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SMEROVANIE K PROSPERITE

Pétdesiatka je krasny vek. Je to tak v Zivote ¢loveka, ale vari
este krajSie pocity su, ak sa spomina na patdesiat rokov poso-
benia stavebnej spolocnosti. Lebo kym priemerny ludsky Zivot
sa poslva vyrazne za patdesiatku, tych stavebnych spolo¢nosti
vo svete, ktoré dovrsili tento vek, dozaista nie je vela.

Bez historie niet ani buducnosti. Doprastav sa ma za patdesiat
rokov svojej existencie nielen ¢im pochvalit, ale ma aj jasnu
perspektivu vdaka ustaviénému obnovovaniu nevsednych vizii
a strategickych cielov nasej spolo¢nosti. Jednou z nasich klu-
¢ovych vizii je, aby Doprastav v nasledujicich rokoch patril
medzi najprosperujucejSie stavebné firmy v strednej Eurépe. Chceme ziskat
rozhodujuci podiel nielen na slovenskom stavebnom trhu, nielen vo vystavbe
dialnic, ciest a mostov, ale aj pri vystavbe Zeleznic a tunelov. UZ dnes robime
vsetko pre to, aby Doprastav Uspesne pdsobil nielen doma, ale aj v zahraniéi.
Uz dnes kalkulujeme, Zze Doprastav bude aj po svojej patdesiatke neustale zve-
[abovat svoj hnutelny a nehnutelny majetok a rozvijat Uroven svojej vysoko
kvalifikovanej pracovnej sily. Pri stanovovani takychto vysokych strategickych
cielov musime mat na zreteli predovsetkym pohyby vo svetovej i eurdpskej
ekonomike. Obdobie ostatnych dvoch rokov bolo totiz v znameni poklesu sve-
tovej ekonomiky. To viedlo k zneisteniu investorov, ¢oho ddsledkom bolo znaéné
obmedzenie investi¢nej vystavby. Preto sme aj na Slovensku zaznamenali zni-
zené vydavky §tatu na verejné investicie. Napriek tomu vSak zver roku 2002
vyznel pre Doprastav optimisticky. Slovensko sa onedlho stane ¢lenom EU
a NATO. Pristupovy proces zasadne ovplyvni celkovy objem zahrani¢nych
investicii, ako aj dalSiu spolupréacu s krajinami strednej a vychodnej Europy,
ktoré sa spolu s nami stanu ¢lenmi EU. Predpoved Ministerstva financii SR na
rok 2005 je optimisticka. Ocakava sa rast ekonomiky Slovenska o 5,1 percenta.
Mierne sa ma znizit nezamestnanost a inflacia by sa mala pohybovat dokonca
okolo 4 percent. O¢akava sa, Ze zahranicné investicie budu rast rocne az o 6 per-
cent. Rozvoj dialni¢nej siete a siete rychlostnych ciest sa riadi Novym projek-
tom vystavby na roky 2000 - 2004, s vyhladom do roku 2006. Uz dnes je vSak
isté, Ze zamer tohto projektu na rok 2003 - a to vystavba v objeme 10,9 miliardy
Sk sa nenaplni. Vlada v ramci Uspornych opatreni tento objem zniZila.
Je preto otazne, ako bude postupovat v najblizsich rokoch. Aj preto sme sa roz-
hodli vstupit i do inych segmentov stavebného trhu. Zeleznice SR by mali inve-
stovat do roku 2006 na rozvoj infrastruktury 39,8 miliardy Sk, z ¢oho je velka
¢ast nasmerovana do modernizécie trati. Tak dialnice, ako aj Zeleznice sa z roz-
vinutého terénu na zépade Slovenska dostavaju do kopcovitych ¢asti, ¢i uz
stredného, alebo vychodného Slovenska. Zmenu kvality dopravnej infrastruk-
tary tu nemozno dosiahnut bez tunelovych stavieb. Uz spominanym vstupom
Slovenska do EU a NATO mozno ocakavat narast neverejnych investicii, ¢i uz
pri vystavbe obchodnych retazcov, alebo vyrobnych hél. To vyvola i v nasom
Doprastave nutnost spoluprace s tymito investormi. Pravda, vstup Slovenka do
EU bude mat aj iné charakteristiky. Slovensky trh sa otvori pre stavebné spo-
loénosti z krajin EU. Preto nie je mozné, aby sa ktorykolvek zamestnanec Dop-
rastavu uspokojil a nesnazil sa neustale pracovat tak, aby jeho spolo¢nost
v tejto tvrdej konkurencii obstala. Spolo¢nost Doprastav je sticastou medzina-
rodného zoskupenia DDM GROUP. Toto zoskupenie je dnes druhou najsilnej$ou
skupinou stavebnych spoloénosti na Uzemi Slovenska a Ciech. Spoloéne
s DOAS, METROSTAVOM a dal$imi dcérskymi spolo¢nostami zabezpecujeme
vystavbu tych najnaroénejSich stavebnych diel vo vSetkych segmentoch sta-
vebného trhu. Aby bol Doprastav pevnym pilierom DDM Group aj v budtcnosti,
treba docielit:

- rast vykonov,

- rast efektivity,

- zvySovanie urovne riadenia spoloénosti.

Nasim cielom je docielit v roku 2006 vykony v objeme 11 miliard Sk, pricom
efektivita vyroby by mala byt vyssia ako 4 percenta. Ak tieto dva ciele spInime,
bude to svedectvo o naplneni ciela tretieho. A tym je zvySend uroven riadenia
spolo¢nosti. Ale aj tu mame pripravené konkrétne kroky. Zostavujeme a budeme
do praxe uvadzat integrovany systém riadenia spolo¢nosti. Tento systém bude
pracovat na procesnej platforme. Uplné previazanie procesov, organizacnych
struktur a pracovnych miest bude ukonéené do polovice roku 2004. Zo spinenia
tychto nasich vizii a strategickych cielov budi mat urcite radost vsetci, ktori
kedy v Doprastave pracovali, ale aj ti, ktori v iom pracovat budu. Pretoze byt
doprastavakom vzdy bolo, je, a verim, Ze aj bude, ctou.

ON THE WAY TO PROSPERITY

Fifty years is a beautiful age. It applies for human life, but there
are even more beautiful feelings when the fifty years of activity
of an engineering company are being commemorated. Because
although the average human age is shifting above fifty, there is
definitely not that many civil engineering companies in the
world that have reached such an age.

There is no future without the past. As for the fifty years of its
existence, Doprastav does not only have something to be
proud of, but also_has a clear perspective due to permanent
updating of exceptional visions and strategic goals of our com-
pany. It is one of the key visions for DoErastav.to rank among
the most prosperous engineering companies in central Europe in the following
years. We intend to acquire a crucial share not only on the Slovakian construc-
tion market, and not only in the field of construction of highways, roads and
bridges, but also in construction of railways and tunnels. For years we have
been doing our best for Doprastav to be able to successfully operate not only
inland, but also abroad. Already today we are calculating that even after having
passed its fifty years Doprastav will be reconditioning its movable and immo-
vable property and also keep increasing the level of its already highly qualified
workforce. By setting out such high strategic goals, we have to take into consi-
deration the oscillations of global and European economy. The period of the
last two years was namely marked by recession of the global economy.
That has led to uncertainty among investors, which resulted in substantial
reduction of investment construction. Therefore, also we in Slovakia have
observed lower government exgend:ture on public investment. On_the other
hand, the end of the year 2002 turned out very optimistic for Doprastav.
Slovakia will soon become member of the EU and NATO. The process of acces-
sion will have a substantial effect on the total amount of foreign investment, as
well as on further cooperation with the countries of central and eastern Europe,
which are likely to_become members of the EU along with us. The estimate
of the Ministry of Finance of the SR for the year 2005 is optimistic. Growth of
5,1 % is predicted for the Slovakian economy. The unemg)/o ment it likely to
drop moderately while inflation should range as low as 4 %. It is expected that
foreign investment will annually grow by more than 6 %. Development of the
highway network and network of hi h-?)eegd roads is quided by the New pro-
ject of construction for years 2000 - 2004, with perspective until 2006. However,
already today it is clear that the aim of this project for the year 2003 - and thus
constructions in volume of 10,9 bill. Sk - shall not be fulfilled. The Cabinet has
lowered this volume due to economical provisions. It is then a question, how it
will proceed in the years to come. And that is also why we have decided to
enter other segments of the construction market. Slovakian Ba(lwags are likely
to invest Sk 39,8 bill. into development of infrastructure within 2006, a good
deal of which will be directed into modernization of tracks. Highways as well as
railways advance from segmented terrain in western Slovakia into hilly regions
of central and eastern Slovakia. A quality change cannot be reached here wit-
hout tunnel structures. The aforementioned accession of Slovakia into EU and
NATO will likely result in growth of private investment, be that during con-
struction of chain retailers or manufacturing halls. As for our Doprastav, that
will evoke a need for cooperation with these investors. Indeed, the accession of
Slovakia into the EU will also have other attributes. The Slovakian market will
open for civil engineering companies from the EU countries. Therefore it is
unviable for any Doprastav employee to stay satisfied and not to try to perma-
nently work in order for his company to_succeed in tough competition.
The company Doprastav is a subject of the international group DDM GROUP.
This group is today the second /ar[t)gest roup of civil enzmeerm companies
within Slovakia and the Czech republic. Together with DOAS, METROSTAV and
other subsidiary companies we provide construction of the most complicated
engineering works within all segments of the construction market. It is essential
fc;r lgoprastav to be a solid pillar of the DDM group also in the future, to accom-
plish:

- growth of output

- growth of efﬁmem{:}/

- increased standard of company management ) )

It is our goal to achieve outputs in volume Sk 11 bill. by 2006, while production
efficiency should rise by 4 %. If we succeed in achieving these two goals, it will
be an evidence of accomplishment of the third goal as well, i.e. the increased
standard of the company management, But we also have particular steps in
mind. We are currently setting up and implementing an integrated system of
the company management. This system will be based on processes. A com-
plete integration of the processes, administrative structures and Bartlcular jobs
will be finished by mid-2004. All those that have ever worked for Doprastav, but
also those that are to do so in the future, will be indeed satisfied with the
accomplishment of these visions and strategic goals. Because being and
employee of Doprastav has always been a privilege, and | do believe that will
be in the future as well.

Ing. Dusan Mraz
podpredseda predstavenstva a generalny riaditel, Doprastay, a. s.
Deputy Chairman of the Board of Directors and General Manager of Doprastav, a. s.
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STAVEBNO-TECHNOLOGICKE ZHODNOTENIE RAZENIA
PRIESKUMNEJ STOLNE VISNOVE

EVALUATION OF EXCAVATION METHODS USED
ON THE VISNOVE TUNNEL

ING. JURAJ KELESI, DOPRASTAV, a. s., BRATISLAVA

uvob

Rozhodnutie o prieskumnej §t6Ini ako metéde podrobného geologického pries-
kumu pre vystavbu tunela je rovnako lahko zdévodnitelné ako spochybnitelné.
Casto sa totiz prinosy a zapory pohybuiju na hranici rovnovéhy. Cim viac sa tejto
rovnovahe bliZia, tym dlhsia a Upornejsia bude diskusia a o to taZsie je dokazat,
¢i bol konecny verdikt spravny.

Dia 24. 8. 2002 prerazena Prieskumnd $tolna tunela Visiové, po 3 rokoch
a 8 mesiacoch mimoriadne naro¢nej tunelarskej prace moze sluzit ako priklad
spravneho rozhodnutia investora. Zamerom autora prispevku je oboznamit
odbornu verejnost s priebehom raziacich préc, ktoré dosahovali az hrani¢né
podmienky pre tunelovanie, ich vplyv na ¢asovy postup a prinosy pre pripravu
a realizaciu buduceho velkého tunela Visiové.
Stolfia je realizovana v projektovanom koridore trasy dialnice v Useku Visfiové
- Martin, v juznej tunelovej rure buduceho tunela. Prieskumna $toliia mé dizku
7480 m a podla zadania sa razila od oboch portalov. Razenie zo zapadnej strany
sa robilo technolégiou NRTM s prie€nym profilom podkovovitého tvaru o plo-
che vyrubu 11,60 m?, so spodnou klenbou 12,9 m? Razenie z vychodnej strany
sa razilo v zmysle zadania pomocou plnoprofilového raziaceho stroja TBM
o priemere 3,5 m a ploche vyrubu 9,60 m2 Pozdizny sklon od zapadného por-
talu stipal 0,5 % na dizke 704 m a potom klesal v generalnom sklone 2,27 %
v dlzke 6776 m k vychodnému portalu.

Povodné rozdelenie technoldgii bolo NRTM v dizke 1873 m a TBM 5607 m. Prie-
skumna $t6lna po Uprave a prepojovacich chodbach v buducnosti bude sluzit
ako Unikova $télfna pre skér vybudovany severny tunel v plnom profile. Roz-
hodnutie o realizacii prieskumnej §télne v celej dizke sa uskutoénilo na zaklade
predbezného inZiniersko-geologického a hydrologického prieskumu uskutoéne-
ného v roku 1997-8, ktory predpokladal, Ze trasa tunela sa nachadza v tektonicky
a geologicky zloZitom Uzemi v znaénom rozsahu poruch.

KedZze v ramci predbezného IGHP neboli zhotovené prieskumné diela, ktoré
dosiahli trasu tunela v jeho nivelete a ktoré by poskytli presnejSie Udaje
0 masive, bolo spravnym rozhodnutim vykonat podrobny doplfiujuci prieskum
formou prieskumnej §t6Ine pre tunel Vishové. Treba este dodat, Ze pre nedo-
stupnost terénu na povrchu a velkd hibku trasy tunela (az 700 m) vrtna forma
dalSieho prieskumu neprichéadzala do uvahy. V principe i$lo o dve zadania:

+ jedno stavebné prerazenie $télne stanovenymi technolégiami a druhé

+ podrobny IGHP véitane geotechnického monitoringu pre tunel Visfiové.
Prerazenie vlastnej prieskumnej §tdlne realizoval Doprastav, a. s., Bratislava so
svojim poddodavatelom Metrostav Slovakia, a. s., Realizaciu podrobného IGHP
robi Zdruzenie GEO-Vi$fiové pozostavajlce z INGEO, a. s., Zilina, Geofos, spol.
st. 0., Zilina a Geoexperts, spol. s r. 0., Zilina. Generalnym projektantom Pries-
kumnej §t6Ine bol Geoconsult, spol. s r. 0., Bratislava so spolupracou Geocon-
sult Austria a Metroprojekt Praha pre realizaéni dokumentdaciu. Zadavatelom
a investorom bola Slovenska sprava ciest Bratislava.

Predmetom tohto prispevku je problematika stavebno-technologického prera-
zenia $tolne. Zhodnotenie Podrobného IGHP prieskumu je publikované tiez
v tomto Casopise, ale samostatne.

CHARAKTERISTIKA INZINIERSKOGEOLOGICKYCH POMEROV

Prieskumnd §tolna bola razena v jadrovom pohori Malej Fatry a prechadzala
Sirokou $kalou horninovych, litologickych typov, z ktorych dominovali horniny
krystalinika. Od zapadného portélu bola §tolfa razena okrajovo v horninach
centrélno karpatského paleogénu Zilinskej kotliny. Vrstvy maji prevahu ilovcov.
Uzemie zépadného portélu je porusené svahovymi deformaciami s dosahom
porusenia az pod niveletu $télne. Paleogénny masiv so strmym tektonickym
zlomom v staniceni 115 vystriedali horniny mezozoika. Mezozoicky masiv fatrika
krizanského prikrovu tvoria najma dolomity, vapence s ohraniéenymi zonami
karbonatickych brekcii, ilové vapence, slienité bridlice. Masiv je poruseny rézne
orientovanymi tektonickymi zénami.

INTRODUCTION

The decision to use an exploration gallery for detailed geological exploration
on a tunnel project is both easy to justify and easy to question. This is because
the benefits and drawbacks are often nearly balanced. The closer they are to
this balance state, the longer and more heated discussion will take place, and
the more difficult it will be to prove the final decision was correct.

The Exploration Gallery for the Visriové tunnel, which was completed on 24. 8.
2002 after 3 years and 8 months of extraordinarily difficult tunnelling work, can
be offered as an example of a correct investor decision.

The authors of this paper would like to inform the professional public about the
course of the mining operations, conditions, which reached almost the limits of
feasibility, the influence of the gallery excavation on the excavation of the Vis-
fiové tunnel proper, and benefits for the planning and construction of this tunnel.
The exploration gallery has been excavated within the corridor designed for the
motorway between Visriové and Martin, in the southern tube of the Visriové
tunnel.

The exploration gallery is 7,480 m long. According to the design, it was exca-
vated from two portals. From the west, a horseshoe shaped profile with an
excavated area of 11.60 m* alternatively 12.9 m? (with an invert) was excavated
by the NATM. The design of the excavation from the east required a full-face
boring machine - 3.5 m in diameter, excavated area 9.60 m’. The gradient rose
from the portal West at 0.5% along a length of 704 m, then the route descended
at a general gradient of 2.27% along a length of 6,776 m to the portal East.
The original division of the techniques was 1,873 m for the NATM and 5,607 m
for the TBM excavation.

In the future, once the exploration gallery has been adjusted and cross passa-
ges completed, it will be used as an escape route for the, at that time already
completed, northern tunnel tube.

The decision to drive the exploration gallery along the entire tunnel length was
made on the basis of a Preliminary Engineering-Geological and Hydrological
Investigation (EGHI) carried out in 1997 - 1998. The investigation assumed that
the tunnel route is found in a tectonically and geologically complex location
with a considerable extent of weakness zones.

As no exploration activities were carried out in the framework of the prelimi-
nary EGHI which would have reached the tunnel alignment at the level of its
profile grade line and provide more accurate information on the massif, it was
a correct decision to perform an additional detailed investigation using the
exploration gallery for the Visriové tunnel. In principle, two tasks were in ques-
tion:

- the excavation of the gallery by specified techniques, and

- a detailed EGHI, including geotechnical monitoring for the Visriové tunnel.
The exploration gallery was excavated by Doprastav a.s. Bratislava jointly with
its sub-contractor Metrostav Slovakia a.s.

The detailed EGHI was undertaken by the GEO-Visriové joint-venture consisting
of INGEO a.s. Zilina, Geofos, spol. s r. 0. Zilina and Geoexperts, spol. s r.o. Zilina.
Geoconsult, spol. s r.o. Bratislava was the general consultant, in collaboration
with Geoconsult Austria and Metroprojekt Praha, who developed the detailed
design.

The client and investor was Slovenska spréva ciest (Slovakian Road Administ-
ration).

This paper deals with the issue of the construction and methods of excavation
of the gallery. The evaluation of the detailed EGHI is also published in this
magazine issue, but independently.

DESCRIPTION OF THE ENGINEERING-GEOLOGICAL CONDITIONS

The exploration gallery was excavated in the core area of the Malé Fatra Moun-
tains. It passed through a wide variety of rock and lithologic types, dominated
by crystalline rock types.

From the portal West, the gallery was driven marginally through central Car-
pathian Palaeogene Zilina basin. Claystones dominate in the strata of this for-
mation. The area at the portal West is disrupted by slope deformations with
weakness zones reaching under the floor of the gallery.

The Palaeogene massif with a steep tectonic fault at chainage 115 m was follo-
wed by Mesozoic rock types. The Mesozoic mass of the Fatra formation, i.e. the
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Kontakt medzi mezozoikom a krystalinikom je tektonicky. Je charakteru Sirokej,
k vychodu uklonenej preSmykovej zony. Zéna je otvorena silne kataklasticky
porusenym masivom zemitého charakteru. Jej Sirka je vymedzend stani¢enim
1430 - 1470 od zépadného portéalu. Za Uzkou, tektonicky drvenou a redukova-
nou zénou hornin spodného triasu obalovej jednotky, je masiv uz budovany
krystalinikom Malej Fatry. Kontaktny Usek tvori masiv mylonitizovanych grani-
toidov s r6znym stupfiom mylonitizacie a mladSieho poru$enia, od charakteru
krystalickych bridlic az po masivnejsie granitoidné blastomylonity. Od 1900 m
od zapadného portélu smerom k vychodnému portélu je masiv krystalinika tvo-
reny prevazne biotitickym granitoidom s polohami porfyrickych a hybridnych
granitoidov, lokalne zil lamprofyrov a kremena.

Cely horninovy masiv a jeho heterogenita je viazana na zlozity tektonicky vyvoj,
ktory vyrazne zmenil geotechnické vlastnosti hornin mezozoika, ale najma hor-
nin krystalinika. Podmienky razenia pre tunely su najnepriaznivejsie v intenziv-
ne porusenych zénach paralelnych so smerom razenia, orientacie Z-V a SZ-JV.
Sirka z6n je od 0,1-2,0 m do 5,0 - 12,0 m. Zo véetkych systémov bol véak najviac
zastupeny systém S-J a SV-JZ. Prave orientécie porusenych zén SV-JZ zname-
nala pre razenie tolne maly uhol krizenia a teda velké predizenie kontaktu
¢elby s poruchovou zénou.

Tektonicky vyvoj pohoria Malad Fatra, najma jeho relativne vynaranie sa
v obdobi tretohér, znamenal pre masiv vyrazné rozvolnenie na jeho okrajoch
a predisponovanych zénach vo vrcholovej a centralnej ¢asti pohoria. Co je pod-
statné, rozvolnenie dosahovolo aZ pod Uroven nivelety prieskumnej $tdlne.
Otvorenie zlomov a zon diskontinuit aj v horninach krystalinika malo vyrazny
vplyv na hydrologické pomery a velmi nepriaznivo ovplyviovali postup raze-
nia. V masive sa striedali Useky s rézne intenzivnymi pritokmi podzemnej vody
s vydatnostou radovo v litroch, viackrat vSak az s vydatnostou 10-20, ba az 100
I/s* v ¢elbe. Energia silne prudiacej vody s tlakom az do 3,1 MPa samozrejme
prejavovala velké sufézne Gcinky a pri prechode poruchovych zén spésobovala
zavaly.

V zadavacej dokumentécii bol horninovy masiv, v ktorom mala byt razena pri-
eskumna §télna rozdeleny na horninové useky. Tieto boli ¢lenené podla:

- geologickej jednotky

- litologického typu

- tektoniky a UloZznych pomerov

- zvodnenia horninového prostredia

- geotechnickych parametrov

Krizany nappe, consists mainly of dolomites, limestone with bound zones of
carboniferous breccias, clayey limestone and marlaceous shales. The massif is
broken by weakness zones with various orientations.

The interface between the Mesozoic and crystalline complexes is tectonic. It is
a wide overthrust zone trending to the east. The zone is open by a heavily catac-
lasticly broken massif having a character of earth. Its width is limited by chai-
nage 1,430 - 1,470, measured from the portal West. Behind a narrow, tectoni-
cally broken and reduced zone of the Lower Triassic rock of the encasing body,
there is already a massif of the Malé Fatra Mountains’ crystalline complex. The
contact section consists of a body of mylonitized granodiorites with varying
degree of mylonitization and younger fracturing, starting from the nature of
schists to more massive granitoid blastomylonites. From the point 1,900 m of
the portal West towards the portal East, there is a crystalline complex consis-
ting mainly of biotitic granitoid rock with interbeds of porphyritic and hybrid
granitoids, locally with veins of lamprophyres and quartz.

The entire rock massif with its heterogeneity is associated with a complex tec-
tonic evolution, which significantly changed geotechnical properties of the
Mesozoic and mainly crystalline rock types.

The most unfavourable tunnel mining conditions are in intensively fractured
zones nearly parallel with the direction of the excavation, of a W-E and NE- SE
orientation. The zones are 0.1-2.0 m to 5.0-12.0 m wide. Although, N-S and NE-
SW oriented systems occurred most frequently. When the NE-SW orientation
of the weakness zones was encountered, the intersection angle with the galle-
ry excavation was low, thus the contact of the excavation face with the weak-
ness zone was significantly longer.

The tectonic evolution of the Mala Fatra Mountains, its relative rise in the Ter-
tiary period above all, meant extensive loosening of the massif at its edges and
in pre-disposed zones at the highest and central part of the mountain range.
The fact that the loosening reached under the level of the exploration gallery’s
floor is important. Open fault fissures and discontinuity zones in crystalline rock
types affected the hydrogeological conditions substantially, with an adverse
impact on the excavation advance rate. The intensity of inflows of ground water
in the massif varied, with the yield in the order of litres, but more frequently
with the yield of 10-20 litres per second, even 100 I/s-1 at the face.

Of course, the energy of the intensively flowing water with a pressure up to
3.1 Mpa had extensive effects in terms of solid transport, causing collapses of
the excavation when the weakness zones were passed.

The contract documents divided the rock massif, which the exploration gallery
was to be excavated in, to sections according to the rock types. The rock types
were determined according to:
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Obr. 1 Geologicky profil a postup realizovanej prieskumnej §téIne tunela Visnové
Fig. 1 Geological profile a process of the Visriové exploration gallery excavation
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Obr. 2 Moznosti prekonania useku TBM IV. a TBM V.
Fig. 2 Possiblities of the overcoming the TBM IV. and TBM V. sections
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Fig. 4 Possiblities of passing the geological disturbance at km 4,975 (3505 m
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Obr. 3 Moznosti prechodu geologickou poruchou v km 4,000 (3000 m od VP)
Fig. 3 Possiblities of passing the geological disturbance at km 4,000 (3000 m

from the EP)

Desat najvacsich vykonov razenia
Top ten monthly advance rates

Technolégia TBM

Technolégia NRTM

TBM technique NATM technique
1. 400,5 m 2/2000 1. 143,8 m 2/2000
2. 294,4 m 2/2000 2. 17,5 m 2/2000
2 281,0 m 8/1999 & 13,4 m 8/1999
4. 279,0 m 6/2002 4. 112,6 m 6/2002
5. 264,6 m 5/2000 5. 109,9 m 5/2000
6. 2555 m 11/1999 6. 105,0 m 11/1999
7. 251,0 m 3/2000 7. 102,4 m 3/2000
8. 218,0 m 3/2001 8. 952 m 3/2001
9. 209,0 m 5/2002 9. 935 m 5/2002
10. 204,2 m 9/1999 10. 922 m 9/1999

Interval je 400,5 - 204,2 = 196,3 m

@z 10 vykonov 265,72 m.

Priemer lezi v 73,9 % intervalu.

The interval is 400,5 - 204,2 = 196,3 m
10 rates average 265,72 m

The average lies within 73,9% interval

Interval je 143,8 -92,2=51,6 m

@z 10 vykonov 108,55 m.

Priemer lezi v 47,5 % intervalu.

The interval is 143,8 - 92,2 =51,6 m

10 rates average 108,55 m

The average lies within 47,5 % interval

Vyhodnotenie postupu razenia technolégiou NRTM dizka NRTM 3118 m
Summary data on the NATM excavation - a length of 3118 m

, * 1999 2000 2001 2002 el
Ukazovatel Total
Indicator 12 mes. 12 mes. 12 mes. 8 mes. 44 mes.
12 months 12 months 12 months 8 months 44 months
Vykon razenia [m/rok] 42,0 v r.1998
1. Advance [m] 8503 906,1 1.063 256,6 3118
Raziace dni [dni/rok] 14
% Excavation days [day] 273 il 5 g8 1
Dni bez razenia [dni/rok] 6
& Days without excavation [day] 77 2l A & 2
2:(2+3)
4. | Vyuzitie ¢asu na razenie (%) 77,6 83,8 94,3 70,3 82,5 %
Time utilisation rate [%]
1:2
5. | @ vykon v raziacom dni m/den 3,11 3,06 3,19 1,57 2,89
@ advance per driving day [m/day]
1:(2+3) hruby @ vykon na den stavby m/den
6. | gross @ advance per 1 day of the construction 2,41 2,57 3,01 1,1 2,38
[m/day]
1:12 hruby @ vykon na mesiac [m/mes.] 1:8 1:44
gross @ monthly advance [m/month] e i SLE 32,1 70,9
hruby @ vykon na rok za dobu stgvby % 1: 45 mes. x 12 mes. (months)
gross @ annual advance for the time 78315
of the construction '
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Vyhodnotenie postupu razenia technolégiou TBM, dizka s TBM 4362 m
Summary data on the TBM excavation - a length of 4362 m

, * 1999 2000 2001 2002 Sl
Ukazovatel Total
Indicator 12 mes. 12 mes. 12 mes. 12 mes. 44 mes.
12 months 12 months 12 months 12 months 44 months
[, || e R e d 1399,1 1438,1 596,7 858,5 4362 m
Advance [m]
g, || GG, [ErCit Gek i 580,9 518,2 250,5 403,4 1753 hod.
Actual excavation hours [hour]
Raziace dni [dni/rok] .
3. | Excavation days [day] 199 141 84 118 542 dni
Dni bez razenia [dni/rok] p
& Days withou excavation [day] 1128 2 e 2 e
5. Spotreba valivych dIa't [ks/rok] 114 141 2 49 328 ks
Disc cutter consumption [pc]
1:3 @ vykon v raziacom dni [m/raz.den 8,05
e @ advance per excavating day [m/ day] Tt IO Tl IA m/raz. den
1:2 @ vykon v raziacej hodine [m/raz.hod.] 2,49
7' @ advance per excavating hour [m/hour] Al 2 L ol m/raz. hod.
2:3 @ hodiny razenia v raziacom dni 393
8. | @ hours of excavation in an excavating day 2,92 3,67 2,98 3,42 ! .
hod./raz. den
[h/day]
7:60 mindt:12 OTAC.
@ penetracia na jednu otacku stroja [mm] 3,46
= 7:60 minutes: 12 REV. @ penetration per 1 revol. e Gt el e mm/1 otacka
[mm/rev]
1:12 mes. 18 1:44 mes.
10. | hruby @ mesaény vykon 116,6 119,8 49,7 Tora 99,14
gross @ monthly advance ! m/mesiac
3:(3+4)
11. | Casové vyuzitie stroja na razenie (%) 56,2 % 41,2 % 23,8 % 50,6 % 42,3 %
TBM utilisation rate [%]
s 13,30
12. | @ vykon na 1 vymenené dlato m/1 dlato 12,07 10,19 24,83 17,52 i ;:ll't
@ advance per 1 replaced cutter [m/1 cutter] o ato
1:5x 9.6 m*/m 127 67
13. | @ vykon na 1 dlato v m3 rdbaniny 117,8 97,82 238,37 168,19 o 'dl .
@ output per 1 cutter in m* of muck [m*/1 cutter] ato
Hruby @ vykon na rok za dobu stavby en
. 1: 46 mes. x 12 mes.
14. | Gross @ a.nnual advance for the time of the @ 1137,9 m/rok
construction
- anadlozia. - the geological unit,

do geotechnickych horninovych tsekov I.-V. pre NRTM a I.-VII. pre technoldgiu
TBM. K jednotlivych geotechnickym usekom je podla spravania sa masivu pri
razeni a sposobe razenia ur¢ené klasifikacia razenia podla:

- ONORM B 2203 pre technolégiu NRTM

- SIA 198 pre razenie s TBM.

K jednotlivym klasifikdciam bolo priradenych 9 tried razenia pre NRTM a 7 tried
razenia pre TBM. Takto definovany masiv bol spracovany v pozdfznom geolo-
gickom profile a spolu s 23 Gdajmi pre kazdy geotechnicky horninovy usek sa
stal zdkladom zadavacej dokumentacie pre prieskumnu $t6Inu tunela Visnové.
Na zéklade tychto podkladov prebehlo spracovanie ponuk vyber raziacich stro-
jov a hodnotil sa aj priebeh prac. Postupom raziacich prac boli zistované nasle-
dovné parametre horninového prostredia, ktoré sa od pdvodného zadania lisilo
nasledovne:

Technolégia TBM na dizku 3972 m

DSN - zadanie skuto¢nost
1/ Tektonické poruchy spolu 374 m 1349 m
% z trasy 9,4 % 339 %
2/ Razitelnost R1 2712 m 617 m
R2 324m 2339 m
R3 196m 1016 m

- the lithological type,

- tectonics and the mode of deposition,

- water saturation of the rock environment,

- geotechnical parameters

- and the cover

to geotechnical rock type sections I. - V. for the NATM and I-VII for the TBM
technique. The excavation classification method for the particular geotechnical
sections was specified, depending on the behaviour of the massif during the
excavation and the excavation method, as follows:

ONORM B 2203 for the NATM technique

and SIA 198 for the TBM excavation.

The individual classification systems contained 9 classes and 7 classes for the
NATM and TBM excavation respectively.

A longitudinal geological profile chart was plotted using the data on the rock
massif defined in the above-mentioned way. Together with 23 pieces of data
regarding each geotechnical rock type section, it became a basis for tender
documents for the exploration gallery for the Visriové tunnel.

Those documents were used as a basis for the elaboration of tenders for the
excavation equipment. Also the work progress was assessed using those docu-
ments.

The following parameters of the rock environment were determined during the
excavation:

The TBM technique for a length of 3972 m

tender documents
1) Weakness zones in total 374 m

reality
1349 m
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Razitelnost zohladnuje stupen zvetrania W (podla ISRM) a stupen tektonického
porusenia masivu.
Razitelnost ma hodnotenie:
R1 - razitelnost vhodna pre TBM
R2 - velmi obmedzend ovplyvnend
blokovitost hornin
(sanacné prace pred TBM nutné)
R3 - Razitelnost nevhodna pre TBM
ovplyvnena
stabilitou vyrubu (sanaéné prace
pred TBM nutné).

3/ Podzemna voda v ¢elbe 0,1-101/s31,8 - 5381/s
Podzemné voda celkom 1-101/s 50,2-200I/s
Podzemnéa voda v maxime 201/s > 200 /s

4/ Porovnanie zadanych a skuto¢nych tried razenia

Trieda razenia 1 2 3 4 b 5A 6

DSN(v m) 4598m 774m 14485 9884 2653 2576 99,6m

Skutocnost 34,7 4206 15052 1389,8 7368 1386 67,3m

(v m) = = + + + - -

Najmarkantnejsie rozdiely boli zistené alebo namerané v :

- rozsahu tektonickych porch aj vo vaésich hibkach 200-700 m

- pritomnosti vody, jej mnozstva a dlhodobého pridenia do Stélne

- ako aj zhorsenej razitelnosti.

Vsetky tieto javy sposobovali mimoriadne tazké sanacné prace a velké presto-
je TBM.

Technolégia NRTM na dizke 1873 m

DSN - zadanie skutoénost
1/ Geologicky podmienené nadvylomy 305,6 m*
2/ Tektonické poruchy v (m) 145 m 1018,5 m
774%  54,38%
3/ Podzemna voda v ¢elbe 1-20 I/s 12,8-29,2 /s
Podzemné voda celkom 1-201/s  27,3-511l/s
Maximum podz.vody 301/s 102 /s

4/ Porovnanie zadanych a skutoénych tried razenia

% of the tunnel length 9,4% 33%
2) Boreability R1 2712 m 617 m
R2 324m 2,339 m
R3 196 m 1,016 m

The boreability takes into consideration the degree of weathering W (according
to the International Society Rock Mechanics - ISRM) and the degree of tectonic
disturbance of the massif.
Degrees of the boreability:
R1 -
R2 -

boreability suitable for TBM
very limited boreability affec-
ted by the blockiness of
the rock (rock quality improvement before the TBM
is necessary )
R3 - boreability unsuitable for TBM
affected by the
stability of the excavation (rock quality improvement
before the TBM is necessary).

3) Ground water at the face 0.1-101/s 31-531/s
Ground water in total 1-101/s 50,2-200 /s
Ground water maximum 20 I/s >200I/s

4) Comparison of the excavation classes given in the tender documents and
actual classes

Excavation class 1 2 3 4 5 5A 6

Z’el}der docum. 4598 m 774 m 14485 9884 2653 2576 996m
m

Reality [m] 34,7 4206 15052 1389,8 7368 1386 67,3m

+ + + - -

Trieda razenia 2 3 4 5 5A 6 6A 7 7A

DSN(v m) 100 | 100 |300,3|509,8(249,8|400,1f 63 | 100 | 51,6

Skutoénost 0 |319,1)|742,3|540,8| 46,9 | 121,3]| 657 | 32,3 | 10,8
(v m) + + + - - - - -

Aj v tejto technolégii spdsoboval rozsah tektonickych portch problémy, dalej
menej kvalitna hornina pri styku s vodou, ale predovSetkym problematika cer-
pania vody pri Upadnom razeni pri zvySujucich sa pritokoch.

RAZENIE ZO ZAPADNEHO PORTALU

Ako uz bolo uvedené razenie zo zapadného portéalu sa robilo metédou NRTM.

Obr. 5 Prerazenie prieskumnej §télne 24. 8. 2002
Fig. 5 The Exploration Gallery breakthrough on 24. 8. 2002

The most pronounced differences were identified or measured in:

- the extent of the weakness zones and their greater depths (200-700 m)

- the presence of water, its volume and long-term flows into the gallery

- worsened boreability.

All the above-mentioned phenomena required extraordinarily difficult rock tre-
atment activities and caused long TBM downtimes.

The NATM technique for a length of 1873 m

tender documents reality
1) Geologically conditioned overbreaks - 305,6 m*
2) Weakness zones 145 m 10185 m
7,74% 54,38%
3) Ground water at the face 1-20 /s 128-292 s
Ground water in total 1-20l/s  27,3-511/s
Ground water maximum 30 I/s 102 I/s

4) Comparison of the excavation classes given in the tender documents and
actual classes

Excavation class| 2 3 4 5 5A 6 6A 7 7A

Tender docum. 100 | 100

imi 300.3)1509.8 | 249.8|400.1) 63 | 100 | 51.6

Reality [m] 0 |319.1(742.3|540.8| 46.9 | 121.3| 65.7 | 32.3 | 10.8

+ + +

Troubles about the application of this technique were caused by the extent of
the weakness zones as well as poorer quality of the rock on contact with water
and, above all, the problems connected with the pumping of water at the down-
hill excavation accompanied by increasing inflows.

Obr. 6 Usek NRTM - vrtaci voz pri sanaénych odvodfiovacich pracach
Fig. 6 The NRTM section - drilling rig working on the drainage
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Po tvodnych metroch v rypnych horninach paleogénu sa v dizke 125 m od por-
talu preslo na rozpojovanie vyrubu pomocou trhavin vo vapencovych a dolo-
mitickych horninach a v poslednom useku aj v Zulovych horninach.

Pre zabezpecenie stability vyrubu $toIne sa pouzivali vystrojovacie prostriedky
ako suchy striekany betén, kari siete, ocelové SN kotvy a svorniky Swelex réz-
nych dizok. V horsich podmienkach sa osadzovali ocelové nosniky VTX. Celkove
touto technoldgiou sa vyrazilo 3118 m, ¢o predstavovalo 42 700 m?, z toho 8200 m®
dovrchne a 34 500 m® Upadne.

Dosahované vykony boli v zavislosti od kvality horniny a pritoku vody a su zrejmé
a denny 7,6 m. Hruby roény vykon sa dosiahol 831 m. Technolégia NRTM,
vdaka svojej flexibilite, zaistila pomerne stabilné vykony a dobré vyuzitie ¢asu
na razenie. Z hladiska prekéazok alebo stazenych podmienok sme zaznamenali
vo vzdialenosti 400 m od portalu prvé zvySenie pritoky z horninového masivu
do 50 I/s. V tseku okolo 900 m od ZP bolo nutné riesit novu koncepciu odvod-
nenia $tolne, pretoze celkové mnozstvo pritekajlcej vody sa pohybovalo az
okolo 100 I/s.

Realizaény projekt vyriesil odvedenie zvySenych pritokov systémom budovania
Cerpacich jimok, ktoré boli umiestnené vo vyklenkoch - zvacsenych profiloch
vyhybien priblizne kazdych 300 m od seba. Do jimok boli osadené vykonné cer-
padla typu EMU, FLYGHT, KDFU a postupne sa takychto jimok muselo vybudo-
vat az 7. Pritoky do $t6Ine sa menili v zavislosti na zarazkovej €innosti, nakolko
nadloZie z tejto strany $tdlne nebolo vysoké (60 az 250 m) a dosiahli najvyssiu
hodnotu 154 I/s v juli 2001. Akakolvek vaznejsia porucha na éerpadlach alebo
celom elektrickom napojeni spdsobila behom niekolkych desiatok minut zato-
penie §tdlne a jej vybavenia. S postupom Upadného razenia prudko narastali
néklady tejto technoldgie na spotrebu elektrickej energie a v poslednom roku
2002 dosiahli hodnoty rovnajlice sa spotrebe na TBM.

Pocas razenia $télne do$lo vo vzdialenosti 2920 m od zapadného portalu k pri-
evalu vody a k uvolheniu horninového masivu vytvorenim zavalu z malych
ulomkov, zfn a ilov, neskdr k uvolneniu balvanov. Pritok vody v ¢elbe sa spoci-
atku pohybovali v rozpati 20-30 I/s, neskér sa stabilizoval na 10-20 I/s. Sanécia
sa vykonala pomocou TH vystuZe - ocelové rdmy a zaistenim bokov kotvami,
sietami a striekanym beténom. Dalgie razenie sa istilo ochrannym dazdnikom
vytvorenym z vejéra injektovatelnych kotiev o dizke 15 m a priemeru 38 mm.
Museli sa urobit 3 ochranné dazdniky s prekrytim az do tseku 2930 m od ZP.
Dalsia silne zvodnena porucha sa objavila vo vzdialenosti 3037 m priblizne 80 m
pred budicou prerazkou. Jej sanécia prebiehala podobnym spésobom ako
predchdadzajuca porucha. Nespornou vyhodou technolégie NRTM dobry pri-
stup mechanizmov potrebnych na zvladnutie sanacie.

RAZENIE Z VYCHODNEHO PORTALU

Razenie od vychodného portalu bolo v zadani stanovené uskuto¢nit pomocou
tunelovacieho plnoprierezového raziaceho stroja TBMs priemerom frézovej
hlavy 3,5 m. Na zéklade sutaznych podkladov a interného vyberu bol od rakus-
kej stavebnej firmy PORR zapozicany na tento ucel tunelovy stroj ATB 35 HA
systém DEMAG. Jedna sa o otvoreny raziaci TBM uréeny do tvrdych hornin
s pevnostou aZz do 280 Mpa. Rozopieraci systém zabezpeCujlci reakciu pre
posun stroja dopredu, pozostava z dvoch boénych rozpier (griprov), ktoré su prit-
lacané k hornine silou 2 x 6160 kN. Pritlak na raziacu hlavu zabezpecuju
2 mohutné hydraulické valce upnuté do rozpier (griprov) silou 6280 kN. Pre roz-

Obr. 7 Vzdialenost 3503 m od vychodného por-
talu. Zabezpecenie ¢elby a vyrubu striekanym
beténom. Sustredeny pritok vody z kaloty so
suféznym vyplavovanim

Fig. 7 A distance of 3503 m from the portal East.
The face and excavation support by shotcrete.
Concentrated water inflow from the crown exhi-
bitting the solid support

Obr. 8 Jedna zo siedmych jimok Upadaneho
razenia zo zapadnej strany

Fig. 8 One of the seven sumps for the downhill
excavation from the west

EXCAVATION FROM THE PORTAL WEST

As mentioned above, the NATM technique was used for the excavation from
the portal West. After passing initial metres through mechanically excavatable
Palaeogene rock (at a length of 125 m from the portal), the drill-and-blast had
to be applied in limestone and dolomite types of rock, even in granite in the last
section.

The stability of the gallery excavation was secured by wet shotcrete, welded
mesh, SN anchors and Swellex rockbolts of various lengths. VTX steel frames
were used in worse conditions.

In total, a length of 3118 m of the excavation was carried out by this technique,
i.e. 42700 nv, out of that 8200 m* uphill and 34500 m* downhill.

The performance depended on the rock quality and water inflow (see the data
shown in the tables enclosed). The best monthly progress rate and daily rate
were 143.8 m and 7.6 m respectively. The total annual advance rate of 831 m
was achieved. Thanks to the flexibility of the NATM method, the advance rates
were relatively stable, and the rate of utilisation of time for the excavation was
also good.

Regarding obstacles or more difficult conditions, we experienced the first inc-
rease in the inflows from the rock mass up to 50 I/s at a distance of 400 m from
the portal.

A new conception of the gallery drainage had to be designed for a section
about 900 m from the PW because the aggregated volume of water ingress rea-
ched about 100 I/s.

The detailed design solved the evacuation of increased water inflows by a sys-
tem of pits built in recesses (enlarged cross sections of passing bays) roughly
at intervals of 300 m. Powerful pumps EMU, FLYGHT and KDFU were installed
in the pits. Gradually 7 pits had to be built. The inflows into the gallery varied
depending on rainfalls since the cover on this side of the gallery was not deep
(60 to 250 m). The inflows reached the highest level of 154 I/s in July 2001. Any
more serious breakdown of the pumps or entire electrical connection collapse
caused flooding of the gallery and equipment within several tens of minutes.
The expenses incurred due to the power consumption for this drainage system
increased with the downhill excavation advancing. In 2002, the last year of the
excavation, the power consumption reached a value equal to the TBM con-
sumption.

A water breakout and loosening of the rock mass due to the gallery collapse
(small-size debris, grains and clays followed by falling boulders) occurred
during the excavation at a distance of 2920 m from the portal West. At the
beginning, the water ingress at the face varied between 20-30 I/s, then it settled
at 10-20 I/s. The repair was carried out using a support system consisting of TH
frames and anchors, mesh and shotcrete on the sidewalls.

Subsequent excavation was performed under a protective umbrella consisting
of a fan of groutable anchors 15 m long and 38 mm in diameter. Three umbrella
sets were necessary, with an overlapping, up to the section 2930 m from the
WP, Another heavily saturated weakness zone was encountered at a distance of
3037 m, about 80 m before the future obstacle. It was improved by a method
similar to the previous procedure. The easy access for the equipment needed
for the repair work is an undisputed advantage of the NATM technique.

EXCAVATION FROM THE PORTAL EAST

Based on the anticipated more favourable geology, the tunnel boring machine
ATB 35 HA (DELMAG system) was designed for the excavation from the east,
i.e. from Dubnd Skala. This machine was hired abroad for the given purpose.
It represented an optimal choice, given the tender conditions.

- 5,

tdz TBM v stolni
Fig. 9 The equipment used for the TBM dis-
mantling in the gallery
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ruSovanie horniny je na raziacej hlave osadenych 26 ks valivych dlat o priemere
432 mm a pri danom pritlaku pripada na jedno valivé dlato 242 kN.
Kratiaci moment raziacej hlavy zabezpeéuju 4 vodou chladené elektromotory
o vykone 4 x 200 kW. Maximalny krutiaci moment dosahuje 613 kNm. Otacky
raziacej hlavy su konstantne 12 ot./minutu. Pracovny krok raziacej hlavy je na
plné vysunutie pritlatnych hydraulickych valcov je 1500 mm. Po opatovnom
rozopreti si stroj pritiahne o tdto dfzku cely prives a pracovny cyklus sa opakuije.
Tieto parametre davaju stroju dobru schopnost rozrusovat tvrdé horniny, ¢o sa
preukazalo aj pri razeni §tdIne, ked na 1 otacku dosahoval priemernt penetraciu
3,5 mm a v raziacej hodine 2,5 m a max.vykon v mesiaci 400,5 m vo februdri
2000. Podrobnejsie su vykony uvedené v priloZzenych tabulkach a diagramoch.
Raziaca hlava pri otacani naklada rozru$enu horninu na transportny pas
a dopravuje ju do nakladacieho miesta vagonov do vzdialenosti 130 m za hlavu
stroja.
Z pracovnej schémy je vidiet zakladné funkéné prvky a pracovné oblasti L0, L1
a L2 u ktorych sa vykonavaju vystrojovacie prace §tolne. Stroj je tiez vybaveny
sondovacou vitatkou s moznostou predvrtom 26 m pred hlavu. Kvoli zmense-
niu strat energie stroj taha za sebou 11 kV vysokonapéatovy kabel s 300 m zéso-
bou na cievke. Po jeho odtoéeni sa vZdy spojkuje. Na privesnom zariadeni stro-
ja su 4 transformatory, ktorymi sa upravuje sekundarne napatie pre vrtaciu
hlavu na 600 V, ostatné motory su na 380 V, osvetlenie na 220 V a dielenské
nizke napatie 24 V. Raziaci stroj bol kompletne vybaveny dopravnou technikou
vagonmi na rubaninu o objeme 4,75 m?®, $pecidlnymi vagéonmi na dnové tubingy,
striekany beton a prepravu personalu. Pre tahanie vagonovych suprav sa pou-
7ili 2 dieselové lokomotivy typu HUDSON a s predizenim dopravnej vzdiale-
nosti sa pridala tretia typu GIA. Pre vyklapanie vagonov je k celej strojnej zosta-
ve dodany vyklapaci most, pomocou ktorého sa vyklopi hornina z vagénov bez
ich rozpojenia v suprave, ¢o mimoriadne racionalizuje cely postup. Vlastny
raziaci stroj disponoval aj u€innym vetracim systémom a skrdpacim zariadenim
a filtrom pre zabranenie prasnosti pri razeni.
Zo strany vychodného portélu je horninovy masiv v celej predpokladanej dizke
razenia, pomocou TBM charakterizovany kristalinikom ktorého dominantnym
litologickym typom su biotitické granodiority. Z predbezného IGHP prieskumu
bolo znéme, Ze horninovy masiv je heterogénny v dosledku:
- tektonického porusenia od zon mylonitizovanych, zbridliénatenych, drvenych

horninovych masivov az po zény diskontinuit
- stupfa zvetrania od z6n so silne zvetranymi horninami, ktoré alternuji masiv

plosne v zénach porusenych hornin

- rozneho stupnia zavodnenia so striedanim suchych a mokrych tUsekov

- a rdzneho stupnia metamorfovanych premien minaralneho zlozenia.
Od samého zaéiatku raziacich prac sa tieto predpoklady potvrdzovali a neustale
prehibovali. U7 samotna zarazka realizovana technolégiou NRTM sa predpokla-
dala 20 m a musela byt predizena na 68,8 m. Va&si vyskyt zon tektonickej poru-
Senosti, ich nepriazniva orientacia k trase $tolne a stupen zvetrania, kumulovali
viacero nepriaznivych faktorov komplikujucich postup prac. Najvacsim problé-
mom bola ovela vaésia zvodnelost masivu, ktord v krystaliniku je neobvykla.
Vo véeobecnosti sa doteraz predpokladalo, Ze horniny krystalinika Malej Fatry
sU vyraznejSie zvodnené len v zone rozvolnenia a zvetraninového plasta hornin
do hibky 30-50 m, ojedilene i 100 m. Predpokladalo sa, ze pukliny sa zatvaraju
a neumoziuju intenzivnejsi pohyb podzemnej vody. Tieto teoretické predpoklady
potvrdzovali aj skisenosti z razenia tunela Branisko (4800 m), kde boli predpo-
vede znacnych pritokov a razilo sa takmer v suchu.
Na Uplne opacné skusenosti sme narazili pri budovani prieskumnej §téIne tunela
Visfové, ked pritomnost prudiacej podzemnej vody do §tdIne sa postupne uka-
zala ako trvala a jej hrani¢né hodnoty dosiahli az 120 I/s na éelbe s tlakom az
3,1 Mpa a najvacsi pritok do celej $toIne predstavoval 420 I/s. Je pochopitelné,

S g R Ly | S
Obr. 10 Zaval spoésobeny sufoznym ucinkom tlakovej vody v tektonickej
poruche na ZP
Fig. 10 The collapse due to solid transport caused by pressure water in the
tectonic disturbance at the WP

The open mode TBM is designed specially for hard rock (up to 280 MPa).
The gripping system, allowing the forward movement of the machine, consists
of two side grippers pressing against the rock with a force of 2 x 6160 kN.

The cutterhead is propelled by two mighty hydraulic 6280 kN thrust cylinders
using the grippers as a support.

The rock is cut by 26 disc cutters 432 mm in diameter mounted on the cutter
head. At the given cutterhead thrust, a thrust of 242 kN acts on one disc cutter.
Four water-cooled electric motors with an output of 4 x 200 kW provide the tor-
que. Maximum torque reaches 613 kNm. The cutterhead rotating velocity is
constant, 12 revolutions per minute. The stroke of the fully extended propulsi-
on cylinders is 1,500 mm. Once the TBM has been re-gripped, the machine
pulls the trailing gear ahead and the cycle is repeated. The above-mentioned
parameters allow the machine to cut hard rock. This was proved at the gallery
excavation too. Average penetration rate of 3,5 mm per revolution, 2,5 m per
one hour of boring and maximum monthly progress rate of 400,5 m (in Febru-
ary 200) were achieved. The enclosed tables and diagrams contain more detai-
led data on the progress rates. The rotating cutterhead loads the muck onto
a conveyor belt, which transports it 130 m from the TBM and discharges it into
wagons.

The operation chart shows basic operational members and work areas L0, L1
and L2, where the gallery excavation support operations take place. The machi-
ne is also equipped with a probing drill allowing drilling up to a distance of
26 m ahead of the excavation face. To reduce energy losses, the machine draws
11 kV high-voltage cable behind (300 m of the cable on the reel). Installation of
a connector takes place whenever the reel is empty. The trailing gear carries
4 transformers, which transform the secondary voltage for the cutterhead to
600 V, for the lighting to 220 V, and for the workshop purposes to 24 V low vol-
tage. The TBM was completely provided with hauling equipment, i.e. 4,75 m*
muck cars, invert segment supply cars, shotcrete mix cars and personnel cars.
The cars were pulled by 2 locomotives, later on by 3 ones. A rollover car dum-
ping bridge was supplied together with the equipment set, which allows dis-
charging the muck without uncoupling the cars from the train. This system rati-
onalises the operation significantly.

An efficient ventilation system and a spraying system and filter for dust supp-
ression during the excavation were also part of the TBM outfit.

From the portal East side, the rock mass along the entire length to be excava-
ted by TBM consists of crystalline rock with the biotite granodiorite lithologic
type dominating. It was known from the engineering-geological investigation
that the rock mass is heterogeneous as a result of:

- tectonic disturbance (from mylonitised, schist forming, crushed rock mass
zones to discontinuity zones),

- the degree of weathering (varying from zones of heavily weathered rock to
zones with crushed rock, which alternate in the massif),

- various degree of saturation, with dry and wet sections alternating

- and various degree of metamorphic changes in the mineral composition.
The above-mentioned assumptions were confirmed and refined from the very
beginning of the excavation. The length of the initial excavation to be carried
out by the NATM had to be extended from originally expected 20 m to 68.5 m.
The more frequent occurrence of the weakness zones, their unfavourable ori-
entation to the alignment of the gallery, and the degree of weathering were a
combination of adverse factors complicating the works’ progress. The most
serious problem was the much higher degree of saturation of the massif, a phe-
nomenon that is unusual in a crystalline system. It has been generally assumed
till now that the rock types found in the Mala Fatra Mountains are significantly
saturated only within a loosening zone and a zone of the weathered rock cover
up to a depth of 30 - 50 m, rarely even 100 m. There was an assumption that
fissures close and do not allow more intensive movement of ground water,
Those theoretical assumptions were also confirmed by the experience gained
from the Branisko tunnel excavation (4800 m), for which large inflows had been
anticipated and eventually the excavation was carried out in nearly dry conditi-
ons. Opposite experience was encountered in the course of the excavation of
the exploration gallery for the Visriové tunnel. Over time the presence of

‘H i
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Obr. 11 Dal$ia zo sedmych jimok Upadaného razenia zo zapadnej strany
Fig. 11 Other one of the seven sumps for the downhill excavation from the west
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Ze prudiaca tlakova voda so svojimi suféznymi G¢inkami spésobovala v poru-
chovych zénach zavaly. Prekonéavanie tychto poruchovych zén kladlo vysoké
naroky na ich sandciu a postupné prerazenie. Kazda jedna poruchova zona
mala inych charakter a vyzadovala si originalne rieSenie razenia, speviiovania
celby a jej okolia.
Geologické poruchy sa prekonavali pomocou odvodriovacich a odlahcovacich
vrtnych systémov, pomocou speviiovania predpolia, bokov a stropu razenej
§téIne chemickou a cementovou injektazou a kombindaciou ruéného a strojného
razenia. NajucinnejSie sa vSak ukazali injektovatelné mikropilotové déazdniky,
ktoré ako vodorovny nosny prvok dokazali Gi¢inne branit suféznym Gcinkom tla-
kovej vody a umoznili postupné spevnenie a utesnenie horniny. Nemalé Usilie
bolo venované v prvej polovici roku 1999 spésobu identifikacie poruchovych
z6n, ¢o by viedlo k ich raciondlnemu prekonavaniu. Sondovacia vrtacka na
vlastnom stroji mohla urobit az 26 m predvrt avSak len v max. uhle rozptylu 6°,
¢o sa ukazalo pri roznych uklonoch poruchy ako nedostatocné. Pokusy s geofy-
zikdlnym zistovanim poruch napriek velkej snahe v danom heterogénnom
a zvodnelom prostredi neviedli k spolahlivému predpovedaniu. Preverovala sa
tiez moZnost osadenia dal$ich sondovacich a inejktaznych zariadeni na vlastny
raziaci, ¢o narazilo na nedostatok priestoru pre maly profil §télne 3,5 m (ktory
takmer cely vyplroval vlastny stroj), ako aj na finanéné problémy pri dodato¢-
nej montéZi v §tdlIni. TaktieZ aj problém, Ze Doprastav nebol vlastnikom stroja.
Tento problém sondovania, ale predovSetkym vftania odvodiovacich a injek-
taznych vrtov, ako aj vytvorenia mikropilotového injektovatelného dazdnika sa
podarilo Ciastocne riesit zabezpecenim hydraulickej vitnej stpravy 1VS-200
KOSPER a ponornym kladivom so zmieSanym vzduchovodnym vyplachom.
Lafeta vftnej supravy s prevodovkou a ramom sa umiestnila do priestoru pred
raziacu hlavu TBM. Priestor pred hlavou sa vytvoril civnutim raziaceho stroja.
Vlastny hydraulicky a pohonny agregat s ovladacim pultom bol umiestneny asi
16 m od raziacej hlavy v pracovnom Useku L2 raziaceho stroja a bol s vitacou
lafetou spojeny tlakovymi hadicami. Strojnik ovladal vitacku pomocou televiz-
nej kamery umiestnenej pred hlavou raziaceho stroja a spojenim vysielackou
medzi nim a obsluhou pred TBM. Za Ciasto¢né rieSenie to mozno povazovat
preto, lebo to vyzaduje vSetky sanacné a vrtacie prace vykonavat v obmedze-
nom a nebezpe¢nom priestore pred hlavou raziaceho stroja a vSetok material
a vitacku (rozobratu) dopravovat do tohoto priestoru len cez otvor 0,4 x 0,6 m
v raziacej hlave. Tento postup musel byt doplneny o mimoriadne bezpecnostné
opatrenia, ktoré boli schvélené Banskym uradom. Iny G¢inny postup pri preko-
navani poruchovych pasiem sa v danych podmienkach nenasiel.
Schéma raziaceho stroja ako aj pouzité vitacie zariadenie 1VS-200 Kosper st na
prilozenych obrazkoch. Pocas razenia 4362 m §t6lne pomocou TBM sa okrem
mnozstva menej zavaznych geologickych portch prekonalo 5 vaésich zon, ktoré
znaéne predfzili dobu razenia:
1. Vo vzdialenosti 79,3 m - 86,7 m od vychodného portalu mylonitizovana poru-
chova zéna s malym pritokom véd. Doba razenia a sanécie poruchy 17 dni.
2.448,1-490 m od VP smerna poruchové zéna s malym uhlom krizenia so §t6l-

5.

L
;&

Obr. 12 Nevhodna blokovitost horniny pred raziacim strojom
Fig. 12 Unfavourable blockiness of rock ahead of the TBM

ground water flowing into the gallery proved permanent. Maximum values rea-
ched 120 I/s at the face, with a pressure of up to 3.1 Mpa. The highest inflow to
the entire gallery was 420 I/s. It is obvious that the effect of solid transport due
to flowing pressure water caused collapses in the weakness zones.

The overcoming of such fault zones put heavy demands on the rock treatment
activities and excavation. Each single weakness zone was different and requi-
red an original solution for the excavation and reinforcement of the face and
the surrounding area.

Geological disturbances were overcome by means of drainage and relief dril-
ling systems, by improving the rock within the front zone, on the sides and at
the roof zone by injecting chemical and cementitious grout, and by combining
hand mining and mechanical excavation methods. The most efficient, however,
proved groutable micropile umbrellas. This horizontal structural element was
able to inhibit the effects of transport of solids by pressure water and made the
progressive improvement and impermealisation of the rock possible. Not
inconsiderable endeavour was made in the first half of 1999 to find a solution
to the issue of identifying fault zones which would allow the miners to pass the
zones in a rational way.

The probing drill mounted on the TBM allowed drilling up to a distance of 26 m,
but the maximum possible borehole deflection angle of 6° proved insufficient
due to the varying angles of the intersection with weakness zones. Despite all
efforts, attempts to apply geophysical methods of fault detection did not provide
reliable results in the given heterogeneous and saturated environment.

A possibility of mounting additional probing and grouting equipment on the
TBM was also verified, but due to the fact that the 3.5 m diameter of the gallery
was nearly completely filled with the TBM equipment proper and financial
problems occurred regarding the additional assembly inside the gallery, this
idea was abandoned. In addition, Doprastav was not the owner of the TBM,
which posed a problem too.

The problem of forward probing, but the problem of drilling for drainage and
grouting above all, as well as the problem of drilling for the micropile groutable
umbrella were solved with a partial success by acquiring the IVS-200 KOSPER
grouting-drilling set and a down-the-hole mixed-air-flush drill.

The drill boom with a gearbox and frame was installed inside the space before
the TBM'’s cutterhead. This space was created by pulling back the TBM. The
hydraulic and propulsion station with the control desk was positioned about 16 m
from the cutterhead, in the TBM work area L2. It was interconnected with the
drill boom by pressure hoses. The operator controlled the drilling set by means
of a television camera installed ahead of the TBM cutterhead and a transmitter
connecting him with the crew working ahead of the TBM.

This solution can be considered partial because all rock treatment and drilling
operations have to be performed in the confined and dangerous space ahead
of the TBM cutterhead and all material and the drill (dismantled) have to be car-
ried to this space through a 0.4 x 0.6 m gate provided in the cutterhead. This
procedure had to be complemented by extraordinary safety measures appro-
ved by the Bureau of Mines. However, no other efficient procedure for passing
through fault zones in the given conditions was found.

The diagram of the TBM and the IVS-200 KOSPER grouting-drilling set are
shown in the figures enclosed. Apart from a multitude of minor geological dis-
turbances, 5 major weakness zones had to be overcome in the course of the
4,362 m long gallery excavation by the TBM, which caused a significant exten-
sion of the excavation time.

1. 79.3 m - 86.7 m from the portal East (PE): A mylonitised weakness zone with
low water influx rate. Duration of the excavation and the rock improvement
operations 17 days.

2. 448.1 - 490 m from the PE: A 12 m wide directional weakness zone with a
concentrated water inflow up to 80 I/s, crossing the gallery at a low angle of 10°.
Duration of the rock improvement and excavation operations 86 days.
3.2811-2821 m from the PE: A weakness zone of heavily cataclasticly broken,
saturated and unstable crystalline rock, at a low intersection angle. Aggregated
water inflow at the face ranging from 100 - 300 I/s, 120 I/s. Duration of the rock
improvement and excavation operations 56 days.

4. 2880 - 2916 m from the PE: A zone of mylonitised granitoid rock disintegra-
ting due to the inflow of pressure water (a collapse within a 8 m long section).

.

Obr. 13 Montaz raziaceho stroja na VP portali pred vkra¢anim do $tdlne
Fig. 13 The TBM assembly at the portal East before entering the gallery
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fiou (10°) 12 m §irokd so sustredenym pritokom vody az 80 I/s. Doba sandcie
a razenia 86 dnli.

3. 2811 - 2821 m od VP poruchova zona silne kataklisticky porusenych zvod-
nenych a nestabilnych hornin kristalinika pod malym uhlom krizenia. Celkovy
vyskyt vody od 100 - 300 I/s v ¢elbe 120 I/s. Doba sanécie a razenia 56 dni.

4. 2880 - 2916 m od VP zdna mylonitizovanych granitoidnych hornin, kde za

pritoku tlakovej vody dochédzalo k ich rozpadu a zévalu v useku 8 m. Pritok

vody 120 I/s. Sandcia a razenie v poruche si vyziadalo 172 dni.

3499,6 - 3520 m - heterogénna porusena zéna s roznym stupfiom porusenia,

degraddcia geotechnickych vlastnosti horninového masivu, najma s vyraznou

zmenou vlastnosti vo styku s vodou (rozbredanie, sufézia, objemové zmeny,

strata stability). Pritomnost vody s vysokym tlakom do 3,1 Mpa a pritok 30 I/s.

Doba sanécia a prerazenia Useku 270 dni. RieSenie prechodu je vidiet na pri-

loZenej schéme a vyziadalo si 3 mikropilotové dazdniky 16 m dIhé. Spotrebo-

valo sa 4,9 + 2,7 + 1,8t polyuretanovej zmesi pre chemicku injektaz a 181 + 97

+ 11,2 t cementu pre cementovu inejktaz.

Pri prechode cez mylonitizovan( zénu raziaci stroj klesol o 40 cm na dizke 8,8 m.

Tento jav sa riesil civnutim TBM a zabudovanim vodiacej konstrukcie profilu

HEB 240 do poZadovanej nivelety a jej zabetonovanim. Je pochopitelné, Ze

investor stavby §télne nechal pri tak zavaznych zdrzaniach v postupe razenia

s TBM v novembri 2001 vypracovat §tddiu moznosti ukonéenia razenia.

Spracovatelom studie bol generalny projektant Geoconsult Bratislava v spolu-

praci s Geoconsult Austria. Postavenie jednotlivych technoldgii bolo v stanic¢eni

3,678 km NRTM (2678 m od ZP) a 4,975 km TBM (3505 m od VP), takze zosta-

valo este k prerazeniu 1297 m.

Projektant zvolil metodu VALUE ENGINEERING (vahové ohodnotenie stavania),

kde zvazil 3 okruhy moznosti ukoncenia. Problematika 1, 2, 3 razenie v geo-

technickych horninovych oblastiach TBM IV, V a VI.

Problematika 0, I, II, lll, IV, V prekonania poruchy v km 4,975 (3505 m od VP).

Problematika A, B, C, D prekonanie regionalnej poruchy v km 4,000 (3000 m od

ZP) stretnutie dvoch technoldgii (prerazenia) a miesta vytvorenia demontaznej

komory pre TBM.

Jednotlivé moznosti ohodnotil z pohladu:

- potrebného ¢asu na realizaciu

- nékladov na realizéaciu

- a z pohladu predpokladanej dobrej strednej a zlej geoldgie.

Zo vsetkych moznosti vytvoril aj kombinécie, vylucil nevhodné riesenia a vznikla

zévere¢na tabulka s uvedenymi porovnaniami moznych variantov.

V tabulke st uvedené finanéné a ¢asové pomery variantov. Cim je percentualna

hodnota bliz§ia maximalnej hodnote 100, tym je dany variant drahsi, resp.

gasovo naroénejsi. Cas vystavby najdrahsieho variantu 1-0-C lefi aj v najhor-

Som pripade medzi ¢asmi pre dobré a stredné geologické pomery variantu 3-llI-D.

Avsak néaklady variantu 3-1ll-D napriek dlhému ¢asu vystavby su nizsie, ako

naklady 1-0-C este aj pri strednych geologickych pomeroch. Variant 2-lII-C lezi

vo vSetkych skiimanych geologickych pomeroch v strednej oblasti.

Realizovala sa varianta 1-0-A.

o

Water inflow rate of 120 I/s. The rock improvement and excavation took 172 days.
5. 3499,6 - 35620 m: A heterogeneous weakness zone with a varying degree of
weathering; degradation of geotechnical properties of the rock mass, primarily
on contact with water (slaking, solid transport, volume changes, loss of stability).
Presence of high pressure water up to 3,1 Mpa, inflow intensity of 30 I/s. Dura-
tion of the rock improvement and passing the section 270 days. The method of
the passing is shown in the scheme enclosed. It required 3 micropile umbrella
sets 16 m long. The consumption of polyurethane compound for the chemical
grouting amounted to 4,9 + 2,7 + 1,8 tons, while 181 + 97 + 11,2 tons of cement
were needed for the cementitious grout.

Passing the mylonitised zone, within an excavated section 8,8 m long, the TBM
complex sunk by 40 cm. This problem was solved by retracting the TBM and
installing a guiding structure at the grade line level consisting of HEB 240 pro-
files embedded in concrete. It is understandable that the investor of the gallery,
considering such serious delays in the TBM excavation progress construction,
had a study on the possibility to complete the excavation worked out in
November 2001.

The study was developed by Geoconsult Bratislava, general designer, and Geo-
consult Austria. The two excavation faces were in the following positions then:
Chainage 3,678 km for the NATM (2678 m from the PW) and 4,975 km for the
TBM (3505 m from the PE). Therefore, 1297 m remained to be excavated.

The designer selected the Value Engineering method. They evaluated 3 circles
of options how to complete the works. Issues 1, 2 and 3 concerning the exca-
vation in geotechnical rock regions TBM IV, V and VI.

Issues 0, I, Il, lll, IV, V concerning the overcoming the regional fault at km 4.000
(3000 m from the PW) - a contact of two excavation techniques (a breakthrough
point) and a location for a TBM dismantling chamber.

They assessed the particular options from the following points of view:

- the time required for the work

- the cost of the work

- geology - both favourable and unfavourable

They also developed combinations of all options and eliminated unsuitable
solutions. A final table was created containing a comparison of the variants
possible.

The table shows financial and time-related conditions of the variants. The clo-
ser the percentage value to the maximum (100), the more expensive or more
time consuming the given variant is. The duration of the most expensive vari-
ant 1-0-C lies, even in the worst instance, between the times for favourable and
average geological conditions considered in the instance of the variant 3-lI-D.
The cost of the variant 3-1ll-D, however, despite the long construction time,
is lower then the cost of the 1-0-C, even in average geological conditions.
The 2-lI-C variant is found in the central region in all investigated geological con-
ditions.

The variant 1-0-A was realized.

The comparison of the variants| Variant 1-0-C | Variant 2-ll-C | Variant 3-ll-D
favourable time 15 49 64
EE cost 50 63 54
.g’g average time 37 68 85
S g cost 66 71 59
i unfavourablel—TE 57 83 100
cost 100 87 63

Porovnanie variantov Variant 1-0-C | Variant 2-Ill-C | Variant 3-IlI-D

g dobré Cas 15 49 64
g naklady 50 63 54
o stredng das 37 68 85
2 néklady 66 71 59
‘—; , Cas 57 83 100
5 z1é -

(&) naklady 100 87 63

= |

Obr. 14 Osadzovanie vystrojovych prostriedkov z kotiev a kari sieti v pra-
covnej Casti L2
Fig. 14 Installation of anchors and KARI mesh for the support in the work area L2

Based on the above-mentioned document, the assessment of the possibilities
by the investor and actual geological conditions along the tunnel alignment,
the variant 1-0-A was adopted (not too different from the variant 1-0-C), with
the location of the contact of the two techniques placed to km 4.118. The dis-
mantling chamber was built at that location. Thus, the NATM technique was
used for the excavation of 3118 m of the gallery, with 4362 m driven by the TBM.

Obr. 15 Sondazny vrt s IVS-200 pre raziacou hlavou
Fig. 15 Forward probing with the IVS-200 drill set
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ZAVER

Zaverom mozno konstatovat:

-Vzhladom k zisteniu predbeiného IGHP, Ze geologické pomery v trase budu-

ceho tunela su zIoZité, investor spravne rozhodol o realizacii prieskumnej $t6lne
v celej dizke tunela.
- Prieskumnym dielom sa zistili ovela nepriaznivejsie geologické pomery ako sa
predpokladalo. Vaési vyskyt poruchovych zén, s tym suvisiacich horsich geo-
technickych hodnét hornin a rozvolnenost hornin az pod uroven nivelety tunela,
tj. hibsie ako 700 m od povrchu.

-Vzhladom k rozvolnenosti masivu do velkych hibok (viac ako 700 m) a velkej
Sirky (okruh 7 km), sa overil znaény vyskyt trvale prudiacej podzemnej vody do
prieskumnej $téIne.

V granodioritovom masive ide o prekvapivu priepustnost. V literatire je tento
jav oznacovany ako prudenie nespojitymi vodivymi diskontinuitami (NVD)
(anglicky DCDS) prof. Sebastiano Pelizza, Tunel 4/2000.

- Vzhladom k uvedenej dizke prieskumnej $télne 7480 m zlozitej geologickej
stavbe Uzemia bol profil stélne 3,6 m nedostatocny. Problémovy bol prave
v technoldgii TBM, pre nedostatok priestoru pre podporné zariadenia na
prekonavanie portch.

- Napriek obrovskym ¢asovym stratam, technolégia TBM, ktora nebola vybave-

na na dané geologické pomery, prerazila o 1250 m viac ako NRTM, pri¢om pri
porovnani 10 najlepsich vykonov uvedenych v tabulke preukazala vykonové
rezervy.
-Technoldgia NRTM sa ukézala ako flexibilna schopna dosahovat pravidelné
vykony, avSak postupovala relativne pomalSie. MoZno v$ak s fiou realne uva-
zovat pre velké tunely Visnové.
- Z technického hladiska pre velky tunel Visfiové na zéklade ziskanych poznat-
kov sa da predpokladat, ze TBM @ 11,7 m vybaveny obdobne ako je raziaci stroj
pre basis tunel LOTSCHBERG v Gseku STEG a RARON, pripadne doplneny
o vrtacie zariadenie pre moznost vytvorenia mikropilotového déazdnika by
mohol Uspesne realizovat severnu tunelovu rdru za velmi kratky ¢as. Jedna sa
o citlivé rozhodnutie, ktoré zavisi na zabezpecovani plynulého financovania
stavby, ako aj moznosti dalSieho nasadenia na prilahlé tunely smerom na Liptov.
- Prerazenie prieskumnej $tdlne aj za cenu dlhsej lehoty vystavby a vyssich
néakladov prina$a neocenitelné IGH poznatky pre velky tunel a rieSenie techno-
logickych moznosti pri speviiovani poruchovych pasiem ako aj odvadzani
spodnych véd pri stavbe severnej tunelovej rury. Prerazenim prieskumnej
§télne sa odstranili najhorsie tlakové prejavy podzemnej vody. V horninovom
prostredi do$lo ku konsolidécii, len s volnym vytekanim vody z masivu. Oprav-
nene mozno predpokladat, ze uvedené vysledky podrobného IGH Prieskumu
formou prieskumnej §téIne sa velmi pozitivne prejavia pri stavbe severnej tune-
lovej rury 7480 m dlhého tunela Visnové.

- Nakoniec ndm prinalezi sa podakovat za dobru spolupracu vSetkym partne-
rom vystavby tejto tazkej tunelovej stavby a najma geolégom, ktori priebezne
obetavo ziskavali a interpretovali zloZiti geologickd a hydrogeologicku situéciu
v predpoli raziacich prac.

CONCLUSION

To conclude, it can be stated that:

- Investor’s decision to excavate the exploration gallery along the entire tunnel
length was correct considering the information gained by the preliminary EGHI
that the geology along the tunnel alignment is complicated.

- The exploration gallery identified much more difficult geological conditions
than assumed by the preliminary EGHI. More extensive occurrence of weak-
ness zones was found, with associated worsened geotechnical parameters of
the rock and rock loosening, reaching below the tunnel floor, i.e. deeper than
700 m from the ground surface.

- Significant occurrence of groundwater inflows into the exploratory gallery
was proved, resulting from a higher degree of tectonic loosening of the mass
(depth over 700 m, the area diameter of 7 km). Such permeability is surprisingly
high in a granodiorite massif. This phenomenon is called the flow through disc-
rete conductive discontinuities (DCDs) in literature (Prof. Sebastiano Pelizza,
Tunel 4/2000).

- The 3,5m diameter of the gallery was insufficient considering the above-men-
tioned length of the exploration gallery (7480 m) and the complex geological
composition of the region. It posed a problem especially at the application of
the TBM technique due to the lack of space for additional equipment used in
the process of passing the weakness zones.

- Despite serious time losses, the TBM technique, which was not equipped for
the given geological conditions, excavated 1250 m more than the NATM. If we
consider the 10 highest advance rates, we see that it even proved a potential
for higher performance.

- The NATM is a flexible technique capable of reaching regular outputs. It,
however, progressed relatively slower than the TBM. Despite this fact, it can be
taken into consideration realistically for application on the large Visriova tun-
nels.

- From the technological point of view, it can be expected on the basis of the
obtained knowledge regarding the large Visriové tunnel that an 11,7 m-diameter
TBM equipped in a similar manner as the TBM for the LOTSCHBERG basis tun-
nel at the sections STEG and RORON, alternatively complemented by a drilling
set allowing the construction of a micropile umbrella, could drive the northern
tunnel tube successfully within a very short time. This is a sensitive decision
depending on fluent funding of the project and on a possibility to use the TBM
on the neighbouring tunnels heading towards Liptov.

- The excavation of the exploration gallery, despite extending the construction
period and increasing the cost, has provided invaluable EGH information for
the large tunnel and a solution of technological methods of treatment of weak-
ness zones as well as the drainage of ground water during the construction of
the northern tunnel tube. The worst effects of pressure ground water were
removed by the gallery excavation. The rock environment became consolidated,
with free flows of water from the mass only. We can reasonably expect that the
above-mentioned results of the detailed EGH investigation using the exploration
gallery will affect the construction of the northern tunnel tube of the 7480 m
long Visriové tunnel very positively.

- To conclude, we wish to thank all partners of the difficult construction of this
tunnelling structure for exceptional co-operation. Primarily we would like to
thank the geologists, who continuously and devotedly gathered and interpre-
ted the information on the complex geological and hydrogeological situation in
the front zone of the excavation.

Obr. 16 Vychodny portél so stipravou vagénov
Fig. 16 The portal East with the train

Obr. 17 Kontrolné sanacné préace pred clivnutym raziacim strojom v &iastocne
stabilizovanej poruche

Fig. 17 Rock treatment ahead of the retracted cutterhead within a partially
stabilised weakness zone
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PODZEMNI STAVITELSTVI PRI VYSTAVBE VODNICH DEL
A HYDROENERGETICKYCH STAVEB NA MORAVE

UNDERGROUND ENGINEERING APPLICABLE
TO WATER AND HYDRO-ENERGY WORKS IN MORAVA

ING. JIRI SVANCARA, ING. VACLAV TORNER - AQUATIS, a. s.

uvob

Na jafe roku 2003 uplynulo 10 let od zaloZeni akciové spole¢nosti AQUATIS, a. s.,
Brno. Pracovnici této spolecnosti navazali na predchozich 40 let pfipravy, pro-
jektovani a vystavby vyznamnych vodohospodarskych staveb v ramci statniho
podniku Hydroprojekt, zdvod Brno. Pfi této pfilezitosti se pokusili autofi tohoto
¢lanku alespon struéné zrekapitulovat vyuziti podzemnich staveb pfi vystavbé
vodnich dél a na hydroenergetickych stavbach v poslednich desetiletich
v oblasti pisobeni vy$e uvedené organizace.
Vodni a hydroenergetické stavby svou pfirozenou povahou v celé své historii
vyuzivaly moznosti podzemniho stavitelstvi, a to nejriiznéj$im zplisobem. Sou-
Casti téchto staveb velmi ¢asto byly §toly, pfivadéce a dal$i podzemni objekty.
Specifické na podzemnich objektech vodohospodaiskych staveb je, Ze jejich
plidorysné usporadani, polohu, sklon stol a tuneld a nékdy i pfiény profil maze-
me do urcité miry ménit a vyhledat tak pro jejich vystavbu pfiznivéjsi geologické
podminky. Toto je vyznamna odli$nost podzemnich objektli vodohospodai-
skych staveb oproti napfiklad dopravnim tuneltim, jejichz poloha, smér, sklon
a pricny profil jsou vice predurceny dopravnimi pozadavky.
Vodni dila (dale také VD) budovana na Moravé nalezeji do povodi fek Moravy
a Odry. Z desitek vodnich dél, ktera byla v tomto obdobi budovana, byly pod-
zemni stavby vyznamnou soucasti nasledujicich staveb (pofadi uvadime podle
uvedeni do provozu):
Vodni dila v povodi feky Odry:

- VD Kruzberk na Moravici (1955)

- VD Sance na Ostravici (1969)

- VD Slezska Harta na Moravici (1997)

- VD Moravka na Moravce (1967 a po rekonstrukci v r. 2000)
Vodni dila v povodi feky Moravy:

- VD Mostisté na Oslavé (1960)

- Precerpavaci vodni elektrarna Dalesice na Jihlavé (1978)

- Precerpavaci vodni elektrarna Dlouhé Strané na Divoké Desné (1996)

STRUCNY POPIS STAVEB

Abychom neprekro€ili pfiméfeny rozsah prispévku, zaméfili jsme se pouze na
popis staveb, které byly realizovany v poslednich 25 letech, to jest na stavby, na
jejichZ pripravé a vystavbé se autofi tohoto ¢lanku a jejich spolupracovnici jiz
aktivné podileli.

Obr. 2 PVE Dalesice - prehledna situace
Fig. 2 Pumped Storage System (PSS) Dalesice - General Arrangement

INTRODUCTION

Springtime of the year 2003 was special to AQUATIS, a. s., Brno since it cele-
brated the 10th anniversary of its existence. However, these last 10 years are
but an extension of the previous 40 years of designs and development of major
water works under an umbrella of than the state owned company
called Hydroprojekt - Brno.

On this occasion the authors of this presentation have attempted to briefly sum
up the activities of the Company’s Underground Engineering on dams and
reservoirs in the Czech Republic.

The Underground Engineering became, due to the nature of its scope of activi-
ties, an undivided part of the water and hydro-energy works throughout the
profession’s history. Tunnels, galleries, penstocks and various underground
structures were always a part of these projects. Designing of these works is
characterised by flexibility with which the plan-view arrangements of tunnels,
their location, sloping and at times even their cross sections may be modified
in order that they may be erected in the given, geologically most advantageous,
setting. This flexibility is evidently not applicable to the tunnelling made for the
road transportation purposes.

Water works (further referred to as WW) built in Morava are situated within
catchments areas of the river Morava and Odra. Out of tens of WW's, built in
this period, are herewith mentioned those of which the underground structures
played a very meaningful role. They are listed in order of their completion dates:
Water Works within the river Odra catchment area:

- WW Kruzberk on Moravice (1955)

- WW Sance on Ostravice (1969)

- WW Slezska Harta on Moravice (1997)

- WW Moravka on Morédvka (1961 and after reconstruction in 2000)

Water Works within the river Morava catchment area:

- WW Mostisté on Oslava (1960)

- PSS (Pumped Storage System) Dalesice on Jihlava (1978)

- PSS (Pumped Storage System) Dlouhé Strané on Divoka Desna (1996)

BRIEF DESCRIPTION OF WORKS

In order not to exceed the prescribed extent of this contribution, it was decided
to include in this publication only those structures, which were erected in the
last 25 years, i.e., the structures on whose development the authors of this
article have participated.
e
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Obr. 3 PVE Dlouhé Strané - prehledna situace
Fig. 3 Pumped Storage System (PSS) Dlouhé Strané - General Arrangement
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Obr. 1 Ceska republika - poloha popisovanych VD
Fig. 1 Czech Republic - locations of the described Water Works (WW)

PRECERPAVACI VODNI ELEKTRARNA DALESICE

Umisténi a ucel dila

Precerpavaci vodni elektrarna (PVE) DaleSice byla vybudovana na jizni Moravé
na uzemi byvalého okresu Trebi¢ na fece Jihlavé. Rozhodujicimi sou¢astmi dila
jsou horni nadrz v DaleSicich, precerpéavaci elektrarna DaleSice o vykonu
4 x 112,5 MW a dolni nadrz Mohelno s pritoénou vodni elektrarnou. PVE Dale-
Sice predstavuje zdroj Spickové energie s regulacnim rozsahem 900 MW, ktery
mUze byt vyuZivan jako pohotova vykonova rezerva k regulaci vykonu a kmi-
toétu v celé elektrizatni soustavé. Dalsimi ucely dila jsou zasobeni jaderné elek-
trarny Dukovany vodou, zajisténi vody pro zavlahy, ochrana pred povodnémi
a nadlepseni minimalnich pratokd.

Geologické poméry

Udoli feky Jihlavy je zahloubeno do paroviny ndméstské plosiny, kde tvofi
vyrazné meandry s vysokymi skalnimi sténami. Z geologického hlediska lezi
dilo v hornindch moravské ¢asti moldanubika. Toto krystalinikum sloZzené
z nékolika jednotek odliSného stéfi tvofi nejéastéji ortoruly, granulity, serpenti-
nity a amfibolity.

Postup vystavby

Vystavba byla zahdjena v roce 1970 vybudovénim pfistupovych komunikaci,
socidlniho a provozniho zafizeni stavby. Aby mohlo byt uvolnéno hlavni stave-
nisté pro 100 m vysokou sypanou hréaz a precerpavaci vodni elektrarnu, byly
vybudovany dvé obtokové stoly s razenym podkovovitym profilem plochy 21 az
22 m?v pravém biehu feky Jihlavy.

Stoly jsou razeny prevainé v amfibolitu. Na navodni strané byla zastizena poloha
hadce (ultrabazikum). Na vzdu$ni strané prochazi $tola mylonitizovanymi gra-
nulity a amfibolity. Granulity byly pomérné vice tektonicky poruseny. Prvni
Stolou byla voda prevedena pfi doCasné zajisténém vyrubu v 01/1972. Druhou
Stolou byla voda prevedena az po provedeni definitivni obezdivky v 11/1973.
Stoly byly provedeny ve sklonu 0,55 %. Jsou dlouhé 484 m, respektive 528 m.
Priimérny rocni pratok feky Jihlavy v tomto profilu je 6,0 m¥sec a ,stoletd”
povoderi ma kulminacni pritok 310 m?/sec.

Definitivni vystrojeni obtokovych stol souvisejici se zménou jejich vyuZiti na
spodni vypusti véetné montaze provoznich a navodnich uzavért probihala nej-

Obr. 4 VD Slezska Harta - prehledna situace
Fig. 4 Slezska Harta Dam - General Arrangement

PSS (PUMPED STORAGE SYSTEM) DALESICE

Location and purpose of the works

PSS Dalesice was constructed in southern Moravia in the former district of
Trebi¢ on the River Jihlava.

The dominant components of the works are as follows: the upper basin at
Dalesice, Water Power Station - Dalesice with 4 x 112,5 MW output and the
lower basin Mohelno featuring a flow-through water power station. The Pum-
ped Storage System - DaleSice represents a source of peak energy with the
regulated range of 900 MW, which could be utilised as a readily available reserve
of energy to be used for the regulation of outputs and frequencies of the whole
electrical system.

An additional function of the PSS is as follows: supplying water for the Nuclear
power station at Dukovany, water supply for irrigation purposes, flood control
and increase of the minimal river flows.

Geology

The valley of the River Jihlava was cut into the tableland of the Namést plateau
where it forms a distinctly pronounced meanders with high rock cliffs. From the
geological point of view the works are situated in grounds of the Moravian part
of the Moldanubicum. This crystalline complex, composed of a number of units
of varying age, forms, most often, orthogneiss, granulite, serpentinite and
amphibolite.

Construction procedures

The works commenced in 1970. The first constructed items were the access
roads and the establishment of the social and operational facility at site.
Two bypass galleries with a tunnelled horseshoe profile of 21 to 22 m? cross-
section had to be built on the right hand side embankment of the River Jihlava
in order to prepare the site for the construction of a 100 m high earthen wall
and the Pumped Storage System.

The tunnelling was done mainly through the amphibolite rocks. The upstream
side of the gallery lies in a serpentinite (ultrabasic rock). On the downstream
side gallery passes through microbreccia of granulite and amphibolite. The gra-
nulite bodies were damaged tectonically to a large extent.

Water was transferred via a temporarily lined first gallery in January 1972.
The second gallery was used for the water transfer purposes only after its
permanent lining was completed in November 1973. The galleries were designed
with an inclination of 0.55 %. Their lengths are 484 m and 528 m respectively.
The average flow of the River Jihlava in this section is 6.0 m*/s and a peak flow
of a 100-year flood is 310 m¥/s.

The completion of these galleries, i.e., equipping them with the control and ser-
vice gates, was done in the right hand side gallery first (No. 1). The gates were
installed inside an approximately 83 m high tower with 3.2 m inside diameter.
Diameter of the underground part of this 67 m deep structure is 5.0 m. The
above ground structure is 16 m high and ends with a machine room in its top
section. The intake structure on the upstream side is equipped with extractab-
le screens and a service gate with dimensions of 5.50 x 3.15 m. The equipment
is lowered into its position in front of the intake opening on inclined guide rails,
170 m long.

The fully finished right-hand side bottom outlet gallery was then used for the
water transfer purposes and the completion works on the left-hand side gallery
could begin. The bottom part of the left tower is 40 m deep and its part above
the ground is 43 m high. lts top section ends with the machine room as above.
The towers of the bottom outlets also serve as pillars supporting an access
bridge to the intake structure of the water power station. Both galleries end off
on the downstream side in a discharge structure, which forms a finish-part of
the shut of the side spillway.

The construction works on the PSS Dalesice were completed in 1978.

Obr. 5 VD Moravka - prehledna situace
Fig. 5 Moravka Dam - General Arrangement
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Legenda:

A Hraz

B Vtokovy objekt PVE

C Stoly spodnich vypusti
D Injekéni Stola

E Preliv

F Skluz

G Vyvar

H PVE

| Spréavni budova PVE
J VéZe spodnich vypusti

Legend:

A - Dam wall

B - The intake structure of power station
C - Bottom outlets

D - Grouting gallery

E - Spillway

F - Chute

G - Stilling basin

H - Pumped power station

| - The PSS administration building
J - Towers for bottom outlets

U.()_:_:_IUOm
Obr. 6 PVE Dalesice - situace hlavni hraze a vodni elektrarny
Fig. 6 PSS Dalesice - layout drawing of the main dam wall and power station

*384.50 384.00

+Mmax 381 -50+Mz 380.50

0 50 100 m
Legenda: Legend:
A Hréz A - Dam wall
C Stoly spodnich vypusti C - Bottom outlets
F Skluz F - Chute
J Véze spodnich vypusti J -Towers for bottom outlets

Obr. 7 PVE DaleSice - podélny profil levou $tolou spodnich vypusti
Fig. 7 PSS Dalesice - longitudinal section of the left bottom outlet

Legenda:

A Hraz

B Obtokova Stola

C Stola spodnich vypusti
D Injekéni $tola

E Sdruzeny objekt

F Priizkumna stola

1 Podzemni elektrarna

2 Komora traf

3 Pfivadéce

4 Odpadni tunely

5 Komunikaéni tunel

6 Pristupovy tunel

7 Kabelova stola

8 Vétraci §tola

9 Spojovaci tune

10 Odvodnovaci stola

11 Komunikaéni tunel do komory traf

Legend:

A - Dam wall

B - Bypass outlet

C - Bottom outlets

D - Grouting gallery

E - Combined purpose structure
F - Geological survey tunnel

1 - Underground power station
2 - Transformer chamber

3 - Penstocks

4 - Discharge tunnels

5 - Transportation tunnel

6 - Access tunnel

7 - Cable gallery

8 - Ventilation gallery

9 - Connecting tunnel

10- Drainage gallery 0
11- Transportation tunnel to the transformer chamber

Obr. 8 PVE Dlouhé Strané - situace hlavnich podzemnich objekt
Fig. 8 PSS Dlouhé Strané - Layout drawings of the main underground structures
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dfive v pravé Stole (€. 1). Uzavéry jsou umistény do vézového objektu vysky
cca 83 m, vnitfniho priméru 3,20 m. Podzemni ¢ast tohoto objektu ma vnitrni
pramér 5,0 m a je 67 m hluboka. Nadzemni ¢ést je vysoka 16 m a je ukoncena
strojovnou. Na néavodni strané je vtok vybaven vytahovatelnymi Ceslicemi
a hradidlovou tabuli 5,50 x 3,15 m. Toto zafizeni je spousténo po §ikmém kole-
jovém vedeni dlouhém 170 m.

Definitivné vystrojena prava stola spodnich vypusti byla znovu vyuzita pro pre-
vedeni vody a poté mohlo byt zapocato s definitivnim vystrojenim levé stoly (€. 2).
Podzemni ¢ast véZzového objektu ¢. 2 je 40 m hluboka a nadzemni ¢ést je vysoka
43 m. | tato vézZ je ukoncena strojovnou.

VéZe spodnich vypusti soucasné tvofi pilife mostu, ktery zpfistupriuje vtokovy
objekt elektrarny. Obé $toly jsou na vzdusni strané ukonéeny vytokovym objek-
tem, ktery je spole¢ny s koncem skluzu od boéniho prelivu.

Vlystavba VD Dalesice byla ukonena v roce 1978.

Dil¢i zavér

Aby bylo moZné zajistit vystavbu tohoto vodniho dila ekonomicky a co nej-
rychleji, bylo nutno stanovit optimalni postup vystavby. StéZzejnim Ukolem bylo
umoznit vystavbu komplexu objektd a provoznich souborl hlavni hraze a elek-
trarny v celé $itce ddoli. Reseni se naslo - feka Jihlava byla po dobu vystavby
prevedena do obtokovych §tol. Ty byly v definitivnim stavu vyuzity jako spodni
vypusti. Uvedena koncepce predstavuje typické vyuZiti podzemnich objektd
v prehradnim stavitelstvi.

PVE DLOUHE STRANE

Umisténi a ucel dila

PreCerpavaci vodni elektrarna Dlouhé Strané je umisténa na severni Moravé
v oblasti Hrubého Jeseniku na tizemi byvalého okresu Sumperk u obce Lougna
nad Desnou. Jedna se o klasickou vysokospadovou PVE s horni umélou nadrzi
na vrcholu Dlouhych Strani (1350 m n. m.) a dolni nadrzi v udoli Divoké Desné.
Elektrarna predstavuje zdroj $pickové energie s regula¢nim rozsahem 1100
MW, ktery mize byt vyuzivan jako pohotova vykonova rezerva k regulaci vyko-
nu a kmitoctu v celé elektrizaéni soustavé a jako synchronni kompenzator.

Geologické poméry

Stavba lezi v Hrubém Jeseniku, z geologického hlediska v jizni ¢asti desenské
klenby, ve kie Pradédu. Povodi Divoké Desné, vytvérejici hluboce zafiznuté
udoli, je vymezeno hrebeny vychézejicimi z Pradédu, které tvofi oblouk ukon-
geny na jihozapadé vrcholem Mraveneéniku a na severozapadé Cervenohor-

Legenda: A Hraz
E Sdruzeny objekt
G Spravni budova
H Vyvodové pole 400 kV
| Upravna vody
1 Podzemni elektrarna
2 Komora traf
3 Pfivadéce
Obr. 9 PVE Dlouhé Strané - axonometrie prostoru dolni nadrze

4 Odpadni tunely

5 Komunikaéni tunel
6 Pristupovy tunel

7 Kabelova $tola

8 Vétraci Stola

9 Spojovaci tunel

10 Odvodnovaci stola

lunel
Summary

In order to ensure that the construction of this water works would be done in
the most economic way and in as short a period as possible, the optimal
construction procedures had to be developed and specified. The erection of the
structures and operational units of the power station along the whole width of
the valley was considered to be of the paramount importance. Their uninter-
rupted construction was made possible by means of the transfer of the River
Jihlava water to the downstream side via the bypass galleries. Their present
time function is now to serve as bottom outlets.

This concept represents a typical utilization of the underground structures in
the water works engineering.

PSS DLOUHE STRANE

Location and purpose of the works

The PSS Dlouhé Stréné is located in the northern part of Morava, in the region
of Hruby Jesenik, in the former district of Sumperk at Louc¢na nad Desnou.
It concerns a typical high head PSS with an upper reservoir built on top of Dlouhé
Stréné at the RL 1350 m and its lower reservoir constructed in the valley of the
Divoka Desné River. The PSS represents a source of energy with the regulated
range of 1100 MW, which could be utilized as a readily available reserve of
energy for the regulation of outputs and frequencies of the whole electrical system.

Geology

The PSS is situated in Hruby Jesenik which, from the geological point of view,
belongs to the southern part of the Desnd Dome of the Pradéd crustal block.
A deeply cut valley of the Divoké Desna catchment area is defined by the crests
proceeding from Pradéd peak, forming an arch ending by the crest of Mrave-
necnik on the southwest and with the Cervenohorské sedlo pass on the north-
west side. The migmatized biotite gneiss with amphibolite intercalations and
intersections of pegmatite form a dominant type of bedrock of the area.
The massif is divided by tectonic lines of a predominantly NE — SW direction
(the Krusné hory mountains line) into individual blocks with their own tectonic
scheme, which played a decisive role in the selection of the location for the PSS
cavern.

Erection procedures

The characteristic feature of the PSS Dlouhé Strané is its extensive use of the
underground structures of all types — hall structures, galleries and shafts.
Apart from the cavern housing the underground power station and other cham-
bers, this plant includes a variety of tunnels with a combined length amounting
to 8000 m.

A - Dam wall

E - Combined purpose structure

G - Administration building

H - 400kV high voltage switch house
| - Water Treatment Works

1- Underground power station

2 - Transformer chamber 9 - Connecting tunnel
3 - Penstocks 10- Drainage gallery
Fig. 9 PSS Dlouhé Stréné - axonometric projection of the lower dam

4 - Discharge tunnels

5 - Transportation tunnel
6 - Access tunnel

7 - Cable gallery

8 - Ventilation gallery
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skym sedlem. Pfevladajicim horninovym typem v oblasti je migmatitizovana
biotiticka rula, s lokalnim vyskytem amfibolitovych vloZzek a proniki pegmatitd.

For the sake of simplicity, the table below includes the structures, which are
part of the hydro-energy system only:

Horninovy masiv je rozélenén tektonickymi liniemi prevazné krusnohorského Gates structure (upper dam) | Plan view dimensions 30x7.6m
sméru (SV-JZ) na jednotlivé bloky s individualnim tektonickym charakterem, Depth 37 m
ktery byl uréujici pro vyhledani vhodného prostoru pro umisténi kaverny PVE. Penstock No. 1 and No. 2 Length 1547 m, 1499 m
i Inside profile 3.6m

Postup vystavby o ) ) o Armoring thickness 12-54 mm
PV]E Dlouhé Stvrane je charaktens‘gcka v_ysolfyrvn poqllem podzemnich inzenyr- Underground Power Station | Dimensions w x hxe | 25.5x50.0x 87.1m
skych staveb veho druhu —halovych objektd, Stol a sachet. Mimo kaverny pod- Excavation volume 100,900 n7®
zgmm_el_ekt/rarny a da!smh men§|ch komor, zahrnuje tato stavba komplex raze- e Vel 30,500 7’
nych liniovych objektd v celkové délce 8000 m. Transformers Chamber Dimensionswx hxe | 16.0x21.7x 117.0 m
; o ) o L, Excavation volume 32,000 m*

Pro stru.cnost uvadime pouze parametry podzemnich objekt( na hydraulickém Concrete volume 3620 m°
obvodu: Discharge tunnel No.1 and 2 | Length 390 m, 354 m

Objekt uzavert (horni nadrz) | pudorysny rozmeér 30x7,6m Inside profile 52m
hloubka 37m Lining thickness 0.8m

Privadéce ¢. 1a¢. 2 délka 1547 m, 1499 m The construction works commenced in April 1978. The preparation works inc-
svetly profil _ 36m luded the construction of access roads, accommodation facilities, two 22 kV
tloustka pancie 12-54 mm mains and other auxiliaries.

Podzemni elektrarna rozméry § x v x d 255 x50,0x87,1m The PSS concept consisted, at the time, of four pumping units within the three
kubatura vylomu 100 900 m* aggregates arrangement having an installed output of 4 x 150 MW. It was
kubatura beton 30 500 m* proposed that the equipment be fitted, together with the 400 kV transformers,

Komora transformatord rozméry § x v x d 16,0 x 21,7 x 117,0 m into the underground chamber on the left hand side of the river Divoka Desn4.
kubatura vylomt 32 000 m® After the construction of the plant itself had begun in 1980, the original idea of
kubatura betonu 3620 m? the PSS having the reversal vertical aggregate with the installed output of app-

Odpadni tunely €. 1a €. 2 Sela 390 m, 354 m rog(lr_nately 2x300 MW was again brought up for recons:der_atlon. The concept,

= : originally developed in 1985, was eventually accepted and implemented.
ST 82M | The initial rapid f the construction works on the PSS duall
015l ey 08 m e initial rapid progress of the construction works on the PSS was gradually
4 slowing down and from 1980 was hardly noticeable. This situation lasted until

0.00 025 050 075 100 1.25 km

Tloustka pancife (mm) - Armor thickness (mm) —‘
16 14 18 28|34 38 40 46 54
ocel 11 375.1 ocel 11 503
Podélny sklon - Longitudinal slope
[16.3%] 24.5%]1 100.0% [ 2.0% Rl
Legenda:
1 Podzemni elektrarna, 3 Pfivadéce, 11 Horni nadrz
Legend:

1 - Underground power station, 3 - Penstocks, 11- Upper dam
Obr. 10 PVE Dlouhé Strané - podélny profil pfivadééem

Fig. 10 PPS Dlouhé Strané - longitudinal section of the penstock
\ 1l |
1 |
\ |
1 1
|

[— |

0 5 10m
Legenda: Legend:
1 Podstropni Stola 1-Top gallery
2 Patkové Stoly 2 - Foot galleries
3 Patky betonové klenby 3 - Concrete dome footers
4 Mezipilife horniny 4 - In-between rock pillars
5 Docasné vystrojeni kleneb 5 - Temporary lining of the domes

6 Betonova klenba 6 - Concrete dome

Obr. 11 PVE Dlouhé Strané - provadéni klenby komory VE

Fig. 11 PPS Dlouhé Strané - construction of the dome of the underground
power station

1989 when the decision to start with the works in earnest and to bring the PSS
into its testing phase was taken.

The aggregate No. 1 ...from July 1994

The aggregate No. 2 ...from December 1994
The completion of the works was scheduled for the end of 1995.

24 m
Legenda: Legend:
1 Pfivadéc 1 - Penstock
2 Reverzni Francisova turbina 2 - Reverse Francis Turbine
3 Motor - generator 3 - Motor - generator
4 Odpadni tunel 4 - Discharge tunnel
5 Rozb&hovy motor 5 - Starting motor
6 Pristupovy tunel 6 - Access tunnel
7 Komunikaéni tunel 7 - Transportation tunnel
8 Kulovy uzavér 8 - Spherical valve

Obr. 12 PVE Dlouhé Strané - pricny rez komorou elektrarny
Fig. 12 PPS Dlouhé Stréné - cross section through the power station’s chamber
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Vlystavba PVE byla zahéajena v dubnu 1978 pfipravnymi pracemi, které zahrno-
valy pfistupové komunikace, ubytovaci kapacity, dvé linky 22 kV a potiebné
zafizeni stavenisté.
Koncepéné se v té dobé jednalo o PVE se Ctyfmi precerpavacimi jednotkami
v tfistrojovém usporadani, s instalovanym vykonem 4 x 150 MW, které mély byt
umistény spole¢né s transformatory 400 kV do podzemni komory v levobieznim
Uboci Divoké Desné.
Po zahéjeni vystavby vlastniho dila byla v roce 1980 znovu zvazovana koncepce
PVE s reverznim vertikalnim soustrojim o instalovaném vykonu cca 2 x 300 MW.
Tato koncepce byla rozpracovana v roce 1985 a takto byla také realizovéana.
Po pocate¢nim vysokém tempu vystavby doslo uz v roce 1980 k utlumu a znac-
nému zpomaleni. Tento stav trval az do roku 1989, kdy bylo rozhodnuto zajistit
pokragovani vystavby tak, aby bylo uvedeno do zkusebniho provozu:

soustroji €. 1.......... od ¢ervence 1994

soustroji €. 2.......... od prosince 1994
Ukonéeni vystavby se pfedpokladalo do konce roku 1995.
Dne 1. 7. 1992 byl zahajen ovéfovaci provoz dolni nadrze jejim napousténim.
Maximalni hladiny bylo dosazeno v kvétnu 1993, kdy jiz vrcholily pfipravné
prace na zahajeni ovérovaciho provozu horni nadrze. Prvni pInéni horni nadrze
bylo zahdjeno 15. 7. 1993.
Postup montaznich praci na technologickém zafizeni umoznil v fijnu 1993 zahajit
na dile predkomplexni zkousky. Dne 18. 12. 1993 probéhly primarni zkousky na
blokovém transformatoru ¢. 1 a nasledné dne 20. 12. 1993 byly prvnim rozto-
¢enim soustroji €. 1 zahajeny na dile mokré zkousky. Predkomplexni zkousky
byly v mésici kvétnu 1994 preruseny za ucelem provedeni revize horni nadrze
a privadéce €. 1 a pokracovaly opét v ¢ervnu téhoz roku.
Dne 10. 6. 1994 byl pribéh vystavby vainé narusen rozsahlym poskozenim
generatoru. Palro¢ni Setfeni vyustilo v zavér, Ze pfi¢inou havarie byla technicka
zévada, a nasledné bylo provedeno vice nez dvacet konstrukénich zmén na
obou generatorech.
Cesti i zahraniéni experti se shodli v nazoru, 7e potize s uvedenim soustroji do
provozu jsou pfimérené velikosti soustroji, ktera ve vSech parametrech o fad
prevysuji své predchtdce.
Komplexni zkousky soustroji €. 2 byly zahéjeny v Ginoru 1996 a nasledné na sou-
stroji ¢. 1. Vystavba PVE Dlouhé Strané byla v roce 1996 ukoncena.

Dil¢i zavér

| velmi strucny popis postupu vystavby podzemnich objekti a jejich hlavnich

parametrl presahuje moznosti tohoto prispévku. Autofi proto odkazuji na ¢lanky,

které publikovali i dal$i u€astnici vystavby, napf:

Tunel 1/92 - Podzemni kabelové objekty

Tunel 2/92 - Pfetvareni horninového masivu v okoli kaverny PVE Dlouhé Strané

Tunel 4/97 - PreCerpéavaci vodni elektrarna Dlouhé Strané v provozu

Inzenyrské stavby 1/1991 - Vylom kaverny hydrocentraly PVE Dlouhé Strané

Inzenyrské stavby 6/1996 - PVE Dlouhé Strané - klenba kaverny hydrocentraly,
kompletace Sikmych casti privadéct

InZzenyrské stavby 4/1998 - Konstrukce vysokotlakych privadécu na stavbé PVE
Dlouhé Strané

Vodni hospodafstvi 8/94 - Pfecerpavaci vodni elektrarna Dlouhé Strané

Vodni hospodarstvi 6/96 - PVE Dlouhé Strané zahajila provoz

Pro vybudovani tak rozsahlého komplexu podzemnich objekti bylo rozhodujici

vyhledat v masivu na levém biehu dolni nadrZze prostor co nejméné narusené

horniny pro situovani komory elektrarny a komory transforméator(. Soucasné

musel projektant fesit ,natoceni” komory elektrarny a transformatort s ohle-

dem na tektonicky charakter zajmového prostoru. Teprve po situovani komor

bylo navrzeno smérové vedeni hydraulického obvodu a veskerych dalsich tunelt

a Stol.

Komora traf - Transformer chamber

Komora VE - Cavern of power station

Obr. 13 PVE Dlouhé Strané - postup razby komory VE a traf
Fig. 13 PPS Dlouhé Strané - procedure for excavation of the underground
power station and transformer chamber

Filling the lower dam with water and the commencement of its operational
testing started on 1 July 1992. The maximum water level in the dam was
reached in May 1993. This coincided with the preparation of the operational tes-
ting for the upper dam. The first filling of the upper reservoir began on 15 July
1993. Due to the rapid progress with the erection of the “technological” equip-
ment, the pre-commissioning tests could have commenced already in October
1993. The primary testing of the Block Transformer No.1 commenced on 18
December 1993 and the wet tests of the first aggregate started on 20 December
1993. The pre-commission testing was halted in May 1994 in order that the final
inspection of the upper dam and the penstock No. 1 could be carried out.
The pre-commissioning testing was resumed again in June 1994.

However, a substantial damage to one of the generators, which happened
on 10 June 1994, caused a serious disruption to the whole construction
program. The extensive investigation of the event, lasting 6 months, determined
that the damage was due to a technical failure. The result of the findings was
reflected in an introduction of more than twenty design modifications to both
generators.

Summary

Since even the briefest summary of the construction works concerning the

underground structures and their main parameters would have exceeded the

limits imposed on the extent of this contribution, the authors refer readers to

the contributions published by other participants on Project, for example:

- Tunel 1/92 - Podzemni kabelové objekty

- Tunel 2/92 - Pfetvareni horninového masivu v okoli kaverny PVE Dlouhé Stréané

- Tunel 4/97 - Precerpdvaci vodni elektrarna Dlouhé Strané v provozu

- InZenyrské stavby 1/991 - Vylom kaverny hydrocentraly PVE Dlouhé Strané

- InZenyrské stavby 6/996 - PVE Dlouhé Strané - klenba kaverny hydrocentraly,
kompletace $ikmych éasti privadéca.

- InZenyrské stavby 4/1998 - Konstrukce vysokotlakych privadécui na stavbé PVE
Dlouhé Strané

- Vodni hospodarstvi 8/94 - Piecerpavaci vodni elektrarna Dlouhé Strané

- Vodni hospodarstvi 6/96 - PVE Dlouhé Strané zahajila provoz

In order that such a large complex of the underground structures could be con-

structed, it was necessary to find a suitable location inside the rock-formation

in which the power station and transformers chambers could be installed.

At the same time it was necessary to resolve the “turning” of the above cham-

bers in view of the tectonic character of the given area. Only after the chamber

positions were determined could the hydraulic routing and routing of all the

other tunnels and galleries be finalized.

This PSS plant belongs among the most modern water energy systems in the

Czech Republic and similar systems recently constructed in the world.

Due to the extensive use of the underground structures, this plant poses the

minimal negative influence on the protected nature reserve of Jeseniky, where

it is situated.

WW SLEZSKA HARTA ON MORAVICE

Location and purpose of the works

WW Slezska Harta was built under the umbrella of the project “Increase of the
Regional Water Supply Capacity By Water From WW Slezska Harta on Moravice”.
The Ostrava Regional Water Supply System (further referred to as ORWSS)

Obr. 14 PVE Dlouhé Strané - komora VE v pribéhu razby
Fig. 14 PPS Dlouhé Stréné - Cavern of underground power station during
excavation
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Toto vodni dilo patii k nejmodernéjsim energetickym diltim v Ceské republice
s naprosto srovnatelnymi parametry s obdobnymi dily v zahraniéi. Diky vyuziti
moznosti podzemniho stavitelstvi PVE Dlouhé Strdné minimélné ovliviiuje
Zivotni prostredi v centru chranéné krajinné oblasti Jeseniky.

VODNI DILO SLEZSKA HARTA NA MORAVICI

Umisténi a ucel dila

Vodni dilo Slezska Harta bylo budovano v ramci investice ,Posileni ostravského
oblastniho vodovodu z nadrze Slezska Harta na Moravici”. Ostravsky oblastni
vodovod (dale jen OOV) zasobuije pitnou vodou obyvatelstvo velké casti severni
Moravy. Zapojeni nadrze Slezska Harta (217 mil. m® do systému OOV umoznilo
spolupréci se véemi povrchovymi zdroji systému, tj. nadrzemi Sance (60 mil. m?),
Moravka (10 mil. m?) a Kruzberk (25 mil. m?). Nadrz Slezska Harta je predfazena
nad vodarenskou nadrz Kruzberk. To umoznilo posilit kapacitu tohoto zdroje
a zkvalitnit vodu v ném. Vedle tohoto hlavniho Géelu pfispivd nadrz Slezska
Harta k vyraznému tlumeni povodnovych pratokd, zvySeni minimalnich pratokd
a ma i energetické a rekreacni vyuziti. Nazory na vyuZiti vodniho dila Slezska
Harta se v priibéhu vystavby znatné vyvijely v zavislosti na poklesu odbért
vody v severomoravském regionu. Bliz$i informace lze nalézt v ¢lanku v ¢aso-
pisu Vodni hospodafstvi 7/99.

Geologické poméry

Pro prehradni profil byl zvolen morfologicky vhodny usek udoli, které feka
Moravice vyhloubila po zapInéni pivodniho koryta ¢edi¢ovym proudem blizkého
stratovulkanu Velky Roudny. Dne$ni udoli lezi na levém okraji lavového proudu
a je zahloubeno v kulmskych bfidlicich a siltovcich. Synklindlni stavba levého
svahu a oslabeni bfidlic na vrstvenich sparach podminily pfi zahlubovani tdoli
vznik vrstevnich sesuvl. Tyto fosilni sesuvy prilezitostné komplikovaly prova-
déni vyloma pro zalozeni funkénich objektt dila. V pravobfeznim zavazani hraze

Obr. 15 VD Slezska Harta - situace hraze
Fig. 15 Slezska Harta Dam - layout drawing of the dam wall
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Obr. 16 VD Slezské Harta - podélny profil §tolou spodnich vypusti
Fig. 16 Slezska Harta Dam - longitudinal section of the bottom outlets

supplies water to a large part of northern Morava. Inclusion of the Reservoir
Slezska Harta into the ORWSS allowed for the co-operation of all individual
surface sources of water in the system, i.e., the reservoir Sance (60-mill. m°),
Moravka (10-mill. m*) and Kruzberk (25-mill. m°). The Reservoir Slezska Harta is
located on the upstream side of the Reservoir KruZberk. The result of which
may be seen in the increased water capacity of the source and the quality of its
water thus obtained. The substantial reduction of the flood flows, increase of
the minimal flows and the use of the system for recreational purposes is the
additional benefit of this arrangement.

The evolution of the views concerning the utilisation of the WW Slezska Harta,
during the scheme’s construction, in dependence on the reduced water
demands, in the northern Region, is described in the magazine Vodni hospo-
darstvi 7/99.

Geology

The dam is situated in the morfologically favourable section of the valley.
The River Moravice eroded away this part after its original bed was filled by
a basaltic flow from the neighbouring extinct stratovolcano Velky Roudny.
The present day valley was deepened on the left-hand side of the lava flow in
flyschoid complex of shales and greywacke. Synclinal structure of the left-hand
side slope of the valley and weakening on the bed joints were the reasons for
the landslides along these planes during the valley formation. These fossil
landslides had, on an occasion, complicated the excavations for foundation of
the principal structures. Due to the permeability of the basaltic body, buried
alluvium and the exceptionally intensive and extensive tectonic zone, the works
on the right-hand side of the embankment had to include an cut-off wall.

Erection procedures

The inspection galleries were dug out in 1986. The findings have suggested that
the dam’s construction will be very demanding indeed.

The construction works commenced with the top left-hand side of the slope by
excavation for the road and a half-cut for the erection of the spillway and
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bylo nutné vzhledem k propustnosti éediového télesa, pohtbenych aluvii
a s ohledem na mimofadné intenzivni a rozsahlé tektonické postizeni podloz-
nich hornin provést podzemni tésnici sténu.

Postup vystavby

V roce 1986 byly provadény prizkumné stoly. Ukazalo se, ze vystavba bude
probihat ve velmi obtiznych inZenyrsko-geologickych pomérech.

Prace na vystavbé prehrady byly zahajeny na pocatku roku 1987 v horni éasti
levého svahu odlehéovacim silniénim zafezem a odfezem pro vybudovani bez-
pecnostniho prelivu skluzu a vyvaru. Zaroven byly zahajeny prace na razbé
dvou obtokovych §tol.

Obtokové stoly situované v levém brehu slouzily v pribéhu vystavba k preve-
deni pratok( Moravice mimo stavenisté sypané hlavni hraze. Primérny rocni
pratok feky Moravice v tomto profilu je 5,4 m%s a ,stoletd” povoden ma kul-
minaci 256 m% s. V trvalém provozu pini Stoly funkci zakladovych vypusti,
vodarenskych odbért a pfivadéct k vodni elektrarné pod hrazi.

V docasném vystrojeni pro prevedeni pritokt mély obtokové stoly podkovovity
tvar o priméru cca 3600 mm. V trvalém vystrojeni betonovou obezdivkou maji
stoly kruhovy profil v ndvodni ¢asti o priméru 2600 mm. Ve vzdusni Casti za
injekéni clonou je priimér stoly 2000 mm s opancéfovanim tl. 12 mm. Délka
obtokové stoly ¢. 1 &ini 331 m. Obtokova stola €. 2 je dlouha 370 m.
Potencialné nestabilni levy svah v Gdoli Hartského potoka bylo tfeba déle zabez-
pecit pritéZovaci lavici a zajistit jeho odvodnéni. K tomu ucelu byla upravena pri-
zkumna stola délky 130 m s razenym profilem 5,8 m2 Dale byla v levém svahu
provedena fada drenaznich vrtt jednak z vlastni $toly, jednak z terénu.
ZvySenou propustnost podloZi hraze véetné zavazani bylo tfeba zajistit rozséh-
lou a nékladnou injektazi. Injekéni clona v levobfeznim zavazani byla provadéna
z razené Stoly délky 47 m s profilem o plose 12 m2

V udoli byla dodate¢né navrzena a provedena razend pfistupova $tola do injekéni
stoly. Délka jeji razené ¢asti je 112 m, plocha vyrubu je 8,4 m2

Rokem 1990 doslo k vyraznému zpomaleni vystavby. Nastalo obdobi pochyb-
nosti o éelnosti nadrze. Uéelnost nadrze je na pielomu let 1993 a 1994 znovu
podrobena expertnimu Setfeni. Expertiza z let 1993 a 1994 jednoznaéné dopo-
ruéila nadrz dokoncit v projektovanych parametrech a byl stanoven termin do
konce roku 1997.

Dil¢i zavér

Objasnéni slozitych geologickych pomért vedlo k provadéni znaéného rozsahu
prazkumnych stol.

Pro zajisténi postupu vystavby sypané prehradni hraze vysoké 70 m bylo tfeba
uvolnit udoli na celou jeho $itku. To bylo pfi velikosti pratoku feky Moravice
v daném profilu mozné jenom vybudovanim razenych obtokovych $tol.
Podstatné vice informaci k tomuto VD je k dispozici v ¢asopisu Vodni hospo-
darstvi :

10/93 - Nejen Slezska Harta je Povodi Odry

2,3/96 - Vodni dilo Slezska Harta — posledni prehrada v Ceské republice

7/99 - Pavodni predpoklady a soucasna funkce vodniho dila Slezska Harta

VODNI DiLO MORAVKA NA MORAVCE

Umisténi a ucel dila

Vodni dilo je situovano na fece Moravka na severni strané Moravskoslezskych
Beskyd, nedaleko Frydku-Mistku. Udolni nadr; Moravka byla vybudovéna
v letech 1961 az 1967 jako vodarensky zdroj ke kryti nardstajicich pozadavkd na
pitnou vodu. Dal$im tcelem vodniho dila je snizeni povodiiovych pratokd,

stilling basin. This was done in the beginning of 1987. The tunnelling of the two
bypass galleries commenced simultaneously with the above works.

The bypass galleries were used, during the construction works, for the transfer
of the River Moravice water pass the main rockfill dam’s construction site.
The average annual flow of the river is, in this profile, 5.4 m*/s and the peak flow
of a 100-year flood is 256 m/s. During the normal operation of the dam, the gal-
leries (bottom outlets) bring water to the water supply off-takes and into the
water power station located on the downstream side of the dam wall.

For their temporary water transfer function, the bypass galleries were horseshoe
shaped with the inside diameter of 3,600 mm. The final shape of the galleries
is circular with a diameter of 2,600 mm. A concrete lining is used to protect its
walls. Diameter of the gallery was reduced to 2,000 mm directly behind the
grout curtain on its dry-side. The gallery is lined at this section by a 12 mm thick
steel lining. The length of the gallery No.1 is 331 m. The gallery No.2 is 370 m
long.

The potentially unstable left hand side of the hill had to be further secured by
a stabilisation fill and a dewatering system. The inspection gallery with a profile
of 5.8 m? and a length of 130 m was modified for this purpose. The slope was
further provided with a number of drain drills, both from the gallery itself and
from surface.

The increased permeability at the dam’s sub-base, especially at the right hand
side of the dam profile, had to be countermanded by very extensive and costly
grouting procedures. Grouting of the curtain at the end of the left hand side
profile was carried out from a 47 m long tunnelled gallery with a cross-section
of 12 m

An additional access tunnel, leading into the grouting gallery, had to be exca-
vated from the valley’s side. Its tunnelled part is 112 m long with a cross-section
of 8.4 m“.

However, as a result of uncertainties concerning the dam’s usefulness, the con-
struction works were drastically curtailed in 1990. The Project’s feasibility was
studied again at the end of 1993 and the beginning of 1994. It was eventually
decided that the dam should be completed as originally proposed. The dam
was commissioned in the end of 1997.

Summary

In order that this 70 m high rockfill dam could be constructed, it was necessary
to make the whole width of the valley available for the works. This was made
possible by the construction of bypass galleries through which the flows of the
River Moravice could have been transferred to the downstream of the
construction site. A number of investigation galleries had to be provided due to
the complicated geological situation.

Substantially more information on the subject was published in the magazine
Vodni hospodarstvi:

- 10/03 - Nejen Slezska Harta je povodi Odry

- 2,3/96 - Vodni dilo Slezsk4 Harta - posledni pfehrada v Ceské republice

- 7/99 - Pavodni predpoklady a soucasna funkce vodniho dila Slezska Harta

WW MORAVKA ON MORAVKA

Location and purpose of the works

The WW is situated on the River Morédvka on the northern side of Moravskos-
lezské Beskydy in the vicinity of the city Frydek - Mistek. The dam was built in
the period of 1961 to 1967. Its main purpose was to cover the ever-increasing
demand for potable water. In addition to that the dam was expected to reduce
the flood flows, improve the minimal flows below the dam and to utilise the
potential energy of the discharged water.

This dam was the first dam in the former Czechoslovakia featuring the water-
tight asphaltic concrete lining. Suitable methods of the lining repairs were
investigated and tested during the nineties since the service life of the existing

Obr. 17 VD Moravka - letecky snimek
Fig. 17 Mordvka Dam - Aerial photograph
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nadlep$ovani pratokl pod prehradou a priibézné energetické vyuziti vypousté-
ného pritoku.
V dobé svého vzniku byla Moravka prvni pfehradou v byvalém Ceskoslovensku
s asfaltobetonovym tésnicim plastém.
V priibéhu devadesatych let byl hledan a zkousen vhodny zpUsob opravy asfal-
tobetonového plasté, jehoz Zivotnost jiz konéila. Za povodné zacatkem zari 1996
byl plast prolomen v ploSe zhruba 4 m x 6 m. Po sniZeni hladiny byl ovéfen
rozsah poruchy a okamzité rozhodnuto o sanaci. Povodné v ¢ervenci 1997 vedly
k dalsimu poskozeni tésniciho plasté, i kdyZz rozsahem vyrazné mensimu nez
v zafi 1996.
Na zakladé dodatecnych prizkum a analyz pfi¢in vzniku poruch tésniciho plasté
bylo zjisténo, Ze nejpravdépodobnéjsi hlavni pfi¢inou bylo dlouhodobé a opa-
kované plsobeni proudici podzemni vody pfi extrémnich srazkach z levého
svahu na téleso a podlozi hraze. Dochazelo k vyplavovani jemnéjsich materiald
ze svahovych suti a vzniku dutin pod plastém.
Provedené prizkumy, studie a analyzy vedly k dopInéni a rozsifeni praci tak,
aby prehrada byla po vSech strankach spolehlivym a modernim vodnim dilem.
Bylo nutno fesit:
- odvedeni svahovych vod z levého i pravého zavazani hraze,
- opravu a rekonstrukci tésniciho prvku hraze,
- opravu a zvy$eni kapacity pivodnich spodnich vypusti,
- zvy$eni kapacity odtoku provedenim novych spodnich vypusti,
- bezpecné prevadéni povodiiovych pritoki v dobé rekonstrukce hraze,
- dotésnéni podloZi a oboustranného zavazani hraze,
- modernizaci vybaveni pro technicko-bezpecnostni dohled a systém centralniho
sbhéru a vyhodnocovani dat.

Geologické poméry

Prehradni profil je situovan ve vnéjsim flysi, zastoupeném godulskymi vrstvami
kfidového stari. Horninovy masiv v daném misté je tvoren souvrstvim s hrubo-
zrnnymi pravidelné se stfidajicimi vrstvami s prevahou piskovcl nad jilovei.
Piskovcové souvrstvi na obou svazich je postizeno kryogennimi (mrazovymi)
a gravitacnimi deformacemi, které zpusobily otevieni strmych puklin v lavicich
a deskach piskovct az na nékolik decimetr. Tyto trhliny jsou pfi povrchu ¢as-
te€né nebo zcela vyplnény pis¢itym az jilovitopis¢itym materidlem nadloznich
suti, hloubéji ve svahu jsou ¢asto zcela oteviené. Dosah tohoto poruseni masivu
je ve strméjsim levém svahu az 100 m (!) od paty svahu, pravy svah je postizen
méné. Obtize zplsobené timto fenoménem pfi provadéni injekéni clony jsou
znamy z literatury [1]. Pivodni mocnost suti v dolni ¢asti levého svahu dosa-
hovala aZ 12 m, takze Cast hraze musela byt zalozena i na zbytku téchto suti.

Postup vystavby

Oprava a rekonstrukce VD byla zahajena v listopadu 1997 razenim a vystroje-
nim drendzni Stoly na levém bfehu. Jejim Gcelem bylo snizeni hladiny pod-
zemni vody, podchyceni a vyvedeni pritokd a vytvofeni podminek pro méreni.
Drenézni §tola je navrzena tak, aby byly ve dvou etaZich zachyceny dvé izolo-
vané zvodné zjisténé prizkumem. Dolni etdz - Stola ,A” je délky 106,0 m.
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Obr. 18 VD Morévka - situace hraze
Fig. 18 Moravka Dam - layout drawing of the dam wall

one was about to expire. The floods of September 1996 have broken through
an area of about 4 m x 6 m of this lining. After the floodwaters had receded, the
wall was inspected and the damages assessed. It was decided that the repair
works should commence without any delays. Floods of 1997 caused additional
damage to the seal even though its extent was substantially smaller than that
of the previous year.
Further studies suggested that the main reason for the damages were probably
due to the ground water rushing down the left-hand side shoulder, during the
extreme rainfalls, over the sub-base and the body of the dam. This has caused,
over an extended period, washing off of the fine materials from the surface and
the creation of cavities under the lining.
Various investigations and studies have eventually resulted in the refinement
and extension of the works in order that the criteria laid down on the construc-
tion of a modern water works could be satisfied in all respects. The following
had to be addressed:
- Diversion of the surface water from the left and right-hand side slopes
- Repair and reconstruction of the dam sealing element
- Repair and increase of the original bottom outlets
- Increase of the discharge capacity by means of the new bottom outlets
- A safe transfer of the flood flows during the dam’s reconstruction
- Completion of the sealing of the sub-base and of the slopes binding
- Modernisation of monitoring equipment and central data collection and assess-
ment

Geology

The earth dam is situated in the outer flysch, which is represented by Godula
layers of the Cretaceous period. The massif is formed by alternation of coarse-
grained layers with sandy layers containing claystone. The sandstone strata
were affected by cryergetic-action and gravitational deformations, which were
responsible for the opening of several decimetres thick steep cracks in the
sandstone benches and slabs in both embankments. Whilst these cracks got fil-
led, at the surface, with sandyj/clay-sandy material of the top-bed, deep in the
hillside they have remained, often, fully opened. This disturbance reaches,
at the steeper left-hand side slope, to the depth of up to 100 m, measured from
the hill's foot. The right-hand side slope is not that severely affected by the
phenomenon. The curtain grouting under these conditions is described in the
literature listed under the item No.1. The original depth of the slope debris of
the lower part of the left-hand side embankment had been up to 12 m thick at
places. For this reason, a part of the dam had to be founded also on a remnant
of this material.

Construction procedures

The repair and re-construction of this WW commenced in November 1997 by
the tunnelling and lining of the drainage gallery on the left-hand side slope.
Its purpose was to lower the ground water level, arrest and discharge the flows
and to create conditions suitable for the measurement purposes.

The drainage gallery was designed to divert water from two separated underg-
round aquifers, which were discovered during the investigation. The lower part
- gallery “A” is 106,0 m long. The tunneling itself resulted in the reduction of
the lower aquifer. A fan of drainage holes drilled in the end part of both bran-
ches of the gallery enhanced the drainage capacity of the system.

Legenda:

A Hraz

B Vtokovy objekt

C Stola spodnich vypusti
D Injekéni tola

E Preliv

F Skluz

G Vyvar

1 Pristupové Stola

2 Stola spodnich vypusti
3A, 3B Drenéini Stola

4 Vitokovy objekt

5 Vlyvar

Legend:

A - Dam wall

B - Intake structure
C - Bottom outlets
D - Grouting gallery
E - Spillway

F - Chute

G - Stilling basin

1- Access gallery

2 - Bottom outlets
3A, 3B - Drainage gallery
4 - Intake structure
5 - Stilling basin
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Pfimym narazenim do$lo k odlehéeni dolni zvodné. Drendzni Gcinek $toly byl
posilen véjirem odvodnovacich vrtli v koncové ¢asti obou vétvi Stoly.

Z ¢elby spodni Stoly byla razena od Uhlem 45° §ikma dovrchni spojovaci $tola
délky 20,6 m, ze které na urovni horni zvodné byla razena horni vétev - Stola
,B” v délce 12,8 m. Vnitfni profil drendini Stoly je minimalizovan na plochu
3,8 m?s priichozi svétlou vyskou 2,1 m. Sika je navriena tak, aby v definitivnim
vystrojeni byly umoznény vrtné prace pro provadéni pfipadnych dodate¢nych
drenaznich vrtd. Obdélnikovy tvar profilu vyhovuje mistnim geologickym pod-
minkdm a systému rozvolnéni masivu a umoZzfiuje provedeni provizorniho
vystrojeni Stoly s pouzitim TH profild. Plocha razeného profilu Stoly Cini
6,6 m2 Stola byla definitivné vystrojena a dokonéena v zafi 1998.

Stola novych spodnich vypusti, spolu s dal$imi objekty realizovanymi v ramci
rekonstrukce vodniho dila, zvy$uje kapacitu stavajicich vypustnych zafizeni pre-
hrady. Sou¢asné Stola umoznila pfijatelnou ochranu stavenisté tésniciho plasté
prevadénim zvysenych pritokd. Prace na Stole novych spodnich vypusti byly
zahéjeny v &ervnu 1998. Stola je situovana v pravobfeznim svahu nédrze.
Na navodni strané na $tolu navazuje ponofeny vtokovy objekt s pfistupovou
Stolou budovanou ve svahu nadrZe z povrchu. Na vzdu$ni strané je Stola ukon-
¢ena vyvarem.

Stola spodnich vypusti sestava z Zelezobetonovych konstrukci vtokové ¢asti
a vytokové Casti, které byly realizovany v otevieném vykopu a z vlastni $toly
délky 356,60 m, budované razenou technologii. Definitivni profil Stoly ma pod-
kovovity tvar s kruhovou klenbou, Sikmymi opérami a rovnhym dnem. Tvar raze-
ného obrysy Stoly byl pfizplsoben poZzadovanym vnitfnim rozmérdm, defini-
tivni tloustce osténi a predpokladané kvalité horninového masivu. Z toho divodu
teoreticka plocha vyrubu kolisala od 19 m? do 22 m2% Maximalni vyska Stoly je
5,4 m, maximalni $itka je 5,0 m. Vyrub byl s postupem razby zajistovan provi-
zorni obezdivkou provedenou stiikanym betonem HV8-B25 tl. 150 az 200 mm
vyztuZzenym sitémi pfi obou licich. V mistech v geologicky hor$ich podminkach
byla pouzita pfihradova vyztuz ASTA. Pocva nebyla v priibéhu razby zajistovana.
Definitivni vystrojeni $toly spodnich vypusti bylo dokon€eno v tnoru 2000 tak,
aby 15. 3. 2000 mohlo byt zahajeno napousténi nadrze.

VD bylo po rekonstrukci uvedeno do provozu v ¢ervnu 2000.

Dil¢i zavér

Provizorné vystrojend Stola spodnich vypusti slouzila k ochrané stavenisté
rekonstruované hraze. Zajistila prevedeni vysokych povodiovych pritokl
v roce 1999. Teprve po dokonceni opravy hraze mohla byt Stola spodnich
vypusti definitivné vystrojena. Zajisténi hraze proti preliti v dobé opravy pfi
extrémnich povodiovych pratocich neni bez vybudovani stoly spodnich vypusti
mozné.

Podrobnéji viz ¢asopis Tunel 3/99 Oprava a rekonstrukce VD Moravka - Stavebni
objekty provadéné hornickym zplsobem.

ZAVER

Siroka i technicka vefejnost si pfi pouziti terminu ,tunel” predstavi predevsim
soucast silniéni nebo Zelezniéni stavby. Autofi predkladaného pfispévku
se pokusili priblizit vyuZiti podzemnich objektl pfi vystavbé prehrad a nadrzi
a energetickych dél.

V soucasné dobé vidime budoucnost vyuZiti podzemniho stavitelstvi pfedevsim
pfi rekonstrukcich stavajicich prehrad, které nemusi vyhovovat sou¢asnym
narokdm a zkusenostem na bezpecné prevedeni extrémnich povodnovych pri-
tokd, nebo prehrad, u kterych je nutné fesit stabilitni nebo priisakové pomeéry.

Literatura:
[1] Verfel, J. - Injektovani hornin a vystavba podzemnich stén. SNTL 1983.

A 20.6 m long connecting shaft was drilled under an angle of 45j from the fore
field of the lower gallery. From this shaft a top branch - gallery “B”, 12.8 m
long, was tunnelled at the level of the upper aquifer. The inside profile of the
drainage gallery was reduced to a cross-section area of 3.8 m* and a height of
2.1 m. The width after its completion, including the lining, was determined by
the requirements concerning a possible future needs for the drainage holes.
The rectangular shape of the gallery suits the local geological conditions and
softened mass of rocks and allows for erection of the temporary lining of the
gallery by means of the TH profiles. Area of the gallery’s cross-section is
6.6 m’. The gallery was fully completed in September 1998.

Gallery of the new bottom outlets together with other structures constructed
under the umbrella of the reconstruction of the WW, helped to increase the
capacity of the existing dam outlets. At the same time the gallery provided
protection to the construction site of the seal-lining by transferring the increased
river flows to the downstream. The works on the new bottom outlets commen-
ced in June 1998. The gallery is connected, on the upstream side, to the
submerged intake structure, which was complemented by an access gallery
extending to the surface of the embankment and ends, on the downstream
side, in the stilling basin.

The 356.60 m long gallery consists of the intake and discharge reinforced conc-
rete structures, which were erected partially from an open excavation and the
gallery itself. The final profile of the gallery is of a horseshoe shape with a semi-
circular vault, slanting sidewalls and flat bottom. The inside dimensions of the
gallery were determined by the operational requirements, required thickness of
the lining and the assumed quality of the rock formation in the area. For this
reason the theoretical cross-section of the excavation alternated between
19 m? and 22 m?. The maximum height of the gallery is 5.4 m and its maximum
width is 5.0 m. During the tunnel excavation, its surface was secured, step-by-step,
by 150 - 200 mm thick temporary lining from HV8-B25 shotcrete reinforced with
welded mesh on both faces. Lattice girders ASTA had to be used for securing
the tunnel in the areas with more unstable geological conditions. Protection of
the footwall, during the tunnelling, was not considered to be necessary.

The bottom outlets were finally completed in February 2000. Filling of the dam
with water could thus commence on 15 March 2000.

The WW became fully operational again in June 2000.

Summary.

The purpose of the bottom outlets gallery, with its temporary lining only, was
to protect the construction site. The gallery passed safely even the high flows
of the 1999 floods. Only after the refurbishment works were completed was the
gallery re-structured into its final shape.

Dam walls cannot be protected against overtopping due to extreme floods
without these underground facilities.

For more detail please see the magazine Tunel 3/99 - Oprava a rekonstrukce
WW Moravka - Stavebni objekty provadéné hornickym zptsobem.

CONCLUSION

In minds of the general public and professional people alike, the expression
“tunnel” is likely to create a picture of an underground structure that is used for
road or rail transportation purposes. The authors of this contribution have
attempted to explain how these structures may assist with construction of
dams and various hydro-energy plants.

The majority of the underground structures have been used in the recent times
for reconstruction of existing dams that require modernization or those whose
stability or impermeability is questioned.

Literature:
[1] Verfel, J. - Injektovani hornin a vystavba podzemnich stén. SNTL 1983.
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PRUZNOST A PEVNOST ORTOTROPNI HORNINY

ELASTICITY AND STRENGTH OF ORTHOTROPIC ROCK

ING. ALES ZAPLETAL, DrSc., METROSTAV, a. s.

uvob

Tento ¢lanek je vénovan pruinosti a pevnosti vrstevnatého horninového
prostredi. Vrstevnaté nehomogennim izotropnim prostfedim budeme rozumét
prostredi, skladajici se ze dvou alternujicich izotropnich vrstev. Hranice vrstev
budou rovinné. Tloustky vrstev budou srovnatelné, ale malé ve srovnani s roz-
méry pfi¢ného fezu tunelem. Proto neni redlné zadat ve statickém vypoétu MKP
jednotlivé vrstvy jako dva samostatné izotropni subjekty. Nahradime je subjek-
tem jedinym, homogennim, ortogonalné anizotropnim (déale jen ortotropnim).
UkéZzeme, za jakych okolnosti je mozno vrstevnaté prostfedi nahradit prostre-
dim ortotropnim. V této souvislosti zavedeme pojmy hmoty pfiéné nespojité,
pFitné spojité a pojem kompletni napjatosti elementu vrstevnaté hmoty.
Uvedeme vzorce prevadéjici elastické konstanty vrstevnatého prostredi na elas-
tické konstanty prostredi ortotropniho.

Nalezneme plochu plasticity ortotropniho prostredi a vysvétlime jeji specifika,
zakotvend v pojmech partikularni a totalIni plasticity.

Pro jednoduchost budeme predpokladat, Ze poc¢ateéni a rezidudini pevnost jsou
jedno a totéz.

Uloha o plastickém potencialu pfesahuje rémec tohoto &lanku.

Budeme poutzivat jak tenzorovou, tak maticovou formu zapisu podle toho, ktera
se nam v tom kterém pfipadé bude zdat vyhodnéjsi. Znalost obou zépist pred-
pokladame.

Elastické konstanty ortotropniho prostfedi jsme odvodili pomoci myslenych
experimentl na zkusebnich kostkach podle obr. 1. Tyto kostky jsou idealizované.
Netvofi je utvar, ve kterém se v hustém sledu za sebou stfidaji obé vrstvy
s takovym zastoupenim, Ze soucet tloustek vrstev, vyjadreny pomérnym Cislem,
je o a P. Tvofi je utvar sloZeny ze dvou kompaktnich, od sebe ostre oddélenych
vrstev o pomérnych tloustkach o, . To vSak neni na Gjmu véci.

1. ZAKLADNI NAZVOSLOVIi A ZNACKY

1.1. Dvouvrstevné izotropni prostredi

E = modul pretvarnosti

E, = modul pretvarnosti 1. vrstvy

modul pfetvérnosti 2. vrstvy ]
modul pretvarnosti ve smyku 1. vrstvy ]

G, = modul pfetvarnosti ve smyku 2. vrstvy
také oznaceni 1. vrstv
, ]

o = pomérnad tloustka 1.vrstvy (viz. obr. 1);
B = pomérna tloustka 2. vrstvy (viz. obr. 1);

TEST CUBE No. 1

o m
o

také oznaceni 2. vrstvy

v = Poissonova konstanta

v, = Poissonova konstanta 1. vrstvy ]

v, = Poissonova konstanta 2. vrstvy
Fig. 1 Bistratal isotropic mass

1.2. Ortotropni homogenni prostredi

E, = modul pretvéarnosti ve sméru vrstev (ve sméru 1)

E, = modul pretvarnosti kolmo na vrstvy (ve sméru 2)

G, = prvni modul pfetvarnosti ve smyku (v roviné 13)

Obr. 1 Dvouvrstevné izotropni prostredi

G, = druhy modul pretvarnosti ve smyku (v roviné 12 resp. 23)
v, = Poissonova konstanta stanovena pro smér 3, pfi zatizeni
zku$ebniho télesa normélovym napétim ve sméru 1,
resp. pro smér 1, pfi zatizeni zkuSebniho télesa
normalovym napétim ve sméru 3. Uplatiiuje se v relaci v,/ E,
v, = Poissonova konstanta stanovené pro smér rovnobézny

s vrstvami (pro smér 1 resp. 3), pfi zatizeni zkusebniho
télesa normalovym napétim kolmym na vrstvy

]

(ve sméru 2). Uplatiiuje se v relaci v,/ E,. -
v, = Poissonova konstanta stanovena pro smér kolmy na vrstvy
(pro smér 2), pti zatizeni zku$ebniho télesa normalovym ]

napétim ve sméru vrstev (ve sméru 1, resp. 3).
Uplatniuje se v relaci v,/ E,. Plati: v/ E, = v,/ E,.

0

INTRODUCTION

This article is devoted to the issue of the elasticity and strength of a stratified
rock. Under the term “stratified inhomogeneous isotropic rock” we will under-
stand rock consisting of two alternating isotropic layers. The interfacial surfaces
between the layers will be planar. The thickness of the layers will be compa-
rable, although small in comparison to the dimensions of a tunnel cross-section.
For that reason, it is improper if the individual layers are introduced into the
FEM structural analysis as two individual isotropic subjects. We will substitute
them with a single, homogeneous, orthogonally anisotropic (hereinafter referred
to as orthotropic) subject.

We will demonstrate under which conditions a stratified mass can be substituted
by an orthotropic mass. In this connection, we will introduce following terms:
a transversally discontinuous mass, a transversally continuous mass and a com-
plete stress of an element of stratified mass. beyond the frame of this article.
We will use both the tensor and matrix format of representation, depending on
our assessment of their advantages for the particular cases. We assume that
both forms of the representation are well known.

We derived the elastic constants of the

We will present formulas transforming elastic constants of a stratified mass to
elastic constants of an orthotropic mass.

We will identify a plasticity surface of the orthotropic mass, and will explain its
specifics expressed in the concepts of particular and total plasticity.

For the sake of simplicity, we will assume that the initial and residual strengths
are identical.

The problem of plastic potential extends orthotropic environment by means of
virtual experiments conducted on test cubes according to Fig. 1. Those cubes
are idealised. They do not exist in a body where the two layers alternate very
frequently (the aggregate thickness of the first type of layers and the other type
of the layers is expressed by ratios 0. and B respectively). They exist in a body
consisting of two distinctly separated compact layers, with relative thickness
ratios o. and P. Nonetheless, this is not to any detriment of our aim.

1. BASIC VOCABULARY AND SYMBOLS

1.1. Bistratal isotropic mass

E = modulus of deformation

E, = modulus of deformation of the 1* layer

E, = modulus of deformation of the 2 layer

G, = shearing modulus of deformation of the 1% layer

G, = shearing modulus of deformation of the 2" layer

o = relative thickness ratio for the 1 layer (see Fig. 1);
also denotation of the 1% layer

B = relative thickness ratio for the 2 layer (see Fig. 1);
also denotation of the 2" layer

v = Poisson’s ratio

v, = Poisson’s ratio for the 1* layer

v, = Poisson’s ratio for the 2" layer

1.2. Orthotropic homogeneous mass
E, = modulus of deformation in the direction of layers (the direction 1)
E, = modulus of deformation perpendicular to the layers (the direction 2)
G, = first shearing modulus of deformation (in the plane 13)
G, = second shearing modulus of deformation (in the plane 12 or 23)
v, = Poisson’s ratio determined for the direction 3,
at the test specimen loading by normal stress in the direction 1,
or for the direction 1 at the test specimen loading by normal
stress in the direction 3. It is applied in the relationship v,/ E,
v, = Poisson’s ratio determined for the direction parallel
with the layers (for the direction 1 or 2), at the test specimen
loading by normal stress perpendicular to the layers
(in the direction 2). It is applied in the relationship v,/E,
v, = Poisson’s ratio determined for the direction perpendicular
to the layers (for the direction 2), at the test specimen loading
by normal stress in the direction of the layers (in the direction 1 or 3).
It is applied in the relationship v,/ E,. It can be stated that: v,/ E, = v,/ E,.

Obr. 2 Ortotropni homogenni prostiedi
Fig. 2 Orthotropic homogeneous mass
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2. ELASTICITA

2.1. Matice elastickych modult popt. elastickych

koeficientd

Budiz [e] sloupcovy vektor deformace € =&y

a [o;] sloupcovy vektor napéti, pficemz plati nasle- iz : EZZ

dujici relace mezi prvky matic g = 2% o= 2% Y,
a prvky odpovidajicich tenzorti deformace ¢, a napé- g =2%y,=2%7,
ti o & =2%Y=2%7,

V pripadé nejobecnéjsi anizotropie (trojklonné krystalické soustavy) obsahuje
matice elastickych modulli [S;] ze vztahu

[e]=[S;][o]]
pouze 21 nezavislych konstant, nebot z divodd termodynamickych musi byt
tato matice symetricka podle hlavni diagonaly.
Symetrie podle hlavni diagonaly je obecnou vlastnosti vSech matic elastickych
moduld [S] resp. matic elastickych koeficientl [C;], takze vidy plati (2) resp. (3):

Pfi pfechodu ze soufadného systému 1, 2, 3 do 5= Sy
systému 1%, 2%, 3* rotaci kolem pocatku, dochazi k Ees_p.(/:or

transformaci konstant s;, resp. c;.
Hlavnimi sméry anizotropie nazyvame ten soufadny systém 1, 2, 3, ve kterém
matice [S;] resp. [C;] nabyva nejjednodussiho tvaru.

2.2. Matice elastickych moduli (elastickych koeficientt) na izotropni hmoté
Na izotropni hmoté je velikost prvki matic [S;] resp. [C;] nezavisl4 na orientaci
soufadného systému 1, 2, 3 (vSechny smeéry jsou

hlavnimi sméry), takie v kterémkoliv soufadném

systému plati (4): v =i

Matice obsahuje pouze dvé nezavislé konstanty, (S, =
totiz modul pruznosti E a Poissonovu konstantu v, 0 0
nebot G = E/(2*(1+v)).

2.3. Matice elastickych moduli (elastickych koeficientd) na ortotropni hmoté
V soufadném systému hlavnich smér( anizotropie je tvar matice elastickych
moduld (5):

Matice obsahuje 5 nezavislych konstant E,,, E,, Vi, Vi, Gp, nebot G, = E/(2%(1+
Vo)) @ Vi = Vp*E./E,. Posledni vztah plyne z
pozadavku symetrie matice elastickych moduli

podle hlavni diagonély S,, = S,,, resp. S, = S,.. e T M =
Pii nahradé izotropni vrstevnaté hmoty hmotou R mamm
ortotropni se hlavni sméry anizotropie ztotoZru- [Si1= 0 "
ji s kaidym soufadnym systémem, jehoz dvé 1} 0

osy leZi v roviné vrstevnatosti, zatimco treti osa
je na rovinu vrstevnatosti kolma. Souradny
systém 1, 2, 3 podle obr. 1 popf. obr. 2 je zfejmé systémem hlavnich smérd ani-
zotropie. V kapitolach 2 — 4 budeme pracovat pravé v tomto systému. V kapitole
5 prejdeme k soufadnym systémim, které budou orientovany stejné jako
sméry hlavnich napéti.

(Poznadmka: symbolika matice (5) je v souladu s umluvou, zavedenou v odst. 1. 2.)

2.4. Experimentalni stanoveni elastickych modulti na ortotropni hmoté

Je mozZno predstavit si soubor méfeni na vrstevnatych zkusebnich kostkach,
jehoZz vyhodnocenim nalezneme vztahy, prevadéjici vrstevnatou izotropni
hmotu na hmotu ortotropni. Vrstevnaté kostky zatéZujeme pres velmi tuhou
desku. To zplisobuje, Ze napéti 6,,,, @ G reSP. Tus, @ Tusp S€ NA hranici vrstev
skokem méni.

Cilem experimentu podle obr. 3 jsou ortotropni konstanty E,, v, vy, experi-
mentem podle obr. 4 hodlame nalézti konstanty E,,, v,. Na obr. 5 je zndzornén
pokus, jehoZ smyslem je stanoveni G, a na obr. 6 pokus obdobny, poskytujici
konstantu G,. Hodlame tedy experimentalné stanovit vice konstant, nez je -
vzhledem k zavislostem mezi konstantami — nutno. To ma slouzit ke kontrole
nasich vysledka.

Budeme Fikat (viz. obr. 3 aZ obr. 6), Ze napéti 6, je srovnatelné s napétim
0¥ 0+6,*B, Napéti 1., S Napétim Ty, * o + Ty, * B, NAPEti 6, S€ G, resp. Gy
a napéti T, S Tuyy reSP. Ty

Déle budeme fikat, Ze ortotropni hmota nahrazuje hmotu vrstevnatou, budou-li
srovnatelna napéti stejné intenzity vyvolavat stejna pretvoreni.
Srovnatelna napéti jsou stejné intenzity, kdyz plati

2. ELASTICITY

2.1. The matrix of elastic moduli or elastic
coefficients

6, = Oy, Consider [¢] to be a column strain vector, and [c;]
0, = 0y a column stress vector, while the following relati-
03 = Oy onships between the elements of matrices and ele-
0, =Ty, =Ty ments corresponding to strain tensor €, and stress
G5 = Tz = Ty tensor o, apply:

Op = T3 = Ty,

In a case of the most common anisotropy (a triclinic
crystalline system), the matrix of elastic moduli [S;] derived from the relations-
hip

(i,j=1,2,..6) (m

contains 21 independent constants only, as for thermodynamic reasons this
matrix must be symmetric with respect to the main diagonal.
The symmetry with respect to the main diagonal is a common property of all
matrices of elastic moduli [S;] or matrices of elastic coefficients [C,], therefore
(2) or (3) always apply:
(2)
At a transition from a system of coordinates 1, 2, 3
(3) to a system 1%, 2%, 3* through a rotation around
zero, the sij or cji constants get transformed.
The main anisotropy directions is a term used for the system of coordinates
1, 2, 3 in which the matrices [S;] or [C;] assume the simplest form.

2.2. The matrix of elastic moduli (elastic constants) on an isotropic mass

For an isotropic mass, the value of elements of matrices [S,] or [C,] is indepen-

dent of the orientation of the system of coordinates 1, 2, 3 (all directions are the
main directions). Therefore, (4) applies for any sys-

a0 0 tem of coordinates:

i
= I
o

(4) The matrix contains two independent constants, i.e.
the modulus of elasticity E and Poison’s ratio v,
because G =E/(2*(1+v)).

2.3. The matrix of elastic moduli (elastic constants) on an orthotropic mass
The form of the matrix of elastic moduli for a system of coordinates of the main
anisotropy directions (5) is:

The matrix contains 5 independent constants E, E,, V., V., G because
G, = EN2*(1+ v,)) and v, = v, *E,JE,. The latter relationship follows from a
requirement for the matrix of elastic moduli to
be symmetric with respect to the main diagonal
Sz1 = sw or saz = st-

If we substitute the isotropic stratified mass by
an orthotropic mass, the main anisotropy direc-
tions become identical with any system of coor-
dinates whose two coordinates lie at the bed-
ding plane, while the third coordinate is per-
pendicular to it. The system of coordinates 1, 2,
3 shown in Fig. 1 or Fig. 2 is obviously the system of the main anisotropy direc-
tions. This is the system we will use in chapters 2 - 4. For chapter 5, we will
switch over to the systems of coordinates which will be oriented identically
with the directions of principal stresses.

(Note: the notation used in the matrix (5) is consistent with the convention
introduced in paragraph 1. 2.)

2.4. Experimental determination of elastic moduli for an orthotropic mass
One can imagine a set of measurements carried out on stratified test cubes
whose evaluation allows us to find relationships transforming the stratified
isotropic mass to an orthotropic mass. We apply load on stratified cubes
through a very rigid plate. As a result, the stresses 0,,,, and 0y, OF T3, @ Ty
change at the interlayer interface by jump.
The aim of the experiment according to Fig. 3 is to determine the orthotropic
constants E,,, v, v;;, while the experiment according to Fig. 4 should identify
the constants E,, and v,,.. The experiment whose purpose is to determine the G,,,
is shown in Fig. 5, while Fig. 6 depicts a similar experiment giving
the constant G, This means that, with respect to the relationships between the
constants, we are going to determine by the experiments more constants than
we need. This is because we need them for checking the results obtained.
We will state (see Fig.3 - Fig.6), that stress o, is comparable with stress
0 *0+0y*P, stress 1, with stress 1,;,* o + T, * P, Stress o6, with 0,,,) Or 0,
and stress 7,,, With 7,,,, OF Ty,
Further, we will state that an orthotropic mass substitutes a stratified mass if
comparable stresses of the same intensity induce

O = Oy 0405 * B (6) identical strains.
(6) - (9): Ty = Taa™ O+ Toap* B 7 The comparable stresses are of the same intensity if
. . X ; . G = Oy = Oy (8) (6) - (9) are valid:
Rovnosti (8) a (9) jsou dlisledkem potieby vyhovét _ _
T(1Z) - T112,:1) - THZ,B) (9)

tretimu Newtonovu zékonu.
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2.5. Vrstevnata hmota pFi¢né nespojita a pricné spojita

O tom, jak dopadne experiment, o kterém hovofime v pfedchozim odstavci,
muzeme rozhodnout teprve poté, co budou jasné definovany vlastnosti rozhrani
mezi vrstvami. V tomto ohledu mame dvé moznosti:

- rozhrani neni soudrzné (budeme hovofit o hmoté pfi¢né nespojité),

- rozhrani je soudriné (budeme hovofit o hmoté pfi¢né spojité).

2.5.1. Rozhrani neni soudrzné: vrstevnata hmota pficné nespojita

Pri zatéZovacim experimentu normalovym zatizenim (napf. zatizenim o, podle
obr. 4) zaznamendme na vrstevnaté hmoté s nesoudrznym rozhranim nespoji-
tou deformaci zkusebni kostky ve smérech pfiénych (tj. ve smérech 1 a 3,kdyz
sila plisobi ve sméru 2, resp. 3, kdyz sila plsobi ve sméru 1, resp. 1, kdyz sila
pUsobi ve sméru 3) k pisobicim silam (viz. obr. 7).

Proto budeme tuto vrstevnatou hmotu nazyvat pficné nespojitou.

i

I
Eq

- [

)

=] ]
57 @ 2
L] ]

Obr. 3 Zatézovaci zkouska ve sméru vrstev
Fig. 3 Load testing in the direction of the layers

«— [
LE IR

1 7]

Obr. 6 Smykova zatézovaci zkouska kolmo na vrstvy
Fig. 6 Shear testing perpendicularly to layers

«——

[«]

Na této hmoté nelze provést experiment podle obr. 6. Neni tedy mozno tako-
vouto vrstevnatou hmotu nahradit hmo-
tou ortotropni. Z dal$ich dvah ji proto
vylou¢ime.

| 1* laver after deformation |

2.5.2. Rozhrani je soudrzné: vrstevnata
hmota pfiéné spojita

Vrstevnatou izotropni hmotu je mozno
exaktné nahradit hmotou ortotropni
teprve v pfipadg, Ze tato hmota je pFicné

spojitd. O hmoté pricné spojité hovorime
tehdy, je-li rozhrani vrstev soudrzng,
takZze zajistuje spojitou deformaci
vrstev ve sméru pri¢ném k pulsobicim
normalovym sildm (viz. obr. 8 a srovnej

nuous mass

Obr. 7 Nespojita deformace vrstev na hmoté pficné nespojité
Fig. 7 Discontinuous deformation of the layers on a transversally disconti

The equations (8) and (9) are the results of a necessity for satisfying the third
Newton’s law.

2.5. Transversally discontinuous and transversally continuous stratified mass

We can determine the result of the experiment dealt with in the above para-

graph only after the properties of the interlayer interface have been clearly

determined. In this respect, there are two options:

- the interface is non-cohesive (we will speak about a transversally discontinuous
mass),

- the interface is cohesive (we will speak about a transversally continuous mass)

2.5.1. The interface is non-cohesive: transversally discontinuous stratified mass
At testing a stratified mass with non-cohesive interface by normal loading
(e.g. by the stress o, according to Fig. 4), we register a discontinuous defor-
mation of the test cube (see Fig. 7) in directions transversal to the acting stresses
(i.e. in the directions 1 and 3 if the stress acts in the direction 2, or 3 if the stress
acts in the direction 1, or 1 if the stress acts in the direction 3). For that reason
we will call this stratified mass a transversally discontinuous mass.

TTTITTTT
v(2)
v(2)
wpE
| Eq)
i

[ | [
Obr. 4 Zatézovaci zkouska kolmo na vrstvy

Fig. 4 Load testing perpendicularly to the layers

v B

Obr. 5 Smykova zatézovaci zkouska ve sméru vrstev
Fig. 5 Shear testing in the direction of the layers

This mass cannot be tested according to
Fig. 6. Therefore such a stratified mass
cannot be substituted by an orthotropic
mass. For that reason we will exclude it
from the following considerations.

2" laver after deform.

2.5.2. The interface is cohesive: trans-
versally continuous stratified mass

A stratified isotropic mass can be exactly
substituted by an orthotropic mass only
if this mass is transversally continuous.
We speak about a transversally continu-
ous mass if the interlayer interface is
cohesive, which means that it ensures
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jej s obr. 7).

PoZadavkem pFi¢né spojitosti je vrstvam
vnucovan deformacni stav, ktery v nich
vyvolavé doprovodny efekt, ktery budeme

nazyvat internim napétim popf. vnitfnim E]

pnutim vrstev.

2.5.3. Externi napéti, interni napéti
Napéti, ktera pfikldadame podle obr. 3 -6
ke sténam zkusebnich kostek, budeme

nazyvat externim napétim (nebot toto Obr. 8 Na vrstevnaté hmoté pficné spojité je deformace vrstev ve smérech
napéti pfichazi z prostoru mimo kostku). pfiénych ke sméru plisobiciho normélovych zatizeni (zde ve smérech 1 a 3)

1% laver after deformation

Jednotlivé vrstvy kostky, ponechény spojita f N b d the cube). Indivi
samy 0 sobé, by pod vlivem téchto Fig. 8 The deformation of layers in directions transversal to the direction of [rom the space beyond the cube). Indivi-

externich napéti mély tendenci vykézatv the acting normal stresses (in the directions 1 and 2 in this particular case

a continuous deformation of the layers

in the direction perpendicular to the

rovinach vrstev riiznou deformaci. Sou- S continuous on a stratified, transversally continuous mass.

drznost hranice vSak takovéto chovani

nepfipousti a vrstvam vnucuje deformaci spojitou. Ta je zpisobena dodatecnymi
napétimi, kterd externi napéti generuji uvnit kostky. O téchto dodate¢nych

napétich budeme hovofit jako o napétich
internich (nebot, jak feceno, vznikaji uvnitf
kostky).

Sloupcové vektory internich napéti oznac¢ime
jako [m,] (ve vrstvé o pomérné tloustce o)
resp. [m,] (ve vrstvé o pomérné tloustce f).

Je mozno dokazat, Ze v soufadném systému 1,
2, 3 jsou nenulovymi pouze ty slozky vektord
internich napéti, které pusobi v roviné 1, 3,
takze:

kdyz nenulové prvky vektorl interniho napéti
[m,] resp. [m,] vyjadfime pomoci externich
napéti o, a o, resp. o, (i=1, 3, 5) a kdyz:

Rozdéleni napéti na ¢ast ,externi” a ,interni” se
tykéd pouze vrstevnaté hmoty. Na rozdil od
vrstevnaté zkuSebni kostky je totiz ortotropni
kostka pfi zatéZovacich pokusech prosta vniti-
niho pnuti. Proto na ortotropni hmoté vysta-
¢ime s terminem ,napéti” bez dopliujiciho
privlastku.

2.6. Elastické konstanty ortotropniho prostiedi
Pozadujme, aby napéti, plisobici na ortrotropni
hmotu vyvolala deformace shodné s deforma-
cemi, které srovnatelnd napéti stejné intenzity
vyvolaji na hmoté vrstevnaté, pficné spojité.
Tomuto pozadavku vyhovime, kdyz ortotrop-
nimu prostiedi pfifadime nasledujici elastické
konstanty:

acting normal forces (see Fig. 8 and
compare it with Fig. 7).

Through the requirement for the trans-
versal continuity, a strained condition is
forcedly introduced in the layers produ-
cing an attendant effect in the layers
which we will call an internal stress.

2.5.3. External stress, internal stress

We will call the stress applied on the
sides of the test cubes (see Fig. 3 - 6) an
external stress (as this stress comes

) dual layers of the cube, if left alone,
would tend to exhibit differing deforma-
tion at the surfaces of the layers due to

those external stresses. However, the coheresion of the interface does not allow

[mJ=mlm,;0;m,;0;m,;0]
[l =l 05 my; 0w, 0]
pficemz/while

(10)
(11)

. = P*C*0y, + {(a,*c-a,) /(0¥ 0, = @, * 0 + Q, * o5n,  (12)
Ty, = P¥C¥0py + {(a,*c-a,) / (0*C}¥ 0y = @, * 0y + Q; * 01, (13)

T, = - {(a,%c-a,) / (0*C)}*0 o = - Q, * Oy (14)
Tp =~ a*C*oy, - {(a,*c-a,) / B}*G(S.[}) =, * g, + Q,* Oz (15)
Ty = - 0*C¥0yy - {(a,%c-a,) / B0 = @, * 6y + Q, * Oy, (16)
7, = {(a,*c-a,) / B}*G4s,u) =-Q, * Oy, (17)
ay = (X*B*Etm /(B*V(u)*E(B)+a*V4u)*Em ) (18)
ay =an*Ew /By, (19)
C= (am *b- Vi /E([sv )/ (am* b- Vig / Em) ) ’ (20)
kde/where

b = (0*E, + B*Eyy ) / (0*B*E*Eyy ), (21)
C = (VB - VB A1-vi ) *B*E gt (1-vig) o *E i} (22)
Obzvlastni dllezitosti je konstanta ¢ z (20), nebot

The constant ¢ from (20) is of a special importance, since
C=0y/0 W) 1 (i=13) (23)
Pro Uplnost a dalSi potfeby dale uvedme, Ze pro externi smykova napéti,
vyvolavajici zkoseni v roviné 1, 3 plati rovnéz:

C =Ty, / Tizp = Tara / Tap (24)
A={a/E,+B/Ey (25)
B = {Viy*Ew - Vi *Epg} / {E*E} (26)
E = {lo*c + Bl*a*Ebclon-an*viy) + Vig*ap} (27)
E, =1/{A+ 2*a*p*B*C} (28)
Vi = Eg¥{viy*c - (ag*c - a) / o} / {E, *lo¥c+B)} (29)
Vi = E(Z)*{Vm) -(1- Vm))*ﬁ*C} / E(u) (30)
Vig = V(z»*E(n / E(z) (31)
Gy = a*Gy + B*Gyy = By / {2*(14+v )} (32)
Gy = Gw*Gyy / {0*Gyy +B*Gy} (33)

2.7. Vztahy mezi tenzory G, G, Ojion- Kompletni napéti X, X,

Necht jsou tenzory o, ;5 tenzory externich napéti ve vrstvach o a B izotropni

vrstevnaté hmoty, zatimco G, je tenzor [G,5] =7[0i5; Oy 5 Gap i Tiop = Tiy s Tusp ; Tagp = Tasl

napéti na nahradni hmoté ortotropni. [Gi] =[0,.= C¥*01 6,7 O30 = C¥Cuy; Tipw = Tz 5 Trae =(Gu/ Gy *Tua ) T = Tl (35) . ; I
apetl a ahradni oté ortot opni 1 1pr O2 3, 36 1 Y12, 121 43, Bl Tizp s Log 23 (36) aandﬂofan /sotroplc stratified mass,

VyjadFuji-li tyto tenzory srovnatelng napéti [Oiodd = TH(0%¢ 410155 6o (0% CHB) 05y 5 T (0% GL/GytB) Ty § Tl

stejné intenzity, pak mezi nimi plati v elas-

ticité nasledujici vztahy (pfi zapisu pomoci matic-vektort):

such behaviour. This coheresion forces the layers do deform continuously. This
deformation is caused by additional stresses generated by the external stresses

inside the cube. We will refer to those additio-
nal stresses as to internal stresses (because,
as mentioned above, they originate inside the
cube).

We will denote the column vectors of internal
stresses as [m,] (at the layer with relative
thickness o) or [m,] (at the layer with relative
thickness p). It can be proved that for the sys-
tem of coordinates 1, 2, 3 only the compo-
nents of vectors of internal stresses acting at
the plane 1, 3 are nonzero, therefore:

if we express the nonzero components of the
internal stress vectors [r,,] or [m,,] by means of
external stresses o, and o, 0r o, (i=1,35
), and if:

The division of the stress to the “external”
and “internal” parts is applicable for a stratifi-
ed mass only. In contrast to a stratified test
cube, an orthotropic cube is free of any inter-
nal stress in the process of the tests loading.
Therefore the term of “the stress” without any
attribute will suffice for the given purpose.

2.6. Elastic constants of the orthotropic mass.
We require that the stresses acting on the ort-
hotropic mass induce deformations identical
with the deformations generated by compa-
rable stresses of the same intensity in a stra-
tified transversally continuos mass. We will
comply with this requirement if we assign fol-
lowing elastic constants to the othotropic
mass:

2.7. Relationships between tensors c,,,, G5, O ;... Complete stresses %, %,
(34) Let us the tensors o, 0, be the ten-

sors of external stresses in the layers

while ¢ .. is the tensor of stress on

a substitute orthotropic mass. If those tensors express comparable stresses of

the same intensity, following relationships apply between them in the elasticity

(at a representation using matrice-vectors):

Vlyslovné upozornujeme na skutecnost, kterou jsme se v rovnicich (34) - (36)

snazili vyjadrit tuénym pismem: slozky napéti 6,, T,,, T,; jsou véem tiem tenzordm

spole¢né.

Kompletni napjatosti vrstvy o resp. vrstvy B nazveme tenzor X, = G;, + T,
resp. I, = o;; + m;;. Je tedy kompletni napjatost souctem napjatosti externi

a interni.

[Z‘\],:x] = [Gij,u] + [Tcij,a] =

We especially draw your attention to the fact which we tried to express in the

equations (34) - (36) by bold letters: the components of the o,, T,,, T,, are common
to the three tensors.

We will call the tensor %, = o;, + m;, or X;

o

s = 0y + T;; @ complete stress in the

ijor i,

layer o or the layer . Therefore, the complete stress is the sum of the external

and internal stresses.

; 01 [Eij,B] = [Gw] + [nu,n] = 1 ’ CI)z ’ Qz ' 0 ’ 0 ; 0 01,[5

' [} 0;1 ;0 ;0;0 ;0 0,

; Gy Q;®,;1 ;0,0 ;0 Osp

; [A (37) 0;0 ;0 ;10 ;0 o, (38)
; [ 0;0 ;0 ;0;1-9,;0 Gsp

; (A 0;0 ;0 ;0;0 01 O
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V maticovém zapisu pro kompletni napjatost [X, ] resp. [Z,;] dostavame (37) a (38):
Kompletni napjatost je dllezita z hlediska pevnostniho. Nebot pravé ona (a
nikoliv napjatost externi) rozhoduje o tom, je-li pevnosti dosazeno ¢i nikoliv.

3. PEVNOST ORTOTROPNi HMOTY

3.1. Zobrazeni tenzorli Gy, Gy resp. ., 2y 40 teNzoru 6

Tenzory 6., O O ion S€ 0d sebe lisi jak orientaci, tak velikosti hlavnich napé-
ti. Avsak, zname-li o, 6, dovedeme jim pfifadit ¢ ;... Naopak, zname-li ;.
dovedeme odvodit 6, 0y

Budeme fikat, Ze tenzory o, 0, S€ zobrazuji do tenzoru 6 ;..

Ve zcela stejném smyslu mazeme fici, Zze do tenzoru ¢ ., Se zobrazuji i tenzory
kompletniho napéti X, resp. Z;;.

In the matrix representation for the complete stress [X,,] or [%,,] we obtain (37) and (38):
The complete stress is important in terms of strength. This is because this

particular stress (not the external stress) decides whether the strength is

reached or not.

3 ORTHOTROPIC MASS STRENGTH

3.1. Mapping of tensors c;;,,, 0 or X, Z;, to the tensor ¢ ;,,

Tensors 0y, G5 O 40 differ from each other in both the orientation and the
magnitude of the main stresses. Although, if we know the o, ©,, we can
allocate the s o ;,,, to them. On the contrary, if we know the ¢ ;,,, we can derive
the 6., 0

We will say that the tensors s(ij,a), s(ij,b) are mapped to the tensor ¢ ;.

In the same meaning, we can state that the tensors of the complete stress %,
or X, are mapped to the tensor ¢ ;.

Ztejmé plati: Obviously, the following relationships apply:
Sie=hiw* Sion i=123 (39) . .
kdyz S, (i =1, 2, 3)jsou velikosti hlavnich napéti ten- S’n -2 "ﬁ) % S’ i=1.23 (40) where S,, (i = 1, 2, 3) are values of the main stresses
ip = (i.B) iortr = b &

zoru kompletni napjatosti ve vrstvé o, S, (i = 1, 2, 3)

jsou velikosti hlavnich napéti tenzoru kompletni napjatosti ve vrstvé B a nako-
nec S, (i =1, 2, 3) jsou velikosti hlavnich napéti na ortotropni hmoté. Veli¢iny
A iar A 5 NAzveme méfitky zobrazeni.

Tenzoru 6 ;,, pfizname troji moznou interpretaci jeho vyznamu:

1. vyznam: zobrazuje sédm sebe

2. vyznam: zobrazuje kompletni napjatost vrstvy o

3. vyznam: zobrazuje kompletni napjatost vrstvy

3.2. Plocha plasticity ortotropni hmoty
Oznacéme jako

K. =1.(S,)
plochu plasticity vrstvy «, definovanou v soufadném systému smért hlavnich
napéti S,, . Pomoci substituce (39) zobrazime tuto plochu plasticity na ortotropni
hmotu do soufadného systému shodného se sméry hlavnich napéti S,

Zobrazena plocha je ziejmé zdeformovanou a
pootocenou plochou pulvodni. Pokud se
béhem zatéZovani budou ménit méfitka zobrazeni, bude se ménit
i zobrazena plocha plasticity.

Obdobné zavedeme zobrazenou plochu plasticity vrstvy p:

Ko =TS = £k 1 * Siond = FulS;0n) (42)

of the tensor of the complete stress in the layer o, S,
(i =1, 2, 3) are values of the main stresses of the tensor of the complete stress
in the layer B, and eventually S, (i = 1, 2, 3) are values of the main stresses on
the orthotropic mass. We will call the variables 1., A, the mapping scale fac-
tors.

We will assign three possible ways of the interpretation of the meaning to the
tensor ¢ oy :

1" meaning: it is self-mapping

2 meaning: it is a mapping of the complete stress in the layer o

3" meaning: it is a mapping of the complete stress in the layer f§

3.2. The plasticity surface of an orthotropic mass

We will denote
(41)

the plasticity surface of the layer o defined in the system of coordinates of the
directions of the main stresses S,,. By means of a substitution (39), we will map
this plasticity surface on an orthotropic mass to the system of coordinates iden-
tical with the directions of the main stresses S,

Obviously, the transformed surface will be
the original surface after its deformation and turning. If the mapping scale fac-
tors change during the loading process, the mapped plasticity surface will
change too.

We will define the mapped plasticity surface of the layer B similarly:

Ky = Tl Sip) = fyl& 1 * Siond = FylSicn) (43)

Dulezité je toto tvrzeni: Lezi-li vektor S,

=[S, o Syon Sson) Na zobrazené plose plasticity K, = F.(S,,.), lezi vektor S,, = [S,,,
S,. Ss.) na plode plasticity K, = f,(S,,). Lezi-li vektor S, =[S, Syonr S30n] MiMo
zobrazenou plochu plasticity K, = F.(S,,,), leZi vektor S;, = [S,,, S,,. S;,] mimo plo-
chu plasticity K, = f,(S,.).

Predchozi tvrzeni plati i pro vektor S;;.

Hydrostaticka osa ve vrstvé o, uréend tam v soufadném systému smér( hlav-
nich napéti vztahem

se na ortotropni hmoté zobrazuje do pfimky, S,.=S,, =S, =t
jejiz vektorovy zapis v soufadném systému
sméru hlavnich napéti ortotropni hmoty je

The following statement is important: If the
vector S,o; =[S .o Sion Ssonl lies on the mapped plasticity surface K, = F,(S,,.),
the vector S,, = [S,,, S,., S;./ lies on the plasticity surface K, =1,(S,,). If the vec-
tor S, =[S, S;on Ssonl lies beyond the mapped plasticity surface K, = F,(S,,.),
the vector S,, = [S,,, S,., S;.l lies beyond the plasticity surface K, = f,(S,,).
The above statements are valid for the vector S, too.
The hydrostatic axis in the layer o, determined there in the system of coordi-
nates of directions of the main stresses by the relationship

(44) is mapped on the orthotropic mass to a straight
line, whose vector-mode expression in the
system of coordinates of directions of the main stresses of the orthotropic mass is

Po=[hia* i hpo® A g% t] (45)

Podobné hydrostatickéd osa ve vrstvé b se zobrazuje na ortotropni hmoté do
primky

Similarly, the hydrostatic axis in the layer B is mapped on the orthotropic mass
to a straight line

Pp=[hp* i A pp* i A gp* t] (46)

Obecné jsou tyto dvé pfimky rliznobézky, protinajici se v pocatku soufadného
systému S, ... Proto se zobrazené plochy plasticity musi obecné pronikat (viz
obr. 9). Kfivky, podél kterych k priniku dochazi, nazveme hranami priiniku.
Utvary, které pfi praniku vznikaji, mohou byt pFipad od pfipadu znaéné rozligné.
Ten, ktery prezentujeme na obr. 9, pokladame za uebnicovy.
V okoli poc¢éatku souradného systému S, nalézdme plosny Utvar R téchto vlast-
nosti (obr. 9, obr. 10):

- je sestaven ze segmentt zobrazenych ploch plasticity; segmenty se stykaji na
hranach praniku,
- pocatek je v ném bud uzavfen, nebo na ném lezi,
- prostor uvnitf R je prazdny, takze v ném neleZi zadny jiny segment nékteré se
zobrazenych ploch plasticity.
Odstranime ty Casti zobrazenych ploch plasticity, které pfi pohledu od pocatku

In general terms, those two straight lines are non-parallel, crossing at the origin
of the system of coordinates S,,,. Therefore, the mapped surfaces must inter-
sect in a general manner (see Fig. 9). We will call the curves along which the
surfaces intersect the intersection edges.
The figures originating as a result of the intersection can significantly differ
case by case. We consider the case presented in Fig. 9 to be a textbook example.
We can find a planar figure % in the vicinity of the origin of the system of coor-
dinates S,,., having the following properties (see Fig. 9, Fig. 10) :

- it consists of segments of the mapped plasticity surfaces, the segments are at
contact at the intersection edges,
- the origin of the coordinates is either confined inside or lies on it,
- the space inside the 9t is empty, therefore no other segment of one of the
mapped plasticity surfaces lies in it.
We will remove the parts of the mapped plasticity surfaces, which lie outside
the planar figure % (viewed from the origin of coordinate axes).
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leZi vné plosného utvaru R.

Plosny dtvar R vyjmuty z ploch, které ho svym prinikem vytvofily, nazveme
plochou plasticity ortotropni hmoty. Plocha je slozena ze segmentt zobraze-
nych ploch plasticity vrstev o, B, které se stykaji na hranach praniku.

Jak uvidime dale, hrany praniku jsou ¢ary mimoradné dulezitosti.

3.3. Prabéh zatéZovaci zkousky ortotropni hmoty

Priibéh zatézovaci zkousky je znazornén na obr. 10 zelenou Carou s vyznamnymi
body 0, 1, 2, 3. Pro nazornost vykladu nechavame plochu plasticity % ,zamrz-
nout” v neménném tvaru a poloze.

Nejprve, mezi body 0,1 se ortotropni hmota chové pruzné. To také znamena, ze
tenzor napéti 6 ., ve svém druhém, resp. tfetim vyznamu (viz. odst. 5.1.), kdy
zobrazuje kompletni napjatost X;, vrstvy o, resp. kompletni napjatost X, vrstvy B,
lezi pod plochou plasticity ®. V bodé 1 doséhne tenzor ¢ ., plochy plasticity ®
na segmentu, ktery je také soucasti zobrazené plochy plasticity vrstvy o. Tenzor
G 0n tak dosahuje plochy plasticity ve svém druhém vyznamu, zatimco ve
svém tietim vyznamu plochy plasticity nedosahuje. Rekneme, 7e ortotropni
hmota je partikularné plastifikovana. Tim minime, Ze jedna ze dvou vrstev sku-
te€ného vrstevnatého prostredi je zplastifikovana, zatimco druhd vrstva je ve
stavu pruzném.

Je pfipustné dalsi zatézovani po kivce 1, 2, ktera lezi na R, jak na obr. 10 sche-
maticky naznaéeno. Béhem tohoto zatéZzovani je ortotropni hmota nadale parti-
kularné plastifikovdna. V bodé 2, na hrané priiniku, dosahuje tenzor ¢
plochy plasticity R jak na segmentu, ktery je soucasti zobrazené plochy plasti-
city vrstvy o, tak na segmentu, ktery je soucasti zobrazené plochy plasticity
vrstvy f.

To znamen4, Ze 6 ;,, dosahuje na plochu plasticity % soucasné jak v druhém,
tak tfetim svém vyznamu. Rekneme, 7e ortotropni hmota je totalné plastifiko-
vana. Tim rozumime, Ze plastifikovany jsou obé vrstvy skute¢ného vrstevnatého
prostredi.

Pfi dalsim zatézovani podél hrany priniku (tj. mezi body 2, 3) z(istava ortotropni
hmota totalné plastifikovana.

Plati tedy toto dulezité tvrzeni: V obecném pripadé je ortotropni hmota totalné
plastifikovana pouze tehdy, dosahuje-li tenzor napéti o ;. plochy plasticity R
na hrané priniku. Dosahuje-li tenzor napéti ¢ ,, plochy plasticity % mimo
hranu praniku, je ortotropni hmota plastifikovana pouze partikularné.

3.4. Zvlastni pripad ortotropni pevnosti: izotropni pevnost

Méjme pfricné spojité dvouvrstevné horninové prostiedi. Vrstvy jsou izotropni
a litologicky mohou byti rizné. Jejich parametry deformacni a pevnostni necht
jsou v8ak shodné, takze z hlediska mechaniky je nase dvouvrstevné prostiedi
izotropni nejen po vrstvach (izotropni, ale nehomogenni), nybrz i jako celek (izo-
tropni a homogenni). NaloZzme s nim v8ak podle zasad zde rozvinuté teorie pev-
nosti ortotropni hmoty.

Pro tenzory napéti plati:

G = Oy = Zijo = Zijp = O fjom

Proto/Therefore

takie (za pfedpokladu, Ze symbol ,=" budeme &isti 5 _j . ok =h

»je Vv prostoru orientovana stejné jako”) plati:

Hydrostaticka osa ve vrstvé o = hydrostatickd osa ve vrstvé p = zobrazena hyd-
rostatickad osa ve vrstvé o = zobrazend hydrostatickd osa ve vrstvé f.

To znameng, Ze zobrazené plochy plasticity ( které jsou shodné s plochami plas-
ticity vrstev) se nepronikaji, nybrz navzajem splyvaji, a ztotoznuji se proto
s ortotropni plochou plasticity %. Dosahuje-li tenzor 6 ., na ortotropni plochou
plasticity R, dosahuje na ni vzdy ve svém druhém i tfetim vyznamu; hmota je
bud zplastifikovana totalné, nebo zplastifikovana neni. Pojem hrany priniku
ztraci smysl. Ortotropni pevnost pfechdzi v pevnost izotropni.

4. ZAVER

Shrneme vysledky:

4.1. Ukazali jsme, Ze douvrstevné izotropni prostiedi je mozno nahradit pro-
stfedim ortotropnim jen tehdy, je-li vrstevnaté prostredi pficné spoijité.

4.2. Pri¢né spojité prostredi se vyznaCuje tim, Ze vnéjsi zatizeni (externi napéti),
viz. (34), (35) vyvolava v elementu, ke kterému je prilozeno, vnitini pnuti (interni
napéti), viz. (12) - (17). Pevnost hmoty (at dvouvrstevné, ¢i ortotropni) je zavisla
na souctu (tenzorovém) téchto dvou napéti, ktery nazyvadme kompletnim napé-
tim viz. (37), (38).

4.3. Uvedli jsme vzorce, prevadéjici elastické konstanty vrstevnatého, pficné
spojitého prostiedi na elastické konstanty prostfedi ortotropniho viz. (25) - (33).
4.4. Odvodili jsme plochu plasticity ortotropniho prostredi %. Plocha se sklada
ze segmentd, stykajicich se na krivkach, které jsme nazvali hranami praniku.

2p = A @p = 1 (48)

We will call the surface 9t removed from the surfaces which created it by their
intersection the plasticity surface of an orthotropic mass. The surface consists
of segments of the mapped surfaces of plasticity of the layers o, 3, connecting
at the intersection edges.

As we will see below, the lines of the intersection edges are extremely important.

3.3. The course of the loading test of an orthotropic mass

The course of the loading test is shown in Fig. 10 by a green line with significant
points 0, 1, 2, 3. To make the interpretation more illustrative, we will let the plas-
ticity surface % “freeze” in an unchanging shape and position.

First, the orthotropic mass behaves elastically between points 0, 1. This also
means that the stress tensor o ;,,, in its second or third meaning (see Par. 5.1.)
representing the complete stress %, in the layer o or the complete stress X in
the layer B lie under the plasticity surface 9. At the point 1, the tensor o ;,,, will
reach the plasticity surface 9% on a segment, which is, in the same time, part of
the transformed plasticity surface of the layer o. In this way the tensor ¢ .,
reaches the plasticity surface in its second meaning, while it does not reach the
plasticity surface in its third meaning. Let us say that the orthotropic mass gets
plasticised particularly. We mean that one of the two layers of the actual stratified
circumference gets plasticised, while the other layer is in an elastic condition.
It is allowed to apply additional loading along the curve 1, 2 lying on the %,
as shown graphically in Fig. 10. The orthotropic mass gets further particularly
plasticised in the course of this loading. At the point 2, at the intersection edge,
the tensor o ., reaches the plasticity surface 9% on both the segment which is
part of the transformed plasticity surface of the layer o, and on the segment
which is part of the transformed plasticity surface of the layer .

This means that the o ., reaches the plasticity surface % in its second mea-
ning, concurrently with reaching it in its third meaning. We will state that the
orthotropic mass became totally plasticised. This is to be understood that both
layers of the real stratified mass became plasticised.

During a continuing loading along the intersection edge (i.e. between the
points 2, 3), the orthotropic mass remains totally plasticised.

Therefore the following statement applies: In a general case, an orthotropic mass
becomes totally plasticised only if the tensor of stress o ;. reaches the plasicity
surface 9 at the intersection edge. If the tensor of stress ¢ ;,,, reaches the plasi-
city surface 3t beyond the intersection edge, the orthotropic mass becomes plas-
ticised particularly only.

3.4. A special case of the orthotropic strength: the isotropic strength
Consider a transversally continuous double-layer rock mass. The layers are iso-
tropic, and they can differ lithologically. Although, consider the parameters of
the strain and strength to be identical; then, in terms of mechanics, our doub-
le-layer environment is isotropic not only in the layers (isotropic but inhomo-
geneous), but also as a whole (isotropic and homogeneous). Let us deal with it
according to the rules of the above developed orthotropic mass strength theory.
It applies to the stress tensors that:
(47)

then (assuming that we will read the symbol “=" as
"is oriented in the space identically with”) it can be
stated that :

The hydrostatic axis in the layer a = the hydrostatic axis in the layer B = the
transformed hydrostatic axis in the layer o = the transformed hydrostatic axis
in the layer B. The above means that the transformed plasticity surfaces (which
are identical with the plasticity surfaces of the layers) do not intersect, but they
merge together and, as a result, they become identical with the orthotropic plas-
ticity surface 9. If the tensor o ., reaches the orthotropic plasticity surface, it
always reaches it in its second and third meaning; the mass is either totally
plasticised or it is not plasticised. The term of the intersection edge loses the
meaning. The orthotropic strength is transformed into the isotropic strength.

4. CONCLUSION

We will summarise the results:

4.1. We showed that a double-layer isotropic mass can be substituted by an iso-
tropic mass only if the stratified mass is transversally continuous.

4.2. A transversally continuous mass is characterised by the fact that external
loading (external stress - see (34), (35)) induces internal stress (see (12) - (17))
in the element it is applied to. The strength of the mass (either double-layer or
orthotropic) depends on the summary (tensorial) of the two stresses, called the
complete stress (see (37), (38)).

We presented formulas transforming elastic constants of a stratified transver-
sally continuous mass to elastic constants of an orthotropic mass (see (25) - (33)).
4.4. We derived the surface of plasticity 9t of an orthotropic environment.
The surface consists of segments connecting along curves, which we named
intersection edges.
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Lezi-li tenzor napéti ¢ ., na hrané priniku, je element ortotropni hmoty, ke
kterému tenzor nalezi, totalné plastifikovan. To znamena, Ze na skutecné

If the stress tensor o ., lies at the intersection edge, the element of the ortho-
tropic mass which the tensor belongs to is totally plasticised. This means that

both layers are plasticised on a real stratified mass.

If the stress tensor ¢ ., lies on the surface % beyond the intersection edge,
the element of the orthotropic mass which the tensor belongs to is plasticised
particularly. This means that one layer only is plasticised on a real stratified mass.

vrstevnaté hmoté jsou plastifikovany obé vrstvy.

Lezi-li tenzor napéti ¢ ;,, na plose R mimo hranu priniku, je element ortotropni
hmoty, ke kterému tenzor nalezi, plastifikovan partikularné. To znamena, Ze na
skutec¢né vrstevnaté hmoté je plastifikovana pouze jedna vrstva.

l Mapped surfaceof plasticity of the layer o

Intersectionedge

Segment of the mapped plasticity surface
of the layer f

l Plasticitvsnrfee of ortotronionass i l

\
\
| A
hEs
1
1
!
1
AN

~

Mapped surfaceof plasticity of the layer

Segment of the mapped plasticity
surface of the layer o

Obr. 10 Plocha plasticity ortotropni hmoty. Pribéh zatézovaci zkousky
Fig. 10 Plasticity surface of an orthotropic mass. The loading test course.

Obr. 9 Priinik zobrazenych ploch plasticity vrstev o,
Fig. 9 Intersection of the mapped plasticity surfaces o,
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KOMPUTERIZACIA PROCESU APLIKACIE STRIEKANEHO
BETONU MOKROU CESTOU

DR. GUSTAV BRACHER, SIKA SCHWEIZ AG, TUNNELLING & MINING
CAS COMPUTER ASSISTED SPRAYING
OF WET PROCESS SPRAYED CONCRETE

DR. GUSTAV BRACHER, SIKA SCHWEIZ AG, TUNNELLING & MINING

1. UVOD

Vlyvoj striekaného betonu za poslednych 30 rokov dospel k vysokému Standardu.
Spodiatku sa aplikoval suchou cestou s praskovym urychlovaom, v siéasnosti sa
uz celkom jednoznaéne presadzuje mokry proces. Na mnohych velkych tunelo-
vych stavbach sa striekany betdn pouziva nielen ako primarny vystroj, ale aj ako
definitivné ostenie. Nahrada hlinitanovych a silikdtovych urychlovaéov urychlo-
vaémi bezalkalickymi priniesla nielen zlep$enie hygieny pracovného prostredia ale
aj zvySenie vyslednej kvality prislusnej konstrukcie zo striekaného beténu.Tak jeho
vyvoj dosiahol ur€itt hladinu. Vynikajicim prikladom optimalizovaného vyvoja je
aplikécia striekaného betonu pri razeni tunelovacimi strojmi v skalnych horninach
na stavbach alpskych tdolnych (bazovych) tunelov.

Tak ¢i onak to neznamend, Ze technoldgia sa neda dalej zlepSovat. Velky rozptyl
alebo premenlivost vysledkov dosahovanych pri riadeni kvality naznaéuju, Ze je tu
este cely rad faktorov, ktoré nedokazeme celkom ovladnut a pritom nepochybne
maju vplyv na konecné vysledky Usilia o vyssiu kvalitu:

- Navrh zlozenia beténovej zmesi: zvlast druh cementu a jeho davka, vodny suci-
nitel

- Teplota

- Zmena konzistencie betonu v ¢ase

- Kompatibilita superplastifikatora s urychlovaéom

- Vystupny vykon

- Striekanie

- Ovléadanie davkovania urychlovaca

Integracia modernej meracej techniky do procesu striekania a interpretacia mera-
ni je taZiskovou témou tohto élanku. Meracia aparatura je instalovana na hydrau-
licky systém valcov Eerpadla betonu, dalej je mozno merat prietok urychlovaca
beténu, ako aj teplotu betonu a okolia, ktoré sa automaticky zaznamenavaju.
Meraju sa tak isto tlak a prietok vzduchu, a ked je treba, aj vzdialenost a polohovy
uhol striekacej dyzy. Frekvencia snimania méZe byt nastavend az na hodnotu
100/sec. Pri tak velkom mnozstve ziskanych tdajov je dolezité mat aj vhodny
systém ich vyhodnocovania. Ak toto mame, mozeme optimalizovat tak proces stri-
ekania, ako aj zlepSovanie konstrukcie dyzy. Popritom je mozno vytvorit databazu
na zaznamenavanie Udajov o zloZeni betonovej zmesi s réznymi druhmi cementu
a kameniva a porovnavat ich s meranymi veli¢inami.

Citlivou zéleZitostou bude zaélenenie komputerizacie do procesu striekania betd-
nu, ktord nebude iba akademicka, ale prinesie Uzitok aj v praxi. Komputerizacia
v8ak nikdy celkom nenahradi muza pri dyze, ale mu bude dobre asistovat, aby sa
mohol koncentrovat Cisto na samotné striekanie a dosiahnut tak optiméinu kvali-
tu vysledku.

Svajciarsko bolo vidy priekopnickou krajinou striekaného beténu, aj ked bol
patentovany a prvykrat pouzity v USA. Pre pochopenie vyvoja je namieste obzriet
sa na historiu tunelovych stavieb, kde opéat Svajciarsko, vdaka transalpskym tune-
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Obr. 1 Priklady faktorov podmienujucich pevnost striekaného betonu
Fig. 1 Examples of influencing parameters for strength gain of shotcrete

ABSTRACT

Sprayed concrete has been developed to a high standard in the last 30 years,
beginning with dry process and powder accelerators. Today world-wide the wet
process has been the recognised method for all major underground structures
for immediate temporary or permanent support. Liquid aluminate or silicate
based accelerators have been replaced by alkali-free non caustic products in
most of the countries, improving not only the ecological aspects in the tunne-
Is, but achieving also much higher final qualities of the sprayed concrete lining.
So the development curve has reached some kind of plateau. An excellent
example of optimised development is the application of sprayed concrete in the
hard rock, TBM excavation of the Alpine base tunnels.

Nevertheless this does not mean, that sprayed concrete technology can't be
improved. The big scattering or variation of results obtained from the quality
management still indicates, that there are a lot of parameters, which are not
under control and may influence the final results of the quality management:
- Mix Design: specifically cement type and cement content, w/c ratio

- Temperature

- Changes of consistency of the concrete with time

- Compatibility of superplasticiser with accelerator.

- Output capacity

- Spraying of panels

- Dosage control of the accelerator

The integration of modern measuring technology into the spraying process and
the interpretation of those results will be the main subject of this presentation.
Measuring devices are installed at the hydraulics of the pumping cylinders,
additionally the flow of the accelerator and the concrete can be determined, as
well as concrete temperature and ambient temperature, which are automati-
cally registered. Also air pressure and flow can be measured and if necessary
the nozzle distance and nozzle angle. Measuring cycles can go down up to
1/100sec. Of course a lot of data is produced, and it is important to get an easy
processing system to analyse all the accumulated data. These items allow to
optimise the pumping process and also to improve the nozzle design. Beside
this it is also possible to develop a data base to collect the different data of mix
design with different aggregates and cements and to correlate them with the
measured parameters.

The critical target will be the integration of a computer assisted measuring tool
to optimise the spraying process, which should not only have academic cha-
racter, but practical benefits. An integrated computer will never replace the nozzle
man, but the measuring technique should assist the nozzle man, so that he can
concentrate on proper spraying to achieve an optimum quality of the sprayed
concrete.
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Obr. 2 Vyvoj pevnosti striekaného betonu zo $vajciarskych tunelovych stavieb
Fig. 2 Strength development from 30 different tunnelling projects in Switzerland
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lom, zohralo dominantnt Ulohu. Striekany betén nahradil dreveny vystroj
a v etape elektrifikécie Zelezniénych tunelov znamenal prinos aj v tom, Ze je takmer
vodotesny. Pévodne sa zacal pouZivat ako primarny vystroj, ale pokrok vyvoja
technoldgie a vyvoja novej generacie uychlova¢ov umoznil jeho pouzitie v kombi-
nacii so svornikmi a prislusnou drendzou, aj ako definitivného jednoplastového
ostenia. Z tohto dévodu boli stanovené vysoké naroky na trvanlivost, vodonepri-
epustnost a i.

Viystavba tunelov je nielen jednou z naroénych a zaujimavych disciplin, ale aj
velmi zloZitych a obtiaznych uloh inZinierského stavitelstva. Medzi geoldgiou
a postupnostou jednotlivych krokov stavby tunela je priama zavislost. Kazdy tunel
v istom zmysle je prototypom, a stavba tunelov je viac umenim ako vedou, hoci
v dnesnej dobe sa tato disciplina stale viac spriemyselfiuje. Spolocnym znakom
vSetkych tunelovych stavieb je to, Ze projektant, zhotovitel a vyrobca materidlu
musia Uzko spolupracovat v zaujme trvalého zlepSovania technolégie. Ciel zosta-
ukazatele trvanlivosti. Pocas véetkych etap vystavby geologické podmienky (vodo-
dajnost, vyska nadlozia, vylomova a vystrojovacia trieda) uréuju postupnost a ¢le-
nenie prac tak, aby sa dosiahla pozadovana stabilita vyrubu a bezpe¢nost préce.
V$ade na svete, v principe, geoldgické podmienky a miestné tradicie ovplyvriuju
tunelovacie metody. Moderné trendy vo vystavbe tunelov, ovplyviiované aj apli-
kaciou striekaného beténu, sa vyznacuju tymito znakmi:

- koncesiondrska foma financovania stavby (za pausalni cenu diela)

- presun rizik investora na zhotovitela

- napaty ¢asovy plan

- vysoké naro¢nost na kvalitu a Zivotnost

- nizka cena

- trvaly vzostup narokov na inZiniersku précu a stéle viac a viac na jednoduchost
robotnickych prac.

Vzaujme zlepSenia technolégie mokrého striekaného betonu je treba ovladat
zaklady tohto procesu, vratane véetkych vzajomne pdsobiacich faktorov:

1. ZloZenie betdnovej zmesi

- druh cementu, jemnost mletia, velkost davky

- granulometricka skladba a druh kameniva (drvené alebo tazené)

2. Spracovatelnost

- pozadovand konzistencia (hustota podla Abramsovho kuzela)

- zmena konzistencie ako funkcia ¢asu, ubytok spracovatelnosti

3. Urychlova¢ tvrdnutia beténu

- druh

- davkovanie

- narast pevnosti

4. Teplota

- zamesi a urychlovaca

- okolia

- povrchu horninového plasta

5. Zariadenie

- druh beténového ¢erpadla (stupen plnenia, interval zdvihu piesta)

- priemer hadice

- konétrukcia dyzy

- druh manipulatora

- davkovacie ¢erpadlo

Najdolezitej$im parametrom striekaného betdnu je nérast pociatocnej pevnosti.
T4 moze byt v roznych krajinach podla miestnych technickych noriem odli$na,
napr. podla rakuskej smernice pre docasny vystroj sa pozadujre hodnota J2, ¢o
znamend, Ze namerand pevnost musi byt nad krivkou B. Vpraktickom vyjadreni to
znamena, Ze v pozicii nad hlavou mozno nastriekat vrstvu viac ako 10 cm, bez
toho, aby odpadla bezprostredne po nastriekani, alebo neskorsie. Vrstve hrubej 10
cm zodpovedd spotreba striekaného betonu 230 - 340 kg/m’. BeZné technické
normy neberu do Uvahy teplotu, ani iné premenné veli¢iny. Uéinky uvedenych fak-
torov ilustruju vysledky analyzy pevnosti striekaného betonu ziskané na 30 stav-
bach tunelov vo Svajciarsku. Bez zmeny zostali iba: druh cementu (CEM | - 42,5)
a tekuty bezalkalicky urychlova¢ (SIGUNIT L 53AF). Navrh zloZenia betonovej
zmesi, kamenivo a teplotné podmienky sa menili v stlade s lokalnymi podmienka-
mi na stavbe. Vysledok analyzy (obr. 2) je do istej miery prekvapujtci ¢o do roz-

Cuality management of wet process shotcrete
with highest quality requirements

‘Wernineinnsl Los T3

Obr. 3 Tunel Vereina: Po¢ita¢ova analyza hydraulického tlaku a prietoku prisad
Fig. 3 Verenia tunnel: Computer analysis of hydraulic pressure and flow rate of
admixtures

INTRODUCTION

Switzerland always has been the pioneer country regarding the development

of sprayed concrete, with only one exception, that the first applications and

patents are coming from the United States. To understand this development, it

is justified to go back into History of tunnelling construction, where again Swit-

zerland plays a dominant role with the construction of the Alpine tunnels.

Sprayed concrete replaced timber support in tunnel construction and allowed

impermeabilisation of railway tunnels during the electrification period. Origi-

nally sprayed concrete was used as a temporary support, and with modern

sprayed concrete technology and the development of new accelerator genera-

tions it was possible to change to permanent support, using the single shell

tunnelling method with one single sprayed concrete lining including a perma-

nent rockbolt and drainage system. Therefore high demands in durability were

specified for the sprayed concrete lining, like water impermeability, etc..

Tunnelling is one of the most fascinating and interesting, but also most com-

plex and difficult tasks of a civil engineering project. There is a direct relations-

hip between the geology, the tunnelling construction and the individual con-

struction steps. Every tunnel is a prototype, and it’s rather an art to build a tun-

nel than a science, although today and even much more in the future tunnel-

ling will become an industrialised process. Common for all tunnel construction

is that the project- or design engineer, the contractor and the material suppliers

have to work together to constantly improve tunnelling technology. The target

will remain always the same, to achieve the lowest possible costs for the spe-

cified design and durability criteria. During the whole construction period geo-

logy (water ingress, overburden, rock and excavation classification) will deter-

mine the construction sequence to obtain stability and the necessary security

and safety. Basically according to the geological properties and historical tradi-

tion different tunnelling methods are found world-wide.

The following trends can be observed in Modern Tunnelling, which obviously

also influence sprayed concrete technology:

- Trend to BOT / lump sum contracts

- Owners transfer risks to the contractors

- Tight work schedules

- Demand for high quality and durability

- Low prices

- Always increasing demands for engineers and more and more unskilled
labour work on the tunnel site.

To improve wet process sprayed concrete technology there is a need to under-

stand the basics of the process, including all the interfering parameters like

Mix Design

- Cement type, fineness, quantity

- Grading including type of aggregates (crushed, natural)

Workability

- Required Slump or Flow table spread

- Consistency control as a function of time, Slump Loss

Accelerator

- Type

- Dosage

- Strength gain

Temperature

- Temperature of concrete mix and accelerator

- Ambient temperature

- Temperature of the rock surface

Equipment

- Type of pump (filling degree, interval between the strokes)

- Hose diameters

- Nozzle system

- Type of manipulator

- Dosage pump

The most important parameter for sprayed concrete is the Early Strength deve-

lopment. Early Strengths are specified differently in different Standards, e.g. in

Austria according to the Austrian Guidelines for immediate support J2 is requ-

ired, which means that the observed strengths always must be above the

B line. In practical terms: A layer of >10cm should be sprayed in overhead posi-

Hydraulicky tlak ¢erpadla
Hydraulic Pumping Pressure (bar)
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Obr. 4 Porovnanie hydraulického tlaku erpania pri roznych priemeroch hadic
Fig. 4 Comparison of Hydraulic pumping pressures of different hose diameters



31 12. ROCNIK, &. 2/2003

lunel

ptylu nameranych hodnét. Naviac bol urobeny pokus o vypocet niektorych vyvo-
jovych kriviek. Interpretécia tychto vysledkov je vSak velmi obtiaZna.

Proces vyvoja striekaného beténu sa odohraval vytycovanim cielov, preberanim
novych technoldgii z inych oblasti aplikécie, ale tiez aj osobnym stykom s dodéa-
vatelmi inych materialov a zariadeni. Dobrym prikladom toho je prevzatie laserove;j
a pocitadovej techniky do konstrukcie vitacich vozov, ¢o ma za nasledok optimali-
zaciu presnosti vylomu. Nadvylom velkosti 10 cm na dvojkilometrovom cestnom
tuneli s priemerom tunelovej rdry 10 m znamend zvysenie nakladov priblizne
1,5 mil. CHF. Z toho dévodu vyrobcovia vrtacich vozov zahrnuli do ich konstrukcie
zariadenie na vyhodnocovanie profilu in situ, ktoré pocas vitania dalSieho zaberu
simultanne vyhodnocuje predchadzajuci zaber. Ziskané Udaje sa premietaju do
novej vrtnej schémy. To je mozné iba za podmienky aplikécie sofistikovaného poci-
tacového systému.

Je mozno ocakavat aplikaciu laserovej meracej techniky s prijatelnou ekonomikou
pre dalsi vyvoj (urovanie profilu, hribka vrstiev) striekaného beténu poéas pre-
biehajlceho procesu striekania? Prirodzene, takyto ciel je spravny, ak sa pri tom
dosiahnu Uspory. Je mozno zaviest pocitatovu alebo meraciu techniku na opti-
malizéciu procesu striekania? Vyvoj techniky vysokej Urovne sa pozorne analy-
zuje, ¢i je vhodny do podmienok v tuneloch, a ¢i meracia technika ma byt apliko-
vana pri striekani betonu v ovela tazsich podmienkach, ako vitanie vyvrtov pre
nabijanie trhavin.

SUCASNA UROVEN TECHNOLOGIE

V sucéasnosti sa v zasade pouzivaju dve metody mokrej technoldgie striekané-
ho beténu, podla toho, ako je dopravovany, a to bud' beténovym Eerpadiom,
alebo stlaéenym vzduchom. Cerpadlova doprava v st¢asnosti prevazuje, ale su
krajiny, kde dominuje tlakovzdu$na (Brazilia, Cina, Japonsko, Portugalsko, Tai-
wan a dal.).

Obvykle sa montuju zariadenia na striekany betdn (Cerpadlo, manipulator,
nadrz na urychlova¢, davkovacie éerpadlo, kompresor a generator) na jeden
podvozok, ale mdzu byt montované aj separatne, napr. pri razeni ¢lenenou ¢el-
bou, kde iba robot je namontovany na maly nosi¢, alebo pri razeni TBM, kde
¢erpadlo a robot na prstencové striekanie mozu byt od seba vzdialené viac ako
100 m. PouZitie dévkovacieho systému urychlovaca vyZaduje sledovanie tak
prietoku urychlovaca ako aj betonu, aby sa dodrzal ich spravny pomer. Cerpa-
né mnozstvo beténu sa meria poétom zdvihov piestového éerpadla, za predpo-
kladu zndmeho (uréeného) alebo skisenostou ziskaného tdaja o stupni pInenia
valcov cerpadla. Systém ulah¢uje programovanie a nastavenie vystupnych
vykonov, ako aj davkovacich pomerov, uréenych optimalizovanym névrhom
zloZenia betdnovej zmesi. Tento monitorovaci postup moéze byt zaloZzeny na
systéme PLC (programovatelné logické riadenie), pri ktorom na zaklade mera-
nia sa ovlada proces, ale data sa neukladaju do pamati.

Potrebujeme poéita¢ pri technoldgii striekaného beténu? Na tuto otdzku sa
neda celkom priamo odpovedat. Pocita¢ by bol schopny zbierat data a na zaklade
ich analyzy automaticky menit prislusné parametre. Prvy pokus v tomto zmysle
bol urobeny pri vystavbe tunela Vereina vo Svajéiarsku. /1/

Betonova zmes na primarne a definitivne ostenie bola navrhnuta v tomto zloZeni:
Dévka na definitivne

Zlozka betonovej Davka na primérne

zmesi ostenie ostenie
Cement (CEM | 42.5) 425 kg 425 kg
Mikrokremicity ulet 20 kg 20 kg
Kamenivo (frakcia 0 /8 mm) 1750 kg 1750 kg
Superplastifikator 1% 1%
Tekuty hlinitanovy urychlovac 3% bez urychlovaca!
Vodné sklo 2% 2%

Cielom monitorovacieho systému bolo zabezpecit presnost davkovania primesi,
pretoZe relativna chyba 10 % (absolutnd 0,2 - 0,3) je takisto chybou v celkovej
spotrebe prisady. V doésledku vysokej frekvencie merani bolo nazhromazdenych
a pocitatom analyzovanych velké mnozZstvo udajov. Naviac, ziskané vysledky
indikovali priamu suvislost medzi krivkami merani hydraulického tlaku a konzi-

Vystupné mnozstvo

Output Capacity of 10 m'h
I Hydraulic Purmping Pressure (bar)
111}
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Obr. 5 Uginok hydraulického tlaku v erpanom beténe v zéavislosti na jeho gra-
nulometrickej skladbe
Fig. 5 Effect of hydraulic pressure according to concrete produced with different
granulometric grading

tion, without falling down immediately after spraying or in a later stage. A 10
cm sprayed concrete layer correspond to 230 - 340 kg/m?. Normally Standards
do not take into account temperature or other variable parameters.

To illustrate the effect of all these mentioned parameters, the results of strength
gain from 30 tunnel projects were analysed. The cement type (CEM 1-42.5) and
the liquid alkali-free accelerator (Sigunit-L53AF) remained the same. The Mix
Design, aggregates and temperature conditions varied just according to the
local conditions on site. The results of this analysis are shown in figure 3, and
we may be surprised, what range of scattering was observed. Additionally it
was tried to calculate some trend lines within different temperature levels.
Interpretation of these results makes life very difficult.

Most of new developments occurred either through bench marking, integrati-
on of new technologies from other application fields, or personal contacts to
other material or equipment suppliers. A good example is the integration of the
laser and computer technology into the drilling jumbos to optimise the blasted
excavation profile. An over profile of 10 cm for a 2 km road tunnel with a dia-
meter of 10 m in the average results in a cost increase of approximately 1.5 mio
CHF. Therefore the suppliers of drilling jumbos have integrated an in-situ profi-
le measuring equipment, so that the last blasted profile can simultaneously be
analysed during the drilling process for the next blasting cycle. The obtained
data is used to define the new drilling scheme. This could only be achieved with
a sophisticated computer system.

Can we imply laser measuring technology on an economical basis for the furt-
her development (profile control, layer thickness) of sprayed concrete during
the actual spraying process? Of course the objective must be, that additional
cost savings can be achieved? Can we introduce computer or measuring tech-
nology to optimise the spraying process? All High Tech developments have to
be carefully analysed for their suitability under tunnelling conditions, and sprayed
concrete has to be applied under more difficult conditions than drilling of bore
holes.

STATE-OF-THE-ART

Basically two methods are used today to apply wet sprayed concrete, the dense
stream method (pumped concrete) and the thin stream method (air transported
concrete). The dense stream method is clearly the dominant process, but
nevertheless there are different countries, where the thin stream method is still
dominant like among others Brazil, China, Japan, Portugal, Taiwan, etc.
Normally all components (pump, manipulator, accelerator containers and dosa-
ge pump, compressor and generator) are mounted on a carrier, but they may
also be separated, e.g. in multi phase excavation, where only the robot is
mounted on a small carrier, or on a TBM project, where pump and ring-spray-
ing robot may be separated by >100 m.

Accelerator dosage systems are laid out to monitor both the real flow of acce-
lerator and the actual concrete delivery to accurately maintain the dosing ratio.
The concrete delivery is measured by counting the pump cycles and assuming
an estimated or practically experienced filling degree. The systems facilitate
programming and pre-setting of output capacities, as well as dosing rates
based on the optimised mix design. This monitoring system can be based on
a Programmable Logic Control (PLC) system, because only measurements are
determined to control the process and no data are stored. Do we need a com-
puter system on the spraying system? There is no straightforward answer to
this question. The computer should be able to collect data, to analyse them be
able to automatically change the involved parameters. A first attempt into this
direction was experienced during the construction of the Vereina tunnel in
Switzerland [1].

The following mix designs were used for primary support and final lining:

Mix Design (kg/m’) Primary Support Final Lining
Cement (CEM 1 42.5) 425 kg 425 kg
Condensed Silica Fume 20 kg 20 kg
Aggregates (0/8) 1750 kg 1750 kg
Superplasticiser 1% 1%
Liquid Aluminate based accelerator 3% No accelerator!
Liquid Colloidal Silica 2% 2%

Spotreba vzduchu
Air cunsumptmn (m3.-’m|n)
12 4

Vystupné mnozZstvo
Outq%n capacily}nrrﬂfh]

11

Obr. 6 Polné skusky roznych dyz
Fig. 6 Field testing of different nozzle systems
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stencie striekaného betdnu pocas jeho nanésania.

Iny systematicky vyvoj technolégie striekaného betdnu prebehol pri poloauto-
matickom procese ovladania, vratane potrebnych merani profilu a za¢lenenia
nazhromaZdenych Udajov do procesu striekania. Neddvno vyvinuty robot
umoznuje volbu troch reZimov ovladania: ruéne, poloautomaticky a plnoauto-
maticky. Plnoautomaticky rezim striekania musi integrovat do procesu ovlada-
nia skusenosti muza pri dyze. Robot predpoklada Uplne ovladanie celého pro-
cesu striekania betonu. Z toho dévodu je vyvoj zamerany na hladké povrchy
a razenie technikou TBM. /2/ Prirodzene tento systém by bol priamym konku-
rentom nedavno vyvinutého prstencového manipulétora pri TBM (umiestneného
na jeho zavese), kde automaticky proces nanasania striekaného beténu sa
dosahuje bez akéhokolvek merania profilu a ovladania pocitacom.

VYSLEDKY NOVEHO VYVOJA

Meracia technika je pomocnym nastrojom zlepSovania jednotlivych zloZiek
v technologickom procese striekaného beténu. Co je to meracia technika?

Pri dneSnom pokroku poéitacovej techniky sa naskytd moznost merani, uklada-
nia do pamati a analyzovania dét vSetkého druhu v rychlom slede, dosahuju-
com az 100 merani za sekundu. Typicky meranymi veli¢inami su sily, tlaky, vzdi-
alenosti, prietoky, teploty. Dosiahnuté vysledky sluzia na na ovladanie mecha-
nizmov na striekanie, alebo ¢erpadlovy rezim na jednej strane, ale takisto aj
ovladanie viacerych procesov pocas prislusnej operacie. Niektoré priklady st
uvedené dalej.

Meracia technika sa da vyuzit na optimalizaciu volby priemeru hadice s ohla-
dom na Cerpatelnost betonovej zmesi. Ked sa zvacsi priemer hadice, tlak v hadi-
ci sa obvykle znizi, dosledkom éoho je mensie opotrebenie. Naproti tomu sa
zvy$i hmotnost hadice, ¢o ma vplyv na konstrukciu ramena manipulatora. Roz-
diely v hmotnosti pri 18 m dlhej hadici mozno pre $tandardné priemery hadic
lahko vypocitat: pre D 65 mm je to hmotnost 137 kg, pre D 80 mm 208 kg, pre
D 100 mm 325 kg. Typické vysledky su na obr. 4. Rozdiel ¢erpacieho vykonu pri
pouZiti hadice D 80 alebo D 100 je minimalny, preto hadica D 100 sa vyuziva iba
vtedy, ked je zmes tazko Cerpatelna.

Samotny navrh zloZenia betonovej zmesi je zékladnym néstrojom dosiahnutia
dobrej kvality strieckaného betonu, vratane Cerpatelnosti a vysokého stupna
plnenia ¢erpadla v zdujme dosiahnutia rovnomerného striekania. Naviac, pres-
nost davkovania urychlovada zavisi takisto na stupni plnenia ¢erpadla. V pripa-
de, Ze stupen plnenia je nerovnomerny, zvy$uje sa chyba v davkovani a rastie
spotreba urychlovaca. Chyba v davkovani pri 100 % stupni plnenia je 0 %,
pri 90 % je chyba 11 %, pri 80 % je chyba 25 % a pri 70 % az 43 % atd. Medzi
zlozenim beténovej zmesi a jej cerpatelnostou je signifikantnd zavislost. Vplyv na
cerpatelnost betdnovej zmesi maju tak petrografické vlastnosti a granulometria
kameniva, ako aj druh cementu a velkost jeho davky, ale takisto i vlastnosti
plastifikdtora. Dobrou indikaciou rovnomerného, homogénneho zamieSania
urychlovada do betdnovej zmesi je ¢erpadlovy tlak. Z tychto dévodov preto
integrovana technika merania moze byt zdrojom potrebnych udajov pre lepsie
ovladanie procesu striekania a optimalizaciu ndvrhu zloZenia beténovej zmesi
pri skuskach pred zaciatkom novej zdkazky. NavySe hodnotné informécie
mozno ziskat na aktualnej stavbe tykajlce sa kompatibility cementu a prisad,
ako aj teplotnych podmienok, teda tdajov, ktoré predstavuji podmienky stave-
niska, a nie st odvodené z vysledkov laboratérnych skusok. Typicky priklad
meranych Udajov je na obr. 5. Beténovéa zmes s kamenivom 0 - 8 mm bola pri-
pravend v pomere 40 % $trku a 60 % piesku, alebo obratene, a poéas striekania
bol registrovany ¢erpaci tlak, ktory bol neskorsie analyzovany.

Pri mokrej technoldgii striekaného beténu ¢erpadlo nie je rovnaké ako pri bez-
nej potrubnej doprave betonu. Velmi dolezitym faktorom je kontinualny tok
beténovej zmesi (bez pulzacie) s homogénnou distribdciou urychlovaca. Stu-
pen plnenia valcov ¢erpadla je premennou veli€inou, zavislou hlavne na konzi-
stencii ¢erstvej zmesi, pricom konzistencia sa ¢asom meni. Uvazovalo sa aj
s pokusom na overenie mozZnosti vyuzitia vysledkov merania hydraulického
tlaku pri éerpani na ovladanie frekvencie Cerpadla a tym aj vystupnej vykon-
nosti a mnozstva pridadvaného urychlovaca. Ovladanie frekvencie ¢erpadla bolo

Obr. 7 Rotujuci manipulator striekacej dyzy (prstencové nanasanie striekaného
beténu)
Fig. 7 Ring nozzle system for the backup of the hard rock TBM

The target of the monitoring system was originally set up to assure the accu-
racy of the admixture dosages, because an error of relative 10% (absolute
0.2 - 0.3%) will give an error of total consumption for the admixtures of 10% as
well. Due to the high cycle monitoring a lot of data have to be collected and
analysed by the computer. Additionally the obtained results indicated, that there
is a direct relationship between the curves of the hydraulic pressure measure-
ments and the consistency of the actual concrete during the spraying process.
Another systematic research of sprayed concrete technology is done to fully
automated process control, including the necessary profile measurements and
integration of the collected data into the spraying process. With a newly deve-
loped robot the user may select three spraying modes for his application:
manual, semi-automated and fully automated spraying. The fully automated
spraying mode has to integrate the intelligence and experience of the nozzle
man. The robot assumes full control of the total shotcrete application. Therefore
the development activities are limited to smooth surfaces and TBM projects [2].
Of course this system would be in direct competition to the recently developed
ring manipulators for the spraying process on the back up of the “Hard-rock
TBM”, where an automated spraying process can be achieved without any pro-
file measurements and computer control.

NEW DEVELOPMENTS

Measuring Technology in Sprayed Concrete

Measuring technology is a helpful tool in the improvement of individual com-
ponents of the sprayed concrete process. What is measuring technology?
Today with the advance of computer technology we have the possibility to
measure, store and analyse all kind of data in a high rating cycle up to 100 mea-
surements/sec. Typical quantities are forces, pressures, distances, flow rates,
temperatures. The obtained results can be used to understand mechanisms in
the spraying or pumping process on one side, and as well to control several
processes during operation. Examples are given in the following paragraphs:
Measuring technology helps to optimise hose diameters regarding pumpabili-
ty. If the diameters of the pumping hoses are increased, obviously pumping
pressures are reduced, resulting in lower wear, but as well the weight of the
concrete pump hoses is increased, affecting the design of the spraying boom.
The weight difference for a 18 m hose filled with concrete can easily be calcu-
lated for Standard hoses: D 65 mm (137 kg), D 80 mm (208 kg), D 100 mm
(325 kg). Typical results are shown in figures 6 and 7. The pumping difference
between D80 and D100 is minimal, so that the D100 hoses are only required for
a concrete with very difficult pumpability characteristics.

The Mix Design is the basic tool for a good quality of sprayed concrete, inclu-
ding pumpability with a maximum filling degree to achieve a continuous and
homogeneous spraying. Additionally an accurate dosage of the accelerator
depends as well on the filling degree. The following dosage errors or increased
accelerator consumption can result if there is no proper filling degree control:
Dosage error for filling degree 100% (0% error), 90% (11% error), 80% (25%
error), 70% (43% error), etc.. There is a significant relationship between the Mix
Design and the resulting pumpability, mainly due to the petrography, grading,
cement type and cement content and as well from the properties of the super-
plasticiser. The pumping pressure is as well a good indication for the homoge-
neous distribution of the accelerator into the concrete. Therefore integrated
measuring technology can produce a helpful data base for a better understan-
ding of the complexity of the spraying process, and as well to optimise the Mix
Design during a trial phase for a new project. Additionally valuable informati-
on can be obtained from actual sites, regarding compatibility of the
cement/admixture/temperature-system, results which represent the site condi-
tions and which are not based on laboratory test results. A typical measuring
sequence can be seen in figures 8 and 9. A concrete mix 0/8 mm is prepared
with either 40% sand 0/4 and 60% fine aggregates or vice versa, and during the
spraying process the hydraulic pumping pressure was registered and analysed
afterwards.

A wet process spraying pump is not just a concrete pump. It is very important
to obtain a continuous stream of sprayed concrete (pulsation free) with
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tolerance

Over

tolerance

Under

tolerance

iy B

Obr. 8 Kontrola hrabky néstreku betonu
Fig. 8 Shotcrete layer thickness control
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nastavované doteraz manualnym zésahom obsluhy. Pocetné skasky ukazali, ze
meranie je treba roz$irit o meranie polohy piesta vo valci ¢erpadla betdnu, ktoré
s pre pochopenie vyslednych kriviek Cerpatelnosti nevyhnutne potrebné.
Vlysledky meranych veli¢in mozu byt vyuZité na optimalizéciu konstrukcie strie-
kacej dyzy. Moderna konstrukcia striekacej dyzy musi zabezpecit perfektné zhut-
nenie s minimalnym odrazom a nizkou spotrebou stlaéeného vzduchu.

STRIEKANY BETON PRI RAZENI TBM

V nedavnej minulosti sa dosiahol iny déleZity pokrok vo vyvoji striekacieho zari-
adenia pre razenie technikou TBM v skalnych horninéch. Vysoky raziaci vykon
modernych tunelovacich strojov priniesol nielen skratenie doby vystavby a pri-
aznivé ekonomické vysledky, ale si vyziadal aj vyrieSenie plnej mechanizécie
strieckaného beténu. Na stavbach transalpskych tunelov (Alp Transit Project)
sa do beténov pouZziva drvené kamenivo, pricom vzdialenost ¢erpania betonu
potrubim dosahuje viac ako 100 m. Casovy interval na Cerpanie viac ako
6 hodin vyZaduje $pecialnu pozornost technoldgii beténovania.

Stavebné konzorcium Tunnel Alp Transit Ticino (TAT) objednalo pre zékazku
Bodio/Faido na Gotthardskom Udolnom (bazovom) tuneli dva tunelovacie stro-
je do skalnych hornin od firmy Herrenknecht. Vyvoj tychto tunelovacich strojov
sa uskuto¢nil v tesnej spolupraci s konzorciom TAT. Vystroj tunela vratane svor-
nikov, ocelovej siete a striekaného beténu sa robi bezprostredne za vitacou hla-
vou TBM (na mieste oznacovanom ako zéna L1), ale aj s va¢sim odstupom
v Casti zdvesu TBM (v zdne L2). Konstrukcia vrtacej hlavy ako aj zariadenie na
vystrojovanie - zakladanie svornikov a striekaci robot boli konstruované na
zéklade najnovsich poznatkov, skusenosti a know-how v technoldgii razenia
v skalnych horninach. V Gotthardskom tdolnom tuneli bude striekany betén
aplikovany prvykrat tiez aj v zone L1 bezprostredne za rozpernym Stitom a pat-
kami rozpier. V beznych podmienkach striekany betdn nie je pozadovany v pra-
covnej zéne L1, preto bol doteraz aplikovany ruéne s pouzitim mokrého ale aj
suchého procesu. Rotujuci manipulator striekacej dyzy (na prstencové strieka-
nie) je na obr. 7. Vdaka kruhovému profilu a moZznosti striekania vidy kolmo na
lice horninového plasta, odraz sa vyznamne zmensi. DalSie zdokonalenie rotuj-
tceho manipulatora spociva v tom, Ze umoziiuje dodatoéné nastavenie vzdia-
lenosti striekacej dyzy. Na konstrukcii TBM pre Vereina tunel toto zlep$enie este
nebolo aplikované.

POHLAD DO BUDUCNOSTI: IDEY - VIZIE

Kam smeruje buduci vyvoj technolégie striekaného betonu /4/?

Za rozumné sa povazuje automatizovat: vzdialenost a uhol striekacej dyzy, lep-
Sie ovladanie davkovania urychlovaca, vizualne zameriavacie pomocky pre
operatora o hrabke nastreku a informdcia o mnozstvéach. Nie vSetky parametre sa
v$ak daju zistovat umelou inteligenciou a tie budu dalej riadené operatorom.
K takym patri: skisenost, pozorovanie éerstvo naneseného striekaného beténu,
schopnost ovladat proces v novych situaciach a postupnost striekacieho pro-
cesu. Dosledkom toho nové strojné zariadenie na striekany betén nenahradia
operatora, ale budd mu asistovat v tych funkciach, kde to stroj dokaze lepSie.
Laserové technika je vo vyvoji, hlavne scanovacia rychlost sa méze zvysit az do
500 000 bodov/sec. s presnostou vzdialenosti do 15 mm v rozsahu vzdialenosti
od 1 do 25 (50) m. Laserovy scanner moze byt in§talovany na trvalo na vhod-
nom mieste stpravy na striekany betdn, z ktorého bude scanovanie snimané
a analyzované.

Ale ako moze byt informéacia prenasané ku obsluhe dyzy? Moderna mikroelek-
tronika vie riesit tento problém s pouZitim displayov na vizualizovanie farebne
kédovanej mapy licnej plochy tunela. Tie mézu byt jednoducho upevnené na
prilbe operétora a poskytnut tak virtuélnu informéciu o vedeni striekacej dyzy.
Pri preloZeni scanovaného povrchu horninového plésta na seba, a po naneseni
striekaného beténu, nastriekana hribka moze byt vypoéitana a zobrazena na
displai ako farebne kédovana informéacia odoslana na mikrodisplay operatora.
Obsluha dyzy tak bude vidy schopna mat uréent hribku pod kontrolou s roz-
oznanim miest mimo pripustné tolerancie (obr. 8).

Predstavy alebo vizie ako bude pokrac¢ovat vyvoj technoldgie striekaného beténu?
Prvé odpoved by mala zniet: Nepovazovat striekany betén za nezavisly prvok,
ale za integralnu sucast procesu razenia tunelov. Za takéhoto predpokladu by
sme stratili velku ¢ast entuziazmu pre dalsi vyvoj, lebo redlne podmienky nedo-
volia prili$ futuristické vizie. Tunel Uetliberg, ktory je suc¢astou dialniéného okruhu
v Ziirichu je vynikajucim prikladom modernej tunelovej stavby (razenie ¢lene-
nou ¢elbou, razenie pilotovej $toIne a jej nasledné rozsirenie technikou TBM),
na ktorej sa spotrebovalo celkom 200 000 m? striekaného betdnu, aplikovaného
nielen mokrym procesom s pouZitim bezalkalického urychlovaca, ale v isekoch
s nesudrznymi horninami aj suchym procesom. Nikto by nebol pomyslel na
striekaciu supravu vybavenu laserom na pracu v tak obmedzenych priestoroch,
najma ked bo¢né steny so striekanym beténom sa neskorsie, s postupom préac,
odstranovali.
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a homogeneous distribution of the accelerator. The filling degree of the pum-
ping cylinders is a variable parameter, depending mainly on the consistency of
the fresh concrete, whereas the consistency is a function of time (Slump reten-
tion). It was considered to verify, whether it will be possible to use hydraulic
pumping pressure measurements to control the pumping cycles and therefore
the output capacity and the dosage rate of the accelerator. The control of the
pumping cycles has so far been adjusted by a manual compensation process,
Numerous tests have shown, that additionally cylinder positioning measure-
ments are necessary to understand the resulting pumping curves.

Measuring technology can be used to optimise the design of the nozzle.
The target for a modern nozzle is a perfect compaction with a minimum
amount of rebound and air consumption.

SPRAYED CONCRETE ON THE TBM

Another important recent development is the construction of the spraying device
on the hard rock TBM machines. The high excavation rate, using a modern hard
rock TBM does not only shorten the construction time under most economic
conditions, but also implies a fully mechanised application of the sprayed conc-
rete. In the AlpTransit projects [3] all concrete is produced from crushed aggre-
gates produced from the excavation material of the tunnel. Crushed aggrega-
tes and pumping distances of > 100 m with an open time for pumpability of >
6 hours require special attention to concrete technology.

The construction consortium Tunnel AlpTransit Ticino (TAT), an international
consortium has ordered for the contracts Bodio/Faido of the Gotthard base tun-
nel two hard rock TBMs from Herrenknecht. The development of those machi-
nes occurred in close co-operation with TAT.

Rock support including anchoring, wire mesh installations and sprayed conc-
rete has to be installed as well in the L1 and L2 work area. The cutterhead
design as well as the rock support equipment such as anchor drilling and
sprayed concrete robots are all based on the latest experience and know-how
in hard rock technology. In the Gotthard base tunnel project sprayed concrete
will automatically be applied for the first time also in the L1 work area, imme-
diately between the tensioning shield and the gripper plates. Normally sprayed
concrete is not regularly required in the L1 area, so it has been applied so far
by hand, using the wet or even the dry process method.

The ring manipulator with the spraying nozzle can be seen from Figure 8. Due
to the circular profile and the possibility to spray always perpendicular to the
rock surface, rebound can drastically be reduced. Additionally the newly deve-
loped ring nozzle system allows additionally the adjustment of the nozzle
distance to the rock support. This adjustment is a further improvement, e.g.
compared to the construction of the backup of the TBM for the Vereina tunnel.

VIEW INTO THE FUTURE: IDEAS - FANTASY

Where is the future development of sprayed concrete technology heading [4]?
The following parameters are reasonable to be automated: nozzle heading
distance and nozzle angle, better dosage control of the accelerator consumption,
visual targeting aid for operator about thickness indication and quantity infor-
mation. The following parameters are not replaceable by software intelligence,
thus must be guided by the operator: experience, observation of the freshly
applied sprayed concrete, intelligence and sequence of spraying process.
Consequently the new spraying machines will never replace the operator, but
assist the operator in those functions, where the machine can do it better.
Laser technology is in progress, mainly the scanning speed could be increased
up to 500'000 points/sec with a distance accuracy of 15 mm in a distance range
of 1-25 (50) m. The laser scanner can be permanently installed at a suitable
place directly on the spraying rig, from where scans are taken and analysed.
But how can the information be transferred to the nozzle man? Modern micro-
electronics has an answer to this problem, by using micro displays to visualise
the colour coded tunnel surface map. They can easily be attached to the helmet
of the operator, providing virtual nozzle guidance information.

By superimposing the scanned surface before and after spraying, the applied
thickness can be computed and displayed as a colour coded information to the
micro display of the operator. The nozzle man will always be able to have the
specified thickness under control, recognising areas out of tolerance.

Ideas or Fantasy, how can we proceed in sprayed concrete technology? The
first answer would be, not to regard sprayed concrete as an independent com-
ponent, but integrate it into the whole tunnel excavation process. With this
assumption we already have lost most of our enthusiasm for future develop-
ments, because real conditions do not allow too futuristic ideas. Therefore the
Uetliberg tunnel for the West bypass of the Highway around Zurich [5] is an
excellent example of modern tunnelling construction (multiple drift excavation
technique, bored pilot gallery, TBM widening machine) with a total amount of
200°000 m?’ of sprayed concrete. Sprayed concrete was not only applied by the
wet process method with alkali-free accelerators, but even dry process was
required for sealing loose ground. Nobody would think to have a laser equip-
ped spraying rig to work under these restricted areas, mainly when the sprayed
side walls have to be removed again in a later stage.
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REKONSTRUKCE TESNOVSKEHO AUTOMOBILOVEHO
TUNELU V ROCE 2002

THE TESNOV ROAD TUNNEL RECONSTRUCTION IN 2002

ING. JIRi STEFAN, ELTODO DOPRAVNI SYSTEMY, s. r. o.

Asi se nenajde nikdo, kdo by nevidél bud' na vlastni o¢i, nebo v televiznim zpra-
vodajstvi zabéry ze srpnovych povodni. Mnozi obéané se v nasledujicich dnech
zucastnili zachrannych akci nebo se pozdéji podileli na obnové poskozenych
lokalit. Firma, ve které pracuiji, se pred nékolika lety podilela na generalni rekon-
strukci TéSnovského automobilového tunelu a hned, jakmile to postupné opa-
davajici hladina vody dovolila, zacala s opravami poskozené technologie. Mél
jsme to Stésti, Ze jsem se UcCastnil obou téchto akci, takze mohu porovnat,
co mohlo byt vyprojektovano Iépe, jaké vybaveni a postup je vhodné volit pro
rekonstrukéni prace a nakonec ¢emu se pfi nejlepsi vili neda zabranit.

TéSnovsky automobilovy tunel leZi pfi samém pravém brehu Vltavy a tvofi pod-
jezd pod prazskou Severojizni magistralou tésné pred tim, nez ve sméru od
Nérodniho muzea vjedeme na Hlavkiv most. Komunikace tunelu spojuje kfizo-
vatku u hotelu Hilton, prochéazi pod magistralou a Usti poblize Ministerstva
dopravy a spojii Ceské republiky na nabiezi Ludvika Svobody. Kviili dostates-
nému prajezdnému profilu je vzhledem k okoli vozovka tunelu mirné snizena,
takze tvofi pomérné dlouhou vanu. Aby se tato vana béhem desti nezaplnila
vodou, o to se stara kanalizaéni systém tunelu napojeny na ¢erpaci stanici Praz-
skych kanalizaci, ktera je umisténa na jiznim konci tunelu (na obr. 1 jsou vidét
jeji vehodové dverfe umisténé po pravé strané portalu). Moznost, Ze by tunel byl
zaplaven Vltavou, se v dobé provadéni generalni rekonstrukce zdala tak absurdni,
Ze s ni v projektech nikde nebylo pocitano a co si pamatuji, snad nikdo o tom
aZ do onoho srpna nefekl ani vtip. Musim ale podotknout, Ze smérnice dispe-
cert Tésnovského tunelu nafizovaly pfi dosazeni tretiho stupné povodrové

Obr. 1 Vjezd do TéSnovského tunelu z ndbfezi Ludvika Svobody
Fig. 1 The entrance to the Tésnov tunnel from the Ludvik Svoboda Embankment

It would probably be difficult to find a person who did not see the August floods
with his or her own eyes or on television. Many people participated in rescue
operations in the following days or subsequently took part in the renovation of
damaged locations. The company | work with was engaged in the general
reconstruction of the Tésnov road tunnel several years previously. Immediately
when the dropping water level allowed it, the company started repairs of
damaged equipment. | was lucky to have participated in both actions. Therefore
| can judge what could have been designed better, which equipment and pro-
cedures are suitable for the reconstruction work, and eventually what cannot be
prevented with all the will in the world.

The Tésnov road tunnel runs in a close vicinity to the right bank of the Vlitava
River. It provides a passage under the Prague North-Southern backbone road
just before the entry to the Hldvka Bridge when driving from the National Museum.
The road passing through the tunnel begins at the intersection in front of the
hotel Hilton, crosses the backbone road and emerges near the Ministry of Tran-
sport and Telecommunications of the Czech Republic at the Ludvik Svoboda
Embankment. With the aim of providing a sufficient clearance profile, the road-
way is at a slightly lower elevation to the neighbourhood, thus it creates a rela-
tively long tank. Flooding of this tank due to rainfall is prevented by an old tunnel
drainage system. This system is connected to a pumping station operated by
Prazske Kanalizace (Prague Waste Water, PWW) located at the southern end of
the tunnel (the entrance door to the station is shown in the Fig. 1 - on the right
side of the portal). Any possibility of the tunnel flooding by the Vitava River see-
med so absurd at the time of the general reconstruction that no part of the
design allowed for it. As | remember, nobody had mentioned it even as a joke
before the August events. | must point out however that the tunnel operation
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aktivity uzavreni tunelu.

Zucastnil jsem se 12. srpna kontrolniho dne na obnové Letenského tunelu a pfi
pohledu z Letenské plané na mohutnou Vitavu nds zacaly napadat nejistoty.
Predpovéd prutoku VItavy Prahou, kterou jsme stéle s napétim sledovali, sice
tehdy byla jesté pomérné optimisticka, ale udalosti vzaly rychly spéad a jiz za 24
hodin, v Gtery 13. srpna byl tunel zaplaven a vodni hladina se zastavila asi pul
metru pod stropem tunelu. Postup vody byl tak rychly, Ze se podafilo stihnout
pouze vypnout napéjeni veskeré technologie a dvere narychlo utésnit montazni
pénou. Obr. 2 - snimek zatopeného Té$novského automobilového tunelu - byl
pofizen ve stfedu 14. srpna 2002, a to prakticky ze stejného mista jako pred-
chazejici obr. 1. Jak je na ném vidét, byla zaplavena témér cela technologie
tunelu.

Voda zacala ve Ctvrtek 15. srpna znatelné opadavat a v patek ve 20.00 hod. jiz
bylo mozno zahdjit pfipravy k ¢erpani vody z tunelu, protoZe hladina feky Vitavy
jiz nebyla spojena s hladinou v tunelu. Jako nejvhodnéjsi misto k postaveni
Cerpadel byl vybran prostor na konci parkovisté pred budovou Ministerstva
dopravy a spojti, nad Cerpaci stanici PKVT, kde je také nejnizsi misto celé oblasti
a kam se voda stahuje pfirozenou cestou. V celé oblasti byl vypnut elektricky
proud, ale Cerpaci souprava byla vybavena vlastnim agregatem o vykonu
110 kW, ktery stacil pohanét az ¢tyfi 10 kW ponorna ¢erpadla o vykonu 25 litrd
za sec. Jejich umisténi je patrné z nasledujiciho obr. 3.

Cerpani pokratovalo pomérné rychle a v sobotu 17. srpna dopoledne bylo jiz
mozno vstoupit do hornich pater mistnosti velinu a do rozvodny NN. Pfi takové
sile vody se zapénéni dvefi ukazalo jako neucinné a pokud nékde odolavalo,
voda svym tlakem vyrazila jejich vypli. O den pozdéji, v nedéli, bylo jiz mozno
vstoupit do sklepnich prostor.

V§echny prostory velinu i tunelové tubusy byly opakované vymyvany tlakovou
vodou véetné technologie. Ze spodnich pater velinu byla potom voda od¢erpa-
vana do prostoru tunelu, ovéem velké ndnosy bahna a mnozstvi ryb bylo nutno
vynaSet ruéné. Na Uklid bahna z tunelu se ukézaly jako velmi vhodné ¢elni
nakladage, které shrabovaly a nakladaly bahno z volnych ploch. Cerpaci stanice
PKVT byla zatopena bahnem do velké vysky, a proto muselo ¢erpani vody
pomoci ponornych (asi 500 kg tékych) erpadel pokragovat. Pomohla i Ceska
armada svoji mobilni technikou.

Pro opravy byl velmi dulezity vlastni zdroj elektrické energie. Pouzili jsme
postupné nékolik agregatt o vykonech 35 az 80 kW, které nam zajistily nejnut-
néjsi osvétleni tunelu, osvétleni velinu a energii pro ¢innost vysouseci techno-
logie. Tyto agregaty umisténé v kontejnerech pracovaly pfi minimalni udrzbé
po celou dobu bez zavad. Déle se ukazal opravdu G€innym ndstrojem elektricky
vysousec, v ¢innosti je zachycen na obr. 4.

Elektricka zafizeni byla vymyta tlakovou vodou a poté byl aplikovan pfipravek

Obr. 2 Zaplaveny Tésnovsky tunel (autorka snimku Ing. Véra Sottoyé)
Fig. 2 The flooded Tésnov tunnel (author of the picture Ing. Véra Sottova)

guidelines required control personnel to close the tunnel in the instance of the
third degree of the flood control activities.

| was present at a site meeting held on 12 August regarding the refurbishment
of the Letna tunnel. When we saw the mighty flow of the Vltava River, watching
it from the Letna Plain, we were filled with doubt. We anxiously followed the
forecast of the Vitava flow through Prague. The forecast was still relatively opti-
mistic at that time, but events moved quickly and after 24 hours (on Tuesday
the 13th August) the tunnel was flooded and the water surface levelled at about
half a meter under the tunnel ceiling. The progress of the water rising was so
fast that the operator managed only to disconnect the power supply of all equ-
ipment, and to seal doors with assembly foam. The picture shown in Fig. 2 - the
flooded Tésnov road tunnel - was taken on Wednesday the 14th August 2003,
practically from the same spot as the previous picture shown in Fig. 1. It can be
seen that nearly all tunnel equipment was flooded.

The water level started subsiding visibly on Thursday the 15th August, and by
Friday 8 p.m. it was already possible to start the preparation of pumping water
from the tunnel as the water surface in the Vltava River was no more connected
with the water surface inside the tunnel. The end of a car parking in front of the
Ministry of transport (above the PWW's pumping station) was chosen as the
most suitable location for the installation of pumps. This location is the lowest
place of the whole area and water collects here naturally. The power was dis-
connected within the whole area, but the pump was equipped with its own
generator with an output of 110 kW sufficient to power up to four 10 kW sub-
mersible pumps each with an output of 25 litres per second. The position of the
pumps is shown in Fig. 3.

The dewatering continued relatively fast. On Saturday the 17th August before
noon it was already possible to enter the upper floors of the control room and
the LV substation. The assembly-foam door sealing proved ineffective in resis-
ting such a high water pressure. On the other hand, where the sealing resisted,
the water pressure broke the door open. One day later, on Sunday, it was pos-
sible to enter the basement.

All rooms of the control centre and tunnel tubes were repeatedly washed out
with pressurised water, including the equipment. Water was pumped from the
lower floors of the control centre to the tunnel. But thick layers of sediments
and a multitude of fish had to be carried out by hand. Front-end loaders proved
the most suitable for the removal of mud from the tunnel. They scraped the
mud from free areas and loaded it to dump trucks. The PWW's pumping station
was flooded with mud high, therefore water pumping by submersible pumps
each weighing about 500 kg had to continue. The Czech army also helped with
its mobile equipment.

The independent power source was extremely important for the repairs.
We used several sets of generators in succession with outputs of 35 to 80 kW
which supplied the necessary lighting in the tunnel and control centre and pro-
vided power for drying equipment. The generators were installed in containers.
They worked for the entire time with minimal maintenance without defects.
The electric dryer also proved to be a very efficient tool. Its operation is shown
in Fig. 4
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TT2000 (vyrobek firmy CT Austria), ktery se osvédcil pfi obnovach elektrickych
zafizeni po velké vodé na Moravé pred nékolika lety.

Snimek odkrytého jistice na obr. 5 se vaze k otazce, ktera vznikla pfi ¢isténi zato-
pené technologie. Néktefi pracovnici tehdy zastavali nazor, Ze i jistiCe staci
nékolikrat dukladné proplachnout tlakovou vodou, zavéreéné prostikani pro-
vést konzervaénim prostfedkem a jisti¢ bude bezvadné fungovat. Poté, co jsme
jeden takto oSetfeny jisti¢ rozebrali, tak se vSichni pfitomni pfiklonili k nazoru,
Ze pro zachovani spravné funkce tohoto prvku je nutno vsechny tyto zaplavené
prvky nahradit novymi. Konstrukce jistice je pomérné slozitd a dostateéné
vyci$téni mechanizmu neni mozno realizovat bez rozebrani zafizeni. Rovnéz
byly vyménény vSechny stykace a elektromechanicka relé i s paticemi.

Dal$im jevem, se kterym jsme se setkali, byla elektrochemicka koroze. Jak jsem
jiz uvedl, pred zaplavenim tunelu byla veskera technologie vypnuta od napajeni.
V nékterych pfistrojich vSak zlstaly baterie zalohujici napajeni specialnich okruhl
(hodiny reélného Casu, polovodicové paméti apod.). Na obrazku 6 je detail
zékladni desky zafizeni pro detekci zastavenych vozidel (Autoscope), které je
pouZito v TéSnovském tunelu.

Cerveny kruh vpravo nahofe znaéi elektrochemickou korozi na svorkach pro
pripojeni zalohované baterie, éervend elipsa v dolni ¢asti snimku ukazuje na
vyvody od integrovaného obvodu prerusené vlivem praveé této elektrochemické
koroze. A¢koliv je zakladni deska jinak ve vizualné velmi dobrém stavu, nedé se
pouZit a ani spolehlivé opravit.

Setkali jsme se i ze zafizenim, které pretrvalo zaplavy v neposkozeném stavu.
Bez vyjimky se jednalo o zafizeni umisténé v plastovych krabicich typu APO
(firma Wynckier), kryti IP65, jejichz vika byla po montazi peclivé dotazena a rovnéz
prichodky byly namontovany spravnym postupem. Do takovychto zafizeni
voda nepronikla ani po nékolikadennim pobytu pod hladinou v hloubce kolem
2 m. Také naprosta vétsina kabelaze po vysuseni pracovala spolehlivé.
Bohuzel vzhledem k poloze TéSnovského tunelu patrné nebude moci byt reali-
zovano takové opatfeni, aby pfi podobnych pfirodnich podminkach nedoslo
k opétovnému zaliti tunelu vodou. Jediné véasné informace spolu s dokonalejsi
predpovédi by umoznily ziskat ¢as nutny pro demontaz vybrané technologie.
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Obr. 3 Nacrtek situace u Tésnovského tunelu
Fig. 3 The Tésnov tunnel plan
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Obr. 4 Vysouseni prostor velinu po prvotni ocisté
Fig. 4 Drying the interior of the control centre after the initial clean-up

All items of the electrical equipment were washed with pressurised water and
subsequently the TT2000 agent (product of CT Austria) was applied, which was
successfully used in the renovation of electrical equipment after a flood in
Moravia several years ago.

The picture of the open breaker shown in Fig. 5 is connected with the question
that emerged in the process of cleaning the flooded equipment. Some people
held the opinion that it was sufficient to wash the breakers thoroughly several
times with pressurised water, eventually to spray them with a conservation
compound, and the breaker would work perfectly. When we dismantled one of
the breakers treated with the above-mentioned method, all the people present
agreed that all the flooded elements had to be replaced with new ones if the
proper functioning of the system was to be maintained. The structure of the
breaker is relatively complex, and the mechanism cannot be cleaned sufficiently
without dismantling the equipment. All contactors and electromechanical
relays including the bases were also replaced.

Another phenomenon we encountered was electrochemical corrosion.
As | have already mentioned, all equipment was disconnected from the power
source before the tunnel flooding. Batteries serving as standby sources for special
circuits (real-time clock, semiconductor memory etc.) were not, however, removed
from some apparatuses. The mounting base of the equipment detecting stan-
ding vehicles (Autoscope), which is used in the Tésnov tunnel, is shown in Fig. 6.
The red circle in the top right corner indicates the electrochemical corrosion on
clips connecting standby batteries. The red ellipse at the bottom of the picture
indicates terminals of the integrated circuit interrupted due to the electroche-
mical corrosion. Despite the fact that the mounting base is otherwise in visually
very good condition, it can be neither used nor reliably repaired.

We also met equipment that survived the floods without sustaining any damage.
Without exception, this was the equipment which was installed in APO-type
plastic boxes (manufactured by Wynckier), IP65 degree of covering, whose
covers were carefully tightened after the installation, and also the procedure of
the bushings installation was correct. Water did not seep inside such equipment,
even after several days of submersion under the water surface, at a depth of
about 2 m. Most cables worked reliably after the drying, as well.

Unfortunately, because of the position of the Tésnov tunnel, it will be probably
impossible to implement a measure preventing repeated flooding of the tunnel
in similar weather conditions. Timely information only, together with an improved
forecast, could provide the time required for the dismantling of selected equip-
ment.
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Obr. 6 Elektrochemicka koroze na deskach elektroniky
Fig. 6 Electrochemical corrosion on electronics boards

Obr. 5 Vnitfek zatopeného jistice
Fig. 5 The interior of the flooded breaker
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NEJSTARSI MOST V CESKE REPUBLICE A VICE NEZ
PETISETLETA POVODEN NA RECE OTAVE

THE OLDEST BRIDGE OF THE CZECH REPUBLIC AND THE
OVER-500-YEAR RECURRENCE FLOOD OF THE OTAVA RIVER

PROF. ING. JIRI BARTAK, DrSc., CVUT FAKULTA STAVEBNI
ING. MILAN KREJCAR
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Prvni pisemna zminka o mésté Pisku pochazi z listiny vydané kralem Vaclavem I.
v roce 1243. V nésledujicim pomérné kratkém casovém Useku padesatych
a Sedesatych let 13. stoleti vznikl v Pisku velky soubor staveb - kralovsky hrad,
méstsky a dominikansky kostel, opevnéni a jako jedna z prvnich staveb
s velkou pravdépodobnosti i Kamenny most pfes Otavu. Soubor piseckych
staveb, jejichz vznik byl bezpochyby podminén pfizni, které se mésto tésilo
u Vaclavova naslednika Pfemysla Otakara Il., vynika pozoruhodnou slohovou
jednolitosti. V Pisku byla v té dobé ziejmé soustredéna i velika stavebni hut.
Budovani velkych kamennych mostt bylo ve stfedovéku pro svou technickou
obtiznost a mimoradnou nékladnost velmi vzacné. V pripadé piseckého mostu,
nazyvaného Jeleni a pozdéji Kamenny, mohlo byt zékladnim pfedpokladem
stavby bohatstvi mésta, zalozené na tézbé zlata v jeho okoli. Nicméné bez podilu
kralovského patrona mésta si nelze vznik a vystavbu tohoto dila predstavit.
Stavba samotna nenese vyraznéjsi rysy, které by umoznily jeji pfesnéjsi dato-
vani. Nékteré kamenické znacky, uzité na kvadrech mostu, se objevuji i na
Zvikové a na piseckém farnim kostele. | urcitd masivita a jista tézkopadnost
vyrazu pfipomind raz stavebni huti ¢inné za Pfemysla Otakara II. v Pisku a na
Zvikoveé. Vzhledem k velkému vyznamu mésta a jeho soustiedéné vystavbé za
vlady obou Pfemyslovci Ize predpokladat, Ze most vznikl nékdy kolem poloviny
13. stoleti (prvni pisemna zminka o jiz hotovém mostu pochéazi z konce roku
1351). Je nejstarS§im plné dochovanym mostem v ¢eskych zemich a patfi také
k nejvyznamnéjsim uzitkovym stavbam stredovéku.

OPRAVA V LETECH 1996 - 1998

Priuzkumné prace

Ve 20. stoleti probéhly tfi velké opravy Kamenného mostu v Pisku. Prvni pod-
statné oprava byla uskutecnéna v letech 1941 az 1943 v reakci na zna¢né posko-
zeni mostu zptsobené povodni s tézkym ledochodem v roce 1940. Pi této opravé
bylo disledné realizovano Uplné zalozeni véech pilifi do kvalitniho granitoidniho
skalniho podlozi. Druhda oprava probéhla v roce 1953 a jejim cilem bylo prede-
vSim zesileni nosné mostni konstrukce Zelezobetonovymi deskami tloustky
50 cm, prosté ulozenymi na prazich Uhelnikového tvaru, které byly vybetono-
vany na stavajicich pilifich (po mosté v té dobé vedla velmi frekventovana statni
silnice I. tfidy). Zhruba ,stoletd” povoden, kterd néasledovala bezprostiedné
v roce 1954, nezanechala na mosté podstatné skody.

Posledni vyznamné opravé Kamenného mostu v letech 1996 aZ 1998 o par let
predesla extrémni povoden v srpnu 2002 a jak se pozdéji ukazalo, bylo to ,$tastné”
rozhodnuti.

Pred touto posledni (v soucasné dobé jiz predposledni) opravou byl proveden
podrobny stavebné-technicky a geotechnicky priizkum (podklady [1] a [2]). Byl
zameéren zejména na zjisténi stavu mostni konstrukce, zmapovani fecisté Otavy
pod mostem, stavu opevnéni dna v mostnim profilu a kvalitu zalozeni mostnich
piliFa.

Foto 1 Povoden s ledochodem v roce 1940
Photo 1 The flood with ice drift in 1940

INTRODUCTION

The first written mention of the town of Pisek stretches back to a Charter issued
by King Wenceslaus | in 1243. A large set of buildings and structures originated
within the following relatively short period of the 1350s to 1360s in Pisek,
namely a royal castle, municipal church and Dominican church, fortification,
and, as one of the first structures, in all probability, the Stone Bridge over the
Otava River. The set of the Pisek buildings and structures, whose origin was
undoubtedly a result of king Pfemys| Otakar Il, Wenceslaus’ successor’s favour
the town enjoyed, distinguishes itself by unusual style compactness. Evidently,
a significant building centre existed in Pisek at that time.

Building large stone bridges was very rare in the Middle Ages due to its tech-
nical difficulty and extraordinary expense. Regarding the bridge in Pisek, called
the Jeleni (Deer) Bridge and later the Stone Bridge, the precondition for the
construction could have been the town’s wealth springing from the production
of gold in its neighbourhood. Nevertheless, one cannot imagine the construction
of the bridge without the royal patron’s participation. The construction proper
features no pronounced marks allowing its more precise dating. Some mason’s
stamps found on the bridge blocks were also found in the municipality of
Zvikov and at the parish church in Pisek. Also a certain massiveness and dull-
ness of the architectural expression is reminiscent of the style of the building
centre active in the time of Piemys| Otakar Il's rein in Pisek and at the Zvikov
castle. With respect to the great significance of the town and its intensive deve-
lopment under the rein of the two kings of the House of Pfemysl we can assu-
me that the bridge was built about the middle of the 13th century (the first writ-
ten mention of the completed bridge dates from the end of 1351). It is the oldest
fully preserved bridge in Czech provinces, and it is also one of the most impor-
tant utility structures of the Middle Ages.

REPAIRS IN THE YEARS 1996 - 1998

Investigation works

Three major repairs to the Stone Bridge in Pisek were accomplished in the 20"
century. The first substantial repair was carried out in the years 1941 to 1943 as
a reaction to a serious damage caused to the bridge by a flood with heavy ice
drift in 1940. As a part of this repair, the foundation of all piers was consistently
completely embedded into quality granitoid bedrock. The primary objective of
the second repair, which took place in 1953, was to strengthen the bridge
superstructure by 50 cm thick reinforced concrete slabs freely supported by
L-shaped concrete bearing block cast on the existing piers (an extremely busy
primary state road led on the bridge at that time). The roughly 100-year flood
that followed immediately in 1954 caused no serious damage to the bridge.
The last major repair of the Stone Bridge in 1996 - 1998 had been completed
several years before the extreme flood in August 2002. As proved later, it was
a really “lucky” decision to carry out the repair.

Pa W e LN Tt o v
Foto 2 Napor vody na kamenny most v roce 1954
Photo 2 Water attacking the Stone Bridge in 1954
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Prlizkumnymi pracemi, které probéhly ve dvou etapach v letech 1994-1996,
bylo zjisténo, Ze stav mostni konstrukce po stavebni strance neni pIné uspoko-
jivy, nikoliv vsak kriticky. Zdivo pilitG a kleneb bylo relativné v dobrém stavu,
s lokalnimi poruchami. Stav vypIné pilifi mostu (obr.1) byl zejména ve spod-
nich partiich velmi $patny, s vymytym pojivem a mistnimi kavernami. Opevnéni
dna kamennou dlazbou vykazovalo lokalni poruchy, pilife mostu pod Urovni
bézné vodni hladiny nebyly ve vétsim rozsahu porusené, zakladova spara pilift
nevykazovala Zadné zndmky eroze vodnim proudem.

K podstatnym zjisténim prizkumnych praci druhé etapy patfila podrobna roz-
vaha o pritocné kapacite mostniho profilu, jejiz prokazana nedostatecnost pfi
velkych povodnich se jevila z hlediska stability mostu jako vazné nebezpeti.
Nésledné navrZené a realizované prikotveni piliri Kamenného mostu do kvalit-
niho horninového masivu, nachazejiciho se pode dnem Otavy, vychézelo ze sta-
ticky dolozeného pozadavku na zvys$eni bezpeCnosti pilifi proti usmyknuti
v zakladové spafe pfi extrémnim povodiovém pritoku vétsim nez Q.

Projektové prace

Kromé priizkumnych Gdaji byly cennymi podklady pro projektové prace (pod-
klad [4]) dokumentace dFivéjSich oprav mostu z archivu mésta Pisku a soukroma
fotodokumentace z ,valecné” opravy kamenného mostu v letech 1941 az 1943.
Projekt zohlednil v8echny poZadavky statni pamatkové péce, zejména pak
pozadavek minimalniho zasahu do plvodni konstrukce mostu, a to vcetné
neodstranéni zelezobetonové desky a praht z roku 1953, i kdyz jejich pfinos
z hlediska statické funkce mostu byl v té dobé jiz pfinejmensim sporny.

Byly navrzeny tyto zasadni postupy generalni opravy mostu:

- zvy$eni stability mostu proti G¢inkim extrémnich povodni pfi nedostatecném
pratoéném profilu mostu

- oprava opevnéni dna Otavy v mostnim profilu a blizkém okoli, oprava pilifo-
vych manZet

- oprava pilifového zdiva, injektaz pilifové vyplné, injektaz zakladové spary pilifu
- zajiSténi trhlin v klenbéch, vypliova injektaz zdiva kleneb, oprava kamenickych
skob

- plosna oprava poprsniho zdiva vcetné kamennych chrlicd (pfesparovani, hyd-
rofobizace)

Kamenrd vipk a maliowpm
a belonowym pojivem (siné propusing)
Stone &Y with mortar and cononale

hinder faaremaly parmeasbie)

Obr. 1 Schematicky stav vyplIné pilita zjistény priizkumem
Fig. 1 Schematic condition of the fill of the piers determined by the investigation
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Obr. 3 Cara opakovani n - letych vod na Otavé v Pisku
Fig. 3 Flood discharge n-year recurrence curve for the Otava in Pisek

A detailed structural technical and geotechnical investigation (see References
[1] and [2]) was carried out before this last (currently already last but one) repair.
It was focused primarily on the determination of the bridge structure condition,
mapping of the Otava riverbed under the bridge, the condition of the riverbed
plate within the bridge profile, and quality of the foundation of the bridge piers.
An investigation, which took place in two phases within 1994 - 1996, discove-
red that, in structural terms, the condition of the bridge structure was not fully
satisfactory, but it was not critical. The masonry forming the piers and vaults
was in a relatively good condition, with local defects only. The condition of the
fill inside the bridge piers was, mainly in the lower parts, very bad (washed out
binder and local caverns). The stone block paving of the riverbed plate exhibited
local defects, the parts of the bridge found below the normal water level were
not damaged in a more serious extent, the foundation base of the piers showed
no signs of erosion by the flow of water.

The detailed analysis of the through-flow capacity of the bridge profile was one
of the results of the second phase of the investigation. It proved insufficiency
of the through-flow capacity during major floods. This was considered to be
a serious threat in terms of the bridge stability. Subsequently designed and rea-
lized anchoring of the Stone Bridge piers to the quality rock mass found under
the Otava riverbed was based on a statically documented requirement for an
improved safety of the piers against shearing failure at the foundation base
level in case of an extreme flood discharge exceeding the value of Q,,

Design elaboration

Apart from the investigation data, the documents concerning the previous
repairs of the bridge found in the Pisek town’s archives, and private photo-
graphical documentation from the “war time” repair of the stone bridge in 1941
- 1943 also provided valuable information for the design work. The design allo-
wed for all requirements of the State Care of Historical Monuments, namely the
requirement for minimisation of scope of work on the original bridge structure
(nor the removal of the reinforced concrete slab and bearing blocks built in
1953 was allowed, despite the fact that their utility, from structural point of
view, was already at least disputable at that time.

The following principal procedures of the big repair of the bridge were proposed:
- to improve the bridge stability against the impacts of extreme floods (with res-
pect to the insufficient through-flow capacity of the bridge profile)

- to repair the Otava riverbed plate at the bridge profile and its close vicinity, to
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Obr. 2 Srovnani staré a soucasné siluety Kamenného mostu
Fig. 2 Comparison of the original and current outline of the Stone Bridge
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Obr. 4 Rez pilitem mostu s pfedpjatymi tyéovymi kotvami
Fig. 4 Cross section through the bridge with rod-type anchors
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- kontrola stavu Zelezobetonové desky a jeji disledné oddéleni od poprsnich zdi
- nova hydroizolace mostovky véetné obnovy ptvodniho odvodnéni do chrli¢i
- nova vozovka ze Stipané Zuly do piskového loze.

VSechny projektem navrzené prace byly s nezbytnymi operativnimi dopliky
v priibéhu provadéni tspésné realizovany véetné nového slavnostniho osvétleni
mostu a predany uZivateli 2.12.1997. Cela rekonstrukce mostu trvala 14 mésic(.
Nejpodstatnéjsi tpravou z hlediska dlouhodobé stability mostu byl navrh a rea-
lizace pfikotveni mostnich pilifd do kvalitniho skalniho podkladu. Podstata pro-
blému ohroZeni stability Kamenného mostu tkvi v celkové hydrologické situaci
véetné stavajicich protipovodiovych Gprayv, které mésto Pisek jiz realizovalo na
ochranu svych obyvatel a jejich majetku, v nedostatecnosti prutoéného profilu
mostu pfi velkych vodéach.

Hydrologycké souvislosti

Chronologie velkych vod na Otaveé v Pisku je znama pomérné podrobné jiz od
r. 1432, coz je zhruba 150 let po dokonéeni tohoto nejstarsiho dochovaného
mostu v Cechach. Je zajimavosti, Ze tato prvni dokumentovana povoden, ktera
poskodila Kamenny most v Pisku, pobofila z¢asti i prazsky KarlGv most.
Nejnicivéjsi pro Kamenny most byl ledochod a nasledna povoden v roce 1768,
jimiz byly poskozeny 1., 2., 5. a 6. vnitini pilif mostu a souvisejici klenby, zcela
zniceny byly levy biehovy pilif s mostni vézi a pfilehlym obloukem. Pfi nasledné
velké opravé mostu byly prazskym stavitelem J. J. Wirchem nahrazeny dva levé
krajni polokruhové oblouky jednim kruhovym segmentovym obloukem o vét-
§im rozpéti a leva mostni véz jiz nebyla obnovena (obr. 2).

| dal$i dokumentované povodné - k tém vyznamnéjsim a ,mlad$im” patfi napf.
povoden z roku 1874, pfi niz byl poprvé uréen kulminacni pritok, ledochod
v roce 1940 (foto 1) s naslednou podstatnou rekonstrukci mostu, a povoden
v roce 1954 (foto 2), ktera byla nejvétsi od roku 1890 - nézorné ukazaly, Ze pilife
Kamenného mostu jsou opakované ohrozovany povodiovymi pratoky, které
nabyvaji hodnot okolo Q.. Jiz toto prdtoéné mnozstvi, které predstavuje 800 az
850 m*/s (obr. 3), zdviha hladinu Otavy az na uroven vrcholu mostnich kleneb,
takze dochazi k zahlceni prato¢ného profilu pod oblouky mostu.

PFi Uvahéch o spolehlivém zajisténi stability Kamenného mostu bylo tieba vzit
navic do Gvahy, Ze:

- Ciselny udaj, charakterizujici maximum povodné o pravdépodobnosti prekro-
¢eni 10% (tj. o dobé , opakovani” 100 let), neni vhodné precefovat; i pfi vyhod-
noceni z relativné dlouhého pozorovani je nutno pocitat jednak s jistou vychy-
lenosti odhadu, jednak s néhodnou chybou, coZ miize predstavovat 20 % i vice
- mezi povodnovym pritokem Q,,, a maximalnim pratokem, ktery je schopno
vyprodukovat dané povodi, je znacny prostor, jehoz vypInéni extrémni povodni
neznameé velikosti a v neznamém ¢ase neni zadnou fikci, nybrz readlnym nebez-
pecim; konkrétné v pfipadé Otavy v Pisku, pfi plose povodi cca 2850 km?, by
maximalni ,mozny” prutok zfejmé presahl 2000 m?/s

- komplikace pfi prichodu velkych vod, vznikajici v disledku nadmérného tran-
sportu plavi a led v zimé

- za hlavni pfic¢inu nepfiznivého priichodu kulminaénich povodiiovych pratok
v roce 1954 byl oznacen vliv pevnych jezi (Podskalsky, Cafourkiv, JeSintv
a MajerQv), nedostatecny pratocny profil koryta feky i vlastniho Kamenného
mostu; vzhledem k tomu, Ze v téchto letech byla jiz vybudovana néjezdova
silniéni rampa k novému mostu, ktera branila plynulému pratoku povodiovych
vod, mélo stejné mnozstvi vody katastrofalnéjsi Gicinek nez v roce 1890

- Pisek ma v souéasné dobé vybudovanou az neobvykle vysokou miru ochrany
Casti mésta v udoli Otavy na levém brehu mezi Podskalskym jezem a novym
mostem s valcovym jezem, ktera vSak nemUze zcela vyloucit zaplaveni tohoto
Uzemi pfi extrémnich povodnich, popf. pfi ucpani pritocného profilu Kamen-
ného mostu

- pfi ucpani, resp. zahlceni pratocného profilu mostu a preliti vody pres levob-
feini ochranné hraze nad Kamennym mostem se vybfezena voda v ur€ité fazi
povodné nemduze dostat zpét do koryta Otavy pres ochranné hraze pod mos-
tem; pozdéji, po naplnéni inundace na levém bfehu, se voda musi vrétit do
Otavy a vytvori pfislusné zpétné vzduti k mostu.
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Obr. 5 Pudorys pilife mostu s rozmisténim predpjatych tycovych kotev
Fig. 5 Ground plan of the bridge pier with the rod-type anchoring pattern

lunel
repair the pier collars

- to repair the masonry of the piers, to inject grout behind the masonry of
vaults, to repair cramps joining the blocks

- to carry out repair of the surface of the breast wall masonry, including stone
spouts (re-jointing, hydrophobisation)

- to check on the condition of the reinforced concrete slab and separate it con-
sistently from the breast wall

- to carry out new waterproofing of the reinforced concrete slab, including rene-
wing the original system of drainage through spouts

- to place new pitcher paving to sand bed

All the above items of work proposed by the design were, with operative addi-
tions necessary in the course of the work, completed successfully, including
a new system of illumination of the bridge. The work was handed over to the
client on 2 December 1997. The entire reconstruction took 14 months.

The in terms of the long-term stability of the bridge most important item of the
work was the design and execution of anchoring of the bridge piers to sound
rock. The essence of the problem of the jeopardised Stone Bridge stability resi-
des in the overall hydrological situation, including existing flood protection
structures built by the Pisek municipality to protect inhabitants and their pro-
perty, and in the insufficient through-flow capacity of the bridge profile during
floods.

Hydrological relations

The chronology of floods on the Otava River in Pisek has been known relatively
in detail since 1432, i.e. from the time roughly 150 years after completion of this
oldest preserved bridge in Czechia. It is an interesting thing that this flood (the
first flood documented in our country), which damaged the Stone Bridge in
Pisek, caused a partial demolition of Prague’s Charles Bridge.

The ice drift followed by flood in 1768 had the most destructive impact on the
Stone Bridge of all. Intermediate piers 1, 2, 5 and 6 and adjoining vaults suffe-
red damage, the left abutment with a bridge tower and adjacent vault were
completely destroyed. Prague builder J. J. Wirch, who carried out the subse-
quent big repair of the bridge, replaced last two left semi-circular vaults with
a single greater span circular segmental vault, and the left bank bridge tower
was never restored again (see Fig. 2).

Also successive documented floods - e.g. the flood in 1874, during which the
culmination flow rate was determined first time, is one of the more serious and
“younger” ones; the ice drift in 1940 (see Photo 1) with subsequent substantial
reconstruction to the bridge; and the flood in 1954 (see Photo 2) which was the
biggest flood since 1890 - proved in practice that the piers of the Stone Bridge
are jeopardised repeatedly by flood flows reaching the values about the Q,,.
Already this flow rate, i.e. 800 to 850 m’s (see Fig. 3), causes the Otava River's
surface rising up to the top of the bridge vaults, therefore the flow cross sections
under the bridge vaults are choked.

When the reliability of securing the Stone Bridge stability was considered,
it was also necessary to take into account the following:

- the figure characterizing the maximum flow rate of a flood with a 10° excess
probability (i.e. a 100-year recurrence flood) should not be overestimated; even
if relatively long-term monitoring results are assessed, it is necessary to allow
for both a certain deviation of the estimation and a random error - this deviation
may be 20% and even more

- there is a significant room between the flood discharge Q,,, and the maximum
discharge which can be produced by the given catchment area; filling of this
room with an extreme flood of unknown magnitude and within unknown time
is no figment, it is a real danger; specifically for the Otava River in Pisek; for the
catchment area about 2,850 km* the maximum "possible" flow rate would be
probably higher than 2,000 m’/s

- complications during flood flows due to excessive transport of floating debris
and ice in winter

- the main cause of the unfavourable passing of the culmination flood flows in
1954 was identified in the influence of fixed weirs (the Podskalsky, Cafourkdv,
Jesiniv and Majertv weirs) and insufficient flow cross section of both the river-
bed and the Stone Bridge; if we consider the fact that the approach road ramp
to the new bridge, which prevents fluent flow of flood water, had been built
before, we can conclude that the effect of the same volume of water was more
catastrophic than in 1890

- the extent of the protection of the town part in the Otava River valley developed
by the Pisek municipality on the left bank between the Podskalsky weir and the
new bridge with a drum weir is, we can say, exceptionally high; this protection,
however, cannot prevent flooding of this area during extreme floods or bloc-
king of the flow cross section of the Stone Bridge

- when the flow cross section of the bridge is blocked or choked and water
overflows the left-bank flood embankments upstream from the Stone Bridge,
spilled water cannot get back to the Otava riverbed over the flood emban-
kments downstream from the bridge, subsequently, when the left bank inun-
dation has been filled, water has to get back to the Otava and creates corres-
ponding return banking towards the bridge.

Original conditions of the stability of the bridge

The above-mentioned considerations became a basis for the derivation of the
limiting combination of the load of the bridge on the assumption of e.g. bloc-
king of the flow profiles between the piers causing creation of a difference bet-
ween the upstream and downstream surface levels. In such the case a relatively
very high pressure head acts on the piers, adjacent vaults and abutments,
which is even increased due to the hydrodynamic pressure on the bridge piers.
The upstream water surface is considered at a level of 362.8 m a.s.l., i.e. 2 m
higher than at the flood in 1954 and more than 1 m above the crown of the left-
bank flood embankment (the flood flow bypassing the bridge on the left side is
assumed). The downstream water surface level was also assumed to be less
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Puvodni podminky stability mostu

Na zakladé vy$e uvedenych uvah byla odvozena mezni kombinace zatiZeni
mostu za predpokladu zahlceni popr. ucpani pritocnych profild mezi pilifi,
pfi némz dojde k vytvoreni rozdilu hladin horni a dolni vody. V takovém pfipadé
na konstrukci pilift, pfilehlé oblouky a bo¢ni mostni zdi plsobi hydrostaticky
tlak pomérné znacné velikosti, ktery je jesté zvySovan hydrodynamickym tlakem
na pilife mostu.

Hladina horni vody byla uvazovana na koté 362,8 m n. m., tj. 0 2 m vySe neZ pfi
povodni v roce 1954 a vice neZz 1 m na korunou levobfezni ochranné hraze
(predpoklada se, ze povodriové pritoky obchazeji most zleva). Hladina dolni
vody byla rovnéZ uvaZovana nepfiznivéji nez v r. 1954, takze navrhovy rozdil
hladin horni a dolni vody pro vypocet hydrostatickych tlakd ¢inil 3,3 m.
Koeficient tfeni mezi zdivem pilife a granitoidnim skalnim podkladem byl uva-
zovan velikosti tg ¢ = 0,25. Tato pomérné nizka hodnota nebyla sice doloZena
prikaznymi zkouskami napf. na odvrtanych jadrech, avsak prizkumem zjistény
spatny stav vyplné pilifi v trovni zakladové spary opravioval k pesimistickému
odhadu zminéného koeficientu treni.

Vypocet stupné bezpecnosti z hlediska posunuti (usmyknuti) pilife v zékladové
spare, pfi uvazovani plné hodnoty vztlaku na ponofenou ¢ast mostu, vykazal
velmi nizkou a varujici hodnotu s = 1,07.

PFi jesté vy$si povodriové hlading, kdy jiz nelze predpokladat rozdilnou uroven
hladin spodni a horni vody, nebot dojde k jejich vyrovnani prelitim vybiezené
vody pfes ochrannou hraz pod mostem, pomine sice ptisobeni hydrostatickych
tlakt, vzrostou vsak znacné tlaky hydrodynamické na nepritocné ¢asti mostu
(v€etné plného kamenného zabradli) a taktéz sily vztlakové, coz mé v souhrnu
na stabilitu mostu prakticky stejné negativni ucinky, jaké vznikaji pfi rozdilnych
hladinach horni a dolni vody. | v tomto pripadé je bezpecnost proti posunuti pilifi
v zékladové spare témér vycerpana, zejména kdyz se aproximativné zapocte
dynamicky ucinek plavi nejraznéjsiho typu ¢i ledu na nepratocéné ¢asti mostu.

NavrZena a realizovana opatieni pro zvyseni stability kamenného mostu
Vysledky stabilitnich vypoctl, posuzované v kontextu s trvale nedostate¢nou
prito¢nou kapacitou mostu pfi povodnich blizicich se velikosti Q,,, vedly
k névrhu, jenz mél zajistit bezpecné preneseni zatizeni hydrostatickymi a hyd-
rodynamickymi silami i pfi povodiovych pratocich Q, > Q,, které nebylo
mozno vyloucit z relevantnich navrhovych situaci.

Nedostatecnou bezpecnost proti posunuti pilifi v zakladové spare se projektant
rozhodl zvysSit opatfenim, které v mostnim stavitelstvi rozhodné neni bézné -
ucinkem predpjatych kotev svisle pusobicich v jednotlivych pilifich, které pod-
statnym zpUsobem zvysuji odpor proti usmyknuti zdiva pilitfe od skalniho
podkladu. Ze stejného divodu bylo navrzeno provedeni vysokotlaké injektaze
v pilifich a jejich zakladové spare, ktera zajistuje zvyseni koeficientu treni na

Obr. 3 Kamenny most pfi kulminaci povodné v srpnu 2002
Fig. 3 The Stone Bridge at the flood culmination in August 2002

Obr. 4 Kamenny most 1. den po kulminaci povodné
Fig. 4 The Stone Bridge on the 1st day after the flood culmination

favourable than that in 1954. The design difference in the upstream and down-
stream water levels for calculating pressure heads was 3.3 m.

The value of the coefficient of friction between the pier masonry and the grani-
toid bedrock was assumed tg ¢ = 0.25. This relatively low value was not proved
by evidential tests, e.g. on drill cores, but the poor condition of the filling of
piers at the foundation base level determined by the investigation justified the
pessimistic estimation of the above-mentioned coefficient of friction.

The calculation of the factor of safety against sliding (shearing failure) of the
pier at the foundation base, assuming full value of the buoyancy force acting
on the submerged part of the bridge concurrently, proved a very low and war-
ning value of safety s = 1.07.

At an even higher flood surface level, when it is no more possible to calculate
with any difference between the upstream and downstream water surface
levels (the levels equalise due to the spill water flowing over the downstream
flood embankment) the action of the hydrostatic pressure will be eliminated,
but, on the other hand, the hydrodynamic pressures on the impermeable parts
of the bridge (including the full stone parapet) will increase, as well as the buo-
yancy forces. This combined action has eventually the same negative impact
on the bridge stability as the impact of different upstream and downstream sur-
face levels. The safety of the piers against shearing failure at the foundation
base is nearly exhausted in this instance too, namely if the dynamical effect of
floating debris or ice on the impermeable parts of the bridge is added approxi-
mately.

Designed and realised measures increasing the stone bridge stability

The stability calculation results, assessed in the context of the permanently
insufficient through-flow capacity of the bridge during floods whose rates app-
roximate the Q100, led to a design, which was expected to ensure safe resisting
to loads induced by hydrostatical and hydrodynamic forces even at flood dis-
charges Q, > Q,,, which could not be left out of the relevant design situations.
The designer decided to solve the issue of insufficient safety of the piers aga-
inst shearing failure at the foundation base by a measure, which certainly is not
customary in the bridge engineering - by means of the effect of pre-tensioned
vertical anchors through individual piers. The anchors significantly increase the
shearing resistance at the pier masonry - foundation base interface. High pres-
sure grouting in the piers and their foundation bases was carried out for the
same purpose, i.e. to increase the coefficient of friction at the pier — bedrock
contact area.

There were 9 rock anchors (see Fig. 4 and 5) used for each pier to increase the
shearing strength at the pier -rock interface. The anchors, tensioned by a 400 kN
force each, increased the normal force at the foundation base by 3,600 kN. This

Obr. 5 Kamenny most par dnt po povodni
Fig. 5 The Stone Bridge a couple of days after the flood
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styku pilife se skalnim podkladem.

Konkrétné bylo pro zvyseni smykové pevnosti styku pilif-hornina vyuzito v kaz-
dém pilifi 9 horninovych kotev (obr. 4 a 5), které pfi predpéti 400 kN/kotvu zvy-
Sovaly normalnou silu v zékladové spare o 3600 kN. Pfi souéasném zlepSeni
koeficientu tfeni na hodnotu na 0,35 az 0,40 doséhla bezpecnost proti posunuti
(usmyknuti) pilitG v zakladové spare hodnoty minimalné 2,5.

Tycové kotvy systému Dywidag-Gewi (systém pouziva specidlni zavitové tyce
a $roubové spojniky pro jejich spojovani) mély pramér 30 mm, pevnost oceli
R =900 MPa, mez prataznosti Ry = 740 MPa. Predpinaci silou 400 kN byly kotvy
vyuzity na 75 % meze pritaznosti.

Celkova délka kotev byla 10,5 m pfi posouzené délce injektovaného kofene 2,5 m.
Volna délka kotev je v celém rozsahu chranéna od vyrobce povlakem z epoxi-
dové pryskyfice, ktery se zarukou dlouhodobé zajistuje antikorozni ochranu.
Kotvy byly osazovany do vrt pro injektazni prace, zajistujici zlepseni kvality
vyplhového zdiva pilifa. Po provedeni kofene a predepnuti kotev byla volna
délka zainjektovana stejnou smési, kterd byla pouzita pro injektaz vypliového
zdiva pilifu, coz vytvafi sekundérni ochranu volné délky kotev pomoci cemen-
tového kamene.

K méfitelnému sednuti pilifi, zalozenych do kvalitnich granitoidd tf. R1-2,
po prikotveni nedoslo.

POVODEN V SRPNU 2002

Dne 13. srpna 2002 hladina rozvodnéné Otavy s jiz neméfitelnym prdtokem
vystoupila az cca 2 m nad mostovku (foto 3).

Po opadnuti vody dalsi den bylo mozno bilancovat, jaké Skody na Kamenném
mosté povoden zpusobila (foto 4):

- bylo strzeno kamenné zabradli v celé délce mostu, az na maly dil mezi souso-
§im Kalvarie a sv. Jana Nepomuckého

- byly strzeny ¢asti ozdobného zabradli u sochy sv. Jana Nepomuckého a sv.
Antonina

- byla strzena socha andéla v sousosi sv. Jana Nepomuckého

- i se soklem bylo posunuto sousosi sv. Anny

- byly poskozeny tfi kusy kamennych chrli¢t

- byla strzena a odplavena kamenna dlazba mostovky a veskera izolace mostovky.
S ohledem na extrémni velikost povodné, ktera byla nejvétsi mezi dosud zazna-
menanymi a extrapolaci z kfivky n-letych pritokd, Ize usuzovat na povoden vice
nez pétisetletou, jde nepochybné o skody v jistém smyslu margindlni, vezme-
me-li v Gvahu celkovou stavebné-historickou hodnotu této pamatky. Svédéi
o tom i vzhled mostu (foto 5), ktery byl uveden do provozu bezprostfedné po
opadnuti vody a provizornim zabezpeceni mostovky nahradou za striené
kamenné zabradli.

Navic se ukazalo, hned po opadnuti feky na vysku dovolujici prizkum dna pota-
péci, ze na dné Otavy se ve vzdalenosti 20 az 50 m od mostu nachazi znacné
mnozstvi kamennych kvadrd zabradli véetné sochy andéla. Bylo rozhodnuto
v§echny nalezené soucasti mostu z feky vyzvednout, deponovat je na obou bre-
zich a pouzit pfi opravé (nakonec chybélo jen 5 bm metrd pavodniho zébradli,
které bylo nahrazeno kvadry ze Zuly mrakotinského typu z lomu Panské Dubenky).
Obnova kamenného zdiva zabradli mostu, hydroizolace a vozovka jsou prova-
dény podle stejné dokumentace a obdobnymi technologickymi postupy jako
rekonstrukce mostu v letech 1996 az 1998. Vzhledem k zimnimu obdobi byly
prace na opravé mostu pozastaveny (most je vSak v omezeném rozsahu funké-
ni pro pési provoz) a budou dokonéeny nejpozdéji do 30. dubna 2003.
ZAVER

Existence povodiového extrému v srpnu 2002, kdy posledni méreny pritok
v Pisku €inil cca 1200 m¥/s a voda v Otavé nakonec vystoupila 2 m nad vozovku
Kamenného mostu (nadmorska vyska cca 364,80 m), jednoznaéné potvrdila
opravnénost Gvah o nutnosti statického zajisténi stability pilifd pomoci pred-
pjatych kotev.

Vzhledem k nedostatku méfenych geotechnickych parametrii nelze presné
urcit, jak velka cast smykové pevnosti v zakladove spare pilifi byla vycerpana.
Podstatné je vSak konstatovani, které muselo byt v onéch tézkych dnech
povzbuzenim pro vSechny obyvatele Pisku a mnoho dalSich v celé republice -
historicky Kamenny most v Pisku ,pfezil”, na rozdil od mnoha jinych moder-
néjSich mostnich konstrukei, extrémni povoder v srpnu 2002 bez jakychkoliv
znamek poruseni stability polohy Stalo se tak nepochybné i diky Gcinnosti rea-
lizovaného ptikotveni jeho pilifd.
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force, together with the friction coefficient improved to a value of 0.35 to 0.40
by injecting grout into the foundation base, increased the safety of the piers
against shearing failure at the foundation base to 2.5 as a minimum.

Rod anchors Dywidag-Gewi were used (the system using special threaded rods
and threaded coupling sleeves) 30 mm in diameter, steel strength R = 900 Mpa,
yield strength Ry = 740 Mpa. The anchors were tensioned up to 75% of the yield
strength by the strength of 400 kN.

The total length of anchors was 10.5 m (at the assessed length of the grouted
root of 2.5 m). The free length of the anchors is protected by the manufacturer
by epoxy resin coating, which guarantees a long-term anticorrosion protection.
The anchors were inserted into the grouting holes ensuring the improvement
of quality of the masonry fill of the piers. Once the root had been grouted and
the anchor pre-tensioned, the free length was injected with the same grout as
that used for the grouting of the masonry fill of the piers. This grouting provi-
des secondary protection of the free length through the action of hardened
cement paste.

No measurable settlement of the piers founded on quality granitoids occurred
after the anchoring completion.

THE FLOOD IN AUGUST, 2002

On 13 August 2002 the surface of the flooded Otava River (with no more mea-
surable flow rate) rose about 2 m above the bridge road (see Photo 3).

The damage caused to the Stone Bridge (see Photo 4) could be seen next day
after the water had dropped:

- the stone parapet was torn away along the entire bridge length, with an
exception of a short section between the Calvary sculptural group and St. John
of Nepomuk sculpture

- parts of the decorative handrail around the St. John of Nepomuk and St. Ant-
hony statues were torn away

- the St. Anna group of statues was shifted together with the plinth

- three pieces of stone spouts were damaged

- stone pavement and the waterproofing layer were torn from the bridge road
and washed away

In a sense, considering the extreme magnitude of the flood (the largest among
the floods recorded to date; using an extrapolation from the flood discharge
n-year recurrence curve, the flood flow can be estimated as more than 1 in five
hundred years flow) the damage is undoubtedly marginal. This can be also pro-
ved by the look of the bridge (see Photo 5), which was opened for traffic imme-
diately when the water had dropped, with temporary barriers substituting the
torn away stone parapet.

In addition, it was found just when the water dropped to a level allowing divers
to explore the bottom that a significant number of the parapet stone blocks and
the angel statue were scattered within a distance of 20 to 50 m from the bridge.
A decision was made to lift all the discovered bridge parts from the riverbed,
deposit them on the banks and use them for the repair (eventually only 5 rm of
the original parapet were missing, which were replaced by blocks of Mrékotin-
type granite from the Panské Dubenky quarry. The restoration of the bridge
parapet stone masonry, waterproofing and pavement are carried out in accor-
dance with the same documentation and using similar specifications as at the
reconstruction of the bridge carried out in 1996 - 1998. The bridge reconstruc-
tion had to be suspended because of the winter period (the bridge, however, is
available for pedestrian traffic in a limited extent), and will be completed by
30 April 2003 at the latest.

CONCLUSION

The existence of the flood extreme in August 2002, with the last measured flow
in Pisek amounting to about 1200 m’/s and water in the Otava rising 2 m above
the pavement of the Stone Bridge (about 364.80 m a.s.l.), confirmed explicitly
that the considerations regarding the necessity for structural securing of stabi-
lity of the piers with pre-tensioned anchors had been justifiable.

Due to the lack of measured geotechnical parameters it is impossible to deter-
mine exactly how big portion of the shearing strength at the foundation base
of the piers was exhausted. Of high importance is the statement, which must
have been an encouragement for all inhabitants of Pisek and many other peo-
ple in the whole republic: the historical bridge in Pisek “survived”, the extreme
flood in August 2002 without any sign of disturbing the stability of its position,
as opposed to many other more modern bridge structures. This was, among
others, also a result of the anchoring of its piers.
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BEZVYKOPOVA POKLADKA VODOVODNIHO RADU
Z TVARNE LITINY TECHNOLOGII HDD

TRENCHLESS LAYING OF DUCTILE CAST IRON WATER
MAINS BY HDD TECHNIQUE

ZDENEK HRADIL, GEOPROSPER PRAHA
ROBERT CERMAK, CERMAK A HRACHOVEGC, a. s.

RESUME

V pribéhu 1. étvrtleti r. 2002 vypsal MU MC Praha 12 Modrany vybérové fizeni
na provedeni splaskové kanalizace v Tyr§ové étvrti v Modranech. V tendrovém
fizeni nakonec tuto rozsahlou zakazku ziskala prazska spoleénost Cermék a Hra-
choveg, a. s., hlavné z diivodi komplexnosti dodavky stavebnich praci na klic.
Nemalou roli pfi ziskani zakézky hrala nabidka zhotovitele na realizaci projektu
prevazné bezvykopovou technologii bez poskozeni komunikaci a chodnikd zem-
nimi pracemi. Tento projekt je pfikladem, jak Ize vyuZit technologii horizontal-
niho fizeného vrténi pfi netradi¢ni pokladce vodovodniho Fadu z tvarné litiny,
coZ je v nasi republice i v Evropé zcela ojedinélou akeci.

ROZSAH PROJEKTU A TECHNIKA BEZVYKOPOVE POKLADKY
TRUBNICH RADU

Autorem uvedeného projektu jsou Dopravni a inZenyrské projekty, s. r. o.,
v Praze 4. Podminkou realizace tohoto projektu je zhotoveni prelozky vodovodu
vzhledem k tomu, Ze za sou¢asné polohy stavajicich trubnich a inZzenyrskych siti
neni akce proveditelna. Soubor projektovanych praci sestava z:

- kanalizace, ktera je navrzena pro odvedeni splaskovych vod ze stavajici zastavby
rodinnymi domky vybavené vétSinou nedostatecné tésnénymi Zumpami nebo
septiky s malou kapacitou ¢asto s prepadem do mistni deStové kanalizace.
Délka kanalizaéni Stoky 1 DN 300 je cca 636 m v proménlivém spadu a Stoky
2 DN 300 cca 106 m v jednotném spadu. Kanalizaéni stoky budou provedeny
fizenou mikrotunelazi strojem RVS 250 a technologii Soltau;

- nového vodovodniho fadu, ktery bude nahrazovat stavajici vodovod DN 80
z litiny a ¢aste¢né stavajici vodovod DN 150 takeé z litiny. Oba rusené fady jsou
v nevyhovujicim technickém stavu. Dle poZadavku budouciho provozovatele
vodovodu PVK (Prazské vodarny a kanalizace, a. s.) bude nové potrubi zhoto-
veno z tvarné litiny. Celkova délka nového vodovodniho fadu €. 1 DN 100 bude
cca 425,50 m (ulice Darwinova) a ¢. 2 DN 150 cca 72,60 m (ul. Lysinska). Toto
potrubi bude kladeno pomoci vrtnych stroji Grundodrill 10S a Terra-Jet 5515D;
- soucasti nabidky a dodavky stavebnich praci je provedeni domovnich kanali-
zacnich pripojek z kameniny DN 200 v fadu desitek metr(. Pfipojky budou pro-
vedeny vrtanymi protlaky technologii Geisert;

- soucasti dodavky stavebnich praci jsou rovnéz vodovodni pfipojky z rPE DN
5/4" v délkach desitek metrti. Pripojky budou provedeny technologii fizeného
vrtani strojem Grundopit 40/60.

L

Obr. 1 Stanovisté vrtné soupravy J 5515D Terra-Jet v Jeremenkové ulici pfi
zavrtavani pilotniho vrtu pro mikrotunel budouciho vodovodniho fadu.
Veskeré prace probihaji pfi nepferuseném silniénim provozu

Fig. 1 The position of the J 5515D Terra-Jet rig in Jeremenkova Street in
spudding of the pilot hole for microtunnel of the future water main.

All works are running under continous traffic

ABSTRACT

Within the course of the 1¢ quarter of 2002 the City Council of the Municipality of
Praha 12 - Modrany advertised a selective competition for the execution of the
waste water sewer system in the Tyrs quarter of Modrany. At the end of these
tender proceedings it was the Prague company Cermék and Hrachovec Inc.
which obtained this extensive order, mainly thanks to the compehensiveness of
delivering all construction works as a package deal. The offer of the supplier to
execute the project (applying mostly the trenchless technique without any
damage to the roads and side-walks due to the excavation work) played a con-
siderable role in getting this order. This project can serve as an example of how
to apply the technology of horizontal directional drilling for a non-traditional
laying of ductile cast iron water mains, which is quite a rare event in our Republic
and in Europe, as well.

SCOPE OF THE PROJECT AND THE TRENCHLESS PIPE LAYING
TECHNIQUE

The Praha 4 based company Transport and Engineering Projects Ltd. is the
designer of this project. The condition for the execution of the project is to relay
the water main owing to the fact that this job cannot be performed with the
contemporary position of the existing piping and engineering networks. The
complex of the designed works consists of:

- the sewer system which has been designed for drainage of waste water from
the existing gardens and yards of private villas and houses (because most of
them are provided with insufficiently sealed drain pits or septic tanks of limited
capacity frequently overflowing into local storm sewer). The length of the
Sewer No. 1 of DN 300 is about 636 m in variable slope and about 106 m in uni-
form slope in case of the Sewer No. 2 of DN 300. The sewers will be executed
by the guided microtunnelling with the RVS 250 tunnel boring machine and
Soltau technique.

- new water mains which will replace the existing cast iron DN 80 water supply
line and will partially replace the existing cast iron DN 150 water main. Both old
water mains are in unacceptable technical condition. According to the require-
ment of the future operator of the water mains, the PVK (Prague Waterworks
and Water Mains, Inc.), the new piping will be made of ductile cast iron.
The total length of the new water main No. 1 of DN 100 will be about 425,50 m
(Darwin Street) and about 72,60 m in the main No.2 of DN 150 (Lysinska Street).
This piping will be laid by means of the Grundodrill 10S and Terra-Jet 5515D
drilling machines.

- execution of the DN 200 house sewer service connection made of stoneware,

Obr. 2 Do hrdla zatazené sekce byl vlozen tésnici krouzek, nasleduje spojeni
tazného fetézu pomoci karabiny, vyrovnani a napojeni trubnich sekci

Fig. 2 The packing ring was inserted into the socket of the pipe section in
the microtunnel followed by the connection of the pulling chain with
shackle. Aligning and connecting the pipe sections
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TRUBKY PRO VODOVODNI RAD

Trubky z tvarné litiny DN 100 a DN 150 jsou roury francouzské vyroby Pont-A-
Mousson s hrdly Standart. Spojeni trubnich sekei tj. zasunuti hladkého konce
do hrdla nasledujici trubky je provadéno na trubkach osové zcela vyrovnanych.
Uhlové vychyleni trubky je povoleno az po smontovani spoje. Pevné spojeni
hrdlového konce trubky zamkem Vi zajistuji kovové Celisti (uvnitf tésniciho
krouzku), které se zakousnou do hladkého konce nésledujici trubky. Utésnéni
spoje se dosahne tésnicim krouzkem zhotovenym ze specialni pryze EPDM.

Technické parametry trubek:

vnitfni pramér trubek DN 100/150 100/150 mm
vnéjsi primeér trubek DN 100/150 118/170 mm
vnéjsi pramér hrdla DN 100/150 172/226 mm
délka trubek DN 100/150 6 metrQ
hmotnost 6 m trubnich sekci DN 100/150 113/170 kg
hmotnost 1 m trubky DN 100/150 19/28,5 kg

povolend Uhlova vychylka jednotlivych trubnich sekci 3,5°
ptidorysna vzdalenost hrdel pfi povolené vychylce 37cm
polomér oblouku v povolené vychylce 100 m

'II-'FI_?II\-IIyOLOGIE POKLADKY VODOVODNIHO RADU Z TVARNE

a) geologicky a hydrogeologicky profil uzemi

Litologicky profil v podélném profilu vodovodniho Fadu je tvofen dobie rozpo-
jitelnymi horninami jilovitého charakteru, slinovci, jilovitymi bfidlicemi apod.
Pouze ve spodni ¢asti Darwinovy ulice je moznost vyskytu pisCitych a Stérko-
vych poloh souvisejici s podloznimi sedimenty Vitavy. Urover hladiny pod-
zemni vody se nachdzi na vétsiné Uzemi v hloubkach cca 4 - 6 m pod povrchem,
pouze ve spodni ¢asti stavby vystupuje hladina vody cca 2 m pod terén (bliz-
kost feky).

b) zemni prace

Jednotlivé projektované vodovodni fady jsou rozdéleny na tseky po 100 - 120
metrech. Manipulaéni (cilovd) ryha je vyhloubena v dostate¢né délce a Sifce pro
pohodinou manipulaci s $estimetrovymi trubnimi sekcemi. Hloubka cilové ryhy
je déna projektovanou hloubkou uloZeni vodovodniho fadu. Dno ryhy je pokryto
stérkovym zasypem ke vsakovani povrchové vody. Nejduilezitéjsim prvkem
v konstrukci dna cilové ryhy je ocelovy profil U polozeny a zafixovany ve sméru
a uklonu pilotniho vrtu. U-profil slouzi pfi montazi k vedeni kazdé trubni sekce
v pozadovaném sméru a uklonu zatahovaného trubniho fadu. Cilové ryhy jsou
vétsinou situovany do mist spojl, lomu, odbocek potrubi a armaturnich uzlG.
V trase pilotniho vrtu v misté budoucich domovnich kanalizaénich a vodovod-
nich pfipojek jsou v pfedstihu vyhloubeny technologické Sachticky o rozmérech
1,5 x 1,5 m. Tyto Sachticky slouZi k ovéreni polohy pilotniho vrtu a posléze
i polohy zatahovaného vodovodniho fadu z tvarné litiny a slouzi k napojeni
verejnych ¢asti domovnich pfipojek pomoci navrtavacich pasu.

Timto zplsobem bude postupné zhotoven cely vodovodni fad.

c) zhotoveni ,mikrotunelu” pro vodovodni fad DN 100 pomoci technologie HDD
Ze startovaciho mista se provede zavrtani pilotniho vrtu v trase projektované-
ho fadu. Pilotni vrt musi jiz v prvni technologické Sachti¢ce dosahovat hloub-
kové Urovné vodovodniho fadu. Dalsi priibéh pilotniho vrtu dia 31/2” (89 mm)
smérem k cilové manipulaéni ryze je velmi naro¢ny na dodrzeni sméru a tklonu
pilotniho vrtu. Rizeni a lokalizace vrtaci hlavice jsou provadény pomoci navi-
gacniho systému DigiTrak. Pilotni vrt protina prakticky vSechny technologické

Obr. 3 Transport litinové trubni sekce opatfené taznym fetézem do mani-
pulaéni ryhy. Pracovisté je oznaeno pouze vystrazinymi stojany a paskami.
Silni¢éni provoz neni omezen

Fig. 3 Transport of the cast iron pipe with pulling chain to the manipulation
trench. The job site is indicated only with warning stands and tapes.

The traffic is not limited

in the order of tens of meters, makes up part of the offer and delivery of the
construction works. The service lines will be executed by means of drilled
extrusion by the Geissert technique.

- water service connections made of rPE of DN 5/4” in lengths of tens of meters
make part of delivery of the construction works as well. These water service
lines will be executed by directional drilling using the Grundopit 40/60 rig.

PIPES FOR WATER MAINS

The DN 100 and DN 150 ductile cast iron pipes are made in France under Pont-
A-Mousson trade mark and with Standart sockets (bottle neck shape). Conne-
ction of the pipe sections, i.e.insertion of the spigot into the socket of the sub-
sequent pipe, should be executed with perfectly axially aligned pipes.
The angular deviation of the pipe is allowed only after assembling the pipe
connection. A fixed connection in the socket end of the pipe by means of Vi lock
is provided by metal jaws (inside the packing ring) which bite into the spigot of
the subsequent pipe. Sealing of the connection is provided by a packing ring
made of special EPDM rubber.

Technical parameters of the pipes:

inner diameter of DN 100/150 pipes 100/150 mm
outer diameter of DN 100/150 pipes 118/170 mm
outer diameter of DN 100/150 socket 172/226 mm
length of DN 100/150 pipes 6 meters
weight of 6 m DN 100/150 pipe section 19/28,5 kg

angular deviation of individual pipe sections permitted 3,5°
top view distance of sockets with deviation permitted 37 cm
bend radius in deviation permitted 100 m

LAYING TECHNOLOGY OF DUCTILE CAST IRON WATER MAINS

a) geological and hydrogeological cross section of the location

Lithological longitudinal section of the water mains is formed by easily disinte-
grated ground e.g. clays, marlites, shales etc. Only in the lower part of Darwin
Street some sandy intervals and gravel pebbles may occur in connection with
the bedrock sediments of the Vitava river. The ground water level in most areas
of the project can be found at depths of about 4 - 6 m b.g.l., only in the lower
part of the area the water level rises to about 2 meters below surface level
(in the vicinity of the river).

b) excavation works

The single water mains designed are divided into sections by 100 - 120 meters.
The receiving (manipulation) trench is dug in sufficient length and width for
easy handling with 6 meters pipe sections. The depth of the receiving trench is
determined by the designed depth of the water main layout. The bottom of the
trench is covered with gravel back fill for drainage of rain water. The most
important element in design of the receiving trench is a steel U-section laid and
fixed in the direction and slope of the pilot hole at the bottom of the trench.
During the assembly of the pipes the U-section serves as a guiding rail for each
pipe section in the required direction and grade of the pipeline being pulled in
the borehole. The receiving trenches are situated mostly in the points of con-
nections, bends, branch pipes and junction points of the fittings.

The tie-in pits of 1,5 x 1,5 m are dug in advance in the route of the pilot bore-
hole in the position of future house sewers, sewer connections and water ser-
vice pipes. These little tie-in pits serve for the verification of the pilot borehole
position and later on of the position of the drawn ductile cast iron water main
and serve for connecting public sections of the house sewerage and water
supply lines by means of opening sleeves.

In this way the complete water main will be executed successively.

c) execution of the “microtunnel” for the DN 100 water main by means of the
HDD technique

B = T
Obr. 4 Detail napindku na hrdle nové trubni sekce. Tahem Fetézu se hladky
konec dotla¢i po znacku a uzamkne se zamkem Vi v hrdle pfedchozi trubky
Fig. 4 The most important construction element on the bottom of the
manipulation trench: steel U-section laid in the direction and grade of the
drawn main
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Sachtice, coZ poslouZi k ovéreni sméru a uklonu pilotniho vrtu. Tyto parametry
jsou rozhodujici pro pribéh budouciho vodovodniho fadu. Pilotni vrt konci
v cilové manipulaéni ryze. K odvrtani pilotniho vrtu v délce cca 120 m se pouziva
bentonitové suspenze Swell Gel v koncentraci cca 25 kg/m® s pfidanim kluzného
polymeru Argipol v koncentraci cca 0,5-1 kg/m?. Dodavatelem téchto vyplacho-
vych aditiv je fy BDC (Best Drilling Chemicals) Morava, s. r. 0.

Prvni rozsifeni vrtu bylo provedeno konickym pfibirdkem na primér 160 mm
s vy$e uvedenymi vyplachovymi aditivy. Diky nim byla stabilita vrtného otvoru
vynikajici i ve spodnim tseku stavby s vyskytem pis€itych poloh.

d) zatahovani vodovodniho fadu z tvarné litiny DN 100

Zavéreéna pribirka konickym pfibirakem na pramér 175 - 180 mm soucasné se
zatahovénim trubniho fadu se uskutecnila pouze s kluznym polymerem slouzi-
cim ke snizeni tfeni hrdlovych spojl o stény rozsifovaného vrtu.

Trubky DN 100 se zatahovaly ,po srsti” ve spadu cca 4 % (2°15') k vrtné sou-
pravé, coz vyluCuje zablokovani hrdel o stény vyvrtu. Tazeni 120 metrového
trubniho fadu probihalo pfi hydraulickém tlaku max. 90 bar (pro srovnani:
plastové potrubi DN 150 o srovnatelné délce se ve vrtu o priméru cca 175 mm
zatahuje pfi tlaku cca 130 bar). S dvojnasobnou hodnotou zpétného tahu
a dostate¢nou tahovou rezervou je nutno poditat pfi dimenzovani vhodného
vrtného stroje.

S cilem zamezit nadmérnému vyplavovéni zeminy pfi pfibirkdch byl snizen
vykon vysokotlakého éerpadla P61 na 50 %, provozni tlak se pohyboval v pfija-
telnych hodnotéach. Cista rychlost zatahovani $estimetrovych trubnich sekci
v poslednich asi 20 metrech ,mikrotunelu” (v piscich) ¢inila 3 az 5 minut na
1 sekci. Prvni Usek vodovodniho fadu o délce cca 120 m (20 sekci & 6 m) byl
zatazen za 5,5 hod., tj. pfi primérné rychlosti 16,5 minuty na jednu sekci véetné
manipulaénich ¢ast v cilové ryze, napf. doprava trubnich sekci do ryhy, insta-
lace a mazani tésniciho krouzku, nastaveni fetézu, vyrovnani a spojeni trub
apod.

Pri zavére¢né pfibirce a zatahovani se v posledni technologické Sachtici objevilo
par litri zeminové smési, ktera byla vytlacena trubni kolonou DN 100, coZ zna-
mena, ze podstatny objem mezikruzi z ,nadvylomu” (cca 5,5 - 7 litrd na 1 bm
pfibirky) byl konickym pfibirdkem roztlacen do stén vrtu. Tento komprimovany
objem zeminy se v dlsledku doc¢asného stmelujiciho efektu polymeru a vlivem
zemni vihkosti ¢asem uvolni a ve formé polotuhé jilovito-piscité pasty rovno-
mérné vyplni prostor mezi litinovou rourou a primérem vrtu (,nadvylomem®”).
Tim dojde k obnoveni pivodnich geostatickych podminek v okoli trubniho
fadu.

Zatahovani potrubi z tvarné litiny DN 100 v 1. Gseku Darwinovy ulice se usku-
tecnilo pomoci vrtného stroje Grundodrill 10S (2 pracovnici), manipulaci s trub-
kami v cilové ryze zajistovali 3 pracovnici pomoci hydraulické ruky.

Obr. 5 Pohled na Darwinovu ulici od cilové ryhy. Na obrazku jsou patrné
technologické pfipojné Sachtice ke kazdému domu. V popredi jsou uloZeny
na zemi tazné retézy se spojkami

Fig. 5 View of Darwin Street from the manipulation trench. The picture
illustrates technological tie-in pits to houses. The pulling chain sections
with shackles (,hammerlocks”) are laid on ground in the front of the picture

The pilot borehole in the route of the designed water main is executed from the
starting point. Already in the first tie-in pit the pilot hole has to reach the level
of the water main. The next course of the pilot borehole of dia 31/2” (89 mm)
in direction to the receiving (manipulation) trench is very demanding upon the
observation of the pitch and roll of the pilot hole. The guidance and location of
the drill head are executed by means of the Digilrak navigation system.
The pilot borehole is practically going through all tie-in pits which serves for
the verification of the direction and grade of the pilot borehole. These parame-
ters are decisive for the course of the future water main. The pilot borehole
terminates in the receiving (manipulation) trench. Bentonite Swell Gel in con-
centration of about 25 kg/m’ with addition of the Argipol friction reducing polymer
in solution of about 0,5-1 kg/m’ are used for drilling the pilot borehole in the
length of 120 m approximately. The BDC Morava Ltd. (Best Drilling Chemicals)
is the supplier of these mud additives.

The first pre-reaming of the borehole was executed by means of Compaction
Fluted Backreamer to the diameter of 160 mm with the above mentioned mud
additives. Thanks to them the stability of the hole was excellent even in the
lower part of the area with the occurrence of sandy formations.

d) pulling in a DN 100 ductile cast iron water main

The final backreaming using the Compaction Fluted Backreamer to the diameter
of 175-180 mm and pulling the pipes into the hole simultaneously was carried
out with the friction reducing polymer only to reduce the friction forces between
sockets and borehole walls.

The DN 100 pipes were drawn “spigot of each pipe length first, sealed in the
socket of the preceding pipe length”, down the grade of about 4% (2°15),
towards the drilling rig. This system completely eliminates any seizure of the
sockets in the borehole. The pullback of a 120 m water main section was carri-
ed out under a hydraulic pressure of 90 bar maximum (for comparison: the
HDPE of DN 150 of comparable length is pulled into the hole of about 175 mm
diameter using a hydraulic pressure of 130 bar approximately). Double value of
pullback and a sufficient pulling reserve has to be considered in the selection
of a suitable drilling machine.

The hydraulic output of the P61 high-pressure pump was reduced to 50% with
the aim to eliminate excessive washouts of the soil while reaming, the working
pressure was kept in acceptable range. The net pullback speed of 6 m pipe
sections in the last 20 meters of the “microtunnel” (in sands) was 3 to 5 minutes
per 1 section. The first section of the water main of about 120 m length (20 sec-
tions of 6 meter each) was installed in 5,5 hours, i.e. at average speed of 16,5
minutes per one pipe section including handling times in the manipulation
trench (i.e. the transport of pipe sections into the trench, installation and lubri-
cation of the packing ring, adjustment of the pulling chain, levelling and con-
nection of the pipes, etc.)

A few litres of the soil mixture which was pressed out by the DN 100 pipe string
during final reaming appeared in the last tie-in pit, which means that substan-
tial volume of the annulus (about 5,5 - 7 litres per 1 linear meter of backrea-
ming) was replaced and squezzed into the borehole walls by means of the
Compaction Backreamer. This compressed volume of the soil is loosened in
some time due to temporary bonding effect of polymer and by the influence of
soil moisture and uniformly fills the space between the cast iron pipe and
“enlarged” hole diameter in the form of semi-solid claye - sandy paste. In this
way the renewal of the original geostatic conditions in the surrounding of the

Obr. 6 Dalsi trubni sekce je pfipravena k zatazeni do mikrotunelu
Fig. 6 Another pipe section is prepared for pulling in the microtunnell
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Trubni kolona DN 100 byla zaji$téna v tazném mezikusu imbusovym Sroubem
proti vytrZeni a navic fetézem prochéazejici celou trubni kolonou od tazné hlavy
po napindk na konci kolony. Toto unikatni zabezpeceni tazené trubni kolony
vyluéuje prakticky rozpojeni trubnich sekci nebo jejich ztratu ve vrtu. Axidlni
sila, kterou vyvozuje vrtny stroj pfi zatahovani potrubi, se rozdéli na tah imbu-
sového Sroubu a na tlak od napinaku na posledni hrdlo potrubi vyvolany tahem
fetézu v poméru cca 1: 1. Pro lepsi predstavu o jednotlivych technologickych
postupech pfi zatahovani jsou pfilozeny fotografie.

KaZdy usek vodovodniho fadu DN 100 pfip. DN 150 se nakonec provéfuje tla-
kovou zkouskou. Dle podminek provozovatele vodovodu (PVK) musi trubni
kolona z tvarné litiny odolat zkusebnimu tlaku 1,0 MPa po dobu min.1 hod.

PAR SLOV O DODAVATELI TECHNICKYCH PRACI

Prazska spol. Cermék a Hrachovec, a. s., vystavba inzenyrskych siti, byla zalozena
v roce 1990 a do povédomi odborné verejnosti vstoupila definitivné v prvni
poloving r. 1994 zejména v oblasti stavebnich praci pro vystavbu, opravy
a rekonstrukci vodovodu a kanalizaci klasickymi zemnimi pracemi (ryhy, $achtice,
stoly apod.) predevsim v méstské zastavbé. Jiz v pocatcich plisobnosti firmy se
jeji ¢innost orientovala na rozvoj progresivnich, predevsim bezvykopovych
technologii, které vyrazné omezuji klasické vykopové prace a pfiznivé ovliviuji
ekologii pracovniho prostiedi.

Vzhledem ke svému dominantnimu postaveni na poli hornickych i stavebnich
praci pro komunalni Ggely je spol. C a H pfedmétem stalého zajmu, kritiky
a dozoru Banského ufadu, Inspektoratu bezpecnosti prace, stavebnich Gradt,
ekologickych aktivistil apod. Pod timto tlakem u spol. C a H vyriistaji stavby-
vedouci, provozni technici a operatofi strojnich zafizeni vysokych kvalit
a odbornosti. Dnes se spol. C a H podili na realizaci prakticky vSech zndmych
bezvykopovych technologii pfi kladeni trubnich fadi a vedeni (napf. protlaky do
DN 600, ramované protlaky ocelovych trub do DN 1000, rekonstrukce nevyho-
vujicich radl technologii Cracking a Bursting, pokladka vodovodnich, plyno-
vych fad(, tlakové kanalizace a plastovych chranicek pro telekomunikacni kabely
a inzenyrské sité technologii HDD, vrtané protlaky technologii Geisert, fizené
a nefizené mikrotunelaze technologii Soltau, fizené vrtani technologii Grundopit,
event. Grundodrill, Terra-Jet.

Jiz v . 1994 na akci Stoddlky v Praze predstavila spol. C a H poprvé v CR tech-
nologii fizené mikrotuneldze strojem RVS pro kanalizaéni fad DN 300. V roce
2002 realizovala tato spole¢nost jako prvni v Ceské republice zatazeni cca 1200
metrd potrubi z tvarné litiny DN 110 - 200 na prazskych lokalitach Jeremenkova
ulice, Cibulky, Sobin pro vefejny vodovod. Na akci Cibulky bylo zatahovéno
potrubi v oblouku. Projekt splaskové kanalizace v TyrSové étvrti v Modranech
bude probihat po cely rok 2003.

U-profil polozeny a fixovany ve sméru a sklonu zatahovaného trubniho fadu
Fig. 7 The most important construction element on the bottom of the
manipulation trench: steel U-section laid in the direction and grade of the
drawn main

lunel
pipe line can occur.

Drawing of the DN 100 ductile cast iron pipes in the 1st section of the Darwin
Street was executed by means of the Grundodrill 10S drilling machine (2 men).
Handling the pipes in the. receiving (manipulation) trench was provided by
3 workers who used the hydraulic jib pole.

In the pulling short intermediate pipe the DN 100 cast iron pipe string was secu-
red with a hexagonal socket screw preventing its whipping out and in addition
with a pulling chain passing through the whole pipe string from the pulling
shackle up to the chain boomer at the end of the string. This unique system of
interlocking of the pulled pipe string eliminates practically any disconnection of
pipe sections or their loss in the hole. The axial force which is induced by the
drilling machine during the pullback of the pipe string is distributed into tension
of the hexagonal socket screw and into the back thrust from the boomer at the
last socket of the pipe produced by the chain pull in ratio of 1: 1 approximately.
For better understanding of the single technological processes of the ductile
cast iron pipe’s pullback see the enclosed pictures.

Each 100 - 120 m section of the DN 100 and/or DN 150 water mains is exposed
to the pressure test in the end. According to the conditions of the owner of
water mains (PVK) the ductile cast iron main has to resist the pressure of
1,0 MPa for the time of 1 hour at minimum.

A FEW WORDS ABOUT THE CONTRACTOR

The Prague’s company Cermak and Hrachovec Inc., construction of engineering
networks was founded in 1990. The Company made itself known to the profes-
sional public definitively in the first half of 1994 especially in the field of con-
struction works for building, repairs and reconstruction of water mains and
public sewer systems applying classical excavation works (trenches, shafts,
sewer tunnels, etc.) in the city localities especially. Already at the beginning of
the Company’s operation its activitities have been concentrated upon the deve-
lopment of progressive, above all trenchless technologies which can expressi-
vely reduce the classical excavation works and affect favourably the ecology of
the working environment.

Owing to its dominant position in the branch of mining and building works for
municipal purposes the C and H company has been in the centre of permanent
attention, criticism and supervision of the Mining Office Authorities, Inspection
of Labour Safety , Construction and Building Administration Authorities, Eco-
logical Movement Authorities, etc. The C and H company and its management,
site engineers and operators of machine equipments of top quality and technical
skill have grown under this pressure of the above mentioned Institutitons and
Authorities upon the company. In the time being the C and H Company partici-
pates in the execution practically of all known trenchless techniques for laying
water mains and another supply lines (e.g. pipe jacking up to DN 600, ramming
of steel pipes up to DN 1000, reconstruction of old mains applying the Cracking
and Bursting techniques, installation of water mains and gas pipe lines, pres-
surized sewer systems and plastic protecting pipes for telecommunication cables
and engineering networks applying the HDD technique, pipe jacking by the
Geisert technology, guided and unguided microtunnelling applying the Soltau
technology, directional drilling using the Grundopit or Grundodrill, Terra-Jet
techniques, if required).

The C and H Company introduced the technology of guided microtunnelling
using the RVS machine for the sewer system DN 300 for the first time in the
Czech Republic for the job in Stodtlky in Prague already in 1994. In 2002 the C
and H was the first Company which performed trenchless installation of about
1200 meters of DN 110 - 200 ductile cast iron pipes at the Prague’s localities in
Jeremenkova Street, Cibulky, Sobin for the public water mains. At Cibulky loca-
tion the water supply pipes were drawn in the bend. The project of the waste
water sewer system in the TyrSova quarter in Modrany will be continued in the
whole year 2003.

. T - -
Obr. 8 Detail tazné hlavy a tazného mezikusu (zprava do leva): obrtlik - tazny
zavés, na ktery je napojen tazny fetéz — hladky konec prvni trubni sekce umis-
tény v tazném mezikusu je zajistén imbusovym Sroubem proti vytrzeni
Fig. 8 The detail of the towing head and intermediate pulling pipe. From
right to left: swivel - the pulling shackle which the pulling chain is conne-
cted with - the spigot of the first main pipe situated in intermediate pul-
ling pipe is secured with a hexagonal socket screw against whipping out
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BEZPECNOST SILNICNICH TUNELU - POROVNANI
S POZADAVKY EVROPSKEHO PARLAMENTU

SAFETY IN ROAD TUNNELS - COMPARISON WITH
REQUIREMENTS OF THE EUROPEAN PARLIAMENT

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

ABSTRAKT

Evropsky parlament a Rada Evropy pfipravily k vydani novou smérnici definu-
jici minimalni pozadavky na vybaveni tunelli na trans-evropské dopravni siti.
Kromé toho smérnice stanovuje dllezité a nové organizacni zasady pro zabez-
peceni shodné bezpeénosti v evropskych tunelech. V ¢lanku je tato smérnice
porovnana s naSimi standardy.

uvob

Ve své Bilé knize ,Evropské dopravni politika do 2010 - éas k rozhodnuti” Evrop-
ska komise zdUraznuje potfebu zpracovat evropskou smérnici k harmonizaci
minimalniho stupné vybaveni a provozovani tunell tak, aby se zabezpecila
stejna bezpecnost pro uzivatele silnicnich tunel(, a to zvlasté téch, které prisluseji
k trans-evropské dopravni siti. Na zékladé toho byl 30. 12. 2002 pfedloZen névrh
smérnice Evropského parlamentu a rady na minimalni bezpe¢nostni poZadavky
trans-evropské silnicni siti, lit. [1] (dale Smérnice).

V Ceské republice jsou tunely projektovany, vybavovany a provozovény podle
standardu CSN 73 7507 a technickych podminek TP98 a TP154. CSN 73 7507
.Projektovani tunelti pozemnich komunikaci” je zaméfena hlavné na stavebni
usporadani tunelu a doznd v pfistim roce zmény. TP98 , Technologické vybaveni
tunelli pozemnich komunikaci” vydané v roce 1997 jsou prepracovany a druhé
upravené vydani je ve schvalovacim procesu. TP154 ,Provoz, sprava a Udrzba
tunelli pozemnich komunikaci” byly vydany v loriském roce.

Clanek ma za cil posoudit bezpe&nostni Grovei nasich tunelli porovnanim
s novou smérnici Evropské unie 2002/0309 (COD), lit. [1].

SMERNICE EVROPSKEHO PARLAMENTU A RADY

Smérnice v 19 ¢lancich stanovuje poZadavky na provedeni tunell tak, aby byla
zachovana priblizné stejnd bezpecnost kdekoli v Evropé. Nékteré ¢lanky jsou
v dal§im textu komentovény:

Predmét a cile: Smérnice urCuje miniméalné nutnou urover bezpeénosti pro
tunely trans-evropské silniéni sité. Ma byt aplikovana na provozované, rozesta-
véné a projektované tunely del$i nez 500 m.

Bezpeénostni hledisko: Clenské staty musi zajistit, 7e tunely na jejich teritoriu
minimalné odpovidaji doporu¢enim dle pfil. 1, Smérnice. Pokud by feSeni pro
provozovany tunel bylo pfili§ nakladné, je nutné prokazat rizikovou analyzou, ze
je tunel bezpecny. O zménach oproti pfiloze musi byt informovana komise.
Administrativni dohled: Clenské staty musi ustanovit jediny administrativni
dohled zodpovédny za bezpeénost v tunelech a dodrzovani Smérnice. Ten je
partnerem komise a ostatnim clenskym statim. Nové postavené tunely a tunely
rekonstruované autorizuje tento administrativni dohled, ktery méa také pravo
uvalit restrikce na provozovani tunelu, pokud nejsou dodrzeny podminky pro
bezpeény provoz.

Inspekéni dohled: Clenské staty ustavuji jeden nebo vice inspekénich dohledi,
které ovéruji nebo testuji bezpe€nost pro administrativni dohled. Provozovatel
tunelu nemuze byt zaroven inspekénim dohledem.

Provozovatel tunelu: Kazdy tunel je provozovan jednim vefejnym nebo privat-
nim provozovatelem zodpovédnym za provoz tunelu. Kazdd mimofadné uda-
lost je zaznamendavana ve zprave analyzujici pficiny a disledky a je nejpozdéji
do jednoho mésice pfedana bezpeénostnimu referentovi.

Bezpeénostni referent: Pro kazdy tunel je ustaven nezavisly bezpeénostni refe-
rent, ktery planuje a provadi bezpecnostni testy a zkousky, cvi¢i obsluhy
a Ucastni se zkousSek zafizeni.

Platnost Smérnice: Nové planované tunely a tunely ve vystavbé musi byt pro-
véreny a musi vyhovovat minimalné pfil. 1. U tunel(, které jsou v provozu, pro-
Veri bezpecnostni referent shodu s pfil. 1 nejpozdéji do jednoho roku od vydani

SUMMARY

The European Parliament and the Council of the European Union have set up
for publication a new directive defining minimal requirements on equipment of
tunnels at the trans-european traffic network. Moreover, the directive also sets
new and essential operative principles for provision of common safety in Euro-
pean tunnels. This article compares this directive with our Czech standards.

INTRODUCTION

Within its White Paper on “European transport policy until 2010 - time to decide”,
the European Commission emphasizes the need to introduce a European direc-
tive in order to harmonize a minimal level of equipment and operation of tun-
nels, so that an equal safety for road tunnel users would be ensured, especially
in those tunnels belonging to the trans-european traffic network. Based on that,
a proposal for the “Directive of the European Parliament and Council of the EU
on the minimal safety requirements at the trans-european road network”, lit. [1]
(further as Directive).

As for the Czech Republic, tunnels are designed, equipped and operated in
accordance with the standard CSN 73 7507 and specifications TP98 and TP154.
The standard CSN 73 7507 “Design of road tunnels” is focused mainly on the
construction frame of the tunnel and might experience a mutation in the follo-
wing year. The TP98 “Technological equipment of road tunnels” issued in 1997
has been revised and the second edition is currently going through the proce-
dure of approval. The TP154 “Operation, administration and maintenance of
road tunnels” was issued in the last year. The article aims at evaluation of the
safety level in our tunnels by comparing them with the new EU directive
2002/0309 (COD), lit. [1].

DIRECTIVE OF THE EUROPEAN PARLIAMENT AND THE
COUNCIL OF THE EUROPEAN UNION

In its 19 articles it sets requirements on the realization of tunnels so that an app-
roximately equal safety would be kept anywhere in Europe. Several articles are
being commented on in the following text:

Object and aims: The Regulation sets a minimal required level of safety in tun-
nels of the trans-european road network. It is to be implemented on operated,
under construction as well as designed tunnels longer than 500 m.

Safety aspect: The member states are to ensure that tunnels on their territory
comply with the minimal recommendations according to Annex 1 of the Direc-
tive. In case the solution for already operated tunnel would be too costly, it is
required to submit a risk assessment and thus prove, that the tunnel is safe.
The Commission is to be informed of any deviations from the annex.
Administrative body: The member states are to set up a common administrative
body1, responsible for safety in tunnels and implementation of the Directive.
It will cooperate with the Commission as well as member states. Newly con-
structed tunnels and tunnels after reconstruction will be approved by this com-
mon administrative body, which will also be entitled to impose restrictions on
the tunnel operation, if requirements for safe traffic are not kept.

Inspection body: The member states are to set one or more inspection bodies,
which will check and test safety in favor of the administrative body. A tunnel
operator must not act as an inspection body at the same time.

Tunnel Operator: Each tunnel is operated by one public or private operator, res-
ponsible for the traffic in the tunnel. Every emergency will be recorded in
a report analyzing causes and impacts and within one month submitted to the
safety officer.

Safety officer: Each tunnel has a designated independent safety officer, who
will plan and carry out safety tests and examinations, instruct servicing emplo-
yees and will take part in tests of the equipment.

Directive in force: Newly designed tunnels and tunnels under construction are
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Smérnice a cestou provozovatele vysledky nahlasi administrativnimu
a inspekénimu dohledu. U tuneld, které nevyhovuiji, se komisi posle plan rekon-
strukci. Béhem tfi let musi byt uvedeno do shody se Smérnici nejméné 10 %
tunelt, do Sesti let 50 % a do deseti let 100 % tuneld.

Periodické inspekce: Inspekéni dohled musi kontrolovat shodu se Smérnici
neméné jednou za pét let.

Analyza rizik: Analyza rizik musi byt provddéna nezéavislym orgdnem na Zadost
administrativniho dohledu. Pfi analyze rizik je nutné vzit v potaz dopravni pod-
minky, geometrii tunelu, poéty nakladnich vozidel apod. Clenské staty maji
vybrat nejvyhodnéjsi metodologii a maji o ni informovat komisi. Po péti létech
komise véechny metodologie soustiedi a harmonizuje spolecné reseni.
Inovativni technologie: Aby nebylo branéno aplikovani novych technologii,
ma administrativni dohled mozZnost provést odchylky od Smérnice, pokud je
zajistén vyssi standard bezpeénosti. Tyto zmény jsou ozndmeny komisi, kterd se
k nim vyjadri.

Platnost Smérnice: Smérnice vstupuje v platnost za dvacet dni od publikovani
v oficialni dokumentu Official Journal of the European Comunities.

POROVNANI SMERNICE EVROPSKEHO PARLAMENTU
S PREDPISY PLATNYMI V CR

V CR jsou budovany a vybavovany tunely podle CSN 73 7507 ,Projektovéni tunel(
pozemnich komunikaci” a TP98 ,Technologické vybaveni tuneld pozemnich
komunikaci”. Nasledujici porovnani vychazi z pfipravovaného aktualizovaného
vydani TP98, které bude vydano letos. CSN 73 7507 je platna od srpna 1999.

Kategorizace z hlediska shodné bezpecnosti

Stavebni uspofadani a vybaveni tuneld z hlediska bezpe¢nosti nepatfi k pro-
voznim soubordm, které Ize exaktné vypocitat, na rozdil od provoznich soubori
osvétleni nebo ventilace, viz popis - Kap. 1.4 Metodika navrhu funkéniho celku
v lit. [3]. Zakladnim kritériem pro stanoveni kategorii tuneltl z hlediska vybaveni
bezpeénostnim zafizenim a systémy jsou v TP98 i ve Smérnici Evropské komise
dva parametry: délka tunelu a intenzita dopravy. Podle jejich kombinaci je uréena
kategorie tunelu se stejnou bezpeénosti.

Tento pristup vychéazel pfi tvorbé TP98 v roce 1996 ze smérnic PIARC, pracovni
skupiny C5, lit. [6]. Toto déleni, zachované i v nové verzi TP98, sleduje trendy
Smérnice, na rozdil od nové rakouské smérnice RVS (vydani 2001), lit. [7], kde
je hlavnim kritériem pouze intenzita dopravy a na rozdil od némeckého RABT
vydaného v roce 2002, lit. [8], kde je jedinym kritériem délka tunelu.

Tunely v Ceské republice jsou tedy rozdéleny do tfi kategorii: TA, TB a TC
v zavislosti na intenzité dopravy a délce tunelu, obr. 1. Kategorie TA vyZaduje
nejkomplexnéjsi vybaveni a tyka se tunelt hodné zatizenych dopravou nebo
del$ich nez 3 km. Oproti tomu kategorie TC nevyZaduije instalaci véech bezpe¢-
nostnich prvkd.

V obr. 2 je zakresleno porovnani kategorii dle TP98 se smérnici Evropského
parlamentu. Je patrné, Ze tfidy bezpeénosti | a Il odpovidaji ceské kategorii TA.
Trida Ill prislusi vétSinou do v kategorie TA, zatimco tfidy IV a V jsou v kategorii TB.
Kategorie TC odpovidajici tunelim krat§im nez 500 m neni ve smérnici fesena.

Pro¢ pouze tunely delsi nez 500 m

Smérnice Evropského parlamentu poZzaduje povinné bezpeénostni vybaveni
pouze u tunell del$ich nez 500 m a mé pro to logické divody: Clovék muze
obvykle uniknout z tuneld krat$ich nez 500 m béhem 5 az 10 minut. V této dobé
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Obr. 1 Rozdéleni tunell do tFi kategorii z hlediska bezpe¢nostniho vybaveni
(TP98)

Fig. 1 Division of tunnels into three classes from the safety equipment
aspect (TP98)

to be checked and comply with Annex 1. As for tunnels which are already in
operation, the safety officer will verify compliance with Annex 1 within one year
of issuing of the Directive and will submit results to the administrative and
inspection body through the operator. As for tunnels, which will not comply,
a plan for reconstruction is to be sent to the Commission. 10 % of the tunnels
are to comply with the Directive within 3 years, 50 % within 6 years and 100 %
within 10 years.

Periodic inspections: The inspection body is to verify compliance with the
Directive at least once every 5 years.

Risk assessment: Risk assessment is to be carried out by an independent body
on request of the administrative body. Particular traffic conditions, tunnel geo-
metry, numbers of lorries etc, have to be taken into consideration in the risk
assessment. The member states are to select the most convenient methodology
and should inform the Commission about it. In five year’s time, the Commission
will gather all methodologies and harmonize a common solution.

Innovative technologies: In order not to prevent application of new technologies,
the administrative body has an option to implement deviations from the Direc-
tive, in case a higher standard of safety is provided. These deviations are to be
submitted to the Commission, which will form its opinion on those.

Directive in force: The Directive comes in force after 20 days since publication
in the official document “Official Journal of the European Communities”.

COMPARISON OF THE DIRECTIVE OF THE EUROPEAN
PARLIAMENT WITH STANDARDS EXISTING IN THE CR

In the Czech republic, tunnels are constructed and equipped in compliance with
the standard CSN 73 7507 “Design of road tunnels” and the TP98 “Technological
equipment of road tunnels”. The following comparison is based on the revised
edition of the TP98, which will be published this year. The CSN 73 7507 has
been in force since August 1999.

Classification from the common safety aspect

The structure and equipment of the tunnel from the safety aspect do not belong
to operational units which can be precisely calculated, such as the illumination
or ventilation operational units, see the description — chap. 1.4 “Metodika navrhu
funkéniho celku” v lit. [3]. There are two parameters within the TP98 and the
Directive of the European Commission acting as basic criteria for the determi-
nation of tunnel classes from the aspect of safety equipment and systems : tunnel
length and traffic intensity. Combinations of these determine a class of tunnels
with equal safety. In 1996 during the development of the TP98, this approach
was based on PIARC directives, by workgroup C5, lit. [6]. This division, also kept
in the new version of TP98, pursues trends laid forth by the Directive, unlike the
new Austrian directive RVS (2001 edition) lit. [7], which recognizes only the traffic
intensity as a criterion and also unlike the German RABT issued in 2002, lit. [8],
where the tunnel length is the only criterion.

Tunnels in the Czech republic are thus divided into three classes: TA, TB and TC,
depending on the traffic intensity and tunnel length, fig. 1. The TA class requi-
res most complex equipment and applies to tunnels heavily loaded with traffic
or longer than 3 km. On the other hand, the TC class does not require installa-
tion of all safety elements.

Fig. 2 depicts comparison of classes according to TP98 and Directive of the
European Parliament. It is apparent that safety classes | and Il correspond to the
Czech class TA. Class Ill usually joins the TA class while classes IV and V are in
the TB class.
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Obr. 2 Porovnani bezpecnostnich pozadavki z direktivy a TP98
Fig. 2 Comparison of safety requirements according to the Directive and TP98



48

12. ROCNIK, &. 2/2003

ITunel

je horky kout, ktery je produktem hofeni, pfirozené stratifikovan pod stropem
tunelu, coz usnadnuje Unik prchajicim osobam. Smérnice dokonce vyslovné
fika, Ze tunely do této délky nemusi byt nutné vybavovany mechanickym venti-
laénim systémem.

Zde je povinnosti autora €lanku upozornit na ,prevybaveni” tunelu Valik
predimenzovanym ventilaénim zafizenim.

POROVNANI NASICH STANDARDU A EVROPSKE SMERNICE
Z HLEDISKA VYBAVENI A KONSTRUKCE TUNELU

V pfil. 1 Smérnice jsou tunely kategorizovény do tfid | az V a v jednotlivych
paragrafech jsou verbalné vyjadieny zakladni pozadavky na jejich vybaveni.
Detailni analyza obou dokumentt je ve vyzkumné zpravé Eltodo EG, lit. [9].
V nasledujici tab. 1 jsou uvedeny vybrané parametry, kde se nase standardy
a Smérnice vice lisi.

Vétsinou vyznacuje Cervené pole stav, kdy dany parametr neni v ¢s. standar-
dech zohlednén. Souvisi to s revizi CSN 73 7507, ktera bude provedena letos.
Pozice 3 a 5 budou do navrhu zapracovany. Za zvlastni zminku stoji nemoznost
stavét tunely se sklonem nad 5 % (poz. 6). Také tento parametr bude zapracovan
do revize normy. Problémy s bezpeénosti provozu tunell ve vztahu na jejich
sklon jsou feSeny jiz ve starSich dokumentech PIARC a jsou velmi logické. S tim
souvisi i to, Ze by se velmi zatizené méstské tunely nemély stavét se sklony bli-
Zicimi se této hodnoté (tunel Letnd - Tréja).

Pozadavky na videodetekci (poz. 9) jsou v revidovanych TP98 ve formé dopo-
ruceni. Nové vydani vsak jiz bude striktné pozadovat videodetekci u tunelt del-
Sich nez 1000 m. Pfeprava nebezpecnych nakladl v tunelech neni u nés resena
v zddném predpisu a bude zpracovéna v novych technickych podminkéch.

Minimalni PoZadovana vybava

V nasledujici tab. 2 je uvedena podstatnéjsi ¢ast porovnani pozadavki na sta-
vebni a technologické vybaveni podle pozadavki Smérnice Evropského parla-
mentu (pfil. 1), novych TP98 a CSN 73 7507. Jedna se o porovnani minimalni
pozadované vybavy pro kazdou tfidu tunelu. Oznaceni tfid tunell vyplyva z obr. 2.
Vychazime-li z uvedeného porovnani, je podle poétu zelenych poli vidét, ze v CR
jsou kladeny vyssi naroky pfi vybavovani a projektovani tunelli a pokud se pro-
jektanti a investofi budou standardy Fidit, nemély by byt problémy. Cervena
pole se tykaji vyhradné stavebni ¢asti a poZzadavky budou zapracovany do revi-
dované CSN normy.

POROVNANI NASICH STANDARDU A EVROPSKE SMERNICE
Z ORGANIZACNIO HLEDISKA

Technické podminky TP154 ve své kapitole 4 definovaly poZadavky na ustaveni
bezpeénostni komise pro kazdy tunel, a to jesté dlouho predtim, nez se Evropsky

The TC class corresponding to tunnels shorter than 500 m is not dealt with in
the Directive.

Why only Tunnels longer than 500 m

The Directive of the European Parliament requires mandatory safety equipment
only in tunnels longer than 500 m and has logical reasons for it: A person is
usually able to escape from tunnels shorter than 500 m within 5-10 minutes.
During this time, the hot smoke as a product of fire is naturally localized at the
tunnel ceiling, which facilitates the escape of running persons. The Directive
actually particularly stresses that tunnels within such length do not necessarily
have to be equipped with forced ventilation system.

The author here feels obliged to mention “over-equipping” of the tunnel Valik
with over-dimensioned ventilation equipment.

COMPARISON OF OUR STANDARDS AND THE EUROPEAN
DIRECTIVE FROM PERSPECTIVE OF EQUIPMENT AND
TUNNEL STRUCTURE

Annex 1 of the Directive contains a division into classes | to V while individual
paragraphs include verbally expressed basic requirements for their equipment.
For detailed analysis of both documents see the research report by Eltodo EG,
lit. [9]. The following Chart 1: Basic requirements for the construction of tunnels,
shows selected parameters, in which our standards and the Directive differ.
Most of the times the red field suggests that the given parameter is not menti-
oned within Czech standards. It coheres with the revision of CSN 73 7507,
which will be carried out this year. Points 3 and 5 will be elaborated in the pro-
posal. The inability to construct tunnels with gradient over 5% (point 6) is worth
special attention. This parameter will be elaborated in the revised standard as
well. The issues of traffic safety in tunnels in relation to their inclination have
already been solved by older documents PIARC and appear very logical. There
is also the coherent issue that heavily loaded urban tunnels should not be con-
structed with gradients close to this value (the Letna-Tréja tunnel).

The requirements for video-detection (point 9) appear within the revised TP98
as recommendations. The new edition will, however, strictly require video-
detection in tunnels longer than 1000 m. Transport of hazardous materials in
tunnels is not solved by our standards and will be elaborated in the new tech-
nical conditions.

Minimal Required equipment

The following Chart 2 shows more substantial part of comparison of require-
ments for thee structure and technological equipment according to the Directive
of the European Parliament (Annex 1), new TP98 and CSN 73 7507. It is a com-
parison of minimal required levels of equipment for every tunnel class. Deter-
mination of the tunnel classes is based on Fig. 2.

Considering the introduced comparison, the number of green fields suggests
that standards in the CR set higher demands for equipment and designing of

TP 98 + CSN 73 7507 Smeérnice Evropského parlamentu TP 98 + CSN 73 7507 Directive of the EP
Nouzové zélivy | Navrhuji se ve vzdalenosti cca 700 m. Vzdalenost mezi nouzovymi zélivy 1. | Emergency niches | Designed app. every 700 m Distance between two emergency
nesmi prekrocit 1000 m. Spravni autorita niches must not exceed 1000 m. Based
muze na zakladé risk analyzy pozadovat on risk assessment, a public authority
krat$i vzdalenosti. can require shorter distance.
Unikové propojky |Jsou budovany u tunelli delsich ne? cca | Umisténi zaleZi na dopravé, nesmi véak | 2. Emergency Constructed every 350 m in double-tube | Location depends on the traffic, but
u jednosmérnych | 700 m se dvéma troubami obvykle ve prekrocit 500 m. L___| connectionsin |tunnels longer than app. 700 m. must not exceed 500 m.
tunell vzdalenosti cca 350 m. Kazda treti propojka je konstruovana 3. single-direction | Connection is safeguarded from smoke | Every third connection is designed for
Propojka je zabezpetena oproti priniku | pro prijezd zachrannych vozidel. — tunnels penetration from one tunnel tube into | passage of rescue vehicles.
koute z jedné roury do druhé Propojka musi byt zabezpecena, aby 4. the other. Connection must be safeguarded from
nedochazelo k priniku koufe z jedné smoke penetration from one tunnel
trouby do druhé (dvefe, pretlak). | tube into the other (door, overpressure).
Pred kazdym tunelem je stfedni pruh 5. There is a middle lane for emergency
pro pohotovostni slozky. units in front of each tunnel.
Vyskové vedeni | Neni Fegeno v TP98 ani CSN 73 7507. Sklon vozovky nad 5 % neni povolen. 6. Gradient Solved by neither TP98 nor CSN 73 7507. | Carriageway gradient of more than 5%
is not permitted.
Minimalni Nouzové Unikové osvétleni se umistuje | Svételna znacka anikovy vychod musi 7. Minimal Emergency escape illumination is to be | Illluminated sign “emergency exit” must
vybava maximalné do vysky 0,8 - 1 m. Bezpe¢- | byt nejméné kazdych 100 m, bezpe¢- equipment placed within maximum height be placed at least every 100 m, safety
nostni znacky se umistuji po cca 15 m. | nostni znacky kazdych 25 m ve vysce of 0.8-1m. signs every 25 m within height of 1.1 -
1,1-1,5 m a nad kazdou bezpecnostni Safety signs are to be placed app. every | 1.5 m and above every safety connection
propojkou a pozarnim zafizenim. 15 m. and fire-fighting equipment.
V TP je to feeno stejné. Operator musi | Zafizeni pro moznost vysilani jedné 8. Same solution in TP. The operator must | Equipment enabling broadcasting of
mit moznost vstupu do vysilani v pfipa- |radiové stanice v tunelu pro moznost be able to enter the broadcasting in one radio station in the tunnel for the
dé naléhavé potieby. vstupu zachrannych slozek. V piipadé case of emergency. possibility of address by rescue units.
naléhavé potieby musi mit dispecer In case of emergency the tunnel dispat-
tunelu a zachranné slozky moznost cher and rescue units must be able to
prerusit vysilani. interrupt the broadcasting.
Doporucuje se vybaveni videodetekci U tuneld delich nez 1000 m musi byt &, Installation of video-detection in TA Tunnels longer than 1000 m must be
u tunel kategorie TA a TB. videodohled spolu s automatickou and TB class tunnels is recommended. | equipped with a video-monitoring along
identifikaci kongesci. with an automatic congestion detection.
Preprava Neni fe$eno v TP98 ani CSN 73 7507 Pred tunelem se umistuje znacka, jaky 10. Transport Solved by neither TP98 nor CSN 73 Asign is to be placed in front of the tunnel,
nebezpecného naklad ma povoleni/zékaz projizdét of hazardous 7507. determining what materials are permitted
nakladu tunelem. materials to/prohibited from entering the tunnel.
Vytvofit risk analyzu o vyuziti tunelu A risk assessment is to be carried out
k prepravé nebezpecného zbozi. on the use of the tunnel for transport of
hazardous materials.

Tab. 1 Zakladni pozadavky na provedeni tunell (zelené-és. standardy lepsi, zluté-shodné pozadavky, Cervené-nefeseno nebo horsi v ¢s. standardech)
Chart. 1 Basic requirements on the realization of tunnels (green-Czech standards are better, yellow-equal requirements, red-not solved or worse within

Czech standards)
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parlament rozhodl tuto problematiku fesit. V TP154 jsou také formulovany
pozadavky na evidenci mimoradnych udalosti ve formé dotaznikl a formulara.
Presto je nezbytné nutné ustanovit organ statniho dozoru, ktery je zde nazvan
administrativni dohled. Ten plné zastupuje zajmy statu, ale pro vlastni ¢innost
by bylo vhodné, kdyby dohled provadéla povéiend organizace, kterd se nepo-
dili na vystavbé ani projektovani tunelt. Nabizi se zde analogie s Draznim ufa-
dem nebo Statni leteckou inspekci. Samoziejmé pro rozsah tuneld v Ceské
republice by se jednalo o nékolik malo pracovnika.

Inspekéni dohled zajistuje specializované prace, méfeni a testy v provozova-
nych tunelech, kde pracuje na pokyn administrativniho dohledu. Zde se pred-
poklada ¢innost na smluvnim principu, pfic¢emz vzhledem k rozsahu tunelovych
technologii se bude patrné jednat o vice specializovanych organizaci. Vyjimkou
by mélo byt pracovisté, které by provadélo nezavislou analyzu a vyhodnoceni
rizik. Toto pracovisté by mélo byt jedno (auditované), které zajisti jednotny

pristup k této komplexni problematice.

Pro kazdy tunel musi provozovatel zajistit ¢innost bezpeénostni komise nebo
referenta, ktery md na starosti problematiku uvedenou ve smérnici a TP154.

tunnels and that if designers and investors hold on to the standards, there will
be no problems. The red fields concern only the construction part and these
requirements will be elaborated into the revised CSN standard.

COMPARISON OF OUR STANDARDS AND THE EUROPEAN
DIRECTIVE FROM THE ASPECT OF ADMINISTRATION

The specification TP154 in its chapter 4 defined requirements for designation of
a safety committee for every tunnel and already a long time before the Euro-
pean Parliament decided to deal with this issue. The TP154 also defined requi-
rements for records of emergency events using questionnaires and forms.
Nevertheless, it is essential to appoint a body of public supervision, here the
so-called Administrative body. It consistently pursues public interest, but for
activity proper it would be suitable to have the supervision carried out by
a designated organization, which does not take part in either construction or
designing of tunnels. There is an apparent analogy with the Railway bureau or
the National aviation inspection. Of course, as for the range of tunnels in the
Czech republic, this would include only several workers.

The Inspection body will provide specialized works, measurements, tests in

Direktiva EP TP98 + CSN 73 7507 Directive of the EP TP98 + CSN 73 7507
Osvétleni stalé osvétleni povinné ti. I, II, Il povinné TA, TB, TC lllumination Permanent required for classes |, Il, lll | required for TA, TB, TC
doporuceno IV, V illumination recommended for IV, V
nouzoveé osvétleni | povinné I, I, Il povinné TA, TB, TC Emergency required for I, Il, lll required for TA, TB, TC
doporuceno IV illumination recommended for IV
nepozadovéano V not required for V
nouzové osvétleni | neni specifikovdno povinné TA, TB Emergency illumina- | not specified required for TA, TB
unikovych cest doporuceno TC tion of escape ways recommended for TC
znaceni unikovych | neni specifikovano povinné TA, TB, TC Placement of signs | not specified required for TA, TB, TC
cest along escape ways
Komunikace nouzovy telefon povinné I, II, Il povinné TA, TB Communications Emergency phone | required for I, II, lll required for TA, TB

doporucené IV, V

doporuceno TC

recommended for IV, V recommended for TC

vysilani radia povinné |, I, povinné TA, TB Radio broadcasting | required for I, Il, required for TA, TB
doporuceno lll, IV doporuceno TC recommended for Ill, IV recommended for TC
nepozadovéano V not required for V

hlasity odposlech povinné I, I, povinné TA, TB Intercom required for I, Il required for TA, TB

doporuceno lll, IV
nepozadovéano V

doporuceno TC

recommended for lll, IV recommended for TC

not required for V

pohotovostni telefon

povinné ti. I, II, Il
doporuceno IV, V

povinné TA, TB
doporuceno TC

Rescue phone required for I, Il, lll

recommended for IV, V

required for TA, TB
recommended for TC

televizni dohled

povinné I, I,
doporuceno Il
nepozadovano IV, V

povinné TA, TB
doporuceno TC

Video-monitoring required for |, Il,
recommended for Il

not required for IV, V

required for TA, TB
recommended for TC

informacni displeje

povinné I, I,
doporuceno Il
nepozadovéno IV, V

povinné TA, TB
doporuceno TC

Information screens | required for I, Il,
recommended for Il
not required for IV, V

required for TA, TB
recommended for TC

radiové spojeni povinné I, I, povinné TA, TB Radio connection required for |, Il, required for TA, TB
doporuceno lll, IV doporuceno TC recommended for lll, IV recommended for TC
nepozadovano V not required for V

mobilni telefonni sit | povinné I, II, povinné TA, TB Cellular phone required for I, Il, required for TA, TB
doporuceno Il IV doporuceno TC network recommended for Ill, IV recommended for TC

nepozadovéno V

not required for V

Dopravni systém zafizeni pro uzavieni | povinné |, Il, povinné TA, TB Traffic system Device for sealing required for I, Il, required for TA, TB
tunelu doporuceno Il doporuceno TC of the tunnel recommended for Il recommended for TC
nepozadovano IV, V not required for IV, V
zafizeni pro zastaveni | doporuceno |, Il povinné TA, TB Device for halting vehi- | recommended for I, Il required for TA, TB
vozidel uvnitf tunelu | nepozadovano Ill, IV, V doporuceno TC cles inside the tunnel | not required for Ill, IV, V recommended for TC
zafizeni pro méfeni | povinné | povinné TA, TB Device for measuring | required for required for TA, TB
vysky vozidla doporuceno I, Il doporuceno TC vehicle heights recommended for Il, Il recommended for TC
nepozadovéno IV, V not required for IV, V
fidici centrum povinné |, Il povinné TA, TB Control center required for I, Il required for TA, TB
doporuceno Il doporuéeno TC recommended for Il recommended for TC

nepozadovano IV, V

Pokud je ventilace nebo
fizené osvétleni, RS
je podminkou

In case of ventilation or con-
trolled illumination, a com-
mand center is required

not required for IV, V

dopravni model -
klasifikace, predikce

neni specifikovano

povinné TA, TB
doporuéeno TC

Traffic model - classi- | not specified
fications, predictions

required for TA, TB
recommended for TC

fizeni dopravy
v pruzich

neni specifikovano

povinné TA
doporuceno TB, TC

Traffic management | not specified
in lanes

required for TA
recommended for TB, TC

fizeni na vjezdu

neni specifikovano

povinné TA, TB

Entry management | not specified required for TA, TB

(S1a, S1b) doporuceno TC (S1a, S1b) recommended for TC

vertikalni dopravni | neni specifikovano povinné TA, TB, TC Vertical traffic signs, | not specified required for TA, TB, TC

znaceni, dopravni raised pavement

knofliky - reflexni markers - reflexive

elementy elements

Detekce udalosti automaticka detekce | povinné I, Il povinné TA, TB Detection of events | Automatic detection | required for I, Il required for TA, TB

udalosti doporuceno Il doporuceno TC of events recommended for Il recommended for TC
nepozadovano IV, V not required for IV, V

detekce pozéru povinné |, Il povinné TA, TB Fire detection required for I, Il required for TA, TB
doporuceno lll doporuéeno TC recommended for Il recommended for TC
nepozadovéno IV, V not required for IV, V

moznost vyhlaseni | povinné I, II, Il IV povinné TA, TB Availability of required for I, II, lll, IV required for TA, TB

rucniho alarmu doporuceno V doporuceno TC manual fire alarm recommended for V recommended for TC

ventilace povinné |, Il povinné TA, TB Ventilation required for I, Il required for TA, TB
doporuéeno Il doporuéeno TC recommended for Il recommended for TC

nepozadovano IV, V
V tunelech do 500 m
nepozadovano

not required for IV, V
not required for in tunnels
within 500 m
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Management hasici pristroje povinné I, II, Il povinné TA, TB, TC Management Fire-extinguishers required for I, Il, Il required for TA, TB, TC
udalosti doporuceno IV of the event recommended for IV
nepozadovano V not required for V
pozérni hydranty povinné I, II, Il povinné TA Fire-hydrants required for I, I, lll required for TA
(suchovody) doporuceno IV doporuceno TB, TC (dry piping) recommended for IV recommended for TB, TC
nepozadovéno V nad 400 m vzdy not required for V above 400 m always
dodavka vody povinné I, II, Il povinné TA Water supply required for I, Il, Ill required for TA
doporuceno IV doporuceno TB, TC recommended for IV recommended for TB, TC
nepozadovano V nad 400 m vzdy not required for V above 400 m always
Odolnost pozarni odolnost povinné |, Il neni specifikovano Resistance Fire resistance of required for I, Il not specified
stavby a zafizeni doporuceno I the structure and recommended for Il

nepozadovéno IV, V equipment not required for IV, V
unikové cesty povinné I, II, Il povinné TA Emergency escape | required for I, II, lll required for TA
doporuceno IV doporuceno TB, TC ways recommended for IV recommended for TB, TC

nepozadovano V

not required for V

tnikové vychody

povinné I, II, Il
doporuceno IV
nepozadovano V

neni specifikovano

Emergency exits

required for I, Il, Il
recommended for IV
not required for V

not specified

priichody pro
zéchranné slozky

povinné |, Il
doporuceno Il
nepozadovano IV, V

povinné TA
doporuceno TB, TC

Passages for rescue
units

required for I, Il
recommended for Il
not required for IV, V

required for TA
recommended for TB, TC

nouzové chodby pro
zachranné slozky

povinné |, I
doporuceno Il
nepozadovéano IV, V

neni specifikovéano

Emergency
corridors for rescue
units

required for I, Il
recommended for Il
not required for IV, V

not specified

Stavebni opatfeni

nouzovy zaliv

povinné |
doporuceno Il
nepozadovano I, IV, V

povinné TA
doporucené TB, TC

Structural measures

Emergency niche

required for |
recommended for Il
not required for Ill, IV,

<

required for TA
recommended for TB, TC

nouzové pruhy

doporuceno |, Il
nepozadovano LIV, V

neni vymezeno

Emergency lanes

recommended for |, Il
not required for Ill, IV,

<

not specified

prichod stredni

povinné |, I

neni vymezeno

Passage thought the

required for I, Il

not specified

oblasti doporuceno Il central zone recommended for Il
nepozadovano IV, V not required for IV, V
ochranny prostor doporuceno |, Il neni specifikovdno Protective zone recommended for |, Il not specified

nepozadovano lll, IV, V

not required for Ill, IV, V

Hasicska jednotka

doporuceno |

neni specifikovano

Fire brigade unit at

recommended for |

not specified

u portélu nepozadovano Il Ill, IV, V

the portal not required for Il, Ill, IV, V

Tab. 2 Porovnani smérnice EP - TP 98/CSN (zelené-&s. standardy lepsi,
zluté-shodné pozadavky, ¢ervené-nefeseno nebo horsi v ¢s. standardech)

ZAVER

Analyza a porovnani technologického vybaveni nasich tuneld se smérnici
Evropského parlamentu ukazuje, Ze na$e tunely jsou vybavovéany vétSinou vys-
§im standardem. Podstatnéjsi vyjimkou je poZzadavek na videodetekei, ktery
bude zapracovan do nové verze TP98. Pro zlepSeni stavu ve stavebnim feSeni
je nutné urychlené dopracovat revizi normy CSN 75 7307.

Podstatnéjsi zasahy do provozovani tunelt je nutné ocekavat v organizacni
¢ésti, kde musi byt nové ustaven orgéan statniho dozoru, pracovisté inspekéniho
dohledu a kazdy tunel bude mit bezpeénostni komisi. Navrh na toto nové
usporadani bude projednavan s Ministerstvem dopravy a spojli v ramci feseni
projektu JRizeni a analyza rizik tunelu pozemnich komunikaci”.
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Chart 2 Comparison of the EP Directive and TP98/CSN (green-Czech stan-
dards are better, yellow-equal requirements, red-not solved or worse wit-
hin Czech standards)

operated tunnels, where it will follow instructions of the Administrative body.
Here, an activity based on a contractual basis is expected, while with regards to
the wide range of tunneling technologies, this would likely include more speci-
alized organizations. A workplace, which would carry out independent assess-
ment and evaluation of risks, would be an exception. There should be only one
such workplace (accredited), which would provide a single approach to such
a complex issue.

As for every tunnel, the operator must provide for activity of either safety com-
mittee or safety officer, who would be responsible for the issues set forth by the
Directive and TP154.

CONCLUSION

Analysis and comparison of the technological equipment in our tunnels accor-
ding to the Directive of the European Parliament shows that our tunnels are
usually equipped on a higher standard. The only substantial exception is the
requirement for video-detection, which will be elaborated into the new version
of TP98. In order to improve the situation in the solution of structures, it is
necessary to speedily finish the revision of the CSN 75 7307 standard.

More substantial interventions into tunnel operation are to be expected in the
field of administration, where a new body of public supervision and workplace
of the inspection body will have to be founded while every tunnel is to have its
safety committee. Proposal for such setup will be negotiated with the Ministry
of Transport within the framework of the project “Control and assessment of
risks in road tunnels”
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

AKTUALITY Z PODZEMNICH STAVEB V CESKE
A SLOVENSKE REPUBLICE (STAV K 31. 3. 2003)

SLOVENSKA REPUBLIKA

Tunel Sitina, Bratislava

Velmi dolezitou udalostou v oblasti podzemného stavitelstva na Slovensku
v prvom kvartali roku 2003 bolo podpisanie zmluvy na vystavbu Useku dialnice
D2 Lamacska cesta — Staré Grunty v Bratislave zahrrujiceho tunel Sitina
s dvomi rdrami dlzky takmer 1500 m medzi investorom Slovenskou spravou
ciest a vitaznym konzorciom Taisei Corporation - Skanska DS. Pripravné prace
by mali za¢at uz v jarnych mesiacoch, samotné razenie oboch tunelovych rur
(Novou rakuskou tunelovacou metddou) pravdepodobne na jesefi tohto roku.

Tunel Branisko

V prvom kvartali 2003 pokraCovala na stavbe dialniéného tunela Branisko (4975 m)
finalizdcia montazi technologického vybavenia a zacali prebiehat individualne
funkéné skusky. Skusobna prevadzka by mala zadat v letnych mesiacoch,
pricom by v prvej faze malo ist o prevadzku bez pristupu verejnosti. Verejnost
zaéne uzivat dlho ocakavany tunel prekonavajlci masiv Branisko medzi mestami
Levoca a Presov pravdepodobne az na jesen.

Tunel Horelica

Prace na vystavbe tunela Horelica (605 m) na dialnici D3 na obchvate mesta
Cadca uskutoéiiované spolognostou Vahostav - Tunely a $pecialne zakladania,
a. s., pokracovali betonazou sekundarneho ostenia, ktoré by mala byt v jarnych
mesiacoch ukoncena. Tunel by mal byt uvedeny do prevadzky pocas najblizsej
zimy.

Prieskumna stolfa Visiove )

Po prerazeni priskumnej §téIne dizky 7480 m pre dialni¢ny tunel Visfiové v pre-
doslom roku pokracovali préace realizované a. s. Doprastav zacatim uprav §tolne
pre jej funkciu Unikovej cesty pre buduci tunel. Upravy zahfiiaju vybudovanie
definitivneho dna s odvodnenim a tiez sekundarneho ostenia z dratkobetonu,
tak aby bola zabezpecena dlhodoba stabilita diela. Prace na upravach zacali od
demontaznej komory raziaceho stroja k obom portalom a mali by byt ukonéené
na jar roku 2004.

Tunely v Slovinsku

V Slovinsku na trase dialnice Maribor - Ljubljana pokracovali prace na vystavbe
troch tunelov ktoré vykonavaju Banské stavby, a. s., Prievidza. Tunel Trojane
s dlzkou 2900 m je razeny z dvoch protismernych portalov v tazkych geologic-
kych podmienkach. Slovenski tunelari okrem razenia vykonavaju aj geodetické
préace na celom tuneli ako aj definitivnu betonaz tunela od vychodného portélu.
Tunel Kastelec v celkovej dlzke cca 2200 m je tesne pred prerazenim kaloty
oboch tunelovych rur. Tretim je tunel Podmilj, kde je uz vyrazena lava rara dlzky
550 m, a v sti¢asnosti je razena prava rura.

CESKA REPUBLIKA

Tunel Mrazovka - MO Praha

Pokracuje provadéni mezilehlé izolace a definitivniho osténi tunelu.

Na useku, ktery realizuje Metrostav, a. s., bylo 21. 1. 2003 v zapadni tunelové
troubé dokonceno definitivni osténi. PGvodné bylo planovéno, ze bednici viz
po vyijeti z hotové tunelové trouby bude rozebran a znovu smotovén pred por-
talem vychodni tunelové trouby. Pro Usporu Casu i nakladd byl zvolen pfesun
kompletniho bedniciho vozu o vaze cca 100 t po pricnych kolejich kolmych na
osu tunell. Viaz byl tak presunut z prostoru pred zapadni troubou do prostoru
pfed vychodni tunelovou troubou a okamzZité byl nasazen na betonéz. K 31. 3.
2003 bylo ve vychodni tunelové troubé vybetonovano pres 250 m dna vcetné
mostovky a asi 100 m definitivniho osténi klenby.

Spoleénost Subterra, a. s., na €asti stavby, kterou zajistuje, dokon¢ila v mésici
bfeznu 2003 definitivni osténi dvoupruhovych tuneli a osténi jednopruhového
tunelu vétve B, v jednopruhovém tunelu vétve A je osténi dokonceno asi
z jedné tretiny. V rozpletu ZTT C je dokoncena betonaz bokd, v rozpletu VTT C
tato betonaz pokracuje. Jsou dokoncéeny hrubé vnitini betonové konstrukce
v trafostanici a na Pavim vrchu pokracuje stavba vzduchotechnického vydechu.

Tunel Bfezno

Z razené &asti tunelu, kterd ma délku 1478 m a je provadéna metodou obvodo-
vého vrubu s predklenbou, je k 31. 3. 2003 vyrazeno 791 m. Slozité geologické
poméry se projevily v poslednim obdobi naristem deformaci. Proto musela byt
razba 5. 3. 2003 prerusena a nasledovalo provedeni opatieni k stabilizaci Useku
bezprostfedné za ¢elbou.

Definitivni konstrukce dna je provedena v délce 420 m a k 21. 3. 2003 bylo zabe-
tonovano 210 m definitivniho osténi klenby.

Prazské Metro trasa IV C1

Po skonéeni razeb na prvni razené jednolodni stanici na prazském metru, stanici
Kobylisy, provadi v ni Metrostav, a. s., definitivni osténi s mezilehlou izolaci.
Z celkové délky stanice 147,9 m bylo k 31. 3. 2003 vybetonovano pres 110 m dna
a byla jiz také zahajena betonaz definitivniho osténi klenby stanice provedenim

NEWS FROM UNDERGROUND CONSTRUCTION IN THE
CZECH AND SLOVAK REPUBLIC (AS OF MARCH 31, 2003)

SLOVAKIA

Sitina tunnel, Bratislava

A very significant event in the field of underground works took place in Slovakia
in the first quarter of 2003 by signing a contract between the investor — Slovakian
administration of roads and the winning consortium Taisei Corporation - Skanska
DS for construction of section of the D2 highway Lamacska cesta - Staré Grunty
in Bratislava, including the Sitina tunnel with two almost 1500 m long tubes.
Preparation works should start as soon as spring months this year, the excavation
of both tunnel tubes (using New Austrian tunneling method) then around autumn.

Branisko tunnel

Finalization of works on the technological equipment at the h(i]qhway tunnel
Branisko (4975 m) continued in the first quarter of 2003 while individual functi-
onal tests started. Test of operation should take place in the summer months
while in the first phase it is to be an operation without the access of public.
The wide public is not to start using the tunnel underpassing the Branisko massif
between Levoca and Presov until autumn.

Horelica tunnel

Works on construction of the Horelica tunnel (605 m) at the D3 highway bypass
of Cadca, realized by Vahostav - Tunely a Specialne zakladania a.s., proceeded
by concrete placement of the secondary lining, which is to be finished in spring
months. The tunnel should be put into operation as soon as the upcoming winter.

Exploratory gallery Visriové

Following the excavation of the 7580 m long exploratory gallery for the highway
tunnel Visriové in the past year, works realized by Doprastav a.s. proceeded by
starting adjustments of the gallery for its function of emel;genc escape way for
the future tunnel. The adjustments include construction of final bedding with its
drainage and secondary lining from reinforced concrete, in order to provide
long-term stability of the structure. Works on adjustments started from the TBM
disassembly chamber, continue towards both portals and should be completed
in spring 2004.

Tunnels in Slovenia

In Slovenia at the highway section Maribor - Ljubljana, works proceeded on
constructions of three tunnels, realized by Prievidza a.s. The 2900 m long Trojane
tunnel is excavated from two O/Jposite portals in complicated geological condi-
tions. Beside excavation, the Slovakian tunnelers are also carrying out geodetic
survey along the entire tunnel as well as final concrete placement of the tunnel
from eastern portal. The 2200 m long Kastelec tunnel is shortly before calotte
breakthrough in both tunnel tubes. The third is the Podmilj tunnel, where the
550 m long tube excavation has already been completed, the right tube is cur-
rently being excavated.

CZECH REPUBLIC

Mrazovka tunnel - City Ring Road Prague

Realization of intermediary insulation and final lining of the tunnel proceeds.
In the section realized by Metrostav a.s., final lining was finished in the western
tunnel tube as of January 21, 2003. It was planned originally that the movable
formwork will be, after having moved out of the completed tunnel tube, disas-
sembled and again assembled in front of the portal of the eastern tunnel tube.
However, due to time and economical reasons, an option of transport of the
entire formwork set with weight of app. 100 tons along transverse rails per-
pendicular to the tunnel axis was selected. The vehicle was thus moved from
the area in front of the western tube into area in front of the eastern tunnel tube
and immediately deployed for concrete placement. As of March 31, 2003, over
250 m of invert including the bridge deck and app. 100 m of final vault lining
have been concreted in the eastern tunnel tube.

In the section provided by Subterra a.s., in March 2003 finished final lining of
double-lane tunnels and lining of a single-lane tunnel of branch B, within the
single-lane tunnel of the branch A the lining is completed from about one third.
Concrete placement of blocks is completed in bifurcation WTC C, it is still going
on in bifurcation ETT C. Rough inner concrete structures in the transformer sta-
tio'g ha\ﬁ/ll)een completed while construction of the ventilation outlet proceeds
at Pavi Hill.

Brezno tunnel

As of March 31, 2003, 791 m are excavated out of the 1478 m long mined tunnel
section, realized using the method of peripheral slot cutting method. Compli-
cated geological conditions have recently resulted in increased amount of
deformations. Therefore, the construction had to be put on hold on March 5,
2003 while realization of measures, in order to stabilize the section right behind
the face, followed. Final bedding framework is carried out in length of 420 m
and 210 m of final vault lining have been concreted as of March 31, 2003.

Pra]que subway line IV C1

Following completion of excavation works on the Kobylisy station, the first
single-bay station within the Prague subway, Metrostav a.s. is erecting final
lining with intermediary insulation. As of March 31, 2003, over 110 m of invert
have been concreted from the entire length of 147,9 m. Concrete placement of
final vault lining in the station also started by realization of the first two seven-
meter sections.
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prvnich dvou sedmimetrovych zabéra.

Subterra, a. s., na svém useku dokonéuje definitivni osténi tratovych tuneli
a zahajila provadéni dalsich vnitfnich konstrukci tunell - kolejové betony a oce-
lové konstrukce pro kabely. Kolejové betony jsou provadény z betonu s rozpty-
lenou vyztuzi a tvofi samostatné pasy, do kterych budou upevnény kolejnice
kolejového svrsku metra. U ocelovych konstrukci pro uloZeni kabelt musi byt
zajisténa vysoka pozéarni odolnost.

Méstsky okruh Praha, prizkumna $tola Blanka

Razba Stoly probiha z tézni Sachty na bfehu feky Vitavy v Praze - Troji a ke konci
bfezna 2003 vyrazil Metrostav, a. s., v obtiznych geotechnickych podminkach
250 m z celkové délky 1 680 m. Nepfijemna je nehomogenita celby, kde se stfi-
daji vrstvy bridlic a kiemencU. Obtizna vrtatelnost kiemenct je znama a dochazi
i k zavalovani vrtd. Pro bezpecnost razby pod Urovni dna Vitavy se provadi
jadrové predvrty délky 23 m. Podle projektu se provedla i sanacéni injektaz.

Tunel Plasina, Chorvatska republika

Jak jsme jiz informovali v minulém Cisle, a. s. Subterra zahajila razby na dal-
ni¢nim tunelu v Chorvatsku. Razba tunelli o délce 2 300 m byla slavnostné zaha-
jena ze severniho portalu dne 22. 11. 2002 za pfitomnosti zastupct velvyslane-
ctvi Ceské Republiky v Chorvatsku, vyznamnych osobnosti Chorvatska a velkého
zajmu médii. Po vybudovani pfistupovych cest, vlastniho portélu, zafizeni
staveni$té a navic mostu k jiznimu portélu, byly z néj dne 5. 3. 2003 zahéjeny
protirazby.

Razby jsou provadény technologii nové rakouské tunelovani metody (NRTM)
a minimalni denni postupy pro plny profil na jednotlivych tunelech jsou stano-
veny dle horninového zatfidéni od 1,35 m do 3,4 m.

Zahajeni razeb na dvoukolejnych Zelezniénich tunelech Krasikov 1 a 2

Tunel Krasikov 1 ma celkovou délku 1 098,30 m, z toho 68,30 m tvofi hloubena
jdma a 1 030,00 m je razeny tunel. Plocha vyrubu se pohybuije dle technologické
tfidy vyrubu od 108,80 m* (TT 2) do 137,00 m*(TT 5b). Pfi razbé se pouziva Nova
rakouska tunelovaci metoda (NRTM) a prace se provadi v nepfetrZitém provo-
Zu.

Ze zépadniho portalu P1 razi upadné spole¢nost Metrostav, a. s. K 28. 3. 2003
bylo provedeno hloubeni a provizorni vystrojeni hloubené jamy v délce 46,15
m, zajisténi portalu mikropilotami a svorniky a déle bylo vyraieno 43 m kaloty
al2mijédravTT 5aaTT 4.

Z vychodniho portalu P2 razi dovrchné spole¢nost Subterra, a. s. K 28. 3. 2003
bylo provedeno hloubeni a provizorni vystrojeni hloubené jamy v délce
22,15 m, zajisténi portalu mikropilotami a svorniky a dale bylo vyrazeno 65 m
kaloty a 12 m jadrav TT 5a, TT 4a TT 3.

Tunel Krasikov 2 méa celkovou délku 140,65 m, z toho 55,65 m tvofi hloubena
jama a 85,00 m razeny tunel. Plocha vyrubu se pohybuje dle technologické tfidy
vyrubu od 111,80 m? (TT 3) do 137,00 m? (TT 5b). Prace na obou portélech rea-
lizuje spoleénost Subterra, a. s..

Razba tunelu probihd uUpadné pouze z portédlu P1 v nepfetrZitém provozu
pomoci NRTM. K 28. 3. 2003 bylo z portalu P1 provedeno hloubeni a provizorni
vystrojeni jamy v délce 12,50 m, zajisténi portalu mikropilotami a dale bylo
vyrazeno 52 m kaloty a 10 m jadrav TT 5b, TT4aTT 3.

Tunely Dobrovského, VMO Brno - pruzkumné $toly

V ramci Sdruzeni Dobrovského realizuje Subterra, a. s., prizkumnou $tolu Il.b
o celkové délce 831 m.

V soucasné dobé probiha razeni v neogenni jilech (nazelenale $edy, pevny aZ
tvrdy, kompaktni jil, ktery se odlamuje ve vétsich blocich, ¢elba je nezvodnéld)
s prumérnym dennim postupem 4 m pfi plo$e vyrubu asi 13 m2 Rozpojovani
horniny provadi rypadlo ITC 112 M4, odvoz rubaniny je kolejovou dopravou.
Zajisténi vyrubu tvofi ocelova dulni vyztuz K24 a stfikany beton SB 20 s vloze-
nou jednou vrstvou sité. Z celkové délky prizkumné stoly Il.b je k 20. 3. 2003
vyrazeno 592 m. Soucasti stoly Il.b jsou i Ctyfi asi 16 m dlouhé prizkumné roz-
razky (plocha vyrubu cca 4 m?).

Metrostav, a. s., jako dalsi ¢len sdruzeni pfipravil i pro ostatni u¢astniky sdru-
Zeni portalovou jamu, ze které probihd razba prizkumnych stol. Déle vyrazil
prizkumnou $tolu I.b v délce 365 m o profilu 14 m? (razba byla dokoncena
28. 10. 2002). Geologické podminky byly charakterizovany prevazné kompakt-
nimi jily, misty, zejména zpocéatku razby zvodnélymi. Razba probihala s pouzi-
tim univerzalniho rypadla s vynasecim dopravnikem SCHAEFF ITC 112, bezko-
lejovou vodorovnou dopravu ve Stole zajistovalo dulni vozidlo PAUS
UNIVERZA 50-2 s vyménnou korbou na rubaninu a na suchou betonovou
smés. Bylo dosazeno mési¢nich postupd v razbé vice nez 100 m pfi minimalnich
poklesech na povrchu.

V$echna pribézné ziskavana data jiz dnes slouzi jako podklad pro vypracovani
projektové dokumentace budoucich silni¢nich tuneld.

Projekt ISPA - inzenyrské sité, Brno

V pétek 7. bfezna 2003 byla v Brné slavnostné zahajena dal$i z velkych inzenyr-
skych staveb, jejiz pfevazna ¢ast bude budovana technologiemi podzemnich
staveb. Akci, ktera na dobu tfi let proméni ¢ast brnénského podzemi v rozsahlé
stavenisté, umoznila Evropska komise prostiednictvim programu ISPA. Celkové
investiéni naklady projektu dosahuji téméf 1,4 mld. K¢, z toho nevratny grant
z prostredkd Evropské unie ¢ini 17,8 mil. EUR.

Projekt se sklada ze tfi staveb:

1. soubor sekundarnich kolektorl v historickém centru mésta Brna

2. rekonstrukce hlavnich uli¢nich stok Tkalcovska, Merhautova, Taborska

3. splaskové a destova kanalizace v méstské ¢asti Brno - Lisen

Po dokonéeni v roce 2005 se vyrazné zlepsi kvalita Zivotniho prostiedi ve mésté.
Po dobu vystavby se v§ak obyvatelé a navstévnici mésta musi nauéit se stav-
bou Zit, i kdyZ jednim z rozhodujicich kriterii vybérového Fizeni byla minimali-
zace negativnich vliv( tak rozsahlé stavby na okoli a podpovrchoveé technologie
jsou uplatiovany v§ude, kde je to technicky mozné.

In its section, Subterra a.s. is about to complete final lining of the tunnels and
started realization of other inner tunnel structures - trackbed concrete and steel
structures for cables. Trackbed concrete is being realized from fiber reinforced
concrete and is forming independent grooves, onto which the rails of subway
trackwork will be fixed. High fire resistance ability has to be provided for steel
structures for placement of cables.

City Ring Road Praha, exploratory gallery Blanka

Excavation of the gallery proceeds from mining shaft at the Vitava River bank
in Prague - Troja, and to the end of March 2003 Metrostav a.s. excavated in
complicated geotechnical conditions 250 m out of total 1680 m. Unpleasant is
the low homogeneity in the face, where layers of shales and quartzites alternate.
Difficult boreability of quartzites is well known while the bores get also some-
times blocked. In order to provide safe excavation, 23 m long core forebores
are being realized below the Vltava riverbed. In accordance with the project,
pre-grouting was realized as well.

Plasina tunnel, Croatia

As we have informed in the last issue, Subterra a.s. started excavation works
on a highway tunnel in Croatia. Excavation of tunnels in length of 2300 m was
ceremonially launched at the northern portal on November 22, 2002, with pre-
sence of representatives of the Czech embassy in Croatia, significant persons
and major interest of media. Following construction of access roads, the portal,
site facility and also a bridge to the southern portal, excavation works from
opposite directions started on March 5, 2003. The excavation works are being
carried out using the New Austrian tunneling method (NATM) while minimal
daily advances in full profile are in individual tunnels determined according to
rock classification as 1,35 to 3,4 m.

Start of excavation works at double-track railway tunnels Krasikov 1 and 2
The Krasikov 1 tunnel has o total length of 1.098,30 m, 68,30 m from that is an
open cut and 1 030,00 m the mined tunnel. Profile of the cut ranges, based on
technological class of the excavation, from 108,80 m? (TC 2) to 137,00 m? (TC
5b). The New Austrian Tunneling Method is being used for excavation while
works proceed in nonstop operation.
Metrostav a.s. excavates downhill from the western portal P1. As of March 28,
2003, excavation and temporary support of the open cut in length of 46,15 m,
support of the portal with micropiles and bolts, and further excavation of 43 m
of calotte and 12 m of the core with TC 5a a TC 4 have been realized.
Subterra a.s. excavates upwardly from the eastern fortal P2. As of March 28,
2003, cut-and-covering and provisory equipment of the cut-and-covered ditch
in length of 22,15 m, provision of the portal with micropilots and bolts, and furt-
her 65 m of calotte and 12 m of the core with TC 5a, TC 4 and TC 3 have been
excavated.
The Krasikov 2 tunnel has o total length of 140,65 m, 55,65 m from that is a
open cut and 85,00 m the mined tunnel. Excavated tunnel cross section ranges,
based on excasvation technological class, from 111,80 m2 (TC 3) to 137,00 m2
(TC 5b). Works on both portals are being realized by Subterra a.s.
The tunnel excavation A(Jroceeds downhill from the P1 portal only, in nonstop
operation using the NATM. As of March 28, 2003, excavation and temporary
su[)port of the open cut in length of 12,50 m, support of the portal with micro-
iles, and further excavation of 52 m of calotte and 10 m of the core with TC 5b,
C 4 and TC 3 have been realized.

Dobrovského tunnels, Large city ring road Brno - exploratory galleries

Within the Dobrovského Association, Subterra a.s. realizes an exploratory
gallery IL.b in total length of 831 m.

Currently, the excavation proceeds in Neogene clays (greenish gray, solid to
hard, consistent cla;/, which breaks in larger blocks, the face is not saturated)
with an average daily advance of 4 m with cross profile of app. 13 m? The rock
dis_inte;q]ration is realized by the excavator ITC 112 M4, muck is removed on
rails. The opening is supported by steel colliery arches K24 and shotcrete SB 20
with one inserted layer of mesh. As of March 20, 2003, 592 m from total length
of the exploratory gallery I.b have been excavated. Four app. 16 m long explo-
ratory side adits (cross profile app. 4 m?) are also part of the exploratory
gallery Il.b.

As another member of the association, Metrostav, a. s., realized a pre-portal pit,
from which the excavation of exploratory galleries will proceed, also for other
members of the association to use. It further excavated the exploratory gallery
I.b in length of 365 m with cross profile of 14 m2 (excavation was completed on
October 28, 2002). The geological conditions were characterized mainly by con-
sistent clays, especially in the beginning partially saturated. The excavation
proceeded using a tunnel digging machine with front apron and conveyer
SCHAEFF ITC 112, trackless haulage in the gallery has been provided by the
mining vehicle PAUS UNIVERZA 50-2 with exchangeable containers for muck
and dry concrete mixture. Average monthly excavation advances of more than
100 m by minimal terrain settlements have been achieved.

All continuously acquired data now already serves as basis for elaboration of
design documentation for the future road tunnels.

ISPA Project - Utility network, Brno

On Friday March 7, 2003, another major civil engineering project, whose major
part will be carried out using techniques of underground construction, was
ceremonially commenced in Brno. This event will turn a part of the underg-
round in Brno into a widespread construction yard for three years. It has been
made possible by the European commission by means of the ISPA ﬁrogram.
Total investment costs of the project reach almost K¢ 1,4 bill., from which Euro
17,8 mill. represent a non-returnable grant from the EU funds.

The project consist of three construction lots :

1. Complex of secondary collectors within historic center of Brno

2. Reconstruction of main street sewers Tkalcovskad, Merhautova, Taborska

3. Sanitary and storm sewerage within city district Brno - Lisen

Following completion in 2005, environment in the city will substantially improve.
However, during the course of construction, citizens as well as visitors of the
city will have to learn how to live with the construction, although minimization
of negative impacts of such extensive construction on its surrounding was one
of the crucial criteria in the competitive tender and subsurface techniques are
being used wherever it is technically viable.

Ing. Miloslav Novotny
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

EUROCK 2002

Mezinarodni spolecnost pro mechaniku hornin (ISRM) poradéa v mezidobi celo-
svétovych kongresu (konanych kazdé 4 roky) velka regionalni sympozia, ktera
v Evropé jiz tradicné nesou nazev EUROCK. EUROCK 2002 usporadala portu-
galska narodni skupina ISRM ve dnech 23. - 28. listopadu ve Funchalu, spravnim
stfedisku ostrova (a provincie) Madeira pod nazvem ,Horninové inzenyrstvi
v hornatych regionech”. Soucasti sympozia byly i jednodenni workshopy , Vul-
kanické horniny” a ,InZenyring a hydraulické chovani poruseného horninového
masivu”. V rdmci sympozia se konalo rovnéz zasedani pléna a exekutivy ISRM.
Sympozia se zdcastnilo 247 UGcastnikl, nejen z Evropy ale i z ostatnich konti-
nentu. Bylo pfedneseno vice nez 80 referatl rozdélenych do 5 tématickych sekci:
Stabilita svahl, Podzemni stavby v hornatych regionech, Ochrana Zivotniho
prostredi, Realizované podzemni stavby, Specialni sekce (predevsim vysledky
laboratornich méfeni). Jednotlivé tématické sekce byly uvedeny souhrnnymi
klicovymi pfednaskami pfednich evropskych odborniki (R. Hack, W. Wittke, M.
Aeschbach, J. Mazars).

Publikované prispévky stejné jako diskuse a priibéh celé konference potvrzuji
skute¢nost, Ze predevsim v Evropé se téZisté feSené problematiky v mechanice
hornin jiz pfesunulo z oblasti hornictvi do oblasti podzemniho stavitelstvi.
Prevazuji stabilitni studie podzemnich staveb, exponovanych svah, vypocty
podzemnich i povrchovych vyztuznych konstrukci, velkd pozornost je stale
vénovana metodam matematického modelovani procesl v horninovém masivu,
souvisejicich s podzemni vystavbou. Typické je vyuzivani nejnovéjsich technic-
kych prostredkd pfi vystavbé a méreni podzemnich dél (laserové snimace,
geofyzikalni pfistroje aj.).

V této souvislosti je nutné zminit se o prostiedi, v némz se konference konala.
Je-li na svété néjaké misto, které si zaslouzi nazev ,raj tunelari”, pak je to
nepochybné ostrov Madeira. Mam tu na mysli skutené podzemni stavitele,
i kdyzZ ani finanéni tunelafi by se tam vzhledem k luxusnim hoteltm, kasinim
a golfovym hfistim necitili §patné. Ostrov sopecného plvodu, lezici cca 450 km
severné od Kanarskych ostrovl, se vyznacuje extrémné Clenitou morfologii
povrchu, ktery strmé stoupa od pobfezi az do vySe 1800 m v centralni ¢asti. Jed-
notliva hluboce zafiznuta tdoli jsou oddélena prikrymi, ¢asto svislymi mnoha-
setmetrovymi Utesy, takZe ani spojeni sousednich pobfeznich osad se neobejde
bez tuneld. Prakticky kazda komunikace, at se jedna o dalnici, mistni komunikaci,
turistickou stezku nebo vodni pfivadéc, je aspon ¢aste¢né vedena v podzemi.
Z geologického hlediska je cely ostrov budovan neovulkanickymi horninami
(CediCe, trachyty a zejména jejich tufy a tufitické brekcie), které se vyznacuji
dobrou rozpojitelnosti, relativné nizkou abrazivitou, ale zaroven vysokou stabi-
litou podzemnich vyrubg.

Nelze se proto divit, Ze dnes je na ostrové, jehoz délka nepresahuje 50 km
a Sirka 25 km nékolik desitek kilometr(i tunelovych staveb rdznych rozmérd.
Vedle dalni¢nich a silni¢nich tuneld prakticky na véech komunikacich stoji za
zminku malé tunely, jimiz jsou vedeny vodni pfivadéce (levady), které privadéji
vodu z vysokych centralnich ¢asti ostrova do jednotlivych osad ve vnitrozemi
i na pobrezi. Systém téchto akvaduktu, budovanych a udrzovanych po staleti,
dnes predstavuje nékolik tisic kilometrd tras, ¢aste¢né vedenych v podzemi.
V soucasnosti je pési turistika, vyuZivajici téchto vodnich tras, jednou z hlavnich
turistickych atrakci ostrova.

| v soucasnosti ma vystavba tuneld v této lokalité zlaté casy. S podporou vyziv-
ného eurodesté ( Madeira je zafazena mezi zaostalé regiony zemi EU) se buduji
nové komunikace a s nimi i nové tunelové stavby. V dobé konéni konference
probihala vystavba ne méné nez 10 tunelli od dvoupruhovych dalni¢nich tunell
aZz po mensi tunely na mistnich komunikacich a velkych vodnich pfivadécich.
Exkurze na nékteré stavby potvrdila pfiznivé podminky pro podzemni vystavbu.
Napfiklad razba tunelu o plose cca 70 m? probihala v pIném profilu se zabirkou
4 m, prakticky bez vyztuze na Celbé, pficemz namérené hodnoty konvergence
stropu dosahovaly cca 2 mm. Nezbyva, nez abychom si prali aspor nékdy se
trochu pfiblizit v nasich podminkach témto idealnim parametriim.

Doc. Ing. Richard Sriuparek
KONFERENCE ZELEZNICNi MOSTY A TUNELY

SUDOP Praha, a. s., ve spolupraci s Ceskymi drahami, s. p., pfipravil jiz 8. rocnik
této tradicni konference a uz plné rozsifené o problematiku tunelovych staveb.
V kongresovém centru hotelu Ol$anka v Praze 3 bylo dne 23. 1. 2003 predneseno
28 zajimavych prispévk( ze staveb projektovych provadénych ¢i pripravova-
nych v uplynulém ro¢nim obdobi.

Prispévky k tunelové problematice vétSinou navazovaly na_uplynulou konfe-
renci. Ing. Smida ze SUDOP Praha predstavil novou normu CSN 737508 Zelez-
niéni tunely. Tato plati pro projektovani a vystavbu razenych i hloubenych tuneld
na drahéch celostatnich, regionalnich o normalnim rozchodu 1435 mm a tratovou
rychlost do 160 km/hod. Pro rekonstrukce, opravy a tdrzbu dosavadnich tunell
plati ustanoveni normy ve vyuzitelném rozsahu. Tato nova norma zachovava
soucasny trend doméci normotvorby v oboru podzemniho stavitelstvi, tj. schéma
se zakladni normou CSN 737501 Navrhovani konstrukci razenych podzemnich
objektli a navazujicich technickych norem podle ucelu vyuziti podzemniho dila
jako CSN 737507 Projektovani tunelt pozemnich komunikaci a CSN 737503
Projektovani a stavba tuneld méstskych drah.

Problematice ochrany tunelovych objektl proti Gc¢inkim bludnych proudu se
vénoval prispévek ing. Karbanové, ing. Stecinského, Ceské drahy. a ing. Kudery
JEKU. Vedle piehledu platnych evropskych a narodnich predpist prispévek
rozebira koncepci feSeni ochrany stavby a navrhy ochrannych opatfeni na prak-

EUROCK 2002

The International Society for Rock Mechanics (ISRM) organizes, in times bet-
ween world congresses (taking place every 4 years), large regional symposi-
ums, which in Euroi’)e are already traditionally called EUROCK. EUROCK 2002
was organized by the Portuguese ISRM national committee between Novem-
ber 23 and 28 in Funchal, administrative center of the island (and province) of
Madeira under the name “Rock engineering in mountainous regions”. One-day
workshops “Volcanic rocks” and “Exploration and hydraulic behavior of a bro-
ken rock massif” were part of the symposium. A session of the ISRM executive
board and assembly also took place within the symposium.

247 persons took part in the symposium, coming not only from Europe, but
also from other continents. More than 80 contributions have been delivered,
divided into 5 topic sections : Stability of slopes, Underground works within
mountainous regions, Environmental protection, Realized underground works,
Special section (mostly results of laboratory measurements). Individual topic
sections were introduced by key general lectures, leading European professio-
nals (R. Hack, W. Wittke, M. Aeschbach, J. Mazars).

Delivered contributions, in the same way as discussion and the course of the
entire conference, confirmed the fact that especially in Europe the crux of the
issues of rock mechanics has already shifted from the field of mining into the
field of underground engineerin?. tudies of stability of underground works,
loaded slopes and calculations of both underground and surface support struc-
tures are prevailing; a serious attention is still being devoted to the methods of
mathematical modeling of processes within rock massif relating to underg-
round construction. Use of newest technical means (laser scanners. geophysical
devices etc) during construction and measurement of underground works is typical.
In this connection, it is necessary to mention the surrounding, in which the con-
ference proceeded. If there is any place in the world that deserves to be called
“tunneler’s paradise”, it is undoubtedly the island of Madeira. What | mean
here are the real underground tunnelers, although not even the financial “tun-
nelers” would feel bad with regards to its posh hotels, casinos and golf courses.
A volcanic island, located approximately 450 km north of the Canaries, is marked
biv an extremely dissected topography, which rises steeply from the coast to an
elevation of 1800 m a.s.l. in the central region. Individual deeply tallied valleys
are separated with steep, often vertical, several hundred meters deep precipices,
so that not even a connection of two adjacent coastal settlements would go
around without a tunnel. In fact each road, be that a highway, local road, tourist
path or water feeder is at least partially conducted underground. From the geo-
logical perspective the entire island consist of neo-volcanic rock types (basalts,
trachytes, and especially their tuffs and tuffite breccias), which are marked b%
their good disjoining properties, relatively low abrasiveness, but also by hig
stability of underground openings.

Therefore there is no wonder, that the current island, whose length does not
exceed 50 km and width 25 km, contains tens of kilometers of tunnel structures
with various dimensions. Beside tunnels on practically all highways and roads,
also small-size tunnels are worth mentioning, that contain water feeders (levadas),
which bring water from elevated central regions of the island into individual
settlements both inland and by the seaside. Such system of aqueducts, con-
structed and maintained for centuries, is today represented by several thou-
sand kilometers of routes, partially conducted underground. Currently, the use
of these waterways for hiking is one of the main tourist attractions on the island.
Even now the tunnel construction industry is blossoming in this region.
With support of the fertile “EURO-rain” (Madeira ranks among underdeveloped
regions of the EU), new roads along with new tunnel structures are being con-
structed. At the time of this conference, no less than 10 tunnel constructions,
ranging from double-lane highway tunnels to small tunnels on local roads and
large water feeders, were proceeding. For instance, a full-face excavation of
a tunnel with cross section of 70 m? proceeded with a round length of 4 m,
almost without any support at the face, while measured values of the roof con-
vergence reached app. 2 mm. There is nothing left for us but to wish that per-
haps sometimes we might at least slightly come near to these ideal parameters
in our conditions.

CONFERENCE ON RAILWAY BRIDGES AND TUNNELS

SUDOP Praha a.s. in cooperation with public corporation Czech Railways s.p.
prepared already the 8th traditional annual conference, this time with fully inte-
grated issues of underground works. Twenty-eight interesting contributions
about constructions being designed, realized or planned in the past year were
deliver%d in congressional center of the Olsanka hotel in Prague 3 on January

Contributions dealing with tunneling issues were mostly building on the previous
conference. Ing. Smida from SUDOP Praha introduced the new standard CSN
737508 “Railway tunnels”. It applies to design and construction of both mined
and cut-and-cover tunnels at statewide and regional railway lines with a stan-
dard gauge of 1435 mm and a speed limit over a track of up to 160 km/hour.
As for reconstructions, repairs and maintenance of the existing tunnels, provi-
sions of the standard apply in accordant extent. This new standard holds on to
the current legislative trend in the field of underground works, i.e. a pattern
with the fundamental standard CSN 737501 “Design of structures for mined
underground works” and subsequent technical standards according to utility
purpose of the underground work as CSN 737507 “Design of road tunnels” and
CSN 737503 "Design and construction of urban tunnels”.

The contribution of Ing. Karbanova and Ing. Stecinsky, Czech Railways, and
Ing. Kuéera’s JEKU dealt with the issues of protection of tunnel structures from
impacts of stray currents. Except overview of applicable European as well as
national standards the contribution also discusses the concept for solution of
the structure protection and proposals for protective measures illustrated on
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tickém pfipadé nové vybudovaného tunelu Mi€echvosty.

Prednaska upozornila na uskali pfi navrhu ochrannych opatfeni proti u¢ink(im
bludnych proudi ve vztahu k platnym predpisim ale také shrnula vysledky
méfeni bludnych proudu zjisténé v priibéhu vystavby a po dokonceni stavby na
tunelu Mi¢echvosty.

Dalsi tFi prednasky se tykaly realizovanych a navrhovanych tunel(i na Ceskych
drahdch. V pFispévku ing. Smidy se popisuje vyvoj navrhu Zelezniéniho tunelu
Brezensky na trati Bfezno u Chomutova - Chomutov. Tunel je dnes ve vystavbé
a. s. Metrostav razen metodou obvodového vrubu s predklenbou na velmi
obtiznych geotechnickych podminkach neogenni uhelné panve. Vedle proble-
matiky navrhu konstrukci a popisy technologie razby se v zavéru konstatuji
i zkuSenosti z probihajici razby a monitoring a jeho vliv na stavebni postup ve
vazbhé na provadéné sanace v poddolovaném uzemi.

Prispévky pracovniki ILF Consulting, s. r. 0., ing. Marika a ing. Svobody a pra-
covnika SUDOP ing. Brokla vychazeji z projektovych reseni tuneld modernizo-
vaného koridoru Ceska Trebové — Zahfeb na Moravé. Zatimco novy Trebovicky
tunel je navrzen jako dvoukolejny hloubeny tunel s unikatni kubaturou pod-
zemnich stén, dal$i popisované tunely Hnévkovsky |, Hnévkovsky Il a Mala
Huba jsou projektovéany pro razbu novou rakouskou tunelovaci metodou. Nava-
zuje se tak na vystavbu tunelu Mi¢echvosty a Krasikov | a Il. Nova rakouska
tunelovaci metoda se tak stdva nosnou metodou pro vystavbu dalSich Zelezni¢-
nich tunelt, hlavné pro svou pouzitelnost v Sirokém spektru horninovych
prostiedi.

Z ostatnich pfispévk( zaujal pfitomné Gvodni pfispévek ing. Nejezchleba, Ceské
drahy, a. s., divize dopravni cesty, o. z., ktery informoval o nové Upravé Spravy
7elezniéni infrastruktury v podminkach CD, a. s., od 1. 1. 2003, kdy byla zFizena
akciova spolecnost Ceské drahy a Sprava Zelezniéni dopravni cesty, s. o.

CINNOST SEKCE SILNICNi TUNELY CSS V R. 2002, PLAN CIN-
NOSTI NA R. 2003

Cinnost sekce Silniéni tunely CSS probihala v uplynulém r. 2002, tak jako v pred-
chozich létech, v souladu s planem ¢innosti pro toto obdobi z prosince 2001.
Na zakladé uvedeného planu byla v hodnoceném obdobi Uspésné dokoncena
spoluprace ¢lend sekce se zpracovatelem ELTODO, a. s., na revizi Technickych
podminek MDS TP 98 ,Technologické vybaveni tunelt pozemnich komunikaci”.
Dokoncena verze prochazi v soucasnosti meziresortnim legislativnim projedna-
nim. Zékladni pravidla a pozadavky uvedené v revizi TP 98 byly sestavovany na
zékladé podrobného hodnoceni obdobnych pravidel a doporuceni platnych pro
tzemi SRN, Svycarska a USA. Vytvorenim uvedenych technickych podminek
a jejich vydanim bude tzemi CR pfipraveno k plnéni pfipravované smérnice
Evropské komise zajistujici jednotnou naroéné vysokou miru bezpecnosti
provozovani tunelovych usekl transevropskych infrastrukturnich siti. K dosazeni
mezinarodni srozumitelnosti schvalenych TP 98 MDS bude okamzité po jejich
meziresortnim schvaleni zajistovan jejich preklad do anglictiny. Tim bude kvali-
fikované pripraven podklad jak pro odborné diskuse o obsahu nového zpraco-
vani TP 98, tak také potfebny doklad o zajiStovani bezpeénosti v tunelovych
Usecich pozemnich komunikaci pro nové pfipravované investice, které obsahuiji
uvedené Useky a jsou financovany s podilem EU.
S obdobnym zamérenim pokracovala spoluprace ¢lent sekce se shodnym zpra-
covatelem ELTODO, a. s., pfi praci na projektu MDS 803/110/105 ,Analyza
a fizeni rizik v tunelech pozemnich komunikaci”. Prace druhého roku uvedeného
projektu byly ukonéeny Vyroéni zpravou roku 2002. Spolupréce sekce Silnicni
tunely CSS se zpracovatelem projektu bude pokracovat také v zavére¢ném roce
2003 tohoto projektu. B
V priibéhu prvni poloviny roku 2002 spolupracovala sekce Silni¢ni tunely CSS
dale se zpracovatelem posouzeni bezpecnosti soustavy tunelovych useki seve-
rozépadni ¢asti MO Praha spoleénosti SATRA, a. s. Vysledky studie dokoncené
(F)’WZhOOZ podpofily nasledné vydani Gzemniho rozhodnuti na ¢ast Blanka MO
raha.
V r. 2002 déle pokratovala spolupréace sekce Silniéni tunely CSS s komisi C 5
AIPCR provadéna povérenym delegatem Ing. ZIdmalem ze spole¢nost POHL, a. s.
Vysledky ¢innosti uvedené komise pfipravované dlouhodobé pro XXII Kongres
AIPCR/PIARC v r. 2003 byly rovnéZ pouzity pfi zpracovavani vyse uvedené revize
TP 98 MDS a projektu 803/110/105 MDS,
Soudasti ¢innosti sekce Silniéni tunely CSS byla v r. 2002 také organizace stu-
dijni cesty na dokonceny Ctvrty tunel pod Labem Hamburku v SRN. Celkem 15
GcastnikG studijni cesty, pracovnik(i statni a méstské spravy, projektantl
a dodavatell tunelt bylo zfizovatelem ¢tvrtého tunelu v Hamburku podrobné
informovano zejména o vSech opatfenich tykajicich se bezpeénosti intenzivniho
dalni¢niho provozu mésic pred jeho zahajenim. Ucastnikiim studijni cesty byla
umoznéna podrobna prohlidky dokonéeného tunelu véetné pdvodniho a nové
vybudovaného fidiciho strediska. Soucasti studijni cesty byla rovnéz diskuse
a vymeéna zkuSenosti zfizovateli a provozovatell tunelt zejména méstskych
komunikaci. B
Rovnéz v r. 2002 se ¢lenové sekce Silniéni tunely CSS podileli fadou odbornych
¢lankd na cinnosti casopisu Silni¢ni obzor vcetné aktivni Gcasti na Silnicni
konferenci 2002 v Hradci Kralové.
Jako rozhodujici ¢innosti planu prace sekce Silniéni tunely CSS na rok 2003 je
nutno oznacit dokonéeni spoluprace se spole¢nosti ELTODO, a. s., na zpraco-
vani projektu MDS 803/110/105, spolupraci pfi zahajeni revize ¢sN 737507
Projektovani tuneld na silni¢nich komunikacich a prezentaci ¢innosti sekce na
mezinarodni konferenci ,Podzemni stavby Praha 2003“ konané ve dnech
18.-20. listopadu 2003.
Stejné jako v predchozich létech bude také v r. 2003 soucasti Cinnosti sekce
organizovani studijni cesty. V souvislosti s hlavnim zaméfenim ¢€innosti sekce
v poslednich létech, tj. zajiStovani bezpecnosti provozovani tunelovych useki,
bude také uvedena studijni cesta zaméfena na zabezpeceni této problematiky
na tunelech Branisko a Horelica pred jejich letoSnim uvedenim do provozu.

a serviceable case of the newly constructed tunnel Mi¢echvosty.

Three other lectures dealt with realized and designed tunnels at Czech railways.
Ian. Smida in his contribution describes progress of the design for railway tunnel
“Bfezensky” on route Bfezno near Chomutov — Chomutov. The tunnel is cur-
rently under construction by Metrostav a.s. It is being excavated using the
peripheral slot pre-cutting method in very complicated geotechnical conditions
of Neogene coal basin. Beside the issues of the structure design and description
of the excavation technique, in the end it also states experience from the ongoing
excavation, monitoring as well as its impact on the construction progress in
relation to the realized remedial works in the undermined area.

Contributions of the employees of ILF Consulting s.r.o. Ing. Marik and Ing. Svo-
boda and the employee of SUDOP Ing. Brokl were based on designed solutions
of tunnels at the modernized corridor Ceska Tfebova - Zahfeb na Moravé.
While the new tunnel of Trebovice is designed as a double-track cut-and-cover
one with a unique volume of diaphragm walls, the other described tunnels
Hnévkovsky I, Hnévkovsky Il and Mala Huba are being designed for mining
using the New Austrian Tunneling Method. Thus, continuation of the construc-
tion of the tunnels Mi¢echvosty and Krasikov | and Il is being formed. The new
Austrian tunneling method thus becomes a principal method for the construc-
tion of other railway tunnels, mainly due to its applicability within wide range
of rock environments.

As from other contributions that raised interest among those present was the
opening contribution of Ing. Nejezchleb from Czech Railways a. s., Division of
traffic routes o. z., who informed about the new regulation by the Administra-
tion of railway infrastructure in terms of Czech Hallwzj&/s a.s. as of January 1,
2003, when the joint-stock company Czech Railways and Administration of railway
traffic routes s.o. were established.

Ing. Petr Vozarik

ACTIVITY OF THE ROAD TUNNELS DEPARTMENT OF CRS IN
2002, ACTIVITY PLAN 2003

Activity of the Road tunnels department of Czech road society in the past 2002
proceeded, in the same way as in the previous years, according to a plan of
activity for this period from December 2001. Based on that plan, cooperation
between department members and the elaborator Eltodo a.s. on revision of the
Technical conditions of MTC TP98 “Technological equipment of road tunnels”
has been successfully completed in the given period. The completed revision is
currently going through the inter-ministerial legislative process. Basic principles
and requirements laid out within the revised TP98 have been compiled based
on detailed evaluations of similar principles and recommendations valid in
Germany, Switzerland and USA. By creation of the aforementioned technical
conditions and their publication, the CR will be ready to fully comply with the
prepared directive of the European Commission, providing for a high common
safety in operated tunnels at the trans-european road network. In order to reach
an international apprehension of the approved TP98 of MTC, their translation
into English will be provided immediately following their inter-ministerial app-
roval. Thus, a basis will be competently laid for professional discussions on the
content of the revised TP98, and also for a required document on provision of
safety in sections of road tunnels for the new investments, which comprise the
given sections and are being partially funded by the EU.

Cooperation with a similar aim between the department members and the
same consultant Eltodo a.s. proceeded during the work on MTC project
803/110/105 “Assessment and management of risks in road tunnels”. Works
during second year of this project have been completed by issuing the Annual
report 2002. Cooperation of the Road tunnels department of CRS with the con-
sultant of the project will continue also in 2003, the last year of thiscproject.
During the first half of 2002, the Road tunnels department of the CRS further
cooperated with the consultant of safety evaluation of a complex of tunnel por-
tions at the northwestern section of the Prague city ring road, the company
Satra a.s. Results of the study, completed in July 2002, then backed subsequent
issuing of zoning approval for the section Blanka of the Prague City Ring Road.
In 2002, the Road tunnels department of the CRS also cooperated with
Committee 5 of the AIPCR. The Road tunnel department was represented by
Ing. Zlamal from Pohl a.s. Results of activity of the above committee, prepared
on a long-term basis for the XXIl Congress AIPCR/PIARC in 2003, were also
used during the elaboration of the aforementioned revised TP98 of MTC and
MTC project 803/110/105.

Organization of an excursion to the completed fourth tunnel below the Elbe in
Hamburg, Germany, was also part of activity of the Road tunnels department
of the CRS. Altogether 15 participants of the excursion, representatives of pub-
lic administration and local authorities, designers and tunneling contractors
have been informed in detail by the investor of the fourth tunnel in Hambur
about all measures concerning safety of intense highway traffic, one mont
prior to its opening. Participants of the excursion were permitted to inspect in
a detailed manner the completed tunnel, including the former as well as newly
constructed control center. Discussion and exchange of experience among
investors and operators of tunnels, especially those on urban roads, was also
part of the excursion.

Members of the Road tunnels department of CRS also contributed a handful of
specialized articles to the Silniéni Obzor magazine and actively participated at
the Road conference 2002 in Hradec Krélove.

As for Activity Plan for 2003 of the Road tunnels department of CRS, it is neces-
sary to highlight the following activities as dominant - completion of the MTC
project 803/110/105 in collaboration with the company Eltodo a.s., cooperation
on the commencing revision of the CSN 737507 “Design of road tunnels”, and
presentation of activity of the department within the international conference
“Underground Construction Prague 2003, organized on November 18.-20., 2003.
In the same way as in the previous )/ears, organization of an excursion will be
part of activity of the department. In connection with the recent years” main
focus of the department’s activity on ensuring safety in the operation of tunnel
sections of roads, this excursion will be focused on this issue at tunnels
Branisko and Horelica prior to their opening this year.

Ing. J. Smolik, secretary of the department
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ZPRAVODAJ CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELLING COMMITTEE REPORTS

VZPOMINKA NA PROF. ING. IVANA TRAVNICKA, CSc.

V nedéli 24. listopadu 2002 se uzavrela Zivotni drdha vzacného ¢lovéka a naseho
predniho odbornika Prof. Ing. Ivana Travnicka, CSc.

My, ktefi jsme se s profesorem Travnic¢kem setkali na konferenci Zakladani staveb
v Brné dne 5. listopadu, jsme netusili, Ze pro vétSinu z nas bude toto setkani
s nim posledni. V&fim, Ze ani profesor Travnicek, ktery tehdy mezi nas pfisel
jako vidy usmévavy a pres jeho zdrcujici sdéleni, Ze ho ¢eka narocné léceni,
stale optimisticky, jesté v ty dny netusil, Ze uZ tak brzo ho ¢eké posledni a marny
boj s vaZnou nemoci. .

Prof. Travnicek se narodil 22. brezna 1928 v Ziling, kde také v roce 1947 matu-
roval na gymnaziu.

Od roku 1947 studoval na Strojni fakulté Vysoké skoly technické Dr. E. Benese
v Brné. Jako posluchac 4. roéniku nastoupil jako asistent na Stavebni fakultu na
Ustav stavebnich hmot a zkouseni. Vysokou $kolu technickou ukoncil v roce 1952.
V roce 1954 prof. Mencl jako vedouci Ustavu mechaniky zemin, zakladani staveb
a tunel(i zamyslel vybudovat kompletni laboratof mechaniky hornin pro UTAM
CSAV, a proto dohodl prestup tehdy uz odborného asistenta ing. Travni¢ka na
jeho Ustav. Pfedpokladal, Ze by navrhoval zku$ebni pfistroje mechaniky hornin.
To se tehdy jesté nenaplnilo, ale zacala draha prof. Travnicka jako geotechnika,
protoZe na ustavu byl povéien nejdfive vyukou mechaniky zemin a postupné
i vyukou geotechnickych pfedméta.

Tehdy také zacala i jeho velmi rozsahla spoluprace s prof. Menclem v oblasti
vyzkumné éinnosti, ale pfedevsim uzZ stéla svazanost s praxi, a to prevéiné
v oblasti mechaniky zemin a skalnich hornin. Na vSech v té dobé budovanych
prehradach zacal prof. Travnicek nejdfive pod vedenim prof. Mencla a pozdéji
jiz samostatné s mérenim porovych tlakl v tésnicich jadrech zemnich hrazi.
Na katedfe bylo vyvinuto zafizeni, které bylo instalovano na 18 prehradach.
Prvni osazenou pfehradou byla Térlicka hraz na Ostravsku, z nejvyznamnéjSich
Nechranice, Zelivka, Liptovskd Mara. V oblasti mechaniky hornin byl vyvoj
zaméren na realizaci zkusebnich zafizeni a pfistroji pro stanoveni deformac-
nich a pevnostnich charakteristik masivu, méreni napjatosti, byly reSeny otazky
dilatanci a kontraktanci skalnich hornin pfi namahani ve smyku, zpsoby méreni
rezidudlnich napéti v zemnich konstrukeich, byl vyvinut triaxialni polni pfistroj,
extenzometry pro méfeni ve vrtech apod. V tomto obdobi byla katedra geo-
techniky nasim nejvyznamnéj§im pracovistém v oblasti mechaniky skalnich hornin.
V roce 1969 obhdjil disertaéni praci na téma ,Pérové tlaky v tésnicich jadrech
zemnich hrézi” a ziskal védeckou hodnost CSc. )

V roce 1967 - 1975 mél vedlejsi pracovni pomér (25 %) v PUDIS Praha, kde
vykonaval funkci vedouciho inzenyra prizkumu pro prazské metro trasy C1a A1.
Dlouholeta vyzkumna &innost byla vézana v rémci statnich vyzkumnych tkold
na pracovisté CSAV - Hornicky Ustav, Ustav teoretické aplikované mechaniky,
Slovenskou akademii véd, Katedru inzenyrské geologie Komenského univerzity
v Bratislavé a po roce 1989 na projekty GACR.

Vyzkumna ¢innost byla stale spojena s praxi. Z jeho odborné ¢innosti kromé
vy$e uvedené je potfebné vyzdvihnout podil na prizkumu pro precerpavaci
elektrarny Dlouhé Strané, DaleSice, Cierny Vah, pro prehrady Liptovska Mara,
Nechranice, Novéa Bystrica, Starina, Vrchlice a dalsi. Proved! studie pro Ipel,
KFivoklat, pro renovaci horni nadrie Stéchovice, pro vystavbu podzemni drahy
v Bratislavé, pro vystavbu délnice D1 - Usek Brno - Vyskov, navrh trasy dia-
metru Sever - Jih Brno, zavéreéné prohlidky a testy tunell pro Prazskou radialu,
zjisténi vlastnosti horninového prostiedi pro doly Sokolov, Jihomoravské ligni-
tové doly a mnoho dal$ich akei.

Vyrazna byla také jeho spoluprace s Pamatkovym ustavem v Brné, s Geotestem
Brno, IGHP Zilina a do poslednich dni trvajici spoluprace se Spravou jeskyni
Moravského krasu Blansko, kde se podilel na zajisténi stability horninového
masivu v oblasti Moravského krasu.

V roce 1976 podal habilitaéni praci, ta mu vSak v roce 1978 byla vracena. Teprve
v roce 1982 byl jmenovan docentem pro obor ,Mechanika hornin a podzemni
stavby”. V roce 1991 se habilitoval a v roce 1993 byl jmenovén profesorem pro
obor ,Podzemni stavby”. .

Od roku 1994 do roku 1996 pusobil prof. Travnicek jako vedouci Ustavu
geotechniky Fakulty stavebni. Byl dlouholetym ¢lenem védecké rady Fakulty
stavebni.

Vysledky své vyzkumné a realizacni ¢innosti vidy €inné prenéasel do vyuky.
Za dobu svého pusobeni na Fakulté stavebni vychoval mnoho absolventl
a doktorandd, ktefi vidy budou ocenovat jeho vysoce profesionalni, ale i lidsky
pristup.

Prednasel predméty mechanika zemin, zakladani staveb a v poslednich letech
predevsim mechaniku hornin a podzemni stavby.

| v posledni dobé se aktivné zuéastiioval prace na fakulté pfi obhajobach
diplomovych praci, jako predseda a ¢len habilitaénich a jmenovacich komisi
a v dalSich ¢innostech.

Prof. Travnicek se vyznacoval také rozsahlou publikacni ¢innosti. Byl autorem
a spoluautorem nékolika uc¢ebnic, mnoha védecko-odbornych ¢lankd a vysoko-
skolskych skript a celostatnich uc¢ebnic v oborech zakladani staveb, inzenyrska
geologie a mechanika hornin a podzemni stavby.

THE REMEMBRANCE OF PROF. ING. IVAN TRAVNICEK, CSc.

On Sunday November 24, 2002, the life's path of a very valued person and our
prominent professional Prof. Ing. Ivan Travni¢ek, CSc. came to an end.
We who had met professor Travnicek at a conference Founding of structures in
Brno on November 5th did not anticipate that for most of us it would be our
very last meeting with him. | believe that neither did professor Trdvnicek
himself, who by that time came to among us smiling as ever before, despite his
word about a complicated treatment to come, being still optimistic. In those
days he did not suspect that soon he would have his last and vain fight against
a severe illness. .
Prof. Travnicek was born on March 22, 1928, in Zilina, where he also graduated
from high school in 1947.
In 1947 he enrolled at the Faculty of Mechanical Engineering by Technical Uni-
versity of Dr. E. Bene$ in Brno. As a fourth-grader he became assistant at the
Faculty of Civil Engineering at the Institute of construction materials and testing.
He graduated from the university in 1952.
In 1954, Prof. Mencl, as a director of the Institute of soil mechanics, foundation
of structures and tunnels, contemplated to found a complete rock mechanics
laboratory for the UTAM by the Czech academy of sciences (CSAV), and there-
fore he arranged for then already expert assistant Ing. Travni¢ek to come to his
institute. He expected him to design rock mechanics testing devices. That rema-
ined unfulfilled. Instead, Prof. Travnicek’s career in geotechnics began, because
he was accredited to teach first soil mechanics and gradually also technical
subjects in the institute.
It was the time that not only his extensive cooperation with Prof. Mencl began
in the field of research, but also his already permanent association with real
practice started, mostly in the field of soil and rock mechanics. At all dams
under construction by that time, Prof. Travnicek began, first under the guidance
of Prof. Mencl and later on by himself, to measure pore-water pressures in the
cores of earth-fill dams. The device developed by his department was later
installed on 18 dams. The Térlicka Dam in the Ostrava region was the first dam
equipped, followed by others, e.g. the Nechranice, Zelivka and Liptovska Mara
dams as the most important. As for the field of rock mechanics, development
was focused on the realization of testing equipment and devices for determi-
nation of deformation and strength properties of a massif and measurement of
stress state. His work was focused on the issues of dilatation and contraction of
rocks due to shear stress, measurement methods of residual stress in emban-
kments, a field triaxial apparatus and borehole extensometers were developed
etc. During this time, the Department of geotechnics was our most significant
workplace in the field of rock mechanics.
In 1969 he defended his dissertation thesis on the topic “Pore-water pressures
in cores of earth-fill dams” and was awarded the academic title CSc.
During 1967 - 1975 he was part-time (25%) working in PUDIS Praha, where he
i&z;d thde Ec;sition of senior engineer for the exploration for Prague subway lines
and A1.
His long-term scientific activity concerning state research projects was associ-
ated with the CSAV workplace - Institute of mining, the Institute of theoretical
and applied mechanics, the Slovakian academy of sciences, the Department of
civil engineering geology by the University of Komensky in Bratislava and after
the year 1989 with the GACR projects.
Research has always been connected with the real practice. From his professi-
onal activity, beside the aforementioned, it is necessary to highlight his share
at the exploration for pumped storage schemes Dlouhé Strané, Dalesice, Cierny
Vah, and for dams Liptovska Mara, Nechranice, Nova Bystrica, Starina, Vichlice
and others. He developed studies for the Ipel and Krivoklat dams, for renovation
of the Stéchovice upper reservoir, for reconstruction of subway in Bratislava,
for construction of the D1 highway - section Brno - Vyskov, design of the north-
south radial road in Brno, final inspections and tests of tunnels for the Prague
radial road, determination of properties of rock environment for the mines
Sokolov, lignite mines in southern Moravia and many more activities.
Significant was also his cooperation with the Institute of architectural prese-
rvation in Brno, IGHP Zilina and until the last days of his life lasting cooperation
with the Administration of Caves of the Moravian karst region, where he was
taking part in providing stability to the rock massif in the region.
He submitted his habilitation thesis in 1976, but it was returned to him in 1978.
Only in 1982 did he reach the academic title docent in the field of “Rock mecha-
nics and underground construction”. He habilitated himself in 1991 and in 1993
was appointed professor for the field “Underground construction”.
Between 1994 and 1996, Prof. Travni¢ek was director of the Institute of geo-
technics by the Faculty of civil engineering. He was also a long-term member
of scientific council of the Faculty of civil engineering.
He always effectively transformed his research and realization activities into
lecturing. During the time of his work at the Faculty of civil engineering he raised
many graduates and post-graduate students who will always value his highly
professional, but also very human approach.
He tought the subjects Soil mechanics, Foundation engineering and in the last
years mostly Rock mechanics and underground construction.
Even in the recent time he has been actively participating in the faculty activities
during defending of diploma theses, working as a chairman and member of
habilitation and appointing committees and in many other activities.
Prof. Travnicek was also renowned for his extensive publication activity. He was
an author or co-author of several textbooks, handful of scientific-specialized
articles, university scripts and national textbooks in the fields of Foundation
engineering, Engineering geology and rock mechanics and Underground con-
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Byl ¢lenem predsednictva narodni skupiny ITA/AITES a ¢lenem redakéni rady
casopisu Inzenyrské stavby a Tunel.

Do poslednich chvil udrzoval kontakt jak s fakultou, tak s praxi, se kterou byl po
cely Zivot neodmyslitelné spojen.

Prof. Travnitka jsme si vSichni vazili nejen pro jeho vyznamny pedagogicky,
védecky pfinos a prinos pro praxi, ale také pro jeho mimoradné lidské kvality.
Prof. Travnic¢ek byl pro nds upfimnym, obétavym a cennym pfitelem, ktery kaz-
dému dokazal bez vahani vidy pomoci. Osobnost a pratelstvi prof. Travnicka
nam véem, kdo jsme s nim spolupracovali, bude velmi chybét. Vzhledem k jeho
hluboce lidskému pristupu k fesenym problém(im, zistava v nas hluboka rana,
ale i mila vzpominka. Jeho pamétku si navidy uchovame.

INFORMACE O CINNOSTI PRACOVNI SKUPINY CTUK PRO
STRIKANY BETON

Cinnost pracovni skupiny pro stfikany beton se béhem posledniho roku zamé-
fila na zpracovani podkladu, které by zajistovaly potfebnou oporu Géastnikiim
vystavby pfi aplikacich stfikaného betonu na tunelovych stavbach v Ceské
republice. Potieba se stala naléhavou zejména pfi rozsireni tunelarskych praci
mimo oblast metra a vétsich méstskych tunelt (Praha, Brno).

Kromé specifikace vlastnosti stfikaného betonu jako souéasti primarniho osténi
s doCasnou statickou funkei bylo tfeba se zaméfit na pribézné sledovani kvality,
tj. pfedevsim na rozsah i ¢etnost zkousek provadénych v pribéhu razby pod-
zemnich liniovych dél. Tato problematika nebyla dostate¢né feSena v dosavadni
dosud platné ¢eské normé pro stfikany beton a evropské normy v rdmci unie
jsou teprve ve stadiu zpracovani.

Viysledkem prace skupiny, ve které jsou kromé odborniki zhotovitelskych firem
také zastupci projektovych organizaci (Metroprojekt, Satra) a vysokych $kol
(CVUT - FS, VUT - FAST), jsou ,Zasady pro pouZivani stiikaného betonu”.
Elaborét zpracovava problematiku stfikaného betonu komlexné a obsahuje
zékladni informace i nejobvyklejsi postupy, které do doby vydani evropskych
norem mohou byt uZitetnou pomuckou pro zastupce investora, projektanta
i dodavatele aplikujiciho stfikany beton. Znéni ,Zasad” je pro &teni k dispozici
na webové strance CTuK: , www.ita-aites.cz”.

CESKY TUNELARSKY KOMITET NA SVETOVEM TUNELAR-
SKEM KONGRESU V AMSTERDAMU

V Amsterdamu se konal ve dnech 12. az 17. dubna Svétovy tunelarsky kongres
2003, valné shromézdéni_ ITA/AITES, zasedani pfedsednictva (EC) a jednani
pracovnich skupin (WG). Ceskou republiku reprezentovali na valném shromaz-
déni mezi 50 ¢lenskymi staty Ing. Jifi Bélohlav, Ing. Georgij Romancov, CSc.,
a v predsednictvu Ing. Jindfich Hess ve funkci past vice-prezidenta. Jednani
pracovnich skupin sledoval Ing. Vaclav Vales a zasedani (tzv. Communication
Meeting) vedoucich predstavitelt ITA/AITES s vydavateli odbornych tiskovin
a web stranek se zucastnil Ing. Karel Matzner. Doc. Ing. Jan Vitek, CSc., pfednesl|
pfispévek o podchodu metra pod Vitavou metodou vysouvani, ktery se setkal
s mimoradnym zajmem vice nez 700 uUcastniki kongresu. Rovnéz Casopis
TUNEL, jenz byl k dispozici na improvizovaném stanku CTuK v poctu témér 300
vytiskd, byl rozebran spolu s pozvankou na konferenci Podzemni stavby Praha
2003 jiz prvni den kongresu. Podrobnou zpravu o ném naleznete v pfistim cisle.

Obr. 1 Pfedseda CTuK Ing. JindFich Hess - élen pted-
sednictva ITA/AITES
Fig. 1 President of the CTuC Jindfich Hess — member
of the ITA/AITES EC

Praha

|
Obr. 2 Propagace ¢asopisu TUNEL
a konference Podzemni stavby Praha 2003
Fig. 2 Publicity of the TUNEL journal and
the Conference Underground Construction

Iunel
struction.

He was a member of the board of directors of the ITA/AITES national committee
gla_s W(Iell as member of editorial board of the magazines InZenyrské Stavby and
unel.

Until his very last moments he remained in contact with both the faculty and
real practice, with which he was inherently connected for his entire life.

We have all revered Prof. Travni¢ek not only for his significant pedagogical,
scientific and practical contribution, but also for his extraordinary human qua-
lities. Prof. Travnicek was our true, unselfish and valuable friend who was able
to help anyone without hesitation. We all who have cooperated with him will
very much indeed miss the personality and friendship of Prof. Travnicek.
Because of his deeply humane approach to solved problems, we carry a deep
wound, but also a dear remembrance. We will keep that remembrance for ever.

Doc. Ing. Kamila Weiglova, CSc.
Fakulta stavebni - Vysoké u¢eni technické v Brné
Faculty of civil engineering - Technical University Brno

gEf”_gRT ON ACTIVITY OF THE CTC WORKGROUP FOR SHOTC-

Activity of the workgroup for shotcrete has during the past year concentrated
on the elaboration of standards, which would grant the participants of the con-
struction process a necessary support during the application of shotcrete at
tunnel construction sites in the Czech republic. This necessity has become
urgent especially because of the fact that the sphere of tunnel construction is
extending beyond the range of subway and large urban tunnels (Prague, Brno).
Beside specification of properties of shotcrete being part of a primary lining
with temporary static function, it was important to focus on the continuous
monitoring of quality, that means mostly on the scope and frequency of tests
carried out during the course of a tunnel excavation. These issues have not yet
been properly dealt with in Czech standards for shotcrete currently in force,
while European standards valid for the EU are only in the preparation phase.
"Rules for the use of shotcrete" represent the output of the group consisting of
not only professionals working with contractors, but also representatives of
designing organizations (Metroprojekt, Satra) and universities (CVUT - FS, VUT
- FAST). This document deals with the issues of shotcrete comprehensively. It
contains basic information as well as the most common procedures, which
could be, until the European standards are released, a useful tool for the inves-
tor’s representative, designer as well as for a contractor using shotcrete. Full
text of the “Rules” can be obtained at the CTC website: “www.ita-aites.cz”.

Ing. Pavel Poldk

CZECH TUNNELLING COMMITEE ON THE WORLD TUNNEL-
LING CONGRESS IN AMSTERDAM

World Tunnelling Congress 2003, ITA General Assembly, Executive Council and
Working Group Meetings took place within the days 12 to 17 April in Amsterdam.
The Czech Republic was represented in the GA among 50 member nations by
Jifi Bélohlav, Georgij Romancov and in the EC by Jindrich Hess, ITA Past Vice-
President. The WG meetings were in attention of Vaclav Vales and Karel Matzner
participated in the Communication Meeting of the ITA officers with the publis-
hers of the professional printing materials and web sites. Jan Vitek presented
his paper on the river Vltava underpassing by Prague metro tunnels using a so-
called launching method, which met with a keen interest of more than 700 par-
ticipants of the congress. And the TUNEL magazin, having been available at an
improvized stand in amount of nearly 300 issues, was out of stock both with invi-
tation leaflets to the Underground Construction Praha 2003 international con-
ference within the first day of the congress. The detailed report on that event
will be brought in the next issue of this magazin.

Ing. Karel Matzner

Obr. 3 Delegat CTuk Ing. Georgij Romancov, CSc., pfi
Valném shromazidéni ITA/AITES

Fig. 3 CTuC Delegate Georgij Romancov the ITA/AITES
General Assembly
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1 :CERMAK A HRACHOVEC:

Tel.: 251 091 311, 602 619 837, 602 204 837
Fax : 251 626 070

E mail: cerhra@cerhra.cz

http:\\ www.cerhra.cz

Spolec¢nost provadi vystavbu, rekonstrukce a likvidace havarii inZenyrskych siti, véetné dodani projektové dokumentace a inZzenyrské
¢innosti. Byla zaloZzena v roce 1993 jako soukroma stavebni spole¢nost. Prace provadi klasickymi i modernimi bezvykopovymi technologiemi,
které uvedla a rozSifuje na ¢esky trh stavebnich praci.

. Zemni protlaky provadéné pomoci zemnich raket do priméru chranicky 140 mm a délky do 25 m nebo ramované
protlaky s ocelovou chrani¢kou do prdmeéru 2000 mm, délky az 70 m, dle geologickych podminek

. Cracking - ndhrada doslouzilych fad(i potrubnim svafencem z IPE poloZzenym v pavodni trase potrubi

. Burstlining — ndhrada doslouzilych fadi novym potrubim z trub IPE, polymerbetonu anebo tvarné litiny
poloZzenym v plivodni trase

. Pokladka kabelG nebo potrubi do priiméru 600 mm do délky 400 m horizontalnim fizenym vrtanim vcetné
domovnich pfipojek do profilu 200 mm do délky 35 m

. Mikrotunelovani - provadéni kanalizaéniho potrubi DN 300 mm na vzdalenost do 100 m a kanalizaénich
pfipojek DN 200 mm, délky do 50 m, v horniné tfidy 1-7 mikrotunelovanim

. Prace provadéné hornickym zpisobem
. Tradi¢ni technologie provadéni inzenyrskych siti

Uzivatelim inZenyrskych siti a projektantim poskytujeme poradenstvi pro vyuziti bezvykopovych i klasickych technologii
véetné praci provadénych hornickym zptisobem.

Spoleénost je fizena na zakladé systému jakosti vybudovaného podle pozadavkd CSN EN ISO 9001:2001.
Certifikat ¢. 3009/142-02/SMJ

TECHNICKE A INZENYRSKE SLUZBY
PRO VODOHOSPODARSKOU VYSTAVBU

AQUATIS, a. s., Botanicka 56, 602 00 BRNO

—
@) tel.: 541 554 111, fax: 541 211 205

. Kancelar Praha, Délnicka 12, 170 04 PRAHA 7
tel.: 266 793 313, fax: 266 793 209

q o
ua t’S Kancelar Bratislava, Slavicie udolie 30, 811 02
BRATISLAVA

tel.: +421 262 804 159, fax: +421 262 801 396

Stoly, tunely, kolektory, kaverny e vodni nadrze vSech typud, pfehradni hraze,
* rekonstrukce stavajicich objektu, * jezy, skluzy, vakové jezy, ¢ vodni elektrarny
vSech velikosti a typl ¢ Upravy tokd, revitalizace upravenych i neupravenych tokd,
protipovodriova ochrana splavnéni pfirozenych tokd, plavebni komory ¢ vodovody,
Uprava vod, projekty snizovani ztrat v sitich » stokovani a Cisténi odpadnich vod
méstskych, primyslovych e skladky, slozisté popilkGi  pozemkové Upravy e pri-
zkumné prace vSech druhd

Spolec¢nost Vam zajisti:

Konzultaéni, poradenskou a posudkovou ¢&innost * nabidkovou dokumentaci
* studie, generely dokumentaci pro tzemni rozhodnuti, hodnoceni vlivli na Zivotni
prostfedi (EIA) a stavebni povoleni  dokumentaci realiza¢ni a skute¢ného stavu
* zajisténi vypsani vefejnych soutézi ¢ inzenyrskou ¢innost pfi pfipravé staveb,
vystavbé a uvadéni do provozu ¢ manipulaéni a provozni fady ¢ uvadéni staveb do
provozu a zkuSebni provoz e zadosti o subvence ze strukturalnich fondl EU
(PHARE, ISPA, aj.) » veskeré prizkumné prace * dodavky staveb “na kli¢”






