut-and-cover tunnels.

Another difficult section is the cut-and-cover tunnel passage between
Hrad¢anskd metro station and an at-grade railway track. The northern part of
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prestavbu mostu pres CD na ulici Svatovitskd. Navic sou&asti hlou-
benych tuneld v tomto dseku jsou podzemni technologické centrum
TGC 2, podzemni gardze PraSny most a podzemni objekt poZarniho
vétrani pro hloubené tunely.

Dal§im ndro¢nym tsekem je pruchod hloubenych tunelu trasy
MO mezi vestibulem stanice metra Hrad¢anskd a dréhou CD. Pro
vystavbu hloubenych tunelu je severni st vestibulu ubourdna, po
realizaci silni¢nich tunelt se vestibul zpétné obnovuje véetné reali-
zace nového podchodu pod drahu CD do ulice Dejvicka.

Tretim ndro¢nym dsekem z hlediska organizace vystavby je pru-
chod hloubenych tuneld pod ulici Milady Hordkové mezi kfiZovatkou
Spejchar a tramvajovou smy&kou Spejchar. Tento tsek tunelil je rea-
lizovén v podzemnich konstrukénich sténach po dilatacich délenych
jak v podélném, tak v pri¢ném sméru, kdy bylo nezbytné vyftesit
napojovani nosné vyztuze ve stropnich a zdkladovych konstrukcich.

Soutdsti realizace hloubenych tuneld mezi Spejcharem a portaly
raZenych tuneli u Sparty jsou podzemni strojovna poZdrniho vétra-
ni Spejchar, technologické podzemni centrum TGC 3 a podzemni
gardze Letnd.

Od portalu u Sparty pod zdstavbou Letné, Stromovkou, plaveb-
nim kandlem, Cisafskym ostrovem, Vltavou az k portdlim na troj-
ském ndbrezi v drovni Trojského jezu je veden dsek raZenych tune-
1u celkové délky 2221 m. RaZené tunely jsou navrzeny jako jedno-
smeérné dvoupruhové, v tsecich, kde je z dopravniho hlediska nutny
napojovaci nebo odpojovaci pruh, piipadné stoupaci pruh pro poma-
14 vozidla, jsou navrZeny jako tiipruhové. Zvla§tnim pripadem
vyskytu tfipruhového tunelu jsou zdlivy u erpaci stanice, technolo-
gického centra TGC 5 a nékterych tunelovych propojek. V celé trase
severni tunelové trouby (STT) je navrzeno celkem 8 tunelovych
propojek, které ji propojuji s jizni tunelovou troubou (JTT). Nekte-
ré jsou navrZeny jako pruchozi, jiné jako prijezdné. Naproti kazdé
propojce se nachdzi SOS vyklenek s SOS mistnosti a pozdrnim
hydrantem. Soucdsti razeného useku jsou ddle podzemni razené
technologické centrum TGC 4, strojovna vzduchotechniky a trans-
formovna s rozvodnami a technologické centrum TGC 5 transfor-
movna s rozvodnami.

Horninové prostiedi stavby Spejchar — Pelc-Tyrolka je velmi pro-
menlivé. Tvorfi jej horniny ordovického stdfi, které jsou zde ve
sméru staniCeni zastoupeny od zaddtku stavby az k upati svahu
z Letné pis¢itymi bridlicemi letenského souvrstvi (monoténni i fly-
Sovy vyvoj) na které ve svahu z Letné navazuji jilovitoprachovité
bridlice libeniského souvrstvi (v délce cca 170 m). V prostoru stidva-
jici Slechtovy restaurace za&ind pasmo fevnickych kiemenct libefi-
ského souvrstvi o délce 60 m. Déle v dseku pod Stromovkou nava-
zuji pis¢itoprachovité bridlice dobrotivského souvrstvi, které v pro-
storu Cisafského ostrova prechézeji ve skalecké kiemence dobrotiv-
ského souvrstvi. Zbyvajici disek od trojského ndbreZi se nachdzi
v jilovitoprachovitych bridlicich dobrotivského souvrstvi.

Po zhodnoceni inzZenyrskogeologickych podminek, vyskového
vedeni trasy a nezbytnosti uplatnéni ruznych profili tuneld bylo

Obr. 3 Urbanistickd situace Radlické radidly
Fig. 3 Town planning situation of the Radlice Radial Road

Tufel

the station concourse structure will be demolished for the purpose of the con-
struction of the cut-and-cover tunnels; once the road tunnels construction is
completed the concourse will be built again, together with construction of
anew pedestrian subway under the railway track, to Dejvickd Street.

The third from the organisational point of view difficult section is the cut-
and-cover tunnel passage under Milady Hordkové Street between the Spej-
char intersection and Spejchar tramway loop. This tunnel section is built in
an open box between diaphragm walls, with dilatation blocks designed in
both the longitudinal and transverse directions; thus it was necessary to
design the splicing of principal reinforcing bars in the roof deck and founda-
tion structures.

Part of the work on the cut-and-cover tunnels between Spejchar and the por-
tals of the mined tunnels at the Sparta stadium in Spejchar underground venti-
lation plant facility, the SC 3 services centre and Letnd underground garages.

Another mined tunnel section, at a total length of 2221m, starts from the
portal at the Sparta stadium and continues under existing buildings in Letn4,
Stromovka park, a shipping canal, Cisarsky Island, the Vltava River up to
portals at the Troja embankment, at the level of the Troja weir. The mined
tunnels are designed as unidirectional double-lane structures; three-lane tun-
nels are designed for the sections where lanes for traffic-related purposes fee-
ding traffic in and out of the tunnel or a lane for slow moving vehicles are
required. Special cases of occurrence of the three-lane tunnel are bays at
a pumping station, at the SC 5 services centre and some of the cross passa-
ges. A total of 8 cross passages is designed for the whole alignment of the
northern tunnel tube (NTT) to connect it with the southern tunnel tube (STT).
Some of them are designed as passenger cross passages, some are vehicular
sized. An SOS niche is found across each cross passage. The niche contains
an SOS cabin and a fire hydrant. Further parts of the mined tunnel section are
the underground mined structure of the SC 4 services centre, a ventilation
plant facility and transformer station with a distribution substation, and the
SC 5 services centre, a transformer station with distribution substations.

The rock environment of the Spejchar — Pelc-Tyrolka construction packa-
ge is very variable. It consists of Ordovician rock types represented, in the
direction of chainage, from the starting point of the construction up to the foot
of the slope from Letnd by sandy shales of the Letnd Member (both monoto-
nous and flysh types of sedimentation), which are replaced by clayey-silty
shales of the Libenn Member at the slope from Letnd (at a length approxima-
tely of 170m). y

A 60m wide zone of Revnice Quartzite of the Libeti Member begins in the
area of the Slechta’s restaurant. Further on, in the section passing under Stro-
movka Park, there are sandy-silty shales of the Dobrotiv Member, which
change to Skalec quartzite of the Dobrotiv Member. The remaining section
from the Troja embankment on is found in claey-silty shales of the Dobrotiv
Member.

The assessment of the engineering geological conditions, the vertical
alignment of the route and the consideration of the necessity to use differing
tunnel cross sections resulted in a proposal to utilise the New Austrian Tun-
nelling Method (NATM). In case of tectonically disturbed sections or diffi-
cult geological conditions, there are additional measures designed to be utili-
sed when complex tectonic faults or increased ground water inflows are
encountered during the excavation for underground structures, but namely in
an approximately 160m long section starting at the foot of the slope from




navrzeno pouziti technologie nové rakouské tunelovaci metody
(NRTM). V pripadé zastiZeni tektonicky porusenych dsekd nebo
slozitych geologickych poméra jsou navrZena dopliikovd opatfeni.
Jejich vyuziti se pfedpoklddd v pripadech zastiZeni sloZité tektonic-
ké poruchy, zvySenych piitocich podzemni vody béhem razby pod-
zemnich objektu, ale zejména v dseku o délce cca 160 m od dpati
svahu z Letné pod aredlem Kralovské obory — Stromovky. V tomto
useku tunely prochdzeji mistem s nejniz$im nadloZim na rozhrani
nekvalitnich libeniskych bridlic a fevnickych kiemencu. VSechna
zde navrhovand opatfeni sméruji predev§im k maximdlnimu omeze-
ni vlivu realizace na reZim podzemnich vod predevsim v oblasti pod
PP Krélovskd obora a zamezeni vzniku mimorddnych uddlosti pfi
realizaci. Ve vySe uvedenych usecich o délkdch 160 m bude ochran-
nd obdlka provddéna pfedem pomoci horninovych a tryskovych
injektdZi z prazkumné Stoly, radidlnimi véjiti s dopliikovou t€snici
injektazi, pripadné horizontdlnich mikropilotovych destnika.

Zbyvajici ¢dst tunelového komplexu Blanka predstavuji hloubené
tunely tdseku MO Tréja véetné portdlové Cdsti v celkové délce
570 m. Hloubené tunely jsou vedeny v oteviené krajiné podél feky
Vltavy za protipovodiiovou ochranou. Hloubené tunely Tréja portd-
lova ¢ast zahrnuji podzemni technologické centrum TGC 6 a tsek
hloubenych tuneld s klenbovou konstrukei v Tréji v celkové délce
186 m. Ve zbyvajici &ésti se jednd se o usek hloubenych tuneld
s rovnym stropem v Tréji v délce 384 m. Tunely budou budovény
v otevienych stavebnich jaméch, které jsou pazeny do drovné skal-
ni baze podzemnimi nebo $tétovymi st€nami kotvenymi v nékolika
trovnich, ptfipadné odsvahovdnim. Jdma ve skalnim prostredi je
navrZena jako kotvend skalni sténa. Jednim z davodd pouZiti pod-
zemnich, respektive §tétovych stén je zajisténi minimdlniho pritoku
do stavebni jamy v pripadé zakladédni pod hladinou podzemni vody.
Osténi hloubenych tuneld je navrZeno jako Zelezobetonova monoli-
tickd konstrukce s celoplo§nou izolaci. Sou¢dsti hloubenych dseku
na trojském nébrezi je i realizace Casti protipovodnovych opatien{
etapy 0007 Trdja.

Zavérem k tomuto tdseku MO Ize konstatovat, Ze v souc¢asné dobé
probihaji vybérovd fizeni na zhotovitele souboru staveb, stavebni
casti useku Myslbekova — Pelc-Tyrolka, technologické vybavenosti
souboru staveb Malovanka — Pelc-Tyrolka a geotechnického moni-
toringu souboru staveb Myslbekova — Pelc-Tyrolka. Soubézné pro-
bihd intenzivn{ pfiprava pro zajiSténi prislu§nych stavebnich povo-
leni a spravnich rozhodnuti.

USEK PELC-TYROLKA — STERBOHOLSKA RADIALA

Severovychodni isek méstského okruhu sestdvéd ze dvou staveb,
evidencni ¢islo 0081 Pelc-Tyrolka — Balabenka a evidenc¢ni ¢islo
0094 Balabenka — Stérboholsk4 radidla (obr. 1). Na obé stavby byly
v roce 2004 zpracovany vyhleddvaci studie. V soucasné dob¢ je
zpracovdvana a projedndvdna dokumentace posouzeni vlivu stavby
na zivotni prostfedi EIA dle zdkona ¢. 100/2001 Sb., kterd pro oba
tiseky obsahuje nékolik variantnich feseni.

Trasa méstského okruhu ve stavbé 0081 délky cca 3,1 km je vede-
na od stdvajici mimourovniové kfiZzovatky Pelc-Tyrolka (u mostu
Barikddniku) podél pfirodni pamétky Bild skdla ke kfiZzovatce
U Kfize a ddle k Balabence s Casteénym vyuZzitim v této oblasti jiz
vybudovanych dopravnich staveb. Uvazovdny jsou dvé zdkladni
varianty propojeni.

Varianta 1 predpoklddd vedeni obou jizdnich sméra ve stopé ulice
Povltavské podél ramene Vltavy v patrovém usporadani. Ve spodni
trovni je veden smér z Pelc-Tyrolky na Balabenku Cédstedné v gale-
rii délky 575 m a Caste¢né v hloubeném tunelu délky 545 m. Smér
z Balabenky na Pelc-Tyrolku je veden povrchové po stropé tunelu
a galerie, nebo na mostnim objektu.

Varianta 2 predpoklddd vedeni jednoho jizdniho sméru ve stdva-
jici stopé ulice Povltavskd a druhého sméru v raZzeném tunelu pod
Bilou skdlou. Smér od Pelc-Tyrolky je povrchovy, smér od Bala-
benky je v tunelu celkové délky 1490 m, sestavajici ze tif hloube-
nych a dvou razenych dsekd. Soucdsti obou variant je zohlednéni
protipovodnovych opatfeni podél Vltavy.

Usek v prostoru U KiiZe — Balabenka je pro obé varianty shodny.
Jedna se o pomérné slozity dopravni uzel, kde ve velmi stisnéném
prostoru se na méstsky okruh napojuji jednak dal$i nadfazené mést-
ské silni¢ni komunikace (VysoCanskd radidla a Liberiskd spojka),
déle fada vyznamnych méstskych komunikaci (Zenklova, Proseckd,
Sokolovskd, Ceskomoravské), ale rovnéZ pripravované stavby
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Letnd, running under the area of the Royal Deer Park — Stromovka. In this
section, the tunnels pass through a location with the shallowest overburden,
through an intersection between low quality Liben shale and Revnice quart-
zite. All of the measures proposed for this section are designed with the main
aim of maximum limiting the impact of the works on the ground water regi-
me, above all in the area under the Royal Deer Park, and preventing origina-
tion of emergencies during the works. In those sections, a protective envelo-
pe will be provided in advance by means of rock grouting and jet grouting
from an exploration gallery, by radial fans with supplementary sealing grou-
ting, or using horizontal canopy tube pre-support.

The remaining part of Blanka tunnel complex comprises cut-and-cover
tunnels of the Troja CCR section, including the portal section, at a total
length of 570m. The cut-and-cover tunnels are led in an open landscape
along the Vltava River, behind flood protection walls. The portal section of
the Troja cut-and-cover tunnels comprises the SC 6 services centre and a cut-
and-cover tunnel section with a vaulted structure design in Troja, at a total
length of 186m. The remaining part with a flat roof in Troja is 384m long.
The tunnels will be built in open trenches with the sides sloped or supported
down to the rockhead level by diaphragm walls or sheet pile walls anchored
at several levels. The trench in a rock environment is designed as an ancho-
red rock wall. One of the reasons for the utilisation of diaphragm walls or
sheet pile walls is the effort to guarantee minimum inflow of ground water
into the construction trench in the case of the foundation carried out under
the water table. The in situ reinforced concrete structure of the cut-and-cover
tunnels is provided with a waterproofing system covering all sides of the
cross section. Part of the cut-and-cover tunnel section at the Troja emban-
kment is construction of flood protection facilities contained in the construc-
tion lot 0007, Troja.

To conclude this section of the CCR, it is possible to state that currently
the tender proceedings are in progress to select the contractor for the con-
struction package consisting of civils for the Myslbekova — Pelc-Tyrolka sec-
tion, equipment for the Malovanka — Pelc-Tyrolka construction package and
geotechnical monitoring for the Myslbekova — Pelc-Tyrolka construction
package. Intensive preparation for obtaining relevant building permits and
administrative decisions is underway simultaneously.

THE PELC-TYROLKA - STERBOHOLY RADIAL ROAD SECTION

The north-western section of the City Circle Road consists of two con-
struction lots, i.e. Pelc-Tyrolka — Balabenka lot, Ref. No. 0081, and Bala-
benka — gtérboholy Radial Road, Ref. No. 0094 (see Fig. 1). Location studi-
es for the two lots were developed in 2004. Currently the Environmental
Impact Analyses for both sections are being developed in compliance with
the Law No. 100/2001 Coll.; they contain several variants for each of them.

The approximately 3.1km long alignment of the construction lot No. 0081
of the City Circle Road runs from the existing Pelc-Tyrolka grade-separated
intersection (at the Brigddnikt Bridge) along the Nature National Monument
of Bil4 Skala rock, to the U K¥iZe intersection and further to Balabenka, part-
ly utilizing traffic structures built in this area before. Two basic variants of
the connection are under consideration.

The variant 1 assumes both travel directions to be led in the ground plan
of Povltavskd Street, along a branch of the Vltava River, in a double-deck
arrangement. The direction from Pelc-Tyrolka toward Balabenka is led at the
lower level, partly under a 575m long shed and partly in a cut-and-cover tun-
nel. The direction from Balabenka toward Pelc-Tyrolka is led at grade, on the
roof deck of the tunnel and the shed, or on a bridge structure.

The variant 2 assumes one travel direction to be led in the current ground
plan of Povltavska Street and the other direction in a tunnel driven under Bild
Skdla rock. The direction from Pelc-Tyrolka is led at grade the direction from
Balabenka is in a 1490m long tunnel consisting of three cut-and-cover secti-
ons and two mined sections. Parts of both variants are flood protection mea-
sures along the Vltava.

The section in the area of U Kfize — Balabenka is identical for both vari-
ants. It is a relatively difficult traffic node where other higher-ranking urban
roads (the VysoCany radial road and connecting Liben connecting bybass
road) as well as several significant streets (Zenklova, Proseckd, Sokolovska,
Ceskomoravskd) and also roads being prepared for construction, i.e. Pobez-
ni Street IV and V, connect to the City Circle Road within very constrained
space. The system of the intersection therefore must provide not only a pos-
sibility to connect to the City Circle Road, but also a possibility for all of the
roads to be interconnected. This is why a coordination documents package
was developed in 2005 solving the problem of the U KfiZe — Balabenka traf-
fic node. The solution also contains several bridge structures and a tunnel for
a ramp between the Vysocany radial road and the City Circle Road, passing
under a high embankment of the HoleSovice rail track relocation.
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Pobrezni IV a V. Systém kriZzovatky tak musi zajistit nejen moznost
napojeni na méstsky okruh, ale rovnéz i mezi vSemi ostatnimi
komunikacemi. V roce 2005 proto vznikla koordina¢ni dokumenta-
ce dopravniho uzlu U KfiZe — Balabenka fe$ici tento problém. Sou-
Casti feSeni je nékolik mostnich objektl a rovnéZ tunel pro rampu
mezi VysoCanskou radidlou a méstskym okruhem pod vysokym
Zelezni¢nim ndsypem holeSovické prelozky.

Stavba 0094 Balabenka — Stérboholskd radidla délky cca 5,5 km
byla pivodné provéfovdna ve dvou variantdch, které se odliSovaly
detaily prichodu v dzemi a délkami tunelovych tseka. Ndsledné pri
dopracovédni technickych podkladd pro dokumentaci posouzeni
vlivu stavby na Zivotni prostiedi byly upresnény dvé upravené vari-
anty feSeni. U obou variant je trasa méstského okruhu v dseku od
propojeni jizni spojky a Stérboholské radidly vedena povrchové
s kiizovatkami MUK V Olgindch a MUK Cernokosteleckd. V pro-
storu starych MaleSic trasa vchdzi do tunelu, nejdfive hloubeného
a ndsledné razeného, celkové délky cca 1100 m. Tunel vyustuje na
Ceskobrodskou ulici (MUK Ceskobrodskéd) a v prostoru Jarova
(MUK Jarov) se trasa opét nofi do hloubeného tunelového tseku
délky cca 1,7 km. V prevdzné délce pokracujici tunely sleduji stopu
stdvajici ulice Spojovaci a konéi pfed podjezdem pod Zelezni¢ni
trati Praha hl. nddrazi — Praha Liben. Ob¢ predpokladané varianty se
lisi pouze v tseku Jarov — Balabenka, a to mnoZstvim kfizovatek
a uvazovdnim raZeného tunelu pod Balkdnem pro smér od Jarova.
V tvahéch je jesté tfeti varianta, predstavujici vedeni méstského
okruhu, navazujici na Ceskobrodské ulici na tunel od Maleic pfimo
dal$im tunelem sméfujicim raZenou trasou na Balabenku. Celkovd
délka tunelu z MaleSic a7 pred Balabenku dosahuje 2,7 km. Tato
varianta sice zkracuje trasu, ale opousti stopu danou tzemnim
plénem.

Souhrnné udaje tseku Pelc-Tyrolka — Stérboholska radidla

Celkova délka

Ostatni udaje je velice t€7ké uvadet, zavisi na vysledku vybéru
variant v jednotlivych stavbdch a vysledku projedndvani
v procesu EIA.

8770 m

2.2. RADIALNI KOMUNIKACE A KOMUNIKACNI SPOJKY
RADLICKA RADIALA, STAVBA EVIDENCNI CiSLO 9567

Celd trasa Radlické radidly propojuje silni¢ni okruh, z mimotrov-
nové kfizovatky silni¢ni okruh x ddlnice D5, s méstskym okruhem
ve Zlichovském podjezdu. Cést radidly aZz po mimotroviiovou kii-
zovatku Bucharova je jiz delsi dobu v provozu pod ndzvem Rozva-
dovskd spojka. Pfedmétem pripravy stavby evidenéni &islo 9567 je
tedy dopojeni trasy radidly mezi MUK Bucharova a Zlichovskym
podjezdem na méstském okruhu (obr. 1 a 3). V urbanistické studii
Radlice — Jinonice z kvétna 2002 byla Radlickd radidla uvazovana
ve dvou variantich — ,méstské* a ,,segregované“. Na objedndvku
SURM MHMP byla v ¢ervnu 2003 zpracovdna studie provéreni rea-
lizovatelnosti Radlické radidly, kde byla stabilizovdna stopa radidly
v modifikované segregované varianté. Dokumentace byla projedné-
na a stala se podkladem pro zménu dzemniho pldnu a pro zahdjen{
projektové a investorské pripravy stavby v roce 2005. Projektova
priprava v soucasné dobé probihd zpracovanim dokumentace DUR
pro dzemni fizeni a dokumentace EIA dle zdkona ¢. 100/2001 Sb.

Trasa radidly je vedena z MUK Bucharova povrchové ve vyme-
zeném koridoru k MUK Reporyjsk4, ddle pfes oblast Butovic a Jino-
nic, kde jsou navrzeny dva kratké tunely. Za MUK Jinonice je trasa
vedena v tunelech az ke Zlichovskému podjezdu, kde v rdmci
vystavby méstského okruhu byly zaloZeny zdrodky budoucich ram-
povych napojeni radidla x méstsky okruh. Celkova délka trasy je
5420 m. Provozni dsek A délky 1650 m je veden povrchové. V pro-
voznim udseku B délky 1500 m jsou dva hloubené tunely, tunel Buto-
vice délky 341 m a tunel Jinonice délky 307 m. Provozni dsek C
délky 2270 m je veden pfevazné v jednosmérnych raZenych tune-
lech (tunel Radlice), kde celkova délka vSech jednosmérnych tune-
lovych tsekl veetné rampovych napojeni na podjezd na Zlichové je
5476 m.

V nadloZi raZzeného tunelu Radlické radidly se vyskytuji pokryvy
kvartérniho stéari, leZici na staropaleozoickych hornindch skalniho
podlozi. Vyskytuji se zde predevsim deluvidlni a eolické sedimenty,

TuNel

Construction lot No. 0094, Balabenka — Stérboholy Radial Road, with the
length roughly of 5.5km, was originally examined in two variants, which dif-
fered in details of the passage across the area and the length of tunnelled sec-
tions. Subsequently, in the phase of elaboration of technical background
materials for the EIA, two improved variants were developed. Both of the
variants solve the route of the City Circle Road section from the junction of
the Southern Connecting Road and the Stérboholy Radial Road as an at-
grade road, with the V Ol§indch GSI and Cernokosteleckd GSI intersections.
In the area of old MaleSice, the route enters a tunnel, first a cut-and-cover tun-
nel and then a mined tunnel (the total length approximately of 1100m). The
tunnel ends at Ceskobrodska Street (the Ceskobrodska GSI); in the area of
Jarov (the Jarov GSI) the route again dips into a cut-and-cover tunnel secti-
on about 1.7km long. Major part of the length of the tunnels follows the
ground plan of current Spojovaci Street. The tunnels end before the passage
under the Prague Main Station — Prague Liben railway track. The two expec-
ted variants differ only in the Jarov — Balabenka section, in the number of
intersections and in consideration of a mined tunnel under Balkan for the
direction from Jarov. There is even a third variant under consideration, where
the City Circle Road route connects to a tunnel from Malesice at Cesko-
brodskd Street directly through another tunnel, which runs along the mined
route to Balabenka. The total length of the tunnel from MaleSice up to a point
before Balabenka amounts to 2.7km. On one hand this variant cuts the length
of the alignment, on the other hand it abandons the alignment approved in the
land-use plan.

Summary data on the Pelc-Tyrolka — §térb0holy Radial Road

8770m

The other data is difficult to present. It depends on the result of the
variant selection for individual construction lots, and on the result of
negotiations during the EIA process.

Total length

2.2 RADIAL ROADS AND CONNECTING ROADS

THE RADLICE RADIAL ROAD — CONSTRUCTION LOT
REF. NO. 9567

The entire route of the Radlice Radial Road interconnects the City Circle
Road from the Prague Ring Road x the D5 motorway intersection with the
City Circle Road in the Zlichov Underpass. Part of the radial road up to the
Bucharova grade-separated intersection has been operating for rather a long
time under the name of the Rozvadov Connecting Road. The subject of pre-
paration of the construction lot No. 9567 is the completion of the connection
of the route of the radial road between the Bucharova GSI and the Zlichov
Underpass on the City Circle Road (see Figures 1 and 3). The land-use study
for Radlice — Jinonice of May 2002 considers two variants of the Radlice
Radial Road, i.e. the ‘urban‘ variant and ‘segregated’ variant. Based on an
order placed by SURM MHMP, a feasibility study on the Radlice Radial
Road was developed in June 2003. The study stabilised the alignment of the
radial road in a modified segregated variant. The document was negotiated
and became the background document for a change in the territorial structu-
re plan and for commencement of the design and investment preparation of
the construction in 2005. The design preparation is currently underway, the
DUR is being developed for the purpose of the zoning and planning procee-
dings, and for the EIA documents according the Law No. 100/2001 Coll.

The route of the radial road is led from the Bucharova GSI within the
determined corridor, at grade, to the Reporyjskd GSI, further on via the area
of Butovice and Jinonice where two short tunnels are designed. From the
Jinonice GSI the route runs through tunnels up to the Zlichov Underpass
where germs of future ramp connections between the radial road and the City
Circle Road have been founded in the framework of the development of the
City Circle Road. The total length of the route amounts to 5420m. The A ope-
rational section at a length of 2270m is led at grade. The 1500m long opera-
tional section B contains two cut-and-cover tunnels, i.e. the Butovice tunnel
and Jinonice tunnel, 341m and 307m long respectively. The 2270m long ope-
rational section C is led mostly in unidirectional mined tunnels (the Radlice
tunnel) where the total length of all unidirectional tunnel sections inclusive
of ramp connections to the Zlichov underpass amounts to 5476m.

The overburden of the tunnel on the Radlice Radial Road consists of Qua-
ternary deposits laying on Lower Palaeozoic rock forming the bedrock. Dilu-
vial and Eolith sediments, fluvial sediments and anthropogenic fills prevail
there. The bedrock in the area of operations is represented by Lower Palaeo-
zoic rock types of very variable stratigraphic composition. In terms of the
area covered and stratigraphic representation, Ordovician rocks abound;
upper Silurian, Devonian and Cretaceous rock types are less represented.




fluvidlni sedimenty a antropogenni uloZeniny — navdzky. Skaln{
podlozi je v zdjmovém tzemi reprezentovdno horninami stars$iho
paleozoika, velmi pestrého stratigrafického zastoupeni. Nejhojné;jsi
jsou svoji ploS$nou rozlohou i stratigrafickym zastoupenim horniny
ordovického stdfi, méné jsou zastoupeny mladsi horniny silurské,
devonské a kridové.
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Utvar 0Oddil Stupen Stratigraficka jednotka
KRIDA svrchni CENOMAN perucké souvrstvi
DEVON spodni DALEJ  dvoreckoprokopské souvrstvi

3 PRIDOL pridolské souvrstvi
svrchni

SILUR LUDLOW kopaninské souvrstvi

spodni WENLOCK liteniské souvrstvi
; KOSOV kosovské souvrstvi
svrchni ~
KRALODVOR  kralodvorské souvrstvi
zahoranské souvrstvi
ORDOVIK .
stfedn{ BEROUN bohdalecké souvrstvi

vinické souvrstvi

letenské souvrstvi

HYDROGEOLOGICKE POMERY

Generelné 1ze podzemni vodu v zdjmovém tzem{ radit ke dvéma
typum:

e podzemni voda v prostfedi s pralinovou propustnosti

e podzemni voda v prostredi s puklinovou propustnosti v horni-

nédch skalntho podlozi

V razenych tunelech jsou oekdvany nejvetsi pritoky v devon-
skych a silurskych vdpencich. Nelze zde vyloucit zvodnélé krasové
zdvrty, jaké byly zastizeny pri razbé kolektoru Nad Koulkou, kde
doslo k ¢dsteénému zaplaveni Stoly pfivalem vody a zeminy.

BREVNOVSKA RADIALA, STAVBA EVIDENCNI CISLO 7553

Trasa Bfevnovské radidly (obr. 1 a 4) propojuje silniénf okruh ze
stdvajici mimotdroviiové kfizovatky mezi Repy a Hostivicemi (téZ
napojeni pldnované komunikace R6 Praha — K.Vary) pfes Vypich
k méstskému okruhu v MUK Malovanka. Celd radila byla pavod-
né zarazena do vyhledu tzemniho pldnu v ¢asovém horizontu po
roce 2010.

V roce 2001 byla pro SURM MHMP zpracovéna dopravni studie
Brevnovské radidly s jednoznaénym zaddnim provérit plo§né ndro-
ky stavby a stabilizovat rdmec technického feSeni prichodu radialy
v tzemi, s cilem zaradit trasu Brevnovské radidly v dseku Silni¢ni
okruh — Vypich do ndvrhového horizontu vdzemniho pldnu pred
rokem 2010. Studie feSila variantné podminky prichodu trasy radi-
aly pres tizemi MC Repy, prichod pres tizemi svahu Bilé hory podél
Motolské nemocnice s cilem maximélné respektovat ochranu pfi-
rodniho prostfedi i za cenu omezen{ dopravnich parametrd. V oblas-
ti kiizovatky Vypich studie potvrdila puvodni ndvrh tdzemniho
pldanu. Usnesenim ZHMP ¢. 11/13 ze dne 30. 10. 2003 k ndvrhu
zmén 03 tzemniho pldnu byla schvdlena zména ¢&. Z0066, kterd
zdvazné stanovuje trasu Bfevnovské radidly v useku silni¢ni okruh
— kfizovatka Vypich v ndvrhovém horizontu do roku 2010. Dalsi
Cast trasy radidly za krizovatkou Vypich, k napojeni na méstsky
okruh v krizovatce Malovanka, byla ponechdna jako vyhled po roce
2010 s vymezenou tizemni rezervou ve stopé ulice Patockova.

V zari 2004 byla zpracovéna technickd ovérovaci studie, kterd
variantné provéfovala moZnd technickd feSeni, predevsim prichod
radidly pres Repy a vyhledovy tsek radidly Brevnovsky kldster —
Malovanka. Zéavéry projedndni studie se staly podkladem pro
posouzeni celé trasy z hlediska ekonomickych celospolecenskych
piinosu, feasibility study a posouzeni vlivu stavby na Zivotni pro-
stfedi dle zdkona ¢. 100/2001 Sb., dokumentace EIA. Na zdkladé
pozadavku ekologickych iniciativ z oblasti Bfevnova je v soucasné
dobé provérovdna moznost vedeni Brevnovské radidly v useku
Malovanka — Vypich zcela mimo koridor stanoveny dzemnim pléd-
nem. Varianta predpoklddd raZeny tunel délky cca 2 km, ovSem
s komplikovanou a netdplnou kfiZzovatkou Malovanka.

Vysledné, doporucené varianty technického feSeni v jednotlivych
dsecich radidly vyplynou z dokonceni procesu zpracovani a projednan{

Period Part Degree Stratigraphic Unit
CRETACEOUS upper CENOMANIAN Peruc Member
DEVONIAN lower DALEJ Dvores-Prokopy Member
PRIDOL Piidol Member
upper
SILURIAN LUDLOW Kopaniny Member
lower WENLOCK Liten Member
KOSOV Kosov Member
upper -
KRALOVODVOR  Kraluv Dvur Member
Zahorany Member
ORDOVICIAN )
middle BEROUN Bohdalec Member

Vinice Member

Letnd Member

HYDROGEOLOGICAL CONDITIONS

In general, ground water in the area of operations can be categorised as two
types:

e ground water in an environment featuring intrinsic permeability

e ground water in an environment featuring fissure permeability (in the

bedrock)

Regarding the mined tunnels, the most intensive inflows are expected in
Devonian and Silurian limestones. Even karstic sinkholes similar to those
encountered during the excavation of the Nad Koulkou utility tunnel, where
the gallery was partially inundated by an inrush of water and soil, cannot be
excluded.

THE BREVNOV RADIAL ROAD — CONSTRUCTION LOT
REF. NO. 7553

The route of the Brevnov Radial Road (see Figures 1 and 4) connects the
Prague Road Ring from the existing grade-separated intersection between
Repy and Hostivice (also the connection of the planned R6 road Prague —
Karlovy Vary) via Vypich with the City Circle Road at the Malovanka GSI.
The entire radial road was originally incorporated in the territorial structure
plan into the longer run after 2010.

In 2001, a Traffic Study on the Bfevnov Radial Road was developed for
the SURM MHMP, with an explicit task of verifying area-related demands of
the construction and stabilising the framework of the technical solution to the
passage of the radial road across the area, with the aim of incorporating the
Bfevnov Radial Road route in the Prague Radial Road — Vypich section into
the proposed horizon of the territorial structure plan before 2010. The study
solved variants of the conditions of the passage of the radial road route across
the Repy district, passage across the area of the slope of Bild Hora mountain
found along the Motol hospital, with the aim of maximum respect paid to
nature preservation even at the cost of restrictions on the traffic parameters.
The study confirmed the original proposal of the territorial plan for the area
of the Vypich intersection. The ZHMP Resolution No. 11/13 of 30.10.2003
regarding the proposal of changes (03) of the territorial plan approved the
change No. Z0066, which determines the obligatory term for the route of the
Bfevnov Radial Road in the section from the Prague Radial Road to the
Vypich intersection to be within the propsed horizon by 2010. The other part
of the radial road route beyond the Vypich intersection to the connection to
the City Circle Road at the Malovanka intersection was left as a long run task
after 2010, with the determined territorial reserve following the ground plan
of PatoCkova Street.

A technical validation study which checked variants of possible technical
solutions, above all the passage of the radial road through Repy and the long-
run section of the radial road from Bfevnov Monastery to Malovanka was
developed in September 2004. The conclusions of the negotiations on the
study became a source document for assessment of the entire route in terms
of socio-economic benefits, for the feasibility study, the EIA according to the
Law No. 100/2001 Coll. and the EIA documents. Based on requirements of
environmental groups from the area of Brevnov, a possibility of the Brevnov
Radial Road route section Malovanka - Vypich running entirely outside the
corridor set in the territorial plan is currently being analysed. This variant
assumes an about 2km long mined tunnel, but with a complicated and incom-
plete solution of the Malovanka intersection.

The resulting recommended variants of the technical solution to individu-
al sections of the radial road will follow from the conclusion of the process
of development and negotiation of EIA-documents. They will become the
background documents for development of DUR documents. Based on the
progress of the work on the studies, it is realistically possible to start the
design and investment preparation of the Brevnov Radial Road construction
in 2006.
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Obr. 4 Urbanistickd situace tiseku Brevnovské radidly: a) oblast ﬂepy, b) oblast Motolskych sklddek, c) oblast Vypichu a Brevnovského kldstera, d) oblast
ulice Patockovy a kriZovatky Malovanka

Fig. 4 Town planning situation of a section of the Brevnov Radial Road: a) the area of Iéepy, b) the area of Motol landyfills, c) the area of Vypich and
Bievnov Monastery, d) the area of Patoc¢kova Street and the Malovanka intersection




dokumentace EIA a budou podkladem pro zpracovani dokumentace
DUR. Na zdkladé dosavadniho prubéhu studijnich praci je mozné redl-
né zahdjit projektovou a investorskou piipravu realizace stavby Brev-
novské radidly v roce 2006.

Celkova délka trasy radidly mezi silni¢nim okruhem a méstskym
okruhem je cca 6907 m. V trase radidly jsou dvé mezilehlé mimou-
roviové kiiZzovatky, napojeni na ulici Sldnskd a krizovatku Vypich.
S mimodrovnovou kfiZovatkou Malovanka bude po vystavbé Brev-
novské radidly spolupracovat povrchova kfiZzovatka Pod Krdlovkou.
Z dosavadnich vysledka projedndni studijnich praci vyplyvaji poZa-
davky vést trasu radidly v co nejvet§sim rozsahu v tunelovych stav-
béch, predev§im hloubeného charakteru.

Souhrnné idaje k Brevnovské radiale

Celkova délka 6907 m
Tunelové useky (Repy, Vypich,

Brevnovsky klaster — Malovanka) 3995 m
Povrchova trasa 2912 m

VYSOCANSKA RADIALA, STAVBA EVIDENCNI CISLO 0053
(1. USEK)

Vysoc€anskd radidla v konec¢ném stavu propojuje silni¢ni okruh
(Satalice) s méstskym okruhem v kfizovatkovém uzlu Balabenka
(obr. 1). Z hlediska pfipravy i postupu vystavby byla radidla rozdé-
lena do dvou dseku. 1. dsek radidly Satalice — Kbelskd je v soucas-
né dobé v realizaci, probihd realizace mimotroviové kfizovatky
Kbelskd, na kterou bylo vyddno stavebni povoleni. 2. tsek mezi
prumyslovym polookruhem MUK Kbelské a uzlem Balabenka na
méstském okruhu je v drovni studijntho provéfovdni.

V tnoru 2005 byla odevzddna vyhleddvaci studie Vysocanské
radidly v dseku Balabenka — Kbelskd. Trasa radidly ve 2. tseku
klesd povrchové od MUK Kbelskd do soubéhu s trati CD Praha —
Lysd nad Labem k navrhované mimotrovinové kfiZzovatce s ulici
Vysocanskd (estakdda). Za touto kfiZzovatkou prechdzi radidla do
razeného tunelového dseku az po napojeni na méstsky okruh v uzlu
Balabenka. Toto napojeni bylo feSeno variantné. Koordinalni studie
dopravniho uzlu Balabenka zpracovand ndsledné, ve vazb¢é na
vyhleddvaci studii Libenské spojky, pfinesla pozitivni zavér s inva-
riantnim dopravné fungujicim feSenim.

Souhrnné udaje k Vysocanské radiale

1. uisek Satalice — Kbelska
Celkova délka, povrchova trasa 5000 m
Poéet mostnich objekta 7

2. usek Kbelska — Balabenka
Celkova délka

Tunelovy tsek

3450 m
1210 m

LIBENSKA SPOJKA, STAVBA EVIDENCNI CiSLO 8313

Libenskd spojka je tizemnim pldnem zarazena jako sbérnd komu-
nikace méstského vyznamu, propojuje Proseckou radidlu (Liberec-
kd, V HoleSovic¢kdch) z mimotiroviiové kfizovatky Vychovatelna na
méstsky okruh v oblasti Balabenky (U KfiZe). Vzhledem k intenzi-
tdm provozu a zdrojim a cilum dopravy je vSak tfeba Liberiskou
spojku povazovat za komunikaci celoméstského vyznamu, a to
minimélné pro severovychodni oblast Prahy (obr. 5).

V bieznu 2005 byla zpracovdna vyhleddvaci studie Libeniské
spojky, kterd po projedndni stabilizovala pruchod této dopravni
stavby dzemim a stanovila technické feSeni. Na tuto prici navazo-
vala koordina¢ni dopravni studie dopravniho uzlu Balabenka, styku
tif staveb (méstského okruhu, Libeniské spojky a VysoCanské radia-
ly), které se vzdjemné propojuji v oblasti mezi ulici Zenklova
a Balabenkou. Studie byla odevzdana v srpnu 2005 a dala pozitivni
odpovéd na redlnost umistén{ navrzeného stavebné dopravniho fese-
ni ve stdvajicim meéstském prostfedi a potvrdila dopravni bezkolizn{
funkénost tohoto dopravniho uzlu. Uvedené studijni prace jsou
brany jako nezbytny podklad pro upravy tzemniho pldnu, podklad
pro stanoveni rozsahu vySe uvedenych dopravnich staveb a umoz-
nuji pokraCovat prakticky invariantné v projektové a investorské
pripravé jednotlivych staveb.

Z technického hlediska predstavuje Libeniskd spojka v podstaté
tunelové propojeni mimotroviové kiizovatky Vychovatelna, potazmo
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The total length of the radial road between the Prague Ring Road and the
City Ring Road is approximately of 6907m. There are two intermediate
grade-separated intersections, the connection to Sldnskd Street and the
Vypich intersection on the radial road route. When the Brevnov radial road
construction is finished, the Pod Krdlovkou at grade intersection will interact
with the Malovanka grade-separated intersection. The existing results of the
negotiations over the studies suggest that the radial road route should be pla-
ced into tunnels, above all of the cut-and-cover character, at as large a scope
as possible.

Summary data on the Brevnov Radial Road

Total length 5 6907m
Tunnelled sections (Repy, Vypich,

Brevnov Monastery — Malovanka) 3995m
At grade route 2912m

THE VYSOCANY RADIAL ROAD, CONSTRUCTION LOT
REF. NO. 0053 (1ST SECTION)

The Vysocany Radial Road at its final state connects the Prague Ring Road
(Satalice) with the City Circle Road at the Balabenka intersection (see
Fig. 1). In terms of the preparation and construction progress, the radial road
was divided into two sections. The 1st section of the road, Satalice — Kbelska
Street, is currently under construction; the construction of the Kbelskd grade-
separated intersection is in progress (the building permit for this construction
has been issued). The 2nd section between an industrial semi-circle road bet-
ween the Kbelskd GSI and the Balabenka intersection on the City Ring Road
is in the phase of verification studies.

The location study for the Vyso¢any Radial Road, the Balabenka — Kbel-
skd section, was submitted in February 2005. The alignment of the 2nd sec-
tion of the radial road falls at grade from the Kbelskd GSI to a section paral-
lel with the Prague — Lysd nad Labem railway line, up to the designed grade-
separated intersection with VysoCanskd Street (a viaduct). Beyond this inter-
section, the radial road enters a mined tunnel section ending at the connecti-
on to the City Circle Road at the Balabenka intersection. This connection was
solved in variants. The coordination study for the Balabenka traffic node,
which was developed subsequently in relation to the location study for the
Liben connecting road, brought a positive conclusion with an invariant solu-
tion well functioning in terms of traffic.

Summary data on the Vysocany Radial Road

1st section: Satalice — Kbelska

Total length — the at grade route 5000m
The number of bridge structures 7

2nd section: Kbelska - Balabenka

Total length 3450m
Tunnelled section 1210m

THE LIBEN CONNECTING ROAD, CONSTRUCTION LOT
REF. NO. 8213

The Liben Connecting Road is categorised in the territorial structure plan
as a bypass road of municipal importance level; it connects the Prosek Radi-
al Road (Libereckd Street, V HoleSovickdch Street) from the Vychovatelna
grade-separated intersection to the City Circle Road in the area of Balabenka
(U Krize). However, with respect to the traffic volume and sources and objec-
tives of the traffic, it is necessary to consider the Libeni connecting road as
aroad of city-wide importance, at least for the north-eastern region of Prague
(see Fig. 5).

A location study for the Liben Connecting Road was developed in March
2005. After conclusion of negotiations, this study stabilised the passage of
this traffic structure through the area and determined the technical solution.
This work was followed by a coordination traffic study on the Balabenka
traffic node, an intersection of three constructions (the City Circle Road,
Liben Connecting Road and VysoCany Radial Road), which get interconne-
cted in the area between Zenklova Street and Balabenka. The study was sub-
mitted in August 2005; it gave a positive answer regarding feasibility of pla-
cement of the designed structural and traffic solution in the existing urban
environment and confirmed that, in terms of traffic, this traffic node is capa-
ble of collision-free functioning. The above-mentioned studies are understo-
od to be source documents necessary for changes in the territorial structure
plan, source documents for determination of the scope of the above-mentio-
ned traffic constructions. They make continuation of the design and invest-
ment preparation of the individual constructions possible.

From the technical point of view, the Liben Connecting Road essentially
represents a tunnelled connection between the Vychovatelna grade-separated
intersection (and also Zenklova Street and the Prosek Radial Road) with the
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Obr. 5 Urbanistickd situace Liberiské spojky
Fig. 5 Town planning situation of the Libent Connecting Road

Zenklovy ulice a Prosecké radidly, a mimotdroviiové kfizovatky
U KfiZe na méstském okruhu s moznosti pfipojeni na Proseckou ulici.
V plné mife jsou na obou koncich zachovény stdvajici mostni objek-
ty, vedeni Libenské spojky je prevazné v tunelu délky 835 m. Hlou-
beny tunel oproti pfedpokladim tzemniho pldnu je veden Cdstedné
v patrovém usporadani tubusi obou jizdnich smérd a mimo stopu
Zenklovy ulice tak, aby minimalizoval jednak zdsah do zéstavby,
a jednak nutnost dopravnich vyluk v prostoru nad tunelem.

Souhrnné vidaje k Libenské spojce

Celkova délka 1350 m
Tunelové dseky 865 m
Povrchova trasa v mimodroviiovych

krizovatkdch Vychovatelna, U KfiZe 485 m

3. ZAVER

Predpoklddané postupy pripravy, realizace a zprovoziovani jed-
notlivych staveb &i dseku sité hlavnich komunikaci v Praze zdsad-
nim zplsobem ovliviiuji predevsim dva faktory.

Prvnim faktorem, ktery md zdsadni vliv na Casové postupy pri-
pravy a vystavby, je legislativni proces pii projedndvéni a povolo-
vani staveb. Obdobi 5 aZz 7 let od zahdjeni praci na dokumentaci
DUR pres ziskani tizemniho rozhodnuti UR aZ po ziskdni stavebni-
ho povoleni SP je moZné povaZovat za lhitu minimdln{; v praxi
vzhledem k fadé odvoldni a odporu oblanskych iniciativ proti
dopravnim stavbadm za nedosazitelnou.

Druhym faktorem jsou moZnosti zajiSténi financovani uvede-
nych dopravnich staveb. Jen prosty soucet vSech planovanych
dopravnich staveb na dzemi Prahy ddva &astku pres 150 mld. K¢&,
coZ pii optimistické tvaze dokoncit cely komunikaéni systém do
roku 2025 predstavuje zajistit jen na vlastni dopravni stavby v Praze
7,5 mld. K& pro kazdy rok po dobu pristich 20 let (bez uvédzen{
meziro¢nich inflaci).

Finan¢ni ndro¢nost dopravnich staveb na tzemi hlavniho mésta
Prahy je ddna jednak sloZitou terénni konfiguraci mésta, velmi
sevienym, historicky danym urbanismem mésta, pozadavky na
ochranu kulturnich a pfirodnich pamdtek, ale téZ velmi silnym
tlakem celé tady obCanskych a ekologickych sdruZeni schovat
jakoukoliv novou komunikaci pod zem, lépe feCeno schovat auta
pod zem.

Z pohledu nasi profese jsou tyto poZadavky akceptovatelné, ale na
druhé strané je otdzkou, zda je to vZdy ekonomicky rozumné.

Dostdvame se do pozice pStrosa:

— kdyzZ str¢ime hlavu do pisku nejsme vidét;

— kdyZ stréime auta do tunelu, ztrati se exhalace.

V obou pripadech to nenf pravda.

ING. JOSEF DVORAK, josef.dvorak@satra.cz,
SATRA, spol. s r. o.
Grafické prilohy: SATRA, spol. s r.o.
s vyuzitim dat UDI Praha a VHE & spol., s.r.o.

U KiiZe grade-separated intersection on the City Circle Road, with a possi-
bility of connecting to Proseckd Street. The existing bridge structures at both
ends are maintained in the full scope; a major part of the Liben connecting
road runs through a tunnel (835m long). In contrast to the assumptions in the
territorial plan, the cut-and-cover tunnel is led predominantly in a double-
deck tunnel carrying both traffic directions, outside the ground plan of Zenk-
lova Street, so that the impact of the construction on the existing buildings
and needs for traffic closures above the tunnel are minimised.

Summary data on the Liben Connecting Road

Total length 1350m
Tunnelled sections 865m
At grade route at the Vychovatelna and

U KiiZe ground-separated intersections 485m

3. CONCLUSION

The assumed progress of preparation, construction and opening to traf-
fic of the individual constructions or sections of the network of main roads
in Prague is fundamentally affected above all by two factors.

The first factor which fundamentally affects the time progress of pre-
paration and construction is the process of satisfying legislative requi-
rements for negotiations associated with issuance of building permits.
The time period of 5 to 7 years from the commencement of the work on
the DUR documents through issuance of the planning permission (PP) to
issuance of the building permit can be considered as a minimum term; in
the practice, because on numerous appeals and resistance from civic ini-
tiatives against traffic structures, this term can be considered as unattai-
nable.

The other factor is the possibility to provide funding for the above-
mentioned traffic projects. A simple summary of all planned traffic pro-
jects in Prague itself results in a sum exceeding K¢ 150.0 billion. This
means, on an optimistic assumption of the completion of the whole road
system by 2005, that a sum of K¢ 7.5 billion should be provided every year
for the next 20 years (without consideration of year-on-year inflation
rates) for funding only the traffic projects proper.

The financial demands of traffic projects in Prague result from many
influences, i.e. the complex terrain configuration of the city, the very hem-
med urban design of the city given by its history, requirements for protec-
tion of cultural and nature monuments, but also very strong pressure exer-
ted by numerous civic and environmental groups for burying any new road
underground or, better put, hiding automobiles underground.

From our professional point of view, these requirements are acceptable.
On the other hand, there is a question of whether it is always reasonable in
terms of economy.

We therefore get to an ostrich position thinking that:

— if we have our head stuck in sand, we are invisible,

— if we stick automobiles underground, emissions will disappear.

In both cases it is not true. B

ING. JOSEF DVORAK, josef.dvorak@satra.cz,
SATRA, spol. s r. o.
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ANALYZA JizDY RIDICE V TUNELU A NA VOLNE KOMUNIKACI

ANALYSIS OF DRIVER BEHAVIOUR IN A TUNNEL AND
ON AN OPEN ROAD

PAVEL PRIBYL, PETR VYSOKY, MIRKO NOVAK

V predlozeném prispévku jsou predklddany diléi vysledky praci prova-
dénych v ramci projektu védy a vyzkumu Ministerstva dopravy Ceské
republiky 1F43A/069/120 ,,Optimalizace provozu silni¢nich tunelt (zkra-
cené OPTUN). Préce na tomto projektu byly zahdjeny v roce 2004 a budou
ukonCeny v leto$nim roce. Projekt ramcové navazuje na vyzkumny projekt
z let 2001-2003 ,,Analyza a fizenf rizik v tunelech pozemnich komunika-
ci“. Hlavni cile projektu OPTUN Ize shrnout do nésledujicich bodi:

1. Vytvoreni funkéni a informa¢ni architektury tunelového systému
umoznujici investorovi optimdlné vybavit tunel pri zachovéni stano-
vené bezpetnosti a nezvySovani investi¢nich a provoznich néakladg;

2. Analyza skute¢nych ndkladu provozovani tunell a nalezeni metodiky
pro sledovani a optimalizaci provoznich ndkladu tunelu;

3. Vyzkum moznosti optimalizace ¢innosti ventilace z hlediska sniZen{
ndkladu a zvySeni Zivotnosti vychdzejici z méfenych dopravnich para-
metru;

4. Hledani metod popisujicich rozdil chovani fidiCe v tunelu a na volné
komunikaci a hledani vazeb na design tunelu.

Koordindtorem a vedoucim tohoto projektu je ELTODO EG, a. s. —
odbor vyzkumu a vyvoje, spolufeSiteli jsou: METROSTAV a. s.,
METROPROJEKT, a. s., CVUT Fakulta dopravni a TSK hl. m. Prahy.
V tomto ¢lanku jsou prezentovany vysledky vyzkumu zabyvajiciho se hle-
ddnim rozdilu pfi jizdé fidi¢e v tunelu a na volné komunikaci. Tento kol
fesi Fakulta dopravni CVUT.

ZAKLADNI MYSLENKA PROJEKTU ZKOUMANI CHOVANI RIDICU

V tunelech na pozemnich komunikacich vznikd méné nehod neZ na vol-
nych komunikacich. Je to ddno tim, Ze Tidi¢i jedou v tunelu vétSinou s vetsi
koncentraci na fizeni. Pokud vSak jiZz v tunelu vznikne byt'i drobny doprav-
ni exces, jako je napriklad zastaveni vozidla pro nedostatek paliva, je to
vzdy velké potencidlni nebezpeci. Pokud v tunelu vznikne poZzir, pak se
jednd o uddlost, kterd muZe mit pro cestujici vefejnost i zdchranné jednotky
fatdlni nasledky.

Na druhé strané témér v kazdé prdci zabyvajici se bezpecnosti v tunelu
autori konstatuji, Ze se fidi¢i chovaji v tunelu jinak neZ na volné komunika-
ci: ztrdceji pocit jistoty, nerozezndvaji svétové strany, fidi kiecovité, trpi
klaustrofobii apod. Vzdy se jednd vice ¢i méné o subjektivni pozorovani
a dosud nebyly publikovény vyznamnéj§i metody umoziiujici zmény v cho-
vani méfit. V rdmci reSerSni Casti projektu OPTUN se podafilo nalézt pouhé
dva ¢lanky, které se zabyvaji chovanim fidi¢e v tunelu. V &lanku [1] je popi-
sovéno sledovani chovéni fidi¢a v tunelu Eklberg v Oslu. Méfeni byla pro-
vedena v tunelu jesté pred otevienim pro bézny provoz, takZe zde nebyla
74dnd interakce s ostatnimi vozidly. Méfila se rychlost a pficnd pozice
vozidla v pruhu Sirokém 3,5 m. Testovaci soubor Tidi¢u tvorilo 9 muzi a 11
Zen ve véku mezi 23 a 52 roky. Kazdy fidi¢ projel tunel Sestkrat v kazdém
smeru. Pracovni hypotéza byla, Ze fidi¢ bude udrzovat vetsi vzdalenost od
stény, coZ se potvrdilo — pramérnd odchylka byla 39 cm. Pfi porovnévéni
chovani fidi¢e béhem jizd ve stejném tunelu, ale na simulétoru, se ukazo-
valo, Ze na simuldtoru je mensi odchylka nez v redlném tunelu. Sténa redl-
ného tunelu je tedy vnimdna mnohem silnéji neZ u simulovaného. Druhy
¢ldnek [2] neobsahuje Zddnd presnd méfeni a zabyva se spise jen vyhodno-
covanim subjektivnich pocitd fidi¢u v jednotlivych tunelech zjistovanych
pomoci dotazniku.

Préce realizované v OPTUN v kapitole zjistujici chovani fidicu v tunelu
vede fakulta dopravni a hlavnim cilem je prokdzat, Ze se fidi¢i chovaji
v tunelu jinak neZ na volné komunikaci, pripadné najit vhodnou metriku pro
hodnoceni rozdilt. Pokud se toto rozliSeni najde, bylo by mozné napriklad
posuzovat rozdily ve zpusobu jizdy, a tim i miru nebezpedi v jednosmér-
nych ¢ obousmérnych tunelech, vliv barevného designu tunelu na jizdni

vz

vlastnosti, vliv osvétleni, vedeni vozidel pomoci ,,koci¢ich oéi* apod.

This paper presents partial results of the work performed in the fra-
mework of the Ministry of Transport’s 1F43A/069/120 scientific and
research project ‘Optimisation of Road Tunnel Operation’ (abbreviated
to ‘OPTUN"). The work on this project started in 2004 and will be finis-
hed this year. In general features, the project is a follow-up to a project
developed in 2001 — 2003: ‘Analysis and Management of Risks in Road
Tunnels’. The main objectives of the OPTUN project can be summari-
zed as follows:

1. Development of information and functional architecture of a tunnel
system allowing the client to equip the tunnel in an optimal man-
ner, at the required safety level maintained and without increasing
the investment and operational costs;

2. Analysis of actual tunnel operation costs and development of met-
hodology for observation and optimisation of tunnel operation
costs;

3. Research into possibilities of optimisation of the work of tunnel
ventilation in terms of reduction of the costs and increase of the life
length, based on the measured traffic parameters;

4. Seeking methods describing the difference between driver behavi-
our in a tunnel and on an open road; searching for relationships
with the tunnel design.

The co-ordinator and head of this project is the Research and Design
Department of ELTODO EG, a. s., the partners are: METROSTAV a. s.,
METROPROJEKT a. s., the Faculty of Civil Engineering of the CVUT
(the Czech Technical University in Prague) and TSK hl. M. Prahy. This
paper contains presentation of results of a research dealing with sear-
ching for differences between driver behaviour in a tunnel and on an
open road. This problem is being solved by the Faculty of Traffic Engi-
neering of the CVUT.

BASIC IDEA OF THE DRIVER BEHAVIOUR EXAMINATION
PROJECT

The number of accidents in road tunnels is lower than the number of
accidents on open roads. It is because drivers drive in a tunnel mostly
with a higher degree of concentration on driving. However, if even
a minor traffic excess occurs in the tunnel, for example a vehicle stop-
ping due to an empty fuel tank, there is always a great risk potential
there. When a fire occurs in a tunnel, it is always an event which can
have fatal consequences both for the travelling public and rescue forces.

On the other hand, authors of nearly all works dealing with safety in
tunnels state that drivers behave in a tunnel in another manner than on
an open road: they lose the feeling of certainty, do not recognise com-
pass directions, drive spasmodically, suffer from claustrophobia etc. The
description is always based on more or less subjective observations and
no more significant methods allowing measurement of the changes have
been published. A search for previous documents, which is part of the
OPTUN project, has discovered only two papers dealing with driver
behaviour in a tunnel. The paper [1] describes monitoring of driver
behaviour in the Eklberg tunnel in Oslo. The measurements were carri-
ed out in the tunnel before the tunnel opening for common traffic; the-
refore there was no interaction with other vehicles there. The measure-
ments were focused on velocity and the position of individual vehicles
within a 3.5m wide traffic lane. The tested population of drivers consis-
ted of 9 men and 11 women at an age between 23 and 52 years. Each
driver passed the tunnel six times in both directions. The working hypot-
hesis that each driver would keep larger distance from the wall proved
true: the average deviation was of 39cm. A comparison of driver beha-
viour during a simulated drive through the same tunnel (using a simula-
tor) showed that the deviation is smaller in the case of the simulator than
in the real tunnel. The wall of a real tunnel is therefore perceived much
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Zmény v chovani fidi¢u sledované v laboratofi spolehlivosti systému na
fakult€ dopravni po fadu let, v ramci v§zkumné spolupréce se Skoda Auto,
vyuZivaly fady méfenych parametri. Na redlnych automobilech a na simu-
latorech byly zaznamendvdny a analyzovdny detailni pohyby volantu,
zména odporu pokoZKy fidice, tinava fidi¢e byla zkouména analyzou elek-
troencelografickych signdl snimanych na hlavé fidice. Na fad€ pokusnych
osob bylo napriklad prokdzéno, Ze t€mito metodami 1ze s velkou pravdépo-
dobnosti odhadnout bliZici se mikrospanek fidice.

ProtoZe zadéani tikolu predpoklddalo aplikovat méfici metody v praxi,
neboli v redlnych tunelech, byla po fadé experimentt zvolena metoda sle-
dujici trajektorii vozidla, respektive jeji vzdalenost od stiedni délici Cary
(pricna slozka fizeni). Na zdkladé fady mérfeni ve Strahovském tunelu
a tunelu Mréazovka se podarilo prokdzat, Ze tato zména v chovani fidice
v tunelu existuje, a Ze ji 1ze nejenom identifikovat, ale i kvantifikovat pomo-
cf statisticky zpracované odchylky v pii¢né pozici vozidla v tunelu a na
oteviené komunikaci. Vyzkum se ubird dvéma sméry: v prvnim piipadé se
pomoci dopliikovych komponent zkusebniho automobilu zaznamenava tra-
jektorie vozidla vzhledem k délici ¢4re v redlném provozu. Ve druhém pri-
padé se pro testovéani pouzivé laboratorn{ simuldtor, vérné simulujici kokpit
vozidla. Ridi¢i na simuldtoru je promitdna virtudln{ realita, kterd se velmi
blizi redlnému tunelu.V obou pripadech je testovdna velkd skupina osob
razného véku a s riznymi fidi¢skymi zkusenostmi.

ANALYZA JizDY ZKUSEBNIM VOZIDLEM

Pri analyze chovéni fidi¢e z hlediska pri¢né sloZky fizeni se vychédzelo
z modelu dle obr. 1. Pfi jizdé automobilu po silnici ziskava fidi¢ informaci
0 okolf prevdZzné na zdkladé analyzy scény, kterou pozoruje pred sebou.
Ridi¢ zaostiuje sviij pohled na bod (L), ke kterému dojede asi za 4 s. Podle
okamzité rychlosti v tomu odpovidd vzddlenost fadové desitky metru.
Pokud silnice zatali, zametuje fidi¢ pohled na vnitini okraj oblouku zata¢-
ky, respektive na stejné vzddleny bod ve stfedu vozovky pokud jede po
rovné silnici. Nataci kola vozu tak, aby sledovala smér jeho pohledu, tedy
ve sméru te¢ny k vnitinimu oblouku zatdcky. Zminény bod vidi ostre (fove-
dln{ vidéni). Mimo to sleduje méné ostie (periferni vidéni) okolni situaci
a zejména situaci v bezprostredni vzddlenosti pred vozidlem, a to ve vzda-
lenosti, kterou ujede asi za 0,5 s, coZ jsou Fadové metry (pro 80 km.h™' asi
10 m). V obrizku ddle znamend x; podélnou vzdélenost od referencniho
bodu, y, pri¢nou vzdélenost od referen¢ni linie, y, je predpoklddand pricnd
vzddlenost od referen¢ni linie v bodé dohledu, y odchylka v kurzu vozidla
(rozdil mezi okamzitym kurzem a kurzem pro bod dohledu) a ¥ je thel
natoCenf kol.

Rizeni vozidla lze vyjadrit zjednodusenym modelem dle obr. 2, podrob-
néj8i rozbor Ize najit v lit. [3]. Toto schéma ukazuje, Ze fizeni sméru a polo-
hy vozidla je tvofeno vicesmyckovym regulaénim obvodem, tvofenym
doprednymi a zpétnymi vazbami. Uvedeny model odpovidd té nejjedno-
dussi Cinnosti fidice, kdy se fidi¢ pohybuje po volné silnici bez jakychkoliv
interakei s jingmi vozidly. Jeho tkolem je sledovat smér silnice tak, aby
automobil udrzoval ve stfedu jizdniho pruhu a kompenzoval vliv porucho-
vych veli¢in Fy a M; (bo¢ni sila — napr. bo¢ni vitr a zatéZovaci moment).

Trajektorie, po které se pohybuje vozidlo, je ovliviiovéana jednak predik-
tivnim fizenim, tedy natdCenim vozidla do sméru te¢ny k vnitinimu oblou-
ku silnice (Ize si predstavit jako udrZovani vozidla ve sméru), a déle kom-
penzaénim fizenim, udrZovdnim pri¢né polohy v dopravnim pruhu.

et

Obr. 1 Vyznam veliéin popisujicich chovdni Fidice
Fig. I The meaning of quantities describing driver behaviour

TuNel

stronger than that of a simulated tunnel. The other paper [2] contains no
exact measurements; it rather deals with assessment of subjective fee-
lings of drivers in individual tunnels. The feelings were surveyed by
means of questionnaires.

The activities performed in the OPTUN’s chapter which investigates
behaviour of drivers in a tunnel are led by the Faculty of Traffic Engi-
neering; the main objective is to prove that driver behaviour in a tunnel
differs from that on an open road, possibly to find methodology suitab-
le for assessment of the differences. If this differentiation tool is found,
it could be possible, for example, to assess differences in the driving
style, thus also the degree of the hazard in uni-directional or bi-directi-
onal tunnels, the influence of the colour design of the tunnel on driving
comfort, influence of tunnel lighting, guidance of vehicles by means of
catseyes etc.

The survey of changes in driver behaviour, which has been carried out
in the Laboratory of Reliability of Systems at the Faculty of Traffic
Engineering for several years in the framework of a researching co-ope-
ration with Skoda Auto, utilised many measured parameters. Using both
real vehicles and simulators, the survey comprised analyses of detailed
movements of a steering wheel and changes in the resistance of driver’s
skin; driver fatigue was examined by analysing electro-encephalograp-
hic signals scanned on driver’s head. It was for instance proven on
a number of persons subjected to the experiments that those methods
could estimate with a high degree of probability whether a micro-sleep
is getting closer.

Because the specification of the task expected the measurement met-
hod to be applied in the practice, i.e. in real tunnels, a method following
the vehicle trajectory or its distance from the central traffic line (i.e.
a lateral component of steering) was chosen, after a number of experi-
ments. It was successfully proven on the basis of measurements in the
Strahov and Mrédzovka tunnels that this change in driver behaviour in
a tunnel does exist and it can be not only identified, but also quantified
using statistically processed variation of the lateral position of a vehic-
le in a tunnel and on an open road. The research follows two directions:
the first of them uses complementary components of the experimental
vehicle for recording of trajectories of the vehicle relative to the traffic
line in real traffic conditions. In the other case, a laboratory simulator
accurately simulating a cockpit of a vehicle is used for the experiment.
The driver can see projection of virtual reality, which is very similar to
a real tunnel. In both cases the experiments cover a very large group of
persons of various age and with various driving experience.

ANALYSIS OF THE EXPERIMENTAL VEHICLE DRIVE

The analysis of driver behaviour in terms of the lateral component of
steering was based on the model shown in Fig. 1. While driving an auto-
mobile along a road, the driver receives information about the surroun-
dings mostly on the basis of an analysis of the scene he/she can see
ahead of them. The driver focuses his/her sight on the point (L) at which
he will arrive approximately in 4 seconds. Depending on the instanta-
neous velocity, this time corresponds to a distance of the order of tens
of meters. If the road is on a curve, the driver focuses his/her sight on
the internal edge of the curved roadway; in case of a straight road he/she
focuses on a point at the centre of the roadway that is at the above-men-
tioned distance ahead of the vehicle. He/she turns the wheels of the
vehicle to follow the direction of his/her view, i.e. the direction of a tan-
gent to the internal edge of the curved roadway. He/she can see the
above-mentioned point sharp (foveal vision). In addition, he/she follows
a less sharp vision (peripheral vision) of the surrounding situation and,
above all, the situation at the immediate distance ahead of the vehicle,
i.e. at a distance which the vehicle covers in 0.5s, i.e. a distance of the
order of metres (about 10m for 80km.h-1). The picture further shows x,
— a longitudinal distance from a reference point, y, — a lateral distance
from a reference line, y, — assumed lateral distance from the reference
line at the point found at the sight distance, y - deviation of the course
of the vehicle (a difference between the instantaneous course and the
course for the point found at the sight distance) and ¥ - steering angle.

Steering of a vehicle can be expressed using a simplified model (see
Fig. 2); a more detailed analysis is available in Ref. [3]. This scheme
shows that steering of the direction and position of the vehicle consists
of a multi-loop regulation circuit comprising feedforward and retroacti-
ons. This model corresponds to the simplest driving activity when the
driver moves along a free road, without any interaction with other vehic-
les. His/her task is to follow the direction of the road so that the auto-
mobile keeps its position at the centre of the traffic lane, and to com-
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Obr. 2 Blokové schéma regulacniho obvodu pricného rizeni lidskym operdtorem
Fig. 2 A flow chart of the regulation circuit of the lateral steering provided by
a human operator

Psychofyziologicky stav fidi¢e mnohem lépe ukazuje ta slozka trajektorie,
kterd je vysledkem kompenza¢niho fizeni. Ta je také zkoumdna v ramci
OPTUN. Obe slozky Tizeni se lisi frekvenénim pasmem. Prediktivni slozka
fizeni je asi o fad pomalejsi nez slozka kompenza¢ni. Smér udrZzujeme
,pomalymi* pohyby volantu, pozici v jizdnim pruhu udrzujeme rychlej$imi
korekénimi pohyby volantu. Je-1i zndm podélny profil silnice, 1ze pfi zndmé
rychlosti odhadnout nejvyssi frekvenci prediktivni slozky, tuto slozku
odfiltrovat a analyzovat samostatnou slozku kompenza¢ni. Presny profil
v tunelech a na volné komunikaci nebylo v tomto pripadé nutné znat, pro-
toze byl vliv prediktivni slozky dmysIné omezen tim, Ze Tidi¢ jel stile ve
stejném jizdnim pruhu a z dat jsou vyrazeny prechodové tiseky na zacatku
a konci tunelu, kde je nutno ménit dopravni pruhy.

Pro experiment bylo nutné pripravit zkusebni vozidlo, které bylo vyba-
veno videokamerou s osvétlenim pro zdznam jizdy vozidla vuci délici
Care. Ze zaznamu byla prostrednictvim specidlné vyvinutého softwaru pro
analyzu obrazu vyhodnocovdna dréha vozidla. Program v prostredi
MATLAB hled4 hrany v obraze a pogitd pri¢nou pozici vozu vuci refe-
rencni délici Cre z jednotlivych snimkia. Pomérné duleZité jsou progra-
mové bloky predzpracovéni obrazu, protoze délici ¢dra je obCas Spinavd,
nejasnd nebo dokonce chybi.

Pro testovaci jizdy v redlném provozu samoziejmé nebylo mozné zajistit
podminky, aby zkuSebni vozidlo nebylo v interakei s jinymi vozidly, anebo
nebylo ovlivnéno dopravni situaci. Proto byla stanovena zdkladni pravidla
pro provadéni experimentu, kterd pomohla eliminovat alespon nékteré
nezadouci vlivy. Po zkuSenostech s dennim rozloZenim provozu v tunelech
se ukdzalo, Ze je nutné experiment provadét v dopolednich nebo Casnych
odpolednich hodindch. Jinak nelze zaruit, aby se drasticky neménily pod-
minky diky ¢ekdni v kolondch pfi vjezdech a vyjezdech z tunelu. Dal$im
poZadavkem bylo, aby se Fidi¢ pri své jizdé drzel stédle v jednom (pravém)
jizdnim pruhu. To je nutné proto, Ze jakdkoli zména jizdniho pruhu, at’'uz
vlivem predjizdéni ¢i objizdeni prekazky, vyrazné ovlivni stfedni hodnotu
odchylky trajektorie. Aby byl alespon z ¢sti eliminovan vliv rychlosti na
vyslednou trajektorii, bylo druhym hlavnim pozadavkem udrZovéni kon-
stantn{ rychlosti okolo 70 km.h''. Rychlost je samoziejmé ovlivnéna maxi-
malni povolenou rychlosti, kterd je ddna mimo jiné dopravni situaci v jed-
notlivych tsecich. Zkusebn{ trasa byla zvolena tak, Ze se projel tunel Mra-
zovka, ndsledné Strahov, pak se fidi¢ otocil, projel obéma tunely a pokra-
Coval v jizde po volné komunikaci smérem na Lahovice. Z kazdé jizdy byly
vybrény a zpracovény souvislé pasdze, které odpovidaji prajezdim tunely
a jizde po “volné” komunikaci.

VYSLEDKY EXPERIMENTU

V roce 2005 probihaly rozsihlé jizdni testy, které jsou zpracovany
podrobné v lit. [4]. Vysledky vyplyvajici z téchto méfeni ukazuji, Ze se
puvodni predpoklad potvrdil: fidi¢i jedou v tunelu vic tzkostlive, hlidaji si
vzdalenost od stény a jedou podstatné bliZe délici dre.

Typicky fidi¢ ML pii ¢tyfech opakovanych jizddch v tunelu ma vrcholy
histogramu &etnosti s rozptylem cca 12 cm (obr. 4), zatimco dvé jizdy na
volné komunikaci ukazuji vzddlenost vrcholt ve vzdélenostech cca 30 cm

Obr. 3 Zdznam délici &dry pro analyzu obrazu (vlevo); pocitacové zpracovdni (vpravo)
Fig. 3 A record of the traffic line for the analysis of the image (left side); com-
puter processing (right side)

pensate for the influence of disturbance variables (a lateral force — e.g.
side wind and a moment of load).

The trajectory which the vehicle moves along is affected both by the
predictive steering, i.e. by turning the vehicle to the direction of the tan-
gent to the internal edge of the curved roadway (it is possible to imagine
this activity as keeping the vehicle in the direction) and compensation
steering, i.e. maintaining the lateral position within the traffic lane width.

The psycho-physiological condition of the driver is displayed much
better by the component of the trajectory which is the result of the com-
pensation steering. This is the component which is examined in the fra-
mework of the OPTUN. Both components of steering differ in the fre-
quency ranges. The predictive component of steering is approximately
by one order slower than the compensation component. We keep the
direction by means of “slow” motions of the steering wheel, whilst the
position within the traffic lane is maintained by quicker corrective
motions of the steering wheel. If the longitudinal profile of the road is
known, it is possible at a known velocity to estimate the highest frequ-
ency of the predictive component, to filter this component out and to
analyse the separated compensation component. In the given case it
was not necessary to know the exact profile in the tunnels and on open
roads because the influence of the predictive component was intentio-
nally limited by the fact that the driver moved permanently within the
same traffic lane and that transition zones at the beginning and the end
of the tunnel where traffic lanes must be changed are eliminated from
the set of data.

The experiment required an experimental vehicle to be prepared. The
vehicle was equipped with a video camera with lighting for recording
the vehicle movement relative to the traffic line. The trajectory of the
vehicle was assessed using the record and specially developed softwa-
re for the image assessment. The program operating in the MATLAB
environment searches for edges in the image and calculates the lateral
positions of the vehicle relative to the reference traffic line in indivi-
dual images. Program blocks of the image pre-processing are relative-
ly very important because the traffic line is sometimes smeared, uncle-
ar or even missing.

Naturally, it was impossible to guarantee conditions for the experi-
mental vehicle in the real traffic conditions where interaction with other
vehicles or avoiding the influence of the traffic situation would have
been excluded. This is why basic rules of execution of the experiments
were set intended to help to eliminate at least some of the undesired
effects. With respect to the experience with the distribution of the traf-
fic volume in tunnels during a day it showed that it was necessary to
conduct the experiments in the morning or early afternoon hours. It is
otherwise impossible to guarantee that the conditions will not drastical-
ly change due to waiting in columns of vehicles forming at tunnel ent-
rances and exits. Another requirement was for the driver to keep con-
stantly in one (the right-side) traffic lane. It was necessary because any
change of the traffic lane, no matter whether because of overtaking or
bypassing an obstacle), significantly affects the mean value of the tra-
jectory deviation. With the aim of at least partial elimination of the
influence of the velocity on the resulting trajectory, the second main
requirement was that the velocity had to be maintained at a constant
level about 70 km.h"'. Naturally, the velocity is affected by the maxi-
mum speed limit, which is given among others by the traffic situation in
individual sections. The experimental route was selected so that the dri-
ver passed the Mrdzovka tunnel, then the Strahov tunnel, then he/she
turned back, passed the two tunnels and continued the driving along the
open road toward Lahovice. Continuous parts to be processed were
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Obr. 4 Histogram odchylek ¢tyr jizd v tunelu Strahov, fidi¢ ML
Fig. 4 Variance diagram for four trips through the Strahov tunnel ML driver

(obr. 5). Porovndme-li vizudlné oba obrédzky, je na prvni pohled ziejmé, Ze
se histogramy odchylek pro tunel a pro volnou silnici li§i i ve stfedni hod-
noté. Stiedni vzddlenost od stredni délici ¢ry je na volné silnici mnohem
VEtS1 neZ v tunelu. Naprostd vétSina fidicu (ze zatim zméfeného souboru
vSichni kromé jednoho) se tla¢i ddle od stény tunelu, tedy bliZe ke stredni
delici ¢dre nez na volné silnici.

Vysledky vSech sedmi fidi¢t ukazuji na pomémé jasné odlinosti v tra-
jektorii vozidla na volné komunikaci a v tunelu.

Pro informaci jsou uvedeny vysledky odchylek pro fidi¢e PV, ktery vyho-
vuje hypotéze, Ze se Tidi¢ v tunelu chovd vyznamné jinak, a déle jsou zde
vysledky fidice JK, ktery m4 sice odli$né chovdni v tunelu a na silnici, ale
prekvapivé je rozptyl odchylek jizdy pro tunel véi (obr. 6). MuZe to byt

s

vysvetleno kieCovitéjsi jizdou v tunelu.

ANALYZA JIzDY VYUZIVAJICI SIMULATOR

Pomérné vétsi skepticismus vladl pii vykondvani stejnych experimentt
na simulétoru. Bylo to proto, Ze prece jenom jizda virtudlnim tunelem by
nemusela vyvoldvat u fidi¢u stejné pocity. Pro experiment byl pouZit simu-
lator vyuZzivajici kokpitu automobilu Skoda, ktery napodobuje pomémé
presné chovéni redlného vozidla.

Pred vozidlo byl promitén obraz simulovaného tunelu a volné komuni-
kace, ¢fmZ byla vytvorena scéna virtudln{ reality, a to pro tunel Panenskd,
ktery je pfipraven k otevieni na délnici D8. Priklad vjezdu do tunelu je na
obr. 8. S pouZitim této scény byla provedena Gvodni série méfeni, a to pro
nékolik osob ruzného véku a ruznych fidi¢skych schopnosti. Scéna byla
v prubéhu méfeni doplnéna o 3D efekt, kdy se promitalo ze dvou mist
a byly pouZity specidlni bryle.

Po ovéfeni metody nésledovalo vlastni méfeni na vzorku 13 fidica (12
muZzu a jedna Zena). S ohledem na vékové rozloZeni jde o dosti homogenn{
soubor, ktery pokryva viechny vékové skupiny, i kdyZ mnohem vyznam-
néji jsou zastoupeny mladsi ro¢niky. Z hlediska zkoumanych parametra
Casovych fad se nepodafilo zjistit Zddné vyznamné rozdily dané vékem.

Pii v§ech méfenich byly sledovdny zejména trajektorie jizdy (odchylky
od geometrického stfedu vozovky, rychlost jizdy, pohyby volantu a u &ésti
fidi¢u €z EEG signaly a jejich tepovd frekvence.
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Obr. 6 Histogram odchylek pro ridice PV (vlevo) a JK (vpravo); tunel/silnice

TuNel

L=
i
3

(111, 1. A— /

=
o
.,-'-"'-

Relativni cetnost / Relative frequency

0.06 S II! 'ﬁ:l- ........ M,
| .
TV N [W— *"
R i'lr .,- V.‘I; .“l
| »" \ e, -

0 eeapspsscmlan -y
=]
58888888888888°58
REErEeBEEEHAE RS

Odchylka / Deviation

Obr. 5 Histogram odchylek dvou jizd na silnici, fidi¢c ML
Fig. 5 Variance diagram for two trips on the road ML driver

selected from each drive. They corresponded to passages through the
tunnels and drives on the open road.

RESULTS OF THE EXPERIMENT

The driving tests were carried out in 2005. They are described in gre-
ater detail in Ref. [4]. The results following from the measurements
show that the original assumption was confirmed: drivers drive in a tun-
nel more anxiously, they keep an eye on the distance from the wall and
drive markedly closer to the traffic line.

The apexes of a frequency diagram of a typical driver ML after four
repeated trips through the tunnel exhibit an about 12cm scatter (see Fig.
4), whilst the distance between the apexes of approximately 30cm (see
Fig. 5) is received in the case of two trips on an open road. If we com-
pare the two pictures visually, it is immediately obvious that the varian-
ce diagrams for the tunnel and for the open road differ in the mean
value. The mean distance from the center line is much greater on the
open road than in the tunnel. An absolute majority of drivers (all of the
drivers forming the till now assessed experimental population but one)
keep greater distance from the tunnel wall, closer to the center line than
on an open road.

The results of all of the seven drivers show relatively clear differen-
ces between the vehicle trajectories on a free road and in a tunnel. The
results of variations for the driver PV, who meets the hypothesis that
a driver behaves in a tunnel in a significantly different manner, are pre-
sented for indicative purpose. Further there are results of the driver JK
presented in the document. His behaviour in the tunnel and on the road
is kind of different, but surprisingly, the scatter of deviations of the drive
through the tunnel is more significant (see Fig. 6). The explanation may
be found in more spasmodic manner of driving in the tunnel.

ANALYSIS OF DRIVES USING A SIMULATOR

Relatively higher level of scepticism reigned when the same experi-
ments were conducted using a simulator. The reason was the idea that
driving through a virtual tunnel would not have to elicit the same fee-
lings from the drivers after all. The experiment was carried out using
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Fig. 6 Variance diagram for PV driver (left side) and JK driver (right side); tunnel/road




Obr. 7 Simuldtor vyuZivajici kokpit vozidla Skoda
Fig. 7 The simulator utilising a Skoda car cockpit
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Obr. 9 Hodnoty rozptylii odchylek trajektorii pri jizdé v tunelu (stiedni graf)
a mimo tunel

Fig. 9 The values of the scatters of deviations of the trajectories for driving in
a tunnel (the diagram in the centre) and outside the tunnel

Na obr. 9 jsou uvedeny hodnoty rozptyli odchylek trajektorii pro vSech-
ny fidiCe, ze kterych vyplyvd, Ze se i zde projevuje rozdil v jizdé ve virtudl-
nf realité v tunelu a mimo néj. Pro seriozni ovérent této hypotézy bude viak
méreni pokradovat na adekvétnim poctu pokusnych osob a téZ s prihlédnu-
tim k vhodnému modelu skute¢nych fidic¢u se zohlednénim véku, pohlavi
a profese.

ZAVER K ANALYZE CHOVANI RIDICE V TUNELU

Pres nejasnosti, zda se viibec podaif najit néjaké méfitelné zmény v cho-
vani fidiCe v tunelu a na volné silnici, jsou prozatimni vysledky optimistic-
ké. Prace budou v letoSnim roce pokraCovat s vétsi skupinou fidi¢a, a to
i v brnénském Pisdreckém tunelu. Detailni rozbor problematiky je ve
vyzkumné zprave lit. [5].

Tento vyzkum md navic piimy vztah na praxi. Pokud se podaif kvantifi-
kovat zmény v chovani fidicu v tunelu, Ize zkoumat, jak se projevi jiné
barevné feSeni nebo jiny design. Je mozné simulovat vliv predjizdéjicich ¢i
protijedoucich vozidel apod. D4 se i zjitovat, jak se zméni jizda, pokud
tunel bude opatien vodicimi LED prvky. Také v tomto sméru budou prace

rozvijeny. PROF. ING. PAVEL PRIBYL, CSc.,
pribylp@eltodo.cz, ELTODO EG, a.s.,
DOC. ING. PETR VYSOKY, CSc., vysoky@fd.cvut.cz,
PROF. ING. MIRKO NOVAK, DrSc.,
CVUT Fakulta dopravni
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Obr. 8 Virtudlni realita, vjezd do tunelu Panenskd, ddlnice D8
Fig. 8 Virtual reality, an entry into the Panenskd tunnel, the D8 motorway

a simulator utilising a Skoda car cockpit, which simulates behaviour of
a real vehicle relatively exactly.

The image of the tunnel and the open road being simulated was dis-
played in front of the vehicle, thus the virtual reality scene was created,
namely for the Panenskd tunnel, which is prepared for inauguration on
the D8 motorway. An example of an entry into a tunnel is shown in Fig.
8. Using this scene, the initial series of measurements was conducted for
several persons of different ages and differing driving skills. The scene
was complemented during the measurements by adding the 3D feature
(the image was projected from two places and special glasses were used).

Once the method had been validated, the measurement proper follo-
wed on a population of 13 drivers (12 men and one woman).

Considering the age distribution, this population is relatively homogene-
ous; it covers all age groups, even though younger age-groups are represen-
ted more significantly. In terms of the parameters of the time series being
scrutinised, no significant differences given by the age were identified.

All measurements were focused mainly on the trajectories of the dri-
ves (deviations from the geometrical centre of the roadway, driving
velocity, motions of the steering wheel and, for part of the drives, also
EEQG signals and their pulse rate.

The values of the scatters of deviations of the trajectories for all dri-
vers are shown in Fig. 9. They imply that the difference between dri-
ving in a virtual reality in the tunnel and outside manifests itself even
here. For serious validation of this hypothesis the measurements will
continue using adequate numbers of tested persons and also with consi-
deration of the age, gender and profession when the suitable model of
real drivers is being prepared.

CONCLUSION ON THE ANALYSIS OF DRIVER BEHAVIOUR
IN A TUNNEL

Despite the fact that it is unclear whether any measurable changes in
driver behaviour in a tunnel and on a free road will be discovered at all,
the interim results are optimistic. The work will continue this year with
a larger group of drivers, also in the Pisarky tunnel in Brno. A detailed
analysis of the problems is contained in the Research report Ref. [5].

Besides, this research is directly linked to the practice. If the changes
in driver behaviour in a tunnel are successfully quantified, it will be
even possible to examine the effect of a different colour scheme or a dif-
ferent design. It is possible to simulate the effect of overtaking or onco-
ming vehicles etc. It is also possible to determine how the driving will
change if the tunnel is equipped with LED guidance elements. Also
these aspects of the problem will be elaborated. B
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SKUSENOSTI Z RAZENIA TUNELA SITINA
V INTRAVILANE HLAVNEHO MESTA SR

EXPERIENCE GAINED FROM THE SITINA TUNNEL EXCAVATION
IN A BUILT-UP AREA OF THE CAPITAL CITY OF SLOVAKIA

VLADIMIR KOTRIK, JAN SNOPKO, BOHUMIL SVOBODA

uvoD

Tak ako je odbornej verejnosti zndme, uz takmer 3 roky prebiecha v Bratislave
vystavba mestského 1,5 km dlhého dvojrirového dialhi¢ného tunela Sitina.
V decembri 2005 boli ukoncené stavebné prace a uskutocnilo sa odovzdanie staveb-
nej pripravenosti pre montdz technoldgif. V sticasnosti prebiecha montaz technologic-
kého vybavenia nominovanym zhotovitefom Taisei — Eltodo. V ramci stavebnej Casti
zostdva zhotovitelovi realizovat'tie stavebné konstrukcie, pri ktorych je nevyhnutnd
kooperdcia doddvatela stavebnej a technologickej Casti. Nastal teda optimdlny cas
bilancovat'a podelit’sa so skisenostami a poznatkami pri jeho realizdcii.

Zékladné informdcie o stavbe, o jej technickych parametroch a technoldgii vystav-
by, ako aj podrobné tidaje o ticastnikoch vystavby a financovani boli uvedené v ¢aso-
pise Tunel ¢. 1/2005. Cielom tohto prispevku je porovnanie predpokladov, s ktory-
mi sme isli do projektu, a skutoc¢nych zisteni ziskanych pri vlastnej realizacii tohto
zaujimavého diela (obr. 1).

GEOLOGICKE POMERY

Tunel Sitina bol razeny v granitoidnom masive pahorku Sitina pohoria Malych
Karpit. Z litologického hladiska prevlddajui biotitické az dvojsludové granodiority,
miestami az granity, Casto so Zilami aZ polohami pegmatitov do hribky 1,5 m. Lokal-
ne sa vyskytovali hrubé polohy krystalickych bridlic. Horniny boli slabo, avSak
zované. Horninovy masiv bol intenzivne tektonicky poruseny. Systémy zlomov
a puklin mali generdlny smer SV-JZ, V-Z, miestami az S-J so sklonom az k JV. Sirka
puklin sa pohybovala od 1 mm do 3 cm, pri hlavnych tektonickych zénach dosahu-
jucich niekolko metrov. Horniny boli silno rozpukané, ¢o sa prejavilo intenzivno blo-
kovitostou. Bloky hornin sa vyskytovali kosouhlého az polyedrického tvaru s velkos-
tou od niekolko dm3 do 1 m3. Na krizovani tektonickych linii dochadzalo k vypada-
vaniu blokov hornin z ¢ela, pripadne zo stropu. Horninovy masiv bol suchy. Pritoky
vody boli zaznamenané poCas intenzivnejSej zrdzkovej Cinnosti. NadloZie bolo pocas
celej dlzky velmi nizke. Maximdlne hodnoty sa pohybovali priblizne 30 m s lokal-
nymi minimami v terénnych depresidch okolo 10 m.

Z litologického hladiska sa potvrdili vysledky geologického prieskumu. Oproti
predpokladom boli horniny viac zvetrané a silno tektonicky porusené. Silné poruse-
nie masivu spolu s nepriaznivym sklonom vrstiev do Celby razeného diela malo za
ndsledok vypaddvanie horniny z Cela s ndslednym rozsirenim do stropu a vznikom
geologickej predikcie neboli ocakédvané.

Ucastnici vystavby museli riesit tento problém, aby nebola ohrozena bezpecnost
a aby sa eliminovalo asové oneskorenie a zvySenie ndkladov. RieSenie spocivalo
v systematickom zosileni predzaistenia stropu ako aj kotvenia ¢ela vyrubu. Osvedci-
li sa 8 m dlhé samozavrtdvacie kotvy v kombindcii s injektdZou.

Stcasne bolo rokované s obstardvatelom stavby aj o doplnkovom geologickom
prieskume. Jeho tlohou bolo identifikovat’poruchové zény a anomalie v horninovom
masive. Nsledne sa podla jeho vysledkov dali uréit’ (zaktualizovat) dal3ie postupy
pri razeni, najmd z Casového hladiska. Bola navrhnutd a schvélena geofyzikalna

=

Obr. 1 Orto-foto mapa stavby
Fig. 1 Orthophotograph map of the construction

INTRODUCTION

As the professional public knows, the construction of the Sitina tunnel, a 1.5km
long twin-tube urban motorway tunnel has been in progress in Bratislava nearly for
3 years. The civils part was completed in December 2005, then the structure was han-
ded over to the M&E contractor. Currently Taisei-Eltodo, the nominated contractor, is
installing tunnel equipment. Of the civils, the contractor will construct the structures
that require the E&M contractor to co-operate. It is therefore the optimum time now
to look back and share experience and know-how gained during the work.

Basic information on the construction, its technical parameters and construction
technique, as well as detailed data on the participants of the works and the funding
was presented in Tunel No. 1/2005. The aim of this paper is to compare the assump-
tions we had available at the beginning of the works with actual findings obtained
during the work on this interesting project.

GEOLOGICAL CONDITIONS

The Sitina tunnel was driven through the granitoid massif of Sitina Hill found in
the Little Carpathians mountain ridge. From the lithological point of view, biotite to
micaceous granodiorite, locally to granite, frequently with veins to layers of pegma-
tite up to 1.5m thick predominate. Thick layers of schist occurred locally. The rocks
were weakly, but in the vicinity of major tectonic disturbances heavily altered, local-
ly intensely mylonitised. The rock mass was intensely tectonically disturbed. The
fault and joint systems have a general NE-SW, E-W, locally N-S trend, with an SE
dip. The width of cracks varied from Imm to 3cm, even up to several metres at the
weakness zones. The rock was heavily fractured, which manifested itself by an inten-
se blocky character. Oblique-angled to polyhedral blocks of rock occurred with the
sizes ranging from several dm3 to Im3. Rock blocks slipped out of the excavation face
or roof in the locations of intersection of the joint systems. The rock mass was dry.
Water inflows were registered during more intense rainfalls. The thickness of the
overburden was very small throughout the excavation length. The maximum values
fluctuated about 30m, with local minima about 10m in terrain depressions.

From the lithological point of view, the results of the geological investigation were
vindicated. Contrary to the assumptions, the rock was more weathered and heavily
tectonically disturbed. The heavy disturbance in the rock mass, together with the unfa-
vourable dip of the layers toward the face resulted into the rock slipping out of the
face followed by propagation to the roof and development of larger overbreaks.
Overbreaks occurred also in sections where they had not been predicted by the geo-
logical investigation.

The parties to the project had to solve this problem so that the works safety was not
threatened and a possible time delay and increase in the cost were eliminated. The
solution comprised systematic reinforcement of the roof pre-support and anchoring of
the excavation face. Self-drilling anchors 8m long combined with grouting acquitted
themselves well.

At the same time, a supplementary geological investigation was discussed with the
contractor. Its task was to identify weakness zones and anomalies in the rock mass.
Subsequently, the further excavation procedures could be determined (upgraded)
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Obr. 2 Ciastoény geofyzikdlny rez tunelovou riirou
Fig. 2 Geophysical section through the tunnel tube - sectional

metdda. Geoelektrickd odporovd metéda — multielektrénové meranie zdanlivych
elektronickych odporov (ME) a vertikdlne elektrické sondovanie (VES) boli upred-
moznost realizovat'tento prieskum nezdvisle na postupe razenia.

Vystupom geofyzikdlnych merani boli geologicko-geofyzikdlne rezy a mapy, podla
ktorych bolo mozné s velmi vysokou presnostou ocakdvat' zmeny horninového prost-
redia, resp. tektonické poruchy. Treba poznamenat, ze vysledky z geofyzikdlneho
prieskumu pozitivne ovplyvnili dalsf priebeh razenia. Geofyzikalne mapy sa stali neod-
myslitelnym podkladom pre riadiacich pracovnikov razi¢skych prac (obr. 2).

GEOTECHNICKY MONITORING

Pocas celej doby vystavby hlbenej a razenej Casti tunela sa vykondval geotech-
nicky monitoring, ktory zahrnoval meranie tychto velicin:

— deformécif na povrchu,

— deformécii vyrubu,

— extenzometrické merania,

— inklinometrické merania,

— deformécif portdlovych svahov,

— napiéti v beténe primarneho ostenia a kontaktnych napiti,

—napiti v beténe sekunddrneho ostenia,

— merania na vysokotlakovom plynovode, ktory sa nachddzal cca 1,5 m nad raze-

nym dielom.

Pocet merani a vzdjomna rozdielnost' meracskych profilov zodpovedali poZiadav-
kdm stavby, resp. skuto¢nym podmienkam. Pokial' nedochddzalo k anomadlidm,
postupovalo sa podla projektu geotechnického monitoringu. Vysledky merani boli
vyhodnocované na geotechnickych poraddch zdstupcov tic¢astnikov vystavby a na ich
zéklade sa uprestiovali dal3ie postupy razenia.

Meranie deformacii povrchu — bolo vykonavané v troch nivelaénych profiloch.
Zvislé deformdcie sa vyvijali v Case v zdvislosti od postupu razenia. Maximdlna hod-
nota bola namerana 59 mm. Boli potvrdené predpoklady, ze 50 % deformdcii v masi-
ve prebehnti pred postupujiicou ¢elbou.

Meranie deformécii vyrubu — predstavovali velmi doleZitd spitni vizbu, umoz-
fiujii vyhodnotenie prijatych opatreni, ale tie? poskytovali informécie pre dalf
postup. Namerané hodnoty boli spracovavané v grafickych podobach. V grafe prie-
behu maximdlneho sadania pozdlZ tunela boli vynaSané maximdlne hodnoty. Defor-
madcie v jednotlivych meracich profiloch boli porovndvané s vypocitanymi dovole-
nymi deformdciami pre jednotlivé vystrojovacie triedy. Namerané max. deformécie
dosahovali hodnotu 50 % dovolenych deformdcii s vynimkou anomélif v porucho-
vych pasmach. Z grafu zavislosti ustdlenia sadania stropu kaloty od vzdialenosti cela
vyrubu je vidiet, ze deformdcie stropu kaloty sa ustalili do vzdialenosti 2D od Cela
vyrubu. Tento priebeh bol zaznamenany na cca 80 % meracich profiloch. K ustéle-
niu deformécii dochddzalo do 10 dni od zacatia razenia v kalote. Deformacné spra-
vanie sa masivu je mozné charakterizovat' vo vieobecnosti malymi rychle doznievaj-
tcimi deforméciami.

Extenzometrické merania boli vykondvané Styrmi trojstupnovymi extenzo-
metrami. Uchytenie jednotlivych drovni bolo realizované v hlbkach 3, 6 a 9 m.
Bolo osadené 8 profilov. Vysledky ukazali, Ze velkost rozvolnenej zony sa pohy-
bovala od 3 do 5 m od lica vyrubu. V dvoch profiloch velkost rozvolnenej zény
dosahovala az 8 m.

Inklinometrické merania boli vykondvané v blizkosti severného portalu. Hod-
noty deformdcii sa vyvijali v Case v zdvislosti od postupu raziacich prdc. Priebeh
deformdcii je porovnatelny s deformdciami meranymi geodeticky. Maximdlne vodo-
rovné deformdcie boli namerané v trovni 0 aZ — 4 m, kde sa nachadzaji antropo-
génne navazky a nestidrzné materidly. S pribidajicou hlbkou horizontdlne deforma-
cie klesaju, ddvodom bola pritomnost kotviaceho prahu.

Meranie deformacii portalovych svahov ukézalo, Ze pocas vystavby portdlov
a razenia tunelovych rdr nedoslo k takému narastu deformdcif, aby bolo nutné prijat’
dalgie doplnkové opatrenia.

Meranie napiti v betone primarneho ostenia a kontaktnych napéti — dlhodobo
bolo osadenych 7 tenzometrickych profilov. Namerané hodnoty kontaktnych napiti vo
vietkych profiloch dosahovali minimdlne hodnoty (do 70 kPa) a nezodpovedali
predpokladanym hodnotdm. Namerané vysledky neboli porovnatelné s vysledkami
extenzometrického merania. Vynimku tvorili len dva tenzometrické profily, v ktorych
velkost’ napitia bola porovnatelnd s vysledkami merania v extenzometrickych
profiloch (velkost zataZenia od rozvolnenej zony v okolo vyrubu).

-
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according to the results of the investigation, above all from the time aspect. A geop-
hysical method was proposed and approved. The geoelectrical resistivity method, i.e.
the multi-electron measurement of apparent electronic resistance (ME) and vertical
electrical sounding (VES), was given priority over the forward probing using core
drilling for better ability to give evidence and for the possibility of executing the
investigation independently of the progress of the excavation.

The geophysical measurements provided geological-geophysical profiles and
maps, which could be used for high-precision prediction of changes in the rock envi-
ronment or tectonic faults. It must be noted that the results provided by the geophysi-
cal investigation positively affected the further course of the excavation work. The
geophysical maps became an inherent source document for managers in charge of the
excavation operations (see Fig. 2).

GEOTECHNICAL MONITORING

Geotechnical monitoring was executed throughout the construction of the cut-
and-cover and mined parts of the tunnel. It comprised measurement of the following
quantities:

— deformations of the ground surface

— deformations of the excavated opening

— extensometer measurements

— inclinometer measurements

— deformations of portal slopes

— primary lining concrete stress and contact stresses

— secondary lining concrete stress

— quantities measured on a high-pressure gas pipeline, which was found about

1.5m above the mined tunnel

The number and spacing of the monitoring stations corresponded to the require-
ments of the construction or the actual conditions. The geotechnical monitoring
design was followed unless anomalies occurred. The results of measurements were
assessed at geotechnical meetings of representatives of the parties to the construction
and the further excavation procedure was adjusted accordingly.

Measurement of ground surface deformations — it was carried out in three level-
ling profiles. Vertical deformations developed with time in relation to the excavation
progress. The maximum measured value amounted to 59mm. The assumptions that
50% of deformations will take place in the rock massive ahead of the face were vin-
dicated.

Measurements of the excavated opening deformations — they represented the
very important feedback; they allowed assessment of adopted measures, but they also
provided information needed for the further progress. The measured values were pro-
cessed in graphical form. The chart of development of maximum settlement along the
tunnel was plotted using the maximum values. Deformations in individual measure-
ment profiles were compared with allowable deformations calculated for individual
support classes. The measured maximum deformations achieved a value of 50% of
the allowable deformations, excepting the anomalies in weakness zones. The chart
showing the relationship between the top heading crown settlement coming to a rest
and the distance of the excavation face proves that the deformation came to a rest at
a distance of 2D from the excavation face. This relationship was recorded approxi-
mately at 80% of the measurement profiles. The deformations came to rest within 10
days from the beginning of the top heading excavation. The deformational behaviour
of the rock mass can be generally characterised as small deformations coming quick-
ly to rest.

Extensometer measurements were carried out using four three-base extensome-
ters. The individual bases were fixed at the depths of 3, 6 and 9m. Eight profiles were
installed. The results proved that the size of the loosened zone varied from 3 to Sm
ahead of the excavation face. It reached even 8m in two profiles.

Inclinometer measurements were carried out in the vicinity of the northern por-
tal. The values of deformations developed with time depending on the progress of the
excavation work. The development of the deformations can be compared with defor-
mations measured by surveyors. The maximum horizontal deformations were measu-
red at the 0.00 to 4.00m level, in the section where anthropogenic fills and incohesi-
ve materials are found. Horizontal deformations decrease with the increasing depth;
the reason was the presence of an anchored sill.
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Meranie deformécii a napiti v sekundarnom osteni prebicha v ramci dlhodo-
bého monitoringu. Celkovo je navrhnutych 7 meracich profilov v oboch tunelovych
rdrach.

Meranie deformécii na vysokotlakom plynovode — nepreukézalo pocas razenia
prekroenie vypoctom stanovene;j kritickej hodnoty sadnutia 30 mm (obr. 3).

RAZENIE A VYSTROJOVANIE TUNELOVYCH RUR

Tunelové riry boli razené Novou rakiiskou tunelovacou metédou (NRTM).
Postup pre razenie a vystrojenie vyrubu bol stanoveny pre pit’ vystrojovacich tried,
pricom trieda V bola roz¢lenend do tried Vb v priportdlovych dsekoch a Va v tekto-
nickych poruchdch. Horninové prostredie bolo v sitaznych podkladoch rozdelené do
homogénnych tsekov, ktorym zodpovedali jednotlivé triedy vystrojenia. Rozdelenie
vychddzalo z vysledkov inZiniersko-geologického a hydrogeologického prieskumu
ako aj dalsich relevantnych ddajov, napr. vysky nadloZia nad tunelmi.

Na zdklade skuto¢nych geologickych podmienok boli pouZzivané triedy vystroje-
nia. Tieto boli modifikované na zdklade vysledkov geotechnického monitoringu.

Préce na razeni oboch tunelovych rtr sa zacali v novembri 2003. Od zaciatku raze-
nia dochddzalo k nestladu v pomernom zasttipeni skuto¢ne realizovanych vystrojo-
vacich tried s predpokladanymi podla stitaznej dokumentacie. Vyrazne vyssi podiel
tazsich vystrOJovacmh tried s krat$imi zdbermi a ndkladnej$im zaistenim spdsobilo
oneskorenie vo¢i harmonogramu a zvysenie ndkladov stavby.

UZ na jar 2004 bolo rozhodnuté o zacati razenia aj zo severného portdlu. Price
odstartovali v mdji a museli byt koordinované tak, aby nedochddzalo k obmedzovaniu
prac na 200 m dseku dIhého hlbeného tunela. Rozhodnutie o razeni zo severnej strany
vo vic§om rozsahu sa ukédzalo ako sprivne a nevyhnutné, pretoZe aj dal3f priebeh raze-
nia nezodpovedal geologickym predpokladom zo stitaznej dokumentacie. Celkovo
bolo vyrazenych zo severnej strany 582 m oproti predpokladanym 50 m (obr. 6).

Porovnanie predpokladanych a skutocnych vystrojovacich tried je zobrazené
v tabulkovej a grafickej podobe (obr. 4).

SEIZMICKY MONITORING

Vykon trhacich prac v zastavanej oblasti s blizkostou nielen obytnej zdstavby, ale
aj objektov Slovenskej akadémie vied s citlivymi laboratérnymi pristrojmi (plazmo-
vy magnetometer, tomograf) a zoologickej zdhrady si vyZzadovalo realizaciu seiz-
mického monitoringu. Cielom seizmického monitoringu bolo uréit'dynamické zata-

Zenie jestvujicich stavebnych objektov od trhacich préac pri vystavbe a upresnovat’

ich vykondvanie tak, aby nedoslo k pripadnym Skoddm na tychto objektoch. Moni-
toring pozostdval z nasledovnych faz:

— Klasifikacia objektov podla STN 73 0036 — Seizmické zataZenie stavieb. Sta-
novili sa medzné rychlosti kmitania pre jednotlivé objekty, resp. aj technické
zariadenia v rdmci 1. pasportizdcie.

— Pasportizdcia ohrozenych objektov. Celkovo bolo pasportizovanych 66 objektov.

— Realizédcia a vyhodnotenie skisobnych odstrelov. V tejto faze sme na zaklade
vysledkov vypracovali technologicky projekt trhacich prac a mapu izoseist.

— Vyber objektov na monitorovanie na zaklade mapy izoseist (obr. 5).

— Instaldcia piatich meracich stiprav INSTANTEL Minimate plus pre kontinudlne
meranie 3 zloziek rychlosti kmitania a akustického tlaku. Prenos nameranych
dat sa uskuto¢noval pomocou modemu GPS Wawecom, ktory rozposielal
e-maily piatim zti¢astnenym strandm. Tento systém umoznoval operativnu reak-
ciu a pripadni modifikdciu parametrov trhacich prac.

— Realizécia vlastnych merani, spracovdvania tdajov a vyhodnocovania. V tejto
rutinnej faze sa pristroje podla vysledkov a postupu Celieb prestivali na vytipo-
vané objekty.

TuNel

Measurement of deformations of portal slopes showed that no rate of increase
in deformations requiring adoption of other additional measurements occurred during
the course of the construction of the portals and excavation of the tunnel tubes.

Measurement of primary lining concrete stress and contact stresses — there
were 7 long-term strain gauge profiles installed along the route. The measured valu-
es of contact stresses in all profiles reached minimum values (less than 70kPa), thus
they did not correspond to the assumed values. The measured results were not com-
parable with the results of extensometer measurements. Only two strain gauge profi-
les were exceptional because the magnitude of the stress was comparable with the
values measured in the extensometer profiles (the magnitude of loading due to the
loosened zone in the vicinity of the excavation).

Measurement of the secondary lining deformations and stresses is carried out
in the framework of the long-term monitoring. In total, 7 measurement profiles are
designed in both tunnel tubes.

Measurement of deformations on the high-pressure gas pipeline — it did not
prove any event of crossing the determined critical settlement value of 30mm in the
course of the excavation. (see Fig. No. 3)

EXCAVATION AND SUPPORT OF THE TUNNEL TUBES

The tunnel tubes were driven using the New Austrian Tunnelling Method (NATM).
The excavation and excavation support installation procedure was determined for five
support classes, while the class V was sub-divided into classes Vb in the portal secti-
ons and Va in tectonic disturbances. The tender documents divided the rock environ-
ment into homogeneous sections corresponding with the individual support classes.
The division was based on the results of the engineering geological and hydrogeolo-
gical investigation, as well as other relevant data, e.g. the thickness of the cover over
the tunnel tubes.

The support classes were specified on the basis of actual geological conditions.
They were modified according to the results of the geotechnical monitoring.

The excavation of both tunnel tubes started in November 2003. Discrepancies bet-
ween the relative proportion of the actually applied support classes and the proporti-
on assumed in the tender documents occurred since the beginning of the excavation.
The significantly higher proportion of higher support classes with shorter round
lengths and more costly support resulted in a delay against the works schedule and
increase in the construction cost.

The decision to start the excavation also from the northern portal was made as early
as the spring of 2004. The work started in May; it had to be co-ordinated so that the
work on the 200m long section of the cut-and-cover tunnel was not restricted. The
decision to drive the tunnel from the northern side in a larger extent proved to be cor-
rect and unavoidable because even the further course of the excavation work did not
correspond to the geological predictions contained in the tender documents. The total
length of the excavation carried out from the northern side amounted to 582m, in con-
trast with the assumed 50m (see Fig. 6).

The comparison of the anticipated and actual support classes is shown in a tabular
and graphical form (see Fig. 4).

SEISMIC MONITORING

The execution of blasting operations in a developed area, in the vicinity of not only
residential buildings but also the buildings of the Slovakian Academy of Sciences con-
taining sensitive laboratory instruments (a plasma magnetometer, tomograph)) and
a zoological garden required execution of seismic monitoring. The aim of the seismic
monitoring was determination of dynamical loading acting on the existing buildings
due to blasting operations during the construction, and adjusting the procedures in
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Zapadna tunelova rira predpoklad expectation 70,00
West tunnel tube skutoénost’ reality 47,65
Vychodna tunelova rira predpoklad expectation 70,00
East tunnel tube skutoénost’ reality 66,85
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Obr. 4 Porovnanie predpokladanych a skutocne realizovanych vystrojovacich tried
Fig. 4 Comparison of expected and actually used support classes

— Zavere¢nd pasportizdcia po ukonceni pouZivania trhacich préc.

V priebehu vystavby bolo monitorovanych celkovol4 objektov. Z vysledkov
vyplyva, Ze seizmické Gcinky trhacich prac nepresiahli najvyssie pripustné hodnoty
a medze stanovené pre sledované objekty. Tlakovzdusné tic¢inky nepresiahli hodno-
ty, pri ktorych dochddza k poruseniu sklenenych ploch a keramickych obkladov. Pri

staniCeni / chainage
zlomy / fault
. stanoviSté / post

izoseisty

Obr. 5 Izoseisty 1,5 a 10 mm/s pre ndloZ 3 kg
Fig. 5 Isoseismal lines 1.5 and 10 mm/s for 3kg charges
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a manner preventing contingent damage to the structures. The monitoring consisted of
the following phases:

— Classification of the buildings according to the STN 73 0036 — Seismic Loads
Acting on Structures. Limiting velocities of vibration were determined for indi-
vidual buildings or even for technical equipment in the framework of the first
condition survey.

— Condition survey of endangered buildings. A total of 66 buildings were
surveyed.

— Execution and assessment of trial blasting. We developed the blasting design
and the map of isoseismal lines in this phase, on the basis of the survey results.

— Selection of buildings to be monitored based on the map of isoseismal lines
(see Fig. 5).

— Installation of five INSTANTEL Minimate plus measurement sets for continu-
al measurements of 3 components of the velocity of vibration and acoustic pres-
sure. The transfer of measured data was carried out using a GPS Wawecom
modem, which sent e-mails to five parties to the project. This system allowed
operative response and modification of parameters of the blasting operations if
necessary.

— Execution of the measurements proper, data processing and assessment. In this
routine phase, the instruments were moved to the buildings selected according
to the results and progress of the excavation faces.

— Final condition survey after completion of the blasting operations.

A total of 14 buildings was monitored in the course of the construction. It follows
from the results that the seismic effects of blasting operations did not exceed the hig-
hest allowable values and limits determined for the buildings observed. The air pres-
sure effects did not exceed the values at which glazed surfaces and ceramic claddings
get damaged. Neither the initial marks of damage defined by STN 73 0036 nor aggra-
vation of existing defects appeared during the blasting operations. Despite certain
fears regarding our ability to cope with the blasting work in the built-up urban area,
which we may have shared with the local public, the achieved results do not need
comments. Apart from measurements of effects of the blasting operations on buil-
dings, other interesting measurements were carried out on the site, namely the mea-
surement of the effect of blasting operations on green concrete, high-pressure gas
pipelines and sensitive instruments belonging to the Slovak Academy of Sciences (a
tomograph, a plasma magnetometer).

Further, the influence of the seismic effects on animals in the Bratislava ZOO was
assessed. It was found out that vibrations did not disturb camels and the Przewalski
horse. Only studhorses bucked off riders during the blasting. For that reason the blas-
ting was announced in advance so that the riders could unmount.

Based on the seismic measurements, a map of isoseismal lines was plotted and
charges and time delays were designed so that there was a 95% probability that the
maximum vibration velocity determined according to STN 73 0036 would not be
exceeded. These calculations were carried out by Geodyn s.r.o. using the Blast ware
III program.

The measurement was performed by a consortium of companies consisting of Geo-
dyn s.r.o. Szemereh and Geotechnik Consulting s.r.o.
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vykone trhacich prac nedoslo k vzniku prvych zndmok $kod podla STN 73 00 36
a ani k zvicSeniu existujicich $kod.

Aj napriek ur¢itym obavam o zvladnutie vykonu trhacich prac v rozsahu razenia
tunelov v mestskej aglomerécii z nasej strany, ale hlavne zo strany miestnej verej-
nosti, dosiahnuté vysledky nie je potrebné komentovat. Okrem merani vplyvov trha-
cich prac na stavebné objekty boli na stavbe vykonané aj dalSie zaujimavé merania,
a to vplyv trhacich prac na mladé betony, na vysokotlaké potrubia plynu, na citlivé
pristroje SAV (tomograf, plazmovy magnetometer).

Dalej bol vyhodnocovany vplyv seizmickych t¢inkov na zvieratd v zoo Bratisla-
va. Bolo zistené, Ze na tavy a kone Przewalského vibracie nepdsobia rusivo. Len ple-
menné Zrebce zhadzovali jazdcov pri odstreloch. Preto boli odstrely dopredu hldse-
né, aby jazdci zosadli z kon.

Na zdklade seizmickych merani bola spracovana mapa izoseist a navrhnuté ndlo-
Ze na Casovy stupet, pri ktorych s 95% pravdepodobnostou neddjde k prekroceniu
medznych rychlosti kmitania podla STN 730036. Tieto vypocty vykonal Geodyn,
s.T. 0., pomocou programu Blast ware III.

Meranie vykondvalo konzorcium firiem Geodyn, s. r. 0., Szemereh, Geotechnik
Consulting, s. r. 0.

ZAVER

Tunel Sitina je po mnohych rokoch opit’tunelova stavba realizovand v intravila-
ne hlavného mesta. Aj napriek Specifickym podmienkam, ako je medzinarodny
doddvatelsky systém, zlozité geologické podmienky a v neposlednej miere umiest-
nenie stavby, podarilo sa ispesne vyriesit' vetky problémy a ukoncit'stavebnt Cast’
tohto diela v stanovenom termine. Pre vSetkych dcastnikov stavby to bola vynikaj-
tca prilezitost’ tvorivého uplatnenia mnohych technickych rieSeni a ziskat’ cenné
skidsenosti v styku s verejnostou, ktoré sa budd dat’ vyuZit pri vystavbe dalich pod-
zemnych diel. ) 3
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Obr. 6 Tunelovd rira pripravend na montdZ technoligie
Fig. 6 The tunnel tube prepared for installation of equipment.

CONCLUSION

After many years, the Sitina tunnel is again a tunnel construction positioned in

a built-up area of the capital. Despite specific conditions such as the international sys-

tem of suppliers, difficult geological conditions and, at last but not least, the site loca-

tion, all problems were successfully solved and the civils part of the tunnel was com-

pleted on time. It was an ideal opportunity for all parties to the contract to creatively

use many technical solutions and to gain precious experience in public relations,
which will be applicable during construction of other underground works.
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

ZKUSEBNI POZAR V TUNELU VALIK
uvob

V devadesatych letech minulého stoleti doslo v evropskych délnic¢-
nich tunelech k fadé pozaru s tragickymi néasledky a mimofddnymi
ekonomickymi Skodami a silnym spole¢ensko-ekonomickym dopa-
dem napti¢ Evropou, napt. pozdr Eurotunelu v roce 1995 nebo tunelu
pod Mont Blancem v roce 1999. Proto se stala poZarni bezpecnost
v silni¢nich tunelech predmétem zvyseného zdjmu specialistl na jejich
vystavbu, hasi¢u a policistd a v neposledni fadé i politiki. Evropska
komise iniciovala zahdjeni vyzkumnych programu, na jejichZ zdkladé
méla byt zpracovdna legislativni dprava pozarni bezpe¢nosti v silnic-
nich tunelech. Byla provedena fada experimentd v podminkdch napo-
dobujicich podminky v redlnych silni¢nich tunelech nebo v opusté-
nych silni¢nich tunelech, z nejvétsich je treba jmenovat sérii zkuSeb-
nich pozaru v Reppafjordu v rdmci vyzkumného programu Eureka
nebo ovéfovaci poZzdry v Runehamarském tunelu porddané v rdmci
vyzkumného programu Uptun v Norsku. Legislativnim vystupem se
stala smérnice Evropské komise 2004/54/EC.

LEGISLATIVNI PODKLADY

Smérnice Evropské komise definuje poZadavek ovéfit poZéarni bez-
pecnost tunelu pred jeho uvedenim do provozu, proto pracovnici HZS
Plzenského kraje uplatnili pozadavek na zkusebni pozar a taktické cvi-
¢eni slozek Integrovaného zachranného systému (IZS) v rdmci projed-
navani dokumentace pro stavebni povoleni. Smérnice vlastni metodi-
ku nestanovuje. Proto byla v rdmci realizacnich projekénich praci na
tunelu Valik vedena jedndni mezi Pragoprojektem, a. s., a zdstupci
HZS Moravskoslezského kraje ve véci faktického naplnéni pozadavku
smérnice Evropské komise. ZkuSebni pozdr a taktické cviceni 1ZS
byly soucdsti zaddvaci dokumentace stavby. Vysledny postup a tech-
nologie provedeni zkusebniho poZdru, ktery probehl 25. 5. 2006, jsou
pak vysledkem prace tymu sloZzeného ze zdstupca MV-GR HZS CR,
HZS Plzenského kraje, HZS Moravskoslezského kraje, Technické uni-
verzity Ostrava, Reditelstvi silnic a dalnic, Metrostavu, a. s. a Prago-
projektu, a. s., a jsou samostatnou ¢asti realizacni dokumentace stav-
by: Taktické cviceni slozek IZS 21. 9. 2006.

CILE ZKUSEBNIHO POZARU

vz .0

Cilem zkusebnich pozdri bylo verifikovat normovy poZar a oveérit
jeho tCinky, ovérit parametry poZdra a vrstvy koute v tunelu, porovnat
Siteni studeného a horkého koure v podminkdch tunelu. Odbornd
pracoviité TUPO a FBI, VSB-TU Ostrava provedla méfeni teplot
v tunelu, teplot konstrukci, hustoty tepelného toku, optické hustoty
koure a rychlost §ifen{ vrstvy koure. Provedla také vzorkovéni zplodin
horeni. Soubor takto ziskanych dat bude v budoucnu pouZit pro zpra-
covéni smérnice pro pozarné€ bezpe¢nostni feSeni kratkych tuneld, pri-
padné pro zpracovéani obecnéjsi analyzy rizik v kratkych silni¢nich
tunelech, které smérnice Evropské komise blize neupravuje, ale které
v Ceské republice prevazuji.

ZAKLADNI ZADANI ZKUSEBNIHO POZARU

Byly provedeny celkem dva zkuSebni poZary o vykonu 5 MW. Jeden
pri prirozené ventilaci a druhy s ventilaci nucenou. Z duvodu klima-
tickych podminek a zejména ochrany prihlizejicich byl nejdfive pro-
veden zkuSebni pozdr s ventilaci. Proudéni vzduchu v tunelu bylo
omezeno prekazkami (byly Cdste¢né instalovany vnitfni konstrukce
tunelu, v budoucim prajezdném profilu byla odstavena nakladni vozid-
la), tak aby se vSe co nejvice pfiblizilo podminkdm bézného provozu
v tunelu. Tato velikost poZdru odpovidd vykonu pfi poZaru osobniho
automobilu. Energeticky zdroj byl definovén jako horeni 170 1 benzi-
nu na ploSe 4 m? ve vySce 300 mm nad drovni budouci vozovky
(1000 mm nad stavajici drovni provizorni vozovky).

Pldnovéani ovérovacich zkouSek probihalo od prosince loriského
roku. V jeho ramci byly realizoviany matematické modely chovani cha-
rakteristického poZiru v prostoru odpovidajicimu tunelu Valik
a zkousky materidlu a konstruk&nich prvku z hlediska jejich chovéni,
pokud jsou vystaveny pusobeni tepla a dynamiky hofeni. Vlastn{

FIRE TESTING OF THE VALIK TUNNEL
INTRODUCTION

The nineties of the past century saw several conflagrations with tragic con-
sequences, enormous economic losses and a huge socioeconomic impact on
the whole Europe. We can name the Eurotunnel fire in 1995 or the Mont
Blanc tunnel fire in 1999. They were the reason why road tunnel fire safety
has become a subject of concern for specialists in tunnel construction, fire
fighters and the police, as well as politicians. The European Commission ini-
tiated launching of research programmes which should provide a basis for
development of legislation on fire safety in road tunnels. Many experiments
were conducted in conditions simulating conditions in real road tunnels or in
abandoned road tunnels. We must not forget to name the most significant of
them, a series of test fires in Reppafjord, which was part of the Eureka rese-
arch programme, or verification fires in the Runehamar tunnel performed in
the framework of the Norwegian research programme UPTUN. The legisla-
tive output has the form of the directive of the European Commission No.
2004/54/EC.

LEGISLATIVE BACKGROUND

The directive of the European Commission defines a requirement for veri-
fication of fire safety in a tunnel before it is opened to traffic. It was the rea-
son why the staff of the Fire Rescue Service (FRS) for the Plzen region impo-
sed a requirement for a test fire and tactical exercise of the Integrated Rescue
System (IRS) units during the process of negotiating the final design. The
directive does not specify the testing method. For that reason Pragoprojekt
a. s., the designer preparing the detailed design for the Valik tunnel construc-
tion, negotiated with representatives of the FRS for the Moravian region the
way to factually fulfil the requirement of the European Commission directi-
ve. The resulting procedure and technique of the test fire execution, which
took place on 25 May 2006, is the result of the work of a team comprising
representatives of the Ministry of Interior — General Directorate of the FRS
of the Czech Republic, the FRS for the Plzen region, the FRS for the Mora-
vian region, the Technical University in Ostrava, the Directorate of Roads
and Motorways of the Czech Republic, Metrostav a. s. and Pragoprojekt
a. s. It forms an independent part of the detailed design: The Tactical Exerci-
se of the IRS units on 21.9.2006.

TEST FIRE OBJECTIVES

The objective of test fires was to verify a standard fire and test its effects,
to verify parameters of fires and smoke stratification in the tunnel, compare
spreading of cold and hot smoke in the tunnel conditions. Specialised work
places of TUPO (the Technical Institute of Fire Protection) and FBI,
VSB-TU Ostrava (the Faculty of Safety of the Technical University in Ostra-
va) carried out measurements of temperatures inside the tunnel, temperatures
of structures, heat flow density, opacity of smoke and velocity of the smoke
layer spreading. They also carried out the sampling of combustion products.
The set of data obtained in the above way will be used in the future for deve-
lopment of a directive on fire safety design for short tunnels and/or for work

Obr. 1 ZkusSebni poZdr v plné intenzite
Fig. 1 Full-intensity test fire
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Obr. 2 Zplodiny horeni unikajici z tunelové trouby cca 5 min. po zapdleni
horlaviny

Fig. 2 Combustion products leaking from the tunnel tube about 5 minutes
after ignition of the inflammable liquid

realizace vyZadovala tfi dny na montdZ ochrany ostén{ tunelu a méfi-
cich prvka. Tunel v délce cca 35 m v horni ¢dsti profilu byl obloZen
izola¢nimi rohoZemi zn. ORSTECH DP80 tak, aby teplota na povrchu

betonu nepresdhla 50 °C, vnéjsi strana byla exponovédna na povrcho-
vou teplotu cca 300 °C po dobu 20 minut.

PRUBEH VLASTNICH ZKOUSEK

Zékladnim poZadavkem zhotovitele dila bylo, Ze pres nainstalované
ventildtory nesmi prochdzet vzduch teplejsi nez 40 °C. Toto ovlivnilo
i vlastni scéndr zkouSek. Proto byl nainstalovdn pouze jeden spodni
ventildtor. Pro vlastni prubéh zkousky byly zpracovény bezpecnostni
zasady pro pohyb odborné vefejnosti v oblasti vlastni zkousky (zicast-
nilo se cca 150 osob) a celd oblast byla uzaviena Policii CR. Vlastni
prubéh zkousek, jejich technické zabezpeleni (naliti benzinu, zapaleni
ohné, zajisténi zédloZnich sil a bezpe€nostnich prostredku) zajistovali
pracovnici HZS CR.

ZAVER

Pfi obou zkuSebnich poZdrech bylo ziskdno velké mnozstvi technic-
kych tdaju, které je nutné fadné vyhodnotit a piipadné zobecnit. Toto
v soucasné dobé zpracovavaji odbornd pracoviste na vysoké skole a ve
vyzkumném ustavu pozarni ochrany.

Zkusebni pozéary probéhly za velké ticasti odborné verejnosti véetné
nejvysiiho veleni Hasi¢ského zachranného sboru Ceské republiky.

Vlastni vysledky budou zpracovany do samostatného ¢lanku. Tech-
nické préce pro zajisténi zkuSebniho pozdru provedla firma Metrostav
a. s., kterd uhradila i nékteré méfici pfistroje. Realizaéni projekt na
zkuSebni poZdr zpracovala firma Pragoprojekt, a. s., Praha.

ING. JIRI SVOBODA, svobodaj@pragoprojekt.cz,
PRAGOPROJEKT, a. s.

TuNel

on more general analyses of risks in short road tunnels, which are not dealt
with in the directive of the European Commission, but which prevail in the
Czech Republic.

BASIC TEST FIRE DESIGN

Two test fires with the capacity of SMW were conducted. One in the con-
ditions of natural ventilation, the other with forced ventilation. Because of
climatic conditions and, above all, with respect to safety of onlookers, the fire
with forced ventilation was tested first. The air flow in the tunnel was restric-
ted by installation of obstacles (internal tunnel structures were partially
installed; lorries were positioned within the future clearance profile) so that
it was as close to the conditions of common traffic in the tunnel. This mag-
nitude of fire corresponds to the capacity of a car fire. The energy source was
defined as an equivalent of 170 litres of petrol burning on an area of 4m? at
a level of 300mm above the level of the future roadway (1000mm above the
current level of the temporary roadway).

The planning of the verification tests started in December 2005. It com-
prised, among others, development of mathematical models of behaviour of
a typical fire in a space similar to the Valik tunnel and testing of materials and
structural elements in terms of their behaviour when exposed to heat and
dynamics of burning. The execution proper required three days for installati-
on of the tunnel lining protection and measurement units. A tunnel section
about 35m long was provided with cladding in the upper part of the profile
using ORSTECH DP80 insulation mats so that the temperature on the conc-
rete surface did not exceed 50°C. The external surface of the insulation mats
was exposed to the temperature of approximately 300°C for 20 minutes.

THE COURSE OF THE TESTS

The fundamental requirement of the construction contractor was that the
temperature of hot air passing through the fans was not allowed to exceed
40°C. This requirement affected even the testing scenario proper. For that
reason only one fan was installed, the lower one. Safety rules were develo-
ped for movement of the professional public in the area of the testing during
the tests (about 150 persons were present); the entire area was closed by the
Police of the CR. The course of the tests proper, their practical execution
(pouring petrol, ignition of the fire, provision of standby forces and safety
equipment) was organised by workers of the FRS of the Czech Republic.

CONCLUSION

The two fires yielded lots of technical data that must be properly assessed
and possibly generalised. This is currently the work of specialised work pla-
ces at the university and in the research institute of fire protection.

The test fires were amply attended by the professional public, including
the headquarters of the Fire Rescue Service of the Czech Republic.

The results proper will be compiled and published in a separate paper. The
technical work items necessary for the fire tests were carried out by Metro-
stav a. s., including the payment for some measurement devices. The detai-
led design for the test fire was developed by Pragoprojekt, a. s. Praha.

ING. JIRI SVOBODA, svobodaj@pragoprojekt.cz,
PRAGOPROJEKT, a. s.

VYUZITI METODY HORIZONTALNIHO BERANENI OCELOVYCH TRUB PRI RAZBE
UTILISATION OF THE METHOD OF HORIZONTAL DRIVING OF STEEL PIPES IN TUNNEL EXCAVATION

The author of the paper describes unusual application of a pre-sup-
port canopy formed by horizontally driven pipes. This technique was
utilised during reconstruction of a heat distribution tunnel. The exca-
vation was carried out under shallow overburden and under telephone
cable ducts.

Pfi razbé kratkych dilnich dél (do 30 m délky a nad 10 m?) fesime
v praxi problém, jakym zpusobem docasné, po dobu razby, zajistit nadlo-
7i. Problém se stdvd jeSté slozit€jSim pii nepriznivych geotechnickych
vlastnostech zeminy v misté razby, jakymi jsou tekuté pisky, zvodné€lé hor-
niny nebo navéazky. Vieobecné plati, Ze pri §itkdch vyrubt vétsich nez 4 m
si s klasickou vyztuZi z profilovanych ocelovych rdimu pouZivanou u pro-
filt mengich prifezi (do 10 m?) nevysta&ime a nasazeni mechanizovanych
tunelovacich metod je vzhledem k malému rozsahu neekonomické.

Uspésnou a ekonomicky nenaroénou metodou je v téchto piipadech
vyuziti metody horizontdlnitho beranéni ocelovych trubek, které
v tomto pripade slouZzi jako vetknuté nosniky a pod jejichZ ochranou je

provddéna vlastni razba. Trubky lIze beranit tésné vedle sebe (obr. 1),
anebo v piipadé, Ze to vlastnosti horniny dovoluji, kombinovat
s vydfevou popt. KARI sitémi a stifkanym betonem.

Razba se pak sestdvd ze Ctyf navazujicich postupu:

1. Vykop startovaci jamy pro beranéni, kdy dno jamy je cca 0,5 m
pod urovni stropu razeného dila;

2. Zaberanéni ocel. trubek — nosniku;

3. Vytvoreni portdlu razby — podepfeni nosnika (zaberanénych tru-
bek) v misté startovaci jamy a ndsledné prohloubeni startovaci
jamy na droven dna razby;

4. Vlastni razba pod ochranou zaberanénych (za Celbu vetknutych) trub.

Tato technologie byla s tspéchem pouzita nasi firmou pfi rekon-

strukci topného kandlu pod Svehlovou ul. v Praze — Hostivafi v srpnu
2000 — investorem byla Prazskd tepldrenskd, a. s.
Potrubni i stavebni ¢ast horkovodu vykazovala po 35 letech provo-

s Xz

zu zna&né opotiebeni a zejména prichozi &4st pod Svehlovou ul. byla




nénim trubek DN 500
Fig. 1 Support of the near-surface large-profile excavation carried out in
gravel-sand by DN500 driven pipes

v havarijnim stavu. (obr. 2). Na pruchozi ¢ast navazoval 8 m dlouhy
neprulezny tsek (3itka x vyska: 1600 x 900 mm) zaklopeny panely,
ktery bylo zapotrebi pro vyménu potrubi odklopit. Topny kanal se
v téchto mistech nachdzel v hloubce 3,8 — 5,2 m a kfizovaly jej dva
kabelovody TELECOMU. Podminky spraveu siti v tomto tseku nedo-
volovaly odkryti horkovodu vykopem. V misté kompenzatorové jimky
byla proto vyhloubena startovaci jdma pro horizontdlni zaberanéni
dvou ocelovych trubek — nosniku. Tyto nosniky (DN 300) byly zabe-
ranény soubézné s osou horkovodu v osové vzddlenosti 4 m. Trubky
byly zaberanény 2 m za spoj prulezné a neprulezné &4sti topného kana-
lu. K beranéni trubek bylo pouzito beranidlo Grundoram (vyrobce
Tracto Technik). Vzhledem k délce razby a rozmérum startovaci jamy
byly pouzity trubky dlouhé 5 m, které byly postupné navarovény.
Ve startovaci jame byly nosniky podepreny vertikdlné zaberanénymi

ﬁ_ N K ﬁ
Obr. 3 Celkovy pohled na portdl raZby v misté kompenzdtorové jimky
Fig. 3 An overall view of the excavation portal at the compensator shaft

Obr. 5 Vydreva stropu z foSen uloZenych na vysku na zaberanéné nosniky
Fig. 5 Roof support timbering using boards set on edge on driven beams
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Obr. 4 Detail spojeni zaberanénych nosniku a stojek s rozpérami
Fig. 4 A detail of connection of the driven beams and props with braces

trubkami DN 200 a vzdjemné rozepreny. Celo startovaci jamy bylo
zapazeno drevénymi trdmky. Poté byla startovaci jdma prohloubena na
uroven zdklopovych paneli kompenzéatorové jimky a nepralezné &dsti
horkovodu (obr. 3, 4).

Vlastni razba byla provddéna ru¢né — Cinnosti provadénou hornic-
kym zpusobem. Hornina v misté raZby méla charakter navazky, a proto
byly jako vyztuZ stropu vyrazeného useku pouZzity fosny, ukladané na
vysku na zaberanéné trubky — nosniky (obr. 5). Z tohoto duvodu mohl
byt nezalozeny dsek na elb€ vzdy max. 0,2 m. Po dokondeni razby
bylo provedeno rozkryti zéklopovych paneld neprulezné &ésti, kom-
penzatorové jimky a nédsledné provedena rekonstrukce potrubni ¢dsti.

Technické idaje razeného vseku:

Délka razby 8m

Razeny profil 4 3)x16m

VytéZend kubatura 45 m3

Vystrojeni: nosniky ocel. trubka 324/8 —2 x 10 m
stojky ocel. trubka 219/6,3 -2 x 5 m
rozpéry ocel. trubka 219/63 -2 x4 m

vydreva stropu
vydreva stén
Doba realizace
Naklady dil¢i Eésti

smrkové fosny 300 x 80 x 4500 mm
smrkové tramky 100 x 100 x 1800 mm
9 dnu véetné rozkryti zéklopovych panelt
360 tis. K&

ING. PAVEL BRABEC, hydrotechnik@seznam.cz,
HYDROTECHNIK PRAHA s. r. o.
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ZPRAVY Z TUNELARSKYCH KONFERENCI 7/ NEWS FROM TUNNELLING CONFERENCES

ROADWARE 2006

The author informs on the 12th year of the Roadware 2006 interna-
tional road fair, which was held from 16th to 18th May 2006 in Pra-
gue. The main organiser of the fair is the Czech Road Association
(a member of the PIARC).

Termin 16. — 18. 5. byl uZ podvanécté zajistén pro poradani meziné-
rodniho silni¢niho veletrhu v pravém kiidle Prumyslového paldce
v Praze.

Jejimi hlavnimi organizitory byly Ceska silniéni spole¢nost ve spolu-
préci s agenturou Vinco. Letos se na veletrhu predstavilo na 81 $picko-
vych firem v 70 expozicich. D4 se konstatovat, Ze vysoky standard kon-
ference reagoval na potieby spole¢nosti na vystavbu a ddrzbu silni¢ni sité
v nasi republice.

Tradi¢ni zahdjeni prvniho dne provedli predseda Ceské silnicni spo-
le¢nosti ing. Lehovec, ndméstek ministra dopravy a spoju ing. Nouza,
feditel Statniho Fondu dopravni infrastruktury ing. Pavel Svagr, general-
ni feditel Reditelstv silnic a dalnic ing. LauSman a ing. Maty4s, prezident
Asociace podnikatelu ve stavebnictvi.

Xlll. PODUNAJSKA GEOTECHNICKA KONFERENCE

Ing. Richard Barvinek informs about the 8th Danube Conference of
Geotechnics, which took place in Ljubljana (Slovenia) from Monday
the 29th May to Wednesday 315t May 2006, in the conference hall of
Hotel Excelsior. The conference was organised under the auspices of
the ISSMGE (the International Society for Soil Mechanics and Geo-
technical Engineering). It was attended by 255 delegates not only from
the countries lying along the Danube but also from France, England,
Italy, Russia, Spain, Finland, Switzerland, Canada, the USA and even
Kazakhstan.

XIII. Podunajskd geotechnickd konference se konala v Lublani (Slo-
vinsko) od pondéli 29. 5. 2006 do stiedy 31. 5. 2006 v konferenénim
sdle hotelu Excelsior. Konference probéhla pod zéstitou ISSMGE
(International Society for Soil Mechanics and Geotechnical Enginee-
ring). Osobné se zdCastnil nejen viceprezident ISSMGE pro Evropu
prof. Roger Frank z Francie, ale také prezident ISSMGE prof. Pedro
Seco Z Pinto z Portugalska.

Historie podunajskych konferenci vznikla v Sedesatych letech minu-
1ého stoleti a byla oficidlné motivovdna povodnémi a vodnimi dily na
Dunaji, neoficidlni podpora ze strany Mezindrodni spolecnosti pro
mechaniku zemin a geotechnické inZenyrstvi spocivala v umoznéni
geotechnikum z tehdejsiho sovétského bloku participovat na mezin4-
rodni drovni. Postupem casu zdvaZnost této geotechnické akce pod-
statné vzrostla.

Konference v Lublani se zd¢astnilo 255 delegétu, a to nejen z podu-
najskych zemf, ale byli piitomni i zdstupci Francie, Anglie, Itdlie,
Ruska, Spanélska, Finska, Svycarska, Kanady, USA a dokonce
Kazachstdnu.

Obr. 2 Pohled na presypany ddlniéni tunel

V projevech, které prevazné charakterizovaly soucasny stav ve vystav-
bé a tdrzbé ddlni¢ni a silni¢ni sité, také zaznély informace o spolupréci
se svétovou silnini asociaci AIPCR/PIARC, kterd tzce spolupracuje
i s tunelafskou svétovou asociaci hlavné v oblasti bezpe¢nosti provozu.
V katalogu, ktery Vysel také v digitdln{ edici, jsou obsazeny databaze
\ysmvovatelu spréven pozemnich komunikaci, sprdvy a ddrzby silnic.
Cesky a anglicky text prehledu je velkym kladem katalogu. Z d&astniki
zabezpeCujicich ¢innosti pii vystavbé podzemnich a silni¢nich staveb se
na veletrhu prezentovaly Metrostav a. s., Doprastav, a. s., Prostiedi a flu-
idni technika, s. r. 0., SMP CZ, a. s, ZS Brno, a. s., SG-Geotechnika, a. s.,
Geosyntetika, Prazské silni¢ni a vodohospodérské stavby, a. s., Valbek,
V. s. 0., Strabac, a. s., Polyfeltar, s. r. 0., Ekon, s. . 0.

Prace a poslani Ceské silnicni spolecnostl pokracuji v zdsaddch a cilech
reprezentovat odborné a profesni zdjmy pracovniku v oboru silni¢niho
hospodarstvi a vystavby. Vydavani odborného Casopisu Silni¢ni obzor
a organizace odbornych akei je jejich zdsadni Cinnosti. Lze velmi kladné
hodnotit, Ze ¢lenové nasi asociace ITA/AITES vyznamné prispivaji k této
¢innosti hlavné v odbornych sekcich Silni¢ni tunely a Telematika.

ING. PETR VOZARIK, vozarik@metrostav.cz, METROSTAYV a. s.

Obr. 1 Ucastnici exkurze na stavbé mostu na ddlnici H4

Na konferenci bylo 31 vystavovatelt, jak piistroju, tak vypoletni
techniky a produktt pro geotechnické stavby. K nim se fadilo i 9 spon-
zoru.

Jednani bylo rozdéleno do Sesti sekei:

1. Charakterizace staveniSté pro geotechnické geoenvironmentdln{

ucely.

2. ZlepSovéni zékladové pudy a vyuZivéni ,,brown fields*.

3. Praxe pri interaktivnim geotechnickém navrhovani.

4. Interakce stavba—zdkladovd puda pii statickém a dynamickém

namahani.

5. Stanoveni geotechnického rizika a jeho fizeni.

6. Rozvoj moderni dopravni infrastruktury: dloha geotechnického

inZenyrstvi.

Déle byly prosloveny tyto speciélni prednasky (Special Lectures).

Prvé byla vénovana pamatce profesora Suklje, zakladatele slovinské
geotechniky a jeho odbornému pfinosu tomuto oboru.

Autory druhé specidlni prednasky byla skupina ruskych geotechni-
ku a zabyvala se geotechnickymi problémy pfi rekonstrukei historic-
kych mést.

Treti specidlni predndska byla anglické provenience a nazyvala se:
Stav oboru a inovace — fizeni rizika pfi malych projektech. Byla pro
nds zajimava tim, Ze pojedndvala o geotechnickych problémech spoje-
nych se stavbou tunelt pod letistém Heathrow prevézné v londyn-
skych jilech.

Za nejduleZitéjsi 1ze povaZovat hlavni prednéasky (Keynote Lectures):

e Prof. W. Wolski (Polsko): Site characterization for geotechnical

and geoenvironmental purposes.

e Dr. C. Shashkin (Rusko): Basic regularities of soil-structure inter-

action,




e Prof. F. Schlosser: Soil reinforcement for foundations.

e Prof. I. Vanitek (CR): Role of geotechnical engineeringin brown

fields redevelopement.

e Prof. A. Szavits-Nossan (Chorvatsko): Observations on the obse-

rvational method.

o Prof. M. Ziegler (Némecko): Safety and risks in geotechnics.

e Prof. H. Brandl (Rakousko): Ground improvement and earthwork

innovation for transport infrastructure.

Pozornost si zasluhuje predndska o pouzivani observacni metody
a problémech s tim spojenych. Za perfektni lze povazovat prednasku
prof. Brandla z Videnské technické univerzity shrnujici soucasné teo-
retické i praktické poznatky spojené s budovanim silni¢nich i Zelez-
ni¢nich staveb.

Dulezitd je i skute€nost, Ze fada piispévki byla vénovéna tunelové-
mu stavitelstvi a stavbeé vysokorychlostnich Zeleznic.

Do zdvéretného ceremonidlu byly zahrnuty i projevy delegatu
zastupujicich CR vénované Svétovému tuneldiskému kongresu WTC
2007 v Praze, delegat Spanélska hovoril o 14. Evropské konferenci
ISSMGE 2007 v Madridu a zastupce Slovenska pozval na 14. Podu-
najskou geotechnickou konferenci 2010 v Bratislave.

V rdmci pokonferenni exkurze navstivili delegéti svétozndmou
lokalitu Postojna jama, coZ je na sveté druhy nejvetsi a jisté nejkras-
néjsi komplex krasovych jeskyni. Jejich rozloha je tak velkd, Ze do
centrdlni ¢dsti jeskyni jsou navstévnici dopravovani elektrickym vIac-
kem. Tato lokalita odborné zajimala predevsim pritomné geology.

Stavebnim inZenyrum byla vénovéna druhd ¢dst exkurze na stavbu
ddlnice H4 z Lublané do italské Gorizie v tiseku Razdrto — Vipava, kde
trasa prekracuje sesuvné flySové tzemi. Trasa ddlnice je zde vedena
také po mostech, jejichz pilife jsou zaloZeny na skalnim podkladu
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Obr. 3 Opatieni u pilifu v sesuvném tizemi

M

a kolem nich jsou az k povrchu terénu jakési ,,studné®, které umoznu-
ji po dobu nékolik desitek let pohyb sesouvajicich se hmot, aniz by se
dotkly mostnich pilifa (viz obr. 1 az 3).
V jinych mistech byly provedeny kotvené zarubni zdi nebo zasypd-
vané tunely, aby byl zachovén stdvajici ,,rovnovazny“‘stav.
Konferen¢ni materidly jsou pro zdjemce dostupné u autora na dseku
technického reditele Metrostavu.
ING. RICHARD BARVINEK,
barvinek@metrostav.cz, METROSTAV a. s.

VYBOR BEZPECNOSTI PROVOZU PODZEMNICH STAVEB

The COSUF committee was officially founded during the course of
the ITA General Meeting in Istanbul in 2005. It works under the lea-
dership of Prof. Alfred Haack. Mr. Ludvik Sajtar, who represents the
CTuC ITA/AITES in this committee, informs about the first meeting
of the committee, which took place in Lausanne on 31 May 2006 as
part of the 2nd international symposium “Safe and Reliable Tunnels”.

Dne 31. 5. 2006 se v Lausanne uskutec¢nilo zahajujici zaseddni
COSUF ,,Vyboru bezpecnosti provozu podzemnich staveb® jako sou-
¢ast II. mezindrodnitho sympozia ,.Bezpe¢né a spolehlivé tunely*.
Vybor byl oficidlné zaloZen v prubéhu zaseddni valného shromézdéni
ITA v Istanbulu v roce 2005 pod vedenim prof. Alfreda Haacka.

ZaloZeni vyboru bylo iniciovdno spole¢nym zdjmem zpracovatelu
osmi evropskych projekti zabyvajicich se bezpe€nosti provozu tuneli
vramci 5.a 6. rdmcového programu védy a vyzkumu EU (FIT, Safe-
T, UPTUN, SIRTAKI, Safe Tunnel, Virtual Fires, L —surF, DARTS).
Oblast zdjmu COSUF je omezena pouze na provozni bezpecnost tune-
10 a bezpe€nost provozu a ochranu ostatnich podzemnich staveb, nety-
ké se bezpelnosti pii jejich vystavbé.

Hlavnim cilem vyboru je udrzovat, rozvijet a zajistovat v ramci dané
oblasti:

o celosvétovou vyménu zkuSenosti a spolupraci;

e usnadnovat a napoméhat vytvéfeni tyma a skupin pro feSeni

vyzkumnych dkolu;

e zlepSit vyzkumné a vyvojové Cinnosti s vyuZitim kombinac{

ndrodnich, evropskych a svétovych zdroju jejich financovani;

PRAZSKE GEOTECHNICKE DNY 2006

Like every year, the “Prague Geotechnical Days” were held in the
building of the Academy of Sciences of the Czech Republic in May
2006. This year’s seminar was focused on examination of the effect of
water on behaviour of geotechnical structures. The already 14th Pra-
gue geotechnical lecture was delivered by Prof. Roger Frank, the
director of the CERMES (ENPC-LCPC) in France. The first day also
saw the presentation of the academician Quido Zaruba award for
young engineering geologists and geotechnicians. For this year, the
award laureate became RNDr. Radovan Chmelaf, PhD. for a thesis
“Rock Mass Assessment at the NATM Application to Weakness Zones
of the Mrdzovka Tunnel in Prague”. A Workshop with the topic of the
“Intermediate assessment of the approach to the EC 7-1 Geotechnical

e prosazovat a podporovat modernizaci bezpe&nostnich systému;

e zvySovat uvédoméni o soucasnych a nové vyvijenych bezpecnost-

nich fe$enich;

e podporovat a vytvéret nové modernizované predpisy a pravidla.

Pro fizeni ¢innosti vyboru jsou ustanoveny tii pracovni skupiny AG
(Activity grooups), jejichZ zdkladni ndplni je sbér informaci, jejich
zpracovani a vypracovani doporuceni véetné jeho rozsifovani, specifi-
kace soucasnych a budoucich problému k feSeni v ramci projekt védy
a vyzkumu atd. Pracovni skupiny nebudou v rdmci své ¢innosti zpra-
covavat studie a vyzkumné ukoly na komer¢ni bézi. Toto bude prova-
déno institucemi, vyzkumnymi dstavy nebo soukromymi spole¢nostmi.

Néplni jednotlivych skupin bude:

e vztah evropskych a mezindrodnich iniciativ;

e smérnice, pravidla a zkuSenosti;

e vyzkum a vyvoj.

Aby nedoslo k duplicité ¢innosti jednotlivych skupin, byl ustanoven
fidici vybor SB (Steering Board), jehoZ ¢leny jsou zdstupci osmi
evropskych vyzkumnych projekta. V &ele fidiciho vyboru je predseda
— zastupce ITA (Prof. Dr. Ing. Alfred Haack — STUVA Germany)
a mistopredseda zdstupce WRA (Mr. Didier Lacroix — CETU France).

Clenem vyboru se mohou stit vefejné a soukromé organizace, védec-
ké a vzdélavaci tstavy. Clenstvi neni umoznéno soukromym osobam.
Clenové ITA se nestdvaji &leny COSUF automaticky, ale Glenstvi v obou
sdruZeni je mozné. Podminky clenstvi a dal$i podrobnosti je mozno
nalézt na www.ita-aites.org. ING. LUDVIK SAJTAR,

Feditel spoleénosti SATRA, s. r. 0., ludvik.sajtar@satra.as

Construction Design in the Czech Republic, Slovak Republic and
neighbour countries”

Tak jako kazdy rok probéhly i v kvétnu 2006 v budové Akademie véd
CR ,.Prazské geotechnické dny*. Hlavnimi pofadateli byli Stavebni
geologie—Geotechnika, a. s., a Czech and Slovak National Committee
of the ISSMGE ve spoluprici s Ceskou geotechnickou spole&nosti
CSSI a s patronaci Ustavu teoretické a aplikované mechaniky AV CR.

Leto$ni semindr byl zaméfen na zkoumdni{ vlivu vody na chovani
geotechnickych konstrukci. Jako hlavni prednasejici zde vystoupili
Ing. Jan Bohd¢, CSc., z Prirodovédecké fakulty UK Praha,
RNDr. Frantisek Kresta a Ing. Vitézslav Herle z firmy SG-Geotechni-
ka, a. s., Dipl. Ing. Sebastian Fritsche z firmy Arcadis Consult GmbH
SRN a Ing. Svetozar Milenkovi¢ z Institutu za Puteve v Srbsku.
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Vice nez 100 eskych i zahrani¢nich Gcastniku vyslechlo v poradi jiz 14.
Prazskou geotechnickou predndsku: FOREVER: The French National Pro-
ject on Micropiles (Francouzsky ndrodni projekt: Mikropiloty). Tu predne-
sl prof. Roger Frank, feditel dstavu CERMES (ENPC-LCPC) ve Francii.

V prubehu prvniho dne byla rovnéZ preddna Cena akademika Quido
Zaruby pro mladé inZenyrské geology a geotechniky, jejimz lauredtem
se letos stal RNDr. Radovan Chmelar, Ph.D., za disertaéni préci ,,Hod-
nocen{ horninového masivu pfi aplikaci NRTM v poruchovych zénéch
tunelu Mrazovka v Praze*.

TuNel

Druhy den se uskute¢nil workshop na téma Dosavadni hodnoceni
pristupu k EC 7-1 Navrhovani geotechnickych konstrukcei v CR, SR
a v sousednich zemnich. Workshop moderoval prof. Roger Frank
z Francie. Zéstugci Némecka, Rakouska, Madarska, Chorvatska, Slo-
vinska, Polska, Ceské a Slovenské republiky poté sezndmili zdcastné-
né se stavem prejimani Eurokddu ve svych zemich.

DOC. ING.ALEXANDR ROZSYPAL, CSc.,
rozsypal@geotechnika.cz, SG-Geotechnika a. s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA (STAV K 27. 6. 2006)
TUNEL PANENSKA

Na severnim portdlu probihaji zasypy hloubenych ¢asti obou tune-
lovych trub. Na jiznim portédlu se betonuje spolecné zastropeni tunelo-
vych trub v délce 24 m. Pfed obéma portély se dokonCuje stavba pro-
vozné-technologickych objekti. V pravém tunelu (vychodnim) byly
dokonéeny natéry vrchliku a v soucasné dobé se uklddaji a hutni pod-
kladni vozovkové vrstvy. V levém (zdpadnim) tunelu se jesté natiraji
plochy v horni ¢ésti betonové monolitické klenby.

TUNEL LIBOUCHEC

Natéry vrchliku v hloubenych a razenych usecich jsou v levém
(zdpadnim) tunelu kompletné dokonceny a v pravém pak jsou prove-
deny zhruba v poloviénim rozsahu. V levém tunelu probihd v proudu
osazovani $térbinovych Zlabu, jsou nasypdvany podkladové vrstvy
vozovky a jsou montovény tchyty pro technologické zarizeni v tune-
lu. Na jiznim portalu je vybetonovana deska pro pozarni nadrz a sta-
vebné je dokonCovén provozné-technologicky objekt tunelu.

TUNEL KLIMKOVICE

U tunelu A pred brnénskym portdlem je vybetonovadno 12 dvanacti-
metrovych pasu kleneb, chybi jesté 2 pasy klenby do celkové délky hlou-
beného tseku. V raZeném tunelu je vybetonovano celkem 14 past spod-
ni klenby. Od brnénského portédlu pokracuje dprava povrchu primarniho
osténi pod mezilehlou izolaci. Na strané ostravského portdlu je v tunelu
A kompletné vybetonovéno 12 pasu uzavieného definitivniho osténi.
Spodni klenba je vyhotovena v predstihu 22 pasu. Pred sou¢asnym por-
talem tunelu B na brnénské strané je vybetonovano 10 klenebnich past a
pripravuje se betondZ posledniho ¢elniho zkoseného pasu definitivniho
portdlu. Z ostravské strany jsou v hloubeném dseku vybetonovany 3 pasy
s tim, Ze chybi uz jen posledni atypicky budouci portdlovy pas. V raze-
ném tseku tunelu B je od Ostravy dokon¢eno celkem 29 pasu spodni
klenby a nasledné na ni navazuje 10 pasi kompletniho monolitického
osténi. Byly jiZ zahdjeny prdce na objektu kolektoru a kabelové Sachty
provedenim technologického vrtu do tunelové propojky ¢. 3. Vrt bude

v nejblizsi dobé€ rozsiten vrtnou soupravou o pruméru 2200 m.
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Obr. 1 Moderni viak éeskjch drah Pendolino vyjizdi z Hnévkovského tunelu
Fig. I Pendolino, a modern train of Czech Railways, exits the Hnévkov tunnel

THE CZECH REPUBLIC (AS OF 27 JUNE 2006)
THE PANENSKA TUNNEL

Backfilling of the cut and cover parts of both of the tunnel tubes is under-
way at the northern portal. Casting of the common RC roof deck takes place
along a length of 24m. The construction of technical services structures is
being completed in front of both portals. Coating of the crown has been finis-
hed and road base layers are being placed and compacted in the right (eas-
tern) tunnel tube. In the left (western) tube, the surfaces in the upper part of
the cast-in-situ concrete vault are still being coated.

THE LIBOUCHEC TUNNEL

The coating of the crown in both the cut-and-cover and mined sections are
complete in the left (western) tunnel tube; about a half of the painting has
been finished in the right tube. Slotted drains are being installed, road base
layers placed and holders for installation of equipment fixed in the left tun-
nel tube. The concrete bottom slab of the fire protection reservoir is finished
and the construction of technical services structures is being completed at the
southern portal.

THE KLIMKOVICE TUNNEL

There are 12 twelve-meter long blocks of concrete vaults finished in front
of the Brno portal of the A tunnel. Two blocks remain to be cast to complete
the whole length of the cut-and-cover section. A total of 14 blocks of the conc-
rete invert slab has been finished in the mined tunnel. The treatment of the pri-
mary lining surface continues to be able to receive the intermediate waterpro-
ofing. On the Ostrava side of the A tunnel, casting of 12 blocks of the closed
final lining is complete. The invert casting is complete with an advance of 22
blocks. There are 10 blocks of the concrete vault structure finished in front of
the current portal of the B tunnel on the Brno side; the casting of the last, front
end splayed block is being prepared. From the Ostrava side, 3 blocks have
been cast in the cut-and-cover section; the only missing block is the atypical
future portal block. In the mined section of the B tunnel, 29 invert blocks have
been finished from the Ostrava side; 10 blocks of the complete cast-in-situ
lining follow behind the invert casting. The work on the utility duct and the
cable shaft has started by drilling a pre-bore through the cross passage No. 3.
The borehole will be reamed to a diameter of 2200mm soon.

Obr. 2 Pohled na vychodni portdl tunelu Hnévkov II z mostu pres Moravskou
Sdzavu
Fig. 2 The eastern portal of the Hnévkov II tunnel viewed from a bridge over

the Moravskd Sdzava River




Obr. 3 Zdpadni portdl tunelu Hnevkov II s iipravou skalniho svahu
Fig. 3 The western portal of the Hnévkov II tunnel with the rock slope treatment

NOVE SPOJENI - VITKOVSKE TUNELY

Na jiznim Vitkovském tunelu probéhla slavnostni prorazka 23. 5. 2006.
Ke dni sepséni aktuality bylo odt€Zeno jadro v celé délce tunelu. Z celkové-
ho poctu 100 vyklenka chybi vyrazit v boku tunelu poslednich osm. U pro-
pojek je dohloubeno a zajisténo primédrnim osténim 6 sekei se spodni klen-
bou. V tunelu se provad{ lokdln{ tiprava povrchu pod mezilehlou izolaci. Na
jiznim portalu je v§e pripraveno pro betondZ spodni klenby v délce 140 m.

Slavnostni prorazka na severnim Vitkovském tunelu je napldnovéna na 29.
6.2006. Z celkové délky severniho razeného tunelu chybi dotézit poslednich
40 m jadra. Zapadni portdl je pripraven na odtéZeni jadra a spodni klenby.
Seddni povrchu nad tunely bylo zaznamenéno mensi, neZ predpoklddal vypo-
Zet, a tak mohlo byt odstranéno leeni u pomniku Jana Zizky na vrchu Vitkov.

TUNELY HNEVKOV | A lI

Provoz vlaki v Hnévkovskych tunelech I a II byl po jedné koleji
podle pldnu zahdjen 19. ervna 2006 (viz obr. 1 az 3). Tunel Hnévkov
II je druhym nejdelSim tunelem na Zelezni¢ni siti v Ceské republice.

TUNEL VALIK

Po zkuSebnim poZzaru je tunel vy¢istén a dokoncuji se sjednocujici natéry
klenby a boku osténi. Po celé délce tunelu se buduji bezpe¢nostni chodniky,
zatahuji se kabely a montuji se zarizeni technologické vybavenosti tunelu.
U obou portdl se zasypdvaji hloubené konstrukce tunelu a soubézné se
sestavuji gabiony pro zabezpeCeni boku zemnich zarezu pred tunely.

TUNEL BREZNO

Velkd pozornost byla v uplynulém obdobi vénovéana vyhloubeni Sachty
pro vytazeni zavaleného stroje Perforex a nasledné vybudovani tinikového
vychodu z tunelu. Sachta je zabezpecend pilotami s prevazkami. M4 svétly
prumér 21 m a je hluboké 35 m. Stroj Perforex byl vytaZen a v soucasné
dobé probihd dohlubovéni Sachty pro posledni prevdzku pod drovni beto-
nové desky navrzené v celém kruhovém puadorysu Sachty. Z vyjezdového
portdlu se razi jednokolejny tunel sekven¢éni metodou. K datu sepséni aktu-
ality chybi k Sachté dnikového vychodu vyrazit jesté asi 100 m. Z opacné-
ho portdlu bylo v tiseku zhavarovaného tunelu pfezmahéno 6 devitimetro-
vych komor oddélenych pficnymi pilotovymi sténami. Posledni sedmd
komora priléhajici k Sachté bude vyraZena po tplném stavebnim dokonce-
ni Sachty vcetné ztuZujicich betonovych stén v jeji spodni ¢dsti.

ING. PAVEL POLAK, polak@metrostav.cz (CTuK)

SLOVENSKA REPUBLIKA
TUNEL SITINA

MontédZou poziarneho vodovodu a stavebnym ukonCenim chodnikov sa
v lete tohto roku prakticky ukoncujui stavebné prace v tuneli Sitina dlzKy tak-
mer 1,5 km na dseku dialnice D2 Lamacska cesta — Staré grunty v Bratisla-
ve. V tuneli nadalej pokracujii prace na montdZi technologického vybavenia,
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Lot g
Obr. 4 Pohled do Hnévkovského tunelu
Fig. 4 A view in the Hnévkov tunnel

THE NEW CONNECTION — THE VITKOV TUNNELS

The breakthrough ceremony was held at the southern Vitkov tunnel on
23.5.2006. As of the day of writing this news, the bench excavation was com-
plete along the whole tunnel length. The last eight niches of the total of 100
remain to be excavated. Six cross passages have been excavated and provi-
ded with primary lining with invert structures. The treatment of primary
lining surface before installation of waterproofing is underway. Everything is
prepared at the southern portal for casting of the invert at a length of 140m.

The ceremonial breakthrough of the northern Vitkov tunnel is scheduled
for 29.6.2006. The last 40m of the core remain to be excavated in the nort-
hern mined tunnel. The western portal is prepared for the core and invert
excavation. The settlement recorded on the surface above the tunnels is less
than anticipated according to the calculation, thus the scaffold supporting the
Jan Zizka’s monument on Vitkov hill could be removed.

THE HNEVKOV | AND Il TUNNELS

The train service in the Hnévkov I and II tunnels started on the schedule,
on 19 June 2006 (see fig. 1,2, 3, 4).

THE VALIK TUNNEL

The cleaning of the tunnel after the test fire event has been finished and the
unifying coating of the vault and side walls is being completed. Safety walk-
ways are being built, cables drawn in and equipment installed along the com-
plete tunnel length. Cut-and-cover tunnel structures are being backfilled at
both portals; gabion walls are being installed to support the sides of open cuts
before the portals.

THE BREZNO TUNNEL

Great attention was recently paid to the excavation of the shaft for lifting
of the backfilled Perforex machine. The shaft will subsequently be utilised as
an escape exit from the tunnel. The shaft is supported with piles and walers.
It is 21m in diameter and 35m deep. The Perforex machine was lifted and
currently the shaft sinking is being completed up to the last waler, under the
bottom of the concrete slab which is designed to cover the whole circular
ground plan of the shaft. The single-track tunnel is being excavated through
the exit portal using the sequential method. As of the date of writing this
news, about 100m of the tunnel excavation remains to be carried out to arri-
ve at the escape shaft. The dissolution of the collapsed section continued from
the other portal; 6 nine-meter long chambers separated by transverse pile
walls were recovered. The seventh chamber, the last one, which touches the
shaft, will be excavated after completion of the shaft structure including rein-
forcing concrete walls at its bottom. i

ING. PAVEL POLAK, polak@metrostav.cz (CTuC)

THE SLOVAK REPUBLIC
THE SITINA TUNNEL

The civils part of the work on the nearly 1.5km long Sitina tunnel built
on the D2 Motorway construction lot from Lamacskd Cesta to Staré Grun-
ty in Bratislava will be virtually completed in summer 2006 by installati-
on of a hydrant main and construction of walkways. Taisei — Eltodo Joint
Venture continues to install tunnel equipment. The anticipated deadline for
the inauguration of the tunnel together with the entire motorway section
remains the spring of 2007. This section will mean completion of the
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ktorého zhotovitelom je Joint Venture Taisei — Eltodo. Predpokladanym ter-
minom uvedenia tunela a celého dialhi¢ného tseku do prevadzky zostdva jar
roku 2007. Usekom sa skompletuje prepojenie diafnic D1 a D2 na tizemi
hlavného mesta Slovenska, Bratislavy.

TUNEL BORIK

V priebehu jina tohto roku zacali prace na dialni¢nom tuneli Borik
vystavbou stavebnej jamy na zdpadnom portdli tunela. Razenie tune-
lovych rir by malo zacat razenim pilierovej $tlne eSte v tomto roku.
Prace vykondva spolo¢nost’ Tubau a. s., pricom vyS$S§im zhotovitelom
dialhi¢ného dseku je zdruZenie InZinierske stavby — Marti Contractors.
Dialni¢ny usek Mengusovce — Jdnovce bude tvorit severny obchvat
miest Svit a Poprad a jeho prva Cast'dlzky 8 km zacina prdve dvojru-
rovym tunelom Borik dlzky 999 m.

STOLNA POLANA

Na zdklade vysledkov verejnej stitaze, ktord prebehla zaciatkom roku
2006, bola akciovej spolo¢nosti Doprastav zadand vystavba prieskumne;j
Stolne pre budici dialni¢ny tunel Polana. Tunel Polana na dseku dialnice
D3 Svr¢inovec — Skalité bude mat’ jednu rdru s obojsmernou premavkou.
Prieskumnd $tdliia bude razend v profile druhej, buddcej tunelovej riry,
pricom bude stavebne a technologicky upravend na funkciu inikovej a pri-
stupovej komunikdciu. Prace na razenf $tolne dlzky 840 m by mali zacat’
zaciatkom jesene tohto roku, v sticasnosti prebiehaji pripravné prace.

TUNEL BRANISKO

Prvy slovensky dialni¢ny tunel Branisko (dizka 4975), ktory bol uvedeny
do prevadzky v roku 2003, sa stal aj prvym slovenskym tunelom, ktory bol
zahruty do pravidelnych testov bezpe¢nosti tunelov, vykondvanych nemec-
kym automotoklubom ADAC, tento rok v rdmci programu EuroTAP — Tun-
neltest 2006, financovaného z prostriedkov Eurdpskej tinie. InSpek¢nd preh-
liadka sa uskutocnila vo februdri a vysledky boli na strdnke www.adac.de
zverejnené v méji tohto roku. Tunel Branisko ziskal najvyssie mozné hodno-
tenie ,,vyborny*, pricom toto hodnotenie ziskal ako jediny s obojsmernou
premavkou v jednej tunelovej rire. Najvyssie hodnotenie ziskalo v tomto
roku 16 tunelov z celkového poctu 52 posudzovanych tunelov. Medzi silné
strdnky tunela Branisko boli medzi inymi zaradené systém dnikovych ciest
chrénenych pred vniknutim dymu a tepla v pripade poZiaru, kamerovy
dohlad v celej dlzke tunela vritane automatickej detekcie incidentov, auto-
matickd poziarna signalizdcia, vykonné poziarne vetranie, moznost uzatvorit’
tunel svetelnymi ndvestidlami aj zdvorami a trvale prevddzkované riadiace
centrum so Skolenym persondlom.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk (STA)

TuNel

connection of the D1 and D2 motorways in the area of the City of Brati-
slava, the Slovak capital.

THE BORIK TUNNEL

The work on the Borik motorway tunnel started in June 2006 by excavati-
on of the construction trench at the western portal of the tunnel. The excava-
tion of the tunnel tubes should begin this year by driving a gallery for a cent-
ral pillar. The tunnel construction will be carried out by Tubau a.s. for the
main contractor InZenierske stavby, a.s. and Marti Contractors Ltd. The Men-
gusovee - Janovce motorway section will form a northern bypass of the
towns of Svit and Poprad; the 999m long Borik tunnel is at the beginning of
the 8km long initial portion of this bypass road.

POLANA GALLERY

The public tender proceedings, which took place at the beginning of 2006,
resulted in the award of the contract for an exploration gallery for the future
Polana motorway tunnel to Doprastav joint-stock company. The Polana tun-
nel, which will be built on the D3 motorway section between Svréinovec —
Skalité, will consist of a single tube carrying bi-directional traffic. The explo-
ration gallery will be driven within the profile of the second tube, which is to
be built in the future. The structure and equipment of the gallery is designed
in a manner allowing it to be used as an escape way. The work on the 840m
long gallery drive should commence at the beginning of the autumn 2006;
preliminary work is currently underway.

THE BRANISKO TUNNEL

The first Slovak motorway tunnel, the 4975m long Branisko, which was
inaugurated in 2003, has become the first Slovak tunnel incorporated into a
regular tunnel safety testing scheme performed by ADAC, a German auto-
mobile club, this year in the framework of the EuroTAP — Tunneltest 2006
program, which is funded by the European Union. The inspection was carri-
ed out in February and the results were published at web pages in May 2006.
The Branisko tunnel received the highest possible classification, “excellent”,
whilst it was the only tunnel with bi-directional traffic in one tube that was
classified so high. The highest classification was assigned to 16 tunnels of the
total of 52 tested tunnels. Strong points of the Branisko tunnel comprised,
among others, the system of escape ways protected against intrusion of
smoke and heat in a case of a fire, the video surveillance including automa-
tic incident detection covering the entire length of the tunnel, the automatic
fire alarm and detection system, high-performance fire ventilation, the possi-
bility to close the tunnel both by traffic lights and barriers and the continu-
ously operating control centre with trained staff.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk (STA)

ZIVOTNI JUBILEA / LIVE JUBILEE

60 LET ING. PAVLA POLAKA

Vyznamné Zivotni jubileum dovrsil 31. kvétna 2006 ing. Pavel
Poldk. Narodil se v Praze, kde také absolvoval Stavebni fakultu
CVUT se zaméfenim na konstrukce a dopravni stavby. Po absolvova-
ni vojenské sluzby ve Vojenském projektovém tdstavu nastoupil v roce
1971 do tehdy nové zalozeného narodniho podniku Metrostav, zamé-
feného na vystavbu prazského metra. Pracoval jako stavbyvedouci
dtvaru preloZek, ktery provadél hornickym zpusobem prelozky
zejména kanalizaci na trasdch C, A i B prazského metra. Od roku
1978 pak zastdval funkci hlavniho stavbyvedouciho na stavbé tunela
metra mezi stanicemi Andél a Karlovo ndmésti. V roce 1982 stavbu
zaménil za odbor technického vyvoje Vodnich staveb, kde pusobil az
do roku 1987. Od tnora roku 1987 pracoval na technickém odboru

ING. PAVEL POLAK SEXAGENARIAN

31 May 2006 was the day when Ing. Pavel Poldk rounded off an important
milestone of his life. He was born in Prague where he also graduated from
the Czech Technical University with a degree of civil engineering, from the
Department of Civil Engineering and Traffic Structures. After passing the
military service in Vojensky projektovy tstav (a military design institute), he
entered Metrostav, a national enterprise, which was newly founded in 1971
with the task to built metro in Prague. He worked in the position of a site
agent in the department of utility relocations. This department built mined
relocations of utilities, mainly sewers on the C, A and B lines of the Prague
metro. From the end of 1978 he worked in the position of a superintendent
on the construction of metro tunnels between Andél and Karlovo Namésti
stations. In 1982, he changed the construction site for the Department of
Technical Development of Vodni stavby, where he worked till 1987. From




Metrostavu, ktery tehdy vedl ing. Jaroslav Gran, zakladatel ¢asopisu
Tunel. Po roce 1989 doslo postupné ke zménam ve struktufe Metro-
stavu, coZ byl impulz té€snéji se sepnout s vyrobnimi aktivitami jed-
notlivych divizi akciové spolecnosti. Od roku 1991 az dosud pracuje
ing. Poldk na technickém dtvaru Divize 5 s durazem na dominantn{
¢innost divize, tj. na tunely ¢i jiné podzemni stavby vétSich pri¢nych
profild.

V ramci svych pracovnich aktivit se jubilant zaméfil na problema-
tiku stiikanych betont. Je vedoucim pracovni skupiny pro stiikany
beton puisobici pod CTuK. Je &lenem redaké&ni rady tohoto asopisu a
pusobi jako odborny redaktor. Svoje praktické a teoretické poznatky
publikuje vedle naSeho Casopisu i v fadé jinych odbornych asopist a
na odbornych konferencich.

To, Ze nejen praci Ziv je ¢lovék, potvrzuje ing. Poldk svym velmi
aktivnim pristupem ke sportu. Kondici si udrZuje pravidelnym béZec-
kym tréninkem, nevyhybd se ani del§im vyjizdkdm na kole a rd se
vénuje vysokohorské turistice. T€Zisté jeho pohybovych aktivit je
vSak v zimnim obdobi. Na bézkéach se vyziva zejména v Jizerskych
hordch a na sjezdovkdch pak se dcastni veteranskych zdvodu Pro
Senior Tour i preborii Ceské republiky. Navazuje tak na svoji nejlep-
81 vykonnostni disciplinu, kterou od svych vysokoskolskych let pro-
vozoval zdavodné.

Redakéni rada ocenuje jeho dlouholetou spolupraci na pripravé
Casopisu i jeho dal3{ ¢innost v pripravnych vyborech konferenci
podzemnich staveb a preje pevné zdravi a dal§{ sportovni
dspechy.

ING. PETR VOZARIK, predseda RR asopisu Tunel
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February 1987 he worked at the Technical Department of Metrostav, which
was led by Ing. Jaroslav Grén, the founder of Tunel magazine. The changes
in the structure of Metrostav that started to take place after 1989 were an
impulse for him to link up closer with production activities of individual divi-
sions of this joint stock company. Since1991, Ing. Poldk has worked with the
Technical Department of Division 5 of Metrostav a.s., with a focus on the
dominating activity of this division, i.e. tunnels or other underground struc-
tures featuring larger cross sections.

Pavel Polak has focused his professional activities on problems of spray-
ed concrete. He is an the animateur of a working group for shotcrete acting
under the CTuC. He is a member of the editorial board of this magazine and
is active as a technical editor. He publishes his practical and theoretical know-
ledge not only in our magazine but also in many other technical magazines
and at technical conferences.

By his very active approach to sports, Pavel Poldk confirms the fact that
not only the work is important for a satisfactory life. He maintains his physi-
cal condition by regular cross-country running and even does not avoid lon-
ger bike rides. He also enjoys alpine tours. However, his activities are focu-
sed primarily on winter sports. He loves cross-country skiing in the Jizerské
Mountains. He is also well known on ski slopes where he participates in the
Pro Senior Tour veteran races and championships of the Czech Republic. It
is continuation of his best-performance discipline that he was active in as a
competing sportsman from his university studies.

The Editorial Board highly appreciates his long-term co-operation on the
preparation of the magazine, but also the other activities in preparation com-
mittees of underground construction conferences. We wish him great health,
happiness and sporting achievements.

ING. PETR VOZARIK, Chairman of the EB of Tunel

[

50 LET ING. STANISLAVA SIKORY

Ing. Stanislav Sikora se v listopadu 2006 dozivd 50 let. V posled-
nich letech ho vSichni dobfe zndme jako aktivniho ¢lena redakéni
rady naSeho Casopisu i jako &lena predstavenstva CTuK ITA/AITES.
Je i jednim z organizdtoru prazského kongresu ITA/AITES WTC
2007, kde zodpovidd za organizaci setkdni pracovnich skupin.

Ing. Sikora se narodil 24. 11. 1956 v Ceském T&iné. Po studiu na
gymnéziu se rozhodl pro vysokou $kolu banskou, obor hlubinné doby-
vani. Pozdéji si rozsitil vzdélani o obor podzemni stavitelstvi. Od pocat-
ku jeho profesni kariéry byla jeho prdce spjata s podzemim. Vzhledem
k tomu, Ze bydlel a pracoval na Ostravsku, bylo jasné, Ze pujde o pod-
zemn{ prace dulni. Nastoupil nejprve jako revirnik u VOKD, organiza-
ce specializujici se na vystavbu dolu, po tfech letech presel na pozici
vedouciho strediska, ddle vedouciho pole a v roce 1991 byl jiz vedou-
cim vyroby dulniho zédvodu. V roce 1997 postoupil na pozici feditele
zdvodu a o dva roky pozdéji se stal vyrobné-technickym ndméstkem
a. s. VOKD, kde nyni zastdvé pozici feditele pro vyrobu a techniku.

V devadesitych letech minulého stoleti, kdy VOKD rozsifovalo
své vyrobni komodity i do oblasti podpovrchovych staveb, se diky
svym znalostem a zkuSenostem v dulni oblasti mohl aktivné zapojit
nejprve do Fizeni vystavby kolektora a pozdéji i do ,.$panélského
dobrodruzstvi“. Byl jednim z téch, ktefi v roce 1991 rozjizdéli dalni
a pozd&ji podpovrchovou stavebni &innost VOKD ve Spanélsku.
Byl jednim z téch, ktefi prekondvali prekdzky v podobé ciziho pro-
stiedi, slozité geologie, neexistujictho zdzemi, po&dte¢ni neduvéry
investora v cizi dodavatele, administrativni a danové rozdilnosti
a mnoho dal§im drobnych detaila, které bylo tfeba vyfesit. Byl jed-
nim z téch, diky nimZ puvodni kontingent 17 pracovniku provadéji-
cich dulni prace vzrostl na soucasny stav 160 pracovniku s velmi
dobrym renomé v oboru vystavby Zelezni¢nich a silni¢nich tunelt
i daliich podpovrchovych staveb ve Spanélsku.

~

50TH BIRTHDAY OF ING. STANISLAV SIKORA

Ing. Stanislav Sikora will celebrate his 50th birthday in November 2006.
In recent years all of us have known him as an active member of the editori-
al board of our magazine and a member of the ITA/AITES CTuC board of
directors. In addition, he is one of organisers of the WTC 2007 Prague con-
gress of ITA/AITES. He is responsible for organisation of sessions of the
working groups.

Ing. Sikora was born on 24.11.1956 in Cesky TéSin. After his studies at
a high school he decided for the University of Mining, department of deep
mining. Later he broadened his education by adding the department of underg-
round construction. His work has been connected with underground construc-
tion since the beginning of his professional career. Considering the fact that he
lived and worked in the Ostrava region, it was clear that we would be invol-
ved in the mining industry. He entered his first employment, a position of
a mine foreman, in VOKD, an organisation specialised in development of
mines; after three years he was promoted to a position of a chief of depart-
ment, then a field overman and, in 1991, he became an operations manager of
amine plant. In 1997, he was promoted to the position of a plant director; two
years after he became a production-technology deputy director of VOKD a.s.
where he is now in a position of the director for production and technology.

In the 1990s, when VOKD was expanding its production commodities
even into the field of underground structures, his knowledge and experience
in mining allowed him to actively engage himself first in construction of uti-
lity tunnels and, later, even in the “Spanish adventure”. He was one of the
persons who started up mining and later even underground construction acti-
vities of VOKD in Spain. In 1991, he was one of the persons who were over-
coming obstacles in the form of a strange environment, difficult geology,
non-existent background, initial distrust by the client in foreign contractors,
administrative and tax-related differences and many other minor details; all
of them had to be solved. He was one of the persons who are entitled to
thanks for the fact that the original contingent of 17 workers executing
mining work has grown to the current number of 160 workers boasting very
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Samoziejmé fidil podpovrchové stavebni prace i v Ceské republi-
ce, nejvetsi akei pod jeho taktovkou byla vystavba prvni etapy ostrav-
ského kolektoru pod ulici Podébradovou.

V padesiti letech je ing. Sikora na vrcholu svych pracovnich sil,
a proto mu piejeme, at' i v dalSich letech nadéle zlstane nad§enym
propagdtorem podzemnich staveb, ¢lovékem, ktery neustdle prahne
po novych informacich a znalostech. 5

ING. JAN BREZINA,
predseda predstavenstva VOKD, a. s., Ostrava

TuNel

good repute in the field of construction of railway and road tunnels and other
underground structures in Spain.

Naturally, he also managed underground construction work in the Czech
Republic; the largest project performed under his control was the constructi-
on of the phase 1 of the utility tunnel under Podébradova Street in Ostrava.

At the age of fifty, Ing. Sikora is at the top of his working strengths, therefo-
re we wish him to remain the enthusiastic promoter of underground constructi-
on, the man who ceaselessly yearns for new information and knowledge.

ING. JAN BREZINA, Chairman of the Board, VOKD, a. s., Ostrava

ZPRAVODAIJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS
wwWw.ita-aites.cz

INFORMACE O STAVU PRIPRAVY ITA/AITES WTC 2007
INFORMATION ON THE STATUS OF PREPARATION OF THE ITA/AITES WTC 2007

Nejvetsim problémem, se kterym se v soucasné dobé zacinaji organi-
zétori kongresu WTC 2007 potykat, je nedbalost nékterych autort piis-
pévku. Pres to, Ze koneny termin zasldni abstrakti byl prodlouzen
0 3 mésice a Ze informace o této skute¢nosti byla v€as a mnohokrat zve-
fejnéna jak na webovych strankdch kongresu www.ita-aites.cz, tak ve
viech vyddvanych tiskovych materidlech, védecké radé kongresu stdle
dochézeji dotazy, zda lze jeSté abstrakt zaradit. Mnozi autofi si ani
nepiecetli pokyny, jak pfi zasildni abstraktu, a ndsledné i piispévku,
maji postupovat.

Organizdtory kongresu samozrejme tési zdjem odborné svetové verej-
nosti o prezentaci odbornych nézor, nejnovéjsich poznatka z naseho
oboru i pldnovanych a realizovanych tunelovych staveb, z nichZ vétSina
patii ke svétové $picce. Ulinime vSe pro to, aby ani jeden zajimavy pris-
pévek nebyl odmitnut a aby se vSichni d€astnici mohli seznamit s praci
svych kolegti. Bez vzdjemného respektu a chdpani omezenych technic-
kych a organizaénich moZnosti by vSak bylo naplnéni tohoto cile jen
velmi obtizné. Prosime, aby si vSichni autori uvédomili, ze védecka rada
musi posoudit a zpracovat nékolik stovek odbornych texta (podle poétu
prijatych abstrakti se tento podet blizi 400!), vybrat z nich ty nejlepsi
a nejzajimavejsi a zorganizovat jejich prezentaci. Bude na$i snahou
vyhovét v§em, ktefi o Ustni prezentaci projevi zdjem. Zatim je planova-
na prezentace ve tfech sdlech soucasné, jsme pripraveni tento pocet jesté
o0 jeden prednéskovy sdl rozsifit. I tak bude pocet prezentaci pochopi-
telné omezen — jsou jen 3 predndskové dny a kazdému z predndSejicich
chceme poskytnout dostatecny Casovy prostor. VSem ostatnim bude
nabidnuta moZnost prezentace posterovou formou, tak aby pokud
moZno ani jeden z autort nebyl diskriminovan. VSechny prispévky,
doslé véas a spliujici poZzadovand odbornd, jazykové a formalni krité-
ria, budou publikovéany ve sborniku kongresu, pfipadné v dalSich vyda-
nych tiskovych i elektronickych materidlech kongresu.

Na druhé strané vSak i pro autory a potencidlni predndsejici z toho
plynou urcité povinnosti, jejichZ nesplnéni ani pfi nejlepsi vili nelze
tolerovat.

Na prvnim misté podtrhujeme termin 30. zari 2006, stanoveny
pro prijeti prispévku v elektronické i listinné podobé camera ready.
Pokyny, jak postupovat, najdete na naSich webovych strankdch pod iko-
nou ,,Instruction for Authors*. Tento pozadavek vyplyva ze smlouvy
uzaviené mezi organizaénim vyborem a nakladatelstvim Balkema
Publishers, které zajisti tisk a vydani sborniku. Toto nakladatelstvi je
mnohaletym partnerem ITA a spoluprdce s nim ndm garantuje vydan{
sborniku, spliujiciho nejnaro¢néj§i pozadavky na tuto nejdulezitéjsi
kongresovou tiskovinu kladené. Cesky tuneldfsky komitét tudiz zcela
pochopitelné rozhodl, Ze i WTC 2007 v Praze sluZeb této osvédcené
firmy vyuZije. Pro vSechny, ktef{ jiZ prostiednictvim Balkemy nékdy
publikovali, nemuZe byt proto prekvapenim, Ze nesplnéni jejich (sku-
te¢né velmi prisnych) poZadavku md jediny dusledek — vyrazeni piis-
pévku z publikace.

Organizacni vybor i védeckd rada kongresu je pripravena vSem auto-
ram poskytnout maximalni soudinnost a vyjit jim vstfic tak, aby se co
nejvetsi pocet kvalitnich pifspévku ve sborniku objevil a mohl byt na
kongresu prezentovan. Je to na§ spole¢ny zdjem, kterym je nepochybné
zvyseni odborné trovné svétového tunelového stavitelstvi i spoleenské
prestiZe naSich odborniku. Jsme piesvédCeni, Ze s pomoci a za soudin-
nosti vas vsech ITA-AITES WTC 2007 PRAGUE bude dal$im tspés-
nym krokem v tomto sméru. PROF. ING. JIRI BARTAK, DrSc.,

predseda védecké rady WTC 2007, bartakj@fsv.cvut.cz
ING. GEORGIJ ROMANCOY, CSc.,

predseda organizacniho vyboru WIC 2007,
romancov@metroprojekt.cz

The most serious problem that the organisers of the WTC 2007 congress star-
ted to face is negligence on the part of some of the authors of papers. Despite
the fact that the deadline for the submission of abstracts was postponed by 3
months and that this information was published fairly soon and repeatedly both
on the Congress web page at and in all published printed documents, the Sci-
entific Board of the Congress still receives enquiries whether an abstract can be
submitted. Many authors even failed to read the instructions on how to submit
their abstracts and subsequent papers.

The organisers of the Congress are naturally pleased to see the interest of the
worldwide professional public in presentation of expert opinions, the latest
know-how from our industry and planned and completed tunnel projects, which
mostly constitute the leading edge in the world underground construction. We
are going to do our best to avoid refusal of even a single interesting paper and
to allow all attendees to acquaint themselves with the work of their colleagues.
It would, however, be very difficult without mutual respect and understanding
of the technical and organisational limits. We ask all authors to realise that the
Scientific Board must assess and process several hundreds of technical papers
(in terms of the number of pages this number approaches 400!), select the best
and most interesting ones and organise presentation of the papers. We will try
to oblige all of the guests who will be interested in delivering their lectures in
person. Three lecture theatres are today planned for concurrent presentations
and we are prepared to extend this number by adding another theatre. Even then
however, the number of presentations will be limited; there are three days ava-
ilable for the lectures and we would like to grant sufficient time to each of the
lecturers. The others will be offered an opportunity to use the poster form for
their presentations so that not a single author is discriminated, as far as possib-
le. All contributions submitted in time and meeting the required professional,
language and formal criteria will be published in the Congress proceedings or
in other printed or electronic materials issued by the Congress. On the other
hand, there are also obligations for the authors and prospective lecturers associ-
ated with this effort. With the best will in the world, failures to meet them can-
not be tolerated.

First of all, we underscore the deadline of 30 September 2006, which was
set for the submission of papers in electronic or hard copy cameraready
form. The instructions on how to proceed are available on our web page under
the icon “Instruction for authors”. This requirement follows from a contract
between the Organising Board and Balkema Publishers, which will provide
the printing and publication of the proceedings. This publisher is a long-time
partner of the ITA; the fact that they participate in the publication of the proce-
edings is a guarantee that the proceedings to be issued will meet the most
demanding requirements for this most important printed matter. Therefore, it is
fully understandable that the Czech Tunnelling Committee decided that the
WTC 2007 in Prague should utilise the services of this renowned firm. None of
those who have already published something using Balkema services can be
surprised by the fact that there is the only result of a failure to meet their (real-
ly very stringent) requirements: elimination of the paper from the publication.

The Organising Board and the Scientific Board of the Congress are prepared
to maximally cooperate with and accommodate all authors so that as large num-
ber of high quality papers as possible appears in the proceedings and is presen-
ted at the Congress. Enhancement of the professional level of the worldwide
tunnel construction and the social prestige of our experts is undoubtedly our
joint aim. We are confident that with your help and cooperation the ITA-AITES
WTC 2007 PRAGUE will become another successful step in this direction.

PROF. ING. JIRI BARTAK, DrSc., Chairman of the Scientific Council
of the WTC 2007, bartakj@fsv.cvut.cz

ING. GEORGI] ROMANCOV, CSc., Chairman of the Organising Board

of the WTC 2007, romancov@metroprojekt.c
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VALNE SHROMAZDENI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
GENERAL ASSEMBLY OF THE CZECH TUNNELLING COMMITTEE ITA/AITES

The General Assembly of the CtuC ITA/AITES took place on
Wednesday the 17th May 2006. It was attended by 32 delegates
(from the total of 47 member organisations), 10 individual mem-
bers and 9 guests.

Ing. Ivan Hrdina, the chairman, focused his speech on the main
areas of the work of the committee, i.e. preparation of the WTC
2007 in Prague, publication of Tunel magazine, development of
web pages, activities of Working Groups and improvement of acti-
vity of the members.

In conclusion of his speech, he reminded the attendees that the
one-day workshop on the topic of ‘“Fundamentals of tunnel
construction in cities” will take place as soon as September 2006.
The second part of the workshop will take place just before the
opening of the congress in May 2007. Application forms are avai-
lable at: www.wtc2007.org.

Valné shromazdéni CTuK ITA/AITES se konalo ve stiedu 17.
kvétna 2006 za Gcasti 32 delegatu z celkového poctu 47 ¢lenskych
organizaci, 10 individudlnich ¢lent a 9 hostu.

Jednani zahdjil predseda CTuK Ing. Ivan Hrdina, ktery privital
pfitomné a podékoval generdlnimu rediteli Metroprojekt, a. s.,
ing. Jifimu Pokornému za velmi dobré zajisténi podminek pro
konéni valného shromdzdéni. Ndsledné mu predal slovo.

Generdln{ feditel ing. Jiff Pokorny pozdravil pfitomné a uvedl,
Ze Metroprojekt Praha, a. s., slavi v této dobé 35. vyroéi svého
vzniku. Struéné charakterizoval Siroké aktivity firmy a popral jed-
néni valného shromazdéni CTuK dspéch.

Piedseda CTuK ing. Ivan Hrdina se ve své zpravé zaméfil na
hlavni oblasti ¢innosti komitétu, kterymi jsou priprava WTC 2007
v Praze, vyddvani ¢asopisu Tunel, rozvoj webovych strdnek, ¢in-
nost pracovnich skupina a zvySeni aktivity ¢lenu. Ddle vyzval
¢leny CTuK k finan¢ni podpore WTC 2007 (formou uzavieni
smluv o vzdjemné podpore) a k dlasti na vystaveé, kterd probéhne
v rdmci kongresu.

Informoval o nasi dcasti na WTC 2006 v Soulu v&etné jedndni
exekutivy ITA a jejiho valného shromézdéni.

Na zdvér své zpravy pripomnél, Ze jiz letos v z4f{ si vyzkouSime
organizaci vzdéldvaciho semindre. Probéhne jednodenni work-
shop na téma ,,Zaklady tunelovani ve meéstech* a pozidal, aby
vSechny organizace vyslaly na tento workshop mladé inZenyry,
pfipadné i dalS§i zdjemce. Prihldasky jsou k dispozici na:
www.wtc2007.org.

Souddsti jedndni VS bylo také vyhlaseni vysledku soutéZe o nej-
lepsi diplomovou prici z geotechnického oboru. Vyhodnoceni
prednesl prof. Josef Aldorf, DrSc.

Prvni misto ziskal ing. Petr Lapi$ za diplomovou praci ,,Vypocet
presypavanych konstrukci“. Na druhém misté se umistil
ing. Roman Marek s diplomovou praci ,,Vliv nehomogenit a ani-
zotropie horninového masivu na kvalitativni a kvantitativni obraz

EDICE ,DOKUMENTY CTuK"
“CTuC DOCUMENTS" EDITION

The Czech Tunnelling Committee ITA/AITES began to publish
its documents (directives, recommendations etc.) in the ,,CTuC
Documents* edition.

The first volume ,,Safe System of Work in Tunnel Constructi-
on‘“ was published in June 2006. It acquaints the readers in an illust-
rative form with correct and incorrect procedures applied in underg-
round work.

At the time when you have this issue of Tunel in hand, the second
volume of this edition, the ,,Fundamentals and Principles of the
NATM, the traditional tunnelling method dominating in the
Czech Republic will also have been published. This text was pre-
pared by the CTuC working group for traditional tunnelling. The
objective was summarising briefly the main principles of correct
approach to the NATM in terms of construction planning, designing,
tendering, contractual relationships and construction.

Obr. 1 Prof. Josef Aldorf a predseda CTuK Ing. Ivan Hrdina preddvaji
ocenéni za diplomovou prdci Ing. Petre Ste¢ové

pretvéreni vylomu tunelu®. Tfeti misto ziskala préice ing. Petry Ste-
¢ové ,Navrh vyjezdového portdlu tunelu Sodomérice®.

Po diskusi pfijalo VS nasledujici usneseni:

Usneseni z valného shromazdéni CTuK ITA/AITES, které se

konalo dne 17. kvétna 2006:

1. Valné shromazdéni souhlasi se zprdvou piedsedy CTuK
a s postupem pripravy WTC 2007. Valné shromdzdéni zava-
zuje &leny CTuK k aktivni t&asti na pripravé a konkrétni pod-
pore tspésného prubehu kongresu.

2. Valné shromézdéni vzalo na védomi zprdvu ing. Sikory o pra-
covnich skupinéch. Clenové CTuK budou i nadale podporovat
ucast svych ur€enych pracovniku na praci WG.

3. Valné shromazdéni schvaluje vysledek hospodafeni za rok
2005 a rozpocet na rok 2006.

4. Valné shromazdéni vzalo na védomi zpravu o stavu ¢lenské
zékladny a o platebni kdzni ¢lenu.

5. Valné shromdzdeéni vzalo na védomi zprdvu o ediéni ¢innosti
¢asopisu Tunel.

V Praze, dne 17. kvétna 2006

Podrobny zdznam z valného shromdzdéni je k dispozici na

www.ita-aites.cz.

Cesky tuneldisky komitét ITA/AITES zahdjil vyddvani svych
@okumentﬁ (smérnic, doporuceni a pod.) v edici ,,Dokumenty
CTuK*.

Prvni svazek ,,Bezpecnost price pri vystavbé tunelu* byl vydén
v Cervnu 2006 a ndzornou formou seznamuje se spravnymi
a nesprdvnymi postupy pri provddéni podzemnich praci. Hlavn{
zdsluhu na pripravé svazku, ktery vychédzi z materidla ITA a jeji
WG 5, md ing. Jifi Tvardek z VOKD.

V dobé, kdy dostanete toto ¢islo ¢asopisu Tunel do ruky, bude také
vydan druhy svazek této edice ,,Zasady a principy NRTM jako
prevazujici metody konvenéniho tunelovani v CR*. Jeho text pri-
pravila pracovni skupina CTuK pro konven&ni tunelovéni pod vede-
nim ing. Viclav Soukupa (Metrostav a. s.). Cilem bylo stru¢né shr-
nout hlavni zdsady spravného piistupu k NRTM z hlediska pripravy
stavby, jejiho projektovéni, zaddvéni, smluvnich vztahu i realizace.

Svazky edice obdrzi viichni &lenové CTuK a déle ve vétiim poitu
investorské organizace i statni organy.

ING. MILOSLAV NOVOTNY, sekretdr CTuK,
ita-aites @metrostav.cz



