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VazZeni Ctenari,

toto ¢islo Tunelu vds jisté prekvapi §ifi témat zachycenych v jednotlivych &ldncich.

V prvni fadé jsou zde ¢lanky o technologickém vybaveni silni¢nich tunelt od autoru z firmy Eltodo EG, a. s, které uréité nepredstavuji
jednotvdrny vycet a popis funkci provoznich soubor(, ale predstavuji tunely v novém svétle — jako dopravné-telematicky systém, plné
integrovany do dopravniho systému v tzemi. Tim se nejenom névrh, ale i provoz tunelt dostdva do kategorie inteligentnich dopravnich
systémii. V Ceské republice je mnoho nebo dokonce vétsina silni¢nich tuneli do délek 500 m. Pfedpisy se v§ak podrobné témito kratky-
mi tunely nezabyvaji a pri projedndvéani zaznivaji ¢asto poZadavky na zbyte¢né ndkladné vybaveni. Pfijeti novych bezpecnostnich Kate-
gorii kratkych tuneld prezentovanych prof. Pfibylem jako vystup projektu védy a vyzkumu Ministerstva dopravy CR SAFETUN je
v Evropé jedine¢né. Urcité bude znamenat vétsi jistotu a zaruceny standard v bezpecnosti té které kategorie, pfi sou¢asné minimalizaci
nédkladu investi¢nich a zejména provoznich nutnych pro ddrzbu zafizeni.

Dal3i tfi ¢lanky jsou ryze stavbaiské a reflektuji zejména skutenost, Ze hlavnim stavebnim materidlem dne$nich tunelu je beton. Do
vlastniho podzemi nds zavedou ndsledujici ¢lanky. Pfitom ¢ldnek Ing. Igora Fryce nepostradd napéti od zacatku az do konce prfi li€eni ne-
ocekdvanych situaci na stavbe.

Jaky dopad na prostredi a krajinu mohou mit tunelové stavby, se zamysli ¢ldnek v zdveru tohoto Casopisu. V§imnéte si, Ze pri pouZiti
tlakové izolace tunelu proti vodé (typ ponorka) nedochézi k trvalému odvodnéni horninového masivu, navic odpadaji ndklady na tdrzbu
drenazniho systému a vyluky provozu. Hloubka a podminky uloZeni tuneld v Ceské republice nékdy vyZaduji uplatnéni tlakovych
izolaci.

O malém pocinu s velkym vyznamem si prectéte v rubrice Ze svéta podzemnich staveb. Do stavebniho zdkona se podarilo navratit for-
mulaci: ,,Stavebnik podzemnich staveb neni povinen prokazovat vlastnické pravo nebo pravo odpovidajici vécnému bremenu k pozemku
nebo stavbé, jde-li o verejné prospésné stavby...“ Vsichni, kdo pripravovali n¢jakou stavbu tunelu, védi dobre, Ze neprosazeni dpravy
zdkona by znamenalo nemoZné, tj. nutnost dohodnout se o povoleni stavby s majiteli v§ech pozemku nad tunelem, dokonce i s vlastniky
byt v domech nad tunelem. Doufdme, Ze je tak znovu otevien prostor pro piipravu dalsich potfebnych tuneld v Ceské republice.

Ing. Otakar Hasik
¢len redakéni rady

Dear readers,

This issue of TUNEL journal will certainly take you by surprise as far as the breadth of the topics covered by individual papers is con-
cerned.

First of all, there are papers there dealing with equipment of road tunnels by authors from Eltodo EG a.s., which certainly do not pre-
sent a humdrum survey and description of functions of equipment systems; just opposite, they introduce tunnels in a new light — as
a traffic-telematics system which is fully integrated into the traffic system in an area. In this system, it is not only the design but also the
operation of tunnels gets to the category of intelligent traffic systems. The length of many or even the majority of road tunnels in the Czech
Republic is less than 500m. But regulations do not deal in detail with these short tunnels and, when the designs are being discussed, the
requirements for the equipment are often unnecessarily costly. The adoption of new safety categories of short tunnels, which is presented
by Professor Pribyl as an output of the Ministry of Transport-funded scientific and research project SAFETUN, is unique in Europe. It will
certainly mean higher certainty and a guarantee of safety in the above-mentioned category, with the capital costs and, first of all, opera-
ting costs required for maintenance of tunnel equipment, minimised

Other three papers are purely from the field of civil engineering. They reflect above all the fact that the main building material used in
tunnel construction is concrete. Papers which follow will take you underground. The paper by Igor Fry¢ does not lack thrill from the begin-
ning to the end while describing unexpected situations during construction.

The potential impact of tunnel constructions on the environment and landscape is discussed in a paper at the end of this journal issue.
Take notice of the fact that permanent draining of ground mass does not take place when a pressure resistant waterproofing (the submari-
ne type) is used and, in addition, there is no cost of maintaining the drainage system and closures of traffic required. Sometime, the depth
and conditions of the environment tunnels in the Czech Republic are placed in require pressure resisting waterproofing to be applied.

A small but very important deed is described in the column The World of Underground Constructions — the following formulation was
returned to the Building Law: Owners of underground construction projects do not have to prove the right to own the property or the right
corresponding to the real burden on the land or structure in the case of publicly beneficial projects ...”. Anybody who has prepared a tunnel
construction knows very well that a failure to push the change in the law through would have meant an impossible task, i.e. the necessity
to obtain approvals of all land owners having their properties above the tunnel, even of owners of flats in buildings existing above the tun-
nel. We believe that, owing to this deed, the space for the preparation of other tunnels which are necessary in the Czech Republic will be
reopened.

Ing. Otakar Hasik
Member of Editorial Board
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TUNEL MUZE BYT PRINOSEM | PASTI
~ PRO LIDI | NA PENIZE

Vystavba tuneld na pozemnich komunikacich je a je$té néjaky Cas
bude na vzestupu. S tim spojené bezpecnostni a technologické vyba-
veni bude sofistikovanéjsi a pravdépodobné i draz$i. Nérust poZa-
davki na vystavbu tuneld, a pfedevs$im i polet jejich realizaci, sou-
visi s fenoménem na$i doby — s neustdlym rastem dopravy.
Predev§im v novych statech Evropské unie nelze fesit potiZe souvi-
sejici s rychlym ndrustem dopravy jinak, neZ budovdnim novych dal-
nic a obchvati. Ceskd a Slovenska republika jsou toho dobrym pii-
kladem. Rozvoj slovenskych délnic je bez vystavby dalsich tunelt
nemyslitelny, prazsky vnitini a vnéjsi okruh jsou tunely pros$pikova-
ny. Dokonce se jako velmi pravdépodobné jevi, Ze magistrdla proti-
najici stfed Prahy, v horn{ ¢dsti Vdclavského ndmésti, bude umisténa
pod zem — do tunelu.

Rust intenzity dopravy vede také k vEt§imu poltu havdrii
a smrtelnych nehod. A predevsim tunely predstavuji iseky komuni-
kaci, kde se havdrie miZe i pro nezdCastnéné zménit v tragédii.
Tunely jsou sice ekologickymi stavbami, ale mohou se stit
i smrtelnou pasti. Pro zajiSténi bezpecnosti v tunelech maji vyspelé
technologie zdsadni vyznam. Velké havdrie v alpskych tunelech pie-
psaly bezpecnosti normy v Evropské unii.

Ukolem firem, které se tunelovymi technologiemi zabyvaji, je
vyvijet a aplikovat tyto technologie tak, aby drZely krok s ndroky na
bezpeénost a plynulost dopravy a zdroven dbdt na to, aby prijaté
normy a technickd feSeni stdle nezvySovaly investi¢ni a provozni
ndklady. Do tohoto procesu se spolecnost Eltodo zapojila jiz v roce
2001 projektem védy a vyzkumu Ministerstva dopravy CR Analyza
a Tizenf rizik a tento proces pokracoval projektem OPTUN, az po
soucasny projekt SAFETUN. Jednim z cilt bylo, aby se v ndvaznosti
na velké havdrie v alpskych tunelech nevynaklddaly financni pro-
sttedky na zvySovdni bezpe¢nosti dopravy v prehnané mife
a neucelné. Evropsky unikdtni pristup zavedla spole¢nost Eltodo pro
ndvrh tunelového vybaveni vyuZitim postupt zndmych z oblasti
dopravni telematiky. Praktickym vystupem je integrovany ridici
systém KERBERUS®, evokujici vazby z fecké mytologie na psa hli-
dajictho vstup do podsveéti.

Niéklady na tunelové technologie se nesméji stat prekazkou budo-
véni tuneld, na druhou stranu je tieba fici, Ze pravé tunelové techno-
logie se Casto stdvaji obétnim berdnkem pfi hledédni vinikt, pro¢
vystavba tuneld stoji Casto vice, neZ kolik bylo na za&dtku pldnova-
no. Chyba je zabudovdna jiz v samém zaddvdni zakdzek na vystavbu
tuneld. Jejich vystavba se soutéZi spole¢né s doddnim technologii,
ale stavebni firmy Casto rozpocet na technologie podhodnoti
a ndsledné zredlnéni nédklada se jiz prezentuje jako neolekdvané
zdrazeni vystavby. To pak v o¢ich médii a verejnosti poskozuje jak
tunelové technologie, tak stavebni a technologické firmy.

—

A TUNNEL MAY BECOME BOTH AN ASSET AND A TRAP,
BOTH FOR PEOPLE AND FOR MONEY

The development of tunnels on roads has been and for some time will be on
rise. Safety and technological equipment which is associated with the develop-
ment will be more sophisticated and, probably, even more expensive. The inc-
rease in requirements for construction of new tunnels and, above all, the num-
ber of completed tunnels, is connected with a phenomenon of our time — conti-
nuously growing traffic volumes. It is above all in new states of the European
Union that difficulties associated with the rapid increase in traffic volumes can-
not be solved in other way than by developing new motorways and bypass
roads. The Czech Republic and the Slovak Republic are good examples confir-
ming that this statement is correct. The development of Slovak motorways is
unthinkable without constructing new tunnels; the City Circle Road (the inner
circuit) and the Prague City Ring Road (the outer circuit) abound with tunnels.
It even appears to be very probable that the Backbone Road section running
across the centre of Prague in the upper part of Wenceslas Square will be shif-
ted underground, to a tunnel.

The growth in traffic volumes even leads to higher numbers of accidents and
fatalities. Tunnels, above all, are road sections where an accident can evolve
into a tragedy even for third parties. On the one hand, tunnels are environmen-
tally friendly structures; on the other hand, they even may become deadly traps.
Advanced technologies are extremely important as far as safety in tunnels is
concerned. Tragic accidents in Alpine tunnels have rewritten safety standards in
the European Union.

The task for companies dealing with tunnel equipment systems is to develop
and apply these systems so that they keep up with requirements for safety and
uninterrupted flow of traffic and, at the same time, to keep in mind that the ado-
pted standards and technical solutions should not continue to increase capital or
operating costs. Eltodo a.s. engaged itself in this process as long ago as 2001,
through the Ministry of Transport-funded scientific and research project “Risk
Analysis and Management”. This process continued through the OPTUN pro-
ject, up to the current SAFETUN project. One of the objectives was to prevent
expending exaggerated and unnecessary costs intended to improve safety of
traffic, referring to catastrophic fires in Alpine tunnels. Eltodo a.s. has introdu-
ced an approach which is unique in Europe in the field of tunnel equipment
design, using procedures well known from the field of traffic telematics. A prac-
tical output of this approach is the integrated management system KERBE-
RUS®, evoking relationships from Greek mythology, where the dog watched
the entrance to the underworld.

The cost of tunnel equipment systems must not become an obstacle to con-
struction of tunnels. On the other hand, it is necessary to say that it is tunnel
equipment what often becomes a scapegoat when a culprit responsible for exce-
eding the originally planned construction cost is being searched for. The mista-
ke is made as early as the period of tendering for tunnelling projects. Tenders
cover both the construction and installation of tunnel equipment, where civil
engineering companies often underestimate the equipment cost. The subsequent
determination of a realistic cost is presented as unpredicted increase in the
works cost. This attitude then harms tunnel equipment systems and constructi-

on, as well as equipment supplying companies, in the eyes
of media and the public.

ING. LIBOR HAJEK

prezident skupiny Eltodo
President of Eltodo Group




19. rocnik - €.1/2010

NOVE BEZPECNOSTNI KATEGORIE KRATKYCH TUNELU
NEW SAFETY CATEGORIES OF SHORT TUNNELS

PAVEL PRIBYL

Tridén{ tuneld na pozemnich komunikacich do bezpe&nostnich kate-
gorif a s tim souvisejici vybaveni se v Ceské republice provadi podle
normy CSN 73 7507, lit. [1], resp. podle podrobn&jsiho vykladu v TP9S,
lit [2]. Oba tyto predpisy se nezabyvaji tunely krat§imi nez 100 m
a tunely mezi 100 a 500 m fadi do stejné bezpec¢nostni kategorie TC.
Evropska direktiva, lit. [3], se dokonce zabyva a definuje bezpecnostni
poZadavky pouze na tunely del3i nez 500 metru.

Vzhledem k tomu, Ze neexistuji predpisy ¢i doporueni pro kratké
a stfedn{ silni¢ni tunely délek do 500 m, vyskytuji se extrémy, kdy jsou
kratké tunely vybavovény zbyte¢né ndkladnym zafizenim ¢i jsou vzda-
lenosti tnikovych vychoda navrzeny mnohem hustéji, neZ jsou doporu-
Ceni a bézné zvyklosti. Pfitom se zdaleka nejednd jen o netcelné
vynaloZen{ investic, ale kvuli drahym zafizenim je ndkladny i ndsledny
provoz.

Jesté daleko pred vypuknutim soucasné ekonomické krize byla otdz-
ka optimalizace vybaveni tunelt pfedmétem diskusi v odbornych kru-
zich. Vysledkem diskusi bylo vypsén{ vybeérového fizeni a iniciace pro-
jektu SAFETUN. Jednim z dil¢ich cila tohoto vyzkumného projektu je
hleddni optimélniho vybaveni krdtkych tunelu, tedy tunela kratSich neZ
500 m, a to pro ruzné kategorie dopravni zdtéZe. Tedy jak napriklad opti-
malné vybavovat tunely dlouhé treba jen 200 m, které maji ale extrém-
ni dopravni zatiZeni, anebo opacny piipad, zda musi byt technologii
vybavovéany ekodukty, které maji délku okolo 100 m a nizkou intenzitu
dopravy.

MORALNI DILEMA STAVITELU TUNELU

Tunel, na rozdil od komunikaci na povrchu, zavadi fidi¢e pod zem,
coZz s sebou nese zvysené riziko pfi nehodach a zvlasté pak pfi pozarech.
Proto musi zhotovitel stavby, respektive jeji projektant navrhnout celou
stavbu a zv1aste pak i jeji dopravni, bezpeCnostni a technologické vyba-
veni (ddle vybaveni) tak, aby uZivateli poskytl priméfenou moznost
zachrany.

Prévé slovo ,,priméfeny* je kamenem drazu, kdy v jednom extrémnim
pripadé miZe znamenat, 7e je tunel mélo bezpe¢ny a mimoradnd udalost
muze mit fatdlni nasledky ve formé ztrdt na Zivotech, zatimco ve dru-
hém pripade je tunel vybaven ndkladnym zafizenim, které z hlediska
tini a provozni ndklady.

Zatimco z hlediska stavebn{ ¢dsti je pomérné jasno — podéIné i pricné
profily jsou standardizovdny, je zde relativné malo stupnt volnosti
v navrhu a navic existuje fada dobrych pifkladi domécich i zahrani¢nich
tuneld, je z hlediska vybaven{ tunelu situace komplikované;jsi. Pfi ndvr-
hu Ize volit z velkého spektra zafizent, kterd se 1i$i nejenom svymi para-
metry, ale i schopnosti integrace do tunelového systému a tim i mirou
synergie, kterou poskytuji.

Vyznam slovi¢ka ,,pfiméfeny* je i v tom, Ze nikdy a Zadnymi pro-
stredky nelze docilit stoprocentni bezpeénosti, a je proto na navrhovate-
li systému, jakd zvoli zafizeni ¢i systémy, aby zajistil ,,bezpecny* pro-
voz. Pfi hodnoceni bezpe¢nosti provozovéni tunelového systému mluvi-
me o riziku R. Riziko je ddno soucinem nésledk nepfiznivé udélosti Sv
a pravdépodobnosti jejtho vzniku Lk

R=38vx Lk

Pri ndvrhu jakéhokoli technického systému je nutné nepresdhnout tzv.
prijatelné riziko (Acceptable Risk), coZ je takovy stupen rizika, ktery
jesté neni jednotlivcem nebo spole¢nosti vnimdn jako nepfijatelny.
Zjednodusené feeno to muZe znamenat, Ze spolecnost akceptuje, pokud
zahyne pri pozdru v tunelu jeden ¢loveék za pét let, ale nebude jiZ tole-
rovat, pokud by mél zahynout ¢lovek kazdy rok.

KATEGORIZACE TUNELU Z HLEDISKA BEZPECNOSTI

Ceskd norma pro projektovani tuneldi na pozemnich komunikacich rozli-
Suje tunely kratké (=< 300 m) stredni (>300; <1000 m) a dlouhé (> 1000 m).

Road tunnels in the Czech Republic, inclusive of relating equipment,
are divided into safety categories in compliance with CSN 73 7507
standard, Ref. [1] or a more detailed interpretation in the TP98 techni-
cal specification, Ref. [2]. Neither of the two regulations deals with
tunnels longer than 100m and both of them categorise 100m through
500m long tunnels as one safety category, TC. The European Directive,
Ref. [3], even deals with and defines safety requirements only for tun-
nels longer than 500m.

Because of the fact that no regulations or recommendations exist for
short and medium length road tunnels up to 500m, extremes occur
where short tunnels are equipped with unnecessarily expensive faciliti-
es or intervals between cross passages are designed much shorter than
recommended or usual. It is not only a case of ineffective spending of
capital; the subsequent operation is also expensive owing to the expen-
sive equipment.

The issue of optimising tunnel equipment was discussed in professi-
onal circuits a long time before the outbreak of the current economic
crisis. The discussions resulted in calling tenders for the SAFETUN
project and initiating it. One of partial objectives of this research pro-
ject is searching for optimum equipment of short tunnels, i.e. tunnels
shorter than 500m, for various traffic volume categories. This means,
for example, which optimum equipment is to be designed for tunnels
a mere 200m long, which, on the other hand, carry an extreme traffic
volume or, on the contrary, for tunnels about 100m long with low traf-
fic flow density.

TUNNEL BUILDERS' MORAL DILEMMA

A tunnel, in contrast with roads on the surface, carries drivers under
the ground, which means that the risk during accidents, first of all fires,
is increased. For that reason, the contractor or, as the case may be, the
consultant engineer must design the entire construction, above all the
traffic, safety and technological equipment (hereinafter referred to as
the equipment) in a manner giving a user adequate chance of rescue.

The stumbling block of this problem is the ‘adequate’. In one extre-
me case it may mean that the tunnel safety is insufficient and an inci-
dent may have fatal consequences in the form of lost lives, while in the
other case, the tunnel is equipped with extremely expensive facilities,
which yield practically nothing in terms of increased safety and mean
only high investment and operational costs.

While the situation is relatively clear in terms of the tunnel structu-
res (longitudinal and cross sections are standardised, there are relative-
ly few degrees of freedom in the design and, in addition, there are many
positive examples of domestic and foreign tunnels available, the situa-
tion is more complicated when tunnel equipment is concerned. A wide
scope of facilities can be used when the design is being carried out, dif-
fering not only in their parameters but also in their capability of being
integrated into the tunnel system, thus also in the degree of synergy
they provide.

The meaning of the word ‘adequate’ is also that hundred per cent
safety can never ever be achieved no matter which means are used; the-
refore, it depends on the system designers which equipment or system
they choose to secure ‘safe’ operation. When we assess a tunnel opera-
tion system safety, we refer to risk R. The risk is given by the product
of multiplying consequences of an adverse event S, by the probability
of its origination L

R=S,x L

When any technical system is being designed, it is necessary to ensu-
re that the so-called Acceptable Risk, i.e. a degree of risk which is not
sensed by an individual or the society as unacceptable yet, is not exce-
eded. Put it in a simpler way, this may mean that the society accepts the
fact that one person dies during a tunnel fire per five years, but it will
no more tolerate one person would die during a tunnel fire every year.




Intenzita dopravy (1 trouba) / Traffic volume (1 tunnel tube)

Délka tunelu (m) / Tunnel length (m)

Obr. 1 Bezpecnostni kategorie tunelii, podle stavajiciho rozdéleni v TP98
Fig. 1 Safety categories of tunnels according to the current division in TP98

Toto déleni vSak nemd Zadny vztah k bezpe¢nostnim kategoriim tunelu tak,
jak jsou definovany v TP98, kde jsou rozliSeny tfi kategorie TA, TB a TC.
Pro kazdou kategorii by mélo byt priblizné stejné riziko. Hodnota rizika R
se normuje k délce a poctu vozidel. Z obr. 1 vyplyva, Ze mira rizika R bude
podobnd pro tunel dlouhy 100 m s dennf intenzitou 20 000 vozidel, jako pro
tunel dlouhy 3 km se 4000 vozidel, nebot oba tunely prisluseji ke kategorii
TA. Pokud tunel patif do kategorie TA, je vybaven nejvice, naopak katego-
Konkrétni pozadavky na vybaveni jsou pak dény tabulkou 6-1 Rozdeleni
technickych prostiedkii podle kategorie tunelu v TP9S.

ANALYZA MEZINARODNICH DOPORUCENI

Prvnim krokem vedoucim k ndvrhu novych kategorii kratkych tunelt
byla zevrubnd analyza ndrodnich i mezindrodnich norem, lit. [1] az [10],
uvefejnénd v oponované vyzkumné zpravé VZ 247/07-EEG, lit. [11].
Ze zajimavéjsich vysledku Ize poznamenat, Ze se délka tunelu 300 m
vyskytuje jako nejmarkantnéjsi hranice z hlediska pozadavku na bez-
pecnostni vybaveni téméf ve vSech analyzovanych dokumentech.
Duvodem pro nevybavovdni takto kratkych tuneld je to, Ze je zdarazio-
vén princip ,,self rescue®, ktery tikd, Ze v prvnich, zhruba Sesti minutdch
se dcastnik nehody zachranuje sdm. V té dobé je i kouf za normdlnich
dé, kdyby bylo nutné od poZéru k portélu urazit 300 m, to trvd pro nezra-
néného dlastnika necelé 4 minuty (rychlost chuze 1.4 m/s).

Analyza ukdzala, Ze u americké normy NFPA 502 nemusi byt tunely
do této délky vybaveny tnikovymi cestami, hldsi¢i pozdru a hasicimi
pristroji. Ve slovenské smérnici je také tato délka urujici pro vzdélenost
tnikovych vychodu, od této délky vyse doporucuje vybaveni pozarnimi
hldsi¢i a nucenou ventilaci predepisuje aZ od 600 m. Velmi dileZitou je
otdzka ventilace, protoZe jeji instalace vyvold ndsledné pozadavek na
realizaci fidictho systému a zalohovaného zpusobu napdjeni. Za zdsad-
ni voditko z hlediska instalace vzduchotechniky lze povaZzovat Svycar-
skou a némeckou smérnici, lit. [12] a [13], které i v nejnepriiznivejsim
pripadé (vysoky podil ndkladnich vozidel a vys$§i gradient tunelu) uva-
Zujf s instalaci ventilace aZ od 500, resp. 600 metru. Lze redlné predpo-
kladat, Ze obé tyto zemé maji dostatek praktickych zkuSenosti
i teoretickych znalosti, aby mohla byt tato doporuceni respektovéna.

Stejné tak se objevily nové poznatky pro osvétlovéni kratkych tunelt
zpracované v rdmci komise CIE 88 do smérnice CR 14380, lit. [14],
kterd také mirn€ zmirnuje dosavadni poZadavky. Tyto novinky jsou také
zapracovény do ndvrhu vybavenf kritkych tunelu.

NAVRH NOVE KATEGORIZACE TUNELU

Na zdkladé predchozich analyz a diskusi v odborné verejnosti byly
zavedeny nésledujici kategorie: tunely mezi 100 a 300 m se déli na dvé
kategorie. Nové zavedenou kategorii TD, kterou charakterizuje intenzi-
ta do 15 000 ekvivalentnich vozidel za den a jizdni pruh a kategorii TD-
H. Ta odpovidd tunelim s vysokym dopravnim zatiZenim a plati pro ni
specidln{ predpisy. Tato kategorie je zavedena ve shodé s dokumentem
PIARC (Recommendations to owners and operators of highly-trafficked
urban tunnels) zpracovaném v pracovni skupiné WG1 vyboru C3.3
Road Tunnel Operation.
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CATEGORISATION OF TUNNELS FROM
THE ASPECT OF SAFETY

The Czech standard on designing road tunnels distinguishes short tun-
nels (= 300m), medium long (>300; <1000m) and long tunnels (>
1000m). However, this division bears no relationship to the safety cate-
gories as they are defined in the TP98, where there are three categories
distinguished: TA, TB and TC. The risk should be approximately iden-
tical for each of the categories. The risk value R is determined according
to the tunnel length and the number of vehicles. It follows from Fig. 1
that the risk level R for a 100m long tunnel with the daily traffic volu-
me of 20 000 vehicles will be similar to the level for a 3km long tunnel
with 4 000 vehicles because both tunnels are categorised as TA. If
a tunnel is categorised as TA, it is equipped most of all, while TC cate-
gory corresponds to the lowest risk, thus it does not have to be equipped
so much. Particular requirements for tunnel equipment are given by
Table 6-1 ‘Division of technical means according to tunnel categories’
in the TP9S specifications.

ANALYSIS OF INTERNATIONAL RECOMMENDATIONS

The first step leading to the proposal for new categories of short tun-
nels consisted of a comprehensive analysis of national and international
standards, References [1] through [10], which was published in the
Research Report VZ 247/07-EEG, Ref. [11]. Of the interesting results,
it is possible to note that the tunnel length of 300m occurs as the most
marked boundary in terms of requirements for safety equipment in near-
ly all of the analysed documents. The reason why such the short tunne-
Is are not to be equipped is the fact that the self-rescue principle is emp-
hasised stating that each person involved in an accident rescues himself
or herself. At that time, under normal conditions, even the smoke is
separated under the tunnel crown. Even in the most unfavourable case
where it is necessary to walk 300m from the fire to a portal, it takes less
than 4 minutes for an uninjured person (the walking speed of 1.4 m/sec).

The analysis showed that the NFPA 502 American standard does not
require tunnels of this and shorter length to be equipped with escape rou-
tes, call points or extinguishers. In the Slovak directive, this length is
also the determining factor for the spacing of escape exits; from this
length up, the directive recommends the installation of call points;
a forced ventilation system is prescribed for tunnels longer than 600m.
The issue of ventilation is very important because the installation of ven-
tilation subsequently induces need for the installation of a control sys-
tem and backup power supply. As the basic guideline, as far as the instal-
lation of a ventilation system is concerned, we can accept the Swiss and
German directives, Ref. [12] and [13], which require the installation of
ventilation, even in the most unfavourable case (a high proportion of
heavy goods vehicles and a higher tunnel gradient) only for tunnels
500m and 600m long, respectively, and longer. It can be realistically
assumed that these two countries have gained sufficient practical expe-
rience and theoretical knowledge, allowing us to accept their recom-
mendations.

In addition, new findings appeared regarding the illumination of short
tunnels. They were incorporated into the Directive CR 14380, Ref. [14]
by the CIE 88 committee. The Directive loosens the current require-
ments. These innovations have been incorporated into the proposal for
equipment of short tunnels.

PROPOSAL FOR NEW CATEGORISATION OF TUNNELS

The following categories have been introduced on the basis of prece-
ding analyses and discussions among the professional public: tunnels
between 100 and 300m are divided into two categories. The newly int-
roduced the TD category, which is characterised by traffic volume up to
15 000 equivalent vehicles per day per lane, and the TD-H category,
which corresponds to tunnels carrying high traffic volume. Special regu-
lations apply to this category. It has been introduced in compliance with
the PIARC document ‘Recommendations to owners and operators of
highly-trafficked urban tunnels’, which had been prepared in the wor-
king group WG1 of the C3.3 committee ‘Road tunnel operation’.

TC category covers tunnels with the lengths ranging from 300 to
500m and the traffic volume up to 15 000 equivalent vehicles per day
per lane. The peak hour traffic volume can be estimated between 1000
and 2000 vehicles on the basis of the traffic volume of 15 000 vehicles
per day and average variations of traffic published for the Czech
Republic. This peak hour volume corresponds to traffic reaching the
stability limit (approximately degree 3). Traffic at the limit of stability,
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Obr. 2 Ndvrh novych bezpecénostnich kategorii v linedrnim méritku
Fig. 2 Proposal for new safety categories in a linear scale

Kategorii tunelt TC odpovidaji délky mezi 300 a 500 m a dopravni
zatizeni do 15 000 ekvivalentnich vozidel za den a jizdni pruh.
Z hodnoty denni intenzity 15 000 vozidel Ize z prumémych variaci
dopravy publikovanych pro Ceskou republiku odhadnout hodinovou
intenzitu ve §pi¢ce mezi 1000 a 1200 vozidly, coz odpovidd dopravé na
mezi stability (cca stupni 3). Doprava na mezi stability, s ndhodné vza-
jemné interagujicimi vozidly v sobé nese prvek zvySené moZnosti
nehod, a proto i bezpe¢nostni opatfeni musi byt zvysena.

Dile je navrZena kategorie vysoce zatiZenych tuneld TC-H, kdy
dopravni zatiZeni presahuje 15 000 ekvivalentnich vozidel za den
a jizdni pruh (z hlediska intenzity dopravy zde plati ivaha z predeslého
odstavce). Ndsledujici grafy (obr. 2 a 3) zobrazuji nové déleni kratkych
tunell. Je nutné zduraznit, Ze se jednd o grafy, které se tykaji bezpec-
nostniho vybaveni tunelu ve smyslu TP 98 a takto definované kategorie
nemaji souvislost s ostatnim technologickym vybavenim, jako napriklad
s ventilaci, osvétlenim, ¢i napdjeci soustavou.

TOLERANCNI POLE

Zatimco délka tunelu je zndma presné, neurcitost a nepresnost do roz-
hodovéni{ o zarazeni do kategorii pfinasi prognézovand ro¢ni intenzita
ekvivalentnich vozidel, kvuli:

a) obtiznym stanovenim hodnoty intenzity v dobé otevieni tunelu pro

provoz;

b) neurcitosti ve vyvoji predikénich koeficienti dopravy na 15 let.

Tuto neptesnost, resp. moznou manipulaci s predikci dopravy je nutné
omezit na nejvys§i miru v oblasti hraniénich primek mezi kategoriemi
TD a TD-H; TC a TC-H a mezi TB a TA. Zde se doporucuje definovat
hrani¢ni oblast, kterd leZ{ +/—15 % od hrani¢n{ primky. Tato oblast vlast-
né ,rozostfuje” hranici mezi oblastmi. Hodnota 15 % je zvolena
s ohledem na moZnou nepresnost odhadovaného vyvoje dopravy, nebot’
dopravni odbornik by mél byt schopen predikovat dopravu s mens§imi
odchylkami, neZ odpovidd tomuto padsmu.

Pokud prognézovany DTV spadd do toleran¢niho pasma +/—15 %
okolo hrani¢nich primek, je nutné zvolit rozhodnuti o prislusnosti:

1. na zdkladé kvalitativni (expertn{) analyzy s pomocnym kritériem

podle tab. 1,
2. na zdkladé kvantitativn{ analyzy rizik.

Tab. 1 Pomocné parametry pro zarazovdni tunelu do kategorii

Obr. 3 Ndvrh novych bezpeénostnich kategorii tunelu v logaritmickém méritku
Fig. 3 Proposal for new safety categories of tunnels in a logarithmic scale

with vehicles randomly interacting, carries an element of increased
possibility of accidents in it, thus even the safety measures must be
enhanced.

Further, the TC-H category tunnels carrying high traffic flows, where
the traffic volume exceeds 15 000 equivalent vehicles per day per lane
(from the perspective of the traffic volume, the consideration made in
the previous paragraph is applicable to this case). The charts below (Fig.
2 and Fig. 3) depict the new division of short tunnels. It is necessary to
emphasise that this chart applies to safety equipment of tunnels in the
meaning of the TP 98; the categories defined in the chart bear no relati-
on to the other equipment, e.g. ventilation, lighting or power supply sys-
tems.

TOLERANCE RANGE

While the tunnel length is exactly known, vagueness and imprecision
is introduced into the categorisation process by the predicted equivalent
vehicle annual daily traffic, owing to the fact that:

a) it is difficult to determine the traffic volume values at the moment

when the tunnel is being opened to traffic;

b) there are uncertainties in the development of traffic prediction

coefticients for 15 years.

This imprecision or the possible manipulation with the traffic volume
prediction must be reduced as much as possible in the area of boundary
lines between categories TD and TD-H; TC and TC-H and between TB
and TA. In this case it is recommended that a boundary area be defined
lying +/~15% from the boundary line. As a matter of fact, this area
‘defocuses’ the border between the areas. The value of 15% was chosen
to allow for possible imperfection in the estimation on the development
of the traffic volume because a transportation expert should be able to
predict traffic volume with smaller errors than it corresponds to this
zone.

If the predicted DTV falls into the +/—15% tolerance zone in the vici-
nity of the boundary lines, it is necessary to decide where it pertains by
one of the following methods:

1. On the basis of a qualitative (expert) analysis, with an auxiliary
criterion according to Table 1.

2. On the basis of a quantitative risk analysis.

Table 1 Auxiliary parameters for tunnel categorisation

Pomocny parametr Hodnota Prislusnost ke kategorii Auxiliary parameter Value Pertinence to category
Vyssi nizsi higher lower

Podélny gradient >25% + Longitudinal gradient >2.5% +

Rédius obloukt <400 m + Curve radius < 400m it

Pocet jizdnich pruhu >3 + Number of traffic lanes >3 +

Siika jizdnich pruhu >35m + Width of traffic lanes >3.5m +

Odboceni/pripojeni jizdnich Turning or slipping lanes in the tunnel +

pruht v tunelu + Connection to 24-hour control centre +

Pripojeni na 24h dispedink + Proportion of heavy goods vehicles <15% +

Podil nakladnich vozidel <15% + Altitude < 400m +

Nadmorskd vyska <400 m + Existence of an intersection

Pritomnost kiiZzovatky near the tunnel < 300m +

v blizkosti tunelu <300 m +
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It is more reasonable for practical reasons to cho-
ose the expert assessment, with respect to the above-
mentioned table, rather than a relatively complica-
ted calculations for the risk analysis, which is usual-
ly burdened with significant uncertainty.

CHANGES IN EQUIPMENT FOR NEW
CATEGORY TUNNELS

Apart from safety equipment, even partial
changes in the traffic system design, lighting,
power supply and ventilation are proposed for
short tunnels.

Road signalling and traffic facilities

The installation of road signalling system is not
based only on the tunnel length. The traffic volu-
me and tunnel location, whether it is in a city or in
arural area, are also deciding factors. A designing
aid is provided by the chart in Fig. 5 (the indivi-
dual requirements for the ‘Minimum equipment’,
‘Maximum equipment’ etc. correspond to the
TP98 specifications.
Tunnel lighting

Two concepts were the basis for the work on
the revision of the approach to the lighting design.
The first concept approaches the tunnel lighting
design in the same way as if a long tunnel is con-

Obr. 4 Kritéria pro vybaveni tunelu z hlediska dopravniho znaceni a zarizeni

Fig. 4 Criteria for tunnel equipment in terms of road signalling and traffic facilities

7 praktickych davodi je vyhodnéjsi volit expertni posuzovani
s prihlédnutim k uvedené tabulce, nez pomérné sloZité vypocty rizikové ana-
lyzy, které jsou pii nedostatku statistickych tdaji obvykle zatizeny znatnou
neurcitosti.

ZMENY VE VYBAVENI NOVYCH KATEGORII TUNELU

Kromé bezpetnostniho vybaveni jsou pro krdtké tunely navrzeny i dil¢i
zmény v navrhu dopravniho systému, osvétleni, napéjeni a ventilaci.

Dopravni znadeni a zaiizeni

Instalace dopravniho znaceni vychdzi nejenom z délky tunelu, ale rozho-
duje i intenzita a situovéni tunelu ve mést€ ¢i extravildnu. Pomuckou pro
ndvrh je graf na obr. 4, pfi¢em? jednotlivé poZadavky na ,,miniméln{ vyba-
veni*, ,,zdkladni vybaveni* atd. odpovidaji definici v TP98.
Osvétieni tunelu

Pi revizi pristupu k ndvrhu osvétleni se vychdzelo ze dvou koncepci.

Prvni koncepce pristupuje k ndvrhu osvétlent stejné, jako je tomu pro dlou-
hy tunel, tzn. Ze je pomoci adapta¢nich pasem osvétleni na vstu-

cerned, i.e. ensuring adequate adaptation of sight
by means of adaptation illumination zones at the
tunnel entrance and exit. This approach is used in
the following documents:

- TP 98 specifications ‘Road tunnel equipment’,

Chapter 4 and Annex A

- CIE 88:2004 ‘Guide for the lighting of road tunnels and underpasses’

The deciding factor for the other concept of designing the lighting is the
contrast of an obstacle inside the tunnel against the background, as opposed to
the principle of adaptation tunnel zones used for full adaptation of the sight in
the case of long tunnels. In this system, perception of the obstacle which ori-
ginates has the form of a dark object on lighter background. The increased
contrast approach is presented in the following document:

-RVS 09.02.41 — Projektierungsrichtlinien Tunnelbeleuchtung (Version 20)

Put in a simplified way, to assess the necessity for equipping a tunnel with
artificial daylighting, the view through the tunnel is graphically assessed using
the percentual throughview method or the proportionate throughview method,
which are based on the proportion of a visible exit and visible entrance; they
depend on geometrical parameters of the tunnel, horizontal and vertical cur-
ving of the tunnel, vehicle stopping distance etc., Ref. [15]. The parameters
important in terms of making decisions on the lighting using this method are
indicated in Fig. 5.

pu a vystupu tunelu zajisténa odpovidajici adaptace zraku.
Tento pristup se vyuzivd v dokumentech:
— TP 98 Technologické vybaveni tuneld pozemnich komuni-
kaci, kap. 4 a Pril. A,

— CIE 88:2004 Guide for the lighting of road tunnels and

underpasses.

Druhou koncepct, v protikladu k principu osvétleni dlouhych
tuneld, kdy se nevyuzivd adaptatnich pasem v tunelu k dplné
adaptaci zraku, ale pro volbu osvétleni rozhoduje kontrast
u prekédzky v tunelu vuci jasu pozadi. Tim vznikne vjem pre-
kézky jako tmavého objektu na svétlej§im pozadi. Pristup zvy-
Senych kontrastd je uveden v dokumentu:

—RVS 09.02.41 — Projektierungsrichtlinien Tunnelbeleuch-

tung (Version 20).

Zjednodusené feeno pro posouzeni nutnosti vybavit tunel
umélym dennim osvétlenim se vyhodnocuje graficky pruhled
skrze tunel pomoci metody procentudlniho prahledu nebo
pomérného vyhledu, které jsou zaloZeny na poméru viditelného
vyjezdu a viditelného vjezdu a zdviseji na geometrickych para-
metrech tunelu, horizontdlnim a vertikdlnim zakfiveni tunelu,
brzdné draze apod., lit. [15]. DuleZité parametry pro rozhodo-

vani o osvétleni podle této metody jsou naznaceny v obr. 5.
Pro ndvrh osvétleni je ve zméné TP98-Z1, lit. [16], predsta-
vena hybridni metoda vyuZivajici dosud pouZivany pristup
stromkového diagramu (prfil. A, TP98) v kombinaci s metodou
vyhodnocovani pruhledu. Duvodem je i to, Ze vicekriteridlni

Obr. 5 Plocha vjezdového a vyjezdového portdlu, v¢. situovdni vozidla, pozorovand
z referencniho bodu (délka tunelu 200 m)

Fig. 5 The area of the entrance and exit portals inclusive of the position of a vehicle as
viewed from a reference point (a 200m long tunnel)
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analyza muZe prinést dspory v provoznich nakladech za osvétleni a navic lze
fici, Ze jednoznalny pristup k ndvrhu osvétleni neexistuje ani v celo-
svétovém méritku.

Obecné Ize stanovit, Ze tunely krat§i nez 25 m neni tieba osvétlit specidl-
nim umélym dennim osvétlenim. Posouzeni nutnosti umélého denniho
osvétleni tunelu se provadi pro tunely v rozmezi délky 25 m az 200 m.

Pro informativni posouzeni nutnosti vybavit tunel umélym dennim osvét-
lenim je vhodnéjsi metoda stromkového diagramu, kterd hodnoti, zda je ze
vzdalenosti rovné brzdné délce vidét cely vyjezd, dale vnikani denniho svét-
la do tunelu, odraznost stén a hustotu dopravy. Pfi spInéni vhodnych podmi-
nek nemusi byt tunel osvétlen az do délky 75 m. Delsi tunel je doporuceno
osvétlit alespon na 50 % trovné osvétleni prahového pasma pro dlouhy
tunel. Tunel del§i nez 125 m se doporuCuje osvétlit jmenovitou drovni osvét-
leni pro prahové pasmo dlouhého tunelu.

Pro detailnéjsi posouzeni nutnosti vybavit tunel umélym dennim osvétle-
nim se vyhodnocuje graficky pruhled skrze tunel pomoci vySe popsané
metody procentudlniho ¢i pomérného pruhledu.

The first revision of the specifications TP98-Z1, Ref. [16], introduces a hybrid
method using a tree diagram principle, which has been used till now (TP98,
Annex A), in combination with the throughview assessment method. The reason
is even the fact that a multi-criteria analysis may yield savings in operational costs
of the illumination and, in addition, it is possible to say that no unambiguous app-
roach to the lighting design exists even on the worldwide scale.

In general, it is possible to state that tunnels shorter than 25m do not have
to be illuminated by special artificial daylighting. The assessment of the neces-
sity for artificial daylighting in a tunnel is carried out for tunnels with the
lengths ranging from 25m to 200m.

The tree diagram method is more suitable for informatively assessing the
necessity for equipping a tunnel with artificial daylighting. This method asses-
ses whether the entire exit is visible from the vehicle stopping distance, daylight
penetration into the tunnel, wall reflectance and traffic flow rate. When right
conditions are met, the tunnel up to 75m long does not have to be illuminated.
It is recommended that a longer tunnel be illuminated at least at 50% of the level
of the threshold zone illumination level required for a long tunnel. Regarding

Tab. 2 Upravend tab. 6-1 z TP98 Rozdéleni technickych prostiedki podle kategorie tunelu
Table 2 Modified Table 6 of TP98 Distribution of technical facilities according to the tunnel category

Bezpecnostni vybaveni / Safety equipment
Bezpecnostni systém / Safety system

* Hlasky nouzového volani / Emergency call stations
* Poplachova tlacitka / Alarm push-buttons

Systém videodohledu / Television surveillance system

» Meéfeni tsekové rychlosti / Measurement of speed on tunnel sections
o Televizni dohledovy systém (viz kap. 9.1 TP98)
Television surveillance system (see Chapter 9.1 [2])

Dopravni systém / Traffic system

* Sbér dopravnich dat (viz kap. 3.3 TP98 a TP154)

Traffic data collection (see Chapter 3.3 [2] and TP154)
* Dopravni znageni a dopravni zafizeni / Road signalling and traffic facilities
e Zafizeni pro provozni informace / Traffic information system
* Svételné signdly pro jizdu v pruzich / Lane signals
 Svételné signdly Sla, S1b (viz kap. 3.2.5 TP98)

Light signals Sla, S1b (see Chapter 3.2.5 [2])
* Méfeni vysky vozidel / Vehicle ride height measurement
 Zabrany / Barriers
 Reflexni elementy (dle kap. 3.2.7.1 TP98)

Retroreflective elements (see Chapter 3.2.7.1 [2])

* Identifikace dopravniho excesu v tunelu / Identification of traffic incident in the tunnel

Spojovaci a dorozumivaci zafizeni / Communication systems

» Radiové spojeni / Wireless communication
» Mobilni telefonni sit'’/ Mobile telephone network
¢ Ozvudovaci zafizeni / Public address system
Evakuacni vybaveni / Evacuation equipment
» Nouzové tnikové osvétleni / Emergency escape lighting
¢ Bezpecnostni znaceni / Safety signs
PoZarni zafizeni / Fire equipment
* Automatické hldsi¢e pozaru / Automatic fire detectors
* Tlacitkové hldsice pozaru / Manual call points
* Prenosné hasici pristroje / Portable extinguishers
* Pozarni hydranty / Fire hydrants
Dalsi vybaveni / Other equipment

* Normdlni osvétleni / Main lighting

| 100m| TD |TD-H| TC |TC-H| TB | TA

ol 0 0 0 0 0
ol 0 0 0 0 0
o2 0 0 0 0 0
0 3 0 0 0
04 o4 05 03 03 05 03
0 0 0
o0 0 0 0
0 Y Y Y
06 00 06
0 0 0
Y 0 0 Y Y 0
0 o6 0 0 0
o6 0 0 0
o0 0 0 0
o6 0 0 0
o0 0 0 0
0 0 Y Y 0 Y
o7 0 0 0
o7 0 0 0
0 0 0 0 0
o8 o8 O o
o9 o9 o9 O o O o

Legenda: ' Doporucuje se instalovat mimo portdly tunelu hldsky nouzového voldni napojené na 24h dispecerskou sluzbu

Legend:

It is recommended that emergency call stations connected to 24-hour control centre be installed off tunnel portals

2 Doporucuje se instalovat TV kameru v oblasti portdlu s jednoduchym sekvenénim prenosem piehledového obrazu na dispecink
It is recommended that a TV camera be installed in the portal area, providing simple sequential transmission of an overview image to the control

centre

3 Pro intenzitu dopravy = 10 000 ekvivalentnich vozidel na den a jizdni pruh | For traffic volume = 10 000 equivalent vehicles per day per lane
4 Dopravni znaceni tunelii do 100 m odpovidd Minimdlnimu vybaveni pro krdtké tunely dle kap. 3.2.3 téchto TP98/Z1
Road signalling for tunnels shorter than 100m corresponds to the ‘Minimum equipment for short tunnels’ according to Chapter 3.2.3 of this TP98/Z1
5 Dopravni znacent tunelii od 100 m se voli ve shodé s grafem na obr. 3—4 téchto TP98/Z1
Road signalling for 100m and longer tunnels is chosen in compliance with the chart in Figures 3—4 of this TP98/Z1
6 Pro intenzitu dopravy v tolerancnim pdsmu na zdkladé dopravniho reseni a bezpecnostni analyzy
For traffic volumes found within the tolerance zone on the basis of traffic management design and a safety analysis
7 Instaluji se, pokud je v tunelu mechanickd ventilace / They are installed when a mechanical ventilation system is installed in the tunnel
8 Pozaduje se v tunelech delSich neZ 400 m / It is required for tunnels longer than 400m
9 Osvétlent tunelu se navrhuje dle obr. 4-3 téchto TP98/Z1 | Tunnel lighting is designed according to Fig. 4-3 of this TP98/Z1

Ndhradni osvetleni se nenavrhuje | No standby lighting is designed

o Znacka pro doporucené vybaveni | Recommended equipment mark
O Znacka pro povinné vybaveni | Compulsory equipment mark




Vétrani tunelu

Krétké tunely se nevybavuji provozni ani pozarni ventilaci. Tunely se na
zdkladé kvantitativn{ analyzy rizik vybavuji pozdrni ventilaci pro smérovan{
koure, pouze pokud jsou dnikové vychody ve vétsi vzdalenosti nez 250 m
nebo je jinak ztiZen tinik osob.

Pokud je intenzita dopravy vyS§i nez 7500 vozidel na jizdni pruh
s predpokladem tvorby kongesci, je ventilace instalovdna v odavodnénych
pripadech na zdklad¢ analyzy rizik.
Zasobovani elektrickou energii

Pro kratké tunely se pripousti napdjenti elektrickou energii ve stupni 2, viz
TP98, kap. 11.3.1. Nezavisly zdlozni zdroj napdjeni elektrickou energii ve
smyslu kap. 11.4.2 se nepouzivd.

Zdroj neprerusované dodavky elektrické energie se pouZije pouze
v oduvodnénych piipadech pro svételné signély a proménné dopravni znad-
ky dopravniho systému. Dobu napdjeni vybranych spotiebic¢u z vlastnich
zdroju stanovi pozdrmébezpecnostni projekt.
Bezpednostni vybaveni a bezpecnostni stavebni prvky

Bezpetnostni technické vybaveni tunelu je ddno zarazenim tunelu do
kategorii TA, TB, TC, TC-H, TD a TD-H. Na zdkladé zarazeni tunelu do
urcité kategorie se tunel vybavuje povinné technickymi prostiedky nebo jsou
tyto prostredky doporuceny. V piipadé doporuceného vybaveni je kone¢né
rozhodnuti ddno analyzou mistnich podminek a je specifické pro kazdy
tunel. Pislu$né subsystémy Ci zafizeni prislusejici k bezpe¢nostnimu vyba-
veni jsou uvedena v tab. 2, kde jsou doplnény poZadavky na vybaveni
kratkych tunelt.

ZAVER

Snaha o optimalizaci dopravniho, bezpecnostniho a technologického
vybaven{ tuneld, jeZ byla predmétem projektu SAFETUN, vedla k zaveden{
kategorie kratkych tunelt, ¢imZ jsou minény tunely krat$i nez 500 m. Projekt
vychédzel z detailni komparativni analyzy feSeni pouZivanych v zemich
vyspélych v tunelovém stavitelstvi. Jeho piinos je zvlasté dulezity v dobé
ekonomické krize, nebot’by mél sjednocovat pohled na kritké tunely a mél
by hlavné zabrdnit tomu, aby tyto tunely byly vybavovany drahou
a nepotfebnou technologif.

V ¢lénku se diskutuje i mira tzv. prijatelného rizika, coZ je pojem, se kte-
rym musi pracovat kazdy zodpovédny zadavatel zakdzky i projektant.
1998, jsou technické podminky TP98 Technologické vybaveni tunelt
pozemnich komunikaci. Dokument byl prepracovéan a znovu vydéan v roce
2004. Posledni tprava, a to ve formé zmény (TP98-Z1) je nyni (listopad
2009) pripravena pro schvalovaci proces. Zména obsahuje i nové kapitoly
o architektufe tunelii, méfeni dsekové rychlosti, barevném navrhu tunelu
apod. Zpracovéni zcela nové verze TP98 je pldnovédno na roky 2010-2011
a jiz v soucasné dobé jsou shromazdovany ndméty.

PROF. ING. PAVEL PRIBYL, CSc., pribylp@eltodo.cz,
ELTODO EG,a. s., CVUT Fakulta dopravni
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a tunnel longer than 125m, it is recommended that it be illuminated at the nomi-
nal level of lighting required for the threshold zone of a long tunnel.

More detailed assessing of the necessity for equipping a tunnel with artifici-
al daylighting is carried out by graphically assessing the tunnel throughview
using the above-mentioned percentual or proportionate throughview method.

Tunnel ventilation

Short tunnels are not equipped with operating ventilation or fire ventilation.
The tunnels are equipped with smoke flow directing fire ventilation on the
basis of a quantitative analysis, only if the distance of escape exits is greater
than 250m or the escape of persons is rendered difficult in another way.

If the traffic volume is higher than 7500 vehicles per lane and congestions
are anticipated, the ventilation is installed in well-founded cases, on the basis
of an analysis.

Power supply system

As far as short tunnels are concerned, power supply Degree 2 is permitted,
see TP98, Chapter 11.3.1. No uninterruptible power supply system, in the
meaning of Chapter 11.4.2, is used.

An uninterruptible power supply system is used only in well-founded cases,
for signal lights and variable traffic signs and traffic signal lights. The durati-
on of supplying selected power consuming appliances from tunnel’s own
sources is specified in the fire design.

Safety equipment and structural safety elements

Tunnel safety equipment depends on the category assigned to the tunnel,
ie. TA,TB,TC, TC-H, TD or TD-H category. The tunnel is ether compulso-
rily equipped with technical means or these means are recommended, depen-
ding on the tunnel categorisation. Regarding the recommended equipment, the
final decision is given by an analysis of local conditions. It is specific for
a particular tunnel. Respective sub-systems or facilities forming the package
of safety equipment are presented in Table 2, containing requirements for short
tunnel equipment added to it.

CONCLUSION

The effort to optimise traffic, safety and technological equipment of tunne-
Is which was the subject of the SAFETUN project resulted in the introduction
of the short tunnel category for tunnels shorter than 500m. The design started
from a detailed comparative analysis of solutions used in countries boasting
with advanced tunnelling industries. Its contribution is especially important
today, in the period of economic crisis, because it is designed to unify the per-
spective on short tunnels and, first of all, prevent designers from designing
expensive and unnecessary tunnel equipment.
The paper, in addition, discusses the degree of the so-called acceptable risk,
which is a term each responsible client and designer is obliged to work with.
The TP9S specifications ‘Road Tunnel Equipment’ are the basic document
according which tunnels have been equipped since 1998. This document was
revised and republished in 2004. The last modification, in the form of
arevision (TP98-Z1), is now (November 2009) prepared to enter the approval
process. The revision even contains new chapters on tunnel architecture, sec-
tion speed measurement, colour scheme etc. The preparation of a completely
new version of the TP98 is planned for 2010-2011. The topics are already
being collected. .
PROF. ING. PAVEL PRIBYL, CSc., pribylp@eltodo.cz,
ELTODO EG, a. s., CVUT Fakulta dopravni
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HISTORIE VYVOJE RIDICICH SYSTEMU SILNICNICH TUNELU
VE SKUPINE SPOLECNOSTI ELTODO

HISTORY OF THE DEVELOPMENT OF TUNNEL CONTROL AND
MANAGEMENT SYSTEMS IN ELTODO GROUP OF COMPANIES

JIRI REHAK, JIRI STEFAN

uvob

Historie vyvoje technologif silni¢nich tunelt ve spole¢nosti ELTODO
zacala souCasné se vznikem spole¢nosti v roce 1991. Nicméné skutec-
ny vyvoj tunelovych systému ve spole¢nosti byl zahdjen teprve po roce
1995, po podpisu kontraktu na doddvku technologickych celki do
Strahovského automobilového tunelu. Do dnes$ni doby byly realizova-
ny dodévky do 21 tuneld v Ceské republice a v zahranii. V rdmci
tunelovych staveb jsou doddvdny zejména komplexni technologie,
elektrické a dopravni vybaveni a integrujici fidici systémy. V prubéhu
vystavby je kladen velky duraz na to, aby soucdsti doddvek bylo velké
procento vlastnich vyrobku, mezi néZ patii zejména fidici systémy
dopravy a technologie v tunelech, SOS boxy vybavené systémy tistio-
vého volédni, proménné dopravni znaeni, nejruznéjsi prvky osvétleni
a vlastni kompletace rozvadécu. Spole¢nost ELTODO rovnéz, kromé
projektového managementu, zajiStuje vlastnimi silami projekéni pfi-
pravu provéadécich dokumentaci, provoznich fada, softwarovych pro-
jektd a dalSich dokumentu, které jsou nutnou soucdsti uvedeni tunelu
do provozu. Vyznamnou roli hraje rovnéZz naslednd ddrzba tunelové
technologie. Tato innost je zajiStovédna centrdlné organizovanou ser-
visni slozkou, kterd disponuje dispecinkem s 24hodinovou sluZbou,
softwarovymi pracovniky schopnymi provddét vzddlenou diagnostiku
zdvad a samoziejmé Cetami technikd, kteff jsou ve 24hodinovém pro-
vozu schopni zabezpecit okamzity zdsah v pripadé vzniku mimorddné
poruchy v technologické nebo dopravni ¢asti tunelu.

Tento ¢lanek je jakymsi historickym exkurzem do vyvoje unikatni-
ho fidicitho systému KERBERUS®, ktery byl jddrem vétSiny tunelo-
vych doddvek a ktery je neustdle zdokonalovén tak, aby vyhovoval
naro¢nym Ceskym, ale i evropskym standardim. Zavér ¢ldnku je véno-
vén soucasné realizovanym systémum a jsou zde ilustrovdny soucasné
trendy v oblasti fizeni technologie a dopravy v tunelech.

TECHNOLOGICKY VYVOJ SYSTEMU RIZENI TECHNOLOGIE
A DOPRAVY V TUNELECH

Rizen{ technologického vybaveni tunelu v Ceské republice se jiz od
pocatku, tj. jiz od doby vystavby Strahovského automobilového tune-
lu (SAT), délilo na dvé hlavni ¢dsti, a to ¢dst pro fizeni dopravy a ¢ést
pro fizeni technologie. Toto rozdéleni bylo vyvoldno fadou faktoru,
z nichz hlavn{ jsou tyto:

a) Rozdily v chovani technologickych a dopravnich celku.
Zatimco technologickd zafizeni i jejich chovani jsou pomérné
presné definovand, tak v dopravé na pozemnich komunikacich
panuje pomérné velkd nahodilost. Najednou se nékteré vozidlo
zastavi z divodu poruchy, ne v§echna vozidla uposlechnou vyzvy
ke zméné rychlosti ¢i sméru jizdy a je nutné vzit v Gvahu i rozptyl
Casovych udaju pro prajezd vozidla urcitou trasou. Pfi vyskytu
mimoradné situace, pii niZ je nutné urychlené opustit prostor
tunelové stavby, je nutno zajistit trasy a prostory pro nestandard-
ni vyjezd vozidel z této lokality.

b) Legislativni diivody spo¢ivaji v roli Policie Ceské republiky,
kterd ze zdkona odpovidd za provoz na pozemnich komunikacich
a je jednou ze slozek, které jsou oprdvnény zastavovat vozidla
a odkldnét je na ndhradni trasy. OvSem jak fikd zdkon
o pozemnich komunikacich, tak provoz je fizen pokyny prislus-
nika Policie Ceské republiky nebo svételnymi signaly, pficemz
uz neni dale specifikovano, kdo k t€mto svételnym signalam
davé pokyn. To umoziiuje ruzny vyklad pravomoci jednotlivych
sloZek a v praxi se to projevuje i rozdilnou koncepci fidicich cen-
ter v jednotlivych lokalitach Ceské republiky.

INTRODUCTION

The history of the development of road tunnel equipment in ELTO-
DO began concurrently with the foundation of the company in 1991.
Nevertheless, the real development of tunnel systems in the company
started later, after 1995, when the contract for supplies of technologi-
cal equipment sets for the Strahov vehicular tunnel was concluded. Till
now, the company has supplied equipment for 21 tunnels in the Czech
Republic and abroad. The supplies comprise, first of all, comprehensi-
ve technologies, power supply and traffic control equipment and inte-
grating management systems. Great stress is placed during tunnel con-
struction on the supplies to comprise high percentage of the company’s
own products, among them for example, traffic control and tunnel equ-
ipment management systems, SOS boxes equipped with emergency
call systems, variable traffic signs, various lighting elements and
assembling switchboards by company’s own personnel. In addition,
apart from project management, ELTODO provides preparation of
detailed designs, operating instructions, software designs and other
documents which are necessary parts of a tunnel commissioning pro-
cess. The follow up maintenance of tunnel equipment also plays an
important role. This activity is ensured by a centrally organised servi-
ce unit, which has a round-the-clock working control centre, software
engineers capable of remotely diagnosing defects and, of course,
round-the-clock services of crews of technicians who are able imme-
diately to intervene in the case of unexpected failures of tunnel equip-
ment or a traffic control system.

This paper is a sort of historic excursion into the development of
KERBERUS®, a unique control system which was the core of the
majority of tunnel supplies and which has been permanently improved
to meet stringent Czech and European standards. The conclusion of the
paper is dedicated to the systems which are currently being imple-
mented, with illustration of current trends in the field of tunnel equip-
ment and traffic management.

TECHNOLOGICAL DEVELOPMENT OF TUNNEL EQUIPMENT
AND TRAFFIC CONTROL

Tunnel equipment control in the Czech Republic has been divided
since the beginning, i.e. since the time of the Strahov automobile tun-
nel (SAT) construction, into two main parts, traffic control and equip-
ment control. This division was brought about by several factors, with
the following being the main ones:

a) Differences in the behaviour of equipment systems and traf-
fic-related systems. While tunnel equipment systems and their
behaviour are relatively exactly defined, relatively high hapha-
zardness exists in traffic on roads. A vehicle stops all of a sudden
because of a defect, not all vehicles obey a command to change
the speed or the direction of driving, and it is necessary to take
into consideration the scatter of the time data regarding the pas-
sage of a vehicle through a certain route. In the case of an emer-
gency requiring expedited evacuation of the tunnel space it is
necessary to provide routes and spaces for non-standard exiting
of vehicles from the emergency location.

b) Legislative reasons due to the role of the Police of the Czech
Republic, which are by law responsible for road traffic. The
Police is one of the bodies entitled to stopping of vehicles and
directing them to diversion routes. On the other hand, according
to the Road Law, traffic is controlled by instructions of policemen
of the Czech Republic or by traffic lights, but it is not further
specified who gives instructions to the traffic lights. This allows



Obr. 1 Puvodni konfigurace velinu Strahovského automobilového tunelu
v roce 1998 s vizualizacnim systémem pod operacnim systémem UNIX,
v pozadi mozaikové tablo zobrazujici stav dopravy a technologie v tunelu
Fig. 1 Original configuration of the Strahov control centre in 1998, with the
visualisation system working under UNIX operational system; a mosaic
board showing the state of traffic and equipment in the tunnel is in the backg-
round

PRVNIi GENERACE RIDICIHO SYSTEMU RIZENI
TECHNOLOGIE A DOPRAVY TUNELU KERBERUS®

Prvni silniéni tunel v Ceské republice, na kterém byl aplikovin
moderni fidici systém, byl Strahovsky automobilovy tunel. Budovéani
této stavby zacalo v 70. letech minulého stoleti, ale dokon¢en byl az
v roce 1997. Projekt budovy pro fidici systém této tunelové stavby
pocital s tehdej$im stavem technologie, a proto kdyz byl fidici systém
spustén, tak vzhledem k velmi rychlému technologickému vyvoji
v oblasti fidicich systému fada mistnosti uréenych pro zdstavbu fidici-
ho systému ziskala novy ucel.

Pro fizeni technologif je uplatiiovan od pocétku klasicky model dis-
peCerského fizeni, ktery pro tunelové technologie pIné vyhovuje
a s mens$imi obménami se pouzivd dodnes. Naproti tomu fizeni dopra-
vy v tunelech a pfilehlych komunikacich je velmi zajimavou oblastf,
kterd se stdle vyviji a prind$i nové moZnosti.

Rizen{ dopravy v SAT bylo naprogramovéno do fidiciho systému
pouZzivajictho komponenty od firmy General Electric, divize Fanuc.
Vizualizacni systém byl postaven v tehdy revolu¢nim systému
CIMPLICITY, v tehdej§i dobé jesté na bézi operacniho systému UNIX
(obr. 1).

Jiz v této prvni aplikaci byl do systému propojen systém elektronic-
ké pozarni signalizace a systém ovldddni kamerového dohledu. Tato
cesta, jejiz myslenkou je propojovat dalsi technologie pfimo do fidici-
ho systému bez pouziti dal§ich nadstavbovych systému jednotlivych
dodavatelt, zvySuje droven kontroly dispecera nad dénim v tunelu,
navysuje i spolehlivost systému, a proto je stdle zachovdvana. Okruh
pripojenych komponent se postupné zvySuje, napf. v tunelu
Klimkovice byly poprvé do fidiciho systému pfipojeny tabule zarizeni
pro provozni informace (ZPI) umoZnujici zobrazit textové pole rozsa-
hu 15 znaka. Zminéné technologie integrované do fidicich systému,
jako senzory systému EPS, ddaje o dopravni zdtéZi ¢i kamery uzavie-
nych televiznich systému, slouZi jako prodlouZené ,,0¢i“ dispedera do
déni v fizené technologii, a proto byl tento model fidiciho systému
nazvan bajnym jménem Kerberus.

Rizen{ dopravy v SAT ve své prvni verzi vychdzelo z modelu uplat-
novaného pii fizeni technologii. Algoritmy a sekvence pro fizeni
dopravy byly pevné naprogramovény a zkompilovany do programu
fidictho systému. ReSeni, které se b&Zné pouZivd napf. v energetice, je
sice maximdlné spolehlivé, ale kazdd dal§i zména, kterd se v dopravn{
technologii na rozdil od elektrarny vyskytuje velmi Casto, znamend
zdlouhavé odladovéani celého programu. Vzhledem k tomu, Ze
sekvencni vyklizen{ i znovuotevien{ silni¢niho tunelu, jako je SAT,
trvd vzhledem k jeho délce a ndvaznym komunikacim priblizné 15
minut, se doba takovéhoto odladovani poéita fddové na dny. Béhem
tohoto odladovéni je samoziejmé vylouden provoz v tunelu, protoZe
chybu programu nelze v rezimu odladovani vylougit.
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differing explanations of the rights of individual bodies and, in
practice, it is manifested by different concepts of control centres
in individual locations in the Czech Republic.

THE FIRST GENERATION OF KERBERUS® TUNNEL
EQUIPMENT AND TRAFFIC CONTROL SYSTEM

The first road tunnel in the Czech Republic to which a modern
management system was applied was the Strahov Automobile Tunnel
(SAT). The construction of this tunnel started in the 1970s, but it was
completed as late as 1997. The design for the building to house the tun-
nel management system expected that equipment existing at that time
would be used. Therefore, when the management system was laun-
ched, many rooms which had been designed for the installation of the
management system were assigned a new purpose as a result of very
rapid technological development.

A classical model of management through dispatching control has
been used for the tunnel equipment control since the beginning. It is
very well suitable for tunnel equipment and has been used, with minor
modifications, till now. On the other hand, the control of traffic in
a tunnel and adjacent roads is a very interesting field, which keeps
developing and brings about new opportunities.

Traffic control in the SAT was programmed to a management sys-
tem which used General Electric, Division Fanuc manufactured com-
ponents. The visualisation system was built in a then revolutionary
system CIMPLICITY, which was still based on UNIX operational sys-
tem at that time (Fig. 1).

It was already in this initial application that the fire alarm and detec-
tion system and camera controlling system were incorporated into the
tunnel control system. This method, the idea of which is that additio-
nal technologies be connected directly to the control system without
application of other upgraded systems from individual suppliers, inc-
reases the level of control by the operator over the process in the tun-
nel and improves the system reliability, which is why it has been reta-
ined. The circuit of connected components gradually grows, for exam-
ple, an operation information display allowing visualisation of a text
field up to 15 symbols was for the first time connected to the control
system of the Klimkovice tunnel. The above-mentioned technologies
which were integrated into management systems, such as fire alarm
and detection system sensors, data on the traffic flow or CCTV came-
ras serve as extended sight of a tunnel operator into the technology
being controlled, therefore, this model of a management system was
given the mythical name of Cerberus.

The first version of the traffic control system in the SAT started from
a model used in equipment control systems. Traffic control algorithms
and sequences were firmly programmed and compiled into the traffic
system program. This solution, which is commonly used for instance
in power engineering, on the one hand provides maximum reliability,
but, on the other hand, all subsequent changes, which, as opposed to
a power plant, very frequently take place in the field of traffic-related

Obr. 2 Tunel Husovice v roce 1998 — testovdni reakci druhé generace systému
KERBERUS®

Fig. 2 Husovice tunnel in 1998 — testing the reactions of the second genera-
tion KERBERUS® system
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Obr. 3 Nové vybudovany centrdlni tunelovy dispelink v Brné v roce 1999
Fig.3 New build tunnel management centre in Brno in 1999

DRUHA GENERACE RIDICIHO SYSTEMU RIiZENI
TECHNOLOGIE A DOPRAVY TUNELU KERBERUS®

V rdmci doddvky fidicitho systému tunelu Husovice (obr. 2)
a vystavby centrdlniho tunelového dispecinku v Brné (obr. 3) v letech
1998 az 1999 bylo nutné do systému zapracovat ¢astecné odlisné poza-
davky Brnénskych komunikaci a Police Ceské republiky na pojeti
fizeni dopravy. Hlavni diraz byl kladen na vys3{ flexibilitu systému,
na moznost uzivatelské konfigurace dopravnich stavu, kontroly koliz-
nich stavii a moZnost simulace vyslednych dopravnich stavi.

Obdobné feseni bylo rovnéz aplikovédno v roce 2000 v ramci rekon-
strukce TéSnovského automobilového tunelu (TAT — obr. 4) a tunelu
Letnd v Praze. Jedna z vlastnosti tohoto systému, kterd vychazi pfimo
z jeho podstaty, je automatickd kontrola vysledného stavu. Tento
mechanismus vychdzi z predpokladu, Ze povelovany symbol promén-
ného dopravniho znaceni (zaloZzeného na lamelové ¢i svételné techno-
logii, ve zkratce souhrnné nazyvaného PDZ) nemusi byt nastaven, pro-
toZe systém vypocital jiné nastaveni.

Vyznamnou implementaci této generace systému fizeni dopravy
byla realizace fidicich systému pro Ctvefici tuneld na délnici
Mersin—Adana—Gaziantep v Turecku (obr. 5). Spole¢nost ELTODO
pro tento projekt zajiStovala komplexni systém fizen{ dopravy véetné
systému proménného dopravniho znacen.

Systémy druhé generace byly implementovény v prostredi progra-
movatelnych automati GE Fanuc, Pisdrecky tunel byl prvni, ktery byl
realizovdn v prostiedi systému SIMATIC. Pouzity vizualiza¢ni systém
CIMPLICITY HMI pracoval jiz v prostiedi Windows NT.

TRETI GENERACE RIDICIHO SYSTEMU RiZENI TECHNOLOGIE
A DOPRAVY TUNELU KERBERUS®

Treti verze programového vybaveni pro fizeni dopravy byla revo-
luéni v mozZnosti vklddat uZivatelsky do systému nové dopravni
sekvence a v piipadé moZnosti vzniku konfliktnich stavi v dopravnim
znaleni (napr. pii pozadavku otevrit vjezd do uzavieného tunelu) upo-
zornovala uZivatele dopfedu, jesté pred aktivaci pozadované dpravy,
na budouci konflikt v nastaveni proménného dopravniho znaceni, a to
se zvyraznénim konkrétnich prvku. Bezpelnostni sekvence (tj.
dopravni sekvence pro uzavieni tunelu v pfipadé havarijnich uddlost{)
zustaly pevné naprogramované v systému a k jejich dpravé mél oprdv-
néni pouze systémovy programdtor. Z perifernich zarizeni bylo do
systému poprvé pripojeno videodetekéni zarizeni, detekujici vznik
kolon v tunelovych tubusech. Tato verze byla poprvé implementovana
pii integraci TAT do prostredi velinu SAT, v rdmci kterého probéhl
upgrade vizualizani nadstavby puvodniho systému SAT do prostred{
Windows NT.

Dals{ implementace tiet{ generace systému KERBERUS® do silnié-
niho tunelu Zlichov (ZLRA — obr. 6) v roce 2002 nabidla uZzivateli
velmi komfortni ndstroj pro uZivatelské sestavovani dopravnich
sekvenci. Dispecer po prepnuti do tzv. ,,simulaéniho médu* maze, bez
vazby na koncové zafizeni PDZ, sdm sestavovat kroky dopravnich
sekvenci a po jejich kontrole z hlediska vzniku konfliktnich stavu
muZe tyto stavy uloZzit do paméti a celou sekvenci si poté na svém pra-
covisti prehrat, opét v tomto simulovaném reZimu. Tato moZnost je

Obr. 4 Rekonstruovany velin Tésnovského automobilového tunelu, rok 2000
Fig. 4 Reconstructed TéSnov automobile tunnel control centre, 2000

equipment, require lengthy de-bugging of the whole program. With
respect to the fact that sequential evacuation and re-opening of a tunnel
like the SAT, taking its length and adjacent roads into consideration,
takes roughly 15 minutes, the time required for such de-bugging is
measured in the order of days. Of course, traffic in the tunnel during
the course of the de-bugging is excluded, because occurrence of
a system error during the de-bugging cannot be eliminated.

THE SECOND GENERATION OF KERBERUS® TUNNEL
EQUIPMENT AND TRAFFIC MANAGEMENT SYSTEM

In 1998 through 1999, when the management system for the
Husovice tunnel (see Fig. 2) and the central tunnel management hub in
Brno (see Fig. 3) was being prepared, it was necessary to incorporate
into the system partially differing requirements of Brnénské
Komunikace (Brno road management department) and the Police of
the Czech Republic for the traffic control concept. Main stress was pla-
ced on higher flexibility of the system, the possibility of configuring
traffic states by the user, checking collision states and simulating resul-
tant traffic states.

A similar solution was also applied in 2000, in the framework of the
reconstruction of the TéSnov automobile tunnel (TAT — see Fig. 4) and
the Letnd tunnel in Prague. One of this system’s properties, which
comes directly from its substance, is automatic checking on the resul-
tant state. This mechanism comes from the assumption that a symbol
of the variable traffic sign (VTS - lamella-based or lighting technolo-
gy based) being commanded does not have to be set because the sys-
tem has calculated another setting.

A significant case of the implementation of this generation of traffic
control systems was the installation of control systems for four tunne-
Is on the Mersin - Adana — Gaziantep motorway in Turkey (Fig. 5).
ELTODO supplied a comprehensive traffic control system for this pro-
ject, including a variable traffic signalling system.

Obr. 5 Portdl tunelu na ddlnici Mersin—-Adana—Gaziantep v Turecku, pouZité
proménné dopravni znaceni z produkce ELTODO, rok 2000

Fig. 5 Portal of a tunnel on the Mersin - Adana — Gaziantep motorway in
Turkey; variable traffic signs produced by ELTODO, 2000
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Obr. 6 Komplexni zkousky Fidiciho systému tunelu Zlichov s pracovniky TSK
Praha a VIS, a. s.

Fig. 6 Comprehensive testing of the Zlichov tunnel control system by TSK Praha
(road management department) and VIS a.s. (owner’s supervision) personnel

ale pristupnd pouze po zadéni pifslusného opravnéni a neni zahrnuta
do bézné Einnosti dispeceru.

Stavba automobilového tunelu Mrézovka (ATM), umisténého mezi
stavby ZLRA a SAT, pred feSitele postavila novy tkol, a to, jaky zpa-
sob zvolit pro propojeni téchto staveb. Nabizela se mozZnost kompletné
prebudovat systémy staveb SAT, ATM a ZLRA, coZ by si v§ak vyzdda-
lo velmi dlouhou dobu pro odladéni celého systému a s kazdou dals{
stavbou by se tyto problémy opakovaly. V tomto pfipadé byla zvolena
modulova stavba. Ta poéitd s funkef stavajicich fidicich systému tune-
lovych staveb preddvajicich si mezi sebou tzv. ,,globdlni proménné*,
charakterizujici jejich stav. Jednotlivé fidici systémy na né potom rea-
guji podle svych konkrétnich podminek. Soucdsti realizace fidiciho
systému ATM byla rovnéZ rozsdhld dprava softwaru svételnych signa-
liza¢nich zaf{zeni na prilehlych kfiZovatkéch tunelu z davodu vyfeSen{
poZadavku na preferenci vozidel MHD ¢&i nastaveni prioritnich tras pro
prijezd pozarnich vozidel a navic s potiebou dynamicky synchronizo-
vat dopravu na tzv. malém smichovském okruhu.

Soucdsti realizace fidiciho systému ATM bylo i rozsahlé technolo-
gické rozsifeni velinu SAT, ktery byl vybaven moderni vizualizaén{
stétnou a novymi pokro¢ilymi komunikaénimi prvky (obr. 7).
Vizualizacni systém byl modernizovdn novou verzi CIPLICITY,
z diivodu bezpe¢nostni politiky spole¢nosti Microsoft doslo k povyse-
ni opera¢nich systémt na Windows 2000.

Treti generace systému byla rovnéZ implementovana na komunika-
cich 1. tfidy do tunelu na obchvatu Jihlavy a do tunelu Hfebec.
Realizace tunelu Jihlava je pro rozvoj systému duleZita zejména proto,
7e se zde roz§ifila mnoZina vyrobci programovatelnych automatu
podporovanych systémem KERBERUS® o spole¢nost Rockwell
Automation.

Mezi historicky posledni implementace systému KERBERUS® tfeti
generace patfi roz§iteni Pisdreckého tunelu v Brn¢ o sloZitou kfizovat-
ku MUK Hlinky, v rdmci které probéhl upgrade celého systému fizeni
tunelt v Brné na aktudlni verzi systému KERBERUS®.

Obr. 8 Tunel Klimkovice v roce 2007 s proménnym dopravnim znaclenim
z vyroby ELTODO a Znacek Praha

Fig. 8 The Klimkovice tunnel in 2007, with variable traffic signs produced by
ELTODO and Znacky Praha

Obr. 7 Rekonstruovany velin SAT pred dokoncenim tunelu Mrdzovka v roce 2004
Fig. 7 Reconstructed SAT control room before the Mrdzovka tunnel completion
in 2004

The second generation systems were implemented in the environ-
ment of GE Fanuc programmable automatons; the Pisarky tunnel was
the first to be implemented in the environment of the SIMATIC sys-
tem. The CIMPLICITY HMI visualisation system, which was used,
operated in the Windows NT environment.

THE THIRD GENERATION OF KERBERUS® TUNNEL
EQUIPMENT AND TRAFFIC CONTROL SYSTEM

The third version of the traffic control software was revolutiona-
ry in allowing the user to feed new traffic sequences into the system
and, in the case of a possibility of the origination of conflicting sta-
tes in the traffic signalling system (e.g. when a requirement is made
to open the entrance to a closed tunnel), to caution the user in
advance, before the required modification is activated, that there
will be a conflict in the setting of the variable traffic signs, by means
of highliting the particular elements. The safety sequences (i.e. the
traffic control sequence for closing a tunnel in the case of incidents)
remained firmly programmed in the system and only the system pro-
grammer was eligible to change them. Of periphery facilities, video
detection equipment detecting the development of columns of
vehicles in tunnel tubes was for the first time connected to the sys-
tem. This version was for the first time implemented when the TAT
was being integrated into the SAT control centre environment,
where the upgraded SAT visualisation system was implemented into
the Windows NT environment.

Other implementation of the third generation of KERBERUS®
system into the Zlichov road tunnel (ZLRA - Fig. 6), which took
place in 2002, offered the user a very comfortable tool for compi-
ling traffic sequences. The operator can, after switching into the so-
called simulation mode, put individual steps of traffic sequences
together by his own, without a connection to the VTS end applian-
ce and, after checking them in terms of the origination of conflicting
states, store these states into the memory. Then he can replay the
entire sequence at his workplace, again within this simulated regi-
me. This option is, however, accessible only after the respective aut-
horisation proof is entered; it is not incorporated into common acti-
vities of operators.

The construction of the Mrazovka Automobile Tunnel (MAT),
which is located between the ZLRA and SAT, set a new task for the
designer — to decide which method of interconnecting these structu-
res was to be chosen. There was the option comprising complete
reconstruction of the systems of the SAT, MAT and ZLRA tunnels,
which would have required very long time for de-bugging of the
entire system and these problems would be repeated with each sub-
sequent construction. In this particular case, a unit system was cho-
sen. This system operates with the function of existing tunnel control
systems maintained, sharing so-called ‘global variables’ characteri-
sing their state with each other. Then the individual control systems
respond to them, depending on their own particular conditions. Part
of the MAT system implementation was an extensive modification of
the software controlling traffic lights at intersections adjacent to the
tunnel. It was necessary because requirements for priority of urban
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Obr. 9 Tunel Horelica na Slovensku dokonceny v roce 2004 vybaveny SOS
skiinémi vyrobenymi spole¢nosti ELTODO

Fig. 9 The Horelica tunnel in Slovakia, completed in 2004, equipped with
ELTODO-produced SOS boxes

DuleZitym meznikem byla rovnéZ realizace fidiciho systému
v tunelu Klimkovice (obr. 8), ktery se stal prvnim ryze ddlni¢nim tune-
lem, ktery v Ceskeé republice spole¢nost ELTODO realizovala.

TRENAZER RIDICIHO SYSTEMU TUNELU

Po zavedeni nové verze systému na tunelu ZLRA a po zkuSenostech
s provozem soucasnych verzi programového vybaveni se ¢im ddl vice
zacal projevovat poznatek spolivajici v nedostate¢né pripravenosti
obsluh k feSeni mimofddnych situaci. Tato nepriznivd vlastnost se
Casové zvyraziuje od doby uvedeni do provozu. V dobé, kdy se stav-
ba uvadi do provozu, ma obsluha vzhledem k vylouceni provozu
a probihajicim komplexnim zkouskdm velké moZnosti pro praktické
procvicovdni. V béZném provozu je vSak celkové uzavieni tunelu
pomérné vzdcnou udélosti, a tak pochopitelné pfipravenost obsluhy
pro feseni téchto situaci klesd. Ze tuto otdzku pfipravenosti obsluh
k feSeni mimorddnych situaci nelze podcenovat, je ziejmé od katastro-
fického pozaru v tunelu Mont Blanc mezi Francif a Itdlii. Zde nekoor-
dinovanost pocate¢niho feSeni ze strany dispeCinku Itdlie a Francie
navySila katastrofdln{ nasledky poZzéru. Za timto t¢elem sméfuje sou-
Casny vyvoj fidicich systému tunelovych aplikaci ve spole¢nosti
ELTODO k vyvoji aplikaci umoznujicich operdtorovi proZivat realis-
ticky simulované krizové situace, a to véetné interakci systému video-
dohledu. Takto pojaté pracovisté, integrujici fidici systém tunelu spus-
tény v médu simulace a propojeny se systémem videodohledu, ktery
poskytuje generované videosigndly podle okamZité situace, poskytuje
tak vysoky prozitek, Ze pri laboratornim testovani se asto zapomind,
Ze se jednd pouze o virtudlni realitu. Zatim jedinou prekazkou vétsiho

s .

roz$iteni této aplikace, bliZici se po¢itacové hie na vice monitorech, je

Obr. 10 Test ridiciho systému ITCC pro Turecko v pobo¢ce ELTODO v Brné
v roce 2005

Fig. 10 Factory Acceptance Test of the ITCC control system for Turkey at the
Brno branch office of ELTODO in 2005

TuoufHel

mass transit vehicles had to be solved, as well as setting of priority
routes for the passage of fire-fighting vehicles. In addition, it was
necessary to dynamically synchronise traffic on the so-called Small
Smichov Circle Road.

In addition, part of the MAT control system implementation was
the extensive expansion of equipment in the SAT control room,
where a modern visualisation wall with advanced communication
elements was installed (see Fig. 7). The visualisation system was
modernised by a new CIMPLICITY version; the operation systems
were elevated to Windows 2000, in compliance with Microsoft safe-
ty policy.

The third generation system was also implemented on 1st class
roads in the tunnel on the Jihlava bypass and the Hiebec¢ tunnel.
The implementation in the Jihlava tunnel is important for the system
development first of all because of the fact that the set of producers
of programmable automatons supported by Rockwell Automation’s
system KERBERUS® was further expanded there.

One of the historically last implementations of the third generati-
on KERBERUS® system is the expansion of the Pisdrky tunnel in
Brno through adding a complicated Hlinky grade-separated inter-
section to it. The entire control system covering all tunnels in Brno
was upgraded to the topical version of the KERBERUS® system in
the framework of this event.

Another important milestone was the implementation of the
Klimkovice tunnel control system (see Fig. 8 ), which became the
first purely motorway-type tunnel project to be carried out by
ELTODO in the Czech Republic.

TUNNEL CONTROL SYSTEM SIMULATOR

When the installation of the new version of the system at the
ZLRA tunnel had been completed and after gathering experience
with the operation of the existing software versions, it started to be
more and more obvious that the readiness of operators to solve inci-
dents was insufficient. This problem even deepens with the time
elapsing from the tunnel commissioning. At the moment when
a tunnel is being commissioned, there is a great opportunity for tun-
nel operators to practise because traffic is closed and comprehensi-
ve testing is underway. On the other hand, closing a tunnel to traf-
fic during routine operation is rather a rare event; therefore, the rea-
diness of operators to solve incidents diminishes. Since the confla-
gration in the Mont Blanc tunnel between France and Italy, it has
been obvious that the issue of preparedness of operators to solve
emergency situations must not be underestimated. In this particular
case, the lack of coordination of the initial solution between the
Italian and French control centres significantly aggravated the
catastrophic consequences of the fire. For this reason, the current
development of tunnel applications of control systems in ELTODO
is focused on developing applications allowing the operator to rea-
listically experience simulated crisis situations, including interacti-
ons with the video surveillance system. Such the approach,
i.e. a workplace integrating a tunnel control system running in the
simulation mode with the video surveillance system generating
video signals according to the momentary situation, affords so
intense mental experience that the fact that it is only virtual reality
is often forgotten during laboratory testing. The only obstacle to
wider spreading of this application, similar to a computer game
played on several displays, is the cost of the application. Solutions
leading to easy implementation in all sorts of tunnels, and the pro-
blem of reducing the costs which is associated with the solution, are
being worked on.

INTERNATIONAL TUNNEL CONTROL SYSTEM (ITCC)

One of KERBERUS® system offshoots is represented by the
International Tunnel Control System — ITCC. This system was
developed by an international team with the aim of making use of
the development of tunnel control systems in various European
countries and create a universal system which could be implemen-
ted all over the world. ELTODO’s engineers developed software
reference libraries for the technology section and participated in the
process of introducing the project into practice (see Fig. 10).

One of basic objectives followed when developing the new ITCC
system was the maximum unification of individual software blocks,




Obr. 11 Aplikace systému ITCC v tunelu Sitina v Bratislave z roku 2006
Fig. 11 ITCC application at the Sitina tunnel in Bratislava, 2006

cena této aplikace. ReSeni vedouci k snadné implementaci pro nejriz-
néjsi tunelové stavby a s tim souvisejici problematika snizovani ndkla-
du jsou zpracovavény pravé v této dobg.

INTERNATIONAL TUNNEL CONTROL SYSTEM (ITCC)

Jednu z vyvojovych vétvi systtmu KERBERUS® piedstavuje tzv.
International Tunnel Control System — ITCC. Tento systém byl vyvi-
jen mezindrodnim tymem s cilem zuzitkovat zkuSenosti s vyvojem
fidicich systému tunell v riznych evropskych zemich a vytvorit uni-
verzdlni systém, ktery by mohl byt nasazovén po celém svété. InZenyri
spole¢nosti ELTODO zajistovali pro tento systém tvorbu softwaro-
vych knihoven v ¢asti technologie a podileli se na uvedeni tohoto pro-
jektu do praxe (obr. 10).

Jednim ze zédkladnich cil pfi vyvoji nového systému ITCC byla
maximélni unifikace jednotlivych softwarovych bloki vedouci
k redukei ndkladu. K jejimu zajisténi byla nutnd podrobnd piiprava,
ktera predchézela vlastni implementaci. Kazdy budouci softwarovy
blok byl nejprve dopodrobna naplanovan — tj. byla stanovena jeho
funkéni specifikace a rozhrani. Rozhrani byla volena tak, aby na sebe
jednotlivé bloky dobfe navazovaly. Kazdy modul byl rozdélen na dvé
¢asti — Cast urCenou pro programovatelny automat a ¢ast uréenou pro
SCADA systém. Elementdrni funkéni moduly jsou poté v rdmci
architektury ITCC ovldddny v manudlnim reZimu, anebo jsou sdru-
Zovény do nadstavbovych blokd, jako je napiiklad Traffic Manager.
Elektrické a mechanické funk¢ni bloky jsou spojovdny na trovni
PLC v zavislosti na pozadavcich konkrétniho realizovaného projektu
(napf. automatickd funkce osvétleni, automatickd funkce vzducho-
techniky, reakce tunelu na vznik poZdru atd.). Unifikace elementdr-
nich modula vyrazné urychluje tvorbu findlniho softwarového vyba-
veni konkrétniho realizovaného tunelu.

Systém ITCC je rozdélen do Etyr drovni. Prvni droven tvori operac-
ni systém, tj. MS Windows nebo Linux. Ve druhé drovni se nachdz{
takzvany middleware, tj. vlastni SCADA systém (v pripadé ITCC se
jednd o systém PVSS nebo WinCC), databazové jadro, systém zajistu-
jici redundanci, OPC rozhrani a dalsi. Treti droven je tvofena vlastni-
mi predpripravenymi bloky systému ITCC. Sem patfi zejména bloky
pro fizeni dopravy (Traffic Manager), modul pro detekce incidentd
(AID) a softwarové bloky pro fizeni technologie (elektrické
a mechanické vybaveni).

K praktickému nasazeni sytému ITCC doSlo na Slovensku do tune-
lu Sitina (obr. 11), v Némecku (Franfurkt nad Mohanem) a v Turecku
(projekty Bolaman—Pershembe, Giresum—Espyie).

BUDOUCI ROZVOJ RIDICIHO SYSTEMU RIZENi
TECHNOLOGIE A DOPRAVY TUNELU KERBERUS

Ridici systém KERBERUS® mad za sebou v soufasné dobé pii-
blizné 15 let vyvoje. To ov§em neznamend, Ze se nepracuje na dal§im
rozvoji tohoto systému. Velkou vyzvou do budoucna je rozsireni
funkcionality systému o dal$i prvky fizeni, které souviseji s Fizenim
komunikace a jejichZ stavy jsou ovlivnény aktudlnim stavem provozu
dopravni ¢4sti tunelu. Vyznamnym tkolem pro spole¢nost ELTODO
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leading to reduced costs. Detailed preparation, preceding the imple-
mentation itself, was necessary to meet this task. First, each future
software block was planned in detail — its functional specification
and interface were defined. The interfaces were chosen in a way
ensuring that the individual blocks would form proper sequences.
Each module was divided into two parts — a part designed for
a programmable automaton and part designed for the SCADA sys-
tem. Elementary functional modules are then controlled in the fra-
mework of the ITCC architecture in a manual regime or are joined
into upgrade blocks, such as for example Traffic Manager. Power
supply and mechanical functional blocks are connected at the PLC
level depending on requirements of the particular design being car-
ried out (e.g. automatic lighting function, automatic ventilation
function, tunnel response to origination of a fire etc.). The unifica-
tion of elementary modules significantly accelerates the creation of
the final software for a particular tunnel being built.

The ITCC system is divided into four levels. The first level is for-
med by an operating system, i.e. MS Windows or Linux. The second
level comprises middleware, i.e. the SCADA system itself (PVSS or
WinCC system is used in the case of the ITCC), a database core,
a redundancy ensuring system, the OPC interface etc. The third
level is formed by pre-prepared ITCC blocks themselves, first of all
the traffic control block (Traffic Manager), an incident detection
module (AID) and equipment control software blocks (for power
supply and mechanical equipment).

The ITCC system was implemented in practice in Slovakia, into
the Sitina tunnel (see Fig- 11), Germany (Frankfurt am Main) and
Turkey (the Bolaman — Pershembe and Giresum — Espyie projects).

FUTURE DEVELOPMENT OF THE KERBERUS EQUIPMENT
AND TRAFFIC CONTROL SYSTEM

The KERBERUS® control system has passed roughly 15 years of
development. But this does not mean that the work on the further
development has been terminated. There is a great challenge for the
future to expand its functionality by adding new control elements
associated with the motorway traffic control, the states of which are
influenced by the topical state of the operation of the traffic-related
part of the tunnel control system. There is an important task for
ELTODO today - to implement the traffic control system to structu-
res on the Prague City Ring Road. The objective is to create
a unified system named preliminarily the Tunnel and Motorway
Control System (TMCS), which will integrate into itself, at the level
of an upgrade, a tunnel traffic control system and motorway traffic
control system. This technically means that the KERBERUS® sys-
tem will be expanded through incorporating elements of road line
traffic control system, motorway variable traffic signs control and
other elements. A special interface will be incorporated into the sys-
tem, which will communicate with the so-called communication
gate, which will provide connection of the Prague City Ring Road
to the information coming from the National Traffic Information
Centre in Ostrava and the Main Management Centre in Prague. An
important new feature of the KERBERUS® system is the fact that it
supports the so-called server virtualisation. This feature has recent-
ly become a trend not only in the area of large computer centres but
also in the area of management systems (see Fig. 12).

LINEAR MANAGEMENT SYSTEM
FOR THE PRAGUE CITY RING ROAD;
ITS INTEGRATION INTO THE KERBERUS SYSTEM

The task of applying the tunnel control has always been to secure
safe operation of tunnel structures. Even the traffic in adjacent
areas, meaning above all reliability of the function during incidents
or accidents in the space of a tunnel structure, was controlled from
this point of view.

Tunnels on construction lots 513 and 514 of the Prague City Ring
Road (PCCR), which are currently under construction, are situated
with the pre-tunnel sections touching one another. In this way, the
tunnel structures provide control over a significant section of the
PCCR. Because the Road Line Traffic Control (RLTC) system will
be used throughout the PCCR length with the aim of increasing the
road traffic capacity, the traffic control actors were incorporated
also into the systems controlling the tunnel and pre-tunnel sections.
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je v soucasné dobé implementace systému fizen{ dopravy na stav-
bach silni¢niho okruhu kolem Prahy. Cilem je vytvofit unifikovany
systém s pracovnim ndzvem Ridici systém tunelu a ddlnice (RSTD),
ktery do sebe zaintegruje v nadstavbové roviné systém fizeni dopra-
vy v tunelu a na ddlnici. Technicky to znamend, Ze systém KERBE-
RUS® bude rozsiten o prvky systému liniového fizeni dopravy, ovl-
déni proménného dopravniho znaeni na délnici a dal§ich prvkd. Do
systému bude vytvoren specidlni interface, ktery bude komunikovat
s tzv. komunika&ni branou, kterd bude zajiStovat vazbu rizeni SOKP
(Silni¢ni okruh okolo Prahy) na informace prichdzejici z Ndrodniho
dopravniho informacniho centra v Ostravé a Hlavni dopravni ridici
tstfedny v Praze. DuleZitou novou vlastnosti systému KERBERUS®
je podpora tzv. virtualizace serveru, kterd se stdvd v posledni dobé
trendem nejenom v oblasti velkych vypocetnich center, ale
i v oblasti fidicich systému (obr. 12).

SYSTEM LINIOVEHO RIZENI NA SOKP A JEHO INTEGRACE
DO SYSTEMU KERBERUS

Aplikace fizeni tunelovych staveb vidy mély za tdkol zajistit bez-
pecnost provozu tunelovych staveb. Z tohoto hlediska byla i fizena
doprava v prilehlych oblastech, tedy predev§im spolehliva funkce pri
mimoradnych ¢i havarijnich uddlostech v prostorach tunelové stavby.

Na soucasné probihajici stavbé SOKP jsou tunelové stavby 513
a 514 situovény tak, Ze se jejich predpoli dotykaji, a tak vlastné tyto
tunelové stavby fidi znaény kus SOKP. ProtoZe na celém SOKP bude
za uCelem zvySeni propustnosti dopravy pouzita metoda liniového
fizeni dopravy, byly i jeji vykonné prvky zabudovany do systému fize-
ni tunelovych staveb a pritunelovych dseku.

Jednou z metod fizeni dopravy na ddlnicich je systém liniového fize-
ni RLTC (Road Line Traffic Control), jehoZ principy jsou zaloZeny na
sbéru a vyhodnocovéni dopravnich dat (intenzita, rychlost, skladba
dopravniho proudu) na delsim useku komunikace a regulaci dopravni-
ho proudu zménou rychlosti pomocf aktori — proménnych dopravnich
znacek typu B20a (Nejvyssi povolend rychlost) a pomoci znacky B22a
(Zékaz predjizdéni pro ndkladni automobily). Systém je doplnén
i varovnymi znackami (Jiné nebezpedi, Prace na silnici apod.). Pfi zvy-
Sovani hustoty dopravy dochazi k nestabilitam, které se projevuji jako
tzv. Stop And Go vlny. Tyto viny jsou charakterizovany velkymi zmé-
nami v rychlosti a tim i velkou smérodatnou odchylkou rychlosti.
Cilem liniového fizeni je harmonizace, stabilizace dopravniho proudu
a zvySovani propustnosti komunikace.

Té&chto cilu I1ze dosahnout:

* Omezenim jizdy pomaleji jedoucich ndkladnich vozidel
v rychlejSich (levych) pruzich komunikace.

* Snizovanim rychlosti dopravniho proudu. Tim, Ze vozidla jedou
mensi rychlostl’ sniZuji se vzajemné odstupy vozidel a Vyznamné
se zvySuje propustnost komunikace. Ta je nejvyssi pfi rychlosti
okolo 70-80 km/h.

e Upozornéni fidi¢e na potencidlni nebezpe¢i. K tomuto tcelu se
pouZzivaji proménné vystrazné dopravni znacky.

e Poskytovani dopravnich informaci o aktudlnim stavu dopravy
v prilehlych oblastech pomoci zafizeni pro provozni informace.

Aplikace RSTD v systému KERBERUS® ve svém prioritnim bloku
rozpoznavd, zdali je kvili okamzité situaci nutno povelovat systém
proménného dopravniho znacen{ z tunelovych staveb, nebo zdali jsou
tyto prvky uvolnény pro ovladéni ze systému liniového fizeni, popii-
padé z Narodniho dopravniho informacniho centra nebo Hlavni
dopravni Fidici dstredny v Praze. Objektové koncepce, poprvé pouZitd
u soustavy staveb ZLRA-ATM-SAT, prispivd diky definovanému
chovdnf a otevienému rozhrani k asové dspornému odladéni jednotli-
vych staveb i k interoperabilité dodavatell t€chto systému.

ZAVER

Aplikace fidictho systému KERBERQS® spolec¢nosti ELTODO je
v soucasné dobé pouzita v 21 tunelech v Ceské republice a v zahranici.
Tento Clanek predstavil ¢tendfi historicky exkurz do vyvoje tohoto

systému a zdroven ukdzal, jakym smérem se bude vyvoj tohoto systé-
mu ubirat ddl do budoucnosti.

ING. JIRI REHAK rehakj@eltodo.cz,

ING. JIRI STEFAN, stefanj@eltodo.cz,
ELTODO EG,a.s.

Recenzoval: prof. Ing. Pavel Pribyl, CSc.

Obr. 12 Testovani ridiciho systému pro stavbu SOKP 514 v laboratorich spo-
lecnosti ELTODO

Fig. 12 Testing of the control system for construction lot 514 of the Prague
City Ring Road in ELTODO laboratories

One of the motorway traffic control methods is the RLTC. Its
principles are based on collecting and assessing traffic data (traffic
volume, velocity, traffic flow composition) within a longer road sec-
tion and regulating the traffic flow through changing the velocity by
means of actors, i.e. the variable traffic sign B20a (Speed Limit) and
traffic sign 22a (Overtaking by Goods Vehicles Prohibited). Even
warning signs (Other Dangers, Roadworks Ahead) are added to the
system. When the traffic flow increases, instabilities occur, mani-
festing themselves as Stop and Go waves. These waves are charac-
terised by significant changes in the speed of traffic, thus also great
standard deviation of speed. The objective of the Road Line Traffic
Control is to harmonise and stabilise the traffic flow and increase
the road capacity.

The above-mentioned objectives can be reached through:

* Restricting slow driving heavy goods vehicles on faster (left-
hand) traffic lanes

* Reducing the traffic flow velocity. Owing to the reduced driving
speed, drivers reduce the vehicle separation, thus the road capa-
city significantly grows. Separation between vehicles is redu-
ced. The capacity is highest at the velocity about 70-80 kph.

e Cautioning drivers of potential dangers. Variable warning traffic
signs are used for this purpose.

* Providing traffic information on topical state of traffic in adja-
cent areas by means of an information display.

The TMCS application in the KERBERUS® system identifies in
its priority block whether it is necessary because of a momentary
situation to command the variable traffic signalling system from
tunnel sites or whether these elements are released for the control
through the Road Line Traffic Control system or from the National
Traffic Information Centre or the Main Traffic Management Centre
in Prague. The object-oriented concept, which has been for the first
time applied to the complex of tunnels consisting of the ZLRA —
MAT — SAT, contributes, owing to the well defined behaviour and
open interface, to de-bugging of individual structures and interope-
rability of suppliers of these systems.

CONCLUSION

The application of the KERBERUS® management system develo-
ped by ELTODO is currently being used in 21 tunnels in the Czech
Republic and abroad. This paper introduced to readers a historic
excursion to the development of this system and, at the same time,
showed the direction in which the development of this system will
proceed in the future.

ING. JIRI REHAK, rehakj@eltodo.cz,
ING. JIRI STEFAN, stefanj@eltodo.cz,
ELTODO EG, a.s.
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MODERNI TRENDY V TECHNOLOGICKEM RESENI TUNELU
MODERN TRENDS IN DESIGNING TUNNEL EQUIPMENT

ZDENEK PLISKA, PAVEL PRIBYL

Skupina ELTODO vénuje velké tsili a klade duraz na vyvoj
novych metod a systému, které se uplatiiuji v oblasti tunelu na
pozemnich komunikacich. Velkou vyhodu je moZnost vyuzit pod-
pory poskytované v rdmci grantovych projekta Ministerstva dopra-
vy CR.

V rdmci té€chto programu bylo umoZnéno realizovat vyzkumné
projekty zamérené na vyvoj metodik a aplikaci pro zvySovani bez-
pecnosti v tunelech. Jednd se zejména o projekty védy a vyzkumu
OPTUN (2004-2006) a SAFETUN (2007-2009). Tento ¢ldnek
popisuje nékteré vyznamné vystupy projekta.

1. ARCHITEKTURA TUNELOVYCH SYSTEMU

V 90. letech minulého stoleti byla autory rozpracovéna teorie,
kterd na tunely pohliZela jako na dopravné-telematické systémy.
Zékladem byla dvaha, Ze tunel je heterogenni systém s mnoha sub-
systémy, ale s jedinou cilovou funkci, kterou je zajisténi plynulé
a bezpecné dopravy pro uzivatele tunelu.

Postupem let se u praktickych realizaci ukdzala nevyhoda vyply-
vajici z velké sloZitosti pouZivanych subsystému a navic Casto
doddvanych ruznymi dodavateli — tou byla slozitd, nékdy i nemozna
integrace. To s sebou neslo vznik vedlejsiho efektu, Ze se pouziva-
la drahd zafizeni a systémy, které vSak nebylo mozZné vyuZzit
v synergickém efektu. Opakovand kritika na prilisnou sloZitost,
vysoké ceny a v konecném dusledku nevyuZiti v§ech moZnosti
vedla k rozsdhlému vyzkumu, jehoZ produktem byla specifickd ITS
architektura pro tunely, pfi jejimZ vyvoji byly pouZity jiné principy,
neZ byly doporucovdny v evropském projektu KAREN.

Soucasné tunelové systémy nelze popsat jednoduie kvuli jejich
komplexnosti. Proto je nutné hledat model, ktery zobrazi systém ve
zjednodusené strukture a formé, kterd je dostupnd pro vSechny uZi-
vatele. Takto vytvorené zjednoduseni je modelem sloZitého systé-
mu. V naSem pripadé je modelem architektura tunelového systému.

Tunelovy systém je typickym dopravné-telematickym systé-
mem, protoze kromé své primdrni funkce — dopravy, musi zajisto-
vat pfiméfené osvétleni, dobrou ventilaci, bezpe¢ny provoz atd.
Jednd se tedy o heterogenni systém tvofeny nékolika subsystémy,
z nichz kazdy realizuje svou makrofunkci. VSechny makrofunkce
pak realizuji jednu cilovou funkci, kterou Ize zjednodusené vyjad-
fit jako ,,zajistén{ plynulého a bezpecného provozu pro tcastniky
s minimalizaci ekologické zdtéZe a optimalizaci provoznich
néakladu*.

Pro architekturu tunelového systému lze pouzit definici:

Architektura tunelového systému z hlediska dopravni telematiky
popisuje na zdkladé uZivatelskych potreb tunel ve formé komplex-
niho modelu tvofené funkénim, informacnim, fyzickym, organizac-
nim a telekomunika¢nim pragmatickym modelem.

Nasledujici obrazek znazornuje prechod od redlného tunelu
k abstraktnimu popisu pomoci architektury. V nejnizsi vrstvé je
predstaven tunel tak, jak se jevi béZnému uZzivateli. Tvoff ho sta-
vebni ¢ést, do které patif téleso tunelu, silnice prochdzejici tunelem
a souvisejici budovy.

Ve druhé vrstvé jsou fyzicka zafizeni zajistujici realizaci doprav-
nich, bezpe&nostnich a technologickych procesu v tunelu. Sem pati{
rozvodny elektrické energie, ventilaén{ systém, osvétleni, dopravn{
znaceni atd.

Nejvyssi vrstvou je abstraktni zobrazeni funkci, které musi jed-
notlivé systémy vykondvat, aby splnily cilovou funkci — bezpecny
a plynuly prujezd tunelem pro t¢astniky procesu. Modelem proce-
su je architektura tunelového systému. Koncepce tvorby architektu-
ry tuneld byla pfedmétem vyzkumu v projektu OPTUN, nebot’bylo
konstatovano, Ze postup doporu¢eny v KAREN nevede k prak-
tickym vysledkim.

The group of companies ELTODO puts great effort and strong
emphasis on developing new methods and systems to be used in the
area of road tunnels. A big advantage is the possibility of using subsi-
dies provided within the framework of grant projects by the Ministry
of Transport of the Czech Republic.

Within the framework of these programs it was possible to imple-
ment research projects focused on the development of methodologies
and applications for improving safety in tunnels, first of all the scien-
tific and research projects OPTUN (2004-2006) and SAFETUN
(2007-2009). This paper describes some important outputs of these
projects.

1. ARCHITECTURE OF TUNNEL SYSTEMS

In the 1990s, authors developed a theory which viewed tunnels as
traffic-telematics systems. It was based on an assumption that a tunnel
is a heterogeneous system consisting of many subsystems, but with
a single target function to provide fluent and safe transport for tunnel
users.

During the course of years, a disadvantage appeared in practical
implementations following from the great complexity of the subsys-
tems which were, in addition, often supplied by various suppliers. The
disadvantage was the fact that it was difficult, sometimes even impos-
sible, to integrate the subsystems. A side effect brought about by this
situation was the fact that expensive equipment and systems were
used without the possibility of using the advantage of synergy effects.
Repeated criticism about undue complexity and high costs, resulting
eventually in insufficient using of all possibilities, led to extensive
research. The product of the research was a specific ITS architecture
for tunnels, which was developed using other principles than the prin-
ciples recommended by the European project KAREN.

Current tunnel systems cannot be described in a simple way becau-
se of their complexity. It is therefore necessary to seek a model which
will provide an image of the system in a simplified structure and
form, which is accessible for all users. The simplification which is
developed in the above-mentioned way is a model of a complex sys-
tem. In our case, architecture of a tunnel system is the model.

A tunnel system is a typical traffic telematics system because, apart
from its primary function in the field of traffic, it must secure reaso-
nable illumination, good ventilation, safe operation etc. It is therefo-
re a heterogeneous system consisting of several subsystems, each of
which performs its own macrofunction. All macrofunctions then per-
form a single target function, which can be expressed in a simplified
way as “securing fluent and safe operation for tunnel users, minimi-
sing ecological loads and optimising operating costs”.

The following definition is applicable to the tunnel system archi-
tecture:

Tunnel system architecture, in terms of traffic telematics, describes
a tunnel on the basis of user needs in the form of a comprehensive
model comprising functional, informational, physical, organisational
and telecommunications pragmatic models.

The following picture shows the transition from a real tunnel to an
abstract description by means of the architecture. In the lowest cour-
se, the tunnel is introduced in a way as it appears to a common user.
It is formed by the civil engineering part consisting of the tunnel
body, the roadway passing through the tunnel and related buildings.

The second course comprises physical equipment ensuring the exe-
cution of traffic, safety and technology-related processes in the tun-
nel, such as distribution substations, a ventilation system, lighting,
traffic signs etc.

The highest course is abstract imaging of the functions which must
be performed by individual systems so that the functions meet their
target function, i.e. safe and fluent passage of the process participants
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Obr. 1 Principidlni zobrazeni prechodu na architekturu systému
Fig. 1 Principal depiction of the transition to the system architecture

Do tunelu se doddvd i fada ne-mandatornich subsystému, které
prispivaji k cilové funkci, ale nejsou povinné. Jednd se napriklad
o méfeni usekové rychlosti nebo o méreni dodrzovani vzdalenosti
mezi vozidly. MiZe sem patfit i volitelny poZzadavek na fizeni ven-
tilace podle dopravnich parametra. V rdmci OPTUN bylo vytipové-
no 35 volitelnych moZnost{ — uzivatelskych potreb. Pravé pro tyto
a jen pro tyto subsystémy je zpracovdna architektura, ¢imZ se
vyznamné redukovala dimenze problému a architektura se stala
dostupnou i pro praxi.

Cely postup uzivatelské tvorby architektury je schematicky zna-
zornén na obr. 2. Z ného vyplyvi, Ze je tunel rozdélen na manda-
torni subsystémy (osvétleni, ventilace apod.). Tato &ast technolo-
gického, dopravniho ¢i bezpe¢nostniho vybaveni v tunelu musi byt,
nebot’ je to ddno normami a technickymi podminkami (v obr. ozna-
&eno ,,povinné vybaveni“). Piikladem muZe byt
akomodalni osvétleni nebo pozice a vykony
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through the tunnel. The model of the processes is formed by the tun-
nel system architecture. The concept of the creation of the tunnel
architecture was an object of the OPTUN project research because of
an opinion that the procedure recommended in the KAREN program
did not lead to practical results.

There are even many non-mandatory subsystems used in tunnels,
which contribute to the target function, for example the section speed
measurement or measurement of observance of safe distance between
vehicles. Even the optional requirement for controlling the ventilati-
on system according to traffic parameters can belong among these
subsystems. There have been 35 options — user needs - selected wit-
hin the framework of the OPTUN project. The architecture has been
developed exclusively for these subsystems, thus the dimension of the
problem has been significantly reduced and the architecture has beco-
me available even for practice.

The entire process of developing the architecture by users is sche-
matically represented in Fig. 2. It follows from the picture that
a tunnel is divided into n mandatory subsystems (Lighting,
Ventilation etc.). This mandatory part of the technological, traffic-
related or safety equipment has to be installed inside the tunnel becau-
se it is prescribed by standards and technical specifications (marked
in the picture as “mandatory equipment”). The accommodation illu-
mination or positions and capacity of fans can be examples of the
mandatory equipment. There are strict methodical instructions for
designing this equipment.

Apart from the mandatory equipment there can be equipment in the
tunnel which is not unambiguously prescribed, even though it is
recommended or acquitted itself in other tunnels. This equipment,
which is required by the project owner (the future operator, safety
engineer, units of the Integrated Rescue System etc.) is marked as
User Needs UN.

The new approach to the architecture development has been
successfully introduced into practice owing to the creation of web
pages allowing any remote participant to develop his own architectu-
re of the tunnel system, which had significant impacts on the practice
because even less informed owners could check whether a tunnel is
being designed in an optimal way and is not being overcharged.

The following picture (Fig. 3) presents the first page of the web
application, containing the list of user needs. A user selects from them
the needs he wishes to be fulfilled in the tunnel. The system then auto-
matically generates a list of all functions which will ensure that the
selected needs are met. In the next step, the user even receives a list
of all information flows.

The new approach to designing tunnel systems was dealt with in
several papers read, for example, at the ITA-AITES World Tunnel

ventildtora. Pro jejich ndvrh plati pfesné meto-
dické ndvody.

Pak ale v tunelu muze byt vybaveni, které nenf
jednoznaéné pozadovéno, ale je doporucovédno
anebo se osvédcilo v jinych tunelech. Toto vyba-
veni, které poZaduje investor (budouci provozo-
vatel, bezpe¢nostni technik, slozky IZS apod.), je
oznaceno jako uzivatelskd potieba UP.

Novy pristup k tvorbé architektury byl dspés-
né zaveden do praxe, nebot byly vytvofeny web
stranky, které umoznovaly jakémukoli vzdélené-
mu Gcastniku si vytvdret svou architekturu tune-
lového systému, coz mélo vyznamné dopady do
praxe, nebot’ i méné zasvéceni investori mohli
kontrolovat, zda je tunel navrhovédn optimdlné
a nenf predrazovan.

Na obrazku 3 je prvni stranka web aplikace, na
které je seznam uZzivatelskych potfeb. Z nich si
uzivatel vybere ty, které chce mit v tunelu,
a systém mu automaticky generuje seznam vSech
funkci, které zajisti realizaci vybranych potreb.
V dalsim kroku dostdva uZivatel i seznam vSech
informacnich toka.

O novém pristupu k ndvrhu tunelovych systé-
mu bylo pfedneseno nékolik prispévkd, napii-

klad i na svétovém tuneldiském kongresu ITA-
AITES WTC Podzemni stavby — 4. dimenze
metropoli v Praze v roce 2007.

Obr. 2 Principidlni schéma tvorby architektury
Fig. 2 Principal scheme of the architecture development
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Congress on Underground Constructions —
4th Dimension of Metropolises, Prague
2007.

2. OPTIMISATION OF A ROAD
TUNNEL VENTILATION SYSTEM

Road tunnels belong among the most
important transport-related civil enginee-
ring works. The preceding chapter outlined
the approach to optimally designing tunnel
equipment so that investment costs are
minimised. Another significant economic
load follows from the tunnel operation.
Economic assessments of operating costs at
several tunnels (OPTUN, 2005) proved that
ventilation contributes 50-70% to the total
consumption.

The approaches to the ventilation control
which have been used till now have two
main disadvantages. The first one means
that a ventilation system is always designed
only for a static condition, for example for
an hourly traffic flow, which does not allow
for the traffic dynamics. This may have sig-

Obr. 3 Zdkladni obrazovka web aplikace s prehledem uZivatelskych potreb
Fig. 3 Basic web application screen showing the list of User Needs

2. OPTIMALIZACE VETRANI TUNELU POZEMNICH
KOMUNIKACI

Tunely na pozemnich komunikacich patfi k nejvyznamnéj$im
dopravnim dilim. V pfedchozi kapitole byl naznaen piistup, jak
optimdlné vybavit tunel, aby se minimalizovaly investi¢ni nadklady.
Znacnou ekonomickou zdtéZ predstavuje i provozovéani tunelu.
Ekonomické vyhodnocovani provoznich ndkladi nékolika tuneld
(OPTUN, 2005) ukdzalo, Ze se ventilace podili 50-70 % na celko-
vé spotiebé.

Dosud pouzivané pristupy k fizeni ventilace maji dvé hlavni
nevyhody. Prvni znamend, Ze ventila¢ni systém je navrhovén vzdy
pouze pro staticky stav, tj. naptiklad pro hodinové intenzity vozi-
del a vubec nezachycuje dynamiku provozu, coz muze mit velky
vliv u delSich tuneld. V praxi to znamend, Ze ventilace je navrZe-
na naptiklad pro 1900 vozidel za hodinu, ¢emuZ odpovida pravi-
delny odstup vozidel cca 9,5 m. Vypocetni metody selhavaji,
pokud se ma resit pripad, kdy tunelem projede shluk 50 vozidel,
pak 5 minut nejede nic a zase ndsleduje

nificant influence when longer tunnels are
being designed. In practice, this means that
a ventilation system is designed, for exam-
ple, for 1900 vehicles per hour, which cor-
responds to a regular vehicle separation distance of about 9.5m.
Calculation methods fail if a case is to be solved where a bunch of 50
vehicles passes through a tunnel, then there is a 5-minute break and
then another bunch of vehicles follows.

The other disadvantage is associated with the pollution measuring
equipment, the outputs of which are used as input values for the regu-
lation. Extremely expensive measuring devices are used for measuring
carbon monoxide (CO) and opacity. They are installed in two or maxi-
mum three locations in the tunnel. These sensors can register only the
pollutants which are found in the immediate vicinity of them. They are
not able to register stopping of vehicles in a column (unless the column
stops directly at the sensor) or they register it with a long delay.

The basic idea of the new approach being solved within the fra-
mework of the OPTUN project is that ventilation is to be controlled
in accordance with traffic data and expensive and unreliable measu-
ring of pollution is to be excluded where it is possible. Vehicles pro-
duce pollutants; when we manage to find relationships between the
measured traffic parameters and real values of pollution, we will be

jiny shluk vozidel.

Druhd nevyhoda souvisi s technologif
méfeni Skodlivin vyhradné pouZivanych
jako vstupnich hodnot do regulace. Pro
méfeni oxidu uhelnatého (CO) a opacity se
pouzivaji extrémné drahé merice umistova-
né ve dvou, maximdlné ve tfech mistech
tunelu. Ty pak maji Sanci zachytit pouze ty
Skodliviny, které jsou v jejich bezprostred-
ni blizkosti. Vibec nebo s velkym ¢asovym
zpozdénim jsou schopny zachytit zastaven{
vozidel v koloné (pokud kolona nestoji
ptimo u ¢idla).

Zdkladni mySlenkou nového pfistupu
feSeného v ramci projektu OPTUN je fize-
ni ventilace podle dopravnich dat a pokud
mozno vylouc¢it drahé a nespolehlivé
méfeni $kodlivin. Vozidla produkuji $kod-
liviny, a pokud se podafi najit vztahy mezi
méfenymi dopravnimi parametry a reél-
nymi hodnotami $kodlivin, bude mozné
fidit ventilaci pomoci hodnot intenzity
a rychlosti.

Pro modelovani objemu Skodlivin byly

pouZity rizné modely, z nichZ nejsofistiko-
vanéj$im je hybridni model, jehoZ logika je
dobfe patrnd z obr. 4.

Obr. 4 Hybridni model pro odhadovdni skodlivin
Fig. 4 Pollution detecting hybrid model
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Obr. 5 Vysledky odhadi hybridniho modelu v porovndni s redlnym mérenim
CO (modre)

Fig. 5 Results of the hybrid model estimations compared with real CO con-
centration measurements (blue)

Vystupy, které potvrzuji spravnost navrZzeného modelu, jsou
v ukédzce odhada §kodlivin na obr. 5. Zde ukazuje modry prubéh
skute¢né méfenou hodnotu CO ve vychodni tunelové troubé tunelu
Mrézovka (Cidlo 1240) po 24 hodin. Zeleny prubéh je historicky
model §kodlivin. Ten je vytvdien pouze dlouhodobym prumérova-
nim stejného dne v tydnu. Zde je patrné, Ze se model v principu
neli§i a pouze pro nékteré konkrétni ¢asové okamziky se lisi od
momentdlniho znedisténi.

Cervend &ira potom kombinuje vystupy historického modelu
s odhady $kodlivin z dopravniho proudu. ProtoZe je zde dobrd kore-
lace mezi modelem dopravy a produkci Skodlivin, je zde dobra
shoda se skuteCnosti, jak ukdzaly i statistické testy uvedené ve
vyzkumné zprave.

2.1 Modelovani koncentrace Skodlivin

Pro tvorbu vlastntho modelu koncentraci $kodlivin v tunelu byl
hlavni daraz kladen na vystiZeni dynamiky procesu, jinymi slovy
na sledovani, co se stane, kdyZ projizdéji shluky vozidel nebo
pokud se doprava v tunelu zastavi kvali dopravnimu excesu.

Po pomérné sloZitych dvahdch a fad€ experimenta, kdy byla nej-
prve snaha popsat dynamiku Sifeni vozidel v tunelu v analytické
podobé, bylo zjisténo, Ze nejsou matematické néstroje, které by
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able to control ventilation by means of the values of traffic flow and
velocity.

Various models were applied to modelling the volume of pollutants;
the most sophisticated of them was a hybrid model, the logic of which
is well obvious from Fig. 4.

The outputs confirming that the proposed model is correct are
presnted in the example of pollution estimation in Fig. 5. In the pic-
ture, the blue curve shows the course of the actually measured CO
concentration values in the eastern tube of the Mrazovka tunnel (sen-
sor No. 1240) during 24 hours. The green chart is a pollution history
model, which is plotted only by calculating long-term averages mea-
sured on the same day of a week. It is obvious that the model in prin-
ciple does not differ or differs from the momentary pollution; it dif-
fers only at some particular moments.

The red curve than combines the outputs of the pollution history
model with estimations of pollution produced by the traffic flow.
Because there is a good correlation between the traffic model and pro-
duction of pollution there, the agreement with reality is good, as even
shown by statistical tests referred to in the research report.

21 Pollution concentration modelling

When the model of concentration of pollution in a tunnel was being
developed, the main stress was placed on giving a true picture of the
process dynamics or, put another way, on observing what happens
when bunches of vehicles pass through the tunnel or the tunnel traffic
stops because of a traffic incident.

After relatively complicated consideration and numerous experi-
ments, starting with efforts for analytically describing the dynamics
of spreading of vehicles through a tunnel, it was found out that there
are no tools available allowing quality description of vehicles driving
through a tunnel and interactions among them. For that reason AIM-
SUN was used, a proven, mighty program tool, which registers detai-
led movement of vehicles along a given route by means of microsi-
mulation. The simulation has psychomotoric models incorporated in
it, therefore vehicles overtake, break and start moving like in reality.

2.2 The pilot test: higher traffic flow rate combined
with stopping of a vehicle

Traffic flow rate of 1400 vehicles per hour was chosen for the tes-
ting. The AIMSUN program generated vehicles in a pseudorandom
manner, as shown in the picture. The simulation lasted for one hour.

An incident was experimentally simulated during the course of the
simulation. Vehicle stopping was simulated in one traffic lane, for two
minutes. Vehicles started to accumulate before this point.

3. AZMUT APPLICATION FOR

RECORDING INCIDENTS
IN ROAD TUNNELS

The AZMUT application was developed in
the framework of the SAFETUN project by
ELTODO EG, a.s. in 2008. AZMUT makes re-
cording of incidents in tunnels and creating
well-arranged statistical analyses possible. It has
been available for the use since 1st January
2009. The need for developing this application
was derived from the Directive No. 54/2004/ES,
which orders member nations to submit statis-
tics on selected incidents in road tunnels. The
application is publicly available on web page
http://safetun.dopravniinfo.cz.

The application allows on-line recording of
incidents in all tunnels in the Czech Republic.
It is available to all tunnel operators (Prague
Road Administration Department, Brno
Roads, Road and Motorway Directorate of the
Czech Republic). There are 14 tunnels in total
in the system.

An application architecture scheme is
shown in the picture (Fig. 6).

The group of companies ELTODO is, in

Obr. 6 Novd koncepce FeSeni automatizovaného zpracovdni mimorddnych uddlosti

Fig. 6 New concept of solving automated processing of incidents

addition, engaged in upgrading technical
specifications and standards in the field of
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Prehled zaddvanych mimo¥ddnych uddlosti a tunelii v CR
Summary of incidents to be registered and tunnels in the
Czech Republic

umoznovaly kvalitné popsat jizdu vozidel a interakce mezi nimi.
Proto byl pouZzit osvédfeny a mohutny programovy nastroj
AIMSUN, ktery prostfedky mikrosimulace zachycuje detailni
pohyby vozidel v dané trase. Simulace md zabudované psychomo-
torické modely, takZe vozidla predjizdéji, brzdi a rozjiZzdeji se, jako
ve skute¢nosti.

2.2 Pilotni test: vyssi hustota dopravy se zastavenim
vozidla

Pfi provedeném testu odpovidala intenzita dopravy cca 1400
voz.h!. Program AIMSUN generoval vozidla pseudondhodné.
Simulace probihala po dobu jedné hodiny.

V prubéhu simulace byla pokusné na 2 minuty v tunelu simulo-
viana v jednom jizdnim pruhu mimorddnd udélost spo&ivajici
v zastaveni vozidla. Auta se zaCala hromadit pred timto mistem.

3. APLIKACE PRO ZAZNAM MIMORADNYCH UDALOSTI(
V SILNICNICH TUNELECH AZMUT

V ramci projektu SAFETUN byla spole¢nosti ELTODO EG,a.s.,
v roce 2008 vyvinuta a od 1. ledna 2009 zprovoznéna aplikace pro
automatizovany zaznam mimorfadnych udélosti v tunelech s moz-
nosti tvorby prehlednych statistickych analyz. Potfeba tvorby této
aplikace byla ddna direktivou 54/2004/ES, kterd nafizuje ¢lenskym
statum preddvat EU statistiky o vybranych mimorddnych uddlos-
tech v silni¢nich tunelech. Aplikace je verejné pristupnd na webu
http://safetun.dopravniinfo.cz.

Aplikace umoZznuje zdznam mimoradnych uddlosti on-line ve
viech tunelech CR pro vSechny spravce tunelovych staveb
(Technickd sprava komunikac{ hl. m. Prahy, Brnénské komunikace,
Reditelstv{ silnic a ddlnic CR). Jedni se celkem o 14 tuneld.

Schéma architektury aplikace zndzornuje schéma na obr. 6.

Skupina ELTODO se rovnéz vénuje i aktualizaci technickych
podminek a standardd v oblasti silni¢nich tuneli. V posledni dobé
ispésne obhdjila dvouleté usili na aktualizaci technickych podmi-
nek TP154 Provoz, sprava a ddrzba tuneld na pozemnich komuni-
kacich. Druhé vydani TP154 je distribuovano spole¢nosti ELTODO
EG, a. s.

ING. ZDENEK PLISKA, pliskaz@eltodo.cz,

ELTODO EG,a.s.,

PROF. ING. PAVEL PRIBYL, CSc., pribyl@fd.cvut.cz,
CVUT Fakulta dopravni

Recenzoval: Ing. Miroslav Novdk

Obr. 7 Zobrazeni vysledku hleddni mimorddnych uddlosti (pouze ilustracni schéma)
Fig. 7 Representation of results of searching for incidents (only an illustrative scheme)

Nasledujici ukdzka (obr. 8) znazornuje moznost zadavani mimoradnych udalosti.
The following example (Fig. 8) shows an option for entering incidents into the system.

Obr. 8 Formuldr pro zdpis mimorddnych uddlosti
Fig. 8 The form for entering data on incidents

road tunnels. Recently it successfully defended the result of its two-
year effort to upgrade the Technical Specifications TS 154
“Operation, Administration and Maintenance of Road Tunnels”.
Second edition of the TS 154 is distributed by ELTODO EG, a.s.

ING. ZDENEK PLISKA, pliskaz@eltodo.cz, ELTODO EG, a.s.,
PROF. ING. PAVEL PRIBYL, CSc., pribyl@fd.cvut.cz,
CVUT Fakulta dopravni
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BETONAZ SEKUNDARNEHO OSTENIA A POUZITE
STROJNO-TECHNICKE VYBAVENIE TUNELA SOKP 513
CASTING OF SECONDARY LINING AND MECHANICAL EQUIPMENT
USED FOR THE TUNNEL IN LOT 513 OF THE PRAGUE CITY RING ROAD

RASTISLAV KRAVCAK, MARTIN PODOLAK

uvoD

Zdkladné ddaje o stavbe 513 cestného okruhu kolem Prahy (dalej
SOKP 513) a jej vyzname boli uz viackrat publikované a odbornd ako
aj laickd verejnost’ je s nimi uréite dobre obozndmena. V kratkosti si
pripomefime, Ze ide o jednu z najo¢akdvanejsich stavieb na tizemi CR.
Cielom tohto prispevku je pribliZit’ priebeh a technické zaujimavosti
betondZe sekundédrneho ostenia tunela. Dnes, ked sa préce na projekte
blizia k svojmu zdveru, je tak najvhodnejsi ¢as pripomendit’ si to
najdodlezitejSie z obdobia vystavby. Aktudlne je projekt v §tddiu mon-
tdZe technologického vybavenia a v rdmci stavebnej Casti sa realizuji
uz len dokoncovacie prace tizko stvisiace s technolégiou.

TECHNICKE UDAJE O STAVBE

Stucastou stavby SOKP 513 Vestec—Lahovice, ktorej dizka je 8.3
km, je aj tunel, ktory pozostdva z dvoch tunelovych rur, dvoch pre-
jazdnych priecnych prepojent, Siestich priechodnych prie¢nych prepo-
jeni, prevddzkovo-technického objektu (PTO) Komorany, PTO
Cholupice a vyduSného a nasdvacieho objektu (NOUZOV). Trasa
tunela stdpa cca 4 % smerom od Komoran k Cholupiciam. Vyska
nadloZia sa pohybuje v rozmedzi 15 az 45 m.

Obr. 1 Celkovad situdcia stavby
Fig. 1 Overall layout of the construction

Tab. 1 Objekty tunela SOKP 513

SO 602 Razeny tunel — dvojpruhovy . ..................... 1675,7 m
SO 603 Razeny tunel — trojpruhovy ....................... 1680,0 m
SO 604 Priecne prepojenia tunelovychrdr ............... ..., 8 ks
SO 605 Pravy hlbeny tunel Komofany — trojpruhovy .......... 1710 m
SO 606 Lavy hlbeny tunel Komorany — §tvorpruhovy . ......... 1735 m
SO 607 Pravy hiben}’/ tunel Cholupice — dvojpruhovy ........... 72,0 m
SO 608 Lavy hiben)’/ tunel Cholupice — trojpruhovy ............ 85,0 m

SO 609 Vyduchovy a nasdvaci objekt Nouzov

Tunel je budovany podla zdsad Novej rakiskej tunelovacej metddy —
NRTM, pri¢om razenie bolo realizované alternativne vrtno-trhavinovou
technoldgiou alebo mechanickym rozpojovanim pomocou tunelového
bagra. Na zaistovanie vyrubu boli pouZité vystuZovacie prvky v zhode
s vyrubovymi triedami Va, VI, a IIl. Primdrne ostenie pozostdva zo strie-
kaného beténu, ocelovej mreZoviny, priehradovych oblikov ARCUS
a hydraulicky upinanych svornikov. Na zaistenie predpolia sa v mieste

INTRODUCTION

Basic data on the construction and its importance has already been
published in several TUNEL issues. Let us briefly note that this is one
of the highest anticipated projects of international importance in the
Czech Republic. The objective of this paper is to give the readers an
idea of the course and technical background of casting of the seconda-
ry tunnel lining and the mechanical equipment used. Today, when the
work on the project is nearing completion, it is the most suitable time
to remind us of the most important things from the construction peri-
od. Currently, the project is in the equipment installation stage. The
civils works comprise only finishing activities closely associated with
the tunnel equipment.

TECHNICAL DATA ON THE CONSTRUCTION

Part of the 8.3km long construction lot 513 of the Prague City
(external) Ring Road (hereinafter referred to as PCRR 513) between
the municipalities of Vestec and Lahovice is a twin-tube tunnel. The
PCRR 513 tunnel consists of two tunnel tubes, 2 cross passages pas-
sable for vehicles, 6 cross passages for pedestrians, the Komorany ser-
vice building, the Cholupice service building and an exhaust and suc-
king ventilation structure (Nouzov). The tunnel alignment ascends at
about 4% in the direction from Komorany toward Cholupice. The
cover thickness ranges from 15 to 45m.

Table 1 PCRR 513 structures

SO 602 Mined tunnel - double-lane ........................ 1675.7m
SO 603 Mined tunnel — triple-lane ......................... 1680.0m
SO 604 Mined Cross PasSages . . .« v v vt vte e et 8
SO 605 Right cut and cover tunnel Komorany — triple-lane. . . . . .. 171.0m
SO 606 Left cut and cover tunnel Komorany — quadruple-lane . . . . 173.5m
SO 607 Right cut and cover tunnel Cholupice — double-lane. . . . . .. 72.0m
SO 608 Left cut and cover tunnel Cholupice — triple-lane . . ... .... 85.0m

SO 609 Exhaust and sucking structure Nouzov

The tunnel has been built according to the NATM principles, with
the rock disintegration by drill and blast or a tunnel excavator. The
excavation support elements for classes Va, IV and III were used.
The primary lining consists of shotcrete, welded mesh, ARCUS lat-
tice girders, hydraulically expanded rock bolts and IBO anchors. The
pre-portal area was stabilised by 12m long steel micropiles 114mm
in diameter. The contractor for the civil engineering part of the tun-
nel is SKANSKA BS, with SUBTERRA as a sub-contractor and
BETON BOHEMIA ZL as a contractual partner for testing of conc-
rete structures. The detailed design was carried out by IKP
Consulting Engineers, who designed the geometry of the lining,
dimensions and shape of reinforcing bars, cross passages etc. The
construction work itself started in July 2006. March 2008 saw the
beginning of casting of the final lining of cut and cover tunnel secti-
ons, passing continually into the mined tunnel section. The civils part
of the tunnel was completed in November 2009.

REQUIREMENTS FOR THE FINAL LINING CONCRETE

The final lining of the tunnel on the PCRR 513 was designed for
the entire tunnel length in reinforced concrete. The lining must reli-
ably support the excavation throughout the tunnel life, the length of
which is usually designed for one hundred years. During this time it
should withstand all types of originating loads without losing its
loading capacity, exhibit sufficient rigidness so that deformations



zarazenia tunela pouzili ocelové mikropilty ¢ 114 diiky 12 m.
Zhotovitelom stavebnej Casti tunela je SKANSKA BS a zmluvnym
partnerom pre skudSobnu cinnost' beténovych konStrukcii je firma
BETON BOHEMIA ZL. Spracovatelom realizacnej projektovej doku-
mentdcie bola projektovd, konzultand a inZinierskd firma IKP
Consulting Engineers, ktord spracovala ndvrh ostenia, dimenzovala
a navrhla vystuZ, rieSenie prie¢nych prepojeni atd. Samotné price na
vystavbe tunela zacali v juli 2006. V marci 2008 sa zaCalo s betondZou
definitivneho ostenia hlbenych dsekov tunela, ktord kontinudlne pokra-
Covala v razenej cCasti. Tunel bol po stavebnej Casti ukonceny
v novembri 2009.

POZIADAVKY NA BETON DEFINITIVNEHO OSTENIA

Definitivne ostenie tunela SOKP 513 bolo navrhnuté v celej dizke
z vystuzeného beténu. Ostenie musi spolahlivo zaistovat' vyrub po celd
dobu Zivotnosti diela, ktord sa stanovuje spravidla na sto rokov.
V priebehu Zivotnosti by malo ostenie prendsat’ vSetky vzniknuté zath-
Zenia, bez toho aby doslo k vyCerpaniu tinosnosti a zdroven vykazovat
dostato¢nu tuhost, aby sa jeho deformdcie pohybovali v limitovanych
hraniciach.

Pre nosné Zelezobeténové konstrukcie boli dalej stanovené tieto

poZiadavky:

—technické poZiadavky na zloZky beténu, vlastnosti Cerstvého
a vyzretého beténu, ich overovanie, doprava, doddvanie, uklada-
nie, oSetrovanie a postupy pri kontrole kvality, sa musia riadit’
ustanoveniami CSN EN 206-1 a kap. 18 TKP, ¢l. 18.4., ZTKP
a TKP;

— minimdlna trieda pevnosti C30/37;

— odolnost’voci prostrediu XD3, XF4 (podla CSN EN 206-1);

— vodotesnost’beténu — strednd hlbka vodotesnosti 20 mm pri skuis-
ke podla CSN EN 12390-8;

— odolnost’ beténu vo¢i zmrazovaniu a rozmrazovaniu: odpad 1000
g/m? pri 75 cykloch podla CSN 731326;

— pozadované pevnosti v tlaku vo vrchole klenby pre oddebnenie
boli stanovené v projekte minimdlne na 3 MPa a doba na oddeb-
nenie na 10-14 h;

— maximdlna teplota ostenia pri jeho realizdcii a tvrdnuti beténu
nesmie prekrocit'45 °C;

— povolend tolerancia sekunddrneho ostenia = 50 mm od teoretické-
ho vnitorného obrysu;

— rovnost plochy vniitorného povrchu ostenia bola dand toleranciou
+ 20 mm na dlzku 12 m;

—podla CSN 737507 je pozadovana poZiarna odolnost’ definitivne-
ho ostenia 180 D1 pri skigke na celul6zovi teplotni krivku (CSN
EN 1364-1 kap.10-13);

— povrch musi byt homogénny, rovnomerne uzavrety a hutny.

ZlozZenie beténovej zmesi by malo byt také, aby bola dosiahnutd

dobra spracovatelnost, poZzadovana doba oddebnenia, predpisané pev-
nosti pri oddebneni, aby nevznikali trhliny a betén mal predpisané
vlastnosti.

Tab. 2 PoZiadavky na druh betonu pre jednotlivé konstrukcie

Druh beténu
C 30/37 - XAl
C 30/37 - XAl
C 30/37 — XF4,XD3

Sekundarne ostenie

spodnd klenba

zéakladové pasy

horna klenba

DalSie beténové konstrukcie

C12/15 X0
C12/15 X0
C 35/45 — XF4, XD3

podkladové a vyplnové betony
obeténovanie potrubi a chraniciek z prostého beténu
Strbinové zlaby z beténovych prefabrikovanych dielcov

ZAKLADNE VARIANTY DEBNENIA TUNELOVYCH OSTENI

Od zaciatku si zhotovitel' Skanska BS a. s. uvedomoval ekonomicku
a technickd ndrocnost’ betondZze protiklenby a sekundarneho ostenia.
Dévodom boli hlavne zmeny profilov, ktoré si vyzadovali rozdielne deb-
niace vozy. Preto boli osloveni viaceri vyrobcovia debniacich vozov,
ktorf pontikli svoje rieSenia. Na zdklade vyberového konania bola vybra-
né spolo¢nost’ CIFA S. p. A., ktord navrhla debniace vozy s adapticiou
geometrie profilu. Dodédvka obsahovala tieto debniace vozy:

— debnenie protiklenby na betondZ hlbenej Casti komoranského

portélu;
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remain within the limits in terms of the structural action and geo-
metry, and ensure reliable protection of the internal space.

The following requirements were specified for the load-bearing

reinforced concrete structures:

- technical requirements for concrete components, properties of
fresh and hardened concrete, verification of the properties, conc-
rete transport, supply, placement, curing and quality inspection
procedures must comply with requirements of CSN EN 206-1
and Chapter 18 of Technical Specifications, Article 18.4, the
Basic Technical Specifications, and the Technical Specifications

- minimum strength class C30/37 (based on the requirement for
XF4,XD3 concrete properties)

- environmental resistance XF4, XD3 (according to CSN EN 206-1)

- water retaining capacity of concrete — medium depth of penetra-
tion of 20mm in testing according to CSN EN 12390-8

- freeze-thaw resistance of concrete — detachment of 1000g/m? at
75 cycles according to CSN 731326

- compressive strength required for formwork stripping of the
vault crown was set at 3MPa as the minimum; the stripping time
of 10 — 14 hours was prescribed

- maximum temperature of the lining during the casting and curing
must not exceed 45 °C

- allowable tolerance of the secondary lining of + 50 mm from the
theoretical inner contour

- tolerance for evenness of the inner surface of the lining was set
at = 20 mm for the length of 12m

- according to CSN 73 7507, the fire resistance of the final lining
180 D1 is required at testing to the cellulosic time/temperature
curve (CSN EN 1364-1 Chapter10-13)

- the surface must be homogeneous, uniformly closed and dense

The concrete mix composition should be designed with the aim of

achieving good workability, the required formwork stripping time
and the required strength for stripping so that cracking is prevented
and the concrete features the prescribed properties.

Table 2 Requirements for the concrete classes for particular structures

Concrete class
C 30/37 - XAl

C 30/37 - XAl
C 30/37 - XF4,XD3

Secondary lining

Invert
strip foundation
upper vault

Other concrete structures

blinding concrete; infill concrete C12/15 X0
concrete surround on pipelines and casings
in unreinforced concrete C12/15 X0

curbs and precast slotted drains C 35/45 — XF4,XD3

The contractor, Skanska BS, realised from the beginning that the
casting of the invert and secondary lining was very demanding in
terms of economy and technology. The reason was, first of all, chan-
ges in cross sections, requiring differing travelling formworks. For
that reason several manufacturers of travelling forms were addres-
sed, who offered their solutions. Based on a tender process, CIFA
S.p.A. was selected, which offered travelling forms with adaptable
geometry of the profile. The supply contract comprised the following
travelling forms:

STEEL FORMWORK FOR CASTING OF THE INVERT AND
THE CUT-AND-COVER SECTION AT THE KOMORANY PORTAL

The formwork was designed as a non-powered, self-supporting
travelling structure allowing changes in the cross-section geometry.
The cross-section could be modified by adding or dismantling speci-
fied segments to four-, three- or double-lane configurations. The
form was moved to the casting position by drawing or pushing along
a track formed by steel U-sections. The structure was equipped with
its own lifting and moving system (rail-mounted chain hoists).
Pneumatic winches, anchored ahead of the casting point, were used
for the pulling. The formwork had its own electrically powered hyd-
raulic unit with controls. Shutter boards were lifted or retracted by
hydraulic cylinders, which were parts of the formwork structure. The
formwork had its own compressed-air system for pneumatic vibra-
tors (16 pieces) installed on shutter boards. The formwork structure
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- vnutorné ocelové debnenie hornej klenby na trojpruhovy
a Stvorpruhovy hlbeny tunel;
— vonkajSie ocelové debnenie hornej klenby na trojpruhovy
a Stvorpruhovy hlbeny tunel. .

Ocelové debnenie protiklenby na betondZ hlbenej Casti komoran-
ského portélu

Debnenie bolo navrhnuté ako samonosna pojazdna konstrukcia bez
pohonu s moznostou zmeny geometrie profilu. Postupnym pridavanim
alebo demontdZou uréenych dielcov sa mohlo debnenie upravit’ podla
potreby na na $tvor-, troj- alebo dvojpruhovy variant. Debnenie sa do
pozicie betondZe prestvalo tahanim alebo tlaenim po drahe
z ocelovych U profilov. Konstrukcia mala vlastné zariadenie na ich dvi-
hanie a presuvanie (retazové pojazdne kladkostroje). Na tahanie sa pou-
zivali vzduchové vratky, ktoré sa kotvili pred beténovanym zaberom.
Debnenie malo svoj vlastny hydraulicky agregét s elektrickym napdja-
nim a ovlddacimi prvkami riadenia. Dvihanie a odtahovanie debniacich
dosiek sa vykondvalo hydraulickymi valcami, ktoré boli sticastou kon-
Strukcie. Debnenie malo svoj vlastny tlakovzdu$ny rozvodny systém
pre vzduchové vibratory (16 ks) umiestnené na debniacich doskéch.
Konstrukcia debnenia sa montovala na vopred pripravenej ploche
z beténovych panelov, ktord musela byt'v rovine. Technologicky postup
montdze bol vypracovany firmou CIFA S. p. A., ktord vykondvala aj
technicky dozor. MontdZne prace na debneni protiklenby trvali 10 dn{
v jednozmennej prevddzke so 6 pracovnikmi. Pocas celej montdze sa
pouZzivalo Specidlne ndradie a mechanizmy (oto¢né mobilné ploSiny,
vyskové pracovné plosiny a Zeriavy s min. tinosnostou 20 t). Po ukon-
¢eni montaze bolo debnenie protiklenby prenesené do prvého zaberu
betondze pomocou tazkého Zeriavu LIEBHERR 400. Po ustaveni deb-
nenia do zaberu betondze sa za pomoci PERI dielcov zadebnili vonkaj-
Sie boky zdberu a ¢eld hranolmi hribky 10 cm. Betondz sa vykondvala
technoldgiou kazdého druhého zdberu, ktory umoznoval rychlejsi
postup. Jednotlivé pracovné skupiny sa vzdjomne pri prici neobmed-
zovali. Na dopravu beténu sa pouZilo Cerpadlo Putzmeister s vy-
loznikovym ramenom. Po ukoncen{ betondZe protiklenby debnenie na
Stvorpruhovy hlbeny tunel bolo upravené zmenou geometrie profilu na
betondz trojpruhového hlbeného tunela. Debnenie bolo v mieste
posledného dokonceného zdberu po oddebneni pripravené podla tech-
nologického postupu od firmy CIFA S. p. A. na premontovanie. Na
zmenu geometrie boli demontované a pridané nové urcené diely.
Premontovanie debnenia protiklenby zo Storpruhového na trojpruhové
trvala 5 dni v jednozmennej prevadzke s 5 pracovnikmi. Debnenie bolo
do novej pozicie trojpruhového hlbeného tunela prenesené pomocou
tazkého Zeriavu LIEBHERR 400. Betondz protiklenby postupovala
rovnakym spdsobom ako v pripade Stvorpruhového hlbeného tunela.

Zakladné technické udaje:

Maximadlne stipanie a klesanie =4 %

Maximalna hmotnost pojazdného vozika a pracovnej plosiny = 21 300 kg
Maximalna hmotnost’ debniacich prvkov /12 m/ + ¢eld + konstrukény nosnik
=11 300 kg

Vonkajsi rozmer pre dvojpruhovy tunel aj s prac. ldvkami = 12 000 mm
Vonkajsi rozmer pre trojpruhovy tunel aj s prac. ldvkami = 18 000 mm
Vonkajsi rozmer pre trojpruhovy tunel = 19 000 mm

Vonkajsi rozmer pre Stvorpruhovy tunel = 21 000 mm

Vykon elektromotora = 5,5 KW

Napitie = 380 V

SAMOHYBNE OCELOVE DEBNENIE HORNEJ KLENBY
NA STVORPRUHOVY A TROJPRUHOVY HLBENY TUNEL

Zariadenie bolo navrhnuté ako samonosné a samohybné s vlastnym
hydraulickym pohonom so 4 zavesmi hnacich retazovych jednotiek.
Debnenie sa skladalo z ocelového pojazdu, ocelovej formy (debniace
dosky), debnenia presahujiceho na predchddzajici blok, ukoncenia
Cela debnenia, tlakovzdusného rozvodného systému pre vzduchové
vibrdtory (80 ks) a systému rozvodu beténu. Pojazd bol portdlového
typu s vysuvnymi hydraulickymi nohami a pozdlZnymi obdlZnikovy-
mi ramami. Konstrukcia nosnikov ¢asti ocelového debnenia lezala na
portdloch debnenia. Kolesd pojazdu sa odvalovali po kolajniciach,
ktoré boli uchytené na zakladovy pds. Prie¢ne vyrovnanie bolo zabez-
pecené 2 hydraulickymi valcami pripojenymi k rdmu a ku konstrukcii
nosnikov. Pojazd bol dalej vybaveny:

—na vertikdlny pohyb formy hydraulickymi valcami, potrebnymi

v priebehu osadenia a uvolnenia debnenia;

was prefabricated on a pre-prepared surface paved with concrete
panels, which had to be well levelled up. The assembly procedure
design was carried out by CIFA S.p.A, which even provided the
supervision over the assembly work. The formwork assembly took
10 days at one-shift operation, with 6 workers. Special tools and equ-
ipment were used throughout the assembly time (swinging-jib mobi-
le platforms, manlifts and cranes with the minimum loading capaci-
ty of 20t). When the assembly had been finished, the formwork was
moved to the first casting position by means a LIEBHERR 400
heavy crane. After setting the formwork in the casting position, the
external sides and ends were shuttered by 10x10cm squared logs.
The blocks were cast in an alternate manner (every other block),
which allowed faster progress - individual work groups did not inter-
fere with one another.

Concrete was transported using a Putzmeister concrete boom
pump. When the casting of the invert for the quadruple-lane cut-and-
cover tunnel had been finished, the form was modified by changing
the cross-sectional geometry to suit the 3-lane cut-and-cover tunnel.
After the stripping, the form was prepared for re-assembly at the last
completed block of the invert, according to requirements of the tech-
nological procedure submitted by CIFA S.p.A. Segments which were
specified in the procedure were dismantled and new segments were
added. The re-assembly modifying the formwork for the invert from
the 4-lane to 3-lane configuration took 5 days, with 5 workers wor-
king one shift. The formwork was moved to the new position in the
3-lane cut-and-cover tunnel by means of the Liebherr 400 heavy
crane. The invert casting proceeded in the same way as it did in the
case of the 4-lane cut-and-cover tunnel.

Basic technical data:

Maximum uphill/downhill gradient = 4 %

Maximum weight of the travelling carriage + working platform = 21,300kg
Maximum weight of formwork components (12m) + stop ends + structural
beam = 11,300kg

External dimension for 2-lane tunnel including working floors = 12,000mm
External dimension for 3-lane tunnel including working floors = 18,000mm
External dimension for 3-lane tunnel = 19,000mm

External dimension for 4-lane tunnel = 21,000mm

Electric motor power = 5.5kW

Voltage = 380V

SELF-PROPELLED STEEL FORMWORK FOR THE UPPER
VAULT OF THE 4-LANE AND 3-LANE CUT-AND-COVER
TUNNELS

This formwork was designed as a self-supporting, self-propelled
structure with its own hydraulic drive, with four suspensions for
drive chain units. The formwork consisted of a steel travelling carri-
age, a steel form (shuttering plates), shuttering overlapping to the
neighbouring block, stop ends, a compressed-air system for pneuma-
tic vibrators (80 pieces) and a concrete distribution system. The tra-
velling carriage was of the gantry type, with extensible hydraulic
legs and longitudinal rectangular frames. The structure of beams of
a part of the steel shutter lay on the formwork gantries. Wheels of the
carriage rolled on rails fixed to strip foundation. Transverse adjust-
ment was possible using 2 hydraulic cylinders connected to the frame
and the beams. The travelling carriage was further equipped with:

- hydraulic cylinders allowing vertical movement of the form
during the erection or retraction operations

- hydraulic cylinders allowing continuous adjustments of the

formwork

- electrohydraulic transmission gear with an oil tank and a pump

connected to an electrical motor

- a control board with lever control of operation of all hydraulic

cylinders and the carriage motion

- an electric motor switch-on panel with a visual and acoustic safe-

ty facility

The working platforms were bolted to the pillars of the formwork.
Owing to this system, the access to continuous wedging of skew sup-
ports, vibrators, filling tubes and inspection gates (30 pieces) was
possible. Concrete was delivered from the pump (Putzmeister BSA
1408-E) to the concrete distributor through a pipeline with swing
joints and hinged pipes, which were installed on the upper working




Obr. 2 Ocelbvé debnenie protiklenby
Fig. 2 Steel formwork for the invert

— hydraulickymi valcami priebezZnej manipuldcie s formou;

— elektro-hydraulickou prevodovkou s olejovou nddrZou a Cerpad-

lom s pohonnym elektromotorom;

— kontrolnym panelom s pdkovym ovlddanim operdcie vsetkych

hydraulickych valcov a pohybu pojazdu;

— panelom spustenia elektromotora s optickym a akustickym signa-

liza¢nym bezpecnostnym zariadenim. .

Pracovné ploSiny boli priskrutkované na nosnych stlpoch formy,
¢o umoznilo pristup k trvalému klinovaniu Sikmych podpier,
k vibrdtorom a k plniacim rdram ako aj ku kontrolnym okndm
(30 ks). Privod beténu z cerpadla (Putzmeister BSA 1408-E)
k beténovému rozdelovacu bol zabezpeCeny potrubim spojenym
klbmi a klbovymi rdrami umiestnenymi na hornej pracovnej plosi-
ne. Betonovaci vozik sa pohybom po kolajniciach sdm prestavil na
miesto plnenia formy.

Ocelové debnenie bolo rozdelené na 4 prstence Sirky 3 m, vSetky
s plaStom hribky 8 mm. Debnenie vloZenim alebo demontdZou
urCenych dielcov mohlo menit' geometriu zo Stvorpruhového na
trojpruhovy profil. Prvotnd montdZ debnenia bola urobend pre hlbe-
nu Cast'Stvorpruhového tunela. MontdZz sa vykondvala podla techno-
logického postupu za udcasti technického dozoru od firmy CIFA
S. p. A. a prebiehala nepretrzite 41 dni. Zucastnilo sa jej 8 pracov-
nikov v jednozmennej prevddzke. Mechanizmy pre montdz boli rov-
naké ako v predchddzajicom pripade. Debnenie sa montovalo na
vopred pripravenej ploche z beténovych panelov, ktoré boli uloZené
a ustavené vo vyske bankiet.

Po ukonceni montdZe sa debnenie vlastnym pohonom presunulo
panelovymi pruhmi na bankety protiklenby, po ktorych pokraco-
valo do prvého zdberu betondzZe. V novom zdbere sa ustavilo podla
technologického postupu betondze. Ukoncenim betonéZe Stvorpru-
hového hlbeného tunelu sa debnenie previezlo na pripravend mon-
tdZnu plochu pred tunel, kde sa vykonala premontovanie na troj-
pruhovy razeny tunel. Premontovanie debnenia zo Stvorpruhového
variantu na trojpruhovy prebiehala podla dodaného technologické-
ho postupu 26 dni s 8 pracovnikmi v jednozmennej prevadzke.
Pouzité mechanizmy boli rovnaké ako pri montdzi s vynimkou taz-
kého Zeriavu LIEBHERR 150 aj pri demontdzi hornych dielcov
formy dlzky 12 m a hmotnosti cca 16 t. Na prerobené debnenie
boli na jednej strane primontované pomocné predlZovacie nohy,
ktoré umoznili debneniu presun do nového postavenia v razenej
Casti trojpruhového tunela. Pred prvym zdberom v razenom troj-
pruhovom tuneli sa pomocné predlZovacie nohy odstrdnili
a debnenie za pomoci do¢asnych bankiet vo$lo do razeného tune-
la, kde pokracovalo v betonazi.

Zakladné technické uidaje:

Maximadlne stipanie a klesanie = 4 %

Celkova hmotnost' pojazdového agregitu = 46 700 kg

Celkova hmotnost foriem, pracovnych poli, ukon¢enia debnenia = 102 700 kg
Vniitorny polomer trojpruhového tunela po betondzi = 5000 mm

Vniitorny polomer Stvorjpruhového tunela po betondzi = 7000 mm

Priecne naklonenie = + 300 mm

Maximadlna hribka betondze pre Stvorpruhovy tunel = 800-1000 mm
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platform. The concreting carriage moved along the rails and reposi-
tioned itself to respective casting points.

The steel form was divided into four rings, each 3m wide, all with
8mm thick skin. Geometry of the formwork could be converted from
the quadruple-lane to triple-lane configuration by inserting or dis-
mantling specific segments. The initial assembly of the form was in
the configuration for the cut-and-cover part of the 4-lane tunnel. The
assembly was performed according to a technological procedure, in
the presence of a technical supervisor of CIFA S.p.A.. Eight workers
worked on the assembly continuously for 41 days, at one-shift ope-
ration. Equipment used for the assembly was the same as that menti-
oned above. The formwork was assembled on a pre-prepared surface
paved with concrete panels, which were laid at the level of benches.

When the assembly had been completed, the formwork moved on
panel strips, using its own propulsion, to invert benches to proceed
on them to the first casting block. It was positioned in the new loca-
tion according to the concrete casting technological procedure. After
completing the casting of the 4-lane cut-and-cover tunnel the form-
work was transported to an assembly area in front of the tunnel,
where it was reassembled to the the 3-lane mined tunnel configurati-
on. The formwork reassembly from the 4-lane to the 3-lane configu-
ration was carried out according to the technological procedure pro-
vided by CIFA. It took 24 days with 8 workers working at one-shift
operation. Equipment used for the assembly was the same as that
used for the assembly, with the exception of the heavy crane Liebherr
150 required for dismantling of 12m long upper segments of the
form, weighing about 16t. Auxiliary extending legs were fixed to the
re-fitted formwork, which allowed the shifting of the formwork to
the new position in the mined section of the 3-lane tunnel. The exten-
ding legs were removed before the initial block in the mined 3-lane
tunnel and the formwork entered, by means of the benches, the
mined tunnel to continue with the casting.

Basic technical data:

Maximum uphill/downhill gradient = 4 %

Overall weight of the travelling carriage = 46,700kg

Overall weight of forms, work fields, stop ends = 102,700kg
3-lane tunnel — internal radii after casting = 5000mm

4-lane tunnel — internal radii after casting = 7000mm
Transverse incline = = 300mm

Maximum casting thickness for 4-lane tunnel = 800-1,000mm
Maximum casting thickness for 3-lane tunnel = 400mm
Maximum advance rate = 7 m/min

Electric motor power = 30kW

Voltage = 380V

SELF-PROPELLED STEEL FORMWORK FOR THE UPPER VAULT
OF THE QUADRUPLE-LANE AND TRIPLE-LANE TUNNELS

The external formwork for the cut-and-cover tunnel was designed
as an adaptable structure (through dismantling and adding specified
segments), for the use on the 4 and 3-lane cut-and-cover sections of
the tunnel. The facility consisted of the following parts:

- external steel formwork -12m long

- a steel sheet collar enabling the connection of the formwork to

the preceding casting block

- a front end structure (stop end) closing the formwork before cas-

ting

The steel form consisted of 2 parts; each part was divided into
eight 1.5m long segments. Each steel segment consisted of two
upper parts, one central part and two bottom parts; all of them had
a 6mm thick steel skin. The connection between the main parts of the
formwork, the central part and smaller parts was secured by flanges.
The external forms (2 pieces) were connected with one another by
a bridge structure, which was connected to the forms in the central
position by means of telescopic braces in hinges. The braces were
secured by locks in frames. There were handles on the frames, with
holes for hinges of 800mm extending hydraulic cylinders. There
were work platforms and ladders allowing movement on the form-
work structure. A hydraulic system control panel was fixed to the
work platform by tie rods. Support legs forming the carriage of the
steel formwork were designed to allow the transport and rough set-
ting in position in the end position of the rear part and at the front
end. There were 4 self-propelled units with chain gears mounted on
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. ; » . ; the support legs; each of them consisted of a wheel with a double
Max}me,ﬂna h,mbka l’)etonaze pe tromruhovy tunel = 400 mm flange. Four 180mm extension hydraulic cylinders were used for the
Maximalna rychlost’ posuvu = 7 m/min. 1 et h fixed in the handles on the carriage
Vykon elektromotora = 30 KW 5ubsequ§nt setting. They were fixe ) ) &
Napitie = 380 V legs, which Were.connec.ted in the extendable parts of the legs to the

self-propelled units by pins.
i The steel formwork further consisted of the following parts: 4 sup-

SAMOHYBNE VONKAJSIE OCFLOVE DEBNENIE’HORNEJ port legs, 90 tie rods (Dywidag), 4 hydraulic cylinders, 18 concrete
KLENBY NA STVORPRUHOVY A TROJPRUHOVY TUNEL filling gates, 40 pneumatic vibrators, 4 self-propelled wheels,

Konstrukcia vonkajSieho debnenia hlbeného tunela bola navrhnuta a hydraulic unit with a tank, a pump with an electric motor,
ako adaptabilnd (demontdZou a pridanim urc¢enych dielcov) na pouZi- a hydraulic system — hoses and steel piping, wiring + equipment and
tie v Stvorpruhovom a trojpruhovom hlbenom tuneli. Zariadenie sa a control panel with lever valves for the hydraulic system. A concrete
skladalo z nasledujtcich Casti: distributor was used for the casting of a tunnel block in the bottom

— ocelovd forma vonkajSieho debnenia (12 m dlhd); and central part. It was installed on the main working platform of the

— plechovy golier pre napojenie debnenia na predchddzajici zaber; travelling formwork. A concrete transportation system (Putzmeister

— predna konstrukcia (¢elo) na uzatvorenie formy pred betondzZou. boom pump) was used for the upper part of the tunnel block.

Ocelovéd forma mala 2 Casti, kazdd Cast’ bola rozdelend do 8 seg- The external form was assembled on the formwork for the upper
mentov dlzky 1,5 m. Kazdy ocelovy segment formy sa skladal z dvoch vault (see Fig. 8), according to a technological procedure and under
hornych Casti, jednej centrdlnej Casti a z dvoch spodnych Casti, vietky supervision of an employee of CIFA S.p.A. The assembly team con-
s ocelovym plastom hribky 6 mm. Spojenie medzi hlavnymi Castami sisted of 7 workers, working at one-shift operation for 26 days, using
debnenia, centrdlnou a mensimi zabezpecovali priruby. Formy vonkaj- the same equipment and tools as in the preceding cases. The assem-
Sieho debnenia (2 ks) boli navzdjom spojené mostovou konstrukciou bly area surface was hardened with concrete panel strips, which lin-
pripojenou v strednej polohe teleskopickymi rozperami v klboch, ked to the future route of the transportation of the external formwork.
rozpery istili zdmky v rdmoch. Na rdmoch boli zdvesy hydraulickych The transport of the external form started immediately after the set-
valcov vysuvu 800 mm. Dalej sa na konStrukcii debnenia nachddzali ting of the upper vault formwork had been completed. After setting
pracovné ploSiny s ldvkami a rebrikmi, ktoré zabezpecovali pohyb pra- the external formwork and joining it with the formwork for the upper
covnikov po konsStrukcii debnenia. Ovlddaci panel hydraulického vault by Dywidag rods, the installation of stop ends started. The cas-
systému bol ku pracovnej ploSine uchyteny spojovacimi ty¢ami. Na ting proceeded according to an approved technological procedure.
dopravu a hrubé nastavenie ocelového debnenia do zdberu betondze After finishing the casting of the external cut-and-cover tunnel the
v krajnej polohe zadnej Casti a prednej polohe sliZila konstrukcia pod- external formwork was transported to the first block, where they star-
pornych ndh tvoriaca vozik debnenia. Na podpornych nohdch sa ted to dismantle it to parts. The large parts (roughly 12 pieces) were
nachddzali namontované 4 samohybné skupiny s retazovym prevo- transported to the Cholupice portal. At the Cholupice portal they
dom, kazd4 z nich bola zloZend z kolesa s dvojitym lemom. Na dalsie were reassembled, with the geometry converted to the 3-lane cut-
ustavenie sa pouzivali 4 hydraulické valce s vysuvom 180 mm uchy- and-cover tunnel configuration, according to the CIFA
tené v zdvesoch umiestnenych na nohdch vozika a pripojenych ¢apmi S.p.A. technological procedure. The assembly comprising the con-
v posuvnych ¢astiach n6h so samohybnymi skupinami. version of geometry was carried out by 6 workers for 14 days at one-

Ocelové debnenie bolo zloZené z tychto dal3ich Casti: 4 podporné shift operation because the parts obtained by the dismantling were
nohy, 90 spojovacich /diwidag/ ty¢i, 4 hydraulické valce, 18 napus- large, therefore the LIEBHERR 150 heavy crane had to be used even
tacich otvorov na betdn, 40 vzduchovych vibratorov, 4 samohybné for the reassembly. Other machines which were used were the same
kolesd, hydraulicky agregdt s nddrzou, Cerpadlo s elektromotorom, as in the above cases.
hydraulické rozvody — hadice a kovové potrubie, elektrorozvody +
prislusenstvo, ovlddaci panel s pdkovymi ventilmi pre hydraulicky Basic technical data:
systém. Na betondZ zdberu tunela sa pre spodni a strednd Cast’ pou- Maximum longitudinal gradient = 4 %
Zival rozvéadzac betdnu, ktory sa nachddza na hlavnej pracovnej plo- Overall weight of the formwork + working platform = 56,000kg
Sine debniaceho voza. Na hornt Cast’ betondze zaberu tunela sa pou- Overall weight of the 12m long form + stop ends = 10,400 kg
Zival systém dopravy beténu (Cerpadlo Putzmeister s vyloZnikovym Internal diameter of the tunnel form for concrete thickness of 800mm
ramenom). MontdZ vonkajSiecho debnenia sa robila na vnitornom = 7300/10,800mm
debneni hornej klenby (obr. 8) podla technologického postupu Internal diameter of the tunnel form for concrete thickness of 1000mm
a s dozorom pracovnika od firmy CIA S. p. A. MontdZz vykondvalo = 7500/11,000mm
7 pracovnikov v jednozmennej prevadzke 26 dni s pouZzitim mecha- Transverse setting movement = + 160mm
nizmov a néradia ako v predchddzajicich pripadoch. Plocha monté- Maximum concrete thickness = 800 — 1000mm
Ze bola vytvorend z beténovych panelovych pasov, ktoré plynule Maximum advance rate = 7m/min

Electric motor power = 11kW
Voltage = 380V

Obr. 3 Stavebnd jama hfbenjch tunelov Komorany Obr. 4 Samohybné ocelbvé debnenie hornej klenby
Fig. 3 Construction trench for Komorany cut-and-cover tunnels Fig. 4 Self-propelled formwork for the upper vault




Obr. 5 MontdzZ vonkajsieho debnenia
Fig. 5 Assembly of the external form

nadvédzovali na buddcu trasu prepravy vonkajSiecho debnenia.
Preprava vonkajSicho debnenia na miesto betondZe sa zacala ihned
po ustaveni vnitorného debnenia hornej klenby. Po ustaveni von-
kajSieho debnenia a vzdjomnom zaisteni diwidag tyCami s vnu-
tornym debnenim hornej klenby sa zacali debnit’ ¢eld. Betondz pre-
biehala podla odstihlaseného technologického postupu. Ukonc¢enim
betondze vonkajSiecho hlbeného tunela sa vonkajSie debnenie pre-
pravilo na prvy blok, kde sa po Castiach zacalo rozoberat. Rozobraté
na vicsie zostavy (cca 12 ks) sa poprevdzalo na portdl Cholupice.
Na cholupickom portéli sa spétne zmontovalo so zmenenou geo-
metriou na trojpruhovy hlbeny tunel, podla technologického postu-
pu od firmy CIA S. p. A. MontdZ so zmenou geometrie vykonavalo
6 pracovnikov 14 dni v jednozmennej prevddzke. KedZe islo
o vicsie celky debnenia, pri demontdZi a aj pri montdzi boli pouZzité
tazké Zeriavy LIEBHERR 150, 200. Ostatné stroje sa pouzili tak ako
v predchddzajicich pripadoch.

Ziakladné technické udaje:

Maximdlny pozdizny sklon =4 %

Celkovd vdha debnenia + pracovnej plosiny = 56 000 kg
Celkova vdha formy 12 m + debnenia ¢ela = 10 400 kg
Vnitorny polomer debnenia tunela na hribku beténu 800 mm
=7300/10 800 mm

Vniitorny polomer debnenia tunela na hribku beténu 1000 mm
=7500/11 000 mm

Prie¢ny pohyb nastavenia = = 160 mm

Maximalna hriibka betéonu = 800—1000 mm

Maximalna rychlost’ posuvu = 7 m/min.

Vykon elektromotora = 11 KW

Privodné napitie =380 V

BETONAZ DEFINITIVNEHO OSTENIA

BetondZ definitivneho ostenia sa zacala v hiben)’/ch Castiach tunela
v stavebnej jame Komorany.
V pripade hlbenych tunelov islo o betondZe s tymto objemom (tab. 3):

Tab. 3 Spotreba betonu na jednu klenbu 12 m Sirky

Hibeny tunel Spodna klenba Horna klenba
Lavy hipenjr tunel Komotany — §tvorpruhovy 433,80 m® 370,76 m?
Pravy hlbeny tunel Komotany — trojpruhovy 229,15 m* 237,85 m®
Razeny tunel Zakladové pasy Horna klenba
Razeny tunel — trojpruhovy 24,36 m® 143,16 m®
Razeny tunel — dvojpruhovy 2436 m® 128,88 m®

Po prisunuti vnitorného debnenia a jeho zamerani sa v hibenom
tuneli pristipilo k montdZi vystuZe priamo na debniaci voz. Pre tento
ucel bolo z vonkajSej strany postavené pracovné leSenie. Jednotlivé
pruty sa na miesto dopravovali Zeriavom. VystuZ sekunddrneho oste-
nia pozostdva z pritovej vystuze triedy 10 505(R) hribky 10, 16, 20,
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CASTING OF THE FINAL LINING

The casting of the final lining started on the cut-and-cover sections
of the tunnel, in the Komorany construction trench.

The concrete casing volumes in the case of cut-and-cover tunnels
were as follows:

Table 3 Concrete consumption for one 12m wide vault

Cut-and-cover tunnel Invert Upper vault
Left Komorany cut-and-cover tunnel — quadruple-lane  433.80m? 370.76m>
Right Komorany cut-and-cover tunnel — triple-lane 229.15m> 237.85m>
Mined tunnel Strip foundations Upper vault
Mined tunnel — triple-lane 24.36m> 143.16m*
Mined tunnel — double-lane 24.36m’ 128.88m’

After moving the internal formwork to position and surveying it, the
placement of reinforcement of the cut-and-cover tunnel structure star-
ted, directly on the travelling formwork. A working scaffold was erec-
ted on the outer side for this purpose. Individual reinforcement bars
were transported to the site by a crane. The reinforcement of the secon-
dary lining consists of 10, 16, 20, 25 and 32mm diameter bars, steel
grade 10 505 (R). The bars were prepared in a sufficient advance in
a rebar processing plant before placing them and tying on site. The
installation proceeded on both sides, in strips, in the direction from the
previously concreted block on. First the internal layer was installed,
from the bottom up. Then the external layer of reinforcement was pla-
ced. The layers were connected with one another and braced by stir-
rups from 10mm dia reinforcing bars. To ensure concrete cover, spa-
cers were installed on the external and internal side, 4 pieces per m.
A FeZn earth strip 30/4mm or wire 10mm in diameter was placed to
the secondary lining and welded to reinforcing bars.

The reinforcement of the blocks in the mined part of the tunnel was
designed, as opposed to the cut-and-cover section, as a self-supporting
system. The main structural reinforcement in standard profiles consists
of Q 513 7/150x8/100mm type of KARI mesh mats (welded deformed
wires) with dimensions of 5x2.15m. The structural reinforcement of
the block ends, vault footings and reinforcement of the frame ensuring
the self-supporting function of the whole system consists of concrete
reinforcement bars, steel grade 10 505 (R). Prior to placing rebars in
the mined part, the intermediate waterproofing membrane was chec-
ked. The membrane formed the outer surface of the formwork. It was
strengthened at the end of the travelling formwork by an additional
strip.

The formwork was filled with concrete by pumping through filling
gates from the inner side of the formwork. Concrete was transported
by stationary pumps Putzmeister BSA 1408 with the capacity of 44m3
per hour, pressure of 70bar, power input of 45 kW, 125mm in diame-
ter. The filling proceeded from the bottom up, symmetrically on both
sides; the maximum permitted difference between the levels on both
sides was set at 1.0m. The concrete casting rate did not exceed 1.5m

Obr. 6 Betonds hibeného tunela
Fig. 6 Casting of the cut-and-cover tunnel lining
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Obr. 7 Betondz razeného tunela
Fig. 7 Casting of the mined tunnel lining

25 a 32 mm. Pred samotnym ukladanim a viazanim bola vystuz
v dostato¢nom predstihu pripravend v armovni. MontdZ postupovala
v pasoch v smere od zabeténovaného bloku po obidvoch strandch.
Zacinalo sa vnitornou vrstvou odspodu smerom nahor. Nésledne sa
vyhotovila vonkajSia vrstva vystuZe, ktord sa navzdjom spojila
a rozoprela pomocou spon z prutovej vystuZze ¢10 mm. Aby sa zarudi-
lo krytie, boli na vonkajSiu aj vnitornd vystuz osadené distancné
prvky v pocte 4 ks/l1 m2. Do sekundédrneho ostenia sa umiestnil zem-
niaci pds FeZn 30/4 mm, resp. 10 mm, ktory sa pripojil zvarom
k vystuzi. .

Vystuz blokov v razenej Casti tunela je na rozdiel od hlbeného tune-
la navrhovand ako samonosnd. Hlavnd nosnud vystuZz tvor{
v Standardnych profiloch iba KARI siet’ typ Q 188 150/150/8 rozmer
5x2,15 m vyrobend zvarovanim rebierkového drdtu. Konstrukénd
vystuz pre vystuZenie Cela bloku, pitiek klenby, a vystuz rdmu zaistuj-
dcich samonosnost’ celého systému tvori pritova betondrska vystuz
10 505(R). Pred samotnou montdZou vystuze v razenej Casti bola uro-
bend kontrola medzilahlej féliovej izolacie, ktord tvorila vonkajsie lice
debnenia a v mieste Cela debniaceho voza bola zosilend dodato¢nym
pasom.

Plnenie debnenia beténovou zmesou sa vykondvalo ¢erpanim do
plniacich otvorov (okien) z vnitornej strany debnenia. Beténova
zmes sa dopravovala staciondrnymi cerpadlami typu Putzmeister
BSA 1408 (vykon 44 m3/hod., tlak 7 MPa, el. prikon 45 KW, prie-
mer potrubia 125 mm). Cerpanie prebichalo vzdy zdola nahor,
symetricky na oboch strandch pri¢om sa nesmel prekrocit’ maxi-
madlny rozdiel medzi hladinami beténu na strandch debnenia 1 m
arychlost’betondze (stipanie hladiny beténu za debnenim) 1,5 m/1 h.,
¢o vyplyvalo zo statiky debniaceho voza. Sticasne sa betén vibro-
val v maximdlnych intervaloch 10-15 sekind vibrdatorom
v miestach, kde sa nachadzala Cerstva beténova zmes. Pocas beto-
naze sa pouzili aj ponorné vibratory, ktorymi sa vibroval betén cez
plniace oknd v debniacom voze. V momente ked beton4Z dosiahla
vrchol klenby, postupovalo sa od zabeténovaného predchddzajice-
ho bloku smerom k ¢elu debnenia. Beton sa Cerpal cez stropné otvo-
ry v prvom rade, a7 kym sa dostal k uzdveru v druhom rade atd. Pri
betondZzi cez posledny uzdver sa vo vrchole klenby kontroloval stav
naplnenia debnenia. Betondz zdverecnej Casti sa vykondvala za sta-
leho pozorovania integrovaného poistného zariadenia proti pretaze-
niu debnenia tlakom Cerpadla. Tesne pred dosiahnutim vrcholu
klenby sa vykon cerpadla zredukoval na minimum. V hlbenych cas-
tiach tunela, kde bol vrchol klenby volne pristupny z vonkajsej stra-
ny debnenia, prebiehala betondZ pomocou mobilného cerpadla
beténu z vonkajSej strany konStrukcie. Klenba sa v skuto¢nosti
oddebnovala v letnom obdobi po ¢ase 12 h. a v zimnom obdobi 15 h.
pri pevnostiach 5-8 MPa. Pred tym sa na kazdej klenbe vykondva-
la nedestruktivna skuiska Schmidtovym kladivom typu N. Skuska sa
vykondvala v plniacich okndch debniaceho voza a v ¢ele bloku. Po
oddebneni sa povrch beténu oSetroval proti odparovaniu vody
pocas zrenia. Ako oSetrovaci prostriedok sa pouZzil ndstrek

Obr. 8 Hibené tunely Komorany
Fig. 8 Komorany cut-and-cover tunnels

per hour, as required by the structural analysis of the formwork. The
concrete was simultaneously vibrated at maximum intervals of 10 — 15
seconds by vibrators in the locations where fresh concrete mix was
found. Even immersion vibrators were used during the casting, vibra-
ting the concrete through gates in the form. When the concrete level
reached the vault crown level, the casting proceeded from the previ-
ously completed block toward the stop end of the formwork. Concrete
was pumped through the first row of gates in the ceiling until it rea-
ched the cover in the next row, and so on. The state of the formwork
filling was checked during the casting through the last gate in the vault
crown. The final part was cast under permanent observation of the
integrated safety equipment designed to prevent the formwork overlo-
ading by the pumping pressure. Just before the vault crown was rea-
ched, the output of the pump was reduced to the minimum. In the cut-
and-cover sections of the tunnel, where the top of the vault was freely
accessible from the formwork outside, concrete was cast by means of
a mobile pump, from the external side of the structure. In the reality,
the vault form was stripped after 12 hours in the summer and after 15
hours in winter, when the strength reached 5 — 8MPa. N-type Schmidt
hammer rebound test was conducted on each vault before the strip-
ping. The testing was performed through the gates in the formwork and
at the front end of the block. After stripping, concrete surface was tre-
ated to prevent escaping of moisture during the curing period.
CURING 103 f. BASF was sprayed on the surface to be treated. Empty
spaces above the completed upper vault were additionally injected
with grout. One of preconditions for keeping the construction deadli-
ne and duration of the operation was keeping to optimum duration of
one casting cycle, consisting of the following activities:

- setting the travelling form into position and surveying it

- installing the block stop end

- casting of the vault

- setting of concrete until the required strength was reached.

- formwork stripping, cleaning and spray application of a releasing

agent on it.

After the crew learning period, the duration of the entire above-men-
tioned cycle of casting one vault block in the mined tunnel fluctuated
about 36 hours. The average monthly casting rate was 18 — 19 vault
blocks in one tunnel tube, with one travelling form, a crew of 10 and
continuous two-shift operation. The fact that the batching plant was
erected directly on site was important for achieving the required per-
formance. It had a positive influence on concrete delivery times and
allowed operative changes in the supplies and concrete quality control.
The total number of the vaults cast in the cut-and-cover tunnels, both
on the Cholupice and Komorany sides, was 43, while 282 vaults were
cast in the mined part of the triple-lane and double-lane tunnels.

The complexity of the casting consisted mainly in the quantity and
types of individual profiles of vaults and the number of reassemblies
of the travelling forms which were necessary due to this fact. We
encountered up to 5 various kinds of vault profiles during the casting.
With two types of the travelling form, the amount of time spent on
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CURING 103 f. BASF. Volné priestory nad vybeténovanou hornou
klenbou sa dodatocne vyplnili injektdZnou zmesou. Jednou
s podmienok dodrzania terminu a doby vystavby bolo zaistenie
optimdlneho ¢asu na jeden cyklus betondze, ktory pozostdval
z tychto ikonov a procesov:

— osadenie a zameranie debniaceho voza,

— zadebnenie Cela bloku,

— samotnd betondz klenby,

— tuhnutie na poZzadovand oddebiiovaciu pevnost,

— oddebnenie, vydistenie a nastriekanie formy oddebnovacim pri-

pravkom.

Cely tento cyklus betondZe jednej klenby v razenom tuneli sa po
zacviku posddok pohyboval na drovni cca 36 h. V priemere sa za me-
siac zabeténovalo 18-19 blokov v jednej tunelovej rire s jednym
vozom, pri osddke 10 pracovnikov a nepretrzitej prevadzke v dvoch
zmendch. Ddlezité pre dosiahnutie pozadovanych vykonov bolo aj to,
Ze betondrka bola priamo na stavbe, ¢o malo pozitivny vplyv na Casy
doddvok beténu, ako aj operativne rieSenie zmeny doddvok
a sledovanie kvality betonu. Celkovy pocet zabetonovanych blokov
v hlbenych tuneloch bol sumdrne na cholupickej a komoranskej strane
43 ks a v razenej Casti trojpruhového a dvojpruhového tunela to bolo

282 ks blokov. Obr. 9 Montdz ocelvvej vystuze hibeného tunela
Narocnost’ betondzi spocivala najméd v mnozstve a typoch jednotli- Fig. 9 Placement of the cut-and-cover tunnel concrete reinforcement

vych profilov klenieb a s tym spojenymi prestavbami debniacich

vozov. Pri betondZi sa vystriedalo az 5 rdéznych profilov tunelovych the reassemblies and modifications was quite significant. The right
rir. Pri pouZiti dvoch typov debniacich vozov si to vyZadovalo vela Komorany cut-and-cover tunnel is designed as a quadruple-lane
Casu a usilia na montédZe a dpravy. Juzny hlbeny tunel Komorany bol structure, passing in the mined part to a triple-lane configuration.
navrhovany ako $tvorpruhovy, ktory v razenej Casti prechadzal do Similarly, the left tunnel tube is designed with three lanes in the cut-
trojpruhového. Podobne bol navrhnuty severny tunel ako trojpruhovy and-cover section, passing into two lanes in the mined part. The cross
v hlbenej Casti a ndsledne prechddza do dvojpruhového v Casti raze- section of the mined tunnel on the Cholupice portal side does not

change; it remains the same as in the mined part. Another parameter
changing with the changing width of the tunnel cross section was the
thickness of the lining. It reached 0.8m up to 1.0m in the vault,
depending on the overburden height in the cut-and-cover triple-lane
tunnel, while it was 0.6m in the cut-and-cover tunnels at the
Cholupice portal. The mined tunnels have the lining 0.4m thick. Two
emergency parking bays in the double-lane tunnel, which are located
roughly at 600m spacing, required another changes in the formwork
cross section.

nej. Na strane portdlu v Cholupiciach sa profil hibeného tunela neme-
ni a ostdva rovnaky ako v razenej Casti. Dalsi parameter, ktory sa
menil so zmenou Sirky profilu tunela, bola hribka ostenia.
V Stvorpruhovych tdsekoch dosahovala v klenbe 0,8 az 1 m podla
vySky nadloZia. V hlbenom trojpruhovom tuneli a hlbenych tuneloch
na cholupickom portdli to bolo 0,6 m. Hribka ostenia v razenych
tuneloch je min. 0,4 m. V dvojpruhovom tuneli si zhruba po 600 m
situované dva niidzové zalivy dlzky 60 m, ¢o si vyzadovalo daliie
Upravy na debneni.

CONCLUSION
ZAVER . . . .
. The PCRR 513 tunnel is a unique and exceptional structure in the
Tunel SOKP 513 je unikétnou stavbou v CR z hladiska velkosti Czech Republic in terms of its size and the differentiation of geomet-
a diferencovanosti tvaru priecnych prierezov. Na stredne dlhom dvoj- ry of cross sections. The medium-length double-lane tunnel contains
rirovom tuneli sa vystriedali nielen dvojpruhové, trojpruhové an alternation of not only double-lane, triple-lane and quadruple-lane
a Stvorpruhové hlbené a razené dseky, ale taktieZ aj nidzové zalivy. tunnels, both cut-and-cover and mined ones, but also emergency stop-
Rozdielnost” profilov podmienila zloZitost' konstrukcie debniacich ping bays. The differences in the cross sections led to high complexi-
vozov. Neobvykle velké priecne prierezy tunelovych rir sa odrazili ty of the structures of travelling forms. The unusually large cross sec-
v mimoriadne velkych hribkach ostenia. V reZime betondrskych prac tions of the tunnel tubes reflected themselves in exceptionally great
sa musel zohladnit’ okrem iného aj problém V}'/V()ja hydrataéného thickness of the ]inings. Even the problem of the development of
tepla. hydration heat had to be allowed for, among other problems, in the
Bolo potrebné vynalozit' vela usilia, techniky a know—how, aby sa concrete casting procedures.

It was necessary to expend huge efforts, technology and know-
how to achieve the required works quality and safety during the con-
struction. Concrete casting operations of such the extent are possib-
le only in the case of all efforts made by all parties involved in the
construction and perfectly thought out programme of individual
operations. Despite various operating problems, both during the
formwork assembly and during the casting operation itself, the
. 0 g X . X X L civils works were successfully completed on time and in the quality
nym prispevkom k zvySovaniu technickej a teChPOIO’gICk?J urovne required. The experience gained during this construction has beco-
tuneldrskych prac a ziskané poznatky sa ur€ite budu dat'vyuZit'na dal- me a valuable contribution to increasing the technical and technolo-
Sich tunelovych stavbach. gical level of tunnelling work. The know-how which has been

. gathered will certainly be applicable to other tunnel construction
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dosiahla pozadovand kvalita diela a bezpecnost’ pri jeho budovani.
Betonaze takého rozsahu sa daju realizovat'len v pripade plného nasa-
denia vSetkych zicastnenych strdn a dokonale premysleného harmo-
nogramu postupu jednotlivych prac. Napriek réznym prevddzkovym
problémom ¢i uz pocas montizZe debneni, alebo pocas samotnej beto-
naze sa nakoniec podarilo ukonCit’ stavebnu cCast v termine
a v pozadovanej kvalite. Skdsenosti z realizdcie tejto stavby su cen-
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SPECIFIKA NAVRHOVANI HLOUBENYCH TUNELU
A PRIKLADY Z REALIZACE
SPECIFICS OF DESIGNING CUT-AND-COVER / COVER-AND-CUT
TUNNELS; EXAMPLES OF IMPLEMENTATION

LIBOR MARIK

uvob

Pohled na domécf i zahrani¢ni tuneldfskou scénu nabizi v piipadé publiko-
vanych ¢ldnku i piispévku na konferencich fadu témat z oblasti razenych
tiseku tunelii. Konven¢ni tunelovaci metody i razba pomoci $tita poskytuji
Sirokou paletu problému spojenych jak s technologif razby, tak s o¢ekdvanymi
¢i neoCekdvanymi geotechnickymi podminkami, které je nutno béhem razby
zvladnout. I u nds jiz zdomdcnélou NRTM stéle jesté half jemnd rouska tajem-
stvi a skrytych pochybnosti, jak to vlastné ve skutecnosti funguje. Diskuse
0 Zivotnosti a inosnosti primédrniho ostén{ nebo polemiky o vyznamu kotve-
ni jako podpurného opatfeni ke zvySeni samonosnosti horninového masivu
odsouvaji problematiku hloubenych tseku tunelt na vedlejsi kolej. Pfitom se
jednd o oblast, kterd je s vystavbou tunelll nerozlu¢né spjata a kterd vyZaduje
pri projektovani i provadéni minimélné stejnou pozornost, jaka je vénovéana
raZenym dsekim tunelt. Vzhledem k charakteru konstrukce, jejimu uloZen{
do okolniho prostredi i pusobicimu zatiZenf lze fici, Ze hloubené tunely rea-
guji mnohem citlivéji na pripadnd pochybeni nebo odchylky od prognézova-
ného stavu. Zatimco v pripadé raZenych dseku tuneli maZeme jesté spoléhat
na mnohdy milosrdny horninovy masiv a doufat v jeho vetsi ¢i mensi samo-
nosnost, u hloubenych tseku tunelt se projektant ani zhotovitel na obdobnou
pomoc spoléhat nemuZe a nesmi. V nasledujicim textu se na prikladech
z realizovanych nebo pro realizaci piipravenych tunelt zabyvame nékterymi
oblastmi, které mohou dspé$ny ndvrh a ndslednou realizaci hloubenych tiseka
tuneld vyznamné ovlivnit.

NAVRH DIMENZ[ OSTENI - ZATIZENI ZNAME, €I NEZNAME?

Pfi navrhovédn{ primdrniho i definitivniho osténi raZenych dseku tuneld
byvi zpravidla velkou nezndmou zatiZeni horninovym, pripadné hydrostatic-
kym tlakem. P¥i jeho uréeni sahd projektant ve vétSiné pripada ke slozitym
vypoctum pomoci matematickych modelu. Presné vypocty zatézuje fada
nepresnych nebo obtizné zjistitelnych vstupnich hodnot a okrajovych pod-
minek. Interpretace vysledka vyZaduje znaéné zkuSenosti a ur¢ity nadhled,
nebot postizeni geotechnickych pomérl v trase tunelu pomoci matematické-
ho modelu znamend vzdy urcité zjednoduseni redlného stavu. S velkou tle-
vou se proto projektant uchyluje k vypoctim hloubenych tseku tuneld, kde
sice musi Fesit otdzku okrajovych podminek v oblasti zdkladovych konstruk-
ci nebo s ohledem na stanoven{ tuhosti zdsypového materidlu. Uréenf zatiZe-
ni zdsypem vSak na prvni pohled nepredstavuje Zadny problém. Urcité kom-
plikace pii dimenzovéni osténi hloubenych tseku tunelt predstavuje nesy-
metrické zatizeni. Nesymetrie zatiZzen{ muZe byt zpusobena jednak kone¢nou
podobou reliéfu terénu nad zasypanym tunelem, jednak obtiZné dosazitelny-
mi pozadavky na hutnéni pfi pouZiti mechanizace ve stisnénych pomérech
stavebn{ jamy. Ob¢ pri¢iny se mohou navic scitat.

K typickym piikladim nesymetricky zatizenych tseku hloubenych tunel
vlivem reliéfu terénu patii dvoukolejny Zelezni¢ni tunel Veprek na prvnim
Zelezni¢nim koridoru Praha-Dé¢in-Drazdany. Smérové poméry stvajici
trati vedené podél brehu feky Vltavy neumoZiiovaly dosaZeni vySSi tratové
rychlosti. Uprava smérovych poméri vyvolala nutnost vedeni trati
v ibo¢nim tunelu s velmi nepfiznivym tGhlem zaraZeni tunelu v oblasti obou
portdli. Tomu odpovidal tvar stavebnich jam hloubenych dseku tuneld
idroven zpétného zdsypu (viz obr. 1). Hloubka svahovanych stavebnich jam
dosahovala v mist¢ rozhrani hloubené a razené ¢dsti 30 m. Kone¢ny piicny
sklon terénu, provadény v poméru 1:2 az 1:3, vyvoldval kvuli nesymetrii
vysky zdsypu v osténi tunelu nesymerické naméhéni, které mélo rozhodujici
vliv na ndvrh vyztuZeni. Pfi tloustce osténi min. 600 mm se vyztuZeni na stra-
né privracené ke svahu markantné lisilo od strany priléhajici k Vltavé. Na
zékladé statického posouzeni postupnych fazi zasypdvéani konstrukce
i kone¢né drovné zdsypu navrhl projektant pracovni postup provadéni zdsy-
pu, ktery zhotovitel velmi disledné dodrzoval. Principem bylo zahajen{ zasy-
pu na strané tunelu privracené k fece, dusledné hutnéni zdsypového materia-
lu na predepsané parametry a dodrZovéani rozdilu drovné zdsypu vlevo

INTRODUCTION

Alook at the domestic and foreign tunnelling stage offers, as far as articles
and contributions published at conferences are concerned, a wide range of
topics from the field of mined tunnels. Both the conventional underground
excavation methods and the shield driving method offer lots of problems
associated with both the excavation technique and the expected or unexpec-
ted geotechnical conditions which had to be coped with during the excavati-
on. Even the NATM, which has become established in the Czech Republic,
is still shrouded in secrecy and hidden doubts as to how it works in reality.
Discussions about durability and load-bearing capacity of a primary lining or
polemics on the importance of anchoring as a supporting measure designed
to increase the self-supporting capacity of ground mass put the problems of
cut-and-cover / cover-and-cut tunnels off the track, without respect to the fact
that this area is inseparably connected with tunnel construction and the work
on designs and construction requires at least the same level of attention as the
work on mined tunnel sections. It is possible to say that, with respect to the
character of the structure, its placement into the surrounding environment and
the loads acting on it, cut-and-cover / cover-and-cut tunnels respond much
more sensitively in the case of mistakes or deviations from the predicted con-
dition. While in the case of mined tunnel sections we can still rely on the
often merciful ground mass and hope for higher or lower self-supporting
capacity of the mass, there is not and must not be any similar help for the
designer or contractor to rely on in the case of cut-and-cover / cover-and-cut
tunnels. In the following text, we deal with some areas which can signifi-
cantly affect a successful design and the subsequent implementation of cut-
and-cover / cover —and-cut tunnels, using previously completed tunnels or
tunnels which are prepared for construction as examples.

DESIGNING DIMENSIONS OF A LINING - ARE THE LOADS
KNOWN OR UNKNOWN?

When a primary or final lining of mined tunnel sections is being designed,
the confining pressure or hydrostatic pressure is usually a great unknown.
When determining it, the designer mostly falls back upon complicated cal-
culations using mathematical models. Exact calculations are burdened by
a range of inaccurate of hard to determine input values and boundary condi-
tions. Interpreting the results requires significant experience and a certain
detached attitude because expressing geological conditions along a tunnel
alignment by means of a mathematical model always means certain simplifi-
cation of the real state. This is why the designers have, with great relief,
recourse to calculations for cut-and-cover tunnels, where, on the one hand,
they must deal with the issue of boundary conditions in the area of foundati-
on structures or take into consideration the determination of the backfill

Obr. 1 Asymetrickd stavebni jama tunelu Vepiek
Fig. I Asymmetric construction trench — the Veprek tunnel
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Obr. 2 Postupné obsypdvdni tunelu podle rysek na geotextilii
Fig. 2 Gradual backfilling of the tunnel according to marks on the geotextile

a vpravo konstrukce do max. 1 m. Zdrojem fatdlni chyby mohla byt ziména
vyztuZe na levé a pravé strané osténi. Vykresy vyztuZe proto projektant dopl-
nil o popis ,.k hofe“ a ,k fece®, které jednoznacné urfovaly, kam md byt
vyztuz v konstrukci umisténa. Zhotovitel pristoupil k navrzenému technolo-
gickému postupu velmi zodpovédné a vystavba probéhla bez komplikaci.
Technologicky postup hutnéni usnadnovalo znaceni jednotlivych drovni hut-
néni, které zhotovitel vyznacil na geotextilii, kterd slouZila jako ochrana hyd-
roizolacni folie (viz obr. 2).

Hloubené tunely v oblasti portdlu Komorany stavby 513 silni¢niho okru-
hu kolem Prahy (SOKP) predstavuji priklad, ktery se zpocitku jevil
z hlediska zatiZen{ jako zcela bezproblémovy. Dva paralelni tubusy hloube-
nych tunelt délky 170 m, provddénych v paZené stavebni jamé $itky 50 m
a hloubky téméf 30 m, prekryvala v nejhlub$im misté jamy vrstva az 15 m
horizontdlné uloZeného zdsypového materidlu. Zatimco volny prostor mezi
obéma tunely dosahoval u portdlu $itky jen 4 m, mezi bokem tunelu
a paZenim stavebni jamy volnd $itka neptekracovala 1,5 m. Do tohoto jiz tak
velmi tzkého prostoru zasahovaly jednak prevdzky a hlavy lanovych kotev
stabilizujicich paZenf stavebni jamy, jednak vyklenky pro kabiny SOS, které
se zadni sténou opiraly o paZeni a uzaviraly tak prachod do dal$iho tdseku
jamy (viz obr. 3). Celou situaci komplikovaly i zdkladové poméry. I kdyZ se
podle progndzy stanovené na zdkladé IG prizkumu mély mélce pod masiv-
ni zékladovou klenbou jiz nachdzet jilovité bridlice, zastihl zhotovitel pri
hloubeni stavebni jdmy mohutnou vrstvu piski. Na tuto skuteCnost bylo
nutné rychle reagovat a na zpusob provadéni a ochrdnéni zdkladové spéry
nepanoval jednotny ndzor. Zaznivaly hlasy prosazujici prehutnéni nebo
dokonce vyménu podloZi. Vzhledem k jemnozrnnosti a mocnosti vrstvy
piskl nakonec prevazil ndzor na ponechéni ochranné vrstvy rostlého mate-
ridlu tloustky min. 1 m a tvarovéni zdkladové spéry s Gstupem tak, aby neby-
la pojizdéna mechanizmy. Po vytvarovani spary do tvaru klenby ndsledoval
ochranny ndstfik betonu, betondZ podkladniho betonu a montdZ vyztuZe.
Pokud doglo z jakéhokoli duvodu k nakypreni zdkladové spary, byl materi-
al vyménén za vrstvu monolitického betonu. Prace probihaly za ptisného
dozoru investora i zhotovitele a po Uspé$ném zaloZeni probéhla stejné

Obr. 3 Omezeny prostor ve stavebni jamé Komorany tuneli stavby 513
Fig. 3 Constricted space in the Komorany construction trench for the PCCR
513 tunnels

material toughness, on the other hand, determining the load exerted by the
backfill does not pose, at first glance, any problem. Certain complications are
posed by asymmetric loading when dimensions of the lining of cut-and-cover
tunnels are being calculated. The asymmetry can be caused either by the final
shape of the surface relief above the backfilled tunnel or by hard to meet requ-
irements for compaction using machines in constricted construction trench
conditions. In addition, the two causes may take place simultaneously.

The double-rail Veprek tunnel on the first rail corridor between Prague —
Décin — Dresden is one of typical examples of sections of cut-and-cover tun-
nels loaded asymmetrically due to the surface relief. The horizontal align-
ment of the existing track, running along the Vltava River, did not allow inc-
reasing the speed limit over the track. A change in the horizontal alignment
brought about the necessity of leading the track through a hillside tunnel with
a very unfavourable angles of the tunnel entering the hill at both portals. The
shape of the construction trenches for the cut-and-cover tunnels and the level
of the backfill corresponded to this situation (see Fig. 1). The depth of slo-
ped excavation trenches at the interface between the cut-and-cover and mined
sections reached 30m. The final transverse slope of the terrain, which was
carried out at a ratio of 1:2 to 1:3, induced, owing to the asymmetry of the
backfill height, asymmetric stresses in the lining, which had the deciding
effect on the reinforcement design. With the minimum thickness of the lining
of 600mm, the reinforcement content on the side facing the slope markedly
differed from the side adjacent to the Vltava River. The designer proposed
a working procedure for the backfilling on the basis of a structural assessment
of consecutive phases of backfilling of the structure and the final level of the
backfill. The procedure was thoroughly adhered to by the contractor. The
principle was that backfilling started on the tunnel side facing the river, the
backfill material was consistently compacted to reach prescribed parameters
and the maximum difference between the backfill levels on the left side and
right side of the structure was held at 1m. Confusion in the installation of
concrete reinforcement on the left side and right side of the lining structure
could have become a source of a fatal error. For that reason the designer
added a legend ‘toward the mountain’ or ‘toward the river’ in reinforcement

Obr. 4 Postup vystavby ve stavebni jimeé Komorany
Fig. 4 Construction procedure in the Komorany construction trench




19. rocnik - €.1/2010

Tuel

Obr. 5 Deformace hloubenych tunelu vlivem zasypdvdani
Fig. 5 Deformations of cut-and-cover tunnels due to backfilling

lispésné i betondz osténi hloubenych tseku obou tunelt. Jednotlivé fize
postupu vystavby viz obr. 4, na kterém je patrnd tprava zdkladové spary
podkladnim betonem, montdz vyztuze a v pozadi probihajici betondz spod-
ni klenby tunelu. Provadéni zpétnych zdsypu provézely komplikace spojené
s nedostatenym prostorem mezi tunely a paZenim stavebni jamy. Ze static-
kych divodi bylo nutné u prvnich 2 blokl betondZe pred raZenymi tunely
s nejvyS§i vrstvou zdsypu provést vyplnéni prostoru mezi tunely a sténou
jamy i mezi obéma tubusy tunelil hubenym betonem, coZ zajistilo dostate¢-
nou tuhost podepreni boku tuneli. Bez tohoto opatfeni by nebylo mozné
konstrukei bez vétSich tprav nadimenzovat, i kdy? tloustka osténi dosaho-
vala ve vrcholu klenby 1 m a do boku se rozsifovala aZ na 2 m. Ve zbyvaji-
cim tseku s niz§im nadloZim byl pro zdsyp stavebni jdmy pouZit na bocich
tunelu pisek a ve vy$Sich partiich jdmy predrcend rubanina z tunelu.
Vzhledem k prostorovym moznostem probihalo hutnéni mezi tunely a podél
paZeni stavebni jdmy riznymi mechanizmy. Pies veSkerou snahu se ziejmé
nepodarilo dosdhnout stejné tuhosti zdsypu po obou strandch konstrukce
a ndsledkem toho doslo k nesymetrickému zatiZeni konstrukce, prestoze
troven definitivniho terénu po provedeni zasypu je v piicném fezu vodo-
rovnd. Nesymetrii zatiZen{ vlivem nerovnomérného hutnéni ukdzala aZ geo-
detickd méfen{ deformace osténi, provddénd v méfickém profilu, obdobné
jako tomu je pri méfeni deformaci primérniho osténi. Pootoceni a posun
tunelu nezpusobila v tomto pripadé netinosnost podloZi, ale zpusob prova-
déni zésypu, kdy dochdzelo k deformaci osténi smérem do obtizné zhutni-
telného zdsypu na bocich tunelu. Tomu odpovida na obr. 5 vektorové znd-
zornéni deformace osténi obou tunelovych trub.

Zatimco na zdpadnim portdle tunelu nebylo nutné ménit tvar konstrukce
a navrzend spodni klenba po dpravdch odpovidala zastiZenym geotechnic-
kym podminkdm, na opaéném portéle navrhl projektant RDS po otevrenf sta-
vebni jamy tpravu zpusobu zaloZeni hloubenych tunelu. I kdyZ z6na zvétra-
ni zasahovala do zna¢né hloubky, v drovni zdkladové spdry jiZ geotechnické
parametry umoztiovaly prechod z plosného zaloZeni tuneli na spodni klenbé
na zaloZeni na patkdch. Projektant se tim sice dostal pfi zméné projektové
dokumentace do Casovych problému, ale zmenSeni objemu zemnich
i betondiskych praci, zjednoduSeni provadéni i dspora investi¢nich ndkladi
v fadu desitek miliont korun za to stdla.

Nejmarkantnéj§im piikladem asymetrického zatiZeni hloubenych tunelt je
portalovy tiseku tunelu Libouchec na ddlnici D8 v tiseku z Usti nad Labem
na statnf hranici CR/SRN. V pifpadé jizniho portdlu tunelu Libouchec muse-
la byt vychodni tunelové trouba s ohledem na provadéni zdsypu a sklony
nésypovych téles prodlouZena v prubéhu vystavby a7 o0 24 m. Z prostorovych
divodu nebylo mozné zdsadné ménit dispozi¢ni usporadani v oblasti portalu
a posouvat provozné technologicky objekt tunelu. Zasyp byl proto ukoncen
v trovni vrcholu klenby tunelu a jeho vychodni bok priléhajici k provozné-
technologickému objektu byl zcela obnazen. Estetické pojeti obkladu obna-
Zeného boku tunelu v krajiné Krusnych hor ukazuje obr. 6. Osténi pod Cedi-
¢ovym obkladem je z vodonepropustného betonu.

VYZNAM OPTIMALIZACE TVARU VYKLENKU

Zatimco v pripadé razenych dseku tunell je rubové bednéni tvoreno pri-
mérnim osténim, u hloubenych tunelt je nutné vybavit bednici vuz kontra-
bednénim. Souldsti bezpenostniho vybaveni silni¢nich tuneld jsou
vyklenky skifni SOS, vyklenky poZdrnich hydranti nebo vyklenky Sachet
Cisteni boc¢ni tunelové drendze, které zpravidla z osténi vystupuji
a komplikuji provadéni. U Zelezni¢nich tunelu je situace obdobnd, nebot
k bezpenostnim prvkum patif zdchranné vyklenky, jejich vzdalenost dosa-
huje max. 25 m. Vyhodou u Zelezni¢nich tunelt je moZnost umisténi Sachet

drawings, unambiguously marking the location for reinforcement bars where
they were to be placed. The contractor’s attitude to the proposed technologi-
cal procedure was highly responsible; the construction was carried out wit-
hout complications. The technological procedure for the compaction work
was facilitated by marking of individual levels of the compacted backfill on
either side. Marks were made on the geotextile protecting the waterproofing
membrane (see Fig. 2).

The cut-and-cover tunnels in the area of the Komorany portal of the con-
struction lot 513 of the Prague City Circle Road (PCCR) are an example of
a construction which appeared in the beginning as absolutely trouble free as
far as the loading was concerned. Two parallel 170m long tubes of the cut-
and-cover tunnels, which were constructed in a 50m wide and nearly 30m
deep construction trench, were covered in the deepest point of the trench by
an up to 15m thick horizontally deposited backfill material. While the width
of the free space between the two tubes reached a mere 4m at the portal, the
free width of the gap between the tunnel side and the excavation bracing did
not exceed 1.5m. In addition, walers and heads of cable anchors stabilising
the construction trench bracing extended into this, anyhow very natrow,
space. Recesses for SOS cabins also clogged this space. Rear walls of the
cabins leaned against the bracing, thus hampering the passage along, to the
neighbouring section of the construction trench (see Fig. 3). The whole
situation was further complicated by the foundation conditions. Despite the
fact that, according to the EG survey, clayey shales were to be found already
at a shallow depth under a massive invert, the contractor encountered a huge
layer of sand during the excavation of the construction trench. This fact had
to be quickly responded to, but the opinion on the method of executing the
work and protecting the foundation base was not unified. Voices were heard
pushing through overcompaction or even replacement of the foundation bed.
Taking into consideration the fineness of the sand and thickness of the sand
layer, the opinion finally prevailed that an at least 1m thick protective layer
of native material should be left untouched, and the foundation base be unco-
vered step by step to avoid driving of construction equipment on it. When the
shaping of the foundation base into the shape of the inverted arch had been
completed, a protective layer of shotcrete was applied, then blinding concre-
te was placed and reinforcement installed. If, for any reason, the foundation
base got loosened, the loose material was replaced by a layer of cast-in-place
concrete. The work proceeded under strict supervision by the owner and the
contractor. When the foundation had been successfully completed, the lining
of the cut-and-cover tunnel sections was cast with the same success.
Individual phases of the construction procedure are presented in Fig. 4, sho-
wing the foundation base covered with blinding concrete, the installation of
reinforcement and, in the background, the casting of the tunnel invert. The
work on the backfill was accompanied by complications associated with the
insufficient space between the tunnels and the bracing of the construction
trench. For structural reasons, it was necessary at the two casting blocks adja-
cent to the mined tunnels to fill the space between the tunnels and the con-
struction trench wall and between the two tunnel tubes with lean concrete.
This action ensured sufficient rigidness of the support of tunnel sides.
Without this measure, it would have been impossible to design dimensions of
the structure without substantial measures, despite the fact that the thickness
of the lining in the crown reached 1m and gradually increased on the sides up
to 2m. In the remaining section where the overburden was higher, the back-
fill of the construction trench consisted of sand (on the tunnel sides) or crus-
hed muck from the tunnel (in higher parts of the trench). Various types of
compaction equipment were used, depending on the space available between
the tunnel tubes and along the construction trench bracing. Despite all efforts,
it is obvious that the attempt to achieve uniform rigidness of the backfill on




Obr. 6 Obklad jednostranné obnaZeného portdlového bloku tunelu Libouchec
Fig. 6 Cladding of the exposed side of the Libouchec tunnel portal block

Cisténi bocni drendZe a napojovacich mist pozdrntho suchovodu do
zdchrannych vyklenkl, ¢imz se celkovy pocet vyklenkd zmenSuje.
Z hlediska statické funkce osténi, bednéni konstrukce i poklddky hydroizo-
la¢ni flie je optimélni, pokud tvar vyklenku nezasahuje za rub osténi
a cely vyklenek lze zakomponovat do tloustky osténi, kterd v opéfi hlou-
benych tunelt dosahuje znainych rozméru. Zatimco vyklenky SOS nebo
zdchranné vyklenky nelze vzhledem k jejich rozméram do osténi integro-
vat, v pripadé vyklenku poZdrnich hydrantu a vyklenku Sachet ¢isténi bocn{
tunelové drenaZe toho lze u silni¢nich tuneld dosédhnout vhodnou optimali-
zaci jejich tvaru a uzplsobenim prubéhu drenaZi. Dalsi vyhodou ,,skryti*
vyklenku do osténi je, Ze zadni sténa vyklenku nezasahuje do stavebni
jamy, ¢imZ je zachovdna stejnd manipulaéni §itka podél tunelové trouby. To
hraje ve stisnénych pomérech stavebnich jam zdsadn{ roli jak pfi betondzi
osténf a provadéni hydroizolact, tak pfi provadéni zdsypu.

Jako piiklad optimalizace tvaru vyklenki lze uvést vyklenky ¢isténi dre-
néZe u tuneli Libouchec a Panenskd, které se oba nachézeji na délnici D8
pred hranici se SRN. S predstihem projektovany tunel Panenskd mél vyklen-
ky ¢isténi drendZe navrZené pro puvodni prumér Sachet podle zaddvaci doku-
mentace, a to zdsadnim zptisobem ovlivnilo hloubku vyklenku. Pfi projedna-
vani technického feseni tunelu Libouchec se podarilo diky pozitivnimu pri-
stupu investora zmenSit prumér Sachet na Cisténi bo¢ni tunelové drendze na
pouhych 500 mm pri hloubce Sachet 1,5 m. Vysledny efekt ukazuje obr. 7, na
kterém je vlevo bednéni vyklenku na tunelu Panenskd, vpravo optimalizova-
ny tvar pro tunel Libouchec. Pro betondz kratStho tunelu zhotovitel nevahal
nechat vyrobit nové bednici formy vyklenku.

Pii projektovéni realizadni dokumentace tuneli stavby 513 silni¢niho
okruhu kolem Prahy vyuZil zpracovatel realiza¢ni dokumentace zkuSenost{
z tunelu Libouchec a po ¢etnych jedndnich s investorem a budoucim provo-
zovatelem se mu podafilo prosadit zmenSeni pruméru Sachet ¢isténi bocni
drendZe z 800 mm na 600 mm. Vysledek optimalizace byl je§t¢ mnohem
markantnéjsi, neZ u tunelt na ddlnici D8. Hlavn{ obavou investora pfi zmen-
Seni pruméru Sachty je ndslednd ddrzba. ZkuSenosti z provozu ukazuji, Ze

Obr. 7 Bednéni puvodniho (vlevo) a optimalizovaného (vpravo) tvaru vyklen-
ku ¢isténi drendZe

Fig. 7 Formwork for the original shape (left) and optimised shape (right) of
the drainage cleaning recess
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both sides of the structure failed. As the result, asymmetric loads acting on
the structure developed, despite the fact that the final terrain level after the
backfilling is horizontal in the cross section. The asymmetry of the loading
due to non-uniform compaction was proved subsequently by surveying of the
lining, which was carried out at a measurement station, similar to the measu-
rements of deformations of the primary lining. The angular rotation and dis-
placements of the tunnel were not caused by instability of the sub-grade in
this particular case. They were caused by the backfilling technique, where
deformations of the lining occurred in the direction of the hard to compact
backfill along the tunnel sides. The vector representation of deformations of
both tunnel tubes shown in Fig. 5 corresponds to this opinion.

While the shape of the structure at the western portal of the tunnel did not
have to be changed and the designed inverted arch, after some modifications,
was adequate to the geological conditions encountered, the designer for the
detailed design proposed, when the construction trench excavation on the
opposite portal side was finished, a change in the cut-and-cover tunnel foun-
dation system for this section. Even though the weathering zone reached rat-
her great depths, the geotechnical parameters found at the foundation base
level were already sufficient to allow transition from the flat foundation of the
tunnels on the inverted arch to foundation on footings. In doing so, the desig-
ner encountered time-related problems having to change the design, but the
reduced volume of earthmoving and concrete casting work, simplified work
and savings in investment costs in the order of tens of millions CZK were
worth the effort.

The most marked example of asymmetric loading on cut-and-cover tun-
nels is a portal section of the Libouchec tunnel on the D8 motorway in the
section between the city of Usti nad Labem and the border between the Czech
Republic and Germany. In the case of the southern portal of the Libouchec
tunnel, the eastern tunnel tube had to be extended during the course of the
construction by up to 24m with respect to the backfilling operations and the
gradients of slopes of the embankments. For space-related reasons, it was
impossible to substantially change the layout in the area of the portal and shift
the tunnel service building structure. For that reason, the backfill was termi-
nated at the level of the tunnel vault crown and the eastern side of the tunnel
adjacent to the service building was left completely exposed. The aesthetic
concept of the cladding of the exposed tunnel side in the Krusné Mountains
landscape is shown in Fig. 6. The lining under the basalt cladding is in water
retaining concrete.

IMPORTANCE OF THE OPTIMISATION
OF THE SHAPE OF RECESSES

While the external formwork for mined tunnels is provided by a primary
lining, it is necessary in the case of cut-and-cover tunnels to equip the travel-
ling formwork with an outside shutter. Part of the safety equipment of road
tunnels are recesses for SOS cabins, fire hydrant recesses or recesses for cle-
aning manholes on side drains, which usually protrude from the lining and
complicate the operations. In railway tunnels, the situation is similar becau-
se there are safety recesses installed at maximum 25m intervals among tun-
nel safety elements. An advantage of rail tunnels is the fact that installing the
side drainage cleaning manholes and connection points of the (dry) fire main
in safety recesses is allowed, thus the total number of recesses is reduced. As
far as the structural function of the lining is concerned, the work on the form
and the application of a waterproofing membrane are optimal if the shape of
recesses does nor extend beyond the outer side of the lining and the entire
recess can be incorporated into the lining wall thickness, which is quite great
at the side wall level of cut-and-cover tunnels. Whereas SOS recesses or safe-
ty recesses cannot be integrated into the lining because of their dimensions,
the incorporation is possible in the case of fire hydrant recesses and recesses
for cleaning manholes on side drains in road tunnels by optimising their
shape and adapting the routes of drains. Another advantage of “hiding”
a recess in the lining is the fact that the rear wall of the recess does not pro-
trude into the construction trench, therefore a uniform width of the handling
space along the tunnel tube is maintained. This feature plays a crucial role in
the constricted space in construction trenches, during casting of the lining and
installing of waterproofing layers, as well as during backfilling operations.

As an example of the optimisation of the shape of recesses, we can menti-
on the drainage cleaning recesses in the Libouchec and Panenskd tunnels,
which are both found on the D8 motorway, before the border with the FRG.
The drainage cleaning recesses for the Panenska tunnel, which was designed
in an advance, were designed for the original diameter of the manholes given
by the tender documents, which fact principally affected the depth of the
recess. When the technical solution for the Libouchec tunnel was being nego-
tiated, the side drainage cleaning manhole diameter was successfully reduced
to a mere S00mm at the manhole depth of 1.5m, thanks to the owner’s posi-
tive attitude. The resultant effect is shown in Fig. 7, in which the formwork
for the Panenskd tunnel is on the left side and the optimised formwork shape
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Tuel

Obr. 8 Optimalizace tvaru vyklenku u tunelu SOKP 513
Fig. 8 Optimisation of the recess shape in the PCCR 513 tunnels

pramér Sachty neini pii ¢isténi Z4dné problémy. Zdsadni roli hraje pravidel-
nd udrzba drendzniho systému, zejména v prvnich letech po uvedeni tunelu
do provozu, kdy dochdzi k vyluhovéni jemnych ¢astic z horninového masivu
i ze strikaného betonu primérniho osténi. Pri prvnim Cisténi po uvedenf tune-
lu do provozu se ukdzalo, Ze sedimenty v potrubi mohou dosahovat znaénych
tlousték. K rozptyleni obav investora prispélo zmenseni hloubky Sachet.
Tunely SOKP 513 se nachézeji ve dvou protismérnych obloucich s pricnym
sklonem vozovky 2,5 %. Na zdklad€ zahrani¢nich zkuSenosti navrhl projek-
tant natdCeni celého profilu tunelu podle pricného sklonu vozovky, ¢imz
uspofil na hloubce Sachty oproti ptivodnimu ndvrhu cca 15 cm a zejména
zjednodusil pristup k drendZzim, coZ hraje zasadni roli pfi jejich pravidelném
Cisténi. U nenatoCeného profilu pri $itce tiipruhového tunelu 14,5 m,
u Ctyipruhového dokonce 18 m, piicny sklon vyrazné ovliviiuje prostorové
usporadani na boku tunelu a tim i hloubku drendZi pod drovni chodniku.
Zmenseni pruméru Sachty a pouZiti zalomeni zadni stény vyklenku (opét dle
zahrani¢niho vzoru) vedlo k takovému zmenSeni vyklenku &istén{ drendZe,
Ze konstrukéné nezasahoval do rubu osténi hloubeného tunelu. Vyznam opti-
malizace tvaru vyklenku je zfejmy z obr. 8, kde je porovndn tvar konstrukce
podle zaddvaci a podle realizani dokumentace. Stejny tvar vyklenku ¢isté-
ni drenaZe byl pouzit i pro vyklenky poZzédrnich hydrantu, coz bylo umozné-
no navrhem modernich tunelovych hydrant s vyvody typu A a B nad sebou
kolmo k ose tunelu. To vedlo k dal§imu zjednoduseni bednicich prvka defi-
nitivnho osténi. Tento tvar vyklenku, vyvinuty z potfeby zjednoduseni bed-
néni hloubenych tunel, byl nakonec pouZit i v raZenych tisecich tunelu stav-
by 513.

Naopak negativni dopad do konstrukéniho feseni tunelového osténi mély
pozadavky na vedeni drendzi. Zatimco v razené Césti tunelu probihd tunelo-
vd drendz podél patky osténi primo, u hloubeného tunelu zabiha kvuli tvaru
rubu osténi tunelu do vyklenku na Ci§tén{ drendZe a ndsledné vybihd opét za
rub osténi. Uhel odbo&eni hraje v§znamnou roli z hlediska konstruk&nich
tiprav vyztuZe osténi. Zatimco na tunelu Libouchec probihalo odboceni pod
tihlem 30°, v piipadé tuneld stavby SOKP 513 poZadoval investor provést
odboceni pod tihlem pouhych 15° s ohledem na lep$i moZnost revize a ¢isténi
drendzniho potrubi. Zdanlivé idedln{ feSeni z hlediska vodarského se nega-
tivné promitlo do konstrukéntho feSeni z hlediska stavebniho. ProdlouZeni
tiseku, kde drendZni trubka prochdzi patou tunelu, i neptiznivy dhel drendZze
k osténi ovlivnily provadéni vyztuZe na tseku délky pres 3 m (viz obr. 9).
Piiklad ukazuje nutnost hledani kompromisu pii nalezeni optimalniho tech-
nického feSeni a posuzovéni konkrétnich detail z pohledu viech ziicastné-
nych profesi.

1ZOLOVAT, €I NEIZOLOVAT?

V soucasné dobé je ve vétsiné piipadi v CR zajidténa vodonepropust-
nost osténi hloubenych tunelt hydroizolaéni f6lii. Standardné pouZzivana
signdlni vrstva plni svou funkci v piipadé raZenych tuneld, kdy lze pomo-
cf vrypa do signdlni vrstvy kontrolovat piipadnd poskozeni zpusobend
napr. pri instalaci vyztuze. U hloubenych tunell predstavuje nejvetsi
nebezpedi pro hydroizolaéni f6lii provddéni zdsypu a hutnéni v tésné bliz-
kosti konstrukce. V tomto pripadé signdlni vrstva jiz nemuZe pii identifi-
kaci poskozeni pomoci a vady se projevi zpravidla az po provedeni zasy-
pu nebo dokonce po uvedenti tunelu do provozu. Podzemni voda prosaku-
jici poskozenym mistem hydroizolaéni félie nepronikd do tunelu v misté
poruchy, ale v pracovni ¢i dilata¢n{ spare nebo v misté oslabeni betonu
osténi. Sanace takového problému je obtiZnd a finan¢né i ¢asové ndrocnd.
Snahou projektanta i zhotovitele proto je navrhnout ochrannou vrstvu hyd-
roizolacni félie tak, aby se riziko poskozeni minimalizovalo. MoZznosti je
nekolik. Pri vystavbeé Zelezni¢niho tunelu Veprek navrhl projektant po
dohodé se zhotovitelem a investorem ochranu hydroizola¢ni félie tl. 3 mm

Obr. 9 PreruSeni vyztuzZe pri prichodu drendZe osténim
Fig. 9 Cutting out of reinforcement bars for the passage of drainage through
the lining

for the Libouchec tunnel on the right side. The contractor did not hesitate to
order new forms for the recesses when casting the shorter tunnel.

When working on the detailed design for tunnels on construction lot 513
of the Prague City Circle Road, the designer used the experience obtained on
the Libouchec tunnel and, after numerous discussions with the project owner
and future operator, he managed to push through the reduction of the diame-
ter of side drainage cleaning manholes from 800mm to 600mm. The result of
this optimisation was even more visible than that in the case of the tunnels on
the D8 motorway. The main concern of the owner was the future maintenan-
ce if the diameter is reduced. The experience gained during operation shows
that the diameter of a manhole causes no problems during the drainage clea-
ning. The crucial role is played by regular maintenance of the drainage sys-
tem, first of all during the first years after the tunnel commissioning, when
washing out of fines from the ground mass and the shotcrete primary lining
takes place. It turned out during the initial cleaning after the tunnel commis-
sioning that the thickness of sediments in the pipeline can be significant. The
reduction in the depth of manholes contributed to dispelling the owner’s con-
cerns. The PCCR 513 tunnels are found on two reverse curves with the trans-
verse incline of the roadway of 2.5%. The designer, using experience from
abroad, proposed that the entire tunnel profile be rotated proportionally to the
transverse incline of the roadway, thus he saved about 15cm of the manhole
depth compared to the original design and, first of all, simplified the access
to drains, which fact plays crucial role during regular cleaning of the drains.
In the case of a non-rotated profile, at the triple-lane tunnel width of 14.5m
and even 18m width in the case of the quadruple-lane tunnel, the transverse
incline significantly affects the geometric design on the tunnel side, thus also
the depth of drains under the pavement surface. Reducing the manhole dia-
meter and using a rebated rear wall of the recess (again according to a foreign
model) led to such reducing of the drainage cleaning recess dimensions that
the structure did not reach the external side of the cut-and-cover lining. The
importance of optimising the shape of the recess is obvious in Fig. 8, where

Obr. 10 Ochrana hydroizolace strikanym betonem
Fig. 10 Protection of the waterproofing with shotcrete




Obr. 11 Ochrana hydroizolace recykldtem pryie ELTEC
Fig. 11 Protection of the waterproofing with ELTEC recycled rubber plates

pouze pomoci geotextilie 800 g/m? a $térkopiskovym obsypem (viz obr.
2). Diky precizni a bezchybné préci zhotovitele Metrostav se podarilo
hloubené tseky dokonale zaizolovat a po 8 letech provozu lze konstatovat,
Ze hydroizolacni f6lie plni svou funkci.

Pii vystavbé tuneld stavby SOKP 513 navrhoval projektant zadavaci doku-
mentace ochranu hydroizolaéni félie pomoci stifkaného betonu. Jednd se
o spolehlivy zpusob, ktery byl pouZit napf. pfi vystavbé tunelu Sitina
v Bratislavé (viz obr. 10). Jeho pouZit{ v8ak v piipadé tuneld SOKP 513 nara-
zilo na prostorové poméry ve stavebni jomé. Omezeny prostor mezi sténou
jémy a osténim tunelu technicky neumoznoval néstiik betonu provést.
Zhotovite]l SKANSKA BS proto spole¢né s projektantem RDS hledali alter-
nativni feSeni, které by zohlednilo zvysené riziko poskozeni f6lie pfi mani-
pulaci mechanizma ve stisnénych pomérech jamy. Ochrana félie pouze geo-
textilif v tomto piipad€ nezaruCovala bezchybné provadéni praci. Pivodné
navrhovany strikany beton po fadé diskusi nahradily nakonec pésy recykld-
tu. Zhotovitel nejprve pouzil na krat§im 70 m dlouhém presypaném tunelu
pasy z recyklované pryZe ELTEC GR 850 FS tloustky 20 mm. Trvanlivost
i odolnost past proti mechanickému poskozeni dokladovaly atesty vyrobku
provadéné v souvislosti s jeho pouZitim pod prazci na Zeleznici. Instalace na
osténi tunelu probihala bez vétSich problémi a vyrobcem dokladované
mechanické vlastnosti materidlu ddvaly zdruku dobrého vysledku (viz obr.
11). Komplikace prisly v okamziku, kdy je nikdo necekal, a jak se pozd&ji
ukézalo, souvisely s klimatickymi podminkami. Paradoxné se jednalo
o0 poCasi pro provadéni izolaterskych praci optimalni. Pfi osvitu slune¢nimi
paprsky se diky Cerné barveé materidl zacal rychle zahiivat a ndsledné mék-
nout. Vlastni vahou tak doglo k protaZen{ a nezadoucimu zvInéni. Svou roli
hrdl i tvar tunelu, jehoZ boky byly svislé a péasy nebyly k osténi nijak upev-
nény. I pres uritou komplikaci pri provadéni se podarilo zpétné zasypy
zvladnout a v dne$ni dobé je jiZ tunel v celém rozsahu zasypan (viz obr. 12).
Ziskand zkuSenost byla pro ucastniky vystavby cennym poucenim a pro
ochranu izolace pres 170 m dlouhych dseka na portdlu Komorany a 85 m
dlouhych tseku na portdlu Cholupice jiZ zhotovitel pouZil recykldt S-FOAM,
ktery i pri zahrat{ své mechanické vlastnosti zdsadné nemenil.

Pouziti hydroizola¢ni félie neni jedinou moznosti, jak zajistit vodonepro-
pustnost osténi hloubeného tunelu. Dalii zpusob predstavuje pouZiti betonu
odolného proti prusakim s tésnénim pracovnich a dilatanich spar mezi bloky
betondZe sparovymi pasy. V mensim rozsahu doslo k dspéSnému nasazent této
alternativy jiz na hloubenych dsecich tunelt Veprek a Libouchec, i kdyZ délka
tisekt neprekrocila 40 m. Osténi hloubenych tunelt odolné proti prusakam
navrhl projektant i na Zelezni¢nich tunelech Mald Huba a Hnévkovsky 1., pri
realizaci se vSak nepodarilo zajistit poZadovanou kvalitu provadéni betonu
a konstrukce musela byt dodate¢né izolovdna pomoci félie. Vodonepropustny
beton se pouzil i na ¢dsti tuneld staveb Metro IVC1 a tunelového komplexu
Blanka.

Dalif rozsahlé pouziti osténi z betonu odolného proti priisakiim se v CR nyni
chystd. V listopadu 2009 zapocalo hloubeni stavebni jamy dvoukolejného
Zelezni¢niho tunelu Voticky na tratovém tiseku Votice—Benesov u Prahy. Tunel
je vzhledem k nizkému nadlozi v celé délce 590 m provadén jako hloubeny.
Jeho délka byla pri¢inou, pro¢ se projektant po dohod€ s investorem rozhodl pii
zajisténi vodonepropustnosti nespoléhat na hydroizolaéni félii. Vzhledem
k tomu, Ze vodonepropustné osténi dosud nebylo v takovém méfitku v CR pou-
7ito, a i s ohledem na negativni zkusenosti z jiZ zmitiovanych tuneli Mald Huba
a Hnévkovsky L., si investor vyminil jako pojistku pro lepsi odvod prosakujici
vody pouZit alespoii v &sti horni klenby nopovou f6lii. I kdyZ navrZeny zpusob
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the structure shape required in tender documents is compared with the shape
according to the detailed design. The same shape of the drainage cleaning
recess was even used for fire hydrant recesses. This use was possible owing
to a modern tunnel hydrant design with the outlet types A and B found above
one another, perpendicular to the tunnel centre line. This improvement led
to further simplifying of the formwork for the final lining. This shape of
recesses, which was developed on the basis of the need for simplifying the
formwork for cut-and-cover tunnels, was eventually used even in mined tun-
nel sections of the tunnels on construction lot 513.

Conversely, requirements for the alignment of drains had a negative effect
on the tunnel lining. While in a mined part of a tunnel the tunnel drainage
runs directly along the tunnel footings, it diverts to the drainage cleaning
recess and subsequently returns beyond the external surface of the lining in
the case of cut-and-cover tunnels. The diversion angle plays an important role
in terms of structural changes in the reinforcement of the lining. While the
diversion angle was 30° in the Libouchec tunnel, the PCCR 513 project
owner required the diversion to be only at 15° so that inspections and clea-
ning of drains were easier to perform. The solution, which was seemingly
ideal from hydraulic engineer’s point of view, negatively projected itself into
the design of the tunnel structure. The extension of the section in which the
drainage pipe runs through the tunnel footing and the unfavourable angle bet-
ween the drain and the lining affected the reinforcement placing operation
within an over 3m long section (see Fig. 9). This example shows how neces-
sary it is to seek compromises in searching for an optimum technical soluti-
on and assessing particular details from points of view of all professions col-
laborating on the design.

WATERPROOFING — WITH OR WITHOUT IT?

At the moment, the majority of cases water-tightness of cut-and-cover tun-
nel linings are secured by waterproofing membranes. A signal layer, which is
used as the standard, fulfils its role in the case of mined tunnels, where visib-
le notches in the signal layer allow the inspection of contingent defects cau-
sed, for example, when reinforcement bars are being placed. As far as cut-and-
cover tunnels are concerned, the greatest threat to a waterproofing membrane
is presented by backfilling and compacting the backfill in a close vicinity of
the structure. In this particular case the signal layer can never help to identify
damage and defects are usually discovered too late, when the backfill has been
completed or even later, after the tunnel is opened to traffic. Ground water see-
ping through the damaged point in the waterproofing membrane does not leak
into the tunnel in this location. Instead it leaks through a day joint or expansi-
on joint, or in a location where the concrete forming the lining is weakened.
Solving of such a problem is a difficult task, demanding in terms of costs and
time. The designer and the contractor therefore make all efforts to design
a protective waterproofing membrane layer minimising the risk of damage.
There are several options available. In the case of the Veprek rail tunnel con-
struction, the designer proposed and the contractor and the project owner agre-
ed to protecting the 3mm thick waterproofing membrane only with an 800
g/m? geotextile and gravel-sand backfill (see Fig. 2). Owing to the precise and
flawless work of Metrostav a.s., the contractor, the cut-and-cover tunnels were
provided with perfect waterproofing and, after 8-year operation, it is possible
to state that the waterproofing membrane fulfils its function.

Regarding the tunnels on the PCCR lot 513, the designer for the tender
documents proposed protecting the waterproofing membrane by a shotcrete
layer. This reliable method was used before, for example during the con-
struction of the Sitina tunnel in Bratislava. (see Fig. 10). The application of
this method to the PCCR 513 tunnels was found impossible due to the lack
of space in the construction trench. Owing to the constricted space between
the side of the trench and the tunnel lining, the application of shotcrete was
technically impossible. The contractor, SKANSKA BS, together with the
designer, for that reason sought an alternative solution which would allow for
the increased risk of damaging the membrane by equipment moving in the
constrained conditions of the construction trench. Protecting the membrane
only by geotextile in this case did not guarantee flawless execution of the
works. The originally designed shotcrete was, after numerous discussions,
replaced by sheets of recycled rubber. First, the contractor used 20mm thick
ELTEC GR 850 FS recycled rubber sheets on the shorter, 70m long false tun-
nel. Durability and resistance of the sheets against mechanical damage were
documented by certificates which had been issued in the connection with tes-
ting of this product for its use under sleepers on rail tracks. The application
to a tunnel lining did not encounter bigger problems and the mechanical pro-
perties of the material declared by the manufacturer gave a guarantee of
a good result (see Fig. 11). Complications arose at the moment when nobo-
dy expected them. As it turned out later, they were associated with climatic
conditions. Paradoxically, the weather was optimal for the application of
a waterproofing membrane. When exposed to the sun light, owing to its black
colour, the cladding material quickly started to heat up and subsequently to
soften. Then it got elongated by its own weight and undesirably undulated.
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Obr. 12 Kompletni zdsyp hloubeného tunelu
Fig. 12 Complete backfill of a cut-and-cover tunnel

klade vysoké ndroky na provddéni, véfime, Ze UspéSnd realizace povede
k vét§imu rozsiten{ pouZivani vodonepropustnych osténi v CR a rozptyl{ po¢é-
te¢ni obavy investora. Provddéni vyZaduje vénovat mimorddnou pozornost
névrhu betonové smési, spravnému zpusobu hutnéni, preciznimu provédéni
detaill, stanoveni doby odbednéni i oSetfovani betonu po odbednéni. Vznik
trhlin je tfeba minimalizovat snizenim hydratatniho tepla i dislednym oetfo-
vanim betonu v poldtecnich okamzicich po odbednéni nejen z hlediska vysy-
chént, ale i s ohledem na tepelny Sok. Cenou za precizni provedeni bude mini-
malni riziko prisaku a pokud k nim prece jen dojde, pak to bude skute¢né
v miste, které je problematické, coZ se u varianty s hydroizolacn folif prohlé-
sit nedd. Lokalizace poruchy je v piipadé folie velmi obtiZnd a sanace prusaku
ndro¢nd a ndkladnd, naopak u vodéodolného osténi je misto poruchy snadno
identifikovatelné a sanovatelné.

V zahrani¢i bylo osténi hloubenych tunelt z betonu odolného proti prisa-
kim vody jiz mnohokrét s tspéchem pouZito. I u tuneld s vysokou hladinou
podzemni vody jsou tzv. ,,bilé vany* béZn¢ zvlddnutym pracovnim postupem.

TUNELY CASTECNE HLOUBENE, CASTECNE RAZENE

Pod trochu kontroverznim ndzvem této ¢asti ¢lanku se skryvaji konstruk-
ce hloubenych tiseki tuneli raznych pod zastropenim. Metoda vystavby se
v CR vystizné nazyva ,zelva“. Duvoda pro¢ sdhnout k tomuto zptisobu

Obr. 13 Tvarovdni horniny do profilu klenby
Fig. 13 Moulding of ground into the shape of a vault

The tunnel shape also played its role. The sides were vertical and the sheets
were not fixed to the surface by any means. Even despite a certain complica-
tion during the work, the backfill was successfully completed and today is
completely covered (see Fig. 12). The experience which was gained became
a valuable lesson for the parties to the construction. The contractor subsequ-
ently used S-FOAM recycled plates, which did not significantly change
mechanical properties when heated, for the protection of the waterproofing
of over 170m long sections at the Komorany portal and 85m long sections at
the Cholupice portal.

The use of a waterproofing membrane is not the only way to ensure waterp-
roofing of a cut-and-cover tunnel lining. Another technique is represented by
the use of water retaining concrete with construction joints and joints betwe-
en concrete casting blocks sealed by waterstops. This alternative was success-
fully used to a smaller extent even before, on cut-and-cover sections of the
Veprek and Libouchec tunnels, where the length did not exceed 40m. The
water retaining lining of cut-and-cover tunnels was proposed by the designer
even for the Mald Huba and Hnévkov I rail tunnels. Unfortunately, the con-
tractor failed to maintain the required quality of processing the concrete, the-
refore the structure had to be provided by a waterproofing membrane. The
water retaining concrete was also used on some section of the underground
line IVCI and of the Blanka complex of tunnels in Prague.

The next use of water retaining concrete in the Czech Republic is now
prepared. The excavation of a construction trench for the Votice double-rail
tunnel on the Votice — Benesov u Prahy track section started in November
2009. Because of the shallow depth of the cover, the tunnel is designed
throughout its length of 590m as a cut-and-cover structure. Its length was the
cause why the designer, with owner’s approval, decided not to rely on
a waterproofing membrane when securing the waterproofing. Taking into
consideration the fact that such the extent of a watertight concrete lining has
not been used in the Czech Republic yet and with respect to the negative
experience with the use on the above-mentioned Mald Huba and
Hnévkovsky I tunnels, the owner insisted on the application of a dimpled
membrane to the upper part of the vault as an insurance providing better eva-
cuation of water seeping through the backfill. Even though the designed
construction technique puts heavy demands on workmanship, we believe
that successful completion will lead to wider spreading of the use of water
retaining concrete linings in the Czech Republic and will dispel the owner’s
initial concerns. This work requires exceptional attention to be paid to the
concrete mix design, a proper compaction technique, precise workmanship
on details and determination of the stripping time and curing time after the
form stripping. Developing of cracks must be minimised by reducing the
heat of hydration and thorough curing of concrete immediately after the
form stripping, not only as far as concrete drying is concerned but also with
respect to a thermal shock. The precise workmanship will be rewarded by
minimised risk of seepage and, if it occurs despite the measures, it will be in
a location which is really problematic. This cannot be stated in the case of
the waterproofing membrane variant. Locating a defect is a really difficult
task in the case of a plastic membrane and sealing of leaks is a difficult and
cost demanding operation, whereas the defect location is easy to find and
remedy in the case of a water retaining concrete lining.

Cut-and-cover tunnel linings in water retaining concrete have already been
many times successfully used abroad. The so-called “white tank” technology
(Translator’s note: “white tank” in the meaning of Austrian standards) is current-
ly commonplace even in the case of tunnels where the water table level is high.

PARTLY CUT-AND-COVER AND PARTLY MINED TUNNELS

The little bit controversial heading of this part of the paper contains struc-
tures of cover-and-cut tunnels, where the mining is carried out under a roof
deck. This construction method is aptly called the "tortoise” in the Czech
Republic. There are several reasons for choosing this construction




Obr. 14 Razba tunelu Mald Huba pod provizorni klenbou
Fig. 14 Driving the Mald Huba tunnel under the temporary vault

provadent je hned nékolik a nékteré budou v dal$im textu prezentovany na jiz
realizovanych stavbach. Pro¢ razit tunel pod zastropenim?

Prvnim z duvodt je omezent §itky i hloubky stavebni jémy a minimalizace
objemu vykopu. K hlouben{ tunelt dochdzi v misté, kde vyska nadloZi nedo-
voluje ekonomickou a bezpecnou razbu tunelu. Geotechnické poméry
v dolnich partiich stavebnich jam vsak jiZ v fadé pripadi poskytuji dostatec-
nou stabilitu masivu pro razbu. V piipadé zmifiovanych Zelezni¢nich tuneld
Mald Huba a Hnévkovsky 1. by vzhledem k reliéfu terénu predstavovalo stan-
dardn{ otevieni svahované stavebni jamy znacny zésah do krajiny. Proto pro-
jektant navrhl pouzit ,,metodu Zelva“, kdy se na vytvarovany rostly terén dna
svahované stavebni jamy po obvodu kaloty tunelu osadila separa¢ni folie a na
ni vybetonovala vlastn{ klenbové konstrukce provizorniho osténi, kterd svym
tvarem pripomind krunyt Zelvy (viz obr. 13). Na obrdzku jsou zndzornény
faze provadeni od vytvarovan{ zemniho télesa, pies poklddku separaéni folie
a geotextilie az po zahdjeni montdZe vyztuze klenby. Po dosaZeni potrebné
unosnosti klenby je mozné konstrukci zasypat a razba jiz probihd pod jeji
ochranou. Klenba plni funkci primérniho osténi a postup vystavby pod ochra-
nou klenby odpovida postupu pfi konvenénim zpusobu tunelovéani. Kromé
meng§ich rozméru stavebni jamy je dalii vyhodou moZnost pouZiti subtilné;j-
Stho osténi, nez kdyby se jednalo o standardné provddény hloubeny tsek
tunelu. Toho je dosazeno lepsim podeprenim konstrukce na bocich tunelu
rostlou horninou, nez v piipadé obsypaného hloubeného tunelu. Tunel pro-
vadény pod zastropenim zndzoriuje na piikladu tunelu Mald Huba obr. 14,
kde je jiz klenba zasypana a razba pod zastropenim umoZznila minimalizovat
objem zemnich praci spojenych s vykopem stavebni jamy. V daném useku
nebylo mo7né vzhledem k malé vySce nadloZi tunel razit standardnim zpu-
sobem a pii provadéni v oteviené stavebni jame by zvIaste levy bok jamy
zasahoval daleko do lesa.

Jednim z duvodt razby tunelu pod zastropenim je zkrdceni etapy vystav-
by, kdy je povrch tizem{ postiZen stavbou. To hraje hlavni roli pri vystavbé
méstskych tuneld. V tomto piipadé boky stavebni jamy zajistuje paZeni, které
zdroven slouZ{ jako nosnd konstrukce tunelu. Po zastropent tunelu Ize provést
povrchové tpravy a Gzemi vrdtit Zivotu ve mesté. Razba pak probihd neza-
visle na povrchu tdzemi.

Dalsi priklad ukazuje moZnost vyuZiti této metody ke stabilizaci svahu
stavebni jdmy. Jednd se o vychodni portdl ddlni¢niho tunelu Branisko na
Slovensku. V oblasti portdlu doslo v souvislosti s razbou pruzkumné $toly
i s hloubenim stavebn{ jamy pro razbu vlastniho tunelu k odtéZeni zna¢né-
ho mnoZstvi horniny v paté svahu pohoi{ Branisko. Hloubeny tunel mél byt
provéadén po ochranou kotvenych podzemnich stén. Béhem praci na prohlu-
bovani stavebni jémy hloubeného tunelu doilo k enormnim de3tim
a zvodnéni horninového masivu nad stavebni jamou. Voda prosakovala aZ
na bazi pokryvu a zasahovala i zvétralé polohy skalniho podkladu. Svah nad
tunelem se dal do pomalého, ale dlouhodobého pohybu a bylo nutné urych-
lené provést jeho stabilizaci, nebot v pripadé sesuvu piimo ohrozoval sta-
vebni jému tunelu. Kromé povrchovych drént a odvodiiovacich vrtu bylo
nutné co nejrychleji zpétné pritiZit patu svahu. Inklinometr osazeny do pod-
zemn{ stény u nestabilnfho svahu jiZ ukazoval jeji pfelomeni a nebylo Casu
nazbyt (viz obr. 15). Dal¥f odtéZovani paty svahu v misté hloubenych tune-
10 vznikl4 situace vyluovala. V misté jizniho tunelu bylo okamZité zapoca-
to s tpravou terénu do tvaru klenby. BetondZ zacala pocdtkem prosince
a znacné ji komplikovaly klimatické podminky, kdy teplota klesala
pod —15 °C. BetondZ klenby probihala pod plachtami, pod které byl vhanén
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technique. Some of them will be presented in the following text on exam-
ples of already completed projects. Why should tunnel excavation be car-
ried out under a roof deck?

The first reason is the fact that the width and depth of the construction
trench are limited and the excavation volume is minimised. The cut-and-
cover method is used in locations where the height of the overburden
does not allow economic and safe tunnel excavation. Geotechnical con-
ditions in lower parts of construction trenches often provide stability of
ground mass sufficient for the application of mining techniques.
Regarding the above-mentioned Mald Huba and Hnévkov I tunnels, ope-
ning of a sloped construction trench in a standard manner would have
meant significant intervention into the landscape. For that reason the
designer proposed using the “tortoise” method, where the natural terrain
at the bottom of the sloped construction trench was moulded into the
shape of the tunnel calotte roof, a separation membrane was spread on
the moulded ground and the vaulted structure of the primary lining, remi-
niscent of a tortoise shell, was cast on it (see Fig. 13). In addition, the pic-
ture shows phases of the process, from the ground body moulding,
through applying the separation membrane and geotextile up to com-
mencing the placement of the vault reinforcement. When the required
loading capacity of the vault is achieved, the structure can be backfilled
and the subsequent mining operation takes place under the protection of
the vault. The vault fulfils the role of a primary lining and the work under
the protection of the vault corresponds to the conventional mining pro-
cedure. Another advantage is, apart from smaller dimensions of the con-
struction trench, the possibility of designing a thinner lining than in the
case of building a standard cut-and-cover tunnel. This effect is the result
of better bracing of the tunnel sidewalls against natural ground mass than
it is in the case of the cut-and-cover tunnel. A cover-and-cut tunnel is pre-
sented on an example of the Mald Huba tunnel (see Fig. 14), where back-
fill of the vault was completed and owing to the excavation under the
roof deck the volume of earthmoving associated with the excavation of
the construction trench could be minimised. It was impossible in the par-
ticular section to apply standard mining procedures because of a shallow
overburden and, in the case of excavating an open construction trench,
the left slope above all would have extended far into the forest

One of the reasons for using the cover-and-cut technique is shortening
of the construction period, during which the surface of the area is affec-
ted by the construction works. This reason plays the main role when
urban tunnels are in question. In such the case the sides of a construction
trench are supported by bracing which serves at the same time as an ele-
ment of the tunnel structure. When the roof deck has been completed, it
is possible to carry out surface finishes and return the area to the life in
the city. The further excavation then proceeds independently of the sur-
face of the area.

The other example shows the possibility of using this method for sta-
bilising a slope of the construction trench. The construction in question
is the eastern portal of the Branisko motorway tunnel in Slovakia.
A significant volume of ground was removed from the toe of a slope of
the Branisko mountain range in the area of the portal when an explora-
tory gallery was being driven and the construction trench for driving of
the tunnel itself was being excavated. Anchored diaphragm walls were

Hr'bka (m) — Depth (m)
HI'bka (m) - Depth (m)

Posun (mm) — Displacement (mm) Posun (mm) — Displacement (mm)

Obr. 15 Prubéh deformace podzemni stény po aktivaci sesuvu
Fig. 15 Diaphragm walls deformation curve after the landslide activation
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Obr. 16 Klimatické pomery pri betondZi Zelvy na tunelu Branisko
Fig. 16 Climatic conditions during the casting of the Branisko tunnel tortoise shell

Obr. 18 Pritizent paty svahu vychodniho portilu tunelu Branisko
Fig. 18 Surcharging of the toe of the slope at the eastern portal of the
Branisko tunnel

horky vzduch (viz obr. 16). Tunel délky 4975 m byl provddén jako jednot-
roubovy, ale u vychodniho portdlu jiz byl pred dstim pruzkumné Stoly, kterd
je vedena v trase budouciho severniho tunelu, pripraven zérodek druhé tune-
lové trouby, tvoreny prefabrikovanou klenbou osazenou na zdkladovych
pasech podchycenych mikropilotami (viz obr. 17). Konstrukei tvorily pouze
dva prefabrikované dilce a staticky se jednalo o trikloubovy oblouk.
Monolitickd i prefabrikovand klenba umoznily urychlené provedeni zdsypu,
které zajistily pritiZeni paty svahu a zastavily poinajici sesuv. Pfi razb¢ pod
klenbou jizniho tunelu se jiz svahové posuny neprojevily. V soucasné dobé
je vypsdno vybérové fizeni na projekt pro tzemni rozhodnuti vystavby
druhé trouby tunelu. Budouci zhotovitel diky provedenym opatfenim jiz
nebude muset znovu otevirat problematickou oblast nestabilniho svahu
vychodniho portdlu. Na obr. 18 jsou zndzornény obé klenbové konstrukce
a Celnf gabionovd zed, kterd umoZnila zvysit objem zdsypl a pritizit tak
pasivni oblast potencidlniho svahového sesuvu.

ZAVER

Projektovén{ a provadéni hloubenych tunelt neni zdaleka tak jedno-
tvarné a snadné, jak by se mohlo na prvni pohled zddt, i kdyZ se v ném
moznd neskryvé tolik tajemstvi, jako v pripadé navrhovéni raZenych
tiseku tunelu. Uvedend problematika a priklady z praxe vystavby hloube-
nych tuneld poukazuji na nékteré aspekty, které vyznamné ovlivnily zpua-
sob projektovén{ a provadéni uvedenych tuneli. K mnoha zméndm doslo
az ve fazi realiza¢ni dokumentace, coZ bylo zpusobeno jednak reakei na
skute¢né zastizené podminky, jednak snahou o nalezeni optimalniho fese-
ni z hlediska provadént.

Zména projektu v drovni realizacni dokumentace je vZdy ndro¢nd jak na
rychlost zpracovani dpravy projektu, tak i na projedndni s ostatnimi ticast-
niky vystavby. Proto véfime, Ze uvedené zkuSenosti mohou byt pro ¢tend-
fe inspirujici a mohou jim pomoci pfi projektovani i vystavbé tuneld.

ING. LIBOR MAIéI’K, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.

Recenzoval: prof. Ing. Jiri Bartik, DrSc.

Obr. 17 Podchyceni zdkladovych patek prefabrikované klenby
Fig. 17 Underpinning of footings of the precast vault

designed to protect the construction of the cut-and-cover tunnel.
Enormous rains were encountered during the construction trench deepe-
ning operations. They saturated the ground mass above the construction
trench. Water seeped down to the base of the soil cover, reaching even
the weathered layer of the bedrock. The slope above the tunnel started
slowly but continuously to move. It had to be quickly stabilised because
it would have threatened the construction trench for the tunnel in the case
of a landslide. Apart from surface drains and drainage wells, it was
necessary as fast as possible to apply a surcharge to the toe of the slope.
An inclinometer installed in the diaphragm wall at the instable slope had
already shown that the wall was broken, there was therefore little time to
waste (see Fig. 15). Because of the new situation, further cutting off of
the slope toe in the cut-and-cover tunnel location was ruled out. The
work on moulding of the terrain into the vault shape started immediate-
ly in the location of the southern tunnel tube. Concrete casting started at
the beginning of December. It was seriously complicated by climatic
conditions, with temperatures dropping under -15°C. Concrete was pla-
ced under the protection of tarpaulins and hot air was blown underneath
(see Fig. 16). The 4975m long tunnel was built as a single-tube structu-
re, but there was a short length of the other tunnel tube prepared at the
eastern portal, in front of the mouth of the exploratory gallery following
the alignment of the future northern tunnel tube. It was formed by
a precast vault placed on foundation footings, which were underpinned
by micropiles (see Fig. 17). The structure consisted only of two precast
elements, structurally acting as a triple-hinged arch. Both the cast-in-
place and precast vaults allowed expedited backfilling so that the sur-
charge to the toe of the slope could be applied and the commencing land-
slide be intercepted. The slope movements never appeared again during
the excavation under the southern tunnel tube vault. Currently, bids have
been invited to carry out the design for issuance of the zoning and plan-
ning decision for the second tunnel tube. Owing to the implemented mea-
sures, the future contractor will not have to reopen the problematic area
of the instable slope at the eastern portal. Fig. 18 shows the two vault
structures and the front end gabion wall, which made an increase in the
backfill volume possible, owing to which the passive area of a potential
landslide was surcharged.

CONCLUSION

Designing and constructing cut-and-cover or cover-and-cut tunnels is
far from routine and easy job as it might seem at first glance, even though
there are not so many secrets hidden in it as in the case of mined secti-
ons of tunnels. The above-mentioned problems and examples from tun-
nel construction praxis indicate the existence of some aspects signifi-
cantly affecting the design and construction of the above-mentioned tun-
nels. Many changes were implemented as late as the detailed design
stage. The reason was the fact that the actually encountered conditions
had to be responded and an optimum solution in terms of the works exe-
cution had to be sought.

Any change at the detailed design level is always demanding in terms
of the short time available for the designing work and negotiations with
other parties to the construction. For that reason we believe that the expe-
rience described above can be inspiring for readers and help them in the
process of designing and constructing tunnels.

ING. LIBOR MARIK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.
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NORMY A SPECIFIKACIE PRE STRIEKANY BETON S ROZPTYLENOU
VYSTUZOU V TUNELOCH NOVEHO ZELEZNICNEHO
SPOJENIA LYON - TURIN
USE OF FIBRES, CODES AND SPECIFICATIONS IN THE CASE
OF THE NEW LYON - TURIN RAILWAY CONNECTION

BENOIT DE RIVAZ, JURAJ DOJCAK

uvoD

Nova Zelezni¢na linka Lyon—Turin leZi na kriZovatke hlavnych eur6p-
skych ciest smerujicich zo severu na juh a zo zdpadu na vychod. Jej
vybudovanie sa stiva preto projektom s vysokou prioritou v ramci EU.
Environmentdlne férum France’s Grenelle dalo projektovanému Zelez-
ni¢nému spojeniu Lyon—Turin nové impulzy. Predpokladany termin uve-
denia do prevddzky je o 20 rokov, pricom v 52 km dlhom tuneli popod
Alpy, vybavenom $pickovou technolégiou, bude betén vystuZeny ocelo-
vymi vldknami (SFRC) délezitym prvkom stavebnej Casti (obr. 1).

Spolo¢nost LYON TURIN FERROVIAIRE (LTF) uZ tri roky pro-
gresivne pracuje na realizdcii tohto megaprojektu. Ako prvé sa zacali
budovat’ Sachty a pristupové tunely v Modane (4000 m), Saint Martin
la Porte (2050 m) a La Paz (2572 m), 4000 metrov dlhy pristupovy
tunel Modane bol dokonceny 1. 11. 2007, ¢im sa vlastne stal prvym
objektom spristupfiujiicim trasu budiiceho hlavného tunela. Dva dalSie
pristupové tunely Saint-Martin-la-Porte a La Paz st v aktudlnom Case
zhruba v polovici projektovanej dlzky (medzi povrchom a hlavnym
tunelom). Hlavnd bezpecnostnd stanica, ktord sa nachddza v strede
tunela, bude spojend s pristupovym tunelom Modane.

Vybudovanie pristupovych tunelov a §dcht umoZzni{ rozvinit'razicské
prace na hlavnom francizsko-talianskom dvojrirovom Zelezni¢nom
tuneli zo St Jean de Maurienne do Venaus, ktorého projektovana dlzka
je 52,5 km. Po ukoncenf stavby hlavného tunela sa pristupové objekty
stand plne funkénymi zlozkami systému. Pri realizécii tohto projektu
sa pouziva technoldgia mokrej cesty strieckaného beténu s pouzitim
najnovsich poznatkov v oblasti chemickych prisad, aplika¢nych zaria-
deni a vystuznych vlakien. Pouzitie ocelovych vldkien ako vystuze
strieckaného beténu sa stalo Standardnou technikou na zabezpecenie
stability razenych pristupovych tunelov v rozlicnych geologickych
podmienkach. Hlavnymi kritériami pri vybere metddy razenia boli:
rychlost’ realizdcie, bezpecnost, ochrana Zivotného prostredia
a ekonomika stavebnych prac. Clanok uvidza $pecifické poZiadavky
(zariadenie, zloZenie beténovej zmesi, pravidld dimenzovania, kritéria
vykonnosti, Specifikdcie charakteristik, pouzité normy a kontrolné
postupy) na striekany betén realizovany mokrou cestou, vystuZeny
lepenymi ocelovymi vldknami.

Obr. 1 Tunel Lyon-Turin
Fig. 1 Tunnel Lyon-Turin

INTRODUCTION

The new Lyon-Turin connection (a priority project for the European
Union) is located at the intersection between the north-south an east-
west axes uniting Europe.

France’s Grenelle environmental forum has given renewed impetus
to the projected Lyon-Turin rail link. Planned to come into service in
around 20 years time, the 52-km long main tunnel under the Alps will
be a marvel of technology, in which the Steel Fibre Reinforced
Concrete (SFRC) will play an essential role.

LTF (LYON TURIN FERROVIAIRE) has for 3 years progressively
worked on the shafts and access tunnels at Modane (4000m), Saint
Martin la Porte (2050m), and La Paz (2572m).

The 4000 m deep Modane access tunnel was completed on Ist
November 2007, thus becoming the first gallery to reach the level of
the future main tunnel. Two other access tunnels, at Saint-Martin-la-
Porte and La Paz, are still at halfway point between the surface and the
main tunnel. The main safety station, located in the middle of the tun-
nel, will be connected to the Modane access tunnel.

Today this work is necessary to prepare the French-Italian tunnel
from St Jean de Maurienne to Venaus (52.5 km long) and is made up
of two parallel bores completion, but in the future these same structu-
res will be full functional components of the system. The access tun-
nels allow access to the level of the future base tunnel through the
mountain itself.

The main parameters driving the tunnelling method selection are
speed, safety, environment protection and impact limiting, resulting in
the most economically attractive solution.

Wet-mix sprayed concrete technology has been used for this project
with the latest developments in chemical additives, application equip-
ment and fibres.

The use of fibres as reinforcement has become a standard technique
to stabilise the rock early in the stage of the different access tunnel
construction for different geological conditions.

This paper will describe the specific requirements, (equipment,
concrete mix formula, design rules, performance criteria, method of
characterisation, codes applied and control) for the wet —mix sprayed
concrete reinforced with fibres used for this huge project.

1. PROJECT DESCRIPTION

Geology: assessing the terrain before the work begins

An essential first step in achieving this exceptional feat of civil engi-
neering is to eliminate geological risks by giving the engineers the best
possible geotechnical map of the area. Tunnels, especially in geologi-
cally-complex mountain areas, can only be excavated safely if the
engineers have an accurate picture of the terrain. Potential dangers,
caused by factors such as heat, water percolation and fragmentation of
the rock, must be anticipated and eliminated. As a result, scientists
have been analyzing and mapping the site since 1990.

Pressure is also an important factor that can lead to unforeseeable
rock movements. These intense mechanical stresses can significantly
compress the diameter of galleries — by up to 2 meters for a gallery that
was initially 11 meters wide!

External view of the Saint Martin access tunnel
Type of reinforcement
A tunnelling cycle adapted to the particularities of the site
1. Consolidation of the working face by glass-fibre bolting
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1. CHARAKTERISTIKA PROJEKTU

Geologické podmienky na trase tunela, zhodnotenie pred
zagatim prac

Rozhodujicim krokom pre dosiahnutie dspechu pldnovaného pro-
jektu je eliminovat’ geologické rizikd dokladnym postdenim geotech-
nickych podmienok danej oblasti. Tunely v takychto geologicky
ndro¢nych horskych podmienkach mézu byt'razené bezpe¢nym spdso-
bom len za predpokladu ich dokonalého zmapovania. Potencidlne
nebezpeCenstvd, ako napriklad vysoka teplota, pritomnost’ vody
a poruchovost hornin si mapované a analyzované od roku 1990.

Délezitym faktorom je tiez tlak, ndsledkom ktorého mdézu nastat’
nepredvidatelné deformdcie horniny. Intenzivne namdhanie moze
vyraznym spdsobom zniZit priemer tunelov Sirky 11 m aZ o 2 metre.

Pristupovy tunel Modane

Sposob vystrojenia

Technologické postupy boli prisposobené Specifikdm stavby nasle-
dovne:

1. Konsolidécia ¢elby kotvami na baze sklenenych vlakien;

2. Tradi¢nd tunelovd metdda s vyuzitim mechanického lopatového

rypadla;

3.Tunel zaisteny strieckanym beténom s rozptylenou vystuZou

a kotvami;
4. VytaZena hornina bola transportovand nakladacimi mechanizma-
mi a ndkladnymi vozidlami;

5a. Zabudovanie podpornych oblikov;

5b. Zabudovanie zvdranych sieti.

Na dseku prvych 800 m bol pristupovy tunel razeny v prostredi
vépencov, vdpencovych ilov a anhydridov. Razenie vrtno-trhacou
technoldgiou nespdsobovalo Ziadne vyrazné tazkosti. Po prekonan{
800 m prechddzala rira pristupového tunela do vydatnych uholnych
vrstiev, pri¢om tieto Utvary obsahovali premenlivé percentudlne podi-
ely pieskovca s uhlim. Razenie cez toto pdsmo bolo komplikovanejsie
a vyzadovalo kratSie zdbery (1 m) a realizdciu raziacich a vystro-
jovacich préc v Ciastkovych sekvenciach.

Striekany beton s rozptylenou ocelovou vystuzou

Volba ocelovych vldkien ako vystuZe bola klicova pri plneni poza-
dovanych parametrov ostenia daného projektu a podmienok C-C (con-
vergence-confinement) metddy pouZzitej pri dimenzovani.

Zakladnou vystuzou striekaného beténu boli rozptylené ocelové
vldkna a kotvy.

Samotny striekany betén nemoze absorbovat’ deformdcie, $pecidlne
v prostredi s vysokymi napitiami. Spolupdsobenim s kotvami vSak
prispieva ku kontrole deformdcie horniny.

Utelom pouzitej C-C metédy je odvodit’ pozadované parametre
ostenia z kombindcie faktorov: zdvislosti charakteristickej horninovej
krivky, z modelu vyvoja radidlnych deformécii na vytazenom povrchu
s axidlnom smere tunela, z charakteristickej krivky ostenia, ¢asu reali-
zécie a umiestnenia podpornych prvkov ostenia.

Z hladiska vysSie uvedenych technickych poziadaviek bolo ako
vystuZz striekaného beténu vybrané lepené ocelové vldkno RC 65/35 BN,
predovsetkym z hladiska jeho pevnosti v thhu a vykonnosti. Priddvanie
a mieSanie tohto produktu do striekaného beténu pre tcely realizacie pri-
mdrneho ostenia pristupovych tunelov poskytuje realizacnym firmam
zaruku technologicky bezproblémového postupu pric. Riesenie strieka-
ného beténu s ocelovymi vldknami bolo alternativou vystuZovania pri-
marneho ostenia sietou 150x150x7 mm. Vysledkom bola 25% uspora
Casu realizacie so zvySenim produktivity stavebnej firmy.

2. SPECIFIKACIA VLASTNOSTI BETONU VYSTUZENEHO
OCELOVYMI VLAKNAMI

2.1 Zakladné informacie o beténe vystuzenom ocelovymi
viaknami
Unosnost beténu vystuzeného ocelovymi vldknami rastie:
* s kvalitou beténovej zmesi,
¢ s mnozstvom vlakien v zmesi,
e s charakteristikami daného vldkna v beténovej zmesi (geometriou,
sposobom ukotvenia, atd’) .
Kovové vldkna musia spliat’ podmienky Eurépskej normy
NF EN 14889-1.
Mimoriadne dolezité je, aby sa dodrzali nasledujice tolerancie
rozmerov.

Tuel

2. Traditional tunnelling method using mechanical shovels

3. Tunnel supported by steel fibre spray concrete and roof bolts

4. Excavated material removed by loading shovel and dump truck

Sa. Extra support provided by yielding arches

5b. Installation of a welded mesh

The first 800 m of the access tunnel were excavated through limes-
tone , limestone marls and massive anhydrites . Excavation by drill and
blasting did not present any major difficulties.

After 800 m the access tunnel goes through productive coal measures
where the formations have variable percentages of sandstones with coal.
Tunnelling through this zone was more complex and required shorter
advances (1 meter) and the installation of support in several phases.

Spray concrete reinforced with steel fibre.

The choice of steel fibre was a key issue to meet the extremely high
requirement of this project and the C-C (convergence confinement)
method used for the design.

Main reinforcement was realized with steel fibre spray concrete and
rockbolts .

Sprayed concrete cannot prevent deformations (especially in high
stress environments). However it can assist to control deformations
(particularly when used in combination with rockbolts).

The purpose of the used C-C method is to derive the support measu-
re requirements from the combination of the ground characteristic
curve, development of the radial deformations of the excavation in the
longitudinal direction , the support characteristic curve including its
installation time and location of the support measures. The C-C method
is mostly used in the preliminary design of underground structures.

Faced with this challenge, glued steel fibres Dramix RC65/35BN
were chosen for their strength and performance. Mixing high quality
products into the spray concrete primary lining of the access tunnels
brings confidence that the work will progress smoothly.

The use of SFRS was chosen to replace a mesh (150mm™*150mm*7)
reinforced spray concrete lining. This resulted in a 25% time saving
reducing the cycle time so improving an excavation progress.

2. STEEL FIBRES REINFORCED CONCRETE SPECIFICATION
AND CONFORMITY

21 Basic information about steel fibre reinforced concrete
The performances of steel fibre reinforced concrete increase with:
e the performances of the concrete matrix
* the amount of fibres in the mix
 The intrinsic performances of the fibre in the matrix (geometry,
L/D, method of anchoring, etc.)

The metallic fibers have to comply with European Standard
NF EN 14889-1
It is particularly important to comply with the following tolerances:

2.2 Proposed requirements

Drawn wire:

e tensile strength of steel wire > 1000 MPa min. (the tensile strength
of the wire must be consistent with that of the matrix, high carbon
steel for HPC)

 dimensional tolerances according to the above table

e control of the maximum network effect (mm/m3) by checking that
the placement ensures best orientation of the fibers for its mecha-
nical performances. Minimum network according to Mc Kee the-
ory must be > 10 000 m

* best anchoring system (hooks at ends to ensure best anchoring of
the fibre in the concrete, or other systems)

The conditioning of fibres must take into account:

e the introduction of fibres in an automatic mixing and batching
plant

e the distribution of the fibres in the concrete to obtain a perfectly
uniform distribution

e total elimination of fibres balling (prejudicial to the placement)

It is recommended to use glued fibres or any other system that can

satisfy the above requirements are used.

2.3 Characterization of the SFRS

For the purposes of dimensioning a steel fibres reinforced concrete,
a single experimental approach to performance characterization has to

be developed for all the fibres.




Tab. 1 Tolerancie diiky a priemeru aplikované na vldkno podla EN 14889-1
Table 1 Tolerances applicable to fibres according to EN 14889-1
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This characterization will have to define:
a) The properties and performances of the basic matrix
- cement dose and quality

Charakteristika Symbol Relativna odchylka Relativna odchylka - water/cement ratio

od individualnej hodnoty  od priemernej hodnoty - aggregate grading
Characteristics Symbol Deviation relative Deviation relative _ admixtures

to the individual value to the average value - workability of the freshly-mixed concrete
Dizka a vytvorend dizka 1,1d (ak je +10% - compression strength of the set concrete
Length and developed ~ pouZitelnd) - flexural strength of the set concrete
length 1,1d (if b) Fibre type and dosing
> 30 mm applicable) +5% c) SFRS properties
<30 mm + 1.5 mm
Priemer (ckvivalent) D £ 10% The performance of an SFRS is mainly governed by 3 cha-
Diameter (equivalent) racteristics: _ )
> 0.30 mm +5% * the geometry (dimensions and shapes)
<0.30 mm =005 mamm e the diameter of the coarsest particle in the matrix (the
Remer Dbl / Bitomes b\ + 15% < 75% length of the fibre has to be at least 2.5 times the diame-
x 0 x /.07

Length /diameter ratio

2.2 Navrhované minimaine odporuc¢ania

Tahan)’i drot:

e pevnost’v tahu ocelového drdtu > 1000 MPa min. (pevnost'v tahu
musi byt v zhode s kvalitou beténu; pouZzije sa napr. vldkno
z vysoko uhlikovej ocele pre vysoko pevnostné betény HPC);

e tolerancie rozmerov podla vysSie uvedenej tabulky (tab. 1);

¢ hladat’'maximdlny u¢inok siete z vlakien (m/m3) pomocou kontro-
ly toho, €i ich rozmiestnenie zaruCuje najlepSiu orientdciu vldki-
en, aby sa tak dosiahla ich optimdlna t¢innost. Minimalna dlzka
siete musi byt’ podla teérie Mc Kee > 10 000 m;

* najlepsi kotviaci systém (ohnutie vlakien na koncoch, aby sa tak
zabezpecilo najlepsie ukotvenie vldkna v betdne, pripadne aj iné
kotviace systémy).

Pri $pecifikdcii vldkien sa musi brat’do dvahy:

e davkovanie vlakien pri automatickom mieSan{ a v zariaden{ betondrky;

e distribicia vldkien v betdne pre dosiahnutie optimalne rovnomer-
ného rozloZenia;

e Uplnd elimindcia zhlukovania vldkien — ,,jezkov* (neZiadtci efekt
pri aplikdcii).

Odportic¢a sa pouzivat'lepené vldkna alebo alternativny iny systém,

ktory vyhovuje vysSie uvedenym poziadavkdm.
2.3 Specifikacie beténu vystuzeného ocelovymi vidknami

Na ucely dimenzovania beténu vystuZeného ocelovymi vldknami sa

musi vyvinit'a ujednotit jeden experimentalny pristup pre vsetky vldkna.

Této Specifikdcia bude musiet' definovat:

a) Vlastnosti a kvalitu beténovej zmesi

— davkovanie cementu a jeho triedu,

— pomer voda/cement,

— krivku zrnitosti,

— prisady,

— spracovatelnost’ Cerstvo zamieSaného beténu,

— pevnost’'v tlaku beténu,

— pevnost’v tahu za ohybu beténu;

b) Typ vldkna a ddvkovanie;

¢) Vlastnosti strieckaného beténu vystuzeného vldknom.

Kvalita je dand hlavne tymito tromi parametrami:

1. geometriou vldkna (rozmery a tvar vldkien); )

2. priemerom najhrubsej frakcie kameniva v beténovej zmesi (dlzka
mer kameniva. KedZe zmesi strickaného beténu maji zvy&ajne
maximdalny rozmer kameniva 10 alebo 12 mm, musia mat ocelo-
vé vlakna dlzku 30 az 35 mm);

3. kompaktnost beténu charakterizovand pevnostou v tlaku.

Vsetky skusky materidlov pre Cerstvo namieSany beton a vytvrdnuty
betdn tvoria materidlovy list pre dany striekany beton a uskuto¢nujd sa
len raz. To znamend, Ze dané tidaje potom mozno aplikovat' na akom-
kolvek stavenisku, kde sa tento striekany betén pouZziva.

Uvedené skisky sa realizuji v laboratériu. Vhodnost' materidlov
a kontrolné skusky sa vykondvaju nielen pred zaciatkom stavebnych
préci, ale aj v priebehu stavby.

ter of the fibre; taking into account that sprayed concrete
mixes usually have coarse aggregates of maximum 10 or
12 mm, steel fibres need to be 30 to 35 mm long).

e the compactness of the matrix characterized by the com-
pression strength of the SFRS

All the characterization tests concerning the materials, the freshly-
mixed concrete and the set concrete constitute the full identity sheet
for a given SFRS, and are performed once only. The data may then be
applied to any job site which uses this SFRS.

These tests are executed in the laboratory. The suitability and con-
trol tests are to be performed before and during the construction.

2.4 Performance criteria

Particularly the following properties are improved by the addition of
fibres:

e flexural and shear strength, owing to the streaking and the distri-

bution of cracking

e control of the width of cracks

e limitation of shrinkage effect

* post cracking behaviour of material

Performance value obtained depends directly on the nature, shape
and content of fibres.

In order to check the structural behaviour of SFRS in a given con-
struction a related test has been developed in France by G. Rivalain of
the National Railway Company SNCF and G. Durand (former Alpes
Essais Laboratory).

This flexural — punching square slab test simulates very effectively
the behaviour of a tunnel lining under the rock pressure around rock-
bolts.

This test slab also is also published in the EFNARC recommendati-
ons and it is also included in the European standard EN 14 487 for
sprayed concrete.

The test plate usually used (60 * 60 * 10 cm) (see EN 14.488-5) is
designed to determine the energy absorbed from the load/deflection
curve.

The test allows a more realistic consideration of the biaxial deflec-
tion which can occur in certain applications.

Obr. 2 Schéma doskovej deformacnej skiisky
Fig.2 Chart of the plate test
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2.4 Kritéria unosnosti
Pridanim vldkien sa urcité vlastnosti beténu zlepsia, a to najma:
e Pevnost’v tahu za ohybu a pevnost'v §myku, vdaka nasmerovaniu
a rozloZeniu trhlin;
* ZniZenie Gc¢inkov zmrastovania;
* Vlastnosti beténu po vytvoreni trhlin

Pevnost striekaného beténu s ocelovym vlaknom je zdvisld na mate-
ridlovych charakteristikdch, tvare a mnoZstve vldkien v beténe. Na
kontrolu jeho Strukturdlnych vlastnosti v danej konStrukcii existuje
skuska, ktord vyvinuli G. Rivalain z Ndrodnej Zelezni¢nej spolo¢nosti
a G. Durand z byvalého laboratéria Alpes Essais. Tdto ohybova dosko-
vd skiska na prepichnutie velmi ucinne simuluje spravanie sa tunelo-
vého ostenia pod tlakom horniny okolo kotvy.

Uvedend skuska je tiez publikovand v dokumentoch EFNARC a je
zahrnutd aj v eurdpskej norme EN 14 487 pre striekany betén. BeZne
pouzivand doskova skuiska (60x60x10 cm) je navrhnutd pre stanovenie
absorbovanej energie z priebehu krivky zataZenie — priehyb (pozri EN
14.488-5). Skiska umoznuje realistickejSiu simuldciu dvojosového
priehybu, nez by sa mohol vyskytnit'v urcitych aplikdciach (obr. 2).

Stcastou skisobného programu je dand doska, priCom je vhodna na
kontrolu vSetkych parametrov ovplyviiujicich kvalitu beténu vystuZené-
ho vldknami (podrobne Specifikovanych v projektovych podkladoch).

Skuisobna doska tiez umoznuje porovnanie rozli¢nych typov vlakna
a vlastnosti beténu vystuzeného sietovinou s beténom vystuZenym
vldknom, za predpokladu, Ze spdsob poruSovania je totozny. Ak je Spe-
cifikovana kapacita absorpcie materidlu, musi sa stanovit pomocou
doskovej skisky podla normy EN 14 488-5.

Na zdklade tejto skusky su definované tri triedy strieckaného beténu
s ocelovym vldknom (E500, E700 a E1000):

e 500 Joulov pre dobré horninové prostredie,

e 700 Joulov pre stredne ndrocné horninové prostredie,

* 1000 Joulov pre obtiazne horninové prostredie.

Pri tej istej triede betonu je mnoZstvo absorbovanej energie vyrazne
ovplyvnené typom vldkna (napr. pomer dizky voci priemeru)
a mnoZstvom vlakna. Cim vys3i je pomer dizky vogi priemeru a ¢fm
vysSie je ddvkovanie vystuze, tym vysSie st pevnostné parametre stri-
ekaného betonu s ocelovym vldknom.

Na stanovenie t¢innosti strieckaného beténu s ocelovym vldknom je
doskova skiska vhodnejsia v porovnani s tramcekovou skiskou.

Doska kore$ponduje ovela lepSie s podmienkami redlneho tunelové-
ho ostenia nez skiSobny trimcek. Podpera dosky na Styroch okrajoch
simuluje spojitost’ ostenia striekaného betonu:

1) Ocelové vldkna v doske posobia minimédlne v dvoch smeroch a nie

v jednom smere ako v pripade trimc¢ekovej skusky, pricom tcinok
vystuzZenia vldknom v doske je velmi podobny skuto¢nému cho-
vaniu sa ostenia zo striekaného beténu s ocelovym vldknom.

2) Striekany betén vystuzeny ocelovym vldknom mozno velmi
Tahko porovnat’so strieckanym beténom vystuZenym sietovinou za
predpokladu, Ze sa podrobi rovnakym skuSkam.

3) Doskova skiska je navrhnutd tak, aby sa stanovila absorbovana
energia uréovand z napitovo-deformacénej krivky vo forme para-
metra hiZzevnatosti. SkiSka m4 takd zostavu, aby modelovala rea-
listickejSie dvojosovy ohyb, ku ktorému dochadza pri niektorych
aplikdciach, predovSetkym pri primdrnom osteni horniny.
UvaZuje sa zataZenie stredového bodu na doske, ktoré predstavu-
je ukotvenie ostenia k hornine pomocou kotvy. Preukdzalo sa, Ze
tato skuska je velmi vyhodnd a uZito¢nd.

Doskovd skuska je vhodnd pri predbeZznom overovani parametrov
ovplyvnujicich kvalitu beténu vystuZeného ocelovymi vldknami,
v stlade so Specifikdciou uvedenou v projektovych dokumentoch. Pri
rutinnej kontrole kvality by sa mali realizovat skisky stanovenia pev-
nosti a takisto skdSky vyplavenim s urenim mnoZstva vldkien
v betdne priamo na stavenisku.

Z tohto dovodu sa tdto skuiska pouZiva len na porovnanie ocelove;j sie-
toviny a ocelovych vldkien (teda materidlov s tym istym E modulom).

Vplyv malej Sirky trhlin a teda aj malych priehybov a rotdcii na tinos-
nost’beténu povazuji v sicasnosti projektanti za velmi ddlezity (obr. 3).

Pre rozne tunely (Modane, Saint Martin, La Praz) projektu
LYON-TURIN, so zohladnenim geologickych podmienok a typu
vystrojenia navrhnutého projektantom, bolo pozadované vykonové
kritérium kvality na ocelové vldkna podla EN noriem na drovni
E =700 Joulov.

Celo — Working face

__— Hornina — Charakteristicka krivka
Rock — Characteristic curve

Rovnovaha — Equilibrium

Tlak horniny — Rock pressure

d. Vnitorna radidlna deformécia
Inner radial deformation

Obr. 3 Diagram stanovenia rovnovdhy horniny
Fig. 3 Chart of rock equilibrium determination

The plate is suitable for checking all parameters influencing the qua-
lity of the fibre reinforced concrete specified in the project documen-
tation. The test plate also allows the comparison of different fibre types
and mix proportions with mesh reinforced concretes (the method of
failure is the same).

If the capacity for energy absorption of the material is specified,
it has to be determined using a slab specimen as per standard
EN 14 488-5.

Three SFRS classes (E500, E700, and E1000) are defined based on
this plate test:

* 500 Joules for sound ground/rock conditions

e 700 Joules for medium ground/rock conditions

* 1000 Joules for difficult ground/rock conditions

For the same concrete matrix, the amount of absorbed energy is sig-
nificantly influenced by the type of fibres (e.g. aspect ratio length to
diameter) and the dosage of fibres. Higher aspect ratio and fibre con-
tent means a better performance of SFRS.

The plate test is more appropriate than the beam test to determine
a SFRS performance:

A plate corresponds
much better than a beam
with a real tunnel lining; the
slab support on the 4 edges
simulates the continuity of
the sprayed concrete lining.

1) As in reality, steel fib-
res act in at least two direc-
tions and not just in one
direction, which is the case

Uhol 4 az 20°
Angle 4 - 20°

Forma pre striekanie

vzorky
Mould for spraying
a sample in it

Premenliva vyska
b Variable height

Obr. 4 a, b Priprava - striekanie vzorky
Fig. 4 a. b Sample preparation




3. STRIEKANY BETON VYSTUZENY OCELOVYMI VLAKNAMI
POUZITY NA PRISTUPOVYCH TUNELOCH

Pri razeni pristupovych tunelov sa na budovanie primdrneho ostenia
pouziva striekany betén aplikovany mokrou metédou vystuzeny
ocelovym vldknom.

3.1 Betobnova zmes
Betonova zmes sa pripravuje podla nasledovnej receptury:

PiesOK O0/4 R ..ooevieiiieceeceeeeeeeee e 1154 kg
Kamenivo 4/12.5 R cceviiiiiiieeeeeeeeeeeeee e 569 kg
Cement CPACEM 1 52,5 N CE PM ES CP2 NF .............. 425 kg
VOAA oo

Urychlovac Resireducto
Vldkna Dramix RC65/35 BN .......ccccccoeviiiiiniiiiiiiiiciceeas 25 kg

3.2 Pevnost beténu v tlaku

V projektovej dokumentécii projektu sa pozaduje trieda beténu pri-
marneho ostenia C30/37. VysSia pevnost’ v tlaku beténu za tcelom
dosiahnutia poZadovanej bezpecnosti nie je potrebnd. V skutocnosti je
v§ak mozno hodnotu absorpcie energie zvysit pouzitim vyssej pevnos-
ti beténu meranej po 28 dnoch, ale tdto veli¢ina by nemala byt prece-
novand. Pre funkciu striekaného beténu v primdrnom osteni tunela ma
ostenia (zdklad metédy NRTM). Maximdlna pevnost v tlaku by pri
skiske nemala byt vysSia nez 35MPa. V zdsade plati, Ze pevnost
v tlaku po niekolkych hodindch, dokonca aj po niekolkych mindtach,
moZe byt dolezitejSia nez 28dnovd pevnost'v tlaku.
3.3 Skusky betonu a priprava vzoriek

Doskova skiiska bola realizovand na stavenisku podla noriem EN.

Dosky uréené na ohybovi skisku na prepichnutie, musia byt vyro-
bené vo formach s rozmermi 600x600x100 mm. Pri priprave vzoriek
sa musi dosiahnut’rovny povrch a hribka vzorky 100 mm (obr. 4 a, b).

Vzorky striekaného beténu sa musia pripravit precizne, podla tych
istych podmienok, aké st odporicané pre redlne prace v tuneli. Ide
o zloZenie betonu, striekaci stroj, obsluhu strickacieho zariadenia
a sposob striekania. Podiel vldkien v beténe ostenia bol pribliZzne
22,5 kg. To znamend, Ze mnoZzstvo vldkien odrazenych od povrchu
horniny (odpad) predstavovalo 10 %.

3.4 Typ viakien

Do striekaného beténu na pristupovych tuneloch sa davkuje ocelové
vldkno DRAMIX® RC-65/35-BN zlepené do zvizkov. Zvizky roz-
pustné vo vode st skuto¢nou zarukou ziskania homogénneho rozloze-
nia ocelovych vldkien pri vysokom Stthlostnom pomere L/D ), a to bez
$pecidlneho zariadenia a bez vyrazne zvySeného Casu rozmieSania.
Lepené zvizky ocelového vldkna s vysokou hodnotou pomeru L/D sa
pouzivaji rovnako pri mokrej ako aj pri suchej metdde strieckaného
beténu.

Vldkno DRAMIX® mozno priddvat’ do beténu automatickym déav-
kovacim zariadenim. Pre velky rozsah realizdcie a kvalitativne poZia-
davky na betdn s vldknami musi byt na stavbe ddvkovaci systém nain-
Stalovany priamo na betondrke.

Geometria vldkien

Dlzka (L) = 35 mm

Priemer (D) = 0,55 mm

Pevnostnd trieda: 65

Stihlostny pomer ( L/D): 65

Pocet vldkien / kg = 14 500

Z ddvkovaného mnoZstva a geometrie vldkna vyplyva, Ze dizka siete
pre 25 kg/m3 ma 12 500 m/m3. Podiel vldkien v strieckanom beténe pri-
madrneho ostenia tunela zisteny skiskou bol priblizne 22,5 kg. To zna-
mend, ze mnoZzstvo vldkien odrazenych od povrchu horniny pri strie-
kani beténu sa pohybuje okolo hodnoty 10 %. Zohladnenim mnoZstva
odrazenych vldkien moZno oakdvat, Ze na stene alebo klenbe tunela
bude mat’siet’ z ocelového vldkna dlzku > 10 000m/m?3. Tento Gcinok
siete z ocelovych vldkien zabezpeci pri tahovej pevnosti > 1000 MPa
optimdlnu funkciu striekaného beténu. Dané vldkno vyhovuje znacke
CE - trieda 1. Minimdlne poziadavky st stanovené eurépskou normou
EN 14 889-1.

19. rocnik - €. 1/2010

in a beam test; the fibre reinforcing effect in a slab is very much simi-
lar to the real behaviour of a SFRS lining.

2) SFRS can be compared very easily with a mesh reinforced spray-
ed concrete to be tested in the same way.

3) “The plate test is designed to determine the absorbed energy from
the load deformation curve as a measure of toughness. The test is
designed to model more realistically the biaxial bending that can
occur in some applications, particularly rock support. The central
point load can also be considered to check an anchorage of rock-
bolts. This test has proved to have a considerable benefit.

The plate test is appropriate in the pre-construction test program to
check the parameters affecting the steel fibre reinforced concrete qua-
lity requirements as specified in the project documentation. For routi-
ne quality control, tests to determine strength and wash out tests to
check the steel fibre content in place should be carried out.

This test can be only used to compare steel mesh and steel fibres
(products with the same E modulus).

The relative importance of load carrying capacity at small crack
widths (and hence small deflections and rotations) is higher for the
designers of tunnels (see figure below)

For the different galleries (Modane, Saint Martin, La Praz) within
the LYON-TURIN project the type of reinforcement proposed by the
designer was based on the performance criteria of steel fibres, E= 700
Joules was required according to the EN standards.

3. SFRS USED FOR THE PROJECT

The wet sprayed concrete method is used on the whole project.

3.1 Concrete mix
The following concrete mix was produced by Vicat

Sand 0/4R ... 1154 kg
Aggregates 4/125R ... . 569 kg
CPACEM 1525 NCEPMESCP2NF .............. 425 kg
Water ... 195 kg
Resireducto ........ ..ot 0.35%
Fibres Dramix RC65/35 BN .......... ... ... .. ... ... 25 kg

3.2 Compressive strength

C30/37 is required in the specifications of the project. A high conc-
rete strength for the temporary support is not required due to safety.

Indeed the value of Energy absorption can be increased by using
a higher concrete strength at 28 days when the test of characterization
should be done. This is not a major target. For the safety reason is
required to reach the high level of ductility and semi-rigid temporary
support (principles of the NATM method).

Maximum compressive strength should not exceed 35MPa. Strength
after few hours, even after several minutes, can be more important and
more critical than the 28 days strength.

3.3 Energy absorption

Plate tests will be realized on the job site according to the EN stan-
dards.

Slabs intended for the punch-flexure test shall be made in the recep-
tacles with dimensions 600*600*100mm. In this case it is important to
obtain an even surface and the thickness of 100mm.

Spraying shall be carried out under the same conditions as recom-
mended for the works (especially constituents, machine, nozzleman
and spraying method). The nozzlemen shall be certified by the
EFNARC Nozzlemen Certification scheme.

The in situ dosage was around 22.5 kg. That means a percentage of
loose fibres due to the rebound of 10%.

3.4 Type of fibers

The fibers used for the project are the DRAMIX® RC-65/35-BN
(Dramix® steel wire fibres glued together in bundles). The water
soluble bundles are a real guarantee to obtain a homogeneous distri-
bution of high L/D ratio steel fibres without special equipment and
without considerable increment of the mixing time. The glue steel wire
fibres with high L/D ratios can be used for wet as well for dry
spraying.

This type of fibres can be added with automatic dosing and dispen-
sing equipment. For a big project this type of system must be installed
at the batching plant due to production and quality requirement.
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Tuel

Obr. 5 a, b Ddvkovacie zariadenie pre vystu7 DRAMIX®
Fig. 5 a, b Dosing equipment for DRAMIX® fibres

4. DAVKOVACIE ZARIADENIE

Ocelové vldkno sa doddva vo vreciach s hmotnostou 1100 kg, z ktorych
sa vysypava priamo do zdsobnika ddvkovacieho zariadenia. PoZzadovand
hmotnost ocelovych vldkien je uvedend na displeji zariadenia sliZiaceho
na vaZenie alebo ju nastavi technik priamo na ovlddacom zariadeni dav-
kovaca. Ddvkovacie zariadenie potom postiva ocelové vldkna
a rovnomerne ich doddva na dopravnik k mieSacke beténu. Po dosiahnuti
predpisanej ddvky vibrdtory dostan signél od indikdtora véhy a ddvkovac
sa automaticky vypne. Zariadenie spliia normy CE a EMC (obr. 5a, 5b).

ZAVER

Tento ndro¢ny projekt znovu potvrdil hlavné vyhody striekaného
beténu vystuzeného ocelovym vldknom ako stcasti primdrneho oste-
nia pri vystavbe tunela. VSetky poziadavky a kritérid kvality definova-
né v zmysle rozdielnych EN noriem umoznuju projektantom zadefi-
novat’ technicky jasné Specifikdcie pre zabezpeCenie bezpeCnosti
a kvality pre dany typ projektu.

BENOIT DE RIVAZ, benoit.derivaz@bekaert.com,
» BEKAERT Francie,

JURA]J DOJCAK, juraj.dojcak@bekaert.com,
BEKAERT Hlohovec a. s, Slovensko

Recenzovala: Ing. Viktoria Chomovd

LITERATURA / REFERENCES
EN 14 487-1 Striekany betdn, Definicia, Specifikdcia a zhoda

Geometry:

Length (L) = 35 mm

Diameter (D) = 0.55 mm

Performance Class: 65

Aspect ratio (L/D): 65

Number of fibres/kg = 14 500 fibers/kg

That means a wire network for 25 kg/m? of 12 500 m/m?.

Taking into an account the percentage of loose fibres in situ
a minimum wire network > 10 000m/m? can be guaranteed.

This network effect guarantee with a wire > 1000 MPa means
a good behaviour of the SFRS

This fibre is conform to the CE label classl.

The minimum requirements are described in the European Standard
14 889-1

4. DOSING EQUIPMENT

Steel fibres from big bag 1100 kg are tipped into the tray. The desi-
red quantity of steel fibres is stated on the weighing instrument display
panel or set by the technician directly on the concrete batching plant’s
computer. The dosage feeder then disperses the steel fibres and feeds
them in an even flow to be mixed into the concrete charge. When desi-
red quantity is reached, the vibrators receive a signal from the load
indicator and the feeder immediately stops. The equipment meets CE
and EMC standards.

CONCLUSION

The described challenging and highly complex project has confir-
med the main benefits of the SFRC as a primary support for tunnels.
All the requirements and performance criteria based on the different
EN standards allows to the designer to establish clear specifications in
order to fulfil all safety and quality requirements.

BENOIT DE RIVAZ, benoit.derivaz@bekaert.com,
BEKAERT Francie,

JURAJ DOJCAK, juraj.dojcak@bekaert.com,
BEKAERT Hlohovec a. s, Slovensko

EN 14 488 -5 Skiganie, strickany betén — Cast’5: Stanovenie kapacity absorpcie energie vzoriek dosky vystuZenej vidknom
EN 14 721 — SkdSobnd metdda pre betén s kovovym vldknom — Meranie mnoZstva vldkien v erstvom a zatvrdnutom betone
EN 14 889-1 Vldkna pre betén — Cast’ 1: Ocelové vldkna — Definicie, Specifikacie a zhoda

AFTES Odportcanie Technoldgia beténu vystuzeného vldknom a prax

LTF ( Lyon Torino Ferroviaire) prospekt o Tuneli St Martin, Tuneli La Paz

Spréva o skiske Sigma Béton
Razenie tunelov je umenie Marc Vandewalle
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VYUZITI PROSTOROVYCH NUMERICKYCH MODELU PRO
DIMENZOVANI PROTIVYBUCHOVYCH BEZPECNOSTNICH HRAZ{
THE USE OF 3D NUMERICAL MODELS FOR DESIGNING
OF DIMENSIONS OF EXPLOSION-PROOF BULKHEADS

EVA HRUBESOVA, JOSEF ALDORF, PETR JANAS

uvob

Vybuchovzdorné bezpecnostni hraze jsou konstrukce, které jsou
pouzivané v dalnich podminkdch i v podminkéach podzemniho sta-
vitelstvi. Bezpecnostni hrdz musi byt konstruovdna tak, aby zabra-
nila potencidlnimu nebezpeci $ifeni razové vzdusné viny do pod-
zemnich ¢&i dualnich prostor. Z této zdkladni funkce hrdze plynou
pozadavky nejen na jeji tvar, rozméry a zpusob uchyceni
v okolnim horninovém prostiedi, ale samozfejmé i na materiély,
z nichZ je hrdz budovdna. PouZité materidly musi umoZnovat
rychlé postaveni hrdze i v obtiZnych podminkdch a musi garanto-
vat odolnost hrize vaci potencidlnimu vybuchu jiZ po 8 hodindch
od jejtho vybudovéni. Z hlediska pozadavki na funkci hrdze
a specifickych podminek vystavby hrdze je jednim z rozhodujicich
faktora efektivni stavby hrazi jejich optimalni tloustka.

Fakulta stavebni VSB-TU Ostrava se v uplynulém obdobi podi-
lela na feseni tikolu CBU ¢&. 48-06 NavrZeni nového typu uzavira-
cich hrazi{ z hlediska konstrukce a pouZzitych materidla, bezpecnos-
ti pracovnikd v hlubinnych dolech a v podminkdch podzemniho
stavitelstvi. Hlavnim koordinitorem celého tkolu byl VVUU —
Radvanice, jehoZ pracovnici zajiStovali rovnéZ realizaci experi-
mentélnich odstielt hrazi ve zkuSebni Stole a provadéli prislusna
monitorovaci méfeni. V rdmci feSeni tohoto projektu byla na
Fakulté stavebni VSB-TU provedena prostorova modelova dyna-
mickd analyza napétodeformaéniho stavu bezpelnostni hraze
pomoci dynamického modulu programového systému CESAR-
LCPC (Francie) [1]. Cilem této numerické analyzy, zaloZené na
metodé konednych prvka, bylo stanoveni minimélni tloustky vybu-
chovzdorné hréize pouZivané v podzemi pfi likvidaci poZdru uzavi-
ranim oblasti. Kalibrace numerického modelu, a to predev§im
vzhledem k fyzikdlné-mechanickym charakteristikdm pouzitych
vystavbovych hmot, byla provddéna na zdkladé soubézné kompa-
race vysledk modelovdni s vysledky monitoringu pruhyba hréze
ziskanych prfi zkuSebnich odstfelech in-situ ve zkuSebni Stole
Stramberk, coZ vyznamnou mérou prispélo ke zvy$eni vypovidaci
schopnosti modelu.

Dil¢i problémové okruhy modelové analyzy lze tedy formulovat
nédsledovneé:

—modelové stanoveni napéto-deformaéniho stavu hréazi

v zavislosti na ddle uvedenych urcujicich faktorech dimenzo-
vani hraze,

— analyza citlivosti provedené modelové analyzy na urcujicich

faktorech,

— analyza dynamickych parametra zatiZeni hrézi tlakovou vinou

vybuchu,

— vyhodnoceni naméfenych dat ziskanych pfi experimentdlnich

odstrelech,

— inverzni analyza pretvarnych vlastnosti materidli hrdzi prova-

dénd na zdkladé¢ mérenych dat in-situ ve zkuSebni Stole,

— orientaln{ stanoveni itlumovych charakteristik materidlu,

— formulace zédkladnich kritérii vnitfni i vnéj§i stability pro

dimenzovani hrazi,

— analyza vlivu opakovaného zatiZeni hrdze vybuchem,

— analyza vlivu preruSeni betondZe télesa hréze.

ZAKLADNI URC!JJTC[ FAKTORY DIMENZOVANI
BEZPECNOSTNI HRAZE

Obecné je napéto-deformacni stav hrdaze zavisly na mnoha fak-
torech, z nichZ nejduleZitéjsi jsou materidl hrdze, tvar hréze, veli-
kost pfi¢ného prufezu hrdze, tloustka hraze, velikost, polet

INTRODUCTION

Explosion-proof bulkheads are safety structures used in underg-
round construction industry conditions and mine conditions.
A safety bulkhead design must be able to prevent the potential dan-
ger of an air shock wave spreading to underground or mine spaces.
This basic function of the bulkhead determines not only the geo-
metry, dimensions and the way of stabilising the bulkhead in the
surrounding ground environment, but also requirements for materi-
als to be used for the bulkhead structure. The materials to be used
must allow quick construction of the bulkhead even in difficult con-
ditions and they must guarantee the resistance of the bulkhead aga-
inst a potential detonation as early as 8 hours after the construction
is completed. As far as requirements for the bulkhead function and
specific conditions of the bulkhead construction are concerned, one
of deciding factors for the effective construction of the bulkheads
is the optimum thickness of the structures.

Last year, the Faculty of Civil Engineering of the VSB -
Technical University of Ostrava participated in solving CBU No.
48-6 task ‘Design for a new type of sealing bulkheads solving the
structure and materials used, safety of workers in underground
mines and in the conditions of underground construction’. The enti-
re task was coordinated by the VVUU-Radvanice, a research and
development institution. Its employees carried out, in addition,
experimental blasting of bulkheads away in a testing gallery and
conducted relevant monitoring measurements. A 3D dynamic ana-
lysis of the stress-strain state of a safety bulkhead was carried out
in the framework of solving the above-mentioned task at the
Faculty of Civil Engineering of the VSB — TU, using a dynamic
module of CESAR-LCPC software (France) [1]. The objective of
this FEM-based numerical analysis was to determine the minimum
thickness of an explosion-proof bulkhead, which is used in the
underground to contain fires by means of sealing off the areas. The
calibration of the numerical model, first of all with regard to physi-
cal and mechanical characteristics of the building materials used,
was carried out on the basis of a concurrent comparison of the
modelling results with results of monitoring of the bulkhead deflec-
tion during in-situ trial blasting in the Stramberg testing gallery,
which operation significantly contributed to increasing the infor-
mative potential of the model.

Partial problem circuits of the model analysis can therefore be
formulated as follows:

- The model determination of the stress-strain state of bulkheads

relative to the below-mentioned determining factors of
a bulkhead design

- The analysis of the completed model analysis sensitivity to the

determining factors

- The analysis of dynamic parameters of the bulkhead loading by

a pressure wave caused by explosion

- The assessment of the data measured during experimental blas-

ting

- The inverse analysis of deformational properties of materials

used for the bulkheads, which is carried out on the basis of data
measured in-situ, in a testing gallery

- The approximate determination of attenuation characteristics

of materials

- The formulation of basic criteria for internal and external sta-

bility for the determination of bulkhead dimensions

- The analysis of the influence of repeated blasting of bulkheads

away
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a rozmisténi prileznych otvord v télese hrdze, pevnostni
a pretvarné vlastnosti okolniho prostfedi hrdze, zpusob uchyceni
hrdze v okolnim horninovém prostfedi, charakter a intenzita dyna-
mického zatiZzeni. V rdmci feSeni uvedeného vyzkumného projek-
tu byl vyhodnocen vliv materidlu hraze (tfi typy materidlu), tvaru
hrdze (kénicky nebo nekdnicky podélny tvar), tvar pri¢ného prufe-
zu (obloukovy), velikosti pfi¢ného prarezu hraze (2 pri¢né profily
hrdze odpovidajici ploSe pri¢nych prarezu zkuSebnich hrézi ve
§tole Stramberk a 4 velikosti nejcastéji pouzivanych dilnich profi-
11), zpusobu uchyceni hraze v okolnim prostredi (se zdfezem a bez
zédfezu) a tuhosti okolniho prostfedi hrdze (vdpenec, uhli).
V prubéhu feseni projektu se na zdkladé vyhodnoceni vysledka
ukdzalo, Ze podélny tvar hrdze (kdnicky, resp. nekdnicky tvar)
a tuhost okolnfho prostredi nejsou rozhodujicimi faktory pro
dimenzovani hraze a dal$i modelova analyza se pak déle oriento-
vala pouze na zbyvajici vySe uvedené faktory.

Modelovéd analyza byla provedena pro tfi typy materidlu
s trznimi ndzvy Tekblend, Jb a Izolitex, jejichz vlastnosti byly sta-
novovdny laboratornimi zkouskami, provedenymi predev§im pra-
covniky laboratofe stavebnich hmot FAST VSB-TUO pod vede-
nim Ing. LukSe, Ph.D. Na stanoveni dynamického modulu pruz-
nosti se pak déle podilela rovnéz zkuSebni laborator vyzkumného
centra hornin HGF VSB-TU pod vedenim prof. Petrose. V piipadé
této pretvarné charakteristiky se vysledky ruznych laboratornich
metod dosti podstatné li§ily a v prabéhu feSeni projektu byla tedy
prijata koncepce stanoveni tohoto dynamického modulu pruZnosti
na zdklad€ kalibrace modelu, zaloZené na srovndn{ posunu ziska-
nych modelem a posuni naméfenych na vzdu$né strané hrdze pri
experimentdlnich odstfelech. Prvni kalibrace modelu byla prove-
dena na zdkladé naméfenych posuni na vzdu$né strané hrdze
odpovidajicich prvnimu zkuSebnimu odstrelu hrdze tloustky 1,6 m
(materidl Tekblend) a vychdzela z predpokladu, Ze k maximalnimu
posunu ve sméru podélné osy hrdze dochdzi v ¢ase maximdlni
amplitudy dynamického zatiZzeni. V prubéhu dal§iho upfesnovani
modelového feSeni této ulohy se v8ak ukdzalo, Ze tento predpoklad
nebyl spravny a Ze maximadlni posuny nastdvaji s casovym odstu-
pem cca 10 ms za ¢asem, ktery odpovidd maximdlnimu dynamic-
kému zatiZeni. Tento fakt pak ndsledné potvrdily i vysledky mére-
ni ¢asového vyvoje posunu in-situ. Nasledné byla tedy provedena
dalSi upresnujici kalibrace po tfetim experimentdlnim odstrelu,
kterd stanovila modul pruznosti Eb = 530 MPa, ktery velmi dobre
koresponduje s hodnotou ziskanou pfi dynamickém zatiZeni vzor-
ka. Z vysledka laboratornich zkouSek analyzovanych materidla
vyplynulo, Ze se tyto materidly 1i§i predev§im tlakovymi
a tahovymi pevnostmi, ostatni charakteristiky (s vyjimkou charak-
teristik materidlového tlumeni) byly v podstaté u vSech tf{ materi-
ala identické (tab. 1). Tyto pevnostni charakteristiky byly rovnéz
v prubéhu feSeni projektu postupné upfesnovany, po ukonleni
vSech laboratornich experimenta bylo provedeno statistické
vyhodnocen{ ziskanych datovych souboru.

Numericky dynamicky modul umoZnuje zohlediiovat ve vypoctu
rovnéZz Rayleighovy parametry materidlového tlumeni, které
oviem nebyly pro uvazované materidly pfedem vubec zndmy.
K jejich urgeni byly v prabéhu feSeni projektu provadény inverzni
vypolty, vychdzejici z monitorovanych zdznamu posunt na vzdus-
né stran¢ 4. experimentdln{ hrize, které kvalitativné i kvantitativné
dokumentovaly proces tlumeni hrdze. Provedené inverzni vypocty
indikovaly vy$§i hodnoty materidlového tlumeni v pripadé materi-
alu Izolitex ve srovndni s materidlem Tekblend, avsak tento zptsob

Tab. 1 Materidlové charakteristiky hmot pro stavbu hrdzi
Table 1 Material characteristics of materials used to construct bulkheads

Objemové tiha Modul pruznosti pri dynamickém  Poissonovo &islo

zatézovani (MPa)
Modulus of elasticity
during dynamic loading (MPa)

Volume weight
(kN/m®)

Materiél hraze 16 530
Bulkhead material

Poisson’s ratio

- The analysis of the influence of interrupting the bulkhead cas-
ting

BASIC FACTORS DETERMINING DIMENSIONS
OF A SAFETY BULKHEAD

In general, the strain-stress state of a bulkhead depends on many
factors: the bulkhead material, bulkhead shape, bulkhead cross-sec-
tion dimensions, bulkhead thickness, dimensions, number and con-
figuration of man-holes through the bulkhead body, strength and
strain properties of the ground surrounding the bulkhead, the sys-
tem of gripping of the bulkhead in the surrounding ground, the cha-
racter and intensity of dynamic loading. Solving of the above-men-
tioned research project comprised assessing of the influence of the
bulkhead material (three types of material), the bulkhead shape
(longitudinally conical or non-conical), cross-section geometry
(vaulted), dimensions of the bulkhead cross-section (2 differing
cross-sections with the areas corresponding to the cross-sectional
areas of testing bulkheads in the Stramberg gallery), and 4 sizes of
most frequently used colliery frames, the way of gripping the bulk-
head within the surrounding ground (with a notch or without it) and
the toughness of the ground surrounding the bulkhead (limestone,
coal). It turned out on the basis of an assessment of results during
the work on the project that the longitudinal profile of the bulkhe-
ad (conical or non-conical) and toughness of the surrounding
ground were not the deciding factors for designing of dimensions
of a bulkhead; the subsequent analysis therefore dealt only with the
remaining above-mentioned factors.

The completed model analysis covered three types of the bulkhe-
ad material, marketed under the names of Tekblend, Jb and Izolitex.
Their properties were determined by laboratory tests, above all by
the Faculty of Civil Engineering of the VSB — TU of Ostrava per-
sonnel, managed by Ing. Luks, Ph.D. The testing laboratory of the
Rock Mass Research Centre of the Faculty of Mining and Geology
VSB-TU Ostrava, under the leadership of Professor Petro§, also
participated in determining the dynamic modulus of elasticity. As
far as this strain characteristic is concerned, the results obtained by
various laboratory methods quite significantly differed. For that
reason, a concept of the determination of the dynamic modulus of
elasticity which was adopted was based on the model calibration,
based on the comparison of displacements obtained by the model
and displacements measured on the front side of the bulkhead
during experimental blasting. The initial calibration of the model
was carried out on the basis of displacements, measured on the
front side of the bulkhead, corresponding to the initial blasting of
a 1.6m thick bulkhead away (Tekblend). It was based on the
assumption that the maximum displacement in the direction of the
longitudinal axis of the bulkhead takes place at the moment of the
maximum amplitude of the dynamic load. But it turned out during
the further refining of this task model solution that this assumption
had not been correct and maximum displacements take place with
a time lag of about 10ms behind the time corresponding to the
maximum dynamic loading. This fact was then confirmed even by
results of in-situ measurements of the time history of displace-
ments. For that reason, additional refining calibration was carried
out subsequently, after the third experimental blasting, which deter-
mined the modulus of elasticity Eb=530 MPa, which very well cor-
responds with the value obtained during the application of dynamic
loads to the samples. It followed from results of the laboratory tests
on the materials being analysed that the materials differed, first of

Tlakové pevnost po 8 hodindch
tvrdnuti (MPa)
Compressive strength
after 8 hours

Tahova pevnost
po 8 hodinach tvrdnuti (MPa)
Tensile strength after 8
hours strength of hardening

(MPa) (MPa)
0,25 Tekblend:4 Tekblend:1,3
Jb:6.,56 Jb:1,65

1zolitex:0,6 Izolitex:0,3




stanoveni utlumovych charakteristik se ukdzal byt dosti Casové
ndro¢ny a pro zobecnéni velikost{ téchto ttlumovych charakteris-
tik by bylo potieba provést vétsi mnozstvi inverznich vypocti pro
hrdze z ruznych materidld, ruzného tvaru a velikosti, coZz nebylo
mozné v rdmci daného projektu jak z hlediska casového, tak
i ekonomického. Proto byly modelové vypodty provadény v prevazné
mife s nulovymi hodnotami materidlového tlumeni a dtlum kmitdni
tvori tedy urcitou bezpecnostni rezervu nezahrnutou do formulace
zavéreénych doporuéeni pro dimenzaci hrdze a findlnich navrhovych
grafa.

Lutnové prulezy a jejich uzavéry, lokalizované v t€lese hréze, byly
ocelové. Pfi jednom z experimentélnich odstfel ve zkusebni $tole se
ukdzaly byt slabym mistem v konstrukci téchto pruleznych otvort
Srouby v priirubé. PiestoZe pfi provadéném experimentdlnim odstielu
nedoslo k destrukci samotného télesa hraze, dynamickému zatiZeni
nedokdzaly odolat Srouby v prirubé, doslo k jejich neocekdvanému
uvolnéni a totdlni destrukci seismickych snimact v bezprostiedni
blizkosti hrdze. Nésledné byla tedy pfijata opatieni, kterd nebezpe¢i
poruseni Sroubt eliminuji (tab. 1).

Z hlediska tvaru hréze a velikosti jejtho pfi¢ného prarezu vychéze-
la modelovd analyza na pocatku reSeni projektu z tvaru a velikosti
prvni experimentdlni hrize ve zkuSebni 3tole Stramberk (obr. 1),
v dal3f fazi feSeni pak byly na zdkladé€ ziskanych poznatki modeloveé
analyzovdny v praxi nejéastéji pouzivané profily dulnich dél 00-0-10,
00-0-12,00-0-14 a 00-0-16, kde posledni dvoj¢isli v uvedeném ozna-
&eni profilu vyjadfuje plochu svétlého prifezu dila v m2. V rdamci
Casového vymezeni feSeného projektu nebylo mozno postihnout
modelovou analyzou zna¢nou geometrickou variabilitu prileznych
otvorl v télese hréze, a byl proto prijat predpoklad, Ze analyzované
hrdze jsou opatfeny dvojici prifezd pruméru 600 a 800 mm
s horizontdlnim umisténim pralezt ve vySce 04 az 0,8 m
s meziotvorovym pilitkem o $ifce ve velikosti priméru prufezu
(600-800 mm).

Charakteristiky dynamického zatiZeni vychazely z podkladi doda-
nych firmou VVUU a. s. Na zdkladé vyhodnoceni monitorovaného
¢asového zdznamu dynamického zatiZeni (obr. 2) bylo do vypoctu
zavedeno dynamické zatiZeni hrdze charakterizované maximdlnim
tlakem 1,1 MPa. Redlné naméfeny Casovy prubéh zatiZeni byl
v modelu nahrazen trojihelnikovym zatiZenim, zohlediujicim domi-
nantni primdrni napétovou vlnu. Souddsti modelové analyzy byla
rovnéz simulace opakovaného dynamického zatéZovani télesa hraze.

ZAKLADNI KRITERIA VNITRNI A VNEJS[ STABILITY HRAZE

Jak jiz bylo fe€eno, na zdkladé prostorového numerického modelu
(obr. 3) byla provedena parametrickd modelova analyza napéto-
deformacni situace v bezpecnostni hrazi, nasledné vyhodnoceni para-
metrickych modelovych vysledka pro ruzné konstrukéni typy hrdzi
zhotovovanych z jednoho ze tif analyzovanych materiald a stanoven{
doporucené tloustky hraze probihalo v nékolika fazich, v jejichZ pru-
béhu byl model kalibrovén a uprestiovan.

tlakova strana hraze
compressed side of the bulkhead

v-h =4m

§-w=534m
v-h -=38m

§-w=5m

m=1-6m

priilezné otvory na vzdu$né
strané hraze

man-holes on the front side
of the bulkhead

vzdusna strana hraze
front side of the bulkhead

Obr. 1 Zdkladni geometrie télesa 1. experimentdlni hrdze
Fig. 1 Basic geometry of the body of the 1st experimental bulkhead

19. rocnik - €. 1/2010

all, in the compressing strength and tensile strength; the other cha-
racteristics (with the exception of the material attenuation charac-
teristics) were, in substance, identical for all of the three materials
(Table 1). These strength-related characteristics were gradually
refined during the work on the project. A statistical evaluation of
the data sets obtained was carried out after the completion of all
laboratory experiments.

The numerical dynamic model even makes it possible for the cal-
culation to allow for Rayleigh material attenuation parameters,
which, however, were not known in advance for the materials being
taken into consideration. Inverse calculations were conducted with
the aim of determining the parameters during the work on the pro-
ject. They started from the displacement records monitored on the
front side of the 4th experimental bulkhead, which qualitatively and
quantitatively documented the process of the attenuation by the
bulkhead. The completed inverse calculations indicated higher
values of material attenuation in the case of Izolitex compared to
Tekblend, but this method of determining attenuation characteris-
tics turned out to be very demanding for time. To make the genera-
lisation of the values of these attenuation characteristics possible, it
was necessary to carry out larger numbers of inverse calculations
for bulkheads made up of various materials, with differing shapes
and sizes. This was not possible in the framework of the particular
project from the perspective of time and economy. This is why the
model calculations were carried out mostly using zero values of the
material attenuation rate, therefore, the vibration attenuation forms
a certain safety reserve, which is not incorporated into the formula-
tion of final recommendations for the calculation of the bulkhead
dimensions and the final design charts.

The ventilation ducting sleeves and gates on them, installed in
the bulkhead as man-holes, were made of steel. Bolts in flanges tur-
ned out to be weak points of the man-hole structures during one of
the experimental blasts in the testing gallery. Despite the fact that
the bulkhead body itself was not destructed during the experimen-
tal blasting, bolts in the flange did not withstand the dynamic load.
They got unexpectedly loose and seismic sensors in the vicinity of
the bulkhead got totally destructed. Measures were subsequently
adopted to eliminate the risk of failures of the bolts (Table 1).

Regarding the bulkhead shape and the size of its cross-section,
the model analysis in the beginning proceeded from the shape and
size of the first experimental bulkhead in the Stramberg testing gal-
lery (see Fig. 1); in the next phase of the problem solving process,
the profiles of mine workings used most frequently in practice,
i.e. the 00-0-10, 00-0-12, 00-0-14 and 00-0-16 profiles, where the
last two figures express the cross-sectional area of the working in
m?, were analysed on the model on the basis of the gathered know-
ledge. It was impossible for the model analysis, in the framework
of the time allotted to the project solution, to cover the significant
geometrical variability of the man-holes passing through the bulk-
head body. This is why the assumption was adopted that the bulk-
heads being analysed were provided with pairs of man-holes 600 to
800mm in diameter, located at the level of 0.4 to 0.8m above the
floor, with the width of the pillar between them equal to the man-
hole diameter (600-800 mm).

The dynamic loading characteristics were based on source docu-
ments provided by VVUU a.s., a scientific-research coal institute.
The dynamic load acting on the bulkhead, characterised by the
maximum pressure of 1.1MPa, was introduced into the calculation
on the basis of an assessment of the time-history record of the dyna-
mic loading process (see Fig. 2). Taking into consideration the
dominating primary stress wave, the real measured load-time histo-
ry was replaced by a triangular load in the model. Another part of
the model analysis was the simulation of the repeated dynamic
loads acting on the bulkhead.

BASIC CRITERIA FOR INTERNAL STABILITY
AND EXTERNAL STABILITY OF A BULKHEAD

As mentioned above, a parameter model analysis of the stress-
strain situation in a safety bulkhead was carried out on the basis of
a 3D numerical model (see Fig. 3) The subsequent assessment of the
parameter model results for various types of bulkhead structures
made up of three materials being analysed and the determination of
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Na zakladé ziskanych vysledki modelovédni byla za urcujici pro
stanoveni dolni hranice tloustky hrdze prijata ndsledujici kritéria
vnitfn{ a vnéjsi stability hraze:

— kritérium maximdlniho posunu hrdze ve sméru jeji podélné osy

(kritérium vnitfni stability),

— kritérium maximélni hodnoty tahovych napéti na vzdusné stra-

né hrdze (kritérium vnitini stability),

— kritérium maximélni hodnoty tlakovych napéti na tlakové strané

hréze (kritérium vnitin{ stability,

— kritérium maximdlnich smykovych napéti na obvodu hraze

(kritérium vnéjsi stability).

Stanoveni urcujicich kriteridlnich charakteristik pro stanoveni
tloustky hraze umoznilo jednak upfesnit pozadavky na typ modelo-
vych vystupu a jednak zdkladni pozadavky na typy nutnych labora-
tornich zkousek a presnost a objektivitu jejich vysledku. Specifickym
vysledkem experimentl a ndvrhovych postupt na zdkladé matema-
tického modelovani bylo ovéreni skuteCnosti, Ze dimenzovani hraz{
Ize s dostatenou spolehlivosti provddét na zdkladé maximélnich
hodnot tahovych napéti vznikajicich na netlakové strané hréze (obr.
4). Tato skuteCnost byla ovérena prakticky u vSech zkuSebnich
odstrelt hrazi, které byly na zdkladé této podminky spolehlivosti
dimenzovény a vyhovély poZadovanému zatiZeni.

Z hlediska vnéjsi stability hrdze byl pak ddle posuzovin zpusob
uchycenf hrdze v okolnim horninovém prostredi (zdsek, kotveni), a to
s ohledem na velikosti smykovych napéti vznikajicich na kontaktu
télesa hrdze s okolnim prostfedim. Ukdzalo se, Ze ve vSech piipadech
hrézi realizovanych ve zkusebni §tole Stramberk toto kritérium smy-
kovych napéti vyhovélo, na hrazovych objektech prakticky nevznik-
la zddné poSkozeni z duvodu prekroceni smykové pevnosti staveb-
nich materidlu.

VYHODNOCENI VLIVU PRERUSENI BETONAZE
TELESA HRAZE

V rdmci realizované analyzy byl rovnéZ simulovan vliv preruseni
betondze télesa hrdze a ndsledny vliv sniZeni tahovych pevnosti na
pracovnich spardch. Byla stanovena velikost a lokalizace tzv. i¢inné
plochy tahovych napéti indikujici oblast nejvice problematickou
z hlediska preruseni betondze. Vysledky méfeni ukézaly, Ze pfi pre-
ruseni betondZe na dobu krats$i neZ 1 hodina nedochdzi k vyraznému
snizeni tahovych pevnosti na pracovnich spardch a neni nutno
z hlediska funk&nosti hrdze prijimat Zddn4 dal3{ stabilizacn{ opatieni.
Pokud v8ak doba preruseni betondze presdhne 1 hodinu, dochdzi na
pracovnich spardch ke sniZeni tahovych pevnosti o 30-35 % a je
v tomto pripadé doporuceno v modelové stanovené ucinné plose
tahovych napéti pfijeti ur¢itych stabilizaénich opatfeni (aplikace mfi-
Zoviny v G¢inné plose tahovych napéti).

NAVRH GEOMETRICKYCH PARAMETRU BEZPECNOSTNICH
HRAZI PRO PROFILY 00-0-10 AZ 00-0-16

VySe uvedené poznatky ziskané z modelové analyzy
a z laboratornich zkouSek umozZnily provést ndsledujici ndvrh geo-
metrickych parametr bezpe¢nostnich hrdzi v profilech 00-0-10 aZ
00-0-16 s vyuzitim matematického modelu 3D hrdze. Vysledné ndvr-
hové grafy byly stanoveny pouze pro materidly Tekblend a Izolitex,
nebot’ pro treti typ materidlu s oznafenim Jb nebylo provedeno
v ramci feSeni projektu dostatené mnoZzstvi laboratornich zkousek
ani monitorovacich méreni na experimentdlnich hrazich a nebylo
tedy mozno stanovit odpovidajici ndvrhové grafy s dostate¢nou spo-
lehlivosti. V této souvislosti je treba vzit rovnéZ v dvahu tu skutec-
nost, Ze sestavené navrhové grafy nemaji zcela obecnou platnost, ale
jsou vdzéany na niZe specifikované geometrické a materidlové pred-
poklady pro sestaveni navrhovych graft:

— valcova (nekdnickd) hraz,

— modul pruznosti materidlu hrdze 530 Mpa,

— objemova tiha materidlu hraze 16 kN/m3,

— stanoveni tahové pevnosti materidlu po 8 hodindch tvrdnuti na

drovni spolehlivosti 80 %,

— zdsek hloubky 40 cm po celém obvodu a po celé délce hraze,

— varianta bez materialového tlumenti,

— 2 prulezné otvory vedle sebe o priméru 800 mm,

— vyska spodniho okraje od po¢vy 400 azZ 600 mm,

modifikované trojuhelnikové zatizeni
modified triangular loading

Obr. 2 (:’asovj zdznam puisobiciho dynamického zatiZeni hrize (VVUU —
Radvanice)

Fig. 2 Time-history record of dynamic loads acting on the bulkhead (VVUU
— Radvanice)

a recommended bulkhead thickness took place in several phases,
during which the model was calibrated and refined.

The following criteria for the internal and external stability of the
bulkhead were adopted as the deciding ones for the determination
of the lower limit of the bulkhead thickness on the basis of the
modelling results obtained:

- the criterion for the maximum displacement of the bulkhead in
the direction of its longitudinal axis (the internal stability
criterion);

- the criterion for the maximum value of tensile stresses on the
front side of the bulkhead (the internal stability criterion);

- the criterion for the maximum value of compression stresses on
the compressed side of the bulkhead (the internal stability
criterion);

- the criterion for the maximum shear stresses on the bulkhead
circumference (the external stability criterion).

Owing to the determination of the determining criterions requi-
red for the determination of the bulkhead thickness, it was possib-
le to refine both the requirements for the type of the model outputs
and the basic requirements for the types of the laboratory tests
necessary and precision and objectiveness of their results.
A specific result of the mathematical modelling based experiments
and design procedures was the confirmation of the fact that desig-
ning of dimensions of bulkheads can be carried out with sufficient
precision on the basis of maximum values of tensile stresses origi-
nating on the non-compressed side of the bulkhead (see Fig. 4).
This fact was verified in virtually all cases of test blasting of bulk-
heads, the dimensions of which had been designed on the basis of
this condition for reliability and withstood the required loading.

In terms of external stability of the bulkhead, the system of the
bulkhead gripping in the surrounding ground body (notching;
anchoring) was assessed, in view of the magnitude of shear stresses
originating at the contact of the bulkhead with the surrounding
environment. It turned out that this criterion was met in all cases of
the bulkheads constructed in the Stramberg gallery; practically no
damage to the bulkhead structures due to exceeding of the shear
strength of building materials originated.

ASSESSMENT OF THE INFLUENCE OF BULKHEAD BODY
CASTING SUSPENSION

The influence of a suspension of casting of the bulkhead and the
subsequent influence of the reduced tensile strengths on constructi-
on joints were also simulated in the framework of the analysis. It
determined the size and location of the so-called effective area of
tensile stresses, indicating the area which is most problematic in
terms of the suspension of casting. The measurement results proved
that no significant reduction in the tensile strength occurs on con-
struction joints, thus there is no need for implementing any additi-
onal stabilisation measures to improve the bulkhead functionality.
However, if the casting suspension duration exceeds 1 hour, the
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Obr. 3 Vychozi prostorovy numericky model (hrdz bez zdseku)
Fig. 3 Initial 3D numerical model (a bulkhead without a notch)

— itka pilife mezi pruleznymi otvory ve velikosti praméru prilezu
(600-800 mm).

Tyto omezujici podminky pouZiti ddle uvadénych vysledku je tieba
vzit v Givahu, protoZe ndvrhové grafy neuvazuji napt. vertikdlni umis-
téni pralezd nebo vytvéreni prijezdnych hrdzi (experimenty nebyly
tyto typy ovéreny).

Na zdkladé vyhodnoceni parametrickych vypo&ta hrazi vybudova-
nych z materidlu Tekblend Ize konstatovat:

— pro statisticky spolehlivou hodnotu tahové pevnosti materidlu
Tekblend (1,3 MPa) se tloustky hrdzi pohybuji v rozmezi 1,6 m
pro profil 00-0-10 az 1,85 m pro profil 00-0-16. Se stoupajici
hodnotou tahové pevnosti tloustka hraze klesa;

—vzhledem k prubéhu a velikosti smykovych napéti na obvodu
MPa) posouzeni ve vztahu k velikosti smykovych napéti vyhovi
a pro navrh tloustky hrdze nenf rozhodujici (plati predpoklad, Ze
Sitka zdseku je rovna tloustce hrdze);

— tlakova pevnost materidlu Tekblend (4—4,5 MPa po 8 hodindch)
vyrazné prekraluje vznikajici tlakové napéti na tlakové strané
hrdze a nenf omezujici podminkou pro dimenzovdni;

— posuny (pretvoreni) télesa hrdze se pohybuji v rozmezi cca
6-22 mm a nepredstavuji 74dné omezeni unosnosti hrdzi
z materidlu Tekblend.

Navrhové grafy tloustky hrazi z materidlu Tekblend jsou uvedeny
na obrézku 5. Pro hrdze z materidlu Izolitex bylo zapotiebi realizovat
vypocty jejich tloustky s uvaZovanim skute¢nych pevnostnich
a pretvarnych vlastnosti, které jsou vyrazné niz§i neZ pro Tekblend.
U materialu Izolitex, vzhledem k vyrazné nizsi pevnosti, dosahuji
doporuéené tloustky hrazi velikosti 2,6 az 3,3 m. Navrhové grafy pro
dimenzovani hraz{ z materialu Izolitex jsou uvedeny na obrazku 6.

Graf zavislosti tloustky hraze na tahové pevnosti materialu hraze

a velikosti profilu dilniho dila - material Tekblend

Chart showing the relationship between the bulkhead thickness

and the tensile strength of the bulkhead material and the size of the mine
working cross-section - Tekblend material

Obr. 5 Ndvrhové grafy pro dimenzovdni hrdze z materidlu Tekblend
Fig.5 Charts for designing of dimensions of a bulkhead built using Tekblend

Obr. 4 RozloZeni tahovych napéti na vzdusné strané 4. experimentdlni hrdze
Fig. 4 Distribution of tensile stresses on the front side of the 4th experimental
bulkhead

tensile strengths on construction joints are reduced by 30-35 per
cent. In such a case, it is recommended that certain stabilisation
measures (the application of steel mesh in the effective area of ten-
sile stresses) be applied within the effective area of tensile stresses
determined by the model.

THE DESIGN FOR GEOMETRICAL PARAMETERS
OF SAFETY BULKHEADS FOR PROFILES 00-0-10
THROUGH 00-0-16

The above-mentioned findings obtained by means of a model
analysis and laboratory tests allowed the following design for geo-
metrical parameters of safety bulkheads with profiles 00-0-10
through 00-0-16 to be carried out using a 3D mathematical model
of the bulkhead. The resultant design charts were determined only
for Teklebend and Izolitex because neither a sufficient number of
laboratory tests nor the monitoring measurements on experimental
bulkheads were conducted in the framework of the project for the
third material marked Jb. It was therefore impossible to determine
corresponding, sufficiently reliable design charts for it. In this con-
text, it is necessary to take into consideration the fact that the vali-
dity of the developed charts is not absolutely general. The charts
are bound to the following geometrical and material assumptions
for developing the design charts:

- the cylindrical (non-conical) shape of the bulkhead;

- the bulkhead material modulus of elasticity of 530MPa;

- the volume weight of the bulkhead material of 16kN/m3 ;

- setting of the tensile strength of the material after 8 hours of

curing at the reliability level of 80%;

- the notch around the whole circumference and throughout the
bulkhead length 40cm deep

- a variant without the material attenuation;

- 2 man-holes 800mm in diameter, arranged side-by-side;

- the man-hole bottom at the level of 400 to 600mm above the
gallery bottom;

- the width of the pillar between the man-holes equal to the man-
hole diameter (600 — 800mm).

These restricting conditions for using the below-mentioned
results must be taken into consideration since the design charts do
not take into account, for example, the vertical position of the man-
holes or the possibility of creating bulkheads passable for vehicles
(these types were not verified by tests).

It is possible to state on the basis of the assessment of the para-
meter calculations of bulkheads made of Tekblend that:

- for the statistically reliable value of the tensile strength of
Tekblend material (1.13MPa), the values of thickness of bulk-
heads must vary within the range of 1.6m (for the 00-0-10 pro-
file) to 1.85m (for the 00-0-16 profile). The bulkhead thickness
decreases with the increasing value of the tensile strength.
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Graf zavislosti tloustky hraze na tahové pevnosti materialu hraze
a velikosti profilu dilniho dila — material Izolitex

Chart showing the relationship between the bulkhead thickness
and the tensile strength of the bulkhead material and the size

of the mine working cross-section - Izolitex material

Obr. 6 Ndvrhové grafy pro dimenzovdni hrdze z materidlu Izolitex
Fig. 6 Charts for designing of dimensions of a bulkhead built using Izolitex

ZAVER

Vysledkem feSeni projektu je stanoveni ndvrhovych grafi pro
dimenzovdni vybuchovzdornych hrdzi z materidld Tekblend
a Izolitex v profilech 00-0-10 az 00-0-16 pro vyse uvedené omezuji-
cf podminky. Stanovené navrhové grafy tloustky hrazi pro proménné
hodnoty tahové pevnosti a velikosti profilu vychdzeji z ndsledujicich
dil¢ich kroku resent:

— realizace laboratornich zkousek pro stanovenf fyzikdlné-mecha-
nickych vlastnosti materiala pro stavbu hrazi, statistické vyhod-
noceni vysledku zkousek;

— realizace variantnich prostorovych numerickych vypoctu, kalib-
race modeld a analyza ziskanych vysledka;

— realizace péti zkuSebnich odstfelt ve zkuSebni Stole Stramberk,
realizace monitorovacich méfeni, jejich vyhodnocen{
a ndsledné vyuziti ziskanych dat in-situ pro inverzni analyzu;

— regresni analyza a stanoveni piislusnych néavrhovych grafu pro
dimenzovani vybuchovzdornych hrézi.

Resen{ ukézalo, Ze doporucené tloustky hrazi z materidlu Tekblend
vyrazné snizuji pracnost i spotiebu stavebnich hmot a cile projektu
z hlediska optimalizace tlouStky bylo proto dosazeno. V pripadé
materidlu Izolitex jsou vzhledem k vyrazné niz§im pevnostem dopo-
rucované tloustky hrdzi ponékud vyssi.

Projektem stanovené ndvrhové grafy pro dimenzovani vybucho-
vzdornych hrézi, i pres vy$e omezujici podminky platnosti, pispiva-
ji k vyS8i bezpecnosti a ke sniZeni materidlovych i asovych ndklada
na vybudovéni hréze a je predpoklad, Ze budou doplnény do stavaji-
ci instrukce pro dimenzovani vybuchovzdornych hrazi [2].

Tento piispévek byl zpracovén v ramci feeni projektu CBU 48-06
NavrZeni nového typu uzaviracich hrdzi z hlediska konstrukce
a pouzitych materidld, bezpe¢nosti pracovniki v hlubinnych dolech
a v podminkach podzemniho stavitelstvi.
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- Taking into consideration the history and magnitude of shear
stresses around the bulkhead circumference, it is obvious that
result of the assessment relating to the magnitude of shear
stresses will comply with requirements, even in the case of the
lowest shear strength value (1.3MPa), and that it is not deci-
ding for the bulkhead thickness design (the assumption that the
width of the notch is equal to the bulkhead thickness applies).

- The compression strength of Tekblend (4-4.5MPa after 8
hours), which significantly exceeds the compression stress
originating on the compressed side of the bulkhead, is not
a limiting condition for designing of dimensions.

- Displacements (deformations) of the bulkhead body, which
vary between 6 — 22mm, do not mean any limitation of the
load-bearing capacity of the bulkheads built using Tekblend.

The charts for designing of thickness of Tekblend bulkheads are
presented in Figure 5.

Calculations of the thickness of the bulkheads where Izolitex is
used had to take into consideration the real strength-related and
deformational properties, which are significantly lower than the
properties of Tekblend. The thickness recommended for Izolitex
bulkheads reaches 2.6 to 3.3m. The charts for designing of dimen-
sions of Izolitex bulkheads are presented in Figure 6.

CONCLUSION

The project solution result consists of charts for designing of
dimensions of explosion-proof bulkheads built using Tekblend and
Izolitex materials, in 00-0-10 through 00-0-16 profiles, under the
above-mentioned limiting conditions. The charts for designing of
bulkhead thickness with the tensile strength and cross-sectional
area variable were determined on the basis of the following partial
steps:

- conducting laboratory tests to determine physical and mecha-
nical properties of materials to be used for the bulkhead con-
struction; statistical evaluation of the test results;

- carrying out 3D numerical calculation variants, calibrating the
models and analysing the results obtained;

- performing five testing blasts in the Stramberg testing gallery,
conducting monitoring measurements with subsequent assess-
ment of the results; using the in-situ gathered data for an inver-
se analysis;

- carrying out a regression analysis and determining relevant
charts for designing of dimensions of explosion-proof bulk-
heads

The solution has proved that the recommended thickness of bulk-
heads to be built using Tekblend significantly reduces labour con-
sumption and consumption of building materials; therefore the
objective of the project, in terms of the optimisation of the thick-
ness, has been achieved. As far as Izolitex is concerned, the recom-
mended bulkhead thickness values are slightly higher with respect
to the significantly lower strengths.

Despite the above-mentioned limiting conditions, the charts for
designing of dimensions of explosion-proof bulkheads which were
determined by the project contribute to enhancing the safety and
reducing material costs and time required for the construction of
a bulkhead. There is an assumption that the charts will be added to
the current instruction on designing of dimensions of explosion-
proof bulkheads [2].
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PRIPOJOVACI A USMERNOVACI MERENI PRI RAZBE KOLEKTORU
V CENTRU MESTA OSTRAVY
CONNECTING SURVEY AND ORIENTATION MEASUREMENT WHILE
DRIVING A UTILITY TUNNEL IN THE CENTRE OF OSTRAVA

HANA STANKOVA, PAVEL CERNOTA, JIRI POSPISIL

uvoD

V dusledku zhorSujici se situace stavu inZenyrskych siti v centru
Ostravy zpracoval magistrat mésta projekt pro vybudovani kolekto-
ru. Prvni realizovanou etapou byla vystavba razenych kolektora
v centru mésta Ostravy, a to v ulici Podébradova. Stavba Kolektoru
Centrum navazovala na prvni etapu vystavby.

Situovéni stavby vychdzelo z pozadavku na gravita¢ni odveden{
splaskové a destové vody z centra mésta. Snahou bylo vytvorit pod-
minky pro definitivni dpravu historického jadra Ostravy, kterd by jiz
nebyla narusovdna vykopy z divodia oprav inZenyrskych siti.

Pri¢ny profil kolektorového télesa byl navrZen tak, aby umozno-
val uloZen{ kanalizace, rozvodu pitné vody, horkovodniho potrubi,
rozvodu zemniho plynu, kabelu elektrického vedeni a datovych
kabelu.

Vzhledem k uloZeni kanaliza¢niho potrubi v klenbé Stoly byla
kolektorovd chodba realizovédna jako obdélnik $itky 2,5 m a vysky
1,7-3.,1 m s pulkruhovou klenbou o poloméru 1,25 m. Vyska profi-
Iu se ménila v zdvislosti na dimenzi potrubi. Délka kolektoru byla
714 m. Razba probihala v hloubce cca 10 m (poc¢va). Kryti nadlozi
se pohybovalo od 4,5 m do 6 m.

Profilem raZeného kolektoru probihalo geologické rozhrani mio-
cénnich jila v podloZi a tercidrnich Stérkopiska, které pokracuji do
nadloZi a jsou v centru Ostravy vyrazné zahlinéné a ulehlé.

ZAKONNE NORMY DULNE MERICKYCH PRACI

Zdkon CNR ¢&. 61/1988 Sb., ve znéni pozdéjiich predpist [1] kon-
krétné vymezuje hornickou Cinnost a ¢innost provadénou hornic-
kym zpusobem. Razba kolektoru je tedy ¢innosti provddénou hor-
nickym zplsobem, a proto se veSkeré mérické prdce 1idi vyhldskou
CBU ¢. 435/1992 Sb., [2] ve znéni pozd&jsich predpist.

Ukolem pfipojovaciho méfeni na povrchu je urit polohu konco-
vych bodu promitané dsecky (olovnic) a zejména jejich smérnik.
Pripojeni horizontu dilniho (podzemniho) dila v dole ma za kol
prenést hodnoty z promitané dsecky na body zajiStujici zakladn{ ori-
enta¢ni piimku (ZOP) pripojovaného dulniho dila.

JelikoZ tento prispévek se zabyva pripojovacim a usmérniovacim
mefenim pii razbé kolektoru, je tfeba zminit podminky, které taxa-
tivné urCuje vySe uvedend vyhldaska [2] v priloze ¢. 1 Polohové
a vySkové mereni pri ¢innostech podle § 1 v podzemi v kapitole ¢. 4
s ndzvem Pripojovaci a usmeriovaci méreni. V ¢ldnku 4.1.1. je uve-
deno, Ze zpusob pripojovaciho a usmérnovaciho méfeni se voli
s ohledem na druh otvirkového dilniho (podzemniho) dila.

Podle [2], pfiloha 1, odst.4.1. Ize pouZit ndsledujici metody pfi-
pojeni a usmernéni:

4.1.2. Horizont, dulni (podzemni) dilo se pripoji a usmérni dalnim
polygonovym poradem

4.1.2.1. vedenym mezi body promitnutymi dvéma nebo vice
jdmami nebo

4.1.2.2. vedenym mezi orientanimi primkami, stabilizovanymi
na povrchu pfi usti $tol nebo dklonnych dulnich (podzemnich) dél
nebo

4.1.2.3. vychdzejicim z jedné orientalni primky stabilizované na
povrchu pfi dsti §toly nebo tklonného dulniho (podzemniho) dila
a konc&iciho alespon na jednom bodé¢ promitnutém jamou nebo

4.1.2.4. vychdzejicim z bodu promitnutého jednou jdmou
a usmérnéné orientacni primky gyroteodolitem.

4.1.3. Neni-li mozno splnit podminky uvedené v 4.1.2.1,4.1.2.2.
a 4.1.2.3., pripoji a usmérni se horizont, dulni (podzemni) dilo
vhodnou geodetickou orientaéni metodou (napr. dvéma olovnicemi)

INTRODUCTION

Taking into consideration the deteriorating situation in the condition
of utility networks in the centre of the city of Ostrava, the Municipality
of Ostrava prepared a project for the construction of a utility tunnel.
First stage of the construction to be implemented comprised mined uti-
lity tunnels in the centre of Ostrava, at Podébradova Street. The con-
struction of the Central Utility Tunnel was connected to structure built
in the first stage.

The location layout was based on the requirement of gravity sewa-
ge and storm water withdrawal from the centre of the city. The objec-
tive was to create conditions for definite shaping of the historic core of
Ostrava, which would not be disturbed by trenches required for repa-
irs of existing buried utility networks in the future.

The design for the utility tunnel cross-section was carried out with
the aim of allowing sewers, water mains, hot-water pipes, natural gas
distribution pipes, power cables and data cables to be installed in the
tunnel.

Thanks to the fact that the sewer line was to be placed under the uti-
lity tunnel vault, the cross-section was designed as a rectangle of 2.5m
width by 1.7 — 3.1m height, with 1.25m-radius featured with a semi-
circular vault. Cross-section height varied, depending on the dimensi-
on of the pipelines. Ultility tunnel length was of 714m. It was driven
at the depth of about 10m (the bottom). Overburden height varied from
4.5m to 6m.

There was a geological interface running across the mined utility
tunnel profile. It was encountered between Miocene Clays in the sub-
grade and very dense Tertiary gravel-sands, containing a significant
proportion of loam, continue to the cover.

MINE SURVEY LEGAL STANDARDS

Law of the CNR No.61/1988 Coll. Sb. in the wording of later regu-
lations [1] specifies mining activities and activities carried out using
the mining methods. Utility tunnel excavation is an activity carried out
by mining methods. All survey work must therefore comply with the
Decree No. 435/1992 Coll. [2] of the CBU (the Czech Bureau of
Mines) in the version of later regulations.

Task for a connecting survey on the surface is to determine locati-
ons of end points of a plummet segment and, first of all, to determine
their bearing. The task of connecting the horizon of a mine (underg-
round) working is to transfer values from the plummet segment to
points securing the basic directing line of the mine working being con-
nected.

Since this paper deals with the connecting survey and orientation
measurement while driving a utility tunnel, it is necessary to mention
the conditions being prescribed compulsorily through the above-men-
tioned Decree [2], Annex No. 1 ‘Positional and altimetric measure-
ments for activities according to § 1 in the underground’, Chapter No.
4 named ‘Connecting Survey and Orientation Measurements’.
Paragraph 4.1.1 states that the method of the connecting survey and
orientation measurements is selected depending on the type of the
mine (underground) working opening.

According to [2], Annex 1, par. 4.1, the following methods of con-
necting and orientation work can be used:

4.1.2. The horizon is connected and the mine (underground) wor-
king is oriented using a polygonal traverse

4.1.2.1. running between points vertically projected through two or
more shafts or
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nebo gyroteodolitem a alespon jednou olovnici, a to dfive, nez délka
razeného dulniho (podzemniho) dila dosdhne 300 metra.

4.1.4. Ode dne, kdy nastane moznost pripojeni a usmérnéni podle
4.1.2., provede se potfebné méreni a vyhodnoceni nejpozdéeji do 30
dnu.

4.1.5. Metodu pfipojeni a usmérnéni horizontu jednou jdmou
a dvéma olovnicemi lze pouZit pouze vyjime¢né, pokud neni mozno
pouZit presnéjsi metodu.

V pripadé€ raZby kolektoru se zpravidla jednd o otvirku podzem-
niho dila jednou jdmou.

Pak je mozné pfipojeni a usmérnéni jen podle odstavce 4.1.2.4
nebo 4.1.3, a to jen s podminkami uvedenymi v odstavci 4.1.4
a 4.1.5. Pouziti gyroteodolitu by bylo vhodnou metodou.
Problémem vSak je absence gyroteodoliti ve vybaveni firem
a neexistence nabidky sluZeb poskytujicich méfeni gyroteodolitem,
na trhu.

PRIPOJOVACI A USMERNOVACI MERENI PRI RAZBE
KOLEKTORU CENTRUM

Otvirka horizontu raZeného kolektoru byla provedena tremi Sach-
tami obdélnikového prafezu do hloubky 10 m pod povrch
a o nasledujicich rozmérech: Sachta D 6,20 x 7,20 m, Sachta E
6,70 x 4,90 m, Sachta F 4,60 x 4,80 m.

Razba kolektoru probihala sou¢asné na ¢tyfech Celbach systémem
»Celba-protiCelba® (obr. 1) v téchto smérech: Sachta F — komora
K17, Sachta E — komora K14, Sachta E — komora K12, jdma
D — komora K7. Délky razenych tsekt byly: D—E 438 maE - F
276 m. Pripojovaci a usmérnovaci méfeni pri razbé probihalo ve
Ctyfech etapdch. VeSkeré mérické prace byly provddény presnym
méfenim. Tato pfesnost je stanovena podle [2], Pfiloha I, odst.1.

Kde: D, E, F — stavebni Sachta, V1, V2, V3, V4 — technologické
vrty, K7 — K20 — komora kolektoru.
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4.1.2.2. running between aligning bases stabilised on the surface at
the mouth of adits or mine (underground) slants or

4.1.2.3. starting from a single aligning base which is stabilised on
the surface at the mouth of an adit or a mine (underground) slant and
ending at least at one point vertically projected through a shaft or

4.1.2.4. starting from a point vertically projected through a single
shaft and a base line aligned by means of a gyrotheodolite.

4.1.3. If the conditions contained in paragraphs 4.1.2.1, 4.1.2.2 and
4.1.2.3 cannot be met, the horizon and the mine (underground) working
are connected by means of a proper orientation survey method (e.g. by
two plumbs) or a gyrotheodolite and at least one plumb before the length
of the mined (underground) working reaches 300m.

4.1.4. Required measurement and assessment must not be carried
out later than 30 days after the day on which the connection and ori-
entation according to 4.1.2 became possible.

4.1.5. Method of connecting and orienting the horizon through one
shaft and two plumbs can be used only exceptionally, if no more pre-
cise method can be used.

In the case of driving the utility tunnels, underground working is
usually opened via a single shaft. Then it is possible to carry out the
connection and orientation only, according to paragraph 4.1.2.4 or
4.1.3, only under conditions contained in paragraphs 4.1.4 and 4.1.5
applicable. The use of a gyrotheodolite would be a suitable method.
However, there is a problem — gyrotheodolites are missing in the equ-
ipment companies have available, and there are no services offering
gyrotheodolite measurements on the market.

CONNECTING SURVEY AND ORIENTATION MEASUREMENT
WHILE DRIVING THE CENTRAL UTILITY TUNNEL

Horizon of the mined utility tunnel was opened up to the depth of
10m through three rectangular shafts with the following dimensions:
shaft D 6.20 x 7.20m, shaft E 6.70 x 4.90m, and

shaft F 4.60 x 4.80m.

The utility tunnel had been driven by four simul-
taneously running headings (a heading — counter-
heading system) in the following directions (see
Fig. 1): shaft F — chamber K17, shaft E — chamber
K14, shaft E — chamber K12, shaft D — chamber K7.
Lengths of the mined sections were as follows:
D — E section of 438m, and E — F section of 276m.
Connecting survey and orientation measurements
were performed during the construction in four sta-
ges. All surveys were conducted by precision mea-
surement methods. This precision is determined
according to [2], Annex 1, paragraph 1.

Where: D, E, F — construction shafts, V1, V2, V3,
V4 — technological boreholes, K7 — K20 — utility
tunnel chambers.

Obr. 1 Prubéh trasy kolektoru s vyznacenim komor, stavebnich jam a technologickych vrti
Fig. 1 The utility tunnel route with chambers, construction shafts and technological boreholes

I. ETAPA

Byla pouzita metoda promitdni dvou olovnic jednou Sachtou
a pripojovacim obrazcem byla dsecka. Na ohlubni kazdé Sachty byly
k jejimu rdmu navafeny ocelové konzoly tak, aby byly ve sméru
budouci razby tubusu kolektoru. Ndsledné byl z bodu vytyCovaci
sité¢ vytyCen smér razby a do konzol v tomto sméru byly navrtiny
otvory pro zavéSeni olovnic. Soufadnice koncovych bodu takto pro-
mitané Usecky (olovnic) byly uréeny ve stdtnim referen¢nim systé-
mu S-JTSK z méfického bodu u jamy totdlni stanici Leica TC 1700
s pouZzitim souose vloZeného v§esmérného hranolu Leica do zdvésu
nad olovnici. Zdves byl vyroben v jemnomechanické diln¢ Institutu
geodézie a dilniho méfictvi, VSB-TU Ostrava. Olovnice v $achté
poté urcovaly smér pro rozrazku kolektoru do doby, neZ mohl byt
smér razby zajistén body primo ve vlastnim tubusu kolektoru.

Il. ETAPA
Po vyraZeni asi 6 m trasy kolektoru byly opét ptipojeny olovnice
na ohlubni Sachet jiZz drive popsanym méfickym postupem.

STAGE |

Vertical projection method using two plumbs in
one shaft was used, with the junction figure in the
form of abscissae. Steel brackets were welded to the
pit bank frame at each shaft in the direction of the
future excavation of the utility tunnel tube. Subsequently, the directi-
on of driving was set out from a setting-out net and holes for suspen-
ding plumbs were drilled in the brackets. Coordinates of the end points
of the plummet segment projected in the above-mentioned way (the
plumbs) were determined within the state reference system — the
Uniform Trigonometric Cadastral S-JTSK, from a survey point at the
shaft, by a Leica TC 1700 total station, using a Leica omni-directional
prism inserted concentrically into the suspension above the plumb.
The suspension was manufactured in a fine mechanical workshop of
the VSB - Technical University of Ostrava. The plumbs in the shaft
then determined the direction for the utility tunnel opening until the
driving direction could be secured by points installed directly in the
tunnel tube itself.

STAGE Il

When about 6m of the utility tunnel route excavation had been com-
pleted, the plumbs were fixed again at the pit bank, using the above-
mentioned survey procedure. With respect to the shallow depth of the
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Legenda:

A - zavés s olovnici a véesmérnym hranolem,

B - odrazny hranol,

C - konzola pro upevnéni olovnic na ohlubni $achty,
D - totalni stanice (Leica TC 1700),

E - orientace na body vytyCovaci sité,

F — stavebni Sachta,

G - technologicky vrt,

H — kolektor

Legend:

A - suspension with a plumb and omni-directional
prism,

B — reflecting prism,

C - bracket for fixing a plumb at the pit bank,

D - total station (Leica TC 1700),

E — orientation on setting-out net points,

F — construction shaft,

G — technological borehole,

H — utility tunnel.

Obr. 2 Pripojeni promitané primky na povrchu
Fig. 2 Connecting the plummet line on the surface

Vzhledem k malé hloubce horizontu kolektoru byl k promitan{ dse-
¢ky na horizontu pouZit opticky dostfedovad ZNL fy WILD.
Totélni stanice byla dostfedéna pod otvor v jedné z konzol na
ohlubni jdmy a na druhou konzolu byla zavéSena olovnice. Smér
razby, resp. promitané disecky byl pfenesen totdln{ stanici do tubu-
su a zajistén ¢tvefici bodu v jeho ose. Olovnice v téchto nové sta-
bilizovanych bodech urfovaly smér razby.

lll. ETAPA

Po vyraZzeni 30 az 40 m na elbdch bylo nutno upfesnit pfipoje-
ni kolektoru, nebot’délky promitanych dsecek (olovnic) v Sachtach
(F-4,113m,E-5814m,D - 6,214 m) i pfi velmi zodpovédném
a peClivém provedeni méfickych praci nemusely byt zdrukou
Uspésné prordzky. Upfesnéni pripojovaciho a usmérnovaciho
méfeni bylo provedeno po odvrtdni technologickych vrtu &. 1,2 a 3
niZe popsanym zpusobem. Vrty byly vytyCeny z boda vytylovaci
sit¢ na povrchu tak, aby nedo$lo ke kolizi s vyztuZi ve Stole.
Praméry vrti byly 300 mm.

Pripojeni na povrchu bylo provedeno z bodu vytyCovaci site tak,
Ze byla znovu pripojena jedna olovnice na ohlubni Sachty. Druhy
bod byl signalizovan hranolem nad dstim vrtu (obr. 2). Tato tsecka
byla na horizontu kolektoru v Sachté opét promitnuta optickym
dostfedovatem. Druhd olovnice byla promitnuta klasickym
mechanickym promitanim s vSesmérnym hranolem v ose vrtu.
Z této tseCky byly u kazdé Sachty zaméreny trojice pfedem osaze-
nych bodu. Tyto body ndm podle [2] zajistily ZOP v klenbé kolek-
toru (obr. 3). Body ZOP byly stabilizoviany ocelovymi kotvami
zabudovanymi v primédrnim ostén{ kolektoru. Dalsi méfické price
poté probihaly z tohoto dulniho polohového bodového pole.

Realizaci tohoto pfipojovaciho a usmérnovaciho méreni se délky
pripojovacich tsefek (jdma—vrt) prenesenych do horizontu kolek-
toru zvetSily takto: jama D — vrt V3 délka tsecky 41,825 m, jdma
E — vrt V2 délka dsecky 43,48 m, Sachta F — vrt V1 délka dsecky
39,548 m.

IV. ETAPA

Po tispésné prordzce tseku kolektoru mezi §achtami E a F (,,$tus
na Stus“), byl horizont kolektoru v této ¢dsti pripojen a usmérnén
neorientovanym polygonovym pofadem vedenym mezi body pro-
mitnutymi dvéma jdgmami podle [2]. JelikoZ razba kolektoru v iseku
mezi Sachtami E a D byla del§i (do prordzce zbyvalo 190 m),
bylo dulni polohové bodové pole ze Sachty E pfipojeno na vyse
uvedeny polygonovy porad. Horizont razby ze Sachty D byl jesté
jednou pripojen a usmérnén polygonovym pofadem mezi olovnic{

utility tunnel horizon, a Wild ZNL optical plummet was used for pro-
jecting the plummet segment to the horizon. The total station was cent-
red under the hole in one of the brackets at the pit bank, while a plumb
was suspended from the other bracket. The direction of the projected
segment was transferred by the total station into the tunnel tube; then
it was secured by a set of four points installed on its centre line. The
plumbs suspended in the newly stabilised points determined the direc-
tion of the tunnel driving.

STAGE Ill

When 30 — 40m of the excavation were completed at the headings,
it was necessary to refine the utility tunnel connection because the
lengths of the plummet sections (plumbs) in the shafts (F—4.113 m, E
— 5814 m, D — 6.214 m) did not guarantee necessarily a successful
breakthrough, despite very responsible and meticulous measurements.
Connecting survey and orienting measurement were refined after tech-
nological boreholes No. 1,2, and 3 had been finished, using the above-
mentioned procedure. Boreholes were set out from a net established on
the surface with the aim of preventing a collision with the tunnel exca-
vation support elements. Boreholes were of 300mm diameter.

Connection on the surface was carried out from a connection net
point by reconnecting one plumb at the pit bank. The other point was
marked by a prism installed above the borehole mouth (see Fig. 2).
This abscissae was vertically projected to the shaft, to the utility tun-
nel horizon, again using the optical plummet. The other plumb was
vertically projected traditionally, by a mechanical method, with an
omni-directional prism installed in the centre of the borehole. This
abscissae was used at each shaft for surveying three pre-set points.
These points secured the basic directing line [2] for us in the utility
tunnel vault (see Fig. 3). The basic directing line points were stabilised
by steel anchors embedded in the primary lining of the utility tunnel.
Other survey subsequently proceeded from this underground horizon-
tal control.

After the completion of this connecting survey and the orientation
measurement, the lengths of the connecting segments (shaft — boreho-
le) which had been transferred to the utility tunnel horizon grew as fol-
lows: shaft D - borehole V3, segment length of 41.825m, shaft E -
borehole V2, segment length of 43.48m, shaft F — borehole V1, seg-
ment length of 39.548m.

STAGE IV

After successful breakthrough the headings between shafts E and F,
horizon in this part of the utility tunnel was connected and oriented by
anon-oriented traverse between the points vertically projected through
two shafts according to [2]. Since the length of the utility tunnel exca-
vation in the section between shafts E and D was greater (190m rema-
ined to reach the breakthrough), the underground horizontal control
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Tuel

Legenda:

viz obr. 2 s vyjimkou E;
1,2, 3 - body pro zajisténi
z&kladni orientaéni pfimky

Legend:
See Fig. 2, with the exception of E;
1, 2, 3 - points fixing the basic orientation line.

Obr. 3 Pripojeni zdkladni orientacni primky v podzemi
Fig. 3 Connecting the basic orientation line in the underground

promitnutou v Sachté D a olovnici promitnutou technologickym
vrtem &. 4. Po tspé¥né prordzce byl horizont kolektoru mezi Sach-
tami F a D definitivné pfipojen a usmérnén dulnim polygonovym
poradem vedenym mezi body promitnutymi dvéma Sachtami, opét
podle [2].

ZAVER

Pro pouzity neorientovany polygonovy porad (vedenym mezi
body promitnutymi dvéma Sachtami) neni stanovena presnost
podle [2], Piiloha 1. Proto byly soufadnice bodu polygonového
poradu uréeny ze dvou nezédvislych méfeni a jejich presnost posou-
zena jako povolend odchylka v poloze koncového bodu oteviené-
ho polygonového poradu viz [2] kap 2.5. Celkovd presnost méreni
byla posouzena podle [2], Priloha 1, kap.2.4, a v nf stanovend kri-
téria presnosti pro presnd méfeni splnila.

Metoda (vyuziti technologického vrtu) pouzitd pri razbé kolek-
toru v centu mésta Ostravy je podle [2] Pifloha 1, kap. 4.1 orien-
ta¢ni metoda. Metodu fadime mezi orientaéni, protoZe vyuZzivime
vrtu, nikoli Sachty, a pouzijeme méfickou pfimku misto polygono-
vého pofadu. Z tohoto divodu bylo nutné podle [2], priloha 1,
odst.4.1.4, provést pripojeni a usmérnéni popsané ve IV. etapé.

Tento postup je po strdnce ekonomické (vybaveni) nesrovnatel-
né levnéjsi oproti pouZziti gyroteodolitu. Dalsi vyhodou metody je
vyS§8i presnost nez pfi pouZiti promitani jednou Sachtou a dvéma
olovnicemi (vetsi délka promitané tsecky).
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from shaft E was connected to the above-mentioned traverse. Horizon
of the excavation starting from shaft D was, once again, connected and
oriented by means of a traverse between the plumb projected in shaft
D and the plumb projected through technological borehole No. 4.
After successful breakthrough, the horizon of the utility tunnel betwe-
en shafts F and D was definitely connected and oriented by means of
an underground traverse between the points which had been vertically
projected through two shafts, again according to [2].

CONCLUSION

No level of accuracy is set according to [2], Annex 1, for the non-
oriented traverse used (between the points vertically projected through
two shafts). For that reason the coordinates of the traverse points were
determined from two independent measurements. Their accuracy was
assessed as an allowable deviation at the location of an unclosed tra-
verse end point, see [2], Article 2.5. Overall accuracy of the measure-
ments was assessed according to [2], Annex 1, Article 2.4. The criteria
set in this Decree for precise measurements were met.

Method which was used during the excavation of utility tunnels in
the centre of Ostrava (using a technological borehole) has, according
[2], Annex 1, Article 4.1, a pilot value. We rank this method among
guidance value methods because we use a borehole instead of a shaft,
and a survey line instead of a traverse. This was why it was necessary
to perform the connection and orientation described in Stage IV accor-
ding to [2], Annex 1, paragraph 4.1.4.

This procedure is incomparably cheaper than the use of
a gyrotheodolite in terms of economy (cost of equipment). Another
advantage of the method is the accuracy, which is higher then in the
case of vertical projection through one shaft and two plumbs (the
length of the plummet segment is grater).
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KABELOVY TUNEL ZLICIN-JIH
ZLICIN-SOUTH UTILITY TUNNEL

RADKO RIEGER, PETR CUPAL

uvoD

Spole¢nost PREdistribuce, a. s., jakoZto hlavni dodavatel elektrické
energie v Praze se v mnoha pripadech potykd se zpusobem napojeni
oblasti konelné spotfeby energie na stdvajici prenosovou soustavu.
Problémy s napojenim jsou ddny predevs$im majetkopravnimi vztahy
a jiz existujicimi sitémi technické a dopravni infrastruktury. Tyto dva
hlavni limitujici faktory asto zcela znemoZnuji pouZit standardn{ zpu-
sob prenosu — vedeni kabeld v kopanych traséch.

Jednim z takovychto problému byla i potfeba spolehlivého kapacit-
niho napojeni vznikajictho Zdpadniho Mésta a dal§i pfipravované
obchodni vystavby v Praze na Zli¢iné. Vystavba vznikd na zelené
louce mimo existujici prenosovou soustavu. Energetickym zdrojem je
zde transformovna 110/22 kV Zli¢in, kterou vSak od vystavby oddélu-
je komunikace RS5 (rozvadovskd spojka), drdzni téleso metra
a pozemky soukromych vlastniki. Vzhledem k potfebé postupného
dlouhodobého navySovani elektrického piikonu do dané oblasti
v zdvislosti na poZadavcich jednotlivych investord byla spole¢nost
PREdistribuce nucena pfistoupit k feSeni privodu energie pomoci
kabelového tunelu. Realizaci tunelu bude spolehlivé umoZnéna
poklddka silovych kabelt podle skute¢nych asovych potieb.

Clanek je zaméfen na projektovou piipravu stavby Kabelovy tunel
Zli¢in-Jih a na srovnéni geotechnickych predpokladu projektu se sku-
te¢nostmi zjist€nymi pii razbé. Pro jednozna&nost termini na dvod
ujasnujeme, Ze vyraz ,kabelovy tunel se historicky vdZe k prvnim
stavbdm tohoto typu v Praze, jeZ spliiovaly i baniskou definici tunelq,
podle niZ md tunel plochu vyrubu vetsi nez 16 m2. ,, Tunel” ZIli¢in ma
vyrub mensi, ale z hlediska potfeb investora by zavddéni dalSiho
pojmu bylo matouci, proto se vSechna tato dila oznacuji jako kabelo-
vé tunely.

SOUHRNNY POPIS

Kabelovy tunel Zli¢in-Jih resi zpusob vyvedeni energetického vyko-
nu ve formé kabela 22kV z aredlu transformovny (TR) 110/22kV
Zliéin jiznim smérem za rychlostni komunikaci R5 pro budouci byto-
vou a obchodni vystavbu. Zde budou kabely vyvedeny z tunelu do
kopanych tras ve sméru na obchodni zénu Zli¢in a na Trebonice.

Kabelovy tunel je tvofen technologickymi $achtami — S11 na za&4t-
ku a $12 na konci, které jsou propojeny razenym kabelovym tunelem
kruhového profilu. V Sachtdch jsou nejen vedeny silové kabely, ale
slouzi pro vétrdni dila, Cerpani prasakovych vod, obsluhu
a manipulaci. K tomu jsou vybaveny potfebnymi prvky
a technologiemi. Razba tunelu byla vzhledem ke geologickym pod-
minkdm (viz ddle) a kfizujici technické infrastruktufe navrZena
mechanizovanym S§titem. Tato technologie je oproti klasické razbé
vyhodnéjsi z ekonomického i Casového hlediska.

Zikladni identifikacni udaje:
Ndzev stavby
Investor

Kabelovy tunel Zli¢in-Jih
PREdistribuce, a. s.

Generdlni zhotovitel Navatyp, a. s.
Dodavatel razené Casti OHL ZS, a.s.
Projektant KO-KA, s.r. 0.
Geotechnicky monitoring: Inset, s. 1. 0.

Misto stavby MC Praha 17-Zli¢in
Vystavba 4-12/2009
Parametry stavby:

Celkova délka stavby 1575 m

Tunel

délka razby 146 m

profil $titu — hruby pramér a plocha 3,06 m/7,55 m?
profil tunelu — svétly primér a plocha 2,63 m/5.43 m?
hloubka dna 9,75-1225 m

INTRODUCTION

PREdistribuce a.s., as the main power supplier in Prague, frequ-
ently has to struggle with problems associated with the way in
which the areas of final consumption of power are connected to the
existing transmission system. Problems with connections mainly
follow from property ownership and legal relationships and the alre-
ady existing technical and transportation infrastructure networks.
These two main limiting factors often totally prevent the use of the
standard method of transmission — laying cables in trenches.

One of such problems was the need for a reliable, capacity link to
the currently developing Zdpadni Mésto suburb and to another com-
mercial development being prepared in Prague Zli¢in. The develop-
ment takes place on greenfield sites, beyond the existing transmissi-
on system. The power source for this area is the 110/22kV transfor-
mer station in Zli¢in, which is, unfortunately, separated from the
development area by the R5 road (the Rozvadov Connection Road),
a metro track embankment and pieces of private land. With respect
to the need for continuous long-term increasing of the power input
for the given area, depending on requirements of individual inves-
tors, PREdistribuce a.s. was forced to attack the power supply pro-
blem by building a cable tunnel. Once the tunnel is completed, the
installation of power cables will be reliably possible to satisfy the
real needs developing with time.

This paper is focused on the designing stage of the project named
the ‘Zli¢in-South Cable Tunnel’ and on comparing geotechnical
assumptions of the design with the reality encountered during the
construction. To make the terms unambiguous at the beginning of
the paper, we want to clear up that the term ‘cable tunnel’ is histori-
cally associated with first constructions of this type in Prague which
even complied with the mining definition of tunnels requiring the
excavated cross-sectional area to be larger than 16m?. Despite the
fact that the excavated area of the Zli¢in ‘tunnel’ is smaller, all these
workings are referred to as cable tunnels because introducing a new
term would be confusing from the point of view of the owner’s
needs.

OVERALL DESCRIPTION

The Zli¢in-South cable tunnel project solves the system of trans-
mitting the energy output from the 110/22kV transformer station
(TS) by 22kV cables running south, behind the RS expressway,
where residential and commercial development is planned. In this
location, the cables will pass from the tunnel to buried routes in the
direction of the Zli¢in commercial zone and further toward
Trebonice.

The cable tunnel comprises technological shafts S11 at the begin-
ning and S12 at the end. The shafts are interconnected by a mined
circular profile tunnel. Apart from housing cables, the shafts also
allow ventilation of the tunnel, pumping of seepage water, the tun-
nel operation and management. For this purpose, they are equipped
with necessary components and equipment. The tunnel excavation
by means of a mechanised shield was designed with respect to the
geological conditions (see below) and utility networks crossing the
route. Compared with traditional driving, this technology is more
advantageous in terms of economy and time.

Basic identification data

Project name: Zli¢in-South Cable

Tunnel
Owner: PREdistribuce a.s.
General contractor Navatyp a.s.
Sub-contractor for mining work: OHL ZS as.
Designer: KO-KA sr.0.
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vySka nadlozi 6,50-9.0 m
Qodéln}’lv sklon 0,75 %
Sachta S11
hruby pudorys/hloubka 5,65x6,60 m/11,77 m
svétly pudorys/hloubka 4.45x540 m/11,15 m
Sachta S12
hruby pudorys/hloubka 5,40x5,60 m/12,60 m

svétly pudorys/hloubka @420 m/11,89 m

FAZE PRIPRAVY STAVBY

Projekt kabelového tunelu Zli¢in-Jih pripravovala naSe spolenost
KO-KA,s. . 0., od roku 2004, kdy byla zpracovana prvotni rozhodo-
vaci studie. Ta v zdkladnich otdzkach porovndvala kladné a zdporné
aspekty jednotlivych moZnych feSeni. Vyslednd varianta doporucend
k dal3f projektové piipravé optimdlné respektovala soucasné limitujici
faktory a predjimala mozné problémy a jejich feSen.

Zpracovavani dokumentace k tdzemnimu fizeni bylo zahdjeno
v 4/2006, schvalovaci proces byl tispésné ukonéen vydénim dzemniho
rozhodnuti v 4/2007. Zdsadni problém v této fdzi nepredstavovalo
technické feSeni, které se zpracovdvalo variantné — klasickd razba,
nebo razici §tit — ale majetkopravn{ otdzky pfi projednavani zdméru
s vlastniky dot¢enych pozemku. Predevsim $lo o otdzku duplicitniho
zdpisu vlastnictvi pozemku v Katastru nemovitosti a specificky prubéh
jednani se zahrani¢ni developerskou spolecnosti, jeZ neméla jasnou
predstavu o svych zamérech a nékolikrat tak zménila své pozadavky
na polohu koncové Sachty tunelu. Tyto zdleZitosti prodlouzily dobu
projedndvani projektu o nékolik mésicu.

Ve fazi projektu ke stavebnimu povoleni jsme na zdkladé vysledku
podrobného inZenyrskogeologického pruzkumu a navazujicich geo-
technickych vypolta (viz ddle) s konecnou platnosti rozhodli
o technologii provddéni pomoci §titovani. Technologii byl definovén
i tvar a velikost pri¢ného profilu dila. Z IG prazkumu ddle vyplynula
nutnost feSeni korozni ochrany prefabrikovaného tubusu tunelu
v dseku podchodu drahy metra, kde hrozilo zvySené nebezpeci posko-
zeni konstrukce od d¢inkd bludnych proudu. Opétovné jsme se nevy-
hnuli majetkopravnim problémam pfi projedndvani stavby, kdy se
zménily nékteré vlastnické vztahy a developerskd spoleCnost zménila
puvodni pldny, jimZ byl projekt uzptsoben. Stavebni povoleni se tak
natdhlo od zahdjeni projektovani v 8/2007 az do 11/2008, kdy nabylo
pravni moci.

Navazujici vybér dodavatele stavby a pripravné Cinnosti jiz §ly rdz
na rdz a stavba byla slavnostné zahdjena k 1. dubnu 2009.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Predpoklady a zdvéry dle pruzkumu

Primédrnim pfedpokladem pfi ndvrhu podzemniho dila je co nejlepsi
moznd znalost zemniho prostredi. Ve stupni stavebniho povoleni byl
zpracovan podrobny inZenyrskogeologicky pruzkum tdzemi firmou
Inset, s. r. 0. Pruzkum vychézel jak z archivnich podkladi (mapy
a sondy), tak predev§im z vrtanych sond provedenych v ose dila
a geofyzikdlnich méfeni realizovanych v podéIné ose dila a kolmo.

Obr. 1 Zdkres stavby do fotografie (FrantiSek Rieger)
Fig. 1 The construction drawn in a photograph (FrantiSek Rieger)

TuoufHel

Inset s.r.o.
Municipal District of
Prague 17-Zli¢in

Geotechnical monitoring:
Construction location:

Construction period: 04 — 12/2009
Construction parameters

Total length 157.5m
Tunnel

excavation length 146.00m

3.06m / 7.55m?
2.63m / 5.43m?

shield profile — rough diameter / area
tunnel profile — net diameter / area

bottom depth 9.75 - 12.25m
overburden height 6.50 — 9.0m
longitudinal gradient 0.75%

Shaft S11

rough ground plan / depth
net ground plan / depth
Shaft S12

rough ground plan / depth
net ground plan / depth

5.65 x 6.60m / 11.77m
4.45x540m /11.15m

5.40 x 5.60m / 12.60m
@ 4.20m / 11.89m

DESIGN PREPARATION PHASES

The design for the Zli¢in-South cable tunnel was prepared by our
company, KO-KA s.r.o., from 2004, when the initial decision-
making study was carried out. The study dealt with fundamental
questions, comparing positive and negative aspects of individual
possible solutions. The resultant variant which was recommended
for further design preparation most optimally respected the existing
limiting factors and anticipated possible problems and their soluti-
ons.

The work on the zoning process documents started in April 2006;
the approval process was successfully finished by the issuance of
the zoning and planning decision in April 2007. The fundamental
problem of this phase was not the technical solution, which was pre-
pared in variants — traditional driving or a driving shield — but the
property ownership issues encountered during negotiations with
land owners affected by the project. The main problem was associ-
ated with a duplicate record of the rights to the real estates in the
cadastre of real estates and the specific course of negotiations with
a foreign developer who did not have a clear idea of his intentions
and several times changed his requirements for the location of the
end shaft on the tunnel. Owing to these matters, the design negotia-
tion period was extended by several months.

During the final design phase we made the final decision on the
excavation technique, on the basis of results of a detailed enginee-
ring geological survey and subsequent geotechnical calculations
(see further below), to be the use of a shield. This technique also
predefined the geometry and dimensions of the cross section of the
tunnel. The EG survey further suggested the necessity of solving the
corrosion protection of the prefabricated tunnel tube in the section
passing under the metro track, where there was an increased threat
of damage to the structure due to effects of stray currents. Again we
could not avoid property ownership-related problems during the
negotiations, where some ownership relationships had changed and
the developer changed the original plans to which the design had
been adjusted. The period of the issuance of the building permit was
therefore extended from the beginning of the design work in August
2007 to November 2008, when the permit became legally valid.

The subsequent selection of a contractor for the construction and
preparation activities proceeded quickly, time after time. The con-
struction work commenced on 1st April 2009.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

Assumptions and conclusions according to the survey

The primary condition for designing an underground working is
as good as possible knowledge of the ground environment. In the
final design stage, a detailed engineering geological survey of the
area was carried out by Inset s.r.o. The survey was based both on
archive documents (maps and exploratory boreholes) and, above all,
on boreholes drilled on the tunnel centre line and geophysical mea-
surements conducted both on the longitudinal centre line of the tun-

nel and perpendicular to the centre line.
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2 Piskovce slinité, silné zvétralé, slabé zpevnéné — Marly sandstone, heavily weathered, weakly solidified
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4 Piskovce s Zelezitym tmelem, silné zvétralé, slabé zpevnéné — Iron cemented sandstone, heavily weathered, weakly solidified

5 Piskovce s kremicitym tmelem, navétralé, stfedné zpevnéné — Silicate cemented sandstone, weakly weathered, moderately solidified
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Obr. 2 Podélny profil stavby (Bc. Petr Cupal)
Fig. 2 Longitudinal section of the tunnel (Bc. Petr Cupal)

Z Qrﬁzkumu vyplynulo, Ze razba bude vedena v kiidovych sedimen-
tech Ceské kiidové panve, a to predevsim vrstvami kaolinickych piskov-
ct. Ty jsou jemné- az stiednézrnné, slabé az stiedné zpevnéné a jilovité
stmelené. V nich bude také zastizena pevnéjsi poloha piskovcu zpevné-
nych Zelezitym tmelem. Nadlozni vrstvu pak tvori slabé zpevnéné glau-
konitové piskovce.

Na vzorcich z jadrového vrtu v prostoru Sachty S12 se laboratornim
méfenim urdila prumérnd pevnost horniny v prostém tahu v drovni tune-
lu 1,2 MPa a trida raznosti R6. Pod po¢vou tunelu ¢inila pevnost 2,2 MPa
a z hlediska raZnosti byla zarazena do tiidy R5. Vzhledem k charakteru
prostredi a celkové morfologii tzemi realizované sondy hl. 11 m neza-
stihly hladinu podzemni vody. Podle archivnich ddaju se hladina slabé
agresivni podzemni vody pohybuje nékolik metra pod po&vou tunelu. Pii
hloubeni Sachet budou zastiZeny i pokryvné ttvary tvofené akumulacemi
eolicko-deluvidlnich a deluvidlnich sedimentu, které maji charakter

Obr. 3 Celba tunelu, kiemicité piskovce s polohou zpevnénou Zelezitym
tmelem (Bc. Petr Cupal)

Fig. 3 Tunnel excavation face — quartzose sandstone with the layer solidified
by ferriferous cement (Bc. Petr Cupal)

It followed from the survey that the driving would pass through
Cretaceous sediments of the Bohemian Cretaceous Basin, first of all
kaolinitic sandstone. They are finely to medium coarsely grained,
weakly to medium solidified by clay cement. A harder layer of sand-
stone cemented by a ferriferous compound will be encountered in
the sediments. The overlying layer consists of weakly solidified
glauconitic sandstone.

The average direct tensile strength of the rock at the tunnel level
of 1.2MPa and the excavation class R6 were determined by labora-
tory tests on core samples obtained in the vicinity of shaft S12. The
strength under the tunnel bottom reached 2.2 MPa and the excavati-
on class was determined as R5. Because of the character of the envi-
ronment and overall morphology of the area, 11m deep survey bore-
holes did not encounter the water table. According to archive docu-
ments, the slightly corrosive water table fluctuates several metres
under the tunnel bottom. Even a cover consisting of aeolian-deluvi-
al and deluvial sediments having the character of secondary loess,
anthropogenic fills and humus layers will be encountered during
shaft sinking operations.

The virtually homogeneous excavation environment led to the
decision that the tunnel be driven by means of a shield. This techni-
que also promised better results in terms of the effects on the surfa-
ce compared to traditional excavation.

With respect to electric sources known in the location — the trans-
former station and the metro track — the survey was consistently
focused even on assessing the corrosive action of the environment
due to stray currents. The measured geoelectric quantities proved
very high corrosivity in the area of operations (degree IV). The
necessity followed from this finding that corrosion protection had to
be solved for the section passing under the metro track, where there
was the risk of geoelectric fields originating around metro power
cables and cables installed in the tunnel in the future affecting each
other.

REALITY FOUND DURING THE CONSTRUCTION

The excavation environment is well obvious in the longitudinal sec-
tion. It is possible to state that the survey relatively exactly identified
the course of individual layers throughout the tunnel length. Three
boreholes were sufficient for the survey — at the beginning, middle and
end of the tunnel. The only deviation which was encountered during
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Obr. 4 Spousteéni §titu (Bc. Petr Cupal)
Fig. 4 Lowering of the shield (Bc. Petr Cupal)

spraSovych hlin, uloZeninami antropogenniho pavodu a huméznimi vrst-
vami.

V podstat¢ homogenni prostredi razby vedlo k rozhodnuti realizovat
dilo pomoci raziciho $titu. Tato technologie také slibovala lepsi vysledky
vlivl raZzby na povrch tizemf oproti klasické razbé.

S ohledem na zndmé elektrické zdroje lokality — TR a drdha metra — se
pruzkum dusledné zaméfil i na hodnocenf koroznf agresivity prostiedi vli-
vem bludnych proudi. Naméfené geoelektrické veliciny prokézaly velmi
vysokou agresivitu zdjmového tzemi (stupen ¢. IV). Z toho vyplynula
nutnost feSeni korozni ochrany dila v mist¢ podchodu drdhy metra, kde
hrozilo riziko vzdjemného ovliviiovani geoelektrickych poli vznikajicich
kolem silovych kabeli metra a kabelt v budoucnu uloZenych v tunelu.

SKUTECNOST ZJISTENA PRI STAVBE

Prostredi razby je dobfe patrné v podélném fezu. Lze konstatovat, Ze
pruzkum pomérné presné odhalil prubéh jednotlivych vrstev v celé délce
dila, k emuz stacily 3 pruzkumné vrty — zalatek, stied a konec tunelu.
Pfi raZbé se pouze 1isil prubéh a mocnost polohy piskovce zpevnéné Zele-
zitym tmelem, kterd dosahovala pouze 0,3 m oproti predpoklddanému
1 m a jeho pribéh se v konci razby rozdvojil.

Oproti prazkumu vsak bylo razbou zastizeno prostredi o vyssi pevnos-
ti a muselo dojit k pretfidéni prostfedi z R5 na R4. Zelezitd vrstva dosa-
hovala dokonce R3.

Tyto odchylky vSak pro vlastni provadéni nepiedstavovaly Zadny problém.

VOLBA TECHNOLOGIE PROVADENI A REALIZACE

Volba technologie

Razeni podzemniho dila je vzdy spojeno s ovlivnénim povrchu.
Zv14sté v naSem pripadé pri budovani dila pod frekventovanou silni¢ni
a Zelezni¢ni komunikaci — rychlostni komunikace R5 a drazni téleso —
bylo duleZité predpovédét hodnoty maximalnich poklest povrchu
a rozsah poklesové kotliny na povrchu terénu s ohledem na blizké inZe-
nyrské objekty — stoka DN1200 a rozbo¢ny sloup VVN.

Odhad sednuti terénu a velikosti deformaci byl proveden analytickymi
postupy. Pro vySetfen{ poklest na povrchu a uréeni zény ovlivnéni byla
uprednostnéna metoda ztrity objemu (volume loss), kterd byla kontrolné
ovetena pomoci klasické teorie odvozené podle Limanova, Fazekase
a Pecka. K vypoctu byl pouzit program GEO 5 — Vyrub od firmy Fine,
S.T.0.

Predbézné propocty poklest terénu pomoci klasickych metod v ramci
pripravy dokumentace k tizemnimu fizeni zaloZené pouze na archivnich
podkladech piedbéZného IG prizkumu ukazovaly na poklesy kolem
15-18 mm. Po provedeni podrobného pruzkumu, jenZ zpfesnil prede-
v§fm mocnosti jednotlivych vrstev a jejich geotechnické charakteristiky,
bylo rozhodnuto o zahloubeni nivelety dila o 1 m a novym vypoctem byla
zjisténa hodnota poklesu na terénu kolem 10 mm pri uvazovani neptizni-
vého stavu 1% ztrity objemu. I tato nizkd hodnota by zejména na silnic-
nim t¢lese mohla predstavovat vazné bezpecnostni riziko.

Cilem navrhu projektu proto bylo tyto teoretické hodnoty minimalizovat.

Vzhledem k tomu, Ze dosaZeni téchto hodnot je zavislé nejen na geo-
technickych charakteristikdch prostedi, ale také na zvoleném technolo-
gickém postupu a ndsledném dodrZoviéni technologické kdzné dodavate-
le, bylo duleZité spravné zvolit nejvhodnéjsi technologii razby. Protoze

TuoufHel

the excavation was the thickness of the sandstone layer solidified by
the ferriferous compound, which reached only 0.3m (as opposed to the
anticipated 1m value) and bifurcated at the end of the excavation.

However, contrary to the survey conclusions, the strength of the
environment encountered by the excavation was higher, thus the
excavation classification had to be changed from RS5 to R4. The fer-
riferous layer was even categorised as class R3.

The above-mentioned deviations posed no problem for the tunnel
driving itself.

SELECTION OF THE WORK TECHNIQUE AND IMPLEMENTATION

Selection of the excavation technique

Driving of an underground working is always associated with
effects on the surface. Particularly in our case, where the tunnel was
to be driven under a busy road and rail track (the RS expressway
and metro track embankment), it was important to predict the maxi-
mum surface settlement values and the extent of the settlement
trough with respect to utility structures in the vicinity (a DN1200
sewer and an EHT branch pole).

The estimation of the terrain settlement and the magnitude of stra-
in was carried out using analytical methods. The volume loss met-
hod was given preference after the surface settlement values had
been investigated and the affected zone had been determined. This
method was verified using a classical theory derived according to
Liman, Fazekas and Peck. Fine s.r.o.’s GEO 5 — Excavation program
was applied to the calculation.

Preliminary surface settlement calculations by classical methods
in the framework of the preparation of documents for issuance of
zoning and planning decision, which were based only on prelimina-
ry archive EG survey documents, suggested settlement values
around 15 — 18mm. After the completion of the detailed survey,
which refined above all the information on the thickness of indivi-
dual layers and their geotechnical properties, the decision was made
that the tunnel alignment be set deeper by 1m. A new calculation
determined the value of the surface settlement to be about 10mm at
the unfavourable value of the volume loss of 1. Although, even this
low value would have posed significant safety risk, first of all to the
road embankment.

THE OBJECTIVE OF THE DESIGN DRAFT WAS TO MINIMISE
THESE THEORETICAL VALUES

Taking into consideration the fact that whether these values are
reached or not depends not only on geotechnical properties of the
environment but also on the selected technological procedure and
subsequent technological discipline of the contractor, it was impor-
tant to select the most suitable excavation technique correctly.
Because, according to the EG survey, the ground environment is for-
med throughout the tunnel length by unconsolidated to little conso-
lidated sandstone, the environment is homogeneous and the excava-
tion is carried out above the water table, the decision was made that
the tunnel be constructed using the shielding technique. This tech-
nique, compared with traditional excavation, minimises errors cau-
sed by the human factor by means of automation of individual acti-
vities and, owing to the fact that the support structure is created
immediately, removes the risk of development of overbreaks pro-
mises smaller impact on the surface (if requirements of the working
procedure are adhered to).

The aspect of time was also a non-negligible factor in the process
of selecting the technique, taking into consideration the accumulati-
on of delays suffered during the construction approval process,
which did not correspond to the original intentions of the owner as
far as the completion time was concerned. Compared to traditional
mining methods, shield driving means an advance rate faster rough-
ly by a third. In addition, uniform high quality of the load-bearing
structure is guaranteed thanks to the precast lining segments.

TECHNOLOGICAL PROCEDURE

A mechanised hydraulic shield DN3050 with the excavated cross-
sectional area of 7.55m? was designed for the tunnel excavation.
The application of the driving shield required a 11.5m deep launch
shaft 4.45 x 5.40m (minimum ground plan dimensions for lowering
of the shield — see Photo) to be sunk at the beginning, which would
be used after the completion of the works as a technological shaft.




Obr. 5 Tubus tunelu po provedeni tésnici injektdZe (Bc. Petr Cupal)
Fig. 5 Tunnel tube after completion of the sealing grouting (Bc. Petr Cupal)

podle IG pruzkumu tvoii horninové prostiedi v celém prubéhu razby
nezpevnéné aZ malo zpevnéné piskovce, prostiedi je homogenni a razba
probihd nad hladinou podzemni vody, bylo rozhodnuto o realizaci dila
pomoci Stitovani. Tato technologie v porovndni s klasickou razbou mini-
malizuje chybu lidského faktoru automatizaci jednotlivych cinnosti
a diky okamzitému vytvareni nosné konstrukce bez rizika vzniku nadvy-
rubu slibuje také mensi ovlivnéni povrchu (pri dusledném dodrZeni pra-
covniho postupu).

S ohledem na kumulaci pritaht pfi povolovéni stavby, které nekores-
pondovaly s pivodnimi ¢asovymi zdméry investora na zprovoznéni dila,
byl neopominutelnym faktorem pfi volbé technologie také &as. Stitovani
oproti klasické metodé znamend zhruba o tietinu rychlej§i postup praci.
Navic je diky prefabrikovanym dilcim osténi zaru¢ena jednotnd vysoka
kvalita nosné konstrukce.

TECHNOLOGICKY POSTUP

Razba tunelu byla navrzena pomoci mechanizovaného hydraulického
Stitu DN3050 o vyrubu 7,55 m?. Pro realizaci dila razicim Stitem bylo nej-
prve nutno provést startovaci Sachtu o svétlé velikosti 445 x 540 m
podle minimdlnich rozmérd nutnych pro spousténi Stitu (viz foto)
a hloubce 11,15 m, kterd po dokonceni dila slouz{ jako technologickd. Na
dné Sachty byla vytvorena ,.kolibka‘“ z panelt pro uloZeni $titu a zahdjen{
razby.

Razba mechanickym Stitem spojuje dva obvykle samostatné procesy
provizorniho a definitivniho osténi do jednoho technologického celku.
Veskeré prce spojené s vystavbou tubusu tunelu probihaji uvnitf §titu, za
kterym zustdva hotové dilo.

Pouzity $tit ma svétly profil 3060 mm a jeho ocelovy plast’je tloustky
16 mm. Vnitin{ profil osténi je 2630 mm pfi tloustce 200 mm. Profil tune-
lu je tvoren 6 ks Zelezobetonovych klenutych kénickych segmentt
305-DR. Segmenty jsou z betonu tridy C35/45, tloustky 200 mm a délky
600 mm. Jednotlivé segmenty jsou provedeny s vysokou presnosti
(v f4du milimetrt) v kvalité pohledového betonu a vzdjemné spojeny na
principu pero-drdzka. Jednotlivé segmenty maji otvor pro injektdz, kte-
rym je injektovdno za osténi a soucasné do spoju mezi segmenty.
Dodavatelem raZené &sti tunelu byla spole¢nost OHL ZS, a. s., dodava-
telem segmenta ZPSV, a. s., zavod Borohradek.

Pro dosazeni poklesu terénu podle predpokladu projektu bylo nutno
disledné dbdt na kvalitni vypliiovani volnych prostor mezi osténim
a zemnim prostredim vznikajicich pii vysouvdni prstence ze $titu. Tento
prostor dosahuje aZ cca 70 mm (soucet tloustky Stitu a deformace kruho-
vého profilu po sesazenf segmentt) a vypliiuje se ve dvou etapach — popr-
vé v okamziku vysouvdni prstence ze Stitu zafoukdnim leh¢eného kame-
niva (liaporu) po celém obvodu prstence a podruhé ve vzdalenosti cca
10-15 m za Stitem t€snici jillocementovou injektaZi. InjektdZ slouZi nejen
ke spolehlivému kontaktovani dila k hornin€ a zmonolitnéni tubusu ale
také k ut€snéni pracovnich spar mezi jednotlivymi segmenty osténi vaci
vode. Opatieni proti vodé byla provddéna nejen s ohledem na vsakujici
se povrchové vody, ale také s ohledem na dlouhou Zivotnost podzemni-
ho dila, kterd je uvazovana 80-100 let. A¢ se niveleta dila pohybuje néko-
lik metrt nad hladinou podzemni vody, toto dlouhé obdobi s sebou nese
mj. riziko klimatickych zmeén, a tedy zmény vodniho reZimu v okolnim
prostredi.
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A cradle formed by panels was installed on the shaft bottom for the
purpose of placing the shield on it and allowing the driving to start.

The excavation method using a mechanical shield joins the usual-
ly separate processes of the installation of primary and secondary
linings into one technological operation. All activities associated
with the construction of a tunnel tube are performed inside the shi-
eld, leaving completed works behind it.

The shield which was used was 3060mm in diameter and its
steel jacket was 16mm thick. The inner profile of the tunnel is
2630mm at the lining thickness of 200mm. The tunnel cross sec-
tion consists of 6 vaulted, conical RC segments 305-DR. The
200mm thick and 600mm long segments are in concrete grade
C35/45. Individual segments are produced with high precision (in
the order of millimetres) and with architectural finish. Tongued
and grooved joints are used to connect them with one another.
Individual segments are provided with grouting valves through
which grout is injected behind the lining and, at the same time, to
joints between segments. The contractor for the mined section of
the tunnel was OHL ZS; the segments were supplied by the
Borohradek plant of ZPSV a.s.

To maintain the settlement limits anticipated by the design, it was
necessary to carefully see to the quality of backfilling empty spaces
between the lining and the ground mass, which originated during the
process of pushing the lining ring from the shield. This annular
space is up to about 70mm thick (the summation of the shield jacket
and the deformation of the circular profile after the installation of
the segments). It is backfilled in two stages. The first stage takes
place when the ring is being pushed out of the shield (lightweight
aggregates are blown into the whole annular space), while the
second stage backfilling is carried out by injecting clay-cement sea-
ling grout, at the distance of about 10-15m behind the shield. The
grouting ensures not only a reliable contact between the tunnel and
ground mass, but also waterproofing of joints between the segments.
The waterproofing was carried out not only with respect to seeping
rain water, but also with respect to the long life of the underground
working, which is assumed to be 80-100 years. Despite the fact that
the tunnel alignment runs several metres above the water table, this
long time means that there is a risk of climatic changes in the futu-
re, thus also changes within the hydrologic regime in the surroun-
ding ground environment.

The passage under the rail track embankment was a separate tech-
nological chapter. With respect to results of measurements of the
geoelectric quantities, it was necessary to implement passive mea-
sures to prevent negative effects of stray currents on the tunnel
structure. The measurements were conducted within a section exten-
ding 25m to both sides of the rail track centre line. The surface of
all segments was provided with a plastic coat consisting of an asp-
halt priming coat, a rubber-bitumen suspension coat and bitumen
sheets (sheets without a metallic core). Joints between segments
were provided with a primary coat and rubber-bitumen suspension
during the ring erection. The suspension was applied at a thickness
guaranteeing that the protection would not be interrupted (when the
next segment was being installed it exerted a pressure on the previ-
ous one and the excess rubber bitumen mass was squeezed out of the
joint and fused with the bitumen layer protecting the outer surface
of the ring).

Muck was transported from the excavation face to the hoisting
shaft by rail. A muck car was lifted by an OVJ-75.1 crane. A sepa-
rate, combined ventilation system was designed for the tunnel, using
an APXE fan with dust extraction and noise suppression systems
installed.

When the tunnel had broken through into the end shaft $12, the
final finishes were taken up. The joints were pointed throughout the
tunnel length using the Ergelit-KS1 mortar; the tunnel was provided
with a unifying coat and a cambered concrete floor was cast on the
bottom. Then galvanised steel structures fulfilling the main function
of the tunnel to carry power cables were installed on both sides of
the tunnel. The entire construction process was finalised by instal-
ling sensors, cables and measuring apparatuses securing and con-
trolling the required operating environment in the tunnel.

IMPACT OF THE WORKS ON THE SURFACE

Part of the excavation process was also the execution of continual
geotechnical monitoring (GTM), which was carried out by the



19. rocnik - €.1/2010

Samostatnou technologickou kapitolou byl podchod draz-
niho t€lesa, kde s ohledem na vysledky méfeni geoelektric-
kych veli¢in bylo nutno pfistoupit k provedeni pasivnich
opatfeni pro zamezeni negativnich vliva bludnych proudu
na konstrukei tunelu. Opatient se provddéla v rozsahu 25 m
od osy drahy. Povrch vSech segmenta byl dusledné ,,opla-
stovan“ kombinaci asfaltového penetra¢niho ndtéru, gumo-
asfaltové suspenze a bitumenovych pdst (pasy bez kovové
vlozky). OSetfeny byly i pracovni spary mezi jednotlivymi
klendky v okamZiku ukldddni segmenti do osténi, a to
pomoci penetra¢niho natéru a gumoasfaltové suspenze. Ta
se nandSela v tloustce zajiStujici provedeni neprerusené
ochrany — po dotlaceni dal$tho segmentu se ze spary vytla-
&i prebyte¢nd hmota gumoasfaltu, kterd se vné segmentu
spoji s provedenou ochranou povrchu.

Doprava rubaniny z ¢elby do téZni Sachty byla kolejova.
Dulni vozik byl vytéZovén jefabem OVIJ-75.1. V tunelu bylo
navrzeno separatni kombinované vétrani pomoci ventildto-
ru APXE s instalaci odprasovaciho zafizeni a tlumi¢a hluku.

Po proraZeni tunelu do koncové Sachty S12 bylo v dile

pristoupeno k definitivnim dpravam. V celé délce bylo pro-
vedeno vysparovani hmotou Ergelit-KS1, tunel byl opatren
sjednocujicim nétérem a provedena spadovana nabetondvka pochoziho
dna. Poté pfisla ke slovu instalace ocelovych pozinkovanych konstrukei
po obou stranéch tunelu, jeZ budou slouzit k plnéni hlavni funkce tunelu
— vedeni silovych kabelu. Celd vystavba byla zavrSena instalaci Cidel,
kabelu a méficich piistroju zajistujicich a kontrolujicich pozadované pro-
vozni prostredi v tunelu.

DOPAD PROVADENI DILA NA POVRCH

Soudasti technologie razby bylo i provadéni kontinudlniho geotechnic-
kého monitoringu (GTM), ktery realizovala firma Inset, s. r. 0, divize dia-
gnostiky stavebnich konstrukci. Monitoring byl zaméfen na sledovan{
povrchu terénu, okolnich objektu, geologie ¢elby a na zpresnéni predpo-
védi chovani prostredi rizikovych tsekl (dréha a komunikace), pred
nimiz byly instalovdny extenzometry. Vysledky vS§ech méreni byly hlu-
boko pod stanovenymi limity. Nivelaéni méreni byla provddéna metodou
presné nivelace s presnosti 0,2-0,5 mm a zpracovdna programem
WinNivel, produktem spolecnosti Inset.

Na obrézku je srovnani vypoCtenych hodnot poklesi terénu v misté
rychlostni komunikace se skute¢né naméfenymi hodnotami. V komu-
nikaci byly umistény 4 nivelacni profily, vzdy v krajnici kazdého sméru.
Vypocet poklesi metodou ztrity objemu piedpoklddal hodnotu aZ
10 mm. Skute¢né naméfené hodnoty dosahly nejvice 2,3 mm, a to na prv-
nim profilu ve sméru razby. Na ostatnich profilech, kde byla podéln
deformacni vlna od Celby ztlumena masivni konstrukef kufru komunika-
ce, dosahovaly poklesy 1,3-0,8 mm. Obdobné vysledky byly i na v§ech
ostatnich nivelaCnich profilech v trase dila. Vysledky GTM dosahovaly
vynikajicich hodnot na drovni 1/3 predpokladu teoretického vypoctu.

ZAVER

Vysledky geotechnického monitoringu, stejné jako vlastni bezproblé-
movy a rychly prabéh vystavby, jednoznatné prokdzaly spravnost navr-
hu projektanta realizovat stavbu kabelového tunelu Zli¢in-Jih razicim Sti-
tem. Tato technologie podstatné zkrtila dobu vystavby, zarucila vysokou
jednotnou kvalitu nosné konstrukce a investorovi usetfila nemalé finan¢-
ni prostiedky. Po pouhych 9 mésicich vystavby je tunel pfipraven
k provozu. Kabelovy tunel Zli¢in-Jih pro spole¢nost PREdistribuce zna-
mena dlouhodobou investici do spolehlivého velkokapacitniho energetic-
kého propojent, diky kterému muZe rozsahla vystavba na Zli¢iné a okol{
bez obav pokracovat.

ING. RADKO RIEGER, Bc. PETR CUPAL,
ko-ka@ko-ka.cz, KO-KA, s. r. o.

Recenzoval: doc. Dr. Ing. Jan Pruska
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Obr. 6 Porovndni vypoétenych a naméienych poklesu (Ing. Radko Rieger,
Bc. Petr Cupal)

Fig. 6 Comparison of the calculated and measured settlement values
(Ing. Radko Rieger, Bc. Petr Cupal)

Building Structures Diagnosis Division of Inset s.r.o. The monitoring
was focused on observing the terrain surface, surrounding buildings,
geology at the excavation face and refining the anticipation of beha-
viour in the sections carrying the highest risk (the rail track and the
road). Extensometers were installed before these sections. Results
of all measurements were deep under prescribed limits. The level-
ling was carried out using the high precision levelling method with
the accuracy of 0.2-0.5mm. The levelling results were processed by
the WinNivel program, which was developed by Inset s.r.o.

A comparison of the calculated surface settlement values at the
crossing with the expressway with actually measured values is pre-
sented in the picture. Four levelling stations were installed in the
road surface; one station was established in each shoulder, in each
direction of traffic. The calculation using the volume loss method
assumed that the value would be up to 10mm. The actually measu-
red values did not exceed 2.3mm (at the first station in the direction
of excavation). At the other stations, where the longitudinal defor-
mation wave propagating from the excavation face was damped by
the massive structure of the roadbed, the settlement values reached
1.3 — 0.8mm. Similar results were obtained at all other levelling sta-
tions along the tunnel route. The GTM results reached excellent
values, at one third of the values obtained by the theoretical calcu-
lation.

CONCLUSION

The results of the geotechnical monitoring, as well as the trouble
free and fast course of the construction works, unambiguously pro-
ved that the designer’s proposal to use a driving shield for the con-
struction of the Zli¢in-South cable tunnel was correct. This techni-
que significantly reduced the construction time, secured high quali-
ty of the load-bearing structure and saved substantial financial sums
for the project owner. After a mere 9 months of construction work,
the tunnel is ready to be operated. The Zli¢in-South cable tunnel
means a long-term investment into a reliable large-capacity power
connection for PREdistribuce a.s. The extensive development in
Zli¢in and its surroundings can without fear continue owing to this
investment.

ING. RADKO RIEGER, Bc. PETR CUPAL,
ko-ka@ko-ka.cz, KO-KA, s. r. o.

Fine, s. 1. 0., software GEO 5 — Vyrub, http://www.fine.cz/geotechnicky-software/vyrub/
Inset, s. r. 0., software WinNivel a geotechnicky monitoring, http://www.inset.com/diagnostika-stavebnich-konstrukci.php
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STAVBA KARVINA - ROZSIRENI KANALIZACE
KOMPLIKACE BEHEM VYSTAVBY STITOVANYCH SBERACU
KARVINA SEWERAGE EXPANSION PROJECT
COMPLICATIONS DURING CONSTRUCTION OF
SHIELD-DRIVEN SEWERS

IGOR FRYC

1. VoD

Tento ¢lanek navazuje na jiz diive publikované texty v Casopise
Tunel tykajici se rozsdhlého vodohospoddrského projektu
v Karviné. Podrobny popis celé stavby byl uveden v clanku
Ing. Lubojackého a kolektivu v &isle 4/2009. V ¢isle 3/2009 pak
publikoval Ing. Karel Franczyk, Ph.D., informace o mikrotune-
lazich, které byly aplikovdny na tomto projektu.

Cilem prispévku je podélit se o téZce nabyté zkuSenosti pri
vystavbé kmenového sbérace ,,C* na podprojektu 8. Pro ilustraci
Celkova délka sbéraCe Cinila 2125 bm, pficemZ 1596 bm bylo pro-
vadéno technologii razby pomoci nemechanizovaného $titu (typ
ING 75 — RS 2,56) za vyuziti 7b. segmentového osténi z tybinki
typu BZM. Na trase §titované stoky bylo celkem 20 ks téZnich,
resp. startovacich a koncovych Sachet. Jejich hloubky se pohybo-
valy v rozsahu od 6,5 do 13,5 m.

NiZe uvedené informace se vsSak tykaji jenom velmi kritkého
useku na trase celého sbérace, kde bylo nutné prekonat velmi
nepfiznivé hydrogeologické podminky.

2. PRUBEH HLOUBENI SACHET A RAZBA V USEKU T56 - T57

2.1 Pfedpokiadané geologické poméry v trase razeného sbérace

Na zdkladé provedenych inZenyrskogeologickych pruzkumu se
predpokladalo, Ze trasa kanaliza¢niho sbérade povede z vetsi Casti
v souvrstvych glacifluvidlnich a neogennich sedimenta, tvofenych
prachovitymi a pis¢itymi jily, s pis€itymi laminami ¢i proplastky,
a to v8e pod hladinou podzemni vody, kterd se méla vyskytovat
v hloubkdch 2 az 5 m pod drovni rostlého terénu.

2.2 Hloubeni t&Zni Sachty 156

Hned v tivodu stavby se béhem paZeni a roubeni startovaci Sach-
ty TS6 (projektovana hloubka Sachty &inila 9,2 m) dostavily nece-
kané komplikace, které zaCaly bandlni zdleZitosti, jako je kradeZ
kabelu na stavbé. S timto problémem se setkal jisté kazdy doda-
vatel a je celkem jedno, jestli jste na stavbé v Brné, Praze nebo
Karviné. Horsi bylo, Ze k této situaci doslo celkem trikrét (dokud
se neobjednala trvald strazni sluzba) a byl vzdy zcizen kabel pod
napétim a logickym dusledkem bylo vypnuti Cerpadel a ndsledné
uplné zatopeni Sachty. Tento opakovany stav vedl k podméceni
jilovych vrstev, které pri del$im styku s podzemni vodou silné roz-
bridaly a ztracely svoje zdkladni parametry (pevnost, dinosnost,
dhel vnitfniho trenf).

Vlivem podméceni podlozi doslo k svislému nerovnomérnému
poklesu Sachty. Z tohoto duvodu byl dodate¢né zesilen nosny
vrchni rdm a provedena betondZ za osténim Sachty. I pfes prové-
déni hnaného paZeni (tj. popordZeni paznic UNION do rostlého
terénu) se zemina naddle tlacila dnem Sachty do vykopu
a dochdzelo k poklesim terénu v bezprostfedni blizkosti Sachty.
Jako protiopatfeni byla na jedndni ucastniki vystavby navrZena
a odsouhlasena chemickd tésnici injektdZ v misté vodonosnych
vrstev tak, aby se zamezilo pruniku podzemnich vod do podloZi
Sachty. Bohuzel navrh, aby byla zfizena vedle Sachty Cerpaci stud-
na, byl v prvni fdzi zamitnut pro predpoklddanou mizivou pro-
pustnost jilovych vrstev.

Nicméné i po provedeni odsouhlasené injektdZe pokraCovaly
deformace Sachty, resp. jeji pokles. Vodorovné ramy z I-profila

1. INTRODUCTION

This paper is linking to papers previously published in
TUNEL, dealing with a large water management project in
Karvind. A detailed description of the entire project was presen-
ted in issue No. 4/2009, a paper by Ing. Lubojacky et al. In issue
No. 3/2009, Ing. Karel Franczyk PhD. published information on
microtunnelling operations which had been carried out within
the framework of this project.

The objective of this paper is to share the experience which
was gained during the course of the demanding construction of
Trunk Sewer C, construction lot 08. I present only the most basic
data to illustrate the extent of this construction. The total length
of the sewer amounted to 2,125m, with 1,596m of this length dri-
ven by a non-mechanised shield (ING 75 - RS 2.56 type), using
BZM type RC segments for the lining. There were 20 hoisting
shafts or launching and receiving shafts in total on the route of
the shield-driven sewer. Their depths varied between 6.5m and
13.5m.

The information presented below is related only to a very short
section of the entire sewer route, where very unfavourable hyd-
rogeological conditions had to be overcome.

2 SHAFT SINKING AND TUNNEL DRIVING OPERATIONS
BETWEEN SHAFTS TS6 - TS7

2.1 Anticipated geological conditions along the mined
sewer route

There was an assumption based on results of engineering geo-
logical surveys that the major part of the sewer route would run
through layers of glaciofluvial and Neogene sediments consis-
ting of silty and sandy clay, with laminas or interbeds of sand,
under the water table, which was to be encountered at the depths
of 2 — 5m under the natural ground surface.

2.2 Sinking of hoisting shaft T56

Unexpected complications emerged at the very beginning of
the construction operations, during the work on the bracing of
the launching shaft TS6 (design depth of the shaft of 9.2m). They
started by such a banal event as a theft of cables from the site.
Certainly, this problem has been encountered by every contrac-
tor and it is not important whether the site is in Brno, Prague or
Karvina. In our case, the problem was aggravated by the fact that
this situation repeated three times (until a permanent security
service was hired) and in all the cases a live cable was stolen. As
a logical consequence, pumps were taken off the current and the
shaft was completely inundated. This repeated condition led to
wetting of the clay layers, which got heavily mushy, loosing the
basic properties (strength, load-bearing capacity, angle of inter-
nal friction).

The wetting of the sub-base resulted in uneven subsidence of
the shaft. For that reason the upper load-bearing frame was addi-
tionally reinforced and concrete was cast behind the shaft lining.
Despite the installation of vertical forepoling (driving UNION
sheet piles in steps down into intact ground) the ground continu-
ed to be pressed into the excavation and the terrain in the close
vicinity of the shaft subsided. As a countermeasure, it was
proposed and agreed in a meeting of parties to the project that
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Tuel

Obr. 1 szfem’ a roubeni Sachty TS8
Fig. 1 TS8 shaft bracing

¢. 24 se na jedné strané Sachty pocaly ohybat. Proto byla kon-
strukce Sachty ihned dodateCné zaji§téna pri¢nymi rozpérnymi
rdmy a svislymi prevdazkami, aby nedoslo k jejimu zhrouceni.

Dile byl zpracovéan odborny posudek ke stabilizaci achty TS6,
ktery shrnul soucasny stav a navrhl dalsi postup praci. Ten obsa-
hoval provedeni dals{ injektdzn{ clony za paznicemi UNION, rea-
lizaci drendznich otvort pro redukci hydrostatického tlaku
a zkrdceny krok dalSich postupt s prubéZnym geodetickym moni-
torovanim Sachty. VySe uvedeny postup se vSak ukdzal jako nere-
dlny, protoZe rozmacené a nesoudrzné jilové vrstvy mély v daném
okamziku jiZ mocnost aZ 1,5 m a nebylo tak mozné pri zkrdceném
postupu predehnat paznice UNION do pevného podlozi. Dalsi
hloubeni by takto mohlo vést k nové destabilizaci Sachty
a v horS§im pripadé€ k jejimu zhrouceni. Tento stav nebylo mozné
pripustit.

Proto byl prijat ndvrh, ktery pocital s tim, Ze okolo stivajici
Sachty TS6 bude provedena 3tétova sténa LARSEN, konstrukce
(roubenti, pazeni) Sachty bude rozebrdna a vlastni razba bude pro-
bihat z Sachty zaji§téné Stétovnicemi LARSEN.

Poznamka ke geologickému pruzkumu

Pfi feSeni téchto problému se mnohokrét na stole objevila otdz-
ka, jestli bylo mozné vzniklé obtiZe predpoklddat a Cinit tak
v predstihu nutnd opatfeni. Dostupné vysledky IG pruzkumu
v zaddn{ stavby vSak byly natolik riznorodé a vieobjimajici, Ze si
v trase $toly a misté€ Sachet mohl zhotovitel predstavit cokoli (hli-
nité pisky, pisCité jily, nasdkavé jily, Stérkové vrstvy, vodonosné
Cocky pisku v proménlivych polohdch apod.). Nebylo v§ak mozné
tvrdit, Ze¢ by IG prazkum byl nedostate¢ny, pocet sond a jejich
popis byl podrobny, ale situace v profilu razby se ménila misto od
mista a skute¢né prikazny prizkum by pak musel byt dokumento-
van vrty po 25 m. Napfiklad ve vzdalenosti 150 m od Sachty TS6
byla bez problémi vykopéna $achta TS8 do hloubky 12 m, kde IG
prizkum predpoklddal stejné podminky, ale zde nedoSlo
k vaznéjsim komplikacim (obr. 1).

Sachta TS6 tak byla nové realizovana vykopem, pod ochranou
rozpiranych §tétovych stén. NavrZeny byly §tétovnice LARSEN
IMn, konstrukéni délky 12 m, vetknuté 2 m pod droven upravené-
ho dna Sachty. Jako oplasténi, resp. doplniujici horizontdlni rozpér-
né ramy byly stanoveny I-profily ¢. 24 a v dolni ¢asti I-profily
¢. 30. VSechny rdamy byly vyhotoveny s tuhymi styéniky
a zesilenim roht Sikmymi vzpérami z tyli stejného prurezu.
Rohové spoje ramu byly provedeny preloZenim profilovych ty&i
rdmu, s obvarfenim koutovymi svary po celém obvodu stykové
plochy. Ramy byly osazeny na podpérné konzoly I 300 a I 240, dI.
0,25 m, coZ byla nutna podminka zajisténi stability rdmu ve svis-
1ém sméru (obr. 2).

Hlouben{ Sachty pod ochranou §tétovnic bylo provedeno po jed-
notlivych fazich, za postupného prohlubovani dna, osazovani
novych ramii, odstratiovani paZeni TS6 z paznic UNION a rdmi
z 1 240. Posledni fazi bylo zabetonovani dna Sachty.

Obr. 2 Nové zapaZend Sachta T. S6 — pFiprava injektdzni clony
Fig. 2 Newly braced TS6 shaft — preparation of grout curtain

chemical sealing grouting into the water-bearing layers would be
carried out to stop ground water from intruding the shaft sub-
base. Unfortunately, a proposal to establish a pumping well next
to the shaft was rejected in the first phase because of an assump-
tion that the permeability of the clay layers was negligible.

Nevertheless, deformations or subsidence of the shaft continu-
ed even after the completion of the agreed grouting. Horizontal
frames from H-sections No. 24 started to bend on one side of the
shaft. For that reason the shaft structure was immediately provi-
ded with additional transverse bracing frames and vertical walers
to prevent its collapsing.

An expert opinion on TS6 shaft subsidence was further obtai-
ned. It summarised the existing condition and proposed the next
steps of the work. The steps comprised an additional grout cur-
tain behind UNION sheet piles, drainage holes for reducing hyd-
rostatic pressure, reduced length of excavation rounds and conti-
nual surveying of the shaft movements. The above-mentioned
procedure turned out to be non-realistic because the thickness of
incohesive wet clay layers reached up to 1.5m at that moment
and UNION sheet piles could not be driven under the bottom to
reach the hard sub-base. Sinking the shaft deeper could have
resulted in new destabilisation of the shaft or, in a worse scena-
rio, collapsing of the shaft. This state could not be admitted.

For that reason the proposal was approved that a LARSEN
sheet pile wall should be installed around the existing shaft TS6,
the existing bracing structure be dismantled and the tunnel would
be driven from the LARSEN sheet pile braced shaft.

A note regarding the geological survey

A question was discussed many times when these problems
were being solved whether the difficulties which were encounte-
red could have been anticipated and necessary measures imple-
mented in an advance. Results of the EG survey contained in the
final design were so heterogeneous, mentioning all kind of con-
ditions, that the contractor could imagine anything to exist along
the tunnel route and in shaft locations (loamy sand, sandy clay,
water-absorbing clay, gravel layers, water-bearing lenses of sand
in variable layers etc.). On the other hand, it could not be main-
tained that the EG survey was insufficient. The number of bore-
holes was sufficient and the borehole logs were carried out in
sufficient detail. The problem was that the geology in the tunnel
profile varied from place to place and a really conclusive survey
would have required boreholes drilled at the spacing of 25m. For
example, the shaft TS8, where the survey predicted the same
conditions, was sunk without problems 12m deep, at the distan-
ce of 150m from shaft TS6. More serious complications were not
encountered (see Fig. 1).

Shaft TS6 was eventually sunk under the protection of braced
sheet pile walls. LARSEN IlIn sheet piles with the structural
length of 12m were designed to be keyed 2m under the level of
the final bottom of the shaft. H-sections No. 24 and 30 were used




Obr. 3 Priklad do ucebnic geotechniky — vykominovdni rozbredlych jilu
v éelbé raziciho §titu

Fig. 3 Geotechnics textbook example — mushy clay caving in at the shield
heading

V priibéhu praci se nakonec provedla u Sachty TS6 soustava
hydrovrtu z vnéjsi strany larsenové Sachty za dcelem sniZeni hla-
diny podzemni vody nejenom po dobu praci na Sachté, ale zejmé-
na i pro podporu nasledné razby Stitem.

V prubéhu realizace byly pec¢livé monitorovdny deformace stén
(horizontdlni posun, naklonéni). Sachta TS6 byla tak zddrnd
dohloubena, ale potiZe tim nekoncily, naopak teprve zacinaly.

2.3 Zahéjeni razby v tGseku T$6-T57

Po otevfeni Celby a provedeni zdpichu $titu v délce cca 1 m bylo
nutné prace po dvou dnech prerusit, protoze do Celby pronikaly
naprosto nesoudrzné a rozbredlé jily (obr. 3) a dochazelo ke komi-
novani nadlozi (na$t€sti v zeleném pdsu bez ndsledku na okoln{
objekty nebo komunikace). K tomuto jevu doslo navzdory nepre-
trzitému Cerpani z hydrovrtd situovanych tésné vedle Sachty
a provedenému ochrannému deStniku nad horni &4sti §titu. Pritoky
do hydrovrta byly velmi malé a zajimavym jevem bylo, Ze hladi-
ny podzemni vody mezi hydrovrty spolu vibec nekorespondova-
ly. Napriklad rozdil hladiny mezi hydrovrty vzdédlenymi od sebe
pouhé dva metry €inil vySkové 2,5 m! Z &ehoz §lo usuzovat, Ze
jily, byt jsou nesoudrzné, jsou znainé nepropustné. Hydrovrty se
tak v dany okamzik ukdzaly jako malo tGc¢inné.

Kapitolou samo o sobé by byl petrograficky popis téchto jilu,
jenz by se dal definovat takto — zemina je charakteristickd svymi
vlastnostmi pro nizkoplastické az stfednéplastické miocenni jily.
Makroskopicky se jednd o Zlutohnédé, hnédé az hnédosedé jily,
jejichz konzistence neni tuhd, ale mékkd, charakteristickd pro roz-
plavené jily. Laik by je vSak jednoduse oznacil jako bahno (obr. 4).
Z jilu se dala bez problému uhnist koule, kterd se po mriténi na
sténu ze Stétovnic promenila v pekny livanec, ktery po nékolik
hodin drZel na sténé.

Pred dal$im popisem je nutné predeslat, Ze dodate¢nym geolo-
gickym pruzkumem za pouZiti georadaru byla geologickd anomé-
lie vyskytujici se v okoli t&Zni Sachty TS6 predikovana do vzdile-
nosti cca 20 m smérem k Sachté TS7. Vysledky georadaru byly
potvrzeny i proutkafem. Z Cisté empirickych divoda byly vysled-
ky georadaru a proutkare pro jistotu ovéfeny pomoci dynamické
penetrace (profil 50 mm), kterd se béZne pouziva ke kontrole zhut-
néni. Posléze bylo mozné s velkou jistotou konstatovat, Ze se jednd
o prekonéani opravdu jenom velmi krédtkého, ale velmi kompliko-
vaného tseku.

Béhem strastiplného hleddni cesty, jak déle postupovat, se obje-
vilo hned nékolik raznorodych feseni vice ¢i méné svéziho cha-
rakteru, které stoji za to popsat. Byt pfimo nevyslovenym, ale kli-
Covym kritériem pro vybér zpusobu feSeni byla jeho finanéni
naroc¢nost.

2.3.1 Varianta zmrazeni nestabilnich zemin

Pod dojmem dfivéjsich studijnich poznatku o dspésich sovetské
védy ve stavebnictvi, ale zejména pod dojmem nedavnych odbor-
nych exkurzi v zahrani¢i (tentokrat na zdpad od naSich hranic) se
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Obr. 4 Ilustrativni obrdzek dokladajici vlastnosti jilu — do zeminového
prostredi za Sachtou bylo mozné zarazit ruéné ndsadu od lopaty

Fig. 4 Illustrative picture showing the properties of the clays - a shovel handle
could be thrust with hand to the ground mass behind the shaft

for the installation of supplementary bracing frames in the upper
and bottom part, respectively. All frames had rigid frame joints
and the corners were reinforced by inclined struts using the same
sizes of steel sections. The corner joints of the frames were car-
ried out by overlapping the steel sections forming the frame,
with fillet welds running around the entire circumference of the
contact areas. The frames were installed on brackets formed by
0.25m long H-300 and H-240 sections, which was a precondition
for securing vertical stability of the frames (see Fig. 2).

The shaft was sunk under the protection of sheet piles in
a sequence consisting of individual phases, with step-by-step
deepening of the bottom, installing new frames, removing the
existing bracing of the TS6 shaft formed by UNION sheet piles
and frames from H-240 sections. The last phase was casting of
the shaft bottom.

A system of dewatering boreholes was established on the outer
side of the LARSEN sheet pile wall during the operations. The
boreholes were designed to lower the water table not only during
the work on the shaft but also, above all, to help the subsequent
passage of the shield.

Deformations of the walls (horizontal displacement, tilting)
were thoroughly monitored during the course of the constructi-
on. Sinking of shaft TS6 was successfully completed in this way,
but it was not the end of problems, even the opposite, it was the
beginning.

2.3 Commencement of excavation in the section

between shafts TS6-T57

Two days after opening the excavation face and excavating
a short length (about 1m) of the tunnel by the shield, the work had
to be suspended because absolutely incoherent and mushy clay got
into the heading space (see Fig. 3) and a collapse started to deve-
lop (fortunately within a green strip on the surface, without conse-
quences for adjacent buildings or roads). This phenomenon occur-
red despite continuous pumping from dewatering boreholes located
just next to the shaft and installation of canopy tube pre-support
above the shield. Inflows into the dewatering boreholes were very
small. An interesting phenomenon was the lack of relationship bet-
ween water tables in the dewatering boreholes, which did not cor-
respond with each other. For example, the difference between water
table levels in boreholes drilled at a mere 2m spacing amounted to
2.5m! It was possible to conclude from this fact that the clays, even
though incohesive, were significantly impermeable. The dewate-
ring boreholes turned out to be little effective at that moment.

The petrographic description of the clays is a separate chapter.
It could be defined as follows: the soil properties are characte-
ristic of low plasticity to medium plasticity Miocene clays.
Macroscopically they are yellow-brown, brown to brown-grey
coloured clays the consistency of which is not stiff; it is soft,
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jako jedno z nejzarucenéjSich reSeni nabizela technologie zmraze-
ni zeminového prostredi v predpoli §titu. Geologickd anomaélie by
byla pak lehce prekonatelnd v tuhém stabilnim prostedi. Vkradala
se pouze otdzka, nakolik by byla tato technologie finan¢né néroc-
nd a jestli by se vubec vyplatila na velmi kratkém tseku.

Prekvapivé vSak bylo zjisténo, Ze neexistuje firma, kterd by se
touto technologii v Ceské republice zabyvala. Historicky se nasly
pouze dvé firmy, které se technologii zmrazovdni zemin u nds
zabyvaly. Jako mrazici médium se tehdy pouZivala solanka.
V soucasné dobé by tato zastarala technologie byla i z eko-
logickych duvoda nepfijatelnd. Navic zkuSenosti s vyuZitim této
technologie nebyly pfili§ pozitivni. PouZitim kapalného dusiku pro
zmrazovani zemin, jak bylo mozné vidét napriklad na stavbé
metra v némeckém Lipsku, se u nds systematicky nikdo nezabyva
(pokud to neni pravda, autor ¢lanku by rdd privital informaci
o takovéto firm¢). Tim padem byla tato moZnost odmitnuta dfive,
neZ by nabyla redlné podoby.

2.3.2 Varianty tryskovych injektazi

Jako velmi dobrd varianta pro zajiSténi stability vyrubu
a nadloZzi Stoly se nabizelo vyuziti tryskové injektdZe na bazi rych-
letuhnoucich cementovych smési. Tryskova injektdZ méla zamezit
pronikéni bobtnajicich zvodnélych jili do Celby a celkové sanovat,
resp. vyznamné nadlepSit vlastnosti zemin v bezprostrednim okoli
Stitované Stoly a méla by umoznit bezproblémové vyrazeni Stoly
v inkriminovaném dvacetimetrovém useku.

Tato varianta v sobé nesla i dvé dal$i podvarianty. Jeden nazor
byl, Ze idedlnim zplsobem by byla aplikace tryskové injektdZze
v horizontdlnim sméru, kdy by vrty injektaze kopirovaly vnéjskem
profil $titu. Tato moZnost se 1épe navrhuje, neZ by se provadéla.
Osazenf vrtné a injektdazni soupravy by bylo velmi problematické
vzhledem k tomu, Ze v Sachté byl napul zapichnuty $tit spolu se
startovaci kolibkou. Nespornou vyhodou této varianty byl fakt, Ze
by byly zcela eliminovany tzv. hluché vrty. Na druhou stranu zde
byla zdsadni nevyhoda, Ze timto zpusobem nebylo mozné zabez-
pecit zeminové prostfedi pod Stitem, coZ bylo rozhodujici pro
zabrdnéni riziku poklesu §titu.

Druhou realisti¢téjsi podvariantou byla realizace tryskové injek-
tdze z povrchu, kde by nad trasou $titované Stoly bylo vytvoreno

3

pole, resp. sit’ svislych vrtd injektovanych v etdZich tak, aby byl

characteristic of pulp. A lay person would simply call them mud
(see Fig. 4). It was possible to knead the clay and shape it into
a ball, which converted itself into a nice pancake when hurled
against the sheet pile wall and remained stuck to it for several
hours.

Before continuing the description, it is necessary to say that
a geological anomaly existing in the surroundings of hoisting
shaft TS6 was predicted by a supplementary geological survey
using a ground penetrating radar to reach up to the distance of
about 20m in the direction of shaft TS7. The results obtained by
the ground penetrating radar were even confirmed by a dowser.
For purely empirical reasons, to be on the safe side, the results
obtained by the ground penetrating radar were verified by means
of dynamic penetration testing (a 50 mm diameter profile),
which is a common method of checking soil compaction.
Afterward it was possible to confirm with great certainty that
only a really very short, but very complicated section was to be
overcome.

During the course of stressful searching for a way to proceed,
several various solutions of a more or less refreshing character
were found, which are worth describing. Cost requirements of
the solution were a directly unvoiced but crucial criterion for the
method selection.

2.3.1 Instable soil freezing variant

Influenced by previous information obtained by studying achi-
evements of Soviet science in the field of civil engineering, but
first of all impressed by recent technical excursions abroad (this
time to the west of our borders), the contractor considered the
technique of freezing the soil environment ahead of the shield as
one of the most certain solutions. The geological anomaly would
be easy to overcome when driving through a hard and stable
environment. However, question sneaked into the minds regar-
ding the cost of this technology, whether its use along such
a short section would have paid.

Surprisingly, it was found that there is no company in the
Czech Republic which would have this technology in its busi-
ness portfolio. Historically, only two firms were found which
used the soil freezing technology. Brine was used as the freezing
medium at that time. Today this obsolete technology would be
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Obr. 5 Schéma ndvrhu tryskové injektdZe z povrchu — varianta a)
Fig. 5 Schematic diagram of jet grouting from the surface — variant a)

Obr. 6 Schéma ndvrhu tryskové injektdZe z povrchu — varianta b)
Fig. 6 Schematic diagram of jet grouting from the surface — variant b)




dokonale zabezpecen cely profil §toly, a to zejména i v podlozi
Stitu (obr. 5 a 6).

Je tfeba si uvédomit, Ze riziko vyznamnéj$iho poklesu Stitu
véziciho pres 8 tun kvuli rozbredlému podloZi bylo ve své podsta-
t€ vetsim nebezpedim, nezli vykominovéani par kubiku zeminy
z nadloZzi.

2.3.3 Varianta razby Stitem DN 3050 mm v protisméru,

tj. z Sachty TS7 smérem k TS6

Nasazeni §titu DN 3050 mm z $achty TS7, kde byly hydrogeo-
logické podminky relativné bezproblémové, predpokladalo razbu
v nulovém spddu, coZ asociovalo nebezpe¢i podmaceni celby
a vznik analogickych problémd, jako mél §tit DN 2560 mm
v Sachté TS6, a to tim vétsich, &m by se §tit DN 3050 mm blizil
k této Sachté. Vyznamnou nezndmou byla pak nutnd zména dpra-
vy spadu kanaliza¢niho sbérale z Spromilového na 2promilovy
spad. Pii dojezdu §titu k Sachté TS6 by si tato varianta vyZzadala
ziejmée dal$i opatfeni a z nich plynouci dal$i vicendklady, které
nebylo mozné dopredu presné odhadnout.

2.3.4 Varianta zamény technologie pro iusek TS6-TS7

— nasazeni raziciho stroje

Zcela logickou moznosti se mohla jevit zdména raziciho stroje.
Nahradit zastaraly $tit DN 2560 mm pln¢ mechanizovanym razi-
cim strojem, ktery by s velkou pravdépodobnosti garantoval snad-
né prekondni rozbredlych a bobtnajicich jila. Jako ekvivalent se
uvazovalo o nasazeni raziciho stroje, resp. mikrotunelovaci sou-
pravy, kterd by protlacovala kameninové nebo sklolamindtové
trouby profilu DN 1500 nebo 1600 mm, coz by odpovidalo profi-
Iu potrubi, které se mélo zatahovat do Stitovanych stok o vnitfnim
profilu DN 2240 mm.

V3e ale nardzelo na dskali, Ze kvuli dvacetimetrové geologické
poruse by se musel touto technologii vyrazit cely tsek mezi Sach-
tami TS6-TS7 o délce cca 100 m. Tim se celd zaleZitost dostala do
zcela jiné cenové tdrovné a muselo byt od dal§ich jednani
o nasazeni raziciho stroje upusténo.

2.3.5 Varianta provedeni kritického tseku u TS6 v délce
20 m pomoci velké oteviené ryhy zapaiené pomoci
stétovnic LARSEN

Oteviend ryha a jeji paZeni by bylo vlastné analogické jako
paZeni nekterych Sachet na sbéraci ,,C* za pomoci nastrazenych
$tétovnic LARSEN ve spolupusobeni s roubenim vodorovnych
rdmu z [-profild. UvaZovalo se o tom, Ze by se razici §tit v ryze
posunul pouze o 20 m ddl a ,,zakousl” by se z takto pazené ryhy
(pokud by se v tomto pripadé dalo mluvit vibec o pazené ryze) do
rostlych nerozbredlych jili. Vzhledem k hloubce nivelety Stitu cca
9 m se uvazovalo s vetknutim $tétovnic 3 m, coZ predznamendva-
lo pouziti 12metrovych LARSEN.

Toto feSeni bylo ldkavé hlavné z davodu, Ze poskytovalo ales-
pon iluzi definitivniho feSeni bez moZnych dal§ich neoCekdvanych
nédkladua. Prekvapivé vysoké ndklady na toto opatieni jej vSak upo-
zadily.

2.3.6 Varianta nasazeni chemickych injektazi

Pro zaji$téni razby pomoci chemické injektdZe se navrhoval
nésledujici postup praci. Navrtani injek&nich vrtu z Sachty ve
sméru razby v jeji stropni ¢dsti a provedeni specidlni tlakové che-
mické injektdZe. V ndvrhu se uvazovalo o 11 ks injek&nich vrtd.
V daném pripadé se upustilo od ndvrhu zajisténi ,,clony* krat§imi
vrty (3 m) s presazovanim, a to z davodu vyjizdéni rozplavenych
jila do profilu (obr. 7).

K zajisténi podloZi $titu (jeho prahu) bylo navrzeno postupné
provadéni injektdzi z perforovanych jehel rovnéz v po¢tu 11 ks na
kazdy postup, ale s ruiznymi délkami (5 m, 3 m a 1 m). Zdmérem
bylo vytvoreni pevného dnosného geokompozitu do hloubky 1 m
pod razicim S$titem, ktery mél zamezit jeho mozZnému poklesu.

Samotné provedeni tlakové zpeviujici chemické injektdaze bylo
navrzeno jako aplikace specidlni polyuretanové pryskyrice natla-
kované celoplo$né do co nejvétsiho prostoru v okoli provozova-
ného Stitu.

2.4 Pokracovani v razbé tseku T56-T57

Pokud trpélivy ¢tenar dorazil aZ k tomuto bodu ¢lanku, dozajis-

ta ho bude asi zajimat, jakd Ze to varianta z Sesti moZnych feSeni

byla vlastné vybrana. Mohu ho ubezpedit, Ze ani jedna. Tak jak to
byva pii kazdé lidské Cinnosti, do které muZe nebo z podstaty véci
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unacceptable for environmental reasons. In addition, the experi-
ence of the use of this technology was not too much positive.
There is no firm in our country systematically using the liquid
nitrogen ground freezing technique, which, as we could see, was
used during the metro construction in Leipzig, Germany (if this
is not true, the author of this paper would be happy to receive
information about the company). For that reason this option was
rejected before it assumed a realistic shape.

2.3.2 Jet grouting variants

The use of jet grouting based on high-early-strength cement
mixtures offered itself as a very good variant for stabilising the
excavated tunnel and its cover. Jet grouting was intended to pre-
vent swelling and water-bearing clays from intruding into the
heading and rehabilitate or substantially improve soil properties
in the immediate vicinity of the shield-driven tunnel, thus to
allow smooth driving of the tunnel throughout the 20m long pro-
blem section.

This variant held other two sub-variants in it. One opinion was
that horizontally applied jet grouting would be ideal, with the jet
grouting boreholes copying the outer contour of the shield. This
option is easier designed than implemented. The installation of
the drilling and grouting rig would have posed a great problem
because there was a launching cradle and the shield in the shaft,
with one half of the shield pierced into its wall. Undisputable
advantage of this variant was the fact that so-called dead bore-
holes would have been completely eliminated. On the other
hand, this technique was not capable of stabilising the ground
environment under the shield, which operation was crucial for
preventing the shield from sinking.

The other sub-variant, the more realistic one, was jet grouting
from the surface, where a field or grid of vertical boreholes
would be drilled along the shield-driven tunnel route, with the jet
grouting carried out in stages so that the entire tunnel profile was
perfectly stabilised, first of all even the shield sub-grade (see
Figures 5 and 6).

One must realise that the risk of more significant subsidence of
the over 8 ton weighing shield owing to the mushy sub-base was
in its essence greater danger than several cubic metres of soil
collapsing into the tunnel from the overburden.

2.3.3 The variant comprising a DN 3050mm shield driving
in the opposite direction, from shaft TS7 toward TS6
Launching of the DN 3050mm shield from shaft TS7, where
hydrogeological conditions were relatively free of troubles,
meant that the excavation would have proceeded at a zero gradi-
ent. This fact would have been associated with a risk of wetting
of the bottom of the heading and origination of problems similar
to the problems encountered by the DN 2560 shield in shaft TS6,
aggravating with the diminishing distance of the DN 3050 shield
from this shaft. A significant unknown was the change in the
sewer gradient from 5 per mille to 2 per mille, which was neces-
sary. At the moment of the shield arriving to shaft TS6, this vari-
ant would probably have required implementation of additional
measures and claimed added costs associated with them. These
costs could not be exactly estimated in advance.

2.3.4 The variant comprising a change in the tunnelling
equipment for the TS6-TS7 section — deployment of
a TBM
Replacing the tunnelling machine could seem to be an absolu-
tely logical option. A fully mechanised TBM would be used
instead of the obsolete DN 2560 shield. The TBM would with
high probability guarantee easy overcoming of the mushy and
swelling clays. The use of a TBM or a microtunnelling set for
jacking earthenware tubes or GRP tubes 1500 or 1600mm in dia-
meter, which corresponded to the diameter of the tubes which
were to be pulled into the shield-driven tunnel having the inner
diameter of 2240mm, was considered as an equivalent.
However, all of that encountered a pitfall: Because of the 20m
long geological disturbance, the entire about 100m long section
between shafts TS6-TS7 would have to be driven using this
technique. This condition shifted the matter up to a completely
new cost level, therefore the idea of using a TBM had to be
abandoned.
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2.3.5 The variant comprising a 20m long, big
open cut at TS6 shaft, passing throug-
hout the critical section, braced with
LARSEN sheet piles

Injektazni clona ze Sachty - Injektazni clona z pfistropi As a matter of fact, the open cut and its bracing

Grout curtain installed §titu — Grout curtain

from the shaft installed from the shield would be analogous to the bracing of some shafts
Perforované injektazni jehly & 25 mm crown on Sewer C, using pitched LARSEN sheet piles
Tube-a-manchettes 25mm dia. combined with horizontal frames from H-sections.

There was an assumption that the driving shield
would be shifted along the trench 20m ahead to
“bite” from the trench braced in the above-menti-
oned way (if it would be possible to speak about

Injekéni prah a braced trench) into the intact clay unaffected by

Grouted bottom the formation of mush. Taking into consideration

Larsenova sténa — LARSEN wall the depth of the bottom of the shield of about 9m

Krok 1/ Step 1 and the assumed depth of sheet pile embedment of
Krok 2 / Step 2 » . o 3m, 12m long LARSEN sheet piles were required.
Krok 3/ Step 3 Postup Stftu mezi kroky injektaze This solution was tempting because of the fact

Shield advancing between the grouting steps that it offered at least an illusion of a final soluti-

on without potential additional unexpected costs.

Obr. 7 Schéma ndvrhu chemické injektdze z Celby Stitu Nevertheless, surprisingly high costs associated
Fig. 7 Schematic diagram of the proposal for chemical grouting from the shield heading with this measure were the reason why it was
overshadowed.

musi mluvit vice stran, bylo kone¢né feSeni souhrnem nékolika
opatfeni, na kterych se ucastnici vystavby dokézali alespon dohod-
nout. Dopredu upozornuji, Ze kone¢né feseni doznalo jesté dalsich
vyraznych a nekonvenénich zmén.

Dalsi postup razby byl mezi Gcastniky stanoven a odsouhlasen
nasledovné:

* Pred t&7ni $achtou TS6 bylo navrzeno provedeni ochranné §té-
tové stény (Stétovnice LARSEN IIIn) do hloubky 12 m
a o vetknuti cca 3 m pod niveletu razené Stoly. Délka Stétové
stény se navrhla z jedné strany 8 m a z druhé strany 12 m.
Jejim hlavnim dcelem bylo jednak vytvoreni vodotésného
koridoru pro razbu §titem v nesourodych a rozbredlych jilech
a jednak zamezeni pruniku téchto nestabilnich zemin do boka
Stitu. Provedeni stény mélo zdroven eliminovat riziko poklesu
prilehlé frekventované komunikace. Podstatnym momentem
navrhu vsak byla tdvaha, Ze pokud by se ukdzaly chemické
injektdZe navrZzené v nasledném kroku jako nedcinné, mohla
by tato sténa slouZit jako budouci paZeni pro otevieny vykop.
V predpoli se i nadale pocitalo s kontinudlné probihajicim Cer-
péanim spodnich vod ze stdvajicich odvodfiovacich vrtu, ¢imZ
se melo dosdhnout relativntho vysuSeni prostoru pred razicim 2.4 Continuation of driving in the T56-TS7 section

2.3.6 The variant comprising application of chemical

grouting

The following procedure was proposed for the excavation support
by means of chemical grouting: Drilling of grouting holes in the
roof area from the shaft, in the direction of the excavation; injecting
special chemical grout under a high pressure. The proposal required
11 grouting boreholes. A proposal that the curtain should be secured
by shorter boreholes (3.0m) with overlapping to prevent clays from
sliding into the excavated profile (see Fig. 7) was dismissed.

A grouting sequence was proposed with the aim of stabilising the
sub-base of the shield (its bottom). It consisted of 11 tube-a-man-
chetes of various lengths per round (5.0m, 3.0m and 1.0m). The
objective was to create a firm, good bearing geocomposite up to the
depth of 1.0m under the shield, which was to prevent potential sub-
sidence of the shield.

The execution of the stabilisation pressure chemical grouting was
designed as an application of a special polyurethane resin injected
under pressure into as large as possible space in the surroundings of
the operating shield.

Stitem. If patient readers arrive at this chapter of the paper, they will cer-
e Pfed zahdjenim injektdZi z Sachty ruéné vydistit razici Stit tainly be curious to know which of the variants of the six possible
a celou Celbu zajistit stifkanym betonem v tloustte cca 57 cm. options was selected. I can assure them that none of them. As usual
e Provést zpevnéni predpoli §titu tlakovou chemickou injektazi in any human activity in which more parties have their voices (no
na bdzi polyuretant s vyuZitim dvouslozkové polyuretanové matter whether as a principle or as their duty), the final solution was
injektazni pryskyrice uréené ke zpeviiovani a utésnovani, ktera a combination of several measures on which the parties to the pro-

ject were able to agree. I pre-warn the readers about the fact that the
final solution underwent several additional significant and uncon-
ventional changes.

The further excavation procedure was proposed and agreed by the
parties as follows:

* A protective sheet pile wall (LARSEN sheet piles) was designed
to be installed before the hoisting shaft TS6, reaching the depth
of 12m, embedded about 3m under the bottom of the mined tun-
nel. The length of the sheet pile wall was designed to be 8m on
one side and 12m on the other side. The main purpose of the
wall was to create a waterproof corridor for the passage of the
driving shield through incohesive and mushy clays and to pre-
vent intrusion of the instable soil to the sides of the shield. The
wall was, at the same time, intended to eliminate the risk of sub-
sidence of the adjacent busy road. A significant moment for this
proposal was the expectation that the wall could serve in the
future as the bracing of an open trench if the chemical grouting
which was designed for the next step turned out ineffective.
Continual pumping of ground water from the existing dewate-
ring boreholes was further planned in the front zone, with the
Obr. 8 Celba po neiispésné aplikaci chemické injektdze aim of reaching relatively dry conditions ahead of the driving
Fig. 8 Excavation face after the unsuccessful application of chemical grouting shield.




Obr. 9 Stabilni &elba raziciho $titu DN 2560 mm bezprostiedné po prichodu
geologickou anomadlii

Fig. 9 Stable face of the DN 250 shield heading immediately after passing
through the geological anomaly

je vhodnd i pro moZny styk s pitnou vodou. Ndvrh injektdze
byl prakticky shodny s vyse uvedenym popisem podle varian-
ty 2.3.6 nasazeni chemickych injektdZzi.

* Celbu pravidelné zastiikdvat suchym betonem, aby se dosdhlo
stabilizace a vysuSeni nejbliZs§iho okoli Celby. Prace provadét
v nepretrzitém 24hodinovém provozu.

e Pokud by se nepodarilo udrZet niveletu a smér razby pomoci
vys$e uvedenych opatfeni, prichdzela v dvahu uZ jenom jedina
mozZnost, a to projit kriticky dsek otevienym vykopem pod
ochranou zaberanénych $tétovych stén.

Prace byly znovu zahdjeny ve smyslu vySe popsaného postupu,
ale velmi brzy se naplnily obavy, Ze chemickd injektdZ nedokaze
v plném rozsahu zajistit stabilitu zeminového prostiedi a jeji dalsi
aplikace by byla pouze mrhanim finan¢nich prostredka (obr. 8).

Pristoupilo se tak k posledni zbyvajici moZnosti, ktera se blizila
ve své podstaté varianté 2.3.5, tj. provedeni kritického tdseku otev-
fenou ryhou. Jako sv€Z{ a zdroven usporny ndpad se ukézal ndvrh,
7e by se odtézilo pouze rozvolnéné nadlozi $titu do hloubky
5-6 m. Ve vrchni Césti se tak stdvajici larsenovd sténa pouze jed-
noduchym zpusobem rozeprela, diky jejimu vetknuti do hloubky
cca 7 m. Cena tohoto opatfeni byla diametralné nizsi, nez kdyZ se
uvazovalo o vykopu az na niveletu $titu.

Po strojnim odtéZenim nadloZi pak razba pokracovala za vyuZi-
ti segmentového osténi. Velkou vyhodou bylo, Ze i v pripadé,
kdyby se $tit zacal propadat, bylo by mozné jej bez problému
vyskové korigovat. Tento pripad vSak navzdory predeslym oba-
vam nenastal.

Dal$im dodateénym opatfenim bylo uzavieni larsenové stény
(vznikla tak jimka o rozmérech 12x3,8 m), ¢imzZ se vytvoril portdl
pro opétovné zapichnuti §titu. Larsenova sténa vSak nebyla uza-
viena uplné. Jedna §tétovnice se nezaberanila, a to proto, aby se
nenarusil tok podzemnich vod a ty se nezadrzovaly pred vlastni
jimkou tvorenou §tétovymi sténami.

Pred opakovanym zahdjenim realizace Stitované Stoly pomoci
nemechanizovaného S$titu DN 2560 mm bylo provedeno vypdleni
nékolika otvort v larsenové sténé jimky pro kontrolu geologic-
kych podminek. Ndsledné byla po vypdleni §tétové stény zahdjena
razba. P¥i prubéhu téchto praci bylo zjisténo, ze vlivem zaberané-
ni larsen do$lo k vytvoreni 0,5-1,0 m silné vrstvy zhutnéného
nepropustného jilu. Za touto nepropustnou vrstvou byl opét zjistén
zvodnély horizont Sedych miocénnich jilt s velkou primési jem-
nych pisku nachdzejicich se téméf v celém profilu raZby. Na
vSechny dcCastniky vystavby padla téZka deprese, protoZe se dalo
predpoklddat stejné martyrium i v dal§im dseku a opakovat stejné
feSeni by bylo nejenze ndkladné, ale podstatné komplikovangjsi,
protoZe trasa Stoly se dostdvala pod komunikaci.

Nasledovaly ¢tyfi dny nepretrzité a velmi obtizné razby
v totalné rozbredlych jilech. Podafilo se tak vyrazit cca 5 m Stoly.
K uleveé vSech S§tit posléze narazil na soudrZny az pevny jil
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e Hand cleaning of the driving shield before commencing the
application of grouting from the shaft; stabilising the entire
excavation face with a 5-7cm thick layer of shotcrete.

* Reinforcing the zone in front of the shield by pressure injection
of polyurethane-based chemical grout using two-component
polyurethane resin designed for reinforcing and sealing purpo-
ses, which is even approved for use in contact with potable
water. The proposal for the grouting was virtually identical with
the above-mentioned description according to paragraph 2.3.6
Application of chemical grouting.

* Regularly spraying dry concrete on the excavation face with the
aim of stabilising and drying up of the closest vicinity of the
face. Doing the work in shifts operated over 24-hour days.

e If the above-mentioned measures failed to maintain the vertical
and horizontal alignment in line, only one option remained —
passing across the critical section via an open cut, under the pro-
tection of the above-mentioned sheet pile walls.

The operations resumed following the above-mentioned procedu-
re, but the fears that the chemical grouting would not be able to fully
secure stability of the ground environment very soon materialised.
Continuing to apply it would have been only wasting money (see
Fig.8).

For that reason the last remaining option was approached. In its
substance, this option was similar to variant 2.3.5., i.e. running
across the critical section via an open cut. A fresh and economical
idea was adopted to excavate only the loose ground above the shi-
eld up to the depth of 5-6m. Owing to the depth of its embedment of
7m, the existing LASRSEN wall had to be braced in the upper part
only in a simple way. The cost of this measure was diametrically
lower than when the excavation up to the shield bottom level was
planned.

After mechanically excavating the cover, the shield driving conti-
nued using a segmental lining. The fact that it was possible without
problems to adjust the vertical alignment if the shield had started to
sink was a great advantage. But this case did not take place, despite
previous fears.

Another additional measure was closing of the LARSEN sheet
pile wall (it gave rise to a 12m x 3.8m cofferdam), forming a portal
for the shield to be repeatedly launched. However, the LARSEN
wall was not closed completely. One sheet pile was not driven down
so that the flow of ground water was not intercepted and the water
did not start to accumulate before the cofferdam formed by the sheet
pile walls.

Before the excavation of the tunnel by the DN 2560mm non-
mechanised shield resumed, several holes were cut into the sheet
pile cofferdam by flame, allowing checking of geological conditi-
ons. Subsequently, after cutting through the sheet pile wall, the tun-
nel driving commenced. It was found during the course of the work
that a 0.5 — 1.0m thick layer of heavily compacted, impermeable
clay had developed during the sheet pile driving process. A water-
bearing horizon of grey Miocene clays with great content of sand
was again encountered behind this impermeable layer, covering
nearly entire excavation face. All parties to the construction were
hit by heavy depression because it was possible to expect that the
same martyrdom could be expected even in the subsequent section
and repeating the same technique would have been not only expen-
sive but also substantially more complicated because the route was
heading under a road.

Then four days of uninterrupted and very difficult driving through
mushy clay followed. About 5m of the tunnel were excavated in
these conditions. To everybody’s relief, the shield subsequently
encountered cohesive, firm clay featuring properties of claystone
(see Fig. 9). Suddenly even pick hammers were necessary to break
the rock. Fortunately, the predictions made according to the ground
penetrating radar and the dowser did not fail. The excavation pro-
gressed toward shaft TS7 without problems, at the planned advance
rate of 1.5m per shift or 3m per day (see Fig. 10).

2.5 Finishing work after the tunnel completion

When the tunnel driving work was completed, 6m long sewerage
tubes PE-HD/PP DN 1400 UPOROL were installed in it. When the



19. rocnik - €.1/2010

Obr. 10 Vyslednd podoba vyraZené Stitované Stoly v viseku T, S6-TS7 . 5
Fig. 10 Final shape of the completed tunnel in the section between TS6 — TS7

s charakterem jilovce (obr. 9). Ndhle bylo nutné k rozpojovani
pouZzivat i sbijeci kladiva. Nastésti piredpovédi georadaru
a proutkare neselhaly. Razba smérem k Sachté TS7 probihala pak

jiZ bez obtizi v planovaném rytmu 1,5 m vyraZené §toly za sménu,
resp. postupu 3 m za den (obr. 10).

2.5 Kompletaéni prace po vyraZeni §titované stoly

Po ukonceni razeb byly Stoly vystrojeny pomoci kanalizacnich
trub PE-HD/PP DN 1400 UPOROL o délkach 6 m. Po spusténi
trub do Sachet a jejich rozmisténi ve $toldch, které mély predem
upravené a srovnané dno betonovym potérem, se jednotlivé trou-
by pospojovaly a zaaretovaly pomoci ocelovych rozpinek — jezka.
Po vizudlni prohlidce se zajistilo jejich zaslepeni a trouby byly
zaplaveny vodou do 1/3 vySky potrubi za Gicelem zamezeni jejich
moZznému ,,vyplaveni“. Vzniknuvsi mezikruZzi bylo poté vyplnéno
pomoci popilkocementové smési CPS 2. Zalévani mezikruzi
muselo byt provddéno ve Ctyfech fazich vzdy s pracovni prestdv-
kou 2 dnu — po zatvrdnuti pfedchozi vrstvy.

Prace byly ukonéeny v téZnich Sachtdch betondZi monolitickych
konstrukei reviznich Sachet na kmenovém sbérai a uvedenim
povrchu do puvodniho stavu, coZ se stalo do konce dubna tohoto
roku, tedy 16 mésicu po zahdjeni praci v lednu 2008.

3. ZAVER

Popis technickych feSenf je jedna véc, ale je nutné si uvédomit,
Ze vySe popsané problémy mély vyrazny dopad na ekonomiku
vystavby a stdly jak investora, tak zhotovitele nemalé finan¢ni
naklady. Prirodni podminky si vybraly v tomto dseku velkou dan.

Technici a inZenyfi mohou mit mnoho let praxe a zkuSenosti
amyslet si, Ze je na stavbach obdobného charakteru jiZ nemuZe nic
prekvapit. Stejné pak neveri vlastnim o¢im, jakd dskali a pfekazky
je mohou nékdy potkat. Price spojené se zakletou Sachtou TS6
a dvacetimetrovym usekem Stoly zabraly témér tfi Ctvrté roku
(samoziejmé s prestavkami, kdy se hledalo prijatelné technické
feSeni). Podle pavodniho pldnovaného harmonogramu mély byt
tyto prace za jeden mésic hladce provedeny. Nastésti na ostatnich
usecich se tak razantni potiZze neobjevily a nakonec se podarilo
v kone¢ném dusledku splnit vSechny terminy vystavby celého
podprojektu 08 Kanaliza¢ni sbérac ,,C*, Cdst 2.

Nezbyvd neZ upfimné podékovat v§em zainteresovanym 0SoO-
bdm na vystavbé za vSechno, co pro zddrné dokonceni dila ud¢la-
ly a obétovaly a podékovat i tém, ktefi chtéli n¢jak pomoci, ale
z néjakych duvodu se jim to nepodafilo.

ING. IGOR FRYC, fryc@tchas.cz,
TCHAS spol. s r. o., 0. z. Ingstav Brno

Recenzoval: doc. Ing. Vladislav Hordk, CSc.

Obr. 11 Obrdzek dokumentuje sloZité podminky vystavby i s ohledem na drsné
klimatické podminky — pohled do isti §titované Stoly

Fig. 11 A picture documenting the complicated conditions of the constructi-
on even with respect to harsh climatic conditions — a view down the mouth of
the shield-driven tunnel

tubes had been lowered into the shafts and laid in the tunnels, the
bottom of which was levelled by concrete screed, individual tubes
were joined together and locked in position by means of steel struts.
Both ends of the pipeline were blinded after a visual inspection and
the pipeline was filled with water up to 1/3 of the diameter so that
potential buoyancy was prevented. The annulus between the pipe
and the inner surface of the tunnel was filled with CPS2 cinder
concrete. The annulus filling process had to be divided into four sta-
ges, with two-day interruptions between them, allowing the concre-
te layer to harden.

The final work consisted of casting manhole structures in the
hoisting shafts on the trunk sewer and reinstating the ground surfa-
ce. All work was completed before the end of April 2009, 16 months
after the commencement in January 2008.

3. CONCLUSION

Describing technical solutions is one aspect, but it is necessary to
realise that the above-mentioned problems significantly affected
economy of the project and both the owner and the contractor
incurred considerable financial costs while coping with them.
Natural conditions claimed great tribute in this section.

Technicians and engineers may have many years of practice,
believing that there is nothing they could be surprised with at simi-
lar character projects. Then they are taken aback by the difficulties
and obstacles they can sometimes encounter. The work associated
with the enchanted shaft TS6 and the twenty metre long section of
the tunnel took nearly three quarters of a year (of course, with bre-
aks during which acceptable solutions were sought). According to
the original schedule, this work was to be smoothly completed in
a month. Fortunately, so serious problems were not encountered on
the other sections. Eventually all deadlines applicable to construc-
tion lot 08 of Part 2 of the Trunk Sewer C Project were met.

All people involved in the construction deserve appreciation and
thanks for everything they did and sacrificed for the successful
completion of the works. Thanks must also go to people who were
going to help in some way but for some reasons failed to do it.

ING. IGOR FRYC, fryc@tchas.cz,
TCHAS spol.sr. 0., 0. z. Ingstav Brno
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VLIV VYSTAVBY TUNELOVYCH STAVEB NA VEGETACI
TUNNEL CONSTRUCTION IMPACTS ON VEGETATION

MICHAL HNILICKA

Vzhledem k neustdle se zvySujici hustot¢ automobilové dopravy je
nezbytné postupné roziifovani dalni¢ni sité na dzemi CR, kterd nava-
zuje na dalnice sousednich zemich. V mnoha pfipadech neni mozné
novou trasu vhodné realizovat, aniz by zasdhla zastavéné Casti mésta
nebo hodnotné &asti krajiny. V téchto tsecich se navrhuje vyskové
vedeni trasy pod drovni terénu, které je umoznéno vystavbou silni¢nich
a dédlni¢nich tuneld.

Tunel pfindsi vétsi moZnosti fesent trasy vzhledem k morfologii teré-
nu a umoznuje vedeni silni¢n{ ¢i dalni¢ni komunikace danym tzemim
bez vétsiho dopadu na tento prostor. Nejcastéji jde o zastavénd dzemd,
kde tunel kromé moZznosti vystavby komunikace bez jinak nutnych
demolic zabranuje zhorSovéni Zivotniho prostiedi zneciStovanim emi-
semi a hlukem z dopravy. Tunelové stavby mohou byt voleny také jako
varianta ochrany dulezitych pfirodnich celka &i dokonce chranénych
krajinnych oblasti, které by byly vystavbou pozemni liniové stavby
naruSeny. Tunel umoZiuje zachovéni puvodniho porostu, preruSeni
liniové bariéry, kterou komunikace tvofi, a tim zajisténi volného pre-
chodu migrujici zvére.

Z téchto duvodu je nutné védét, jaky dopad mohou tyto stavby na
krajinu mit. Nejde jen o jejich vliv béhem provozu, ale i 0 zmény zpu-
sobené vystavbou tunelu. Razba tunelové stavby zasahuje horninovy
masiv v nadlozi tunelu a tim v ur€ité oblasti ovliviiuje podminky az na
troveti terénu. V oblasti tohoto vlivu muZe dochdzet ke zménam stavu
porostu. Pravé vegetace, které zbyvd pouze moznost prizpusobeni se
pozménénym podminkdm, je nejvice nachylnd ke zméndm ve svém
okoli. Vliv vystavby tuneld na vegetaci je zavisly na konkrétnich pod-
minkdch (geologie, vySka hladiny podzemni vody, technologie
a zajisténi razby tunelu), takZe je nutné posoudit projevy tohoto vlivu
na jiz dokoncenych tunelovych stavbéch.

MOZNE VLIVY VYSTAVBY NA VEGETACI

Vystavba tunelového dila ovliviiuje vegetaci podobnymi faktory jako
vystavba vetSiny rozsdhlejsich staveb. Nejradikdlnéj$im zdsahem je
nutné vymyceni vegetace na pozemcich v oblasti trvalych i do¢asnych
zéboru. U tunelovych staveb se jednd hlavné o dseky hloubenych tune-
lu, plochu pro umisténi provozné-technického objektu tunelu
a v men$im rozsahu o plochu pro zafizeni staveni§té a nutné pristupo-
vé cesty na stavbu. Zoéna, ve které se predpoklddd moznost vlivu
vystavby (na porost, na hladinu podzemni vody, na objekty), se nazyva
z6na ovlivnéni (ve star$i dokumentaci se tato zéna oznacuje jako zéna
ohroZeni).

Viiv dopravy

Béhem vystavby je velké zatiZen{ zpusobovéno pravé dopravou, pro-
toZe pri stavbé tunelu je potfeba premistit znacné objemy materidlu.
Béhem razby vznikd velké mnoZzstvi rubaniny (horniny &i zeminy
z telesa tunelu), ze které se Cast ndsledné pouZije napf. na terénni tpra-
vy, ale vétSinu je nutné odvdZzet mimo stavbu na doCasnou ¢i trvalou
deponii rubaniny. Dalsi velké mnozstvi materidlu je dopravovdno na
stavbu (vyztuZ, beton, dalsf prvky zajisténi tunelové stavby pfi provadé-
ni primérniho i sekundarniho osténi, izolace, technologické vybavent).

Podél dopravnich tras a v okoli staveni§té se zvySenim provozu
nékladnich vozidel a pojezdem té7ké techniky pri dopravé a odvozu
materidlu muZe objevit zejména mechanické poskozeni vegetace. V1iv
na vegetaci i ve vétSich vzdalenostech od stavby md zne¢isteni ovzdu-
§i v prubéhu stavby. To zpusobuje zvySena praSnost na stavbé
a exhalace z automobill a stroju, které se pouZivaji k dopravé materid-
lu, pfi hlouben{ piiportdlovych tseku a pri razbé samotného tunelu.

Po uvedeni tunelu do trvalého provozu se mnozstvi emisi
z automobild v okolf tunelu zvysi. Z tohoto divodu se v rdmci projek-
tové dokumentace provadeji rozptylové studie, které uréi v zdvislosti na
intenzité dopravy imisni z4téZ u portdld tunelu a pfipadného vydecho-
vého objektu. Na zdkladé této studie je navrZen systém vétrani tunelo-
vé stavby tak, aby nebyly prekracovéany dané limity zneciSténi.

Because of the continually increasing density of motor-vehicle traffic,
it is necessary to gradually expand the Czech Republic’s motorway net-
work, which links to motorways in the neighbouring countries. It is in
many cases impossible to suitably build a new route without extending
it into a developed part of a city or a valuable part of a landscape. In such
sections the vertical alignment of the route is usually designed to pass
under the ground surface, which is possible owing to the construction of
road and motorway tunnels.

A tunnel allows more options for the route design in relation to the
terrain morphology and makes it possible for the designer to lead a road
or motorway through the particular area without more serious impacts
on it. The most frequent case is the passage through developed areas,
where the tunnel, apart from the fact that it makes construction of the
road possible without otherwise necessary demolitions, prevents the
deterioration of the environment by polluting emissions and traffic
noise. Tunnel structures may even be chosen as variants of the protecti-
on of outstanding natural complexes or even protected landscape areas,
which would be disturbed by the underground linear structure construc-
tion. The tunnel allows the preservation of the original vegetation and
disruption of the linear barrier formed by the road, thus makes the pro-
vision of a free passage of migrating game possible.

For the above reasons it is necessary to know the impact on the lands-
cape these structures may make. It is the problem not only of
the impact during the road operation but also of changes caused by the
tunnel construction. Tunnelling activities affect the rock mass in the tun-
nel overburden; therefore they influence the conditions up to
the ground level. Changes in the vegetation condition may occur in the
affected zone. Vegetation, for which nothing else is left than to accom-
modate to the changed conditions, is most sensitive to changes in its sur-
roundings. The impact of tunnel construction on vegetation depends on
particular conditions (geology, water table level, technology and the tun-
nel excavation support system). It is therefore necessary to assess mani-
festations of the impact of the tunnel structures which have already been
completed.

POSSIBLE EFFECTS OF CONSTRUCTION ON VEGETATION

The construction of a tunnel influences vegetation by factors similar
to those existing at construction sites of the majority of larger construc-
tion projects. The most radical intervention is clearing of vegetation on
lots of land in the areas of permanent and temporary works. As far as
tunnel structures are concerned, this applies mainly to cut-and-cover
sections, areas where service buildings are to be located and, to a lesser
extent, areas for site facilities and access roads. The zone in which the
possibility of an impact of the construction (on vegetation, water table
level, buildings) exists is called the Zone of Influence (in older docu-
ments referred to as the Danger Zone)

Influence of traffic

During the course of construction, great loading is caused by transport
because a tunnel construction needs large volumes of material to be tran-
sferred. The large volumes of muck (rock or soil excavated from the tun-
nel) originating during tunnel excavation are subsequently partially
used, for example, for ground shaping; but the major part must be hau-
led off the construction site to a temporary or permanent muck stockpi-
le. Another larger quantity of material is transported to the construction
site (reinforcement, concrete, other elements of excavation support
necessary for the primary and secondary linings, waterproofing, tunnel
equipment).

Owing to the increased movement of lorries and heavy construction
equipment necessary for the transport of materials along transport routes
and in the vicinity of the construction site, damage to vegetation can
appear, first of all mechanical. Vegetation at larger distances from the site
is affected by air pollution during the construction. It is caused by incre-
ased rate of airborn dust on the site and exhaust emissions produced by
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Viiv razby

Vzhledem k tomu, Ze pfi vystavbé podzemniho dila dochézi
k velkym zméndm v nadloZi, miZe byt oblast nad tunelovou stavbou
ovlivnéna poklesy terénu. Oblast, ve které se predpokldadd vznik pokle-
st zpusobenych raZbou tunelu, se uréuje uz pred zacdtkem stavby na
zékladé vysledku inZenyrskogeologického pruzkumu. V projektové
dokumentaci se tato oblast oznacuje jako zéna poklesu.

Vznik a hloubka poklesové kotliny zdvisi predev§im na mocnosti
nadloZ{ tunelu a na zastiZenych geologickych podminkach. Tyto pod-
minky Ize ovlivnit spravnou volbou parametru razby a navrhem zajis-
téni tunelové stavby. Je nutné zohlednit ohroZeni objekti v oblasti zony
poklesu a ur¢it mezni deformace vyrubu tak, aby nedoslo ke zpusoben{
$kod a ohroZeni v této oblasti.

Pokles hladiny podzemni vody

Razba tunelové stavby ma, v zdvislosti na vzdjemné poloze hladiny
podzemni vody (ddle HPV) a podzemniho dila, vliv na podzemni vodu
a jeji proudéni. Pokud je raZeny tunel nad drovni hladiny podzemni vody,
muze vlivem vystavby dojit k naruseni prusakovych cest podzemni vody.

Pokud je podzemni dilo raZeno pod trovni hladiny podzemni vody,
muZe v zdvislosti na propustnosti masivu do prostoru jiz vyraZzeného dila
vnikat voda. Z tohoto davodu pak musi po celou dobu vystavby probihat
jeji odCerpéavani z tunelové stavby. Tim dochdzi k vytvoreni depresniho
kuZele a v zasaZené oblasti, jejiZ velikost zdleZi na mistnich hydrogeolo-
gickych podminkdch, dojde k poklesu hladiny podzemni vody.

Névrat HPV do ptvodniho stavu zédvisi na pouZitém systému izolace
tunelu, kterd se provad{ po dokonceni primdrniho osténi tunelové stavby
podle zastizenych podminek. Pfi pouZiti tlakové izolace neni masiv nada-
le vyznamné odvodnovdn a HPV pravdépodobné po néjaké dobé opét
nastoupd do vysky blizké stavu pred za¢dtkem vystavby. Druhou varian-
tou je pouziti destnikové izolace, kterd vodu stékajici po izolacni vrstvé
odvddi pomoci vnéjsi drendZe umisténé podél celého tunelu. HPV se
proto po dokonleni vystavby tunelu nevrati do puvodniho stavu, ale
vznikly depresni kuZel ovlivni mensi tizemi neZ v pribéhu stavby. Vnéjsi
tunelovou drenédZi dochdzi k mensim odtokim vody a navic je jeji Zivot-
nost pouze doc¢asnd.

Pokles hladiny podzemni vody muZe ovlivnit pfisun vody vegetaci,
kterd roste v oblasti depresniho kuZele. Zde zdleZi na konkrétnich mist-
nich podminkdch (trvadni a rychlost poklesu, doba a intenzita srazek,
pudni poméry), ale i na sloZeni porostu. Jde napiiklad o kofenovy systém,
ktery se lisf u raznych druht porostu. Nékteré druhy stromu maji kore-
novy systém rozrostly prevazné mélce pod povrchem, ale do velké vzda-
lenosti od kmene. Takovyto kofenovy systém maji napiiklad smrky.
U dalSich druht se naopak kofenovy systém rozrustd spiSe do hloubky.
Timto zpusobem roste kofenovy systém dubu. Kofeny se vZdy prizpuso-
buji mirné zménénym podminkdm a vldhu ziskdvaji podle druhu i ve
vetsi vzdalenosti ¢i hloubce.

Zména chemismu podzemni vody

Podle zpusobu zajisténi podzemniho dila a v zdvislosti na agresivité
podzemni vody muZe dochdzet k vyluhovani ldtek do podzemni vody
a tim ke zméné jejtho chemismu. Zmeéné kvality podzemni vody se
béhem vystavby zabraiiuje Cerpdnim dulni vody (podzemni vody, kterd
se dostane do prostoru tunelové stavby), duslednym sledovanim jeji
kvality (rozpusténé litky, pH), pfipadnym ciSténim ¢i neutralizac{
a naslednym vypousténim do recipientu.

Kontrola a uprava kvality vody vypousténé do recipientu
z drendzniho systému tunelu probihd naddle i po dostavbé tunelové
stavby béhem jejiho provozu.

SLEDOVANI STAVU POROSTU

Sledovén{ stavu porostu se provddi vzhledem k moZnému ovlivnéni
porostu razbou, kterd mize zpusobit poklesy terénu a sniZeni hladiny
podzemni vody, pfipadné zmény jeji kvality. Tato sledovéani probihaji
prevdzné v blizkosti stavby. Dal§im negativnim vlivem muZe byt
doprava na stavenisté, proto se nékdy porost sleduje i podél vyuZiva-
nych komunikaci. Monitoring stavu porostu probihd béhem vystavby
a ndsledné v ur¢itém cyklu i po jejim dokonceni. Pro mozné pozdéjsi
stiznosti ohledné poSkozeni vegetace vlivem vystavby se uz pred zapo-
Cetim vystavby provadi pasportizace lesniho a mimolesniho porostu,
kterd zaznamend stav porostu v okoli stavby pro pozdé¢jsi srovnani
a pripadné feSeni vzniklych sporu.

Pasportizace a monitoring lesntho a mimolesniho porostu se provadi
na povrchu nad tunelovou stavbou v oblasti, kterd se v projektové doku-
mentaci oznaCuje jako zéna sledovani. Jde o $ir$i zénu (za zénou ovliv-
néni a poklest), ve které existuje redlné riziko uplatiiovéani zpravidla

Tuel

automobiles and machines used for transporting the materials, excavating
portal sections and driving the tunnel itself.

The amount of emissions further increases when the tunnel is brought
into permanent service. For that reason, pollution dispersion studies are
carried out in the framework of the design, which determine the pollu-
tant load at tunnel portals and a contingent exhaust structure relative to
the traffic volume. The tunnel structure ventilation system is designed on
the basis of this study, so that required pollution limits are not exceeded.

Influence of mining operations

Because significant changes in the overburden originate during the
construction of an underground structure, the area above the structure
can be affected by the terrain settlement. The area where the underg-
round excavation caused settlement is anticipated is determined before
the commencement of the construction, on the basis of results of the
engineering geological survey. This area is marked in drawings as
a Settlement Zone.

The origination and depth of a settlement trough depends, above all,
on the tunnel cover thickness and the geological conditions encountered.
These conditions can be affected by properly selecting excavation para-
meters and designing a proper excavation support system. It is necessa-
ry to make allowance for the fact that there are buildings threatened in
the settlement zone and to determine limiting deformations of the exca-
vation so that any damage in this area is prevented.

Decline of water table

Underground excavation influences ground water and its flows,
depending on the relative position of the water table and the underg-
round works. If the mined tunnel is above the water table level, the path
of ground water percolation can be disturbed by construction works.

If the underground excavation is carried out under the water table
level, water can intrude into the excavated opening, depending on the
ground mass permeability. For that reason water must be pumped from
the tunnel throughout the construction period. As a result, a depression
cone develops in the affected area the size of which depends on local
hydrogeological conditions, and the water table drops.

The water table (WT) recovery depends on the tunnel waterproofing
system, which is installed when the primary lining is finished. The cho-
ice of the waterproofing system depends on the conditions encountered.
When pressure resistant waterproofing is used, the ground mass is not
further significantly dewatered and the water table is likely to rise after
some time to a level close to the condition before the commencement of
the construction. The other variant is the use of umbrella waterproofing,
where water flowing down the waterproofing layer is collected in exter-
nal drains running along the tunnel. This is why the WT does not reco-
ver after the tunnel completion; however, the resultant depression cone
affects an area which is smaller than it was during the construction.
External tunnel drains evacuate smaller amount of water and, in additi-
on, their life is only temporary.

Dropping of water table may influence the supply of water for the
vegetation which grows in the depression cone area. This influence
depends on concrete local conditions (duration and rate of the settlement,
duration and intensity of rainfalls, ground conditions), but also on the
composition of vegetation. For example, the root system is different for
various types of vegetation. Some sorts of trees have their root systems
developed mostly shallow under the surface, but expanding to great
distances from the trunks. This is, for instance, the root system of spruce
trees. Other sorts have their root systems rather extending to the depth.
This is the way the root system of oak trees grows. Roots always accom-
modate themselves to moderately changed conditions, gathering moistu-
re even from greater distance or depth, depending on the tree species.

Changes in ground water chemistry

Depending on the excavation support technique and the corrosivity of
ground water, leaching of solids into groundwater may occur, thus its
chemistry can be changed. Changes in groundwater quality are preven-
ted by pumping mine water (ground water which gets into the tunnel
construction space), thorough monitoring of its quality (dissolved solids,
pH) or, alternatively, cleaning or neutralising it and subsequently dis-
charging it into a recipient.

The monitoring and treating of water discharged from the tunnel dra-
inage system into the recipient continues even after the tunnel construc-
tion completion, during the course of the tunnel operation.

MONITORING OF VEGETATION CONDITION

The condition of vegetation is monitored with regard to the potential
affection of vegetation by the underground excavation, which may cause
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Obr. 1 Priklady stromu s hodnocenim defoliace [6]

a) Dub: 5 % defoliace, b) Dub: 70 % defoliace, c) Borovice: 10 % defoliace
d) Borovice: 50 % defoliace

Fig. 1 Examples of tree species with defoliation assessment results [6]

a) Oak: 5 % defoliation, b) Oak: 70 % defoliation, c) Pine: 10 % defoliation
d) Pine: 50 % defoliation

neopravnénych ndrokui na ndhradu domnélych $kod na majetku vznik-
Iych stavbou tunelu.

METODY MONITORINGU POROSTU

Metody monitorovani 1ze podle pristupu rozdélit do nékolika kate-
gorii: laboratorni metody, metody ddlkového prizkumu a metody vizu-
alniho hodnoceni [3].

Laboratorni metody

Laboratorni metody umoznuji podrobny rozbor vzorka odebranych
v z4jmové oblasti. Jednd se o analyzu pudy, letokruhovou ¢&i listovou
analyzu, kterou se uruje pritomnost jednotlivych prvku ve vzorku,
jejich mnoZzstvi a struktura vzorku. Vzhledem k pomérné nakladnému
rozboru se analyza neprovadi pravidelné a analyzuje se pouze omezené
mnozstvi vzorku, které nemuseji mit vzdy poZadovanou vypovidaci
hodnotu.

Letecky a dalkovy prazkum

Tyto metody vyuZivaji snimkovani zemského povrchu z letadla ¢i
z druZice. Snimky Ize porovndvat se snimkovéanim z predchozich let,
takZe je kromé soucasného stavu mozné ziskat predstavu o vyvoji poro-
stu v minulych letech a ve sledovani i nadéle pokracovat v pravidelnych
intervalech. Kromé klasického snimdni lze pouZit také spektrozondln{
leteckou fotografii. Jednd se o barevnou fotografii citlivou
k infracervené Cdsti spektra, kterd umoznuje klasifikaci vegetaéniho
pokryvu. Dalsi moznosti je vyuziti hyperspektralnich satelitnich snim-
ku, které zachycuji zemsky povrch v nékolika spektrdlnich pasmech.
Jejich zpracovani je ndrocnéjsi, ale prinasi podrobnéjsi vysledky
a moznost porovnani snimku za poslednich nékolik let.

Vizualni hodnoceni — hodnoceni zdravotniho stavu koruny

Jde o vizudlni hodnoceni zdravotniho stavu jednotlivych stromu,
ktery je vypovidajicim zplisobem charakterizovdn stavem koruny
(zkoumad se poskozenf ¢i priznaky onemocnéni). Stav koruny se pak
hodnoti na zdkladé mnoZstvi ukazateld a jejich klasifikace podle dané
metodiky. Pro prazkum nejsou tieba Z4dné specidlni pomucky
a vyhodnoceni probihd rychle podle danych metodik. Z tohoto davodu
je hodnoceni zdravotniho stavu koruny pomérné rychld a mélo néklad-
nd metoda, kterd se d4 velmi dobfe vyuZivat pro pasportizace zelené
v z6né sledovani tunelovych staveb.

Hodnoceni zdravotniho stavu koruny je ureno predevsim hlavnim
sledovanym parametrem — stupném defoliace. Defoliace je definovana
jako relativni ztrdta asimilaéniho aparétu (listd nebo jehli¢i) v koruné
stromu v porovndni se zdravym stromem, rostoucim ve stejnych porost-
nich a stanoviStnich podminkdach. Toto ,,0dlisténi* je zpisobeno vlivem
neprfiznivych zmén prostredi na lesni ekosystém. Hodnotf se pro jedno-
tlivé stromy a vyjadfuje se v procentech ztrity (40% odlisténi vyjadiu-
je ztrdtu 40 % listu oproti zdravému stromu, viz obr. 1). Procentudln{
hodnoceni s presnosti 5 % se ndsledné podle evropské metodiky pro-
gramu ICP Forests (International Cooperative programme on Assess-
ment and Monitoring of Air Pollution Effects on Forests/Mezindrodn{
kooperativni program sledovdni a vyhodnocovéani vlivu znediSténi
ovzdu§i na lesy) zarazuje do jednoho z péti stupnu defoliace, kdy hod-
nota 100 % defoliace je vyhrazena pro mrtvé stromy (tab. 1). V CR se
ale pro vyzkum i v praxi dlouhodobé vyuzivd Sestistupnova klasifikace

settlement of the terrain and lowering of the water table, or changes in
groundwater quality. These observations are mostly performed in the
vicinity of the construction. Transportation to the construction site can
be another negative effect; therefore, vegetation is sometime monitored
even along the roads which are used for the construction. The vegetati-
on condition monitoring is carried out during the construction and, sub-
sequently, in a certain cycle, even after its completion. With respect to
the possibility of later complaints regarding damage caused by con-
struction works, the condition of the forest cover and non-forest growth
is surveyed prior to the commencement of the construction, recording
the condition of vegetation in the vicinity of the construction to allow
comparison in the future and solving of potential disputes.

The condition survey and monitoring of forest and non-forest growth
are performed on the surface, above the tunnel structure, in the area
which is marked in the design as the Monitoring Zone. This is a wider
zone (expanding beyond the zone of influence and settlement zone), in
which a realistic risk exists that, usually unjustified, claims for compen-
sation for damage to property caused by the construction will be filed.

VEGETATION MONITORING METHODS

The monitoring methods can be divided into the following several
categories, according to the approach: Laboratory methods, remote sur-
vey methods and visual assessment methods [3].

Laboratory methods

Laboratory methods make detailed analyses of samples taken from
the area of operations possible. They comprise soil analysis, tree-ring
analysis or leaf analysis, by which the presence of individual elements
in a sample, their quantity and sample structure are determined. Because
of relatively high costs, the analyses are not carried out regularly and
only a limited quantity of samples (which not always have the required
proving value) is tested.

Aerial and remote survey

These methods use aerial photography or satellite photography of
ground surface. Pictures can be compared with pictures taken in previ-
ous years, thus it is possible, apart from information on the current con-
dition, to gather the idea of the development of the vegetation during
past years and to proceed further with the monitoring at regular intervals.
Apart from classical photography, even spectrozonal aerial photography
can be used. This is a coloured photography sensitive to the infrared part
of the spectrum, which makes the vegetation cover classification pos-
sible. Another option is the use of hyperspectral satellite images, captu-
ring the Earth’s surface in several spectral zones. Their processing is
more difficult but they provide more detailed results and allow compa-
ring of pictures taken during past several years.

Visual assessment — Tree crown health condition assessment

This is a visual assessment of health condition of individual trees,
which is aptly characterised by the condition of the tree crown (the tree
is surveyed for damage or symptoms of a disease). The condition of
a tree crown is assessed on the basis of many indicators, which are clas-
sified according to particular methodologies. No special tools are requi-
red for the survey; the assessment using particular methodologies is
quick. For that reason a tree crown health assessment is a relatively
quick and little costly method, which can be very well used for vegeta-
tion condition surveys in tunnel construction monitoring zones.

The assessment of health condition of a tree crown is determined, first
of all, by the main parameter being observed, the Defoliation Degree.
Defoliation is defined as a relative loss of the assimilation apparatus (lea-
ves or needles) in the tree crown, compared with a healthy tree growing
in conditions identical as far as the vegetation and location is concerned.
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Obr. 2 Vrch Valik s ddlnicnim tunelem
Fig. 2 Motorway tunnel under Valik Hill

defoliace. Ta byla z divodu nutné transformace na evropské standardy
prevedena na procenta tak, aby bylo v prubéhu zpracovéni dat mozné
vyuzivat ob¢ klasifikace (tab. 2).

VLIV VYSTAVBY NA OKOLI DOKONCENYCH STAVEB

Tunel Valik na dalnici D5

Pri vystavbe tunelu Valik na délnici D5 byl sledovan vliv vystavby
na vegetaci. Podrobnd pasportizace lesniho porostu na vrchu Valik (kte-
rym tunel Valik prochdzi, viz obr. 2) zapocala jesté pred zahdjenim
razby pruzkumné Stoly pro inZenyrskogeologicky pruzkum (IGP).
V prvni etapé byla provedena pasportizace porostu nad prizkumnou
Stolou v z6né ohroZeni (z6né sledovéni), kterd byla urena jako pds
o $ifce 15 m na obé strany od osy pruzkumné Stoly. Terénni prizkum
byl provadén od dnora do kvétna 2002. V tomto obdobi byly potizeny
fotografie souCasného stavu porostu, ktery pred vystavbou prosel
ozdravnym zédsahem (Slo o odstranéni suchych stromu a naletovych
drevin). Kromé popisu fotografie je vZdy uvedeno stanovisté fotografa
a v jakém sméru byl snimek porizen. Déle byl v ramci pasportizace
pofizen i videozdznam zachycujici stav porostu a jeho vegetaéni rust
v obdobif Setfeni. Druhd etapa pasportizace lesniho porostu probéhla uz
v z6né sledovdni celé tunelové stavby, kterd byla urena jako pds o Sifce
30 m na obé strany od osy tunelu. Terénni Setfeni probéhlo v fijnu 2003

Tab. 1 Klasifikace stupné defoliace podle programu ICP Forests [7]
Table 1 Defoliation degree classification according to the ICP F orest program [7]

Stupen defoliace  Klasifikace Ztrata listu/jehlici
Defoliation class  Classification Loss of leaves/needles
0 Zadna defoliace (zdravy strom) 0-10%

Not defoliated (healthy tree)

Slaba defoliace (varovny stav)
Slightly defoliated (warning state)

>10-25%

Stredni defoliace
2 Moderately defoliated IS

Silné defoliace
G Severely defoliated SR

Odumfely strom
Dead tree

100 %

TuoufHel

This ‘defoliation’ is the result of adverse changes in the environment
acting on the forest ecosystem. The assessment deals with individual
trees, expressing the loss percentage (40% defoliation means that 40% of
leaves/needles are lost compared with a healthy tree, see Fig. 1).
According to requirements of a European methodology of the ICP
Forests (International Cooperative Programme on Assessment and
Monitoring of Air Pollution Effects on Forests), the assessment, which is
expressed in per cents with 5% precision, is subsequently assigned one of
five degrees of defoliation, where the 100% defoliation value is reserved
for dead trees (see Table 1). A six-grade classification is used for the rese-
arch and in the practice in the long term in the Czech Republic. This clas-
sification was converted to percent to make its transformation to
European standards possible, to allow both classification systems (see
Table 2) to be used when processing the data.

CONSTRUCTION WORKS IMPACT ON SURROUNDINGS
OF COMPLETED PROJECTS

The Valik tunnel on the D5 motorway

The impact of construction works on vegetation was monitored during
the course of the Valik tunnel construction on the D5 motorway.
A detailed survey of the condition of the forest cover on Valik Hill (which
is passed under by the tunnel — see Fig. 2) started even before the com-
mencement of driving an exploratory gallery required for the engineering
geological survey (EGS). The first stage comprised the survey of the con-
dition of the wegetation above the exploratory gallery, in the danger zone
(monitoring zone), which was determined as a strip 15m wide on either
side of the exploration gallery centre line. The in-situ survey was carried
out from January to May 2002. In this period of time photographs were
taken, documenting the current condition of the vegetation which had
passed improving treatment (removing dry trees and naturally seeded tree
species). Apart from the photograph description, the survey always spe-
cifies the point from which and the direction in which the picture was
taken. In addition, the condition of the vegetation and its growth during
the survey was videotaped. The second stage of the forest cover survey
took place later, in the entire tunnel construction monitoring zone, which
was determined as a strip extending 30m to each side of the tunnel cent-
re line. The in-situ survey was performed in October 2003. Apart from
taking photographs, the forest cover on Valik Hill was again videotaped.
No other classification of damage caused to trees was conducted during
the condition survey; the health condition assessment had the form of
a verbal description of selected prominent trees.

The condition survey which was carried out in this zone was intended
to allow the identification of the contingent impact of the underground
excavation on the existing vegetation. However, this impact was not
expected with respect to the fact that the excavation ran above the water
table level. The vegetation existing in the monitored zone is formed by
mixed forest stand consisting of trees of various age and quality.
Prevailing coniferous trees comprise Scot’s pine, the black pine, larch-
tree and Douglas fir; oak, the maple, lime-tree and birch prevail among
broadleaved trees. In the direction from the Prague portal, prevailing
vegetation consists of broadleaved trees, mostly oaks and locally map-
les; a mixed zone with pines and spruce trees is found above the central

Obr. 3 Tunely SOKP 513
Fig. 3 Tunnels on PCRR 513 construction lot




Tab. 2 Klasifikace stupné defoliace pouzivand v CR [8]
Table 2 Defoliation classification used in the Czech Republic [§]

Stupen poskozeni Popis poskozeni
Damage class Damage description

Defoliace koruny
Crown defoliation

Neposkozeny strom

Y Undamaged tree D
Slabé poskozeny strom

! Slightly damaged tree =235
Stredné poskozeny strom

2 Moderately damaged tree ATl
Silné poskozeny strom

3 Heavily damaged tree S=T75%

4 Odpm1ra31c1 strom 76— 100 %
Dying tree
Odumfely strom

e Dead tree 100 %

a krome fotografii byl opét porizen i videozaznam zachycujici lesni
porost na vrchu Valik. Pfi pasportizacich nebyla provedena zadn4 dalsi
klasifikace poSkozeni stromt a hodnoceni zdravotniho stavu probéhlo
pouze slovnim popisem u vybranych vyznamnéj§ich stromu.

Pasportizace v této z6né byla provddéna pro zjistén{ pripadného vlivu
razby na stdvajici porost. Tento vliv se ale nepredpokladal, protoze
razba probihala nad drovni hladiny podzemni vody. Vegetaci sledované
z6ny tvori smiSeny lesni porost sklddajici se ze stromu ruzného stafi
a kvality. Prevazujicimi jehli¢natymi dfevinami jsou borovice lesn{
a Cernd, modrin a douglaska a z listnatych prevazuji duby, javory, lipy
a biizy. Porost ve sméru od prazského portédlu tvori prevdzné listnaté
dreviny, hlavné duby a misty javory, porost nad stfedni ¢asti tunelu pak
prochdzi smiSenym pasmem s borovicemi a smrky, déle se listnaté dre-
viny pozvolna vytrdceji a objevuji se jen ojedinéle [1, 2].

Béhem vystavby tunelu se neprojevily Zadné patrné zmény zdravot-
niho stavu porostu a neobjevily se ani Zddné stiZnosti na stav porostu
v z6né ohroZeni vystavbou.

Tunel Komoiany, stavba 513 SOKP

V oblasti nad tunelem Komorany, ktery je situovan na jizni ¢dsti
SOKP, nebyla podle puvodni dokumentace pldnovana pasportizace les-
niho porostu. Stavba zapocala v letech 20032005 razbou pruzkumné
Stoly, v dubnu 2007 byly zahdjeny razby obou tunelovych trub
a v soucasnosti je stavebni ¢dst v podstaté hotova. ProtoZe se béhem
vystavby objevily stiznosti na pfiznaky Spatného zdravotniho stavu
stromu rostoucich v oblasti nad tunelem, bylo jesté pred pocdtkem
razeb vlastniho tunelu rozhodnuto o provedeni pasportizace porostu za
Gcelem zajisténi podkladl o sou¢asném zdravotnim stavu lesa rostou-
ciho nad tunelem Komorany (viz obr. 3).

Pasportizace lesniho porostu v zéné sledovani nad tunelem Komorany
byla provddéna ve trech etapach. V prvni etap€ v bieznu 2007 byla z6na
uréena jako pés o celkové §ifce 120 m, coz znamend pruh o $ifce 60 m
na ob¢ strany od hlavni osy tunelu. V tomto pdsu bylo v rdmci prvni
etapy provedeno hodnoceni zdravotniho stavu v dseku délky 100 m.
Zdravotni stav byl zdokumentovén celkem 123 fotografiemi.

Druhd etapa pasportizace (srpen 2007) byla v ndvaznosti na prvni
etapu provedena rovnéz v pasu o $ifce 120 m na dal§im dseku o délce
950 m. Tato pasportizace dokumentuje zdravotni stav lesniho porostu
259 fotografiemi [3].

Pro tfeti etapu v inoru 2008 byla ndsledné zona sledovani rozsifena na
pés o celkové $itce 250 m a délka sledovaného pdsu byla prodlouZena na
celé izemi lesniho porostu nad tunelem v délce 1200 m. Tento pasport
obsahuje 650 fotografii dokumentujicich soucasny stav porostu [4].

Pri pasportizaci byla nejprve v terénu vyznacena hlavni osa tunelu.
Na ob¢ strany pak byla odméfena a vyznaCena zéna sledovani v dané
Sitce od osy. V délce pozadované pro kazdou etapu byly na tomto
tzemi vybrany stromy pouZitelné jako stanovisté. Stromy byly oznace-
ny a o¢islovédny a slouzily jako stanovisté fotografa, ktery z kazdého
stanovisté zdokumentoval stévajici stav lesniho porostu a provedl jed-
noznacny polohopisny zdpis.

Nisledné byly fotografie upraveny tak, aby z nich byla 1épe zfetelna
stavba stromu a koruny a bylo provedeno hodnocen{ zdravotniho stavu
porostu. To se sklddéd ze slovniho popisu vyskytu sledovanych prizna-
ku zdravotniho stavu koruny a klasifikace za pomoci urceni stupné
defoliace (podle evropského standardu).

Vsechny tfi etapy pasportizace provddéné od brezna 2007 do brezna
2008 se shoduji na stejném vysledném hodnoceni zdravotniho stavu
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section; further on broadleaved trees gradually disappear and are found
only sporadically [1, 2].

No obvious changes in the health condition of vegetation were found
and no complaints on the condition of the growth in the construction
danger zone appeared during the tunnel construction.

The Komoriany tunnel, construction lot 513 of the Prague
City Ring Road (PCRR 513)

Original documents did not require a condition survey of forest cover
in the area above the Komorany tunnel, which is located on the sout-
hern part of the Prague City Ring Road project. Construction works
started by driving an exploratory gallery (2003 — 2005); the excavation
of both tunnel tubes commenced in April 2007; currently the civils
works have been in substance completed. Because complaints regar-
ding the symptoms of poor health condition of trees growing in the area
above the tunnel appeared during the construction, the decision was
made before the commencement of the excavation of the tunnel itself
that a vegetation condition survey be carried out with the aim of provi-
ding source data for an assessment of the current health condition of the
forest stand found above the Komorany tunnel (see Figures 3).

The condition survey of vegetation in the monitoring zone above the
Komorany tunnel was divided into three stages. In the first stage,
March 2007, the zone was determined as a strip 120m wide in total,
which means a 60m wide strip on each side of the main centreline of
the tunnel. The health condition assessment was carried out on a 100m
long stretch of this zone. The health condition was documented by the
total of 123 photographs.

The second stage of the condition survey (August 2007) was also car-
ried out in the 120m wide zone, on a 950m long stretch, as the conti-
nuation of the first stage. This condition survey documented the health
condition of the forest cover by 259 pictures [3].

For the third stage, in February 2008, the monitoring zone was
expanded, forming a 250m wide strip, and the length of the strip being
monitored was extended to cover the entire 1200m long stretch of the
forest cover above the tunnel. This condition survey yielded 650 pictu-
res documenting the current condition of the vegetation [4].

The condition survey started by in-situ staking out of the main tun-
nel centreline. Then the monitoring zone at the required width was mea-
sured to both sides from the centreline and marked out. Trees usable as
points of observation were selected in this area, on stretches at the
lengths required for each stage. The trees were marked and numbered.
They served as points from which the photographer documented the
current condition of the forest cover and carried out an unambiguous
sketch of the position.

Subsequently, the photographs were treated in a way allowing better
recognition of the tree and its crown structure, and the assessment of the
health condition of the forest cover was carried out. The assessment
comprises a verbal description of the occurrence of the tree health con-
dition symptoms being monitored and the classification using the
degree of defoliation (according to requirements of the respective
European standard).

All of the three survey stages taking place from March 2007 to
March 2008 resulted in the same final assessments of the health con-
dition of the forest cover above the Komorany tunnel structure. The
main tree species in this area is the oak with the percentage of occur-
rence of 97 per cent. It is heavily influenced by a chronic tracheomi-
cotic syndrome.

Tracheomicosis is a disease caused by fungi attacking tree species
and, subsequently, even other vegetation weakened by abiotic effects.
The greatest effect results from long-term adverse climatic conditions,
first of all rain deficiency and the subsidence of ground water due the
deficiency, further from the permanent pollutant load acting not only
on the assimilatory organs of trees but also on quality of soil. The dise-
ase transmission is possible in many ways; the most frequent carriers
are wood-destroying insects and wood-engraver. The weakened oak
trees are exposed to the action of other biotic parasites. They are attac-
ked by leaf-eating insects and oak fungus, fungi living on tree species
and causing fungal decay, attacking first of all the root system of wea-
kened oaks.

The tracheomicotic disease of the oak tree cover was proved in the
south-west of Prague as long ago as 1994, in a study published by the
Forestry and Game Management Research Institute [5].
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lesniho porostu nad tunelovou stavbou Komorany. Hlavni dfevinu Anticipated Komorany tunnel construction impact

tohoto tizemf tvort dub, vyskytujici se zde z 97 %, ktery je silné ovliv- The most significant impact of the Komorfany tunnel construction
nén chronickym prubehem trac{leomxk(’)znfho onemocnéni. comprises the temporary large water table decline which has been cau-
_Tracheomykoéza je onemocnéni zpusobené houbami, které napadayji sed by the tunnel excavation. Plants and trees have the ability to cope
dfeviny a ndsledné i porosty oslabené pusobenim abiotickych vlivu. with such the temporarily adverse conditions. Therefore, if the vegetati-
Nejvétsi vliv maji dlouhodobé nepfiznivé klimatické podminky, prede- on is in relatively good condition, it should return to the normal state
v8im srdzkovy deficit a tim zpisobeny dbytek podzemni vody, ddle once the fluctuating conditions get stabilised. However, there is
stdlé imisni Zaﬁie{lf plisobici nejen pifmo na asimilacn{ orgdny dofevin, a problem there: the vegetation located on the periphery of Prague has
ale i na kvalitu pudy. Pfenos onemocnéni je moZn}’/omnoha zpusoby, been virtually permanently exposed to the adverse conditions existing in
nejcastéjSim prenaleCem je dfevokazny hmyz a kurovci. Oslabeny the past years. The influence of the pollution of their environment cau-
dubovy porost je vystaven piisobeni dal3ich biotickych Skidcd. Jde sed by human activities, emissions and acid rains and changes in soil and
0 napadent listoZzravym hmyzem a véclavkami, houbami Zijicimi na ground water chemistry, which have been in recent years boosted by
dfevindch a zpisobujicimi hnilobu, které napadajf predevsim kofenovy changes in climatic conditions (longer dry periods followed by severe
systém oslabenych dubi. rainstorms), weaken the trees and reduce their ability to cope with furt-
Tracheomykozni onemocnéni dubového porostu bylo ale na jihozé- her worsening conditions. Moreover, the affected stand above the
padé Prahy prokdzdno uZ v roce 1994 ve studii vydané Vyzkumnym Komorany tunnel has been massively attacked by the incurable tracheo-
Gstavem lesnfho hospodéistvi a myslivosti (VULHM) [S]. micotic disease. Together with the high age of the oak tree species, this
Pfredpokladany vliv vystavby tunelu Komorany causes rapid degradation of the stand in this area. For that reason it is

Vv,

Nejpodstatnéj§im vlivem vystavby tunelu Komorany je velky pokles
hladiny podzemni vody, ktery je doCasné zpusobeny razbou tunelu.
Rostliny a stromy predev§im maji schopnost se s takovymi prechodné

nepriznivymi podminkami vyrovnat. Pokud je tedy porost v relativné RECOMMENDATION FOR PROTECTION OF VEGETATION
dobrém zdravotnim stavu, mel by se po uklidnéni rozkolisanych pod- DURING THE COURSE OF CONSTRUCTION

minek vrétit do normdlniho stavu. Problémem ale je, Ze tyto porosty
situované na okraj Prahy jsou v podstaté neustale vystaveny neprizni-
vym podminkdm poslednich let. Vliv zneciSténi jejich prostiedi lidskou
&innosti, emise a kyselé desté€ a z toho plynouci zmény chemismu pudy
a podzemni vody, které jsou v poslednich letech navic podporené zmé-
nami povétrnostnich podminek (deli doby sucha a ndsledné prudké
destové privaly), stromy oslabuji a sniZuji jejich schopnost vyrovndvat
se s dal§im zhorSenim podminek. PostiZeny dubovy porost nad tunelem
Komorany je navic masivné napaden neléCitelnym tracheomykéznim
onemocnénim. To spolu s vysokym stdiim dfeviny dubu zpusobuje
rychlou degradaci porostu v této oblasti. Z tohoto divodu je nutné uci-
nit v této lokalité v¢asnd opatfeni pro zachovéni vegetaéniho pokryvu
a vhodnym feSenim je zapoCit s jeho postupnou obnovou.

necessary to implement timely measures to preserve the vegetation
cover, and start gradually renovating it by means of a suitable solution.

Monitoring of the vegetation health condition

To be able to effectively protect vegetation and implement contingent
timely measures, it is necessary to know the health condition of vege-
tation in the zone affected by the tunnel construction. It is necessary
even prior to the commencement of the works to carry out the survey
of the stand, assess its health condition and the possibility of protecting
it. It is currently also important that the condition survey of the forest
and non-forest cover be carried out in the affected zone. The condition
survey will allow assessing justification of complaints about damage to
vegetation in the future. The monitoring of the vegetation health condi-
tion should continue during the course of the construction. Owing to the
monitoring it will be possible to detect manifestations of the deteriora-
ting health condition and implement the healing measures required. For

DOPORUCENI PRO OCHRANU VEGETACE PRI VYSTAVBE these reasons, monitoripg should continue even after the completion of
the works, so that contingent long-term consequences of the construc-
Sledovani zdravotniho stavu porostu tion can be identified.

Pro d¢innou ochranu porostu a pfipadnd v&asnd opatieni je nutné znat Vegetation protection during the course of construction
zdravotn{ stav porostu v z6n¢ ovlivnéni vystavbou tunelové stavby. Uz Tunnel construction works are associated with problems similar to
pfed zahdjenim stavby je proto nutné provést priizkum porostu, zhod- problems of other large construction projects. Tunnels are constructed
notit jeho zdravotni stav a moZnosti jeho ochrany. DileZité je as parts of motorway construction projects, often passing through
v soucasné dobg i provedenti pasportizace lesniho a mimolesniho poro- landscapes which have not been significantly affected before. This is
stu v z6né ovlivnéni. Pasportizace umoZiuje po dokonceni stavby fesit why tunnels, in contrast with most structures, are constructed in little or
oprdvnénost stiznosti na poSkozeni porostu. Béhem vystavby by pak virtually completely undeveloped landscapes. This fact carries the
mél probihat monitoring zdravotniho stavu porostu, ktery umoZni v&as- necessity for adhering to all affordable measures minimising the impact
né zachyceni projevii zhorSeni zdravotniho stavu a provedeni potieb- on environment during the entire course of the construction, careful
nych ozdravnych opatieni. Z téchto divodi by mél monitoring pokra- planning of the works organisation so that interventions into the lands-
Covat i po dokonceni stavby minimdlné dal$i desetileti, aby bylo mozné cape are limited as much as possible, and keeping permanent attention
zachytit pripadné dlouhodobé ndsledky vystavby. so that damaging and polluting of the environment is prevented, not
Ochrana porostu béhem vystavby only in the immediate surroundings of the construction site.

Vystavba tunelového dila pfinasi podobné problémy jako realizace Planting new trees
jinych rozsdhlych staveb. Tunely jsou budovény jako soucdst dalnic- If the forest cover survey in the surroundings of the construction pro-
nich staveb, které Casto prochézeji dosud vyrazné neovliviiovanou kra- ves that the forest cover has reached a high age or displays symptoms
jinou. Proto jsou tunely na rozdil od vétSiny staveb budovany v dosud of being attacked by any disease spread within a larger area, it is recom-
madlo i prakticky tplné nezastavéné krajiné. To prindSi nutnost dodr- mendable to start to renovate it. The renovation should comprise plan-
Zovani viech dostupnych opatfeni pro minimalizaci dopadu na Zivotn{ ting of new individuals, which correspond to the species forming the
prostiedi béhem celé vystavby, peclivé pldnovani organizace stavby original local forest cover.
tak, aby doslo k co moZnd nejmensim zdsahim do krajiny a udrzovani Similar species composition should be used for planting the areas
neustdlé pozornosti, aby se zabranilo poskozovani a znecistovani Zivot- which were grubbed during the construction (cut and cover tunnel sec-
niho prostedi nejen v bezprostiednim okoli stavby. tions) or where ground shaping was carried out (areas adjacent to the
vysadba nového porostu construction site) so that the entire construction is incorporated into the

Pokud pruzkum porostu v okoli stavby ukéZe, Ze porost jiz dosdhl surrounding landscape as much as possible.

vysokého stéri ¢i vykazuje pfiznaky napadeni jakymkoli plo§nym one-

mocnénim, je vhodné zacit s jeho obnovou. Obnova by méla byt pro- SUMMARY

vedena vysadbou novych jedinca, kteff odpovidaji druhovému slozen{ The source data obtained from several tunnel construction sites on

mistnich puvodnich porostu. motorways and expressways in the Czech Republic is certainly insuffi-
Podobnou skladbou druhti by mély byt osdzeny také plochy, které cient for clearly determining whether a tunnel construction will negati-

byly béhem stavby vymyceny (tdseky hloubenych tuneli), nebo zde vely influence the forest cover in the zone above the tunnel structure. It

probéhly terénni dpravy (prilehlé plochy stavby), aby byla celd stavba is possible to conclude on the basis of the data that the construction of

co nejvice zapojena do okolni krajiny. a tunnel may bring about problems similar to problems of other large
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Podklady ziskané z nekolika tunelovych staveb na dalnicich
a rychlostnich komunikacich v Ceské republice urdité nedostaduji
k jasnému urleni, zda tunelové stavby negativné zasdhnou porost
v pasmu nad tunelovou stavbou. D4 se z nich vyvozovat, Ze realizace
tunelu muze prinést problémy podobné jako jiné rozsdhlé projekty, zde se
ale navic setkdvame s Castym problémem vystavby v podstaté na ,,zele-
né louce™ a nutnosti zaveden{ opatfen{ pro ochranu Zivotniho prostredi.

Je patrné, Ze minimdlné béhem vystavby (hlavné v pribéhu raZeb)
podzemniho dila k nevyhnutelnému ovlivnéni okoli dochdzi. Jde
o vlivy dopravy materidlu a emisi z této dopravy, ale hlavné

vvvvv

Yoav o

mace terénu a pro vegetaci nejpodstatnéjsi pokles hladiny podzemni
vody. Rostliny a stromy predev§im maji schopnost se s prechodnymi
nepriznivymi podminkami vyrovnat. Pokud je porost v relativné dob-
rém zdravotnim stavu, mél by se po vyrovnani rozkolisanych podminek
vratit do normdlniho stavu. Otazkou je napiiklad kofenovy systém,
ktery se li§{ u riznych druhti. Kofeny ruznych druhl stroma maji
schopnost se prizpusobit mirné zménénym podminkdm a vldhu si
,»najit i ve veétsi vzddlenosti ¢i hloubce.

Problémem ale je, 7e jsou porosty vystaveny v podstaté neustéle
nepriznivym podminkdm poslednich let. Vliv znecisténi jejich prostie-
di lidskou ¢innosti, emise a kyselé desté a z toho plynouci zmény che-
mismu pudy a podzemni vody, v poslednich letech navic podporené
zménami povétrnostnich podminek (delsi doby sucha a nasledné prud-
ké destové privaly) stromy oslabuji a sniZuji jejich schopnost vyrovna-
vat se s dal§im zhor§enim podminek. V Ceské republice je vétsina lest
ovlivnéna dlouhodobym hospodafenim ¢loveka, ktery vytvoril lesni
porost vhodny pro svou ¢innost, ale uzZ méné vhodny z pohledu zdravi
a kvality porostu. VétSina dzemi je pokryta monokulturnimi lesy na
tikor prirozené skladby porostu, ktery 1épe odoldvé neprfiznivym pod-
minkdm. Navic k obnové lest dochdzi v dlouhych ¢asovych intervalech
ana velkych plochach, takze nékteré ¢dsti lesa zustdvaji nékolik let bez
souvislého vegetacniho pokryvu.

Z tohoto divodu miZe byt oslabeni porostu vlivem vystavby (pokle-
sem hladiny podzemni vody, zvySenymi exhalacemi) pro porost kritic-
ké. Jeho dal$im oslabenim se mohou projevit pfiznaky do té doby stag-
nujicich onemocnéni &i napadeni, se kterymi byl porost schopen se
doposud relativné vyporddat.

Pro zajisténi vEasnych opatreni je nutné uz pred zaCdtkem vystavby
provést zhodnoceni stavu porostu a jeho pasportizaci. Dédle by mél pro-
bihat monitoring zdravotniho stavu porostu jak béhem vystavby, tak
i po jejim dokonceni, aby byly zachyceny dusledky dlouhodobého
vlivu. Pokud porost v okoli stavby doséhl vysokého stfi ¢i je napaden
onemocnénim, je vhodné zalit s jeho obnovou. Ta by méla byt prove-
dena (stejné jako osdzeni ,,hnédych ploch® stavby) druhovym sloZenim
odpovidajicim mistnimu ptuvodnimu porostu.

ZAVER

Hodnoceni zdravotniho stavu porostu v oblasti vlivu tunelovych sta-
veb by mélo nadale probihat, protoZe vliv téchto staveb je dlouhodoby
a zatim relativné krdtkd doba sledovén{ nepfinesla zddné zfejmé proje-
vy piimého pusobeni tunelové stavby na vegetaci ve svém okoli.

Bc. MICHAL HNILICKA, e-mail: hnilicka@pragoprojekt.cz,
PRAGOPRVOJEKT, a.s.,
Stavebni fakulta CVUT v Praze

Recenzoval: Ing. Zdenék Selichar

LITERATURA / REFERENCES

19. rocnik - €. 1/2010

projects; at tunnels, however, we in addition meet the frequent problem
of carrying out construction works on a greenfield site, where environ-
ment protection measures must be implemented.

It is obvious that, at least during the construction (first of all driving)
of underground workings, the surrounding landscape is inevitably
affected. The effects are caused by the transport of materials and emis-
sions generated by the traffic, but the main specific effect is due to the
excavation, which brings about the possibility of seismic manifestati-
ons, terrain deformations and the effect which is the most important for
vegetation, the water table decline. Plants and trees in the first place
have the ability to cope with temporarily adverse conditions. If the
vegetation is in a relatively good condition, it should be able to recover
once the fluctuating water table gets stabilised. The issue in question is,
for example, the root system, which is different at different tree speci-
es. Roots of various tree species are capable of accommodating the-
mselves to moderately changed conditions and ‘find” moisture even at
a greater distance or depth.

However, the problem is that vegetation has been exposed virtually
permanently to the adverse conditions which have existed during the
past years. The impact of their environment pollution by human activi-
ties, emissions and acid rains, as well as changes in soil chemistry fol-
lowing from the pollution, boosted during the past years by climatic
changes (longer dry periods with subsequent rainstorms) weaken trees
and reduce their ability to cope with the further deteriorating conditi-
ons. In the Czech Republic, the major part of woods has been affected
by lasting farming by people, who have developed forests suitable for
their activities but less suitable in terms of the tree species health and
quality. The major part of the area is covered with monoculture forests,
at the expense of the natural composition of vegetation, which better
resists unfavourable conditions. In addition, the intervals at which
forests are renovated are long. The renovated areas are large; therefore,
some parts of the forest remain without a continuous vegetation cover
for several years.

For the above reason, any weakening of vegetation caused by tunnel
construction (due to water table decline, increased pollution) can be cri-
tical for it. Further weakening of the vegetation may provoke manifes-
tation of symptoms of diseases or attacks which have been at
a standstill till that time and with which the vegetation has been able to
cope with relatively easily.

To make the timely implementation of measures possible, it is neces-
sary to assess the condition of vegetation and carry out the condition
survey before the construction commences. Further, the monitoring of
the vegetation health condition should continue during the course of the
construction and after its completion so that consequences of long-term
impacts are identified. If the forest cover in the construction surroun-
dings has reached high age or it has been attacked by a disease, it is
recommendable to start renovating it. The renovation should be perfor-
med (similarly to planting vegetation at brownfields) using vegetation
species corresponding to the original local vegetation.

CONCLUSION

Assessing the health condition of vegetation in the areas affected by
tunnel constructions should continue because the effect of the structu-
res lasts for a long time and the till now short monitoring time has not
yielded any demonstrable manifestation of a direct impact of a tunnel
construction on vegetation in its surroundings.

Bc. MICHAL HNILICKA, e-mail: hnilicka@pragoprojekt.cz,
PRAGOPROJEKT, a. s.,
Stavebni fakulta CVUT v Praze
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OPTIMALIZACE TECHNICKEHO RESENI PORTALU KOMORANY
PRI VYSTAVBE TUNELU STAVBY SOKP 513
OPTIMISATION OF THE TECHNICAL SOLUTION TO KOMORANY
PORTAL OF TUNNELS ON CONSTRUCTION LOT 513
OF PRAGUE CITY RING ROAD

JOZEF KURAN

uvoD

Portél tunelu je dilo svym zpusobem vyjimecné. I kdyZ podstat-
nou Cdst Casu potfebného na vystavbu tunelu vénuje projektant
i dodavatel ¢innostem probihajicim uvnitf tunelu, portdl je mnohdy
to jediné, co Fidi¢ z tunelu vnimd a co si je schopen v budoucnu
v souvislosti s projizdénou trasou vybavit. Snahou projektanta je
zasadit tunel do krajiny tak, aby nerusil a citlivé zapadl do celkové
scenérie. V pifpadé portdlu Komorany na stavbé tunelu stavby 513
silni¢niho okruhu kolem Prahy (ddle SOKP) tomu tak nebylo a ani
byt nemohlo. Portdlovd sténa prekonavd znacny vyskovy rozdil
a tvori rozmérnou konstrukci, kterd plni fadu funkci. Kromé zajisté-
ni stability vlastniho portdlu tunelu slouZ{ jako vysoké zdrubni zed
pro prevedeni komunikace, kfiZujici s minimédlnim nadloZim oba
tubusy hloubenych tunelu. Ddle zajiStuje potfebny prostor pro
vystavbu provozné-technologického objektu s fidicim systémem
tunelu a plochu pro nastup sloZek integrovaného zachranného systé-
mu. Konstrukeni feSeni portdlu musi spliiovat kromé optimélniho
konstrukéniho feSeni i dalS§i pozadavky vyplyvajici z tech-
nologického postupu praci a harmonogramu vystavby obou tuneld
i fady souvisejicich objekta. Tomu odpovidaji jeji rozméry
i navrZzené konstrukéni feSeni.

Vystavbu takto ndro¢ného inZenyrského dila v mestské aglomera-
ci mnohdy provdzi fada komplikaci. Nejinak tomu bylo i v pripadé
vystavby portdlové stény. Neustéle dopliovani tdaju o zdkladovych
pomérech na stavenisti, aktualizace a zmény dil¢ich terminu stavby,
zmény souvisejicich objekti v prubéhu realizace vedly k nutnosti
rychle reagovat na potfeby plynulého postupu stavby. Zdsadni
zménu v koncepénim feSeni béhem vystavby zpusobily inZenyrsko-
geologické poméry zastizené v prabéhu hloubeni stavebni jamy.
Zatimco progndza predpoklddala bazi pokryvnych dtvart mélce pod
zdkladovou deskou portdlové stény, realita se od predpovédi
vyznamné liSila. Misto jilovitych bridlic zasahovala hluboko pod
troven zdkladové spdry vrstva nesoudrZnych piski. Zpracovatel
realizaéni dokumentace po dohodé se zhotovitelem stavby navrhl
investorovi alternativni feSeni, které umoznilo vystavbu technicky

INTRODUCTION

A tunnel portal is a part of a tunnel construction which is, in a way,
exceptional. Despite the fact that both the designer and the contractor
devote substantial part of the time required for the construction of the
tunnel to works inside the tunnel, the portal is often the only part of the
tunnel a driver perceives and is able to recall in the future in the con-
text of the ride along the route. Designer’s objective is to incorporate
the tunnel into the landscape in a way not disturbing it and sensitively
fitting in the overall scenery. As far as the Komorany portal of tunne-
Is on construction lot 513 of the Prague City Ring Road project is con-
cerned, the approach was and had to be different. The portal wall over-
comes a significant altitude difference. It forms a sizeable structure
fulfilling many functions. Apart from ensuring stability of the tunnel
portal itself, it serves as a high revetment wall allowing the passage of
a road, which crosses both tubes of cut-and-cover tunnels, with
a minimum tunnel cover beneath it. In addition, it provides a space
required for the construction of the service facility building, housing
the tunnel control system, and a mustering area for units of the
Integrated Rescue System. Apart from ensuring an optimum structural
design, the portal design has to comply with other requirements follo-
wing from the technological procedure and the construction schedule
for both the tunnel tubes and a range of associated structures. The
dimensions and structural design meet these requirements.

The development of such a demanding civil engineering project in
an urban agglomeration is often attended by a range of complications.
The construction of the portal wall did not differ. Incessant adding of
data on in situ foundation conditions, updating and changing interme-
diate deadlines and changing associated structures during the course of
the works led to the necessity of quickly responding to the needs of the
construction process to proceed fluently. A fundamental change in the
conceptual solution was caused during the construction by the engine-
ering geological conditions which were encountered during the course
of the excavation of the construction trench. While the prognosis pre-
dicted that the base of surface deposits would be shallow under the
foundation slab of the portal wall, the reality significantly differed

Obr. 1 Celkovy pohled na portdl Komorany
Fig. 1 Overall view of the Komorany portal
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Komorany - mined tunnel portal
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Obr. 2 Koordinacni situace na podkladu ortofotomapy
Fig. 2 Coordination layout on the orthophoto map background

odpovidajictho dila a vedlo k optimalizaci stavebnich praci
a technologickych postupt dodavatele. Ndvrh technického feSent
a zkuSenosti projektanta z vystavby popisuje ndsledujici text.

GEOLOGICKE POMERY

Podkladem pro zpracovani projektu byly vysledky provedeného
inZenyrskogeologického pruzkumu. V dané lokalité byl proveden geo-
fyzikdlni pruzkum doplnény vrtnym pruzkumem a predstavu
o geologické skladbé zdjmového tzemi poskytovala i raZba prizkum-
né $toly v profilu kaloty budouciho tfipruhového tunelu. Vstupni pred-
poklady ndvrhu je moZno shrnout do zavéru: Kvartéri pokryv dosahu-
je celkové mocnosti cca 15-31 m a je zastoupen predevsim fluvidlnimi
psamitickymi sedimenty a v mensi mife uloZeninami deluvidlnimi.

— Svrchni souvrstvi o kolisavé mocnosti od 3 do 9 m je tvorené
prevdzneé pisCitohlinitymi az piscitojilovitymi soudrznymi
zeminami (S5/SC, S4/SM, F3/MS, F4/CS) vétsinou pevné
a pevné az tvrdé konzistence.

— Spodni souvrstvi o mocnosti 15 az 25 m je tvorené stredné uleh-
lymi aZ ulehlymi pis¢itymi nesoudrZznymi zeminami — S1/SW,
S2/SP, S3/S-F a S4/SM s kolisavym obsahem §térkovité frakce.

— Predkvartérni podklad je budovdn ordovickymi drobami
a bridlicemi letenského souvrstvi, v zéné budoucich hloube-
nych tuneli byl prizkumnymi vrty zastiZen typicky flySovy
vyvoj souvrstvi (stiiddni mékkych bridlic s tvrdymi drobami),
zdravé horniny byly v tomto vrtu zastiZzeny az v hloubce 22,5 m.

Podzemn{ voda nebyla zastiZzena ani v jednom nové provedeném vrtu.

Po prostudovani vysledki IG pruzkumu bylo ziejmé, Ze pouze
jeden z 8 dostupnych vrta doséhl skalniho podloZi. Pro potieby
zpracovdni projektu byly geologické poméry interpretovany
z geofyzikdlnich méfeni a s vyuZitim doplikového pruzkumu zpra-
covaného pro potfeby ndvrhu stavebni jamy pro hloubené tunely
(objekty SO 605, 606). Vzhledem k tomu, Ze vystavba portdlové

Obr. 3 Koordinacni situace objektu
Fig. 3 Coordination layout of the structure

from the prediction. Instead of clayey shales, a layer of inconsistent
sands extended deep under the foundation base. The designer for detai-
led design, by agreement with the contractor, proposed an alternative
solution to the project owner. The solution allowed the construction of
a technologically adequate structure to be carried out and led to opti-
misation of construction and contractor’s technological procedures.
The proposal for the technical solution and designer’s experience from
the construction is described in the text below.

GEOLOGICAL CONDITIONS

Engineering geological survey results were used as the designing base.
The geophysical survey which was carried out in the given location was
supplemented by a drilling survey. The idea of the geological structure of
the area of operations was also obtained during the excavation of an
exploratory gallery, the alignment of which followed the profile of the top
heading of the future triple-lane tunnel. The entry assumptions of the
design can be summed up in the following conclusions: The overburden,
the height of which reaches about 15.0 — 31.0m, consists first of all of flu-
vial, psammitic sediments and, to a smaller extent, deluvial deposits.

- The upper series of strata, the thickness of which fluctuates from
13.0 to 9.0m, is formed above all by sandy-loamy to sandy-clayey
cohesive soils (S5/SC, S4/SM, F3/MS, F4/CS) of mostly firm to
hard consistency.

- The lower 15.0 — 25.0m thick series of strata consists of medium
dense to dense, incohesive soils — S1/SW, S2/SP, S3/S-F a S4/SM
with a fluctuating content of a gravel fraction;

- The Pre-Quaternary bedrock is built up of Ordovician greywacke
and the Letnd Member Shale; typical flysh background series of
layers (weak shales alternating with strong greywacke); within the
future cut-and-cover tunnel zone, the exploratory boreholes
encountered series of strata with a typical flysh background (weak
shales alternating with strong greywacke); sound rock was encoun-

tered in this borehole as deep as 22.5m under the sur-
face.

Portél razeného tunelu

Objekt 601.7 — Structure 601.7 Mined tunnel portal

Portal Komofany — Komorany portal

LEGENDA
LEGEND

Ground water was not encountered in any of the
newly drilled boreholes.

After studying the EG survey results it was obvi-
ous that only one of the 8 boreholes available had
reached the bedrock. For designing purposes, the
geological conditions were interpreted on the basis
of geophysical ~measurements and using
a supplementary survey which was carried out for
the purpose of designing the construction trench for
cut-and-cover tunnels (structures SO 605 and 606).
Owing to the fact that the portal wall construction
started at the time when the construction trench for
the cut-and-cover tunnels had been finished, the
designer had a clear idea of ground conditions on
site. The construction site area was found in a steeply
rising valley formed by hard shales, which were
covered by a layer of plain sand; this layer was about
10m thick in the area of the future portal wall.

Obr. 4 Geologicky podélny ez
Fig. 4 Geological longitudinal section

Geological structure of the bedrock is schematically
documented by Figure 4.
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Objekt 605 - Structure 605

Objekt 606 - Structure 606

Obr. 5 Schéma puvodni koncepce meziportdlového bloku jako ,,limce* tune-
lovych trub

Fig. 5 Scheme of the original concept of the inter-portal block as a “collar”
on the tunnel tubes

stény byla zapocata v dobé, kdy uz byly zrealizovdny zemni préce
na objektech stavebni jamy pro vystavbu hloubenych tuneld, pro-
jektant mél jasnou predstavu o zdkladovych pomérech na stavenis-
ti. Prostor vystavby predstavoval strmé stoupajici ddoli vytvorené
tvrdymi bridlicemi, na kterych byla vrstva témér Cistého pisku, kterd
v prostoru budouci portdlové stény méla tlouStku cca 10 m.
Geologickd skladba podlozi je dokumentovdna schematickym
obrdzkem 4.

POPIS PUVODNIHO RESENI

Priprava stavby byla realizovédna na zdkladé dokumentace pro sta-
vebni povoleni vypracované autorskym kolektivem pod vedenim
Pragoprojektu Praha. Portdl Komorany byl navrZzen ve dvou kon-
strukénich systémech. Usek portdlu v misté priniku s tunelovymi
troubami byl navrZen jako Zelezobetonovy monoliticky ,,limec*
a portdlovd sténa byla tuze vetknuta do osténi obou hloubenych
tuneld, jak je zndzornéno na schematickém obrdzku 5. Tato kon-
strukce méla byt provddéna soucasné s portdlovymi bloky betonéze
hloubenych tunelt a s nimi pevné spojena provdzanou betondiskou
vyztuzi. V ramci dokumentace pro zadani stavby byla zdkladn{ kon-
strukce portdlu Komorany mimo prinik s tunely feSena jako desko-
vd monolitickd Zelezobetonovd konstrukce thelnikového tvaru
s monolitickymi vyztuZnymi Zebry dilatovdna po dilatacnich celcich
délky cca 10 m. Schéma tohoto typu konstrukce je zfejmé z obrazku 6.
V dobé rozpracované stavby byla investorem vyddna zména tech-
nického feSeni, ve které byla v rdmci objektu portdlové stény navr-
Zena ndsledujici opatfeni.

Vzhledem k pozadavku vybudovat u provozné-technického
objektu (ddle PTO) Komorany plochu pro ndstup jednotek IZS
o minimdlni plose 1850 m2, bylo nutné objekt PTO posunout
a otoCit 0 90° a zdroven prodlouZit portdlovou sténu o cca 22 m.
Pudorysny tvar zdi i jeji vysku urovalo smérové a vyskové vedeni
komunikace vedené v jeji koruné a poloha portali obou tunela. Ke
zdi tésné priléhala budova PTO. Konstrukéné byla portilovd zed
rozdélena do dvou typu. Konstrukce typu 1 (mezitunelovy blok)
byla navrzena jako monoliticky Zelezobetonovy ,limec” v délce
45,9 m a konstrukce typu 2 (dhlovd zed) v délce 43 + 10,7 m.

UPRAVY TECHNICKEHO RESENI V PRUBEHU VYSTAVBY

Pfi hloubeni stavebni jamy hloubeného dseku tunelt se nepotvrdila
prognéza inZenyrskogeologického prazkumu a mocnd vrstva pisku zasa-
hovala hluboko pod troven zakladové desky portdlové zdi. Jiz provede-
nd kotvend zdporova sténa stavebni jamy neumoznovala zvétSeni $irky
zdkladu tdhelnikové portdlové stény. Po vytéZeni stavebni jamy
a provedeni kopané sondy pod tdroven zdkladové spéry se obavy ze
zmény geotechnickych podminek potvrdily. Provedené statické posouze-
ni neprokdzalo dostate¢nou stabilitu puvodné navrhované portalové
stény, zejména s ohledem na celkovou stabilitu svahu. Projektant RDS
alternativné navrhl zaloZen{ objektu na sloupech tryskové injektaZe a na
velkoprimérovych pilotéch. Po technickoekonomickém posouzeni obou
variant objednatel vybral variantu s velkoprumérovymi pilotami.

Obr. 6 Schéma puivodni koncepce pordlu jako uhelnikové zdi s vyztuhami
Fig. 6 Scheme of the original concept of the portal as a cantilever wall with
reinforcing ribs

DESCRIPTION OF THE ORIGINAL SOLUTION

The construction was prepared on the basis of documents for issu-
ance of building approval, which had been carried out by
a Pragoprojekt Praha headed team of authors. Two systems were
proposed for the Komorany portal. The portal section at the locati-
on where the tunnel tubes break through the wall was designed as
a reinforced concrete, cast-in-situ collar, with the portal wall clam-
ped in the lining of both cut-and-cover tunnels, as shown schemati-
cally in Fig. 5. This structure was planned to be carried out concur-
rently with casting of the portal blocks of the cut-and-cover tunne-
Is, with the reinforcement of the collar being spliced with the rein-
forcement of the tunnels. In the final design, the basic Komorany
portal structure, with the exception of the intersection with the tun-
nels, was solved as a cast-in-situ reinforced concrete slab structure
of the cantilever type, with cast-in-situ reinforcing ribs, divided into
about 10m long expansion blocks. This structure type scheme is
obvious from Fig. 6. When the construction was in progress, the
project owner issued a design change, comprising the following
measures regarding the portal wall design:

With respect to the requirement for an at least 1850m2 assembly
area for units of the Integrated Rescue System to be established at
the Komorany service facility building, the service facility building
had to be shifted and rotated by 90° and, at the same time, the por-
tal wall had to be extended by about 22m. The ground plan shape of
the wall and its height were determined by the horizontal and verti-
cal alignment of the road running on its crown and the location of
portals of both tunnel tubes. The service facility building adjoined
the wall. Structurally, the portal wall was divided into two types.
The type 1 structure (an inter-tunnel block) was designed as a 45.9m
long, reinforced concrete “collar” and the type 2 structure (the can-
tilever wall), which was 43 + 10.7m long.

CHANGES IN TECHNICAL SOLUTION DURING THE COURSE
OF CONSTRUCTION

The prognosis of the engineering geological survey was not con-
firmed during the excavation of the construction trench for the cut-
and-cover section of the tunnel. A thick layer of sands reached deep
under the level of the base slab of the portal wall than predicted. The
previously completed anchored revetment wall of the construction
trench did not allow widening of the cantilever portal wall. When
the excavation of the construction trench and a trial hole reaching
under the foundation base had been completed, the concerns regar-
ding a change in geotechnical conditions were confirmed.
A structural analysis failed to prove sufficient stability of the origi-
nal design of the portal wall, first of all with respect to the overall
stability of the slope. The author of the detailed design proposed
alternatives comprising the foundation of the structure to be placed
on jet grouted columns and large-diameter piles. After technical and
economic assessments of both variants, the project owner opted for
the variant with large-diameter piles.

Another change which was implemented during the work on the
detailed design was in the way of connecting the portal wall to the




Dal§i zménu provddénou v prabéhu zpracovéni realiza¢ni doku-
mentace predstavoval zpusob napojeni portdlové stény na osténi
tuneld. V zaddvaci dokumentaci poZadoval projektant vetknuti
stény do konstrukce osténi hloubenych tuneli. V RDS jsou obé kon-
strukce oddilatovany, aby nedochdzelo k vzdjemnému negativnimu
ovliviiovani obou konstrukei. Jak rozméry a tuhost obou tunelt, tak
portalové stény budily obavy ze statického namdhdani vnéj$im zati-
Zenim, hydrataénim teplem i z vlastnfho provadéni vyztuze
i betonaze. Pfi vetknuti portdlové stény do tunelovych tubusu by
bylo nutné provazat vyztuz i zajistit kontinudlni betondz do special-
niho bednéni.

V mist€ priniku s tubusy obou tuneld je namisto vetknuti stény
do tuneld pouzito k zaji$tén{ jeji stability geovyztuh, které jsou pri
provadéni zdsypu tuneld napnuty a zahutnény spolecné
s prislusnou vrstvou zdsypu. Z davodu provadéni je konstrukce
rozdélena na segmenty a v koruné zdi je osazena prefabrikovand
fimsa se zdbradlim. Zhotovitel pozadoval zohlednit pfi volbé kon-
strukce portdlové stény i moZnost co nejdéle ponechat otevieny
prostor mezi tunely pro zavdZzeni materidlu na zdsyp tuneld.
Projektant RDS zvaZoval pro tuto moZnost rizné alternativy
a jednou z nich byla konstrukce z kotvenych Zelezobetonovych
prefabrikdti. Z provadéni této konstrukce viak seSlo, protoZe
vedla k nepfiméfenému mnoZstvi atypickych prefabrikdtt podél
osténi tunelovych trub proménné kfivosti a byla nahrazena mono-
litickou konstrukei obkladnich prvka. Dalsi vyhradou bylo archi-
tektonicky nevhodné pusobeni prefabrikdti spolu s ostatnimi
monolitickymi konstrukcemi portdlové zdi. Nad portdlovou sténou
je vedena komunikace, v jejimZ podloZi se nachdzeji zdsypové
konstrukce portalu i vlastni osténi obou tunelt. Hloubka zédsypu se
vzhledem ke klenbovému tvaru tuneli ménf a s ni i tuhost pod-
kladnich vrstev a nachylnost k nerovnomérnému sedani podloZ{
komunikace. PouZziti geovyztuh, primdrné slouZicich k zajistén{
stability portdlové stény, pozitivné prispelo i k chovéani podlozi
komunikace.

Dal§im z citlivych detaild bylo tésné pfisazeni provoznétechnolo-
gického objektu (PTO) k portdlové sténé. Obvodové stény objektu
navrzené z monolitického betonu byly v zaddavaci dokumentaci pfi-
betonovdny k portdlové sténé, pricemz zaklady objektu spocivaly
nad zékladem portdlové stény. Po dohodé projektanta s investorem
i zdstupcem autorského dozoru se podarilo budovu oddalit a zamezit
tak vzdjemnému ovliviiovdni obou konstrukci, zejména prenosu
deformaci z portdlové stény do stény budovy. I pfes pouziti dilatace
nelze po dobu Zivotnosti konstrukce vzhledem ke skute¢né zastiZe-
nym geotechnickym podminkdm vyloucit vzdjemné negativni ovliv-
novani obou konstrukci. Odsun PTO umoznil mimo eliminaci
popsaného ovlivnéni obou objektu i paralelni nezdvislou vystavbu
obou objektu. Posun PTO a pozadavek na zachovéani minimalni plo-
chy pro ndstup jednotek IZS vSak vyvolal dal$i dispozi¢ni tpravy
pred portdlem,

Posun PTO mél i jiné duvody, které mohly pusobit problémy se
stabilitou portdlové stény. Jednalo se 0 moZnost odvodnén{ portdlo-
vé stény. Zelezobetonova portdlova sténa délky pres 100 m tvofila
vodonepropustnou hrdz pro podzemni vodu stékajici pri jarnim tdnf,
nebo v pripadé vydatnych desth smérem do tdoli Vltavy. Pfi zpra-
covani realiza¢ni dokumentace byla navrZena za sténou rubovd dre-
néz, svddéjici organizované vodu do odvodnovacich trub prochdze-
jicich konstrukcei stény. Pfi tésném prisazeni budovy PTO k por-
tdlové steéné¢ nebylo mozné v tdseku cca 20 m sténu odvodnit.
Zvodnéni rubu zdi by mohlo mit negativni dopad na geotechnické
parametry zdsypového materidlu. PouZiti rubovych drendZi a celko-
vé oddrenovdni portdlové stény vyluCuje jeji zatizeni hydrostatic-
kym tlakem.

Predpokladand skladba konstrukce portdlu po zapracovani téchto
zmen byla navrZena ve skladbé, kterd je zndzornéna na obrizku 7.
Jednd se o ,,hybridni konstrukci® sloZenou ze dvou konstrukénich
systému:

1. Uhlové zed na hlubinnych zdkladech tvofenych vrtanymi pilo-
tami DN 880 mm.

2. Zed z monolitickych Zelezobetonovych segmenti kotvend do
vyztuZenych zemin.

Z hlediska postupu praci byla konstrukce rozdélend do tii samo-
statnych a z hlediska postupu vystavby na sobé nezdvislych celku
oznalenych jako etapa 1, 2, 3. Toto déleni bylo vynuceno predpo-
klddanym harmonogramem praci na objektu portdlové stény i na
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tunnel lining. In the final design, the designer required the wall to
be keyed into the lining of the cut-and-cover tunnels. In the detailed
design, the two structures are separated by expansion joints so that
a negative interaction between them is prevented. The dimensions
and rigidness of both tunnels and the portal wall raised concerns
over the static stress induced by external loads, hydration heat and
over the installation of reinforcement and casting of the structures.
It would have been necessary in the case of keying the portal wall
into the tunnel tubes to splice the reinforcement and ensure conti-
nual casting of concrete behind special formwork.

Instead of keying the wall into the tunnel structures, geogrids are
used at the intersection with the tunnel tubes to provide stability of
the wall. The geogrids are strained when the tunnel backfill is being
carried out and embedded in the respective backfill layer being com-
pacted. For construction purposes the structure is divided into seg-
ments and a prefabricated capping piece with a guard rail is instal-
led on the top of the wall. The contractor required that even the pos-
sibility of leaving the space between tunnels open for transport of
the backfill material be allowed for when the portal wall structure
was being selected. The author of the detailed design took into con-
sideration two differing variants allowing the implementation of this
solution. One of them was a structure consisting of anchored rein-
forced concrete precast elements. But this idea was abandoned
because it led to inadequate number of atypical precast units to be
installed along the variably curved tunnel tubes. It was replaced by
a cast-in-situ structure of the cladding elements. Another reservati-
on was about the architecturally unsuitable effect of the precast
units combined with the other cast-in-situ structures forming the
portal wall. A road leads above the portal wall. The portal backfill
structures and the linings of the tunnels themselves are found under
the road. The backfill depth changes owing to the vaulted geometry
of the tunnels and the stiffness of the base courses and susceptibili-
ty to differential settlement of the road bed change with it. The use
of geogrids, which primarily serve to stabilise the portal wall, even
positively contributed to the behaviour of the road bed.

Another sensitive detail was the tight connection of the service
facility building (SFB) to the portal wall. According to the final
design, cast-in-situ concrete external walls of the building were to
be cast against the portal wall, with the foundations of the building
resting on the portal wall foundation. An agreement was achieved
among the designer, the owner and a representative of author’s
supervision that the building would be detached from the portal wall
so that the interaction between the two structures, first of all transfer
of deformations from the portal wall to the building wall was pre-
vented. Despite the fact that an expansion joint was used, negative
interaction between the two structures during the life of the building
could not be excluded taking into consideration the actually encoun-
tered geotechnical conditions. The setting the SFB off allowed,
apart from the elimination of the above-mentioned interaction bet-
ween the two structures, the two structures to be constructed inde-
pendently, in parallel. But shifting of the SFB and a requirement for
the assembly area for IRS units to be maintained brought about
other changes in the pre-portal area layout.

There were even other things associated with the SFB shifting
which could cause problems with the portal wall stability. One of
them was the possibility of draining the portal wall. The over 100m
long, reinforced concrete portal wall created an impermeable barri-
er preventing ground water during spring thawing or storms from
flowing toward the Vltava River. The detailed design proposed
a drain on the back side of the wall to direct water in an organised
manner to drainage pipes passing through the wall structure. When
the SFB building was to be tightly attached to the portal wall, an
about 20m long section of the wall could not be drained. Saturation
of ground behind the wall with water could negatively affect geo-
technical parameters of the backfill. Owing to the back-drain and
the overall removal of water from behind the portal wall, there is no
hydrostatic pressure acting on the wall.

The expected composition of the portal wall after incorporating
the above-mentioned changes into the design is presented in Fig. 7.
The wall is a “hybrid structure” consisting of two systems:
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1/ A cantilever wall on deep
Etapa 3 Etapa 2 Etapa 1 foundations fprmed by bored
Stages 3 Stages 2 Stages 1 DN 880mm piles
2/ A wall from cast-in-situ
reinforced concrete segments,
anchored to the geogrid reinfor-
ced soils
As far as the works sequence
is concerned, the structure was
divided into three independent
blocks marked as Stages 1, 2
and 3, which were independent
of each other in terms of the
construction process. This divi-
sion was enforced by the assu-
med works schedule for the
Obr. 7 Schéma déleni konstrukénich etap nové navrieného stavu portal wall structure avnd other
Fig. 7 Scheme of the division of construction stages of the newly proposed state structures in the Komorany por-
tal area. The following stages
. . . . were defined:

dalsich objektech v oblasti portdlu Komorany. Rozdéleni etap Stage 1 cantilever wall on piles ..........ccccooeeeeirennnn. 45.0 m

vystavby b}’lo na’}SledPﬁCl’:. ) Stage 2 wall anchored to reinforced soil . 46.17 m

Etapa 1 tihlovd zed na pilotich .............. JSREEEEE 45,00 m Stage 3 cantilever wall on piles.............cccooeveveerrnrnnnn. 10.00 m
Etapa 2 kotvend zed do vyztuZenych zemin................... 46,17 m In terms of the construction process, Stage 1 was the first to be rea-
Etapa 3 dhlovd zed na pilotdch ........ccccccoviiiiniinnnnin. 10,00 m lised, followed by Stage 3. The construction activities were finished by

Z hlediska postupu vystavby se jako prvnfi realizovala etapa ¢. 1,
pak ndsledovala etapa ¢. 3 a stavebni ¢innost ukoncovala etapa €. 2.
Uvedeny postup vyZadoval navrZeny postup vystavby a moZnosti
realizace souvisejicich objektu. Etapa &. 2 predstavovala ,,technolo-
gické okno“ slouzici k provadéni obsypu hloubenych tunelovych
trub. DokonCenim etapy ¢. 2 se uzavfel prostor mezi tunelovymi

troubami a jejich zdsyp mohl byt dokoncen do definitivniho tvaru.

Etapa €. 1

Portdlova sténa provedend v etapé €. | zajiStovala portdlovy svah
v prostoru budovy PTO na sever od obou tuneld. Spodni stavba byla
realizovdna v oteviené stavebni jamé vykopané od stdvajici drovné
terénu. Geometrie tvaru stavebni jdmy je zfejmd z obrdzku 8.
Zakladani konstrukce bylo navrzeno jako hlubinné na pilotich DN
880 mm odklonénych od svislé roviny o 5°. Piloty byly navrzeny
z betonu C 25/30 a vyztuzi oceli 10 505 (R). Na vytvorenou zékla-
dovou spdru se osadila vrstva podkladniho betonu tl. 0,2 m z betonu
C 12/15. Tim se zdkladovéd spdra pripravila pro uloZeni vyztuze
zdkladové desky. Celkem konstrukce v etapé 1 obsahovala 5 dila-
ta¢nich celka délky: 10-10-10-10-5 m. Po uloZeni vyztuze zékla-
dové desky a jeji betondzi byl vytvoren zdklad konstrukce
z monolitického Zelezobetonu C 30/37 s vyztuzi z oceli 10 505 (R).
Sitka zdkladové desky byla navrzena 7,24 m z divodu moZnosti
jejitho osazeni pred jiz dfive vybudované zdporové stény stabilizuji-
ci stavebni jamu hloubenych tunelu. Pfiény rozmér zékladu
7,24x1,8 m byl navrZen a posouzen na zdkladé statického propoctu
konstrukce. Sténa zdi proménné vysky cca 12,8 m svym vyskovym
vedenim kopiruje vySkové vedeni komunikace situované v jeji koru-
né. Po vySce je konstrukce délend 4 horizontalnimi pracovnimi spa-
rami osazenymi ve tiimetrovém vyskovém kroku. Jako bednéni bylo
pouzito systémové Splhavé bednéni. Pohledovou plochu tvoril
dezén vkladany do bednéni. Dilatace se zrealizovaly se zazubenim
dilata&nich celku.

Konstrukce byla na rubové strané opatrena 2 typy hydroizo-
laci nasledujiciho sloZeni:

1. Typ — Nosnd konstrukce po troven odvodnéni

zakladni natér asfaltovy lak penetracni,

hlavni izola¢n{ vrstva 2 x natér asfaltovou emulz{

ochrannd vrstva geotextilie tl. > 5 mm, min. 600 g/m?

2. Typ — Nosné konstrukce od trovné drendze

zdkladni néteér asfaltovy lak penetracni,

hlavn{ izola¢n{ vrstva asfaltové izolaéni pdsy s vyztuznymi

vlozkami

ochrannd vrstva nopova félie

Odvodnéni konstrukce bylo reSeno systémem technickych
opatreni v nasledovni skladbé:

e drendZni vrstva ze $térku sypand po vrstvdch spolu se zdsypem

objektu,
e dldzdény prikop uloZeny na desce z betonu, kterd je opatfend
sbérnym drénem z geosyntetik,

Stage 2. The above-mentioned process was required by the constructi-
on schedule and by the possibility to carry out associated structures.
Stage 2 represented a “technological window” during which the cut-
and-cover tunnels were backfilled. By completing Stage 2, the space
between the tunnel tubes was closed and the backfilling could be com-
pleted to the definite shape.

Stage 1

The portal wall which was built in Stage 1 supported the portal slope
in the area of the SFB, north of both tunnel tubes. The sub-structure
was built in an open construction trench, which was dug from the exis-
ting terrain level. The construction trench geometry is shown in Fig. 8.
A deep foundation was designed for the structure, comprising
DN880mm piles, inclining at 5° off vertical. The piles are designed in
C25/30 concrete, with 10 505 (R) steel reinforcement. A 0.2m thick
layer of C 12/15 blinding concrete was placed on the exposed founda-
tion base, thus the foundation base was prepared to receive the rein-
forcement for the foundation slab. The Stage 1 structure comprised the
total of 5 expansion blocks at the lengths of 10 — 10 — 10 — 10 — 5 m.
When the placement of the reinforcement (steel grade 10 505 (R)) was
completed, the foundation slab was cast, using C30/37 concrete. The
width of 7.24m was designed for the foundation slab to make the
installation in front of the previously completed soldier pile and lag-
ging walls stabilising the construction trench for the cut-and-cover
tunnels possible. The cross-sectional dimensions of the foundation
slab of 7.2x x 1.8m was designed and assessed on the basis of
a structural analysis of the structure. The top of the wall stem of vari-
able height of about 12.8m copies the vertical alignment of the road
located on the wall crown. The structure is divided vertically by 4 hori-
zontal construction joints provided at 3m spacing. A climbing shutte-
ring system was used for the construction. The wall face was formed
by an embossing mould inserted into the form. There are shear keys in
joints between the expansion blocks.

The structure was provided on the back side with the following
2 types of waterproofing:

Type 1 — Load-bearing structure up to the drainage level

prime coat asphalt primer

main waterproofing course 2 x asphalt emulsion coat

protective layer geotextile > 5 mm thick,

min. 600 g/m>

Type 2 — Load-bearing structure above the drainage level

prime coat asphalt primer

main waterproofing course asphalt coated fabric mats

protective layer dimpled sheet membrane

Draining of the structure was solved by means of a system of
technical measures in the following composition:

e gravel drainage layer laid in layers concurrently with backfilling of

the structure
e paved ditch placed on a concrete slab, which is covered with geo-

synthetics acting as a collecting drain
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Obr. 8 Vzorovy Fez konstrukci v etapé 1
Fig. 8 Typical section through the Stage 1 structures

e drendZni potrubi.

Zasyp konstrukce byl realizovdn po vrstvich ze zemin vhodnych
do silni¢nich ndsypu.

Etapa €. 3

Etapa ¢. 3 navazovala na etapu €. 1 a zajiStovala portdlovy svah
na opacné stran¢ portdlu na jih od tunelovych trub. Konstrukén{
uspordadani etapy 3 je shodné s etapou €. 1. Spodni stavba byla rea-
lizovdna v oteviené stavebni jaimé vykopané od soulasné drovné
dprav terénu. Zaklddani konstrukce je navrhovana jako hlubinnd na
pilotich DN 880 mm odklonénych od svislé roviny o 5°. Piloty se
vybuduji z betonu C 25/30 a vyztuzi oceli 10 505 (R). Zdklad pred-
stavuje jeden dilatacni celek délky 10 m. Sténa zdi je proménné
vysky cca 12,8 m a jako cely portdl svym vyskovym vedenim kopi-
ruje vySkové vedeni komunikace v koruné zdi. Hydroizolace
a odvodnéni, déleni na vodorovné pracovni spdry i postup vystavby
byly feSeny stejné jako u zdi v etapé 1.

Etapa €. 2

Etapa ¢. 2 ukonCovala vystavbu portdlové stény a s ohledem na
harmonogram praci souvisejicich objekti musela byt provedena
jako posledni. Konstrukce byla zbudovdna na principu opérnych zdi
z vyztuzené zeminy. Principem metody je nahrazeni masivnich
betonovych konstrukei zhutnénym ndsypem zeminy, jejiz vlastnosti
jsou zlepSeny vloZenim systému vyztuh. Vyztuhy prenéseji smyko-
vé namdhdn{ zeminy a vyztuZeny blok zeminy se pri prenaseni vnéj-
§iho zatiZeni chovd jako kvazihomogenni celek. Vnéjsi betonova
konstrukce zabrariuje povrchové erozi a tnikim zeminy z prostoru
mezi vyztuhami. PouZiti téchto konstrukci podstatné zmenSuje
zdbor pozemku, nutny pro zfizeni klasického ndsypu. Ekonomicky
se uplatni zejména pri potfebé zfizovdni vy$Sich opérnych zdi,
zejména v pripadé Spatné kvality zemin v podloZi zdi. Vyhodou jsou
podstatné mensi ndroky na tnosnost zékladové pudy neZ pii klasic-
ké konstrukci masivni opérné zdi a schopnost odoldvat bez poruse-
ni znaénym poklesim podlozi. Konstrukce maji podstatné mensi
spotiebu betonu. Pfi vhodné kvalité¢ zeminy ndsypu miZe montdZ
probihat i v zimnich mrazivych dnech, coZ bylo pfi napjatém sta-
vebnim terminu také vyuZito. Schéma konstrukce je zfejmé
z obrazku 9.

Lic konstrukce je chrdnén velkoplo$nymi licovymi monoliticky-
mi prvky. Jednotlivé licové segmenty jsou do télesa ndsypu prikot-
veny spojenim se systémem geovyztuh zemniho bloku. Systém geo-
vyztuh, zabudovavanych postupné do télesa nasypu pfi jeho zfizo-
vani, pfitom bran{ vzniku smykovych ploch v ndsypu a zajiStuje tak
stabilitu a funk¢nost celé konstrukce. Vzhledem k tomu, Ze nechra-
néné polyesterové vyrobky se nesmi uzivat v mistech, kde pricha-
zeji do styku s vdpnem nebo hydraulickymi pojivy, které se pouZzi-
vaji pro zlepSovdni zemin (stabilizaci) a soufasné polyesterové
materidly se rovnéZ nemaji pouzivat na kontaktu s betonem, bylo
navrZeno pouZiti prvki PARAGRID 200/05, u kterych je zdkladni
materidlovd struktura na bdzi PES chrdnénd ochrannou vrstvou

Obr. 9 Vzorovy Fez konstrukci v etapé 2
Fig. 9 Typical section through the Stage 2 structures

e drainage pipeline
The structure was backfilled in layers, using soils suitable for road
embankments.

Stage 3

Stage 3 linked to Stage 1. It provided support of the portal slope on
the opposite side of the portal, south of the tunnel tubes. The structural
design for Stage 3 is identical with the design for Stage 1. The sub-
structure was carried out in an open construction trench, which was
excavated down to the currently existing grade level. Deep foundation
of the structure was designed, comprising DN880mm piles, inclining at
5°off vertical. The piles will be in C25/30 concrete, with 10 505 (R)
steel reinforcement The consists of a single, 10m long expansion block
The wall height is variable, about 12.8m; the same as the whole portal,
the level of its top copies the horizontal alignment of the road running
at the crown level. The waterproofing and drainage, the division
by horizontal construction joints and construction process were
solved in the same manner as it was in the case of Stage 1 of the wall
construction.

Stage 2

Stage 2 was the last stage of the portal wall construction with respect
to construction schedules for the connected structures. The structure
was built upon the principle of retaining walls formed by geogrid rein-
forced soil. The principle of this method is that massive concrete struc-
tures are replaced by an embankment consisting of reinforced soil, the
properties of which are improved by inserting a system of reinforcing
elements. The reinforcement carries shear stresses in the soil. The rein-
forced soil block behaves as a quasi-homogeneous massif when carry-
ing external loads. An external concrete structure prevents surface ero-
sion and escaping the soil from the space between the reinforcing ele-
ments. The use of these structures significantly reduces the area of
works required for the establishment of a classical embankment. It
acquits itself best economically where construction of higher retaining
walls is required, first of all in the case of poor quality of the wall sub-
grade. The advantage is the fact that the requirements for the load-bea-
ring capacity of foundation ground are lower than in the case of
a classical structure of a retaining wall and it is capable of resisting sig-
nificant subsidence of the sub-grade without being damaged.
Substantially smaller consumption of concrete is another feature of
these structures. When the quality of the embankment soil is suitable,
the work on it can continue even during freezing days in winter. This
advantage was used when a tight construction deadline was to be met.
The scheme of the construction is presented in Fig. 9.

The external face of the structure is protected by large-area cast-in-
situ facing elements. Individual facing segments are anchored to the
embankment by connecting them with the system of geogrids forming
the soil block. The system of geogrids which are step by step incorpo-
rated into the embankment during the construction prevents origination
of shear surfaces in the embankment, thus it ensures stability and func-
tionality of the entire structure. Because of the fact that unprotected
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Obr. 10 3D schéma konstrukce v etapé 1
Fig. 10 3D chart of the Stage 1 structure

z PE. Do rubovych stran segmenti jsou zabetonovdny zarodky
pruhu vyztuznych geomfizi, tzv. startér. K t€émto zdrodktim, vy¢ni-
vajicim cca 1500 mm z paneld, se pfipoji vyztuzné pruhy geomfizi
potiebné délky.

Jako licové prvky byly navrZzeny monolitické Zelezobetonové
konstrukce proménného tvaru zndzornéné na obrdazku 11.
Monolitickd konstrukce je volena vzhledem k proménnému tvaru
jednotlivych segmenta stény nachdzejici se mezi dvéma hloubeny-
mi tunelovymi troubami. Tloustka konstrukce je navrZena
s ohledem na nutnost vysoké stability v montdZnim stadiu zdsypu
konstrukce a z tohoto duvodu je fadové vétsi, nez by bylo nutno ze
statického hlediska kone¢ného reSeni. Licovd strana konstrukce je
opatfena pohledovym dezénem shodnym s navazujicimi diseky pro-
vadénymi v etapé 1 a 3.

Zemina pro nasyp vyztuzeného zemniho bloku je konstrukénim
materidlem. Kvalita zeminy byla pfedmétem mnoha jedndni, proto-
Ze jeji zakladn{ vlastnosti (obj. hmotnost vy, dhel vnitiniho tfeni @)
jsou soucasné s obdobnymi parametry zeminy v podzdkladi a v na-
vazujicim ndsypu, zdkladnimi vstupy do statického vypoctu.
Efektivni thel vnitiniho tfeni musi byt vétsi nez 25° (Iépe ¢>30°).
Objemova hmotnost musi byt vétsi neZ 16 kN/m3. Zemina nesmi
obsahovat vEét§i mnozstvi jemnych, zejména jilovitych, Cdstic.
Obsah ¢éstic pod 0,06 mm by nemél prevySovat 15 % (1épe < 10 %).
Zemni konstrukce byly proto realizovdny smési materidlu nakupo-
vaného (hrubd §térkodrt) a materidlu z mistnich zdroju.

Pii vySce konstrukce pres 12 m hrély duleZzitou roli i tolerance
a odchylky, které projekt predepisoval v ndsledujicich hodnotach:

Obr. 11 Schéma ukotveni geomiizi do monolitické konstrukce v etapé 2
Fig. 11 Diagram of the geogrid anchoring into the Stage 2 monolithic
structure

polyester products must not be used in the locations where they come
in contact with lime or hydraulic binders, which are used for improving
(stabilising) soils, and should not be used at the contact with concrete,
it was proposed that PARAGRID 200/05 elements be used, the basic
PES-based material structure of which is protected by a PE layer.
Germs of geogrid strips (so-called starters) are cast into the back sides
of the segments. Geogrid strips of required lengths are connected to the
starters, extending about 1500mm from the panels.

Cast-in-situ reinforced structures of variable shapes were designed
as the facing elements (see Fig. 10). The cast-in-situ structure is selec-
ted with respect to the varying shape of individual wall segments
found between the two cut-and-cover tunnel tubes. The thickness of
the structure is designed with respect to the necessity for high stabili-
ty during the assembly stage of the embankment construction. This is
why it is greater by an order of magnitude than it would have been
necessary in terms of the structural analysis of the overall design. The
external face of the structure is provided with an architectural embos-
sing identical with the finish in the adjacent sections, which were con-
structed in Stages 1 and 3.

The soil used for the reinforced soil block is a construction materi-
al. Quality of the soil was a subject of many discussions because the
basic properties of the soil (volume weight y, angle of internal fricti-
on ) are, together with similar parameters of the subsoil and the soil
in the adjacent embankment, basic input data for the structural analy-
sis. The effective angle of internal friction must be greater than 25°
(>30° is better). The volume weight must be higher than 16kN/m?.
The soil must not contain larger amount of fine particles, above all
clayey ones. The contents of particles under 0.06mm should not exce-
ed 15%. (< 10% is better). The earth structures were therefore built
using a mixture of purchased material (coarse crushed gravel) and
materials from local sources.

At the height of the structure exceeding 12m, an important role was
played by tolerances and deviations, which were prescribed by the
design as follows:

e verticality of the face of +/-5 mm per 1m of the wall height (e.g.

60mm per the height of 12m)
e horizontal and vertical bulging of the face of +/-20 mm under
a 4m long straight-edge

e displacements in joints of +/-10 mm

e vertical tolerance of horizontal joints above the last segment of
+/-10 mm

A separate circuit of problems connected with the structure desig-
ned in the above-mentioned way was the system of waterproofing of
the structure, which has anchoring elements on its back side.
Waterproof brush coating is designed for the whole area. Sensitive
details of joints between individual blocks are sealed with hydrophilic
gaskets and covered with torch-on sheets.

STRUCTURAL ANALYSIS

The structural analysis received great care. The analysis was carri-
ed out separately for Stage 1 and Stage 2 because the structures act in
different ways. The structures and their interaction with the ground
massif were modelled in the Plaxis 8 system; the deformation curves
are shown in Figures 12 and 13.

Stage 1. The structure was designed as a cantilever wall, founded on
sandy soil layers, loaded by earth pressure in the meaning of CSN
standards, and surcharged by traffic. In the original design, the struc-
ture was assessed as a simple cantilever wall with the maximum width
of the foundation slab of 7.24m (which is the maximum width of the
slab which can be built in the context of the requirement for maintai-
ning the existing soldier pile and lagging wall along the cut-and-cover
tunnels). Having the analysis results at hand, it was obvious that the
structure designed in the above-mentioned way would not have satis-
fied in the meaning of the overall stability of the structure. The antici-
pated shear surfaces in the structure sub-base exhibited the stability
computed according to Bishop of 1.14, while the value of only 0.95
was found according to Petterson, which was deep under the required
value of 1.5. To secure stability of the structure, it was necessary to
improve the foundation soil. Of the several proposed options (injec-
ting grout into the foundation soil, replacing the subsoil, rehabilitating
the subsoil, using a micropile grid, jet grouting, deep foundation on
piles), the deep foundation variant was chosen. Owing to this change,
the resultant external stability of the structure increased to 2.0 and
1.64 according to Bishop and Petterson, respectively.
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Obr. 12 Model portilu v systému plaxis v etapé 1
Fig. 12 Portal model in the Plaxis system for Stage 1

e svislost lice +/-5 mm na 1 m vySky stény (napr. 60 mm na vysce
12 m),

* bouleni lice vodorovné i svisle +/-20 mm pod 4 m lati,

* posuny ve sparach +/-10 mm,

e svisld tolerance vodorovnych spdr nad poslednim segmentem

+/-10 mm.

Samostatnym okruhem feSeni problému s takto navrZenou kon-
strukef je systém hydroizolaci konstrukce, kterd je na rubu osdzend
kotvicimi prvky. Hydroizolace je navrzend plo$né nitérovou techni-
kou a citlivé detaily spar mezi jednotlivymi dily jsou utésnény bobt-
navymi pdsky a prekryty natavovacimi pdsy.

STATICKY VYPOCET

Statickému vypoltu konstrukce byla vénovdna velkd péce.
Vypocet byl proveden samostatné pro etapu 1 a etapu 2 vzhledem
k tomu, Ze to jsou rizné pusobici konstrukce. Konstrukce a jejich
spoluptiisobeni se zemnim masivem byly namodelovédny v systému
Plaxis 8 a prubéh deformaci je dokumentovédn na obrazcich 12 a 13.

Etapa 1. Konstrukce byla navrZena jako thlova zed zaloZend na
vrstvdch pis¢itych zemin zatiZend zemnim tlakem ve smyslu CSN
a pritizenim dopravou. V pivodnim ndvrhu byla konstrukce posou-
zend jako prostd thlovd zed s maximdlni §ifkou zdkladové desky
7,24 m (coZ je maximdln{ §itka desky, kterou je moZno realizovat
v souvislosti se zachovanim soucasné zaporové stény hloubenych
tunelovych trub). Po propoétu bylo jasné, zZe takto navrZend kon-
strukce nevyhovi ve smyslu celkové stability konstrukce.
Predpoklddané smykové plochy v podloZi konstrukce vykazovaly
stabilitu podle Bishopa v hodnoté 1,14 a podle Pettersona jen 0,95,
to je hluboko pod poZadovanou hodnotou 1,5. Pro zabezpeceni sta-
bility konstrukce bylo nutno realizovat udpravy podzdkladi.
Z nékolika navrZenych moZnosti (injektaz podzédkladi, vyména pod-
loZzi, sanace podloZi, mikropilotovy rost, tryskovd injektdz, hlubin-
né zakldddni na pilotdch) byla vybrdna alternativa s hlubinnym
zakldddnim. Vyslednd vnéjsi stabilita konstrukce touto udpravou
stoupla na hodnotu 2 podle Bishopa a 1,64 podle Pettersona.

Etapa 2. Statickym vypoctem byla posouzena vnitini a vnéjsi sta-
bilita konstrukce. Vnitini stabilitou konstrukce se rozumi pripad,
kdy potencidlni smykova plocha prochézi vyztuZenou oblast{, vnéj-
§i stabilitou pfipady posuzujici chovéni bloku vyztuZzené zeminy
jako celku co do mozného posunuti, pootoceni, inosnosti zdklado-
vé spdry, pripadné usmyknuti po smykové ploSe, leZici mimo oblast
vyztuh.

Vnéjsi stabilita. Pfi posuzovani vnéjsi stability se pohliZi na blok
armované zeminy jako na kvazituhy, homogenni celek a inosnost
zakladové spdry, stabilitu proti posunuti, pootoceni nebo usmyknu-
ti po smykové plose, leZici za blokem armované zeminy posuzuje-
me obdobnym zpusobem jako u monolitickych konstrukei.

Vnitin{ stabilita. Pod vnitfn{ stabilitou se rozumi odolnost vlast-
niho bloku armované zeminy proti svému poruseni. Aby k takovému
poruseni mohlo dojit, muselo by dojit bud k pfetrzeni vyztuh, nebo
k jejich prokluzu v zeminé. Odolnost vyztuh proti pfetrzeni je ddna

Obr. 13 Model portdlu v systému plaxis v etapé 2
Fig. 13 Portal model in the Plaxis system for Stage 2

Stage 2. The internal and external stability of the structure was
assessed by a structural calculation. The inner stability of a structure
is understood to be the case where a potential shear surface passes
through the reinforced area, while the external stability is referred to
when the behaviour of the reinforced block is being assessed in terms
of the possible displacement, angular rotation, load-bearing capacity
of the foundation base, or a shear failure along a shear surface lying
outside the area of reinforcing grids.

External stability. When the external stability is being assessed, the
reinforced soil block is considered to be a quasi-rigid, homogeneous
mass and the load-bearing capacity, the stability against displacement,
angular rotation or shear failure along a shear surface lying beyond the
block of reinforced soil are assessed in a way similar to assessing of
cast-in-situ structures.

Internal stability. Internal stability is understood to be the resistan-
ce of the reinforced soil block itself against failure. The condition for
such a failure to originate would be either a rupture of the reinforcing
geogrid or slipping of the geogrid within the soil. The resistance of
a geogrid against rupture is given by the long-term guaranteed
strength of the grid. When the shear strength of the contact between
the geogrid and surrounding soil is to be determined, it is necessary to
assume that the coefficient of friction between the grid and soil is
equal to & - tgg, where @ is the angle of internal friction of the emban-
kment soil and & is an extraction coefficient, which can be determi-
ned by means of a special testing apparatus. Measurement points were
installed on the structure within the framework of the geotechnical
monitoring, measuring actual deformations of the structure being
backfilled. The measurement results were confronted with theoretical
assumptions of the calculation. According to the measurement results,
the maximum horizontal displacement of the structure at the highest
point being measured was 20mm and the maximum subsidence of the
structure was 6.5mm. These values are lower than the values determi-
ned by the calculation. This fact is a proof not only that the structural
design was correct but also that the quality of contractor’s work was
good.

CONCLUSION

The greatest benefit of the design optimisation was the fact that the
design helped the contractor to maintain high speed of the works.
Owing to the possibility to keep the construction trench for the cut-
and-cover tunnels open as long as possible, it was possible to transport
the backfill material from the front end even during the concurrent
work on Stages 1 and 3. The same applies to the concurrent construc-
tion of the SFB and the portal. The proposed technical solution impro-
ved the structural and operating properties of the works by the com-
prehensive waterproofing and drainage system and by eliminating
negative effects of the monolithic, rigid connection of the portal wall
with the lining of cut-and-cover tunnels. The construction process was
also accelerated owing to the use of the precast capping piece, which
eliminated the time losses caused by the necessity to install formwork
for cast-in-situ capping at great height above the surface and, at the



19. rocnik - €.1/2010

Obr. 14 Foto z vystavby — stavebni jama a vyztuz zdkladové desky
Fig. 14 Photo from construction site — construction trench and foundation
slab reinforcement

jejich dlouhodobou zarucenou pevnosti. Pro stanoveni smykové
unosnosti kontaktu mezi vyztuhou a okoln{ zeminou je tfeba uvazo-
vat soulinitel tfeni mezi vyztuhou a zeminou roven o - tgg, kde
@ je dhel vnitiniho tfen{ zdsypové zeminy, o soucinitel vytrZeni a je
moZno stanovit pomoci specidlniho testovaciho zafizeni. Na kon-
strukci byly v rdmci geotechnického monitoringu instalovdny méfi-
ci body pro méfeni skuteCnych deformaci zasypdvané konstrukce
a vysledky méfeni byly konfrontovéany s teoretickymi predpoklady
vypoctu. Podle vysledki méfeni byl maximdlni vodorovny posun
konstrukce v nejvy$§im méfeném misté 20 mm a maximaélni sednu-
t{ konstrukce 6,5 mm, coZ jsou hodnoty pod vypoctem stanovenymi
hodnotami a svédéi nejen o spravném ndvrhu konstrukce, ale také
o kvalitn{ prici dodavatele stavby.

ZAVER

Hlavnim pfinosem optimalizace ndvrhu byla skute¢nost, Ze navrh
umoznil udrzZet vysoké tempo realizace stavby. MoZnost udrZet sta-
vebni jamu hloubenych tuneld co nejdéle otevienou umozZnila jeji
zpétné zavdzeni z Cela i pfi soucasné realizaci etap 1 a 3. TotéZ plati
i pro soubézné budovéni objektu PTO a portdlu. NavrZené technic-
ké feSeni zlepSilo stavebnétechnické a provozni vlastnosti dila
systémem komplexni hydroizolace a odvodnéni i eliminaci negativ-
nich d¢inkad monolitického tuhého spojent portdlové stény s osténim
hloubenych tuneld. Stavebni postup byl zrychlen také pouZitim pre-
fabrikovanych fims objektu, coz vyloucilo Casové ztrdty, které by
byly zpusobeny bednénim monolitickych fims ve velkych vyskdch
nad terénem pri souc¢asné probihajicich pracich na stavebnich objek-
tech pod konstrukci. Optimalizace ndvrhu nebyla samoticelnym kro-
kem, ale byla reakci na skute¢né zastizené geotechnické podminky
na staveni$ti a pozadavek investora na zkrdceni doby vystavby.

Meénit koncepci az pri realizaci je t¢Zké jak z hlediska projednd-
vani nového feseni, tak i Casu na projektovdni, ale vysledek se diky
vstifcnému piistupu zhotovitele i investora vyplatil.

Investorem stavby je Reditelstvi silnic a ddlnic CR, dokumentaci
pro stavebni povoleni pro investora zpracoval feSitelsky kolektiv pod
vedenim Pragoprojetu Praha a. s., realizaci zajiStuje Sdruzeni
Vestec—Lahovice vzniklé z firem SKANSKA-DS, a. s., SKANSKA-
BS, a. s., a ALPINE MAYREDER, a. s., realiza¢ni dokumentaci
zpracovala firma IKP Consulting Engineers, s. r. o Praha.

Dnes se jiz da fici, ze vysledkem spole¢ného snazeni vSech tcast-
niku vystavby je dispésnd realizace jak portdlové stény, tak hloube-
nych tunelt i budovy PTO. Z pozice uZivatele tunelu si pii jizdé
autem sotva kdo uvédomi, co se za portalovou sténou skryva a co
bylo nutné pfi jeji realizaci podstoupit. Reakce na skute¢né zastiZe-
né podminky je viak tdélem geotechniku. Timto ¢ldnkem se chce-
me o ziskané zkuSenosti podélit i se Ctendfi Casopisu Tunel.

ING. JOZEF KURAN, Jjozef .kuran@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.

Recenzoval: prof. Ing. Jiri Bartik, DrSc.

Obr. 15 Foto z vystavby — proudovy postup vystavby — etapa 1
Fig. 15 Photo from construction site — flow method of construction — Stage 1

Obr. 16 Foto z vystavby — pohled na dokoncenou konstrukci
Fig. 16 Photo from construction site — view of the completed structure

same time, allowed the work on structures under the capping beam to
continue concurrently. The design optimisation was not an autotelic
step. It was the response to the actually encountered geotechnical con-
ditions on site and the owner’s requirement for reducing the construc-
tion time.

It is always difficult to change the concept of works as late as the
project implementation stage, both in terms of approving a new solu-
tion and the time required for the designing work. But, thanks to the
accommodating approach of the project owner and the contractor, the
result paid.

The project owner is the Road and Motorway Directorate of the
Czech Republic, the final design was carried out for the owner by
a team headed by Pragoprojekt Praha a.., the contractor is the
Sdruzeni Vestec-Lahovice consortium consisting of SKANSKA-
DS.a.s., SKANSKA-BS,as. and ALPINE MAYREDER, as., the
detailed design was carried out by IKP Consulting Engineers,
s.r.o. Praha.

Today we can already say that the result of the joint efforts of all
parties to the project is the successful completion of the portal wall,
cut-and-cover tunnels and the service facility building. From a tunnel
user’s point of view, hardly anyone will realise what is hidden behind
the portal wall and what had to be suffered during the construction.
The necessity to respond to actually encountered conditions is a lot of
geotechnicians. Through this paper, we want to share our experience
even with the TUNEL readers.

ING. JOZEF KURAN, Jozef.kuran@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.
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FOTOREPORTAZ 20O STAVBY TUNELA BORIK
PICTURE REPORT OF BORIK TUNNEL EXCAVATION

Obr. 1 Zakladanie portdlu pomocou velkopriemerovych pilot
Fig. 1 Portal foundation by means of large-profile piles

Obr. 3 Razenie pomocou vrtno-trhacich prdac — navitavanie celby
Fig. 3 Drill-and-blast operations — the face drilling

Obr. 4 Razenie prebiehalo siicasne v oboch tunelovych rirach
Fig. 4 Driving operations were carried out simultaneously in both tunnel tubes

Obr. 2 Zaciatok razenia pilierovej $télne
Fig. 2 Beginning of driving the pillar gallery

Obr. 5 Zacistovanie spodnej klenby primdrneho ostenia
Fig. 5 Scaling for the primary lining invert
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Obr. 6 Sekunddrne ostenie — armovanie bloku v hfbenej Casti
Fig. 6 Secondary lining — placing concrete reinforcement in the cut-and-cover section

Obr. 8 Tunel pripraveny na odovzdanie

Obr. 7 Betondz vozovky pomocou Finiseru
Fig. 7 Casting concrete pavement by a paver

Fig. 8 The tunnel prepared for being handed over

Obr. 9 Otvorenie tunela — strihanie pdsky
Fig. 9 Tunnel opening ceremony — cutting the tape

inzerce
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FOTOREPORTAZ Z PRORAZKY SEVERNIHO TUNELU BLANKA
V PRAZE DNE 12. LEDNA 2010 (zhotovitel: Metrostav a.s.)
PICTURE REPORT OF NORTHERN TUNNEL TUBE OF BLANKA TUNNEL
BREAKTHROUGH, PRAGUE, 12 JANUARY 2010
(Contractor: Metrostav a. s.)

Obr. I Klapne to ... (radni Radovan Steiner a strelmistr Vladimir Hynek pred
poslednim odpalem)

Fig.1It’s going to work (councilman Radovan Steiner and shotfirer Vladimir
Hynek before the last firing)

Obr. 3 Blahoprejeme!
Fig. 3 Congratulations!

Obr. 5 Pracovnici Metrostavu a. s. v rozhovoru — zprava: Ing. Ivan Hrdina,
vyrobneé-technicky reditel, Ing. Vdclav Soukup, reditel divize 5 a stavby-
vedouci Stanislav Novotny

Fig. 5 Metrostav a. s. staff discussing — pictured right to left: Ing. Ivan
Hrdina, Chief Operating Officer, Ing. Vdclav Soukup, Director of Division 5,
and Stanislav Novotny, site agent

Obr. 2 Prordzka se podarila
Fig. 2 Breakthrough success

Obr. 4 ProraZené kaloty severniho tunelu se spojily v hloubce asi 35 m pod
kfiZovatkou ulic Korunni a Jana Zajice

Fig. 4 The NTT top headings broke through and met at the depth of about
35m below the intersection between Korunni and Jana Zajice Streets

Obr. 6 Dokonceny vylom tunelu
Fig. 6 Complete tunnel excavation



19. rocnik - €.1/2010

NA PAMATKU ING. JAROMIRA CIZKA,

ODBORNIKA NA PODZEMNI KONSTRUKCE A STATIKU ZELEZOBETONOVYCH STAVEB

IN MEMORY OF JAROMIR CIZEK, CENG., EXPERT ON UNDERGROUND CONSTRUCTION
AND STRUCTURAL ANALYSES OF REINFORCED CONCRETE STRUCTURES

Dne 21. ledna 2010 zemfel $pickovy projektant, statik
a tunelaf, skvély kolega a kamardd Ing. Jaromir Cizek.
Narodil se 23. 9. 1933 v Pribrami. Vystudoval Fakultu
inZenyrského stavitelstvi Ceského vysokého uceni tech-
nického v Praze. Jako projektant v poc¢dte¢nich letech pra-
coval ve firmach Stavoprojekt a PPU a od zaloZeni firmy
PUDIS v roce 1966 pisobil prevaznou dobu jako hlavni
inzenyr strediska 4. Zde se vyznamné podilel na projek-
tech spojenych s vystavbou prvni trasy prazského metra,
trasy IC, zejména spojenych s vystavbou podzemnich sta-
nic Muzeum a Kacerov.

Dalsi projekty souvisejici s podzemnim stavitelstvim

.

™\ Jaromir Cizek, CEng., a foremost designer, structural engineer
and tunneller, a brilliant colleague and friend, died on 21st January
2010. He was born on 23rd September 1933 in Piibram. He gradu-
ated from the Czech Technical University in Prague with a degree in
civil engineering from the Department of Civil Engineering. During
the initial years he worked as a designer with Stavoprojekt and PPU
and, after the foundation of PUDIS in 1966, he worked for most of
the time in the position of chief designer in Department 4. In this
role he significantly participated in designs associated with the con-
struction of the first line of the Prague metro, the Line IC, first of all
designs associated with the construction of underground stations of
Muzeum and Kacerov.

J Other designs associated with the field of underground construc-

ndsledovaly v podobé feseni TéSnovského tunelu (hloube-
ny tunel mezi dneSnim ministerstvem dopravy a pravym
brehem Vltavy) a zejména s navrhem Strahovského automobilového
tunelu (soucdst dne$niho méstského okruhu v Praze). Zde se jiz plné
projevily jeho zkuSenosti a schopnosti statika a tuneldre, které byly
ddle uplatnény v pripravé projektovych praci na tunelu Mrdzovka.

V roce 1993 odeSel se svym dlouholetym spolupracovnikem
Ing. Pavlem Marikem do nové zaloZené projekéni kanceldre Ing. Pavel
Marik — inZenyrské konstrukce, kde pokracoval v projektech na tune-
Iu Mrézovka a dalSich podzemnich konstrukcich v Praze, napf. pod-
zemnich gardZi na ndmésti Jana Palacha. Po ukonceni ¢innosti této
kancelére se znovu vrétil do firmy PUDIS, a. s. Zde vénoval veskeré
své zkuSenosti a znalosti s neutuchajicim eldnem az do poslednich
chvil svého Zivota nové préci na mestském okruhu v oblasti Myslbe-
kova—Prasny most.

K jeho velkym prednostem patfilo, Ze dokdzal zcela nezi§tné preda-
vat své védomosti a zkuSenosti mlads$im kolegum, které dokézal vzdy
povzbudit a povazoval je za zcela rovnocenné partnery. Nejen mne, ale
viem spolupracovnikim bude chybét jeho laskavy pristup k lidem
a jemny smysl pro humor. )

ING. VACLAV KRCH, PUDIS, a. s.

tion followed, in the form of the design for the Té$nov tunnel (a cut-
and-cover tunnel between the present building of the Ministry of Transport and the
right-hand bank of the Vltava River) and, first of all, the design for the Strahov auto-
mobile tunnel (part of the current Prague City Circle Road scheme). His experience
and structural engineer’s and tunneller’s abilities, which had been fully proved during
the above-mentioned work, were further exploited in the preparation of designs for the
Mrédzovka tunnel.

In 1993, he followed Ing. Pavel Marik, his long-standing colleague, and entered
a newly developed firm Ing. Pavel Marik — Inzenyrské Konstrukce, where he conti-
nued to work on designs for the Mrdzovka tunnel and other underground structures in
Prague, for example an underground car parking under Jana Palacha Square. When
this designing office had terminated its activities, he returned to PUDIS, a.s. Here he
dedicated, with unflagging enthusiasm, all his experience and know-how to new work
on the City Circle Road in the area of Myslbekova Street — PrasSny Most. This work
was terminated by his death.

One of his great merits was the fact that he was able to selflessly pass his know-
ledge and experience on to younger colleagues and to encourage them, always consi-
dering them to be absolutely equal partners. Not only me, but all of his colleagues and
workmates will miss his amiable approach to people and delicate sense of humour.

ING. VACLAV KRCH, PUDIS, a. s.

VYROCI / ANNIVERSARIES

80 ROKOV DOC. ING. KOLOMANA V. RATKOVSKEHO, CSc.
DOC. ING. KOLOMAN V. RATKOVSKY, CSc., OCTOGENARIAN

Doc. Ing. Koloman V. Ratkovsky, CSc. sa 26. februa-
ra 2010 doziva vzdcneho zivotného jubilea 80 rokov.
Narodil sa v roku 1930 v Bratislave. VyStudoval na
Stavebnej fakulte Slovenskej vysokej Skoly technickej
(SVST, dnes Slovenska technickd univerzita STU)
v Bratislave na odbore konstrukcie a dopravné stavby,
ktord sa mu stala po kratkom pdsobeni na Tratovej dis-
tancii ZSR (1954-1956) i celoZivotnym pdsobiskom.
V roku 1956 nastipil na katedru dopravnych stavieb,
kam v tych casoch patrilo oddelenie podzemnych sta-
vieb, a neskor uz ako odborny asistent spolu s oddelenim
presiel na sucasnd katedru geotechniky. Tam pdsobil az
do odchodu do dochodku v roku 1996. Titul kandidata
technickych vied ziskal v roku 1971 a v roku 1979 sa
habilitoval na docenta. Nésledne viedol viacero tspeSnych domaécich,
ale i1 zahrani¢nych diplomantov. Pocas svojej pedagogickej praxe
vychoval nespocetné mnozstvo Studentov denného $tidia, organizoval
a predndsal v postgradudlnych kurzoch, domdcich i medzindrodnych
konferencidch. V pedagogickej, vedecko-vyskumnej, odbornej, pora-
denskej a expertiznej ¢innosti sa zameriaval najmi na oblast’ technold-
gif razenia a hlbenia tunelov, kde postupne ziskal povest vynikajiceho
odbornika zndmeho nielen doma, ale i v zahranici. Za kvalitnd peda-
gogicku ¢innost’' v roku 1990 bol oceneny zlatou medailou a v roku
2005 zlatou medailou Technickej univerzity, Fakulty BERG Kosice.

O jeho bohatej odbornej praxi sved¢ia dodnes pouZivané vysoko-
Skolské ucebnice, desiatky expertiz, posudkov a projektovych dloh,
ktorymi vyrazne ovplyvnil rozvoj a pokrok podzemného stavitelstva
na Slovensku.

On the twenty sixth February 2010, Doc. Ing. Koloman
V. Ratkovsky, CSc. will live to see an infrequent anniversary,
eighty years of age. He was born in Bratislava in 1930. He
graduated from the Faculty of Civil Engineering of the Slovak
Technical University (today the STU) in Bratislava, the
Department of Civil Engineering and Traffic Structures,
which became, after a short employment at the Track Division
of Slovak Railways (1954 — 1956), the lifelong place of work
for him. In 1956, he entered the Department of Traffic
Structures, a part of which was the Underground Structures
Section at that time. Later, already as an assistant professor, he
changed over to the Department of Geotechnics, where he
worked till his retirement in 1996. He got a Master Degree in
technical sciences in 1971 and habilitated himself as a senior
lecturer in 1979. During his teaching practice, he educated uncountable num-
bers of students and diplomates. Apart from full-time studies, he organised
and lectured at post-gradual courses and domestic and international confe-
rences. He focused his teaching, scientific-research, technical, consulting and
expert activities first of all on the field of tunnel construction techniques, both
mining and cut-and-cover, where he gradually established a reputation as an
excellent expert, well known not only at home but also abroad. For his qua-
lity teaching he was awarded the Golden Medal of the SVST (today the
Slovak Technical University in Bratislava) in 1990 and the Golden Medal of
the Technical University, Faculty BERG in Kosice in 2005.

The great wealth of his experience is proved by university textbooks,
which have been used till now, tens of advisory and expert opinions and
design tasks, through which he significantly influenced the development and

progress of the underground construction industry in Slovakia.




Aktivne sa ziucastnoval ¢i uz ako riesitel’ konkrétnych tloh, posud-
zovatel alebo expert prakticky pri vSetkych ddlezitejSich podzemnych
stavbdch, ktoré sa pripravovali a budovali na Slovensku v poslednych
desatrociach. Zndme je najmid jeho pdsobenie pri priprave bratislav-
ského metra a pri vystavbe komundlnych Stitovanych Stolni.
V poslednom obdobi bola velmi prospesnd jeho konzulta¢nd
a poradenskd ¢innost pri priprave a vystavbe prvych dialni¢nych tune-
lov na Slovensku.

Posobil ako poradca a odborny konzultant pre investorské organizd-
cie, stavebné firmy i Stdtne orgdny, ktoré vzdy radi vyuZivali jeho
odborné schopnosti, vedomosti i dlhoro¢né skisenosti z projektov
doma i v zahranici.

Zname st i jeho dlhoro¢né kontakty so zahrani¢nymi profesijnymi
organizdciami, ale osobné a i priatelské vztahy s mnohymi popredny-
mi odbornikmi z oblasti tunelového stavitelstva po celom svete. Tieto
kontakty vzdy vyuZival v prospech rozvoja tuneldrstva na Slovensku.
Zaslizil sa o prijatie Slovenskej tuneldrskej asocidcie za ndrodného
¢lena do ITA-AITES. Ako dlhoro¢ny funkciondr ITA-AITES bol
v roku 2004 vyznamenany medailou prezidenta ITA-AITES a v tom
istom roku bol prijaty za Cestného ¢lena STA ITA-AITES.

I ked jubilant sa uz ddvno mohol tefit zo zasliZeného odpocinku,
prakticky ani na chvilu po odchode do déchodku neprestal pracovat’
a ako poradca a konzultant stdl dalSie desatrocie pri priprave
a vystavbe tunelov na Slovensku.

Prajeme mu, aby mu jeho Zivotny eldn a jeho zdujem o dianie
v oblasti tunelového stavitelstva u nds i vo svete eSte dlho vydrzali
a k tomu mu prajeme mnoho zdravia, pohody a spokojnosti.

Komitét STA ITA-AITES

70 ROKOV ING. ALOJZA VODANSKEHO
ING. ALOJZ VODANSKY SEPTUAGENARIAN
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He actively participated, either as a resolver of concrete tasks, assessor or
an expert, virtually in all significant underground construction projects which
were prepared and implemented in Slovakia during the past decades. Well
known is first of all his collaboration on the planning for the Bratislava metro
and on construction of municipal shield-driven galleries. Recently his con-
sulting activities in the process of planning and construction of first motor-
way tunnels in Slovakia were very beneficial.

He acted as an adviser and expert consultant for investor organisations,
construction firms and state authorities, which were always happy to be able
to use his professional abilities, knowledge and long experience gathered in
domestic and foreign projects.

His long-term contacts with foreign professional organisations as well as
his personal and even friendly relationships with many prominent experts on
tunnel construction all over the world are also well known. He has always
used these contacts to the benefit of the development of the tunnel construc-
tion industry in Slovakia. He deserves credit for the admission of the Slovak
Tunnelling Association as a member nation to the ITA/AITES. As a long-
standing functionary of the ITA/AITES, he was awarded the ITA/AITES
President’s medal in 2004 and, in the same year, was adopted as an honorary
member of the STA ITA/AITES.

Despite the fact that Mr. Ratkovsky could have enjoyed the benefits of
well deserved resting for many years, he has not ceased working for a short
moment and has collaborated for other decades as an adviser and consultant
on planning and construction of tunnels in Slovakia.

We are wishing him to maintain his vitality and interest in events in the
field of underground construction in the Slovak Republic and abroad and to
further enjoy great health, comfort and satisfaction.

STA ITA/AITES Committee

Dna 27. septembra roku 2009 oslavil 70 rokov Zivota /=
Ing. Alojz Vodansky, ktorého mnohi kolegovia poznaji ako
projektanta — odbornika v oblasti podzemného stavitelstva.
Jeho Zivotné jubileum bolo doévodom ndsho priatelského
stretnutia a zdroven prileZitostou na rekapituldciu jeho dote-
rajSej projektovej ¢innosti za uplynulé roky.

Moje prvé osobné kontakty s jubilantom siahaji do 60.
rokov, ked ako $tudent navitevoval moje predn4sky z tunelov
a podzemnyich stavieb. V dalsich rokoch pokracovali stretnutia
pri odbornych konzulticidch, stretnutiach na odbornych tune-
larskych podujatiach, exkurzidch a tdto spoluprdca trvd praktic-
ky az doteraz. Toto dlhoro¢né vzdjomné poznanie ma opraviu-
je chronologicky pripomeniit’ jeho pracovni ¢innost’ Ing. Alojz  \

I\ On 27t September 2009, Ing. Aloiz Vodansky celebrated his
70th birthday. Many of his colleagues know him as a designer —
an expert in the field of underground construction. This anni-
versary was the reason for us to meet our friend and, on that
occasion, recapitulate the designing activities he was engaged in
during past years.

My first personal contacts with Mr. Vodansky date back to the
1960s, when he attended my lectures on tunnels and underground
structures as a student. In the following years, I met him further at
technical consultations, professional events organised by tunnel-
lers and excursions. This collaboration has endured practically till
now. This long-standing relationship entitles me to remind us in
) @ chronological way of his working activities. Ing. Alojz Vodansky

Vodansky navstevoval v roku 1954-1957 v Bratislave
Priemyselnt $kolu stavebnd, Specializdcia dopravné stavby. Po ukoncenf sta-
vebnej priemyslovky nastdpil v roku 1957 do projektovej organizécie Banské
projekty na oddelenie dopravnych stavieb. DalSie vzdelanie si doplnil dialko-
vym §tiidiom na Stavebnej fakulte SVST — odbor inZinierske konstrukcie,
ktoré ukoncil s vyznamenanim v roku 1967. Do prvych projektov sa zapdjal
v oddeleni dopravnych stavieb Banskych projektov Bratislava, neskorSie
v oddeleni bansko-stavebnom na projektoch razenych $tdlni, kolektorov,
tunelov apod. ako veduci oddelenia. PoCas svojej 50 ro¢nej projektantskej
Cinnosti spracoval znaéné mnozstvo projektov, z ktorych prevaznd Cast bola
realizovand. Touto cestou dospel k poznaniu a ziskaniu rozsiahlych skuse-
nosti z realizdcie podzemnych diel rézneho druhu.

Na zaciatok jeho vyznamnych prdc iste patri tic¢ast'na projekte prazské-
ho metra trasy C1 Budejovické nam. — Kacerov, ktoré spracovavali Banské
projekty Bratislava pre Metroprojekt Praha (1970-1972). R4d spomina na
spolupracu s Ing. Zidlickym, Ing. Bittnerom, Ing. Granom, Ing. Zavorom,
taktieZ aj s Ing. Machom (vystavba VD Zelivka) a s pracovnikmi VKD
Kladno.

Za najvyznamnejSiu podzemnu stavbu povazuje vystavbu vodnych pri-
vidzaZov precerpavacej elektrarne Cierny Vih, ktord mozno charakterizo-
vat’ ako zaciatok ndstupu NRTM a tuneldrstva na Slovensku. Celd stavba
bola velmi rozsiahlym a ndro¢nym projektom s novymi, progresivnymi
metddami razenia podzemnych objektov, obzvlast pri razeni Sikmych pri-
vadzacov, komunikacného tunela, reviznej $tdlne, Sikmého vytahu, krytu
CO a dalgich, realizovanych v rokoch 1976-1983. Neobvyklé technoldgie,
dovrchné razenie predrazok, striekany beton, doprava pancierového potru-
bia DN 3800 mm, betondZ potrubia aj s injektdZami boli v spoluprici
s odbornikmi z Banskych stavieb Prievidza zvladnuté vo vybornej kvalite,
¢omu nasvedCuje 36rocnd bezporuchovd prevddzka. Za tito prdcu
Ing. Vodanskému udelili Stitne vyznamenanie za vystavbu.

Najrozsiahlejsi projekt zabezpecoval ako hlavny inZinier projektu na
stavbu tunela Branisko. Zlozitd stavba prvého dialhicného tunela na

attended the Technical College in Bratislava in 1954 — 1957, majo-
ring in transport-related construction. After completing studies at
the technical college, he entered Banské Projekty designing office, a department of
transport-related structures. He complemented his education by distance learning
at the Faculty of Civil Engineering of the Slovak Technical University, graduating
with a first in 1967, majoring in civil engineering structures. He became involved
in his first designs in the department of transport-related structures of mining pro-
jects. Later he worked for the department of mine structures, on designs for mined
adits, utility tunnels, tunnels etc. in the position of the head of the department.
During the 50 years of his working as a designer, he carried out plenty of designs,
the majority of which was implemented. This fact significantly contributed to his
gathering of knowledge and experience in executing underground constructions.

At the beginning of his career, he participated in an important project, wor-
king on the design for the Prague metro, Line C 1 from Bud¢jovické Square to
Kacerov, which was carried out by Banské Projekty Bratislava for the main
designer, Metroprojekt Praha (1970 — 1972). He loves to remember the colla-
boration with Ing.Zidlicky, Ing. Bittner, Ing. Gran, Ing. Zavora, but also with
Ing. Micha (development of the Zelivka water scheme) and employees of VKD
Kladno, a mine construction company.

He considers the construction of penstocks for the (V:iemy Vih pumped sto-
rage scheme as the most important underground construction. It can be charac-
terised as the beginning of the NATM and tunnelling onset in Slovakia. The
entire construction was a very large and demanding project, using new, pro-
gressive methods of driving underground structures, above all inclined pen-
stocks, a communication tunnel, an inspection gallery, an inclined lift, a civil
defence shelter and others, which were carried out in 1976 — 1983.Uncommon
techniques, uphill pilot heading, sprayed concrete, transport of DN 3800mm
tubes and casting of a concrete surround of tubes with grouting were completed
in excellent quality in collaboration with professionals from Banské Stavby
Prievidza. The 36-year operation without failures is the proof of it. For this
work, Ing. Vodansky was awarded the Medal for Development.

The greatest design he ensured was for the Branisko motorway tunnel, where
he worked in the position of the chief designing engineer. The complicated
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Slovensku vyzadovala aplikdciu modernych metdd razenia a budovania
tunela, ale najmi jeho technologického vybavenia z hladiska bezpecnosti
dopravy a poziarnej ochrany.

Som rad, ze mdZem v mene kolegov z tunelarskeho kolektivu a v mene
svojom, mojmu byvalému Studentovi Ing. Alojzovi Vodanskému zazelat’do
dalgich rokov vela sil a pevného zdravia, ale aj chuti a entuziazmu do dal-
Sej prace. Tak ako ho pozndm, Zeldm mu, aby aj nadalej oplyval schopnos-
tou rozvahy a kludu pri rieSeni problémov, ktoré prindsa odborny, ale aj
bezny Zivot.

EMERITNY DOC. ING. KOLOMAN RATKOVSKY, CSc.

construction of the first motorway tunnel in Slovakia required modern excava-
tion and tunnel construction methods, above all tunnel equipment providing
safety of traffic and fire safety, to be applied.

I am happy that I can wish my former student Ing. Alojz Vodansky, on behalf
of all colleagues from the team of tunnellers and on my behalf, lot of strength
and sound health, but also desire and enthusiasm for further working, in the
years to come. As I know him, I wish him to keep his ability to maintain com-
posure and coolness when solving the problems which are brought about both
by professional and common life.

DOC. EMERITUS ING. KOLOMAN RATKOVSKY, CSc.

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

KROK ZAKONODARCE SPRAVNYM SMEREM

(zamysleni nad novelami zakona €. 183/2006 Sb.)
IMPORTANT CHANGE IN LEGISLATION IN THE CZECH REPUBLIC

The new Building Law No. 183/2006 Coll., which came into force on
1t January 2007, brought about serious problems for preparing underground
construction projects. All owners of land or other properties above an underg-
round structure being prepared became participants in the building permission
proceedings. In the case of the efforts to obtain the building permission for the
future about 24km long railway tunnel from Prague to Beroun, this decision
would have related to approximately 4000 owners. Under such the legal condi-
tion, implementing underground linear structures would have become absolute-
ly impossible because a single owner refusing to conclude respective agree-
ments was a sufficient obstacle for the building authority to issue the building
permit for the particular construction, because the builder would not be able to
submit all documents required by the Building Law.

For that reason, owners of underground construction projects accepted with
great relief two reviews of the Building Law No. 345/2009 Coll. and No.
379/2009 Coll., which have put the matter to a reasonable basis since the begin-
ning of 2010. The approved reviews ceased requiring the builder to submit
documents proving the expression of approvals of owners of the respective land
plots in the cases where neither the function nor the structure of the underground
workings to be implemented have no relationship with structures on the plot or
with the operation on the plot and which cannot in any other way affect the use
of the plot for the purpose the plot is intended for.

Na Novy rok 2010 a od 2. ledna 2010 vstoupily v t¢innost dvé novely sta-
vebniho zdkona €. 345/2009 Sb. a ¢. 379/2009 Shb. Tyto novely se bytostné
dotykaji podzemnich staveb, jejich piipravy a ndsledné realizace. Obsah téch-
to novel neni ve skutenosti nijak rozsdhly a paradoxné ani novy. Vraci se diky
nim do naseho pravniho fadu norma, jez byla v upravené podobé jeho soucdsti
30 let, od roku 1976 do konce roku 2006. I presto si ovSem troufame tvrdit, Ze
co se podzemnich staveb tykd, jde o krok spravnym smérem. Podstatou naSeho
tvrzeni se zabyva nasledujici ¢lanek.

Pravo byt vlastnikem pozemku nebo stavby na ném je jednim ze zakladnich
prév kazdého z nds a patif k zdkladnim kamenum soucasného spoleCenského
systému. Zatimco za feudalismu ¢i socialismu se za neomezeného vlastnika
pozemku povaZoval nanejvys panovnik nebo ,.pracujici lid“, soucasny demo-
kraticky pravni reZim nepreferuje vlastnictvi konkrétni skupiny osob pred vlast-
niky jinymi.

Ustavou zaru¢ené neomezené vlastnictvi je viak sou¢asné omezeno totoznym
neomezenym vlastnictvim naSich sousedd. Prévo se z tohoto divodu vZdy muse-
lo vyrovnévat s ur€itou schizofrenni situaci, kdy na jedné strané mélo za kol
nase neomezené vlastnictvi chrénit, a na druhé strané je muselo zdroven omezo-
vat jak v zdjmu ostatnich vlastnikd, tak i v zdjmu vefejném. Zdkonné omezent
vlastnictvi ke stavbdm a pozemkim ve vefejném zdjmu je uz od antického Rima
spjato predevsim s pravem stavebnim. UZ tehdy se jednalo napf. o povinnost
zachovdvat stanoveny prostor mezi jednotlivymi méstskymi stavbami,
o povinnost dodrZovat piipustnou vysku staveb, ctit pravidla pro bourdni domu
a mit povinnost udrzovat pozemky sousedici s vefejnou cestou nebo brehem
feky. Rozvoj prumyslu v 19. stoleti, ve ,,stoleti pary*, byl spojen s fadou dalsich
zdsahu do zdsad neomezenosti pozemkového vlastnictvi. Jednalo se zejména
o fadu zdkont, umoZiiujicich provoz a vystavbu verejné infrastruktury, zahrnuji-
ci v té dob¢ predevsim dopravu Zelezni¢ni, a to v&etné staveb podzemnich.

Vyjimku omezujici prava vlastniki nemovitosti obsahovala i pfedchozi préav-
ni dprava stavebniho zdkona uverejnénd ve Sbirce zakonu pod ¢islem 50/1976
Sb. Ustanoveni § 58 odst. 4 zahrnovalo specidlni Gpravu pro povolovani pod-
zemnich staveb. Oproti ostatnim stavbdm nemél stavebnik podzemni stavby
povinnost stavebnimu dfadu prokazovat vlastnické nebo jiné uZivaci pravo
k pozemkum a stavbdm, pod kterymi byla podzemni stavba provadéna. To zna-
menalo, Ze vlastnici pozemki nad podzemni{ stavbou nebyli povazovéni za

uCastniky stavebniho fizeni, a nikdo ani nevyZzadoval jejich souhlas
s provadénim stavby. Tuto dlevu v byrokracii bylo mozno pouZit vyluéné pro
podzemni stavby, které funkéné ani svou konstrukei nesouvisely se stavbami na
pozemku ani s provozem na ném, a které ani jinak nemohly mit vliv na vyuZiti
pozemku k tcelu, pro ktery byl ur¢en. Popsand tleva v prokazovani vlastnické-
ho prava byla vyuzivana predevsim stavebniky podzemnich liniovych staveb,
tedy tunelu silni¢nich, Zelezni¢nich, metra a kolektoru, tedy staveb provddénych
mimo povrch dotéenych pozemku.

PROBLEMY SOUVISEJICI S NOVYM STAVEBNIM ZAKONEM
€. 183/2006 SB. VE VZTAHU K PODZEMNIM STAVBAM

Od tcinnosti nového stavebniho zdkona ¢. 183/2006 Sb., tedy od pocdtku
ledna 2007 doslo ov§em k radikdlni zméné. Moderné pojaty stavebni zdkon spe-
cidlni Gpravu pro povolovani podzemnich staveb od svého predchtidce do svych
zdkonnych textd neprevzal. Nehledé na neprehlédnutelné odlisnosti podzem-
nich staveb novy stavebni zdkon postavil na jednu droven stavebniky staveb
podzemnich se stavebniky realizujicimi druhy staveb ostatnich. Stavebnikim
podzemnich staveb uloZil nové povinnost pripojit k Zadosti o stavebni povoleni
doklady k pozemkum a stavbdm na povrchu, do kterych jsou kolmo promitnu-
ty vnejsi lice svislych konstrukei podzemni stavby. Pi detailnéj$im pohledu na
véc se ovSem nova tprava ocitla v kli¢ovém konfliktu s pravidly racionality
spocivajici v tom, Ze vyddni stavebniho povoleni podminila souhlasem i od t€ch
vlastniku, jejichZ vlastnické préava nemohla byt podzemni stavbou nijak dotce-
na ¢i omezena.

Vznikla tim komicky absurdnf situace. Pravni tprava, jejiz hlavnim tcelem
méla byt modernizace, zrychleni a zjednoduSeni stavebniho fizeni, legalizaci
podzemnich staveb vrdtila nejméné o tii desitky let nazpét a navic ji vyraznym
zpusobem zkomplikovala. Nové dprava zdsadné uprednostnila ochranu vlast-
nictvi jednotlivce na tkor verejne prospésnych staveb podzemni infrastruktury.

Spravedlnost v pristupu zdkonoddrce ke viem vlastnikim pozemku souvise-
jicich s podzemni stavbou se paradoxné projevila v diskriminaci verejného
zdjmu. Vlastnici pozemku nachédzejicich se v prumétu nad tunelem, jehoZ
vystavba pro né zpravidla neznamenala Zddnd omezent, se dcastniky stavebni-
ho fizeni stdt museli, zatimco verejny zdjem napt. na zkvalitnéni dopravni infra-
struktury byl zcela opomenut.

Povinnost ziskévat vlastnickd nebo obdobn4 préva k témto pozemkim nad-
bytené zatéZovala jak stavebnika, tak i pfislusného vlastnika pozemku ¢i stav-
by. Dalsim vedlej$im G¢inkem, pravdépodobné nepredpoklddanym zdkonoddr-
ci, byla skutecnost, Ze tato situace dala do ruky osobam téelové zneuzivajicim
proces schvalovani verejné prospésnych staveb tcinny nastroj jak tento proces
paralyzovat a prodluzovat. Zv1asté v pripadech podzemnich staveb pripravova-
nych v méstskych aglomeracich, kdy kazdd budova v primétu nad tunelem
muZe mit v piipadé ¢inzovniho ¢i panelového domu i desitky spoluvlastniku, by
se realizace podzemnich staveb s ohledem na prirozeny prirustek ¢i ibytek oby-
vatel jakoZto jednotlivych spoluvlastniki de facto zastavila.

Puvodni dikei stavebniho zdkona &. 183/2006 Sb., pred d¢innosti shora uve-
denych novel ¢. 345/2009 Sb. a ¢. 379/2009 Sb. byla komplikovina jak pripra-
va pokracovdn{ trasy A prazského metra v tseku Dejvickd—Motol, tak i stavby
III. tranzitniho Zelezni¢niho koridoru, jejichZ spolufinancovdni je zajisténo
z Fondu soudrznosti Evropské unie (Operacni program Doprava). Jednalo se
o cca 4 km dlouhy tunel v dseku Rokycany—Plzen a cca 24 km dlouhy tunel
v tseku Praha-Smichov—Beroun.

Na konkrétnim prikladu pfipravovaného Zelezni¢niho tunelu Ejpovice nachd-
zejictho se mezi Plzni a Rokycany si ukdzeme, ze povinnost uloZenou novym
stavebnim zakonem v ustanoveni § 110 odst. 2 pism. a) zdkona ¢. 183/2006 Sb.
nebyl v podstaté stavebnik shora uvedeného Zelezni¢niho tunelu schopen




naplnit. A to uZ jen z toho divodu, Ze &4st vlastniki pozemku nachézejicich se
v pramétu nad tunelem vibec na vyzvy stavebnika uzaviit s nimi dvoustranny
smluvni vztah poZadovany novym stavebnim zdkonem vibec nereagovala, a to
ani na opakované vyzvy. Je nutné podotknout, Ze v pripadé Zelezni¢niho tunelu
Ejpovice, tedy podzemni stavby nedotéené méstskou zdstavbou, byl stavebnik
povinen odkoupit ¢i zridit vécné bremeno, ¢i jiné pravo zaloZené smlouvou u 132
pozemku, pod nimiZ by mél tunel vést, jeZ byly ve vlastnictvi 179 vlastniku.

V pripadé snahy o ziskéni stavebniho povoleni tunelu z Prahy do Berouna by
se tato situace tykala jiZz cca 4000 vlastniku. Za takového pravniho stavu by se
realizace uvedenych podzemnich liniovych staveb stala zcela nemoznou, nebot’
stacil i jeden vlastnik odmitajici uzavrit shora citované smlouvy a stavebni tirad
by stavebni povoleni pro konkrétni stavbu nevydal, nebot by stavebnik nedolo-
zil viechny dokumenty poZadované stavebnim zdkonem.

Dusledkem zachovéni predeslé pravni tpravy bylo riziko neudéleni staveb-
niho povolent, které by kromé pripadného nedokonCeni jiz shora citovaného III.
tranzitntho Zelezni¢niho koridoru vedlo rovnéz k nevyCerpani 60 mld. korun
z fondt Evropské unie, uréenych pro tyto stavby, a ddle k povinnosti vratit 20
mld. korun ziskanych pro zbyvajici stavby, nebot tento III. tranzitn{ Zelezni¢ni
koridor je pojimén z pohledu Evropské unie jako jeden celek.

NAPRAVA NEUNOSNEHO STAVU NOVELAMI STAVEBNIHO
ZAKONA C. 345/2009 SB. A C. 379/2009 SB.

Prijaté novely stavebniho zdkona pro pripad, kdy maji byt realizovany pod-
zemni stavby, jeZ funk¢né ani svou konstrukci nesouviseji se stavbami na
pozemku ani s provozem na ném a které ani jinak nemohou mit vliv na vyuZiti
pozemku k tcelu, pro ktery je tento pozemek urcen, upousti od povinnosti sta-
vebnika predklddat doklady prokazujici souhlasny projev vlastniku dotéenych
pozemku. Tento krok je oproti pravni dpravé obsaZené v predchozim stavebnim
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zdkoné €. 50/1976 Sb. omezen pouze na verejné prospésné stavby definované
ustanovenim § 2 pism. 1) stdvajictho stavebniho zdkona.

Nové znéni stavebniho zdkona také ddle omezuje mozné tcelové zneuZivani
zdkonného poZadavku ze strany vlastniku dotéenych pozemka s cilem ziskat na
stavebnikovi finanéni prospéch, atkoli omezeni ve sféfe svého vlastnického
prava provedenou stavbou nijak nepocitiiji. Piijatd novela vSak souc¢asné pone-
chdva vlastnikim uvedenych pozemku Gdastenstvi v izemnfm a stavebnim
fizeni a respektuje Gcel vyuZiti pozemku a chrani tak pripadné budouci vyuziti
pozemku k dcelim, ke kterym jsou ureny; nedochézi tedy k omezen{ prav
vlastnika t€chto pozemku.

Dal$im kladem nové prévni dpravy podzemnich staveb bude pozitivn{ dopad na
vefejné rozpolty, nebot’ dojde k rozsdhlému omezeni pozadavki na vykup nemovi-
tosti &i zfizovani vécnych bremen. Tato zména pravni tpravy je vitand
i podnikatelskymi subjekty zabyvajicimi se projekei ¢i realizaci podzemnich staveb.
ZAVER

Na zévér by bylo vhodné podékovat v§em, kteif se na prijeti shora uvedenych
novel stavebniho zdkona podileli, at’se jednalo o poslance a sendtory Parlamentu
Ceské republiky, pracovniky prislusnych ministerstev (Ministerstvo dopravy CR
a Ministerstvo pro mistni rozvoj CR) nebo o pracovniky odbornych spole¢nosti
zabyvajicich se projekci, inZenyringem ¢i realizaci podzemnich staveb.
V neposledni fadé je na misté podékovat vedoucfm pracovnikim Stavebni spré-
vy Plzen, organizacni jednotce Spravy Zelezni¢ni dopravni cesty, statni organi-
zace, kter{ podstatnou mérou prispéli k tomu, Ze nova pravni Giprava podzemnich
staveb byla piijata a stala se opét soucdsti pravniho fadu Ceské republiky.

Mgr. DAVID HRUSKA, david.hruska@metrostav.cz,
METROSTAV a.s., Divize 5

Mgr, PETR HOCKY, Stavebni sprdva Plzeri,
SPRAVA ZELEZNICNI DOPRAVNI CESTY, s. o.

VZPOMINKA NA ARCHITEKTONICKE RESENI JEDNE Z PRVNICH STANIC PRAZSKEHO METRA
REMINISCENCE OF THE ARCHITECTURAL DESIGN OF ONE OF THE FIRST STATIONS OF THE PRAGUE METRO

Prague’s residents could recently realise that 35 years have passed since the
first section of the Metro Line C was brought into service. In their contribution,
Ing. Arch. Jén Spidk (the author of the architectural design for Muzeum stati-
on) and RNDr. Radovan Chmelar, Ph.D., mention the design for stations on this
route and deal in a more detailed manner with the planning of Muzeum station,
which lies in the downtown, in the upper part of Wenceslas Square.

K neddvnému 35. vyroli otevreni 1. dseku trasy C prazského metra je vhod-
né si se Spetkou nostalgie pripomenout nékolik momentu ze zpracovdvéni archi-
tektonického feSeni prvnich stanic metra tak, jak na prelomu Sedesdtych
a sedmdesatych let 20. stoleti vznikaly.

Z prvnich stanic metra se detailnéji zminime o stanici Muzeum, kterd je nejen
svym umisténim na Vdclavském ndmésti jiz v Siroké verejnosti vzitou kulisou
kazdodenntho Zivota.

Projektovy tstav dopravnich a inZenyrskych staveb (PUDIS) byl tehdy auto-
rem Ctyf z celkového poctu deviti stanic 1. dseku trasy C prazského metra.
Kazda z nich m4 jiny charakter, jiné architektonické ztvarnéni. Jednak je to tedy
1. realizovana stanice metra Hlavni nadrazi, zakomponovand tésné pod drovn{
odbavovaci haly CSD ze 70. let. Déle pak prestupni stanice Muzeum, povrcho-
vd stanice VySehrad (diive Gottwaldova) — umisténd na jiznim konci
Nuselského mostu a samozrejmé i tehdejsi konecnd stanice trasy C stanice
Kacerov. Stanice VySehrad je stanici s prekrdsnymi panoramatickymi vyhledy
na centrum Prahy — jak z prosklenych stén stanice, tak i dvou vyhlidkovych
teras — atrif, které stanici obklopuji. Stanice Kacerov je zase stanici s objemnym
vestibulem (pojednanym jako odbavovaci hala) a pavilonem obchodni vybave-
nosti, které dohromady obepinaji pergoly nastupist’ autobusovych linek.

Obr. 1 Podélny rez stanici Muzeum na trase C
Fig. 1 Longitudinal section through Muzeum station on the Line C

Predevsim v 70. letech 20. stol. byla tato stanice termindlem s velmi silnym pre-
stupem na ndvaznou autobusovou dopravu do novych prazskych sidlist. Dalsi
stanice na 1. iseku trasy metra C projektovaly v té dobé SUDOP a Interprojekt.

Nutno konstatovat, Ze zkuSenosti s piipravou této mimoradné investice, jako
bylo v t€ dobé metro, byly minimalni. ,,Znali jsme z dostupné literatury prede-
v§im metra z mist byvalého SSSR, fada z nés projektantu tato mésta navstivila.
Dalsi inspiraci bylo videnské metro. I kdyZ se do zdpadnich zemi sloZité vyce-
stovavalo, presto se nékterym z nds podarilo systémy podzemnich drah
v zdpadoevropskych zemich poznat. Na naSich cestdch jsme navdzali fadu
odbornych kontakti, méli jsme pii prohlidce vzdy doprovod provozovatelt
mistniho metra véetné odborného vykladu. Navstivili jsme dodavatelské orga-
nizace (napr. spole¢nost Ziiblin) a dodavatele technologie spole¢nost Beck &
Henkel, tehdy zndmého dodavatele eskaldtorn.*

Architektonické navrhy prvnich realizovanych stanic metra se vyvijely spolu
s vyvojem koncepce praZského metra. Piivodni koncept prazské podpovrchové
tramvaje, jejiz generdlnim projektantem se v roce 1966 stal pravé pro ni vznik-
1y Projektovy tistav dopravnich a inZenyrskych staveb (PUDIS), se rozhodnu-
tim vlddy v srpnu 1967 vyrazné zménil v podzemni dréhu na principu metra.
Generdlnim projektantem metra se poté stal SUDOP.

Zména koncepce se podepsala i na prvnich stanicich metra. Zatimco stanice
Hlavn{ nddraz{ dodnes vypovidd o tom, jak vypadd jedna ze stanic podpovr-
chové tramvaje, u dals{ ze stanic, predevsim u prestupni stanice Muzeum, muse-
lo dojit k vyraznému prepracovani puvodnich projekta.

Architektonické feSeni stanice podpovrchové tramvaje Muzeum totiz vychd-
zelo z ptivodniho konceptu tzv. podpovrchové tramvaje (PTT) v&etné Groviio-
vého prestupu mezi jednotlivymi trasami. Pfi zméné koncepce doslo logicky
i ke zméndm stavebniho, dispozi¢niho i architektonického fesent této stanice.

Po zméné podzemni tramvaje na podzemni drdhu — metro byly prostory sta-
nice Muzeum umistény pod dne$ni kiizovatkou pred Narodnim muzeem.
Stanice Muzeum mad dnes tfi podzemni podlazi (obr. 1). Podlazi podpovrcho-
vého vestibulu (na svou dobu s rozsdhlou obchodni ¢asti) a Sesti vystupy do
méstské drovné, podlazi samotnych ndstupist a podlazi pomocnych prostord,
které zistava aZ na prestupni Césti cestujicim ukryto. Dispozi¢ni feSeni stanice
metra Muzeum je koncipované tak, Ze z trovné parteru nad prostorem stanice
(Véclavské ndmésti s objekty zejména Nérodniho muzea a objektu dalsich) je
vstup do vestibulové a podchodové ¢ésti stanice. Vestibul je prostorové propo-
z vestibulové Easti mohou vnimat provoz stanice véetné pifjezdu a odjezdu vla-
kovych souprav metra (obr. 2).

Povrchy stén interiéru, jak ndstupiste, tak vestibulové ¢dsti véetné vystupo-
vych chodeb se schodisti a eskaldtory, jsou z kamennych obkladu. Pokud jde
o barevné ladéni, jednd se o tony svétleSedé a tmavosedé na ndstupisti a ve ves-
tibulu, vystupové chodby maji povrchy bilé. Kamennd dlazba podlah je
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Obr. 2 Ndvrh interiéru stanice Muzeum — pohled z vestibulu stanice
Fig. 2 Muzeum station interior design — viewed from the station concourse

Obr. 3 Ndvrh interiéru stanice Muzeum — pohled z ndstupiste metra
Fig. 3 Muzeum station interior design — viewed from the metro platform

v neutraln{ barvé $edé. Barva hlinfkovych lamel podhledu se svitidly je Sed,
sloupy ve vestibulu maji povrch v barvé Cerné. Patky a hlavice sloupt a dalsf
konstrukéni prvky, které se pohledové uplatiuji, jsou obloZeny nerezovym ple-
chem. NavrZené neutrdlni barvy povrchl ddvaji vyniknout prvkim informa¢ni-
ho systému, dtleZitého zejména v podzemi pro pohyb a orientaci cestujicich. Na
bocnich sténdch ndstupist’s kamennym obkladem je navrZen ustupujici mozai-
kovy motiv v celé délce ndstupist’(obr. 3), respektujici ¢lenéni ustupujiciho stro-
pu. Takto pojednany prostor ndstupisté je pii vstupu z Grovné vestibulu vnimén
zminénou délici prosklenou sténou. Prostor vestibulu, jak jiZ bylo feceno, tak
piimo souvisi s rozsahlym néstupistém. Vedle navrzené obchodni vybavenosti
jsou ve vestibulu zakomponovany i vitriny vyuZivané pro propagaci sbirek bliz-
kého Ndrodntho muzea.

Milo zndmou skute¢nosti je, Ze ve vybraném prostoru pristupném z vestibulu
stanice byla navrzena a realizovdna tzv. reprezentacni mistnost, kterd slouzila
potiebdm tehdejSiho generdlniho feditele DP hl. m. Prahy pro jednani
a prijiméani odbornych ndvstév, nebot’ po zahdjeni provozu 1. dseku trasy C
metra se stala soucdsti ndvstévy hl. meésta i prohlidka tohoto nového systému
méstské hromadné dopravy. Hledala se moznost, jak tyto navstévy delegaci za
doprovodu predstavitelu mésta ,,ukoncit“ v odpovidajicich prostordch. Pro tyto
ucely byl vybran prostor pristupny z vestibulu stanice a vhodny pro dispozi¢n{
tpravu a zfizeni tehdy tzv. reprezentani mistnosti. Po dokonceni projektu
a nasledné realizaci rozsdhlych nékolikadroviiovych prostor stanice Muzeum
prisla tedy jaksi navic zajimava dloha doplnéni této stanice. V zaddni navrhu
reprezentacni mistnosti byly pozadavky univerzdlntho vyuziti adaptovaného

NASE STOPA V BARCELONE
CZECH TRACE IN BARCELONA

In 2009, Subterra, a. s., a Czech company, participated, in the form of
technical aid and site supervision, in the implementation of an interesting
tunnelling construction in Barcelona. The construction comprised undersea
driving of a cooling-water supply tunnel for Port Forum thermal power-sta-
tion, which is found in the premises of a municipal port. The tunnel was dri-
ven using the ISEKI Unclemole TCP 2845/3020 microtunnelling system for
the main contractor, the Spanish company Acciona.

V roce 2009 se Subterra, a. s., podilela formou technické pomoci
a stavebniho dozoru na realizaci velmi zajimavého raZeného dila v Barceloné.

Slo o podmorskou razbu chladictho vodniho tunelu pro tepelnou elekt-
rarnu Port Forum, nachézejici se v prostorach méstského pristavu. Razba se
provadela mikrotunelovacim systémem ISEKI Unclemole TCP 2845/3020
a hlavnim zhotovitelem stavby byla $panélskd firma Acciona.

Obr. 4 Reprezentacéni mistnost pristupnd z vestibulu stanice Muzeum
Fig. 4 Representation room accessible from the Muzeum station concourse

prostoru se zdzemim pro zasedéni, ptileZitostné stolovéni a usporddéni predna-
Sek s promitdnim. Névrh reprezentatnich prostor véetné fotodokumentace
(obr. 4) jeji realizace se dodnes zachovaly. Soucasti navrzeného interiéru byla
i sténa s kolekei olejomaleb tehdejsiho ndmestka primdtora J. Kilidna.

Toto je krétké pripomenuti jednoho z obdobi piiprav projektu a realizace prv-
nich stanic prazského metra. Od této doby uplynulo témér 40 let. Z dne$niho
pohledu se jevi prvni stanice metra na trase C jiz jako viedni, ale dodnes z nich
dychd atmosféra konce 60. let 20. stol. a pro vSechny, ktef se na nich podileli,
znamenaji zajimavou profesni etapu v jejich zivoté a préci, na kterou radi vzpo-
minajf. .

ING.ARCH. JAN SPICAK

(zpracovatel architektonického reSeni stanice Muzeum),
Jan.spicak@pudis.cz, PUDIS, a. s.,

RNDr. RADOVAN CHMELAR, Ph.D.,
radovan.chmelar@pudis.cz, PUDIS, a. s.

Na zékladé tfi prazkumnych vrta a granulometrickych zkousek se pred-
poklddala razba v piscich s 25% obsahem siltu. Pfedpoklddany max. tlak
spodni vody 1,6 bar. Cely profil razby véetné nadloZ{ se nachdzel ve vodo-
nosném horizontu s napjatou vodou. NadloZi razby bylo 13-4 m, niz§i hod-
noty nadloZi se tykaly razby v mofském dné. Skute¢nost jako vzdy byla
jind, dokonce se prochdzelo navdzkami, antropogennimi vrstvami Cili sme-
ti§tém, a to prosim v hloubce cca 13 m! Ale prevazoval Sedy pisek s urcité
veétsim podilem siltu nezli 30%, diky nasazeni centrifugy to ale pro stroj
nepredstavovalo problém.

Pavodni projektovand délka razby 503 m, tipadni razba, dklon min. 2 %.
Osa raZby, kterd byla ptivodné projektovdna kolmo na Head Wall, byla asi
0 5 stupfit zménéna. Tla¢né potrubi Zelezobeton OD 3000/ ID 2500, délka
3800 mm, vybaveno kloubovymi ocelovymi tchyty v betonovém plasti.
Tyto se zamazdvaly pii zatla¢eni vodotésnou maltou SIKA.




Obr. 1 Pohled do Sachty s mikrotunelovacim strojem ISEKI Unclemole CTP
Fig. 1 View down the shaft with ISEKI Unclemole CTP microtunnelling machine
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Pro razbu byl zvolen mikrotunelovaci stroj firmy ISEKI Unclemole
model TCP 2845/3020. Cislo 3020, které zna&i vn&jsi primér, neni origi-
ndlni oznadeni stroje, pld3t’byl opakované zvétSen pro potrubi vnéj§iho pru-
méru 3000 mm. Zpétné 1ze konstatovat, Ze typ byl zvolen spravné, pres ves-
keré problémy nedoslo k jeho zastaveni z diivodu totélniho ucpéni ¢i zava-
leni Celby a razbu ve zvodnélych piscich zvladal vyborné.

Zajimavosti barcelonského projektu bylo, Ze stroj nedojizdél do cilové
jamy, ale byl vytazen z morského dna.

Stroj vyrazil celkem 331 m s pramérnym postupem 6,5 m za den.
Vzhledem k tomu, Ze tla¢né sily uz v té dobé znacné prekracovaly projek-
tované hodnoty, bylo dohodnuto o zkrdceni tunelu, ktery ma slouzit
k chlazeni odtokovych vod z elektrdrny. S touto alternativou se od pocétku
tak trochu pocitalo, a i proto byla zvolena netradi¢ni koncepce ukonceni
razby v morském dne.

Projekt prinesl do Subterry, a. s., fadu zajimavych poznatku
o podzemnim stavitelstvi ve svété jak z pohledu technického, tak
i z pohledu organizace prace, pracovniho nasazeni, atp. Jednoznacnym
zévérem je, 7e se v CR za nase tunelové stavby urité nemusime stydét.

ING. KAREL FRANCZYK, Ph.D., SUBTERRA, a. s.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

OZNAMEN(
CRUSTAL ROCK STRESS

Ustav geoniky AV CR v Ostravé pofada ve dnech 13.~16. z4fi
vyukovy kurz Crustal rock stress (Napéti v zemské kure), ktery
se bude zabyvat problematikou napéti v horninovém masivu.

Hlavnimi zahrani¢nimi lektory jsou:

¢ Ove Stephansson (GFZ Potsdam, Némecko)

InZenyrska geologie a mechanika hornin se specializaci na
napéti v hornindch a jeho méfeni
¢ Arno Zang (GFZ Potsdam, Némecko)
Geofyzika se zaméfenim na mechaniku poruSovédni hornin
a stanoveni napéti jadrovych vzorku z hlubokych vrtl

¢ Yuzo Obara (University of Kumamoto, Japonsko)
Geotechnika zaméfend na napéti v hornindch a jeho mérent,
jakoz i vlastnosti hornin ovlivnéné jejich mikrostrukturou

Kurz bude veden v angli¢ting. Uastnici obdrzi knihu Stress Field of
the Earth’s Crust od Arno Zang a Ove Stephansson Springer Netherlands
(2010) ISBN 978-1-4020-8443-0 (Print) 978-1-4020-8444-7 (Online)
322 pp. a DVD s 17 video prednaskami.

Cena pfi zaplaceni do 15. 5. 2010 / pozdéji:

Studenti ... .. 280/330 eur
Pracovnici univerzit a védeckych instituci . . . . . 330/380 eur
Ostatni . ... .o 380/430 eur
Podrobnosti a prihldsky na http://www.ugn.cas.cz/link/crs10
Eva Dudkova

crs@ugn.cas.cz

ANNOUNCEMENT
CRUSTAL ROCK STRESS

The Institute of Geonics AS CR, v.v.i. in Ostrava will hold a training
course on Crustal Rock Stress on 13th through 16th September 2010.
The topic of the course comprises problems of stress in rock mass.

The following principal lecturers will be present:

* Ove Stephansson (GFZ Potsdam, Germany)

Engineering geology and rock mechanics, specialised in rock
stress and rock stress measurements

e Arno Zang (GFZ Potsdam, Germany)

Geophysics centred on the mechanics of rock failure and the
determination of stress on core samples from deep boreholes

* Yuzo Obara (University of Kumamoto, Japan)

Geotechnics centred on rock stress and rock stress measurements,
as well as properties of rocks affected by their microstructures

The course will be conducted in English. The attendees will receive
a book: “Stress Field of the Earth’s Crust” by Arno Zang and Ove
Stephansson, /Springer Netherlands (2010) ISBN 978-1-4020-8443-0
(Print) 978-1-4020-8444-7 (Online) 322 pp. and a DVD containing 17
video lectures.

The attendance fee, when paid not later than 15 May 2010 / later:

SUAENLS ... EUR 280/330
Employees of universities and scientific institutions ...EUR 330/380
OLhEIS ..ot EUR 380/430

Details and registration forms are available on web page
http://www.ugn.cas.cz/link/crs10
EvaDudkova, crs@ugn.cas.cz

Prazske geotechnickeé dny 2010

PofFadaji ARCADIS Geotechnika a. s. a €aS vybor M2zS
ve spolupraci s €GtS a s patronaci UTAM AV CR
v budové Akademie véd CR, Praha 1, Narodni tFida 3

PONDELI 24. KVETNA 2010 DOPOLEDNi PROGRAM
Oodborny seminai:

Pilotové zakladani staveb

Naplni seminare budou nasledujici témata:
- hové trendy v technologii pilotového zakladani
— pruzkum pro pilotové zakladani
— moderni metody zkouseni pilot
- priklady zakladani na pilotach
- vyuziti pilotovych zakladu pii sanaci staveb
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ODPOLEDNi PROGRAM

18. Prazska geotechnicka prednaska
The Piled Raft Foundation for the Burj Dubai - Design and Performance
Prof. Harry Poulos, Senior Principal, Coffey Geotechnics, Australia

Piredani ceny akademika Quido Zaruby pro mladé inzenyrské geology a geotechniky
Vystoupeni ocenéného geotechnika

UTERY 25. KVETNA 2010 DOPOLEDNi PROGRAM

Workshop: Rizika navrhovani a provadéni pilotovych zakladu

Uvodni prednaska:

Defects in Piles — Effects and Remedies
Prof. Harry Poulos, Senior Principal, Coffey Geotechnics, Australia

Témata workshopu:

— pfinos Eurokédu

- pristupy k navrhovani pilotovych zakladu
- priklady chybného zalozeni

Kontaktni adresa:
ARCADIS Geotechnika a. s., Ing. M. Frombergerova,

tel.: 234 654 101, fax: 234 654 102, e-mail: sekretariat@arcadisgt.cz, web: www.arcadisgt.cz

ARCADIS GEOTECHNIKA

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MESTSKY OKRUH MYSLBEKOVA-PELC-TYROLKA

TUNEL SPEJCHAR-PELC-TYROLKA (KRALOVSKA OBORA)

Razba STT a JTT probiha podle harmonogramu. Navzdory omeze-
ni praci vlivem zdkazu hlu¢nych operaci v no¢nich hodindch od 22.00
do 7.00 se podarilo 12. 1. 2010 slavnostné prorazit kalotu STT. Prace
na razbé kaloty JTT pokracuji v misté kiiZeni s propojovacim vétra-
cim kandlem SO 04, ktery bude raZen pod obéma tunelovymi trouba-
mi s nulovym nadloZim. Z tohoto dtivodu je pti razbé STT a JTT pro-
vadéno zesilené primdrni{ osténi tl. 450 mm se systémovym radidlnim
svornikovanim IBO R32 dl. 12 m, coZ md za ndsledek zpomaleni den-
nich vykonu. I pres tyto komplikace pri raZzbé bude termin prordzky
JTT 16. 2. 2010 dodrzen.

Soucasné jsou dokonfovany razby opéfi a dna obou tunelovych
trub a rozraZeny propojky TP B12 a 13.

V lednu 2010 byly zahdjeny prace na razbach vzduchotechnickych
objektu. K dne$nimu dni je vyrazeno 54 m kaloty dvoupruhového pro-
filu TGC 4 a zahdjeny prace na roz§ifeni na profil strojovny VZD
s plochou vyrubu kaloty 110 m?. Zaroven je vyraZeno 43 m kaloty
a opéfi propojovaciho vétraciho kanédlu SO 03.

V soubchu s razbami je provadéno definitivni osténi, k dneSnimu
dni je zabetonovdno celkem 1156 m spodni klenby (97 sekci)
a 1095 m horni klenby (92 sekci) JTT a 445m spodni klenby (37
sekci) STT.

TUNEL MYSLBEKOVA-PRASNY MOST (BRUSNICE)

Po Novém roce 9. 1. 2010 byla zahdjena razba JTT ze stavebni
jamy Myslbekova. S ohledem na podminky stavebniho povoleni
(povoleny maximdlni pokles o velikosti 60 mm) byla razba zahdjena
svislym ¢lenénim, které bude realizovdano minimdlné v délce 50 m,
poté (v pfipadé uspokojujicich geodetickych méfenich) bude zménén
zpusob pobirdni rovnéZz na horizontalni. V kazdém pripadé vsak bude
uzavren cely profil tunelu v prvnich 35 metrech od portdlu.

Razba STT zahdjena 9. 10. 2009 (az dosud vedena vyhradné hori-
zontaln€) mezitim vyrazné postoupila a na konci ledna bylo vyraZzeno
celkem 228,10 m. Geologické zatfidéni se pfitom pohybovalo stiida-
vé v kategoriich TT5a a TT4. Vzhledem k tomu, Ze smérem ke sta-
vebni jaimé Prasny most se bude geologicka skladba (s ohledem na
snizujici se skalni nadloZi tunelu) zhorSovat, je jen otdzkou Casu, kdy
bude horizontélni ¢lenéni prevedeno na ¢lenéni svislé.

THE CZECH REPUBLIC

MYSLBEKOVA-PELC-TYROLKA SECTION OF THE CITY
CIRCLE ROAD

THE SPEJCHAR — PELC-TYROLKA TUNNEL (KRALOVSKA OBORA)

The excavation of the NTT and STT has continued according the construction
schedule. Despite work restrictions resulting from a ban on noise generating ope-
rations during the night-time, from 10 p.m. to 7 a.m., tunnellers managed to cele-
brate the breakthrough of the NTT top heading on 12/01/2010. The work on the
STT top heading continues at the location where the tunnel is crossed by the ven-
tilation connection duct SO 04, which will be driven under both tunnel tubes, with
the overburden height equal to zero. For this reason, the NTT and STT excavati-
on is carried out using a primary lining with the thickness increased to 450mm
and a system of 12m long IBO R32 radial bolts. This cahge caused a reduction in
the daily advance rates. Despite these complications encountered during the exca-
vation work, the STT breakthrough deadline of 16/02/2010 will be met.

At the same time, the bench and bottom excavation is being finished at presc-
ribed distances in both tunnel tubes, and stubs of cross sections TP B12 and 13
have been excavated.

February 2010 saw the work on the excavation for ventilation structures to
commence. At present, 54m of the top heading of the TGC 4 service facility have
been completed and the work on enlarging of the profile to the ventilation plant
room (excavated cross-section of 110m?) started. At the same time, 43m of ven-
tilation duct SO 03 top heading and bench excavation have been completed.

The final lining is being erected concurrently with the excavation operations.
At present, the casting of 1,156m of the invert (97 blocks) and 1095m of the upper
vault (37 blocks) has been completed in the NTT.

MYSLBEKOVA - PRASNY MOST (BRUSNICE) TUNNEL

The excavation of the STT started from Myslbekova construction trench after
the New Year’s Day (09/01/2010). Taking into consideration the conditions of the
building permit (maximum permitted subsidence of 60mm), the excavation com-
menced using a side-drifts-and-central-pillar (the so-called vertical) sequence,
which will be applied to the minimum length of 50m. Then, if the survey results
are satisfactory, the excavation sequence will be switched to a top heading, bench
and invert system (the so-called horizontal sequence). In any case, the tunnel pro-
file will be completely closed along the initial 35m section behind the portal.

The NTT excavation started on 09/10/2009 (till now using solely the horizontal
sequence). Since then it has significantly advanced; as of the end of January, a total
length of 228.10m has been finished. The rock mass rating classes varied from
TT5a to TT4. Because of the fact that the geological conditions will worsen in the
direction of the Prasny Most construction trench (with respect to the diminishing



TUNEL STAVBY 514 SILNICN[HO OKRUHU KOLEM PRAHY

Provddéni stavebni &4sti tunelu se chyli ke konci. V obou tunelo-
vych rourdch je dokoncena cementobetonovd vozovka. Zbyva dokon-
&it rozplety trubnich fadu pred portély.

LetoSn{ zima stavbafum nepfeje, a proto se stéle jesté Cekd na lepsi
pocasi k dokon&eni nétéru vnitiniho lice osténi v soubéhu s montazi
technologie tunelu, k dokonceni vétraciho kominu strojovny vzdu-

chotechniky u Lochkova, tak i k dokon&eni zdsypu obou portalu.

TUNEL STAVBY 513 SILNICN[HO OKRUHU KOLEM PRAHY

VSechny hlavni prace na tunelu byly dokonceny a provadi se uz jen
drobné dokoncovaci tpravy. Soucasné bylo zahdjeno prejimaci fize-
ni a tunel bude hlavnim zhotovitelem (Skanska, a. s.) a pod-
zhotovitelem dualné stavebnich praci (Subterra, a. s.) pfedan investo-
rovi (RSD).

TUNELY VMO DOBROVSKEHO

Dal pokraCuji razby na obou tunelovych rourdch, kde je v dobé
uzdverky Eisla vyrazeno v kaloté 994 m (T II — Subterra, a. s), resp.
940 m (T I— OHL ZS). Na T I byla proraZena v predstihu pred kalo-
tou puvodni prizkumnd $tola B pro ziskdni pruchoziho vétrného
proudu, coZ usnadnuje ostatni pracovni operace. Soucasné bylo pro-
vedeno na obou rourdch bezmédla $est set metru definitivni protik-
lenby.

Zahajena byla uz i betonaz definitivniho osténi — na T I je vybeto-
novéano 280 metru, na T II vzhledem k pozdéjsimu zahdjeni necelych
dvé sté€ metru. Vyvoj poklesové kotliny na obou rourdch je zatim
v souladu s ocekdvanim projektu, ale vzhledem k existenci mnoha
citlivych povrchovych objektl se samozfejmé neustdle schézi rada
monitoringu a prubéZné vyhodnocuje vSechny vysledky méfeni.
V souladu s projektovym feSenim se také provadéji na T II v dseku
dlouhém 120 m mikropilotové destniky. Pujde celkem o 15 deStnika,
kde se v kazdém kroku instaluje 19 kusu mikropilot 16 m dlouhych.
V dobé uzdverky Eisla se realizoval destnik ¢islo 12, zbyvaji tedy jiz
jen tri.

TUNELY NA ZELEZNICNI TRATI PRAHA - CESKE
BUDEJOVICE, USEK - VOTICE-BENESOV U PRAHY

Na nejdel$im z péti tunelt v dseku, bezmadla kilometr dlouhém
Zahradnickém tunelu, byly v prosinci 2009 zahdjeny razici price
a v dobé uzdvérky ¢&isla ( 10. 2. 2010) bylo vyrazeno 64 m v kaloté
a 18 m v opéfi. Postupuje se klasicky pomoci NRTM s pouzitim trha-
ci prace, zatim ve tridé horniny IV. Prdce provadi Subterra, a. s.

Razby na Olbramovickém tunelu byly zahdjeny také v prosinci
2009 a k dne$nimu dni bylo vyrazeno 76 m v kaloté a 16 m v opéfi.
Prace opét provadi Subterra, a. s., pomoci vlastnich kapacit.

Prdce na zbyvajicich tfech tunelech dseku(véetné jednoho hloube-
ného) dosud nebyly zahdjeny. Byly vSak zahdjeny prace na hloubeni
tinikové 3achtice ze Zahradnického tunelu. Sachtice bude 26 m hlu-
bokd v pruméru 8 m. V soucasné dobé je provedeno zahloubeni do
8 m, a to s pouzitim trhacich praci, protoZe prace probihaji v pevnych
magmatickych hornindch. Jako doCasnd vyztuz se pouZzivd strikany
beton v kombinaci s ocelovymi svarenci.

ZELEZNICNi TUNEL JABLUNKOV €. 2

Po listopadové havirii, kdy doslo k zdvalu na tunelu &. 2 pri pro-
vddéni vylomu &ésti opeii a protiklenby, byl cely tento dsek zasypan
a oblast zdvalu byla timto stabilizovdna. V soucasné dobé se prova-
déji monitorovaci méfeni a pripravuje se nové projektové reSeni.
Z téchto divodu neni zatim moZné stanovit jakékoli dal3i nové ter-
miny platné pro dokonéeni dila, a to v€etné potrebnych souvisejicich
technickych parametra.

DALNICE D8 - 805 LOVOSICE-REHLOVICE

Po prekondn{ legislativnich pritahd, které branily zahdjen{ vystav-
by posledniho tunelu na dalnici D8 Lovosice-Rehlovice pies Ceské
stredohofi byla zahdjena stavba tunelu Radej¢in, kterd se realizuje na
zdklade dlouho ocekdvaného stavebniho povoleni. Dodavatel staveb-
nich praci Metrostav a. s. Divize 5 provadi odtéZeni a zajisténi hlou-
beného tiseku a déle razi tunel smérem od dsteckého portdlu. Na obou
téchto stavebnich objektech se prdce rozjely na plné obritky. Mimo
razbu jizniho tunelu bylo na zadtku prosince dokonceno odtéZen{
a zajisténi portdlové Casti severniho tunelu. Ndsledné pak byly zaha-
jeny razby na severni tunelové roufe.
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height of the overburden), it is only the matter of time when the horizontal sequ-
ence is switched to the vertical one.

THE TUNNEL IN CONSTRUCTION LOT 514
ON THE PRAGUE CITY RING ROAD

The civil works on the tunnel are drawing to an end. The concrete road pave-
ment has been finished in both tunnel tubes. The only civil work remaining to be
finished are pipelines in pre-portal sections.

The winter 2009-2010 is not too kind to builders. For that reason they are still
waiting for better weather before starting to finish the coating of the inner surfa-
ce of the lining (concurrently with installing the tunnel equipment), to complete
the stack from the ventilation plant at Lochkov, and finish backfills at both
portals.

THE TUNNEL IN CONSTRUCTION LOT 513
ON THE PRAGUE CITY RING ROAD

All main items of the work on the tunnel have been completed and only minor
finishing work is underway. At the same time, the handing over process has star-
ted and the tunnel will be handed over by the main contractor (Skanska, a.s.) and
the sub-contractor for the mine- construction work (Subterra, a.s.) to the employ-
er (the Road and Motorway Directorate of the Czech Republic).

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
ROAD IN BRNO

The excavation of both tunnel tubes has continued. As of this magazine issue
copy deadline, 994m and 940m of the top heading excavation have been finished
in the T II (Subterra, a.s.) and the T I (OHL ZS), respectively. The original explo-
ratory gallery B in the T I was extended in advance to provide a through-circula-
ting current of air, thus making the other operations easier. At the same time, near-
ly six hundred metres of the final invert were carried out in the two tunnels.

Even the casting of the final lining has started — 280 metres of the lining have
been finished in the T I, while less than 200m have been completed in the T II
(attributable to the later commencement). For the time being, the settlement
trough above both tubes is developing in compliance with the design predictions,
but, with respect to the existence of many sensitive surface structures, the
Monitoring Board keeps to hold its meetings and continually assess all measure-
ment results. As required by the design, canopy tube pre-support is being instal-
led in the T II, in a 120m long section. A total of 15 canopies will be installed,
each consisting of 19 pieces of 16m long micropiles. As this magazine issue went
to press, canopy No. 12 was being installed; only three canopies remain to be car-
ried out.

TUNNELS ON VOTICE — BENESOV U PRAHY SECTION
OF PRAGUE -CESKE BUDEJOVICE RAILWAY LINE

The excavation work started on the nearly a kilometre long Zahradnice tunnel,
which is the longest of the five tunnels in the section, in December 2009. As this
magazine issue went to press (10/02/2010), 64m of the top heading and 18m of
the bench were finished. The excavation procedure is traditional, using the
NATM and drill and blast, proceeding for the time being through class IV rock.
The excavation is carried out by Subterra, a.s.

The excavation of the Olbramovice tunnel also started in December 2009; 76m
of the top heading and 16m of the bench excavation have been finished to date.
The mining is again carried out by Subterra a.s., using its own capacities.

The work on the remaining three tunnels in the given track section (including
one cut-and-cover tunnel) have not started yet. But the sinking of a shaft provi-
ding escape from the Zahradnice tunnel have commenced. The shaft will be 26m
deep, with the diameter of 8m. To date, the pre-sinking of the shaft up to the depth
of 8m has been completed. The drill-and-blast has been used because the shaft is
being sunk through hard magmatic rock. The temporary excavation support con-
sists of shotcrete and welded steel frames.

JABLUNKOV NO.2 RAILWAY TUNNEL

After the collapse which happened in November 2009 in Tunnel No. 2 during
the excavation of a part of the bench and invert, the entire section in question was
backfilled with the aim of stabilising the collapse area. At the moment monitoring
measurements are being conducted and a new design in being prepared. For the
above-mentioned reasons it is still impossible to set any new deadlines or speci-
fy the required related technical parameters for the works completion.

D8 MOTORWAY — CONSTRUCTION LOT 805: LOVOSICE-REHLOVICE

Once the legislative delays which formed obstacles to commence the con-
struction of the last tunnel on the D8 motorway section between Lovosice and
Rehlovice, running across the Ceské Stredohoit (the Bohemian Central
Highlands), the construction of the Radej¢in tunnel started, on the basis of the
long-awaited building permit. Division 5 of Metrostav a.s, the contractor for civil
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Od zahdjeni razeb na zacétku zafi do konce ledna se pak podarilo
vyrazit na JTT 2094 m a na STT 139,9 m kaloty. Razba v obou tune-
lech probihd v tufech zvétralych az navétralych tf. R3-R5.
Technologicky je pak razba zatfidénd v tfiddch 5a a 4 NRTM. Pro
dokonéeni razeb chybi jesté vyrazit 545,7 m tunelu.

Na prazském portdlu tunelu Prackovice probihaji prdce na vystav-
bé Zelezobetonovych konstrukei hloubenych tuneld, kde jiz koncem
ledna byly dokonceny kompletni sekce hloubeného tunelu PTT.

I pres neprizen zimniho pocasi se dafi na téchto stavebnich objek-
tech drzet vytycené postupy, a tim i smluvni harmonogram praci.

KOLEKTOR VACLAVSKE NAMEST( — OPRAVA TRASY C

Oprava trasy C kolektoru Vidclavské ndmésti je dokoncena.
V poslednim c¢tvrtleti roku 2009 se pracovalo na montdZi ocelovych
konstrukci, vodovodnich fadech DN 500 a DN 200 a vzducho-
technice. Provddény byly také objekty osvétleni, silno- a slabo-
proudda zafizeni slouzici k zajisténi provozu v kolektoru.
Technologickd zafizeni byla podrobena komplexnim zkouskam,
vodovody pak zkouSkdm tlakovym. Ve spoluprici s budoucim uZi-
vatelem bylo podle jeho poZadavku provedeno i orientadni
a bezpeCnosti znaceni, a to tak, Ze trasa C kolektoru Vaclavské
nameésti mohla byt 3. 12. 2009 predana investorovi k uzivan{
v pozadovaném terminu a kvalité. K tomuto datu zmizely rovnéz
veskeré zabory, které se v souvislosti s opravou kolektoru na povr-
chu Viaclavského namésti objevovaly. VSechny plochy slouzici pro
ZS byly taktéZ uvedeny do puvodniho stavu.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAY a.s.,

ING. KAREL FRANCZYK, Ph.D., k.franczyk@subterra.cz,
SUBTERRA a. s

SLOVENSKA REPUBLIKA
TUNEL BORIK

V decembri 2009 pribudol na Slovensku k tunelom Branisko,
Horelica a Sitina $tvrty dialniény tunel pomenovany podla visku
Borik v tesnej blizkosti mesta Svit. Sldvnostné otvorenie tunela Borik
a jeho uvedenie do prevadzky sa uskuto¢nilo 5. decembra 2009. Tunel
dlzky 985 m s dvomi jednosmerne prevddzkovanymi tunelovymi
rirami sa zacal stavat v roku 2006 ako sicast Useku dialnice D1
Mengusovce—Jdnovce. Prevddzkovatelom tunela je Narodna dialni¢na
spolo¢nost’a. s. Zhotovitelom stavby bolo zdruzenie InZinierske stav-
by—Marti Contractors, pricom zhotovitelom stavebnej Casti tunela
bola Marti Contractors a zhotovitelom technologickej Casti tunela
PPA Controll a. s.

TUNEL POD HRADOM V BRATISLAVE

V  jesennych mesiacoch roku 2009 pokracovali prdce
v elektrickovom tuneli dlzky 792 m montdZou vodovodného potrubia
priemeru 800 mm v Zelezobeténovom kandli pod chodnikom.
V decembri a janudri prebiehala realizdcia kolajového spodku
a zvrsku, navrhnutého ako pevnd jazdnd drdha. V jarnych mesiacoch
by mali pokracovat' dokoncovacie stavebné prace a tieZ prace na tech-
nologickom vybaveni tunela. Predpoklad ukoncenia rekonstrukcie je
v mdji, takZe by tunel mohol byt otvoreny pre verejnost’ v letnych
mesiacoch. Investorom rekonStrukcie je Dopravny podnik Bratislava
a.s., zhotovitelom stavby je ZdruZenie pre elektricku pod hradom tvo-
rené firmami OHL ZS, a. s., Skanska BS a. s. a Trnavskd stavebnd
spolo¢nost’a. s.

TUNEL TURECKY VRCH

Po oficidlnom odovzdan{ staveniska prvého moderného Zelezni¢né-
ho tunela na Slovensku v septembri 2009 sa ndsledne rozbehli pri-
pravné prace. Razenie tunela dlzky 1775 m bude prebiehat’ od obid-
voch portdlov a pravdepodobne aj v strede cez tinikovu §télnu. Price
na budovani oboch portilovych predzdrezov sa zacali takmer sicasne.
0d juzného portalu budovala OHL ZS, a. s., zdrubnii stenu v skalnych
horninédch a zaistuje portal tunela v stazenych podmienkach, v tesnej
blizkosti hlavného Zelezniéného tahu Bratislava—Zilina. Od severu
Skanska BS a. s. realizovala zaistenie svahov portdlového zdrezu
v podmienkach spra$i lanovymi kotvami a mikropilotami. Samotné
razenie tunela bolo zapocaté v janudri 2010 zo severného portila,

works, is carrying out the excavation and installation of excavation support for the
cut-and-cover section of the tunnel and is driving the tunnel in the direction away
from the Usti nad Labem portal. The work on both structures is in full swing. In
addition to the excavation of the southern tunnel tube, the excavation and instal-
lation of excavation support was completed in the portal part of the northern tun-
nel tube at the beginning of December 2009. Then the excavation of the northern
tunnel tube started.

The contractor managed to drive 209.4m and 139.9m of the top heading of the
STT and NTT respectively, from the commencement of the driving at the begin-
ning of September 2009 to the end of January 2010. Both tunnels have been dri-
ven through weathered to slightly weathered tuffs, class R3-RS. In terms of the
NATM, the rock was categorised as excavation support classes 5a and 4. To com-
plete the driving, 545.7m of the tunnel remain to be excavated.

At the Prague portal of the Prackovice tunnel, the work is underway on the rein-
forced concrete structures of cut-and-cover tunnels; the RTT section of the cut-
and-cover tunnel was completely finished already at the beginning of January.

Despite inclement winter weather conditions, the builders have managed to
keep to the planned advance rates, thus the contractual schedule is also adhered to.

THE WENCESLAS SQUARE UTILITY TUNNEL - REPAIR TO C ROUTE

The repair to Route C of the Wenceslas Square has been completed. The last
quarter of 2009 saw the work on steel structures, water mains DN 500 and DN
200 and the ventilation system continue. In addition, the lighting, heavy current
and weak current facilities serving to ensure the utility tunnel operation were
installed. The tunnel equipment systems were subjected to comprehensive testing,
while the water mains were pressure tested. Guidance marking and safety signs
were installed in collaboration and in compliance with requirements of the future
user. As a result, it was possible to hand Route C of the Wenceslas Square Utility
Tunnel over to the client on time and in required quality on 03/12/2009. In addi-
tion, all pieces of land temporarily used on the surface of Wenceslas Square for
the utility tunnel repair were vacated. The areas used for the site facilities were
also reinstated.

ING. BORIS §EBESTA, sebesta@metrostav.cz, METROSTAYV a.s.,
ING. KAREL FRANCZYK, Ph.D., k.franczyk@subterra.cz,
SUBTERRA a. s.

THE SLOVAK REPUBLIC

THE BORIK TUNNEL

December 2009 saw the fourth motorway tunnel being added to the
Branisko, Horelica and Sitina tunnels existing in Slovakia. It was named
after Borik Hill, which is found in close vicinity of the town of Svit. The
Barik tunnel opening celebration and its commissioning took place on 5Sth
December 2009. The construction of the 985m long tunnel, comprising two
unidirectional tubes, started in 2006 as a part of the Mengusovce — Janovce
section of the D1 motorway. The tunnel is operated by Narodna dialhi¢na
spolo¢nost’a.s. The contractor was an InZinierske stavby — Marti Contractors
consortium, with Marti Contractors as the contractor for the civils part of the
tunnel and PPA Controll a.s. as the contractor for the tunnel equipment.

THE TUNNEL UNDER THE BRATISLAVA CASTLE

In the autumn 2009, the work continued in the 792m long tram tunnel by
installing an 800mm diameter water pipeline in a reinforced concrete duct,
under the pavement. December and January saw the installation of the track-
work and the trackway, which was designed as a solid runway. Finishing
construction work and work on the tunnel equipment is planned to continue
in the spring. The reconstruction work is assumed to be completed in May,
thus the tunnel could be opened to public traffic in summer 2010. The owner
of the project is Dopravny podnik Bratislava a.s. (a public transport compa-
ny), the contractor is the Consortium for Tram under the Castle, consisting
of OHL 78, a.s., Skanska BS a.s. and Trnavsk4 stavebnd spolo¢nost’a.s.

THE TURECKY HILL TUNNEL

After the official hand-over of the site to the contractor in September
2009, the preparation of the work on the first modern rail tunnel in Slovakia
got underway. The excavation of the 1775m long tunnel will proceed from
both portals, probably also from an intermediate point of attack at the tunnel
midpoint, accessible via an escape gallery. The work on both pre-portal con-
struction trenches commenced nearly simultaneously. From the southern
portal, OHL ZS a.s. constructed a soldier pile and lagging wall in hard rock
and is installing the tunnel portal support in conditions made more difficult
by the presence of the principal rail line Bratislava — Zilina, which runs in
close proximity of the site. From the north, Skanska BS a.s. completed the
installation of the support of slopes of the pre-portal trench, stabilising the
loess by means of cable anchors and micropiles. The excavation of the tun-
nel itself started from the northern portal in January 2010. The portal of the




vysunutim portdlu vychodnej boc¢nej §télne o cca 7 m. Dizka zdberu
v technologickej triede 5b2 je 0,8 m a prvych 15 m bo¢nej $tdlne je uz
vyrazenych a zaistenych primdrnym ostenim. Zaciatkom februdra
2010 bolo zapocaté aj razenie od juzného portdla pod mikropilotovym
ddzdnikom.

PPP PROJEKTY NA VYSTAVBU DIALNIC

Zmluva na vystavbu a 30ro¢nd prevadzku dialnice D1 v dseku
Hric¢ovské Podhradie—-Dubnd Skala (tzv. treti balik PPP) bola podpi-
sand dna 22. 1. 2010. Zmluva bola podpisana s konzorciom pod vede-
nim nemeckej spolo¢nosti Hochtief PPP Solutions GmbH, pri¢om
dali{mi ¢lenmi konzorcia sd rakiske spoloénosti Alpine Bau GmbH
a Western Carpathians Motorway Investors Company GmbH
a Spanielska spolo¢nost FCC Construccién S. A. V jarnych mesiacoch
by sa mali zacat pripravné prace, ktoré budu prebiehat este pred defi-
nitivnym finan¢nym uzatvorenim projektu. Stcastou dialni¢ného
useku dlzky 29 km st aj tunely Visnové (7,5 km), Ové&iarsko (2,3 km)
a Zilina (0,6 km).

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekz.sk,
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eastern sidewall drift was shifted about 7m out of the hill compared to the
design. The round length for the excavation support class 5b2 is 0.8m.
Initial 15 metres of the sidewall drift have been completed and provided
with a primary lining. The excavation from the southern portal started at the
beginning of February 2010, under the protection of a pre-support canopy.

PPP PROJECTS FOR THE DEVELOPMENT OF MOTORWAYS

The contract for the construction and 30-year operation of the D1 motor-
way section Hri¢ovské Podhradie — Dubnd Skala (the so-called Package
Three of the PPP) was signed on 22nd January 2010. The contract was
concluded with a consortium led by Germany-based Hochtief PPP
Solutions GmbH; the other members of the consortium comprising Austrian
companies of Alpine Bau GmbH and Western Carpathians Motorway
Investors Company GmbH, and a Spanish company of FCC Construccién
S.A. The preparation work is expected to commence in the spring, to conti-
nue until the financial issues of the project are definitely concluded. Parts of
the 29km long motorway section are the Visnové tunnel (7.5km), Ov&iarsko
(2.3km) and Zilina (0.6 km) tunnels.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekz.sk,
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PRIPRAVA KONFERENCE PODZEMNI STAVBY PRAHA 2010 VE FINISI
FINISHING PREPARATION OF THE UNDERGROUND CONSTRUCTIONS PRAGUE 2010 CONFERENCE

In the previous issue of TUNEL journal, we informed readers about the
successful progress of the preparation of the 11th International Conference
Underground Constructions Prague 2010, which will be held in Prague from
13th to 16th June 2010. We were delighted to be able to announce names of the
outstanding foreign experts who will deliver the initial Kynote Lectures and lec-
tures ordered for sections.

Today we can state that the Conference Proceedings and Programme will cer-
tainly be valuable and comprehensive. The same applies to the Technical
Exhibition and technical excursions, which will take place on Wednesday the
16th June 2010. Two of the excursions are focused on the currently largest tun-
nelling project being implemented in the Czech Republic, the Blanka complex
of tunnels on the (inner) City Circle Road in Prague. Owing to the accommo-
dating approach of Kolektory Praha a.s., attendees of the third excursion will
visit operating utility tunnels in the Prague downtown.

The registration of the conference attendees has also successfully proceeded
through web pages www.ita-aites.cz, where all required information on the con-
ference is available.

TUNELARSKE ODPOLEDNE 1/2010
TUNNELLERS’' AFTERNOON 1/2010

The first Tunnellers’ Afternoon event in 2010 was held on Wednesday
the 17th February 2010, with the interest of the Czech professional
tunnelling public focused on it. The event topic was designing and con-
structing utility tunnels in the centres of Prague and Ostrava. In the mor-
ning, an excursion took place to operating utility tunnels in the centre of
Prague, under the auspices of Kolektory Praha a.s.

Za vysokého zdjmu odborné tuneldiské verejnosti probéhlo ve stredu
17. dnora 2010 prvni Tuneldfské odpoledne v tomto roce. Jeho tématem
bylo projektovéni a vystavba kolektora v centru Prahy a Ostravy.
V dopolednich hodinéch se pro prihldsené ucastniky konala pod patrona-
ci akciové spolecnosti Kolektory Praha exkurze na provozované kolek-
tory v centru Prahy.

Vlastni jedndni Tuneldrského odpoledne zahdjil predseda CzTA ITA-
AITES Ing. Ivan Hrdina. Prubéh jedndni moderoval prof. Ing. Jii{ Bartdk,
DrSc. z katedry geotechniky Stavebni fakulty CVUT Praha.

Postupné byly pfedneseny nasledujici prednasky:

» Historie kolektorizace centra Prahy (Ing. Jan Vintera — Subterra a. s.)

We are looking forward to meeting you in Prague, June 2010!

V minulém &isle asopisu Tunel jsme informovali ¢tendfe o zdafilém postu-
pu pripravy 11. mezindrodni konference Podzemni stavby Praha 2010, kterd se
bude konat v Praze od 13. do 16. ¢ervna 2010. S potésenim jsme také uvedli,
kdo z vyznamnych zahrani¢nich odborniku prednese Gvodni Keynote Lectures
a vyzvané prednasky v sekcich.

Dnes muZeme konstatovat, Ze sbornik i program konference budou urcité
hodnotné a obsahlé. TotéZ se tykd i technické vystavy a odbornych exkurzi,
které probéhnou ve stiedu 16. Cervna 2010. Dvé z exkurzi jsou smefovany na
soulasnou nejvetsi tunelovou stavbu v Ceské republice — tunelovy komplex
Blanka na méstském okruhu. Utastnici tfeti exkurze navitivi diky vstiicnosti
akciové spolecnosti Kolektory Praha provozované kolektory v centru Prahy.

Zdatile také probihd registrace Gcastniku pres webové stranky
www.ita-aites.cz, kde Ize nalézt vSechny potfebné informace o konferenci.

Nashledanou v Praze v ervnu 2010!

» Ekonomika vystavby a provozu kolektortu na dzemi{ hl. m. Prahy
(Otakar Capek — generalni feditel Kolektory Praha, a. s.)

* Podzemni kolektory v centru Prahy — od ndvrhu k realizaci (Ing. Jan

Sochurek, Ing. FrantiSek Dvordk — Ingutis, s. 1. 0.)

ZkuSenosti z vystavby kolektora C.IA — Vodickova z pohledu pro-

jektanta; Priprava vystavby kolektoru Revolu¢ni (Ing. Jifi Svoboda

— Pragoprojekt Praha, a. s.)

Vystavba hlubinného kolektoru Centrum I (Jifi Kraji¢ek — Subterra

a.s.)

Redukce deformaci povrchové zastavby pri vystavbé kolektoru

C.JA - Vodickova (prof. Ing. Jifi Bartdk, DrSc. — Stavebni fakulta

CVUT Praha)

Vystavba kolektoru C — Viéclavské ndmésti (Ing. Vladimir Salus —

Metrostav a. s.)

ZkuSenosti z vystavby kolektori v Ostravé (Ing. Karel Franczyk,

Ph.D. — Subterra a. s.)

ING. MILOSLAV NOVOTNY, sekretdi CzTA ITA-AITES



