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Vazeni kolegové, ¢tenafii naseho ¢asopisu,

jsem velice rdd, Ze jsem dostal poprvé moznost na strankdch tohoto asopisu kratce oslo-
vit odbornou verejnost. Chtél bych se dotknout tyr témat, o kterych si myslim, Ze stoji za
zminku.

V prvni fadé bych chtél pripomenout ¢dst z historie firmy Ingstav Brno. Myslim si, Ze je
docela spravné, pravé na tomto f6ru, pripomenout nékteré skute¢nosti z historie firmy. Jest-
li se n&jaka spolecnost v CR miiZe povazovat za prikopnika bezvykopovych technologii, tak
je to prave Ingstav Brno, a to bez jakékoli zbytecné adorace diivéjsich budovatelskych dspe-
chu. U firmy Ingstav Bmno, n. p., a pozdéji u zdvodu specializovanych praci ¢. 16, nebyly
tuneldrské, resp. bezvykopové technologie pouhou dopliikovou technologif, ale nosnou ¢dsti
vyrobniho programu spojenou i s intenzivnim technickym vyvojem. Rozvoj technologie Sti-
tovdni a protlacovani byl po celou dobu nedilnou soucdsti technické politiky Ingstavu. Tech-
nologie Stitovani a protlatovdni byla rozvinuta v nejriznéjsich modifikacich, nejenom
teoreticky, ale s Sirokym uplatnénim pri vystavbé kanalizalnich sbéract & vodovodnich
nebo teplovodnich kolektort.

Ingstav Brno se ve svém vyrobnim programu vzdy pohyboval na rozhrani mezi techno-
logiemi nyni oznatovanymi jako mikrotunelovéni, reprezentované dnesni Ceskou spolec-
nosti pro bezvykopové technologie, a klasickymi tuneldfskymi technologiemi pod zdstitou
Ceského tuneldiského komitétu. A do dnesnf doby jsem rd, Ze vliv ITA/AITES jednoznaé-
né prevazoval. V soucasné dobé, po jisté diskontinuit¢ v historii firmy, je Ingstav Brno
pevnou soucdsti nejvetsi ryze Ceské stavebni spole¢nosti TCHAS.

Druhé téma mé napadlo pii psan kapitoly o historii §titovani v ¢lanku, ktery je uveden
v tomto Cisle Casopisu. Prili§ Casto jsem se zminoval o existenci nékdejsiho védeckovy-
zkumného zévodu pri retrospektivé tuneldrskych technologii byvalého Ingstavu. Jak bylo
kdysi snadné pfi nabidkovych f{zenich snizovat ceny s odiivodnénim, Ze platné centky URS
jsou historicky od dob vystavby metra siln¢ nadsazené. Zacitkem devadesitych let firmy
dosahovaly solidnich zisku, které ve valné mife nebyly reinvestovany, a naopak koncem
devadesdtych let nebyl problém v rdmci vefejnych obchodnich soutézi vyhravat zakazky
s koeficientem 0,65 ceny dle URS. Pfi pohledu na dnesni troveii strojniho vybavent staveb-
nich firem jsou vysledky této cenové politiky tristni. O moZnosti zdokonalovat strojni
vybaveni vlastnimi kapacitami nelze uZ vibec mluvit. Doposud je mi zdhadou, Ze ke
stejnym situacim ohledné t¢elového podhodnoceni ceny zakazek dochdzi i v techto, pro
stavebni vyrobu, mimoradné priznivych letech.

Ve tietf &sti tvodniho slova bych chtél vyzvat, aby firmy sdruzené v Ceském tuneldi-
ském komitétu dokdzaly, i pres nekdy ostry konkuren¢ni boj, spolu dobfe komunikovat
a spolecné se snazily vytvdret prostor, aby se na stolech projektantd rodily projekty vyuZi-
vajici v co nejvetsi mife nasich bezvykopovych a tuneldfskych technologii. Protoze, nede-
lejme si iluze, lobby firem vyuzivajicich klasické metody vystavby je velice silnd a snazi se
podil naSich specializovanych praci v projektech minimalizovat. Divodem je samoziejmé
ziskani lepsich vychozich pozic pfi ziskdvéni vefejnych zakdzek spolu s tvrzenimi, Ze tune-
ly a Stoly cenu dila jenom prodrazujf. Nasf spolenou povinnostf je nabizet investorim tako-
vé technickd a technologickd feSent, kterd vyvrat tato tvrzeni a pomohou piivadét na svét
dalsi projekty vyuZivajici nase spole¢né technologie. Je ziejmé, Ze se jednd o nikdy nekon-
Cici proces, ktery nikdy nebude mit kone¢ného vitéze. Dile bych chtél vyzvat nase firmy
k vetsi velkorysosti pfi vlastnim dspéchu v obchodnich soutézich a k tomu, aby nenaplio-
valy fimské tslovi ,,béda poraZenym™ a nesnazily se zaddvat piipadné subdoddvky za poni-
Zujicich podminek. Snaha o ,,zadupén{ konkurence do zemé* je negativnf a ve svém dusled-
ku kontraproduktivni ¢innost a Casem se vraci ve chvili, kdy to nejméné ekdme.

Nechtél bych, aby vyse uvedend slova svadéla k dojmu, Ze autor Gvodniku md nad hla-
vou svatozdr a moralizuje vici svému okoli. Naopak, sém se Casto na podobnych situacich
podili. Nicméné mé za to, Ze to neni cesta spravnym smérem. RovnéZ je tfeba chdpat nékte-
1é vyslovené ndzory jako pohled z dhlu stavebni firmy stfedni velikosti.

V zdvére¢ném Ctvrtém tématu bych chtél vzpomenout na svoje Clenstvi v redakéni radé
tohoto Casopisu. V roce 1994, kdy jsem mél moznost se do jejich fad dostat, jsem byl bez-
konkurencné jejim nejmlad$im Clenem. A mezi ty mlads patiim i naddle. S odstupem Casu
si povazuji za velkou Cest, Ze jsem mél moznost s byvalymi i nynéjsimi ¢leny redakéni rady
tohoto Casopisu spolupracovat. Pravidelné setkdvani s mymi kolegy mé velmi obohatilo
nejenom po technické a odborné strance, ale i po strance lidské. A za to bych jim vem chtél
co nejuprimnéji podekovat.

I
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Dear colleagues and readers of our magazine,

I am very glad that for the first time I have been given the opportunity to briefly address the
professional community by means of this magazine. I would like to discuss four topics which
I believe are worth mentioning.

First of all I have several remarks about parts of the history of Ingstav Brno. I think this is
a quite appropriate platform to reminisce some facts about the company history. If there is some
company in the Czech Republic that can be considered a pioneer in trenchless technologies, then
it is definitely Ingstav Brno, and that is meant without needless adoration of former construction
accomplishments. For Ingstav Brno n.p. (public corporation) and later Division of Specialized
Works no. 16, tunnelling or trenchless technologies were no mere supplement, but rather a main
part of the production program, including intense research and development. Promotion of the
shield tunnelling and pipe jacking technologies was all throughout the time an integral part of the
technical policy of Ingstav. The technologies of shield tunnelling and pipe jacking were developed
in various modifications, not only theoretically, but also with a wide range of applications during
constructions of sewer or water and hot-water collectors.

Ingstav Brno with its production program always balanced between the technologies now
referred to as “microtunnelling”, represented by the existing “Czech association for trenchless
technologies”, and conventional tunnelling technologies under patronage of the “Czech Tunnelling
Committee”. I am glad that the influence of ITA/AITES considerably dominates until present day.
Currently, following a certain period of discontinuity in the company history, Ingstav Brno is
a solid integral part of the largest genuinely Czech construction company TCHAS.

I stumbled upon the second topic when writing the chapter on shield driving in the article
published in this issue. Far too often did I mention the existence of the former research and deve-
lopment division when recollecting the tunnelling technologies of former Ingstav. How simple it
used to be to lower the public tender prices with reasoning that existing tariffs developed by the
URS are highly overpriced ever since the subway was being constructed. By the beginning of the
nineties, companies reaped solid profits, which have been mainly not reinvested. By the end of the
nineties, it was not uncommon to win a public tender with a price coefficient of 0.65 of the URS
tender price. Considering the existing level of mechanical equipment of construction companies,
the results of such pricing policy proved quite poor. Possibility to upgrade mechanical equipment
using own capacities is virtually out of question. I consider it rather a mystery that the same plight
of intentionally undervalued tender prices occurs even in these years, which are extraordinarily
favorable for the construction industry.

In the third part of this foreword, I would like to call upon the companies associated in the
Czech Tunnelling Committee to learn to communicate properly, despite fierce competition, and
thus to create an environment for new projects to be designed that would make as much use of our
trenchless and tunnelling technologies as possible. Let us not resort to wishful thinking; there is
a strong lobby for the companies using conventional methods of construction, which strives to
minimize the role of our specialized works in projects. The simple reason is obviously to gain bet-
ter starting positions when competing for public tenders along with the statement that tunnels and
galleries only increase the cost of works. It is our common duty to offer the investors such techni-
cal and technological solutions that would refute such statements and help to spawn more projects
applying our common technologies. This is obviously a never-ending process that will not have its
ultimate winner. I would further like to call upon our companies to show greater generosity in their
public tender successes and not to fulfill to old Roman idiom “no mercy for losers” by issuing
eventual subcontracts under very degrading conditions. The attempt to “totally squash competiti-
on” is a negative and in the end counterproductive activity that ultimate strikes back when we
expect it the least.

I would not like these words to give an impression that the author of this foreword has a patent
for truth and moralizes his peers. Quite the contrary, he himself often takes part in these affairs.
Nonetheless, he feels this is not the right way to do it. At the same time, it is important to view
some of those opinions expressed in the context of a middle-sized construction company.

In the final fourth topic I would like to remember my membership in the editorial board of this
magazine. In 1994, when I became its member, I was by far its youngest one. And that I am still.
In the course of time I consider it a great honor to be able to cooperate with both former and
current members of this magazine’s editorial board. Regular meetings with my colleagues have
enriched me not only as a professional, but also a person. And for that I would most sincerely like
to thank all of them.

i
Ing. lgor Fryc
generalni feditel Ingstav Brno, a. s.
General Manager of Ingstav Brno, a. s.




Toel

14. rocnik - €. 2/2005

TECHNOLOGIE STITOVANI POMOCI PLNE
MECHANIZOVANEHO STITU TAUBER

SHIELD DRIVING TECHNOLOGY USING
THE TAUBER TUNNEL DIGGING MACHINE

IGOR FRYC

HISTORIE TECHNOLOGIE STITOVANI
U SPOLECNOSTI INGSTAV BRNO

Dlouhodobad i kratkodobd historie firmy Ingstav Brno byla nedil-
né spjata s rozvojem specidlnich technologii, které se v dnes$ni dobé
skryvaji pod vSeobjimajicim ndzvem ,,bezvykopové technologie®.
Pojem mikrotunelovani byl pred 15 lety jesté zcela neznamy. Spekt-
rum provadénych bezvykopovych praci bylo velmi §iroké a zahrno-
valo klasické Stolovani, protlatovéni a novéji pak horizontéln{ fize-
né vrtani. Jednozna¢né nejvyznamnéj$i misto v nabidce Ingstavu
vSak predstavovalo §titovdni, které tvorilo nosny vyrobni program
a masivné se vyuZzivalo na stavbdch zejména na Moravé a na Slo-
vensku.

Prvnim impulzem pro rozvoj bezvykopovych technologii bylo
importovani dvou razicich §titd profilu DN 2000 mm z byvalého
SSSR, a to v roce 1962. Byla to ideové jednoduchd zafizeni prostd
veSkeré mechanizace s vyjimkou tlaénych agregati (pistnic) po
obvodu $titu. Obezdivka sestdvala z malych Sestibokych tvdrnic
z prostého betonu s velkym mnozZstvim spdr. Tehdy vznikaly prvn{
manudly (technologické predpisy) pro razbu nemechanizovanymi
razicimi $tity. PfestoZe se pro tyto $tity nabizelo hojné vyuZiti, brzy
se ukdzalo, Ze kvalitativné nespliovaly pozadavky budoucich uZzi-
vateld. Casem se zpiisnily poZadavky na vodotésnost 3tol, a proto
bylo v letech 1974 — 1976 v rdmci byvalého VVZ Ingstavu Brno
vyvinuto nové osténi ze Zelezobetonovych segmentu. Jednalo se
o konické segmenty (6 ks na jeden prstenec), které byly vybaveny
spojem na péro a polodrazku. Stity byly tehdy dile vybaveny nové
vyvinutymi erektory, klade¢skymi voziky ¢i hydraulickym sklop-
nym paZenim Celby.

Vyvoj pokracoval i v osmdesdtych letech, kdy vznikaly prvni
razici §titovaci komplexy (RSK) v profilech DN 2560 a 3050 mm.
Zapocalo se i s vyvojem §titu profilu DN 3600 mm. RSK jiZ byly
vybaveny pdkovymi erektory, t€Zebnimi zafizenimi v Celb€, hydro-
generétory ve $tité, transportéry rubaniny z gumovych pdsu. Vodo-
rovnd doprava byla feSena akulokomotivami. Produktivita prace se
razantné zvySovala a nové vybavené Stity dosahovaly mési¢nich
vykont v rozmezi 100 — 120 bm na rozdil od starych nemechanizo-
vanych typu, kde se prumérny vykon pohyboval kolem 50 — 60 bm
mesicné.

Naopak netispéchem skoncil pokus o vyvoj frézy na vylozniku
pro rozpojovani skalnich hornin vys§§ich tfid téZitelnosti.

Pozitivnim kvalitativnim vyvojem prosla rovnéZ dprava definitiv-
niho osténi, resp. sekundarniho osténi kanaliza¢niho sbérace pomo-
ci keramickych a sklolamindtovych segmentu.

V roce 1986 jiz Ingstav disponoval 29 ks razicich $titu, které
v pruméru rok co rok vyrazily 6,5 km $tol po celém tzemf tehdejsi-
ho Ceskoslovenska.

U byvalého zdvodu specializovanych praci ¢. 16, pozdéjsiho nosi-
tele ndzvu Ingstav Brno (v rdmci delimitace z roku 1991), byly také
rozvijeny technologie protlacovani Zelezobetonovych trub v profi-
lech DN 1200, 1700 a 2200 mm, rovnéZ vyvinuté a postupné zdo-
konalované byvalym védeckovyzkumnym zdvodem (VVZ). Pro
protlaky byly vyvinuty fiditelné predstitky, které umoznovaly rela-
tivné presné provadét protlaky na vzdélenost 60 m.

Novitorsky byla zkombinovéana technologie protlacovani a Stitovd-
ni, kdy upraveny razici §tit nahradil klasicky predstitek a zabezpe¢il

HISTORY OF THE SHIELD DRIVING TECHNOLOGY
IN INGSTAV BRNO

The long-term and short-term history of the company Ingstav
Brno has been inseparably connected with the development of the
special technologies that are today covered by a common term
“trenchless technologies”. The term “microtunnelling” was totally
unknown 15 years ago. The variety of the trenchless work was very
wide. It comprised conventional tunnel driving, jacking and later
also horizontal directional drilling. Regarding Ingstav’s offer, the
most important technology was shield driving. It formed the main
programme, and was widely utilised, primarily on construction sites
in Moravia and Slovakia.

The first impulse for the development of trenchless technologies
was the import of two driving shields DN 2000 mm from the USSR
in 1962. This equipment was very simple, without any mechanisati-
on excepting hydraulic thrust cylinders around the circumference of
the shield. The tunnel lining consisted of small hexagonal blocks
made of unreinforced concrete, with lots of joints. This was the time
when the first manuals (specifications) for excavation with non-
mechanised shields originated. Despite the fact that opportunities to
utilise those shields were abundant, it was soon proven that they did
not meet qualitative requirements of the future users. In the course
of time requirements for watertight properties of tunnels became
more stringent; therefore a new lining system consisting of reinfor-
ced concrete segments was developed in the former VVZ Ingstav
Brno (scientific research) plant. The segments were conical (6 pie-
ces in one ring), with tongue and half-groove joints. The shields
were equipped with newly developed segment erectors, installation
cars or hydraulic collapsible face sheeting.

The development continued also in the eighties, when the first
driving shield complexes (DSCs) originated, with profiles DN 2560
and 3050 mm. Also the development of a DN 3600 mm DSC star-
ted. The DSCs were already equipped with lever-type erectors,
excavation mechanisms at the face, hydrogenerators in the shield,
and rubber belt conveyors. Horizontal transportation was solved by
battery-operated locomotives. Work productivity increased signifi-
cantly, and the newly equipped shields reached monthly advances
within 100 — 120 m, as opposed to the old non-mechanised types
with an average advance rate varyiing from 50 to 60 m per month.

On the other hand, an attempt to develop a cutter boom machine
for breaking rock of higher excavation classes failed.

Another instance of the positive qualitative development was the
final lining of sewers with ceramic and glassfibre reinforced plastic
segments.

In 1986, Ingstav already owned 29 driving shields, which perfor-
med in average an excavation of 6.5 km of tunnels in the then
Czechoslovakia every year.

The former specialised operations plant No. 16, later called Ing-
stav Brno (in the framework of a delimitation in 1991), also develo-
ped technologies for the jacking of reinforced concrete pipes with
profiles DN 1200, 1700 and 2200 mm, which were also developed
and gradually improved by the former scientific-research plant
(VVZ). Steerable pre-shields were developed for the pipe jacking
purposes, which allowed relatively precise jacking up to a distance
of 60 m.
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lepsi fizeni protlaku. Délky protlatovanych dsekd se zvySily na
100 bm. V pripadé, Ze jiz nebylo mozné pokracovat v protlacovéni,
mohl razici §tit pokracovat za pomoci segmentového osténi. Posledni
razici §tit RSK byl vyroben v roce 1992.

BohuZel vlivem delimitaci a privatizace doslo k zéniku jiz dfive
zminovaného védecko-vyzkumného zdvodu, a tim k zastaven{ jaké-
hokoliv dal§iho vyvoje. To zpusobilo problémy v aplikaci novych
technologii a projevilo se stagnaci technologie Stitovani, kterd tak
prestala splnovat soucasnd prisnd kritéria na jakost vyroby.

SOUDOBE POSTAVENI STITOVANI
U SPOLECNOSTI INGSTAV BRNO

Po politovanihodné odmlce v historii firmy se snaZi v soucasné
dobé Ingstav Brno, jako souldst nejvétsi ryze Ceské stavebni spo-
le¢nosti TCHAS, na pfede§1é pasobeni a tradici technologie $titova-
ni navdzat.

MozZnost vlastniho vyvoje razicich nebo mikrotuneldznich zafize-
ni se stala uzavienou kapitolou. Spolenost nedisponuje takovymi
zdroji, aby si mohla dovolit nastartovat vznik samostatného vyvojo-
vého oddé€leni. Navic névratnost takto vynaloZenych prostiedku
nemuZe byt nijak zaru¢ena a vysledek vyvoje by mohl byt diskuta-
bilni vzhledem k nedostatku kvalifikovanych a znalych strojnich
inZenyrua. Proto jsme dospéli k zdvéru, Ze neni a nebude vhodné jit
cestou vynalézani vynalezeného a §li cestou zahrani¢ni kooperace.

Ingstav Brno pfistoupil k dzké obchodni spoluprdci s némeckym
partnerem, firmou TAUBER, kterd dosdhla zna¢ného pokroku ve
vyvoji obdobnych razicich $titd a dovedla jejich technické vybave-
ni na velmi vysokou troven, kterd spliuje kvalitativni poZadavky
soucasnych investort. Technicky popis $titu bude uveden niZe.

SOUCASNA TECHNICKA A TECHNOLOGICKA
UROVEN STITOVANI
Razici stity

Oproti vyvoji, ktery byl popsdn vyse, nedoznaly soucasné razici
Stity zddnych konstruk&nich vylepSeni nebo zmén. Naopak lze fici,
7e diky absenci strojnich odbornikii, ktefi bud odesli do diichodu,
nebo si nasli lukrativnéjsi zaméestndni, jde vyvoj opaénym smérem.
Pavodni strojni zafizeni nemd kdo opravit, a proto jsou Casto
demontovana. Staré Stity jsou pouzivany na nahradni dily nebo se
odvdzeji jako Srot.

Na &elbdch prevazuje manudlni prace, coZ vzhledem k zatim rela-
tivné nizké cené lidské prace muze byt docasné ekonomicky vyhod-
né. Tento stav viak dlouho trvat nemuze.

OSTENI STITOVANYCH STOL

PR

U soucasného systému ostén{ §titovanych $tol je zajisténi doko-
nalé vodotésnosti naprostou iluzi. I dil¢i vylepSeni (nové technolo-
gicky odli§né formy pro vyrobu segmentu) znamenaji pouze lepsi
pohledovost segmentu, ale ucelené viibec nefesi problém vodotés-
nosti.

V dusledku tohoto nedostatku se pak pristupovalo a naddle pfi-
stupuje k ustdlené praxi, kterd spo¢ivd v ndkladném vystrojovani §ti-
tovanych Stol sklolamindtovym nebo jinym potrubim za soucasného
vyplnéni vzniknuvsiho mezikruZzi popilkocementovou smési. Tech-
nicky lze tento postup oznacit za sprdvny a takto budované dilo
zabezpecuje dlouhodobou Zivotnost.

Segmentové osténi Stoly pak opravdu plni pouze funkci do¢asné-
ho primdrniho osténi, které md zabezpecit statickou funkci po dobu
vystavby. V tomto svétle se pak jevi pozadavky na tvarovou pres-
nost a pohledovost osténi jako zbyte¢né a neopodstatnéné. Bohuzel
si tento fakt, z divodu absolutniho nepochopeni problematiky,
neuvédomuji néktefi dastnici vystavby a setrvdvaji na pozici, Ze
segmentové osténi musi splnovat pozadavky na pohledovost betonu,
bezpodmine¢nou tvarovou presnost a ovalitu. Kdybychom se zto-
toznili s témito ndzory, pak by bylo mozné také zpochybnovat kva-
litu dulni vyztuZe (Heitzmany, paznice Union), protoZe je rezavd.

Zavérem této kapitoly by autor ¢lanku chtél pripomenout, Ze asi
pred 5 lety na strankdch tohoto Casopisu publikoval ¢lanek, ktery
v jedné kapitole doporucoval a predvidal skvélou budoucnost

The jacking technology was combined with the shield driving in an
innovative manner; a modified driving shield replaced the conventio-
nal pre-shield, and allowed better steering of the pipejack. The lengths
of the jacked sections grew to 100 m. In the case that the pipe jacking
could not continue, the driving shield could continue using segmental
lining. The last driving shield DSC was produced in 1992.

Unfortunately, the above-mentioned scientific-research plant was
abolished due to delimitations and privatisation; therefore all further
development was suspended. The result was the inability to apply
new technologies properly and the suspension of further improving
the shield driving technology, which ceased to meet the current
stringent production quality criteria.

CONTEMPORARY POSITION OF SHIELD DRIVING
IN INGSTAV BRNO

Ingstav Brno, after a regrettable pause in company’s history, as
part of the largest purely Czech construction company TCHAS, is
trying to continue the previous activities and tradition of the shield
driving technology.

The possibility of its own development of driving and microtun-
nelling equipment has become a closed story. The company does not
have such sources that would allow it to establish an independent
development department. In addition, the return on such an invest-
ment cannot be guaranteed, and the development result could be dis-
putable owing to the lack of competent and knowledgeable mecha-
nical engineers. Therefore we have arrived at a conclusion that it is
not and will not be suitable for us to invent already invented things,
and decided to utilise foreign co-operation.

Ingstav Brno has established close business co-operation with
a German partner, the TAUBER company, which has made signifi-
cant progress in the development of similar driving shields, and
brought their equipment to very high technical level that meets qua-
litative requirements of today’s investors. The technical description
of the Tauber’s tunnel digging machine can be found below.

CONTEMPORARY TECHNICAL AND TECHNOLOGICAL
LEVEL OF SHIELD DRIVING

Driving shields

Compared with the above-mentioned development, current dri-
ving shields have not been affected by any structural improvement
or change. In fact, we can say that the development is heading the
opposite direction due to the absence of mechanical engineering
professionals, ho have either retired or found more lucrative jobs.
There is nobody available to repair the original equipment, and the-
refore it must be frequently disassembled. Old shields are used as
a source of spare parts or they are disposed of in scrap-yards.

Manual work prevails at headings, which can be temporarily eco-
nomically advantageous owing to the relatively low cost of labour.
This condition, however, cannot last long.

Obr. 1 Rarzici stitovaci komplex TAUBER
Fig. 1 The TAUBER tunnel digging machine




Obr. 2 Zarizeni pro rozpojovdni zemin a hornin tridy téZitelnosti 2 — 5
Fig. 2 Ground disintegration equipment for excavation classes 2 — 5

vyrobé Zelezobetonovych segmentld za pomoci dratkobetonu. Na
stejném misté, po vlastnich zkuSenostech a zkuSenostech jinych,
autor prohlasuje, ze se jednalo o omyl a slovy klasika konstatuje, Ze
tudy cesta nevede®.

MECHANIZOVANY STIT FIRMY TAUBER
Popis strojniho zafizeni

Firma TAUBER disponuje razicimi Stity v profilové fadé DN
1000, 1300, 1500, 1600, 2000 a 3000 mm, kdy hodnota DN
neznamend profil vlastniho §titu, ale vnitfni profil segmentového
osténi. V Ceské republice byl zatim vZdy nasazen §tit v profilu
DN 2000 mm.

Fungovani $titt TAUBER je principidlné zcela shodné s typo-
vou fadou §titu Ingstav (obr. 1) a i z tohoto duvodu se navazani
spoluprdce jevilo jako oboustranné vyhodné, protoZe personal
obou firem disponuje obdobnymi zkuSenostmi. Posddku Stitu
tvori pét pracovniku. Hlavni operdtor ovlddajici $tit z kokpitu
umisténého bezprostfedné u téZniho zafizeni, jeho zdstupce
obsluhujici lokomotivu, dva pracovnici pro obsluzny provoz
v podzemi i na povrchu a jefdbnik.

Rozpojovani horniny v elbé §titu zabezpecuje bagr na vylozniku,
ktery muze byt v pripad€ potfeby (vyskyt skalnich hornin) nahrazen
sbijecim kladivem (obr. 2 a 3). Pomoci bagru se rozpojend zemina
dostane na sklopny pdsovy dopravnik a do téZni bedny umisténé na
specidlni lokomotivé s akumuldtorovym pohonem. Velmi duleZitym

Ny oo

momentem je rozmér téZni bedny, jejiZ objem predstavuje polovinu

Obr. 4 Lokomotiva a specidlni vozik pro prepravu Zelezobetonovych
segmentu a jejich montdz ve §tole
Fig. 4 The locomotive and RC segment transport and installation car
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Obr. 3 Kladivo na vyloZniku pro rozpojovdni skalnich hornin tiidy tézitel-
nosti 6 — 7
Fig. 3 The impact breaker disintegrating rock within excavation classes 6 — 7

LINING OF SHIELD DRIVEN TUNNELS

Perfect waterproofing is an absolute illusion for the existing sys-
tem of lining of shield driven tunnels. Even partial improvements
(new, technologically different segment moulds) mean only impro-
ved visual perfection of the lining segments, but they do not solve
the problem of waterproofing comprehensively.

As a result of this failure, a common practice has been adopted,
costly glassfibre reinforced plastic or other pipes drawn into the
shield driven tunnels, with the originated annulus filled with a cin-
der-cement mixture. In technical terms, this procedure can be con-
sidered as correct, and the structure built by this method is gua-
ranteed a long life. The segmental lining of the tunnel acts as tem-
porary primary lining only, whose task is to secure the structural
function during the construction. In this light, requirements for
geometrical accuracy and visual perfection of the lining are unne-
cessary and unjustified. Unfortunately, some parties of the con-
struction process do not realise this fact because of an absolute
lack of understanding of the problem. They insist that segmental
lining must meet requirements for visual perfection of concrete
and unconditional geometrical accuracy and ovality. Should we
agree with those opinions, then the quality of colliery support
(Heintzmann steel sets, UNION sheet-piles) could be cast doubt
upon because of being rusty.

To conclude this paragraph, the author of this paper would like to
note that about 5 years ago he published an article in this magazine
that in one paragraph recommended and envisaged promissing futu-
re of utilisation of steel fibre reinforcement in the production of pre-
cast concrete segments. At the same time, gathering it from his own
and others’ experience, the author states that it was a mistake and
that this is not the proper way.

TAUBER’s TUNNEL DIGGING MACHINE
Equipment description

The TAUBER company owns tunnel digging machines (TDMs) at
a profile range of DN 1000, 1300, 1500, 1600, 2000 and 3000 mm,
where the DN value does not mean the profile of the shield proper,
but the internal diameter of the segmental lining. Only the DN 2000
mm TDM has been used in the Czech Republic.

The operation of the TAUBER TDMs is in principle identical with
the production range of Ingstav’s shields (see Fig. 1). This was anot-
her reason why the idea of establishing co-operation looked mutual-
ly advantageous because personnel of the two companies have simi-
lar experiences. The TDM operating crew consists of 5 persons; the
main operator controlling the machine from the cockpit found
immediately next to the excavator arm, his assistant operating the
locomotive, two workers for operation services in the underground
and on the surface, and one crane operator.
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Obr. 5 Osténi $toly budované pomoci mechanizovaného Stitu
Fig. 5 The gallery lining installed by the TDM

vyrubu nutného pro osazeni jednoho prstence primdrniho osténi.
Jinymi slovy, dvé jizdy s tézni bednou tvofi spolu s dopravou seg-
mentd do Stoly a jejich montdZi osténi jeden pracovni cyklus.

Posun vlastniho Stitu zabezpecuje hydraulicky agregdt pomoci
ocelového prstence spojeného se soustavou Ctyf mohutnych pistnic.
Kromé posunu samoziejmé tento agregdt umoZiiuje presné smérové
a vySkové Tizeni §titu. Stit za sebou tdhne koleje pro zajisténi vodo-
rovné dopravy ve $tole, které svym tvarem kopiruji osténi Stitu
a uvnitf té€chto kolejnic jsou umisténa veskerd vedeni (hydraulické
hadice, hadice pro dopravu smési kacirku a kabely elektroinstalace).

Svislou dopravu zajiStuje dvoulanovy jerdb, ktery umoZnuje
manipulaci s t€Zni bednou bez jakékoli nutnosti jeji obsluhy posad-
kou $titu. Pomoci jefdbu se pak spousti specidlni vozik na dopravu
Zelezobetonovych segmentu, ktery je naloZen je$té na povrchu.
Vozik m4 vlastni dopravnik na posun jednotlivych segmentt a slou-
Z{ zdroven pro jejich osazeni ve $tole (obr. 4).

Dal3im technologicky dalezitym prvkem je kontinuélni vypliova-
ni (zafoukdvén{) prostoru mezi osténim $toly a zeminovym prostie-
dim tfidénou frakci Stérkopisku (tzv. kaéirkem) tak, aby nedoslo
k poklesim nadloZi. Proces zafoukdvéni si fidi operator, pfimo
z Celby Stitu ovlada Cerpadlo, které je spolu se silem umisténé na
povrchu. Vrstva kacirku se dostdvd za ostén{ jeSt¢ pod ochranou
plaste Stitu, a to po celém obvodu $titované Stoly. Vrstva ma tloust-
ku cca 6-8 cm, coz odpovida rozdilu mezi vnitfnim profilem ocelo-
vého plaste Stitu a vnéj$im prumérem osténi. Béhem razby spliuje
vrstva kacirku i drendzni funkci, tj. stahuje veskeré spodni vody
mimo vlastni prostor §toly. Samoziejmé s vyjimkou vydatnych pri-
toku spodni vody do Celby, které se stahuji pomoci &erpadla umisté-
ného primo ve spodku §titu. Po ukon&eni razby dil¢ich tdseku se tato
vrstva kacirku zainjektuje jilocementovou vyplnovou smesi.

PRIMARNI OSTENI STOLY A ZAJISTENI
JEHO VODOTESNOSTI

Zelezobetonové osténi, které pouZivaji §tity TAUBER, mé vyni-
kajici tvarovou presnost. Zelezobetonové segmenty jsou vyrabény
ve specidlnich forméch, kdy v jedné formé jsou vyrobeny pfimo tfi
segmenty, které jsou pak na stavbé spolecné zabudovény do jedno-
ho prstence. To zaruCuje naprostou presnost osténi bez vyraznych
ozubt mezi jednotlivymi vénci osténi (obr. 5).

Segmenty jsou vyrdbény z betonu B45 ( DIN 1045 ) a jejich povr-
chova tdprava odpovidd charakteru pohledovych betont. Nésledné
po jejich zabudovdni neni nutnd dal$i dprava povrchu jako napf.
provedeni palené omitky, ndstrik ¢i aplikace specidlnich stérkovych
hmot typu VANDEX, SIKA, XYPEX apod.

Oproti klasické konstrukci osténi u starych Stitovanych $tol, kdy
se jednotlivé prstence sklddaly ze 6 segmentt, je vyhodou vyse
popisovaného osténi skute¢nost, Ze se skladd pouze ze 3 segmentu.
To md za ndsledek podstatné vétsi tvarovou presnost a nedochazi tak
k dodate¢nym deformacim osténi (,,zplostovani), které mohou vést
v kone¢ném dusledku ke zmenSeni pruto&ného profilu.

The ground disintegration at the face is carried out by an excava-
tor arm, which can be replaced with a breaker if necessary, when
harder rock is encountered (see Fig. 2 and 3). The excavator loads
the material on a collapsible belt conveyor, which transfers it to
a skip placed on a special battery powered locomotive. The dimen-
sions of the skip are very important. Its volume represents a half of
the excavated volume required for the installation of one ring of the
primary lining. Two trips with the skip, together with the transport
of lining segments to the tunnel and their installation, form one wor-
king cycle.

A hydraulic unit ensures the movement of the TDM, through
a steel ring connected with a set of four mighty piston rods. Apart
from pushing the TDM, this unit allows precise steering of the
machine to maintain the line and level. The TDM pulls rails behind
for the horizontal transport in the tunnel. The geometry of the rails
follows the skin of the shield. All service lines (hydraulic hoses,
hoses conveying pea gravel, power cables) are led inside the rails.

Vertical transportation is ensured by a double-cable crane allo-
wing the handling with the skip without any need for assistance by
the TDM crew. The crane also lowers a special segment supply car,
which is loaded before the lowering. The car is equipped with its
own conveyor for shifting individual segments. It also serves to
install the segments in the tunnel (see Fig. 4).

Another element important from the technological point of view
is the system of continual filling of the annular gap between the
rock cavity and the installed segments by injecting pea gravel to
prevent the surface settlement. The process of injecting (blowing)
is controlled by the operator. He controls the pump interconnected
with a silo installed on the surface, directly from the front end of
the TDM. The layer of pea gravel is placed behind the tunnel
lining, still under the protection provided by the skin of the shield,
filling the whole annulus. The thickness of this layer of 6 — 8 cm
corresponds to the difference between the internal profile of the
steel skin of the shield and the external profile of the tunnel lining.
In the course of the excavation, this pea gravel layer also acts as
drainage collecting and removing ground water from the tunnel.
Of course, excepting intensive inflows of groundwater to the
excavation face. These are removed by a pump installed directly
at the bottom of the TDM. Once the excavation of partial sections
has been completed, this pea gravel layer is grouted with clay-
cement mortar.

PRIMARY LINING AND WATERPROOFING
OF THE TUNNEL

The dimensional accuracy of the reinforced concrete lining used
by TAUBER is excellent. The RC segments are produced in spe-
cial moulds. Three segments are cast in one mould, to be installed
in the tunnel jointly, in one ring. This system guarantees a total
accuracy of the lining, without explicit dents between individual
rings (see Fig. 5). The RC segments are made of concrete B45
(DIN 1045), with architectural concrete finish. No subsequent
finish treatment, such as cement painting, spraying or application
of special compounds (VANDEX, SIKA, XYPEX etc.) is requi-
red. The advantage of this lining, compared to the conventional
structure of linings in old shield driven tunnels where the rings
consisted of 6 segments, is the fact that it comprises only 3 seg-
ments. This arrangement allows much higher dimensional accura-
cy, thus subsequent deformations of the lining (flattening) that can
eventually cause a reduction of the flow profile do not occur.

The principal qualitative change and advantage of the TAUBER
system is the possibility to guarantee fully watertight primary
lining. The process of sealing of joints between the segments is
divided into three phases. The first phase, bonding of the gasket
(bituminous) to the segment groove, takes place on the surface,
just before the segment is transported to the tunnel. The second
phase of the sealing operation, the application of a special two-
component sealing compound Fumaflex, is carried out immedia-
tely before the segment installation in the tunnel, under the pro-
tection by the driving shield. This sticky material sets within a 1/2
hour of the segment installation. The third phase consisting of the
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Zésadn{ kvalitativni zménou a vyhodou systému TAUBER je sku- jointing takes place when the sealing grouting has been comple-
te¢nost, Ze je mozné garantovat v pln¢ mife vodotésnost jiZ primarni- ted. The materials used for the filling of the joints are based on
ho osténi. Tésnéni spar mezi jednotlivymi segmenty je rozdéleno do ti{ crystalline cements, which interpenetrate the structure of the
fazi. Prvni faze spo¢ivd v nalepeni tésniciho pasku (na bazi bitumenu) concrete segments.
do drdzky segmentu jeSt€ na povrchu tésn€ pied zabudovdnim seg- An absolutely perfect variant of the lining is the utilisation of
mentu do Stoly. Druhou fdzi tésnénf je aplikace specidlni dvouslozko- polymer concrete segments. These segments will, however, beco-

vé tésnici hmoty Fumaflex bezprostredné pred osazenim segmentu
pod ochranou raziciho §titu pfimo ve $tole. Tato vazkd hmota zatuhne
do 1/2 hodiny po zabudovéni segmentu. Tret{ fdzi je vlastni vyspdro-

vani, které pI'Obﬂlé Po provedeni tésnici injektéie. Hmoty, které se EXCAVATION SPE ED AND ACCU RACY

pouZivaji pro vyplnéni spar, jsou na bézi krystalickych cementu, které

me advantageous only when the production starts in the Czech
Republic.

proriistaji do struktury betonovych dilci. A significant feature of this shield is the high productivity allo-
Zcela dokonalou variantou osténi je pouZiti polymerbetonovych wing, when the work is well organised, an average advance rate of
segmentt, které budou mit budoucnost aZ v okamZiku, kdy by bylo 8 — 10 m per shift (10 hours). A performance of 14 m per shift is
mozné realizovat jejich vyrobu v Ceské republice. not rare in good geology.
Compared to the non-mechanised excavation or conventional
RYCHLOST A PRESNOST RAZBY excavation using mining methods, the output is four times higher.
Vyraznou pfednosti tohoto §titu je vysokd produktivita, kdy pii dobré ~ The perfect system of horizontal haulage of muck and the
organizaci prace je moZné dosahovat primérného postup 8-10 m lining segments allows efficient driving even tunnel sections lon-
za desetihodinovou sménu. Ojedinély vykon neni pfi dobrych geolo- ger than 200 m with negligible impact on the work productivity.
gickych podminkach ani 14 m za sménu. The TDM guidance is by a laser installed in the launching shaft.
V porovndni s razbou nemechanizovanym 3$titem nebo klasickou The measurement is based on a simple principle; it is carried out
razbou provadénou hornickym zpiisobem se tak jednd o vykon ¢tyina- directly at the front end of the shield, in absence of complicated
sobné vyssi. (often failure-prone) electronics. The excavation accuracy in line
Dokonaly systém vodorovné dopravy vytéZeného materidlu a seg- and level of = 1 — 2 cm is achieved.

mentu osténi Stoly pak umozinuje efektivné razit i v pripadé délky raze-
nych tseku vétsich nez 200 m bez vyraznéjsiho dopadu na produktivi- COMPARISON WITH OTHER TECHNOLOGIES
tu prace.

Stit je Tizen laserem, ktery je umistén ve startovaci Sachté. Vlastni
meteni se odehrdvd na jednoduchém principu pifmo v Cele razictho
Stitu za absence slozité (Casto poruchové) elektroniky. Dosahovand
presnost razby je + 1-2 cm, a to jak smérové, tak vyskove.

The above-mentioned text compares the tunnel driving techno-
logy using a mechanised shield (tunnel digging machine) mostly
with the common practice of the application of a non-mechanised
shield. The advantages are obvious.

It is necessary also to mention the equivalent variant of the
POROVNANI S JINYM TECHNOLOGIEMI excavation using full-face tunnel boring machines (TBMs — pres-
tigious manufacturers Iseki, Herrenknecht). No doubt that these
are the top technologies of fully automatised jacking of RC pipes
using a jacking unit in a launching shaft and a cutterhead at the
front end of the pipejack. The machines are controlled by highly
sophisticated systems, and achieve the highest outputs and pro-
ductivity.

A disadvantage of those driving machines, however, is their
sensitivity to changes in geology and geological interfaces.
The excavation progress immediately becomes complicated when
ground or rock different from that that the cutterhead was selected
for is encountered. It is often necessary to sink rescue shafts or
carry out other measures. This fact must be taken into considera-
tion in the case that the excavation operations pass through a geo-
logical interface (e.g. bedrock spurs, occurrence of obstacles of
anthropogeneous origin — concrete foundations, old masonry etc.).
An open-face mechanised shield is able to cope with such obstac-
les without serious problems, e.g. by changing the excavation
element, manual excavation using pneumatic breakers (if the
obstacle is not big) or application of the small-scale drill-and-blast

Ve vyse uvedeném textu je technologie razby mechanizovanym Sti-
tem vesmés porovndvana s béZnou praxi razby nemechanizovanym
Stitem, kde vyhody mechanizovaného §titu jsou zcela zfejmé.

Je nutné zminit i plnohodnotnou variantni moznost razby plnoprofi-
lovymi razicimi stroji (renomovani vyrobci Iseki, Herrenknecht).
Zajisté se jednd o vysp€lé plné automatizované technologie protlaco-
vani Zelezobetonovych trub za pomoci tla¢né stolice v startovaci
Sachté a plnoprofilového raziciho zatizeni v Cele protlaku. Stroje jsou
fizeny vysoce sofistikovanymi zafizenimi a dosahuji $pi¢kovych
vykonu a produktivity.

Tato razici zafizeni maji v§ak problém v tom, Ze jsou citlivd na
zmény geologie a geologickd rozhrani. V ptipadé vyskytu jinych
zemin ¢i hornin, neZ na jaké je vybrana vrtnd hlava raziciho stroje,
se postup razby okamzité komplikuje a mnohdy je tfeba hloubit
zachranné Sachty ¢i realizovat jind opatfeni. Tento fakt je nutné brat
v potaz v piipadé, Ze raZba probihd na geologickém rozhran{ (napf.
vybézky skalniho podlozi, vyskyt prekdzek antropogenniho charak-
teru — betonové zaklady, staré zdivo apod.). V piipadé nasazeni
mechanizovaného §titu s otevienou Celbou lze tyto prekdzky bez

vétsich potizi pfekonat napf. vyménou tézniho elementu, ru¢nim technique. ) ) )
rozpojenim pneumatickymi kladivy (v piipadd mensi piekazky) If we disregard technical parameters, v&{hlch can often favour
nebo pouzitim trhacich praci malého rozsahu. slurry TBMs, EPBMs or other full-face shields, we can state that
Kdy?Z se oprostime od technickych parametrii, které mohou &asto a significant advantage of the above-mentioned TAUBER tunnel
vyznit ve prospéch bentonitovych & jinych plnoprofilovych 3titii, pak digging machines are much lower costs of excavation of a linear
Ize konstatovat, Ze podstatnou vyhodou popisovanych razicich $titd meter of the tunnel.
TAUBER jsou vyrazné niz§i ndklady na vyrazeni béZného metru Stoly. Also the results of an economic comparison of a trunk sewer
A o penize, jak vime vSichni, jde aZ v prvni radé. carried out by a mechanised shield (with the bottom covered with
RovnéZ ekonomické srovnani kmenové stoky provedené mechani- earthenware tiles) are more favourable than those calculated for
zovanym Stitem, kdy spodni ¢ast je vystrojena kameninovym obkla- a trunk sewer tunnel driven by a non-mechanised shield with
dem, vychdzi priznivéji, nezli kmenovd stoka vyrazend nemechanizo- glassfibre reinforced plastic pipes drawn in.
vanym $titem, do kterého je pak zataZzeno sklolamindtové potrubi. To conclude, it is possible to generalise that the mechanised shi-
Zéaverem lze obecné konstatovat, Ze ekonomickd vyhodnost mecha- eld is economically convenient because it satisfies the following
nizovaného §titu spo¢iva v naplnénf nésledujictho zdvéru: Razené dilo criterion: The smaller the difference between the excavated cross
je nejekonomictéjsi v pripadé, kdy rozdil mezi plochou razeného vyru- section area and the resulting useful area (or the future profile of
bu a vyslednou uZzitnou plochou, resp. budoucim profilem dila je co the tunnel), the more economic the mined structure.
nejmensi. ING. IGOR FRYC, Ingstav Brno, a. s., ING. IGOR FRYC, Ingstav Brno, a. s.,

e-mail: fryc@ingstav.cz e-mail: fryc@ingstav.cz
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VYSTAVBA RAZENYCH KMENOVYCH STOK V PiSKU
A STRAKONICICH

CONSTRUCTION OF MINED TRUNK SEWERS IN PISEK
AND STRAKONICE

IGOR FRYC

A) PISEK - REKONSTRUKCE KMENOVE STOKY
PALACKEHO SADY

uvoD

Historie kmenové stoky v Pisku sahé hluboko do minulosti. Pavodné to
byla vodote¢, kterd odvodiiovala rozsdhlé Gzemi vychodné od mésta a v1é-
vala se do feky Otavy v blizkosti historického Kamenného mostu. Protéka-
la hradebnim prikopem a slouZila jako oteviend méstskd kanalizalni stoka.
V 19. stol. v souvislosti s rusenim méstskych hradeb byla stoka vyzdéna
a hradebni prikop byl zavezen; na jeho misté pozd¢ji vznikl méstsky park
Palackého sady. Stoka pak byla prepojena na pravobrezni sbérac a jeji vody
(Quax = cca 6 000 1/s) jsou dnes po odleheni odvadény na COV Pisek.

Po vice nez sto letech provozu se na stoce zaCaly projevovat poruchy, jeji
kamennd klenba se zaCala bortit a stoka se na nékolika mistech propadla. Nej-
zdvaznéjsi poruchy vznikly po povodni v srpnu 2002, kdy na dvou mistech
doslo k dplnému zhroucen{ kanalizace a propadnuti nadloz{ (obr. 1).

Proto mesto Pisek v roce 2002 zadalo vypracovani studie, kterd ve vari-
antdch feSila moZnosti rekonstrukce kmenové stoky. Kromé ekonomic-
kych hledisek byl kladen diraz zejména na uplatnéni takové technologie
rekonstrukee, kterd by co nejméné zatiZila Palackého sady. Jedn4 se totiz
0 exponované misto v mestském centru, které je obCany ve velké mife vyu-
Zivano k odpocinku i ke kulturnimu vyZiti a nachézi se zde fada provozo-
ven. Nejpodstatnéj$im problémem ovSem bylo mnoZstvi vzrostlych stro-
mu (z nichz nékteré jsou vzécné a stitem chrénéné), jejichZ kofenovy
systém mél byt stavbou co nejméné dotcen. V praxi to znamenalo mini-
malizovat pocet Sachet a stavebnich jam a pouzit takovou bezvykopovou
technologii, kterd zajisti dlouhodobou Zivotnost a uZitnost stavby nejen
z hlediska vodohospodérského a hydraulického, ale i z hlediska statického.
Samoziejmosti bylo spolehlivé podchyceni vSech pripojek a vysledné dilo
mélo umoZnit provozovateli snadnou tdrzbu stoky. Pfipravné a prizkum-

né prace komplikovala skutecnost, Ze stoka byla z vEetsi Césti neptistupnd.

Zakladni a technické udaje o stavbé

Objednatel:
Provozovatel a organizace provadejici
inZenyrskou ¢innost: VaK Jizni Cechy, a. s. divize Pracherisko

mésto Pisek

Generdlni projektant: Hydroprojekt, a. s.,
0. z. Ceské Budgjovice
Zhotovitel: Ingstav Brno, a. s.
Celkova cena praci: 35 674 000 K¢
Zahdjeni stavby: 11/03
Ukoncen{ stavby: 09/04
Celkova délka kanalizace 450 bm
z toho: mechanizovany $tit TAUBER 305,60 bm
nemechanizovany $tit DN 2000 mm 65,0 bm
klasicka razba $toly DN 1600/2020 mm 1914 bm
Minimdlni vyska nadlozi: 1,6 m
Maximdln{ vyska nadloZzi: 35m

Konecny profil jiz vystrojenych kanalizacnich stok: Js 1000 — 2000 mm

NAVRZENE TECHNOLOGIE VYSTAVBY

V prubéhu rekonstrukce kmenové stoky byly pouZity tfi rizné bezvy-
kopové technologie.

Nosnou technologii bylo projektantem navrzené Stitovani pomoci plné
mechanizovaného §titu. K provddéni praci byl nasazen némecky §tit firmy
TAUBER o vnitinim profilu DN 2000 mm. Vzhledem k tomu, Ze v pred-
chézejicim ¢lanku byly principy fungovéni tohoto $titu detailné popsany,
nebudou na tomto misté jiz ddle vysvétlovény.

A) PISEK - RECONSTRUCTION
OF THE PALACKEHO SADY TRUNK SEWER

INTRODUCTION

History of the trunk sewer in Pisek reaches way back into the past. It used
to be a watercourse that drained a wide area east of the city and mouthed into
the Otava river close to the historical Stone bridge. It flowed through the cast-
le moat and served as an open urban sewer. In the 19th century, the city walls
were torn down, the sewer was walled and the castle moat filled up; the city
park Palackého Sady was founded on its location. The sewer was later diver-
ted to the right-bank collector and its water (Q,, = app. 6 000 1/s) is today
partially treated and sent to the wastewater treatment plant Pisek.

Following more than hundred years of operation, faults began to appear in
the sewer. Its stone vault started to break and the sewer caved in at several
locations. The most serious faults appeared after the floods in August 2002,
when two locations of the sewer system experienced total collapse and settle-
ment of the overburden (see Fig. 1).

That is why the Municipality of Pisek commissioned a study in 2002 that
was to propose alternative options for reconstruction of the trunk sewer. Besi-
de the economic arguments, special emphasis was put on the application of
such technology that would affect Palackého Sady as little as possible. It is
a frequented location in the city center that is to a large extent used by citizens
for relaxation or cultural events, there are also numerous businesses. There was
a significant problem in the amount of full-grown trees (some of which are rare
and protected by the state), whose root structure was not to be harmed by the
construction. In reality that meant to minimize the number of shafts and con-
struction ditches and to use only such trenchless technologies that would ensu-
re long life and utility of the structure from the water-economic, hydraulic as
well as structural viewpoint. It was natural to include a reliable incorporation
of all connections so that the final work would allow for easy maintenance of
the sewer by the administrator. Preparation and exploration works have been
complicated by the fact that the sewer was to a large extent inaccessible.

Basic data on the construction

Investor:
Administrated and engineering activity by:

Municipality of Pisek
VaK Jizni Cechy, a.s.
divize Prachensko

General designer: Hydroprojekt as., 0.z. Ceské Budgjovice

Contractor: Ingstav Brno, a.s.
Total cost of works: 35 674 000,- CZK
Construction start: 11/03
Construction finish: 09/04
Total sewer length: 450 bm
from that mechanized shield TAUBER 305,6 bm

non-mechanized shield DN 2000 mm 65,0 bm

conventional gallery excavation DN 1600/2020 mm 1914 bm
Minimum overburden thickness: 1,6 m
Maximum overburden thickness: 35m
Final profile of the lined sewers: 1000 — 2000 mm

DESIGNED TECHNOLOGIES OF CONSTRUCTION

During the process of reconstruction of the trunk sewer, three different
trenchless technologies were used. The designer proposed shield driving using
a full-mechanized shield as the main technology. A German shield (tunnel dig-
ging machine) with inner profile DN 2000 mm, manufactured by TAUBER,
was deployed for the works. Considering that the previous article described in
detail the working principles of this shield, these need not to be dealt with
again here. Starting shaft for the shield was located near the future relief



Obr. 1 Stdvajici kamennd stoka v Pisku s patrnou provizorni opravou po jeji
havdrii

Fig. 1 The existing stone trunk sewer in Pisek, with the temporary repair
after the collapse visible

Startovaci Sachta pro $tit byla situovdna v misté budouci odlehcovaci
komory (cca 30 m od starého Kamenného mostu). V prubéhu vystavby doslo
k rozhodnut{ vynechat §achtu S2 v Palackého sadech. Tim se prodlouZil raze-
ny usek z planovanych 194 m na 305 m a celd trasa navrZend pro Stit
TAUBER byla provedena v jednom tseku. Nespornou vyhodou tohoto opat-
feni byla eliminace dopadii vystavby na park, protoze v misté Sachty S2 se
puvodné uvazovalo o zdboru asi 200 m2 a o panelové pristupové vozovce.

Financni dspory tohoto vylepseni se vSak ztratily v mensi produktivité
razby kvuli prodlouZenym dopravnim vzdalenostem a zejména pak néko-
lika protilehlym obloukiim, které bylo nutné v této trase provést.

Druhou pouzitou technologii byla razba provadénd nemechanizovanym
Stitem DN 2000 mm o vnitinim profilu 1680 mm (obr. 2). Do vyraZené
Stoly, jejiz osténi tvori Zelezobetonové segmenty (12 ks/bm), bylo zataZe-
no a fixovano sklolamindtové potrubi DN 1200 mm a vzniklé¢ mezikruz{
bylo vyplnéno popilkocementovou smési. ProtoZe funkei vodotésnosti pre-
bralo sklolaminétové potrubi, upustilo se od aplikace tésnici injektdze, kte-
rou je u tohoto typu $tita jinak nutné provadét. I rozsah vypliové injekta-
7e bylo nutné minimalizovat kvuli snaze o ochranu kofenovych systéma
prilehlych stromu, a to i na dkor pfipadnych poklest nadloZi.

Tretim druhem $tolovéni na této stavbé byla razba klasické Stoly profi-
Iu DN 1640/1970 mm za pouZiti ocelové pasové vyztuze (tzv. ,,prazsky
ram‘ I1. tfidy) a paznic Union (obr. 3). RovnéZ i zde bylo do vyraZené stoly
s vybetonovanym dnem zataZeno a osazeno sklolamindtové potrubi a pro-
stor mezi primdrnim osténim $toly a troubou byl zaplnén.

Kombinaci riznych technologif vystavby si vynutil Casovy postup vystavby,
protoze bylo nezbytné realizovat nékteré tseky soubézné s razbou hlavni stoky
,,A“ mechanizovanym $titem a také stisnéné situaéni pomery, kdy bylo nutné

Obr. 3 Pisek - tola razend klasickym zpuisobem skrz stdvajici kamennou kanalizaci
Fig. 3 Pisek — the gallery driven conventionally through the existing stone
sewer
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Obr. 2 Stola raZend nemechanizovanym Stitem na stavbé Pisek — Palackého
sady

Fig. 2 The gallery driven by the non-mechanized shield in Palackého Sady,
Pisek

chamber (app. 30 m away from the old Stone bridge). During the constructi-
on it was decided to skip the shaft S2 in Palackého Sady. This extended the
excavated section from planned 194 m to 305 m, the entire distance designed
for the TAUBER TDM was built as a single section. There was an undisputed
advantage of this measure in preventing the impacts of construction on the
park, as location of the shaft S2 originally counted on app. 200 m? of occupi-
ed land and a panel access road. Financial savings from this improvement,
however, evaporated due to lower productivity of excavation of extended tran-
sportation distances and also due to several reverse curves necessarily inclu-
ded along the way.

The second technology applied was an excavation using non-mechani-
zed shield DN 2000 mm with inner profile 1680 mm (see Fig. 2). Glassfi-
ber reinforced plastic (GRP) pipeline DN 1200 mm was drawn in and fixa-
ted into the excavated gallery, whose lining consisted of reinforced conc-
rete segments (12 pcs/m), while the formed space in between was filled
with ash-cement mixture. As the fiberglass pipeline itself was waterproof,
a sealing grouting was abandoned, although it is otherwise necessary for
this type of shield. Also the extent of the backgrouting had to be minimi-
zed in order to protect the root structures of adjacent trees, even at the price
of potential overburden settlements.

The third kind of gallery excavation at this construction was a conventi-
onal excavation of the gallery profile DN 1640/1970 mm using steel-band
support frames (so-called II. class “Prague frame”) and Union sheet piles
(see Fig. 3). In the same way here, a GRP pipeline was drawn in and fixa-
ted into the excavated gallery with concreted floor while the space betwe-
en the pipe and primary lining was filled up.

The combination of various technologies was a result of the constructi-
on time schedule, since it was necessary to build some sections simultane-
ously with excavation of the main gallery “A” carried out by mechanized
shield, as well, because of confined spatial conditions, when it was neces-
sary to reduce the dimensions of separate hoisting shafts (3 x 3,5 m). Dep-
loyment of driving shields in hoisting shafts would require significantly
larger shaft dimensions of 5 x 6 m.

With hindsight it can be said that the application of non-mechanized shi-
eld for excavation was not optimal considering its small extent. The con-
ventional method of gallery excavation in complicated conditions (demoli-
tion of existing sewers, reinstallation of connections, diversion of sewage
water flows) proved more effective. It should also be said that deployment
of three different technologies at one relatively small construction may be
notable for publication in specialized literature or obtaining references, but
as far as the practical side is concerned, it is a mistake and unnecessary
complication.

A chapter for itself are the problems of diverting the sewage and rain-
water from the existing sewer during its demolition. Quite understandably,
this problem was estimated as a negligible amount during the pricing pro-
cess for the public tender with a faith that after the tender awarding, the
issue would just be solved somehow. It wasn’t.

Upon learning about the existing conditions of the sewerage network in this
locality, it was necessary to rule out the theoretical possibility of suspending
the flows or at least their partial diversion into another sewerage network.
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zmensit rozméry jednotlivych t€Znich Sachet (3x3,5 m). Nasazen( razicich $titd
by v lomovych Sachtich vyzadovalo podstatné vétsi rozméry Sachet (5x6 m).

S odstupem Casu Ize fict, Ze vyuZiti razby nemechanizovanym Stitem neby-
lo optimdlni vzhledem k jejimu nevelkému rozsahu. Klasickd metoda stolo-
véan{ se v obtiznych podminkéch (bourdni stdvajici kanalizace, prepojovéni
pripojek, prevadéni splaskovych prutoku) osvédéila vice a byla efektivnéjsi.
Také je tieba konstatovat, Ze nasazeni tif riznych technologif na jedné rela-
tivné mensi stavbé je sice zajimavé pro publikaci v odborné literature nebo
pro ziskéni referenct, ale pii praktické realizaci se jednd o pochybeni a zby-
tecnou komplikaci.

Samostatnou kapitolou byla problematika prevadéni splaskovych a desto-
vych vod ze soucasné stoky po dobu jeji likvidace. Samoziejmé Ze v prubéhu
ocenovani zakdzky do vefejné obchodni soutéZe se dany problém vycislil cel-
kem nevyraznou finan¢ni ¢dstkou s virou, Ze aZ nastanou ,,radostné starosti*
po ziskdni zakézky, tak se celd véc ,,néjak* sama dobre vyresi. Nevyresila se.

Po zjisténi skute¢nych pomért ve stokové siti v dané lokalité bylo nutné
vylou¢it teoretickou moznost odstaveni prutoka ¢i jejich alespori Cdstecné pre-
vedeni do jiné kanaliza¢ni vétve. Logicky pak zbyvalo jediné prosté feseni, a to
preCerpavani prutokt po dobu vystavby soustavou kalovych erpadel za sou-
Casného zahrdzkovan{ stédvajici stoky. Pro prevedenf splaskovych pritokt a mir-
nych destovych srdzek bylo toto feSeni naprosto vyhovujici. BohuZel stévajici
stoka méla celkem velké povodi a pfi vyraznéjSich srazkdch dochdzelo k jejimu
tiplnému naplnén{ a pak k nekontrolovatelnému pruniku destovych vod do razi-
ciho Stitovactho komplexu TAUBER a nove budované stoky (obr. 4).

Neni snad ani nutné zduraziovat, Ze se v celém pribéhu vystavby vysky-
tovaly abnormadlni intenzivni srazky. Zakon schvélnosti fungoval dokonale.

Nicméné nepriznivé okolnosti vystavby prokdzaly mimorddnou odolnost
razictho $titu, ktery i pres Cetnd zaplaveni (jednou deStovd voda vytlacila
i lokomotivu s plnym téZnim vozikem az do startovaci Sachty) fungoval po
vyCisténi bez vaznéjsich zdvad. I posddka §titu a obsluzny provoz se s priby-
vajicim ¢asem zocelovaly a srdnately.

USKALI REALIZACE

O neprijemnd prekvapeni béhem realizace nebylo na této stavbé nouze.
Hned prvni problém se ukdzal pri zahdjeni praci ve startovaci Sachté na nébre-
71. Jiz v hloubce 3,5 m byl zastiZen skalni vybéZek tvofeny pararulami o tiidé
téZitelnosti 6 az 7.

ProtoZe naprostd vétSina trasy méla byt raZena v ulehlych navdzkach a mela
kopirovat trasu pavodniho sbérace, nebyla geologickému pruzkumu vénové-
na potiebnd pozornost. A aby potiZi nebylo malo, trasa stdvajiciho sbérace
hned na za¢étku neodpovidala pavodnim predpokladim. To ve svém dusled-
ku vedlo k tomu, Ze 90 m nového sbérace bylo razeno mimo trasu stavajici-
ho, a to prevazné ve skalnich hornindch. Vyskyt nestejnomérné navétralych az
rostlych pararul byl promenlivy a tvotil 40-95 % profilu vyrubu Stoly.

Pro rozpojovéni hornin tifdy t€Zitelnosti 5 aZ 6 bylo pouZito specidlni sbi-
jeci kladivo na vylozniku, které nahradilo pivodné nasazeny drapdk. Pramér-
ny postup razeb Cinil v takové geologii 2 aZ 4 m za sménu, coZ v danych pod-
minkéch nebylo $patné, ale oproti puvodnim predpokladim se jednalo o méné
neZ poloviéni prumérny vykon.

Kdy?Z se osa razby vratila do trasy puvodni kamenné stoky, doslo ke zlep-
Senf pramérnych dennich postupu, které pak podle predpokladu Cinily 10-14
véncu, tj. 7,5-9,0 bm za sménu.

Stélym problémem byla nepravideln4 trasa staré stoky, a to vyskova i smé-
rové. A také tloustka stén kamenné stoky byla promenlivd a pohybovala se
v rozmezi 20-60 cm. Béhem rozpojovéni stdvajici konstrukce stoky pomoci
drapéku Casto dochézelo k jejimu poskozent jesté pred tim, neZ se dostala pod
ochranny plaststitu. Castednd destrukce stoky jesté pred vrchnim bfitem §titu
pak méla za ndsledek zvySeny projev poklest nadloZi, jehoZ mocnost v pred-
métném dseku byla pouhych 1,8-2.5 m.

V dal$im prubéhu vystavby byla prijata filozofie, Ze jsou piijatelnéjsi pokle-
sy nadlozi, které lze vicemén¢ tspe$né a zejména nendkladné sanovat, nezli
prijimat drahd opatfeni k eliminaci poklesu (napr. injektéze, destniky z mikro-
pilot apod.). O¢ekdvané problémy nastaly v mistech, kdy razend stoka méla
podchazet vzrostly asi 25 m vysoky dub a hudebni altdn v Palackého sadech.

Ze strany stavby nebyl podcenén inkriminovany tsek a stdvajici kamennd
stoka byla cca 15 m pred &elbou vystrojena vydrevou, kterd méla zabrénit jeji
mozné destrukci. Predtim neuspély pokusy vyplnit stdvajici stoku tiidénou
Stérkopiskovou frakef ,, kacirkem* a tu postupné odtéZovat spolu s rozebira-
nim kamenné stoky. Nedostatkem tohoto feseni byly v té dobé pravidelné pri-
valové desté, které pak ze staré stoky vyplavovaly smés kacirku a cementu.
Nisledné ¢istént jiz vyrazené Stoly pak dspéSné traumatizovalo celou posad-
ku raziciho Stitu.

Na zacdtku mésice ¢ervna doslo po dlouhodobé trvajicich destich v noci ze
dne 2.6.na 3. 6.k vyvriceni — padu vzrostlého dubu stojictho primo nad osou

Obr. 4 Prunik destovych vod do nové budované stoky — pohled do startovaci
Sachty stitu
Fig. 4 Inrush of storm water into the newly built sewer — the shield launching
shaft

Logically, only one simple solution remained, and thus damming of the exis-
ting sewer and pumping of the flows using sludge pumps for the entire time
period of construction. Such solution was perfectly suited for the diversion of
sewage water flows and moderate rainfall. Unfortunately, the existing sewer
had a rather large catchment area and during strong rainfalls it became com-
pletely full, which then led to uncontrolled penetration of rainwater into the
shield driving complex TAUBER and the newly constructed sewer (see Fig. 4).

It is probably not even necessary to point out that the entire time period of
construction was marked by abnormally high rate of rainfall. Murphy’s law
at its best.

Nonetheless, unfavorable conditions of the construction proved an excep-
tional resilience of the TDM, which, despite several floodings (once the
rainwater pushed even the locomotive with fully loaded carriages back to
the starting chamber), after cleaning worked well without any serious mal-
functions. Even the crew of the shield and service personnel became toug-
her and valiant over time.

THE CONSTRUCTION DIFFICULTIES

There was certainly no shortage of unpleasant surprises during the con-
struction. First problem appeared already when the works started within the
riverbank starting shaft. A protrusion of rock, consisting of paragneisses of
excavation class 6 to 7, was encountered in the depth of mere 3,5 m. Since
vast majority of the route was supposed to be excavated in compact made-
ground and followed the route of the original collector, insufficient attention
was given to geological exploration. And to make things worse, route of the
existing collector at the very beginning differed from the original estimates. In
the end, that was a reason for 90 m of the new collector to be excavated off
the route of the existing collector, predominantly in rock environment. Occur-
rence of heterogeneous weathered to solid paragneiss was variable and com-
prised 40-95 % of the gallery cross section. Special jackhammer was used for
disintegration of rocks of excavation class 5 to 6, which replaced the previ-
ously mounted clamshell arm. Average excavation progress in such geology
reached 2 to 4 m per shift, which was actually not bad in such conditions, but
when compared with the original estimates, it was less than half of the avera-
ge performance.

Once the axis of the excavation returned back to the route of the original
stone sewer, average daily advance improved to the estimated values, and
thus to 10-14 rings, i.e. 7,5-9,0 m per shift. Uneven path of the old sewer,
with both direction and levelling differences, constituted a permanent pro-
blem. Also the width of walls of the stone sewer was irregular and ranged
between 20 and 60 cm. During breaking of the existing sewer structure
using a clamshell, the structure frequently collapsed before it came under
protective shell of the shield. Partial collapse of the sewer even before it tou-
ched the upper blade of the shield resulted in increased settlements of the
overburden, whose thickness in the given section reached mere 1,8-2,5 m.

Subsequently, a philosophy was applied which said that settlements of
the overburden, which can be more or less successfully and namely quite
cheaply remedied, are more acceptable than expensive measures to prevent
the settlements (such as grouting, micropile umbrellas etc). Expected pro-
blems were encountered in location where the sewer was to underpass
a full-grown tree and a musical gazebo in Palackého sady.
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trasy provadéné kanalizace. K vyvraceni stromu nedoslo vSak v pfimé Casové
souvislosti s provddénim razby $toly, ale a7 ndsledné po dvou tydnech (v dobé
pédu byla Celba vzdélena od doteného mista asi 50 m).
Odbornym posudkem byly priciny této ekologické tjmy stanoveny takto:
@ naruseni pudniho profilu, a tim stability stromu provddénou razbou
Stoly;
@ velmi silné desté v kratkém asovém obdobi 4 dnti po sobé, kdy spadlo
cca 50 I/m?;
@ abnormdlni sraZky ve svém dusledku ovlivnily — vyrazné sniZily stabili-
tu stromu, ktery rostl pfimo nad stdvajici kamennou stokou, a tim padem
iV ose razby;

@ nevyvinuty kofenovy systém stromu, ktery rostl na misté putvodni

navézky v hradnim piikopu a nemél tak dostatec¢nou stabilitu.

Z posudku tak vyplynulo, Ze antropogenni ¢innost ¢loveéka nebyla jedinou
pri¢inou ekologické djmy, ale Ze se jednalo o souhru vice nepriznivych okol-
nosti najednou (v tomto obdobi doslo k samovolnym padim stromu i v jinych
Castech republiky).

Z dodavatelského hlediska nebyl technicky ani technologicky dany pro-
blém podcenén. Chybou vsak byla prilisnd vira ve vlastni schopnost dany tikol
vyfesit bez potieby vyvoldvat néjakd dalsi jednéni, zdrZovat postup praci &i
naridit jejich dplné zastaveni. Logickym argumentem, Ze vzrostly strom nema
co délat nad kanaliza¢nim sbéraCem, bylo moZné se pokusit svalit problém na
jiného tcastnika vystavby (generdlniho projektanta, investora). Dodavatel tak
neudelal, vzal odpovédnost na svd bedra a ndsledné se pak musel zodpovidat
z mimoradné uddlosti. Na druhou stranu je v8ak treba zduraznit, Ze viechny
ziiCastnéné strany fesily vzniklou situaci bez emoci a konstruktivng.

Zavérem k této kauze 1ze jenom vyslovit pomyslné podékovdni sv. Barbo-
fe, Ze pad vzrostlého stromu nevedl k Zddnym materidlnim $koddm a zejmé-
na pak nedoslo k 7ddné Gjmé na zdravi.

ZAVER

Z vySe uvedeného popisu stavby by mohl &tendr nabyt dojmu, Ze prubéh
vystavby byl jeden permanentni problém a nekonici pribéh nepredvidatel-
nych uddlost{. Myslim, Ze tomu tak zdaleka nebylo a v prubéhu vystavby se
tzv. ,,public relation” drzely na velmi dobré drovni. Autor se vSak ve svém
Clanku nechtél uchylit k zavedenym kli$é a zaméfit se pouze na ,,dokonale
zvladnuti vyspélych technologif, které realizuje dynamicky se rozvijejici sta-
vebni spole¢nost pInd mladych dspésnych autorizovanych inzenyru“. Naopak
mé za to, Ze prave kritické momenty a schopnost jejich prekondni potvrzuji
skutec¢nou silu firemntho kolektivu.

B) STRAKONICE — ODVODNENI VIADUKTU

Zakitkem srpna roku 2004 byly zahdjeny préce na realizaci odvodnéni via-
duktu ve Strakonicich. Investorem je mésto Strakonice, které tak resi naprosto
nevyhovujici soucasné poméry, kdy vlivem intenzivnich srézek dochézi k pra-
videlnému zaplavovani pod Zelezniénim viaduktem (obr. 5). Pfi kazdém silnéj-
$im desti se pak pod viaduktem kumuluji srdzkové vody a dosahuji vyse az
1,5 m nad povrchem vozovky a zcela ochromuji dopravu na frekventované
komunikaci. K této situaci dochdzi v priméru a7 desetkrat do roka. Vlivem
zatopent je ochromena automobilovd doprava ve mésté a je Gplné paralyzovana
vypadovka smérem na Sumavu a hraniéni prechod Strazny.

Obr. 6 Klasicky raZend Stola ve skalnim masivu Kdaniho vrchu
Fig. 6 The gallery driven conventionally through the rock massif
of Kdni Vrch hill

Obr. 5 Pravidelné zaplavovdni pod viaduktem ve Strakonicich
Fig. 5 Repeated flooding of the viaduct in Strakonice

As far the construction was concerned, this section was not underesti-
mated, and the existing stone sewer was timbered app. 15 m in front of the
face, which should have prevented its eventual collapse. Prior to that, there
were unsuccessful trials to fill up the existing sewer with a pea gravel,
which would then be excavated along with demolition of the stone sewer.
This solution failed due to regular torrential rains at that time, which then
washed the pea gravel and cement out of the old sewer. The subsequent cle-
aning of the already excavated sewer then successfully traumatized the
entire driving shield crew.

Following long-lasting rains at the beginning of June, a full-grown oak
tree standing right above the axis of the constructed sewer uprooted and col-
lapsed during the night of June 2-3. However, timing of tree’s collapse was
not directly connected to excavation of the gallery, but was postponed by
two weeks (at the time of the collapse, face was app. 50 m away from the
spot). Expert probe determined the following causes of this ecological loss:

@ Disturbance of the soil profile and thus stability of the tree by the
gallery excavation;

@ Very heavy rains in 4 consecutive days, with app. 50 1/m2 of rainfall;

@ Abnormally heavy rainfall in the end resulted in significant decrease
of stability of the tree, which grew right above the existing sewer and
thus in the axis of excavation;

@ Underdeveloped root structure of the tree, which grew on location of
former landfill of the castle moat and therefore did not have sufficient
stability.

The expert opinion thus concluded that human activity was not the only
cause of this environmental loss, but that it was rather a coincidence of
several unfavorable circumstances (there were several other spontaneous
tree collapses throughout the Czech republic at that very time).

From the contracting point of view, the problem was neither technically
nor technologically underestimated. However, it was a mistake to have
a blind faith in our own ability to solve this problem without additional
measures, delaying of the progress of works or their outright suspension.
There is a logical argument that there is no place for a tree above a sewer
collector, and it was certainly possible to blame other participants in the
construction (general designer, investor). The contractor did not do so,
assumed responsibility and subsequently answered for this extraordinary
event. On the other hand, it is necessary to point out that all participating
parties solved the arising situation constructively and without emotions.

In conclusion to this issue, one can only give thanks to st. Barbara, that
this collapse of a full-grown tree did not cause any material damage and
especially no human casualties.

CONCLUSION

The aforementioned description might result in an impression that the
process of construction was one permanent problem and a never-ending
story of unpredictable events. Contrary to that, I believe reality was far
from it and public relations maintained a rather good level during the
construction. But the author’s intention in his article was not to resort to
entrenched clichés that concentrate solely on “perfect mastering of advan-
ced technologies, which are carried out by a dynamically developing con-
struction company consisting of young, educated and successful engineers”.
He believes quite the opposite, that it is exactly the critical moments and the
ability to overcome them that confirm the true strength of a company team.

B) STRAKONICE — DRAINING OF A BRIDGE

By the beginning August 2004, works started on draining of a bridge
underpass in Strakonice. Municipality of Strakonice is the investor, who
thus addresses the totally unsatisfactory existing conditions when a railway
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Realizaci kanalizaéniho sbérace pro odvodnéni viaduktu pod strakonickym
néddrazim se uleh¢f nejenom obCanum a fidi¢tm, ale i hasi¢im a vodohospoda-
fum, kterym tam piivalové de$té ztrpcovaly Zivot. Navic investice umozni
v budoucnosti dal3f rust prilehlych méstskych &dsti.

Zakladni a technické udaje o stavbé

Objednatel:
Provozovatel a organizace provadéjici
inZenyrskou ¢innost:

Mésto Strakonice

VaK Jizni Cechy, . s.

Generdlni projektant: Hydroprojekt, a. s., 0. z. Ceské Budgjovice
Zhotovitel: Sdruzenti ,,Stoka Strakonice™ reprezentované firmami
Ingstav Brno, a. s. a Ingstav Ostrava, a. s.

Podzhotovitelé: HOCHTIEF VSB, a.s., divize 1
7S Brno, a. s., zdvod MOSAN

Celkova cena pract: 95 555 955 K¢ (bez DPH)
Lhuta vystavby: 12 mésica 08/04 — 08/05)
Celkova délka kanalizace: 17754 bm

z toho Stolovand ¢ast stoky B:

mechanizovany §tit TAUBER DN 2000 mm 6735 bm
klasickd razba Stoly DN 1600/2020 mm 4570 bm
Minimalni vyska nadlozi: 3,6m
Maximadln{ vyska nadlozi: 19,5 m
Konec¢ny profil jiz vystrojenych
razenych kanalizaCnich stok: Js 2000 mm

IG PRUZKUM A NAVRZENE TECHNOLOGIE RAZBY

Technicky se jednd se o kompletné razenou kanaliza¢ni Stolu v celkové
délce 1130,5 bm. Vnitini profil kanalizaéniho sbérade md prumér 2 m.
Razeny tsek sbérace je ukoncen u portdlu Stoly odlehéovaci komorou
s odleh¢enim prutoka do feky Otavy a odvodem nefedénych splaskovych
prutoku smérem na €istirnu odpadnich vod.

Vzhledem k riznorodym hydrogeologickym pomérim v trase budouci-
ho sbérale byly projektantem navrzeny dvé odli§né technologie provade-
nf razeb.

V prvnim tseku mezi kruhovym objezdem u viaduktu a prostorem
nadrazi a vlecky byla navrZena technologie razby pIné mechanizovanym
razicim strojem. Tento usek je charakteristicky nesoudrZznymi kvartérnimi
zeminami § prevazujicimi zvodnélymi Stérkopisky.

Druhy dsek vedouci pod Kanim vrchem a nynéj§im aredlem strakonic-
kych vodaren je typicky jednolitym vyskytem skalnich hornin tvofenych
rulami razného stupné nevétrani.

Na tomto misté je tfeba vyzvednout spoluprdci investora a projektanta,
ktefi se nebali pred vypsdnim vybérového fizen{ vynaloZit relativné vétsi pro-
sttedky do inZenyrskogeologického pruzkumu. Nyni s odstupem Casu a po
realizaci vSech razicich praci je nutné tento piistup oznalit jako osviceny.
V pribéhu razeb nedoslo k vyskytu zadnych nepredvidatelnych geologickych
podminek a skute¢nost naprosto korespondovala s vysledky IG pruzkumu.
Jednotlivd geologickd rozhrani byla prizkumem uréena s presnosti 5 m.
Proto dodavatel mohl navrhnout a ocenit pfesnou technologii provadéni
a investor v prubéhu vystavby nebyl vystaven tlaku na uplatnéni vicepraci

Obr. 7 Razici §tit ve startovaci Sachté S4 tésné prFed zahdjenim razicich praci
Fig. 7 The shield in the launching shaft S4 before the excavation commencement

bridge underpass is being regularly flooded as a result of heavy rainfall (see
Fig. 5). Rainwater accumulates below the bridge during any moderately
strong rain and reaches up to 1,5 m above the carriageway, and thus com-
pletely paralyzes traffic on a busy road. Such situation occurs about 10
times year on average. Flooding under the bridge paralyzes road traffic in
the city and also entirely blocks the road towards Sumava mountains and
the national border crossing Strdzny.

Construction of a sewer collector, draining the bridge underpass below
the Strakonice railway station, would benefit not only the citizens and
drivers, but also firemen and water engineers who had been frequently
harassed by torrential rains. At the same time, the investment will allow for
further growth of the adjacent city districts.

Basic and technical data of the construction

Investor: Municipality of Pisek
Administrated and engineering activity by: VaK Jizni Cechy, as.
General designer: Hydroprojekt a.s., 0.z. Ceské Budgjovice

Contractor: consortium “Strakonice Sewer”’
represented by Ingstav Brno, a.s. and Ingstav Ostrava a.s.
Subcontractors: HOCHTIEF VSB a.s. division 1

7S Brno, a.s. department MOSAN

Total cost of works: 95 555 955 .- K¢ (excluding VAT)

Construction start: 08/04
Construction finish: 08/05
Total sewer length: 17754 m
from that gallery section of sewer B:

mechanized shield TAUBER DN 2000 mm 6735 m

conventional gallery excavation DN 1600/2020 mm 4570 m

Minimum overburden thickness: 36m
Maximum overburden thickness: 19,5 m
Final profile of the lined mined sewers: 2000 mm

GEOLOGICAL INVESTIGATION AND DESIGNED
TECHNOLOGIES OF CONSTRUCTION

As far as the technical part is concerned, it is an entirely mined sewer
gallery with a total length of 1130,5 bm. The sewer collector has an inner
profile of 2,0 m. Mined section of the collector ends at the gallery portal
with a relief chamber, which discharges into the Otava river and diverts
undiluted wastewater flows towards the wastewater treatment plant.
Considering the heterogeneous hydrogeological conditions along the
route of the future collector, the designer proposed two different techno-
logies of excavation.

For the first section between the roundabout near the bridge and the
railway station’s area, the technology of excavation using a full-mecha-
nized driving shield (Tunnel Digging Machine, TDM) was designed.
This section was marked by loose quaternary soils with prevailing water-
bearing gravel-sands.

The second section below Kan{ Hill and the existing grounds of Stra-
konice waterworks is typically characterized by a monotonous occurren-
ce of solid rock, consisting of variously weathered gneisses.

At this point, it is necessary to acknowledge the cooperation of inves-
tor with the designer, who did not fear to spend decent money on the
engineering-geological investigation prior to calling the public tender. In
the course of time and after all excavation works have been completed,
such approach needs to be considered as enlightened. No unpredictable
geological conditions were encountered during excavation while reality
perfectly corresponded with results of the EG exploration. Individual
geological interfaces had been determined by the exploration with
+5 m accuracy. That eventually led to the fact that the contractor was
able to design and appraise the specific technology while during the con-
struction the investor was not under pressure of having to commission
additional works due to occurrence of geological conditions that would
differ from those in the contract. As always, unpredictable exceptions
could take place, but these will be dealt with later on in this article.

At this point in the article, its author recalls one of the “golden rules”
that he had heard at the lectures of Prof. Eisenstein: “There is an indi-
rectly proportional relationship between the costs of geological explora-
tion before the construction starts and the costs connected with hydroge-
ological conditions that differ from those in the tender documents.” Alt-
hough the professional community could consider this a crystal-clear sta-

tement, in practice it is actually not held on to very often.
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z titulu odlisnych geologickych podminek oproti zadani. Jako vzdy vSak mize EXCAVATION WORKS
dojit kpeocek?}\v/zj\ne vyjimee, ?1% 0, tom az v da1§1 c'astl Clanku. _ 3 As was already pointed out in the previous chapter, the technology of

Vv této pa§a21 Sf: /autorov1 dankl,l Vybayuye ]edrla z ,,p'ouc.ek ’ ]ffertf excavation was correctly selected beforehand and selection of the parti-
z/aslvechl na prednasvkac,h profesora Elsenstelqa, a to ze ”EleStuJe neprima cular technology was already conditioned upon convenient price that
iméra mezi Yynfivlf)zenylfn/nakladyvna gf:olog'lck,y pruzlfum preq zahajem.rvn would allow to succeed in the public tender.
stavby a mezi v§3{ finan¢nich prostredku §p0]er/1yf:‘l‘1 s ndklady vlivem odlis- The 454 bm long section that passed through the rock massif of weat-
n},rch llydrog.eologlckycp podminek opr(,)tl,z.adam. Presto, ze by/‘s‘e odbor- hered gneisses was built using conventional mined gallery and small-
né vefejnosti mohlo zdét toto konstatovani jako ,,nad slunce jasné", v praxi scale blasting operations. Plastic pipeline UPOROL with 2,0 m profile
nebyjvé zdaleka beZné napliiovano. was subsequently drawn into the excavated gallery with excavated cross

P o . section of 6,9 m2 (see Fig. 6). In the middle of this section, a 5 m wide
PROVADENI RAZICICH PRACI and 21,7 m deep circular shaft was dug on the administrator’s grounds,

Jak jiz bylo v predchozi kapitole uvedeno, technologie razicich praci byla which will after completion serve as an access shaft.
predem dobre urena a vybér konkrétni technologie byl jiZ podminén cenovou When selecting the technology of excavation for the second section, the
vyhodnosti tak, aby bylo moZné uspét ve verejné obchodni soutézi. previously described equipment manufactured by TAUBER proved sui-

Usek, ktery ved! skrz skalni masiv tvofeny navétralymi rulami, byl realizo- table again, since it perfectly fitted into the unwritten rule: “The smaller
vdn pomoci klasicky razené Stoly za pouziti trhacich praci malého rozsahu is the difference between surface of the excavated profile and the final
v délce 454 bm. Do vyraZené Stoly o vyrubu 6,9 m2 bude nasledné zataZeno pla- excavated profile, the more financially acceptable the equipment is.”
stové potrubi Uporol profilu 2 m (obr. 6). V poloving trasy tohoto tseku byla This very same philosophy is applied by the sophisticated technology
vyhloubena kruhovd Sachta priméru 5 m a hloubky 21,7 m v aredlu provozo- of pipe jacking using special driving equipment based on the “slurry sys-
vatele, kterd bude po kompletaci slouZit jako vstupni Sachta. tem” (bentonite slurry TBMs). However, the purchase and rental prices

Pfi vybéru technologie pro razbu v druhém tiseku opét uspéla jiz diive popsa- of these devices ruled out these technologies. Similarly, production of
nd technologie firmy TAUBER zejména proto, Ze nejlépe splnovala nepsané pipes for jacking with profile of DN 2000 mm is not yet fully establis-
pravidlo: ,,Cim je mensi rozdil mezi plochou razeného profilu a vyslednym hed in the Czech Republic, and their eventual import would raise the
raZenym profilem, tim je technologie finanéné vyhodnéjsi. price of this technology beyond acceptable level.

Vyse uvedenou filozofii splnuji i sofistikované technologie protla¢ovani trub Excavation using the TDM TAUBER DN 2000 mm in length of
za pomoci specidlnich razicich stroji na bézi , slurry systému*, resp. bentonito- 673,5 m was divided into four sections with average length of 165
vych §titd. Ale pofizovaci cena téchto stroji nebo jejich pifpadny ndjem tyto m while one shaft was additionally left out and built only after the galle-
technologie vyloucily. Stejné tak vyroba protlacecich trub profilu DN 2000 mm ry was excavated. The longest excavated section was 315 m long. A star-
neni v CR zavedend a jejich pifpadny import ze zahranici pak cenové technolo- ting shaft with inner dimensions of 6 x 8 m was built in order to make
gii protlacovéni zcela diskvalifikuje. room for the TDM (see Fig. 7). In the case of the shaft in a deflection

Razba mechanizovanym $titem Tauber DN 2000 mm v délce 673,5 bm byla point of the route, where it was necessary to rotate the driving shield by
provéddéna ve Ctyfech dsecich o primémné délce 165 bm s tim, Ze jedna Sachta app. 65°, a circular shaft with a diameter of 6,9 m proved more suitable.
byla dodate¢né vynechdna a provedena a7 po vyraZeni Stoly pouze jako nasa- Very unfavorable gradient conditions proved as one of the most chal-
zend. Nejdels{ razeny dsek pak ¢inil 315 bm. Pro potieby raziciho Stitovaciho lenging complications of this mined collector project. The gradient was
komplexu byla provedena startovaci Sachta o vnitinich rozmérech 6x8 m 0,065 %, which translates into mere 75 cm for the entire length of the
(obr. 7). V pripadé lomové Sachty, kde bylo nutné pootocit razici stit o cca 65°, collector. It was essential to keep this gradient, as the designer balanced
se ukdzala jako vyhodnéjsi Sachta kruhového profilu o pruméru 6,9 m. on the edges of technical capabilities and any reduction of flow capacity

Jednim z vdznych uskali tohoto projektu razeného sbérace byly velmi nepriz- of the final profile could jeopardize the entire work. If, for any reason,
nivé spadové poméry. Spad ¢inil 0,65 promile, coZ obndsi prevyseni pouhych the designer designed a 20-40 cm larger profile, he would undoubtedly
75 cm na celou délku razeného sbérace. Toto prevyseni bylo nutné dodrzet, pro- increase the price by 10 to 20 %.
toze projektant ve snaze o co nejnizsi investicni ndklady se ve svém ndvrhu Final profile of the gallery is formed by already described special rein-
pohyboval na hrané technickych moznosti a jakékoli snizenf pruto¢nosti vysled- forced concrete segments requiring no additional surface treatment. Only
ného profilu by mohlo znehodnotit vysledné dilo. Kdyby projektant z alibismu lower part of the sewer will be covered with ceramic tiling in order to
navrhl profil 0 20-40 cm Vvétsi, bezpochyby by zvysil cenu dila fadove o 10 az augment its abrasive resistance. The cunette will consist of stone trough
20 %. that will effectively carry minimal wastewater flows and thus prevent the

Vysledny profil $toly je tvoren jiz dffve popsanymi specidlnimi Zelezobeto- formation of sediments in the sewer.
novymi segmenty bez jakékoli dalsi povrchové dpravy. Pouze v dolni &dsti stoky By the end of February this year, all excavation works on draining of
bude proveden keramicky obklad pro zvySeni odolnosti vuci obrusu. Kyneta the bridge underpass have been successfully completed. The only com-
bude tvofena kameninovym pulzldbkem, ktery ma slouZit pro efektivni preve- plication occurred near the very end, when app. 50 m away from the final
deni minimélnich splaskovych pratoku a zabrénéni tvoreni ndnosu ve stoce. shaft the TAUBER TDM encountered contaminated soil in area of the

Koncem mésice tinora leto$niho roku byly dspésné ukonceny vSechny razi¢- Czech Railways station. True enough, such local contamination (a secti-
ské préce na odvodnéni viaduktu. Jedind komplikace nastala a7 v samém zéve- on of 25 m) cannot be discovered by any exploration. Because of the
ru, kdy necelych 50 m pred cilovou Sachtou narazil $tit TAUBER na kontami- unsatisfactory atmosphere composition in the gallery, works had to be
novanou zeminu v arelu nédrazi CD. Faktem je, 7e takovouto lokalni konta- suspended and the BHZS (Central mining emergency station) Hodonin
minaci (dsek asi 25 m) nemuZe i sebelepsi IG pruzkum dopiedu zjistit. Pro called in. In cooperation with the OBU (Regional Bureau of Mines) Prib-
nevyhovujici sloZeni ovzdusi ve Stole musely byt prace preruseny a byla privo- ram, the BHZS monitored the situation, provided breathing apparatus
lana HBZS (Hlavni bansk4 zdchrannd stanice Hodonin), kterd ve spolupraci Saturn 5 that the TDM crew had to use and overall kept an eye on the
s OBU Pfibram monitorovala stav, poskytla dychaci piistroje Saturn 5, se kte- works until completion. In between, the TDM still stumbled upon an
rymi byla nucena posddka $titu pracovat, a bdéla nad zddarnym dokoncenim abandoned well and a cavern, which neighbored the adjacent railway
raZeb. Mezitim §tit jeSté narazil na starou studnu a kavernu, které se nachézely structures. All obstacles were surpassed and the shield finally arrived at
v tésné blizkosti draznich objektil. Viechny prekdzky byly nakonec zddrné pre- the final shaft on February 24, 2005.
kondny a §tit dne 24. 2. 2005 dorazil do koncové Sachty.

CONCLUSION
ZAVER At the end of these articles, it is customary to thank all the participating

Na konci obdobnych ¢ldnku byvad zvykem podékovat viem zii¢astnénym parties for their good cooperation, which may sometimes be rather formal
strandm za dobrou spolupréci, coz nékdy neodrdzi skutecnou situaci na stavbé and not reflecting the true state of affairs during the construction. I would
a podékovani byva formdlni. Chtél bych na zavér zdaraznit, Ze na stavbdch ve like to stress here that for the constructions in Strakonice and Pisek that
Strakonicich a Pisku, které zde byly detailné popsédny, moje podékovéni for- have been described here in detail, my thanks are not formal. Even when
mdlnim neni. I kdyZ na dodavatele byly kladeny vysoké néroky, prevlddala na high demands were put on the contractor, there has been a sound and con-
stavbdch korektni a konstruktivni atmosféra, kterd pomédhala dispé$né prekonat structive atmosphere at the construction sites, which repeatedly helped to
nejeden z problémd, které se na stavbach obdobného charakteru vyskytuji. overcome complications that arise during similar projects.

ING. IGOR FRYC, Ingstav Brno, a. s., ING. IGOR FRYC, Ingstav Brno, a. s.,
e-mail: fryc@ingstav.cz e-mail: fryc@ingstav.cz
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ZKUSENOSTI Z VYSTAVBY KOLEKTORU K10 A K11 V BRNE

EXPERIENCE FROM THE CONSTRUCTION OF COLLECTOR TUNNELS
K10 AND K11 IN BRNO

BRETISLAV SEDLACEK,
EMIL KONOPASEK, JAROSLAV VRANAN

uvoD

S ohledem na asovy postup vystavby, kdy ze tifleté Ihity vystavby uply-
nuly jiZ 2 roky a jsou v podstaté dokonCeny raZené dsti kolektort, povazu-
jeme za vhodné informovat odbornou vefejnost o prubéhu provadénych praci
na vystavbé Stokové sité mésta Brna. O ndplni a piipravé tohoto projektu
bylo podrobné pojedndno v [1]. Kolektory K 10 a K 11, které jsou situovany
v historickém jadru mésta Brna v prostoru ndmésti Svobody, jsou budovany
jako sou€dst této stavby financované v programu ISPA z fondu EU viz [1].
Zhotovitelem této Cdsti zakdzky je v rdmci sdruZzeni S&K Brno Metrostav
a. s, divize 1. Projektovou ¢ast dokumentace zpracoval Aquatis, a. s., inZe-
nyrem stavby je Mott MacDonald.

STRUCNY POPIS STAVBY

Sekundarni kolektory 10. a 11. stavby se nachazeji v centrdlni ¢4sti histo-
rického jadra mésta Brna, které je pamdtkovou rezervaci (obr. 1). Dotéené
Gizemi patif k intenzivné provozované ¢asti mésta s hustou obchodnf siti a sil-
nou pési dopravou.

Kolektory jsou realizovdny hornickym zpusobem raZenim, podle podmi-
nek v plném profilu, nebo v ¢lenéni na pristropi a nasledné opéri.

Pred zahdjenim vlastni razby $tol bylo nutno zajistit budovy, které by mohly
byt zasaZeny poklesovym pasmem. Zamezeni vlivu poklesového pasma bylo
dosaZeno provedenim ochranné stény ze sloupl tryskové injektdze kolem
vytypovanych objektt. Sloupy jsou realizovény v délce 5,0 m v pruméru od
0,9 do 1,0 m s rozte¢i cca 1.4 m a ve vzdalenosti 0,9 azZ 2,0 m od lice objektu.

10. stavba — kolektor K10 je umisténa podél severniho a vychodniho okra-
je ndmésti Svobody a zabihd do Masarykovy ulice, kde se pfipojuje na sté-
vajici kolektor Masarykova (1. stavba). Celkova délka kolektoru K10 je
280 bm. Kolektor je razen v profilu od 2,20/2,70 m az po 2,70/3,30 m. Vyska
nadloZi se pohybuje mezi 2 az 3 m.

11. stavba —kolektor K11. Celkova délka kolektoru K11 je 236 bm, je razen
v obdobnych profilech a se stejnym nadlozZim jako kolektor K10. Kolektor
lemuje zdpadni stranu ndmésti s odboCujici veétvi do Zdmecnické ulici.

Nejzajimavéjsi ¢dsti z technického hlediska jsou bezesporu technické komo-
ry. Na obou stavbach je navrzeno 5 komor v profilu do 30 m2 a délkou 8,40 m,
v mistech odboCeni kolektorovych tras. V téchto komorach se pocitd s odbo-
¢ovanim vedenf technického vybaveni. Komory se provadély raZenim ¢lene-
nym porubem ve 4 krocich — spodn{ podélnd pomocnd Stola, nasledné stredni
pomocné Stola v piistropi, dobirka boku pristropi, dobirka boka v opéfi.

Z hlavnich kolektorovych tras jsou navrZzeny kolektorové pripojky, které
fedi pripojeni jednotlivych okolnich doma. Pfipojky o rozmérech 1,80/1,80
m a v délkdch od 1,80 do 22 m jsou provadény technologif razby v plném
profilu. Celkem na obou stavbéch je 34 ks piipojek.

Pii vlastnich razbédch byly v trase kolektorl zastizeny sklepni prostory, at’
uz zajistené, nebo nezajistené, kterym bylo nutno vénovat nemalou pozornost.

KONSTRUKCNI RESENI

Primdrni osténi kolektord je provedeno ze stitkaného betonu B25 v tloust-
ce 150 mm vyztuZeného svafovanou siti a prihradovou vyztuzi typu
ANKRA GT 78/18/25, popt. dulni vyztuzi K21. Stojky jsou poklddany
podle geotechnickych podminek na patky nebo na ptiné prahy z vélcova-
nych profilt U 160. Vzddlenost vyztuznych prvku od sebe je uvazovdna od
0,5 do 0,8 m. Technické komory maji tloustku primérniho osténi 150 mm
s vyztuzi ANKRA, osazovanou po 0,75 m, a se svafovanymi sitémi. Pri-
mérn{ ostén{ plni provizorni funkei do zhotoveni sekundérniho ostént, které
tvorf definitivni zajisténi kolektoru.

Sekundéarni ostén{ kolektoru je provedeno ze stiikaného betonu H V4 —
B 25 min. tloustky 200 mm, vyztuZeného svarovanymi sitémi pfi obou

INTRODUCTION

Considering the progress of the project, the fact that 2 years of the
three-year construction period are already over and the mined sections of the
tunnels are nearly completed, we suppose that it is reasonable to inform
the professional public about the course of the works on the construction of the
“Sewerage Network of the City of Brno”. The contents and preparation of this
project were dealt in detail in [1]. The collector tunnels K 10 and K 11, which
are situated in the historical core of the city of Brno, in the area of the Svobo-
dy Square, are built as part of this project, funded in the framework of the
ISPA programme from the EU funds [1]. This part of the contract is realised
by an S&K Brno joint venture‘s member, Metrostav a. s., Division 1. The rele-
vant part of the design package was elaborated by Aquatis a. s., the role of the
Engineer belongs to Mott MacDonald.

BRIEF DESCRIPTION OF THE WORKS

The secondary collector tunnels of the 10th and 11th construction lot are
found in the central part of the historical core of the city of Brno (see Fig. 1).
The area of concern belongs among intensively operated parts of the city, with
a dense network of shops and considerable pedestrian traffic.

The collector tunnels are built using mining methods, with a full-face exca-
vation concept where the conditions allow it, or in sequences (top heading and
side-wall drifts).

The commencement of the tunnel excavation had to be preceded by opera-
tions supporting the buildings that could be affected by settlement. The settle-
ment effects were restricted by constructing protective walls consisting of
jet-grouted columns along the endangered buildings. The columns were
5.0m long, their diameter varied from 0.9 to 1.0 m, their spacing was about
1.4 m, and their distance from the front walls of the buildings was ranging
from 0.9 to 2.0 m.

Construction lot #10 — the collector tunnel K10 runs along the northern and
eastern edge of the Freedom Square, and continues to Masarykova Street,
where it connects to the existing collector Masarykova (construction lot #1).
The total length of the collector K10 amounts approximately to 280 m.
The tunnel is excavated with the cross section ranging from 2.20 x 2.70 m to
2.70 x 3.30 m. The overburden thickness varies between 2 to 3 m.
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Obr. 1 Umisténi stavby kolektoru
Fig. 1 The layout of the collector tunnels
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povrsich. Definitivn{ (sekundarni) podlaha je z lit¢ho betonu H V4 — B 25 Construction lot #11 — the collector tunnel K11. The total length of the col-

v tloustte 400 mm vyztuZeného svarovanymi sitémi a prutovou vyztuZi. lector tunnel K11 is 236 m, it is excavated using similar cross sections and

Povrch podlahy bude uzavien bezprasnou tpravou ndtérem. under similar overburden as the collector tunnel K10. The collector skirts the
Sekundérni osténi technickych komor je v klenbé a opérich tloustky western side of the square, with a branch to Zdme¢nicka Street.

350 mm. Vyztuz je provedena ze svafovanych siti doplnénych o prutovou
hlavni a rozdélovaci betondfskou vyztuz.

S ohledem na to, Ze droven hladiny podzemni vody se v prostoru nam.
Svobody nachézi v profilu kolektoru, jsou stény i podlaha v nékterych ¢as-
tech kolektoru izolovany. Izolace je provedena min. 1 m nad droven zjisténé
hladiny podzemni vody, tj. bud na vy$ku opér, nebo po celém obvodu kolek-
toru. Ochrana kolektoru proti G¢inkiim podzemni vody je feSena mezilehlou
izolaci aplikovanou mezi primdrni a sekundarni obezdivku. Na osténf je po- Collector connections are designed branching from the main collector rou-
uzito smési MONOCRETE MONOMIX XP TH v tloustce min. 15 mm, na tes, to solve the connection of individual buildings along the route. The con-
podlahu a pracovni spary hmoty XYPEX CONCENTRATE v mnozstvi nections with cross sectional dimensions of 1.80 x 1.80m and lengths from

The most interesting part from technical point of view are undoubtedly the tech-
nical chambers. The two construction lots contain 5 chambers with the profile of 30
m? and length of 8.40 m. The chambers are designed for the branching points, to
allow branching of the lines of the technical equipment. The chambers were in 4
phases, i.e. a bottom longitudinal drift, central drift at the top, completion of exca-
vation of the top heading and completion of the bottom side-wall drifts.

0,8 kg/m?. Jde o hmoty vyvoldvajici tésnici krystalizaci uvnitt betonu. 1.80 to 22 m are constructed using the full-face excavation procedure. There
V kolektoru pod podlahou je umisténa kanalizace. PouZitym materidlem are 34 connections in total, on both construction lots.
pro splaskovou kanalizaci jsou kameninové trouby DN 400 a sklolaminétové Cellars were passed through during the excavation, both supported and

trouby HOBAS DN 800 mm. Na stoce jsou navrZeny a provedeny vstupni unsupported, which had to be dealt with due care.

Sachty, do kterych je zajistén vstup z kolektoru. Pro Cisténi stoky je nad kaz-

dou Sachtou v podlaze kolektoru umistén z terénu pod strop kolektoru prostup, STRUCTURAL SOLUTION

kteIr(y tV(;n f}e)flbﬂm %lasFove pO(th'llbl DNV,B'OQ uzavrﬁne Zholr(a pOIfIOI,)S’Hl' d The primary lining of the collector tunnels consists of a 150 mm thick layer
analizacni pripojky jsou vedeny z pripojovancho objextu prevazne po of sprayed concrete B25, reinforced with welded mesh and lattice girders

podlahou kolektorové pripojky do spadistové Sachty a odtud kameninovym ANKRA GT 78/18/25 i teel sets K21. Dependi technical
potrubim DN 200 do stoky. Pfipojeni bude provedeno kolmym navrtdnim GT 78718725 or colliery steel sets - DEPEncilg on geotecncd

stoky v kombinaci s krouzkem Forsheda. conditions, the legs are placed on footings or transversal sills from rolled-steel

sections U 160. The spacing of the support elements is to vary from 0.5 to
. 0.8 m. The 150mm thick primary lining of the technical chambers is reinfor-
GEOLOGIE A GEOTECHNICKY MONITORING ced with the ANKRA girders erected every 0.75 m, and with welded mesh.
Geologie The primary lining has a temporary function, until the secondary lining is

Zastizené geologické poméry jsou typické pro dané dzemi. Predkvartémnf pod- ready to fulfil its role of the permanent lining of the collector.

loZi je tvoreno v celém zdjmovém prostoru souvrstvim vapnitého jilu neogenni- The secondary lining of the collector tunnel is from sprayed concrete H V4 —
ho stdff. Sprase tvoif dominantn{ souvrstvi v trasdch jednotlivych kolektord. B 25 with a minimum thickness of 200 mm, reinforced with two layers of wel-
Neogén prekryva kvartérni souvrstvi, které tvoif zbytky $térkopiscitych ded mesh (on both surfaces). The. final .(secondary.) bottom structure is from cast
uloZenin souvisejicich s vyvojem Fi¢ni sité, na které naseda sprasové sou- concrete H V4 — B 25,400 mm thick, reinforced with welded mesh and steel bars.
vrstvi. Navazky tvoif pokryvnou &dst souvrstvi. Jsou v nich zastoupeny The floor will be provided with paint to achieve a dust-free surface.
soudrzné i nesoudrzné zeminy, Casty je vyskyt stavebniho odpadu a misty The secondary lining of the technical chambers is 350 mm thick in the vault
i zbytky starych zdkladovych konstrukei. and legs. Steel reinforcement consists of welded mesh complemented with
Jilovité hliny se vyskytuji v nadloZi sprasového souvrstvi, pfipadné nase- principal and distribution reinforcement bars.
daji pfimo na povrch neogenniho souvrstvi. Vyskytuji se zejména v sever- Because of the presence of ground water table in the profile of the collector
ni ¢asti ndmésti Svobody. Jednd se o deluviofluvidln{ uloZeniny byvalého tunnel in the area of the Svobody Square, a waterproofing system is applied to
méstského potoka. the walls and floor in relevant sections. The structures are protected up to
Hydrogeologické poméry v této oblasti jsou velmi proménlivé a ovliv- alevel of 1 m above the identified water table level, i.e. either up to the top of
nuje je deprese v neogennim podloZi v severni ¢dsti ndmésti Svobody, kte- the legs or around the complete circumference of the tunnel. The system of
rou dochdzi k tranzitu podzemni vody pres oblast historického jadra smé- protection of the collector tunnel against ground water consists of an interme-
rem od zdpadu na vychod. Vodonosnou vrstvou jsou §térkopisCité ulozeni- diate waterproofing layer applied between the primary and secondary liners.

ny a propustnéj§i polohy hlin v jejich okoli, které v mensi ¢i vetsi mife The MONOCRETE MONOMIX XP TH mix is applied to the lining structure
velmi nepfiznivé ovliviiovaly postup razby zejména z divodu nasledného (a minimum thickness of 15 mm), while the XYPEX CONCENTRATE pro-

rozbfidéni jila, pokud nebyla prosékld voda plynule odvadéna. duct is used for the treatment of the floor and day joints (0.8 kg/m?). Those
Hladina podzemni vody je raZenym profilem zastiZena v prevazné Casti sealants generate crystalline formations within the concrete mass.

tras, a to aZ po Groven piistropf v severni ¢ésti ndmésti Svobody. There is a sewer placed under the bottom slab of the collector tunnel. Clay

pipes DN 400 and HOBAS DN 800mm glassfibre reinforced plastic pipes are

Monitoring, konvergence used for the sewer construction. Manholes built on the sewer line are acces-
Detailné se problematice konvergenci a monitoringu vénuje &lanek [2]. sible from the collector tunnel. Cleaning of the sewer is possible through fle-

Zde je uvedeno nasledujici shrnutf pro stavbu kolektorti K10 a K11. xible plastic conduits DN 300, passing through the tunnel from the tunnel roof
V predstihu pred zahdjenim vlastnich praci na stavbach 10. a 11. byla (the openings are provided with covers) to the tunnel bottom (i.e. to the top of

provedena pasportizace celkem 26 objektii na povrchu. Pasportizaci se the concrete manholes).

nepodafilo z duvodu nesouhlasu majitele provést na 1 objektu, coZ zpﬁso- Service connections lead from the buildings under the floor of the collector

bilo vyrazné zpoZdéni postupu praci. Pri pasportizaci byly na objektech branch, to drop manholes, and from the manholes through clay pipes DN 200

osazeny body pro ndsledné nivelaéni méreni. Tyto body navazuji na profi- to the sewer. The connection will be carried out by vertical drilling of the

ly konvergen¢nich méreni v raZenych kolektorech a na body osazené na sewer combined with Forsheda rings.

povrchu v ose kolektort. Tim byly vytvofeny méfici profily, na kterych se
ndsledné provadélo méreni konvergenci, nivelace na povrchu a v podzemi. GEOLOGY AND GEOLOGICAL MONITORING
Meéfeni na povrchu jsou provddéna v predstihu pred prachodem &elby (1az

2 mésice) a v prubéhu razby ve vazbé na méfeni konvergence a nivelace Geology
v profilech razenych kolektoru. Z méfeni lze dedukovat souvislosti a pii- The geological conditions are typical of the given territory. The Pre-Qua-
padné opatieni. O kvalité tunelafskych praci dostate¢né vypovidaji namé- ternary underlier consists of series of strata of calcareous clay of the Neogene
fené hodnoty, které jsou patrné z uvedenych tabulek. age. Loess series of strata dominate along the routes of individual collectors.
Z tabulky 1 a 2 plyne, Ze rozhodujici &dst poklest se pohybuje do 4 mm The Neogene formation covers Quaternary strata consisting of remnants of
a hodnoty naméfenych vysek nivelaci a konvergenci v podzemi se pohybuji gravel-sand deposits associated with the development of a river network,
v rozmezi od 0—4 mm, coZ povaZujeme za velmi dobry vysledek. which are covered by the loess strata. Made ground form the nape of the seri-
Vzédjemnou informovanosti a opatienimi mezi organizacemi (GEOTEST es of strata. The made ground contains both cohesive and non-cohesive soils,
Brno, a. s., INSET, a. s.), které provadi méfeni, Metrostavem a. s. jako zho- with frequent occurrence of building waste, and locally even remnants of old
tovitelem pracf a projektantem AQUATIS, a. s., nedochdzi k negativnimu foundation structures.
ovlivnéni okolni zdstavby a provozu mésta. Z téchto ddaju se dd také pred- Clayey loams are found in the overlying loess strata, or they sit directly on
poklddat, Ze se zvolend technologie provddéni praci osvédcila. the surface of the Neogene strata. They are found, above all, in the northern
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Poklesy/ Stavba |/ Construction lot

Subsidence K10 K11

[mm] [pocet/number] [%] | [pocet/number] [%]
0-2 15 47 9 375
2-4 8 25 15 625
4-6 8 25 0 0
6-8 1 3 0 0
8-10 0 0 0 0

Pozn.:V méfeni jsou obsaZeny i profily, které lze nazvat jako mimorddné, které
vznikly jako nutné pri vystavbeé a souviseji s feSenim stavby.

Note: The measurements were also carried out in sections that can be called
“special”, as they originated due to a necessity during the construction, and
they are connected with requirements of the construction design.

Tab. 1 Cetnost hodnot poklesti na objektech okolni zdstavby
Table 1 Frequency of subsidence values measured on the adjacent buildings

Hodnoty méfeni/ | Horizontalni / Vertikalni / Nivelace /
Measurement | Horizontal Vertical Levelling
values
[pocet/ | [%] [pocet / [%] | [pocet/ | [%]
[mm] number] number] number]
0-2 30 52,6 34 59,6 24 38,7
2-4 16 28,1 16 28,1 24 38,7
4-6 17 123 4 7 6 9,7
6-8 3 53 3 53 5 8,1
8-10 0 0 0 0 2 32
10-12 1 1,7 0 0 1 1,6
12-14 0 0 0 0 0 0

Tab. 2 Cetnost hodnot konvergenénich méveni
Table 2 Frequency of values of convergence measurements

ZKUSENOST Z PROVADENI VYSTAVBY
a) Provedeni razeb a primarniho osténi

Razby kolektort byly provedeny technologii NRTM. Pfi pripravé stav-
by, kdy se zvaZovalo nasazeni vhodnych technologickych zafizent, jsme
se nakonec priklonili k pouziti vyhradné nekolejové vodorovné dopravy
rubaniny ve Stoldch. Byla snaha najit optimdlni{ technologii razby a vodo-
rovné dopravy ve $toldch tohoto charakteru.

Na provddéni razeb byla, vzhledem ke srovnatelné velikosti $tol, nasa-
zena stejnd zdkladni strojni sestava, jakd byla pouZita pri razbé pruzkum-
né Stoly pro tunel Dobrovského, kde tato sestava zabezpecovala dosta-
te¢né denni postupy a nedoslo k vét§im poklesim, neZ jaké predpokladal
projekt. Jednalo se o tunelovy bagr Schaeff typ ITC113 (obr. 2) a univer-
zélni dulni dopravnik (dampr) Paus Universa (obr. 3). Na rozdil od razby
pruzkumné toly, kde dopravu vyrubaného materidlu zajistoval dampr az
pred portal budouciho tunelu, jsme v tomto pfipadé razby kolektoru zajis-

My o

tovali t€Zbu na povrch téZni Sachtou drapdkem zavéSenym na jefdbu

o g

Obr. 2 Tunelovy bagr SHAEFF ITC 112
Fig.2 SCHAEFF ITC 112 tunnel excavator

part of the Svobody Square. The clayey loams are diluviofluvial deposits of
former Méstsky Stream.

Hydrogeological conditions within this area are very variable. They are
influenced by a depression in the Neogene underlier found in the northern sec-
tor of the Svobody Square, through which ground water flows across the area
of the historical core in an east-west direction. The gravel-sand deposits and
more permeable layers of loams around them form an aquifer affecting very
negatively the advance rate of the excavation, mainly because of the process
of turning the clays to mud taking place unless the seepage water is continu-
ously drained.

The ground water table is encountered by the mined profile along a prevai-
ling part of the routes, reaching up to the level of the tunnel crown in the nort-
hern sector of the Svobody Square.

Monitoring; Convergences

The issue of the convergence and monitoring is dealt in detail by the author
of the article [2]. The current article contains the following summary regarding
the construction of the collector tunnels K10 and K11:

A condition survey of 26 surface buildings was carried out before the com-
mencement of the works on the construction lots 10 and 11. One attempt to
carry out the survey failed due to the property owner’s disapproval. This failu-
re resulted in a significant delay in the works’ progress. Precise levelling points
were attached to the buildings during the condition survey, for subsequent mea-
surements. These points are related to the convergence measurement sections
innstalled in the mined collector tunnels, and to the points installed on the
ground surface, on the tunnel centre lines. This is how the measurement secti-
ons were established, serving subsequently for the convergence measurements,
surface levelling and levelling underground. The measurements on the surface
are carried out ahead of the face passing underneath (1 to 2 months ahead), and
during the excavation, combined with the convergence measurements and
levelling of the profiles of the mined tunnels. Interrelations and contingent mea-
sures can be deduced from the measurements. The measured values presented
in the tables below prove sufficiently the quality of the tunnelling work.

It follows from tables 1 and 2 that the majority of the vertical displacements
do not exceed 4 mm, and the values measured by levelling and convergence
values in the underground vary from 0 to 4 mm. We consider these results as
a very good result.

Any negative influence on the adjacent buildings and the life of the city is
prevented by sharing information and by measures agreed between the orga-
nisations carrying out the measurements (GEOTEST Brno a. s., INSET a. s.),
the contractor Metrostav a. s., and engineering consultant AQUATIS a. s. It is
also possible to assume, on the basis of the data contained in the tables, that
the adopted technique of the excavation proved to be good.

EXPERIENCE FROM THE CONSTRUCTION
a) Excavation and Primary Lining

The collector tunnels were excavated using the NATM technique. When
planning the works, we considered the utilisation of a suitable plant and equ-
ipment. Eventually we decided to use solely trackless horizontal haulage of
muck in the tunnels. Our effort was to find an optimal set of equipment for
excavation and transport in tunnels of the given character.

EpAUS .
meTRESTA 3

Obr. 3 Tunelovy dampr PAUS UNIVERSA 50-2
Fig. 3 PAUS UNIVERSA 50-2 tunnel dumper




Obr. 4 Minibagr JCB 8017 na éelbe
Fig. 4 JCB 8017 mini-excavator at the face

RDK 160. Tato t€Zba byla provddéna drapdkem piimo z korby dampru
Paus do kontejnert na povrchu. Tim jsme se vyhnuli sloZitému problému
s kypovénim rubaniny v prostoru téZni Sachty. Takto vyt€Zend rubanina
byla ndsledné kontejnery odvdZena na skladku.

V dané geologii bylo odtéZeni jednoho postupu strojem na Celbé velmi
rychlé, coz spolu s okamzZitym zastifkdnim Celby zajistovalo jeji dobrou
stabilitu. Vodorovnd doprava ve $tole vSak zpomalovala denni postup.
Duvodem byly pritoky vody na Celbé. Tyto drobné piitoky zhorSovaly
pojizdnost pocvy relativné tézkym dopravnikem (damprem). Nésledné
nezbytné nutné dpravy a zpeviovani podlahy kolektoru kladly velké
ndroky na Cas a neimérné zvedaly néklady. To vSe zapficinovalo, Ze se
zpomaloval celkovy postup oproti postupu oéekdvanému. Dal§im nepfiz-
nivym faktorem bylo Casté kifZeni se stdvajicimi inZenyrskymi sitémi,
z nichZ nékteré byly dosud funk&ni a bylo je nutno prelozit. Tyto ¢asové
ztrdty spolu s prostojem, zavinénym nahlym pruvalem zvodnélych jilu
v sousedstvi zahlubované Sachty nad komorou TK115, vedly k rozhod-
nuti dokoncit rozpracovany tusek razby a ddle nepokraCovat v razbé
s touto mechanizaci. Souhrnné je mozZno konstatovat, Ze nedoslo k oce-
kdvanym dennim postuptm pii razbé, pouZiti stavajici mechanizace bylo
neefektivni, a bylo proto rozhodnuto o vymeéné pouzité mechanizace. Za
hlavni divody nedostatenych postupt je mozno oznacit:

@ Obtizné udrZeni kvality pojizdné podlahy;

@ Prostoje zpusobené Castym kifZenim s inZenyrskymi sitémi (nékte-
ré sité nebyly v podkladech vibec zaznamendny, popr. byly zastize-
ny v jinych polohéch neZ predpoklddanych);

@ Prostoje zpusobené zhorSenymi geologickymi podminkami na &elbé
zpusobené piitoky spodni vody a pritoky vod ze stdvajicich, tech-
nicky jiz nevyhovujicich vodovodnich a kanalizacnich vedeni.

Za téchto podminek bylo dosahovéno prumérného denniho postupu
cca 1,3 m/den. Po doraZeni tiseku mezi Sachtou TS7 a TSP11 byla tato
mechanizace vyzvednuta z podzemi.

Pro razbu dalSich tsekt bylo rozhodnuto vyuZit operativnéjsi mecha-
nizace, a to:

@ JCB 8017 (obr. 4)

@ Locust 752 (obr. 5)

Vzhledem k tomu, Ze nebyla tato mechanizace k dispozici vCetné
schvéleni CBU do podzemi, bylo nutno nasazeni téchto strojii legislativ-
n¢ projednat.

Po nasazeni rypadla JCB 8017 se prodlouzila doba rozpojeni a naloZe-
ni zeminy na Celbé o cca 30 %. Toto prodlouZeni vSak bylo vyvéazeno
vetsi manévrovatelnosti a operativnosti stroje pri pouZiti na vice ¢elbach
v Casové nafdzovanych cyklech. Toto rypadlo bylo moZno operativné
nasadit i na prace provadéné v souvislosti s vystavbou kolektoru na povr-
chu.

Vodorovnd doprava byla vyfesena univerzalnim kolovym naklada¢em
Locust 752 Tunel. Tento stroj bylo mozné taktéZ nasadit univerzalné
a pouzivali jsme ho i pro doCistovani Celby pri razbé profilu. Doprava
rubaniny timto zpusobem se s ohledem na kapacitu stroje osvéd¢ila do
vzdalenosti cca 60 az 100 m.

Vedle technické vhodnosti pouZité technologie je prfi jejim posuzovani
pro nasazeni nezanedbatelnym faktorem ndklad na pouZiti jednotlivych
stroju v porovndni s dosaZenym vykonem. Zde je nutno konstatovat, Ze
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A basic excavation equipment set identical with the set used for the excavati-
on of the exploration gallery for the Dobrovského tunnel construction was ado-
pted, with respect to the fact that the dimensions of the gallery were comparable
with the dimensions of the collector tunnels. This set secured sufficient daily
advance rates on the Dobrovského tunnel, without greater settlement than pre-
dicted by the design. The set consisted of a Schaeff ITC113 tunnel excavator (see
Fig. 2) and a universal mine dumper Paus Universa (see Fig. 3). In contrast with
the excavation of the exploration gallery, where the muck was transported by
a dumper to the location of the portal of the tunnel to be built subsequently, the
muck from the collector tunnels was lifted by a clamshell directly from the body
of the Paus dumper and loaded to a container on the surface. Thus we avoided
a complex problem of stockpiling the muck in the area of the hoisting shaft. The
muck was subsequently transported in the containers to a surface stockpile.

Excavation of one round and mucking away was very fast considering the
given geology, which fact, together with the immediate spraying of the face with
concrete, ensured good stability of the excavation. The horizontal transportation
in the tunnel, however, slowed the daily advance rate down. The reason were the
inflows of ground water at the face. Those minor inflows made driving along the
tunnel bottom difficult for the relatively heavy dumper. Subsequent necessary
repairs and strengthening of the floor of the collectors were very time consuming
operations, which increased the costs inadequately. All of that resulted in a slo-
wing down of the overall progress compared with what had been anticipated.
Another unfavourable factor was the frequent crossings with existing utility net-
works. Some of them were operable, and they had to be relocated. The time los-
ses, together with the downtime due to a sudden inrush of water-saturated clays
in the vicinity of the shaft being sunk above the chamber TK115, resulted in
a decision to finish the section being just excavated, and to not continue the exca-
vation with the given equipment set. In summary, we can state that the anticipa-
ted daily advance rates were not achieved, therefore the application of the given
equipment was inefficient, and a decision to change the equipment had to be
made for that reason. The main reasons of the unsatisfactory performance were
as follows:

@ Difficult maintenance of the floor for haulage.

@ Downtimes due to frequent crossings with utility networks (some net-
works were not recorded in the documentation, or they were found in
different locations than expected).

@ Downtimes due to geological conditions at the face, deteriorating due to
inflows of ground water and inflows of water from existing, in technical
terms defective, water and sewerage pipelines.

The average daily advance achieved in the above-mentioned conditions
amounted to 1.3 m per day. The equipment set was removed from the tunnel
after completion of the section between the shafts TS7 and TSP11.

A decision was made to use a more operative equipment set for the remai-
ning excavation, namely:

@ a JCB 8017 excavator (see Fig. 4)

@ a Locust 752 loader (see Fig. 5)

The deployment of this set of equipment had to be negotiated in terms of
legislation, because an approval for the underground application of the machi-
nes issued by the CBU (Czech Bureau of Mines) had not been available.

The time necessary for disintegration of the rock and loading by the JCB 80117
was roughly by 30% longer. This time extension, however, was compensated for
by better maneuverability and operativeness of the machine in the conditions of
utilisation at several faces, in phased cycles. This excavator could be used opera-

Obr. 5 Kolovy naklada¢ LOCUST 752 TUNEL ve stole
Fig.5 LOCUST 752 TUNEL wheeled loader in the tunnel
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s nékolikandsobné levnéjsi technologii bylo dosazeno témér srovnatel-
nych postupu pii razb€. Dale skuteCnost, Ze tyto stroje byly pouZzivany
i na jiné operace spojené s budovanim kolektoru, méla vliv na celkovou
tsporu naklada v porovndni s ptivodné pldnovanou sestavou.

I pres komplikace spojené s vymenou strojni technologie pro razbu se
idea bezkolejové dopravy ukdzala jako sprdvnd a z naSeho pohledu jedi-
nd moznd. Toto 1ze dokumentovat zkuSenostmi i z jinych staveb, kde
obdobné strojni sestavy jsou opétovné nasazeny (napt. Kolektor Vodic-
kova v Praze).

Pro zajisténi nezbytného rozvoje a dal§iho zkvalitnén{ praci i nadéle
dopliiujeme strojni technologie o dal$i generace stroju (JCB fady 802,
LOCUST rady 853, lehky dampr PAUS AKV 242), pro komplexni zajis-
ténf praci v riznych ,,malych* profilech podzemnich dél.

Pro provedeni primédrniho osténi byl pfi razbach pouZit stifkany beton
H V4-B 25. Vzhledem k stisnénym prostordam a nasazené strojni techno-
logii pfi razbé nebylo mozno pro ukladku stitkanych betonti vyuZit 7ddné
mechanizace a betony se uklddaly strikdnim ruéni pistoli za pouZiti stro-
ju ALIVA 246 a 252.

b) Provedeni kanalizace ve dné kolektoru

Pro realizaci kanalizace bylo vyuZito stroju nasazenych pro vlastni
razbu, tj. JCB a LOKUST. Vykop byl otevirdn postupné v délce
4 m a postupné bylo provddéno zabetonovani trub max. délky 3 bm.
Tento cyklus byl dokoncen v jednom dni, bylo tedy dosahovédno postupu
cca 3 bm kanalizace za lden. Spadi$tové Sachty a nésledné pripojky do
domu byly realizovany a7 po dokonceni pokladky hlavnich vétvi. Z toho-
to divodu nedochézelo k prodluzovani doby nasazeni mechanizace
a vyuZiti stroju bylo velmi efektivni.

¢) Provedeni sekundarniho osténi a hydroizolace

Zahdjeni realizace sekundédrniho osténi bylo podminéno dokoncenim
pokladky kanalizace ve dné kolektoru v&etné napojeni piipojek kanaliza-
ce a zlikvidovani vSech provizornich propojeni kanalizaci.

Jako ochrana proti prasakim spodnich vod byla zvolena hydroizolace
krystalizaci (bild vana) mezi vrstvou primdrniho a sekunddrniho osténi
kolektoru. Osténi kolektoru bylo oSetfeno maltovou smési
MONOCRETE MONOMIX XP TH nandSenou stifkacim strojem
ALIVA 246 v miniméln{ tloustte 15 mm. Tato vrstva méla Cervenou sig-
naln{ barvu pro lepsi kontrolu kompaktnosti nanesené vrstvy.

Podlahy, prechody mezi podlahou a osténim a vzniklé pracovni spéry
byly osetfeny smési XYPEX CONCENTRATE nanéSenou pneumatic-
kou pistoli.

Stifkdni sekundédrniho ostén{ bylo provadéno opét stitkacim strojem na
suchou smés Aliva 246, betonovd smés na definitivni podlahu byla
dopravovéna do kolektoru ¢erpadly Schwing.

Pfi provddéni sekunddrntho osténi byly prace rozfizovany do fady
kroku. Hlavni operace pii realizaci této etapy vystavby jsou nasledujici:

1. vyrovndni a pfiprava povrchu stifkaného betonu primarniho ostén{

2. osazeni kotvi¢ek armatury do vyvrtl vyplnénych izolaéni hmotou
XYPEX CONCENTRATE (ve formé Dry-Pack)

3. odisténi a vyrovnani primdrn{ podlahy kolektoru v pasu podél stén

4. montdz{ 1. vrstvy armatury sekunddrniho osténi (kari site)

5. aplikace izola¢ni hmoty na podlahu kolektoru v pasu 50 cm podél
stén (XYPEX CONCETRATE) s pretaZenim cca 10 cm na stény
kolektoru

6. po zaschnut{ izolace bylo provedeno provizorni zakryti jako ochra-
na proti nezddoucimu spadu pii stiikdni sekundérniho osténi

7.ndstiik stén a stropu signdlni izolaéni vrstvou MONOCRETE
MONOMIX XP TH (obr. 6)

8. nastifkan{ klenby a stén 1. vrstvou stfikaného betonu (SB) sekundar-
niho osténi (nutno provést do 72 hodin po ndstriku izola¢ni malty)

9. montdz 2. vrstvy armatury sekunddrniho osténi

10. nastrikan{ klenby a stén 2. vrstvou SB sekunddrniho osténi, pred
zavadnutim byly povrchy srovndvdny na pozadavek investora bri-
zolitovymi Skrabkami jako pohledovy beton

11. vycisténi a vyrovnani zbyvajici stiedni ¢dsti primérni podlahy kolek-
toru, odstranéni provizorniho zakryti krajnich pasu podlahy

12. aplikace izola¢ni vrstvy podlahy kolektoru v stiedni Casti (Xypex
concentrate)

13. betondZ ochranného potéru na podlahu

14. uloZeni armatury definitivni podlahy dna, provedeni bednéni Zldbku
kolektoru

15. betondz definitivniho dna kolektoru betonovou smesi H V4 B 25

Obr. 6 Primdrni osténi s ndstrikem izolace MONOCRETE MONOMIX XP TH
Fig. 6 Primary lining with waterproofing spray MONOCRETE MONOMIX
XPTH

tively even for work connected with the operations on the surface.

Horizontal haulage was solved by a universal wheeled loader Locust
752 Tunel. Also this machine could be utilised universally, and we used it for
scaling too. The muck haulage by this machine up to a distance of 60 to
100 m acquitted itself with respect to this machine’s capacity.

Apart from the technical adequacy of the applied equipment, the cost of utili-
sation of individual machines compared with the achieved performance is also
a significant factor in the assessment of equipment to be utilised. It must be sta-
ted that nearly comparable outputs were achieved with several times cheaper
machines. Further, the fact that these machines were also used for other operati-
ons associated with the collector construction affected the overall savings of the
costs compared with application of the originally planned equipment set.

Even despite complications associated with the exchange of the excavation
equipment, the idea of trackless haulage proved to be correct and, from our
point of view, the only possible solution. This can be documented by experi-
ence from other sites where similar equipment sets are re-deployed (e.g. the
Vodickova Street Collector Tunnel).

With respect to the need for ensuring the essential development and further
improvement of quality of our work, we add new generations of machines
(JCB line 802, LOCUST line 853, the light dumper PAUS AKV 242) to our
equipment park, to provide for a comprehensive range of operations in various
“small” profiles of underground works.

Sprayed concrete H V4-B25 was used for the primary lining. Because of the
confined space and utilisation of mechanical plant for the excavation, no equ-
ipment could be used for the shotcrete application, and the concrete had to be
sprayed with a hand-held air gun, using the ALIVA 246 and 252 sets.

b) Sewerage installation under the collector bottom

The equipment set used for the tunnel excavation, i.e. the JCB and LOCUST,
was also used for the installation of the sewerage pipes. The trench was opened
in steps 4m long, and, subsequently, pipes with a maximum length of 3m were
lowered and backfilled with concrete. This cycle was completed within one day,
which means that the daily advance reached about 3m of the sewer per day. Drop
manholes and subsequent service connections were built when the main branches
had been completed. For that reason the periods of operation of the machines
were not extended, and the machines were exploited very efficiently.

c) Construction of the secondary lining; waterproofing

A condition for the commencement of the work on the secondary lining was
the completion of the work on the sewerage laid under the collector bottom, inc-
luding service connections, and removal of all temporary interconnections bet-
ween the sewerage lines.

A waterproofing system called the “White Tank”, based on generation of a cry-
stalline formation on the interface of the primary and secondary lining of the col-
lector tunnel, was selected for the protection against ground water seepage. The
tunnel lining was treated by MONOCRETE MONOMIX XP TH grout applied
by a sprayer ALIVA 246, at a minimum thickness of 15 mm. This layer was tin-
ted signal red to facilitate checking of the compactness of the applied layer.

The floor, transition sections between the floor and the lining, and day joints
were treated using XYPEX CONCENTRATE mixture applied by an air gun.

The sprayed concrete of the secondary lining was applied using a dry process
shotcrete machine Aliva 246. The concrete mix for the final floor was conveyed



Obr. 7 Definitivni osténi kolektoru
Fig. 7 Secondary lining of the collector tunnel

Kvalita provedeni sekundédrniho osténi nejvice ovlivnila vyslednou
kvalitu celého dila (obr. 7). Jednalo se jednak o troven findlniho zpraco-
vani stifkanych betonu, a to zejména z hlediska vizudlniho, hlavné vSak
se jednalo o zajisténi vodotésnosti provedeného betonového osténi. Proto
byla vénovéana témto operacim mimorddnd péce, a to jak od nas jako
zhotovitele, tak i ze strany technického dozoru — inZenyra stavby. Systém
dil¢ich prejimek nds opraviioval k zahdjeni dalsi operace. Zejména se
jednalo o prejimky povrhi s provedenym izolanim ndstiikem pred
samotnym stiikdnim sekunddrniho osténi.

Prisné vSak byla sledovdna nejen priprava pracovisté pred provddénim
stitkanych betond, ale i pfed aplikaci izola¢ni vrstvy, tzn. bylo kontrolo-
vano dokonalé omyti povrchu betonu tlakovou vodou (WAP) a rovnéz
dodrzovéni zdsad pro zpracovani izola¢nich hmot XYPEX.

Mimorddna péce byla vénovéna také provadéni nékterych duleZitych
detailt jako na pifklad utésnéni kotevnich prvku armatury sekundérniho
osténi, provedeni napojeni izolace dna a stén kolektoru nebo dukladnému
vibrovani betonové smési definitivnich podlah, aby doslo k vyplnéni vol-
nych prostor po vy¢isténi povrchu podlah tlakovou vodou pred betondzi.

V soucasné dobé nelze jesté vyhodnotit kvalitu hydroizolace, protoZe
doposud se podzemni voda za osténim kolektoru neustélila na pivodni
tirovni. Vyhodnost pouZité technologie je vSak i v tom, Ze umoZnuje rela-
tivné jednoduché ndsledujici sanace pfimo v mistech prusaka.

ZAVER

Vzhledem k tomu, Ze k tplnému dokonceni dila zbyvd jesté nékolik
mésict, je na celkové hodnocent jesté brzy. Z pohledu stavbarské termino-
logie je zatim dokonéend tzv. ,hrubd stavba“. Je nutno jest¢ dokoncit
vystrojeni kolektorti dal$imi vnitinimi konstrukcemi, definitivnim vétra-
nim, Zabezpeéovacfmi systémy a v neposledni fadé napojit tyto kolektory
na jiz funkéni stavajici sit'kolektoru v centru Brna. Véfime, Ze dosavadni
zkusenosti budou moci byt uplatnény pii vystavbé dalSich etap kolektort.

ING. BRETISLAV SEDLACEK, AQUATIS, a. s., sedlacek@aquatis.cz;
ING. EMIL KONOPASEK METROSTAV a. s., konopasek@metrostav.cz;
ING. JAROSLAV VRANAN METROSTAYV a. s., vranan@metrostav.cz
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to the collector by Schwing pumps.

The construction of the final lining was divided into phases, with the following
main operations:

1. Adjustment of the primary lining shotcrete surface irregularities,

2. installation of reinforcement anchoring elements into boreholes filled with

the waterproofing product XYPEX CONCENTRATE (in a Dry-Pack form),

3. cleaning and levelling of the primary floor of the collector within a strip
along the walls,

4. installation of the 1st layer of reinforcement of the secondary lining (welded mesh),

5. application of the waterproofing material to the floor of the collector, within
a 50 cm-wide strip along the walls (XYPEC CONCENTRATE), extending
about 10 cm up the walls of the collector,

6. temporary covering after drying, as a protection against undesired rebound
during spraying of the secondary lining,

7. spraying of the MONOCRETE MONOMIX XP TH signal waterproofing
layer on the walls and ceiling (see Fig. 6),

8. application of the 1st layer of sprayed concrete (SC) of the secondary lining
to the vault and walls (to be completed within 72 hours after the application
of the waterproofing grout),

9. installation of the 2nd layer of reinforcement of the secondary lining (wel-
ded mesh),

10. application of the 2nd layer of SC of the secondary lining to the vault and walls;
as required by the client, irregularities in the surfaces were adjusted before dry-
ing by means of scrapers to achieve architectural concrete finish quality,

11. cleaning and levelling of the remaining central part of the primary floor of
the collector; removal of the temporary cover of the side strips of the floor,

12. application of the waterproofing layer to the floor of the collector in the
central part (XYPEX CONCENTRATE),

13. spreading of protection screed on the floor,

14. installation of steel reinforcement of the final floor, erection of shuttering for
the floor channel ,

15. casting of the final bottom of the collector using concrete H V4 B25.

The secondary lining quality affected the resulting quality of the whole struc-
ture (see Fig. 7). The quality was assessed in terms of the final processing of
sprayed concrete, namely the visual effect, and, above all, in terms of its water
retaining capability. This is why extraordinary care was taken during those ope-
rations, both by ourselves and the client’s supervision provided by the Resident
Engineer’s staff. A system of partial pre-turnovers entitled us to start subsequent
operations. The main subject of the turnovers was the surface covered with the
signal spray, before the spraying of the secondary lining.

Although, the preparation of the work place was observed carefully not only
before the application of shotcrete, but also before the application of the waterpro-
ofing layer, i.e. perfect pressure washing of the surfaces using the WAP, and com-
pliance with the rules for the processing of the waterproofing material XYPEX.

Special attention was paid to the execution of some important details, e.g. sea-
ling of the anchoring elements holding the steel reinforcement of the secondary
lining, the workmanship of the connection of the waterproofing layer on the bot-
tom to the collector walls, or thorough compaction of concrete mix during the
casting of the final floor structure so that the empty spaces remaining after the
pressure washing of the floor before the concrete casting were filled.

It is still premature to assess quality of the waterproofing system because the
ground water table behind the collector tunnel’s lining has not settled at the ori-
ginal level yet. The applied technology is advantageous also because of the fact
that it allows relatively fast subsequent repairs directly at the spots of seepage.

CONCLUSION

With respect to the fact that several months remain until the works are com-
pleted, it is too soon for an overall assessment. In terms of the civil engineering
terminology, only the “carcass work™ has been completed. The work on the instal-
lation of other internal structures, final ventilation, safety and security systems
remains to be done, and, at last but not least, it is necessary to connect these collec-
tors to the operating network of collectors in the centre of Brno. We believe that our
experience will be applicable to other stages of the development of collector tunnels.

ING. BRETISLAV SEDLACEK, AQUATIS, a. 5., sedlacek@aquatis.cz;
ING. EMIL KONOPASEK METROSTAV a.s. konopasek@metrostav cZy
ING. JAROSLAV VRANAN, METROSTAV a. s., vranan@metrostav.cz
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Toel

PRUZKUMNA STOLA TUNELU SLIVENEC - LAHOVICE
SILNICNIHO OKRUHU KOLEM PRAHY, STAVBA 514

EXPLORATION GALLERY FOR THE TUNNEL IN THE SLIVENEC -
LAHOVICE SECTION OF THE PRAGUE CITY RING ROAD,
CONSTRUCTION LOT 514

VLADIMIR SALUS, PETR VOZARIK

uvob

V prvnim lednovém tydnu roku 2004 zahdjila divize 5 Metrostav a. s.
préce na razbé pruzkumné §toly, kterd méla ovéfit geologické a hydrogeolo-
gické podminky v misté budoucich dvou jednosmérnych trub tunelu silni¢-
niho okruhu v dseku Lahovice — Slivenec, stavba 514. Cilem pruzkumné
Stoly a provedeného monitoringu nebylo jen vyuZiti vysledka pro ndvrh pri-
mérniho a sekunddrniho osténi ddlni¢niho tunelu, ale §tola méla také spole-
Censko-politicky motiv. Jeji realizace se stala vyslancem budouci stavby,
nebot’ nejen ovéfila dopady vystavby na Zivotni prostredi okoli, provérila
podminky pro budouci organizaci vystavby, ale ovlivnila i spole¢enské mys-
leni mistnich obyvatel.

Stola o profilu 25 m2 je dlouh4 1313 m a byla navrena jako stropni
v pravém stoupajicim tfipruhovém tunelu. Levy tunel bude dvoupruhovy.
Niveleta stoly je 3,3 m nad niveletou budouci tunelové trouby, sklon Stoly
je 3.9 %. Stola ma plnou vysku budouci kaloty a kiivost tvaru klenby §toly
kopiruje rub primarniho osténi tunelu. Ve Stole bylo realizovdno osm zvét-
Senych geotechnickych profild na celou §ifi kaloty v délkdch 12 az
42 m s plochou vyrubu cca 66 m2, které byly vyuZivany po dobu raZby
i jako vyhybny.

GEOLOGICKE A HYDROGEOLOGICKE POMERY VE STOLE

Trasa §toly prochdzela riznorodym a slozitym geologickym prostredim.
V masivu byly zastiZeny jilovité navétralé bridlice krdlovodvorského souvrst-
vi, které prechdzely pres piscité bridlice a kfemenné piskovce kosovského
souvrstvi az do piséitojilovitych a jemnozmnych kiemennych piskoveu a pra-
choveii. Piitoky vody se pohybovaly v rozmezi od 0,1 do 2,0 I/s. Stola proka-
zala predpoklddané tfidy raznosti — TT3 (50 %), TT4 (30 %) a TT5 (20 %).

TECHNICKE RESENI

Vystavba probihala protirazbou od obou portélt — lochkovského a rado-
tinského, a to technologii Nové rakouské tunelovaci metody. Osténi $toly
tvoril stitkany beton vyztuZeny sitémi a dle technologickych tfid svorniky
a prithradovymi rdmy. Délka zdbéru se pohybovala v rozmezi 1,5 — 2,5 m.
Soucasti Stoly byla rozsifeni na plny profil kaloty. Jejich délka se upres-
novala dle potieb geotechnického monitoringu a byla 25 az 40 m. Vzdd-
lenost mezi zvétSenymi profily se pohybovala od 140 m do 160 m. Geo-
technické méfeni bylo hlavné zaméreno na zjisténi velikosti deformaci pri
razbé celého prufezu kaloty a ziskdni podkladu pro stanoveni nezbytnych
opatfeni pro razbu obou tunelovych trub. Jednotlivé kaloty v TT 3 a 4 se
razily na plny profil, kalota pro geotechnické zkousky se razila s predra-
Zenou Stolou a rovnéz tak kalota v TT 5a. Vystrojovacimi prvky Stoly
i kalot byly stfikany beton, sité, vyztuzné réimy BRETEX, svorniky IBO,
HUS a BOLTEX.

POSTUP VYSTAVBY, ZARIZENI STAVENISTE A MECHANIZACE

Razba z radotinského portdlu byla dovrchni se sklonem 3,9 %. Jejimu
zaCitku predchdzely tpravy terénu a vystavba zafizeni stavenisté. Portédl
Stoly je v misté krétkych hloubenych tunelt, které kon¢i razenym portdlem
tunelt se striktné uréenym zdborem v piirodné cenném dzemi.

Svahy portélu byly zastiikdny betonem s vyztuznou siti a zabezpeCeny
SN kotvami a trny. Vlastni rozrdzka byla zaji$téna ochrannym de$tnikem
z mikropilot ve dvou fadédch. Také ostatni svahy byly chréanény stfikanym
betonem se siti. Ve spodni ¢ésti byla stavebni jama zajiSténa zdporovym
paZenim.

INTRODUCTION

In the first week of January 2004, the Division 5 of Metrostav a. s.
commenced the excavation of an exploration gallery designed for veri-
fication of geological and hydrogeological conditions at the site of
a twin-tube tunnel on the City Ring Road, to be built within the Laho-
vice — Slivenec section (construction lot 514). The objective of the
exploration gallery and the monitoring was not only the utilisation of
the results for the design of the primary and secondary liners of the
motorway tunnel. The gallery construction was motivated also social-
ly and politically. The construction became a testing ground for the
future tunnel construction. It verified the impact on the landscape, tes-
ted the conditions of the future organisation of works, but also influ-
enced opinions of the local population.

The 1313m long gallery with a cross section of 25 m2 was designed
as a top heading, in the right-hand uphill three-lane tunnel tube. Two
traffic lanes will be provided in the left tunnel. The grade line of the
gallery runs at a gradient of 3.9 %, about 3.3 m above the grade line of
the future tunnel tube. The height of the gallery is equal to the height
of the future tunnel top heading, and the curve of its roof exactly

Obr. 1 Stola s osténim ze stitkaného betonu
Fig. 1 The gallery with shotcrete lining




Na strané lochkovského portélu, ze kterého probihala dpadni razba, byla
pro pristup provedena rampa ve sklonu 15 %. Jeji umisténi bylo voleno tak,
aby co nejméné vadilo v ploSe zafizeni stavenisté. Svah horniho portdlu se
zajistil stifkanym betonem se sitémi a trny. Vlastni prordZka byla chrdnéna
destnikem z mikropilot ve dvou faddch délky 10 m.

Razici prace na obou Celbéch probihaly jak strojnim rozpojovanim pomo-
cf mechanismu SCHAEFF ITC, tak pomoci trhacich praci. Vrtani zajistoval
vrtaci viz BOOMER a rubanina se odvédZela dampry na mezideponii.
Dovrchni razba na radotinském portdlu byla zahdjena 7. ledna 2004 a tpad-
ni na lochkovském portélu 19. bfezna 2004. Denni postupy v jednotlivych
tfidach dosahovaly vIT34-5m,vTT425-3mavTT512-25m.

Celd oblast veden{ silni¢niho okruhu je z hlediska Zivotniho a prirodniho
prostiedi vyjime¢nd. Vedle sidelnich ttvart blizkych obcf jsou v okolf chré-
néné krajinné oblasti. Zasahy do ekosystému podrobné sleduje jak odbornd,
tak i laickd vefejnost. Proto splnéni ekologickych poZadavku bylo pro

Obr. 3 Pohled na celbu Stoly
Fig. 3 The gallery face

14. rocnik - €. 2/2005

Obr. 2 Zvétseny profil $toly

velikosti kaloty budouciho tunelu
Fig. 2 Enlarged cross-section

of the gallery with dimensions equal
to top heading of the future tunnel

follows the shape of the primary
lining of the tunnel. For geotechni-
cal purposes, the gallery excavati-
on profile was enlarged in eight 12
to 42 m long sections up to the
width of the tunnel top heading
(cross section area about 66 m2).
The widened sections were also
utilised as passing bays.

GEOLOGICAL AND
HYDROGEOLOGICAL
CONDITIONS IN THE GALLERY

The gallery’s alignment passed
through variable and complex geolo-
gical conditions. Weathered clayey
shales of the Kraluv Dvir strata,
covered by sandy shales and quart-
zose sandstones of the Kosov strata
to sandy-clayey fine grained quart-
zose sandstones and siltstones, were encountered in the rock massif.
Water inflows varied from 0.1 to 2.0 litre/sec. The gallery proved the anti-
cipated excavation classes, i.e. TT3 (50 %), TT4 (30 %) and TT5 (20 %).

TECHNICAL SOLUTION

The excavation operations started from both portals, i.e. the Loch-
kov and Radotin portals, with the headings moving towards each other,
using the NATM. The gallery’s lining consisted of shotcrete reinforced
with mesh and, depending on the technological classification, rock
bolts and lattice girders. The advance length ranged from 1.5 to 2.5 m.
The sections enlarged to the full profile of the geotechnical top hea-
ding were part of the gallery. Their lengths, varying from 25 to 40 m,
were determined according to the needs of the geotechnical monitoring
and geology. The enlarged top heading sections were about 140 —
160 m apart. The geotechnical measurement was primarily focused on
the determination of the magnitude of deformations during full-face
top heading operations, and for gathering data for determination of
measures necessary for the excavation of the two tunnel tubes. Full-
face top headings were applied within the TT3 and TT4 classes, while
the gallery was enlarged in the sections of the top heading designed for
the geotechnical testing and sections passing through TT 5a. Both the
gallery and the top heading support consisted of shotcrete, mesh,
BRETEX lattice girders, and rock bolts IBO, HUS and BOLTEX.

CONSTRUCTION SEQUENCE; SITE FACILITIES; EQUIPMENT

The uphill excavation from the Radotin portal rose at a gradient of
3.9 %. It started when the terrain finishes and site facilities had been
completed. The portal of the gallery is found at a construction site of
future short cut-and-cover tunnels, ending by a mined portal of the
future tunnel, in an approved site located in a preserved landscape.

The portal slopes were covered by shotcrete with mesh, and secured
by SN anchors and rock bolts. The portal section excavation was sup-
ported by an umbrella consisting of two tiers of micro piles. Also the
other slopes were supported, by mesh and shotcrete. At its bottom, the
construction pit was supported by strutted sheeting.

An access ramp was constructed at a 15% gradient, on the side of
the Lochkov portal, from which the downhill excavation was carried
out. The least obstructive position for the site facilities was chosen for
the ramp. The slope of the upper portal was supported by shotcrete
with mesh and rock bolts. The pre-support micro piles protecting the
portal section of the gallery were 10 m long, installed in two tiers. The
gallery was excavated from two sides, using both mechanical equip-
ment (SCHAEFF ITC) and the drill-and-blast technique. An Atlas
Copco Boomer was used for the drilling, and muck was transported by
dumpers to an intermediate stockpile. The uphill excavation from the
Radotin portal and the downhill excavation from the Lochkov portal



Obr. 4 Zvétseny profil — kalota

— pro geotechnickd meéreni

Fig. 4 The enlarged cross section — top heading
— for geotechnical measurements

technicky nédvrh, technologii vystavby Stol
andvrh zarizeni staveniSt¢ rozhodujic. Pristu-
pové komunikace a plochy pred portilem
musely byt navrZeny a provedeny tak, aby se
zamezilo zneCistovani verejnych komunikaci.
Dalsim zdsadnim opatfenim bylo dikladné
preddisténi Gerpanych vod z tunelu a povrcho-
vych vod z ploch zafizeni stavenist¢ pred
jejich vypousténim do kanalizaén{ sité. Hlav-
né se to tykalo jizniho portédlu, kde byla vybu-
dovdna akumula¢ni a sedimentacni nddrz.
K minimalizaci dopadi na Zivotni prostiedi
byly dodrzovany v maximdln{ mife zdsady:
M nasazeni stroju a mechanizace v dob-
rém technickém stavu,
M Cisténi dopravnich prostiedkd pred
jejich odjezdem ze stavebniho dvora,
M udrZovéni Cistych prijezdovych komu-
nikaci,
B dodrZovani provoznich T4d v oblast vod,
B zajisténi proti poskozovani blizké zelené.
ZAVER
Stola je prorazena od 18. 11. 2004. Zkusenosti z jeji vystavby potvrzuii,
stejné jako u Stoly pod vrchem Valik, jeji duleZitost pro ziskani zprestiujicich
hydrogeologickych parametri a podkladt pro projekt tunelu i pro technolo-
gii vystavby. Vedle toho se realizace v ramci geologického prizkumu velmi
pozitivné projevuje v investorské pripravé budouci stavby a jejiho spole-
¢enského dopadu.
Technologie vystavby i podminky pro provddéni geotechnického méfeni
in situ poZaduji jako optimalni velikost profilu $toly okolo 25 m2 a umistén{
prostor pro geotechnickd méreni v kaloté budouciho dila.

ING. VLADIMIR SALUS, e-mail: salus@metrostav.cz
ING. PETR VOZARIK, e-mail: vozarik @metrostav.cz, METROSTAYV a. s.

Obr. 5 Slavnostni prordzka prizkumné Stoly dne 18. 11. 2004
Fig. 5 The exploration gallery breakthrough ceremony on 18 Nov. 2004
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started on 7 January 2004 and 19 March 2004 respectively. Daily
advance rates of excavation through individual classes amounted to
Sm for TT3, 2.5m for TT4, and 1.2 to 2.5 m for TTS5.

The entire area which the ring road passes through is exceptional
in terms of the human and natural environment. In addition to near-
by residential communities, there are also protected landscape areas
in the vicinity of the site. Interventions in the ecosystem are tho-
roughly monitored by both the professional and lay public. For that
reason the fulfilment of environmental requirements was the princi-
pal task for the design, the gallery excavation technique, and design
of the site facilities. Access roads and pre-portal areas had to be
designed and built in a manner preventing the contamination of pub-
lic roads. Another fundamental measure was the thorough prelimina-
ry treatment of the water pumped from the tunnel or surface water
from the construction site areas, before discharge to the sewerage
network. This measure was applied most of all to the area of the sout-
hern portal, where an accumulation and sedimentation tank had to be
built. The following main rules were adopted to minimise the envi-
ronmental impact:

M the plant and equipment had to be maintained in good technical

condition,

B vehicles leaving the site had to be cleaned before departure,

B approach roads must be maintained clean,

B regulations for water treatment facility operations had to be com-

plied with,

W green vegetation had to be protected.

CONCLUSION

The gallery breakthrough took place on 18 November 2004. Expe-
rience from the construction confirmed what the experience from the
gallery drive under Valik hill had confirmed before, how important the
gallery is for identification of refined hydrogeological parameters and
data for the tunnel design and the tunnelling technique. In addition, the
construction of a geological exploration gallery positively affects the
client’s project preparation and the assessment of future social conse-
quences of the works.

The excavation technique and conditions needed for the excecuti-
on of the in-situ geotechnical measurement in chambers with the size
equal to the top heading, require an optimal cross section area about
25 m2, with geotechnical measurements carried out at the top hea-
ding of the future tunnel.

ING. VLADIMIR SALUS, e-mail: salus@metrostav.cz
ING. PETR VOZARIK, e-mail: vozarik @metrostav.cz, METROSTAYV a. s.
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VZOROVY LIST SVETLEHO TUNELOVEHO PRUREZU
DVOUKOLEJNEHO ZELEZNICNIHO TUNELU

STANDARD SHEET FOR NET CROSS SECTION
OF A DOUBLE-TRACK RAILWAY TUNNEL

BOHUSLAV STECINSKY, PETR SVOBODA

uvoD

V soudasné dob& probihd v Ceské republice, v rdmei modernizace
hlavnich koridorovych trati, vystavba celé fady novych Zelezni¢nich
tunelt. Budovani novych tunelt logicky vyvolalo pozadavek na vytvo-
feni nové normativni a legislativni zdkladny. Bylo tudiZ nutné pristoupit
k novelizaci a modernizaci technickych podkladu, které na zacdtku
devadesatych let minulého stolet{ jiZ zaostavaly za vyvojem tunelového
stavitelstvi nejen ve svété, ale i v Ceské republice.

To se podafilo vypracovanim a vydanim nové CSN 73 7508 Zelez-
ni¢ni tunely, kterd nahradila technickou normu Zeleznic. Pro oblast rea-
lizace byla v roce 2001 aktualizovdna kapitola 20 Tunely, Technickych
kvalitativnich podminek (TKP) staveb Ceskych drah. V souvislosti
s timto procesem celkové akualizace technické legislativy v oblasti
Zelezni¢nich tuneld byl prepracovan a komplexné novelizovdn také
predpis CD S 6 Sprava tunelii a zruena sluZebni rukovét SR 106 Zelez-
ni¢ni tunely, kteréd také neodpovidala stavu problematiky v dne$ni dobé.

V ndvaznosti na tyto kroky ndsledoval logicky i pozadavek na aktua-
lizaci vzorového listu svétlého tunelového prufezu. Novy vzorovy list
nahrazuje stavajici vzorovy list staveb Zelezni¢niho spodku ¢. 351 Svét-
1¢ tunelové prifezy CSD z roku 1980. Tento vzorovy list byl jiz nékolik
let zastaraly a v soucasné projekeni praxi nepouzivany.

RESENI ULOHY

Predmétem vzorového listu je feSeni zdkladnich rozméru teoretické-
ho vnitfniho lice tunelového osténi a jeho vztahu ke smérovému a vys-
kovému feSeni trati. Cilem bylo najit optimélni prostorové usporadani
pri¢ného fezu nového tunelu a zdroven maximélné zjednodusit kon-
strukci pricného fezu. Typizace geometrie vnitiniho lice osténi by méla
znamenat i priméfené sniZeni investi¢nich ndkladl na vystavbu novych
tunelt dsporou prostiedkl na prestavbu bedniciho vozu.

Pavodni vzorovy list fesil svétly tunelovy prufez (STP) jednokolej-
nych i dvoukolejnych tunell v zdvislosti na smérovém feSent trati a se
zietelem k novostavbdm a prestavbdm. Pfi zpracovani nového vzorové-
ho listu bylo rozhodnuto zabyvat se pouze dvoukolejnymi tunely. Divo-
dem je jednoznacna preference dvoukolejnych tunelovych trub na nové
feSenych prelozkdch trati. Tato preference je dana predevsim ekonomic-
kym porovnanim jednokolejnych a dvoukolejnych tunelt a je umoZzné-
na podminkami, v nichZ jsou nové tunely u nds navrhovany. Jednd se
predevsim o névrhy relativné krétkych tuneld, pri nichZ efekt bezpec-
nostnich aspekti ve prospéch jednokolejnych tunelt nenabyva takové-
ho vyznamu.

Dalsi okruh otdzek, ktery musel byt pfi zpracovani, resp. pii zadani
vyfesen, se tykal rozhodnuti, zda zpracovat variabilné nékolik typu STP,
nebo zda sledovat pouze jeden ndvrh. Bylo rozhodnuto sledovat pouze
jeden ndvrh kruhového STP. Diavodem byla snaha po celkové unifikaci
tvaru STP s moznosti opakovaného pouZiti posuvného bednéni pro
betondz definitivniho osténi.

PODMINKY A PREDPOKLADY RESENI

Pri hleddni optiméln{ geometrie vnitrniho lice osténi tunelu jako ide-
4lni obalové kiivky sdruzeného tunelového prujezdniho prufezu (STPP)
je vzdy treba vzit v dvahu i vzdjemny vztah osy tunelu a osy os (osy
koleji). Poloha osy tunelu ve vztahu k ose os ma pii smérovém vedeni
koleje v oblouku, a tedy, pri pfevySeni koleje, vyrazny vliv na velikost
plochy pri¢ného fezu tunelu. Je proto tieba vZdy optimalizovat i vza-
jemny vztah geometrie vnitiniho lice osténi a STPP (vztah osy tunelu
a 0sy 0S).

INTRODUCTION

A number of new railway tunnels are currently under construction in the
Czech Republic, within the scheme of modernisation of the main railway cor-
ridors. Logically, the construction of new tunnels gave rise to a requirement for
the elaboration of a new normative and legislative base. It was therefore neces-
sary to undertake the task of updating and modernisation of the technical bases,
which had lagged behind the development of the tunnel construction field not
only in the world, but also in the Czech Republic.

The task was successfully fulfilled by the elaboration and publication of the
new national standard CSN 73 7508 Railway Tunnels, which replaced a pre-
vious technical standard valid for railways. Also the chapter 20 “Tunnels” of
the Technical Specifications (TS) for the Czech Railways’ (CR) constructions,
dealing with the construction phase, was updated. In addition, the regulation
“CD S6 Tunnel Administration” was amended and completely revised in con-
nection with this process of an overall upgrade; the operating regulation “SR
106 Railway Tunnels”, which did not correspond to the current status of the
given issue, was also cancelled. As a continuation of the above-mentioned
steps, a logical requirement followed for an update of the Standard Sheet for
the track sub-structure No. 351 “Net Cross Sections of CSD (Czechoslovaki-
an State Railways)”, from 1980. This Standard Sheet had been a dead docu-
ment for several years, and has not been used in the current design practice.

THE SOLUTION OF THE TASK

The given Standard Sheet solves basic dimensions of the theoretical internal
contour of tunnel lining, and its relation to the horizontal and vertical alignment
of the track. The objective was to find an optimal space configuration of the
cross section of a new tunnel, and, in the same time, to simplify the cross sec-
tion design as much as possible. The standardisation of the geometry of the
internal contour should also mean adequate reduction in capital costs of con-
struction of new tunnels by saving the cost incurred before due to modificati-
on of travelling shutters.

The original Standard Sheet solved the tunnel net cross section (TNCS) of both
single-track and double-track tunnels in relation to the horizontal alignment of the
track, and with respect to new structures and reconstruction. It was decided in the
course of the work on the new Standard Sheet to solve only the double-track tun-
nel design. The reason is the obvious fact that the double-track tunnel configura-
tion is preferred at newly designed diversions of railway lines. This preference is
mainly the result of an economic comparison of single-track and double-track
tunnels, and is possible thanks to the conditions in which new tunnels are desig-
ned in our country. Relatively short tunnels prevail, for which the effect of safety
aspects speaking on behalf of single-track tunnels is not so significant.

Another group of issues which had to be solved was about a decision
whether several types or only one type of the TNCS were to be designed. The
decision was made to follow only one design of a circular TNCS. The reason
was an effort to achieve the overall unification of the TNCS geometry, allo-
wing repeated use of the travelling shutter for casting of the final lining.

CONDITIONS AND ASSUMPTIONS OF THE SOLUTION

It is necessary in the process of searching for an ideal geometry of the inter-
nal contour of the tunnel lining, which is to be an ideal envelope curve of the
combined tunnel clearance profile (CTCP), always to take into consideration
the interrelationship between the tunnel axis and the axis of axes (the axis of
the two tracks). The position of the tunnel axis relative to the axis of axes sig-
nificantly affects the size of the tunnel’s cross-section area in case of a supere-
levated curved track. It is therefore necessary always to optimise even the inter-
relationship between the geometry of the internal contour of the lining and the
CTCP (the relationship of the tunnel axis and the axis of axes).
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Obr. 1 Geometrie teoretického vnitiniho lice osténi tunelu
Fig. 1 Geometry of the theoretical internal contour of the tunnel lining

Refeni geometrie vnitiniho lice osténi tunelu musi zohlediiovat pri-
chodnost ve dvou drovnich. Prvni troveii je prostor tunelové klenby
a zajistén{ pruchodnostl STPP dle CSN 73 7508 Zelezniéni tunely. Dru-
hou trovni feSen je potom zajiStén{ prostoru nutného kolejového loze
dle CD S3, kapitola 12 Zelezni¢ni svr§ek na mostnich objektech
a CSN 73 6201 Projektovani mostnich objekti.

NAVRZENA GEOMETRIE

Stfed kruZznice o poloméru 5700 mm opisujici vnitini lic osténi tune-
lu je umistén 1900 mm nad drovni temena hlavy kolejnice (TK). Vrchol
tunelové klenby je 7600 mm nad TK. Dolni vodorovnd hranice kon-
strukce osténi tunelu (dno tunelu) je 850 mm pod TK. Stiedovy thel
kruhové vysefe mezi body pruseciku dolnf hranice nutného kolejového
loZe a kruZnice hranice vnitfniho lice klenby je 237,6919°.

Plocha pfi¢ného fezu ohrani¢eného &drou vnitintho lice osténi je
A = 81,119 m?. Tato plocha nenf zmenSena o plochu uréenou pro umis-
ten{ kabelovych vedeni, kterd je proménnd (obr. 1).

GEOMETRIE VNITRNIHO LICE OSTENI TUNELU
- TUNELOVA KLENBA

Smérové a vyskové vedeni trasy je popsdno celou fadou parametru.
Rozhodujici pro ndvrh tvaru vnitrniho lice osténi je prevyseni koleje.
Prevyseni koleje se mize podle CSN 73 6360 — 1 Konstruk&ni a geo-
metrické usporadan{ koleje Zelezni¢nich drah a jeji prostorovd poloha,
Cist 1: projektovani — pohybovat v intervalu 0-150 mm, kde 150 mm je
maximdlni povolené prevyseni, a tedy horni mez intervalu. Tento inter-
val byl pfi optimalizaci tvaru pracovné rozdélen na podintervaly v kroku
10 mm a byla zkouména prostorové prichodnost STPP, podle
CSN 73 7508 Zelezni¢ni tunely, pro jednotlivé intervaly prevysen.

Na riiznych variantdch geometrického uspofadani vnitiniho lice osté-
ni byla ovéfovdna moZnost pouZiti ruznych tvart osténi a ruznych polo-
méru zakfiveni. Z vySetfovanych variant geometrické polohy vnitiniho
lice osténi bylo vybrdno feSeni ve tvaru kruZnice o jediném poloméru
(viz. navrZzend geometrie).

Polomér vnitrniho lice osténi R = 5700 mm byl zvolen jako kompro-
mis mezi snahou o minimalizaci plochy pfi¢ného fezu tunelu a snahou
pouzit jeden tvar vnitiniho lice osténi pro cely mozny rozsah prevyseni
koleje v tunelu.

NavrZend geometrie spliiuje poZzadavek prostorové pruchodnosti
STPP v celém intervalu prevySeni od 0 mm do 150 mm.

GEOMETRIE VNITRNIHO LICE OSTENI TUNELU
- OBRYS NUTNEHO KOLEJOVEHO LOZE

Kolejové loZe v tunelu je uvazovéano jako kolejové loze zapusténé dle
predpisu CD S3. Podle CSN 73 7508 Zelezni¢ni tunely, musi kolejové
loZe dovolovat prdci strojni Cisticky a odpovidat rozmérum kolejového
loZe na mostnich objektech podle CSN 73 6201 Projektovani mostnich
objektii. Tvar obrysu nutného kolejového loZe je uveden v predpise CD

The design of the geometry of the internal contour of the tunnel lining has
to take into account the passableness at two levels. The first level is the space
of the tunnel vault and securing of the passableness of the CTCP according to
CSN 73 7508 “Railway Tunnels”. The other level of the design is securing of
the space necessary for the track bed according to the CD S3, Chapter 12
“Trackwork on Bridges”, and CSN 73 6201 “Design of Bridges”.

THE DESIGNED GEOMETRY

The centre of the 5700mm-radius circle circumscribing the internal contour
of the tunnel lining is placed 1900 mm above the top of rail (TR). The tunnel
vault apex is 7600 mm above the TR. The lower horizontal boundary of the
tunnel lining structure (the tunnel bottom) is 850 mm below top of rail. The
central angle of the circular sector between the points of intersection of the
lower boundary of the necessary track bed with the circular internal contour of
the vault is 237.6919°. The area of the cross section bounded by the internal
contour line is A = 81.119 m2. The area intended for the placement of cable
lines, which is variable, is not deducted from this area (see Fig. 1).

GEOMETRY OF THE INTERNAL CONTOUR
OF THE TUNNEL LINING; TUNNEL VAULT

The horizontal and vertical alignment of a track is described by a number of
parameters. The parameter deciding in terms of the geometry of the internal con-
tour of the lining is the track superelevation. According to CSN 73 6360 — 1:
“Structural and Geometrical Arrangement of the Railway Track and its Position
in Space; Part 1: Design”, the track superelevation can vary within
a0 - 150 mm interval, where 150 mm is the maximum allowable superelevation,
thus the upper limit of the interval. This interval was divided for working purpo-
ses in the process of the optimisation of the geometry into 10 mm sub-intervals.
The spacial passableness of the CTCP was investigated for the individual inter-
vals of the superelavation, according to CSN 73 7508: “Railway Tunnels”.

The possibility of the application of various shapes of the lining and various
radii of curving was subjected to verification using various variants of geo-
metry of the tunnel internal contour. A circular shape with a uniform radius was
chosen out of the investigated variants (see The Designed Geometry).

The radius of the internal contour of the lining R = 5700 mm was chosen as
a compromise between the effort to minimise the tunnel cross-section area, and
the effort to apply a uniform shape of the internal contour of the lining for the
whole possible range of values of superelevation in a tunnel.

The designed geometry meets the requirement for space passableness of the
CTCP within the entire interval of superelevation values ranging from 0 to 150 mm.

GEOMETRY OF THE INTERNAL CONTOUR OF THE TUNNEL
LINING; CONTOUR OF THE NECESSARY TRACK BED

The track bed in a tunnel is considered as a boxed-in ballast type, according
to the regulation CD S3. According to CSN 73 7508: “Railway Tunnels”, the
track bed must allow operation of a ballast clearing machine, and its dimensi-
ons must meet requirements of CSN 73 6201: “Design of Bridges”. The geo-
metry of the contour of the necessary track bed is defined in the regulation CD
S3, Part 12: “Trackwork on Bridges”. Even in this case, the superelevation of
track in a tunnel affects the final shape of the contour of the lining most of all.

According to Part 14 of CSN 73 6201: “Design of Bridges”, the width of the
contour of the necessary track bed at a straight track is 2200mm to either side
from the designed position of the track axis. The height of the contour of the
necessary track bed, measured in the cross section vertically, downward from
the line connecting the underneath surfaces of the sleepers, is 510 mm within
the entire width of the necessary track bed, without respect to the type of the
sleeper. Another deciding regulation is the CD S3: “Trackwork™. This regula-
tion requires a height of 350 mm to be maintained under the bottom edge of
a concrete sleeper, and inclusion of a safety margin of 40 mm between the con-
tour of the necessary track bed and the surface of a sloping drainage layer.

The Standard Sheet supplements and defines more precisely the above-men-
tioned standard stipulations as follows:

The widening of the bridge clearance in a curve, given by the relationship
Ay, =36 000 / r [mm], where r is the radius of the directional curve [m],
is not applied to the width of the track bed contour in a tunnel. This widening
is currently not contained even in the tunnel clearance profile (TCP) according
to CSN 73 7508 “Railway Tunnels”, therefore it is unnecessary for the appli-
cation of a ballast clearing machine.

Note: formerly a value of A, + 50 [mm] on the internal side (the total width
of 2000 + A, + 50 mm) and A,/ 2 [mm] on the external side (the total width
of 2200 - Ay, / 2 mm).

The 60 mm margin from the external vertical limit to the vertical wall of the

space for cable lines is maintained.
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Obr. 2 Obrys konstrukce nutného kolejového loZe pro prevysSeni p = 0 — 100 mm véetné
Fig. 2 Contour of the structure of the necessary track bed for superelevation p = 0 - 100 mm, inclusive

S3, &dst 12 Zelezniéni svriek na mostnich objektech. I zde md rozhodu-
jici vliv na koneé¢ny tvar lice osténi prevySeni koleje v tunelu.

Podle &asti 14 CSN 73 6201 Projektovani mostnich objekti je §itka
obrysu nutného kolejového loze v primé koleji 2200 mm na ob¢ strany
od projektované polohy osy koleje. Vyska obrysu nutného kolejového
loZe méfend v piiném fezu svisle dold od spojnice dloznych ploch
praZce bez ohledu na druh praZce je 510 mm, a to v celé $ifce obrysu
nutného kolejového loZe. Dals§im rozhodujicim predpisem je CD S3
Zelezni¢ni svriek. Zde je uveden poZzadavek na dodrZeni vysky 350 mm
pod dolni hranou betonového prazce a zapocitni rezervy 40 mm mezi
obrysem nutného kolejového loZze a povrchem spadové odvodnovaci
VIStVy.

Vzorovy list dopliuje a zpresnuje vySe zminénd normové ustanoveni
takto:

Do $itky obrysu kolejového loze ve smérovém oblouku se jiZ nepro-
mitd roz§ifeni mostniho prujezdniho prafezu, dané vztahem
Ay, =36 000 /r [mm], kde r je polomér smérového oblouku [m]. Toto
rozsifenf jiZ neni v soucasnosti obsaZeno ani v profilu tunelového pra-
jezdného profilu (TPP) podle CSN 73 7508 Zelezni¢ni tunely a neni pro
nasazeni strojnf Cisticky kolejového loZe nutné.

Pozndmka: dffve na vnitin{ strané hodnotou A,,, + 50 [mm] (3itka cel-
kem 2200 + A, + 50 mm) a na vnéj§i strané hodnotu A, /2 [mm]
(8itka celkem 2200 - A, /2 mm).

Rezerva 60 mm od vnéjsi vertikdln{ hranice ke svislé stén¢ prostoru
pro kabelova vedeni je dodrZena.

Pod doln{ hranou prazce je nutno dodrZet minimalni{ tloustku nutného
kolejového loZe 350 mm. Zaroven musi byt dodrZzena vyska obrysu nut-
ného kolejového loze méfend v pri¢ném fezu svisle dola od spojnice

A minimum thickness of the necessary track bed of 300 mm must be mainta-
ined under the bottom edge of the sleeper. In the same time, it is necessary to
maintain the 570 mm height of the contour of the necessary track bed, measured
in the cross section vertically downward, from the line connecting the underne-
ath surfaces of the sleeper, without respect to the type of the sleeper. The 40 mm
reserve under the lower limit of the contour of the necessary track bed is not con-
sidered with respect to the fact that neither a contact with the waterproofing
membrane nor with the hard protection of the membrane occurs there.

The height of the contour of the track bed must be maintained within the
entire width of the contour (i.e. 2200 mm from the track axis), up to the track
superelevation of 100 mm inclusive (see Fig. 2). In case the track supereleva-
tion exceeds 100 mm, the height of the necessary track bed may be adjusted on
the internal side of the directional curve. The lower limit of the contour breaks
to a horizontal under the bottom edge of the sleeper (see Fig. 3).

EMERGENCY WALKWAYS

The relative height of emergency walkways can be variable along the tun-
nel length, depending on the magnitude of the track superelevation in the tun-
nel. The upper surface of the emergency walkway is paved. The track bed sur-
face must be horizontal or at a maximum cross fall of 12%.

According to CSN 73 7508, the minimum width of the emergency walk-
ways of 500 mm is required. Keeping the width of the emergency walkway
constant along the entire tunnel length is recommended, so that it conforms to
all values of supperelevation existing within the tunnel length.

TUNNEL EMERGENCY RECESSES

Minimum allowable dimensions of the wall recess are specified by CSN 73
7508: “Railway Tunnels”. The minimum depth and height of 750 mm and
2200 mm are required, respectively.
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X Vyska prostoru pro kabelové vedeni vlevo trati
Y  Vyska prostoru pro kabelové vedeni vpravo trati
C  Odsazeni osy tunelu od osy os

X Height of the space for cable lines to the left of the track
Y Height of the space for cable lines to the right of the track
C  Offset of the tunnel axis from the axis of axes

Obr. 3 Obrys konstrukce nutného kolejového loZe pro prevySeni p = 101 — 150 mm véetné
Fig. 3 Contour of the structure of the necessary track bed for superelevation p = 101 — 150 mm, inclusive
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tloZnych ploch prazcu bez ohledu na druh prazce 570 mm. Rezerva
40 mm pod dolni hranici obrysu nutného kolejového loZe neni uvazo-
véna, protoZe zde nedochdzi ke kontaktu s ploSnou izolaci ani jeji
tvrdou ochranou.

Vyska obrysu nutného kolejového loze musi byt dodrZena v celé $itce
obrysu (tj. 2200 mm od osy koleje) aZ do prevyseni koleje 100 mm véet-
né (obr. 2). Pfi prevyseni koleje vétSsim nez 100 mm je moZzno upravit
vysku nutného kolejového loZe na vnitini strané smérového oblouku.
Doln{ hranice obrysu je pod hranou praZce zalomena do vodorovné pod
hranou prazce (obr. 3).

SLUZEBNI CHODNIKY

Relativni vyska sluZebnich chodniki miZe byt po délce tunelu pro-
ménnd v zdvislosti na velikosti prevySeni koleji v tunelu. Horni hrana
sluzebniho chodniku mé zpevnény povrch. Povrch kolejového loze pri-
tom musi byt vodorovny nebo sklonény maximélné 12 %.

Minimdlni §iika sluzebnich chodnikd je dle CSN 73 7508 500 mm.
Po celé délce tunelu se doporucuje zachovat konstantni Sitku obsluzné-
ho chodniku tak, aby vyhovéla vSem prevySenim v dseku vedeném
v tunelu.

ZACHRANNE TUNELOVE VYKLENKY

Minimdlni povolené rozméry vyklenku jsou uvedeny v CSN 73 7508
Zelezniéni tunely. Minimalni hloubka je 750 mm a minimdln{ vyika je
2200 mm.

Relativni vyska vyklenku (velikost relativni vyskové kéty) musi byt
v celém tunelu stejnd. To umozni opakované pouziti bednéni osténi
tunelu. Relativni vyskova kéta stropu vyklenku se vypocte z relativni
vyskové kéty dna vyklenku situovaného v misté nejvyssi relativni vysky
obsluzného chodniku pri¢tenim poZadované vysky vyklenku (obr. 4).

V praxi to znamend, Ze v nékterych mistech tunelu mohou mit
vyklenky vétsi vysku neZ minimélni poZzadovanou. Ke zméndm hloub-
ky vyklenkd neni divod a musi byt zachovan minimdlni rozmér
750 mm.

VZTAH OSY TUNELU A OSY OS

Z hlediska snadného smérového feSeni tunelu by bylo idedlni zacho-
vat polohu osy tunelu v ose os. Toto feSeni by ale vedlo ke zbyte¢nému
zvétSovani plochy pii¢ného fezu tunelu, a tim i ke zvySovéni ndkladu na
vystavbu.

Pri prevySeni v tunelu je tedy tfeba osu tunelu odsadit od osy os.
V celé délce tunelu se doporucuje, z duvodu zjednoduseni trasovén{
tunelu, pokud to vzdjemny vztah geometrického usporaddni koleji
a geometrie vnitintho lice osténi tunelu umozni, zachovat konstantni
odsazeni osy tunelu od osy os. Pokud neni moZno zachovat konstantn{
odsazeni osy tunelu od osy os v celé délce tunelu, provede se zména
odsazeni. Zména odsazeni osy tunelu od osy os se provadi podle
CSN 73 7508 Zelezni¢ni tunely bod 6.3.4.3.4. Mezn{ odsazeni osy tune-
lu od osy os véetné zohlednéni rozsifeni ze vzepéti vlivem polygondlni-
ho tvaru tunelového osténi jsou uvedena v grafech 1 a 2. V intervalu
mezi kfivkami grafu je garantovdna pfi daném prevySeni prostorova
pruchodnost STPP tunelem pii velikost vzepéti f = 60 mm (polomér
smérového oblouku R = 300 m a délce seCny 12 m).

Pokud se v tunelu vyskytne prevySeni v intervalu 0-80 mm, neni
nutno odsazovat osu tunelu od osy os. NavrZzend geometrie umozni pro-
vést koleje tunelem bez zmény odsazeni.

PLATNOST VZOROVEHO LISTU

Vzorovy list plati pro Zelezni¢n{ drdhy celostétni, regiondln{ ve smys-
lu zdkona &. 266/1994 Sb., které jsou ve spravé SZDC, s. 0., a které pro-
vozuji CD, a. s.

Vzorovy list plati pro nové tunely na dvoukolejnych elektrifikova-
nych tratich se vzddlenosti os koleji 4,0 m a vySkou trak¢niho ndstav-
ce 6,0 m.

V soucasné dobé je Ceskd technickd legislativa omezena rychlostmi
Zelezni¢ni dopravy do 160 km/hod. Z hlediska prostorové pruchodnosti
v tunelech vSak bylo prokdzano zpracovatelem vzorového listu, Ze jeho
navrh je relevantni do 200 km/hod, tedy pro konvencni Zeleznice
v celém spektru. V pripadé poZadavku na navrh vysokorychlostnich trati
je nutné zohlednit také dals{ aspekty, které jiZ nejsou v soucasné dobé
Ceskou technickou legislativou feSeny. V piipadé zmény prislusné legis-
lativy je tedy moZzné tento vzorovy list naddle pouZivat. V takovych
pripadech lze vyuzit i technické podpory legislativy UIC (Mezindrodni
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(Geometry of the internal contour for a right-hand curve)

Obr. 4 Geometrie teoretického vnitiniho lice osténi tunelu se zdchrannym
vyklenkem

Fig. 4 Geometry of theoretical internal contour of the tunnel lining with
an emergency recess

The relative height of the wall recess (the dimension figure) must remain con-
stant along the entire length of the tunnel. This solution makes the repeated uti-
lisation of the tunnel shutter possible. The relative height of the top edge of the
recess is calculated from the relative height (the dimension figure) of the bottom
of the recess that is situated at the spot of the highest relative height of the emer-
gency walkway, by adding the required height of the recess (see Fig. 4).

In the practice this means that in some spots of the tunnel, the height of the
emergency recesses may exceed the minimum requirement. There is no reason
for varying the depth of the recesses; the minimum dimension of 750 mm must
be maintained.

RELATIONSHIP BETWEEN THE TUNNEL AXIS
AND THE AXIS OF AXES

It would be ideal in terms of an easy design of the horizontal alignment of
the tunnel if the tunnel axis could be identical with the axis of axes of the
tracks. This solution, however, would result in an undesired increase in the
tunnel cross-section area, thus an increase in the construction costs.

For the above reason, the tunnel axis has to be offset from the axis of axes.
It is recommended for the entire tunnel length for simplification of the tunnel
alignment design (unless it is impossible due to the interrelationship between
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Graf 1 Graf zdvislosti odsazeni osy tunelu od osy os na velikosti prevySeni
(levostranny oblouk)
Chart 1 Dependence of the offset of the tunnel axis from the axis of axes on
the magnitude of superelevation (left-hand curve)
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POZNAMKY / NOTE:

1 Kladnd hodnota odsazeni je v pripadé, kdy je osa tunelu odsazena
vpravo od osy os.

2 Kifivka vlivu se¢ny je vypoctena pro polomér smérového oblouku
R =300 m, prevySeni p = 150 mm a délku tunelového pasu 12 m.

1  The offset value is positive for the tunnel axis offset to the right side
from the axis of axes.

2 The curve demonstrating the influence of the secant is calculated for
a directional curve radius R = 300 m, superelevation p = 150 mm,
and a casting section 12 m long.

Graf 2 Graf zdvislosti odsazeni osy tunelu od osy os na velikosti prevySeni
(pravostranny oblouk)
Chart 2 Dependence of the offset of the tunnel axis from the axis of axes on
the magnitude of superelevation (right-hand curve)

Zelezni¢ni unie). Coz se déje napriklad u tunelu Ejpovického, kde trato-
vd rychlost dle predpokladi muze piesdhnout 200 km/hod. a rozméry
tunelu je nutno posoudit z hlediska pozadavku na hygienu jizdy v tune-
lu. Posuzovani se provadi podle metodiky ERRI (Evropsky Zelezni¢ni
vyzkumny institut) Pressure Variations in tunnels a pomoci softwaru
SEALTUN vyvinutého taktéz ERRI.

ZAVER

Vzorovym listem Svétly tunelovy pritez dvoukolejného tunelu byla
doplnéna technickd legislativa potiebnd pro projektovdni a budovéni
tunelt. Dostdvdme se tak postupné na droven srovnatelnou s vyspélymi
tuneldrskymi zememi.

V soucasné dobg jiz probihaji projekéni prace na tunelovych objek-
tech v intencich nového vzorového listu a do budoucna by tim méla byt
zajiSténa unifikace rozméru pri vystavbé a provozovani novych Zelez-
ni¢nich tuneld ve spektru tratovych rychlosti do 200 km/hod. Z pohledu
investora je tim doteSena problematika novelizace technické legislativy
pro piipravu staveb Zelezni¢nich tunelu z hlediska celkové koncepce.
Pochopitelné Ze vzhledem k permanentnimu vyvoji a rozvoji tunelové-
ho stavitelstvi nelze tento proces nikdy definitivné ukondit.
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Vzorovy list svétlého tunelového prufezu dvoukolejného Zeleznicni-
ho tunelu byl zpracovéan diky laskavému sponzorskému pfispéni firem
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the geometrical configuration of the tracks and the geometry of the internal
contour of the tunnel lining) that a constant offset of the tunnel axis from the
axis of axes is maintained. When the constant offset of the tunnel axis from
the axis of axes cannot be maintained along the entire length of the tunnel, the
offset is changed. The change in the offset of the tunnel axis from the axis of
axes is carried out according to CSN 73 7508: “Railway Tunnels”, clause
6.3.4.3.4. The limiting values of the offset of the tunnel axis from the axis of
axes, including the allowance for the widening due to the rise resulting from
the polygonal character of the tunnel lining, are presented in charts 1 and 2.
The position within the interval bounded by the curves guarantees that, at the
given superelevation, the CTCP is passable for a rise f = 60 mm (the radius of
the directional curve R = 300 m, the secant length of 12 m).

Unless a superelevation within an interval of 0-80 occurs in the tunnel, the
tunnel axis does not have to be offset from the axis of axes.

VALIDITY OF THE STANDARD SHEET

The Standard Sheet is valid for both national railway network and regional
tracks (as defined by the law No. 266/1994 Coll.), which are administrated by
the company SZDC s. 0., and operated by CD a.s. (Czech Railways).

The Standard Sheet is valid for new tunnels built on double-track electrifi-
ed railway lines with the track centre distance of 4.0 m, and the traffic clea-
rance height valid for electrified tracks, i.e. 6.0 m.

For the time being, the Czech legislation is restricted by a railway traffic
speed limit of 160 km/h. Although, the author of the Standard Sheet proved
that, regarding the spacial passableness of tunnels, his proposal is relevant up
to 200 km/h, which means suitability for conventional railways within the
whole spectrum. In the case of requirements for designing high-speed tracks, it
is necessary to take into consideration also other factors that are not solved by
the current Czech technical legislation. This Standard Sheet can be applied furt-
her on even if the relevant legislation is changed. In such the case, also the tech-
nical support by the UIC (an International Railway Union) legislation can be
utilised. This happens, for instance, in the case of the Ejpovice tunnel, where
the track speed is anticipated to exceed 200 km/h in the future, and the tunnel
dimensions have to be assessed in terms of requirements for the hygiene of tra-
vel through a tunnel. The assessment is carried out according to the methodo-
logy “Pressure Variations in Tunnels” developed by the ERRI (the European
Railway Research Institute), and using the SEALT software, also developed by
the ERRI.

CONCLUSION

The Standard Sheet “Net Cross Section of a Double —Track Railway Tun-
nel” complemented the technical legislation necessary for designing and
construction of tunnels. It helps us to get to a level comparable with the level
existing in developed tunnelling countries.

Designing of tunnel structures using the new standard sheet is currently
already underway and, for the future, it should secure the unification of
dimensions in the construction and operation of new railway tunnels, within
the range of track speeds up to 200 km/h. From client’s point of view, the solu-
tion of the issue of updating the technical legislation for the preparation of rail-
way tunnels has been finished in terms of the general conception. Of course,
we know that because of the continuous development of the tunnel construc-
tion field this process of updating the technical bases can never be ended.

NOTE

The Standard Sheet for the Net Cross Section of a Double-Track Railway
Tunnel was elaborated owing to the kind contributions provided by sponsors
Metrostav a. s., Subterra a. s. and IKP Consulting Engineers s. r. 0.
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Toel

ROZPOJOVANI HORNIN REZNYMI NASTROJI RAZICICH STROJU

ROCK DISINTEGRATION WITH CUTTING TOOLS
OF CUTTER BOOM MACHINES

JAROSLAV VASEK

(dokoncent z minulého cisla)

4. STANOVENI ROZHODUJICICH TECHNOLOGICKYCH
VLASTNOSTi HORNIN PRO POSOUZENI JEJICH
ROZPOJITELNOSTI REZNYMI NASTROJI

Jak je ziejmé ze vztaht (1) aZ (3), je hodnoceni vykonnosti feznych orgé-
nu, postupu razby a spotieby feznych ndstroju zaloZeno na znalosti takzva-
nych rozhodujicich technologickych vlastnostech hornin (na rozpojitelnosti
R, abrazivnosti F, a stupni poruseni SP) (obr. 12). Do hodnoceni rozhoduji-
cich technologickych vlastnosti hornin byla za¢lenéna také spotfeba energie
SE, kterd poskytuje obraz o dal§im nezbytném rozhodovacim tdaji.

4.1. MERENI A HODNOCENI ROZPOJITELNOSTI HORNIN

Rozpojitelnost hornin je definovdna jako technologickd vlastnost hor-
nin vyjadrujici velikost vnéjsich sil nutnych k fezani hornin. Vychazi
z hodnocenf stfedni hodnoty fezného odpor ¢F; (integrace kiivky prubé-
hu feznych odport), matematického priméru minimélnich feznych odpo-
0 Fz min (10 hodnot), matematického praméru maximélnich hodnot fez-
nych odport F, ,, (10 hodnot) a jejich rizného véhového vyznamu.
Nejvyssi vdhovy vyznam je ddn maximalnim feznym odporiim, které se
vyznamnou mérou podileji na snizovéani Zivotnosti feznych ndstroju
a jejich destrukci. Jako priklad je prezentovén graficky zdznam prubéhu
feznych odport, naméfenych pti hloubce fezu 15 mm, na bloku horniny
odebraného z prazkumné Stoly MO 9515 BLANKA - stanieni 6995
(obr. 13). Do vypoctu rozpojitelnosti jsou brany piislusné hodnoty mini-
madlni, maximdlni a stfedni hodnota feznych sil. ProtoZe 10 minimdlnich
hodnot ma nulovou hodnotu nebo lezi pod nulovou hodnotou, proto
OF zmin = 0,0 kN. Stfedni hodnota, ziskéna integraci kfivky prabéhu sil,
¢F; = 0,79 kN. Primérnd hodnota maximdlnich sil ¢F, ., = 2,2 kN.

(accomplishment )

4. DETERMINATION OF TECHNOLOGICAL PROPERTIES
OF ROCKS CRUCIAL IN ASSESSING WORKABILITY
WITH CUTTING TOOLS

As follows from the relationships (1) to (3), assessment of efficiency of
cutterheads, excavation advance rate and consumption of cutting tools is
based on knowledge of so-called crucial technological properties of rocks
(workability R, abrasiveness F, and degree of rock fracturing SP) (see
Fig. 12). Also specific power consumption SE, giving a picture of another
data necessary for the decision-making, was incorporated into the assess-
ment of crucial technological properties of rock.

4.1 MEASUREMENT AND ASSESSMENT OF ROCK
WORKABILITY

Workability of rock is defined as a technological property of rock
expressing magnitude of external forces necessary for the rock cutting. It
is based on assessment of a mean value of cutting resistance ¢F; (integra-
tion of the cutting resistance curve), arithmetic mean of minimum values
of cutting resistances F; min (10 values), arithmetic mean of maximum
values of cutting resistances F; max (10 values), and various importance
their weights. The highest weight-related importance is assigned to maxi-
mum cutting resistances, which significantly contribute to reduction of
longevity of cutting tools and their destruction. As an example, we have
a presentation of a graphical record of the course of cutting resistances
measured in the case of a cut depth of 15 mm, on a rock block sample
taken from the exploratory gallery MO 9515 BLANKA, chainage 6995

Obr. 12
Jednotnd metodika pro stanoveni rozhodujicich 1 2
technologickych vlastnosti hornin

1 — vlastnost horniny, 2 — znak, 3 — jednotka,
4 — schéma méreni, 5 — vypocet, 6 — metodika,

7 —vzorek horniny, 8 — mérny kolik, 1.1. R kN.m"! h h ON
F7 - Fezny odpor, lx — vzddlenost mezi plochami Fzm R=|3+2 ] =1 1 441120
nespojitosti, I — délka Fezné drdzky, Sq — prirez & oF, 4n
drdzky, 1.1. — rozpojitelnost, 1.2. — abrazivnost, E h
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ON - oborovd norma, 7
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1.3. — degree of fracturing,
1.4. - specific power, ON - industrial standard, la
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Obr. 13. Prubéh feznych odpori (Pruzkumnd S$tola MO 9515 BLANKA,
staniceni 6995m, UGN ¢&. 9763, Fez & 07, hloubka zabirky h = 15 mm)
F; — Fezny odpor, 1 — ¢F; yin, 2 — ¢F ; , 3 — @®Fi max , la — délka drdhy
Fezného ndstroje stanovend pro vyhodnocovdni rozpojitelnosti R pocitacem
Fig. 13 Cutting resistance curve (Exploratory gallery MO 9515 BLANKA,
chainage 6995m, UGN No. 9763, cut No. 07, depth of sumping h = 15 mm)
F; — cutting resistance, 1 — @F; min , 2 — 9F ; , 3 — @F i max , la — length of
cutting tool path determined for assessment of workability R by computer

PFislu$nd rozpojitelnost pfi dané hloubce zabirky 15 mm R15 =124 kN.m™.
Rozpojitelnost R je pak stanovena aritmetickym primérem vysledku
dosazenych pri méreni s nékolika hloubkami zabirek.

Meéfeni rozpojitelnosti se uskuteCnuje podle metodického postupu
(ON 441120) na orientovanych blocich hornin upravenych do tvaru kvad-
ra (délka 300 mm, vyska a 3itka 200 mm) usazenych mezi Celisti labora-
torniho tlakového pluhu (obr. 14). Laboratorni tlakovy pluh je vybaven
tifslozkovym dynamickym piezoelektrickym snimalem s rozsahem
Fz 0-30kN, Fy, F, 0-20KkN (obr. 15). Pro méfenf feznych odpord
vys§ich hodnot je tlakovy pluh vybaven snimacem sil zabudovanym do
hydraulického okruhu s rozsahem: F, (0 — 50 kN). Ke sbéru dat ze sni-
macu se pouzivd PC s multifunkéni A/D kartou Advantech PCL-816
(16 bit, 16 kandli, max. frekvence vzorkovéani 100 kHz). Komunikace
mezi operdtorem laboratorniho tlakového pluhu a pocitacovou jednotkou
je zabezpelena videokamerou. Pfi aplikaci méfeni feznych odporti pomo-
ci snimace zabudovaného do hydraulického okruhu jsou pasivni odpory
mechanického systému ode&itdny. Pro méfeni a hodnoceni rozpojitelnos-
ti R se pouZzivd zkuSebni fezny ndstroj dlatovitého tvaru s Sitkou britu
=20 mm a dhlem britu a = 43°.

Pro méfeni a vyhodnoceni vlivu tvaru feznych nastroja, vlivu otupeni
a dalSich parametru procesu fezédni se pouZivaji fezné hroty &i bfity ruz-
nych tvart a velikosti.

Z naméfenych hodnot feznych odporu se rozpojitelnost R vypocte
podle vztahu (6):

¢"‘2]FM ¢P ZINaX
2

z‘szf

kde F,—Ttezny odpor [N], ¢F;

R=|3+ 21 [knm'] ®)

i min — Matematicky pramér minimélnich
hodnot fezného odporu [N], ¢F,; matematick)’/ pramér maximal-
nich hodnot fezného odporu [N], ¢F; — stfedni hodnota feznych odpo-
ra [N], h; — hloubka zabirky [mm], - poéet fezu.

Pii vyskytu vice typt hornin se celkové rozpojitelnost profilu razby
R, vypocte podle vztahu (7):

SR,
R - Lm kne'] @)

ZS;

Obr. 15 Trislozkovy dynamicky piezoelektricky
snimac feznych odpori 1 — snimad,

2 — drZik s Feznym ndstrojem, 3 — smer pohybu
Fezného ndstroje, F; — Fezny odpor [N],

Fy — normadlovy odpor [N], Fy - bocni odpor
Fig. 15 Three-component dynamic piezoelectric
transducer of cutting resistances

1 — transducer, 2 — holder with cutting tool,

3 - direction of the cutting tool movement,

F7 — cutting resistance [N], Fy— normal
resistance [N], F — side resistance
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Obr. 14 ZkuSebni
tlakovy pluh

1 - zkusebni
horninovy blok,

2 — zkuSebni Fezny
ndstroj, 3 — hyd-
raulicky lis

(3000 kN),

4 — hydraulicky
systém pro posun
Fezného ndstroje,
5 — snimac drdhy,
6 — piezoelektricky
snimac tlaku

v hydraulickém
systému,

7 — suport,

8 — oviddaci panel,
9 — televizni kame-
ra pro komunikaci
s pocitacovou
Jjednotkou

Fig. 14 Laboratory testing plough 1 - testing rock block, 2 — testing
cutting tool, 3 — hydraulic press (3000 kN), 4 — hydraulic system for
moving the cutting tool, 5 — path transducer, 6 — piezoelectric transducer
of pressure in hydraulic system, 7 — carriage, 8 — control panel,

9 — television camera for communication with the computer unit

(see Fig. 13). The workability calculation uses relevant values of mini-
mum, maximum and mean values of cutting forces. Because 10 minimum
values are zero or are found under the zero value, @Fynin = 0.0 kN. The
mean value, obtained by integration of the force curve, ¢F, = 0.79 kN.
Average value of maximum forces ¢F; max = 2.2 kN. Relevant workabili-
ty at a given depth of sumping of 15 mm R/5 = 12.4 kN.m-!. Workability
R is then determined by the arithmetic mean of results achieved at measu-
rements with several depths of sumping.

Measurement of workability is carried out in compliance with a metho-
dological procedure (ON 441120), on oriented blocks of rock trimmed to
rectangular shapes (length 300 mm, height and width 200 mm), fixed bet-
ween jaws of a laboraboratory pressure plough (see Fig. 14). The laborato-
ry pressure plough is equipped with a three-component dynamic piezoelec-
tric transducer with a range F; 0 — 30 kN, Fy , Fx 0 - 20 kN (see Fig. 15).
The pressure plough is equipped for the measurement of higher-value cut-
ting resistances with a force transducer of a range F; (0 — 50 kN), built into
the hydraulic circuit. The PC uses a multiple-function A/D card Advantech
PCL-816 (16 bit, 16 channel, max. reading frequency 100 kHz) for data
acquisition from the transducers. Communication between the laboratory
pressure plough operator and the computer unit is secured via a video-came-
ra. Passive resistances of the mechanical system are deducted in the case of
the cutting resistance measurements carried out by means of the transducer
built into the hydraulic circuit. A chisel-shaped test cutting tool with a cut-
ting edge width § = 20 mm and a cutting edge angle o = 43° is used for mea-
surement and assessment of workability R.

Measurement and assessment of the influence of the shape of various
tools, the influence of blunting and other parameters of the cutting process
are carried out using points and cutting edges of various shapes.

Obr. 16 Abrazivometr
1 - skupina
zkuSebnich vzorku,

2 — zkusebni kolik
(pritlak 100N),

3 — stopy po
interaktivnim procesu,
4 — smér otdceni

Fig. 16
Abrasiveness-meter

1 — group of test
samples, 2 — testing
bit (pressure 100N),
3 — traces of
interactive process,

4 — direction of
rotation
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kde R¢ je celkovd rozpojitelnost profilu ¢elby [kKN.m-!], R;— rozpo-
jitelnost i-t¢ vrstvy hornin [KN.m!], S; — plocha i-té vrstvy hornin
v profilu ¢elby [m2], m — pocet horninovych vrstev.

4.2. MERENI A HODNOCENI ABRAZIVNOSTI HORNIN

Abrazivnost horniny je jeji schopnost povrchové opotrebovat fezny
ndstroj v procesu fezani. Podstatou zkousky je zjisténi dbytku hmotnos-
ti normalizovaného kovového roubiku pfi jeho pohybu po upraveném
povrchu zkusebniho horninového t€lesa (obr. 16) s konstantni pfitlatnou
silou, vztazeného k celkové délce drdhy pohybu zkuSebniho roubiku.
Meéreni abrazivnosti hornin se uskuteCiuje na laboratornim abrazivo-
metru podle metodického postupu (ON 44 1121). Z namerenych hodnot
se abrazivnost F', vypocte podle vztahu (8):

-8  mgm ®)
L

kde G je ubytek kovového roubiku [g], L — celkova drdha pohybu

kovového roubiku uskute¢nénd na péti drahdch ruznych polomért [m],

4.3 MERENI A HODNOCENI STUPNE PORUSENi HORNIN

Stupeni poruseni hornin vyjadiuje podil porusené ¢asti zkoumané délky
vzorku nebo horninového masivu k jeho celistvé &dsti, pricemz za celist-
vou se povazuje neporusend ¢ast délky vzorku nebo horninového masivu.

Podstatou zkousky je zjisténi poétu a vzajemné vzddlenosti rozhodu-
jicich ploch nespojitosti ve stanovené délce vzorku horniny nebo v urce-
né linii profilu razby (obr. 17), jejich zarazeni do zvolenych délkovych
intervall a vypocet stupné poruseni podle vztahu (9):

Al k 1<-1. 2
. 3 ZSANZi - fi - fick (i 1) 1001000,

== ©)
210 - L

kde L je celkova drdha pohybu kovového roubiku uskute¢nénd na péti
drahéch riznych polomért [m], /, — vzddlenost mezi plochami nespojitosti
[mm], Al - zvoleny tfidici interval [mm], f; — procentudlni zastoupeni i-té
skupiny hodnot délek [%], Lnax — nejvetsi nametend vzdjemnd vzdalenost
ploch nespojitosti [mm], /; — kritickd vzdalenost ploch nespojitosti [mm],
fi— procentudlni zastoupeni hodnot nadkritickych délek [%].

Meéfeni se provadi délkovym méritkem a fidi se metodickym postu-
pem (ON 441123).

4.4 MERENI A HODNOCENI MERNE ENERGIE

Mérnad energie SE vyjadiuje velikost spotiebované energie na jednot-
ku rozpojené horniny. Objem rozpojené horniny se zjiStuje vaZenim
mnoZzstvi vypliiové hmoty, kterou se naplni feznd drdzka po méfeni
feznych odport horniny (obr. 18). Délka fezné drdzky l; je totoZnd
s délkou drdhy, kterd byla stanovena pro hodnoceni rozpojitelnosti
R pocitaéem. Pri pripravé vzorku pro méfeni mérné energie je vymeze-
na koncovymi bariérami vytvorenymi z plastického materidlu. Mérnd
energie SE se vypocte podle vztahu (10):

F.o-ly F,
SE =

MJ. m‘3] (10)
Va Sa

kde F, je fezny odpor [N], [;— délka fezné drazky [mm], V,;—objem
fezné drazky (V;=S;.1;) [mm3], S; — prufez fezné drazky [mm?2].

Obr. 17 Meéreni

a hodnocent stup-
né poruseni

v Celbé tunelu

' BLANKA meést-
ského okruhu
Praha 1 - fiktivni
linie jadrového
vrtdni, I, - délky
kompaktnich cdsti
horninového
masivu, l; — ztrd-
ta pri fiktivnim
Jadrovém vrtani

Fig. 17 Measurement and assessment of degree of fracturing at the
face of the tunnel BLANKA on the city circle road Prague

1 - fictitions line of core drilling, I — lengths of compact parts

of the rock mass, l; — loss at fictive core drilling

Workability R is calculated from measured values of cutting resistances
according to the relationship (6):

i,._;if__ ,}".,.i

R-|3e S| 2 [k ] i6)
\.I\% 1
&=

where F; — cutting resistance [N], ¢Fz; min — arithmetical mean of mini-
mum values of cutting resistance [N], ¢Fi max — arithmetical mean of
maximum values of cutting resistance [N], ¢F,; — mean value of cutting
resistances [N], #; — sumping depth [mm], n — number of cuts.

In the case of more rock mass quality levels occurring within the excava-
ted cross-section, the overall workability R, is calculated according to the
relationship (7):

Y5-R
R -5 [kwm'] @
l 5

where R is overall workability of the face cross-section [kN.m-1],
R; - workability of ith layer of rock [kN.m-1], S; - area of ith layer of rock
within the face cross-section [m2], m — number of rock layers.

4.2 MEASUREMENT AND ASSESSMENT OF ROCK
ABRASIVENESS

The abrasiveness of rock is the rock’s capacity to wear down the surface
of a cutting tool in the process of cutting. The principle of the test lies in the
determination of the decrease in the weight of a standardised steel bit
moving across the trimmed surface of a rock body being tested (see Fig. 16),
under a constant thrust, relative to the total length of the path of the testing
bit. The rock abrasiveness measurement is carried out using a laboratory
abrasiveness-meter, in compliance with a methodological procedure
(ON 44 1121). Abrasiveness F, is calculated from the measured values
according to the relationship (8):

F,= f (mg.m-] ®)
where G is a decrease in the steel bit weight [g], L — total length of the
path of the steel bit around five paths of different radii [m].

4.3 MEASUREMENT AND ASSESSMENT OF DEGREE
OF ROCK FRACTURING

The degree of rock fracturing expresses the proportion of a fractured part of
the length of the rock sample being tested relative to the solid part of the sam-
ple length (the unfractured part of the rock sample length is considered solid).

The test consists of identification of the number and density of disconti-
nuity surfaces in the determined length of the rock sample or within a deter-
mined vertical line in the excavated cross-section (see Fig. 17), their distri-
bution into the selected intervals of length, and calculation of the degree of
fracturing according to the relation (9):

Al k i /<—1. i ) 2
. o SN S+l St (g -1 100-1000,
o 2-10* -1, @

max

where L is total length of the path of the metal bit moving around five
paths of different radii [m], [y — distance between discontinuity surfaces

Obr. 18 Zjistovani objemu
rozpojené horniny rezné drdaZky
a - reznd drdZka bez vyplné,
b — Feznd drdzka s ndplni zkuSebni
vyplniové hmoty, 1 — koncové barié-
ry vytvorené z plastického materidlu,
lg — délka drdzky
byl W =2 Fig. 18 Determination of the volume
. of disintegrated rock in the ploug-
hed groove a — ploughed groove
without the fill, b - ploughed
groove filled with filling material,
1 - end barriers made of plastic
N material, lg — groove length

la
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5. DEFINICE OBLASTI REZATELNYCH HORNIN [mm], D; — selected classification interval [mm], f; — percental share of the
ith group of values of lengths [%], Ilnax — the largest measured distance
between weakness surfaces [mm], /, — critical distance of weakness surfa-
ces [mm], f, - percental share of lengths exceeding critical values [%].

Dobyvatelnost hornin feznymi néstroji (jejich fezatelnost) je funkci
vice proménnych veli¢in, pfi¢emZ za nejvyznamnéjsi se povazuji roz-
pojitelnost R, abrazivnost F,, stupen poruseni S, a spotieba mérné ener-
gie SE. Jak ukazaly vyzkumy a méfeni, oblast fezatelnych hornin je
omezena také spotfebou nozu Sp (obr. 19).

Za dobyvatelné horniny feznymi ndstroji bez asistence vodniho

paprsku Ize povaZovat ty, jejichZ rozpojitelnost R < 700 kN.m-!, abra-
zivnost F,, < 3 mg.m-! a spotfeba nozu S, < 0,3 ks.m-!. Rezdnim hor- 4.4 MEASUREMENT AND ASSESSMENT OF SPECIFIC

The measurement is carried out with a length-measuring instrument,
according to a measurement procedure (ON 441123).

nin s asistenci vysokotlakych vodnich paprski 1ze oekdvat podstatné POWER CONSUMPTION

roz8ifeni oblasti fezatelnych hornin (R < 1000 kN.m-!, abrazivnost Specific power consumption SE expresses the volume of power consu-
Fy =< 4vmg.m:1.). Jestlize budou Vv}fViHVUty vyrazné abftzuvzdornéjii, ale med per unit of disintegrated rock. The volume of disintegrated rock is
zdroven pevnejsi materliily pro brity feznych ndstroju, pak oblast feza- determined by weighing the filling material used for filling the ploughed
Feln)’/ch, hornin bude VESi a zahrne horniny s vySSi rozpojitelnosti groove carried out after measurement of cutting resistances of the rock (see
i abrazivnosti. Fig. 18). The length of the ploughed groove I, is identical with the length of

Analyzy a porovnéani vysledki vyzkumu vedly také k definici pfi-
blizné limitni hodnoty spotfeby mérné energie SE. Za limitnf{ 1ze v sou-
Casné dobé povazovat hodnotu spotieby mérné energie menSi nez

the path specified for the assessment of workability R by the computer.
This length is fixed in the phase of the sample preparation for measurement
of the specific power consumption by end barriers made of a plastic materi-

12 MJ.m™. e : : . :

Definovanim oblasti dobyvatelnych hornin feznymi ndstroji (oblas- ﬁpsﬁfﬁlﬁc power consumption SE s calculated according to the relations
ti fezatelnych hornin) se dosdhlo toho, Ze Ize na zdkladé konkrétniho F, -l F.
metodického postupu odlisit horniny, které fezatelné jsou (a mohou SE = — [ M. ‘]‘m-j} (10)
byt rozpojovany feznymi orgdny razicich stroju) od téch, které efek- v, S,
tivné fezatelné nejsou.

Vyzkumné prace zahrnujici definovani rozhodujicich vlastnosti hor- where F’ is cutting resistance [N], [g- length of the cut groove [mm],
nin, sledovéni opotiebeni feznych ndstroju, ndvrhy na zlepSeni geo- Va — volume of the ploughed groove (Vg =S4 .lg) [mm3], Sq - cross-sec-
metrie feznych ndstroju, ndvrhy na hodnoceni rozmisténi feznych tion area of the ploughed groove [mm?].
ndstroju pomoci matematického modelovani, matematické modelova-
ni napét’ové/ deformacniho pole interaktivni soustavy HORNINA — 5. DEFINITION OF THE RANGE OF CUTTABLE ROCKS

REZNY NASTROJ, hodnocen{ vykonnosti razicich stroju, uréeni
oblasti fezatelnych hornin a urfeni cest feSeni problému povazuje
autor za zdkladni, nosné, kterymi, jak se domniva, lze prispét k pro-
hloubenf znalosti procesu rozpojovéni hornin feznymi néstroji.

Definovéanim oblasti fezatelnych hornin [9] se vyraznéji a jasnéji do
popredi zdjmu dostaly horniny feznymi nastroji dosud efektivné nefe-
zatelné. Pii jejich rozpojovani se uplatiuje technologie s trhaci préci,
valivymi dlaty i netradi¢ni zpusoby rozpojovani.

Vysokotlaky vodni paprsek se jevi jako vhodny prostredek (ndstroj)
pro roz§iten{ oblasti fezatelnych hornin.

Vysledky, které ve vyzkumu mechanismu poruSeni hornin vysoko-
tlakym vodnim paprskem byly ziskdny, jsou nadstavbou vyzkumu roz-

Excavatability of rock with cutting tools (cuttability) is a function of
more variable quantities. The most important are considered to be: wor-
kability R, abrasiveness F,, degree of fracturing SP, and specific power
consumption SE. The research and measurements have proved that
the area of cuttable rock is also limited by consumption of cutters S, (see
Fig. 19).

The rock can be considered excavatable with cutting tools without assi-
stance of a water jet if the workability R < 700 kN.m-1, abrasiveness
Fy < 3 mg.m!, and consumption of cutters S, < 0.3 ks.m-I. The met-
hod of cutting rock assisted by water jets is expected to extend the ranges

pojovéani hornin feznymi ndstroji a jsou predmétem zdjmu vyznam- Of guttable rocks (R = 1000 kN.m"!, abrasiveness Fy < 4 mg.m-1). If sig-

nych fesitelskych kolektivi. nificantly more abrasion-proof materials with a higher strength are deve-

loped for cutting edges of cutting tools, the range of cuttable rock will be

6. APLIKACE VYSLEDKU MERENI PRO STANOVENI even wider, and will cover rocks with higher values of workability and
REZNEHO VYKONU, SMERNEHO POSTUPU RAZBY abrasiveness. . .

A MERNE SPOTREBY REZNYCH NASTROJU Anal_yses aqd comparisons of resqrch results led to a definition of an

B ] . . approximate limiting value of specific power consumption SE. Specific

Jako priklad je uvedeno stanoveni fezného vykonu N, smérného power consumption lower than 12 MJ.m™ can be today considered as

postupu razby p a mérné spotreby feznych ndstroju Sp podle vysledku the limit.

ziskanych méfenim rozhodujicich technologickych vlastnosti hornin

- . e It has been achieved by the act of defining the range of rock excavatable
odebranych z pruzkumné Stoly BLANKA v Praze.

with cutting tools (range of cuttable rock) that, using a specific method,
cuttable rocks (workable with cutterheads mounted on roadheaders) can
16004 A be distinguished from those effectively uncuttable.

Cases of research work covering definitions of crucial properties of
rock, monitoring of wear of cutting tools, proposals for improvement

1200 T‘\K\\\\\:\\\\ of geometry of cutting tools, proposals for assessment of configuration of
T cutting tools by means of mathematical modelling, the mathematical
2

1400

" 1000 1
§ ! modelling of the stress-strain field of the interactive ROCK — CUTTING
Z 00 TOOL system, assessment of efficiency of cutting machines, determlngtl—
. — on of the range of .cuttable rocks and spe<:1f1ca.t10n qf ways of solving
400 \\ —— problems, are considered by the author as basic activities, capable of
200 — : broadening the knowledge of the process of rock disintegration with
o i > cutting tools.
0 1 2 3 4 5 6 By defining the range of cuttable rock [9], the rocks that have not
Fy [mg.m'] been effectively cuttable with cutting tools till now have become a focal
point of deep interest. They are disintegrated using techniques compri-
Obr. 19 Oblast Fezatelnych hornin 1 - oblast Fezatelnych hornin bez sing drill — blast techniques, disc cutters, even non-traditional disinte-
asistence vodnich paprsku, 2 — oblast Fezatelnych hornin s asistenci vyso- gration methods. A high-pressure water jet appears to be suitable means
kotlakych vodnich paprsku, 3 — oblast rozpojitelnych hornin valivymi dldty, (tool) of increasing of the cuttable rock range.
Sp — mérnd spotieba Feznych ndstroju, R — rozpojitelnost, F, — abrazivnost
Fig. 19 Range of cuttable rocks 1 — Range of rocks cuttable without assi- The results that have been achieved in the research in the mechanism
stance by water jets, 2 — Range of rocks cuttable with assistance by of breaking rock with high-pressure water jet are a superstructure of the
high-pressure water jets, 3 — Range of rocks workable with disc cutters, research in rock disintegration with cutting tools, and they are a subject

Sp — specific consumption of cutting tools, R — workability, F, — abrasiveness of interest of renowned research teams.
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Typ horniny  Cislo vzorku UGN ~ Staniceni Rozpojitelnost Abrazivnost

Rock Type UGN sample No. Chainage = Workability =~ Abrasiveness
[m] R[kNan!]  Fv[mgm]

Prachovec 9493 7411 182 09

Siltstone

Piskovec 9605 7357 837 4,0-12,0

Sandstone

Tab. 1 Hodnoty vybranych technologickych vlastnosti hornin odebranych
z pruzkumné Stoly BLANKA v Praze

Table 1 Values of selected technological properties of rock samples taken
from the exploratory gallery BLANKA in Prague

Ve staniceni 7411 m byly odebrdny bloky prachovce a ve staniceni
7357 bloky piskovce. Méfenim a hodnocenim vzorku hornin v labora-
tofich UGN AV CR Ostrava byly ziskdny nésledujici hodnoty rozpoji-
telnosti a abrazivnosti (tab. 1).

Vypocty (obr. 20) dokazuji, Ze pfi fezéni uvedenych hornin budou
hodnoty prognézniho fezného vykonu, smérného postupu razby
a mérné spotfeby feznych néstroju velmi odlisné (tab. 2). Pro piiklad je
bran do tvahy razici stroj AM-100. Pfi fezani prachovce danych vlast-
nosti je mozno ofekdvat fezny vykon N = 552 m3.h"!, smérny postup
razby p =50 m. 24 h' a spotiebu feznych néstroji S, = 0,024 ks.m3
(0,024 kusu feznych nastroju na jeden kubicky metr rozpojené horniny).
Pri fezdni piskovce danych vlastnosti jsou vysledky méné priznivé
(N=12m3h!, p=28m24h!, Sp=28 ks.m™).

7. POROVNANI VYPOCETNICH A PROVOZNICH VYSLEDKU

Vysledky ziskané vypocetnim postupem (prognézni vysledky) byly
konfrontovany s vysledky dosazenymi ndsledné v praxi (obr. 21). Kfiv-
ka vypocetnich vysledka N a provoznich vysledki N’ maji shodny cha-
rakter. S rustem celkové rozpojitelnosti profilu razby R, klesd rozpojo-
vaci vykon podle exponencidlni zdvislosti. Pfi rozpojitelnosti pfiblizné
Rc = 240 kKN.m-! se obé kfivky protinaji. V pdsmu hornin (A) o rozpo-
jitelnosti Re < 240 kN.m-1 byly provozni fezné vykony vetsi neZ vypo-
Cetni a naopak v pasmu hornin (B) o rozpojitelnosti R, > 240 kN.m-!
byly provozni fezné vykony mensi.

Vysvétleni lze spatfovat v tom, Ze kromé nepresnosti v definovéani
vstupnich ddaju vypoctu se na rozdilech hodnot podili také ,lidsky

& | - vzoree (formudal (3)
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6. APPLICATION OF RESULTS OF MEASUREMENTS
TO DETERMINATION OF DISINTEGRATION RATE,
EXCAVATION ADVANCE RATE, AND SPECIFIC
CONSUMPTION OF CUTTING TOOLS

Presented as an example is the determination of the disintegration rate
N, excavation advance rate p and specific consumption of cutting tools
Sp based on the results obtained by measurement of crucial technolo-
gical properties of rock samples taken from the exploratory gallery in
Prague. Samples of siltstone were taken at chainage 7411 m, and
sandstone blocks at chainage 7357. The following values of workabi-
lity and abrasiveness (see Table 1) were obtained by measurement and
assessment of the rock samples in UGN AV CR Ostrava laboratories.

Calculations (see Fig. 20) prove that the values of the prognosis-based
disintegration rate, excavation advance rate and specific consumption of
cutting tools will significantly differ at cutting the above-mentioned rock
types (see Table 2). A cutter boom machine AM-100 is taken into conside-
ration for the purpose of this instance. For cutting of siltstone of the above
mentioned properties, we can anticipate disintegration rate N = 55.2 m3.h-
I, excavation advance rate p = 5.0 m.24 h-1, and consumption of cutting
tools Sp = 0.024 pcs.m3 (0.024 pieces of cutting tools per one cube meter
of disintegrated rock). The results are slightly less favourable in the case of
cutting sandstone (N = 12 m3.h-l, p =2.8 m.24h-1, 5, = 2.8 pcs.m’3).

7. COMPARISON OF CALCULATED
AND OPERATIONAL RESULTS

Results obtained by the calculation method (prognosis-based
results) were compared with results achieved subsequently on the site
(see Fig. 21). The character of the curve of calculated results N and
operational results N’ is identical. Disintegration rate drops exponen-
tially with the growth of the value of general workability of the exca-
vated cross section Rc. At the workability approximately
Rc = 240 kN.m-1, the two curves intersect each other. Operational
disintegration rates were higher than the calculated ones within the
range of rocks (A) with the workability value R, < 240 kN.m-!, and
conversely, operational disintegration rates were lower in the range of
rocks (B) with the workability value R. > 240 kN. m-!.

Explanation can be seen in the fact that, in addition to inaccuracies in
defining the input data used in the calculation, a human factor also
contributes to the differences. Regarding the range (A), which can be
classified as a range of very good overall workability of the excavated
cross section, favourable disintegration rates were achieved without
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faktor. V oblasti (A), kterou lze klasifikovat jako pdsmo velmi dobré
celkové rozpojitelnosti profilu razby, byly dosahovany pfiznivé rozpo-
jovaci vykony bez vys$ich ndroki na ddrZzbu stroje — ztratové Casy proto
nebyly velké. Tento stav prispival k vytvareni pfiznivého pracovniho
klima. Pracovnici byli dobfe finanéné ocenovani a jejich zdjem byl sni-
Zovat prostoje a dosahovat trvale dobrych pracovnich vysledka.

V hife rozpojitelnych hornindch byly rozpojovaci vykony mensi,
opotiebeni feznych ndstroju probihalo rychleji, ndroky na tdrzbu a ¢aso-
Osddky ztrdcely zdjem o sniZovdni prostoju, o dosaZeni prijatelnych
vysledku. Objevovaly se tendence proti technologii strojniho fezani.

Jak vyplyvd z uvedeného, dspéSnost technologie strojniho fezéni
pomoci feznych orgdna razicich stroju je zdvisld na celé fadé faktoru,
zejména pak na vlastnostech hornin, vykonnosti stroje a angaZzovanosti
osddky. Uvedené faktory je proto tieba jiz v predvyrobni etapé peclivé
analyzovat a posoudit, zda s danym typem razictho stroje 1ze dosahnout
potiebné technicko-provozni vysledky.

8. ZAVER

PredloZeny ¢ldnek dokumentuje zpusob méteni a hodnoceni rozhodu-
jicich technologickych vlastnosti hornin pro odborné posouzeni moz-
nosti nasazeni a efektivniho provozovéni feznych orgénu razicich
stroju. VyuZivanim uvedeného postupu Ize vhodné doplnit rozhodovaci
proces, prispét k omezen{ pifpadi nevhodné zvoleného zpusobu razeni,
a tim i k dosaZeni priznivéjsich hospodarskych vysledku investora. Vy-
uzivanim uvedeného postupu se také rozsifuje banka informaci, nutnd
k tomu, aby se vyzkumny proces mohl ddle zdokonalovat. Pfispéje se
tak k dosaZeni potfebnych cilt investora i vyzkumné zdkladny.
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Obr. 21 Zavislost feznych vykonu vypoctenych N a zjisténych
meérenim v provozu N’ na celkové rozpojitelnosti profilu razby Rc

A — oblast celkové rozpojitelnosti profilu razby R.< 240 kN.m-1,

B — oblast celkové rozpojitelnosti profilu razby R. > 240 kN.m1)
Fig. 21 Dependence of calculated cutting rates N and rates measured
on the site N’ on general workability of the excavation face Rc

A — range of general workability of the excavation face

R¢< 240 kN.m™!, B — range of general workability of the

excavation face R; > 240 kN.m-1)

higher demand for maintenance of the machine; therefore the downtime
was not excessively long. This condition contributed to development of
a positive working climate. The workers were well financially motiva-
ted, and it was their own concern to reduce down-times and reach con-
tinually good work results.

The disintegration rates in worse workable rock were lower, cutting
tools wore down faster, maintenance requirements and losses due to
downtimes were higher. Also more serious defects of the machine
occurred. The crews lost interest in reducing downtimes and
achieving acceptable results. Even tendencies against the mechanical
cutting technology appeared.

As follows from the above text, success of the mechanical cutting tech-
nology using cutterheads of cutter boom machines depends on a number of
factors, above all rock properties, efficiency of machines, and engagement
of crews. The above-mentioned factors have therefore be carefully analy-
sed, and an assessment must be made whether the required technical-ope-
rational results can be achieved with the given machine type.

8. CONCLUSION

The presented paper documents a method of measurement and
assessment of critical technological properties of rocks for the purpo-
se of application and effective work of cutterheads of roadheaders.
Application of this method can be suitably added to the decision-
making process. It can contribute to diminishing the number of events
of improperly selected excavation method, thus to reaching more
favourable client’s economic results. As a result of utilisation of this
method, also the database of information needed for the research
process to become perfect extends. It will help in achieving the objec-
tives of both the client and the research base.
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This paper was prepared with support of the project grant A 3086201
of the GAAV CR. ) PROF. ING. JAROSLAV VASEK, DrSc.,
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TUNEL BORIK
THE BORIK TUNNEL

JAN KUSNIR

uvob

Navrhovand stavba tunela je sticastou zdkladného dialni¢ného tahu D1
v Slovenskej republike prebiehajticeho po trase Bratislava — Zilina — Presov
— Kosice — hranica s Ukrajinou. Po dobudovani bude predmetny dsek dia-
Thice sucastou eurdpskej cesty E 50, ktord prechadza z Franctizska cez
Nemecko, Cechy, Slovensko, Ukrajinu a Rumunsko, dalej na juh.

Trasa tseku dialnice D1 medzi Mengusovcami a Janovcami leZ{ na izem{
Pre§0vskéh0 kraja a prevazne okresu Poprad Navrhovanz’t dialhica prechéd—
dérskou podou, menej lesom. Horsky masiv B0r1k prekondva dialnica tune-
lom s rovnomennym ndzvom.

Tunelové rieSenie skracuje trasu dialhi¢ného tseku oproti povrchovému
rieSeniu — obchddzanim horského masivu zo severnej strany o viac ako
3600 m a z juznej strany o cca 3500 m. Dalej umoznuje bezkolizne vedenie
dialni¢nej trasy urbanizovanym prostredim a chranenou krajinnou oblastou
TANAP. Tunelové rieSenie predstavuje najmensi zdsah do prirodného prost-
redia a teda zaroven plni vyznamni ekologicku funkciu — ochranu krajinné-
ho prostredia.

VSEOBECNE

Tunel Borik je situovany v rovnomerne zalesnenom horskom chrbte,
ktory je najsevernejSim vybezkom Kozich chrbtov. V okoli sa nachadza
mierne zvineny aZ rovny reliéf Popradskej kotliny. Portdly tunela sa
nachddzaji v dpétnych Castiach chrbta Borika, ktory md dlzku 2.5 km,
Sirku 0,7-1,1 km, max. vySku 922,1 m a prevySenie v trase tunela 120 m.
Juhozdpadné svahy nad zdpadnym portdlom maju sklon 20°, vyssie k hre-
benu 30°. Severovychodné svahy nad V)’/chodn}’fm portélom majl'l sklony
chladnej khmatlcke] oblasti, mierne chladného okrsku. Priemernd ro¢nd tep-
lota vzduchu je 5.8 °C (Poprad) s priemernymi janudrovymi teplotami -5 az
-6 °C a jilovymi 12-16 °C. Z klimaticko-geografického Clenenia patri tze-
mie k typu chladnej kotlinovej klimy. Uhrn zraZok je 600 — 700 mm rocne,
priCom v chladnom polroku si zrdzky pod 300 mm. Trvanie snehovej
pokryvky je 160 — 180 dni. Priemernd max. vyska snehovej pokryvky je
50 cm.

Tunel je projektovany pre dialni¢nd dopravu s dvomi tunelovymi rdrami,
kazdd pre jeden smer dopravy. Prierezy tunelovych rir s rieSené v silade
s poziadavkami kladenymi na tunely v zdpadnej Eurdpe. Dizka tunelovych
rdr je 999 m, resp. 993 m. Smerovo je trasa vedend v dvoch protichodnych
oblikoch prepojenych prechodnicou. VySkovo prebiehaji obe riry prevaz-
ne v stdlom sklone, -0,92 % v lavej tunelovej rure, resp. -1,05 % v pravej
tunelovej rire. Prie¢ny sklon vozoviek sa meni od -3 % do 3 % v zavislosti
na smerovom vedeni. Podla typu vystavby sa lavd tunelova rura sklada
z portalového tseku 17,40 m dlhého v otvorenom vykope, z 943 m razenej
Casti a 39 m druhého portédlového tiseku v otvorenom vykope. Pravd tunelo-
vd rira je zloZend obdobne s dlzkami Gsekov 15 m, 929 m a 49 m. Vzhla-
dom na celkovi dizku tunela bolo potrebné navrhnit’tri priene prepojenia,
tunelovy vodovod s hydrantmi a pozdlZne vetranie tunela.

INZINIERSKO-GEOLOGICKé POMERY

V trase tunela mimo portdlovych dsekov su zastiipené prevazne dolomity
chocského prikrovu a lunzské ilovité bridlice. OCakavaju sa porusené a drvené
dolomity a bridlice s hustou sietou tektonickych puklin, pripadne az myloniti-
zovany Usek v ohranicujicom zlome na konci dseku. V portdlovych dsekoch
tunela, hlavne v dseku zdpadného portdlu, sa nachddzaji kvartére sedimenty
charakteru zemin (glacifluvidlne a deluvidlne sedimenty) znacnej hribky (aZ
21 m nad niveletou). V ose tunela to predstavuje dlzku cca 60-70 m. Na
vychodnom portdli sa nachddzaji deluvidlne sedimenty o hribke do 1-5 m.

Podla zisten{ sa d4 ocakdvat, Ze v trase tunela budi zastipené 2 systémy
tektonickych zlomov. Prvy z nich je stibezny s okrajovymi zlomami masivu
Borika, v trase tunela sa daji oCakdvat'v zdpadnej tretine a v okoli vychod-
ného portdlu. Predpoklada sa, Ze budd mat’ charakter zén drvenych dolomi-
tov s Sirkou max. 1-2 m, len vynimo¢ne s brekciovito-ilovitou vyplnou.

INTRODUCTION

The proposed tunnel construction is part of the basic highway route D1 in the
Slovakian Republic, running from Bratislava, through Zilina, Prefov and Koice to
the Ukrainian frontiers. After completion the highway section in question will
become part of the European route ESO passing from France, through Germany,
Czechia, Slovakia, Ukraine and Romania further to the south.

The D1 highway section between Mengusovce and Janovce lies in the area of the
Presov region, mostly in the Poprad district. Prevailing part of the proposed highway
passes through an undeveloped area, mostly fields or forested land. The highway
crosses the mountain massif Borik via a tunnel of the same name.

Compared with a surface solution with the road bypassing the mountain massif on
the north or south, the tunnel solution cuts the highway route by over 3,600 and about
3,500 m respectively. In addition, this solution allows the alignment to pass the urba-
nised environment and the TANAP conservation area without any collision. The tun-
nel solution means the lowest environmental impact; therefore it fulfils a significant
role in terms of environmental protection.

IN GENERAL

The Borik tunnel is situated in a uniformly forested area of a mountain ridge,
which is the northernmost spur of the Kozi Chrbty mountain ridge. Moderately undu-
lated topography of the Poprad basin is found in the surroundings. The tunnel portals
are situated in foothill parts of the Borik ridge. The ridge is 2.5 km long, 0.7 — 1.1 km
wide, maximally 922.1 m high, and the difference between the altitudes of the portal
locations amounts to 120 m. The south-western slopes incline at an angle of 20°
above the west portal, and 30° closer to the crest. The north-eastern slopes incline at
10 — 18° above the east portal. Major part of the Poprad basin in the foreland of the
High Tatras Mountains belongs to a cold-climate area of a moderately cold region.
The mean annual air temperature is 5.8 °C (Poprad), with average January tempera-
tures of =5 °C to —6 °C and July temperatures of 12 — 16 ° C. In terms of climatic-
geographical classification, this region belongs to a cold basin climate type. The
annual precipitation total amounts to 600 — 700 mm, while less than 300 mm is recor-
ded in the cold half of the year. The snow cover stays for 160 — 180 days. The ave-
rage maximum snow cover thickness is 50 cm.

The tunnel is designed for highway traffic through two un-directional tunnel tubes.
The tunnel cross sections are solved in accordance with requirements applied to tun-
nels in Western Europe. The tunnel tubes are 999 m and 993 m long. The horizontal
alignment of the tunnel consists of two reverse curves interconnected by a transition
curve. The gradient of both tubes is mostly uniform, i.e.—0.92 % for the left tube and
—1.05 % for the right tube. The crossfall of the roadways varies from -3 % to 3 %,
depending on the shape of the horizontal alignment. Regarding the construction type,
the left tunnel tube consists of a 17.4 m long cut-and-cover portal section, 943 m long
mined section and the other cut-and-cover portal section, 39 m long. The right tunnel
tube is composed similarly, with the respective sections 15 m, 929 m and 49 m long.

Obr. 1 Tunel Borik - situdcia v ortofotomape
Fig. 1 The Borik tunnel - situation in orthophoto map
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Druhy systém je prie¢ny na prvy, predpokladd sa, Ze bude mat charakter
jednotlivych zlomov alebo dsekov s réznym stupfiom drvenia dolomitov.
V pripade prechodu zlomov cez lunzské ilovité bridlice, vypln zlomov mdze
byt brekciovito-flovitd. V trase tunela a jeho okoli sa nevyskytuji Ziadne
geodynamické javy (svahové deformdcie — zosuvy, splazy).

HYDROGEOLOGICKé POMERY

Dominantné zasttipenie (viac ako 80%) v trase tunela a jeho okoli maji
dolomity chocského prikrovu. Tento komplex sa vyznaCuje krasovo-pukli-
novou priepustnostou. Predpoklada sa, Ze v strede masivu bude trvald hladi-
na podzemnych vod pod niveletou tunela. Prienik podzemnych vod do vyru-
bu tunela v celom tseku dolomitov mimo zlomovych zén bude minimalny,
na trovni < 1 Ls™! vo forme rozptyleného odkvapu. Miera zavodnenia hor-
niny je suchd. Pri prechode do nadloZia vrstvy flovitych bridlic (lunz) je
mozné ocakdvat narazenie podzemnej vody (ststredeny pritok) pod hydro-
statickym tlakom s odhadnutou vydatnostou 1-2 1.s!, aviak s rychlym pokle-
som do minima. Miera zavodnenia horniny v nadlozi je suchd az mokrd.
Hladina podzemnej vody sa tu (km 0,7-0,87) mdZe nachddzat'blizko (1-2 m)
nad droviou stropu tunela, av§ak po otvoreni horninového masivu tunelo-
vou riirou sa predpoklada jej zniZenie. Uroven hladiny podzemnych vod je
z4visla od klimatickych vplyvov (maximum v jarnych mesiacoch), od stavu
krasovych ciest (ponory) a hydrogeologického rezimu v okoli. Predpokladd
sa, 7e celkova vydatnost' drénovanych vod bude v rozmedzi 1-3 1.s™. Elu-
vidlne, deluvidlne a glacifluvidlne sedimenty na svahoch Borika s ohladom
na ich zloZenie sd priepustné, avSak nie st zvodnené, pretoZe dolomitové
podloZie mé krasovopuklinovi priepustnost’a posobi ako drén. Hladina pod-
zemnej vody je podla tidajov z vrtov v priestoroch portdlov hlboko pod ich
niveletou.

RAZENIE A VYSTROJENIE VYRUBU

Technoldgia vystavby tunela je rozdelend na budovanie hibeného tunela
v otvorenej stavebnej jame a razenie tunela vrtno-trhavinovym sposobom.
Razenie sa v prieCnom reze deli prevaZne na dve Casti, kalotu a Strosu, resp.
v niektorych dsekoch na tri Casti, kde sa razi aj dno. Hlbené tseky st navrh-
nuté na oboch portdloch tunela. Ich vystavba bude prebiehat’ az po vyrazeni
razenej Casti tunelov. Z dévodu blizkeho smerového vedenia trasy dialnice
v priportdlovych tsekoch, ktoré sa nemohlo rozsirit, je vzdjomna vzdialenost’
oboch tunelovych rir velmi mald. Tak vznikol problém stabilitne zvladnut’
vyrazenie oboch tunelovych rir vedla seba. Vzajomnd vzdialenost tunelov
ny stav je aj na portdli vychodnom. Riesenie bolo navrhnuté stredovym Zele-
zobeténovym pilierom, ktory je vybudovany od zaciatku razeného tunela az
po vzdjomnu vzdialenost tunelov cca 3,50 m, ¢o postaCuje pre stabilitu hor-
ninového prostredia pri razen{ tunelov nezdvisle na sebe. V tseku, kde bude
pilier, sa musia obe riry razit' sicasne, resp. s minimdlnym odstupom, aby
teleso piliera bolo nadloZim zatazované centricky. Samotnému razeniu tune-
lov tak bude predchddzat vyrazenie pilierovej $tolne, zo zdpadu
120 m dlhej a z vychodu 61 m dlhej.

PILIEROVA STOLNA — ZAPADNY PORTAL

Pre pritomnost pilétovej steny medzi tunelovymi rirami a z ddvodu odsa-
denia Celnych svahov oboch rir o cca 10 m, na ktorych sa zacne razenie, sa
postup razenia pilierovej Stolne rozdelil na tri fazy. V prvej faze sa zacne
razit' v mieste zaciatku razenia pravej tunelovej riry v pomocne;j osi, ktord

Obr. 2 Vizualizdcia vychodného portilu tunela
Fig. 2 Visualisation of the east portal
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The aggregated length of the tunnel required the construction of three cross passages,
and installation of a tunnel water main with hydrants, and a longitudinal ventilation
system.

ENGINEERING GEOLOGICAL (EG) CONDITIONS

Apart from the portal sections, the tunnel route passes mostly through the Cho¢
Nappe Dolomites and the Lunz Shales. Fractured to broken dolomites and clayey
shales with a dense network of tectonic fissures are expected, even a mylonised sec-
tion at the bounding fault at the end of the section. Soil-like Quaternary sediments
(fluvioglacial and diluvial) of significant thickness (up to 21 m above the tunnel
alignment level) are found in the portal sections, mainly in the west portal section.
This represents a length of about 60 — 70 m. Diluvial sediments up to 1 — 5 m thick
are found at the east portal.

According to the investigation, 2 systems of faults can be expected along the tun-
nel route. The first system runs in parallel with the marginal faults of the Borik mas-
sif. The faults can be expected to be encountered in the western third of the tunnel
route and in the vicinity of the east portal. There is an assumption that they will have
a character of zones of broken dolomites maximally 1 —2 m wide, only exceptional-
ly with brecciated-clayey filling. The other system is transversal to the first. It is
assumed to have a character of individual faults or sections with various degrees of
the dolomite crushing. In the case of the faults crossing the Lunz Shales, the filling
of the faults can be brecciated-clayey. No geodynamical effects (slope deformations,
i.e. slope sliding, tongues) occur along the tunnel route.

HYDROGEOLOGICAL (HG) CONDITIONS

The Cho¢ Nappe Dolomites dominate along the tunnel route (over 80 %). This
mass is characterized by karstic-fissure permeability. Presumably, the groundwater
standing level in the middle of the massif will be under the tunnel alignment. Ground-
water seepage into the tunnel excavation in the entire section passing through the
dolomites (excepting the fault zones) will be minimal, less than 1 1.s*!, in a form of
scattered dripping. The degree of the rock saturation is classified as “dry”. At the
moment of the excavation entering the layer above the Lunz Shales layer, ground
water will be presumably tapped (a concentrated inflow, under hydrostatic pressure),
with estimated yield of 1 -2 1s™!, dropping rapidly to a minimum value. The degree
of saturation of the rock in the overburden is classified as “dry to wet”. In this secti-
on (km 0.7 -0.87), the water table can be found close (1 —2 m) above the tunnel roof,
but its lowering is anticipated once the rock massif is opened by the tunnel tube. The
water table level depends on climatic effects (the maximum level is in the spring
months), on the condition of the karstic paths (ponores), and the hydrogeological
regime it the neighborhood. The aggregated yield of the drained water is expected to
amount to 1 —3 1.5, Due to their composition, the eluvial, diluvial and fluvioglacial
sediments on the Borik slopes are permeable, but they are not saturated because the
karstic dolomite base drain them. The water table level identified by drilling at the
portals is deep under their level.

EXCAVATION AND SUPPORT

In terms of construction methods, the tunnel is divided into cut-and-cover sections
and a mined section driven by drill-and-blast (employing mostly a top heading and
bench excavation sequence, in some sections also an invert). The cut-and-cover sec-
tions are designed at both tunnel portals. They will be constructed when the excava-
tion of the mined section of the tunnel tubes has been completed. The distance bet-
ween the tunnel tubes is very small owing to the narrow space between the individu-
al carriageways within the overall highway alignment, which could not be widened.
This gave rise to a stability problem connected with the excavation of the two paral-
lel tubes. The distance between the edges of the tunnel tubes at the west portal is
about 1.20 m, and it increases gradually. A similar condition exists at the east portal.
The construction of a central reinforced concrete pillar designed for a section starting
from the mined tunnel’s beginning to the point where the distance between the bodi-
es of the tunnel tubes reaches roughly 3.50 m was the solution. The pillar provides
sufficient stability of the rock mass during the independent excavation of the tunnel
tubes. Both tunnel tubes will have to be excavated concurrently or with minimum
staggering of the faces in the section containing the concrete pillar, so that the loading
of the overburden acts on the pillar symmetrically. The excavation of the tunnel tubes
will be preceded by the excavation of galleries for casting of the pillar
(“pillar galleries”, at a length of 120 m from the west and 61 m from the east).

THE PILLAR GALLERY — WEST PORTAL

Because of the presence of a pile wall between the tunnel tubes, and because of
the staggering by roughly 10 m of the slopes on the centres of the tunnel tubes where
the excavation is to start, the excavation of the pillar gallery was divided into three
phases. In the first phase, the excavation will start at the point of the beginning of the
right tunnel tube, along an auxiliary axis of 30° to the gallery axis. This excavation
phase is 14.36 m long. The 9.58 m long second phase excavation will start on the
gallery axis. The third phase, 11 m long, will combine the excavation work process
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Obr. 3 Pozdfzfny geologicky profil tunela
Fig. 3 Longitudinal geological section
of the tunnel
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zviera s osou §tdlne 30° uhol. Dizka fazy je 14,36 m. Druh4 fdza sa zacne
razit'v osi §tolne v dizke 9,58 m. Tretia féza zjednoti postup razenia s postu—
pom budovania stredového piliera. Jej dizka j Je 11 m. Razenie §t6lne od zdpa-
du bude prebiehat’v dvoch vystrojovacich triedach. Sest’etdp bude razenych
vo vystrojovace;j triede (dalej len VT) VT VI pod mikropilétovym dazdni-
kom a Sest’etdp vo VT V pod ocelovymi ihlami. Vystrojovacia trieda VI je
tvorend mikropil6tovym ddzdnikom z ocelovych rir vrtanych pod uhlom 5°
(2 133/10 mm, dizka je zavisla na dizke fazy), primdrnym ostenim zo strie-
kaného beténu (h=250 mm), prichradovymi nosnikmi (h=149 mm,
2x322/32 mm) a ocelovymi sietami (100/100/&8 mm). Vystrojovacia
trieda V je tvorend ocelovymi ihlami (J38/15 mm, I=4 m), primarnym oste-
nim zo strickaného beténu (h=250 mm), priehradovymi nosnikmi
(h=149 mm, 2x22/32 mm) a ocelovymi sietami (100/100/Z8 mm).
V prie¢nom reze bude profil rozdeleny na kalotu a $trosu. Razit'sa zane pod
vopred vybudovanym zdrodkom.

PILIEROVA STOLNA - VYCHODNY PORTAL

Stoliia na vychodnom portdli sa zatne razit medzi tunelovymi rirami v osi
dialhnice. Razit'sa bude v Siestich etapach. Prvé etapa bude pod mikropil6to-
vym dazdnikom a dalSich pit’pod ihlami, Mikropil6tovy ddZdnik bude pozo-
stdvat’z ocelovych rir & 133/10 mm dlzky 15 m vitanych rovnobeZne so
Stolnou. Vystrojovacia trieda V je tvorend ocelovymi ihlami (&38/15 mm,
I=4 m), primdrnym ostenim zo striekaného beténu (h=250 mm), priehrado-
vymi nosnikmi (h=149 mm, 2xJ22/32 mm) a ocelovymi sietami
(100/100/A8 mm). V prie¢nom reze bude profil rozdeleny na kalotu a $tro-
su. Razit’sa za¢ne pod vopred vybudovanym zdrodkom.

TELESO STREDOVEHO PILIERA

Teleso stredového piliera sa vybuduje betondZou spétne od cela vyraze-
nych pilierovych §tlni po portdly tunelov. Pouzity bude rychlotuhntici
beton. BetondZz bude prebichat’ v montovanom debneni po etapach. Je
potrebné, aby sa betén dokonale zhutnil, $pecidlne vo vrchnej Casti ponor-
nymi hadicovymi vibratormi. Do konstrukcie piliera budd zapustené po-
Ziarne a Cistiace vyklenky. Pre tieto je potrebné v ich mieste vynechat vystuz
a vytvorit’ niku v debneni. V dseku tunela, kde sa bude pilier nachadzat, jeho
konstrukcia bude nahradzovat’ v konstrukeii tunela primdrne ostenie. Po
vybeténovani pilierov sa moZe zacat razit hlavny tunel. Zo statického hla-
diska po dodrzani podmienok postupu razenia bude pilier pdsobit’ako cen-
tricky zataZeny stlp tlakom vytvorenym z nadlozia.

STREDOVY PILIER A RAZENIE HLAVNEHO TUNELA

Po dobudovani stredového piliera sa mdZe na oboch portdloch zacat’
s razenim hlavného tunela. Na zdpadnom portili je potrebné, aby sa prvd
zaala razit'Tavd tunelovd rira aZ po troven pravej tunelovej riry, o je cca
10 m. Potom sa obe riiry musia razit’sicasne, resp. s mlmmalnym odstupom
Na vychodnom portéli sa razenie zacne sticasne. Ako prva sa zaCne razit’
kalota az po droven konca pilierovej $tdlne, resp. vybudovaného piliera.
Potom sa mdZze prejst' na razenie strosy a dna. Teleso piliera tvori v hlavnom
tuneli primdrne ostenie, na ktoré sa dobeténuje kontinudlnou betondzou
pomocou debniaceho vozna sekundérne ostenie tunela.

with the construction of the central pillar. Two support classes will be applied for the
excavation of the gallery from the west. The support class VI (SC VI) with the instal-
lation of pipe canopy pre-support will take place in six steps, and SC V with the
installation of steel spiling bars also in six steps. The support class VI comprises steel
pipes (& 133/10 mm, the length depending on the length of the phase) installed in
boreholes drilled at an angle of 5°, shotcrete primary lining (t=205 mm), lattice gir-
ders (=149 mm, 2x@22/32 mm), and steel mesh (100/100/8 mm). The support
class V comprises steel spile bars (38/15 mm, 1=4 m), shotcrete primary lining
(t=250 mm), lattice girders (t=149 mm, 2x@22/@32 mm), and steel mesh
(100/100/28 mm). The excavated cross section will be divided into top heading and
bench. The excavation work will commence under the protection provided by a pre-
constructed “pre-portal structure”.

THE PILLAR GALLERY — EAST PORTAL

At the east portal, the gallery excavation will start between the tunnel tubes, on the
project centre line. The excavation will be divided into six phases. The first phase
categorised as support class SC VI will be carried out under the pipe canopy pre-sup-
port, and the other five phases in SC V, under the spiles. The pipe canopy pre-support
will consist of 15 m long steel pipes & 133/10 mm installed in holes drilled in paral-
lel with the gallery. The support class V comprises steel spile bars (&J38/15 mm,
=4 m), shotcrete primary lining (t=250 mm), lattice girders (t=149 mm,
2xJ22/@32 mm), and steel mesh (100/100/8 mm). The excavated cross section
will be divided into top heading and bench. The excavation work will commence
under the protection provided by a pre-constructed “pre-portal structure”.

THE CENTRAL PILLAR BODY

The body of the central pillar is constructed using rapid-set concrete, by progres-
sive casting, back from the faces of the excavated galleries toward the tunnel portals.
Prefabricated formwork will be used for the concrete casting. The concrete must be
perfectly compacted, especially at the top (with submersible flexible shaft vibrators).
There will be fire emergency and cleaning recesses provided in the pillar structure.
This requires gaps to be left in concrete reinforcement, and formwork of niches to be
installed. The primary lining of the tunnel tubes in the section that the pillar will be
built in, will be replaced by the pillar structure. The excavation of the main tunnel can
start when the pillars have been completed. In terms of structural analysis, the pillar
will act as a column centrally loaded by a pressure developed by the overburden.

THE CENTRAL PILLAR AND EXCAVATION
OF THE MAIN TUNNEL

The excavation of the main tunnel can start at both portals when the central pillar
is finished. It is necessary for the west portal site to start the excavation of the left tun-
nel tube first, proceeding to the beginning of the right tube, i.e. about 10 m. Then the
two tunnel tubes must be driven simultaneously or with a minimal staggering of the
faces. At the east portal, the excavation of the two tunnel tubes will start concurrent-
ly. The top heading excavation will be the first operation. It will proceed up to the end
of the pillar gallery (i.e. the end of the pillar). Then the bench and invert excavation
can take place. The body of the pillar forms the primary lining of the main tunnel.
The secondary lining will be attached to the pillar by continual casting, using a tra-

velling formwork.
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TUNELOVE RURY TUNNEL TUBES
Tunelové riry sa bud razit'z obidvoch portdlov po stanienie prerazky, The tunnel tubes will be driven from both portals up to the chainage where
ktoré je definované koncom zdpadného stredového piliera (cca 120 m od the breakthrough will take place, which is determined by the end of the western
zdpadného portdlu). Od vychodného portdlu sa budd razit’dve samostatné central pillar (about 120 m from the west portal). Two independent tunnel tubes
tunelové rdry priecne prepojené tromi tinikovymi chodbami. Od zdpadu sa will be driven from the east portal, interconnected by three escape adits. From
budu razit’ obe tunelové riry v celom tseku stredového piliera. the west, both tunnel tubes will be driven along the section containing the cent-
Na zdklade IG a HG prieskumu sa razenie tunela zaclenilo do deviatich ral pillar.
vystrojovacich tried podla SIA 198 a ONORM 2203. V projekte s pouZzité Based on the EG and HG investigation, the tunnel excavation was divided
vystrojovacie triedy (VT) IL III, IV, IVB (so zniZenou spodnou klenbou), into nine support classes according to SIA 198 and ONORM 2203. The design
IV-P (P = stredovy pilier), V, V-P, VI a VI-P. utilises support classes (SC) II, ITI, IV.B (with a lowered invert), [V-P (P = cent-
Postup z vychodného portdlu: priportdlové tdseky sa budd razit' pod ral pillar), V, V-P, VI and VI-P.
ochrannym ddzdnikom zhotovenym z mikropilt. Celba sa spevni hornino- The procedure applied starting from the east portal: The portal sections will
vymi kotvami. Razit’sa zatne spod vopred vybudovaného zdrodku z ocelo- be driven under the protection provided by the pipe pre-support. The face will
vych nosnikov, vystuznych zvdranych sietf a strickaného bet6nu s razenim be reinforced by rock anchors. The excavation will commence from the pre-
kaloty v oboch tunelovych rirach. S ciefom ¢o najskor uzatvorit profil spod- constructed “pre-portal structure”(steel beams, welded mesh and shotcrete),
nou klenbou sa z technologického hladiska v pripustnej vzdialenosti vyrazi with the top heading excavation proceeding in both tunnel tubes. The bench and
lavica a ndsledne aj d,no tunela. Po prvej etape razenia pod mikropilétovym bottom will be excavated at the closest distances possible with respect to tech-
ddZdnikom sa bude dalej razit'vo VT V-P pod ihlami. Obe tunelové riry sa nology, with the aim of closing the profile by the invert as soon as possible. The
musia razit'z dovodu stability stredového piliera siiCasne, resp. s odstupom first phase of excavation under the pipe canopy pre-support will be succeeded
max. jedného zdberu aZ po koniec telesa stredového piliera. Nésledne je by class V-P excavation under the spiling umbrella. For the reason of the stabi-
moZzné postupovat'v oboch rdrach H?ZéViSIC aZ po bod prerazky. lity of the central pillar, both tunnel tubes must be driven simultaneously, or
Postup zo zdpadného portdlu: razit'sa zacne spod VOPf?d Vybudovaného with the faces staggering by a maximum one excavation round, up to the end
zérodku z ocelovych nosnikov, vystuznych zvdranych sieti a striekancho of the central pillar’s body. After that the excavation can proceed in both tubes
beténu. Cely tsek pri zdpadnom portdli bude razeny v deluvidlnych sedi- independently up to the breakthrough point.

mentoch. Ako prvd sa pod mikropilétovym ddzdnikom vyrazi kalota lavej
(v smere razenia) tunelovej riry aZ po droven zaciatku razenia kaloty v pra-
vej rdre. Nésledne sa budi razit’ obe riry z dovodu stability stredového
piliera sicasne, resp. s odstupom max. jedného zdberu az po koniec telesa
stredového piliera. Potom je mozné postupovat’v oboch rirach nezavisle az
po bod prerazky. S ciefom ¢o najskor uzatvorit profil spodnou klenbou sa
z technologického hladiska v pripustnej vzdialenosti vyrazi lavica a ndsled-
ne aj dno tunela. Od zaciatku sa bude v piatich etapach razit’ vo VT VI
a VI-P pod mikropilétovym dazdnikom, dalej vo VT V-P pod ihlami
a VT IV-P a IV s pouZitim horninovych kotiev.

Po zhodnotenti vlastnosti horninového masivu v trase tunela Borik je riba-
nina vytazend z tunela v objeme az 97,45 % vyuzitelnd na budovanie nasy-
pov dialhice.

The sequence of work from the west portal: The excavation will commence
from the pre-constructed “pre-portal structure” space created from steel beams,
welded mesh and shotcrete. The whole section at the west portal will be driven
through diluvial sediments. The top heading of the left tunnel tube (viewed in
the direction of excavation) will be excavated first, under the pipe canopy pre-
support, up to the point where the top heading excavation of the right tube is to
start. Then, for the reason of maintaining the stability of the central pillar, both
tunnel tubes must be driven simultaneously, or with the faces staggering by
a maximum one excavation round, up to the end of the central pillar’s body.
After that the excavation can proceed in both tubes independently up to the bre-
akthrough point. The bench and bottom will be excavated at the closest distan-
ces possible with respect to technology, with the aim of closing the profile by
the invert as soon as possible. From the beginning the excavation will be carri-
ed out in five phases, in SC VI and VI-P under the pipe canopy pre-support,

DEFINITIVNE OSTENIE then in SC V-P under the spiling umbrella, and SC IV-P and IV where rock
Sekundarne — definitivne ostenie je dimenzované na zataZenie od vlastnej anchors will be used.

tiaZe, tj. predpoklada sa spolahlivost primdrneho ostenia v obdobi pozado- According to the assessment of properties of the rock to be encountered

vanej Zivotnosti tunela. Ak by sa poCas vystavby zistila pritomnost' podzem- along the Borik tunnel alignment, up to 97.45 % of muck is suitable for the con-

nej vody (agresivnej na betén), bude potrebné sekunddrne ostenie nadimen- struction of the highway embankments.

zovat'na prenos celého zatazenia horniny. Hriibka ostenia z prostého beténu
je zdvisla od typu prie¢neho rezu a pohybuje sa od 30 do 55 cm v klenbe a od FINAL LINING
54 do 65 cm v dne a opordch. V ddsledku razenia pod mikropilétovym dézd-

nikom dosiahla hribka definitivneho ostenia v niektorych miestach az The secondary — final lining is designed for loading by its own weight, which
135m means that the primary lining is expected to remain reliable for the entire design life

of the tunnel. If the presence of ground water (with a corrosive effect on concrete) is
identified in the course of the construction, the secondary lining will have to be re-
designed to be able to carry the whole loading by the rock mass. The thickness of the
non-reinforced concrete lining depends on the cross-section type. It varies from 30 to
55 c¢m at the crown, and from 54 to 65 cm at the bottom and the sidewalls. As a result
of the excavation carried out under the pipe canopy pre-support, the thickness of the
final lining reached 1.35 m in some places.

Reinforcement determined by a structural analysis is used for all blocks of the
secondary lining containing niches, cross passage openings, spaces for installation of
equipment, and blocks at the contact of the cut-and cover tunnel with the mined tun-
nel. The inner surface of the secondary lining must be plain and smooth. The struc-
ture and colour shade of the surface is designed to provide an average degree of
remission (back reflection of light). This means that the surfaces will be neither refle-
xive (to prevent the surface reflection) nor absorbing (prevent excessive absorption
of light). The scale of colours will consist of various degrees of grey. The colour of
the roadway and walkways will be that of natural concrete. The sidewalls will be the
light grey colour of RAL — 7035, the ceiling the dark-grey RAL - 7043. Second
fixings will be accentuated by relevant signal colours.

Statickd vystuz sekunddrneho ostenia sa navrhuje do vietkych blokov, kde
sd vyklenky, zdrodky tnikovych chodieb, miesta na inStaldciu technologic-
kych zariadeni a do blokov na styku hlbeného tunela s razenym. Konstruk¢-
nd vystuz je navrhnutd do blokov sekunddrneho ostenia, kde sa razilo pod
mikropilétovym ddzdnikom.

Definitivne ostenie bude vyhotovené do posuvného ocelového debne-
nia, uloZeného na vopred realizovanych pitkovych opordch. BetondZ

SAFETY AND OPERATIONAL CONSTRUCTION WORK

The safety and operational construction work comprises emergency laybys, fire
point niches (for hydrants), SOS niches, cleaning niches and escape corridors. The
recesses/niches are excavated in all main geological formations. All recesses/niches
will be excavated subsequently, when the excavation of the tunnel tubes is complete.
They will be made of reinforced concrete.

Obr. 4 Vzorovy priecny rez pilierom The emergency call niches (SOS niches) are designed on the right sides of the tun-
Fig. 4 Typical cross section through the pillar nel tubes (viewed in the direction of traffic) at intervals of about 125 m. Total num-
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bude vykondvand po dsekoch rovnake;j diiky — 10 m. V osteni budu zabu-
dované chranicky a priechodky z PE, resp. vyklenky pre technologické
zariadenia tunela. Vnitorna plocha sekunddrneho ostenia musi byt rovna
a hladka. Struktiira povrchu a farebnost’ je navrhnutd so strednym stup-
nom remisie (spitny odraz 14¢ov), to znamend, Ze povrchy nebudi ani
reflexné — aby nedoslo k zrkadleniu povrchu, ani absorbéné — aby nedo-
§lo k prilisnému pohlcovaniu svetla. Farebn4 §kdla bude pozostavat'z roz-
nych stupnov Sedej. Vozovka a chodniky budd mat'prirodzend farbu betd-
nu. Bo¢né steny budd svetloSedej farby RAL — 7035, strop tmavosedej
farby RAL — 7043. Kompletiza¢né prvky budi akcentované prisluSnymi
signalnymi farbami.

BEZPECNOSTNE A PREVADZKOVE STAVEBNE UPRAVY

Bezpecénostné a prevadzkové stavebné tpravy v tuneli zahinaji nddzové
zélivy, protipoZiarne vyklenky (umiestnenie hydrantov), SOS vyklenky, ¢is-
tiace vyklenky a tnikové chodby. Vyklenky sa razia vo vSetkych rozhoduj-
tcich geologickych formécidch. VSetky vyklenky sa budi razit'dodatocne az
po prerazeni tunelovych rir a realizované budu zo Zelezobeténu.

Vyklenky tiesnového volania (SOS vyklenky) st navrhnuté v smere jazdy
po pravej strane oboch tunelov vo vzdjomnej osovej vzdialenosti cca 125 m.
Celkovy poCet v oboch tuneloch — 2 x 7 = 14 ks. Svetlé rozmery vyklenkov
sti: Sirka 1,70 m — hibka 1,05 m — vyska 2,80 m.

Protipoziarne vyklenky (PV) st navrhnuté v smere jazdy po lavej strane
oboch tunelov vo vzajomnej osovej vzdialenosti cca 80 m. Celkovy pocet
v oboch tuneloch — 2 x 11 = 22 ks. Svetlé rozmery vyklenkov su: Sirka
— 1,70 m — hlbka 0,95 m — vySka 1,95 m.

Cistiace vyklenky st stcastou drendzneho odvodnenia tunela. Cistiace
vyklenky sd navrhnuté po cca 50 m na oboch stranidch vozovky, vzdy
v mieste reviznej Sachty. Celkovy poCet vyklenkov v oboch tuneloch je
94 ks (LT 46, PT 48). Svetlé rozmery vyklenkov su: Sirka 1,05 m — hibka
0,80 m — vyska 2,30 m.

'V oboch tunelovych rirach je navrhnuty obojstranny nddzovy zdliv.
Dlzka zélivu je 40 m. V strede nidzovych zélivov vyustije prejazdnd spo-
jovacia chodba. V priestore nidzovych zdlivov je pouZitd vystrojovacia trie-
da VT III. Prie¢ny rez je oproti normdlnemu zvyseny. Deli sa na sedem Casti,
tri v kalote, tri v Strose a dno. Postup razenia je od zaciatku po koniec
v smere razenia tunela od vychodného portdlu. Primarne ostenie je vystuzZe-
né sietami a priehradovymi nosnikmi. Zdroven je potrebné vystuzit' celné
steny nidzového zalivu pri prechode z normédlneho prierezu do rozsireného.

V tuneli st dve tinikové chodby pre chodcov (dlzky 1222174 m)ajedna
pre vozidla (dizka 27,8 m). Prie¢ny rez tinikovych chodieb md podkovovity
tvar. Dno chodby bude tvorené spodnou klenbou alebo doskou z monolitic-
kého beténu — podla IG a HG pomerov v danom dseku. Konstrukcia dniko-
vej chodby bude tvorend primdrnym a sekunddrnym ostenim s medzilahlou
hydroizola¢nou vrstvou. Technoldgia razenia unikovych chodieb bude
v zhode s technoldgiou razenia tunela v prislusnom tseku. Razit' sa bude
plnym prierezom. Vyrub chodby sa po vyrazeni zastrieka stabilizatnou
vrstvou striekaného betdnu, osadia sa siete, kotvy a ostenie sa dostrieka na
projektovanu hribku. Nésledne sa pomocou posuvného debnenia vybuduje
sekunddrne ostenie.

IZOLACIA A ODVODNENIE TUNELA
1zolacia

Hydroizolécia tunela je navrhnutd ako medzilahld, z PE f6lie hribky min.
2 mm, s ochrannou signdlnou vrstvou na licnej strane. Je uvaZovand po celej
dizke tunela, v prie¢nom smere je navrhnutd po celom obvode okrem dna.
Této folia bude prichytend pritavenim na nastrelené terce z PE. Na strane
primarneho ostenia bude félia chrdnend proti poSkodeniu geotextiliou.
V tsekoch pritokov a priesakov vody do tunela zistenych pri razeni je navrh-
nutd nopovd izol4cia alebo drendZny kompozit.

Ochrana tinikovej chodby pred vodou z horninového masivu je zabezpe-
¢end ploSnou izol4ciou z PE, folie hribky min. 2 mm osadenej po celom
obvode klenby tnikovej chodby, z ktorej je voda zvedend do drendzneho
potrubia ¢ 150 mm.

Odvod drenaznych véd z tunela

Drendzne perforované potrubie z PVC DN 200 mm bude vedené na
oboch pitich opor tunela v priestore medzi konStrukciou primdrneho
a sekunddrneho ostenia, osadené vo filtratnom beténe. Kazdych cca
50 m budu ¢istiace vyklenky a z nich bude drendZna voda zvedend priecnym
prepojenim do hlavného odvodnenia.

DrendZne potrubie tinikovej chodby, umiestnené v oboch pitdch klenby,
je vedené po celej dlzke chodby a je napojené na Cistiacu Sachtu drenaZneho
odvodnenia tunela. DrendZz medzilahlej izoldcie je z PVC riry DN 150

ber in both tunnels: 2 x 7 = 14 pieces. Net dimensions of the niche: 1.70 m wide,
1.05 m deep and 2.80 m high.

The fire point niches are designed on the left side of the tunnel tubes (in the
direction of traffic) at intervals about 80 m. Total number in both tunnels:
2 x 11 =22 pieces. Net dimensions of the niche: 1.70 m wide, 0.95 m deep and
1.95 m high.

The cleaning niches are parts of the tunnel drainage system. The cleaning
niches are designed at intervals about 50 m, on both sides of the roadway, at the
points of inspection manholes. Total number of the niches in both tunnels:
94 pieces (LTT 46, RTT 48). Net dimensions of the niche: 1.05 m wide,
0.80 m deep and 2.30 m high.

One 40 m-long double-sided emergency layby is designed for each tunnel
tube. A vehicular sized cross-passage is connected to the centre of each
emergency layby. The support class SC III is applied to the locations of the
emergency laybys. The cross-section is higher compared to the standard
cross-section. It is divided into seven parts, i.e. three in the top heading, three
in the bench, and the invert. The excavation will start at the east portal and con-
tinue up to the other end of the tunnel. The primary lining is reinforced with
welded mesh and lattice girders. At the same time, the front walls of the
emergency layby must be reinforced at the transition from the standard
cross-section to the enlarged section.

There are two pedestrian escape corridors (12.2m and 17.4m long) and one
for vehicles (27.8 m long) in the tunnel. The escape corridors are a horseshoe
shape. The floor of the corridor will be an inverted arch or a slab from in-situ
concrete — depending on the engineering geological and hydrogeological con-
ditions in the particular section. The structure of the corridor will consist of
primary and secondary liners with an intermediate waterproofing layer. The
excavation technique to be applied to the escape corridors will be identical
with the tunnel excavation technique relevant to the respective tunnel section.
The full-face excavation procedure will be utilised. The excavated ground
surface will be stabilised with shotcrete, mesh and anchors will be installed
then, and the shotcrete layer will be completed to the full thickness required
for the primary lining. The secondary lining will be cast subsequently, using
a travelling formwork.

TUNNEL WATERPROOFING AND DRAINAGE
Tunnel waterproofing

The tunnel waterproofing is designed as an intermediate system consisting
of a PE membrane with a minimum thickness of 2 mm, provided with a pro-
tective signal layer on the internal surface. The membrane is designed along
the full length of the tunnel; in the cross-section it will cover completely the
circumference, with the exception of the floor. It will be fixed by welding to
PE fixation blanks shot into the primary lining. Geotextile will protect the
membrane against damage from the primary lining side. Dimple pattern mem-
brane or a drainage composite will be used in the sections of inflows and see-
page of water into the tunnel identified during the excavation.

The escape gallery will be protected against water from the rock mass by
a system consisting of a PE membrane with a minimum thickness of 2 mm
enveloping fully the gallery structure. The water is diverted to a 150 mm dia-
meter drain.

Obr. 5 3D model stredového piliera
Fig. 5 3D model of the central pillar
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Obr. 6 Priecny rez tunelom s vystrojovacimi prvkami
Fig. 6 Cross section through the tunnel with support elements

pozdiine ryhovanej, perforovanej po obvode. Sklon potrubia reSpektuje
pozdlzny sklon chodby.

Odvod oplachovych véd z tunela

Odvedenie oplachovych vdd, pripadne odvedenie vod pri likvidécii poziaru
je vedené Strbinovym Zzlabovym obrubnikom. Jednotlivé prefabrikaty budu
spajané vodotesne, nitrilovou pryZou. Stcastou objektu je prevedenie vody
prepojovacim potrubim (obeténovanym) do protilahlého sifénu pri zmene
prie¢neho sklonu. Strbinové Zlabové obrubnikové prefabrikaty st umiestnené
v oboch tunelovych rirach vzdy na jednej strane vozovky, vo vizbe na jej
priecny sklon. Dlzka beténovych prefabrikdtov vodotesne spajanych je 4 m. Vo
vychodnej aj zdpadnej tunelovej rire su ZIabové beténové prefabrikaty typovo
zhodné. V trase Zlabov si umiestnené sifonové Sachty kazdych cca 50 m. Spoj
medzi zfabom a sifénom musi byt realizovany vodotesne. Strbinové Zlaby si
na vychodnom portdli ukonc¢ené vpustom a zatstene su do stoky.

VNUTORNE KONSTRUKCIE

Vnitorné konstrukcie tunela tvoria vozovka a nidzové chodniky.
Vozovka je v kazdej tunelovej rire Sirokd 7,50 m a skladd sa z nasleduju-
cich vrstiev:
— dvojvrstvovy cementobeténovy kryt s rozptylenou vystuzou hribky
220 mm,
asfaltom obalované kamenivo hribky 50 mm,
cementova stabilizacia 250 mm,
geotextilia,
drendZna a protimrazova vrstva hribky min 400 mm.

PREFABRIKOVANY OBRUBNIKOVY STRBINOVY ZLAB

VEMNFOIYURFTANOYOUZATEVEY PRECAST SLOTTED CURB GUTTER

FILL WITH POLYURETHANE
SEALING COMPOUND

ZALIEVKAICOMPOUND

1SD CHRANICKY DN 40 mm, 12ks
ROTECTION TUBES FOR ISD DN 40 um, 12pc:

Diversion of drainage water from the tunnel

The perforated PVC DN 200 mm drainage will be installed on either
side of the tunnel, at the footing of the sidewalls, in a space between the
primary and secondary liners. It will rest in pervious no-fines concrete.
Drainage water will be directed from cleaning niches, provided every
50 m to the main drain.

The pipeline draining the escape gallery is placed along both footings.
It runs along the full length of the gallery, and is connected to the tunnel
drainage inspection shaft. The intermediate waterproofing is drained by
a longitudinally grooved, perforated PVC pipe, DN 150 mm. The gradi-
ent of the pipeline respects the gradient of the gallery.

Diversion of rinsing water from the tunnel

Rinsing water or water used for fighting a fire is diverted through
a slotted drain-kerb. Individual precast elements will be joined with nit-
rile rubber to ensure watertightness. Parts of the structure are transversal
pipelines encased in concrete. They divert the water to the intercepting
trap on the opposite side in each point where the roadway crossfall chan-
ges its direction. The precast slot drain-kerbs are installed in both tunnel
tubes, only along one side of the roadway (depending on the crossfall).
The precast concrete elements are 4 m long. The types of the precast
concrete drainage elements used in the WTT and ETT are identical. Inter-
cepting traps are placed along the drainage every 50 m. The joint betwe-
en the drain and the trap must be watertight. The slot drains terminate at
the east portal through an inlet structure and discharge to a sewer.
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Obr. 7 Priecny rez niidzovymi chodnikmi
Fig. 7 Cross section through emergency walkways
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Pri betondzi bude povrch dosky zarovndvany a betén vibraéne zhutnova-
ny pomocou vybra¢nych zariadeni. Dvojvrstvovy cementobeténovy kryt
s rozptylenou vystuZou bude nutné realizovat naraz, to znamend Ze obidve
vrstvy sa budd nandSat’sicasne a s minimalnym odstupom. Do cementové-
ho krytu budu narezané dilatacné Skdry ktorych hibka bude dosahovat'1/4 az
1/3 hribky dosky. Vzdialenost’ medzi dilataénymi $kdrami by nemala pre-
siahnut’ hodnotu 50x hribku dosky. Pracovné denné skary doplnkovou
vystuzou zabezpedia prenos zataZenia na dosku.

Nudzové chodniky si umiestnené obojstranne a maji Sirku min. 80 cm.
Od vozovky su oddelené Zelezobeténovym obrubnikom hriibky 18 cm, resp.
Strbinovym odvodnovacim Zlabom, ktoré si uloZené do maltového 167ka na
zdkladovych pdsoch. KonStrukciu chodnika tvori Zelezobeténovd doska
hribky 10 cm, osadend na telese kdblovych chréniciek, resp. na stienkach
rigola tlakového potrubia. Dostredny sklon chodnikov je 2%. Rozsirené
konce $pdr pri hornom povrchu chodnika si vyliate polyuretdnovou zaliev-
kou, ktord zabrarnuje zatekaniu vody pri Cisteni povrchu tunela. Pod chod-
nikmi sd vedené kdble v kdblovych chrdnickdch a kazdych 50 m, resp. pri
kazdom vyklenku su vybudované kablové Sachty.

TECHNOLOGICKE VYBAVENIE TUNELA

Medzi technologické vybavenie tunela patri napdjanie tunela elektrickou
energiou, bezpe¢nostné zariadenia tunela, centralny riadiaci systém, elektro-
poziarna signalizdcia, osvetlenie a vetranie tunela.

Pre napdjanie tunela elektrickou energiou budu slizit’ dva objekty roz-
vodne a trafostanice na oboch portdloch tunela. Tu budu privedené vedenia
vysokého napiitia a transformované suchymi transformdtormi na poZadova-
né napitie. Rozvddza¢mi budd napdjané jednotlivé technologické celky.
Celym tunelom bude vedeny kabel vysokého napitia, ktory prepoji obe roz-
vodne a zabezpeCi napdjanie v pripade vypadku doddvky napitia z ktorej-
kolvek strany.

Medzi bezpe¢nostné zariadenia patria SOS skrine (v kazdej rdre 7 skrinl
vo vzdjomnej vzdialenosti 125 m), uzavrety TV okruh pre monitoring pre-
mdvky v tuneli a na portdloch (v kazdej rire 7 staciondrnych kamier a dve
na portdloch), rddiové spojenie a oznamovacie prenosové okruhy.

Centrdlny riadiaci systém zahfa riadiaci systém tunela a dispeCerské
pracovisko v SUD Mengusovce, meranie fyzikalnych veli¢in (meranie prie-
zraénosti ovzdusia, koncentracie CO, rychlosti a smeru pridenia vzduchu,
intenzity vonkajSieho osvetlenia, hmly a ndmrazy), meranie vysky vozidiel
(pevnymi zdbranami na portdloch umiestnenych na dialhici smerom
k tunelu a na pripdjacich vetvich poslednych kriZzovatiek pred tunelom)
a dopravné znacenie a signalizdciu ako na portdloch, tak v tuneli (semafory,
navadzacia pruhovd signalizdcia, premenlivé znaCenie, pevné znacenie hori-
zontalne a vertikalne).

ElektropoZiarna signalizdcia pozostdva z liniového kédbelového hldsica po
celej dlzke tunelovych rir, z ru¢nych tlacidlovych hldsicov umiestnenych
v spojovacich chodbéch a pri SOS vyklenkoch a automatickych hldsicov,
ktoré su umiestnené v portdlovych objektoch rozvodne a trafostanice.

Medzi osvetlenie tunela patrf osvetlenie tunelovych rir, ktoré je rieSené
ako priebezné po celej dlzke tunela a na obidvoch koncoch tunela s adap-
taénymi pasmami pre akomoddciu zraku vodiCov, osvetlenie spojovacich
chodieb stropnymi Ziarivkovymi svietidlami, nidzové osvetlenie pre pripad
poziaru tvorené bodovymi svietidlami 0,8 m nad chodnikom kazdych cca
20 m a ndhradné osvetlenie pre pripad vypadku elektrickej energie.

Vetranie tunela budd zabezpecovat' 4 dvojice pridovych axidlnych
ventildtorov v kazdej rire. Vzdy dve dvojice budi umiestnené v blizkos-
ti portdlov. Priemer navrhnutych ventildtorov je f 1200 mm a elektricky
prikon 30 kW.

ZAVER

Tento prispevok zachytdva tunel Borik vo faze projekcie. Trasa dialnice,
na ktorej sa tunel Borik nachddza, nadvizuje na predosly dsek dialhice D1
VaZec — Mengusovce, ktory je vo vystavbe. V stvislosti s realizdciou tejto
stavby je potrebné poznamenat, Ze postup vystavby je limitovany prisunom
finan¢nych prostriedkov, a tym je priebeh stavebnych pric velmi pomaly.
V harmonograme odovzddvania dialni¢nych stavieb do uZivania do roku
2006, ktory je prilohou Uznesenia vlady SR ¢. 523/2003 zo dna 26. jina
2003, stavba D1 VaZec — Mengusovce nie je uvedend. Vystavba a ndsledné
sprevadzkovanie dseku dialnice D1 Mengusovce — Janovce s tunelom Borik
je bezprostredne zdvislé na dokonceni predchddzajiceho tseku dialhice
a z toho dovodu dnes nevieme urcit, kedy sa so samostatnou vystavbou tune-
la v skuto¢nosti zac¢ne. Napriek tomu sa po tuneloch Branisko, Horelica
a Sitina stane tunel Borik §tvrt}’/m dialhi¢nym tunelom na tizemi Slovenska
a svojou celkovou ndro¢nostou je vyzvou pre tuneldrskych stavitefov.

ING. JAN KUSNIR, INFRAPROJEKT,s. . 0.,
e-mail: jkusnir@stonline sk, mﬁapm]ekl@stonlme.sk

INTERNAL STRUCTURES

Internal tunnel structures comprise the roadway and emergency walkways.

The roadway is 7.50 m wide in either tunnel tube. It consists of the following
courses:

— double-layer fibre reinforced concrete pavement, 220 mm thick

— asphalt-coated aggregates, 50 mm thick

— cement stabilised soil, 250 mm

— drainage and frost blanket course, min. 400 mm.

The surface of the slab will be levelled and the concrete compacted with vibrating
equipment. The double-layer fibre reinforced concrete pavement will have to be build
in one pass. This means that both layers will be spread concurrently, with a minimum
staggering. Expansion joints will be sawn into the concrete pavement slab, to a depth
of 1/4 to 1/3 of its thickness. The expansion joint spacing should not exceed a value
of 50 times the slab thickness. The transfer of loads in day joints will be secured by
additional reinforcement.

The minimum 80 cm wide emergency walkways run along either side. They are
separated from the roadway by 18 cm thick reinforced concrete curbs, or by the slot
drains, which are placed in mortar bed on foundation strips. The walkway structure
consists of a 10 cm thick reinforced concrete slab mounted on top of the cable duct
(or on the walls of the concrete duct housing the fire water main). The walkways are
2 % superelevated. The widened ends of joints at the upper surface of the walkway
are filled with a polyurethane compound, preventing water from entering the joint
when the tunnel surface is washed. There are cables under the walkways. They are
installed in ducts, with cable manholes every 50 m or at each niche.

TUNNEL EQUIPMENT

The tunnel equipment comprises the power supply system, safety equipment, cent-
ral control system, fire alarm and detection system, tunnel lighting and ventilation.

There will be a distribution substation and transformer station designed to supply
power for the tunnel at both portals. High voltage will be supplied to those places and
transformed by dry transformers to the required voltage. Individual equipment sets
will be supplied from switchboards. A high voltage cable interconnecting the two
distribution substations will pass through the tunnel to ensure power supply in case
of failure of supply from either side.

The safety equipment comprises SOS boxes (7 boxes in each tube, 125 m apart),
closed-circuit TV for surveillance of traffic in the tunnel and at the portals (each tube
contains 7 stationary cameras and two cameras at the portals), radio communication
and announcement transmission circuits.

The central control system consists of the tunnel control system and a supervisors’
station in the SUD Mengusovce (the Highway Maintenance Centre), measurement of
physical quantities (smoke opacity, CO concentration, air flow velocity and directi-
on, intensity of external lighting, fog and rime), measurement of vehicle height (by
fix barriers installed at portals, positioned on the highway in the direction toward the
tunnel, and on approaching ramps at the last intersections before the tunnel), and road
signalling both at the portals and the tunnel (traffic light signals, traffic lane guidan-
ce signals, variable traffic signs, fix road markings and traffic signs).

The fire alarm and detection system comprises a heat sensor cable leading along
the whole length of the tunnel tubes, manual call points installed in the cross passa-
ges and at the SOS niches, and automatic fire detectors installed in the distribution
substations and transformer stations at the portals.

The tunnel lighting consists of the lighting in tunnel tubes (linear lighting along
the whole length of the tunnel tube) plus the lighting in threshold and transition
zones at the tunnel ends allowing the driver’s sight to adjust, lighting in cross pas-
sages with fluorescent ceiling luminaries, emergency lighting in case of a fire (point
source fixtures 0.8 m above the walkway, every 20 m) and stand-by lighting in case
of a power supply failure.

The tunnel ventilation will be secured by 4 pairs of axial jet fans in each tube (two
pairs near each portal). The diameter of the fans will be of 1,200 mm, and electric
input 30 kW.

CONCLUSION

This paper describes the tunnel Borik in the design phase. The highway route that
the Borik tunnel is found on is connected to the previous highway section D1 from
Vazec to Mengusovce, which is under construction. It should be noted in the context
of this construction that the construction progress is limited by the supply of financi-
al means. Therefore also the progress of the construction work is very slow.

The construction of the D1 higway section Mengusovce - Jdnovce is not contai-
ned in the programme of projects to be put into service by 2006 (the appendix to the
SR Government Decree No. 523/2003 Coll. of 26 June 2003). The construction and
the following operation of the D1 highway section Mengusovce — Janovce with the
tunnel Borik depends directly on the completion of the previous highway section;
therefore, as of today, we cannot say when the construction of the tunnel will start.
Despite this fact, the tunnel Borik is going to become the fourth highway tunnel built
in Slovakia, after the Branisko, Horelica and Sitina tunnels. Owing to its complex-
ness, it is a great challenge for the tunnellers.

ING. JAN KUSNIR, INFRAPROJEKT, s. . 0.,
e-mail: jkusnir@stonline sk, infraprojekt@stonline sk
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PRUZKUNMNA STOLA A TUNELY STAVBY 513 SILNICNIHO
OKRUHU KOLEM PRAHY

EXPLORATION GALLERY AND TUNNELS OF THE PRAGUE
CIRCLE ROAD, CONSTRUCTION LOT 513

RADAN BOHMAN, OTAKAR HASIK, JIRI KRAJICEK,
PAVEL STOULIL, PETR VITASEK

uvoD

Praha, hlavni mésto Ceské republiky, je stile vice dopravné zatéZovana.

Jednim ze zdsadnich feSeni je dostavba vnéjsiho (tzv. Prazského) okruhu
kolem Prahy a v dnesni dob¢, po vstupu do Evropské unie, jde hlavné o odklo-
néni dalni¢ni dopravy v jizni ¢asti Prahy. Trasa v této jihozapadni ¢dsti okruhu
je vedena z délnice D1 povrchovym tsekem stavby 512 pres inZenyrsky naroc-
nou stavbu 513 Lahovice—Vestec (délka 8,300 km, z toho délka mostt
0450 km, délka v tunelech 2,007 km) na stavbu 514 Lahovice-Slivenec (délka
6,031 km, z toho délka mostu 3,423 km, délka v tunelech 1,640 km). U tune-
1u se pfevazné jedna o razené tunely pri prechodu chranéného dzemf a nérod-
ni prirodni pamétky s velkym prevysenim.

NAVRH PRUREZU, UMISTENI A ZPUSOB ZAJISTENI
PRUZKUMNE STOLY

Pii pripravé vystavby velkych tunelovych staveb je mozno ovéfit predpo-
klddané horninové poméry vyraZenim pruzkumné §toly. V piipadé stavby 513
obvodni barisky dfad nafidil provedeni podrobného geologického pruzkumu
prazkumnou $tolou.

Zakladni smérové a vyskové poméry Stoly vyplyvaji z trasy budoucich tuneld.
Je viak otdzkou, zda vyrazit Stolu v celé délce budoucich tunell, nebo jen ve
zpravidla nejobtiZnéjsich partiich u portald. V pifpadé stavby 513 bylo rozhodnuto
provést Stolu v celé délce, protoZe rozhrani hornin se oéekédvalo ve stfedni Césti,
kde md byt navic umisténa vétraci Sachta. Zaroven bude takto Stola vyuzitelnd pri
ra7bé velkych tunelll pro vétrani, odvodnéni a eventudlné pro dals{ obsluhu razeb.

Dal$fm problémem je umisténi portélu Stoly, které se neshoduji s polo-
hou raZenych portéla tunelt. V naSem pifpadé jsou portdly posunuty az do
mist hloubenych portal tunelu z divodu plochy zafizeni stavenisté limi-
tované vykupem pozemki, pfistupem na né a zpozdénim prelozky frekven-
tované komunikace Komoranskd. Stola je tedy v Cholupicich delsi asi
0 56 m a v Komoranech dokonce o 175 m nez budouci tunely.

Dal3i duleZité rozhodnuti se tykd tvaru Stoly, jejtho umisténi v profilu

budouciho tunelu a zpusob zajisténi. Bylo zvykem z ekonomickych davoda
navrhovat pokud mozno co nejmensi profil. Ten vyZaduje zcela odli§ny zpu-
sob zajisténi, t€Zby a dopravy rubaniny neZ budouci tunel. I v pfipadé stavby
513 byla pavodné §tola takto navrZena. Finandni prostredky jsou omezeny o to
vice, 7e §tola je budovéna z vlastnich zdroju investora, zatimco na velké tune-
ly bude prispivéno z financi EU.
_ Presto se projektantiim podafilo zménit navrh pii¢ného fezu i jeho umisténi.
Stola byla navrzena ,,moderné“ jiz jako diléi vyrub velkého tunelu, jako
stfedni ¢dst kaloty. Zpusob raZby a zajisténi vétsiho profilu jsou shodné jako
u velkych tuneld. Pfi zahdjeni praci na provadéci dokumentaci byla poloha
posunuta tésné nad osténi budoucich tunelt, protoZe nebylo mozno urcit tech-
nologickou tfidu NRTM pro budouci tunely shodné jako pro $tolu.

Takto navrZend Stola umoZnuje zjistit to, co nelze zjistit ostatnimi druhy podrob-
ného geologického prizkumu: stabilitu nevystrojeného vyrubu v Case, délky zabé-
U, tvofeni nadvylomt, skute¢né deformace, poruchové zony, skutecné piitoky
vody s pozitivnim aste¢nym odvodnénim pro budouci razbu, G¢innost kotveni
a jehlovan{ a dal3{ podrobnosti. RovnéZ je mozno v predstihu z profilu stoly prova-
dét v poruchovych z6ndch sanacni a doplitkové opatfeni pro razbu velkého tunelu.

Toto vSechno zjistime jiz ve Stole pomémé presné, ale presto nejjistéjsi
vysledky skute¢ného chovdni vyrubu ziskdme ze skute¢ného tvaru 1:1. Proto
byl jiz do projektu pro vybér zhotovitele zallenén ,,pokusny vyrub®,
30 m dlouhy dsek s vyrubem na plny profil kaloty tunelu. Zde byly taky zmé-
feny skute¢né deformace i poklesy na povrchu.

GEOLOGICKE POMERY ZJISTENE PRUZKUMNOU STOLOU
A PREDPOKLAD PRO VELKE TUNELY

Geologické poméry

Portélovy tsek budoucich silni¢nich tuneli bude hlouben v souvrstvi fluvi-
alnich uloZenin, které 1ze charakterizovat jako striddni poloh pisku s piimési

INTRODUCTION

Prague, the capital city of the Czech Republic, is increasingly loaded by traffic.

One of the principal solutions is the completion of the ring road around Pra-
gue (so called Prague Ring Road). Currently, after the entry to the European
Union, the main task is to divert the highway traffic in the southern part of Pra-
gue. The alignment of this south-western part of the circle road leads from the
D1 highway via the at-grade section of the Construction Lot 512, via the con-
struction lot 513 Lahovice — Vestec (a section difficult in civil engineering terms,
8.300 km long, out of that 3.423 km on bridges, 1.640 km in tunnels). Mining
methods prevail in the construction of the tunnels passing the conservation area
and the National Natural Monument, with a significant difference in elevation.

EXPLORATION GALLERY: CROSS-SECTION,
Position and support design

Actual geological conditions of large tunnel constructions can be verified in
the planning phase by driving an exploration gallery. Regarding the construc-
tion lot 513, the Regional Bureau of Mines ordered that a detailed geological
investigation be carried out by means of an exploration gallery.

The basic horizontal and vertical alignment of the gallery follows from the
alignment of the future tunnels. It is however disputable whether the gallery is
to be driven along the whole length of the future tunnels, or in the usually most
difficult portal sections. It was decided in the case of the construction lot 513
that the gallery is to be driven along the whole tunnel length because the
interface of the rock types was expected in the middle part (where, in addition,
a ventilation shaft is to be located). At the same time, this gallery will be usab-
le during the excavation of the large tunnels for ventilation, drainage and pos-
sibly other tunnelling operations.

Another problem is the location of the gallery portals, which does not have
to be necessarily identical with the location of the mined tunnel portals. In our
case, the portals are really shifted up to the points found in a pit excavated in
a manner satisfying the available site for the construction facilities, which is
limited by the acquisition of land, access to the site, and the diversion of the
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Obr. 1 Stola a vihybna v tunelu — pFicny profil
Fig. 1 The gallery and passing bay in the tunnel — cross section
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jemnozrnné zeminy a lokdlni primési a Stérku s polohami jilovitého pisku
obvykle s kfiZovym zvrstvenim.

Od staniceni cca 165 m pozvolné prechdzi kvartérni pokryv do predkvartér-
niho podloZi. Pro prostredi letenského souvrstvi je charakteristicky flySovy
vyvoj sedimentace, kdy se stiidaji vrstvy kiemenct a prachovych bridlic. Ori-
entace vrstevnich ploch, jakoZto hlavniho systému diskontinuit, je proménlivd.
Kromé vrstevnatosti jsou v horninovém masivu jesté dalsi systémy diskonti-
nuit (puklin) pfevazné kolmych k vrstevnim plochdm. Interval ploch nespoji-
tosti je prevdzné 60-200 mm.

Tektonické poruseni masivu se projevuje ve dvou zdkladnich systémech.
V jednom piipadé se jednd o poruseni smérné, kdy dochdz{ k proklouzani na
vrstevnich plochdch. Druhy systém je subvertikdlni, projevujici se obvykle
podrcenim o mocnosti 1 az 15 cm. Podle tohoto systému poruch dochézi rov-
néz k ohybu vrstevnich ploch. Lokdlné dochézi vlivem tektonickych poruch
k rozdéleni horninového masivu na kry (bloky), které jsou vi¢i sobé pootoce-
ny, a tim je zménéna puvodn{ orientace vrstev. Na puklindch, na kterych doslo
k pohybu, jsou tenké povlaky jilu a horninové drti.

Generelné lze definovat dvé orientace strmych vrstevnich ploch. Prevladaji-
cf je 290 — 320° / 85 — 90°, druhd méné Castd orientace je 120 — 130° /
85 — 90°. Uzké poruchové z6ny (smémé a pricné) jsou charakteristické ohlazo-
vymi zvlnénymi plochami. Celkovd Cetnost ohlazll v masivu je pomérné znan4.

V rdmci prizkumu byla geofyzikdlnimi metodami indikovdna
cca 50 m mocnd tektonicky porusend zéna (staniceni cca 599 m az 647 m).
V pruzkumné Stole byla poruchova zéna zastizena az ve staniCeni cca 669 m
arazba v ni prubézné pokratovala do staniCeni cca 711 m. Tato zdna je cha-
rakterizovédna velkym mnoZstvim ohlazovych ploch riizné orientace. Na ohla-
zovych plochéch jsou vétsinou jilové povlaky — tenky film. Hornina byla silné
stlaena, proklouzéna a pfi manipulaci s rubaninou snadno dochdzelo k rozpa-
du na malé dlomky. Nepfiznivé geotechnické poméry mély za ndsledek i posun
vyhybny VV4 hloubéji do masivu.

Hydrogeologické poméry

V piistupové Stole nebyla zastizena podzemni voda, vyrub byl suchy. Od
stani¢eni cca 259 m lze vyrub charakterizovat jako vlhky aZ mokry, tzn. prito-
ky v fadu 10* az 107 I/s. Lokdlné v mistech vyztuznych rému dochdzelo
k obcasnému okapdvani primarnim osténim ze stitkaného betonu.

Pii prichodu Stoly pod dnem rokle s protékajici vodotedi byl zaznamenan
zvySeny prusak do prizkumného dila. Vzhledem k orientaci tektonického
porusent a vrstevnatosti vak k tomu nedoslo v misté kiiZeni obou os, ale hlou-
beji v masivu.

Maximdlni pfitok byl zaznamendn ve stanieni 711 m, kdy byla raZbou
pretata vyraznd puklina. Z otevienych diskontinuit 355/85° a 25/70° byl zazna-
menén vytok cca 5 1/s (kategorie zvodnéni — velmi silny piitok). Nejvyssi cel-
kové vytoky z prazkumné $toly Cinily 12 — 15 I/s.

K vyronim podzemni vody dochdzi podél tektonicky predisponovanych
ploch (zlomy, tektonicky oZivené mezivrstevni spdry, apod.). Tyto plo$né
prvky jsou zvodnélé a dochdzi po nich k pohybu podzemnich vod. Zvodnéld
plocha neni v celém svém rozsahu pro vodu stejné propustnd, a proto dochdzi
k bodovym vytokam. Nejvétsi vydatnosti je dosaZeno pri otevieni zvodnélé
z6ny Celbou, popripadé vrtem. Vydatnost pak postupné klesa v zdvislosti na
vyprazdnovéni statickych zdsob. K ustédleni pritoku pak dochézi v prubéhu
prvnich mésicu.

GEOTECHNICKY MONITORING A BEZPECNOSTNI MERENI
Vzhledem k tomu, Ze v pfedmétném prostoru je minimdln{ zdstavba, geo-
technicky monitoring se koncentroval na geologické sledovani vlastni razby
pruzkumné Stoly a konvergenéni méfeni na pétibodovych profilech.
MERENI DEFORMACE PRIMARNIHO OSTENI — KONVERGENCE

Projektem byly definovany varovné stavy pruzkumné $toly takto:

— ve tfiddch NRTM 5 = 50 mm
— ve tfiddch NRTM 4 (3tola) = 35 mm
— ve tfiddch NRTM 4 (vyhybny, pokusny vyrub) = 50 mm
— ve tfiddch NRTM 3 a 2 (Stola) = 25 mm
— ve tiiddch NRTM 3 a 2 (vyhybny, pokusny vyrub) = 30 mm

V prubéhu méfeni byly zaznamenédny pouze Ctyfi konvergendni profily,
u nichz doslo ke kratkodobému piekroceni varovného stavu. V profilech umis-
ténych v prostoru pokusného vyrubu zistaly naméfené deformace pod drovni
25 % varovného stavu.

Maximalni pohyb v rdmci konvergen¢nich mefeni zaznamenal profil ¢. 26
ve stani¢eni cca 702 m od pocétku Stoly. V tomto profilu doslo k nezvykle
rychlému a zéroven velkému ndrustu deformaci. Prvni den byly hodnoty
seddnf a pri¢nych posunt jednotlivych bodi v rozmezi 5 az 12 mm, coZ pred-
stavuje vice neZ trojndsobné prekroceni varovného stavu. Druhy den doséhly
hodnoty sedéni a pricnych posunt 7 az 17 mm, coZ je vice neZ dvojndsobek
varovného stavu. Kone¢nd hodnota posunti v ustdleném stavu zde Cinila ve

busy road Komoranska. The gallery in Cholupice is therefore longer than the
future tunnels roughly by 56 m, and even by 175 m longer in Komorany.

Another important decision is the shape of the gallery, its position within
the cross section of the future tunnel, and the support system. The cross-
section design used to be as small as possible, for economic reasons. This solu-
tion requires entirely different system of support, excavation and hauling of
muck than the future tunnel. Also, the gallery for the construction lot 513 had
originally been designed in this manner. The financial means are even more
limited due to the fact that the gallery is built from client’s own funds, while
large tunnels will be constructed with contributions from the EU funds.

Despite that, the designer managed to change the design and position of the
cross section. The gallery was designed in a modern way, i.e. as a partial exca-
vation of the large tunnel, at the centre of top heading. The excavation and sup-
port method utilised for this smaller profile is identical with the method used
for large tunnels. When the work on the detailed design started, the position
was shifted just over the lining of the future tunnels, because the NATM tech-
nological class for the future tunnels could not be determined identically with
the class for the gallery.

The gallery designed in this way allows determination of things that cannot
be determined by the other means of geological investigation: stability of
unsupported excavation with time, round lengths, tendency to overbreaking,
real deformations, weakness zones, actual inflows (with a partial draining effect
positive for the future excavation), efficiency of anchoring and forepoling, and
other details. It is also possible in advance to carry out the improvement and
other measures in the weakness zones for the excavation of the large tunnel.

All of the above mentioned data can be determined in the gallery relatively
exactly. Despite this fact, the most reliable information on the real behaviour
of the excavation can be obtained on a real shape 1 : 1. For that reason
a 30 m long “trial excavation” section was incorporated into the design, with
the excavated cross section covering the full face of the tunnel top heading. The
real deformations and ground surface settlement were also measured in this
section.

GEOLOGICAL CONDITIONS DETERMINED BY THE EXPLORATION
GALLERY, AND EXPECTATION FOR LARGE TUNNELS

Geological conditions

The portal section of the future tunnels will be dug in fluvial deposit mea-
sures, which can be characterised as alternation of sand layers with an additi-
on of fine grained loam and a local addition, and gravel with interbeds of clay
usually with cross bedding.

The Quaternary nappe passes slowly to a Pre/Quaternary bedrock roughly
from chainage 165 m. A characteristic feature of the environment consisting of
Letna Shale measures is the flysch mode of sedimentation, with alternation of
quartzite and silty shale layers. Orientation of bedding planes, which are the
main discontinuity system, varies. Apart from the bedding planes there are other
discontinuity (fissure) systems in the rock mass, mostly perpendicular to the bed-
ding planes. The spacing of the discontinuity surfaces of 60 — 200 mm prevails.

Tectonic disturbance of the mass is apparent in two basic systems. In one
case it is a directional disturbance with fracturing along the bedding planes.
The other system is sub-vertical, with the fracturing thickness varying from
1 to 15 cm. The bedding planes along this fault system are bent. Locally, the
rock massif is divided into blocks along this fault system. The blocks are rota-
ted against each other, therefore the orientation of the original layers is chan-
ged. Thin clay and detritus coats cover the fissures along which the movement
occurred.

In general, two orientations of the steep bedding planes can be defined. The
orientation 290 - 320° / 85 — 90° prevails, the other less frequent orientation is
120 - 130°/ 85 —90°. Narrow weakness zones (directional and transversal) are
characterised by polished undulated surfaces. The total frequency of the polis-
hes in the mass is relatively high.

Using geophysical methods, the investigation identified an about
50 m wide tectonically disturbed zone (chainage about 599 m to 647m). The
exploration gallery encountered this zone later, at chainage of about 669 m,
and the excavation through this zone continued up to chainage of about
711 m. This zone is characterised by a significant amount of polished bed-
ding planes of differing orientation. Thin films of clay coats are usually
found on the polished surfaces. The rock was intensively squeezed, frag-
mented, and it easily disintegrated to small pieces during the muck handling.
The unfavourable geotechnical conditions also resulted in the shifting of the
passing bay VV4 deeper into the massif.

Hydrogeological conditions

Ground water was not encountered in the access adit. From chainage about
259 m, the excavation can be characterised as wet to dry, i.e. inflows in the
order of 10+ to 10-3 I/s. Sporadic dripping through shotcrete primary lining

occurred locally, at the lattice arches locations.
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svislém sméru 30 mm (smérem dolt) a v pricném sméru 35 mm (smérem Increased leakage into the exploration works was recorded during the pas-
dovnitf). Maximdlni hodnoty pohybu vykézaly vzdy spodni body profilu. sage of the gallery under a stream flowing at the bottom of a ravine. Because
Pri¢inou byly extrémné nepfiznivé geologické a z nich vyplyvajici geotech- of the orientation of the tectonic disturbance and the bedding, this effect took
nické podminky. Horninové prostiedi bylo tvoreno tektonicky silné porusenou, place deeper in the massif, not at the crossing of the two axes.
stlatenou, drobné dlomkovité rozpadavou horninou s mnoha razné orientova- The maximum inflow was recorded at chainage 711 m, where a significant
nymi ohlazovymi plochami s tektonickym jilem, coZ ve svém dusledku vedlo fissure crossed the excavation route. The discharge of about 5 I/s from open
k ,.plastickému‘ chovdni masivu. Okoli vyrubu se deformovalo spole¢né se discontinuities 355/85° and 25/70° was recorded (saturation category - very
svornikovou vyztuzi. Operativnim doplnénim dal3ich svorniki se podatilo strong inflow). The highest aggregated inflows from the gallery amounted to
nepfiznivy pohyb podchytit a postupné stabilizovat. 12 — 15 I/s. Seepage of ground water occurs along tectonically pre-disposed
surfaces (faults, tectonically activated interlayer joints, etc.). These planar ele-
Geotechnické poméry ments are saturated, and ground water moves along. A saturated discontinuity

is not permeable uniformly within the whole extent, therefore point leaks
occur. The highest yield is achieved when the saturated zone is opened by the
heading or a borehole. Subsequently the yield drops with the natural underg-
round source emptying. The inflow rates steadied during the first months.

Piedpokldddme, Ze komentdr k zastizenym geotechnickym pomérum bude
predmétem ¢lanku v nékterém z dalSich Cisel Casopisu. Na tomto misté uvadi-
me pouze nékteré obecné zdvéry:

B horninovy masiv je ve veétsi mife postiZzen tektonickym porusenim — bylo

zastizeno vetsi mnozstvi tektonicky porusenych zén, nez predpokladaly
zdvéry piedchozi etapy pruzkumu; kromé toho je horninovy masiv pro- GEOTECHNICAL MONITORING AND SAFETY

stoupen siti diskontinuit s ohlazy, tedy se snizenou smykovou pevnosti MEASUREMENTS

(vrstevni plochy i pukliny), kifZeni jednotlivych systému diskontinuit Because the area of the operations is developed only minimally, the geotech-

podporuje tvorbu nadvykonu; nical monitoring was focused on geological observation of the exploration gal-
M razbou pruzkumné Stoly byl odvodnén horninovy masiv budouciho tii- lery excavation and convergence measurements at five/point stations.

pruhového silni¢niho tunelu a ¢dste¢né nad dvoupruhovym tunelem.
MEASUREMENTS OF DEFORMATIONS

PROVADENI PRUZKUMNE STOLY OF THE PRIMARY LINING — CONVERGENCE
Komplex objektt pruzkumné Stoly stavba 513 Lahovice—Vestec realizuje The design defined the warning states of the exploration gallery as follows:
Subterra, a. s., pii razbé se postupuje dle zdsad Nové rakouské tunelovact -in NATM classes 5 =50 mm
metody (NRTM). -in NATM classes 4 (the gallery) =35 mm
V dobé zahdjeni razby pruzkumné Stoly byla situace velice sloZitd, co se -in NATM classes 4 (passing bays, trial excavation) =50 mm
tykd vSech potfebnych povoleni. Vlastni $tolu bylo mozno provaddét na zékla- -in NATM 3 and 2 (the gallery) =25 mm
dé povoleni OBU s ozndmenim Geofondu. Pro zafizeni stavenisté a pripojky -in NATM 3 and 2 (passing bays, trial excavation) =30 mm
inzenyrskych sit{ v§ak musi byt vyddno dzemni rozhodnuti a stavebni povole- Only four convergence measurement stations were recorded during the mea-
ni. Pfi zahdjeni razby pruzkumné Stoly vSak bylo projednavéni téchto povole- surements, where the warning level was exceeded for a short time. Regarding
nf v samych poditcich, a to z divodu odvoldvani se ,.ekologickych aktivit®. the stations located in the space of the trial excavation, the convergences rema-
Proto po dohodg s investorem stavby — Reditelstvim silnic a ddlnic bylo navr- ined under 25% of the warning level.
Zeno ndsledujici feSent: The maximum movement determined by the convergence measurement was
Na tzemi Komoran, kde méla byt zahdjena dovrchni razba, provést tpravu recorded at the station #26, at chainage about 702 m from the beginning of the
Stoly, a to prodlouZenim 0 59 m, a tim posunutim portdlu pred silnici Komo- gallery. An unusually rapid and significant displacement occurred at this stati-
fanskou, kterd se ndsledné podejde razbou. Vechna média byla v dvodu, pied on. On the first day the values of settlement were within 5 to 12 mm, which
schvdlenim pfipojek, nahrazena mobilnimi zdroji. Prace byly piesto zahdjeny means more than three times exceeded warning level. On the second day the
30. dubna 2003. settlement and transversal displacement values and lateral displacements of the
Na tizem{ Cholupic vSak muselo dojit nejdifve ke viem fizenim, a teprve po individual points reached 7 and 17 mm respectively, i.e. more than twice the
naplnénf stavebniho zakona mohly byt price zahdjeny, a to aZ v kvétnu 2004. warning level. The final value of vertical and lateral displacements in the sta-
Do dnesniho dne viak nenf tizemni rozhodnuti na viechny objekty. bilised condition amounted to 30 mm (downward) and 35 mm (to the interior)
respectively. The maximum values of the movement were recorded at bottom
PORTAL KOMORANY points of the measurement station.

The reason was extremely unfavourable geological and associated geotech-
nical conditions. The geology consisted of heavily faulted, compressed rock
mass, disintegrating to small-size fragments, intensively slickensided, with the

Zajisténi portdlu sestdvalo ze dvou Etvefic pilot & 750 mm spraZenych Zele-
zobetonovou kotvenou prevazkou v hlavdch pilot ndsledné zajisténou Ctyfmi

kusy 14 m dlouhjch pramencovjch kot.ﬁ.ty., Po tomto Z,aji§té?1’ doslo k postup- tectonic clay in the joints. This resulted in the “plastic” behaviour of the mas-
nen}u hlovubem, portélu pfi soucasném zaJlsto\v/am/ kolmé/ch sten v Celfa a 1,4:1,na sif. The tunnel neighbourhood deformed together with the rockbolt support.
bocich stitkanym betonem tl. 200 mm, vyztuzenym dvéma polohami ocelovych The movement was stabilised by operative additions of rockbolts.

siti 150x150/6 mm a prikotvenim zemnimi hrebiky. Ndsledné po vyhloubeni
bylo provedeno nad budouci klenbou piistupového tunelu a pod vozovkou GEOTECHNICAL CONDITIONS

We expect that the comments on the geology encountered will be a topic of
another article, which will be published in another issue of this magazine. We
present here only some general conclusions:

M the rock mass is in a larger extent affected by faulting — a larger number of
fault zones were encountered than expected by the conclusions of the previ-
ous exploration phase; in addition, the rock mass is penetrated by a network
of slickensided discontinuities (bedding planes and fissures), therefore the
strength is reduced, the crossing of the individual systems of discontinuities
causes more overbreaks

M the excavation of the exploration gallery removed water from the rock massif of
the future three-lane road tunnel, and partially from above the two-lane tunnel.

EXCAVATION OF THE EXPLORATION GALLERY

The set of structures forming the exploration gallery, construction lot 513
Lahovice — Vestec, is realised by Subterra a.s., using the New Austrian Tun-
nelling Method (NATM) for the excavation. The situation at the commence-
ment of the exploration gallery was very difficult regarding all required appro-
vals. The gallery could be started after obtaining an approval from the Regio-
nal Bureau of Mines and noticing the Geofond. But a planning permission and
building permission is required for the site facilities and connections of utility
Obr. 2 Zahdjeni razeb z portdlu Komorany networks. Negotiations about these approvals, however, began at the time of
Fig. 2 Commencement of excavation from the Komorany portal commencement of the work on the exploration gallery, due to appeals by
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Obr. 3 Pruzkumnd $tola
Fig. 3 The exploration gallery

zajisténi klenby 27 sloupy tryskové injektaze & 600 mm délky 15 m ve sklonu

2° doplnéné v horni &asti 7 ks injektovanych mikropilot & 108/16 mm. Predem

vytvorena klenba pusobila spolehlivé a zcela eliminovala poklesy vozovky.
Dne 2. ¢ervna 2003 byla zahdjena vlastni razba o celkové délce 1909 m.

PRISTUPOVA STOLA

Pristupova stola v délce 175 m s maximalnim stoupanim 7,844 % byla raze-
na horizontdlnim ¢lenénim na dvé 1avky se spodni uzavienou klenbou — raze-
no v kvartérnich hornindch (nesoudrzné pisky). Profil byl stanoven na bez-
pecny prujezd vykonné mechanizace, kterd se predpoklddala na nasazeni razby
pruzkumné Stoly. Svétld vyska 4700 mm se stalym polomérem lice osténi kru-
hové klenby 2650 mm. Osténi je tvofeno stifkanym betonem tl. 200 mm se
dvéma polohami siti 150x150/6/6 mm a dulni TH vyztuZe K21. Strop byl zajis-
tovan po vyrazeni dseku pod destnikem z tryskové injektaze predrdzenim paz-
nic Union.

Préce na ptistupovém tunelu byly ukonéeny 5. zaf{ 2003 a 6. zaf{ 2003
byla zahdjena razba pruzkumné $toly s plochou vyrubu 26,5 m?2 se stoupa-
nim 3,985 %.

PRUZKUMNA STOLA

Geometrie pri¢ného fezu $toly je patrna z obrazku 1. Pfed zahdjenim razeb
byl jesté diskutovédn tvar a polet vyhyben slouZicich k naklddéni horniny
a mijen{ stroji. Pavodné navrZeny tvar byl zamitnut a po zralé tivaze v sou-
¢innosti s projektantem a po schvéleni investorem byl do realiza¢ni dokumen-
tace navrzen tvar Cdsti kaloty celého tiipruhu, a to vzdy délky 20 m v pravé
Cdsti po sméru razby a 4 m v levé dsti uprostred vyhybny. Toto feSent je zdro-
ven tsporou pro budoucf tunel. Po propogitdni optimélnich pfepravnich Casq,
pri kterém bylo uvazovano s co nejefektivnéjsim vyuzitim nakladace s co nej-
krat$i dobou prostoje, byla zvolena jako nejoptimalnéjsi vzdalenost vyhyben
160-200 m, z ¢ehoZ byl uren celkovy pocet vyhyben na devét. Pii urCovéni
polohy jednotlivych vyhyben byla samoziejme vzata v Givahu i pfedpoklddand
geologie, proto také vzddlenost vyhyben neni konstantni. Pfi vlastnim postupu
razby se potom rozmisténi a poCet jednotlivych vyhyben projevily jako sprdv-
né TeSeni, nebot pfi odt€Zovéni rubaniny dochazelo k minimalnfm prostojum
jak nakladace, tak i ndkladnich vozidel. V poradi razby tfeti vyhybna byla
navrZena zdroven jako zkusebni kalota tfipruhového tunelu v délce 30 m a pro-
filu 61,3 m2. Zde také probéhl nejvétsi potet zkousek prostiedi ve Stole a v bez-
prostrednim okoli budouciho tunelu. V délkach vyhyben nejsou zapocteny
ndbéhové &dsti pii zméné profili. RovnéZ byla schvélena zména typu kotev
na hydraulicky upinané, které bezprostiedné po zabudovéni spoluptsobi
s horninou.

Prizkumnd $tola byla razena “klasickou™ technologii rozpojovani horniny
za pomoci trhacich praci.

Mechanizace pouZita pri razbeé:

M pro vrtné préce (vrténi ¢elby a otvoru pro svorniky) ROCKET BOOMER

L352

M pro naklddku rubaniny VOLVO L 120 D

M pro odvoz rubaniny na mezideponii 2x TATRA 815

B pro dovoz suché betonové smési 2x TATRA 815 MIX

B pro docistovani ¢elby naklada¢ JCB 4CX se sbijecim kladivem

M pro stitkani betonu MEYCO 60 se sméSovatem ALIVA 503

B pro montdz vyztuZe a stiikdni betonu plosina PP 10

B ventildtor Korfmann 1200-450/450

environmental groups. For that reason the client, the Directorate of Roads and
Highways, agreed with the following solution:

The gallery design was changed in the area of Komorany, where the uphill
excavation was to start. Its length was increased by 59 m so that the portal was
shifted before the road Komoranska, which could be passed under by the exca-
vation subsequently. All media were, during the approval period, replaced by
mobile sources. Despite this fact, the work started on 30 April 2003.

The work in the area of Cholupice could not be started until May 2004, after
all procedures had been completed and the Building Law satisfied. The plan-
ning permissions, however, have not been issued for all of the structures yet.

THE KOMORANY PORTAL

The portal support consisted of two groups of four & 750 mm piles inter-
connected by a reinforced concrete waler at the heads of the piles, and secured
subsequently by four 14 m long stranded anchors. When this support had been
completed, the progressive excavation of the portal started, with concurrent
supporting of vertical walls at the face and 1.4:1 slopes on the sides by 200 mm
thick shotcrete reinforced with two layers of welded mesh 150x150/6 mm and
soil nails. When the excavation had been finished, 27 jet grouted columns
& 600 mm, 15 m long, rising 2° formed a pre-vault above the future access
tunnel and under the roadway, complemented at the upper part by 7 pcs of
grouted micro-piles @ 108/16mm. The pre-vault worked reliably, and comple-
tely eliminated the sinking of the road.

The excavation, at a total length of 1909 m, started on 2 June 2003.

THE ACCESS ADIT

The 175 m long access adit, with a maximal rise of 7.844 %, was driven
using a horizontal sequence of two benches and a closed invert, through
Quaternary ground (incohesive sands). The profile was designed to allow safe
passage of efficient equipment, which was planned for the excavation of the
exploration gallery: the vertical clearance of 4700 mm, circular vault with
a constant diameter of 2650 mm. The lining consists of 200 mm thick shotcre-
te, two layers of mesh 150x150/6/6 mm, and TH colliery arches K21. The roof
was supported, after the excavation under the jet grouted pre-vault, by forepo-
ling (UNION sheet piles). The work on the access adit was completed on
5 September 2003, and the work on the exploration gallery with the excavated
area of 26.5 m? and rising 3.985 % started on 6 September 2003.

THE EXPLORATION GALLERY

The geometry of the cross-section is shown in the picture 1. The geometry and
number of passing bays was discussed before the start of the excavation operati-
ons. The originally designed geometry was rejected and, after careful considerati-
on and in collaboration with the designer and with the client’s permission, the
geometry of a part of the top heading of the whole three-lane tunnel, always
20 m long in the right part (viewed in the direction of the excavation) and 4 m in the
left part in the middle of the passing bay. This solution is in the same time a saving
for the future tunnel. A distance between the passing bays was chosen by calculating
optimal transport times, considering the most efficient utilisation of the loader with
as short downtime as possible. The distance of 160 — 200 m was found optimal,
which determined the required number of nine passing bays. The anticipated geo-
logy was also taken into consideration in the process of determination of the loca-
tions for the passing bays. For that reason the distance between the bays is not con-
stant. The positions and number of the passing bays proved correct in the course
of the excavation. Minimum downtimes of the loader and dump trucks occurred in
the muck loading and hauling process. The third passing bay was designed to be
also usable as a trial top heading of the three-lane tunnel, at a length of 30 m, with
a cross section of 61.3 m2. This was the place where the majority of testing of the
environment in the gallery and in the closest vicinity of the future tunnel was car-
ried out. The lengths of the transition sections between the different cross sections
are not contained in the lengths of the passing bays. The type of anchors was also
changed to hydraulically activated rock bolts, which act immediately after activa-
tion in the process of the rock mass deformation. The exploration gallery was
driven using the conventional drill and blast method.

The equipment set used for the excavation:

B ROCKET BOOMER L352 for drilling (the face drilling and boreholes for

rockbolts)

B VOLVO L 120D for loading of muck

M 2x TATRA 815 for muck removal to the intermediate stockpile

B 2x TATRA 815 MIX for supply of dry concrete mix

W JCB 4CX loader with impact breaker for scaling

B MEYCO 60 with ALIVA 503 mixer for application of shotcrete

B PP 10 hoisting platform for installation of reinforcement and application

of shotcrete

B Korfmann 1200-450/450 fan

Individual elements of the primary lining designed by the designer: spray-
ed concrete C20/25, lattice arches, welded mesh and rock bolts 3 —4 m long.



Obr. 4 Prechod z pokusného vyrubu do prizkumné $toly
Fig. 4 The transition from the trial excavation to the exploration gallery

Jednotlivé prvky primarni obezdivky byly projektantem navrZeny ze
stifkaného betonu C20/25, vyztuznych pithradovych obloukt (ramenétt), sva-
fovanych sitf a horninovych svorniku délky 3 — 4 m.

Tridy razby se urcovaly podle skute¢né zastizenych horninovych poméru
pred kazdym postupem piimo na mist¢ ve shodé mezi stavebnim dozorem
investora a vedoucim pracovnikem stavby, na zdkladé hodnoceni horninovych
poméru geologem. Urceni technologické tiidy se pisemné zaznamendvalo do
zdbérovych listd a do listt primédrni dokumentace &elby $toly. Pfi zméné hor-
ninovych poméra se ménila piislusné tiida razby. Pi zvySeni tridy, tj. pri zhor-
Seni poméra, se zvySoval stuperi vystrojeni ihned po rozhodnutf; pri sniZeni
tridy raZby, tj. pfi zlepSeni poméri, se omezoval stupen vystrojeni aZ v nasle-
dujicim zdbéru. Tiida razby se vzdy snizovala az po ovéteni zlepSenych horni-
novych pomért dvéma ndslednymi zabéry.

DOVRCHNI RAZBA

Vlastn{ razba prizkumné Stoly zaala ve tfidé NRTM 5a (dle predpokladu)
v rytmu Sest postupt v kaloté s ndslednym uzavienim protiklenby. Z divodu
mozné devastace primarni obezdivky v protiklenbé pii odtéZovani odpalu se
dvé posledni protiklenby smérem od Celby neuzaviraly.

Po prechodu razeb do tiidy NRTM 4 dochdzelo k opétovnému porusovéani
150 mm tlusté vybetonované pocvy Stoly zpusobené pojezdem tézkych mecha-
nismu. Proto bylo na navrh zhotovitele a po nékolikerych opravéch od betona-
Ze pocvy upusténo a nahrazeno Stérkovanim. K tomuto feSeni se vSak defini-
tivné pristoupilo az po ovéfen stability vyrubu, kdy vyvoj konvergenci byl
velmi pfiznivy a nevykazoval Zddné ndrusty deformaci ve srovndni se stavem,
kdy se pocva betonovala.

Razba probihala bez vyraznéjsich komplikaci az do vzdalenosti 680 m od
portdlu.V téchto mistech byly pri razbé zastiZeny zhorSené a velice Casto se
ménici geologické poméry se zvySenym piitokem podzemnich vod. Vzhle-
dem k tomu byla vyhybna ¢. 4 posunuta o 35 m vpred po sméru razby, kde se
dle prognézy mély podminky zlepsit. Geologické poméry se ve staniCeni
724 m od portélu skutecné zlepsily a i pritok vod se zmensil, proto bylo roz-
hodnuto o zapoceti razby vyhybny (jazyckem na vahéch pro toto rozhodnuti
byla i jiz netimérne dlouhd vzdélenost od vyhybny €. 3). Po zacétku razby této
vyhybny viak dolo k dramatickému a nepfedpoklddanému zvySeni piitoku
podzemnich vod, a to zejména z pristropi, které dosdhlo hodnoty az 12 1/sec.
Pritékajici voda zpusobila znatné komplikace zejména pii stifkdni betonu.
Aby bylo moZné viibec provadét ndstiik primarni obezdivky, muselo se pri-
stoupit k &etnym opatfenim jako napf. instalaci podélnich svodu vod, instala-
ci DELTA f6lif atp. Pres tato opatieni vSak dochdzelo vlivem pritékajici vody
k znalnym problémam pfi aplikaci ndstfiku zejména ve stropé a velkému
spadu stiikaného betonu. Nakonec byly po konzultacich s investorem, hydro-
geologem a projektantem provedeny firmou Zaklddédni staveb 20 m dlouhé
odvodnovaci vrty pod tiklonem 20° dovrchné. Ani toto opatfeni vSak nebylo
prili§ d¢inné, nebot’ sklon vrstev horniny neumoznoval lokalizovat smér pri-
toku vody a dochdzelo k takovym paradoxtm, Ze odvodiovaci vrt byl téméf
suchy a 20 cm od néj se pii navrtdni otvorti pro svorniky objevil pritok
o vydatnosti nékolika I/sec. Problémy s pritékajicimi podzemnimi vodami tak
postupné ustdvaly az s postupem razby, kdy dochdzelo k postupnému
vyprazdiovani uzavieného puklinového systému a horninového prostredi,
a tfim i zmenSovéni pritoku aZ na sou¢asnych 3 — 5 I/sec. Pritok se viak jiz ke
konci razby nevyskytoval primo na elbé, nybrz se jednd o jednotlivé drobné
pritoky vesmés z pocvy.

€. 2/2005

Obr. 5 Pokusny vyrub na $ivku kaloty silni¢niho tunelu a pruzkumnd $tola
Fig. 5 Trial excavation with a width of the road tunnel’s calotte, and the explorati-
on gallery

Excavation classes were determined according to actually encountered rock con-
ditions, before each advance, directly on the site, as agreed between client’s supervi-
sor and contractor’s site manager, based on an assessment carried out by the geolo-
gist. The determined classes were recorded in writing in Round Sheets and sheets of
primary documentation of the gallery’s excavation face. The excavation class was
changed with changing rock conditions. When the conditions worsened, the class was
higher and the support degree increased immediately after the decision; when the
conditions improved and the excavation class was lowered, the support degree was
reduced subsequently, in the next round. The excavation class was always lowered
only after verification of the improved rock conditions by two subsequent rounds.

UPHILL EXCAVATION

The excavation of the exploration gallery started in NATM class Sa (as expec-
ted), in a sequence of 6 rounds in the top heading followed by the closing of the
invert. Because of a possibility of damage of the primary lining in the invert during
loading of muck, the last two inverts (viewed in the direction from the face) were
not closed.

When the excavation got to NATM class 4, the 150 mm thick concrete invert
was repeatedly damaged by the movement of heavy equipment. For that reason, at
the proposal of the contractor, the concrete invert was omitted after several repairs,
and replaced by gravel. This solution was adopted after verification of stability of
the excavation, where the development of convergences was very favourable and,
compared with the state of the concrete invert upon casting, no increase in defor-
mations appeared.

The excavation continued without significant complications up to a distance of
680 m from the portal. Deteriorated and frequently changing geological conditions
with increased inflow of groundwater were encountered in this location. For this
reason the passing bay #4 was shifted by 35 m ahead, in the direction of the exca-
vation, where improved conditions were anticipated. The geological conditions
really improved and groundwater inflow rate sunk at chainage 724 m from the por-
tal, therefore the decision was made to start the excavation of the passing bay (the
fact that the distance from the previous passing bay #3 was already too long con-
tributed to this decision). Although, a dramatic and unexpected increase in the
groundwater inflow, above all from the roof, reaching 12 litre/sec, occurred after the
commencement of the excavation of this passing bay. The water caused serious com-
plications, above all during the application of shotcrete. To make the application of
primary lining possible, it was necessary to implement numerous measures, €.g.
installation of a longitudinal collecting system, installation of DELTA membranes,
etc. Despite those measures, seeping water caused serious problems and a large
volume of rebound during the application of shotcrete, specially in the roof. Even-
tually, after consultations with the client, hydrogeologist and designer, the sub-con-
tractor Zaklddéan{ Staveb carried out 20 m long drainage boreholes, inclined upwards
at 20°. Even this measure was not much of a success because the inclination of the
rock layers did not allow the direction of the water inflow to be located. Paradoxical
situations occurred when the drainage borehole was nearly dry and a flow of seve-
ral litre/sec appeared in a borehole drilled for a rock bolt at a distance of 20 cm from
the drainage hole. The problems with groundwater inflows diminished gradually
with the excavation face advance, where the inflow dropped gradually to the current
rate of 3 -5 litre/sec. At the end of the excavation, groundwater seeped rather from
individual spots at the bottom, not from the face.

An extraction ventilation system is designed for the ventilation of the works,
using the & 1200 mm Korfmann 1200-450/450 fan. To save reinforced ducts, the
fan was progressively shifted in the course of the construction, each time when the
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razba pruzkumné Stoly
excavation of the exploration gallery

]

Tabulka 1 Prumérné postupy dovrchni razby
Table 1 Average advance rates of the uphill excavation

Veétrani celého dila je navrzeno jako saci & 1200 mm ventildtorem
Korfmann 1200-450/450. Ten byl v prabéhu vystavby postupné premis-
tovéan vzdy po vyraZeni jednotlivych vyhyben z divodu dspory vyztuZe-
nych luten. Ve vyhybné €. 6 byla vyraZzena 20 m dlouhd rozrazka k vétra-
cimu vrtu Nouzov. Svisld délka vrtu je 38 m s vypaznici & 820 mm tl.
10 mm. Vrt byl proveden firmou Zaklddéni staveb z povrchu za pouZiti
vrtaci soupravy Bauer. Ndsledné byl ventildtor premistén do této rozrdz-
ky a lutnovy tah napojen na vétraci vrt.

Z béZnych provoznich problému v prabéhu vystavby bylo potieba
vyresit i ubytek provozniho tlaku v piivodu vody napojeného na bézny
vodovodni fad prfivedeny do zafizeni stavenisté, protoze vyskové prevy-
Senf postupné narusté a na konci dnora ve vzddlenosti cca 1500 m od por-
tdlu inilo pfes 64 m. Z tohoto divodu bylo nutno postupné umistit do
jednotlivych vyhyben celkové tfi preerpavaci stanice.

Celkové mési¢ni postupy na dovrchni razbé jsou prehledné usporadany
do tabulky 1.

UPADNI RAZBA

Zahdjeni dpadni razby bylo od pocatku provazeno velkymi problémy
legislativniho rdzu. Tim do$lo k velmi vyraznému zpoZdén{ vuci pavodné
navrzenému harmonogramu. Jednim z nejvétSich problému bylo vyfeseni
odvodu podzemnich vod ze zafizen{ staveniste, a to jak po strance projek¢-
ni, tak nésledné i po strdnce legislativni. Pivodni RDS byla navrZena na
podstatné mensi mozné pritoky podzemnich vod. Po zkuSenostech
z dovrchni razby bylo nutno vypracovat feseni na ndvrhové pritoky az 10
I/sec. Nejvetsi zpozdéni vSak prineslo az vyfizovani zmén stavebniho
povoleni a povoleni naklddan{ s vodami. VeSkerd anabdze se zajiStovanim
vSech dokladu potfebnych pro vydani vyse zminénych povoleni by vydala
ndmet na samostatny ¢lanek. Lze jen na zavér konstatovat, Ze vSechna tato
povoleni byla v co nejkrat$i mozné dob¢ zajisténa, avSak pred nabytim
pravni moci doslo k odvoldni se ekologického hnuti Merlin, coz ve svém
disledku znamenalo moZnost zah4jit ¢erpani vod az 22. 2. 2005. Prace na
vlastni stavebni jamé a zafizen{ staveni§té tak mohla byt zahdjena jen za
predpokladu odvéZeni erpanych vod cisternami do ZS Komorany!!

Upadni razba z predzarezu Cholupického portdlu byla zahdjena az po
vyhloubeni svahované stavebni jamy o rozmérech 140x65x10 m zajisténé
stiikanym betonem se svarfovanou siti. Pro pristup k vlastnimu portdlu byla

Mésic Rok Meési¢ni postup [m] | Pocet prac.dnu | Razba vyhybny [m] | Razba stoly [m] Prumérny denni postup [m]/Average daily progress [m] T¥ida NRTM
Month Year [ Monthly progress [m] lxglrnkll)s; (ét;,ys cxf:vszltlilognb[ﬁ] exca(\j’:tlils;y[m] celkové/In total | vyhybna/Passing bay |  §tola/Gallery NATM class
VI 2003 62,8 29 62,8 2,17 2,17 5a/5b

VII 2003 664 31 664 2,14 2,14 5b
VIII 2003 40,1 31 40,1 1,29 1,29 5a/5b
X 2003 50,8 30 50,8 1,69 1,69 Sa/4

X 2003 51,5 29 214 30,1 1,78 1,53 2,00 4
XI 2003 91,5 30 91,5 3,05 3,05 4
XII 2003 404 20 18,0 224 2,02 1,38 3,20 4
1 2004 81,0 26 30 78,0 3,12 1,50 3,25 4/4b
11 2004 720 29 13,5 58.5 248 1,23 3,25 4
11T 2004 64,5 28 18,0 46,5 2,30 1,29 332 4
I\ 2004 90,0 30 90,0 3,00 3,00 4
Vv 2004 49,0 25 220 270 1,96 1,57 245 4
VI 2004 86,5 30 86,5 2,88 2,38 3/4
VII 2004 66,0 29 220 440 2,28 2,00 244 3
VIIT 2004 933 31 933 3,01 301 3
IX 2004 90,0 30 12,0 78.0 3,00 2,00 3,25 3
X 2004 76,2 31 10,0 66,2 246 2,00 2,55 3
XI 2004 88,0 30 88,0 293 293 3/4
XII 2004 51,5 22 210 30,5 234 1,62 3,39 4
1 2005 1020 29 1020 3,52 3,52 4
11 2005 98.0 28 103.5 3,96 3,50 4
CELKEM/TOTAL 1511,50 598 1609 1356,1 2,54
piistupov Stola — razba v kvartérnich hornindch — pisky — I:I razba kaloty v celém profilu tfipruhového tunelu
razeno na dvé 14vky z toho 12 m pod silnic{ top heading excavation within the three-lane tunnel's cross section
access adit — excavation through Quaternary rock —sands — razba rozrdzky k vétracimu vrtu délky 20 m — neni v souctu razby
excavation with two benches, 12 m out of that under a road I:I

excavation of the adit to the ventilation bore hole 20 m long —
not contained in the excavation total

pritoky vody nad 10 I/s + predvrty

water inflows over 10 /s + preliminary boreholes

3ED

excavation of the particular passing bay had been completed. A 20 m long adit was
excavated from the passing bay #6 to the ventilation shaft Nouzov. The vertical
length of the shaft is of 38 m, a & 820 mm casing pipe with the wall thickness of
10 mm was used. The shaft was carried out by Zakladani staveb using the raise
boring set Bauer. Subsequently, the fan was shifted to this adit, and the ventilation
duct was connected to the ventilation shaft. Out of the common operational pro-
blems encountered in the course of the work, it was also necessary to solve the drop
in the operational pressure in the water supply pipeline, which was connected to the
public water main leading to the site facility. The reason was the fact that the diffe-
rence in elevations gradually grew, achieving over 64 m at the end of February, at
a distance of about 1500 m from the portal. For that reason three booster pump sta-
tions had to be gradually installed in the particular passing bays.

Total monthly advances of the uphill excavation are shown in the enclosed table.

DOWNHILL EXCAVATION

The commencement of the downhill excavation was inhibited with legis-
lative problems since the very beginning. The problems resulted in a signi-
ficant delay to the originally approved schedule. One of the most serious
problems to be solved was the removal of groundwater from the site facili-
ty, both in terms of the design and legislation. The original final design allo-
wed for much smaller possible groundwater inflows. The experience gained
from the uphill excavation induced a necessity for a new solution, with
design inflows up to 10 litre/sec. The longest delay, however, was due to the
negotiations regarding changes in the building permit and the water mana-
gement permission. The anabasis about the process of obtaining all docu-
ments required for the issuance of the above-mentioned approvals could be
sufficient to become a topic of an independent paper. To conclude, it can be
stated that all of those approvals were ensured in the shortest possible time,
but the environmental group Merlin managed to submit an appeal before the
approvals could be put into action. As a result, groundwater pumping could
start as late as 22/2/2005. For that reason the work on the construction pit
and site facility could commence only under a condition of transportation
of pumped water by water bowsers to the site facility Komorany!!

The downhill excavation from the pre-cut at the Cholupice portal started
after the excavation of the sloped construction pit with dimensions
140x65x10 m, supported by shotcrete and welded mesh. A ramp falling at
a gradient of 12 % was provided to allow access to the portal. The front wall
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zvolena sjizdna rampa ve sklonu 12 %. Celni a bo¢ni sténa portalového and side wall of the portal slope were carried out at 2:1, and secured by
svahu byly provedeny ve sklonu 2:1 a zajistény ty¢ovymi SN kotvami 4 m long SN rod anchors at a grid 1.5x2 m and welded mesh with sprayed
délky 4 m v rastru 1,5x2 m a svarovanou siti se stifkanym betonem C20/25 concrete C20/25, 100 mm thick.

tl. 100 mm. An pipe umbrella consisting of perforated steel pipes & 70/6 mm,

Pro zajisténi nadloZ{ vlastni razby byl proveden mikropilotovy destnik 12 m long, at 300 mm spacing, at a distance of 200 mm from the external surface
z perforovanych ocelovych trubek @& 70/6 mm délky 12 m s rozte¢i of the excavation support, injected using a low-pressure grouting procedure. The
300 mm ve vzddlenosti 200 mm od rubu vystroje Stoly, injektovanych niz- drilling for the canopy was carried out from progressively deepened working level
kotlakou injektdzi. Mikropiloty byly vrtdny z postupné prohlubované pra- of the open cut. Subsequently, the ends of the pipes were fixed in an RC collar. The
covni tirovné zarezu. Ndsledné byly konce pilot zafixovany do ZLB limce. excavation was carried out under the protection by the umbrella canopy, in cycles,

Razba postupovala pod ochranou destniku cyklicky po zdbérech with rounds 1.0 m long, according to the procedure designed for the NATM class
1 m podle postupu tiidy NRTM 5a, ovSem bez predhdnéni jehel. Asi 5a, but without forepoling. Approximately from the end of this umbrella, the exca-
1,5 m od konce tohoto destniku pak presla razba na postup s predhdnénim vation started to use the forepoling according the procedure designed for the NATM
jehel podle prislusné tiidy NRTM 5a. Vzhledem k silné navétralym bridli- class 5a. Because of heavily weathered shales found in in the overburden, the appli-
cim v nadloZi $toly bylo pfi dalsi razbé nutno s duslednym predhénénim cation of the forepoling had to continue, up to a distance of 69 m from the portal
jehel pokracovat az do vzdélenosti 69 m od portdlu, kde hornina pesla do where the rock changed to the NATM class 4. The excavation of the passing bay
tiidy NRTM 4. #9 followed, through rock categorised due to the encountered geology again as

Nisledovala razba vyhybny €. 9, kterd byla oproti RDS z divodu zastiZe- NATM class 5a, differently than the design. As approved by the designer, a verti-
né geologie zaclenéna opét do NRTM 5a. Vzhledem ke stdle se vyskytujicim cal excavation sequence with temporary additional lattice girders on the side of the
silné navétralym bridlicim bylo pro tvodnich 6 m vyhybny po dohodé s pro- excavation enlargement was chosen for the initial 6 m of the passing bay because
jektantem zvoleno vertikdlni ¢lenéni vyrubu s provizorni pomocnou prihra- of the continuing occurrence of heavily weathered shales. When six metres of the
dovou vyztuzi na strané rozsifeni vyrubu. Po vyrazeni Sesti metri bylo excavation had been completed, the excavation face was supported and the exca-
provedeno zajisténi &ela vyrubu a razba pokracovala od pocdtku vyhybny vation continued from the beginning of the passing bay, in steps, by widening of the
postupnym rozsitovanim vyhybny s plenénim provizorn{ vyztuze a zabudo- passing bay, with drawing off the temporary support and installation of permanent
vévanim definitivni primdrn{ obezdivky. Po rozifeni prvnich Sesti metri na primary support. When the initial six metres had been enlarged to the full profile,
plny profil pokracovala dalsi razba jiz v celém profilu najednou. the excavation continued within the full face in one pass.

ZHODNOCENI EVALUATION

Celkove Ize dosavadni pribéh razby prazkumné Stoly hodnotit pozitiv- On the whole, the previous course of the excavation of the exploration gallery
né. Spoluprdce projektanta, zhotovitele geomonitoringu a zhotovitele can be evaluated positively. The co-operation of the client, the geomonitoring con-
vlastnich raZeb byla na velmi dobré trovni bez jakychkoli konfliktnich tractor and the excavation contractor was at a very good level, without any conflict
situaci. Zhotovitel razeb pristupoval k dodrZovéni technologické kdzné situation. Excavation contractor’s attitude toward maintaining technological dis-
svédomité, ¢ehoZ dukazem je i to, Ze byly zaznamendny pouze Ctyfi varov- cipline was excellent. The proof is also the fact that the warning states were recor-
né stavy. ded only four times.

Pii razbé se ndzorné ukdzalo, jak dileZité je provadéni pruzkumnych It was proven clearly during the excavation how important the driving of explo-
Stol pred zahdjenim stavby vlastniho velkého silni¢niho tunelu. Pro pri- ration galleries before the commencement of a construction of a large road tunnel
stupovou §tolu délky 175 m se predpoklddané geologické poméry potvrdi- is. Regarding the 175 m long access adit, the anticipated geological conditions were
ly, coz vSak nenf z hlediska razby silni¢niho tunelu podstatné, nebot’se tato confirmed; this fact, however, is not important in terms of the excavation of the
Cést bude provadet ve vyhloubené stavebni jameé. road tunnel because this tunnel section will be built in an open cut.

V prizkumné Stole je na zédkladé skutecné zjisténych geologickych The conclusions of the geological investigation have to be modified on the basis of
poméru nutné upravit zavéry geologického pruzkumu zejména s ohledem the actual geological conditions determined during the documentation of the explora-
na predpoklddany rozsah tfid NRTM: tion gallery, above all regarding the anticipated distribution of the NATM classes:

M piedpoklad geologického prizkumu — NRTM 2 a 3 v rozsahu 1227 m, B anticipation according the geological investigation — NATM classes 2 and 3

NRTM 5a a 4 v rozsahu 507 m within a 1227 m portion, NATM classes 5a and 4 within a 507 m portion.

B skutecnost — NRTM 2 a 3 v rozsahu 390 m, NRTM 5a a 4 v rozsahu B reality — NATM classes 2 and 3 within 390 m portion, NATM classes

1344 m 5a and 4 within 1344 m portion.

V piipadé neprovedeni priuzkumné $toly by se tak pii uréovéni zpisobu In the case that the exploration gallery had not been carried out, the assumpti-
zajisténi primdrniho osténi a technologie razeb vychazelo z odli$nych pred- ons applied to the determination of the primary support and excavation procedu-
pokladi nez od skute¢né zastiZenych geologickych podminek, coz by zcela res would have differed from the encountered geology. This would certainly have
ur€ité prineslo pii razbdch silni¢niho tunelu nemalé komplikace. caused serious complications during the future excavation of the road tunnel.
ZAVER CONCLUSION

Dilo bylo prorazeno 29. 3. 2005. Z délky 1909,70 m bylo vyraZeno The date of the gallery breakthrough was the 231 of March, 2005. Now is the
dovrchné 1610,10 m a tpadné 299,20 m. Na mist¢ je tedy otdzka, jak to time to ask about the main Construction Lot 513, whose exploration gallery is
vypadd s hlavni stavbou 513, jejiZ prazkumnd $tola bude brzy dokonce- going to be finished soon, and the of the Prague Circle Road? They seem to be fine.
na, ale i stavbami 512 a 514, které jsou soucdsti vystavby jihozdpadni The twenty billion Czech crowns required construction lots 512 and 514, which are
Casti Prazského okruhu? Zd4 se Ze dobre. Celkem 20 miliard korun, které parts of the project of the south-western section for this south-western section of the
jsou potreba na tuto jihozdpadni ¢dst Prazského okruhu mezi Slivencem Prague Circle Road between Slivenec and the D1 highway have been secured by
a dalnici D1, vlada zajistila pujckou 310 miliont eur (10 miliard korun) the government in a form of a 310 million Euro (10 billion CZK) loan from the
od Evropské investi¢ni banky a druhou polovinu ¢4stky poskytne Statni European Investment Bank.The other half of this amount will be provided by the
fond dopravni infrastruktury. Stavba 514, kterd je v pripravé nejddle, State Fund for Transport Infrastructure. The construction lot 514, whose preparati-
a stavba 513 maji platné UR. Stavba 513 s podminkou soucasného zpro- on has advanced most of all, and the construction lot 513, have been issued valid
voznéni staveb 513 a 512. Zadosti investora o stavebni povoleni a pii- planning permissions. The construction lot 513 under a condition of putting the lots
prava soutéznich podminek na doddvku stavby probéhnou béhem prvni- 513 and 514 into service in the same time. Client’s applications for the building per-
ho pololeti roku 2005. Ve druhém pololeti oéekdvame vyhldSen{ soutéZi. mits and preparation of tender conditions for the construction works will take place
Predpoklad zahdjeni stavby jihozdpadni ¢dsti Prazského okruhu je konec during the first half of 2005. In the second half of the year, we expect invitations to
roku 2005. Tato stavba, kterd spoji ddlnici D1 s dalnici D5 a vyrazné tak tenders. The commencement of the construction of the south-western section of the
odleh¢i dopravé na pretizené Jizni spojce, by méla byt dokoncena zacét- Prague Ring Road is anticipated at the end of 2005. This construction, which will
kem roku 2009, téSme se. interconnect the D1 highway with the D5 highway and will significantly relieve

traffic along the overburdened Southern Connection Road, should be finished at the

ING. OTAKAR HASIK, METROPROJEKT Praha, a. s., beginning of 2009. Let us look forward to it.
e-mail: hasik@metroprojekt.cz ING. OTAKAR HASIK, METROPROJEKT Praha,a.s.,
.. ING.PETR VITASEK, GeoTec GS, a.ss., e-mail: hasik@metroprojekt.cz
ING. JIRI KRAJICEK, e-mail: jkrajicek@subterra.cz, .. ING.PETR VITASEK, GeoTec GS, a. s.,
ING. RADAN BOHMAN, e-mail: rbohman@subterra.cz, ING. JIRI KRAJICEK, e-mail: jkrajicek@subterra.cz,
ING. PAVEL STOULIL, e-mail: pstoulil@subterra.cz, ING. RADAN BOHMAN, e-mail: rbohman@subterra.cz,
SUBTERRA, a. s. ING. PAVEL STOULIL, e-mail: pstoulil@subterra.cz, SUBTERRA, a. s.
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GEOTECHNICKY MONITORING NA TUNELU PANENSKA
V KRUSNYCH HORACH

GEOTECHNICAL MONITORING OF THE PANENSKA TUNNEL
CONSTRUCTION IN THE KRUSNE MOUNTAINS

PAVEL GAJDOS, ONDREJ KOSTOHRYZ

uvobp

V Ceské republice pokracuje vystavba délnice D8 Praha — Usti nad
Labem — stdtni hranice CR/SRN, kterd je soucdsti IV. Evropského
multimodélniho dopravniho koridoru Berlin — Drazdany — Praha —
Bratislava — Gyor — Budapest' — Craiova — Sofie — Plovdiv — Istanbul.
Soucdsti ddlnice D8 jsou tunely Panenskd, situované v tseku Kninice —
statni hranice zhruba na 92. az 94. kilometru z Prahy, kde ddlnice pre-
kondvé hieben Krusnych hor. Na némecké strané se dédlnice D8 napoji
na budovanou délnici A17.

Razici préce byly ukon&eny. Stavba tunelt pokraluje poklddkou hyd-
roizolace a betondZzi sekunddrniho osténi.

UCASTNICI VYSTAVBY

Investor: Reditelstvi silnic a délnic CR, zdvod Praha
Technicky dozor investora: TDS RSD Trmice
Zhotovitel stavby: Metrostav a. s., divize 5, Praha
Generdlni projektant: Valbek, spol. s r. 0., Liberec
Projektant razby a primarniho osténi: Tubes, spol. s . 0., Praha
Zhotovitel geomonitoringu: Stavebni geologie

— GEOTECHNIKA, a. s., Praha

PARAMETRY TUNELU

Jedna se o dva jednosmerné dvoupruhé tunelové tubusy. Délka razené
Casti levé (zdpadni) tunelové trouby (LTT) je dle realiza¢ni dokumentace
stavby 1994 m, délka pravé (vychodni) tunelové (PTT) trouby je 1977 m.
Osova vzdalenost obou tubust &inf 21 m, tubusy jsou propojeny celkem
deviti tunelovymi propojkami ve vzddlenosti 200 m. V obou tubusech je po
3 nouzovych zdlivech o délce 40 m. Vyska nadloZi se pohybuje od 10 m do
80 m, podélny sklon je cca 3,2 %. Pii¢ny prurez jedné tunelové trouby je
84 a7 98 m?, v nouzovych zdlivech 123 a7 127 m”.

RAZBY

Razba byla provdadéna Novou rakouskou tunelovaci metodou (NRTM)
s horizontdlnim ¢lenénim vyrubu na kalotu a jadro. Do vzdélenosti
20 m od obou portdlt byl profil tunelu uzavien spodni klenbou. Na
zékladé v predstihu provedeného geotechnického pruzkumu a geotech-
nického monitoringu prazkumnych $tol raZenych do 150 m od obou
portall bylo pro razbu tunelt realizadnim projektem definovéno 7 tech-
nologickych tfid NRTM (1, 2.1, 2.2, 3, 4.1, 4.2 a 5), které se od sebe
navzdjem lisily délkou zdbéru, tloustkou stitkaného betonu, poétem Kari
siti, po¢tem a rozted{ radidlnich kotev apod. Razba tuneld byla, z divodu
$patného pristupu k jiznimu portdlu a s ohledem na skute¢nost, Ze je
s vytéZenou rubaninou uvazovino do ndsypu v dseku délnice smérem ke
statn{ hranici, vedena pfevdzné dpadné ze severniho portdlu. V zdvéru
razby se uplatnila protirazba z jizniho portdlu.

Diléi Zahajeni Zahajeni Ukonéeni Délka

Celba razby protirazby razby razby

kalota LTT 1.9.2003 18.8.2004  2.11.2004 cca 14 mésicu
kalota PTT 1. 11.2004 8.7.2004 14.1.2005 cca 14,5 mesice
jadro LTT 1.12.2004 - 25.1 2005 cca 14 mésicu
jadro PTT 26.2.2004 — 14. 3. 2005 cca 12,5 mésice

Tab. 1 Diléi terminy razby

Dokongeni vystavby tunell se predpoklddd v listopadu 2006. Po dokon-
Ceni pujde o prvni ddlni¢ni a nejdel3i silni¢ni tunel v Ceské republice.

GEOLOGICKE POMERY

Tunel Panenskd je situovan ve vrcholové partii vychodni ¢4sti Krusnych hor.
Uzemi je budovano regiondlné metamorfovanymi horninami, zastoupenymi

INTRODUCTION

The construction of the D8 highway from Prague via Usti n. L. to the CR/FRG
state border is in progress in the Czech Republic. The highway is part of the 4th
European multi-modal traffic corridor connecting Berlin — Dresden - Prague —
Bratislava - Gyor — Budapest — Craiova - Sofia — Plovdiv - Istanbul. Part of the
D8 highway is a twin-tube tunnel Panenska situated within the Kninice — state
border section roughly at km 92 to 94 (measured from Prague), where the high-
way crosses the ridge of the Kru$né Mountains. The D8 highway will join the
A17 highway, which is under construction on the German side of the border.

The tunnel excavation operations have been finished. The tunnel construc-
tion is continuing by installation of the waterproofing membrane and casting
of the final liner.

PARTIES OF THE PROJECT

Client: Reditelstvi silnic a délnic (VZR, zavod Praha
(Directorate of Roads and Motorways of the CR, Plant Prague)
Resident Engineer: TDS RSD Trmice
Construction Contractor: Metrostav a. s., Division 5, Prague
Principal Design Engineer: Valbek, spol. s r.0., Liberec

Designer for Excavation and Primary Lining: Tubes, spol. s r.0., Prague
Geomonitoring contractor: Stavebni geologie
— GEOTECHNIKA, a. s., Prague

TUNNEL PARAMETERS

The tunnel consists of two uni-directional double-lane tubes. According to
the detailed design, the length of the left (western) tunnel tube (LTT) amounts
to 1994 m, while the right (eastern) tube (RTT) is 1977 m long. The tubes are
spaced at 21 m on centres; nine cross passages interconnect the tubes at inter-
vals of 200 m. Each tube contains 3 emergency bays with a length of 40 m.
The overburden thickness varies between 10 m and 80 m; the longitudinal
gradient is about 3.2 %. The cross-section area of one tube is of 84 to 98 m?2
(123 to 127 m? at the emergency bays).

TUNNEL EXCAVATION

The excavation was carried out using the New Austrian Tunnelling Met-
hod (NATM) with a horizontal sequence of the operations, i.e. the top hea-
ding and bench. The tunnel profile was closed by an invert up to a distance
of 20 m from both portals. There were 7 NATM support classes (1,2.1,2.2,
3,4.1,4.2 and 5) defined by the detailed design on the basis of the geotech-
nical investigation and geotechnical monitoring carried out in advance, in the
exploration galleries driven up to a distance of 150 m from both portals. The
classes differed in the round length, shotcrete thickness, number of welded
mesh layers, number and spacing of radial anchors, etc. Because of difficult
access to the south portal and due to the fact that the muck was to be planned
to be disposed to the embankments of the highway section in the direction
toward the state border, the excavation of the tunnel tubes was carried out
from the north portal, mostly downhill. The excavation from the opposite
direction took place at the end of the tunnel excavation work.

Excavation Excavation Opposite Excavation  Excavation
sequence commen- direction completion  duration
cement date  excavation date

commence-

ment date
LIT top heading  1/9/2003 18/8/2004 2/11/2004  approx. 14 months
RTT top heading  1/11/2004 8/7/2004 14/1/2005 approx. 14.5 months
LTT bench 1/12/2004 25/1/2005  approx. 14 months
RTT bench 26/2/2004 14/3/2005  approx. 12.5 months

Table 1 Partial milestones of the excavation



Obr. 1 Pohled na severni portdl
Fig. 1 A view of the north portal

P

prevazné biotitickymi a muskovit-biotitickymi ortorulami s loZznimi polohami
a vlozkami dvojslidnych pararul, kvarcitickych rul, amfibolitd a usmérnénych
metapegmatiti a metaaplit. Soucasti sekvence ortorul jsou télesa stejného slo-
Zeni, ale prakticky bez zjevného usmérnéni. Jednd se o metagranodiority
a metagranity. Z mladsich hornin (variského stdfi) jsou zastoupena predevsim
7ilnd télesa granitovych porfyrd, méné pak Zily lamprofyrd a porfyrita.
Z pokryvnych, platformnich jednotek se vyskytuji tektonicko-denudacnf relik-
ty svrchni kridy. Krystalinikum je pomérné intenzivné tektonicky poruseno,
a to predevsim poruchami tzv. §pi¢dckého a krusnohorského sméru.

Z hydrogeologického hlediska predstavuje krystalinikum obecné
uzemfi relativné chudé na vyskyt vyznamnéj$ich zdsob podzemnich vod.
Je zde vyvinut pouze nepiili§ vydatny, nesouvisly puklinovy horizont
a malo vydatné, aviak lokdlné vyuzivané zvodnéni puklinovo-prulino-
vého charakteru v piskovcich reliktt baze kiidy.

GEOMONITORING

Nedilnou soucdsti razby tuneld NRTM je komplexni geotechnicky
monitoring. Na tunelech Panenskd jsou ndplni geomonitoringu tato
mereni a sledovéni:

@ geotechnické sledovani razeb

@ hydrogeologické sledovani

@ konvergen¢éni méfeni

® méfeni poklesu povrchu terénu

@ extenzometrické méfeni

® méfeni napéti v primdrnim osténi

@ méfeni napéti na kontaktu hornina — primérni ostén{

@ geodetické méfeni portalu

® méfeni tvaru primédrniho a sekundédrniho ostén{

@ scismické a akustické méren{

@ geofyzikdlni meren{

@ pasportizace objektl na povrchu

Vybrané metody byly sdruzeny do 3 profilu situovanych v oblasti
severniho portdlu v blizkosti osady Panenskd asi 500 m od severniho
portalu a v oblasti jizntho portélu.

GEOTECHNICKE SLEDOVANI RAZEB

V pribéhu vystavby tunelt Panenskd zajistovala Stavebni geologie —
Geotechnika nepretrZitou geologickou sluzbu, jejimZ primdrnim dkolem
bylo geotechnické sledovani razeb. Na zédkladé odborného zhodnoceni
kvality dil¢ich vyrubl a s piihlédnutim k vysledkim a trendim geo-
technickych méfeni byl usmérnovén dalsi postup razicich praci (délka
zabéru, vystrojovaci tiida, lokalné byla navrzena i dil¢i technicka opat-
feni — jehlovani pristropi, stabilizace elby apod.). Zastizené geologické
pomery a dalsf faktory vyznamné pro geotechnické vyhodnoceni razeb
(strukturni a tektonické jevy, lokalizace konvergen¢nich a sdruzenych
profila, mista se vznikem objemnéjsich nadvylomu, rozloZeni vystrojo-
vacich tiid, ¢asovy sled raZzeb apod.) byly prabéZné interpretovany
a zkreslovany do horizontalni geologické mapy tunelu v méfitku 1 : 500
s rovinou fezu vedenou asi 3 m nad dnem kaloty.

K zdkladnim horninovym typum, které tunely zastihly, lze po&itat
pararuly, ortoruly a granitové porfyry. Jak v pararulové sérii, tak
i v ortoruldch se vyskytovaly etné a tvaroveé velmi sloZité a rozmanité
vlozky metapegmatitti. Minoritné byly zastizeny dalsi horninové typy,

14. rocnik - €. 2/2005

The construction of the tunnels is scheduled for completion in Novem-
ber 2006. It will become the first highway tunnel, and in the same time the
longest road tunnel in the Czech Republic.

GEOLOGICAL CONDITIONS

The Panenska tunnel is situated in the summit area of the eastern part of
the Krusné Mountains. This area consists of regionally metamorphosed
rock types, prevailingly biotite and muscovite-biotite orthogneiss with
beds and interbeds of binary paragneiss, Quartzite gneiss, amphibolite and
directional-texture metapegmatite and metaaplite. Part of the sequence of
orthogneiss are bodies of identical composition, but virtually without
obvious directional texture. They are composed of metagranodiorites and
metagranites. Younger rock types (of the Variscan age) are represented
mainly by vein bodies of granitic porphyry; veins of lamprophyre and
porphyrite are encountered less frequently. Out of superficial platform
units, there are tectonic-erosion relics of the Upper Cretaceous period in
the area. The crystalline complex is relatively intensively faulted, mainly
by the faults of the Spi¢dk and Kruiné Mountains’ direction.

From the hydrological point of view, this crystalline complex is an area
relatively poor in the occurrence of significant reservoirs of ground water.
Only a not too much water yielding discontinuous fissure layer and a litt-
le yielding but locally used aquifer of a fissure-intrinsic character have
developed in sandstone found in the relics of the Cretaceous base.

GEOMONITORING

Inseparable part of the NATM operations is a comprehensive geotech-
nical monitoring. The geomonitoring performed on the Panenskd tunnels
consists of the following measurements and observations:

@ geotechnical observation of the excavation

@ hydrogeological observation

@ convergence measurements

@ surface settlement measurements

@ extensometer measurements

@ primary lining stress measurements

® measurement of stress at the rock — primary lining contact

@ surveying at portals

@ measurement of geometry of the primary and secondary lining

@ seismic and acoustic measurements

@ geophysical measurements

@ condition survey of existing buildings

The selected methods were joined in 3 joint monitoring stations situa-
ted in the area of the north portal, near Panenskd village (about
500 m from the north portal) and in the area of the south portal.

GEOTECHNICAL OBSERVATION OF THE EXCAVATION

Stavebni geologie — Geotechnika, a. s., ensured geological services
during the construction of the Panenskd tunnels. Their primary task was to
monitor the works in terms of geotechnics. The advance of the excavation
operations (round length, support class, locally even with requirements for
partial technical measures, e.g. forepoling at the crown, stabilisation of the
face etc.) was controlled on the basis of expert assessment of quality of
partial headings, taking into consideration results and trends of geotechni-
cal measurements. The geology encountered and other factors significant
for the geotechnical assessment of the excavation (structural and tectonic
phenomena, location of convergence and joint monitoring stations, locati-
ons with occurrence of larger overbreaks, distribution of support classes,
time-related sequence of the headings, etc.) were interpreted continually,
and horizontal geological maps of the tunnel plotted on a 1:500 scale, with
the sectional plane led about 3 m above the top heading floor.

Paragneiss, orthogneiss and granitic porphyry can be counted
among the basic rock types encountered by the tunnels. Both the paragne-
iss series and orthogneiss contained numerous interbeds of metapegmati-
te, very complex in shape. The share of other rock types encountered
(monzonite porphyry, diorite porphyry, lamprophyre — minettes, amphibo-
lite, thin interbeds of erlan) was minor, without any substantial influence
on the rock mass behaviour.

The tunnel tubes passed through the paragneiss in the area of the north
portal, roughly in the section of initial 500 m. The pre-portal open cut was
dug in the same environment. The paragneiss was affected by intensive
fossil weathering (the gneiss was intensively haematised and chloritised).
The paragneiss series encountered probably represents an erosion relic of
the original cover of a granitoid pluton. As a consequence of the fossil
weathering, the strength-related and deformational parameters of the
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2.1. NRTM
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G muskovit-biotitickd ortorula, myd-G muskovit-biotitické ortorula s reliktni granitoidni strukturou, myd muskovit-biotiticky metagranodiorit,

mly metapegmatit aZ metapegmatitickd rula, A amfibolit, xCO, karbondtova Zilovina, e erldn (xenolit), * misto s objemné&j$im nadvylomem

G muscovite-biotite orthogneiss, myd-G muscovite-biotite orthogneiss with relic granitoid structure, myd muscovite-biotite metagranodiorite,

mly metapegmatite to metapegmatite gneiss, A amphibolite, XCO; carbonate loadstuff, e erlan (xenolith), * location with a higher-volume overbreak

Obr. 2 Vyrez z geologické mapy
Fig. 2 The geological map viewport

které vSak nemély na chovani masivu zdsadni vliv (monzonitové porfy-
ry, dioritové porfyrity, lamprofyry — minety, amfibolity, drobné vlozky
erldnt).

Pararulami prosly obé tunelové roury v oblasti severniho portélu,
a to v useku prvnich asi 500 m. Ve stejném prostiedi byl vyhlouben
i predportdlovy zarez. Pararuly byly postizeny silnym fosilnim zvétra-
nim (ruly byly silné hematitizovany a chloritizovany). Zastizena pararu-
lové série predstavuje pravdépodobné denudacni relikt puvodniho plas-
t¢ granitoidniho plutonu. V duasledku fosilniho zvétrani doslo u pararul
ke sniZenf jejich pevnostnich a deformacnich parametra. VytéZené para-
ruly, které byly deponovdny na odvalu pred severnim portdlem,
v dusledku pusobeni klimatickych faktort velmi rychle degradovaly
z plvodné skalni a7 poloskalni horniny tfidy R4 — R6 (ve smyslu CSN
73 1001) prakticky az na zeminu charakteru §té€rku s hlinitou pfimesi.

Ortoruly ruzného stupné metamorfniho pfepracovani s viudypiitom-
nymi, rizné mocnymi vlozkami a télesy metapegmatiti predstavuji
dominantni horninovou sekvenci zastiZenou tunely. Oproti pararuldm se
jednalo o horniny s vyssi pevnosti. Pevnost masivu jako celku vSak byla
zavisld na pritomnosti tektoniky, intenzité zvétrani, vyskytu hydroter-
malnich alteraci a stupni metamorfnfho prepracovéni. V prabéhu razeb
byla zastiZena plynuld $kdla téchto hornin, a to od silné rekrystalizova-
nych ortorul pres méné prepracované ortoruly s reliktni granitoidn{
strukturou az po usmérnéné metagranodiority. V oblasti jizniho portélu
bylo zastizeno nckolik zna¢né rozsdhlych, tektonicky postizenych
a zvétralych téles metapegmatit rozbitych do slozité mozaiky ker. Cha-
rakteristickym rysem zde bylo nepfiznivé smeérné poruSeni masivu. Tek-
tonické namozeni, zvétrani a smérné poruseni se v tomto dseku projevi-
ly ve vysledcich konvergenénich i extenzometrickych méfeni.

Zulové porfyry byly zastizeny ve 4 usecich. Jednalo se o rozsahla
télesa, jejichZ délky (nepravé mocnosti) v tunelech dosahovaly az 45 m.
Porfyry prochézejici pararulovou sérif byly misty silné karbonatizované.
Kontakty porfyrt byly tektonicky omezené s doprovodnymi drcenymi
zénami a alteracemi. Jednalo se prevdzné o tvrdou, kifehkou horninu
postizenou hustou siti nékolika puklinovych systémi. Vysledkem byl
jeji az ,kostkovity* rozpad, coZ se negativné projevovalo ,,0sypavanim*
horniny a vznikem nadvylomu pii docistovani vyrubu. Rozpukané

paragneiss are reduced. The excavated paragneiss degraded very progres-
sively through the action of climatic factors after the disposal to the dump
found in front of the north portal, from the original rock or semi-rock
(class R3 — R4 according to CSN 73 1001) virtually to ground having the
character of gravel with a loamy addition.

Orthogneiss displaying various degree of metamorphose, with ubiqui-
tous diverse-thickness interbeds and bodies of megapegmatite, represent
the dominating rock sequence encountered by the tunnels. Compared to
the paragneiss, the strength of this rock is higher. The strength of the rock
mass as a whole, however, depended on the presence of faults, intensity of
weathering, occurrence of hydrothermal alterations, and the degree of
metamorphose alteration. A continual range of the above-mentioned rock
types was encountered in the course of the excavation, from intensively re-
crystallised orthogneiss with relic granitoid structure to directional-textu-
re metagranodiorite. Several very large faulted and weathered bodies of
metapegmatite broken to a complex mosaic of plates were encountered in
the area of the south portal. Unfavourable longitudinal faulting (in paral-
lel with the tunnel direction) was a characteristic feature of this rock mass.
Faulting, weathering and directional fracturing showed up in this section
in the results of the convergence and extensometer measurements.

Granitic porphyry was encountered in 4 sections, in a form of vast
bodies whose lengths (false thickness) in the tunnels reached up to 45 m.
The porphyry passing through a paragneiss series were locally intensely
carbonised. The contacts of the porphyry were tectonically bounded, with
accompanying broken zones and alterations. The rock mass was mostly
hard, fragile, affected by a dense network of several joint systems. The
result was nearly cuboidal jointing, leading to a negative phenomenon of
the rock “quarrying” and origination of overbreaks during the scaling ope-
ration. The fractured porphyry also represented ideal environment for
more intensive circulation of ground water.

The excavation of the Panenskd tunnel tubes provided also important
information regarding the spatial distribution of weathering and alterati-
ons. Knowledge gained during the excavation suggests that the weathering
and alteration processes are not bound only to the surface layer of the
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porfyry predstavovaly rovnéZ idedlni prostfedi pro intenzivnéjsi obeh massif. A significant role was also played by hydrothermal processes con-
podzemnich vod. nected with the faulting. They caused alterations along weakness zones,

RaZzba tunel Panenskd prinesla také vyznamné informace tykajici se even up to quite great depths. An important role was also played by the
prostorové distribuce zvétrani a alteraci. Poznatky z raZeb ukazujf, Ze fossil weathering confirmed in the area of the north portal. The entire rock
zvétrdvaci a alteracni pochody nejsou vézdny pouze na povrchové vrst- massif was seriously affected by shear faulting. There were 9 major
vy masivu. Nezanedbatelnou roli zde sehraly i hydrotermdlni pochody weakness zones encountered in the tunnels, mostly in the Spicdk and

spjaté s tektonikou, v jejichz dusledku doslo k alteracim podél porucho-
vych pdsem, a to i do zna¢nych hloubek. Vyznamnou roli sehrilo také
fosilni zvétrani overené v oblasti severniho portdlu.

Horninovy masiv byl celkové silné postizen stfiznou tektonikou.
V tunelech bylo zastizeno 9 v§znamnéjSich poruchovych pasem prevaz-
né $pic¢dckého a krusnohorského sméru o mocnostech od 1 do cca 7 metra.
Nékteré z poruch byly doprovézeny barytovou nebo fluoritovou minerali-
zaci. Bézné byly projevy drceni, hematitizace okolnich hornin, misty byl
v poruchéch pritomen rudy tektonicky jil. Nékteré poruchy byly druhotné

Kru$né Mountains direction, with a thickness ranging from 1 to approxi-
mately 7 metres. Some faults were accompanied by baritic or fluorite
mineralisation. Common manifestations were crushing, haematisation of
surrounding rock; red tectonic clay was locally present in the faults. Some
faults were secondary faults, partially quartziferous. Medium and minor
faulting, i.e. tectonic seams and mylonite zones with a thickness in the
order of centimetres to first decimetres and slickensides, was frequent.
Quality of the rock mass in terms of tunnelling is expressed by the

CasteCné prokfemenclé. Znalné rozsitend byla ddle tektonika stfedniho proportion of individual 1\IATM.SUPPOT.t c}a§ses along the tu.nnel. As an
a drobného rdzu — Casty vyskyt tektonickych $vi a mylonitovych pdsem example;, we present the proportion of individual classes during the LTT
o mocnostech v fadu centimetra aZ prvnich decimetra a ohlazovych ploch. excavation.

Kvalitu horninového masivu z hlediska tunelovani vyjadruje One of the main limiting factors regarding the determination of the par-
zastoupeni jednotlivych vystrojovacich tiid NRTM podél tunelu. Pro ticular support classes was the stand-up time, which depended on the cho-
ilustraci uvddime podil jednotlivych tfid pri razbé LTT. sen round length, the degree of the rock mass fracturing, and orientation

of the joint systems and the inherent risk of slipping rock blocks.
Trida NRTM Souhrnna délka  Procentualni zastoupeni

NATM class  Aggregated length  Percentual proportion HYDROGEOLOGICAL OBSERVATION
1. 0 bm 0% The hydyogeological qbservatiqn is a contiquation of the monitoring
21 803 bm 40 % carr1~ed out in tI}e exploration gz}llerles. Changes in the water table leyel are
2.9 294 bm 11 % monl.tored in five .boreholes situated alpng the tgnn.el route, an.d in one
3. 591 bm 30 % well in Panen:iké village. The purpose of this monitoring is to verify whet-
4.1 282 bm 14 % her a connection between the circulation of ground water in the zone near
42 64 bm 4% the surface and deep fissure water circulation systems exists that would be
5. 27 bm 1% encountered by the tunnel.
The observations carried out in the course of the excavation confirm
Celkem/Total 1991 bm 100 % that the shallow water circulation systems are affected by the tunnel exca-
vation even in the case of the maximal overburden thickness. The massif,
Tab. 2 Zastoupeni t¥id NRTM p¥i razbé LTT however, is not homogeneous even from the hydrogeological point of
Table 2 Proportion of NATM classes during the LTT excavation view. The ground water flow is primarily associated with the tectonic lines

and intensely fractured vein bodies of the granitic porphyry.

The water table sunk during the hydrogeological observation, due to the
tunnel excavation, under the bottom of some boreholes at both portals. It
follows from the results of the measurements of the water table level in the
vicinity of the tunnel route that the water table may rise temporarily but
very quickly up to the original level in periods with increased supply of
HYDROGEOLOGICKE SLEDOVANI surface water. From the long-term point of view, however, the tunnel
acting as a drain causes lowering of the water table level in close vicinity,
even in the catchment area of the water supply system of Panenskd villa-
ge. This source will probably experience a reduction of its yield, and it will
completely dry up in longer dry periods.

Maximum flows through the tunnels are estimated at roughly 50 /s,
during extreme inflows this value may reach 100 I/s.

Jednim z hlavnich limitujicich faktord pro zafazeni do té &i oné
vystrojovaci tfidy byla predev§im krdtkodobd stabilita nezajisténého
vyrubu, kterd byla zdvisla na délce zvoleného zdbéru, na stupni poruse-
ni masivu a na orientaci puklinovych systému a s tim spojenym rizikem
vyjeti horninovych bloku.

Hydrogeologické sledovdni navazuje na monitoring prazkumnych
Stol. Jsou sledovdny zmény polohy hladiny podzemni vody v péti vrtech
rozmisténych v celé trase tunelu a v jedné studni v osadé Panenskd. Uce-
lem sledovéni je ovérit piipadné propojeni obéhu podzemnich vod v pii-
povrchové z6né s hlubokymi puklinovymi obéhy, které zastihne tunel.

Pozorovéni provddénd v prubéhu razby potvrzuji, Ze i pfi maximaél-
nim nadloZ{ dochdz{ k ovlivnéni mélkych obéht podzemni vody razbou
tunelu. Masiv vSak ani z hydrogeologického hlediska neni homogenni. CONVERGENCE MEASUREMENTS

Pr.oudén.l’ podzemn{ VOd}/ Je pfednostqé védzdno na tektonické linie Radial deformations of the supported opening are monitored at conver-
a mntenzivne rozpukana. Zilnd télesa granitového poorfyru. N gence stations. Each tunnel tube contains 98 five-point monitoring stations.
Béhem hydrogeologického sledovéni doslo v dusledku razby tunelu Other convergence monitoring stations are in the cross passages. The spacing

k poklesu hladiny podzemn{ vody pod dno nékterych vrta u obou porta-
10. Z vysledki méfeni hladin podzemnich vod v okoli trasy tunelu
vyplyvd, Ze v obdobi se zvySenou dotaci podzemnich vod hladiny
mohou kratkodobé a velmi rychle vystoupit az k ptivodnim drovnim.
Dlouhodobé v§ak v dusledku drendzni funkce tunelu hladina podzemni
vody v blizkém okoli klesne, a to i na jimacim tzemi vodovodu pro
osadu Panenskd. Pravdépodobné dojde k vyznamnému poklesu vydat-
nosti zdroje a v delSich suchych obdobich k jeho tplnému vyschnuti.
Maximalni pratoky tunely se odhaduji zhruba na 50 I/s, pii extrém-

of the stations varies between 5 and 30 m, depending on the anticipated
NATM class. Deformations are assessed in both vertical and horizontal direc-
tions; in addition they are plotted as vectors.

Vertical deformations usually vary between 5 and 15 mm; in the environ-
ment of the paragneiss at the north portal and in sections with locally deteri-
orated geological conditions they even reach 20 mm. Increased deformation
values were also recorded at the cross passages. Lateral deformations are
negligible, not higher than 5 mm. In isolated cases, lateral deformations up to

nich pfitocich miiZe tato hodnota dosahnout az 100 1/s. 25 mm were recorded, associated with the tunnel crossings with the cross
passages.
KONVERGENCNI MERENI In the course of the construction, 3 events of the deformation values exce-

eding the critical levels defined in the detailed design occurred. In the secti-
on at the north portal, the convergences were also affected by the excavation
carried out in front of the tunnel. The increased values of the convergences

Radidlni deformace vystrojeného vyrubu jsou sledovany v konver-
gencnich profilech. V kazdé tunelové troube bylo osazeno 98 pétibodo-
vych profila. Dalsi konvergen¢ni profily jsou v tunelovych propojkéch.

Rozte¢ konvergencnich profildi se pohybuje v rozmezi 5 az 30 m podle did not have to be allowed for by technical measures in the tunnel. Two
predpokladané tfidy NRTM. Deformace jsou vyhodnocovény ve svis- events of rapid and in the same time short-term increase in the deformation
1ém a pfi¢ném sméru, kromé toho jsou zobrazovény i ve formé vektoru. in a vicinity to the cross passages required additional anchors in the affected

Svislé deformace se obvykle pohybuji mezi 5 az 15 mm, v prostiedi sections. In the majority of the convergence monitoring stations, however, the
pararul u severniho portdlu a v dsecich s lokdlne oslabenymi geologic- deformations stabilised safely under the level of the critical values. Defor-
kymi poméry dosahuji az 20 mm. ZvySené hodnoty deformaci byly mations get usually stabilised rapidly, in a close relation with the progress of
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zaznamendny rovnéZ v mistech tunelovych propojek. V pfi¢ném sméru
jsou deformace zanedbatelné do 5 mm. Ojedinéle byly zaznamendny
deformace v pii¢ném sméru a7z 25 mm vdzané na kiiZeni tuneld s tune-
lovymi propojkami.

Za celou dobu razby byly zaznamendny tfi ptipady, kdy doslo k prekro-
Ceni kritickych hodnot definovanych v realizacni dokumentaci stavby.
V tseku pri severnim portdlu se kromé vlastni razby projevil vliv odtézova-
ni pred tunelem a na zvySené hodnoty konvergence nebylo nutno reagovat
provedenim technickych opatieni v tunelu. Dva piipady prudkého a zdrover
kratkodobého narustu deformace v blizkosti tunelovych propojek si vyzéda-
ly prikotveni inkriminovanych dsekd. Ve vétsiné konvergenénich profilt se
vSak deformace ustdlily bezpe¢né pod drovni kritickych hodnot.

Deformace se obvykle rychle ustaluji v t€sné zdvislosti na postupu
razicich praci. Vliv razby dil¢ich Celeb na velikosti celkové deformace
je naznacen v ndsledujici tabulce.

MERENI POKLESU POVRCHU TERENU

Povrch terénu nad tunelem neni zastavén. Presto jsou sledovdny
poklesy povrchu v priportdlovych dsecich a v dseku, kde tunel podcha-
zi pod stévajici silni¢ni komunikaci Usti nad Labem — stitni hranice.
Celkem je na povrchu terénu osazeno 99 nivela¢nich boda.

Maximdlni poklesy terénu az 25 mm byly zaznamendny v blizkosti
horni hrany portdlové stény severniho portdlu, kde se kromé vlastn{
razby tunelu projevil vliv stavebnich a zemnich praci v portdlové jameé.
Pritom svislé deformace v horni ¢dsti portdlové stény dosdhly a7z 40 mm
pri vodorovnych deformacich do 15 mm. Poklesy povrchu pouze od
razby tunelt dosdhly maximdlné 20 mm.

EXTENZOMETRICKE MERENI

Extenzometrické méfeni probihd ve tfech sdruZenych profilech po
tfech vrtech vrtanych z povrchu. Celkem bylo osazeno 9 extenzometric-
kych vrti. Nejniz3{ kotvy jednotlivych extenzometrt jsou umistény cca
1,5 m od teoretického lice vyrubu. Vyska nadloZzi ve 2 sdruzenych pro-
filech v blizkosti obou portald je cca 20 m, ve tretim sdruZeném profilu
situovaném 500 m od severniho portdlu dosahuje cca 55 m.

Svislé deformace se v pararuldch u severniho portdlu pohybovaly do
10 mm, v tektonicky namoZeném ortorulovém komplexu v oblasti jizni-
ho portdlu byly zaznamendny deformace az 30 mm. Ve stfedni &dsti
tunelu byly pfi vy$§im nadlozi deformace zanedbatelné.

Pomér deformaci probéhlych pred prichodem razby extenzometric-
kym profilem a vliv vylomu jednotlivych dil¢ich eleb v priportdlovych
oblastech je patrny z tabulky 4.

Ve sdruzeném profilu situovaném v prostiedi pararul v blizkosti sever-
niho portdlu byly pied prichodem kaloty extenzometrickym profilem

osa: LTT

sedénf (150)

mer. profil: 017

staniZenf trasy:

stanienf tunelu: 215m

LTT Celkova Dil¢i celba / Partial Heading
deformace
LTT Aggregated | kalota jadro sousedni
deformation tunel
Top Heading Bench  Neighbou-
ring tunnel
5 3-4 1-2 0-1
Deformace 10 5-8 1-3 0-2
Deformation 15 8-10 2-4 2-3
(mm) 20 9-12 3-6 3-5
Podil (%)
Broportion(%) 100 45 - 80 15 -40 0-25

Tab. 3 Vliv postupu dil¢ich eleb na velikost seddni v kaloté LTT
Table 3 Influence of partial headings on magnitude of subsidence
in the LTT top heading

the excavation operations. The influence of partial headings on the ove-
rall deformation is shown in the following table.

SURFACE SETTLEMENT MEASUREMENTS

The ground surface above the tunnel is undeveloped. Despite this
fact, the surface settlement is monitored in the portal sections and in
the section where the tunnel passes under the existing road Usti nad
Labem — state border. In total, 99 survey points were installed on the
ground surface.

Maximum surface settlement values of 25 mm were recorded in the
vicinity of the upper edge of the portal wall of the north portal, as
a result of an additional effect of construction and excavation work
carried out in the portal pit. Vertical deformations in the upper part of
the portal wall reached up to 40 mm (at horizontal deformations up to
15 mm). The values of the surface settlement caused by the tunnel
excavation amounted maximally to 20 mm.

EXTENSOMETER MEASUREMENTS

Extensometer measurements are carried out at three joint stations,
each containing three holes bored from the surface (9 boreholes
equipped with extensometers in total). The lowest anchors of the indi-
vidual extensometers are located about 1.5 m from the theoretical
excavation contour. The overburden thickness amounts to 20 m at
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Po pruchodu jadra Celkova deformace Vyska nadlozi

Joint Station Before Top After Top After Bench Overburden
Heading Passage Heading Passage Excavation Passage  Total Deformation Thickness

Sever LTT 0 mm 6 mm 3 mm 9 mm 20 m

North PTT 1 mm 6 mm 3 mm 10 mm

Podil (%) 0 % 60 - 70 % 30-35% 100 %

Proportion (%)

Jih LTT 6 mm 10 mm 5 mm 21 mm 18 m

South PTT 7 mm 22 mm 4 mm 32 mm

Podil (%) 20 - 30 % 50 - 70 % 10-25 % 100 %

Proportion (%)

Tab. 4 Vliv postupu dilcich &eleb na svislé deformace extenzometri v ose tunelu

Table 4 Influence of the passage of partial headings on vertical deformations of extensometers on the tunnel axis

zaznamendny prakticky nulové svislé deformace, pomér vlivu vylomu
jednotlivych dil¢ich Celeb na pokles kotev extenzometru byl zhruba
v poméru 2 : 1 ve prospéch kaloty.

Sdruzeny profil u jizniho portdlu zastihl tektonicky namoZené pasmo
ortorul. Vliv na velikost deformaci mélo i smérné poruseni vzhledem
k pozici tuneli. Poklesy do 6 mm, které byly zjistény pied pruchodem
razby extenzometrickym profilem, probéhly v tésné zdvislosti na pokle-
su povrchu terénu a z vétsi &asti nemely bezprostiedni vazbu na postup
razicich praci. Teprve s pfiblizenim razby na vzdélenost cca 2 m byl
zaznamendn rychly pokles maximélné o 2 mm. Pomér vlivu vylomu
kaloty a jadrabyl vLTT 2 : 1,vPTT az5,5: 1.

Porovndni deformaci primdrniho osténi v horninovém masivu a na povr-
chu terénu ukazuje pomér rozdéleni deformace v horninovém masivu.

Z vysledku vyplyvd ur¢itd nehomogenita v deformadnim chovani
horninového masivu.

Ve sdruzeném profilu v oblasti severniho portalu byly zaznamena-
ny maximadlni deformace na primdrnim ostén{ tunelu. Extenzometrické
mereni prokdzalo prakticky zanedbatelné vzdjemné posuny (odddleni)
jednotlivych kotev extenzometru, absolutni poklesy kotev odpovidaji
poklesim na povrchu.

Ve stfednim sdruZeném profilu byly pfi nadloZ{ 55 m zaznamendny
poklesy povrchu odpovidajicim deformacim v tunelu. V reakci na pra-
chod razby kaloty extenzometrickym profilem byl zaznamendn mirny
vyzdvih kotev extenzometrt, takZe jejich celkové poklesy se pohybuji
do 4 mm bez vzajemného posunu (oddéleni) jednotlivych kotev.

Vysledky méfeni ve sdruzeném profilu situovaném u jizniho portalu
odpovidaji teoretickym predstavdam o chovani horninového masivu. Defor-
mace zji§téné extenzometrickym méfenim jsou vet$i neZ konvergence,
rozdil predstavuje deformace probéhlé v ¢ase mezi vylomem a zahdjenim
konvergen¢éniho méfeni a zahrnuje prekonvergence. Nejmensi deformace
pak vykazuje méfeni povrchu terénu a naznaCuje velikost objemové ztré-
ty. Vzdjemny posun (odddleni) kotev extenzometrt aZ o 12 mm ukazuje
na vytvoreni horninové klenby do vzddlenosti cca 5 m od vyrubu.

the 2 joint stations found in the vicinity of both portals, and about
55 m at the third joint station situated at a distance of 500 m from the
north portal.

Vertical deformations in paragneiss at the north portal did not exce-
ed 10 mm, while deformations up to 30 mm were recorded in the faul-
ted orthogneiss complex in the area of the south portal. Deformations
in the central part of the tunnel, driven under a higher cover, were
negligible.

The proportion of deformations measured before the passage of the
excavation through the extensometer monitoring station, and influen-
ce of the passage of partial headings are shown in the Table 4.

Virtually zero vertical deformations were recorded by extensome-
ters at the joint monitoring station situated in the paragneiss environ-
ment in the vicinity of the north portal before the passage of the top
heading; the proportion of the influence of the partial headings on the
subsidence of the anchors of the extensometers was roughly 2 : 1 in
favour of the top heading.

The joint station at the south portal is found in a faulted zone of ort-
hogneiss. The magnitude of deformations was also affected by the
direction of the faulting relative to the direction of the tunnel tubes, i.e.
the longitudinal faulting. Subsidence values up to 6 mm, which were
measured before the passage of the excavation face by the extensome-
ter station, were associated with natural processes of the ground sett-
lement; mostly they were not directly associated with the progress of
the excavation operations. Rapid subsidence development by maxi-
mum 2 mm was recorded only when the excavation face arrived to
a distance of 2 m from the station. The proportion of the influence of
the top heading and bench excavation was of 2 : 1 in the LTT and up
to 5.5 : 1 in the RTT.

Certain inhomogeneity in the deformational behaviour of the rock
mass follows from the results.
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Sdruzeny profil Sedéani v tunelu Sedani extenzometru Sedani povrchu Vyska nadlozi

Joint station Settlement in tunnel Settlement Settlement of surface Overburden thickness
of extensometer

sever LTIT 15 mm 9 mm 7 mm 20 m

north  PTT 12 mm 10 mm 9 mm

stted LTT 10 mm 4 mm 10 mm 55 m

middle PTT 5 mm 3 mm 8 mm

jih LTT 13 mm 22 mm 11 mm 18 m

south PTT 18 mm 30 mm 17 mm

Tab. 5 Namérené deformace ve sdruZenych profilech
Table 5 Deformations measured at the joint monitoring stations

Z predeslého je ziejmy zdsadni vliv tektoniky, rozevieni puklin
a smerného poruseni v oblasti jizniho portdlu na chovani horninového
masivu.

ZAVER

Komplex méfeni geotechnického monitoringu ovéfil velmi dobrou
napéto-deformaéni odezvu horninového masivu na stavebni zésah.
Vysledky konvergen¢nich a extenzometrickych méfeni potvrdily schop-
nost horninového masivu preklenout vyrub horninovou klenbou. Geo-
technicky monitoring tvoril zcela v souladu se zdkladnimi principy
NRTM duleZitou a respektovanou souédst stavby. Vyznamnym zefek-
tivnénim prdce geotechnického monitoringu bylo vyuZiti databdzového
systému Barab©, diky némuz byly vysledky jednotlivych méfeni a sle-
dovéni poskytovany jednotlivym Gcastnikim stavby téméf okamzité po
zméfeni & dokumentaci prostiednictvim internetu.

V soucasné dobe préce geotechnického monitoringu pokracuji pii rea-
lizaci sekunddrniho osténi méfenim tvaru primdrniho a sekunddrniho
osténi laserovym skenerem Cyrax, sledovanim deformaci sekundarniho
osténi apod.

Razba tunelt poskytla i fadu dopliiujicich geologickych informaci
a hmotného geologického materidlu, kterych bude mozno vyuzit ke
zpresnéni geologické stavby vychodni &ésti krusnohorského krystalini-
ka. Téméf dva kilometry dlouhé tunely Panenskd odkryly unikétni okno
do regiondlné metamorfovaného horninového masivu.

Tunel Panenskd 1ze podle naseho ndzoru povazovat po vSech stran-
kdch za zdafilé dilo. Zvolend tunelovaci metoda, NRTM s horizontdlnim
¢lenénim vyrubu, se v daném horninovém prostredi osvedéila. Razici
prace probéhly kvalitné, bez mimorddnych uddlosti a byly ukonéeny
v piedstihu, coZ u tak ndro¢né ¢innosti, jakou razba tunell bezesporu je,
neni zrovna mdlo. Tunely Panenska lze pradvem oznacit za perlu navle-
&enou na $nure IV. Evropského multimodélniho dopravniho koridoru.

ING. PAVEL GAJDOS, e-mail: gajdos@geotechnika.cz,
ING. ONDREJ KOSTOHRYZ, e-mail: kostohryz@geotechnika.cz,
SG - GEOTECHNIKA, a. s.

Obr. 5 Razba kaloty LTT
Fig. 5 LTT top heading excavation

Maximum deformations of the primary lining of the tunnel were
recorded at the joint station found in the area of the north portal.
Extensometer measurements proved virtually negligible increase in the
separation of individual anchors of the extensometers; absolute settle-
ment of the anchors therefore corresponded to the settlement of the
surface.

Surface settlement values corresponding to the deformations recorded
in the tunnel were measured at the middle joint station (overburden
thickness of 55 m). As a reaction to the passage of the top heading
through the extensometer station, moderate rising of the anchors of the
extensometers was recorded, therefore the values of the overall subsi-
dence of the extensometers are not higher than 4 mm, without any inc-
rease in the separation of the individual anchors.

The results of measurements carried out at the joint station situated
at the south portal correspond to theoretical estimations of the rock
mass behaviour. Deformations determined by extensometer measure-
ments are larger than convergences; the difference represents deforma-
tions developed in the period between the excavation and commence-
ment of the convergence measurement; it comprises pre-convergences.
The least deformations were determined by the ground surface survey,
which fact suggests the magnitude of the volume loss. The increase in
the separation of the individual anchors of the extensometers even by
12 mm suggests that the natural arch originated up to a distance of about
5 m from the opening.

Considering the above-mentioned information, the fundamental influ-
ence of faulting, joint aperture and longitudinal faulting in the area of
the south portal on the rock mass behaviour is obvious.

CONCLUSION

The array of the geotechnical monitoring measurements proved very
good stress-strain response of the rock mass to the construction work.
The results of the convergence and extensometer measurements confir-
med the ability of the rock mass to create a natural arch over the opening.
The geotechnical monitoring formed an important and respected part of
the construction operations, in full compliance with the basic NATM
principles. The application of the Barab© database system meant a sig-
nificant contribution to the efficiency of the geotechnical monitoring. It
allowed all parties of the project to receive the results of individual mea-
surements and observations nearly immediately after the measurement,
or the results to be documented through the Internet.

Currently, the geotechnical monitoring operations are continuing in the
process of erection of the secondary lining. They consist of measurement
of the geometry of the primary and secondary linings by the Cyraxlaser
scanner, observation of deformations of the secondary lining, etc.

The tunnel excavation provided also lot of complementary geological
information and tangible geological material, which can be utilised for
the purpose of refining of the geological structure of the eastern part of
the Kru$né Mountains’ crystalline complex. The nearly two kilometre
long Panenskd tunnels opened a unique window to the regionally meta-
morphosed rock massif.

The Panenska tunnel can be, in our opinion, considered as a success-
ful performance from all aspects. The NATM with the horizontal exca-
vation sequence proved to be chosen properly for the given rock envi-
ronment. The excavation was carried out to a high quality standard, wit-
hout emergencies, and was completed ahead of the schedule. This is
a good achievement regarding the complex character of the tunnelling
work. The Panenska tunnels deserve to be labelled a pearl on the string
formed by the 4th European multimodal traffic corridor.

ING. PAVEL GAJDOS, e-mail: gajdos @geotechnika.cz,
ING. ONDRE] KOSTOHRYZ, e-mail: kostohryz@geotechnika.cz,
SG - GEOTECHNIKA, a. s.
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ADECO-RS VERSUS NRTM - 3D MATEMATICKA ANALYZA
ADECO RS VERSUS NATM - A 3D NUMERICAL STUDY

THOMAS MARCHER, FILIP JIRICNY

Clének shrnuje vysledky studie zabyvajici se porovnanim dvou tunelova-
cich metod: NRTM versus ADECO-RS. Porovnédni bylo provedeno na bdzi
3D matematického modelovéni s cilem prozkoumat statické chovani obou
metod s prihlédnutim k nelinedrnimu chovani horniny a stiikaného betonu.

1. UvoD
Nasazeni horizontalnich kotev pred elbou tunelu (sklolamindtové kotvy,
mikropiloty a pod.) ke stabilizovéni jadra tunelu je v Itdlii uzivano od deva-
desatych let minulého stoleti. Razba tunell zajisténych timto typem vyztuze
probihd plnym profilem. Bylo zjisténo, Ze stabilita jadra tunelu ovliviiuje cel-
kovou stabilitu tunelu. Pro zajisténi bezpe¢ného ndvrhu tunelu se pozornost
soustredila na systém &elba — jadro tunelu. Tento systém zacal byt systema-
ticky pouZivdn poCinaje geotechnickym pruzkumem pres navrh, realizaci aZ
po sledovdni dila. Snaha o maximdlni moZnou miru mechanizace pri razbé
umoznuje dosahovat vysokych dennich postupu. Ndzev metody A.DE.CO-RS
vychdzi z italského akronymu pro fizenou deformaci v hornindch a zemindch
— (Analysis of COntrolled DEformation in Rocks and Soils).
,Klasickd“ NRTM naopak pozornost zaméfuje na deformace primérniho
osténi — tfi zdkladni principy NRTM:
@ hornina plisobf jako element prendsejici zatizeni (budto existujici, nebo
mobilizovany),
@ k omezeni deformaci dochdzi pouzitim stfikaného betonu, ocelovych
ramu a horninovych kotev,
@ systematické sledovéni dila.

Klasickd NRTM muZe byt pouZzita pouze v relativné dobrych geotechnic-
kych pomérech s odpovidajicim primdrnim napétim horninového masivu.
Béhem vyvoje NRTM doslo s tspéchem k pouZiti dalsich prvka pro lepsi
kontrolu deformaci: uklonénd Celba, Celbovy klin, techniky obvodového
vrubu, kotveni Celby, horizontdlni mikropiloty, metody zlepSovani zemin,
jako jsou napf. tryskovd injektaz, zmrazovani, odvodnovani atd.

Piispévek systematicky srovndvd metody NRTM a A.DE.CO-RS za stej-
nych okrajovych podminek s dirazem na mechanické chovéni pfi rozdilném
prostorovém prubéhu razby na strané jedné a na organizaci prubéhu razby na
stran¢ druhé.

2. POPIS METOD

NRTM pouziva pro primdrn{ stabilizaci horninového masivu strikany beton
s ocelovymi rdmy a vyztuznymi sitémi, kotvami a jehlami. Toto poddajné
podepieni snizuje horninovy tlak umoznénim deformaci horninového masivu.
Zatizeni tak Cdstené prebird okolni horninovy masiv. Podle Rabcewicze
(1944) tak dojde k aktivovani nosného horninového prstence. K instalaci
sekunddrniho osténi dochdzi po odeznéni deformaci horninového masivu.
Niésledkem toho je sekunddrni osténi piiznivéji (méné) zatiZeno, a muze byt
tudiZ tenci.

A.DE.CO-RS zavadi pro popis deformaci nové vyrazy:

1) Jddro (tunelu) — objem zeminy nachézejici se pred ¢elbou o rozmérech

priblizné stejnych jako tunel.

2) Extruze — reakce horninového masivu na razbu, probihajici pfevazné
v jadre. Velikost zavisi na pevnostnich a deformacnich vlastnostech
horniny jddra a na primarnim napéti v misté razby.

3) Pre-konvergence — konvergence jddra probihajici v predstihu pred
Celbou. Skute¢né naméfené hodnoty ukazuji t€sné spojeni mezi extruzi
jadra v miste Celby a pre-konvergenci.

Diéle se ukazuje, Ze projevy nestability (typ A: opryskdvéani/opaddvani hor-
niny, typ B: poruseni Celby a typ C: kolaps dila), stejné tak jako deformace
souvisf budto pifmo, nebo nepfimo s tuhosti jadra. Jadro proto tvori kli¢ovy
prvek pfi ndvrhu tunelu. Pfedpokldda se rozdéleni vystavby podzemniho dila
do nésledujicich fdzi: pruzkumnd, diagnostickd, terapeutickd, opera¢ni
a monitorovaci féze. Metody uchovani napéti bézné vyuZivané metodou
A .DE.CO-RS shrnuje Lunardi (2000) véetné prehledu dalsi literatury.

3. NUMERICKA ANALYZA
3.1 0voD

Pii razbé mélce uloZenych tunelt, zvI43t€ v kombinaci s mékkymi zemina-
mi nebo horninami nizké pevnosti, musi byt omezeny povrchové deformace.

This paper describes the results of numerical studies undertaken to investigate
the dynamic tunnel advance of two excavation methods: NATM versus A.DE.
CO-RS. The purpose of the three-dimensional numerical analysis was to investi-
gate the stress and strain behaviour of both methods taking into account the
non-linear behaviour of the soil and the sprayed concrete.

1. INTRODUCTION

The use of horizontal rock bolts ahead of face (fibre-reinforced anchors, mic-
ropiles, and the like) to stabilise the “advance core” has been pursued in Italy since
the early 1990s. With the introduction of this support ahead of face, tunnels were
driven by means of full-face excavation. It was discovered that the measures at the
core constituted a means of stabilising the tunnel. To make the design safe, the
attention of the tunnel designer was directed to the interactive system “tunnel face
- advance core”. This concept was systematically implemented, starting from soil
investigation, design, construction, to monitoring. The tunnel advance concept
was designed as an “industrial” one, which in part resulted in exceptionally high
advance rates. The system was named A.DE.CO-RS (acronym of the Italian term
for Analysis of Controlled Deformations in Rock and Soils).

In comparison, in the classic NATM attention is basically paid to the deforma-
tions of the shotcrete lining. The three essential characteristics are:

@ ground considered as a load-bearing element (either existing or mobilized)

@ reduction of deformations using shotcrete, steel ribs and rock bolts

@ systematic measurements

The classic NATM can only be used with “relatively good “soil conditions and
“ordinary” primary stresses. Further developments of the NATM and/or shotcrete
construction method made use of elements for better control of the deformations.
Advance conservation techniques, such as inclined face, face buttress, pre-cutting
support techniques, horizontal face anchors, horizontal micropiles and advance
improvement techniques, such as ground freezing, jet grouting and drainage sys-
tems were successfully applied.

This paper systematically studies the two methods NATM and A .DE.CO-RS
under the same boundary conditions, with regard to mechanical behaviour taking
account of the varying spatial behaviour in the course of the ongoing excavation
process on the one hand, and on the other, with regard to construction manage-
ment aspects.

2. EXCAVATION METHODS CONSIDERED

In the New Austrian Tunnelling Method (NATM) the initial support to the rock
is provided by a shotcrete primary lining including steel ribs and mesh reinforce-
ment, rock bolts and spiles. This yielding support reduces the rock pressure
through movements. The pressure is redistributed to the surrounding rock. Accor-
ding to Rabcewicz (1944) a “load-bearing ring” of the rock is thus mobilised. It is
only after the rock deformations have subsided that the final lining will be instal-
led. This makes the final lining subject to less stresses, allowing the installation of
a lining of significantly less thickness.

In the A.DE.CO-RS method new terms of reference were introduced in order
describe the deformation response globally:

1) The advance core is the volume of ground that lies ahead of face with

a height and diameter approx. the same size as the diameter of the tunnel,

2) the extrusion is the deformation response inside the advance core depending
on the strength and deformation properties of the core,

3) the preconvergence is the convergence of the theoretical profile of the tun-
nel ahead of face. It was determined that there is a close connection betwe-
en extrusion of the core at the face and the phenomenon of preconvergence
of the tunnel.

Further, a consequent manifestation of instability was postulated (category
A: fall of ground, category B: failure of the face and category C: collapse of the
cavity). According to the method all deformation behaviours (extrusion, pre-
convergence and convergence) and all manifestations of instability depend,
directly or indirectly, on the rigidity of the advance core. Therefore the advan-
ce core was determined as a point of reference for the tunnel specifications. It
is proposed to divide the underground works into the following phases: survey
phase, diagnosis phase, therapy phase, construction phase and monitoring
phase. Conservation techniques which are commonly used for the A.DE.CO-
RS approach are summarized in Lunardi (2000), including an overview of addi-
tional literature.
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V takovéto situaci se pouzivé tuzsi tunelové osténi a rychlé uzavieni spodni
klenby/dna tunelu. Zajisténi ¢elby hraje vyznamnou roli jak z hlediska jeji sta-
bility, tak z hlediska omezeni deformaci nadloZi. Rychlého uzavieni spodni
klenby Ize dosahnout budto razbou plnym profilem (Colin & Neumann 2003;
Marcher & John 2004), nebo razbou s horizontdlnim ¢lenénim Celby a docas-
nym uzavienim dna kaloty. Dals{ metody zndmé jako ,,metody vyztuZovan{
Celby* pouzivaji injektované prvky priblizné rovnobézné s osou tunelu apli-
kované z &elby: horizontdlni injektované sklolamindtové prvky jsou béZné
pouziviny v metodé A.DE.CO-RS (Lunardi 2000). Horizontéln{ injektované
trubky a mikropiloty se téZ pouzivaji v NRTM (Graf von Smettow 2004).

Tato kapitola popisuje hlavni vysledky 3D numerické analyzy zabyvajici se
zv1a$tnimi rysy razby plnym profilem metodou A.DE.CO-RS s pouzitim hori-
zontdlnich  sklolamindtovych kotevnich prvku, které porovndva
s vysledky razby s horizontdlnim ¢lenénim vyrubu na kalotu, jadro a po¢vu
v souladu se zdsadami NRTM.

3.2 GEOMETRIE TUNELU

Pro modelovani byl zvolen typicky piklad silniéniho tiipruhového tunelu
pouzivaného v Rakousku. Sitka tunelu je cca 14 m a vyska cca 7 m. Plochd
spodnf klenba se nachdzi v hloubce cca 3,9 m pod trovni vozovky. Plocha
pri¢ného fezu tunelu pfiblizné 140 m? odpovida teoretickému priméru D =
13,4 m. Podzemni voda neni ve vypoCtu uvaZovina.

3.3 MODEL KONECNYCH PRVKU

Pro vypocet byl pouzit program pracujici s 3D kone¢nymi prvky: ,,Plaxis
3D Tunnel* Brinkgreve et al. (2001). Diky symetrii tlohy mohla byt modelo-
vdna pouze polovina problému. Okrajové podminky umoZziuji na bocich
modelu vertikélni deformace, spodni strana je plné upnuté a povrch je volny.

Volbu rozméri matematického modelu uruje pozadavek na minimaln{
ovlivnéni sledované oblasti razby okrajovymi podminkami definovanymi na
hranici modelu. Toho je podle Maiinera (1996) dosazeno v piipadé, kdy
vzddlenost okraje modelu od osy tunelu v horizontdlnim sméru dosahuje
4- a7 5ndsobku priméru tunelu (D) a spodni okraj modelu je vzdalen 2 az 3
nésobky pruméru tunelu pod jeho dnem. Délka modelu z4visi na modelované
metode razby s uvazovanim odpovidajicich fazi vystavby v podéIném sméru.

Horninu modelujf 15uzlové klinové elementy s pouzitim Mohr-Coulombo-
va konstitutivnfho modelu. Casové zdvislé chovéni stifkaného betonu (dotva-
rovéni a zpevnéni) je zohlednéno pouZitim dvou tuhosti modelovaného osté-
ni John et al. (2003). Pro ¢asovy okamzik krdtce po aplikovani stifkaného
betonu slouzi ,,mlady* beton s modulem pruznosti E = 7500 MN/m?. Pro
modelovdni dlouhodobého pusobeni byl pouZit ,,vyzrly* stifkany beton
s modulem pruznosti E = 15000 MN/m?. Ke zméné vlastnosti osténi doslo
vzdy ve vzddlenosti tif zabéra za Celbou tunelu, coZ piiblizné odpovidd staff
betonu 2 az 3 dny.

Popis dal3ich prvku zajisténi stability vyrubu stejné jako popis jednotlivych
fazi razby uvadime pro kazdou zkoumanou metodu zvI4st.

il g g .-"'F'L. .
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@ Délka bez vyztuZeni @ Kalota / Top heading
/ Unsupported length ® Spodni klenba / Invert
@ Primarni osténi / Initial Lining ® Jadro / Bench
@ Kotvy / Anchors

Obr. 1 FE model pro NRTM
Fig. 1 FE model for NATM

NRTM model:

@ Osténi ze stifkaného betonu o tloustce d = 0,35 m modeluji deskové
elementy.

® Kotvy — radidlni SN kotvy osazované z tunelu modeluji ekvivalentni
deskové elementy délky 6 m. Aktivace kotev probihd ve stejném kroku jako
osazeni osténi ze stfikaného betonu.

@ Ocelové rdmy model vzhledem k jejich nizké tuhosti neuvazuje. Divodem
je jejich velkd osové vzdalenost a fakt, Ze jsou ulozeny do stifkaného beto-
nu (v pifpadé Cerstvého betonu nepusobi).

@ Jehly nebyly, vzhledem k malému statickému vyznamu v modelu zohled-
nény — slouZi prevdzné k zajisténi bezpecnosti na Celbe.

@ Zajisténi Celby neni uvazovano.

3. NUMERICAL ANALYSIS
3.1 INTRODUCTION

Tunnels at shallow depths, especially in combination with soft ground or weak
rock, have to limit surface settlements. In this situation often rather stiff tunnel
support and a quick invert closure are to be applied. Face support is needed in
order to maintain face stability as well as to limit settlements. Quick invert closu-
re is maintained either by special full face excavation methods such as reported in
Colin&Neumann (2003) and Marcher & John (2004), or by multiple excavation
methods such as the well known top heading invert arch of NATM. Other methods
such as those called “face-reinforcing techniques” use longitudinal elements grou-
ted into the face: horizontal fibre-glass pipes are generally applied in the
ADE.CO-RS method, i.e. in Lunardi (2000), horizontal grouting tubes or micro-
piles have recently been used in the NATM (i.e. Graf von Smettow (2004)). This
chapter describes the main results of 3-D numerical studies to investigate the spe-
cial features of a full-face excavation according the A.DE.CO-RS method using
fibre-glass elements in front of the face in comparison to the classic NATM with
heading, bench and invert excavation.

3.2 TUNNEL GEOMETRY

The example chosen represents a typical cross-section which is used in three-
lane road tunnels in Austria. The tunnel has a cross-section with a height of app-
rox. 7 m and a width of approx. 14 m. A flat invert arch has been assumed (app-
rox. 3.9 m below street level). An equivalent tunnel area of 140 m? is considered,
resulting in a theoretical tunnel diameter D of 13.4 m. The groundwater level was
assumed to be below the tunnel.

3.3 FE MODEL

The 3D Finite-Element program “Plaxis 3D Tunnel” is used for the calculati-
ons, Brinkgreve et al. (2001). Because the geometry is symmetric only half the
boundary problem needs to be considered. The circumferential boundaries are
restrained in both the x and y directions. The ground surface is free to move, the
bottom of the model is fully fixed.

The dimensions of the Finite-Element mesh are chosen in such a way that the
impact of the cavity on the edges of the FE mesh has subsided. According to Mei-
Bner (1996) this is the case when the horizontal length of the mesh, from the tun-
nel axis to the edge, corresponds to 4-5 times the tunnel diameter (D) and the
depth below the tunnel invert corresponds to 2-3 times the tunnel diameter. The
length of the model depends strongly on the excavation method and has to be eva-
luated depending on the relevant excavation phases in longitudinal direction.

The ground is modelled with 15-node wedge elements using Mohr-
Coulomb’s constitutive model. In order to model time-dependent behaviour of the
shotcrete (creep and hardening), two stiffnesses of the shotcrete lining (initial sup-
port measure) are taken into account, i.e. John et al. (2003). For a short time after
tunnel lining installation “young” shotcrete with E = 7500 MN/m? is used. For
a long-term period “mature” shotcrete with E = 15000 MN/m? is applied. This
change of lining properties was activated three round lengths behind the face,
which corresponds to a shotcrete age of approx. 2 - 3 days.

The specific characteristics of additional support measures as well as the spe-
cific excavation phases are described separately for the two excavation methods:

NATM model:

@ The thickness of the shotcrete lining was assumed to be 35 cm.

@ Rock bolts - radial SN anchors installed from the tunnel - were modelled by
equivalent plate elements with a length of 6 m. The activation of the anchors
was simulated parallel to the relevant activation of the shotcrete lining.

@ The steel ribs (e.g. lattice girders) are not included in the FE calculations as they
only increase the stiffness of the lining insignificantly due to the large distance
between the steel ribs and due to the fact that the ribs are embedded in the
shotcrete (not active in the elastic state of the shotcrete).

@ Spiles are not included in the calculations as they are of little static relevance
and mainly serve to provide occupational safety at the face.

@ No support ahead of face was considered.

@ The final lining was not taken into account as it will be installed after the rock
deformations have subsided.

@ Excavation phases: the “step-by-step tunnelling sequence” was applied using
the phased analysis option available in the FE program used. Separate excava-
tion phases for heading, bench and invert each with separate application of the
young/mature shotcrete were considered. A round length of top heading
excavation of 1.3 m was used. The subsequent excavations of bench and invert
were minimized by following the heading excavation at a distance of approx.
30 m and 45 m respectively in order to reduce the model length to save
computation time.

A.DE.CO-RS model:

@ The thickness of the shotcrete lining in the tunnel heading was assumed to be
30 cm.
@ No rock bolts were used.




@ Primarni osténi véetné ocelovych oblouku / Initial lining incl. steel arches

@ Vzdalenost definitivniho osténi od Celby 2 — 3 D / Final lining distance from face 2 -3 D
® Celba tunelu se sklolaminatovjmi kotvami / Tunnel face with fibre-glass anchors
@ Sklolaminatové kotvy (délka 17 m) / Fibre-glass anchors (length = 17 m)

® Vzdalenost spodni klenby od celby — 1 D / Invert arch distance from the face — 1 D
® Spodni klenba definitivniho osténi tl. 90 cm / Final lining invert arch the 90 em

Obr. 2 FE model pro A.DE.CO-RS
Fig. 2 FE model for A.DE.CO-RS method

@ Sekunddrni osténi neni uvazovéno, jelikoZ se osazuje po odeznéni deformaci.

@ Postup razby s délkou zdbéru 1,3 m byl modelovan krok za krokem se
zohlednénim jednotlivych fézi razby kaloty, jadra a podvy v&etné postup-
ného ,,zrani** betonu. Razba jadra ndsledovala razbu kaloty ve vzdalenosti
40 m. Razba pocvy nésledovala za dalSich 25 m. Tyto vzdalenosti, ve sku-
te¢nosti mnohem vétsi, zde byly zvoleny tak, aby ¢as potfebny k provede-
ni vypoctu nepfesahoval ,,rozumné meze.

A.DE.CO-RS MODEL:

@ Osténi ze stitkaného betonu o tloustee d = 0,30 m modeluji deskové elementy.

@ Kotvy — zadné radidln{ kotvy nebyly pouzity.

@ Ocelové rdmy — dva profily HEB 180 osazované v kazdém zébéru délky
1,3 m jsou ve vypoltu zohlednény. Divodem je jejich tuhost a okamZitd akti-
vace na lici vyrubu (pusobi ihned po osazeni).

@ Jehly nebyly pouzity.

@ Pro vyztuz jadra tunelu pred Celbou byly pouzity sklolamindtové elementy.
Jednu kotvu tvor tfi sklolamindtové pasky 40 mm x 6 mm a injektdZni trubka.
V modelu nahrazuje z divodu dspory vypocetniho Casu vzdy &ty kotvy délky
17 m jedna kotva s ekvivalentnimi parametry o praméru 0,4 m. Pro vystizeni
redlného chovani kotvy bylo pouZito kriterium Mohr-Coulombova poruseni.

@ Sckunddrni osténi modeluji objemové prvky (15 uzlové kliny) s pruznym cho-
vanim. Modul pruznosti betonu odpovidal dané tfidé betonu. Tloustka ostén{
byla uvazovdna v klenbé 45 cm, respektive v po¢ve 90 cm.

@ Razba byla modelovdna jako razba plnym profilem. Pouze mald ¢4st dna byla
vytéZena (deaktivovana) tésné pred betondZi spodni klenby ve vzdélenosti cca
10 m (pfiblizné 1< tunelu) od Celby. Délka zdbéru byla 1,3 m. K osazeni
sekundérniho osténi doslo ve vzdalenosti cca 25 m od Celby.

3.4 GEOTECHNICKE PARAMETRY HORNINOVEHO MASIVU

Razba byla uvazovdna v homogennim horninovém prostredi. Analyza pro-
bihala pro dva zvolené typy prostiedi popisujici relativné rozvolnénou horni-
nu, jako je vdpenec ruzného stupné zvétrdni a rozkladu, obsahujici polohy
jiloveu, prachoved, slint a slinoveu.

Typ horniny Modul pruznosti E Pevnostni parametry
Ground type E modulus Strength
E ® c
[MN/m?] [°] [kN/m?]
I 300 275 150
I 140 25 65

Tab. 1 Parametry horninového masivu
Table 1 Ground Properties

Do modelu ddle vstupovala objemové hmotnost zeminy y = 24 kN/m? a Pois-
sonova konstanta v =0,25. Vyska nadlozi tunelu dosahovala 40 m. Primérn{ napé-
ti definovala objemovad hmotnost y a koeficient bo¢niho tlaku K, =0.5.

3.5 POROVNANI VYSLEDKU

Vznik napétové klenby:

Provedeni kazdého zdbéru vyvoldvd zmény v polich napéti a deformaci
v okoli vyrubu. Tyto zmény nejsou zatim piimo zachycovany osténim (ostén{
neni v daném zdbéru zatim osazeno), a proto se vynéSeji na osténi jiz diive
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@ The steel ribs were taken into account as they are placed on the outer side of the
initial support shotcrete and therefore act immediately as a support measure
(active in the elastic state of the shotcrete). Two HEB180 ribs were installed
after each round length of 1.3 m.

@ No spiles were used.

@ For the support ahead of face fibre-glass structural elements were considered.
One anchor consists of three fibre-glass plane elements 40 x 6 mm and grou-
ting pipes. Four face anchors in reality are replaced by one equivalent numeri-
cal anchor placed in the centre of gravity of the replaced anchors (to save com-
putation time). The active length of the anchors in front of the face is constant-
ly approx. 17 m. The anchors are modelled with a diameter of 0.4 m. In order
to describe a realistic material behaviour the anchors are modelled with the
Mohr Coulomb failure criterion.

@ The final lining is modelled by means of volume elements (15-node wedge ele-
ments) with an elastic behaviour. The modulus of the concrete of the final lining
is determined according to the predetermined concrete class. The thickness of
the final lining heading has been assumed to be 45 cm and that of the invert arch
to be 90 cm.

@ Excavation phases: a “step-by-step tunnelling sequence” was applied using the
phased analysis option available in the FE program used. The excavation is car-
ried out as nearly full-face excavation. Only the area of the tunnel invert has to
be excavated just before casting the final invert lining approx. 10 m behind the
face. A round length of 1.3 m is used. The final lining of the heading follows
the face at a distance of approx. 25 m.

3.4 GROUND PROPERTIES

Excavation through homogeneous ground was considered. Two different
ground types were selected in the analysis describing relatively weak rock, such
as limestone of varying degrees of weathering and disintegration, consisting of
platy alternate bedding of dense claystone, siltstone, marl and marlstone.

A unit weight of y = 24 kN/m? was assumed with Poissongs ratio of v = 0.25.
The overburden of the tunnel is chosen to be 40 m. The initial stress conditions in
the ground are defined by the specific weight y and the coefficient of lateral earth
pressure K, =0.5.

3.5 COMPARISON OF NUMERICAL RESULTS

Stress arching: Every excavation state implies a change to the stresses and
strains around the tunnel. Especially in the intermediate construction stages the
structure is subject to the greatest amount of stress as the disturbance is not yet
fully supported by the lining.

Generally the pre-existing stresses in the rock mass will be deviated by the tun-
nel excavation and will be channelled around the tunnel. This redistribution of
stresses takes place as (see Figure 3):

a) arching effect around the tunnel,

b) arching effect along the tunnel axis,

¢) dome effect in front of the tunnel.

The combination of these effects determines the resulting stress and strain state.

Fig. 4 compares the stress states at the face, depicting the principal stress tra-
jectories (mean effective stress crosses) of the two tunnel excavation methods.
While the NATM excavation only mobilises small stresses arching ahead of face,
the A.DE.CO-RS advance shows marked stress effects:

@ as a result of support ahead of face (face reinforcement) the dome effect in front
of the face is much more pronounced.

@ the short distance of the invert to the face leads to stress arching which extends
from ahead of the face to below the rigid support of the invert.

@ the relatively short distance of the permanent lining to the face results in marked
stress arching between face and permanent lining longitudinally above the crown.

A comparison shows that the shape of the cross-section and the face as well as

(a) (b) ()

Obr. 3 Typy napétové klenby
Fig. 3 Mechanisms of stress arching
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zabudované a do okolniho horninového masivu

pred &elbou, tvoric tak zvanou napétovou klenbu.

Obecné dochazi vlivem razby k porusenti existu-
jiciho pole napéti a naslednému preskupeni napéti
v okoli tunelu. Toto preskupeni lze pfiblizne roz-
délit do ndsledujicich slozek (viz obr. 3):

a) PFi¢nd napétova klenba.

b) PodéInd napétova klenba.

¢) Oblast zvySenych napéti pred celbou ve tvaru

kopule.

Kombinace vySe uvedenych efektd urluje
vysledné pole deformaci a napéti.

Na obr. 4 jsou porovndna pole hlavnich napéti
obou zkoumanych metod, vyjadrené vektory hlav-
nich napéti. Zatimco v pifpadé NRTM dochdzi
pouze k omezené mobilizaci napéti pred ¢elbou,
v pripadé metody A.DE.CO-RS jsou zfetelné
nasledujici slozky:

@ Klenbovy efekt pred ¢elbou, zpusobeny hori-
zontdlnim vyztuZenim jdra.

@ Maly odstup spodni klenby umoznujici vytvore-
ni horninové klenby mezi ¢elbou a tuhou spod-
ni klenbou tunelu.

@ Relativné maly odstup sekunddrniho osténi od
Celby umoznujici vznik horninové klenby nad tunelem v podélném sméru.
Srovndni ukazuje, Ze tvar pficného fezu tunelu a Celby stejné jako tuhost hor-
niny pred ¢elbou vyrazné ovliviiuji pole napéti a pretvorenti. Pri¢ny fez by mél
byt pokud mozno kruhového tvaru a ¢elba by méla mit tvar vypoukly.
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Podélné horizontalni deformace celby tunelu: efekt vyztuzeni
jadra/Celby znédzornuje obr. 5 v grafu postupu razby jednoho zdbéru (Plaxis:
MStage 0-1) v porovnani s horizontdlnimi deformacemi celby Az v trovni
priblizné 2 m pod vrcholem kaloty tunelu. V tomto kontextu lze postup razby,
resp. deaktivovdni jednoho zdbéru uvazovat jako postupné uvoliovani stabi-
lizacntho tlaku na Celbu. Srovnani razby kaloty NRTM a razby plnym profi-
lem metodou A.DE.CO-RS s ohledem na horizontdlni deformace ukazuje, Ze
tyto jsou vyrazné mensi v pripadé vyztuzeného jddra/Celby dle metody
ADE.CO-RS. V piipadé NRTM je plocha vyrubu mnohem mensi, a presto
dochézi k rychlému ndrustu deformaci elby, coZ indikuje vysoky stupen
mobilizovdni pevnosti masivu a vznik plastickych zén v okoli ¢elby tunelu.

Soudet piirustki horizontdlnich deformaci Celby jako funkce postupu
razby tunelu nazyva prof. Lunardi mirou extruze Celby tunelu. Z obr. 6 je
ziejmé, 7e mira extruze dosahuje v pripadé razby kaloty podle zdsad NRTM
vice néz trikrat vétSich hodnot nez v piipadé razby plnym profilem podle
zdsad metody A.DE.CO-RS.

Vertikdlni deformace v misté ¢elby: Nékteif autori jako Koviri (2000),
Lunardi (2000), Brandl (2000), Poma (2000) a Yoo & Shin (2003) prokdzali
pozitivni efekt vyztuZenf celby jak na velikost vertikdlnich deformaci vrcho-
lu tunelu, tak na deformace nadloZi. Graf v levé Easti obr. 7 zndzornuje verti-
kélni deformace bodu ve vrcholu tunelu. Pokud jsou vertikdlni deformace
vykresleny jako funkce postupu razby, je ziejmé, Ze pocétek pre-konvergen-
ce (Lunardi 2000) je vzddlen od Celby tunelu. Velikost deformaci zdvisi na
pevnostnich a deformacnich vlastnostech masivu pfed a v okoli Celby (viz
prava cast obr. 7).
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—
0,75 Smér razby

\ Tunnel advance

. \\ | I>1.3r4nI
N o~ | | |

\ Razba metodou NRTM / NATM excavation

=

0,25 l
Razba metodou Adeco RS / Adeco RS excavation\
N N I s N
0 5 10 15 20 25 30 35

Pribéh razby v zdberu A / Excavation rate of slice A

Horizontélni deformace Celby Az v dusledku razby v zdbéru A typ zeminy II [mm]
Horizontal face displacement Az due to excavation slice A [mm]
ground type 1T

Obr. 5 Podélné horizontdlni deformace celby — posunuti v pruhu A: NRTM
versus A.DE.CO-RS

Fig. 5 Face axial displacements due to excavation of slice A: NATM versus
A.DE.CO-RS

A.DE.CO-RS hlavni nhapéti
A.DE.CO-RS principal stresses

@ Primarni osténi s ocelovymi oblouky / Initial lining with steel ribs
@ Definitivniho osténi, tloustka klenby 45 cm / Final lining 45 cm

® Spodni klenba definitivniho osténi tl. 90 cm / Final lining invert arch 90 cm
@ Primarni osténi / Initial lining

NRTM hlavni napéti
NATM principal stresses

4] MAEES L h k)

AT

i B

Obr. 4 Pole hlavnich napéti, razba dle NRTM (vpravo); razba dle A.DE.CO-RS (vlevo)
Fig. 4 Resulting mean effective stresses due to NATM excavation (right) and A.DE.CO-RS excavation (left)

the stiffness of the area ahead of the face decisively influences the stress and
deformation state. The cross-section should be as circular in shape as possible and
the face should have a concave shape.

Axial Deformation at the Tunnel Face: The effect of face reinforcement is
illustrated in Fig. 5 in a plot of the excavation rate (Plaxis: MStage 0 + 1) of slice
A versus the horizontal face displacement Az approximately 2 m below the crown.
In this context the excavation rate of slice A should be considered as various sta-
ges of face pressure release. A comparison of the NATM top heading excavation
with the full face excavation of A.DE.CO-RS with respect to this deformation
behaviour indicates that the face axial displacement is significantly reduced for
face reinforcement with the A.DE.CO-RS method. In NATM excavation the face
area is much smaller but still there is a rapid increase in horizontal face displace-
ment. This indicates a high degree of full mobilisation of strength (plastic zones)
around and in front of the tunnel face.

This accumulative increase of the horizontal face displacements as a function
of the tunnel advance has been determined by Lunardi (2000) as the extrusion rate
of the tunnel face. Fig. 6 illustrates that this extrusion rate for the case of top hea-
ding excavation (NATM) is more than three times higher than in case of face exca-
vation according to the A.DE.CO-RS method.

Vertical Displacements at the Tunnel Face: Several authors, such as Kovari
(2000), Lunardi (2000), Brandl (2000), Poma (2001) and Yoo & Shin (2003) have
proven that the effect of face reinforcement affects the vertical deformations on
the tunnel crown as well as on the surface positively. The plot in Fig. 7 (left) illust-
rates a point located on the crown of the tunnel still to be excavated (slice 21).
When plotting the vertical displacement on a graph as a function of the tunnel
advance it can be visualized that the pre-convergence (as determined by Lunardi
(2000)) starts at a certain distance of the considered point from the tunnel face.
The amount of settlement depends on the strength and deformation properties of
the ground in front of the tunnel face (see Fig. 7, right).

Pre-convergence rate of both methods is almost the same, the convergence rate
after installation of the initial support is slightly higher with NATM excavation.
However, for both methods poor soil conditions considerably increase the settle-
ment for both pre-convergence and convergence.

Settlement behaviour: Fig. 8 indicates that both methods, A.DE.CO-RS with
full-face excavation and NATM with top heading excavation, show a similar sett-
lement behaviour. The reason is the fact that the A.DE.CO-RS method uses face
reinforcement, whereas the NATM excavation face area is much smaller.

3.6 SENSITIVITY ANALYSIS

The above calculations for A.DE.CO-RS were carried out assuming that the
final invert lining is approx. 10 m behind the face. The final lining of the heading
follows the face at a distance of approx. 25 m.

Additional calculations were done with a greater distance of the final lining
from the face.

The distances of the final lining to the face depicted in Fig. 9 (left) signifi-
cantly limit the possibility of a backup system suitable for construction. That is
why numerical studies were undertaken to determine the influence on the system
behaviour when changing the backup of the final lining. The sensitivity analyses
show that the system reacts very sensitively when changing the distance of the
invert arch of the final lining (marked increase of deformations), while much
smaller displacements occur when the distance of the upper part of the final
lining is changed. The reasons are, in addition to the assumed ground properties,
especially the already rather stiff primary support on account of the massive steel
ribs. The distance depicted in Fig. 9 (right) of the final lining to the face result in
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Pre-konvergence dosahuje v piipadé obou metod skoro stejnych hodnot,
konvergence jsou v pripadé razby kaloty podle NRTM mirné vyssi. Ve zhor-
Senych geotechnickych podminkdch dochédzi k vyraznému ndrustu jak pre-

konvergenci, tak konvergenci.

Deformace nadloZi: Z obr. 8 je ziejmé, Ze jak metoda A.DE.CO-RS s raz-
bou plnym zdbérem, tak NRTM s razbou kaloty vykazuji obdobné deformace
nadloz{. Shodu zpusobuje v piipadé metody A.DE.CO-RS vyztuZeni
jadra/Celby, v pfipadé NRTM mnohem mensi plocha vyrubu.

3.6 CITLIVOSTNi ANALYZA

Kromé vyse popsaného modelu pro metodu A.DE.CO-RS zaloZeného na
predpokladu zabudovani definitivniho osténi dna tunelu ve vzdalenosti 10 m,
resp. konstrukce horni klenby ve vzddlenosti 25 m od Celby tunelu, byla pro-
vedena analyza pro pripad zabudovéni definitivniho osténi ve vétsi vzdale-
nosti od celby. Mald vzdalenost mezi ¢elbou a mistem, kde je osazovéno defi-
nitivni osténi, vyrazné zté7uje koordinaci vystavby. Proto byla vypracovdna
studie zkoumajici chovéni systému pii zvétSeni vzddlenosti mezi ¢elbou
a definitivnim osténim. Analyza prokézala citlivou reakci systému na zménu
vzdélenosti osazovani definitivniho osténi dna tunelu (ndrtst deformac),
zatimco v pripadé vetsiho odstupu zabudovani definitivniho osténi klenby
nedochdzelo k vyraznému ndrustu deformaci. Duvodem je masivn{ primérn{
osténi klenby s tuhymi ocelovymi ramy. VEtsi vzdalenost zabudovéni defini-
tivniho ostén{ klenby od &elby tak, jak ukazuje obr. 9 vpravo, nezpusobuje
vyrazngjsi ndrast deformaci vzhledem k ptivodnimu rozvrZeni podle obr. 9
vlevo a ddvd vice manipula¢niho prostoru stavbé. Nicméné je tieba mit na
zieteli, Ze tyto vysledky jsou platné jen v uvazovaném rozsahu vlastnosti hor-
ninového masivu. V méné kvalitnich hornindch nelze tento jev ofekévat.

3.7 SHRNUTI

Ukolem studie bylo srovnani klasické NRTM s horizontdlnim &lenénim
vyrubu na kalotu, jédro a po¢vu s metodou A.DE.CO-RS. Z tohoto divodu
byl pouzit takika shodny pfi¢ny fez. Parametry horninového masivu byly zvo-
leny tak, aby ¢elba zustala stabiln{ bez dalsich podpurnych opatieni. Za téch-
to podminek bylo ukazano:

Tvar pii¢ného fezu tunelu a &elby stejné tak jako tuhost horniny pred Cel-
bou vyrazné ovliviuji pole napéti a pretvoreni. Pfi¢ny fez by mél byt pokud
mozno kruhového tvaru a Celba by méla byt vypoukla.

Deformace v ose tunelu jsou zfetelné mensi, pouZije-li se vyztuZeni
Celby/jadra. V pripadé NRTM dochézi pres mnohem mensi plochu vyrubu
k rychlému ndrustu deformaci Celby. Tento narust indikuje vysoky stupen
vyuziti pevnosti horniny v oblasti celby.

Horizontaln{ vyztuz Celby/jadra priznivé ovliviiuje jak vertikdlni deforma-
ce vrcholu tunelu, tak deformace nadlozi.

V danych podminkéch se ukdzalo, Ze obé tunelovaci metody ddvaji obdob-
né vysledky. Velké deformace nevyztuZeného jddra jsou vykompenzovéiny
vyrazné mens{ plochou ¢lenéného vyrubu. Je tieba zduraznit, Ze v pripadé
zhorSenych podminek razby (méné priznivé rozdéleni primédrniho napéti
a/nebo mdlo soudrzné az nesoudrzné horniny) se vyhody A.DE.CO-RS ve
srovndni s NRTM vyrazné zvysi. Numerické srovnani NRTM rozitené
o dal3i podpurné opatfeni (napf. mikropilotovy destnik, do¢asné uzavieni dna
kaloty) s A.DE.CO-RS za nepfiznivych geotechnickych podminek muze
poskytnout na toto téma dalsf informace.
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Obr. 7 Vertikdlni deformace ¢elby: NRTM versus A.DE.CO-RS
Fig. 7 Vertical displacements at the tunnel face: NATM versus A.DE.CO-RS

Vertikdlni deformace ve vrcholu tunelu [m]
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Obr. 6 Vyvoj podélnych horizontdlnich deformaci v zdvislosti na raZbé:
NRTM versus A.DE.CO-RS

Fig. 6 Accumulative development of axial displacements due to excavation:
NATM versus A.DE.CO-RS

negligible larger deformations as compared to the initial situation (Fig. 9 — left)
which significantly facilitate the practical work sequence. However, it has to be
noted that this sensitivity analysis is only valid under the assumption of the con-
sidered range of ground properties. With markedly poorer soil parameters these
effects cannot be expected.

3.7 SUMMARY

The objective of this study was to compare the classic NATM, which
uses sequential excavation (heading, bench, invert) to the A.DE.CO-RS
method. To this end almost equal tunnel cross-sections were used. The
soil parameters were chosen in such a way that the face of the top heading
remains stable even without any additional face support. A comparison
under these boundary conditions shows that:

@ the shape of the cross-section and the face as well as the stiffness of the
area ahead of the face decisively influences the stress and deformation
state. The cross-section should be as circular in shape as possible and
the face should have a concave shape.

@ the face axial displacement is significantly reduced for the case of face
reinforcement. In NATM excavation the face area is much smaller but
still there is a rapid increase in horizontal face displacement indicating
full mobilisation of strength in front of the face.

@ face reinforcement affects the vertical deformations on the tunnel
crown as well as on the surface (settlement behaviour) positively.
Under the given boundary conditions it becomes apparent that the two

excavation methods yield equal results. The larger deformation of the

advance core in NATM advance is compensated by a significantly smal-
ler face area when using sequential excavation.

However, it has to be noted that in case of markedly poorer advance condi-
tions (unfavourable primary stresses and/or slightly cohesive to non-cohesive
soils) the advantages of the A.DE.CO-RS method as compared to classic
NATM increase markedly. A numerical comparison of an extended NATM
advance with additional and constant measures (e.g. pipe arch and top heading
invert arch) to the A.DE.CO-RS method under unfavourable geomechanical
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Obr. 8 Deformace nadloZi zpiisobené razbou tunelu: v pricném sméru (vlevo) a v ose raZby (vpravo)
Fig. 8 Surface settlement due to excavation advance: tunnel cross section (left) and longitudinal direction (right)

@ Definitivni osténi, tloustka klenby 45 cm / Final lining 45 cm

@ Definitivni osténi, tloustka spodni klenby 90 cm / Final lining invert arch 90 cm

® Vzdalenost definitivniho osténi klenby od ¢elby ~25 m / Final lining distance from face ~25 m

@ Vzdalenost definitivniho osténi spodni klenby od ¢elby ~10 m / Invert arch distance from the face ~10 m
® Vzdalenost definitivniho osténi klenby od &elby ~120 m / Final lining distance from face ~120 m

® Vzdalenost definitivniho osténi spodni klenby od ¢elby ~20 m / Invert arch distance from the face ~20 m
@ Vzdalenost docasného zasypu dna od ¢elby ~30 m / Temporary backfill distance from face ~30 m

4. ZAVER

ADE.CO-RS nebo NRTM? Obecné lze vzdy obtizné stanovit nejvhodnéj-
§f metodu vystavby pro dany projekt. Studie ukazuje, Ze obé metody posky-
tuji alespon pro dané parametry horninového masivu srovnatelné vysledky.
Numerické vysledky ukazuji pozitivni vliv vyztuzeni Celby/jadra na vyvoj
deformaci a moznost razby s velkou plochou vyrubu.

Potencidl vysokého stupné mechanizace razby musi byt srovndn s vysokou
prizpusobivosti NRTM. Velkd ¢4st pozitivniho efektu moZnosti vyuZiti vyso-
kého stupné mechanizace razby kompenzuji ndklady na vyztuZeni jadra, tuzsi
primdrni a silngjsi definitivni osténi. Rakouskd spole¢nost Eisenbahn-Hoch-
leistungsstrecken AG ve svych poslednich soutéZznich podminkdch umoznila
nabizet kromé NRTM i jiny zpusob vystavby tuneli napf. prostiednictvim
TBM. Toto umoznuje vyte¢né srovnani téchto dvou metod. Aby doslo k roz-
Sifeni povédomi o moZnosti pouZiti metody A.DE.CO-RS, je jak pro dodava-
tele, tak pro zdkaznika dileZité oteviit vybérovd fizeni i pro metodu
ADE.CO-RS. DR. DIPL-ING. THOMAS MARCHER,

ING. FILIP JIRICNY, e-mail: filip jiricny @ibk.ilf.com
ILF Consulting Engineers, Rum/Innsbruck, Rakousko

Obr.9 A.DE.CO-RS: Variace vzdd-
lenosti osazovdni sekunddrniho
osténi od Celby tunelu

Fig. 9 ADE.CO-RS: Variation of
the distance of the final lining
from the tunnel face

conditions would yield further
information on this issue.

4. CONCLUSIONS

ADE.CO-RS or NATM? In
general it is always difficult to
figure out the most economic
method for a specific project.

The numerical studies show
that the two advance methods —
at least for the given range of soil
parameters - provide comparable
results. The FE results illustrate that especially the face reinforcement
positively influences the deformation mechanisms allowing to excavate
larger cross sections.

The potential of a greater degree of mechanisation by using A.DE.CO-
RS has to be compared with the higher flexibility afforded by NATM.
A great part of the cost advantages that result from increased efficiency by
using an “industrial” full face excavation are lost due to expensive arran-
gements for the support ahead of face, for heavier primary lining and for
a thicker mostly reinforced inner lining. The Eisenbahn-Hochleistungsst-
recken AG in Austria in their latest call for tenders provide the possibili-
ty of offering NATM and/or another option, e.g. TBM drive. This scheme
allows an excellent comparison of these two excavation methods. To bro-
aden the knowledge by using A.DE.CO-RS it is very important for both
the contractors and clients to open the calls for tenders in Austria especi-
fically to the A.DE.CO-RS method as well.

DR. DIPL-ING. THOMAS MARCHER,
ING. FILIP JIRICNY, e-mail: filip jiricny @ibk.ilf.com
ILF Consulting Engineers, Rum/Innsbruck, Rakousko
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Na pamiatku Prof. Ing. Juraja Mencla /In commemoration of Prof. Ing. Juraj Mencl

f

N On 13/2/2005, an outstanding man, tunnelling expert
remembering the era of railway tunnels being constructed in
Slovakia, Prof. Ing. Juraj Mencl died aged 89.

Prof. Ing. Juraj Mencl was born in Plzen, in a family of
a civil engineer, on 18 January 1916. His further fate was pre-
determined by his family background. After passing the exa-
mination for school-leaving certificate, he entered the Faculty
of Civil Engineering of the Czech Technical University in Pra-
gue. He graduated with a magna cum laude in 1939. After gra-
duation he left for Slovakia, where he lived till his death.

The first employer of the young engineer was a Prague-
based company J.V.Velfik. He worked with them as a site agent
on the construction of a tunnel on the railway line Banskd
Bystrica — Dolnd Stubnia. Later, during the difficult years of the

Dna 13. 2. 2005 vo veku 89 rokov zomrel vzdcny ¢lovek,
tuneldrsky odbornik, pamitnik éry vystavby Zelezni¢nych
tunelov na Slovensku, Prof. Ing. Juraj Mencl.

Prof. Ing. Juraj Mencl sa narodil 18. janudra 1916 v Plzni
v rodine stavebného inZiniera. Rodinné zazemie predurcilo
jeho dalsf osud. Po maturite sa zapisal na Fakultu inZenyr-
ského stavitelstvi CVUT v Prahe, ktord absolvoval s vyzna-
menanim v roku 1939. Po ziskani inZinierskeho diplomu
odisiel na Slovensko, kde Zil a posobil do svojej smrti.

Prvym pdsobiskom mladého inZiniera bola firma J. V.
Velflik z Prahy, u ktorej pracoval ako stavbyvedici na stav-
be Zelezni¢ného tunela na trati Banskd Bystrica — Dolnd
Stubiia. Neskor, pocas nelahkych rokov 2. svetovej vojny
posobil na stavbach tunelov pri Tisovci a Starej Lubovni.

Po znérodneni stavebnictva pracoval Ing. Mencl v staveb- World War II, he worked on tunnel constructions near Tisovec
nych zdvodoch v Bratislave. V roku 1953 nastipil ako docent pre odbor and Stard LUbOV_Tvlﬂ- o o
Tunely a mechanizdcia stavieb na katedru dopravnych stavieb vtedajsej Affer the nationalisation of the construction industry, Ing. Mencl was
Fakulty inZinierskeho stavitelstva SVST. Odovzdéval Studentom svoje employed in construction plants in Bratislava. In 1935, he entered the Depart-
bohaté praktické poznatky v rdmci predmetov Mechanizicia a realizdcia ment of traffic structures of the then Faculty of Civil Engineering of the SVST
stavieb, Podzemné stavby, Stolne a tunely, Lomédrstvo a Mechanika skal- (the Slovakian Technical University) as an assistant professor of the branches
nych hornin. Od roku 1962 pdsobil na katedre zakladania stavieb, geol6- “Tunnels and Construction Mechanisation”, “Underground Construction”,
gie a priehrad (dne$nej katedre geotechniky). V roku 1965 bol menovany “Tunnels and Galleries”, “Quarying”, and “Rock Mechanics™. Since 1962 he
profesorom pre odbor Tedria a konstrukcie inZinierskych stavieb. Nieko- worked in the Department of Construction Foundation, Geology and Dams
ko rokov zastdval funkciu prodekana Stavebnej fakulty pre vedu (currently the Department of Geotechnics). In 1965 he was appointed the pro-
a vyskum. Bol spoluautorom 2 vyznamnych kniZnych publikdcii a auto- fessor of Theory and Execution of Civil Engineering Structures. He perfor-
rom niekolkych titulov skript. med the function of the Sub-Dean of the Faculty of Civil Engineering for Sci-
Obdobie normalizdcie tvrdo zasiahlo do Zivota Prof. Mencla. Hoci ence and Development for several years. He was a co-author of 2 outstanding
nebol politicky ¢inny, v roku 1971 bol niteny z SVST odist a opustit’ | books, and the author of several titles of duplicated textbooks. _
pedagogicku préacu, ktord mal rdd, pri ktorej sa tesil pre svoju vysoku The normalisation period affected heavily Prof. Mencl’s life. Despite the
odbornost’ a pedagogické majstrovstvo oblube posluchdcov. Odisiel na fact that he had not been politically active, he was forced to leave the SVST in
Vyskumny dstav inZinierskych stavieb. Bol jednym z najlepich teoreti- 1971. He had to leave his pedagogical work he loved so much, which was
kov-statikov v odbore podzemnych stavieb v Ceskoslovensku. Pracoval highly appreciated by the audience for his high professionalism and pedagogi-
na vyznamnych tlohdch zameranych na vystavbu podzemnych drdh cal mastery. He left for the Research Institute of Civil Engineering Structures.
v Prahe a Bratislave, na vystavbe preCerpavacich vodnych elektrarn{ Cier- He was one of the best theoreticians — structural engineers in the line of
ny Véh a Dlouhé Stréne, na vystavbe Strahovského tunela atd. underground construction in Czechoslovakia. He worked on significant pro-
Po novembri 1989 sa Prof. Mencl vratil na katedru geotechniky ako blems focused on the construction of underground railways in Prague and Bra-
emeritny profesor, kde bol jej platnym &lenom. Ochotne radil doktoran- tislava, on the constructions of the pump storage schemes Cierny Vih and
dom, diplomantom a mladym pracovnikom katedry a poméhal aj v peda- Dlouhé Strané, the construction of the Strahov vehicular tunnel, etc.
gogickom procese. Zapdjal sa do rieSenia expertiz a inych tloh pre sta- After November 1989, Prof. Mencl returned back to the department of gei-
vebni prax. Bol aktivnym lenom Slovenskej tunelarskej asocidcie ITA, technics as an emeritus professor, and became it valuable member. He readi-
predsedom odbornej skupiny pre podzemné stavby v Zviize stavebnych ly advised students preparing their doctoral theses,_graduation tht?ses and
inZinierov a bohato sa zapdjal do publika¢nej &innosti v odbornych Easo- young emplo_yees of the departm‘ent, and also he_lpgd in the pedagogical pro-
pisoch. Z jeho skdsenosti Cerpaji tuneldri na Slovensku aj v Cechéch, kde cess. He got involved in elaboration of expert opinions and other problems of
bol pravidelne prizyvany k spolupraci. the construction practice. He was an active member of the Slovakian Tunnel-
To viak bola len profesionalna dimenzia Prof. Mencla. Druha, Tudska, ling Association ITA, chairman of an expert group for underground construc-
bola tieZ nezvy&ajne Sirokd. Zaujimal sa o dejiny, literatiru, hudbu, bol tion in the Association of Civil Engineers, and got frequently involved in pub-
dokonale zorientovany v geopolitike. Bol vybornym znalcom geoldgie lication in technical magazines. His experience is a source of knowledge for
a geografie Ceska, Slovenska a strednej Eurdpy, s ktorou sa aj prakticky tunnellers both in Slovakia and Czechia, where he was regularly invited to co-
obozndmil ako aktivny turista. operate
Prof. Ing. Juraj Mencl svojim Tudskym i odbornym zdberom obsiahol This, however, was only Prof. Mencl’s professional dimension. The second
Siroku oblast’ Bol osobnostou s mordlnymi zdsadami a s korektnym vzta- dimension was also exceptionally wide. He was a character keeping to moral
hom k inym. Jeho bohaty Zivot sa uzavrel, ale hodnoty, ktoré vytvoril, Ziji principles and correct relationships with others. His rich life has closed, but
dalej a zostand navzdy v pamiiti vietkych, ktori sme ho poznali. Cest jeho the values he created are living, and will remain to live forever in the memo-
pamiatke. ry of all of us who have known him. Let us pay honours to his memory.
Vedenie Stavebnej fakulty STU v Bratislave Management of the Faculty of Civil Engineering of the STU in Bratislava
Komitét Slovenskej tuneldrskej asocidcie ITA/AITES The Committee of the Slovak Tunnelling Association ITA/AITES

Zpravy z tunelarskych konferenci / News from tunnelling conferences

Konference Zelezniéni mosty a tunely The conference Railroad Bridges and Tunnels

Jubilejni desdtd konference se konala uz v tradi¢nim prostfedi kongre- The tenth jubilee conference was held in the already traditional environment of
sového sdlu Olsanka v Praze 3 dne 20. 1. 2005. Je vlastné odbornym the congress hall OlSanka in Prague 3 on 20/1/2005. Virtually, this event was pro-
pokragovanim konference o Zeleznicich z prosince predeslého roku. Jeji fessional continuation of the conference on railroads held in December 2004. Its

technical focus was put on civil engineering structures, i.e. bridges and tunnels.
Twenty-five papers were read this year, mostly dealing with new or recon-
structed railroad bridges. Only 4 contributions, certainly not insignificant, were
dedicated to tunnels.
The paper by Doc. Ing. Kvar¢ék and Ing. Stecinsky informed for the first time

technické zaméreni bylo Cisté inZenyrské, a to na objekty mostniho
a tunelového stavitelstvi.

Letos bylo predneseno 25 piispévku prevdzné se tykajicich novych
nebo rekonstruovanych Zelezni¢nich mostu. Tunelim byly vénovany sice

jen Ctyfi PHSPéVk}’» ale ur¢ité ne ﬂer’Z“an}né- in the conference about the current level of safety in railroad tunnels and traffic
Prispévek doc. ing. Kvar¢dka a ing. SteCinského vlastné poprvé na kon- safety in our republic, in the context of European legislation. In the conclusion,
ferenci podal informaci o souc¢asné urovni bezpecnosti Zelezni¢nich tune- the authors analysed the current condition, and defined the problems to be sol-

10 a dopravy v nich v na3f republice v kontextu evropské legislativy. ved in this area.
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V zdvéru autori provedli analyzu soucasného stavu a vyty¢ili tikoly, které
je treba v této oblasti fesit. 5

Nové vybudované tunely na koridoru v dseku Olomouc—Ceskd Ttebo-
va, Krasikovsky a Tatenicky jsou v provozu. Byl to pro dodavatele Sub-
terru, a. s., a Metrostav ojedinély a technicky velmi naro¢ny projekt, ktery
tspesné zvladly. Autori prispévku ing. Cyron, ing. Tesar se vénovali zku-
Senostem z vystavby a technické problematice.

Tratovy tsek Trebonice—Rudoltice patfil uz v 19. stoleti, kdy byl posta-
ven Trebonicky tunel, k nejslozitéj$im z geotechnického hlediska. Vazné
komplikace a problémy zpusobuji bobtnavé a vysoce plastické jily. Piis-
pévek ing. Kresly analyzuje geotechnické rizikové faktory v nové navrho-
vané trase v zdfezu a tunelu. Technickému a ekonomickému porovnan{
vystavby tif dseka na pfipravované modernizaci trati Veseli nad LuZni-
ci-Tébor se vénoval prispévek ing. Kupky, ing. Mdry a ing. Davida, ktery
prokazuje tcelnost tunelovych variant oproti tradi¢né hlubokym zédfezum.

Zavéry konference ukdzaly, Ze perspektiva vystavby Zelezni¢nich tune-
10 na tratich CD je velkd, na jeji realizaci je piipravena i odborna kapaci-
ta tuzemskych projekénich organizaci a dodavatelskych firem.

ING. PETR VOZARIK, Metrostav a. s.,
e-mail: vozarik@metrostav.cz

The newly constructed tunnels within the corridor section Olomouc — Ceska
Trebovd, i.e. the Krasikov and Tatenice tunnels, are operating. It was a unique and
technically challenging project for the contractors, Subterra a.s. and Metrostav
a.s., which was coped with successfully. The authors of the paper, Ing. Cyron and
Ing. Tesaf, dealt with their experience from the construction and technical issues.

The track section Tfebonice — Rudoltice belonged to the most complex from
the geological point of view already in the 19th century, when the Trebonice tun-
nel was built. Serious complications and problems are caused by swelling and
highly plastic clays. The paper read by Ing. Kresla analyses geotechnical risk
factors along the newly designed track alignment led in an open cut and through
a tunnel. Technical and economic comparison of the construction of 3 sections
of the planned project The Modernisation of the Railway Line Veseli nad Luz-
nici — Tabor was the topic of the paper by Ing. Kupka, Ing. Méra and Ing. David.
It proved that the tunnel variants are reasonable in comparison with traditional-
ly deep open cuts.

The conference conclusions indicated that the perspective of railroad tunnel
constructions on railway lines of Czech Railways is great, and the professional
capacity of domestic design offices and construction contractors is ready to
implement them. ING. PETR VOZARIK, Metrostav a. s.,

e-mail: vozarik@metrostav.cz

Aktuality z podzemnich staveb v Ceské a Slovenské republice
Current news from the Czech and Slovak underground construction

SLOVENSKA REPUBLIKA
Tunel Sitina

Pri vystavbe dialni¢ného tunela Sitina v Bratislave bol dosiahnuty
prvy vyznamny milnik. Dnia 10. marca 2005 sa uskutocnila sldvnostnd
prerdzka zdpadnej tunelovej rdry. Sldvnosti sa zicastnili viaceri
prominentni hostia, predseda vlddy SR Mikuld§ Dzurinda, minister
dopravy pdst a telekomunikdcii Pavol Prokopovi¢, primdtor mesta

Obr. 1 Sldvnostny pripitok ndpojom zo zeme vychddzajiiceho sinka
Fig. 1 An official toast with a drink from the country of the rising sun

Obr. 2 Miesto konania sldvnosti v niidzovom zdlive
Fig. 2 Celebration in the emergency bay

SLOVAKIAN REPUBLIC

The Sitina tunnel

The construction of the Sitina tunnel in Bratislava met the first significant
milestone. A ceremony to mark the breakthrough of the western tunnel tube
was held on 10 March 2005. This event was visited by many outstanding
guests, Mr. Mikuld§ Dzurinda, the Prime Minister of the SR, Mr. Pavol Proko-
povi¢, minister of transport, Mr. Andrej Durkovsky, Lord Mayor of Bratislava,
Ing. Dusan Faktor, CSc, general director of newly established Narodna dial-
ni¢nd spolo¢nost; a. s., and, above all, representatives of companies participa-
ting in the tunnel construction.

The length of the eastern and western tunnel tube of the Sitina tun-
nel will reach 1415 m and 1440 m respectively. The contractor is an
international Japanese — Czech consortium Taisei-Skanska. The tunnel
excavation is carried out on behalf of the main contractor Taisei Cor-
poration by Banské stavby, a. s., Prievidza (acting under a business
name of Skanska BS, a. s.). The eastern tunnel tube should hole through
in April, and the mining operations should be finished by the beginning
of the summer 2005. The work on final structures performed by emplo-
yees of Vdhostav — Tunely a Specidlne zakladanie, a. s. continue con-
currently with the mining operations. Concrete casting of cut-and-cover
tunnel sections at both portals and of the secondary lining in the wes-
tern tunnel tube from the south portal is in progress. A road with conc-
rete pavement should be constructed in the second half of this year.
Once completed, the motorway tunnel Sitina will become part of the
D2 section leading from Lamacskd Cesta to Staré Grunty, which will
finally connect the D2 motorway running through the Slovakian
Republic with the south-west by-pass of Bratislava. After the inaugura-
tion, the motorway connection of the Czech Republic with Hungary,

| - =
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Obr. 3 Hibené tiseky tunela Sitina na severnom portdli
Fig. 3 Cut-and-cover sections of the Sitina tunnels at the north portal
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Bratislava Andrej burkovsky, generdlny riaditel novovzniknutej Narodnej via Bratislava, will become fully operable. The civil part of the Sitina
dialni¢nej spolo¢nosti, a. s., Ing. DuSan Faktor, CSc. a najmi predstavite- tunnel should be completed around the end of 2005, to be followed by
lia firiem zdCastnenych na vystavbe tunela. Dopravnd dlzka vychodnej installation of the tunnel equipment. The tunnel should be opened to
tunelovej rdry tunela Sitina bude 1415 metrov a zdpadnej tunelovej rdry traffic at the very latest in the spring of 2007.

1440 metrov. Stavbu realizuje medzindrodné, japonsko-Ceské konzorcium
Taisei—Skanska. Razenie tunela zabezpecuje pre hlavného zhotovitela Tai- CZECH REPUBLIC

sei Corporation spolo¢nost’ Banské stavby, a. s., Prievidza (od 1. 1. 2005 . .
pod obchodnym menom Skanska BS, a. s.). Vychodnd tunelova rira by The Panenska tunnel excavation completed

mala byt prerazend v aprili a razi¢ské prace by mali byt ukoncené zaciat- The eastern (right) tunnel tube was excavated with the face at
kom leta roku 2005. Zdroven s razi¢skymi pracami pokracujd aj prace na a distance behind the western (left). The breakthrough of the top hea-
definitivnych konStrukciach, vykondvané pracovnikmi Vdhostav—Tunely ding of the eastern (right) tube of the Panenskd tunnel took place on 14
a Specidlne zakladanie, a. s. Beténované si tseky hlbenych tunelov na January. Two days later, the western (left) tube broke through in the full
oboch portaloch ako aj sekunddrne ostenie v zdpadnej tunelovej rire od juz- profile (including the bench). The excavation of the bench in the eas-
ného portdlu. V druhej polovici roku by mali prebiehat prdce na vozovke tern tube was completed in mid March 2005, fourteen days ahead of the
s cementobeténovym krytom. schedule. This was the end of the excavation and primary support of the

Dialni¢ny tunel Sitina bude po dobudovani stcastou tseku dialhice D2 longest highway tunnel in the Czech Republic. Concurrently with muc-
LamaCskd cesta—Staré Grunty, ktory definitivne spoji dialnicu D2 cez Slo- king, the work continued on the casting of the final lining. As of the end

vensku republiku a juhozdpadny obchvat Bratislavy. Po jeho uvedeni do of March. 1200 m out of 1994m and 1000m out of 1975 m were com-
prevadzky sa stane plne funkénym dialni¢né prepojenie Ceskej republiky pleted in the western and eastern tube respectively.

cez Bratislavu do Madarska. Stavebnd &ast tunelu Sitina by mala byt
ukoncend koncom roku 2005, nésledne by sa mali zacat'montaZe technolo-

gického vybavenia tunela. Do prevadzky by sa tunel mal dostat’ najneskor The Libouchec tunnel excavation started

v jarnych mesiacoch roku 2007. The excavation of the Libouchec tunnel started on 18 February 2005,
~ . after a several-month delay caused by appeals against the building per-
CESKA REPUBLIKA mit. The tunnel is the second twin-tube tunnel structure (480 and

5 2 = 388 m) on the D8 highway, situated to the south of the already com-
Raz!oy tu,nelu F,’anenSka AUKoncen/yv 3 ) pletely excavated tunnel Panenskd. As of the end of March, 120 m of

Vychodni' (pravy) tubus razily pracovni Cety v odstupu za zdpadnim top heading and 23 m of bench excavation has been completed in the
(levym). Dne 14. ledna byla provedena prordzka v kalot€ vjchodniho (pra- left tunnel tube. The southern portal of the right tunnel tube is shifted
Veh‘i) tubusu tune/lu Panqnska; 0 (viva dny pOZdeJI.pgk bel vyrazen zépadn by 22 m behind the left tube portal due to the highway alignment ente-
(leY y) gubusxip lfl,em Pr?““ (chtne]adra).Vpolovme brezr}av\ letos.n,l'ho rgku, ring Libouchec hill at an angle. When the rock pillar had been stabili-
O ctrnact dnf difve nez stanovil ham}onograr{l, bylo qotg’z eno Jadr(z Lve sed and the canopy tube pre-support installed, the work on the top hea-
vychodnim twbusu. Tim byly dokonceny price souvisejici s vyraZenim ding of the right tunnel tube was started (on 26 March). The excavati-

a zajisténim vyrubu primdrnim osténim nejdel§iho dédlni¢niho tunelu v Ceské . . .
repliblice. v goubéhll).l s odt&¥ovanim rubgminy pokraSovaly préce na beto- on of the Libouchec tunnel is scheduled for completion in August 2005.

nazi definitivniho osténi. Ke konci bfezna bylo vybetonovdno 1200 m

z 1994 m na zdpadni a 1000 m z 1975 m na vychodni tunelové roufe. The D47 highway section Bilovec - Ostrava — Rudna
On Good Friday, i.e. on 25 March 2005, the ceremony of laying cor-

Razby tunelu Libouchec zahajeny nerstone of the D47 highway section from Bilovce to Ostrava — Rudné

Po nékolikamési¢nim odkladu zptsobeném odvolanim proti stavebnimu took place. Minister Simonovsky used this opportunity to speaking
povoleni byla 18. tinora zahdjena razba tunelu Libouchec. Jde o druhy dvou- about the crucial structure of this section, which is the approximately
tubusovy tunel dlouhy 480 a 388 metrt na délnici D8 situovany jizné od jiz a kilometre long tunnel Klimkovice. He put stress on environmental
vyrazeného tunelu Panenskd. Ke konci bfezna je na levé tunelové troubé aspects of the adopted solution — protection of the landscape, medicinal
vyrazeno 120 m kaloty a 23 metrt jédra. Jizn{ portdl pravé tunelové trouby je springs, and maintenance of quiet in the vicinity of the Klimkovice spa.
z divodu trasovéni ddlnice do boku Liboucheckého kopce posunut o 22 This section is constructed by the Sdruzeni D4707 joint venture, whose
metrfl za portélem levého tunelu. Po Zajiéténf horninového plh’f‘e a provedem’ lead partner is Skanska DS7 and the other partners are Metrostav a. S.,
mikropilotového destniku byly prdce na kaloté pravého tunelu zahdjeny 26. Subterra a. s. and Strabag a. s. The excavation of the tunnel B from the
brezna. Podle predpokladu by mely byt raZby na tunelu Libouchec ukoneny Ostrava portal started on 1/4/2003, to be interrupted on 9.4.2005. This
v stpnu tohoto roku. allowed drilling of a core hole for the purpose of refining the results of
~ L. . the geotechnical exploration. At that moment, the excavation of the
Usek dalnice D47 Bilovec - Ostrava - Rudna tube A also started from the Ostrava portal. This excavation was also

Na Velky pitek, tj. 25. bfezna 20053, byla slavnostné poklepdnim na interrupted due to the core hole drilling.
zdkladni kdmen zahdjena vystavba tseku ddlnice D47 z Bilovce do Ostra- The digging of the portal pit at the Brno portal is carried out simul-
vy-Rudné. Ministr Simonovsky se pii této pileZitosti podrobné vénoval taneously.

stéZejnimu objektu tohoto dseku, kterym je priblizné kilometr dlouhy tunel
Klimkovice. Vyzvedl ekologické aspekty zvoleného feSeni — ochrana kra- The Hnévkov Il tunnel breakthrough
jiny, lé¢ivych prament a zachovani klidu v blizkosti ldzni Klimkovice.
Usek realizuje Sdruzeni D4707, jehoz lidrem je Skanska DS, dal§imi ¢leny
jsou Metrostav a. s., Subterra, a. s., a Strabag, a. s.

The excavation of the Hnévkov II tunnel, which is part of the project
of optimisation of the track section Zabreh — Krasikov was completed

Razba tunelu B z ostravského portdlu byla zahdjena 1. 4. 2005 s tim, Ze on 10 February 2005; the excavation ending ceremony took place
9.4.2005 byla prerusena, aby bylo mo7no provést jadrovy vrt pro upies- se_veral days later, in the presence of representatives of the region, the
néni geotechnického prizkumu. V tomto okamziku se zahdjila raZba tune- client ?nd contractors. ) ) ) o
lu B také z ostravského portalu. I zde nastalo 19. 4. 2005 preruseni razeb ~ Serious problems existed at this construction due to inaccessibility
pro provedeni jadrového vrtu. of the locations of portals, a need fpr an ad.dltlona} stabilisation of the

Soucasné probihd hloubeni portdlové jamy u brnénského portilu. slope at the north portal, and necessity to build a bridge over a 3rd class

road, which is the only access to Hnévkov village.
Prorazka na tunelu Hnévkov II

Razby tunelu Hnévkov II na stavbé optimalizace tratového udseku The valik tunnel

Zébteh — Krasikov byly dokonceny 10. tnora 2005, slavnost k ukonceni Casting of the central pillar along the entire tunnel length was com-
raZeb za ulasti zdstupcu regionu, investora a dodavatelskych firem se pleted in January 2005. Disassembly of a special shutter produced by
konala o nékolik dni pozd&ji, 28. tnora 2005. Velké obtize na této stavbé Ostru Stetin followed. The excavation of both tunnel tubes goes on,
znamenala nepristupnost mist portdli, dodate¢nd sanace svahu u severniho enjoying great public interest. People come to a customer centre on the
portalu i nutnost provizorné premostit silnici III. tiidy, kterd je jedinym pri- site, open every first Friday of the month.

stupem do obce Hnévkov. ) .
The excavation of the Blanka exploration gallery

Tunel Valik is near the end
Stfedni opéra byla v celé délce dobetonovdna v lednu 2005. Pak se By the end of February, 1500 m of the excavation had been comple-
rozebirala specidlni bednici forma, kterou vyrobila firma Ostru Stettin. ted, and the excavation end was at a distance of about 120 m from the
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Pokracuji razby obou tunelovych trub za znacného zdjmu vetejnosti, lidé
prichdzeji do ndvstévnického stfediska na stavbé, které je oteviené pro
vefejnost kazdy prvni patek v mésici.

Razba priizkumné stoly Blanka se blizi ke konci

Do konce letoSniho tnora bylo jiz vyraZeno 1580 m a Celba Stoly se
nachézela cca 120 m od pavodni Slechtovy restaurace. RaZbu charakteri-
zuje stiidani geologickych podminek — znaéné pevné skalecké kfemence
s velkymi pritoky vody a dobrotivské bridlice, sice mékei, ale se sklonem
k vyjizdéni bloku. Ukondenti razby §toly i geotechnického pruzkumu, ktery
se v ni provadi, se predpokladd v druhém poloviné roku 2005.

Nové spojeni, pfiprava pro zahajeni razeb
Vitkovskych tuneld

Mimorddnd Zelezni¢ni stavba na dzemi hl. m. Prahy dspéSné pokracuje.
BliZi se také zahdjeni klicovych objektu stavby, kterymi jsou, vedle fady
mostnich objektt, Vitkovské tunely. Dva dvoukolejné tunely prochdzejici
vrchem Vitkov pfimo pod Narodnim pamadtnikem jsou pres cca
1100 m dlouhé. Probihaji intenzivni prace na vychodni portdlové jamé
a zahdjenti raZeb je planovano na 27. kvétna 2005. Zakladn{ problematikou
stavby je nedostatek mista (staveni$té je sevieno dvéma provozovanymi
tratémi), svaZity terén a provadéni praci v centru mésta. Proto také inves-
tor predepsal odvoz prebyte¢né zeminy i rubaniny na definitivni skldadku
po Zeleznici. Po provedeni zemnich praci pokracuje také stavba objektu
Tunelovy most, coz je v podstaté hloubeny jednokolejny Zelezni¢ni tunel
délky cca 150 m. ING. MILOSLAV FRANKOVSKY (STA),
_ e-mail: frankovsky@terraprojekt.sk
ING. MILOSLAV NOVOTNY (CTUK), e-mail: ita-aites@metrostav.cz

Toel

Slechta’s restaurant. The excavation is characterised by alternation of
geological conditions — very hard Skalec Quartzite with significant
water inflows, and Dobrotivy Shales, which are softer, but tending to
slippage of blocks. The excavation of the gallery and the geotechnical
exploration carried out in the gallery are scheduled for completion in
the second half of 2005.

The New Connection, preparation
for the commencement of excavation
of the Vitkov tunnels

This extraordinary railway construction in Prague continues success-
fully. The commencement of the construction of the Vitkov tunnels, which
are, together with several bridges the key structures of this project, is
drawing near. The two over 1100m long double-rail tunnels pass through
Vitkov hill, directly under the National Monument. Intense work on the
east portal pit is in progress; the tunnel excavation is scheduled to start on
27 May 2005. The fundamental problem of the construction is the lack of
space (the construction site is confined between two operating railway
tracks), sloping ground surface, and the fact that the work is carried out in
the centre of the city. This is why the client ordered that the excess soil and
muck must be transported to the final stockpile using the railway.

Once the earthwork has been completed, the construction of the so
called Tunnel Bridge, which is essentially a cut-and-cover single-rail
railway tunnel about 150 m long, continues. )

ING. MILOSLAV FRANKOVSKY (STA),
e-mail: frankovsky@terraprojekt.sk
ING. MILOSLAV NOVOTNY (CTuC),
e-mail: ita-aites @metrostav.cz

Zivotni jubilea / Live jubilee

K SEDEMDESIATKE
PROF. ING. FRANTISKA KLEPSATELA, Ph.D.

Zivotného jubilea 70 rokov sa v mdji 2005 doZiva Prof. Ing.
Frantisek Klepsatel, Ph.D. Obhliadnime sa pri tejto prilezitosti po
jeho bohatej profesiondlne;j kariére, tizko spitej nielen s akademic-
kou vychovou odbornikov, ale aj so samotnou vystavbou podzem-
nych stavieb vSetkych tcelov a profilov, tunelov ¢i mikrotunelov.

Prof. Klepsatel sa narodil 31. mdja 1935 v MarkuSovciach na
Spisi. Po ukonceni $tatneho gymnazia v Bratislave nastidpil na
Fakultu inZinierskeho stavitelstva SVST. Stidium odboru InZini-
erske konstrukcie a dopravné stavby ukoncil v roku 1958. Po
promdcii nastipil do zamestnania ako asistent na katedre
dopravnych stavieb, odkial v roku 1962 presiel na katedru geo-
techniky, kde pracuje doteraz.

Vedecki hodnost’kandidata vied ziskal v roku 1970, v roku 1980 bol habilito-
vany na docenta a od roku 1995 je profesorom pre vedny odbor Tedria a konst-
rukcie inzinierskych stavieb. Jeho vedeckd ¢innost’sa zameriavala predovSetkym
na bezvykopové metédy vystavby podzemnych inzinierskych vedeni a na cyklic-
ké razenie tunelov v skalnych hornindch. Tymto odborom ako aj mechanike hor-
nin sa venoval v svojej pedagogickej ¢innosti, zahrnujticej nielen vysokoskolské
vzdeldvanie, ale aj odborné semindre a postgradudlne kurzy. Mnohi z inZinierov
(a inZinierok) aktivne sa dnes podielajicich na vystavbe tunelov a podzemnych
stavieb na Slovensku maju jeho podpis vo vysokoskolskom indexe.

Je autorom 126 vyskumnych prac a expertiz, ktorych vysledky boli vyuzité
pri realizdcii mnohych vyznamnych stavieb na Slovensku a v Ceskej republi-
ke. Bohatej odbornej a pedagogickej praxi zodpoveda aj jeho publikacna Cin-
nost’. Ako autor alebo spoluautor sa podielal na vydani 11 monografif, 2 vyso-
koskolskych ucebnic, 20 skript, 124 vedeckych a odbornych prac publikova-
nych v Casopisoch a zbornikoch, z toho 41 v zahranici. Aktivne pdsobi vo via-
cerych profesnych asociaciach, je ¢lenom Medzindrodnej spolocnosti pre
mechaniku skalnych hornin (ISRM), Slovenskej tunelarskej asocidcie ITA-
AITES, Medzinarodnej spolocnosti pre bezvykopové technoldgie (ISTT), Slo-
venskej akadémie inzinierskych vied a Bieloruskej akadémie banskych vied.

Okrem jubilantovych odbornych aktivit nemoZzno nespomentit jeho celoZivotnd
lasku k $portu, predovsetkym lahkej atletike, k turistike a cestovaniu, historii a fila-
telii. S troSkou nadsdzky je mozné povedat’, Ze biele miesta na atlase sveta, na ktoré
jeho noha zatial nevstdpila, povéazlivo ubddaji. Rovnako jeho hlboka znalost’slo-
venskych hor mnohokrét premeranych vlastnymi nohami je obdivuhodnd.

V mene komitétu Zeldme jubilantovi vela zdravia, pohody a Zivotnej energie
a eSte mnoho rokov stravenych v nielen kruhu rodiny (md dve dcéry, ktoré sa
obe upisali stavebnictvu a tri vnicatd), ale aj priatelov a spolupracovnikov
z prostredia stavitelov tunelov a podzemnych stavieb.

Komitét Slovenskej tuneldrskej asocidcie ITA/AITES

PROF. ING. FRANTISEK KLEPSATEL, PHD
SEPTUAGERIAN

Prof. Ing. FrantiSek Klepsatel, PhD. will celebrate his 70th birth-
day in May 2005. Let us use this opportunity of to commemorate his
rich professional career, closely connected not only with academic
education of specialists, but also with construction of underground
structures for all purposes, of all profiles, tunnels or microtunnels.

Prof. Klepsatel was born on 31 May 1935 in MarkuSovce, in the Spi$
region. After passing a state grammar school in Bratislava, he entered
the faculty of civil engineering of the SVST (the Slovakian Technical
University). He finished the studies in the field of civil engineering and
traffic structures in 1958. After the graduation he worked as Assistant
Professor in the Department of traffic structures. In 1962 he transferred
to the department of geotchnics, where he has worked till now.

He was awarded the scientific title of a candidate of sciences in
1970, in 1980 he finished his second doctoral thesis, and since 1995 he is a professor
of the scientific branch Theory and Structures of Civil Engineering. His scientific acti-
vities have been focused above all on trenchless methods of construction of underg-
round engineering networks, and cyclic tunnel excavation in rock, as well as the rock
mechanics. The above-mentioned branches and rock mechanics were the activities to
which he dedicated his pedagogic activities, consisting not only of university teaching,
but also technical seminars and postgraduate courses. Many engineers (men and
women) who are today participating actively in tunnel and other underground con-
struction in Slovakia have his signature in their undergraduate’s course unit record.

He is the author of 126 pieces of research and expert opinions. Their results were
utilised in the construction of many significant structures in Slovakia and the Czech
Republic. His publication activities correspond with the wealth of his professional
and pedagogical practice. He participated, as the author or co-author, in the publi-
cation of 11 monographs, 2 university textbooks, 20 duplicated textbooks, 124 pie-
ces of scientific and technical work published in magazines and proceedings, out of
that number 41 published abroad. He has worked actively in several professional
associations, has been a member of the International Society for Rock Mechanics
(ISRM), Slovakian Tunnelling Association ITA-AITES, International Society for
Trenchless Technologies, Slovakian Academy of Engineering Sciences, and Byelo-
russian Academy of Mining Sciences.

Apart from his professional activities, we cannot forget Prof. Klepsatel’s lifelong
love to sports, above all athletics, tourism and travelling, history and philately. With
only slight exaggeration, we can say that the areas in the world atlas he has not visi-
ted are significantly dwindling. Also his deep knowledge of Slovakian mountains,
many times measured by his own paces, is admirable.

On behalf of the Committee, we wish Prof. Klepsatel to keep good health, comfort
and vigour for many years ahead, to be spent not only with his family (his two daugh-
ters involved in the construction industry, and three grandchildren), but also with his
friends and colleagues from the community of constructors of tunnels and underg-
round structures. Slovak Tunnelling Asociation ITA/AITES
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Spravodaj Slovenskej tunelarskej asociacie ITA/AITES
Slovak Tunnelling Asociation ITA/AITES reports

The Slovak Tunnelling Association ITA/AITES informs about an extended praci Vedeckej rady kongresu a na zorganizovani jednej postkongresovej exkurzie na
meeting of its board that took place on 31 March 2005. The agenda of the meeting niektorej aktudlnej podzemnej stavbe na izemi SR a zaujimavej krajinnej alebo mest-
contained a plan of activities for 2005, co-operation with the Czech Tunnelling skej lokalite.

Committee ITA/AITES on the preparation of the WTC 2007 in Prague, participation . e

in the editing of Tunel magazine, and admission of new members. 4. CaSODIS Tunel - terajsi stav, zmeny a vztahy k CTukK
ako spoluvydavatelskej organizacii

Skrate’nvy Zapis z rozsireného rokovania Komitétu STA Ing. Miloslav Frankovsky ako zdstupca STA v redakcnej rade informoval o zme-

v Rohacoch dina 31. marca 2005 ndch v systéme vydévania asopisu Tunel, ktorych ciefom je zachovanie jeho vyso-

Miesto konania: Ugelové zariadenie Doprastavu, a. s., Hotel v Rohdcoch kej odbornej drovne (pripadne dalsie zvySenie kvality) pri sti¢asnom zniZeni nékla-

Program rokovania: dov na jeho vydévanie.

1. Vyhodnotenie plnenia tloh v roku 2004, Pocinajic prvym tohoro¢nym cislom vychddza casopis Tunel v novej grafickej

2. Pldn ¢innosti na rok 2005, tiprave a bude sa tlacit'v inej tlaciarni nez doposial. Od 1. janudra 2005 nastala zmena

3. Névrh spoluprace s CTK v siivislosti s usporiadanim Svetového kongresu aj v osobe vedticeho redaktora, ktorym sa stal dlhoro¢ny clen redak¢ne;j rady asopi-
ITA/AITES 2007 WTC PRAGUE, su Tunel Ing. Miloslav Novotny, ktory zaroveii prevzal aj funkciu sekretdra CTuK.

4. Casopls Tunel — teraji{ stav, zmeny a vztahy k CTK ako spoluvydavatelskej Pretrvavajicim problémom slovenskej strany je tzke autorské zdzemie a slaby
organizdcii, stupen disponibilnej proporcionality voci Ceskej strane.

5. Kontrola stavu ¢lenskych prispevkov za rok 2004 a 2005,

6. Priprava Valného zhromazdenia STA, 5. Kontrola stavu ¢lenskych prispevkov za rok 2004 a 2005

7. Prijatie novych kolektivnych lenov STA, Clenské prispevky st za rok 2004 vyrovnané takmer na 100 %. Platenie prispev-

g' Egjgf a diskusia, kov na rok 2005 sa sfubne rozbehlo, takze STA md aktivne saldo.

6. Priprava Valného zhromazdenia STA

Hostitelskou organiziciou Valného zhromazdenia STA pripravovaného na termin
jin 2005 bude Uranpres, spol. s r. 0., Spisskd Nové Ves. Na tito tlohu sa podujal
generdlny riaditel’ Ing. Jan Jasko. Miestom konania by mala byt’ Spisskda Nové Ves

1. Vyhodnotenie plhenia uloh v roku 2004

V obdobi od Valného zhromazdenia STA v Ziline dfia 3. jila 2003 sa &innost' STA
vyrazne zintenzivnila a v roku 2004 sa podarilo odstrnit najma deficity v hospodd-
renf a plateni Clenskych prispevkov.

Zintenzivnenim préce Komitétu STA sa podarilo splnit takmer vSetky prijaté tlohy na alebo blizke okolie.
Valnom zhromazdeni STA v Prieyidgi Flﬁa 20. aprila 2004. Z nich ,menovite uvddzame: 7. Prijatie novych kolektivnych élenov STA
W Nanovo bola urobend registricia STA na Ministerstve vnitra SR; ] o .
m Clenské prispevky boli v roku 2004 uhradené takmer na 100 %; Komitét odhlasoval prijatie tychto novych kolektivnych ¢lenov (ktorf ocenili pro-
m Uspesnd po kazdej stranke bola konferencia ,,Vyznam tunelov v doprave® fesiondlny a spoloCensky v§znam STA a maji zdujem o participdciu na Cinnosti
uskutotnend v Podbanskom v ditoch 16.~18. jiina 2004 v hoteli Permon; STA):
B Prehlbila sa spolupraca s CTuK; H SIKA Slovensko, spol. s 1. 0., Rybni¢nd 38 / e, 83107 Bratislava
W STA uhradila CTuK vietky zvizky stivisiace s vyddvanim asopisu Tunel; B TAISEI CORPORATION, o. z., Slovakia, Dibravskd cesta 9, P.O. Box 113,
B Rokovania Komitétu STA sa uskutocnili v stlade s prijatym planom; 84505 Bratislava
O Cinnosti STA bola vypracovand sprdva pre General Assambly ITA-AITES; B ZAKLADANIE STAVIEB, s. . 0., Pri Habdnskom mlyne 30, 81104 Bratislava
W V okt6bri 2004 bol zorganizovany semindr na tému Technoldgia striekaného m NARODNA DIALNICNA SPOLOCNOST, a. 5., Mileti¢ova 19, 82619 Bratislava
beténu mokrou cestou a pouzitie vldknovej vystuZe striekaného betonu. W SWISSGREEN, 5. 1. 0., Sumavska 15, 60200 Brno
2. Plan Cinnosti na rok 2005 8. R6zne a diskusia
V janudri 2005 rozoslal predseda Komitétu STA vietkym ¢lenskym organizdcidm Ing. Martin Bako§ informoval o prezenticif firiem skupiny AMBERG na tuneli
plén zamyslanych hlavnych dloh na rok 2005 s poZiadavkou na iniciativne doplnenie Sitina s touto tematikou:
0 evel}tuélne théie pr({sp;éné a redlne akeie. Podla tohto zoznamu sa v roku 2005 W Prezentdcia technologického vybavenia a rizikovych analyz tunelov;
uvazuje s tymito hlavnymi akciami: W Podrobnejsia prezenticia firmy AMBERG vrétane exkurzie na tuneli Sitina.

Marec: Rozsirené zasadanie Komitétu STA s dcastou zdstupcov ¢lenskej zdklad-
ne; Prizvanie zdstupcov CTuK na toto rokovanie;

April: Technologicky den (14. aprila) na tuneli Sitina v Bratislave za ucasti
firiem: SIKA, DEGUSSA, SWISSGREEN, MAPEI a HOLCIM;

Sympézium ,,Vystavba a zabezpeCenie tunelov®, ktorého organizdtorom bude
Fakulta BERG Technickej univerzity Kosice dna 28. 4. 2005;

Maj: Svetovy kongres a zasadanie Valného zhromazdenia ITA v Istanbule v dioch
5.5.-12.5.2005 (World Tunnel Congress and 31st ITA general Assembly);

Jun: Valné zhromazdenie STA;

Sept.: Rokovanie Komitétu STA so zameranim na pripravu konferencie

Ing. Ondrousek, predseda Zvizu podnikatelov na drdhach (16 organizécii) na
zdklade skisenosti tejto organizdcie odporucil do pozornosti moznost’ uplatnenia
v rdmci Cinnosti STA tieto tri marketingové poCiny:

W Vydali stiborny informacny materidl o ¢lenskych firmdch zvizu (v slovenskej

a anglickej mutdcii);

B Stolovy kalendéar — kazda firma ma dve az tri strany s fotografiou sidla, map-

kou, adresou, kontaktmi;

W Nastenny plagt velkého formdtu s fotografiami a grafickymi prvkami a zauji-

mavymi informédciami o historickych a modernych tuneloch.

,Podzemné stavebnictvo 2006*, ktorého organiztorom bude SKANSKA BS; Naklady na vydanie tychto informacnjch a propagacnych materidlov sa hradia
Nov.: Rokovanie Komitétu STA so zameranim na zhodnotenie ¢innosti v roku systémom thrady odberatelmi podfa poctu prevzatych vytlackov. S
2005 a &innost’v roku 2006. Ing. Grohman pripomenul otdzku potreby web stranky STA a nutnost’odstrénenia
tohto deficitu.

3. Navrh spoluprace s CTuK v suvislosti s usporiadanim

Svetového kongresu ITAZAITES 2007 (WTC PRAGUE) Ing. Jozef Frankovsky vyjadril znepokojenie zo Sirenia neodbornych ndzorov
tykajiicich sa potreby cestnych (dialhi¢nych) tunelov. Z nepochopitelnych dévodov

sa udrzuje pri Zivote ndzor, Ze Slovensko sa bez tunelov moZe zaobist a Ze sa ich
buduje vela. V médiach sa s oblubou prezentuju iba negativne javy, napr. predrazo-
vanie ndkladov na vystavbu, nestastia v tuneloch v zahranic¢i apod. Ako ,,protijed
voCi tymto negativnym interpretdciam navrhuje intenzivnejsie zasadenie sa aj STA,
formou publikovania fundovanych odbornych ndzorov nielen v tizko odbornych tla-
Covindch, ale aj v dennej tlaci a spolocenskych ¢asopisoch.

Na Valnom zhromaZdeni ITA/AITES v Case Svetového tuneldrského kongresu
2004 v Singapore bola pririeknutd tloha CTuK usporiadat WTC 2007 v Prahe.

Cesky tuneldrsky komitét ITA/AITES u? velmi intenzivne pripravuje zvolanie
a usporiadanie Svetového tuneldrského kongresu WTC 2007 PRAGUE, ktory sa md
uskuto¢nit'v diioch 5. — 10. mdja 2005. Je uZ menovany organizatny vybor, pripra-
vené su tematické okruhy kongresovych prispevkov, bola otvorend webova stranka
WTC 2007, st zabezpecené priestory, v ktorych bude prebiehat'rokovanie kongresu

a nadvizujice spolocenské akcie, si zabezpecené potrebné ubytovacie kapacity 9. Zaver
a bolo rozoslané Prvé ozndmenie o usporiadani kongresu WTC 2007 PRAGUE. T . ) o
Na roz8irenom zasadani Komitétu STA v Rohdcoch sa ziCastnili dvaja zdstupco- V zéveretnom slove predseda Komitétu Ing. Robert Turansky ocenil pocetnu
via Ceského tuneldrského komitétu, a to ¢len predsednictva CTuK Ing. Jii{ Roman- cast'na rozsirenom rokovani zo strany kolektivnych ¢lenov STA, zdujem o aktivity
cov, ktory je zaroven predsedom ()rgamzacneh() Vyb()ru WTC 2007 a sekretar CTuK STA zo strany novopn’jat}’/ch organizécil’ aktivne Zapojenie Véetk)’lch ucastnikov do
Ing. Miloslav Novotny, ktorf informovali slovenskych kolegov o stave priprav a zdro- programu a priebehu rokovania. Ocenil tieZ aktivitu niektorych ¢lenov Komitétu
ven oficidlne poziadali STA o participaciu na usporiadani Svetového kongresu 2007. v doterajsej ¢innosti a dobrd drovern spoluprace s Ceskym tuneldrskym komitétom.
Participdcia STA spociva v zastipen{ jednym ¢lenom v Organizacnom vybore WTC Konstatoval tiez, Ze rokovanie bolo dobrou pripravou na bliZiace sa Valné zhromaz-
2007, v tcasti vybranych slovenskych odbornikov z podzemného stavebnictva na denie STA. Zapisal: Ing. Jozef Frankovsky



