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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.



14. rocnik - €. 2/2005

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




