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Vazeni Gtenafi,

kazdé nové Cislo Casopisu TUNEL ve mné
vzbuzuje nové ocekavani. O¢ekavani, s ¢im
nas nasi kolegové chtéji seznamit, s ¢im se
chtéji pochlubit a o jaké zkuSenosti se s nami
chtégji podélit. Zamyslel jsem se nad tim, co
nas vede k tomu, Zze se chceme dozvidat
stale néco nového a pro¢ stale touzime po
novych zkuSenostech. Odpovéd je mozna velmi
jednoducha. S trochou nadsazky je mozné fici, ze jsme
trochu jeSitni a déla nam dobre, kdyz néco umime. Je to
jesitnost v tom nejlepsSim smyslu, je to jeden z motord,
ktery nas Zene kupfedu. A mohu jen s lehce schylenou
hlavou podékovat celému tymu okolo TUNELU, ze o nas
tak pecuji a snad je trochu potési, pokud mohu mluvit za
sebe, ze jim fandim do dalSi prace.

Chtél bych Fici i par slov o firmé& INSET kde pracuji. Mame
v tomto roce desetileté vyroci Cinnosti. Mozna to neni
mnoho, ale kus prace jiz mame za sebou. Détskym
stfeviCkim jsme odrostli a nasSich 60 pracovnikd po celé
republice je pfipraveno byt zazemim pro vSechny investo-
ry. Siroké spektrum &innosti od priizkumu, pfez diagnos-
tiku konstrukci, méfeni a kontroling akreditované labora-
tofe jde napfi¢ celym stavebnictvim. Pochopili jsme, Ze
bez vlastniho pfistrojového i programatorského vyvoje
neni mozné v budoucnosti konkurovat a jsem rad, ze se v
této oblasti mame ¢im pochlubit. Jsme si védomi ze
tymova prace ve firmé a uzka spoluprace mezi dalSimi
spole¢nostmi s podobnym zamérenim je budoucnosti nas
vSech.

Preji vSéem ¢tenafum TUNELU silu i odvahu jit cely zivot
kupredu.

(o™

Distinguished readers

Every new issue of the Tunel magazine
evokes new expectations inside of me.
Expectations, to what our colleagues want
us to introduce, with what they want to vaunt
and what experiences they wish to share.
I have thought about what guides us to the
desire to always learn something new and
why we still fever for new experiences. Possibly, the
answer is very simple. With a bit of exaggeration it is
conceivable to say, that we are still a bit conceited and we
feel satisfied when we know something. However, it is a
conceit in the best meaning, it is one of the engines that
pushes us forwards. And | can only with a slightly
crouched head thank the entire team around the Tunel,
they so look after us and, maybe, it will even a bit please
them if | personally say that | cheer for their further work.
| also want to say a few words about the INSET company,
where | work. This year we have a tenth anniversary of our
activity. It is not much perhaps, but we still have some
work behind us. We have grown up the childich slippers
and our 60 workers all over the republic are ready to
present a haven for all the investors. A wide area of
activity, from exploration through diagnostics of the
constructions, measurements and monitoring by the
accredited laboratory, goes throughout the entire building
industries. We have taken in that without our own proper
instrumentation and programming development there is
no possibility to compete in the future and | am glad, that
within this field we have something to vaunt about. We are
aware of the fact that teamwork within the company and
close cooperation between other companies with a similar
aim is a future for all of us.

To all of the Tunel readers | wish a strength and courage
to go forwards during the entire life.

Ing. Ludvik Hegrlik
feditel spole€nosti INSET s.r.o.
Director of the INSET s.r.o. company
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INTERAKCE KANALIZACNI STOKY ,Q¢
SE ZAKLADY MOSTU
BARRANDOVSKE TRAMVAJOVE ESTAKADY

INTERACTION BETWEEN FOUNDATIONS OF THE TRAM
BRIDGE AND THE SEWER ,,Q“ STRUCTURE IN PRAGUE

PROF. ING. JIRI BARTAK, DrSc.

uvob

Pro zlep$eni drovné hromadné dopravy do oblasti barrandovského sidlisté je
navrzeno protazeni tramvajové trati z HluboCep (soucasna konecna stanice) na
Barrandov. Realizace této tramvajové trati bude mit i vyznamny dopad ekologicky,
protoze stavajici hromadna doprava ze sidli§té a okoli je vazana vyhradné na
autobusovou dopravu, kterou nelze rozhodné pokladat za pfili§ "pratelskou”
z hlediska ochrany a tvorby Zivotniho prostfedi, najmé v oblasti mezi chranénymi
pfirodnimi vytvory Barrandovské skaly a Prokopského udoli (obr.1).

Nova tramvajova trat’ povede paralelné a tésné vedle silniéni barrandovské radialy
(obr.2), takze vzhledem ke stejné morfologii terénu bude mit i z hlediska stavebniho
prakticky stejny charakter. To znamena, Ze bude nutno vybudovat podél spodni ¢asti
Prokopského potoka dva mosty, z nichz del$i (pro orientaci homi) pfechazi tzv.
Ruzickovu rokli ve vysce dosahuijici mistné vice nez 30 m (obr. 3a, b).

A pravé tento most, ktery bude nutno zalozit v obtiznych terénnich podminkach
RUzickovy rokle, se dostava svymi zaklady do kolize s kanalizaéni stokou "Q",
svadgjici destové vody z oblasti Barrandova do akumulaénich nadrzi v Hlubocepich.

GEOLOGICKE POMERY A NAVRH ZALOZENi MOSTNi
KONSTRUKCE

Geologické poméry v Ruzickové rokli jsou pomémé dost komplikované; to vyplyva
jak z Gidaju prizkumnych sond novych i archivnich [1], tak ze seismického radarového
a vrtného priizkumu, provedeného firmou INSET [2].

Skalni podklad je tvofen zvétralymi a navétralymi devonskymi vapenci
zlichovskych vrstev, prekrytych vrstvou deluvialné fluvidlnich sedimentd mocnosti 5 -
10 m, v oblasti mezi 4. a 5. pilifem horniho mostu mocnosti az 14 m. Oblasti
RUzZickovy rokle, jak ostatné naznacuje morfologie terénu a mistni nazev, zfejmé
probihd poruchovd zéna (pfipadné tvofend nékolika zénami diléimi), v niz se
nachdzeji fosilné zvétralé vapence s malo kvalitnimi fyzikalné-mechanickymi
charakteristikami, které tyto polohy fadi aZ mezi zeminy typu jilovitych a hlinitych
Stérku, a to do znaénych hloubek (40 a vice m pod terénem).

Zakladové poméry je nutno hodnotit jako slozité, a to jak vzhledem
k nepravidelnému pribéhu skalniho podkladu, tak vzhledem k vlastnostem
zastizenych hornin v oblasti pfedpokladanych zakladovych spar mostnich pilifd, které
jsou navrzeny do hloubek 2 az 5 m pod téleso stoky "Q" (obr.5). Pfetvamé vlastnosti
zemin a hornin v aktivni zéné zakladovych spar se mohou az fadové lisit - pro vapence
rozlozene na $térky hlinite az jilovité Egef = 60 MPa, pro zlichovské vapence zvétrale
stfedné rozpukané Eges = 200 MPa, pro zlichovské vépence navétralé maélo
rozpukané Egef = 1500 MPa. Tyto rozdily se podle stavajicich podkladd vyskytuji
i v zakladovych spardch sousedicich mostnich pilifi (napf. u 3. a 4. pilite,
pravdépodobné u 5. a 6. pilife). Z tohoto diivodu mize byt potfebné eliminovat vétsi
nerovnomémosti sedani jednotlivych v riizném prostfedi zalozenych pilifi zlepSenim
zakladové pidy pomoci proinjektovani aktivni zény, a to i v pfipadé pouziti rektifikace
v uloZeni mostu na pilifich.

Odpovédny navrh zaloZeni mostu vyzaduje z vy$e uvedenych divodu provedeni
dopliujiciho IG prizkumu jadrovymi vrty pfimo v misté jednotlivych mostnich pilifi
(obr.6). Zasadné je nutné pouzit hlubinné zaloZeni pod Uroven kanalizaéni stoky "Q",
a to bud pomoci vrtanych Sirokoprofilovych pilot nebo Sachtovych pilifi. Oba tyto
zplisoby zaloZeni Ize pokladat v danych podminkach, kdy dochazi k interakci se
stavajicim podzemni dilem, prakticky za rovnocenné.

K preferencim vrtanych pilot patfi zejména "Setry" zpisob rozpojovani horniny
a uchovani vyhodné vSesmémé napjatosti pfi jejich provadéni; k zapor(im patfi moznost
ztraty vyplachu v prostfedi prostoupeném puklinovymi kolektory ev. dal$imi krasovymi
jevy a obtizna sanace (zlepSeni) zakladové pidy pod patou piloty v pfipadé potfeby.

The new tram bridge to one suburb of Prague is founded in difficult conditions.
Its deep pillars are in a complicated interaction - during the construction and under
traffic conditions - with the line of one important sewer. The article describes
measures removing dangerous influence of the tram bridge upon the sewer lining.

1. INTRODUCTION

To improve the situation of mass transport to the area of Barrandov housing
estate, there has been designed an extension of the tram-line from Hlubocepy (the
present-day final station) to Barrandov. The realization of this tram-line will be
important even from the ecological point of view, because the existing mass
transport from the housing estate and its neighborhood depends exclusively upon
the bus transport, which cannot be considered as too ,friendly” with respect to
protecting and forming environmental conditions, particularly among protected
natural creations of Barrand Rocks and Prokop Valley (Fig.1). The new tram-line
will be situated parallelly and just alongside the Barrandov radial road (Fig. 2), so
that - with respect to the same terrain morphology - it will be in fact of the same
character from the constructional point of view. It means that it will be needed to
build up two bridges along the lower part of the Prokop Brook, the longer of which
(for orientation: the upper one) passes through the so called Ruzicka Gorge in the
height being locally more than 30 m (Figs. 3a, b).

And just foundations of this bridge which must be founded in difficult terrain
conditions of the Ruzicka Gorge are in collision with the sewer ,Q“ for draining rain-
water from the Barrandov area to accumulation basins in Hlupocepy.

2. GEOLOGICAL CONDITIONS AND DESIGN OF THE BRIDGE
STRUCTURE FOUNDATION

Geological conditions in the RiZicka Gorge are considerably complicated. It is
obvious both from data obtained from new trial pits and filed ones [l] as well as
from seismic radar and boring investigation carried out by the firm INSET [2].

The bedrock consists of weathered and partially weathered Devonian
limestones of Zlichov layers, covered with a layer of diluvially-fluvial sediments
being 5 to 10 m thick, and in the area between the 4th and 5th pillar of the upper
bridge being thick up to 14 m. Through the area of RuZicka Gorge, as it is indicated
by the terrain morphology and by the local name, there passes evidently a
weakness zone (possibly formed by several partial zones), where weathered
fossiliferous limestones take place, the physical-mechanical characteristics of
which are of a poor quality, and that is why said positions are ranked among soils
of loamy and clayey gravel type, viz. up to considerable depths (40 m and more
under the ground.)

Foundation conditions must be evaluated as complicated ones, both with
respect to an irregular course of the bedrock and with respect to properties of
respective rocks in the area of anticipated foundation base of bridge pillars which
have been designed up to depths of 2 to 5 m under the body of the sewer ,Q"
(Fig. 5). Deformation properties of soils and rocks in the active zone of
foundation bases may differ even in orders - for limestones disintegrated to
loamy gravel up to clayey gravel E 4o¢ = approx. 60 MPa, for weathered Zlichov
limestones meanly fissured E o = approx. 200 MPa, for Zlichov limestones,
partially weathered and not too fissured Egef = approx. 1500 MPa. Said
differences, according to existing documents, take place even in foundation
bases of neighbouring bridge pillars (e.g. at the 3rd 4th pillar, probably at the 5th
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K preferencim Sachtovych pilifG patfi prehledny zplsob provadéni, moznost
predstihové sanace horninového prostfedi pfi prichodu okolo stoky (injektaz,
mikropilotovy Vvéjif s nosnym obloukovym efektem), moznost zlepSeni zakladové pldy
pod patou Sachtového pilife v pfipadé potfeby; k zaporlim patii seismické ucinky pfi
rozpojovani hornin pomoci trhacich praci, napjatostni uvolnéni v horizontalnim sméru
pfi priichodu okolo stoky a obtizna prace pfi velké hloubce Sachtového pilife (pfes 20 m).

Vzhledem k morfologii terénu bude nékteré z mostnich pilifd nutné v kazdém
pfipadé zalozit na Sachtovych pilifich (hlubo¢epska opéra, pilif ¢.1 a ¢.6), nebot
v danych mistech nelze umistit téZkou vrtaci soupravu pro provadéni
Sirokoprofilovych pilot. Kone¢né rozhodnuti o pouziti Sachtovych pilifdi ¢i vrtanych pilot
pro zaloZeni ostatnich mostnich pilifii bude moZno provést po vyhodnoceni Udajli
z dopliujiciho vrtného priizkumu, situovaného pfimo v osach jednotlivych pilifd.

STAVEBNi USPORADANI STOKY ,,Q“, JEJi SOUCASNY
STAV A ROZSAH POTREBNE SANACE

Stoka "Q" je deStovym sbéraem svétlého kruhového prifezu cca 2,2 m.
Definitivni osténi je z prostého monolitického betonu B20, ktery je ve spodni poloving
svétlého profilu oblozen keramickymi tvarnicemi (obr.7).

Razba sbérate byla provadéna klasickym postupem pomoci trhacich praci,
provizorni vystrojeni bylo tvofeno nosnymi ramy z ocelové TH-vyztuze se zataznym
pazenim plechovymi pazinami typu UNION.

Soucasny stavebni stav stoky "Q" byl ovéfovan geofyzikalnim prizkumem [2]
v celé délce stoky od zapadni opéry horniho mostu az k akumulaénim nadrzim
destové vody (obr.8). Vyhodnoceni méfeni pulsnim georadarem stanovilo podél stoky
anomalni oblasti, v nichz se mohou nachézet za rubem osténi nevypinéné dutiny
vzniklé pfi razbé a vystrojovani Stoly, ¢i oslabené zoény, které mohou byt vazany i na
plvodni stav horninového masivu (obr.9).

Vriny prizkum osténi stoky a lice vyrubu byl proveden v ramci [4] v osach
jednotlivych mostnich pilifd. Tento prizkum potvrdil zjisténi radarového prizkumu,
nebot navrtané dutiny za rubem osténi se v obou markantnich pfipadech (3. a 5. pilif)
kryji s oblastmi radarovych anomalii. Vysledky vrtného priizkumu pro oblast 3. pilife
jsou vyneseny v osach prizkumnych vrtd (2 boéni, 1 dovrchni); vySrafovan je
idealizovany, i kdyz pravdépodobny pribéh lice vyrubu za rubem definitivniho osténi
(viz obr.7).

Obr. 1 Fig.1
Situace
Layout

«
.

and 6th pillar). That is why it may be necessary to eliminate uneven settlement
of individual pillars seated in various environment by improving the foundation
ground by means of grouting of the active zone, viz. even in case that
a rectification is installed in the bridge bearings on pillars.

A responsible design of the bridge foundation requires, with respect to the
above mentioned reasons, a performance of an additional EG investigation by
means of core bores directly in the spot of individual bridge pillars (Fig. 6). It is
absolutely necessary to apply a deep foundation below the level of the sewer Q"
viz. either by means of bored large diameter piles or shaft pillars. Both said
foundation methods may be considered in these conditions, when an interaction
with the existing underground work comes in question, in fact as equivalent.

Preferences of bored piles reside particularly in a ,considerate” way of rock
disintegration and keeping an favourable omnidirectional stress during their
construction.

As drawbacks, there may be mentioned a possibility of a drilling slurry loss in
conditions where fissure collectors, possibly further karst effects and a difficult
rehabilitation (improvement) of the foundation ground under the pile foot in case of
need take place.

Preferences of shaft piles reside in a lucid way of performance, a possibility of
a previous improvement of rock environment in advance of the excavation passing
near the sewer (grouting, micro pile fan with a supporting arch effect), a possibility
fo improve the foundation ground under the footing of the shaft pillar in case of
need. As drawbacks, there may be mentioned seismic effects at rock
disintegration by means of blasting, relieving of stress in the horizontal direction at
the passage near the sewer, and a difficult work, if the shaft pillar is seated very
deep (more than 20 m).

With respect to the terrain morphology, it will be necessary, for some bridge
pillars to be founded on shaft pillars in any case (Hlubocepy-side abutment, pillar
No. 1 and No. 6), because it is impossible to situate a heavy boring machine for
performing large profile piles in respective required places. The final decision
whether shaft pillars or bored ones for foundation of the other bridge pillars shall
be applied, may be made after having evaluated data received from the additional
survey drilling situated directly in axes of individual pillars.

— _ ge —_—
| ‘~1..._ ‘1 p.ﬂ
~$~fi'tfa"'“

- ey
Kaplicka e
b y
' Qnd oVEm

arecke FTT

Brank Fumealipky pofe
ss# 2
L

ii.
- ie




5 9. ROCNIK, €. 2/2000 Ilunel

Barrandov

Obr. 3a,b Fig. 3a,b
Silniéni most pfes Razickovu rokli
Road bridge over Rizicka valley
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Stavebni stav stoky, ktery nikterak nevyboCuje z kvalitativniho normalu bézného
pro fadu $tol obdobné provenience ( obdobi 70. a 80. let), vSak nelze pokladat za
vyhovuiici s ohledem na situovani stoky v aktivni zéné zakladovych konstrukci pilifd
tramvajové estakady. Pro zajisténi stability osténi pfi provadéni hlubinného zalozeni
mostu je nutno provést bezpodmineéné sanaéni vyplfiovou injektdZz v oblasti
zjisténych radarovych anomalii a v oblastech jednotlivych mostnich pilif(, minimalné
10 m na obé strany od osy pilife [3]. Z pouhého pohledu na situace obou k sanaci
navrhovanych Useku (viz obr.9) je zfejmé, ze je vhodné provést sanaci za rubem
osténi v celém rozsahu horniho mostu.

INTERAKCE MEZI OSTENIM STOKY ,Q“ A
ZAKLADOVYMI KONSTRUKCEMI MOSTU

Vzajemné pUsobeni zakladovych konstrukci a osténi destového shérace bude
dvojiho typu:
interakce v priibéhu vystavby zakladovych konstrukci
interakce po vystavbé mostni konstrukce

4.1 INTERAKCE V PRUBEHU VYSTAVBY ZAKLADOVYCH
KONSTRUKCI

Tato interakce vyplyva predevsim z faktu, ze v pribéhu hloubeni zakladovych
konstrukei dochazi ke znanému pfiblizeni obou konstrukci (tloustka horninového
pilife mezi zaklady mostu a stokou se pohybuje v rozmezi 1 - 2 m). Jedna se sice
o lokalni oslabeni horninového prostredi, v némz je uloZzeno osténi stoky "Q", jeho
nasledky jsou vsak zjevné:

-V urcité délce osténi dojde k jednostrannému uvolnéni napjatosti v horizontalnim
sméru, coz pro osténi stoky predstavuje nebezpeéné snizeni pasivniho odporu hor
ninového prostredi; pasivni odpor vyrazné ovliviiuje Unosnost osténi na svislé zati-
Zeni, nebot jeho snizenim, v nejhor§im pfipadé Uplnou ztratou, vétSinou znaéné
vzrlstaji ohybové momenty v osténi.

Na zakladé orientacniho statického vypoétu provedeného v podkladu [4] Ize
konstatovat, Ze vliv jednostranného uvolnéni boku stoky pfi hloubeni Sachtovych pilifi
nebude ohroZovat stabilitu jeho osténi.

Obr. 2 Fig. 2
Poloha tramvajového mostu HluboCepy-Barrandov
Position of the Hlubocepy-Barrandov tram bridge

3. CONSTRUCTION ARRANGEMENT OF THE SEWER ,,Q“,
ITS PRESENT - DAY CONDITION AND EXTENT OF NEEDED
REHABILITATION

The sewer ,Q" is a rain-water collector of the internal circular cross-section of
about 2.2 m. The final lining is made of plain monolithic concrete B20, which is lined
with ceramic moulded bricks (Fig. 7) in the lower half of the net internal profile.

The collector driving was carried out in the classical way by means of blasting
operations. The temporary support was represented by supporting frames made
of steel TH-reinforcement with tightenable lagging by means of UNION-type steel
sheet lagging.

The present-day construction condition of the sewer Q" was inspected through the
geophysical investigation [2] in the whole length of the sewer from the western
support of the upper bridge up to rainwater accumulation basins (Fig.8). An evaluation
of measurements by means of a pulse georadar determined anomalous areas along
the sewer, where there may take place behind the reverse side of the lining unfilled
cavities arisen during driving and support the gallery, or weakness zones which may
be in connection even with the original condition of the rock massif (Fig. 9).

The boring investigation of the sewer lining and of the face of the excavation
was carried out within [4] in axes of individual bridge pillars. Said investigation
certified findings out of the radar investigation, because the bored cavities behind
the reverse side of the lining are the same in both striking cases (3th and 5th pillar)
as areas of radar anomalies. Results of the investigation drilling for the area of the
third pillar are shown in axes of investigation bores (2 side bores, 1 upward). The
ideal, even probable course of the excavation face behind the reverse side of the
final lining is hatched (see Fig. 7).

The sewer construction condition which does not leave the line of a quality
standard usual for many analogous galleries (period of the seventies and eighties),
but they cannot be taken as suitable, with respect to the sewer location in the
active zone of foundation structures of the tram bridge pillars. After having found
out the lining stability when realizing the underground bridge foundation must be
carried out unconditionally by means of compensation back grouting in the area of
found out radar anomalies, and in areas of individual bridge pillars, at least 10 m
to both sides from the pillar axis [3]. It is obvious that it is suitable to perform the
rehabilitation behind the reverse side of the lining in the whole extent of the upper
bridge.

4. INTERACTION BETWEEN THE LINING OF THE SEWER ,,Q“
AND FOUNDATION STRUCTURES OF THE BRIDGE

Mutual effects of foundation structures and lining of the rain-water collector will
be of two types:

- interaction in the course of construction of foundation structures

- interaction after the construction of the bridge structure.

4.1. INTERACTION IN THE COURSE OF CONSTRUCTION
OF FOUNDATION STRUCTURES

This interaction is resulting, first of all, from the fact that in the course of sinking
of foundation structure, both structures became considerably near one to the other
(thickness of the rock pillar between foundations of the bridge and the sewer varies
within the scope of 1 to 2 m). In spite of the fact that it concerns only a local
weakening of a rock environment, where the lining of the sewer ,Q" is seated, its
consequences are obvious:

In a certain length of the lining there takes place a one sided relieving of stress
in the horizontal direction, which represents for the lining of the sewer a dangerous
decreasing of the passive resistance of the rock environment. The passive
resistance affects considerably the bearing capacity of the lining with respect to
any vertical load, because due to its decreasing, in the worst case a complete loss,
bending moments in the lining usually increase in a considerable extent.

On the basis of an informative static calculation made in the document [4], it
may be stated that the effect of a one-sided relieving of the sewage side, when
sinking shaft pillars, will not endanger the stability of its lining.

It is obvious that when making large profile piles bored under the support of a
dense slurry, an analogous effect will not take place, because static pressure of
slurry will prevent the rock massif from side relieving. Vice versa it causes an
increase of sidepressures which means, if the rehabilitation grouting behind the
reverse side of the lining is carried out well, that the bearing capacity of the lining
as to any vertical load is increased.
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Je zfejmé, Ze pii provadéni Sirokoprofilovych vrtanych pilot pod hustym vyplachem
k obdobnému efektu nedojde, protoZe hydrostaticky tlak vyplachu zabrani boénimu
uvolnéni horninového masivu; ten plsobi naopak ve smyslu zvétSeni boénich tlakd,
coz pfi dobfe provedené sanacni injektazi za rub osténi znamena zvétseni Ginosnosti

osténi na svislé zatizeni.

- Znacné oslabeny horninovy pilif mezi osténim stoky a zakladovou konstrukci pred
stavuje nedostate¢né tlumeni pro seismické Ucinky vznikajici pfi rozpojovani hor-
nin, a to jak impaktory, tak zejména trhacimi pracemi. Oba tyto zpUisoby rozpojo-
vani jsou typické pro provadéni Sachtovych pilifi v poloskalnich a skalnich horni-
nach. Témérf Uplné jsou seismické Ucinky naopak potlaceny pfi provadéni Siroko-
profilovych pilot, u nichz se rozpojovani horniny provadi odvrtavanim.

Tunel

A considerably weakened rock pillar between the sewer lining and the
foundation structure represents an insufficient damping for seismic effects arising
at disintegration of rocks, viz. both by means of impactors and particularly by
means of blasting operations. Both said ways of disintegration are typical for

making shaft pillars in semi-rocky grounds and rocky ones. Vice versa, seismic

effects are suppressed nearly completely when making large profile piles, when
the rock disintegration is realized by drilling off.

Seismic effects of blasting operations upon the sewer of an analogous type (the
sewer ,P“ in the crossing with the tunnel Mrdzovka) have been limited by values
of oscillation velocity v = 80 mm/sec (for the sewer lining) and v = 40 mm/sec (for
the ceramic lining) and at present there are known favourable results of seismic

< HLUBOCEPY Délka mostu 36 + 3 x 46 + 2 x 44 + 34 = 296,00 m BARRANDOV
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Obr. 4 Fig. 4
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Hlubocepy - Barrandov tram bridge
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Seismické ucinky trhacich praci na stoku obdobného typu (stoka "P" v kfizeni
s tunelem Mréazovka) byly limitovany hodnotami rychlostmi kmitani v = 80 mm/s (pro
osténi stoky) a v = 40 mm/s (pro keramicky obklad) a v sou¢asné dobé jsou jiz znamy
pfiznivé vysledky méfeni seismickych ucink( trhacich praci a poznatky ze sledovani
stavebniho stavu u zminéné stoky "P". Analogicky navrh trhacich praci, respektuijici
omezeni negativnich U¢inkl seismického zatizeni na osténi stoky "Q" a vypracovany
na zékladé analyzy bezprostfedniho pfechodu stoky "P" tunelem Mrazovka, umozni
s velkou pravdépodobnosti bezproblémovy pfechod hloubeni $achtovych pilifl
v blizkosti stoky "Q".

4.2 INTERAKCE PO VYSTAVBE MOSTNi KONSTRUKCE

Tato interakce vyplyva z pfenosu statického i dynamického zatizeni mostni

konstrukce do zakladovych konstrukci a horninového masivu, v némz je umisténo
osténi destového sbérace "Q".
- Statické zatizeni z mostni konstrukce obsahuje 5 slozek reakce (EN, ZHx, ZHy,
=My, =Mx), které musi zékladové konstrukce pfenést do horninového masivu.
Vyrazné prostorovy charakter zatéZovani i geometrie problému by vyzadoval pro
vystizné posouzeni vzajemné interakce zakladovych konstrukci mostu a osténi stoky
pouzi- ti 3D - matematického modelu s numerickym feSenim

Na zékladé zjednodusené Uvahy o pfenosu vodorovnych a svislych slozek reakci
pilifa 1ze usoudit, Ze nejvyraznéji se na ovlivnéni osténi stoky bude podilet normalna
sila =N, ktera bude prevadéna z podstatné ¢asti v drovni zakladové spary do podlozi
konstrukce. Zakladova spara bude sice umisténa min. 2 m pode dnem stoky, avSak
deformace vyvolané zatizenim zakladové spary (a plastovym tfenim) zaséhnou i do
nadlozi stoky; tim dojde k podélnému "zvinéni" stoky a vzniku podéinych ohybovych
momentt. Momenty tohoto typu béZné v osténi podzemnich staveb neplisobi resp.
nejsou sledovany, necha se vSak predpokladat, ze diky znaéné ohybové tuhosti
profilu v podélném sméru budou sanovanym osténim stoky pfeneseny.
SpolupUsobeni Ize v tomto smyslu oéekavat od podéIné ukladanych ocelovych pazin
provizorni vystroje, které se pro provedeni injektaznich praci za rubem osténi stanou
integraini soucasti nosného betonového priifezu tl. 40 az 50 cm a budou se
nepochybné podilet na pfenosu podélnych ohybovych momentd, zejména v homni
¢asti prafezu. U dna prifezu je tloustka osténi cca 70 cm, takZe jeho unosnost je
znacna.

Prizkumem zjisténé dutiny

za ruzbem osténi - zainjektovat jilocementem
Cavities behind the reverse side of lining
found out by means of investigation
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Obr. 7 Fig.7

Rez stokou “Q” ve zvétralych vapencich. Prizkumné vrty v oblasti 3. pilite
Section through the sewer “Q” in weathered limestones. Investigation

by means of bores in the area of the third pillar

effects of blasting operations and pieces of knowledge as to watching the
construction condition of the mentioned sewer ,P“. An analogous proposal for
blasting operations, respecting the limitation of negative effects of seismic load of
the sewer ,Q" lining and elaborated on the basis of an analysis of a direct passage
of the sewer ,P“ near the tunnel Mrazovka, will make it possible, with a high
probability, a troublefree passage of shaft pillar sinking near the sewer ,Q".

4.2. INTERACTION AFTER THE CONSTRUCTION OF THE BRIDGE
STRUCTURE

The interaction results from the transfer of a static and dynamic load of the
bridge structure into foundation structures and into the rock massif, where the
lining of the rain-water collector ,Q" has been seated.

The static load from the bridge structure comprises reaction components (..N,
..Hx, ..Hy, ..My, ..Mx) which must be transferred by the foundation structures into
the rock massif. The considerably spatial character of loading, as well as the
problem geometry would require, for a precise evaluation of the mutual interaction
of the foundation structures of the bridge and lining of the sewer, that the 3D
mathematic model with a numerical solution may be applied.

On the basis of a simplified consideration concerning the transfer of horizontal
and vertical components of pillar reactions, one may be of the opinion that the
normal power .. N which will be transferred from the essential part in the level of
the foundation base into the subbase of the structure, will take part in affecting the
sewer lining in the most striking part. It is true that the foundation base will be
seated at least 2 m under the bottom of the sewer, but the deformation caused by
loading of the foundation base (and by the skin friction) will affect even the
overburden of the sewer. In this way there will take place a longitudinal ,warping“
of the sewer and a rise of longitudinal bending moments. Moments of said type
usually do not exist, resp. they are not watched, in lining of underground
constructions, but one cannot suppose that due to a considerable flexural rigidity
of the profile in the longitudinal direction they will be transferred through the
rehabilitated sewer lining. A joined effect may be expected in this sense from
longitudinally installed steel lagging of a provisional support, which, after injecting
grout behind the reverse side of the lining, will become an integral part of the
supporting concrete cross-section, 40 to 50 cm thick, and they will surely take part
in the transfer of longitudinal bending moments, particularly in the upper part of the
cross-section. The thickness of the lining at the cross-section bottom is about 70
cm, so that its bearing capacity is considerably high.

A dynamic load caused by traffic on the bridge structure will be sufficiently
dampened by the earthy environment surrounding both foundation structures and
rain-water sewer. With respect to the relatively high resistance of the sewer lining
and of the ceramic lining towards seismic load (allowed oscillation velocity have
been laid down to about 80 resp. 40 mmps), there will arise not even first signs of
damage on the structure due to said cause with a high probability.

4.3. MONITORING IN THE SEWER ,,Q“ AT FOUNDING AND DURING
THE OPERATION OF THE NEW TRAM-LINE

In the course of construction of foundation structures, at least the following
measurements must be performed on the rain-water collector:

Obr.8 Fig. 8
Monitoring ve stoce ,Q"
Monitoring in the sewer ,Q"
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- Dynamické zatizeni od provozu na mostni konstrukci bude dostatecné utlumeno
zemnim prostiedim, obklopujicim zékladové konstrukce i destovou stoku.
Vizhledem k pomérné vysoké odolnosti osténi stoky i keramického obkladu vici
seismickému zatizeni (pfipustné rychlosti kmitani byly stanoveny na cca 80 resp.
40 mm/s) nevzniknou z této pficiny na konstrukci s velkou pravdépodobnosti ani
prvni znamky Skod.

4.3 MONITORING VE STOCE "Q" PRI ZAKLADANI A ZA
PROVOZU TRAMVAJOVE ESTAKADY

V priibéhu vystavby zékladovych konstrukci je minimalné nutno provadét na

deStovém sbéraci tato méfeni:

- nivelaéni méfeni v podélné ose stoky v celém rozsahu mostni konstrukce; umisté
ni méfenych nivelovanych bodd bude totozné s mémymi profily konvergence

- konvergen¢ni méfeni na osténi stoky; tfibodové mérmé profily budou umistény
vzdy v ose pilife, 5 m pfed a za pilifem a v poloviné zbyvajici vzdalenosti mezi pili-
fi; Cetnost méfeni v zavislosti na postupu hloubeni je tfeba podrobné specifikovat
v projektu méfeni

- seismickd méfeni na osténi stoky a keramickém obkladu; mérné profily budou
umistény v ose pilifd.
Stejna méfeni je tfeba provadét po uvedeni mostu do provozu po dobu cca 2 let.

Jejich Cetnost vSak bude znaéné mensi (max. 4x za rok s klesajicim poctem v 2. roce).

5. ZAVER

Pro zalozeni tramvajové estakady pres RuUZzickovu rokli v Praze 5 jsou
charakteristické slozité zakladové poméry. Konkrétni zplsob hlubinného zaloZeni,
bud Sachtové pilife ¢i vrtané Sirokoprofilové piloty, bude mozno upfesnit na zakladé
vysledku dopliujiciho IG prizkumu.

Znacnou komplikaci pfi provadéni zakladovych konstrukci a vystavbé mostu
predstavuje interakce s kanalizaéni stokou "Q". Z rozboru tohoto problému vyplyva,
ze pfi provedeni navrhované sanace, dodrZeni uritych omezuijicich opatfeni pfi
eventuelnim provadéni trhacich praci a pfi cileném monitoringu nedojde k ohrozeni
stability osténi stoky.
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- levelling measurements in the longitudinal axis of the sewer within the full
extent of the bridge structure; situation of measured levelling points will be
identical with measuring of the convergence profiles
- convergence measurements on the sewer lining; three point measuring profiles

will be located always in the pillar axis, 5 m in front of and behind the pillar, and

in the half of the remaining distance between pillars; the number of
measurements in dependence upon the progress of sinking must be specified
in details in the measuring plan

seismic measurements on the sewer lining and ceramic lining; measuring
profiles will be situated in the axis of pillars.

The same measurements must be performed after having set the bridge into
operation, viz. during a minimum period of two years. Their frequency, though, will
be considerably lower (max. 4 times per year with a decreasing number during the
second year).

5. CONCLUSION

For the foundation of the new tram-line over the RiZicka Gorge in Prague 5
there exist characteristic complicated foundation conditions. A particular way of
sinking foundation, either shaft pillars or bored large profile piles, may be made
more precise on the basis of results of an additional EG investigation.

The interaction with the sewer ,Q“ forms a considerable complication for
performing foundation structures and bridge construction. From the analysis of this
problems it results, that when performing the proposed rehabilitation, keeping
certain limiting measures during a possible performance of blasting operations and
aimed monitoring, the stability of the sewer lining will be not endangered.
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TECHNOLOGICKY NUTNY NADVYLOM
PRI RAZENI TUNELOV TRHAVINAMI

TECHNICALLY NECESSARY OVERBREAK
AT THE DRILL-AND-BLAST TUNNELLING

PROF. ING. ONDREJ DOJCAR, CSC. , KATEDRA DOBYVANIA LOZISK A GEOTECHNIKY,
TECHNICKA UNIVERZITA V KOSICIACH

Clanok sa zaobera technologicky nutnym nadvylomom /TNN/, hodnota
ktorého zavisi od sposobu rozpojovania hornin, v tomto pripade od pouzitej
metddy trhacej techniky. Su analyzované hlavné Einitele ktoré nadvylom
ovplyvAuju: divergencia a deviécia vrtov v zavislosti na postupe na odstrel,
metdda rozpojovania i iné faktory s poukazom na moznosti minimalizacie
TNN. Prave otazka nadvylomov poskytuje dobry dékaz, Ze trhacia technika
tvori nedelitelny celok s vitacou technikou.

Uvod

Nadmerny vylom, ako skutoény technicky a ekonomicky problém
razenia, obr. 1, je normalnym sprievodnym znakom razenia podzemnych
liniovych /dihych/ i priestorovych diel. Obe anomalie sa tykaju hrubého
prie€neho prierezu diela a vzdy znamenaju menSie alebo vacsie zvySenie
mernych nakladov razenia, zvla$t v tych dielach, ktoré je treba vystuzovat.

Nadvylom mozno vSeobecne definovat ako kladny rozdiel medzi
skutoénym hrubym a projektovanym hrubym prie¢nym prierezom tunela;
podvylom je zaporny rozdiel oboch prierezov. Hrubym prie€nym prierezom
diela rozumieme prierez ziskany rozpojovanim, teda pred zabudovanim
primarnej a sekundarnej vystuze /ostenia/.

Prispevok sa nezaoberda geologickym nadvylomom, ani docasnym
nadvylomom /nadvylom pre dotvarovanie obrysu diela/, hodnoty ktorych
oplyvAuju hlavne charakteristiky horninového masivu ku vézbe na sposob
ich rozpojovania.

Technologicky nutny nadvylom predstavuje trvalé zvé¢Senie hrubého
projektovaného prie¢neho prierezu diela, ktorého hodnotu podmiefuje
zvolend metdda rozpojovania hornin. Hodnoty TNN je nutné udrzovat
poCas celého razenia preto, aby vébec bolo mozné danou metédou
rozpojovania vyrazit dielo projektovanych rozmerov. TNN je zavisly na
velkom pocte Cinitefov, ako napr. divergencia vrtov, devidcia vrtov /obr. 2/,
presnost vytyovania, zavftavania a smerovania obrysovych vrtov, odchylky
vrtov v priebehu ich vitania /obr. 2, 3, 4/ a iné, delej technicka Uroven
pouzitej vitacej a trhacej techniky - moznost’ presného vytyovania vrtov
a nastavenia uhla ich divergencie, vhodné trhaviny a roznecovadla, obr. 7,
metdda rozpojovania /klasickd, hladky vylom/, vlastnosti horninového
masivu /hlavne S$truktdrno-tektonické, diskontinuita a heterogenita/
a v neposlednom rade technicka uroven, erudicia a skdsenosti
projekénych, riadiacich i realizaénych pracovnikov i iné.

Prirodne - geologické podmienky su danym, nemennym vstupnym
parametrom, ktory je treba dopredu poznat, pretoze su jednym z hlavnych
faktorov nadvylomov, pric¢om vSetky ostatné parametre razenia su volitelné.
V prvom priblizeni dospievame k trom hlavnym faktorom technologicky
nutného nadvylomu: divergencia vrtov, devidcia vrtov, metéta rozpojovania.
V dafSich Gvahéch je treba dosledne rozlisovat:

- postup na odstrel H /pracovny cyklus/: zvé¢Senie dizky diela na jeden

odstrel /cyklus/, obr. 2,

- zaber ndlozi V, Vmax: najkratSia vzdialenost naloze trhaviny od volhej

plochy, obr. 2.

The article deals with the technically necessary overbreak (TNO), the
extent of which is affected by the rock fragmentation technique, namely, in this
specific case, by the method of drilling and blasting used. The article analyses
main factors affecting the TNO, i.e. the divergence (look-out) and deviation of
holes depending on the advance per round, the fragmentation method and
other factors, with a view to the possibilities of minimising the TNO. It is the
issue of overbreaks what provides a good example proving that the blasting
technique forms an indivisible complex with the drilling technique.

INTRODUCTION

An overbreak, as a real technological and economic problem of driving (as
well as an underbreak), see Fig.1, is a normal attendant feature of excavation
for underground line (long) as well as large space structures. Both anomalies
affect the gross cross section of the works. They always entail more or less
increased unit costs of driving, in such works above all where supporting is
necessary.

In general, the overbreak can be defined as a plus difference between the
actual and the designed (theoretically required) gross cross section of the
tunnel; the underbreak is a minus difference between the above mentioned
two cross sections. The gross cross section of the works means the cross
section after excavation, i.e. before installation of primary and secondary
support (lining).

The article does not deal with a geological overbreak nor with a temporary
overbreak (an overbreak for the works contour yielding), the extent of which
is affected, above all, by the rock mass characteristics, in relation to the
technique of the rock fragmentation.

The technically necessary overbreak represents a permanent enlargement
of the gross designed cross section of the works, the extent of which depends
on the rock fragmentation method chosen. The TNO extent must be
maintained throughout the whole time of driving to be able to build a structure
of designed dimensions using the given fragmentation method. The TNO
depends on a large number of factors, e.g. divergence of the holes, deviation
of the holes (see Fig.2), accuracy of setting out, collaring and setting
directions of perimeter holes, deviations of holes in the course of drilling (see
Fig. 2,3,4) and others; technical level of drilling and blasting equipment, i.e.
the possibility of precise setting out of the holes and setting of their divergence
angle, suitable explosives and detonators (see Fig.7), the disintegration
method (classical, contour blasting), the rock mass nature (structural and
tectonic properties, discontinuity and heterogeneity above all) and, last but not
least, the technical level, erudition and experience of designing, managing

and operative personnel, and others.

Natural (geological) conditions are an implicit, constant entry parameter,
which must be known in advance as they are one of the main factors
contributing to overbreaks, while all of the other parameters of driving are
facultative. In first approach, we arrive to three main factors of the technically
necessary overbreak: divergence of holes, deviation of holes, method of
fragmentation. It is necessary for further speculations to distinguish
consistently:
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DIVERGENCIA VRTOV

Divergencia vrtov /DI/ je rozbiehavost, resp. vybiehanie odrysovych
vrtov za obrys tunela, obr. 2. M& vylUcit zmenSovanie prie€neho prierezu
diela s postupom jeho razenia. V3etky obrysové vrty musia preto smerovat
za obrys - za projektovany hruby priecny prierez diela pod Uhlom
divergencie y, ktory zvieraju obrysové vrty s pozdiznou osou tunela [1, 2, 9].
Viysledkom je stupriovity povrch tunela. Hodnota divergencie je funkciou
jedine Sirky vitacieho ramena pouzitého vrtacieho voza M /obr. 2./, resp.
Sirky vrtacieho kladiva pri ruénom vftani. Pre vitnanie nasledovného
postupu, divergencia vytvara na obvode tunela dostatoény priestor pre
polohu vrtacieho ramena tak, aby Ustia obrysovych vrtov mohli lezat na
projektovanom hrubom obryse diela /lava &ast obr. 2/. Tym je vytvoreny
predpoklad pre eliminaciu podvylomov a vyrazenie tunela o projektovanom
prie€nom priereze.

Vyrobca vftacich vozov Boomer 352, fa. Atlas Copco, nasadenych
v tuneli Branisko, udava minimalnu Sirku ramena pri zvislom pootoceni 88
mm, takZze DI = 88 + rezerva = 120 mm. Divergencia je pre dané vitacie
zariadenie hodnota kons$tantna a nezavisla na postupe na odstrel. Zabery
nalozi, Vmx na buducej Celbe a zaber V na pévodnej efbe, musia poditat
s divergenciou vrtov, (obr. 2)

Vmax=V+D|, reSp.V=Vmax'D| /m/ "/

Potrebny uhol divergencie vrtov v, pre zaistenie potrebnej hodnoty DI je
funkciou postupu na odstrel (obr. 2 - fava ¢ast)

tgy = DI/Hs, resp. DI = Hs tgy 12/

DI, Hs - divergencia vrtov a skuto¢ny postup na odstrel /m/,

y - uhol divergencie obrysovych vrtov /o/,

Hs =nH, H - dfzka obrysovych vrtov, obr. 2, 1 - G¢innost odstrelu,

u priamych zalomov obvykle 0,95 >n > 1,0.

Merny nadvylom spésobeny divergenciou vrstov NDI, t.j. objem
nadvylomu pripadajici na 1 m dizky diela - tunela, nie je funkciou postupu
na odstrel

No = 0,5 DI P /m¥/m/ /3/

DI - divergencia vrtov /m/, P - projektovany hruby obvod tunela /m/.
Uskuto¢nena analyza ukazuje a hodnoty v tabufke 1 potvrdzuju, ze:

1. Absolutna hodnota divergencie vrtov zavisi iba od parametrov vrtacej
techniky a pre kazdy prieny prierez tunela, druh horniny a postup na
odstrel je hodnota konstantna.

2. Technologicky nutny nadvylom sp6sobeny divergenciou obrysovych
vrtov nezdvisi od postupu na odstrel ani od druhu horniny, je umerny
obvodu tunela /resp. ploche prieéneho prierezu tunela/, sUginitefom
Umernosti je je civergencia vrtov.

Tato analyza TNNvo vztahu k divergencii vrtov by platila len za
ideélneho teoretického stavu, Cize pri absovitnej presnosti vitania vrtov,
teda vrtanie bez deviacii vrtov. Redlne Gvahy musia vSak vzdy pocitat
s devidciami vrtov.

DEVIACIE VRTOV
Deviéciou vrtov /D/ rozumieme odchylky vrtov od ich projektovanych

parametrov. Aj pri vysokej presnosti vypracovania projetu rozpojovania,

Projektovany hruby priecny prierez
Designed gross cross section

Nadvylom Podvylom
Overbreak Underbreak
Obr. 1 Fig. 1

Presnost’ realizacie vyrubu prieéneho prierezu tunela
Accuracy of realisation of tunnel cross section excavation

- an advance per round H (advance per blasting, working cycle): extension
of the works at one blasting (cycle), see Fig.2,
a burden of charges V, V- the shortest distance of a charge from the
free surface, see Fig.2.

DIVERGENCE OF HOLES

Divergence of holes (DI) is a projection of perimeter holes beyond the
tunnel contour, see Fig.2. Its purpose is to eliminate reduction of the cross
section of the works further down the driving job. Therefore, all perimeter
holes must aim beyond the perimeter - beyond the designed gross cross
section of the works, at an angle y, which is the angle between the perimeter
holes and the tunnel longitudinal axis [1,2,9]. This manner results in a step-
like surface of the tunnel. The divergence extent is a function of M only, which
is the width of the used drilling rig feed (see Fig.2), or the width of a hand-held
drill in case of manual drilling. The divergence creates a sufficient space for
the feed along the tunnel perimeter to enable the collars of the perimeter
holes to be located at the designed gross perimeter of the works (see the left-
hand side of Fig.2). By this manner, a condition for elimination of underbreaks
and for driving the tunnel with the designed cross section is met.

Atlas Copco, the manufacturer of Boomer 352 drilling rigs deployed in the
Branisko tunnel, states the minimum width of the vertically turned feed to be
of 88 mm, so DI = 88 + a reserve = 120 mm. The divergence is a constant
datum for the given drilling rig, independent on the blasting procedure.
Burdens of charges V4 at the next face, and the burdens V at the original
face, must take into account the divergence of the holes (see Fig.2).

Viax = V + DI, alternatively V = Vinax - DI m /1/

The holes divergence angle x, needed for assurance of the DI value
necessary, is the function of the advance per round (see Fig.2 - left-hand side)

g x = DI/Hs, alternatively DI = Hs tg 2/

DI, Hs - divergence of holes and the actual advance per round  /m/

y - angle of the perimeter holes divergence  /%/

Hs =n H, H -the length of perimeter holes (see Fig.2), n - efficiency of the
blast, for straight cuts usually 0.95>n 2 1.0.

The unit overbreak caused by the holes divergence Nb, i.e. the volume of
the overbreak for 1 m of the works (tunnel) length, is not the function of the
advance per round.

Nor = 0.5DI P /mém/ 13/

DI - divergence of holes /my/, P - designed gross circumference of the tunnel  /m/

The analysis performed suggests, and the values shown in the table
confirm that:

1. The absolute value of the holes divergence depends on parameters of
drilling  equipment only, and the value is constant for each tunnel cross
section, rock type and advance per round.

2. The technically necessary overbreak caused by the perimeter holes
divergence is neither dependent on the advance per round nor the rock
type. It is proportional to the tunnel circumference (i.e. to the tunnel cross
section area), with the coefficient of proportionality equal to the holes
divergency.

The above analysis of the TNO regarding the holes divergence would be
valid under ideal theoretical conditions, i.e. the conditions of an absolute
accuracy of drilling the holes, which means drilling without deviations of the
holes. Although, realistic considerations must always account for the holes
deviations.

DEVIATIONS OF THE HOLES

Deviations of the holes (D) is to be understood as their deviations from
designed parameters. Even if the design of disintegration is highly precise, its
realisation and the result of disintegration are affected very negatively by
inaccuracies connected with the work. As a result of various factors, e.g.
inaccuracy in setting out, collaring and setting directions of the holes, etc.,
deviations of the holes occur which, apart from other negative consequences,
affect the volume of overbreaks considerably. Generally, the overall review of
errors possible in the course of drilling the holes is shown in the Fig. 3 [4].
Major inaccuracies in the holes drilling can be the main, deciding source of
overbreaks.

The total deviation of holes consists of two parts (see Fig.4,3) : the
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jeho realizaciu a vysledok rozpojovania velmi negativne ovplyviuji  collaring error oz, and the error due to the failure to maintain the direction og.
nepresnosti spojené s jeho realizaciou. Vplyvom réznych Cinitelov, ako je The collaring error comprises above all: inaccuracies in setting out and
napr. nepresnost vytyéenia, zavftavania a smerovania vrtov, atd., vznikaju collaring of the holes, inaccurate setting of the drilling feed, its technical level,
deviacie vrtov, ktoré okrem inych negativnych désledkov, v znaénej miere  structural drawbacks, uneven surface of the rock etc. The error may amount

Projektovana hruba Obrysovy vrt Skutoény hruby

Sirka tunela Perimeter hole obrys tunela

Designed gross Actual gross contour ‘
width of the tunnel of the tunnel

Uy
N D 1
V"?ax ‘ Vyprojektovany vrt
. Designed hole
pidlv V+Di + D oz # J(H)
Chyba z vytyCenia vrtu
= Setting out error

Chyba zo zavitania vrtu
Collaring error

—»‘m'd— Q —HMH— Chyba z nasmerovania vrtu
DI + V = Vnfax V+Oz+ +DH+Ds = Vmax = Error in setting direction
Vnutrovrtové deviacie:

charakter horniny: diskontuita heterogenita
Vftacie rameno vrtny nastroj: typ korunky, vrtné tyce, pritlak

I| »
- vitacieho voza vysoka energia vrtného kladiva
Drilling rig boom gravitacia Os = j (H)
A Deviation inside the hole:
Ustie Rock character: diskontuity, heterogenity
2 . ) Dirilling tools: bit type, thurst, highenergy
SEpERITe V+Gz L Projektovany —v g of drifter gravity

vrtu Y
hruby
Collar Vitacia ty& %bry§ tur&etla / 4"—’47
e esigned tunne
M  Driling stem gross contour V+0Oz+Os Celkova deviacia vrtu

8 Total deviation of the hole

Obr. 2 Fig. 2 Obr 4 Fig. 4

Technologicky nutny nadvylom: divergencia a devidcia vrtov pri razeni tunela Priginy chyb pri vitani , ktoré spsobujli deviaciu
Technically necessery overbreak: divergence and deviation of holes at tunnel Causes of drilling error’s entailing deviations of holes
driving

1 vyprojektovany vrt 2 vyvitany vrt 3 chyba pri vyty&ovani
1 designed hole 2 drilled hole 3 err):)r dBe \tlgtgetting out

D and collaring the hole
a) b) c) \_/:L; 4 chyba v dizke vrtu
_’|_<_

i

4 error in the hole lenght

T
5 7
1 1
| J 4 6 6
D D Vingx o

~Dle »Dle Vg

Vmax - Vmax | Vmax -
D Celkova devidcia vrtu 5 Chyby v uklone a smere vrtu 6 Chyby spdsobené odchylenim vrtu od smeru 7 Havarovany vrt
D Total deviation of the hole 5 Error in inclination 6 Erros caused by deviation of the hole from its direction 7 Collapsed hole

and direction of the hole

Obr. 3 Fig. 3
Presnost vitania vrtov = devicia vrtov
Accurancy of the holes drilling - the holes deviatios
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vplyvaji na objem nadvylomov. Obecne, celkovy prehfad moznych chyb pri
vitani vrtov je na obr. 3, 4. Vysoké nepresnosti pri vitani vrtov mézu byt
hlavnym - rozhodujucim zdrojom nadvylomov.

Celkova devidcia verov sa sklada z dvoch ¢asti /obr. 4, 3/: chyba zo
zavftavania dz a chyba z nedodrzania smeru ds.

Chyba zo zavftavania 0z, zahriuje hlavne: nepresnosti vyty€enia
a zavftavania vrtov, nepresné postavenie vrtacieho ramena, jeho technicki
Uroven, konstrukéné nedostatky, nerovnosti povrchu horniny a iné. Chyba
moze dosahovat dz = 50 az 100 mm i viac, nezavisi od postupu na odstrel,
obr.2,3.

Chyba z nedodrzania smeru #s, zahffia hlavne: nesprdvne nastavenie
smeru - uhla divergencie vrtov, /u vftacich vozov Boomer 352 absentuje
zariadenie pre nastavenie tychto parametrov/. VSetky uz zmienené chyby
sl vaésinou v "kompetencii” vftada. Dalej s to devidcie ktoré vznikaji
v priebehu vitania: odchylky vrtov od smeru, ktoré st zapri¢inené hlavne
vrstevnatostou, diskontinuitou a heterogenitou horninového masivu, dalej
chyby z vyberu ¢i nedostatkov vrtného naradia, ako je typ vitacej korunky,
kvalita vrtacich ty¢i - ich ohybnost, vysoky pritlak - vysoka energia
hydraulického vtacieho kladiva a s tym suvisiaci ohyb vrtacich tyéi, vplyv
graviticie na vrtacie naradie a iné. Kazdy z uvedenych faktorov sam, alebo
vo vzajomnej stéinnosti méZe sa spolupodielat na devidcii vrtného néstroja
- korunky. Vyskumy v poslednych rokoch ukazali délezitost’ vyberu typu
vitacej korunky [5]. Maximalne deviécie, az D = 500 az 600 mm/7,8 m,
vykazovali guliCkové vrtacie korunky. Podstatne lepSie vysledky davali
menej vykonné krizové korunky a deviacie blizké nule vykazovali krizové
korunky so zosilnenou - prediZzenou bazou korunky, ktora pdsobi ako
vodiaci valec [5]. Teda, zle zvolené a prispdsobené naradie, nevhodné
a asymetrické vrtacie korunky, prili§ ohybné vrtacie tyce, predimenzovany
vykon vrtacieho kladiva a pod., mézu deviacie vitov dalej zvySovat'.

Mern& chyba zo smeru byva o: = 10 az 50 mm/m vrtu i viac, pri ruénom
vitani ¢asto az 100 mm/m([3, 4]. Celkova chyba zo smeru Ds, rastie
s dizkou vrtu - postupom na odstrel Hs

Ds = os Hs /m/ 14/

a velmi negativne vplyva na objem nadvylomu, obr. 4, 5, tab. 1.

Celkova deviacia vrtu je dana stétom oboch devidcii (obr.4)

D=0+ o Hs /m/ /5/

Hs - skutoény postup na odstrel /m/, & - merna chyba zo smeru /m/m/,
d: - chyba zo zavftavania /m/.

Celkovy prehfad moznych chyb pri vftani vrtov je na obr. 3 a kvalifikacie-
chyb na obr. 4. Vrt sa méZe smerovat k volnej ploche - do tunela, teda
k moznosti vzniku podvylomu.Z hiadiska rozpojenia zaberu V a velkosti
nadvylomu, najnepriaznivejsi je pripad odchylky vrtu smerom do masivu -
hiboko za projektovany obrys diela. V oblasti dna vrtu méze tak byt
prekroéeny maximalny zaber naloze Vmax a pri odstrele mézu zostavat
nerozpojené ¢asti horniny, tzv. "patky” s "pistalami”, ¢ize dojde ku snizeniu
Uginnosti odstrelu, obr. 2, 3b. Aby sa tieto negativne ddsledky deviacie
vrtov minimalizovali, pri razeni a v trhacej technike vébec, sa deviécia vrtov
zohfadni v projekte odstrelu tak, ze vrt sa umiestni v povodnej Celbe
s men3im zaberom V, ako to zndzornuje obr. 3¢, [3, 4], teda

V = Vo - D = Ve - /02 + 05 H/ Im/ 16/

¢im na buducej ¢efbe nebude prekroéeny zaber Vmax.

Ulohou obrysovych nélozi je zaistit hruby projektovany prierez tunela
s minimalnym nadvylomom a bez vzniku podvylomov.Pripustenie
podvylomu by znamenalo zmen$enie hrubych projektovanych rozmerov
tunela a tym aj hribky projektovanych osteni, primarnej, resp. sekundarnej,
pripadne oboch sucasne. Chyba zo zavftavania do, moéze vogi
projektovanému obrysu diela nadobudnut hodnotu + o= = nadvylom, alebo
hodnotu - 0: = podvylom. Nepripustna je akakolvek hodnota podvylomu.
Preto sa zaber obrysovych vrstov Vmusi zvysit o chybu + ¢, ¢im Ustia
obrysovych vrtov budl zdanlivo vitané o hodnotu dz za projektovanym
hrubym obrysom tunela, ako to vidiet z pravej asti obr. 2. Maximalny zaber
na ploche buducej ¢elby

Vmax=N+(71/+ DI + os Hs /m/ /7/
odkial zaber obrysovych nalozi na pévodnej ¢elbe
V+ 0:=Voax-Dl - 0:- osHs  /m/ 18/

Vztah /7/ teoreticky komplexne riesi otdzku divergencie a deviacie vrtov
pri razeni podzemnych diel a tunelov.

to 0z = 50 to 100 mm and higher. It is independent on the advance per round.
Its total identical value is transferred to the advance per round, see Fig.2,3.

The error due to the failure to maintain the direction, og, comprises above
all: incorrect setting of the direction, i.e. the holes divergence angle (Boomer
352 drilling rigs lack a facility for setting these parameters). All of the above
mentioned errors are mostly caused by drill rig operators. Further, there are
deviations arising in the course of drilling: deviations of the holes from their
directions, caused mainly by bedding, discontinuity and heterogeneity of the
rock mass, errors due to wrong choice or lack of drilling tools as the type of
drill bits, quality of drifter rods (their flexibility), high thrust (high energy of the
hydraulic drifter causing the drifter rods bending), the effect of gravity on
drilling tools, and others. Each of the above mentioned factors by itself, or in
concurrence with the others, can contribute to the deviation of the drilling tool,
i.e. the bit. The research conducted in the past years showed how important
the choice of the drill bit is [5]. Maximum deviations, up to D = 500 to 600 mm/
7.8 m, occurred at button bits. Significantly better results were achieved by
using less efficient cross bits, and deviations near to zero were achieved by
using cross bits with strengthened (lengthened) base of the bit, which acts as
a guide cylinder [5]. Therefore, the tools chosen or adapted in a wrong
manner, improper and asymmetric drill bits, too flexible drifter rods,
inadequate output of the drifter etc. can further increase the holes deviations.

The unit directional error is usually og = 10 to 50 mm per one meter of
a hole, even more. At manual drilling it often amounts up to 100 mm/m [3,4].
The total directional error, Ds, increases with the hole length - the advance per
round, Hs,

Ds = os Hs /m/

and it affects the volume of the overbreak in a very negative manner (see
Fig.4,5, Table 1).

The total deviation of a hole is given by totalling the both deviations (see
Fig.4).

D=0 + osHS /m/

Hs - actual advance per round /m/, & - unit directional error /m/m/,

oz - collaring error /m/ .

The overall review of all errors possible in the course of the holes drilling is
shown in Fig.3, and the errors qualification is in Fig.4. A hole may deviate in
any direction (see Fig.3a,b). The hole deviation may head towards the free
surface, i.e. to the tunnel, which fact results into the possibility of an
underbreak. From the aspect of fragmentation of a burden V and the extent
of an overbreak, a case of the hole deviation towards the rock mass, i.e. deep
beyond the designed perimeter of the works, is most unfavourable. The
maximum burden Vmex of the charge may be exceeded by that way in the area
of the hole bottom, and parts of the rock may remain without fragmentation
after blasting, which means a reduction of the blast efficiency (see Fig.2,3b).
To minimise the above mentioned negative consequences of the holes
deviations arising in the course of driving and as a result of blasting technique,
the holes deviation is taken into consideration in the blasting design by
locating the hole in the original face with smaller burden V, as shown in the
Figure 3c, [3, 4], which means

V=Vox-D= Viax-(0: + s Hs)  /mV/ /6/

by which way the burden Vmax will not be exceeded at the next face.

The role of perimeter charges is to ensure that the gross designed cross
section with minimum overbreaks and without occurrence of underbreaks be
achieved. Permitting an underbreak would mean reduction of gross designed
dimensions of the tunnel, including the designed linings thickness, i.e. the
primary or secondary lining or both of them. The collaring error os may, with
reference to the designed profile of the works, amount to + o= = an
overbreak, orto - o: = an underbreak. No extent of an underbreak is
permissible. Therefore, the burden of perimeter holes V must be increased by
the error + oz, by which way the collars of the perimeter holes will be drilled in
the distance oz, seemingly beyond the designed gross cross section of the
tunnel, as shown in the right-hand side of Fig.2. The maximum burden in the
area of the next face

Vmax:(v + Uz) + DI + os Hs /m/ 17/
from that the burden of perimeter charges at the original face
V + 0: = V- DI - OSHS, or V= "Ve-Dl-0:-0s s /m/ 8/

The relation /7/ solves theoretically, in a complex manner, the issue of
divergence and deviation of holes during excavation of underground works
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Tunel

Pre jeho praktické vyuZitie je otdzna volba konkrétnych hodnét devigcii
vrtov, nutnych pre objektivne stanovenie TNN v sulade s realitou.

Merny nadvylom z chyby zo zavftania

N:=0:P /m¥m/ /9/

oz - chyba zo zavrtania /m/, P - projektovany hruby obvod tunela /m/. Zo
vztahu /9/ vidiet, Ze memy nadvylom z chyby zo zavftania nie je zavisly na
postupe na odstrel H; je priamotmerny obvodu tunela P so sUcinitefom
Umernosti ¢z. Nadvylom z chyby ¢ je funkciou technickej Urovne vitacieho
voza, skusenosti operatora a charakteristik rozpojovanej horeniny.

Merny nadvylom z chyby zo smeru

Ns =0,5 & Hs P = 0,5 Ds P /m*/m/ 10/

0s - merna devidcia zo smeru /m/m/, Hs - skutoény postup na odstrel /m/,
Ds - celkova deviécia vrtov zo smeru /m/, P - projektovany hruby obvod
tunela /m/

Vztah /10/ ukazuje, ze merny nadvylom spdsobeny chybou zo smeru
vrtu je funkciou postupu na odstrel - dizky vrtov H; je priamo umerny
celkovej deviacii vrtov zo smeru, konstantou Umermnosti je merna deviacia
zo smeru vrtov dos. Hodnota Ns zavisi hlavne od technickej Urovne
vitacieho voza /moznost presného nastavenia uhla divergencie v/, od
skusenosti operatatora a dalSich ¢initefov uvedenych v suvislosti s chybou
os. Obr. 5 vSak ukazuje, Ze vplyv vrstevnatosti horniny, resp.
prevladajuceho systému diskontinuit, m6zZe mat’ v tunuli alebo podzemnom
diele, na rozdiel od stavebnej jamy alebo zarezu, na devidciu zo smeru
komplexny vplyv, a sice:

- hodnota mernej deviacie zo smeru os nemusi byt po celej dizke vrtu
konstantnd, jej hodnota i smer sa vzhfadom k vrstevnatosti moze

s dfzkou vrtu menit' /vid obr.5/, &im celkova chyba zo smeru Ds nemusi

byt pre vSetky vrty, resp. skupiny vrtov hodnota konstantna - rovnaka, ¢o

moze sucasne

- podstatne zva¢Sovat nadvylom /prava Cast obr. 5/, alebo moze viest az
ku vzniku podvylomu, ¢ize

- vztahy /4/, /5/, /10/, nemusia mat linearny priebeh, ¢im

- skuto¢na hodnota memého nadvylomu zo smeru Ns, nemusi odpovedat

presne hodnotam vypoéitanym zo vztahu /10/.

Komplexné rieSenie by si vyzadovalo stochasticky a nie deterministicky
model rieSenia. Problém sa stava vypuklejSim s narastanim dizky vrtov
/postupu na odstrel/. V podmienkach razenia podzemnych diel a tunelov,
kde dizky vrtov su radove maximdlne v metroch, Uplne vystagime
i s uvedenym jednoduchym modelom.

Celkovy merny nadvylom, zahriiujuci divergenciu i devidciu vrtov, je
dany sucétom jednotlivych mernych nadvylomov a predstavuje maximalnu
teoretickd hodnotu

Ne=0,5Dl+Ds +2 /P /m*/m/ n/

a v percentach projektovaného hrubého prieéneho prierezu tunela S

Nex =/N/S/100  /%/ na2/

Priemerna hrdbka nadvylomu /predstavuje maximalnu teoretiski hodnotu/

h=NJ/P1 /m/ n3/

Celkova deviacia vrtov zo smeru
Total directional elevation of holes

D, D.= oH,
=\ r \ -
M H
b \/ Obrysovy vrt
v Perimeter hole

Projektovana hruba
Sirka tunelu
Designed gross width
of the tunnel

Obr. 5 Fig. 5

Vplyv vrstevnatosti, resp. prevliadajucého systému diskontinuit horninového
masivu na deviaciu vrtov zo smeru G

Effect of a rock mass bedding, i.e. of prevailing system of discontinuities,
deviation of holes out of the direction G

and tunnels. Its practical utilisation depends on the choice of specific values
of the holes deviations necessary for the objective determination of the TNO,
in compliance with reality.

The unit overbreak due to the collaring error

N: = 0: P /m°/m/ 19/

o: - collaring error /m/, P - the designed gross perimeter of the tunnel /m/.

It is obvious from the relation /9/ that the unit overbreak due to the
collaring error does not depend on the advance per round H. It is directly
proportional to the tunnel circumference P, with the coefficient of
proportionality o=. The overbreak due to the error so: is a function of the
technical level of the drilling rig, operator's experience, and characteristics of
the rock to be fragmented.

The unit overbreak due to the directional error

Ns=050sHs P=0.5 Ds P/m’/m/ /10/

os - the unit deviation of holes from the direction /m/m/, Hs- actual
advance per round /m/, Ds - total deviation of holes from the direction /m/,

P - designed gross perimeter of the tunnel /my.

The relation /10/ suggests that the unit overbreak caused by the error
caused by the hole direction is a function of the advance per round, i.e. of the
holes length H. It is directly proportional to the total directional deviation of the
holes; the proportionality constant is the unit deviation from the holes direction
os. The value of Ns depends mainly on the technical level of the drill rig
(a possibility of accurate setting of the divergence angle v,
operator's experience , and other factors stated above in connection with the
error dog. Although, the Fig. 5 shows that the influence of the rock bedding or
of the prevalent system of discontinuities can have a complex influence on the
directional deviation in a tunnel or underground works, as opposed to
a construction pit or an open cut, namely:

- the value of the unit directional deviation og does not have to be constant
along the whole length of the hole. The value and direction can vary with the
hole length with respect to the bedding (see Fig. 5), thus the total directional
error Ds does not  have to be constant - equal for all holes or groups of holes.

N, - merny nadvylom z deviacie zo zavrtania z divergencie vrtov
N, - unit overbreak caused by the collaring divergence

Ny, - merny nadvylom z divergencie vrtov
N,, - unit overbrerake caused by divergence of holes

N, - clekovy mermny nadvylom
N - total unit overbreak

h - priemerna hribka nadvylomu
h = average thickness of the overbreak
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Obr. 6 Fig. 6

Zavislost merného technologicky nutného nadvylomu a priememne;j

technologicky nutnej hrubky nadvylomu h na postupe na odstrel H
Relation of the unit technically necessary overbreak and technically
necessary overbreak h to the advance per round H
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Uvedend analyza divergencie a deviacie vrtov vo vztahu k nadvylomu,
umoznuje teoreticky vypocet oakavanych maximalnych hodnét TNN. Na
ilustraciu uvedme priklad, ktory bude predstavovat priblizné podmienky
razenia tunela Branisko na Slovensku:

horniny krystalinika, trieda vyrubu | az 1V, priemery guli¢kovych vftacich
koruniek

/priemery vrtov/ 40 az 50 g

dizka vrtov H = 0,53 az 5,26 m, G¢innost odstrelu n = Hs/H < 95 %,

divergencia vrtov /Boomer 352/, DI = 0,12 m,

chyba zo zavftavania ¢: = 0,08 m,

merna chyba zo smeru os = 0,03 m/m,

projektovany hruby prie¢ny prierez tunela S = 83,16 m?,

projektovany hruby obvod tunela P = 34,21 m.

Vysledky rieSenia su v tabulke 1. Z Udajov v tabufke 1 je v grafe na
obr. 6 zobrazeny celkovy merny technologicky nutny nadvylom, jeho zloZky
ako aj priemernd hrabka technologicky nutného nadvylomu "h”, v zavislosti
na postupe na odstrel. Vidiet, Ze celkovy merny nadvylom Nc, nadvylom
z chyby zo smeru vrtov Ns, ako aj priemerna hrdbka nadvylomu "h”, st
funkciou postupu na odstrel H; s narastanim hodnoty H, nadvylom rastie
linearne a tento narast je zavisly na hodnotei mernej chyby zo smeru ds.

Vypocitané teoretické hodnoty v tabufke 1 potrebuju struény komentar.
Pri nasadeni vitacich vozov starSej generacie, bez moznosti presného
nastavovania vrtov, napr. Boomer 352, aj nasklsenejsi operator nie je
schopny presnejSie odhadnut a nastavit potrebny uhol divergencie /tab.1/.
Prax potvrdzuje, Ze fahko ddjde k jeho dvoj, ¢i trojnasobnej chybe. Ak
chyba v uhle vzrastie napr. dvojnasobne, celkovy nadvylom spdsobeny
chybov vrtov Ns vzrastie 0 2,05 m*/m a priemerna hrubka nadvylomu z 0,15
az 0,22 na 0,21 az 0,28 m, teda celkovy narast 0 40 az 28 % v zavislosti
na postupe na odstrel, ako to ukazuje prepocet v dolnej Gasti tabufky 1. Aj
tato Uvaha poukazuje a potvrdzuje velklu ddlezitost precizneho
vypracovania a realizacie projektu rozpojovania.

METODA ROZPOJOVANIA

Jedna sa o rozpojovanie horniny v poslednom zabere na obryse tunela,
obvykle v bokoch, v strope, pripadne aj v po¢ve. Naloze v obrysovych vrtov
mozno dimenzovat bud klasicky, alebo aplikovat’ metddy hladkého vylomu
/predstep/ [3,1,6,10]. Vyber metddy rozpojovania v znacnej miere ovplyvni
hodnoty nadvylomov. Pri klasickom rozpojovani dochadza k silnému

B nové vrtacie vozy (Boomer 186 S)

laserovy a usmernovacie zariadenie vrtov

B new drilling rigs (Boomer 186 S) - laser beam and
a boring guidance facility

ES

s 30 — — 30
® 25 A stré vrtacie vozy = 25
S E A oald drilling rigs -
3 20 — — 20
§ 15 e Ek
> - =
B8 10 (B A = 10
oS E =
S = S
£S 1 2 3
?‘-‘é 1 DIhé €asovanie (NONEL GT/ T - rozptyl az 150 ms)
E g 1 Long delay times (NONEL GT/T - scattering up to 150 ms)
2 Elelktronické rozbusky - rozptyl Casovania 1 ms
2 Electronic detonaors - sccatering in the delay time 1 ms
3 Vruby po stranach vrtov a ¢asovanie NONEL GT/ T
3 Indentations in the walls of the holes, and timing
NONEL GT/ T
Obr. 7 Fig. 7

Hodnoty nadvylomov (% plochy prierezu tunela ) v zavislosti

na type vrtacieho ramena a druhu roznetu - ¢asovanie nalozi [5]
Values of overbreaks (per cent of the tunnel cross section area )
relation to the boom type and the of initiation , i.e. the delay time
of charges [5]

Iunel
This fact can, at the same time,

- increase the overbreak substantially (the right-hand side of Fig. 5), or lead
to development of an overbreak, which means that

- relations /4/, /5/, /10/ do not have to have a linear course, thus

- the actual value of the unit overbreak caused by direction Ns does not have
to correspond exactly with the values calculated on the basis of the relation

/10/.

A complex solution would require a stochastic solving model, not the
deterministic one. The issue becomes more expressive with increasing length
of the holes (advance per round). However, the above mentioned simple
model will be fully sufficient for us under the conditions of driving tunnels and
underground works where the lengths of the holes are in the order of meters
as a maximum.

The total unit overbreak comprising the divergence and deviation of the
holes is given by totalling individual unit overbreaks, and it represents the
maximum theoretical value

Ne=05/Dl + Ds+ 20z/P /m’/m/ /11/

and expressed in per cents of the designed tunnel gross cross section S

New = /Ne/S/ 100 /%/ 12/

Average thickness of the overbreak (it represents a maximum theoretical
value)

h = Ne/P1 /m/ /18/

The above analysis of holes divergence and deviation in the relation to an
overbreak renders a theoretical calculation of anticipated maximum values of
the TNO possible. For illustration, we can present an example, which will
approximately reflect the excavation conditions of the tunnel Branisko in
Slovakia:

crystalline rocks, excavation class | to IV,

button bits diameters (holes diameters) 40 to 50 mm,

length of holes H = 0.53 to 5.26 m, blast efficiency n = Hs / H < 95%,

divergence of holes (Boomer 352), DI = 0.12 m,

collaring error o= = 0.08 m,

unit directional error os = 0.03 m/m,

designed gross cross section of the tunnel S = 83.16 m2,

designed gross circumference of the tunnel P = 34.21 m .

The results of the calculation are shown in the Table 1. The chart shown
in Fig.6, which was developed on the basis of the data contained in the Table
1, shows the total unit technically necessary overbreak, its components and
the average thickness of the technically necessary overbreak "h", in relation
to the advance per round. It is obvious that the total unit overbreak Nc, the
overbreak caused by the error due to the holes direction Ns, and the average
thickness of the overbreak "h" are a function of the advance per round H; the
overbreak increases linearly with increasing value of H. This increase
depends on the value of the unit directional error os .

The calculated theoretical values shown in the Table 1 need a brief
commentary. If an older generation of drilling rigs is used for which an exact
setting of holes is impossible, for example Boomer 352, even the most
experienced operator is not able to predict and set the divergence angle
needed (see Table 1). The praxis confirms that a double- or triple-fold error
may easily occur. If the error in the angle for example doubles, the total
overbreak caused by the error due to the holes direction Ns increases by 2.05
m’/m, and the average thickness of the overbreak jumps from 0.15 to 0.22
m up to 0.21 to 0.28 m, which means a total growth by 40 to 28%, depending
on the advance per round, as it is obvious from the recalculation at the foot of
the Table 1. This consideration also shows and confirms the high importance
of a precise elaboration and implementation of the design of fragmentation.

FRAGMENTATION METHOD

It is the matter of the rock fragmentation in the last phase, along the tunnel
perimeter, usually at the walls, roof or invert. Charges for the perimeter holes
can be sized either by the classical way or by applying the methods of
contour blasting (smooth blasting or pre-splitting) [3,1,6,10]. The option of the
fragmentation method will affect the values of overbreaks significantly. At
classical fragmentation, heavy disturbance of the rock occurs in the pillar
behind the tunnel perimeter, and, depending on the rock mass strength and
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Teoreticky vypocet technologicky nutného nadvylomu pri razeni tunela trhavinami Tabulka 1 Theoretical calculation of the technically necessary overbreak at the drill-and-blast tunnelling Table 1
Projektovany hruby priecny prierez Designed gross cross section S /m’/ 83,16
S/m/ 83,16 Designed gross circumference P_/m/ 34,21
Projektovany hruby obvod P /m/ 34,21 Length of holes
Dizka vrtov - postup na odstrel H /m/ 0,53 1,05 2,10 3,15 420 5,26 - advance per round H /m/ 0,53 1,05 2,10 3,15 420 5,26
Skutony postup na odstrel Hs /m/ 0,5 1,0 2,0 3,0 4,0 5,0 Actual advance per round Hs  /m/ 0,5 1,0 2,0 3,0 4,0 5,0
Divergencia vrtov DI /m/ 0,12 0,12 0,12 0,12 0,12 0,12 | Divergence of holes DI /m/ 0,12 0,12 0.12 0.12 0,12 0,12
Uhol divergencie y /o/, vztah /2/ 135 68 34 23 1.7 1.4 Divergence angle y /°/, relation /2/ 13,5 6,8 34 23 1,7 1,4
Nadmerny vylom z divergencie Noi Overbreak caused by divergence
/m'Im/, vztah /3/ 2,05 2,05 2,05 2,05 2,05 2,05 Noi /m’/m/, relation /3/ 2,05 2,05 2,05 2,05 2,05 2,05
Devidcia zo zavftavania vrtov 0. /m/ | 0,08 0,08 0,08 0,08 0,08 0,08 Deviation caused by collarings: /m/| 0,08 0,08 0,08 0,08 0,08 0,08
Merny nadvylom zo zavitavania Nz Unit overbreak caused by collaring
méfm/, vztah /9/ 2,74 2,74 2,74 2,74 2,74 2,74 Nz /m /m/, relation /9/ 274 274 2,74 274 274 274
Merna deviacia zo smeru os /m/m/ 0,03 0,03 0,03 0,03 0,03 0,03 Unit directional deviation
Celkova deviacia zo smeru Ds Ds /m/, relation /4/ 0,015 0,03 0,06 0,09 0,12 0,15
/m/, vztah /4/ 0,015 0,03 0,06 0,09 0,12 0,15 Unit overbreak caused by direction
Memy nadvylom zo smeru Ns Ns /m’/m/, relation /10/ 0,26 0,51 1,03 1,54 2,05 2,57
/m?/ml, vtah /10/ 0,26 0,51 1,03 1,54 2,05 2,57 Total unit overbreak NC /m’/m/
Celkovy merny nadvylom Ns m'Im/ Ne=No + Nz+ Ns 5,05 5,30 5,82 6,33 6,84 7,36
Ne = Noi + Nz + Ns 5,05 5,30 5,82 6,33 6,84 7,36 Total unit overbreak
Celkovy merny nadvylom Nc Ne /ms/m/, relation /11/ 5,05 5,30 5,82 6,33 6,84 7,36
/m¥/m/, vztah /11/ 5,05 5,30 5,82 6,33 6,84 7,36 Total unit overbreak in % of a tunnel
Celkovy memny nadvylom v % prierezu cross section Nex /%, relation /12/ 6,07 6,37 7,00 7,61 8,23 8,85
tunela Nex /%, vztah /12/ 6,07 6,37 7,00 7,61 8,23 8,85 Overbreak average thickness h /m/,
Priemerna hribka nadvylomu h /m/, relation /13/ 0,15 0,16 0,17 0,19 0,20 0,22
vztah /13/ 0,15 0,16 0,17 0,19 0,20 0,22
Vypocet narastu nabvylomu pri zva¢$eni uhla y na hodnotu 2y Calculation of the overbreak increase with the angle y increased to the value 2y
Zvacsenie celkovej chyby Increase in the total error
Ds = Hstgy /m/ 0,12 0,12 0,12 0,12 0,12 0,12 Ds = Hs tgy /m/ 0,12 0,12 0,12 0,12 0,12 0,12
Zvécsenie celkového nadvylomu Increase in the total overbreak caused
20 smeru Ns /m3/my, vztah /10/ 2,05 2,05 2,05 2,05 2,05 2,05 by direction Ns Jm’/m/, relation /10/ 2,05 2,05 2,05 2,05 2,05 2,05
Celkovy merny nadvylom Total unit overbreak Ne /m’/my/,
Ne /m3/m/, vztah /11/ 7,10 7,35 7,87 8,38 8,89 9,41 relation /11/ 7,10 7,35 7,87 8,38 8,89 9,41
Priemerna hribka nadvylomu Overbreak average thickness h /m/,
h /m/, vztah /13/ 0,21 0,22 0,23 0,25 0,26 0,28 relation /13/ 0,21 0,22 0,23 0,25 0,26 0,28
Zvysenie celk. merného nadvylomu, Increase in the total unit overbreak or
resp. priememnej hrdbky nadvylomu /%( 40,0 38,0 35,0 32,0 30,0 28,0 the overbreak average thickness /%/ 40,0 38,0 35,0 32,0 30,0 28,0

poruSovaniu horninového plasta a v zavislosti na pevnosti horninového
masivu a stupni jeho poruSenia - diskontinuite ho mézu doprevadzat
znacné nadvylomy. Pri DI = kon$. a klasickych trhacich pracach bez
riadného vylomu, so zmenSovanim pevnosti hornin a su¢asnom pribddani
ich diskontinuity, rastie tiez riziko zva¢Sovania nadvylomu nad hodnoty
dané predo$lou analyzou, ilustrovanou prikladom v tabutke 1. Je to
dosledok drvenia - poruSovania horniny v okoli nélozi i smerom do
zaobrysového masivu.

Pre eliminovanie, resp. zmenSenie tychto nepriaznivych U¢inkov sa
v zahrani¢i bezne na obryse aplikuje hlavne hladky odstrel /smooth
blasting/, ktory je uc¢innej$i a [ah3ie realizovatelnej$i ako predstep
/presplitting/.

Ulohou metéd riadeneho vylomu je zmensit poruovanie horniny v pilieri,
ziskat' hladSiu - rovnejSiu plochu vylomu, teda znizit hodnoty TNN

the degree of its fracturing, i.e. its discontinuity, also the risk grows that the
overbreak will cross the values given by the above analysis, illustrated by the
example in the Table 1. It is a result of crushing - fracturing of the rock in the
surroundings of charges, even in the direction towards the massif, outside the
perimeter.

To eliminate or reduce these unfavorable effects, smooth blasting
application is mostly preferred abroad, which is more efficient and easier to
realize than presplitting.

The target of the contour blasting methods is to reduce disturbance of the
rock in the pillar, to obtain smoother - more even surface of the excavated
space, i.e. to decrease the values of the TNO, and, at the same time, to
influence in a positive manner (to reduce) geological or other kinds of
overbreaks. The contour blasting methods "spare" the rock, which fact is
especially important and efficient in a rock mass with low and medium

Mozné vztahy: hornina - metdda rozpojovania - nadvylom Tabulka 2
Tieda vjrubu : ‘ T ‘ T ‘ T Relations possible: rock - fragmentation method - overbreak Table 2
Priemerna hriibka nadvylomu "h" /m/, tab.1 0,157 0,22 Excavation class o e [
Pokles pevnosti a rast diskontinuity hornin > Overbreak average thickness "h" /m/, Tab.1 0,15az 0,22
Klasické trhacie prace bez riadeneho vylomu Strength reduction and rock discontinuity increase >
na obryse tunela 1?74/ + ++ +++ Classical drill-and-blast without contour blasting 1?7+/ + ++ +++
Metddy riadeného vylomu na obryse tunela = = 17+1 + Contour blasting methods - - 12+ +

Poznamka: + znamena narast hribky nadvylomu v 2. riadku tabufky

? pochybnost o Uplnej platnosti +

Note: + means an increase in the overbreak thickness in the second line of the table

? means doubts about the complete validity of +
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a zérovef pozitivne ovplyvnit /zmensit/ geologicky, pripadne i iné
nadvylomy. Metédy riadeného vylomu "Setria” horninu, &o je zvlast dolezité
a efektivne v malo a stredne pevnych a v stredne a malo porusenych
horninovych masivoch. Pri aplikacii metdd riadeneho vylomu, riziko silného
porusovania horniny v pilieri podstatnou mierou klesa a v kompaktnych,
malo poruSenych masivoch se toto riziko prakticky eliminuje. Poziadavka
znizovat' nadvylomy, sa bez aplikacie metdd riadeneho vylomu neda pine
dosiahnut. Vzajomné vztahy: horninovy masiv - metdda rozpojovania -
nadvylom, nedokdZzeme na Uurovni sU¢asnych poznatkov blizSie
kvantifikovat. Pre prax v§ak jednoznacéne rezultuje: na obrysoch tunelov
a podzemnych diel aplikovat metédy riadeného vylomu, z nich
predovsetkym hladky odstrel.

Na urovni hrubych, kvalitativnych Uvah a odhadov, mozno vzéjomne
vztahy: hornina /trieda vyrubu/ - metdda rozpojovania - nadvylom,
predstavit' v podobe aku uvadza tabuftka 2.

K uvedenej analyze nadvylomov, niekofko Udajov z praxe. Prazské
metro: ruéné vitanie, H = 1 az 1,5 m, priemerna hrdbka nadvylomu h, =
260 mm /200 az 400 mm/ [11]. Svajéiarsko: starsia geracia vftacich vozov
na drovni Boomeru 352, H = 2,5 az 3,5 m, hp = 250 mm [8]; posledna
generacia pocitaom riadenych vitacich vozov so systémom presného
nastavenia uhla divergencie, presnej lokalizacie Ustia obrysovych vrtoy,
presného vedenia vitacich ty¢i, inicidcie obrysovych nalozZi hladkého
odstrelu elektronickymi rozbuskami s maximalnym rosptylom 1 az 2 ms
/oproti 100 az 200 ms u asovanych elektruckych rozbusiek/, sa behom
Speciélneho vyskumu dosiahlo hp = 100 az 200 mm [8]. Je to hodnota
prakticky zhodna z nutnou divergenciou vrtov, podmienenou parametrami
vitacieho voza. podobné vysledky boli dosiahnuté i vo Svédsku, ako to
dokumentuje obr. 7 [5]. Tu boli porovnané starsie vrtacie vozy s novsimi,
elektronické rozbusky s neelektrickymi, ale s vefkym rozptylom intervalu
Casovania. V zahrani¢i je samozrejmostou nabijat obrysové naloze
radialne odfahéenymi trhavinami, s priemerom néaloziek okolo 20 mm,
ktoré sU tieZ nutné pre valcové zalomy [2], ¢o zostava u nas stale
problémom.

Niekolko predbeznych hodnét z razenia tunela Branisko: vitaci voz
Boomer 352 bez nastavenia uhla divergencie atd., H =2 az 3 m, h, = 220
az 250 mm /okolo 7 a2 7,5 m’/m/. Pre zlepSenie presnosti lokalizacie Ustia
obrysovych vrtov a nastavenia ich uhla divergencie, overili sa jednoduché
opatrenia a pomaocky.

1. Jednoduchym "kruzidlom” se vytycil a na ¢elbe farbou vyznadil obrys
kaloty a na nom Ustia vrtov.

2. Pomocou jednoduchej laty s uhlom divergencie a vodovahou /pouziva
sa pri kontrole Uklonu diela/, prilozenou na vitaciu ty¢, sa nastavili ramena
vitacieho voza na potrebny uhol divergencie. Tieto opatrenia, nenaro¢né
na ¢as, s polu s pokusmi aplikovat hladky odstrel, sa v danych
podmienkach ukazali vysoko U¢inné a efektivne.

ZAVER

1. Bol predlozeny jednoduchy teoreticky spsob vypoctu technologicky
nutného nadvylomu, ktory sa opiera o divergenciu a deviacie vrtov.

2. Klasickymi trhacimi pracemi bez pouZitia metdd riadeného vylomu na
obryse tunela, nie je mozné hodnoty TNN zmensovat.

3. Podstatne znizovat hodnoty TNN je mozné len nasadenim pocitatom
riadenych vrtacich vozov, vhodnym vyberom vftacieho naradia
a vhodnymi prostriedkami trhacej techniky a vysokou uroviiou
projekénych a realizaénych prac.

4. Technologicky nutny nadvylom by mal tvorit stcast statického vypoctu
primarneho ostenia. TNN totiz tvori ast’ prie¢neho prierezu, ktora je
vynutena technilégiou. Nep6jde teda asi o nadvylom, ale vylom
podnieneny pouzitou technolégiou a mal by tak byt zahrnuty do hodnoty
projektovaného hrubého prieéneho prierezu tunela a za nadvylom
povazovat potom len zvacSenie tohoto prierezu.

5. Aj pri nasadeni najsofistikovanejSej techniky, alfou a omegou
minimalizacia TNN zostava vysoka presnost projekénych
a realizaénych prac, teda erudicia, schopnosti a skisenosti fudi.

strength, and which is moderately or heavily fractured. If a contour blasting
method is applied, the risk of a heavy disturbance of the rock in the pillar
drops in a substantial extent, and it is practically eliminated in little fractured
massifs. The demand to reduce overbreaks can not be fully met without
application of contour blasting methods. Mutual relations: rock mass -
fragmentation method - overbreak, can not be quantified on the basis of the
contemporary knowledge. However, there is an unambiguous result for the
praxis: to apply contour blasting methods at the perimeters of tunnels and
underground works, smooth blasting above all.

The mutual relations between the rock (rock class), the fragmentation
method and overbreak can be, at the level of gross, quantitative
considerations and anticipations, assembled in the form as shown in the Table
2.

Several data from the praxis regarding the above analysis. The Prague
Metro: manual drilling, H = 1 to 1.5 m, average overbreak thickness ho = 250
mm [8]; Switzerland: latest generation of computer controlled drill rigs with
a facility for precise setting of divergence angles, precise location of perimeter
holes collars, precise guidance of drill stems, initiation of perimeter smooth
blasting charges with electronic detonators with maximum scattering of 1 to 2
ms (as opposed to 100 to 200 ms at timed electric detonators). In the course
of a specialist research, h, = 100 to 120 mm [8] was achieved with the above
equipment. This value is practically identical with the necessary divergence of
holes which depends on the drill rig parameters. Similar results were also
achieved in Sweden, as documented in Fig. 7 [5]. Older types of drill rigs
were compared with newer ones in the Table 7, as well as electronic
detonators with non-electric ones (but with a large scattering in the delay
time). It is a commonplace abroad to charge the perimeter holes with radially
decoupled charges, with the diameter of cartridges about 20 mm, which are
also necessary for cylindrical cuts [2], which remains to be a problem in our
country.

Several preliminary values from excavation of the Branisko tunnel: Boomer
352 drillrig without a facility for setting divergence angles, etc., H=2to 3 m,
he = 220 to 250 mm (about 7 to 7.5 ma/m). Simple measures and tools were
tested for improvement of the accuracy of the perimeter holes collars location
and setting of their divergence angles.

1. The contour of calotte and collars were marked (painted) on the face with
a simple "pair of compasses".

2. Feeds of the drilling rig were set to the divergence angle needed by
means of a simple lath with the divergence angle and a water level (the one
which is used for checking on the works slope), put on the drill stem. Those
no time demanding measures, together with attempts to apply smooth
blasting, proved highly efficient and effective.

CONCLUSION

1. A simple theoretical way of calculation of technically necessary overbreak
has been presented, which is based on the holes divergence and
deviation.

2. It is impossible to reduce the TNO extent by means of classical blasting
work without utilisation of smooth blasting methods along a tunnel
perimeter.

3. It is possible to reduce the extent of the TNO significantly only if computer
controlled drill rigs are utilised, drilling tools are chosen appropriately, and
proper means of blasting technology are used, together with a high level of
design and realisation works.

4. The technically necessary overbreak should be a part of the structural
analysis of a primary lining. The reason is that the TNO forms a part of the
cross section, which is enforced by the technique. Probably it will not be
a matter of an overbreak, rather it will be a breaking depending on the
technique used. Therefore, it should be incorporated into the designed
tunnel cross section area, and only the parts crossing this cross section
should be considered as an overbreak.

5. Even if the most sophisticated technology is used, the high accuracy of
design and realisation work, i.e. erudition and experience of persons,
remain basic for minimisation of the TNO.
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RAZBA TUNELU NIEDERHAUSEN V SRN

EXCAVATION OF THE NIEDERHAUSEN TUNNEL IN THE FRG

ING. JIRI SMOLIK, SUBTERRA A.S.

uvob

Evropska koncepce rozvoje vysokorychlostnich Zeleznic je na Uzemi SRN na
budovaném Useku Frankfurt a.M. - KéIn a.R dale rozvijena provadénim nasledujicich
systémovych Uprav.

Dvoukolejnd Zelezniéni trasa je dusledné vedena v blizkosti stavajici dalnice
budované pfed vice nez padesati léty. S ohledem na rozdilnost smérovych
a spadovych parametrd obou dopravnich tras vyZzaduje toto koncepcni uspofadani
Casté fedeni kfizeni obou dopravnich systémi realizované vesmés umisténim nové
trasy do tunelového podchodu stavajici dalnice.

Nové budovana Zeleznice je zfizovana jako souc¢ast multidopravniho systému do-
pravnich sluzeb pro vefejnost. Jedna ze zastavek Zeleznice je umisténa
v bezprostredni blizkosti odbavovaci haly letisté Frankfurt a.M., letisté mésta KéIn a.R.
je napojeno odbockou. Tunelové feseni vystavby nové trasy je uplatiiovano vSude tam,
kde je nejen nezbytné zabezpeit priichod zastavénym Uzemim, ale také v Usecich, ve
kterych by vystavbou dochézelo k dalSimu nevhodnému rozdéleni krajiny ( lesy, pole ).

Dusledkem uvedenych koncepénich Uprav je skutecnost, Ze na trase celkové délky
218 km je v soucasnosti dokon¢ovano celkem 30 tunelovych dsekl celkové délky 47
km. Vyznamna &ast této celkové délky je zfizovéana jako tunely hloubené.

TUNEL NIEDERNHAUSEN | i
ZAKLADNI UDAJE, GEOLOGICKE PODMINKY

Razené ¢ast jednoho ze triceti tunelovych Usekl, nazvana podle blizkého osidlent,
vykazuje délku 2101m, severni hloubena ¢ast tunelu je dlouha 632 m, jizni 32 m.

Z jizniho portalu tunelu bylo provadéno ve spodnédevonskych piskovcich pohofi
Taunus technologif NRTM s vodorovnym &lenénim profilu pfevazné s pomoci trhacich
praci celkem 1829 m razeb.

Razba celkem 272 m tunelu ze severniho portalu do mista prorazky obou ¢asti
razby byla provadéna technologii NRTM se svislym ¢lenénim profilu ve velmi
obtiznych geologickych podminkach silné zvodnélych zvétralin hornin kvarteru
a spodniho devonu rozpadlych na hlinu, pisek a jemny $térk. Hladina spodni vody
byla pro provadéni vystavby tohoto Useku snizena systémem odvodnovacich studni
a vlastni razbou 0 20 m. Souhlas s timto snizenim byl, s ohledem na dot&eni vodnich
zdroju blizké zéstavby, udélen s podminkou navratu hl. spodni vody do plvodni
rovné po dokonceni stavebnich praci. Na zakladé vysledkd méfeni a pozorovani
200 m od severniho portalu byla polovina jeho celkové hodnoty disledkem
popsaného snizeni hladiny spodni vody.

Alternativni rozvaha provadéni razeb ze severniho portalu s pouZitim metody obvo-
dového vrubu nebyla pouzita s ohledem na predpoklad vysSich nakladi a také
s ohledem na doposud malou zkuSenost s pouzitim této metody v SRN.

PROVADENI RAZEB ZE SEVERNIHO PORTALU

Rozméry, ¢lenéni razeného profilu a zékladni udaje o provizornich konstrukcich
jsou uvedeny v nasledujicim obr.¢. 1

Uvodnich 200 m délky ,které byly s ohledem na silné zvodnéni nejobtiznéjsi
Usekem razby tunelu, byly délky zabérli razeb vSech ¢asti profilu omezeny na 60 - 80
cm kromé spodni ¢asti stfedového pilife, kde byla omezena délka zabéru na 3,2 m.
Ve zbyvajicim Useku s ustupujicim zvodnénim byly délky zabérd prodlouzeny na 80 -
120 cm, respektive 4,8 m ve spodni &asti stfedového pilife. Odstup razeb horni
a spodni ¢asti profilu v boénich Stolach byl povolen v rozmezi 1,2 - 3,6 m, vzajemny
odstup boénich Stol ( leva, vychodni $tola byla provadéna jako prvni ) se pohyboval
v rozmezi 10 - 20 m. Obdobny rozmér odstupu byl udrzovdn mezi spodnim
pracovistém razby pravé boéni Stoly a pracovistém razby horni éasti stfedového pilife
a mezi obéma pracovisti razby stfedového pilife. V celé délce razeb bylo provadéno

INTRODUCTION

The European concept of development of high-speed railways is being further
developed in the territory of the FRG on the Frankfurt a. M. - KéIn a.R. track section
by implementation of the system solutions as follows.

The double-track railway alignment is led close to an existing motorway, built over
fifty years ago. This conceptual layout requires, with respect to differing directional
and gradient parameters of the two transport routes, frequent solving of the two
transport modes realized mostly by placing the new route into a tunnel passing under
the existing highway.

The new railway is being built as a part of a multimodal transport system serving
to the public. One of the railway stations is located in a direct vicinity of the Frankfurt
a.M. airport terminal, while the KéIn a.R. airport is linked by a branch. The solution of
the new route construction by tunneling has been applied not only where it is
necessary to ensure a passing through a built-up area but also in the sections in
which another undesirable sectioning of the landscape (woods, fields) would occur as
a result of the construction.

The fact that there are 30 tunneled sections in the overall length of 47 km on the
218 km-long route is a result of the above conceptual solutions. A substantial part of
that overall tunneled length is cut-and-cover.

THE NIEDERNHAUSEN TUNNEL
BASIC DATA, GEOLOGICAL CONDITIONS

The driven part of one of the thirty tunneled sections, named after a nearby
settlement, is 2 101 m long, the northern and southern cut-and-cover parts
respectively are 632 m and 32 m long.

1829 m of the tunnel was driven from the southern portal, in middle-devonian
sandstones of the Taunus mountain range, using the NATM technique with
a horizontal excavation sequence, largely with application of drill-and-blast.

The excavation of the total length of 272 m from the northern portal to the location
where the both sections met was performed by the NATM technique with a vertical
sequencing of the cross section, under very difficult geological conditions of heavily
saturated weathered quaternary and lower devonian rock decomposed to soil, sand
and fine gravel. The ground water level was drawn down by 20 m by means of
dewatering wells and by the excavation itself. This drawdown had been agreed on, in
view of the effect on the water sources for the nearby housing, under the condition
that the water table would return to the original level after completion of the
construction. As evaluated on the basis of measurements and observations, a half of
the overall settlement value, amounting to 20 cm within the most difficult 200 m - long
section starting at the northern portal, had been the result of the above described
lowering of the water table.

An alternative consideration of using the peripheral slot pre-cutting method from
the northern portal was abandoned with respect to anticipated higher cost, and to the
low experience in utilization of this method in the FRG.

EXCAVATION FROM THE NORTHERN PORTAL

Dimensions, sequencing of the excavated cross section, and basic data on
temporary structures are illustrated in the following Fig. 1

For the initial 200 m of the tunnel length, which was the most difficult part of the
tunnel excavation due to a heavy saturation, the advances per round were limited to
60 - 80 cm at all parts of the cross section, with an exception of the bottom part of the
central pillar, where the advance per round was limited to 3.2 m. The advances per
round were extended, with the diminishing rate of saturation in the remaining part, to
80 - 120 cm, and to 4.8 m at the bottom part of the central pillar. The distance between
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zabezpeceni kazdé diléi Celby stfikanym betonem tl. min. 7cm. Kazdy zabér razby byl
vystrojovan vyztuznym obloukem pfihradového nosniku obdobného systému jako u
vyrobku Bretex. Zakladni rozmisténi kotveni profilu dl. 4 m bylo provadéno v siti 1ks
/2-2,5 me.

Projektem stanoveny rozsah provizornich konstrukci byl zejména v Gvodnich 200
m ve velkém rozsahu dopliovan zahu$tovanim sité kotev, doplnkovym kotvenim
Celeb, rozsahlym jehlovanim dl. 3 m, @ 25 mm, provadénim odvodrovacich vrtd,
zvétSovanim tloustky konstrukei stfikaného betonu. Toto dopliiovani bylo uréovano
vysledky méfeni a pozorovani a potfebami okamzitého zabezpecovani stability
a bezpecnosti profilu.

V celé délce razby ze severniho portalu bylo provadéno zlepSovani nadloZzi klenby
razeného profilu vzdy 18 ks injektovanych mikropilot 0 139 mm s rozteci 40 cm délky
14,5 m a odklonem 10°. Mikropiloty byly zfizovany systémem Ulwang. Jednotlivé
plasté mikropilot se vzajemné prekryvaly 0 3,0 - 3,4 m.

Zakladni pracovni a dopravni Uroven provadéni razeb byla umisténa 3,5 m nad
provizorni konstrukci spodni protiklenby. Z této pracovni Urovné vytvofené zpétnym
z4sypem rubaniny byly provadény dovrchni a dpadni rampy dopravni cest na
jednotlivad pracovisté razeb. Odstrafovani vnitfnich Casti konstrukci provizornich
obezdivek stfikaného betonu bylo pfi postupu razeb ukonéovano na drovni dopravni
cesty. Kone¢né odstrafiovani  téchto konstrukci vysky 3,5 m bylo, spolu
s odstrafovanim zpétné nasypané rubaniny, provadéno po skonceni razeb jako jedna
z ¢innosti pfiprav na betonaz definitivnich konstrukei tunelu.

PROVADENI RAZEB Z JIZNiHO PORTALU

Technologii NRTM s vodorovnym ¢lenénim profilu bylo z celkové délky 1829
m razeb provedenych z pracovisté jizniho portalu realizovano 1480 m ve skalnich
podminkach piskovcovych hornin s pouzitim trhacich praci. Zavére¢nych 349 m, ve
kterych razba prochazela stabilnim prostfedim zvétralin spodniho devonu a kvarteru
bylo rozpojovani hornin, pfi zachovéni vodorovného ¢lenéni profilu, provadéno
pomoci skalniho bagru.

Stfikany beton B25 tl. = 15 cm
Shotcrete B2 cm thick

Kalota 70,35 m’
Callote

6 290

Dopravni trove|
Trafic level = i
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Jadro 44,07 m*
Core

Podva 43,05 m®
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Obr. 1 Fig. 1
Vodorovné ¢lenéni tunelu
Horizontal sequevencing of the tunnel

18 ks mikropilot dl. 14,50 m 130 mm, sklon 10 %
18 pcs of 14,50 m-long micropiles, 130 mm, 10% inclination

n=10%
e m=

| 11 x 1 000 mm |

11 000 mm '
Dopravni uroveri
Trafic level

Obr. 2 Fig.2
Mikropilotovy destnik - AT systém
Mikropile umbrella - the AT systm

the roof and core sections of the side adits profile was allowed within the range of 1.2
to 3.6 m, the distance between the side adits (the left-side, eastern adit was
excavated first) fluctuated between 10 and 20 m. A similar distance was maintained
between the bottom heading at the right-hand side adit and the top heading at the
central pillar excavation, and between both headings at the central pillar excavation.
A support of each partial face by sprayed concrete minimally 7 cm thick was
performed within the whole length of the excavations. Each round was supported by
a lattice arch of a type similar to the Bretex product. Basic layout of 4 m long rock
bolts was in a pattern of a net containing 1 piece for 2 - 2.5 m2.

The range of temporary structures prescribed by the design was, within the initial
200 m of excavation in a large extent, made up by using a denser net of the rock bolts,
by additional anchoring of the faces, extensive 25 mm diameter, 3 m-long forepoling,
by drilling dewatering holes, and increasing the shotcrete thickness. Those additions
were determined according to the results of measurements and observations, and to
the need to ensure an immediate stability and safety of the profile.

Ground improvement at the overburden above the excavated profile by 18 pieces
of 139 mm diameter, 14.5 m-long, 10° deviating injected micropiles was performed
within the whole length driven from the northern portal. The micropiles were carried
out by the Ulwang system. The overlap of the individual circumferences of the
micropiles was about 3 to 3.4 m.

The basic working and transport level for execution of the excavation was 3.5
m above the temporary invert structure. This elevated level, formed by the spoil
backfill, was utilized for excavation of the rise adit and the dip adit, serving as
transport routes to individual headings. Removal of internal parts of the temporary
shotcrete lining with advancing of the excavations was terminated at the level of the
transport route. Final removal of those structures 3.5 m high was, together with
removal of the spoil backfill, performed after completion of the excavations as one of
activities belonging to preparation for casting of final tunnel structures.

EXCAVATION FROM THE SOUTHERN PORTAL

The NATM technique with horizontal sequencing of the profile was utilized at 1480
m out of the total length of 1289 m of the tunnel excavated from the southern portal,
under the conditions of sandstone rocks, using drill and blast work. For the final 349
m, where the tunnel excavation passed through a stable environment of weathered
Late Devonian and Quaternary rock, fragmentation of the rock was performed by
means of a rock excavator, with the horizontal sequencing of the profile maintained.

Excavations from the southern portal were performed in a continuous operation
from March, 1996 to the breakthrough day on 20 August, 1999. The average advance
rate achieved at the top heading was 110 m per month.

Horni lavka levé Stoly 22,02 m?
Spodni lavka levé Stoly 26,78 m’
Horni lavka pravé Stoly 22,02 m’
Spodni lavka pravé Stoly 26,78m’
Kalota jadra 32,79m’

Jadro 24,79m’

Left-hand adit top heading 22,02 m’
Left-hand adit bench 26,78 m’
Right-hand adit top heading 22,02 m’
Right-hand adit bench 26,78 m’
Central pillar top heading 32,79 m’
Central pillar core 24,79 m’

12 500

' -3,50 '
Stiikany beton B25 tl = 45 cm Ocelove jehly dI. 3,0 m 25
Shotcrete B24 45 cm thick Steel needles 3,0 m long 25
Obr 3 Fig. 3

Svislé ¢lenéni tunelu
Vertical sequencing of the tunnel
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Razby z jizniho portalu byly provadény v nepretrzitém provozu od 03/96 do
prorazky tunelu uskute¢néné dne 20.8.1999. Primérna dosazena hodnota mésicénich
postupl razby horni ¢asti profilu byla 110 m.

PROVADENI RAZEB KAPACITAMI SUBTERRA A.S.

ze severniho portélu tunelu. Prace Subterry a.s. byly zahajeny v prvni dekadé 03 /1999
a ukonceny prorazkou tunelu. V Useku mezi 110 m a 272 m od severniho portalu bylo
kapacitami Subterra a.s. provedeno celkem 162 m razeb a provizomich konstrukci
technologii NRTM s vySe popsanym svislym ¢Elenénim profilu. Primérny dosazeny
mésicni postup praci byl 27 m, Spickovy mésicni vykon v 07/1999 35,2
m v nepfetrzitém provozu. Provadéni razeb a provizornich konstrukci bylo
zabezpecovano bezkolejovou technikou pro kazdou diléi cinnost. Rozpojovani
pfevazné zvodnélych zvétralin bylo provadéno skalnim bagrem Liebherr, typ 912
s alternativni Upravou tohoto zafizeni na rozpojovani pomoci impaktoru. Nakladani
a odvoz rubaniny véetné zpétného zasypu byly provadény bezkolejovymi
mechanismy vyrobce Caterpillar s kapacitami 3,5 m3 pro nakladani a 25 t pro pfesun.
Vrtani pro potfeby kotveni, jehlovani , provadéni odvodiovacich vrtl a vrtani
mikropilot bylo zabezpec€ovano vrtacimi soupravami vyrobce Tamrock typu Paramatic
106 T, 206 T. Cely rozsah konstrukei stfikanych betond byl provadén mokrou smési
s pozitim Cerpadel betonové smési vyrobce Schwing a manipulatord. Pomocné
a doplrikové prace ve vyskach byly zabezpeovany pomoci pojizdnych pracovnich
plosin.

ZAVER

Razba tunelu Niedernhausen v Useku 272 m od severniho portalu byla provadéna
v nejobtiznéjsich geologickych podminkach s uplatnénim vSech dostupnych opatreni
doprovazejicich technologii NRTM se svislym ¢lenénim pobirani plochy pfiéného fezu
tunelu. V8echna rizika spojena s pouzitim zvolené technologie v téchto podminkéach
bylo mozné pfijmout a préace razeb uspésné dokonCit zejména proto, Ze tento Usek
tunelu neprochazel zastavénym Uzemim.

tunelu Niedernhausen se $pickovym mésicnim postupem 35,2 m bylo pro akciovou
spoleCnost Subterra vyznamnou zkuSenosti
profesionalni Grovné Ceskych tunelari.

a soucasné potvrzenim vysoké

Obr. 4 Fig. 4
Clenéni vyrubu pfi NRTM
Excavation sequence used at NATM

EXCAVATION BY MEANS OF SUBTERRA A.S.
COMPANY'S EQUIPMENT

Subterra a.s. was responsible for completion of excavations of the most
demanding section, i.e. the excavation from the northern portal. Subterra a.s.
commenced its work in the first decade of March, 1999, and completed it by the
tunnel breakthrough. In total, 162 m of the tunnel were excavated and supported by
temporary structures in the section between 110 m and 272 m from the northern
portal by the capacities of Subterra a.s., using the NATM technique, with the above
described sequencing of the cross section. The average monthly advance rate
achieved was of 27 m, the peak monthly output of 35.2 was achieved in a continuous
operation in July, 1999. Execution of the excavation and temporary structures was
assured by a trackless haulage provided for each partial activity. Fragmentation of
mostly saturated weathered rocks was by means of Liebherr 912 rock excavator
modified by installation of an impact breaker. Loading and removal of the spoil,
including the backfill, were carried out by trackless equipment manufactured by
Caterpillar, with the capacities of 3.5 m3 for loading and 25 t for hauling. Drilling for
rockbolts, forepoling, drainage holes and micropiles was performed by drill rigs
manufactured by Tamrock, i.e. Paramatic 106 T and 206 T. The whole scope of
shotcrete structures was performed using wet mix with shotcrete pumps
manufactured by Schwing, and manipulators. Elevated auxiliary and complementary
work was ensured by mobile platform lifters.

CONCLUSION

Excavation of the Niedernhausen tunnel within the section starting in the distance
of 272 m from the northern portal was performed under the most difficult geological
conditions, with application of all measures available, connected with the NATM
technique at a vertical sequencing of the tunnel cross section excavation. All risks
linking to the use of the technique selected for the above mentioned conditions were
acceptable, and it was possible to complete the excavation work successfully for that
reason above all that this section of the tunnel did not pass under a built-up area.

Execution of the overall length of 162 m of excavations and temporary structures
in the most demanding section of the Niedernhausen tunnel with the peak mothly
advance of 35.2 m was a significant experience for Subterra joint stock company,
and, at the same time, a confirmation of the high professional level of Czech tunnel
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INZENYRSKOGEOLOGICKE POMERY A PODMINKY
PRO RAZENI TUNELU NA DALNICI D8 - TUNEL PANENSKA

ENGINEERING AND GEOLOGICAL CONDITIONS
AND EXCAVATION CONDITIONS AT THE TUNNELS
ON THE D8 MOTORWAY - THE PANENSKA TUNNEL

RNDr. OTAKAR TESAR, DrSc, GEOTEC-GS, A.S.

Tunely Panenska jsou na délnici D8 v soucasné dobé jediné, které nejsou zpochybriovany
z hlediska Zivotniho prostfedi.

Tunely jsou navrzeny jako dvou a tfiproudé. Délka tunelu je 1972 m.

Projektantem je fa Valbek, s.r.0., ktera spolupracuje s némeckou firmou BUNK. Tunelovy Usek
je soucasti Uiseku délnice D8, pro kterou garantem podrobného priizkumu je fa Arenal s.r.o. Viastni
tunel z hlediska podminek pro razeni vyhodnocoval RNDr. A. Va$ék a RNDr. O. Tesaf, Dr.Sc.
(dfive z firmy IKE s.r0.).

Pfi podrobném priizkumu jsme vychazeli z vysledkid prizkumnych vrtd, geofyzikalnich méfeni
a z geotechnickych zkoudek (porusené a neporudené vzorky vrinych jader a presiometrické
méfeni ve vrtech).

VEDENI TRASY

Na z&kladé vysledki podrobného geotechnického prizkumu bylo zménéno smérové vedeni
trasy tuneld. Trasa byla odklonéna severnim smérem. Tim se dostala do podstatné lepsich
podminek pro raZeni, zejména v pfiportalovych Usecich, ale prakticky i v celé délce tunelu.

U jizniho portalu se budou tunely zahlubovat v Ghlu cca 359 k vrstevnicim. Jedna se tedy
0 Ubo¢ni tunely. Severni portél vydstuje na nahomi ploiné Krusnych hor. Opét se jedna
0 (iboéni tunel (Uihel mezi osou tunelu je 15 - 20° ). Nardist nadloz nad tunely je velmi pozvolny.

GEOLOGICKE POMERY

Predpokladané geologické poméry jsou zpracovany do podéiného geotechnického fezu (viz obr. 1)

Pokryvné Utvary charakteru jilovitych a humosnich hlin se uplatni v jiznim pfiportalovém
Useku. Mocnost pokryvnych Utvar(i dosahuje pfevazné 1,2 az 2,7 m. V severnim pfiportalovém
Useku jsou zeminy charakteru pis¢itych, mékkych jilii a jilovitych hlin o mocnosti 1,0 az 2,6 m.

Z hornin skalniho podkladu se v trase tunell budou vyskytovat silné a mimé zvétralé,
navétralé az zdravé ortoruly s riiznym stupném tektonického porudeni. Mistné Ize pfedpokladat
dalsi typy hornin typickych pro danou geologickou formaci jako aplity, mylonity, pararuly, kvarcity
a pod. Pfi razbé budou zastizeny zlomy a poruchové pasma, ktera jsou doprovazena tektonicky
porusenymi horninami v délce aZ desitek metrd.

V jiznim pfiportalovém Useku se budou vyskytovat rozlozené ortoruly charakteru stfedné
zmitych az hruboznnych piski s Ulomky ortorul . V severnim pfiportalovém byly zjiStény
lateritizované a sericitizované ortoruly. Horniny u severniho a jizniho portalu jsou mistné tektonicky
poruseny.

GEOTECHNICKE A TECHNOLOGICKE CHARAKTERISTIKY

Pfi geotechnickém a technologickém zhodnoceni jsme vychazeli z vysledki veskerych
laboratornich a polnich zkousek provadénych v zajmovém Gzemi.

The Panenska tunnels are currently the only tunnels which are not thrown doubt on from the
environmental aspect.

The tunnels have been designed as double and three-lane ones. The tunnel is 1972 m long.

The engineering consultant is Valbek s.r.0., which collaborates with a German firm BUNK.

The tunnel forms a part of the D8 motorway section for which the Arenal s.r.o. firm provides the
detailed investigation. The tunnel proper was evaluated from the aspect of the excavation conditions by
RNDr. A. Vasék and RNDr. O. Tesar; DrSc. (formerly with the IKE s.r.o. firm).

During the detailed investigation, we started from the results of investigation bore holes, geophysical
measurements and geotechnical tests (disturbed and undisturbed core samples and pressiometric
measurements in boreholes).

THE ROUTE ALIGNMENT

The alignment of the route was changed on the basis of the results of a similar geotechnical
investigation. The alignment was diverted to the north. Due to that fact, it has got to substantially better
excavation conditions, in the sections close to the portals above all, however, along the whole tunnel length too.

At the southern portal, the tunnels will dip at an angle to contour lines of about 35°. It means that
this is the question of an offspur tunnel. The northern portal is located on the Krusné Mountains plateau.
Again, this is the question of an offspur tunnel (the angle between the tunnel axis is of 15 to 20°). The
increase in the overburden thickness is very slow.

GEOTECHNICAL AND TECHNICAL CHARACTERISTICS

The anticipated geological conditions are fllustrated in the geological section (see Fig.1)

Covers of clayey and humic loams character will occur in the vicinity of the southern portal. The
thickness of the covers reaches overwhelmingly 1.2 to 2.7 m. In the vicinity of the northern portal, the
soils are of soft sandy clays and claey loams character, 1.0 to 2.6 m thick.

The basement complex will consist of heavily and moderately weathered, slightly weathered to
sound orthogneiss with a diverse degree of tectonic disturbance. Other rock types typical for the given
geological formation, as aplites, mylonites, paragneiss, quartzites etc., can be expected locally. In the
course of excavation, faults and disturbance zones will be encountered, accompanied by fractured rock
within the lengths which may amount to tens of meters.

Decomposed orthogneiss of a character of medium-grained to coarse-grained sands with
orthogneiss fragments will occur in the section next to the south portal. In the vicinity of the northern
portal, lateritised and sericitised orthogneiss have been found. The rock at the northern and southern
portals is tectonically disturbed locally.

GEOTECHNICAL AND TECHNICAL CHARACTERISTICS

When developing the geotechnical and technical evaluation we started from the results of all
laboratory and field tests which had been carried out within the area of interest.

670  J7o1 4702 Hv715 J705 J704 J706 J858 Jgs7 708 J710 670
650 650
650 650
610 610
590 590
570 570
550 550
530 530
Obr. 1 Fig. 1

Tunel Panenska (prehledny podélny fez)
The Panenska tunnel (lonaitudinal section)
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V tabulce €. 1 jsou uvedeny geotechnické charakteristiky ortorul v rizném stupni zvétrani
a rozpukani, které doporucujeme pouZit pro statické vypocty .

Dle CSN 73 7501 "Navrhovani konstrukci razenych podzemnich objektl" se v trase
silniénich tuneld vyskytnou jak sloZité, tak i jednoduché geologické poméry a to v zvislosti na
mocnosti nadlozi, kvalité hominy a na vztahu pevnosti v prostém tlaku a trojnasobku hodnoty
pivodniho svislého napéti.

Protoze razené tunely jsou naroénou konstrukci
geotechnické katergorie podzemnich objektl

VLIV PODZEMNI VODY NA STAVBU TUNELU
A OVLIVNENI HYDROGEOLOGICKEHO REZIMU

Posunutim trasy se rovnéz zmensil vliv povrchové a podzemni vody na tunel. Zvy$ené
pfitoky do tunelu Ize ogekdvat u jizniho portalu v obdobi jarniho tani a méné silné od
atmosférickych srazek. Z téchto divodd doporuéujeme prace na portélu a v pfiportalovych
Usecich asové pfizpusobit ro¢nim obdobim.

Za severnim portalem smérem k hranicim je depresi terénu pfedurcena vodote¢, ktera
odvadi srazkové i podzemni vody. Hydrogeologické poméry v tomto Useku budou ovliviovat
optimalni umisténi portalu a pfiportalové hloubené Useky. Doplnéni hydrogeologického
priizkumu bude soucasti projektu prizkumnych Stol.

Pfi razeni budou, kromé pfiportalovych ¢&sti, po poruchovych zénéch prosakovat podzemni
vody fadové v desetinnach L.s™ . Vzhledem ke zji§téné kvalité hornin mohou tyto Useky ovlivnit
razeni pouze v porusenych zénach, kde snizi smykovou pevnost hornin.

VYHODNOCENI Z HLEDISKA KVALITY HORNINY
PRO TUNELOVANI

Horninovy masiv byl stejné jako u ostatnich tunelli na trase D8, rozdélen na kvazihomogenni
celky, které vychazeji z vysledkd vSech archivnich i novych prizkumnych praci
a geotechnickych zkousek. Popis a rozdéleni téchto kvazihomogennich celkl je uveden v tab.
¢.2.

Popis jednotlivych technologickych tfid NRTM vyskytujicich se v hodnocenych tunelech je
uveden v tabulce ¢. 3. )

Pro potfeby nabidkovych fizeni Ize vyuzit ONORM B 2203 (pro zadavani a provadéni
podzemnich stavebnich praci cyklickym zplisobem nebo kontinualnim razenim tunelovacim
strojem s otevienou vrtaci hlavou viz. tab. 2).

VytéZeny materidl z tunell bude pouzitelny do nasypu z kamenité sypaniny pro zemni télesa
pozemnich komunikaci mimo jejich konstrukci. U vytéZenych paleozoickych ortorul
predpokladdme, Ze velikost a tvar zrn se pii zpracovani do nasypu a po jeho dokonceni nebude
podstatné ménit. Minimalni pevnosti v prostém tlaku jsou < 60 MPa. Sypaninu fadime
k sypaninam z mékkych skalnich hornin. Horniny jsou vhodné pro vyrobu drceného kameniva

GEOTECHNICKE CHARAKTERISTIKY HORNIN

je nutné postupovat podle 2. A 3.

The Table 1 contains the geotechnical characteristics of orthogneiss, weathered and fractured to
various degrees, which we recommend to be used for static calculations.

According to the CSN 73 7501 standard "Design of driven underground structures', both difficult and
simple geological conditions will occur along road tunnels alignment, depending on the overburden
thickness, the rock quality, and on the relation between the direct compression strength and on the
treble the value of the original vertical stress.

As driven tunnels represent an exacting structure, it is necessary to proceed according to the
geotechnical category of underground structures 1. and 3.

GROUND WATER EFFECT ON THE TUNNEL STRUCTURE,
AND THE INFLUENCE ON HYDROGEOLOGICAL REGIME

As a result of shifting the route, even the effect of surface and ground water on the tunnel was
reduced. Increased water inflows into the tunnel can be expected at the southern portal during the spring
thaw, as well as less strong inflows caused by atmospheric precipitation. For the above reasons, we
recommend that timing of the work on the portals and in the portals vicinity be accommodated to the
seasons of the year.

Behind the northern portal towards the border, there is a terrain depression predetermining
a watercourse, which evacuates both rain and ground water. Hydrogeological conditions in this section
will affect the optimal location of the portals and the cut-and-cover sections linking to the portals.
A supplement to the geological investigation will be a part of the exploratory adits design.

In the course of tunnelling work, ground water will penetrate, excepting the sections close to the
portals, through the fault zones in the order of tenths of I.s". Because of the rock quality determined,
these sections can affect the excavation in the fractured zones only, where the shear strength will be
reduced.

EVALUATION FROM THE QUALITY OF THE ROCK TO BE
EXCAVATED ASPECT

The rock massif was, in the same manner as the other tunnels on the D8 route, divided into
quasihomogeneous complexes, which are based on the results of all filed and new investigation works and
geotechnical tests. Description and segmentation of those quasihomogeneous complexes are shown in
Table 2.

Description of the particular NATM technological classes occurring in the evaluated tunnels is shown
in Table 3.

The ONORM B 2203 (for contracting and building underground structures by a cyclic manner or by
a continual excavation with a tunnel boring machine, see Tab.2) can be used.

The material excavated from the tunnels will be used for rockfill embankments of roads, with the
exception of the roads structure proper. Regarding the excavated Palaeozoic orthogneiss, we expect
that the size and shape of grains will not change significantly during filling to embankments. The
minimum direct compression strengths are < 60 Mpa. We classify the riprap as a riprap from soft rocks.
The rocks are suitable for production of crushed aggregates usable for concrete and flexible pavement.

THE ROCK GEOTECHNICAL CHARACTERISTICS

tunel Panenska Tab.€.1  The Panenska tunnel Table 1
Hornina Stupen navétrani Objemova Pretvarné charakteristiky Smykové parametry Soucinitel Zafazeni Zafazeni
Tab. &.1 a intenzita navétrani hornin tiha Modul Modul Poissonovo | Smykova Unel loZnosti de de
c pretvarnosti | pruznosti Cislo pevnost pevnosti Ko CSN 731003 | ON 73 7508
KN.m'/ | Ew/Mpa/ | E /Mpa v T Mpa/ 0 KN’ (raznost)
Rock Degree of weathering Density Deformation characteristics Shear characteristics Loading | Classification | Classification
and intensity of rock fracturing ® Modulus of | Modulus of | Poisson's Shear Strength capacity | accordingto | according to
deformation | elasticity ratio strength angle coef. ker | CSN 731003 | ON 73 7508
KN.m® Ew/Mpa/ | E Mpa/ v T Mpa/ (p KN’ (driving faciity)
silné zvétrala
1) heavily weathered 23,5 155 300 0,30 2,00 25 65 R5
g é rozpukana
= 8 fractured 24,5 520 900 0,25 2,50 28 197 R4 |. stupen
EE mimé zvétrala
© S moderately weathered 245 260 500 0,20 185 R4
rozpukana
fractured 26,0 700 1100 0,25 4,20 28 259 R3 |. stupen
mirné zvétrala az navétrala
moderately weathered to weathered 2515 670 1100 0,20 4,20 28 248 R3
rozpukana
fractured 26,5 1100 3300 0,15 9,80 32 399 R2 |. stupen
zdrava
sound 26,0 1500 2600 543 R2 |. stupen
malo az stfedné rozpukana
little to medium fractured 27,5 3600 6400 0,15 19,5 38 978 R1 lita skéla
alterovana
altered 235 40 70 0,35 * * 28 |. stupen
25,0 80 200 0,30 40 32 78 R6 Il. stupen
tektonicky porusend, drcena
tectonically disturbed, crushed 23,5 40 100 20 ** 16,3 |. stupen
24,5 250 600 0,35 60 28 101 R5 I. stupeni

**

Uhel vnitfniho tfeni
* 8irsi rozmezi pretvarnych a smykovych parametrd je dano orientaci napéti vigi
poloham diskontinuit

*x

internal friction angle
wider range of deformation and shear parameters is given by the orientation of the
stress with respect to the planes of discontinuity

*
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pouzitelného do betonli a pro netuhé vozovky.

Jak je patrné z pfedchazejiciho textu bude pfi NRTM v poruchovych zénach a v silné zvétralé
horniné mozno pouZit rypadla napf. typu Liebherr. Procento takto rozpojitelnych hornin bude
vak v tomto tunelu zanedbatelné. Slabé zvétralou a nezvétralou horninu je mozné rozpojovat
pomoci trhacich praci.

NRTM je jednou z vhodnych metod razeni v tomto prostfedi.

Vzhledem k délce tunelu a kvalité hornin doporu€ujeme uvazovat i s pouZitim raziciho stroje
s plnym zabérem &ela (TBM).

Pfi velké pevnosti hornin (zjisténo az 140 MPa) a velkému nadlozi mlze dochézet
k odpryskim homin, které mohou ohrozovat bezpec¢nost prace.

Jako dalsi prizkumné préce jsou navrzeny Stoly u obou portald, které podrobnéji ovéii
sloZité inzenyrskogeologické poméry a podminky pro raZeni vlastniho tunelu.

Kvazihomogenni celky a zatfidéni do technologickych tfid NRTM a ONORM B 2203,

As it is obvious from the above text, it is possible to use an excavator, e.g. of Liebherr type, when
the NATM is utilised in the fault zones and in heavily weathered rock. Although, the percentage of the
rocks which can be broken by this manner will be negligible. It will be possible to fragment a weakly
weathered and unweathered rock by drill-and-blast only.

The NATM is one of applicable methods for excavation under these conditions.

With respect to the tunnel length and to the rock quality, we recommend that even utilisation of a full-
face TBM be contemplated.

With respect to the high strength of the rock (as determined, it may amount to 140 Mpa) and a deep
overburden, rock burst may occur which may threaten the work safety.

Adits at both portals have been proposed as another investigation work. They will verify the exacting
engineering and geological conditions and the conditions of excavation of the tunnel proper in more
detailed manner.

Quasihomogeneous complexes and classification by the NATM and ONORM B 2203

tunel Panenska, dvoupruhovy tunel Tab.¢.2  technological classes, the Panenska tunnel, double-lane tunnel Table 2
(G} Staniceni Struény popis horniny tt. NRTM | ONORM Section | Chainage Brief description of the rock ATM class| ONORM
Gseku B 2203 No. B 2203
1 92,140 mirné zvétrald az navétrala, v pfistropi silné zvétrala, 50%ti. 4 | B3, C2 1 92,140 Little weathered to slightly weathered; heavily weathered | 50% cl. 4 | B3, C2
az ortorula, tektonicky porusend, s malym nadlozim 50%tr.3 | B1,B2 to orthogneiss at crown, tectonically disturbed, 50%cl.3 | Bi1,B2
92,260 skalnich hornin 92,260 with shallow rocky overburden
2 92,260 40%tt. 4 | B1,B2 2 92,260 40%cl. 4 | B1,B2
az zdrava ortorula, malo rozpukana az masivni 60% tf. 2 A2 to Sound orthogneiss, little fractured to massive 60% cl. 2 A2
93,185 93,185
3 93,185 10%ti. 4 | B3, C2 3 93,185 10%cl. 4 | B3, C2
az zdrava ortorula, rozpukan4, tektonicky porudend 65%tr.3 | B1,B2 to Sound orthogneiss, fractured, tectonically disturbed 65%cl.3 | Bi1,B2
93,450 25%tf. 2 A2 93,450 25% cl. 2 A2
4 93,450 40%tt. 4 | B1,B2 4 93,450 40%cl. 4 | B1,B2
az zdrava ortorula, rozpukana 60% tf. 2 A2 to Sound orthogneiss, fractured 60% cl. 2 A2
93,835 93,835
5 93,835 zdravé4, miré navétrald az navétrala ortorula 30% .4 | B3,C2 5 93,835 Sound, slightly weathered orthogneiss 30%cl. 4 | B3, C2
az rozpukana 70%ti. 3 | B1,B2 to fractured 70%cl. 3 | Bi1,B2
93,950 93,950
6 93,950 silné zvétrald az navétral ortorula, tektonicky porusend, | 50% ti. 4 | B3, C2 6 93,950 Heavily weathered to slightly weathered orthogneiss, | 50% cl. 4 | B3, C2
az vyvinuti poruchovych pasem 50%t.3 | B1,B2 to tectonically disturbed, development of faulted zones 50%cl.3 | B1,B2
94,175 94,175
Technologické tridy NRTM Tab. .3  The NATM technological classes Table 3
Technologicka tfida NRTM 2 NATM technological class 2

Podminky pro razeni

Excavation conditions

stabilita horniny v ¢ase:
délka nevystrojené ¢asti vyrubu:
tvoreni nadvyloma:

2 dny - 2 tydny
omezena stabilita vyrubu jen ¢astecné (> 2,5 m)
ojedinélé (ohrozuji pouze bezpecénost prace)

Zabezpeceni razeni a provizorni vystroj
provizorni vystroj:

¢lenéni vyrubu:
bezpecnost prace:

kotveni pfistropi (kaloty)
stfikany beton 5 - 10 m
u vysky tunell nad 7 m horizontalni

standing capability of the rock
the length of unsupported part
of excavation:

creation of overbreaks:

2 days - 2 weeks

partial limitation of the excavation stability only (> 2.5 m)

sporadic (safe working threatened only)

zajistuje provizomni vystroj

Securing of the excavation

and temporary support
temporary support:

working safety:

sequencing of the cross section:

anchoring at the roof (calotte) sprayed concrete 5 - 10 cm

horizontal for the tunnels clearance over 7 m
provided by the temporary support

NATM technological class 3
Technologicka tfida NRTM 3 Excavation conditions worsened
Podminky pro razeni zhorsené standing capability of the rock 2 hours - 2 days
stabilita horniny v ¢ase: 2 hod - 2 dny the length of unsupported part
délka nevystrojené ¢asti vyrubu: 15-25m of excavation: 15-25m
tvofeni nadvyloma: Casté creation of overbreaks: frequent

Zabezpeceni razeni a provizorni vystroj
provizorni vystroj:

¢lenéni vyrubu:
bezpecnost prace:

stfikany beton, kotvy, ocelova sit

u vysky tunelti nad 7 m horizontalni
zajistuje provizorni vystroj

Securing of the excavation

and temporary support
temporary support:

sequencing of the cross section:
working safety:

sprayed concrete, anchors, steel mesh
horizontal for the tunnels clearance over 7 m
provided by the temporary support

tvofeni nadvylomu:

Technologicka tfida NRTM 4
Podminky pro razeni nepiiznivé
stabilita horniny v Case: <2hod
délka nevystrojené ¢asti vyrubu: 15-25m

u nesoudrznych homin velmi ¢asté, jinak plastické
pretvareni

NATM technological class 4
Excavation conditions unfavourable
standing capability of the rock < 2 hours
the length of unsupported part

of excavation: 15-25m

creation of overbreaks: very frequent in cohesionless rocks, otherwise yielding

Zabezpeceni razeni a provizorni vystroj
provizorni vystroj:

¢lenéni vyrubu:
bezpecnost prace:

nosny vénec ze stfikaného betonu, kotev a rama,
zajisténi Celby stiikanym betonem

horizontalni

co nejrychlejsi zajisténi nevystrojené ¢asti vyrubu

Securing of the excavation

and temporary support
temporary support: a bearing ring from shotcrete, anchors and frames,
the face support by shotcrete

horizontal

securing of an unsupported part of the excavation

as fast as possible

sequencing of the cross section:
working safety:
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KONTROLA KVALITY TUNELOVEHO OSTENI
NEDESTRUKTIVNIMI ZKUSEBNIMI METODAMI

INSPECTION OF THE TUNNEL LINING'S QUALITY
BY NON-DESTRUCTIVE TRIAL METHODS

ING. FRANTISEK REHOR, METROSTAV A.S.

uvob

Tento ¢lanek pojedndva o plvodu zavad izolaci tuneld, tak jak bylo
prezentovano na prosincovém sympoziu STUVA v roce 1997 a na to navazujicich
zkuSenostech s vystavbou podzemnich dél provadénych a.s. Metrostav. Vétsina
vyskytujicich se zavad je pfevazné zplsobena dale uvedenymi ddvody.

Obr. 1 Fig. 1
Viyron vody sparou mezi bloky
Leaking joint between bloks

Frekvenze

Frequention . .
Zesilovac
Amplifier

\
LA M
AY.
Délka cesty

Length of path

Pocitac
Computer

Obr. 2,3 Fig. 2,3
Princip méfeni Impuls - echo - metodou
Principle of measurement by the Impulse - Echo Method

PREFACE

This article deals with origins of the defects of the tunnel insulation, as it was
presented on December STUVA symposium in 1997 and out of this arising
experiences with underground works, realized by Metrostav a.s. Majority of occurring
defects is largely caused by further mentioned reasons.

INTRODUCTION TO THE PROBLEM

In the past, it has not always been managed to realize tunnel constructions without
additional, often very expensive, insulation solution, which would bring them to
a satisfactory condition for the owner. Tectonically conditioned additional measures by
tunnel tubes, insulated by membranes, are problematic and the result usually comes
only after more trials. Therefore, it is in the realizing companies' interest, if the
potential problematic spots are known before draining of the accumulated water and
if they can be transformed to dry condition, with minimization of expenses and
removal of defects.

Until now it has been understood, that leaks origin due to defective joints, leaks
caused when the reinforcement of the lining is being fixed, and by similar activities.
Therefore, a special attention to the even surface of shotconcrete, welding and the
handover of the insulation after installation of reinforcement has been rightfully
devoted. Spread of the signal layer, protective membrane in the places of joints,
during extreme pressures utilization of double plastic membranes allowing testing and
grouting are a result of qualitative thinking, implementing until now imaginary causes
into realization. To ensure an area load transfer on internal lining, a grouting of the
cavity above the lining crown (meniscus) is elaborated mostly after several weeks.
This also serves to fill in smaller cavities, which even under the condition of liquid
concrete can not be perfectly sealed off. This work step is concerning preservation of
the membrane fully reasonable, however, it is unable to check, whether especially at
the vault crown the filling has been achieved.

During the insulation works on tunnel in Baden-Wirtenberg, a reduced thickness in
the upper part of the vault, while elaborating sealing bores, was revealed. Thickness
of the concrete vault was mere 12 cm. It was not known, whether it was dealt with
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UVEDENI DO PROBLEMU

V minulosti se ne vzdy podafilo, realizovat tunelové stavby bez dodate¢nych,
mnohdy velmi n&kladnych feSeni izolaci, které je uvedly do pfijatelného stavu pro
zadavatele praci. Konstrukéné podminéna dodatecnd opatfeni pfi tunelovych
rourach tésnénych foliemi jsou problematicka a vysledek se dostavi vétSinou
teprve po vice pokusech. Proto je v zajmu provadécich podnikd, kdyz pfed
vypusténim zadrzené vody jsou znama potencionalni problémova mista a mohou
byt uvedena do suchého stavu, pfi minimalizaci nakladt na odstranéni chyb.

Doposud se mélo za to, ze netésnosti vznikaji chybnymi svary, trhlinami
zpUsobenymi pfi armovani obezdivky a podobnymi ¢innostmi. Proto byla
opravnéné vénovana zvlastni pozornost rovinatosti stiikaného betonu, svafovani
a prejimee izolace po provedeni armatury. NandSeni signaini vrstvy, ochranné

a single case or a systematically conditioned problem, whose outcome is generally
leaking blocks. The tunnel has an insulation of one layer of HDPE-membrane along
the whole circumference. An inflow of 0,51 I/s was ascertained, and was taken away
by hoses. Not to restrict the operation, the water was taken away into the axial drain.
Naturally, it was not possible to reveal all the leaks, under the influence of the
thickness of the lining, by boring, also with regards to the operation and possibility of
damage done to the membrane. It was decided by the site management to use new
methods for this case, and thus those developed and put into operation by firm
Bifinger & Berger. The task was a non-destructive wide-area ascertainment of the
lining thickness in the vault crown. Considering the fact, that the tunnel had
intermediate floor for air-conditioning, the measurement could have been done with
uninterrupted operation.

At another tunnel construction, where double insulation was being elaborated, has
a damage immediately following a rise of the water pressure occurred almost
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Tloustka osténi v misté zavady z obrazku ¢. 4
Lining thickness in place of defect shown in picture No 4
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félie v misté spar, pfi extrémnich tlacich poutziti dvojitych umélohmotnych féli,
umoznujici zkousky a injektovani, jsou dlsledkem kvalitativniho mysleni,
zavadéjiciho doposud domnélé pficiny do provadéni. Pro zajisténi plodného
pfenaseni zatizeni na vnitfni obezdivku se provadi, nejvice po nékolika tydnech,
injektaz dutiny nad stropem obezdivky (menisku). Tato slouzi rovnéz k vyplnéni
malych dutin, které i pfi tekutosti betonu nemohou byt dokonale uzavfeny. Tento
pracovni krok je s ohledem na zajisténi folie zcela zdlvodnény, avSak neni
mozné kontrolovat zda bylo zvI&sté ve stropu klenby dosaZeno vyplnéni.

V pribéhu izolaénich praci na tunelu v Badensku-Wirtenbersku byla zjisténa
mensi tloustka v horni ¢asti klenby pfi vrtani tésnicich vrtd. Tloustka betonové
klenby byla pouze 12 cm. Nebylo znamo, jestli se jedna o jeden pfipad nebo
systémové podminény problém, jehoz vysledkem je nékolik celkové netésnych
blokdi. Tunel ma izolaci celého obvodu z jedné vrstvy HDPE-Folie. Byl zjiStén
pritok 0,5 I/sec, ktery byl odvadén hadicemi. Aby nebyl omezovan provoz, byla
voda odvedena hadicemi do podélného odvodnéni. Nebylo pfirozené mozné
zjistit vSechny netésnosti viivem tloustky obezdivky vrtdnim s ohledem na provoz
a na moznost poskozeni félie. Bylo rozhodnuto vedenim stavby, pouzit pro tento
pfipad nové metody, kterou vyvinula a uvedla do praxe firma Bifinger+ Berger.
Ukolem bylo plogné a nedestruktivni zjisténi tloustky obezdivky ve stropé klenby.
Vzhledem k tomu, Ze tunel mél mezistrop pro vétrani, mohlo byt méfeni
provadéno pfi nepferuseném provozu.

Témér soucastné na stavbé dal$iho tunelu, kde byla provadéna dvojita izolace
doslo k poskozenim bezprostfedné po vzrlistu tlaku vody. Také na tomto tunelu
se z mezistropu zjistovala tloustka klenby. Oba tunely mély tloustku klenby 40 cm
v rozsahu evidovanych zavad misto 50 cm. Nasledky uvedenych zavad jsou
zfejmé z obrazku 1. Sparami mezi bloky vytékalo do tunelu mnozstvi cca 1 I/sec.
Klenby pfed a za sparou byly na pohled zcela v pofadku, takze neuréovaly
v Z&dném pfipadé mista poskozeni.

MERICi METODA

ViyuZita byla Impuls-Echo metoda. Metoda je zaloZena na Sifeni zvukovych vin
télesem, které se odrdZeji na rozhrani fazi. Z hlavniho vinéni odrazeného signalu
mlZe byt vypocitana tloustka pribézného fezu kterym prochazi vinéni. Princip
méfeni touto metodou je znazomén a popsan na obrazku 2. Vytvofené viny
Uderem kladiva prostupuji betonem a odraZi se na rozhrani beton-vzduch, beton-
voda nebo beton-folie. Odrazené spektrum je zaznamenano specielnim
urychlovacim snimacem a pfedano pfes zesilova¢ do pocitace. Vyhodnoceni
a uréeni frekvenéniho spektra véetné grafického zobrazeni tloustky probéhne pro
tento Ucel vypracovanym vypoCetnim programem.

Souvislost mezi hlavni frekvenci a tloustkou je dana rychlosti Sifeni zvuku
v betonu :

d = vse/2 fie

kde d = tloustka betonu
f e = hlavni frekvence z Impuls-echo méfeni
vse = rychlost zvuku v betonu

Pfed provedenim méfeni se na povrchu betonu vyznaéi sit bodd ve
vzdalenostech 40 cm .

Nad mezistropem prvniho tunelu byl pocet bod(i 500 na jeden blok. Tato sit je
dostate¢né vypovidajici o pribéhu tloustky v profilu. Provadéni méfeni s jednim
pfistrojem, kde je v kladivu zabudovan snimaé, ukazuje obrazek 3. Kontaktni
prostfedek pro snimaé je jediné nutny v pfipadé velmi hrubého povrchu betonu,
kdyZz méfeni trva jenom malo sekund. Pro tlusté stavebni ¢asti cca pres 70 cm je
potfebna modifikovana méfici technika, ktera ovéem vyzaduje del$i dobu méfeni.
Pokud se najdou vadnd mista, musi se provést dodatecné mérfeni v jejich
rozsahu v hustsi siti v rastru po 10 cm.

Pro vyhodnoceni musi byt potfebna mira zkuSenosti. Kazdé frekvencni
spektrum kazdého méfeni se musi pfi vyhodnoceni pfesné analyzovat, protoze
forma signald  mize byt tak mnohotvarna, ma fyzikalni zdivodnéni a s ¢isté
matematickym pfipadné automatickym vyhodnocenim nemusi vést nutné
k spravnym vysledkim. Zjisténé tloustky vSech méfenych bodl jsou vykresleny
v profilech s pfifazenymi barvami uréitym tloustkovym rozsahdm (z divodu tisku
jsou zde pouze v Sedivych tonech).

VYSLEDKY MERENi

Na obrazku 4 je piiklad vysledkd vyhodnoceni dvou kleneb predstavujici
pribéh ve stropu klenby. Oznaéena sit' pfedstavuije rastr 40 cm. Rozsah tloustek
kterym jsou pfifazeny Sedivé tony je uveden v legendé. Nejdfiv byl betonovan

simultaneously. Thickness of the vault was being ascertained from the intermediate
floor at this tunnel as well. Both tunnels had the vault thickness of 40 cm in the area
of filed defects instead of 50 cm. Consequences of presented defects are obvious
from the picture 1. The amount of app. 1 I/s was flowing out through the joints
between the blocks into the tunnel. The vaults in front and behind the joint were
absolutely all right by sight, so not in any case they determined the places of damage.

THE METHOD OF MEASUREMENT

An Impulse-Echo method was used. The method is based on solid's diffusion of
sonic waves, which reflect themselves on the interface of phases. Thickness of the
running section, through which the sinuosity goes, can be calculated from the main
sinuosity of the reflected signal. The principle of this measurement is illustrated and
described on picture 2. Waves, created by hammer strokes, go through the concrete
and reflect on the interface concrete-air, concrete-water or concrete-membrane.
Reflected spectrum is taken down by a specialized accelerating scanner and
transmitted through an amplifier to the computer. Evaluation and determination of the
frequency spectrum, including graphic image of the thickness, proceeds by for this
purpose created computer program.

The formula between the main frequency and the thickness is determined by the
speed of sonic diffusion in concrete:

d=vss/2fe

If: d = concrete thickness

f e = main frequency from the Impulse-Echo measurement
vse = speed of sonic diffusion in concrete

A network of dots in the distance of 40 cm is marked on the concrete surface
before the elaboration of the measurement.

Above the intermediate floor of the first tunnel it was amount of 500 dots per block.
This network sufficiently testifies about the course of thickness in the profile.
Elaboration of the measurement using one device, with a scanner built in the hammer,
as shown on picture 3. The contact tool for the scanner is needed only in case of very
rough concrete surface, when the measurement lasts for only a few seconds. For
thick construction parts, app. over 70 cm, a modified measuring engineering is
needed, which on the other hand requires longer period of measurement. If some
defective places are found, an additional measurement in their extent, in denser
network in raster by 10 cm has to be elaborated.

A requisite level of experience is essential for the evaluation. During the
evaluation, each frequency spectrum of each measurement has to be precisely
analyzed, because the shape of the signals can be so multiform, it has physical
warrant and with only mathematical or automatic evaluation it does not necessarily
have to lead towards the correct results. Ascertained thickness at all measured dots
are depicted in profiles with designated colors to certain thickness ranges (from the
printing reasons they are here only in the shades of gray).

RESULTS OF THE MEASUREMENTS

An example of the evaluation results of two vaults, representing the course in the
vault crown, is shown on picture 4. Indicated network represents raster 40 cm. Range
of the thickness, to which the gray shades are designated, is to be found in the
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Dislokace ve spafe mezi sousednimi bloky
Dislocation in the joint between neighbouring blocks
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blok 39 a potom blok 38, to znamend Ze postup betonaze byl z leva do prava.
Zatim co pfedepsana tloustka osténi 40 cm byla v bloku 39 dosazena, ukazuje
se Ze v rozsahu spary mezi bloky v bloku 38 je misto s pouze tloustkou cca 20
cm. V obrézku 1 ukazany praval vody vznikl ve spafe mezi bloky 38 a 39.Tim byla
nalezena pfi¢ina Skody . Tlakem vody byla izolacni félie vtlatena do vyztuze
a perforovana. K tomu pfistoupilo to, Ze mezi bloky 38 a 39 vzniklo zapusténi vice
jak 20 cm a fdlie byla pfes tuto hranu tazena a tim vzniklo mistni znaéné
roztazeni, které téz mohlo vést k poskozeni.

Aby mohla byt zahajena systematicka injektdz, bylo provedeno v rozsahu
zavady dalsi méfeni v siti po 10 cm. Vysledek tohoto dodate¢ného méfeni
ukazuje diléi obrazek vlevo v obrazku 5. Zfetelné znatelné jsou dva hloubkové
body na bezprostfedné po betondzi neviditelné spare. Tyto velmi detailni
informace byly podstatné pro dalsi kroky pfi opravé. Bylo dosazeno, Ze vrtani pro
injektdz cementovou suspensi mohlo byt provadéno na potfebnych mistech,
pfi¢emz hloubkové Udaje z nedestrukéniho méfeni velmi poméahaly pfi vrtani aby
nebyla félie poskozena. Nékolik dni po injektazi nasledovalo dalsi méfeni jehoz
vysledky jsou zobrazeny na stfednim diléim obrazku v obrazku 5. Zfetelné jsou
znat zlepSeni stupné vypinéni, pficemz jsou zjistény mensi dutiny které vznikly
pravdépodobné vlivem silného proudéni vody. Pravé po prvni injektazi byla
zaznamenana zfetelnd redukce prosakujicho mnozstvi vody. Byla nasazeno
jesté jedno vrtani pro injektaz cementovou suspensi. Vysledky tfetho méreni
nékolik dni po injektazi ukazuje uspokojivy stupef vypinéni, jak je ukdzano na
prvém diléim obrazku v obrazku 5. Pronikéni vody bylo odstranéno.

Malé tloustky osténi's méné velkym vlivem na tésnost tunelu mohly byt zjiStény
na riiznych jinych blocich. Tim se mini zmen$eni tloustky do 5 cm. Zpravidla jsou
takova mista, ktera jsou vétSinou velkoplo$na, méné kriticka pro félii, kdyz nelezi
zplna na vnéjsi vyztuzi. Tato zmenseni tloustky jsou zplsobena snizenim profilu
obezdivky stfikaného betonu nebo zvétsenim svétiého profilu. V obou pfipadech
neni jiz korekce mozna.

Podstatné problematictéjsi je pokles v rozsahu spar mezi bloky. Ackoliv je sila
obezdivky na vSech mistech dodrzena, mize k tomu pfistoupit zvySeny profil
stfikaného betonu, takze dfive betonovany blok ma vétsi tloustku nezli ndsledujici
blok. Tyto sparové dislokace mohou mit rozdil az 10 cm. Vodni tlak napina folii
pres timto vzniklou hranu s nasledkem mistniho velkého protazeni fdlie. Takovou
sparovou dislokaci predstavuje obrdzek 6. Je zde zndzornéna posledni fada
starého bloku 118 a prvni fada pfibetonovaného bloku 117. Dosti pfesné je zde
ukazan pokles ve spare vice nez 10 cm. | kdyz tésnici félie neni jesté porusena
neni vylou¢ena moznost podminéného poskozeni po delsi dobé. Proto tedy byla
tato zéna odstranéna jilocementovou injektazi a vysledek tohoto opatfeni
potvrzen dodate¢nym méfenim. V tomto pfipadé vSak nebyl pouzit ve spare
tésnici pas (Fugenband), coz zhorSuje situaci ve vztahu k porudeni félie.

SHRNUTI A ZAVERY

Impuls-Echo metodou je k dispozici postup, ktery umoZzruje nedestruktivné
zjistit potenciondlni mista poskozeni v tunelové klenbé. Postup vyzaduje velmi
mnoho zku$enosti. Firma Bilfinger+ Berger ma nyni proméreno vice jak 100000
mist, pficemz v programu jsou tloustky obezdivek od 30 do 130 cm. Vypovidaci
presnost je 3 %, pficemz pfedbézné informace na pf. cejchovanim v oknech
bedniciho vozu, kterym se uréi pfed betonazi rozméry, nebo na zkuSebnich
kostkach, jsou nutné pro docileni této pfesnosti. Na optimalizaci pfistrojd se bude
nadale jeSté pracovat , aby se presnost jesté zvétSila . Béhem méfeni bylo
vyjmuto cca 60 vrtnych jader, které exaktné s malymi vyjimkami potvrdili
vysledky méfeni.

Doposud zpracované projekty mély bud za cil stanoveni dodate¢ného zjisténi
potenciondlnich vadnych mist v betonové klenbé, odstranéni vad a kontrolu
a prezkouseni s ohledem na systematiku dle dfive popsanych druh( chyb. Touto
metodou byli pfezkouSeny namatkové tunely Gernsbach, Wattkopftunnel,
Saukopftunnel, Blgerwaldtunnel, Tunel A46 Olpe, Staufertunnel a
Engelbergtunnel na zakladé smlouvy jak se stavebnim podnikem tak se
stavebnikem. Vedle kontroly novych tunelll mize ovSéem Impuls-Echo metoda
dodat velmi podstatné informace o stavu starych tunelli k projektovani jejich
rekonstrukci. Také uspéch injektdZi pfi opravach mize byt pfezkousen s touto
metodou nedestruktivné a plosné. Postup je spolehlivy a také vhodny pro drsny
stavebni provoz .

Zéavérem bych se chtél zminit, ze na stavbé prazského metra IV B a stejné tak
na dalSich mensich akcich nebylo provedeno dobre dobetonovani vrchliku klenby
a disledné nebyla provedena injektdZ menisku klenby, kde zvlasté v pfipadé
vyztuzenych CEasti tunell pak dochdzi k vySe uvedenym poruchdm izolacniho
systému.

legend. First, concrete was cast on the block 39, then on the block 38, which means
that the progress of concrete casting went from left to right. While the requisite lining
thickness 40 cm has been in block 39 achieved, it has been revealed, that within the
extent of joint between the blocks in block 38 there is a place with mere thickness of
20 cm. A water outflow, illustrated in picture 1, originated in the joint between the
blocks 38 and 39. Thus was the cause of the damage discovered. By the water
pressure was the insulation membrane forced into the reinforcement and perforated.
In addition, a settlement of more than 20 cm arose between the blocks 38 and 39 and
the membrane was dragged over this edge and thus a significant local expansion
developed, which could have lead to a damage as well.

To allow the systematic grouting to start, further measurement within the defective
area in the network by 10 cm was elaborated. A result of this additional measurement
is shown by a minor picture, to the left in picture 5. Two depth dots are significantly
perceptible on an invisible joint, immediately after concrete casting. This very detailed
information was fundamental for further steps of the reconstruction. It was achieved,
that the boring for grouting by cement suspension could be elaborated at the needed
spots, while the depth data from the non-destructive measurement was greatly
helping during the boring , so that the membrane was not damaged. Several days
after the grouting, more measurements, whose results are depicted on the middle
minor picture in picture 5, followed. Improvements of the scope of filling are
significantly remarkable, while small cavities, which probably arose under the
influence of strong water flow, are ascertained. Immediately after the first grouting,
a significant reduction in the amount of leaking water was recorded. One more boring
for grouting by cement suspension was performed. Results of the third measurement
several days after the grouting shows satisfactory level of filling, as shown in first
minor picture in picture 5. The water penetration was removed.

Small lining thickness with less impact on the tunnel sealing could have been
ascertained on various other blocks. As such, a thickness diminution of up to 5 cm is
meant. These are usually places of large area, less critical for the membrane, unless
they fully lie on the outer reinforcement. These thickness diminutions are caused by
reduction of the lining profile of the shotcrete or by expansion of the net tunnel
section. In both cases, a correction is no more possible.

A thickness reduction between the joints between the blocks is much more
problematic. Although the lining thickness is kept in all places, extended thickness of
the shotcrete can come up, so that previously concreted block has a larger thickness
than the following one. These joint dislocations can have up to 10 cm differences.
A water pressure stretches the membrane over so developed edge, with the
consequence of local membrane expansion. Such joint dislocation is shown on
picture 6. The 119 block, the last one in the sequence of previously concreted blocks,
is depicted here, as well as the newly attached 117 block. A drop in the thickness of
the shotcrete exceeding 10 cm at the joint is illustrated very precisely. Although the
sealing membrane was not yet damaged, a future possibility of a conditioned damage
is not eliminated. Therefore, this zone was removed by a clay-cement grouting and
result of this measurement confirmed by an additional measurement. In this case,
however, a water bar (Fugenband) in the joint was not used, what worsens the
situation in relation to the membrane defect.

EVALUATION AND CONCLUSIONS

Impulse-Echo method offers a procedure, which enables non-destructive
ascertainment of potential places of damage within the tunnel vault. The procedure
requires very much experience. The firm Bifinger & Berger has until now measured
over 100000 spots, while measurement of the lining thickness of 30 to 130 cm is in
the program. The predicative accuracy is 3%, while preliminary information - for
example by calibration in openings in the tunnel form traveler, by which the
dimensions are determined before concrete casting or those on sample cubes - is
crucial to achieve such accuracy. It still has to be worked on the optimization of the
devices, so that the accuracy even increases. During the measurement, app. 60 core
samples were taken out, which precisely with minor exceptions confirmed the
measurement results.

Already elaborated designs have had their goal in determination of an additional
ascertainment of the potential defective places within the tunnel vault, removal of the
defects and supervision and verification with regards to the system according to
previously described defect types. Tunnels Gernsbach, Wattkopftunnel,
Saukopftunnel, Bligerwaldtunnel, A 46 Olpe tunnel, Staufertunnel and
Engelbergtunnel have been, on the grounds of contract both with the construction
contractor and the owner, haphazardly verified using this method. Nevertheless,
beside a supervision of new tunnels, the Impulse-Echo method can also submit
significant information about the condition of old tunnels for designing of their
reconstruction. In addition, a success of repairs by grouting can be verified, using this
non-destructive and wide-area method. The procedure is reliable and suitable for
a rough constructional operation as well.

To conclude, | would like to mention that, during the IV B line of the Prague subway
construction as well as during other minor activities, the concrete casting of the vault
crown and additional grouting of the vault meniscus was not performed well, where,
especially in case of reinforced tunnel parts, the above mentioned defects of a tunnel
insulation occur.
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PARKOVACIE A OBCHODNE CENTRUM
V PODZEMI NAMESTIA SNP V BRATISLAVE

UNDERGROUND PARKING AND SHOPPING CENTRE IN
THE SNP SQUARE IN BRATISLAVA

ING. MILOSLAV FRANKOVSKY, TERRAPROJEKT A.S., BRATISLAVA

uvoD

Projekty vystavby v podzemi rovnako ako iné velké infrastrukturaine projekty je
mozné rozdelit z hfadiska charakteru investicie do dvoch skupin. V prvej skupine ide
0 verejnoprospesné investicie financované z verejnych zdrojov, pri ktorych je otazka
navratnosti vlozenych prostriedkov skor podruzng, vzhfadom na to, Ze neprinaSaju
priame meratelné vynosy. Prikladom takychto investicii moze byt vystavba tunelov na
diafniciach, pokial sa nepredpoklada spoplatnenie prejazdu. Druhd skupinu tvoria
investicie Gisto komeréného razu, ktorych ciefom je zisk a podstatnym parametrom je
navratnost vlozenych prostriedkov. Prikladom moéZze byt napriklad Eurotunel
vybudovany a prevadzkovany v zmysle koncepcie "BOT" (build - operate - transfer),
ktord predpokladd po urcitej dobe prevadzky, spravidia dostatoénej pre navratenie
vlozenych prostriedkov aj s prislusnym ziskom, prevedenie prav subjektu,
vydavajlicemu koncesiu.

Projekt vystavby obchodného a parkovacieho centra pod centralnym bratislavskym
namestim SNP je pripravovany v prvom rade ako komerény zamer, pri¢om zaroven ide
aj o plnenie niektorych verejno-prospednych funkcii. Vzhiadom na komerény charakter
pripravovaného zameru bolo potrebné vykonat komplexné podnikatelské zhodnotenie
realizovatelhosti projektu, véitane stanovenia parametrov ekonomickej efektivnosti.

PROJEKT VYSTAVBY V PODZEMi NAMESTIA SNP

Hlavné mesto Slovenskej republiky Bratislava sa bori v poslednom desattoci
s podobnymi problémami ako va¢sina metropol byvalého vychodoeurépskeho bloku.
Jednym z najviditelnejSich problémov je stav dopravnej infradtruktiry, prejavujlci sa
nedostato¢nou kapacitou komunikaéného systému a zaroven nezmyselnym vedenim
dopravy v tesnej blizkosti historickych centier, resp. priamo cez tieto centra. Akutny
nedostatok parkovacich moznosti v centralnych mestskych zénach je sprievodnym
znakom tohto stavu a potreba jeho riedenia je dlhodobo sucastou agendy mestskych
institlcii rovnako v Bratislave ako i v Prahe.

V Bratislave su problémy so statickou dopravou (parkovanim) v centre dlhodobym
javom so zjavne negativnou tendenciou. Deficit verejnosti dostupnych parkovacich miest
v centre zostava znaény, ¢omu prispieva vefké mnozstvo dihodobo prenajatych
parkovacich boxov v uliciach centra. VV poslednom &ase bola do prevadzky uvedena len
podzemna parkinggaraz Alexia s kapacitou, pricom pokraCuje vystavba parkovacich
gardzi na Hviezdoslavovom ndmesti a na UrSulinskej ulici. Vaésina dalSich, niekofko
rokov pripravovanych parkovacich garéZi zostava zatial iba na papieri a rastdci pocet aut
zhoruje situaciu kazdym driom. Dal$im bolavym miestom dopravnej infradtruktity
v meste je absentujuci nosny dopravny systém. Priprava vystavby fahkého metra sice
pokrocila vo forme dalSej verzie projektovej dokumentécie, zatial vSak bez vysledku
v podobe vydaného Uzemného rozhodnutia ¢i stavebného povolenia. Kficovymi
zostavaju otazky financovania, ktoré st dévodom na odkladanie zaciatku vystavby na
neurcito.

Vystavba dopravnych zariadeni v podzemi je zvyCajne velmi nakladnd a preto
investori hfadaji moznosti dalSieho vyuZitia priestorov a dalsich moznych prijmov.
V miestach kontaktu podzemnej drahy s povrchom, ktorymi st nastupné a vystupné
stanice, byvaju v podzemi umiestnené obchodné zariadenia vyuzivajice velku
koncentraciu cestujlcich. Vzhfadom na Uroven cien nehnutelhosti v absolltnych
centrach vefkych miest moze byt i nékladna podzemna vystavba vyhodnou
podnikatelskou prileZitostou. Tam, kde sa kumuluju vSetky uvedené faktory, vznikaju
podzemné spolocenské centra s obchodnymi, reStauraénymi a kultdrnymi zariadeniami,
Casto priamo napojené na stanicu podzemnej drahy, pripadne na parkovacie garaze.
Typickymi prikladmi podobnych centier si Le Forum des Halles v Parizi s kinom,
galériou a plavarfiou alebo na opaénom konci Eurdpy luxusny obchodny komplex
Ochotnyj Riad pod Manéznym namestim v Moskve.

Prave vystavba velkokapacitnych parkovacich garazi spolu s moznostou napojenia
podzemnych priestorov na planovanu stanicu metra Kamenné namestie bola hlavnym

INTRODUCTION

Construction projects in underground, as well as other big infrastructure
projects may be divided with respect to the investment character into two groups.
In the first group there are public useful investments funded from public sources,
at which the question of returnability of invested financial means is of
a secondary importance with respect to the fact that they do not produce direct
measurable contributions. As an example of such investments may be
constructions of tunnels on motorways in case that passage fees are not
supposed. The second group is represented by investments of a business
character, the aim of which resides in profit, and their essential parameter is
a returnability of invested financial means. As an example there may serve e.g.
the Euro-tunnel constructed and operated in the sense of ,BOT* (build - operate
- transfer) conception, it is supposed that after a certain period of operation,
usually sufficient for returning invested means with a certain profit, the rights will
be transferred to the legal person issuing the licence.

The construction project of a shopping centre and parking one under the
central SNP Square is being prepared in the first place as a business project, but
at the same time it concerns a fulfilment of public useful functions too. With
respect to the business character of the project being prepared, it was needed
to perform a complete entrepreneurial evaluation of the feasibility of the project
inclusive laying down of parameters of the economic efficiency.

CONSTRUCTION PROJECT IN UNDERGROUND
OF THE SNP SQUARE

The capital of the Slovak Republic, Bratislava, has analogous problems,
within the last ten years, as the majority of metropoles of East-European states.
One of the most obvious problems resides in the situation in the transport
microstructure, represented both by an insufficient capacity of the
communication system and simultaneously by an absurd location of the
transport just nearby historical centres, resp. directly in and through said centres.
An actual absence of parking possibilities in central city zones in an obvious
feature of said situation, and the need of solution is a long-term problem of
municipal authorities both in Bratislava and Prague.

Parking in the centre of Bratislava represent long-term problems with an
obviously negative trend. The absence of parking places accessible for the
public is evident, and more over, this situation is worsened by parking places in
streets of the city leased for a long time. In the last years only the underground
parking garage Alexia was set into operation, and there goes on the construction
of garages on the Hviezdoslav Square and in Ursulinska Street. The majority of
further parking garages, prepared for several years, stays only on paper and the
increasing number of cars worsen the situation every day. Another problem of
the transport infrastructure in the city is the absence of a reliable transport
system. It is true that construction preparations of a light tube railway went on in
the form of a further version of the contract documents, but for the time being
without the result in the form of a territorial decision or construction permit. The
question of funding remains to be a key problem and causes postponing of the
construction beginning till an indefinite date. A construction of transport facilities
in the underground is usually very expensive and that is why investors try to find
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Obr. 1 Fig. 1
Situovanie Namestia SNP v centre Bratislavy
Situation of the SNP Square in the centre of Bratislava
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Obr. 2 Fig. 2
Pédorys prvého podzemného podlazia obchodného a parkovacieho centra
Ground-plan of the first basement of the shoping centre and parking one
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Obr 3 Fig.3

Rez vychodnou ¢astou namestia s vyznacenim tunelov metra
Section of the estern part of the square with marking out tunnels
of the tube railway

possibilities of further utilization of spaces and of further possibilities of incomes.
In places of a contact of the underground railway with the ground level, which
are represented by departure stations and exit ones, there used to be situated
underground business facilities utilizing a considerable concentration of
passengers. With respect to prices of real estates in the very centres of big
fowns, even an expensive underground construction may be an advantageous
entrepreneurial occasion. Where all mentioned factors are accumulated, there
arise underground social centres with business facilities, restaurant and cultural
ones, often directly connected to the station of the underground railway, possibly
fo parking garages. As typical examples of analogous centres there may serve
Le Forum des Halles in Paris with a cinema, art gallery and swimming bath, and
at the other end of Europe a luxury business complex Ochotnyj Riad under
ManeZnaja Square in Moscow.

Just the construction of parking garages of a big capacity, together with the
possibility to connect underground spaces to a planned underground railway
station Kamenné namestie was the main motive for the project of utilization of
the underground space of the SNP Square. The initiator of the project named
Revitalizing of the SNP Square is the city part Old Town, where this central
square of Bratislava takes place. The SNP Square is situated on the place where
the contact to the walking zone of Old Town exists and where many bank
institutions and department stores take place (Fig. 1). At present, motor vehicle
fransport and tram one are situated at the surface of this square and many
parking lots too. A general impression which makes the square on a visitor of the
city, is not the best one, and in an absurd situation which is presented as a joke,
a foreign visitor standing directly on the square asks where the city centre takes
place.
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The revitalizing project should result, besides an intensive utilization of the
underground space, in a qualitative change of the square ground level solution
with the absence of the majority of transport and in keeping the reverent
character of this place with its meeting function. Within the revitalizing project
preparation, in the years 1997 and 1998 there were elaborated many documents
particularly a transport and town-planning study of the construction, and also
a town-planning and architectural solution of the square ground level. Besides
the mentioned documentation there was made, in this locality, a detailed
engineering-geological and hydro-geological investigation, inclusive modeling of
ground water flowing and influence of the underground construction upon said
flowing.

The architectural and space arrangement solution under the transport and
town-planning study comprised the construction of underground parking spaces
under the adjacent Hurban Square and in the western part of the SNP Square,
and underground commercial and social facilities in the eastern part of the SNP
Square. All parts have been projected as mutually interconnected, and business
spaces in the lower part of the square were to be connected to the prepared
underground railway station Kamenné Square. The characteristic elements of
the solution were three ten-sublevel parking areas with a circular cross-section
provided with an automatic parking system. Said parking lots, together with
parking spaces situated on two sublevels of the western part of the SNP Square
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motivom pre zamer vyuZitia podzemia Namestia SNP. Inicidtorom projektu pod ndzvom
Revitalizdcia Namestia SNP je mestska Cast Staré Mesto, na Uzemi ktorej toto
centralne bratislavské namestie lezi. Namestie SNP je situované na kontakte s peSou
zénou Starého Mesta a je sidlom viacerych bankovych inétittcii a obchodnych domov
(obr.1). V sucasnosti je povrchom némestia vedena automobilovd doprava
a elektrickova trat' a su tu umiestnené tiez viaceré parkovacie plochy. Celkovy dojem,
ktory ndmestie vyvolava v navstevnikovi mesta nie je najlepsi a v absurdnej situécii,
ktora sa traduje ako vtip, sa zahraniény turista stojaci priamo na namesti spytuje na
centrum mesta.

Projekt revitalizdcie ma okrem intenzivneho vyuZitia podzemia priniest kvalitativnu
zmenu povrchového rieSenia namestia s vylicenim prevaznej vacsiny dopravy,
s ponechanim zhromazdovacej funkcie a pietného charakteru miesta. V ramci pripravy
zémeru Revitalizacie boli v rokoch 1997 a 1998 spracované viaceré dokumentacie,
najma dopravno-urbanistické Studia stavby a tiez urbanisticko-architektonické rieSenie
povrchu ndmestia. Okrem uvedenych dokumentacii bol v lokalite vykonany podrobny
inZiniersko-geologicky a hydrogeologicky prieskum véitane modelovania pradenia
podzemnych véd a vplyvu vystavby v podzemi na toto pridenie.

Architektonické a dispozi¢né rieSenie podia dopravno-urbanistickej Studie zahfhalo
vystavbu podzemnych parkovacich priestorov pod prifahlym Hurbanovym ndmestim
a v zapadnej Casti Namestia SNP a podzemnych obchodnych a spolocenskych
priestorov vo vychodnej Casti Namestia SNP. VSetky ¢asti boli navrhnuté ako navzajom
prepojené, pricom obchodné priestory v dolnej ¢asti ndmestia mali byt prepojené
s pripravovanou stanicou metra Kamenné namestie. Charakteristickymi prvkami
rieSenia boli tri desatpodlazné podzemné parkovacie sila s kruhovym prierezom
s automatickym parkovacim systémom. Tieto sila spolu s parkovacimi priestormi
v dvoch podzemnych podlaZiach v zapadnej Casti Namestia SNP mali zabezpecovat
celkovu kapacitu priblizne 1100 parkovacich miest. Obchodné a spolocenské priestory
predstavovali vyrazne mensiu ¢ast funkéného vyuZitia podzemnych priestorov. Celkové
investi¢né naklady projektu boli v cenovej trovni roku 1998 odhadované na 2,6 miliardy
slovenskych korun.

UVODNA STUDIA REALIZOVATELNOSTI ZAMERU

Mestska ¢ast’ Staré Mesto ako iniciator a nositel zdmeru realisticky zhodnotila, Ze pre
realizaciu tak naroCnej investicie pravdepodobne nebudl verejné finanéné zdroje
dostato¢né. Pre dalsi postup pripravy investicie mestska Cast ziskala zmluvného
konzultanta, medzindrodnd poradenski firmu KPMG, v spolupraci s ktorym
zabezpecovala podnikatelské postdenie projektu. Zaciatkom roku 1999 bola vypisana
obchodna sttaz na Uvodnu tudiu realizovatelhosti zameru - Pre Feasibility Study. Vo
verejnej obchodnej sutazi uspelo zdruZenie Terraprojekt, a.s. - M.E.S.A. 10., ktoré
v priebehu roku 1999 Pre Feasibility Study spracovalo.

Ciefom Uvodnej $tidie bolo zhodnotit realizovatelnost projektu v existujicom
stavebno-technickom rieSeni a pripadne navrhnit také Upravy, ktoré jeho
realizovatelnost vylepsia. Za tymto Ucelom boli stcastou Stidie analyza technickej
realizovatelhosti, marketingov4 a finan¢nd analyza a analyza rizik. Prvé etapa prace
Studie zhodnotila existujlice rieSenie a formulovala odporucenia pre dalsi postup,
s ciefom vylepsit realizovatelost’ projektu, ktorého investi¢na névratnost vychadzala na
niekofko desiatok rokov.

Odporucenia prvej etapy boli formulované nasledovne:
®  Znizenie celkového poctu parkovacich miest na uroven 40 - 60% pdvodne

navrhovanej kapacity
® Zvéazenie pouzitia automatického parkovacieho systému, resp. jeho nahradenia

klasickym sposobom parkovania
®  Zvacsenie plochy obchodnych priestorov a ich situovanie prednostne v prvom
podzemnom podlazi

Dévodov pre citované odporucenia bolo niekofko. Navrhovand kapacita parkovacich
priestorov by mohla mat’ za nasledok ich nizku vyuzitefnost. Automaticky parkovaci
systém instalovany v hibokych silach je ndkladovo velmi naro¢ny a prinasa i nemalé
prevéadzkové rizikd. Naopak obchodné priestory st pre investora ovela pritaZlivejSie ako
parkovacie miesta, nakofko navratnost investicii obchodnych priestorov je podstatne
vy$Sia ako ndvratnost’ parkovacich miest. Pre formuldciu odporuéeni boli délezitym
podkladom aj posudky zahraniénych expertov, ktori hodnotili navrhované parkovacie
zariadenia z pohfadu vlastnych skisenosti s prevadzkou parkovacich garazi vo Viedni,
v Prahe a v Budapesti.

MODIFIKOVANE STAVEBNO-TECHNICKE RIESENIE

Zavery a odporucenia prvej etapy Studie tvorili podklad pre modifikované
stavebnotechnické riesenie, ktoré bolo spracované a zhodnotené v druhej etape prac
Studie. Modifikované rieSenie je charakteristické redukovanim parkovacich priestorov,
ktoré sU koncentrované v jedinom parkovacom sile pod Hurbanovym n&mestim
a v dvoch podzemnych podlaziach (druhom a tretom) v zapadnej Casti Namestia SNP.
Parkovacie miesta budl vyuzivané na dlhodobé i kratkodobé parkovanie. Pre lepSiu
vyuzitelnost' parkovacich miest je v Studii navrhnuty prevadzkovy systém "garage
sharing", umoznujdci ¢iastoéné vyuzivanie momentéine volnych dlhodobo prenajatych
miest pre kratkodobé parkovanie. Pripadnd zmena automatického parkovacieho
systému v sile za podzemné priestory s konvenénym parkovanim je v dalsich
projektovych Stadiach mozna. Vzhladom na komplikovanost a stiesnenost’ pomerov
medzi Hurbanovym namestim a Namestim SNP je vSak podmienend vylicenim

were to ensure the total capacity of about 1100 parking places. The commercial
and social spaces represented a considerably smaller part of the functional
utilization of underground spaces. Total investment costs for the project were
estimated in the price level of the year 1998 to 2.6 billion Slovak crowns.

THE PROJECT PRE-FEASIBILITY STUDY

The town part Old Town, as the initiator and project bearer, evaluated in
a realistic way that public financial means will be not sufficient for realization of
such an exacting investment. For the further preparation progress of the
investment, the town part won a contractual consulting specialist, viz. the
international consulting firm KPMG, in cooperation with which it ensured the
entrepreneurial evaluation of the project. At the beginning of the year 1999 there
was organized a public tender for the Pre-Feasibility Study. The association of
Terraprojekt, a.s. and M.E.S.A. I0., was successful in the public tender and that
is why it elaborated, in the course of the year 1999, the Pre-Feasibility Study.

The aim of the Pre-Feasibility Study resided in evaluating the feasibility of the
project in existing constructional - technical solution and possibly to propose also
modifications which may improve the feasibility. Due to this purpose an analysis
of the technical feasibility, a financial and marketing analysis and an analysis of
risks formed a part of the study. The first stage of the study evaluated the existing
solution and determined recommendations for the further procedure, with the
aim to improve the feasibility of the project, the investment returnability of which
was assessed for several decades of years.

Recommendations for the first stage were worded as follows:
¢ To decrease the total number of parking places to the level of 40 to 60 % of the

originally projected capacity.
¢ To consider the application of an automatic parking system, resp. its replacing

with a classical parking system.
¢ To enlarge the area of business spaces and their situation preferentially on the
first sublevel.

There are several reasons for the cited recommendations. The projected
capacity of parking spaces would result in a low utilization. The automatic
parking system installed in considerable depths is very expensive and comprises
not neglegtable operational risks. On the other hand, business spaces are more
interesting for the investor than parking lots, because the returnability of
investments in business spaces is considerably higher that the returnability of
investments into parking lots. For wording of recommendations there were also
important expert opinions of foreign experts who evaluated projected parking
facilities from the standpoint of own experience as to operation of parking
garages in Vienna, Prague and Budapest.

MODIFIED CONSTRUCTIONAL-TECHNICAL SOLUTION

Conclusions and recommendations of the first stage of the study formed the
base for a modified constructional - technical solution which was elaborated and
evaluated within the second stage of study works. The modified solution is
characterized by reducing parking spaces which have been concentrated in the
only space under the Hurban Square and on two sublevels (second and third) in
the western part of the SNP Square. The parking lots will be utilized for long-term
parking as well as for short-term one. For a better utilization of parking lots, there
is projected in the study an operational system ,garage sharing®, enabling
a partial utilization of parking places being leased for a long time, but being free
at this very moment, for a short-time parking. The possible change of the
automatic parking system in the space under the Hurban Square for
underground spaces with a conventional parking may be realized in further
project stages. With respect to complicated and cramped conditions between the
Hurban Square and the SNP Square is, though, conditioned by excluding the
tram transport from the SNP Square which was not yet finally decided.

An essential qualitative change with respect to the original solution is
represented by a considerable, more than three times enlarging of the business
space area. This result has been achieved by enlarging business spaces onto
the first sublevel of the western part of the SNP Square, and in this way
a continuous shopping passage under the whole area of the square was formed
(Fig. 2).

The constructional - technical solution which is completely situated into the
underground, has been based on spacial possibilities and territorial technical
limitations which are characteristic for the SNP Square, as well as on geological
and hydrogeological conditions of this locality which limit possibilities of the
construction. The project comprises solutions of spaces of the proper SNP
Square as well as of directly adjacent spaces.
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prevadzky elektrickovej trate z Namestia SNP, k ¢omu eSte nepadlo definitivne
rozhodnutie.

Podstatnou kvalitativnou zmenou oproti pévodnému rieSeniu je vyrazné, viac ako
trojnasobné zvacsenie plochy obchodnych priestorov. Tento vysledok sa dosiahol
najmé rozsirenim obchodnych priestorov do prvého podzemného podlazia zapadnej
Casti Namestia SNP, ¢im sa vytvorila plynula nakupna pasaz prakticky pod celou
plochou namestia (obr. 2).

Stavebno-technické riedenie, ktoré je celé situované do podzemia, vychadza
z priestorovych moznosti a izemno-technickych obmedzeni, ktorymi sa Namestie SNP
vyznaCuje a tieZ z geologickych a hydrogeologickych pomerov lokality limitujdcich
moznosti vystavby. Projekt zahffia rieSenie priestorov samotného Namestia SNP, ako aj
bezprostredne prilahlych priestorov.

Na Hurbanovom namesti je navrhnuta podzemna parkovacia garaz s automatickym

parkovacim systémom o kapacite 288 parkovacich miest. Parkovacia garaz

s deviatimi parkovacimi podlaziami bude umiestnena v kruhovom podzemnom sile,

vybudovanom pomocou podzemnych stien.

V zapadnej Casti Namestia SNP je navrhnuty trojpodlazny podzemny komplex pod

celou plochou namestia. Celé 1. podzemné podlazie bude vyhradené obchodnym

priestorom, pri¢om v 2. a 3. podzemnom podlazi je navrhnuta klasicka parkovacia

garaz o kapacite 510 parkovacich miest.

Vo vychodnej ¢asti Namestia SNP su navrhnuté dvojpodlazné podzemné priestory,

kde sa v oboch podlaziach predpoklada obchodné vyuZzitie.

Vystavba podzemného komplexu by mala byt realizovand z povrchu, v otvorenej
zékladovej jame zaistenej pomocou kotvenych podzemnych stien, s pripadnym
pouzitim Specialnych technoldgii zakladania v najexponovanejsich miestach.

Hlavné funkéné parametre rieSenia

Cast Plocha obchodnych priestorov Pocet parkovacich miest
Hurbanovo ndmestie 0 288
Némestie SNP - z&padna ¢ast 4230 m? 510
Némestie SNP - vychodn4 ¢ast 3450 m? 0
CELKOM 7 680 m? 798

Respektujuc hlavné pesie komunikacné tahy na Namesti SNP, stavebno-technické
rieSenie pocita s dvoma hlavnymi vstupmi do obchodného podzemia z Postovej ulice
a z Hurbanovho namestia. Vstupy tvoria kryté schodiskd, eskalatory a rampy.
Obchodné priestory v 1. podzemnom podlazi Namestia SNP budli navzajom
prepojené rampou a schodiskami (eskalatormi), s moznostou vystipenia na povrchu.
Pesie komunika¢né tahy v 1. podzemnom podlazi sleduju najkratSiu bezkoliznu trasu
k spodnej &asti namestia.

Prevadzka garaZovych priestorov bude odli$na v ¢asti pod Hurbanovym namestim
a v zapadnej Casti Namestia SNP. Na Hurbanovom namesti je navrhnuty
automatizovany parkovaci systém v garazovom sile, ktory umoziuje parkovanie aut
bez Ucasti vodi€a. V 2. a 3. podzemnom podlazi zapadnej Casti Namestia SNP je
navrhnutd klasicka parkovacia gardz. Vijazd a vyjazd z podzemnych gardzi bude
spolocny pre obe Casti, pricom ich vzajomné dopravné prepojenie bude tvorit' kratky tunel.

NajvyznamnejSou pripravovanou investiciou, ktord je v priamom dotyku
s posudzovanym projektom je metro (obr. 3). V rieSenom Uzemi su v podzemi
situované dva jednokolajné tratové tunely metra a stanica Kamenné namestie, ktora je
uvaZovana v tesnom kontakte s priestormi oddielu podzemného centra. Studia vo
svojich zaveroch zdérazfiuje potrebu vzajomnej koordinacie oboch stavieb.

Opisané zmeny stavebno-technického rieSenia sa prejavili v znizeni celkovych
investi¢nych nakladov oproti pévodnému rie$eniu, na troven 2,2 miliardy Sk. Vysledky
finanCnej analyzy druhej etapy Stddie potvrdili ovela priaznivejSie parametre
ekonomickej efektivnosti modifikovaného rieenia, comu napomohla opisand zmena
vzdjomného pomeru parkovacich a obchodnych priestorov. Rovnako hodnotenie
nefinanénych ukazovatefov, odrazajicich napriklad kvalitu Zivota, preukdzalo
vyhodnost modifikovaného rieSenia oproti pévodnému.

SUCASNY STAV PRIPRAVY ZAMERU

Nositel zameru Mestska Cast' Staré Mesto v su¢asnosti vykonava kroky smerujlice
k ziskaniu investora pre realizaciu zameru Revitalizacie, ktorym by mala byt
zahrani¢na spoloénost. Proces akvizicie zadal U¢astou zastupcov Mestskej Casti na
medzinarodnom realitnom veltrhu MIPIM 2000 v Cannes, kde zaujem o Uéast na
realizacii zdmeru predbezne prejavili viaceré developerské spolocnosti. Nakolko ide
v pripade namestia SNP o citlivy priestor s mnozstvom kriziacich sa zaujmov prijala
Mestska ¢ast v spolupraci s profesionalnou agenturou plan komunikacie s relevantnou
verejnostou, ktory v stiéasnosti napifia konkrétnymi krokmi, s ciefom minimalizovania
rizika zablokovania realizacie zameru niektorou so zaujmovych skupin.

Dal$i postup pripravy stavby by uz mal byt zabezpedovany investorskou
spolo¢nostou, ktorej zalozenim by mal byt zavfSeny akviziény proces. Skutoéne
priaznivé parametre efektivnosti, ktoré projekt vykazuje, dovoluji s miernym
optimizmom ocakavat, Ze v blizkej buddcnosti sa centralne bratislavské namestie
premeni na stavenisko. V jeho podzemi nésledne vyrastie atraktivny a funkény
komplex, ktory spolu s Upravou povrchu ndmestia vytvori novu a krajsiu tvar Namestia
SNP i Bratislavy.

¢ On the Hurban Square there is projected an underground parking garage with
an automatic parking system, having the capacity of 288 parking places. The
parking garage with nine parking sublevels will be situated in a round
underground space constructed by means of diaphragm walls.

e In the western part of the SNP Square there has been designed a three
sublevel complex under the whole area of the Square. The whole first sublevel
will be used for business spaces. On the second and third sublevel, a classical
parking garage has been designed, having the capacity of 510 parking places.

e the eastern part of the SNP Square there have been designed two sublevel
spaces, where in both sublevels utilization for business purposes is supposed.
The construction of the underground complex would be realized from the

surface level in an open foundation pit, secured by means of anchored

diaphragm walls with a possible application of special technologies of foundation
in the most exposed places.

Main functional parameters of the solution

Part Area of business Number of
spaces parking places
Hurban Square 0 288
SNP Square - western part 4230 sqm 510
SNP Square - eastern part 3450 sqm 0
TOTAL 7 680 sgm 798

Respecting main pedestrian communication ways on the SNP Square, there
are designed, in the constructional-technical solution, two main entrances to the
underground business areas from Postova Street and from the Hurban Square.
The entrances are formed by covered staircases, escalators and ramps.
Business spaces on the first sublevel of the SNP Square will be interconnected
by means of a ramp and staircases (escalators), with a possibility to get off at
the ground level. Pedestrian communication ways on the first sublevel follow the
shortest collisionless route to the lower part of the square.

The operation of garage spaces will be different in the part under the Hurban
Square and in the western part of the SNP Square. On the Hurban Square there
has been projected an automatic parking system in a silo-type garage which
makes it possible to make parking of cars without a presence of a driver. On the
second and third sublevel of the western part of the SNP Square there has been
designed a classical parking garage. The entry in and the exit out of the garage
will be common for both parts, and a short tunnel will form their transport
interconnection.

The most important prepared investment which is in a direct contact with the
judged project - that is the underground railway. (Fig. 3). In the area being
solved, two single track tunnels of the underground railway have been situated,
as well as the station Kamenné ndmestie, which is considered to be in a close
contact with spaces of the underground business centre. The study, in its
conclusions, stresses the need of a mutual coordination of both constructions.

Described modifications of the constructional and technical solution resulted
in decreasing total investment costs, with respect to the original solution, to the
level of 2.2 billion of Slovak crowns. Results of the financial analysis of the
second stage of the study proved much more favourable parameters of the
economic efficiency of the modified solution which was affected particularly by
the described modification of the mutual relation of parking spaces and business
ones. The evaluation of non-financial coefficients, reflecting e.g. the quality of
life, proved advantages of the modified solution with respect to the original one.

PRESENT-DAY SITUATION OF THE PROJECT PREPARATION

The project bearer, viz. the city part Old Town, performs at present steps for
obtaining an investor for realizing the Revitalizing Project, which should be
a foreign company. The acquisition process started by a presence of
representatives of the city part at the international real estate fair MIPIM 2000 in
Cannes, where several development companies showed a preliminary interest
in taking part in the project realization. As in the case of the SNP Square it
concerns a susceptible space with many crossing interests, the city part, in
cooperation with a professional agency, accepted a communication plan with the
relevant public, which is at present filled with particular steps, the aim of which
is to minimize risks that the project realization will be blocked by any of the
interested groups.

Further procedure for the construction preparation should be secured by an
investor company, the establishment of which might finish the acquisition
process. The really favourable efficiency parameters which result from the
project, allow, with a cautious optimism, to expect that the central square of
Bratislava will be changed, in the near future, in a building site. Afterwards, in its
underground, there will arise an attractive and functional complex which,
together with the layout arrangement of the square, will form a new and nicer
face of the SNP Square and of Bratislava as well.
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NOVA INJEKCNI STOLA
POD PREHRADNI HRAZI VD MSENO

A NEW GROUTING GALLERY UNDER THE MSENO DAM

ING. OTAKAR VRBA, SG - GEOTECHNIKA, A. S. PRAHA

PRIPRAVA OPRAVY PREHRADY

V uplynulém desetileti fesili pracovnici Povodi Labe, a. s. Hradec Kralové
zavazny problém nepfiznivého technického stavu pfehrady VD Mseno
v Jizerskych horach, souvisejici, se zaloZzenim stavby a pfipravovali naroénou,
slozitou a unikatni opravu pfehrady. Pfehrada byla postavena v letech 1906 -
1909 podle projektu prof. Ing. Otto Intze z Cach (1843 - 1904), ktery byl jednim
ze zakladatell evropského i svétového prehradniho stavitelstvi na pfelomu 19.
a 20. stoleti. Jedna se o gravitaéni hraz, zdénou ze Zulového stavebniho
kamene. Délka hraze je 425 m, vy$ka nad terénem v Udoli je cca 20 m, max.
vzduti je pfiblizné 15 m. Hraz ma obloukovy (kruhovy) plidorys o poloméru 350
m. Hlavni problém stavby spocival v nezadoucich prisacich vody pod
prehradni hrazi, které zpsobovaly velmi nepfiznivé plsobeni vztlakovych sil na
celou plochu zakladu pfehradni hraze. Prosakujici voda také zapfi¢inila silné
zamokfeni terénu pod hrdzi a existovaly oprdvnéné obavy z nebezpedi
zhorSovani tohoto stavu, spojeného s rizikem vyplavovani jemnych Castic
z podzakladi hraze, pfipadné i ztraty filtraéni stability horninového podloZi
pfehrady. Pfiprava opravy byla do jisté miry nepfiznivé ovlivnéna nepfesnymi
vysledky a zavéry inZenyrskogeologického prizkumu jedné Ceské firmy na
konci osmdesatych let, podle kterych pfehrada nebyla zalozena na zulovém
horninovém masivu, ale na pfeplavenych zeminach charakteru smési pisku,
Stérku a balvand Zuly. Existovaly obavy nejen z filtracnich vlastnosti této 5 - 8
m mocné vrstvy v podlozi hraze, ale také z nepfiznivych deformacnich
vlastnosti takovéhoto horninového podlozi.

V r. 1997 uskuteénila SG - Geotechnika, a. s. Praha kontrolni a doplfujici
geotechnicky prGzkum, ktery opravil a uvedl na pravou miru omyly
a nepfesnosti inzenyrskych geologl z minulosti a zpfesnil informace o stavbé
a zalozZeni pfehrady. Prlizkum se opiral zejména o tfi kontrolni a dva dopliujici
vrty u vzdusné paty hraze, doplnéné geofyzikalnim prizkumem (karotaz vrtd -
velky vyznam mély zejména vysledky akustické metody a rezistivimetrie, dale
kontrolni povrchové méfeni refrakéni seizmickou metodou). Znaény vyznam
realizovan stavebné-technicky prizkum, zaloZzeny na studiu historickych
podkladil z doby stavby (projekt O. Intze, dokumentace skute¢ného provedeni
stavby, dobova fotodokumentace, zapisy z Baujournalu etc.). Podrobna
srovndvaci analyza vSech stavebnich podkladi a vysledki komplexniho
geotechnického prizkumu umoznila zpracovat geotechnickou dokumentaci
zalozeni pfehrady, obsahuijici zakladni informace: Udaje o skute¢ném zaloZeni
pfehradni hraze a geotechnické vlastnosti horninového podlozi (geotechnicky
model proudéni, geotechnicky model deformaci, materialové charakteristiky).
Podafilo se v zakladnich rysech stanovit pomérné pfesnou diagndzu "choroby
starnouci prehradni damy", jako jeden ze z&kladnich podklad( pro volbu
odpovidajici "terapie". Hlavnim z&vérem kontrolniho geotechnického priizkumu
bylo zjisténi, Ze zaloZeni stavby je bezpe€né, rovnéz filtraéni vlastnosti podlozi
jsou vyrazné lepsi, nez se dfive pfedpokladalo a ze rozhodné nejsou kritické.
Hlavni a zcela z&sadni problém spocival ve Spatném a misty az kritickém stavu
betonu v konstrukci zaklad(i hraze (mimofadné velkd propustnost a nésledny
vznik nepfipustného rozlozeni vztlaku, plisobiciho na zaklad hraze pfi plné nadrzi).

ZALOZENi PREHRADNI HRAZE

Plvodni projekt prehrady pfedpokladal zaloZeni hraze v hloubce cca 4 m pod
povrchem terénu na pevné Zule a to se stupfovité zazubenou zéakladovou
sparou. Na jafe 1906 byli stavitelé pfekvapeni, kdyz v projektované Urovni
zakladd v hloubce cca 4 m zastihli "granitgruss”, €ili drtovitou zvétralinu Zuly

PREPARATION OF THE DAM REPAIR

In the course of the past decade, employees of Povodi Labe, a.s., a Hradec
Kralové-based company controlling the Elb river basin, solved a serious issue
of an unfavourable technical condition of the MSeno dam in the Jizerské
mountains, connected with the structure foundation. They prepared
a demanding, complex and unique repair of the dam. The dam was built in the
years 1906 - 1909 according to the design developed by Prof. Ing. Otto Intz
from Aachen (1843 - 1904), who was one of the founders of the European and
worldwide dam-building industry at the turn of the 19th and 20th century.
A gravity dam built in granite wall stone is in question. The dam is 425 m long,
its height is about 20 m above the valley terrain, the storage level about 15 m.
The dam is curved (circular) in ground plan, with the radius of 350 m. The main
problem of the structure was undesirable water infiltration under the dam body,
causing very unfavourable effect of buoyancy forces on the whole area of the
dam foundation. Infiltrating water also caused heavy wetting of the terrain
downstream of the dam, and a justifiable concern existed about the risk of
deterioration of this condition, connected with the risk of fine particles being
washed out from the dam subsoil, or even the risk of the loss of the dam
bedrock filtration stability. Preparation of the repair was, to some extent,
unfavourably affected by inaccurate results and conclusions of an engineering
and geological investigation performed by a Czech company in late eighties,
suggesting that the dam had been founded on fluvial deposits consisting of
a mixture of sand, gravel and granite boulders. A fear existed not only about the
filtration properties of this, 5 to 8 m-thick, layer under the dam but also about
the unfavourable deformation properties of such a rock base.

In 1997, SG-Geotechnika, a.s. Praha conducted a check and complementary
geotechnical investigation, which corrected and rectified past errors and
inaccuracies by engineering geologists, and made the information on the dam
structure and its foundation more precise. The investigation started, before all,
from three check boreholes and two complementary holes drilled at the
downstream toe of the dam, complemented by a geophysical survey (holes
logging; namely the results of the acoustic method and resistivimetry were of
a great significance, followed by a check surface measurement by the refraction
seismic method). A re-interpretation of the borehole logs from the years 1987
and 1988 was also very important. Further, a structural and technical survey
was undertaken, starting from the study of historic documents from the time of
building the dam ( the design by O. Intz, as-built documentation, progress
photographs of the period, the Baujournal entries efc.). A detailed comparative
analysis of all building records and results of the complex geotechnical
investigation allowed elaboration of geotechnical documentation of the dam
foundation, containing a basic information, i.e. the data of the actual foundation
of the dam, and geotechnical properties of the bedrock (a geotechnical model
of the flow, a geotechnical model of deformations, material characteristics).
A relatively exact basic diagnosis of the “growing old lady dam" was
successfully made. It provided basic data for selection of a corresponding
"therapy". The main conclusion of the geotechnical investigation was that the
dam foundation was safe, even the filtration properties of the subsoil were
better than expected and that they definitely were not critical, by any means.
The main, and entirely crucial problem was a poor, locally critical, condition of
the concrete of the dam foundation structure (extremely high permeability and
subsequent origin of inadmissible distribution of buoyancy forces acting on the
dam foundation at the reservoir filled up.
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(geotechnicky typ G6, viceméné charakteru zeminy). Byly vyhloubeny 4 kopané
sondy hloubky 25 - 70 cm, ve kterych byl na dné zastizen "miirber aber fesstiger
granit", tedy pevnégjsi, ale droliva zvétrala zula (geotechnicky typ G5). Stavitelé
rozhodli prohloubit vykop 0 0,4 - 1,0 m tak, aby pfehrada byla cela zalozena na
zvétralé zule (geotechnického typu G5). Prohloubenou ¢ast vykopu vyplnili
podkladnim betonem mocnosti (0,2) - 0,4 - 0,7 - (1,0) m (zcela vyjime¢né na
jednom misté az 1,6 m). Na povrchu betonové vrstvy upravili zazubeni,
v projektu uvaZzované na povrchu skaly, a sice s vySkou stupiti 0,3 - 0,4
m a délkou stupili pravdépodobné kolem 2 m. Na "betonovou desku" se zdilo
kamenné zdivo s pouzitim specialni vdpeno-cementové malty s pfisadou trasu.

IS injkeéni $tola PN predsyp (soucast konstrukce)

grouting gallery front fill (a part of the dam structure)
N nasyp Q1, Q2 Geotechnické typy kvartérnich zemin
backfill Quarternary soils geotechnical types

Beton zakladu hraze 513,00 m
Concrete foundation

of the dam

Kamenné zdivo
Ashlar masonry

490,00 m

G5 492,00 m
G4
G34 IC injkecni clona
. grout courtain
GT typy zvétralé Zuly
Obr. 1 Fig. 1

Charakteristicky pfi¢ny fez hrazi (Gt model) - st. Stoly 175 m
The dam and the grouting gallery typical cross-section - chainage 1756 m

max hladina

Beton zékladu hraze water level

Concrete foundation
of the dam

Kamenné zdivo

Ashlar masonry
Kvarterni zeminy
Quaternary soils
G6 Primarni vystroj
Svorniky Stoly
Rockbolts TH, SBA Primary support
7 of the gallery

JF——___stfikany beton

Shotcrete with

G5 Ocelové ramy
Steel frames

G4 Tytpy zvétralé zuly wire mesh
Weathered granite
geotechnical types Ocelové desky zakladu TH
Rozpérné profily U 160 Steel plates for TH frames
U-160 strut bracing spread footing
Obr2 Fig. 2

Profil Stolou v zapadnim kfidle hraze - stani¢eni 15 m
The dam and the gallery western wing cross - section - chainage 15 m

THE DAM FOUNDATION

The original design of the dam expected that the dam would be founded at
the depth of about 4 m below the ground level, on sound granite, with
a stepped, indented foundation base. In the spring of 1906, the builders were
surprised when they encountered "granitgruss”, i.e. weathered granite detritus
(G6 geotechnical type, more or less of a soil character). Four trial pits were dug
out, 25 - 70 cm deep, in which "murber aber fesstiger granit" was encountered
at the bottom, i.e. more competent but brashy weathered granite (geotechnical
type G5). The builders decided to deepen the excavation by 0.4 - 1.0 m, to
make the dam foundation on weathered granite (G5 geotechnical type)
possible. They backfilled the deepened part with blinding concrete (0.2) - 0.4 -
0.7 - (1.0) m thick (fairly exceptionally, at one location, up to 1.6 m thick). An
indentation, which was originally designed in the rock surface, was made in the
concrete layer surface. The steps were 0.3 - 0.4 m high and, probably, about 2
m long. The stone wall was built on the "concrete slab" using a special lime-
and-cement mortar with addition of trass.

SELECTION OF A CONTRACTOR

In 1998, Povodi Labe, a.s. invited tender for the project called "The Mseno
dam - rehabilitation and sealing of the dam sub-base". Contractors were
allowed to chose the technological solution, which, as a matter of fact, could be
chosen between the diaphragm wall, jet grouting and classical sealing grouting,
performed either from the surface or from a new gallery under the dam body.
A need for sealing of the dam sub-base up to the depth of 5 m under the
foundation base was expected. A commission of experts appointed by the
owner opted for the original and bold solution by a Malé Svatoriovice-based
company Erebos s.r.o0., consisting in building a grouting gallery within the sub-
base, at the contact with the dam foundation structure. Thus the gallery creates
a basic part of the 3 m-high sealing member. Remaining 2 m in the sub-base
will be sealed by a classical grout curtain. The excavation has been designed
as a classical one, with reinforcing and grouting of the surrounding rock in
advance of the face in critical locations. Another 2 bids were submitted,
considering the gallery option. Although, these bids did not suit the task as the
final solution did not comply with the requirement to create a permanent
grouting gallery structure in the area of the dam sub-base.

EXCAVATION OF THE GROUTING GALLERY

Erebos, s.r.o. commenced the work at the turn of October and November,
1998. The detailed design for Erebos was prepared by Tubes Praha s.r.o..
Technical supervision was performed by the owner, Povodi Labe Hradec
Kralové. Professional geotechnical supervision and geotechnical consultancy
services were provided by employees of SG-Geotechnika, a.s. Praha. The
design of blasting and seismic effects measurement was developed by
BARTOS-ENGINEERING for the contractor. Specialised check measurements
of the dam body and the excavated gallery deformations were provided by Vodni
stavby - TBD Praha, a.s., in collaboration with the contractor's own surveyors.

First, a 9 m deep hoisting shaft was sunk in the valley, at the downstream toe
of the dam. A 15.8 m-long access gallery was driven from the shaft, followed by
a drive of 2 branches (the western and eastern ones) of the grouting gallery,
263.3 m long in total. The aggregated length of the galleries amounts to 275.9
m. First part of the underground work, i.e. the excavation proper with a primary
support, including backgrouting, took place from 30.10.1998 to 9.6.1999. From
June to November 1999, the reinforced concrete final lining was erected, and
backgrouting behind the gallery lining was completed. In October 1999, the
work on completion of the sealing member started, i.e. the work on the contact
grouting and sealing grouting injected into the overburden and, above all, into
the gallery base. Those and other finishing works will be completed in the spring
of 2000.

Technical parameters of the grouting gallery : the grouting gallery length -
263.3 m, the excavation width - 3.0 to 3.2 m, the excavation clearance - 3.0 to
3.2m, excavated area - 7.8 10 9.0 m’.

Primary support (basic arrangement): TH steel frames at 0.8 - 1.0 m spacing,
wire mesh matting with meshes 100 x 100 x 6.3 mm, sprayed concrete 100 -
150 mm thick.
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VYBER ZHOTOVITELE STAVBY

V roce 1998 vypsalo Povodi Labe, a. s. vybérové fizeni na stavbu nazvanou
"VD MSeno - sanace a utésnéni podlozi hrdze". Zhotoviteliim byla ponechana na
viili volba technického feseni, které prakticky mohlo byt vybrano z technologif
podzemni stény, tryskové injektaze, klasické tésnici injektaze, realizovanych
z povrchu nebo i z nové Stoly pod télesem prehrady. Pfed zahajenim stavby se
predpokladala potfeba utésnéni podlozi pfehradni hraze do hloubky 5 m pod
zékladovou sparu. Odbornd komise investora vybrala k realizaci origindini
a odvazné technické fedeni s. r. 0. Erebos, Malé Svatoriovice spoCivajici ve
zfizeni injekéni Stoly v podlozi, v kontaktu se zakladovou konstrukci prehrady.
Stola tak tvofi zakladni ¢ast tésniciho prvku vysky cca 3 m, zbyvajici 2 m v podioZi
se utésni klasickou injekéni clonou. Razba byla navrzena jako klasickd se
zajisténim celiku pfed Celbou v kritickych mistech pomoci "armovani horniny"
a injektaZe. Do soutéZe byly zaslany dalsi 2 nabidky uvazujici Stolu. Tyto nabidky
ale nevyhovély, nebot kone¢né feSeni nespliiovalo pozadavek vytvofeni trvalého
objektu injekéni Stoly v oblasti zakladu pfehrady.

RAZBA INJEKCNi STOLY

Erebos, s. r. 0. zahdjil stavbu na prelomu fijna a listopadu 1998. Realizacni
projektovou dokumentaci pro Erebos zpracovavala s. r. o. Tubes Praha.
Technicky dozor stavby vykondval investor a. s. Povodi Labe Hradec Krélové.
Odborny geotechnicky dozor a geotechnickou konzultaéni ¢innost vykonavali
pracovnici SG - Geotechnika, a. s. Praha. Projekt trhacich praci a méfeni
seizmickych cinky zajistovala pro zhotovitele firma BARTOS - ENGINEERING.
Specidlni kontrolni méfeni deformaci objektu pfehrady a deformaci razené Stoly
realizovala a. s. Vodni dila - TBD Praha ve spolupraci s méfici zhotovitele stavby.

Nejprve byla v Gidoli u vzdusné paty hraze vyhloubena 9 m hluboka tézni jama,
ze které byla vyrazena 15,8 m dlouhd pfistupova $tola a nésledovala razba 2
vétvi (zapadni, vychodni) injekéni Stoly o celkové délce 263,3 m - celkova délka
Stol &ini 275,9 m. Prvni ¢ast praci v podzemi, tj. vlastni razba s primarni vystroji
a véetné vypliiové injektaze probéhla od 30. 10. 1998 do 9. 6. 1999. V' obdobi od
¢ervna do listopadu 1999 se vybudovalo definitivni Zelezobetonové osténi
a dokoncila se vyplnova injektaz za osténim Stoly. V fijnu 1999 byly zapocaty
préce na dokonéeni tésniciho prvku (kontaktni injektaz a tésnici injektaz jednak
do nadlozi a zejména do podiozi toly). Tyto a dalsi dokon¢ovaci prace budou
dokon¢eny na jafe roku 2000.

Technické parametry injekéni Stoly: délka injekéni Stoly - 263,3 m, Sitka vyrubu
- 3,0 - 3,2 m, vySka vyrubu - 3,0 - 3,2 m, plocha vyrubu - 7,8 - 9,0 m?,

Primami vystroj (z&kladni uspofadani): rdmy TH v rozestupu 0,8 - 1,0 m,
armatura - ocelova sit 100 x 100 x 6,3 mm, stfikany beton - tloustka 100 - 150 mm

Stola byla pfiblizng v 90 % délky vedena tak, Ze vyrub prerusil vrstvu
podkladniho betonu (B) a ve stropni ¢asti zasahoval na vysku 0,3 - 1,0 m do
zulového kamenného zdiva konstrukce pfehradni hraze (KZ). Vzhledem
k stupriovitému tvaru spary KZ - B jak v pfi¢ném, tak v podélném sméru zasahla
Stola na nékolika mistech az kolem 1,5 m do KZ (v jednom misté max. 1,7 m).
Vedeni Stoly v kontaktu se zaklady hraze si vyzadalo proménny podéiny sklon
Stoly v rozpéti 0,25 - 46,7 %. Stola byla v celém rozsahu razena ve zvétralé zule,
prevladal vySe popsany GT typ G5, misty se vyskytoval ponékud méné zvétraly,
ale stale pisCité rozpadavy geotechnicky typ G4 a ojedinéle ve 3 kratkych
Usecich geotechnicky typ G34 s puklinovou odluénosti a Ulomkovitym rozpadem
horniny.

Jednou z rozhodujicich okolnosti pro Uspésné zvladnuti razby Stoly bylo
zajisténi stability vyrubu v prostfedi silné zvétralé az rozlozené Zuly (G5) pod
hladinou podzemni vody s hydrostatickym tlakem pfi prazdné nadrzi 50 - 80 kPa.
Pfed zahdjenim praci existovala obava, Ze zvétrala piscitostérkovité rozpadava
hornina pod vodnim tlakem nezaru¢i bezpecnou stabilitu vyrubu. Pfitom
axiomatickou podminkou stavby bylo 100 % vylouéeni jakychkoliv Skodlivych
deformaci konstrukce prehrady, to znamend Ze byly absolutné nepfipustné
jakékoliv nadmérné nadvylomy ¢i dokonce poruseni horninového masivu v okoli
razené Stoly.

Ve stejném obdobi (zima 98 - 99 a jaro 99) razila a. s. INGSTAV, divize Ostrava
v Liberci kanalizaéni $tolu pod aredlem nadrazi. Stola byla v hloubce pies 20
m pod terénem a 10 - 15 m pod povrchem Zulového masivu. Také se jednalo
0 zcela zvétralou, piscité rozpadavou Zulu. Hydrostaticky tlak podzemni vody byl
do 80 kPa. Trebaze se jednalo o $tolu minimalniho prifezu cca 4,5 m? byla Celba
a pfid Stoly zcela nestabilni a ruéni razba byla mozna jediné pfi disledném
pouzivani peclivé provadéného hnaného pazeni a Cilkovani celé Celby, ramy TH

About 90% of the gallery length was routed in such a manner that the
excavation cut the blinding concrete layer (B), and a 0.3 - 1.0 m high part of its
crown extended into the granite masonry of the dam (KZ). Due to the stepped
configuration of the KZ - B contact surface, both in the cross and longitudinal
directions, the gallery broke into the KZ as deep as about 1.5 m at several
locations (max. 1.7 m at one particular location). For keeping the gallery in
contact with the dam foundation, it was necessary to vary the longitudinal
gradient of the gallery within a range of 0.25 - 46.75 %. The whole length of the
gallery was driven in weathered granite, with the above mentioned geotechnical
type G5 prevailing. Locally, a slightly less weathered but still to sand
disintegrating geotechnical type G4 occurred, and, exceptionally within three
short sections, the G34 geotechnical type, characterised by grains and
quarrying, was encountered.

One of critical conditions of successful performance of the gallery drive
resided in stabilisation of the space excavated in an environment of weathered
to decomposed granite (G5), under the water table with the hydrostatic head of
50 - 80 kPa at the reservoir empty. Before the work started, a fear had existed
that the weathered sand and gravel disintegrating rock under the water
pressure would not guarantee a safe stability of the excavation. At the same
time, a 100% exclusion of any harmful deformations of the dam structure was
a prerequisite for the construction. Therefore, any excessive overbreak, let
alone a disturbance to the rock massif in the surroundings of the gallery being
excavated, were absolutely inadmissible.

In the same period (the winter of 1998 and the spring of 1999), the Ostrava-
based division of INGSTAV a.s. drove a sewerage adit under the railway station
in Liberec. The adit was at the depth over 20 m under the ground level, and 10
- 15 m under the granite massif surface. It also was a matter of a completely
weathered, to sand disintegrating granite. The groundwater hydrostatic head
was up to 80 kPa. Although the gallery had a minimum cross section about 4.5
m, its face and the heading area were completely unstable, and manual
excavation was possible only at a consistent use of carefully installed forepoling
and breasting of the face. TH-frames were installed at 0.6 m spacing. Owing to
the careful, slow and very thoughtful advancing by Ingstav employees, the
gallery was successfully excavated without creation of deformations under the
railway station trackage, while a vast collapse and an emergency case of
a damage to engineering services and to one building occurred in the area of
the gallery in question in the course of driving of the town's main collection
sewer in the past decade.

Original ideas about the rock environment behaviour during excavation of the
gallery under the Mseno dam did not differ substantially from the above
mentioned state at the Liberec construction. In the initial phase of the access
adit excavation, exploratory and drainage boreholes were performed at the
face, and Union steel sheet lagging was used between the TH-frames. It turned
out soon that the influence of the draining effect of the blinding concrete layer
in the dam foundation was deciding for the excavation stability. The concrete
layer was 100% drained by the excavation in the vicinity of the face and the
section excavated. The flow was so intense that an unambiguously
hydrodynamic regime existed in the vicinity of the gallery, which fact eliminated
the groundwater pressure effect in the phase of its driving proper. The other
circumstance, critical for enhancement of the gallery excavation stability and
the safety, consisted in the partial embedding of the excavation top heading into
the dam body (into the B and KZ). For that reason the primary support of the
walls and the roof was changed to the use of TH-frames and shotcrete layers
with wire mesh. Thus, safety and stability of the gallery overburden was
successfully achieved, and it was necessary, in the course of the excavation
work, to concentrate on exclusion of stability failures or occurrence of
overbreaks, at the sides of the top heading and at the face above all.
A precondition for safe driving was to create an accurate contour of the
excavation without overbreaks, to apply the shotcrete temporary support timely,
with minimum length and time of letting free-standing  excavations
unsupported, and a to perform systematic backgrouting also with a short delay
after the excavation proper.

It was confirmed in the course of the driving that the dam was founded on
a granite rock massif within the whole extent. No doubt that the granite is
heavily weathered on the surface, but its properties are quite favourable
regarding its use as a foundation soil under a dam structure (sufficient bearing
capacity, satisfactory deformational properties, and rather low permeability),
and lacks critical filtration properties.
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byly osazovany v rozestupu 0,6 m. Diky opatrnému, pomalému a velmi peclivému
postupu pracovnikli Ingstavu se podafilo Stolu vyrazit Uspésné a to bez vzniku
deformaci v kolejisti nadrazi CD. Pfitom v minulém desetileti doslo v areélu
popisované Stoly pfi razbé hlavniho méstského kanalizaéniho sbérace
k rozsahlému zavalu a k havarijnimu po$kozeni inzenyrskych siti a jedné pozemni
stavby.

Viychozi predstavy o chovani horninového prostiedi pfi razbé Stoly na VD
MSeno se v krajni poloze neliSily od vySe popsaného stavu na stavbé v Liberci.
V pocateéni fazi razby pfistupové Stoly se realizovaly v &elbé priizkumné
a odvodiovaci vrty a pouzivalo se mezi ramy TH zatazné pazeni z ocelovych
pazin union. Brzy se ukdzalo, Ze pro stabilitu vyrubu byl rozhodujici vliv
drendzniho Ucinku vrstvy podkladniho betonu v zakladech prehrady. Vrstva
betonu byla v blizkosti ¢elby a vyrazeného Useku $toly 100 % odvodnéna
vyrubem, proudéni bylo natolik intenzivni, Ze v okoli Stoly existoval jednoznaéné
hydrodynamicky rezim, ktery eliminoval ve fazi vlastni razby tlakové plsobeni
podzemni vody. Druhou rozhodujici okolnosti pro zvySeni stability vyrubu
a bezpeénosti razby Stoly bylo ¢asteéné zapusténi vyrubu ve stropni &asti do
télesa hraze (do B a KZ). Proto se pfeslo na primarni vystroj z rdmi TH a vrstvy
stffkaného betonu s ocelovou siti a to v bocich i ve stropu. Takto se podafilo
dosahnout bezpeénosti a stability nadloZi Stoly a pfi razbé bylo tfeba se zaméfit
na vylougeni poruch stability &i vzniku nadvylom( zejména v boéni Easti pfistropi
a na Celbé. Podminkou bezpecéné razby bylo vytvofeni tvarové pfesného vyrubu
bez nadvylomi, véasna aplikace stfikaného betonu pracovni vystroje
s minimalnim délkovym i ¢asovym odstupem od &elby a systematické vyplhova
injektaz, provadéna také s malym odstupem od vlastni razby.

Pfi razbé Stoly se potvrdilo, ze pfehrada je v celém rozsahu zalozena na
horninovém masivu ze zuly. Zula je sice pfi povrchu silng zvétral4, ale ma veelku
pfiznivé vlastnosti jako zakladova pida pod pfehradni konstrukci (dostatec¢na
Unosnost, vyhovujici pfetvarné vlastnosti a pomérmé malé propustnost) a nema
kritické filtracni vlastnosti.

V priibéhu razby $toly se také potvrdilo, Ze tézisté celého problému prehrady
spociva v soucasné kvalité "podkladniho betonu" v zakladech hrdze. Vrstva
betonu, pfevazné mocnosti 0,4 - 0,8 m, byla od r. 1906 vystavena agresivnimu
pUsobeni prosakuijici vody a dnes je beton z velké ¢asti zcela degradovany,
drolivy a prakticky nulové pevnosti a ma mimofadnou propustnost. Na
preferovanych prisakovych drahdch napfi¢ pod hrazi (plastve, vrstvy, kanalky)
Ize koeficient filtrace vyjadfit hodnotami fadové presahujicimi n.10%m.s". Takto
extrémné nepfiznivé vlastnosti betonu byly zjistény pod udolni &asti pfehrady,
kde rozdil hladin v nadrzi a pod hrazi €inil 10 - 15 m. V kfidlech pfehradni hraze
byla kvalita betonu ponékud lepsi vzhledem k menSi expozici pfi rezimu
proudéni v podlozi hraze. Geotechnické charakteristiky horninového prostfedi
v podloZi pfehrady jsou uvedeny v pfipojené tabulce. Ve vyrubu previadajici
geotechnicky typ G5 je na rozhrani 4.-5. tfidy téZitelnosti, GT typy G4 a G34 patii
do 5. tfidy. Jednd se o horniny velmi obtizné mechanicky rozpojitelné, resp.
snadno trhatelné.

PFi razbé se rozpojovala zvétrala zula mechanicky a s pomoci trhacich praci
velmi omezeného rozsahu (odpal na elbé rozdéleny do 2 €asti s nalozi na jeden
¢asovy stupeni 0,05 - 0,1 kg), misty bylo povoleno pouZiti trhaci prace také ve
vrstvé betonu. PFi odstfelech byly zasadné aplikovany nenabijené perforaéni vrty
po obvodu vyrubu. Kamenné zdivo hrdze se rozpojovalo mechanicky

Celba V3 Staniceni 162,4 Celba V6 Stanic¢eni 161,5
Face Chainage Face Chainage
KZ Kamenné zdivo
Ashlar masonry
Beton zakladni hraze
Concrete
foudation B
of the da B
G5
G4
strana: strana : Zvétrala zula
side: G4 side:  Weathered granite
navodni vzdusni navodni vzdusni
upstream downstream  upstream downstream
Obr. 3 Fig. 3

Dokumentace charakteristickych ¢eleb pfi razbé injekéni Stoly
Documentation of typical headings at the grouting gallery excavation

It was also established during the drive that the core of the whole problem of
the dam consists in the current quality of the blind concrete in the dam
foundation. The concrete layer, mostly 0.4 - 0.8 m thick, had been exposed to
corrosive effects of percolating water since 1906, and nowadays, the concrete
is mostly completely degraded, brashy, with effectively zero strength, and
extraordinarily permeable. At the preferred percolation paths crosswise under
the dam (slices, beds, channels), the filtration coefficient can be expressed by
values of the order exceeding n.10*m.s". So extremely unfavourable concrete
properties were determined under the dam section at the deeper part of the
valley, where the difference between the water levels in the reservoir and
downstream the dam amounted to 10 - 15 m. Quality of the dam wings concrete
was somewhat better due to lower exposition under the regime of the flow in the
dam sub-base. Geotechnical characteristics of the rock environment in the dam
sub-base are shown in the table attached. The G5 geotechnical type, prevailing
in the excavation, is at the borderline between excavation classes 4 and 5. The
geotechnical types G4 and G34 belong in the class 5. Those rock types can be
fragmented with difficulties, although they can be blasted easily.

In the course of the excavation work, the weathered granite was fragmented
mechanically and drill-and-blast was used in a very limited extent (blasting at
the face was divided into 2 parts, with a charge of 0.05 - 0.1 kg per one delay
time), a local use of blasting in the concrete layer was allowed too. As a rule,
uncharged perforation holes along the excavation perimeter were applied at
blasting. The dam masonry was broken mechanically, with an alternative use of
Darda hydraulic wedges. Explosives were not used in critical sections (under
the bottom outlets and within the western end section of the gallery), and all
materials (G, B, KZ) were broken mechanically or manually.

The western end of the gallery at the chainage of 0 - 60 m was exposed
extraordinarily. In this section, a 3 m-wide gallery was driven under the dam
body, which was only 6 - 8 - (10) m wide at its foundation base. For that reason,
the technological procedure for excavation and support was modified there for
4 sections 15 m long. For the end section 0 - 30 m, the TH frames spacing was
reduced to 0.6 - 0.7 m, channel bars U -160 were used for bottom strut bracing,
TH frames were founded on continuous spread footing consisting of steel plates
600 mm wide. Stability of the excavation walls was ensured by means of 2 x 3
pcs of 1.2 and 2.0 m-long rockbolts installed at each round (hydraulic rockbolts
complied for the strength of 60 kN even at anchoring to weathered granite).
Permissible overbreak, i.e. the inaccuracy in the contour, was of 50 mm as
a maximum (exceptionally up to 100 mm). Sprayed concrete was applied with
a space-gap of 0.6 - 1.4 m from the face, and contact grouting was performed
in the distance of 2.4 - 7 m from the face.

THE FINAL LINING OF THE GALLERY

When the gallery excavation had been completed, the final lining was
erected made of in-situ reinforced water-retaining concrete (B20-B25, HV8) 300
mm thick. After casting the invert, the walls and roof were cast, mostly behind

Celba V9 Stanic¢eni 224,0 Celba V14 Staniceni 255,0
Face Chainage Face Chainage

KZ KZ

B B

G3 G4
strana: strana:
side: side:
navodni vzdusni navodni vzdus$ni
upstream downstream upstream downstream
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s alternativnim pouzitim hydraulickych klinG Darda. V kritickych Usecich (pod
zakladovymi vypustmi a v koncovém zdpadnim Useku Stoly se nepouZivalo
trhavin a vSechny materidly (G, B, KZ) se rozpojovaly mechanicky resp. ru¢né.

Mimoradné exponovany byl zapadni koncovy Usek Stoly ve stani¢eni 0 - 60 m.
V tomto Useku byla razena 3 m Sirokd $tola pod hrazi, Sirokou v zakladové spare
pouze 6 - 8 - (10) m. Proto zde byl ve 4 tsecich délky 15 m upraven technologicky
postup razby a vystroje. V koncovém Useku 0 - 30 m byla snizena rozte¢ ramu
TH na 0,6 - 0,7 m, byly pouzity rozpérné prahy z nosniki U 160, ramy TH byly
zakladany na souvislé roznaseci pasy z ocelovych desek Sitky 600 mm. Stabilita
bokl vyrubu byla zajisténa pomoci 2 x 3 ks svornikl délky 1,2 a 2,0 m v kazdém
zabéru (hydraulické svorniky vyhovély pro silu 60 kN i pfi ukotveni do zvétralé
Zuly). Pfipustné pretéZeni, resp. tvarova nepfesnost, bylo do 50 mm (vyjime¢né
do 100 mm). Stfikany beton se aplikoval s odstupem 0,6 - 1,4 m od Celby
a kontaktni injektaz se realizovala s odstupem 2,4 - 7 m od Celby.

KONSTRUKCE DEFINITIVNIHO OSTENi STOLY

Po dokonceni razby Stoly se zfidilo definitivni osténi z monolitického
armovaného vodostavebného betonu (B20-B25, HV 8) tloustky 300 mm. Po
vybetonovani dna se osténi bokd a klenby betonovalo pfevazné do posuvné
bednici formy. Nékolik atypickych usekl (Usek ve stoupéni 46,7 % na vychodnim
konci, napojeni pfistupové a injekéni toly) je feSeno aplikaci stfikaného betonu.
Po dokonéeni Zelezobetonového osténi nasledovala druhd faze kontaktni
injektaze, ktera ma za Ucel utésnit vSechny pfipadné priisakové drahy v prostredi,
ovlivnéném Stolou v nadlozi (do KZ pfes 2 spary zdiva) i v podloZi (do hloubky 1,2
- 1,4 m od vnitfniho lice, ¢ili 0,6 - 0,8 m vné vyrubu Stoly), véetné likvidace
pracovni drenaze pfi paté vyrubu. Takto dokoncena injekéni Stola vytvofi
dokonaly tésnici prvek zasahuijici do hloubky 2 - 3 m pod zakladovou sparou
pfehrady. Zavére¢nou fazi stavby je tésnici injektdz do nadlozi a zejména do
podlozi injekéni Stoly. O jejim rozsahu a metodice se rozhoduje na zakladé
zkuSebnich vodnich tlakovych zkouSek a diléich vysledkd injektaze. Podle
dosavadnich zkuSenosti se nepfedpoklada pfili§ velky hloubkovy ani plo$ny
rozsah injektaze horninového podlozZi Stoly ( pfedpoklad 1 az 2 m do podlozi a do
nadlozi pfes dvé spary KZ). Tésnici injektaz podiozi bude pravdépodobné mozna
jediné pomoci polyuretanovych pryskyfic.

MERENi DEFORMACI PREHRADNI HRAZE

Po celou dobu praci byly v intervalu 14 dni pomoci pfesné nivelace sledovany
deformace télesa hraze (celkem 10 profill, v kazdém profilu 2 body na koruné
prehrady, 1 bod u vzdusné paty a 1 bod ve stropu Stoly). Vysledné poklesy,
naméfené ve stropu Stoly byly v oboru 2 - 7,5 mm, zhruba stejné byly
i deformace, naméfené u vzdusného lice hraze (2,9 - 8,3 mm). Na koruné hraze
byly namérfeny ponékud vétsi svislé deformace a také urcité malé horizontalni
deformace. Uvedené deformace nelze pfiéist pouze na vrub razby injekéni Stoly.
Deformace jsou zpUsobeny kromé uréitého vlivu viastni razby také fadou dalSich
vlivi: pfitizenim podlozi hraze, vyvolaném snizenim hydrostatického tlaku
v horninovém masivu v podlozi pfehrady vlivem dlouhodobého vypusténi vodni
nadrze a drendzniho U¢inku razené Stoly, dale vlivem zmén teplotniho rezimu

Obr. 4 Fig. 4

Celba vychodni vétve razené $toly ve stanideni 192,2 m. Ve vrcholu vyrubu kamenné
zdivo, pod nim ,,podkladni beton®, z &asti degradovany, v dolni ¢asti zvétrald Zula
The face of the eastern branch of the driven gallery at chainage 192.2 m. Ashlar
masonry is at the top heading, with partly degraded blinding concrete underneath,
weathered granite is at the bottom part.

a traveller form. Several atypical sections (a section at the eastern end in an
upward slope of 47%, the connection of the access adit and the grouting
gallery) has been solved by application of sprayed concrete. After completion
of the reinforced concrete lining, the second phase of contact grouting followed,
the purpose of which is to seal all percolation paths, if any, in the environment
affected by the gallery in the overburden (in the KZ, over 2 horizontal joints in
the ashlar masonry) and in the sub-base (up to the depth of 1.2 - 1.4 m from
the internal face, i.e. 0.6 - 0.8 m beyond the limits of the gallery excavation),
inclusive of liquidation of the working drainage at the excavation foot. The
grouting gallery, completed in the above mentioned manner, will create
a perfect sealing element, reaching into the depth of 2 - 3 m under the dam
foundation base. The final phase of the construction consists in sealing grouting
into the overburden and, above all, into the grouting gallery sub-base. Its extent
and method are determined on the basis of hydro/pressure testing and partial
results of the grouting. According to the previous experience, exceedingly large
scope of grouting of the gallery rock sub-base is not expected in terms of its
depth and area (1 to 2 m into the sub-base and over two horizontal joints into
the overburden KZ). Likely, the sealing grouting of the sub-base will be possible
by means of polyurethane resins only.

MEASUREMENT OF THE DAM BODY DEFORMATIONS

For all the time of the works, deformations of the dam body were monitored
at 14 days' intervals by means of precise taking of the levels (10 profiles in total,
2 marker pins at the dam crown in each profile, 1 pin at the downstream toe,
and 1 pin at the gallery roof). Resultant settlement measured at the roof of the
gallery were in the range of 2 - 7.5 mm, approximately identical deformations
were measured at the downstream toe of the dam (2.9 - 8.3 mm,).

A little bit larger vertical deformations, as well as certain small horizontal
deformations, were measured at the crown of the dam. The above mentioned
deformations can not be ascribed to the excavation of the gallery only. Apart
from a certain influence of the gallery excavation, the deformations have been
caused by a number of other effects too, i.e. by surcharging of the dam base
evoked by the reduction of the hydrostatic head in the rock mass at the dam
base due to the long-term release of water from the reservoir and the drainage
effect of the gallery being excavated, further as a result of changes in the
thermal regime of the dam body with a circular ground plan. It is likely that the
deformations associated directly with the gallery excavation are in the range of
2 - 8 mm. The variations in the deformations determined are minimal, absolutely
harmless to the dam structure. If we express the extent of inclination, i.e. of the
angular deformation Ds/b, we will arrive to the values of 0.0001 - 0.00015 as
a maximum. The deformation resistance of the dam body against secondary
deformations can be reliably considered to be in the range up to 0.001 - 0.003,
i.e. unfailingly within the range of values higher than those which were
determined by the measurement.

Obr. 5 Fig. 5
Polozeni z&kladniho kamene pfehrady 8.9.1906
Laying the corerstone for the dam on 8.9.1906
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prehradniho télesa kruhového pidorysu. Je pravdépodobné, Ze deformace,
souvisejici pfimo s razbou jsou v oboru 2 - 8 mm. Pfitom zji$téna nerovnomérnost
deformaci je minimalni a pro konstrukci pfehrady naprosto neskodna. Jestlize ji
vyjadiime hodnotou naklonéni, resp. Uhlového pfetvoreni Ds/b, pak dospéjeme
k hodnotdm max. 0,0001 - 0,00015. Deformacni odolnost prehradniho télesa vici
pfidatnym deformacim Ize pfitom uvazovat spolehlivé v oboru do 0,001 - 0,003,
tedy spolehlivé v oboru hodnot vysSich nez naméfenych.

PRITOKY VODY DO RAZENE STOLY

V pribéhu razby byly podrobné dokumentovany lokalni pfitoky vody do Stoly
a celkové pritoky vody z vétvi Stoly do pfistupové Stoly a celkové Cerpané
mnozstvi vody ze tfi Usekl razenych Stol a Sachty. Celkové mnoZstvi vody,
pritékajici do injekéni Stoly se pohybovalo v rozpéti max. Q = 3 - 4 I/s. Z toho
podstatna ¢ast vody (zhruba vice nez 90 - 95 %) pfitékala z vrstvy poruseného
podkladniho betonu. Specifické pfitoky vody z betonu se pohybovaly v rozpéti gSB
=0,005 - 0,03 I/s/bm (max. misty az 0,1 I/s/om. Naopak specifické pfitoky vody ze
zvétralé zuly byly, az na nékolik vyjimek, velmi slabé - pfevazné v rozpéti do
0,0005 - 0,001 I/'s/m. Z uvedenych udajl dospéjeme k jednoznaénému zavéru
a potvrzeni plvodniho pfedpokladu, ze hlavni a dominantni pfi€inou problémd
prehrady byl $patny stav podkladniho betonu po vice nez 90 letech stafi, kdy byl
vystaven Ucinkdm vody s uhli¢itanovou agresivitou (i kdyZ slabou). Kriticka je
kvalita betonu zejména v Udolni ¢asti pfehrady (v useku délky 160 - 180 m). Jedna
se o silné rozlozeny beton, ve kterém existuji viceméné priibézné vrstvy zcela
rozlozeného, drolivého betonu bez makroskopickych stop cementového pojiva,
s vyraznou porovitosti a ¢etnymi velkymi péry, dutinami a minikanalky. Pevnost
tohoto betonu je neméfitelna a prakticky témér nulova. Vrstvy rozloZzeného betonu
maji extrémni propustnost, koeficient filtrace |ze odhadnout jako fadové vétsi n.10°m/s.

Uvedené degradované vrstvy betonu jsou zhruba vodorovné a stfidaji se
s vrstvami ponékud lepsiho betonu. Vyjimeéna jadra nejkvalitnéjsino betonu
z téchto partii vykazala pfi laboratornich zkouskach pevnost v prostém tlaku 7 -
13 MPa, objemovou hmotnost (suchou) 1910 - 2043 kg/m?, pérovitost 24 - 29 %
a koeficient filtrace 1.10° az 3.10°m/s. Lze konstatovat, Ze polohy zcela
degradovaného betonu jsou priibézné ve sméru proudéni vody pod hrazi
a v uvedené délce cca 180 m viceméné témér souvislé i v podéiném sméru.

V podlozi prehrady VD MSeno byla v roce 1999 dokoncena prvni ¢ast stavby
dodateéné zfizované injekéni Stoly, ktera zaroven tvoii zakladni ¢ast tésniciho
prvku v podlozi pfehrady. Stavba bez nadsazky patfi do skupiny nékolika mélo
unikatnich staveb tohoto druhu ve svétovém méfitku. A mezi témito unikétnimi
stavbami se vyznacuje originalni koncepci i fadou diléich prvkd technického
feSeni. Stavbu se podafilo Uspésné zviadnout mj. diky Uzké a vstficné spolupraci
véech partnerll vystavby. Po dokonéeni tésnici injektdZze bude stavebnikovi
predano velmi zajimaveé, zcela ojedinélé, tcelné a kvalitni dilo.

Obr. 6 Fig. 6
Pfehled geotechnickych vlastnosti mistnich hornin
Survey of geotechnical properties of local rocks

Vlastnost Geotechnicky typ
Property Geotechnical type

G6 G5 G4 G34
zvétrani
weathering / Wx/ zemina W5 W4 W3- W4
pevnost
strength /Rx/ zemina R6 R5 R5 - R4
objemova tiha
unit weight AN.m7 | 20-21 22-23 | 23-24 | 24-25
pfetv. modul
modulus of deformation ~ E«  /MPa/ | 200-300 | 400-600 | 600-800 | > 1000
m. pruznosti
modulus of elasticity E* /MPa/ | 300-500 | 600 -1 000 1000-1500 | > 1500
pevnost
ve smyku
shear [0 rl > 42° > 45° > 45° > 48°
strength c /kPa/ 0 > 100 > 200 > 200
propustnost
permeability k /ms'/ | n10" | <5107 | <510° | <5.10°

WATER INFLOWS INTO THE EXCAVATED GALLERY

Local water inflows into the gallery, and the total water flow from the gallery
branches into the access adit, and the total volume of water pumped from the
three sections of the driven galleries and the shaft were documented in
a detailed manner in the course of driving. The total volume of water coming to
the grouting gallery fluctuated within the range of Q = 3 - 4 I/s as a maximum.
Out of that, a substantial part of water (roughly over 90 - 95%) flew from the
broken layer of blind concrete. Specific inflows of water from the concrete
fluctuated within the range of gss = 0.05 - 0.03 I/s/m (locally up to 0.1 I/s/m as
a maximum). On the other hand, the specific influx of water from weathered
granite was, apart from several exceptions, very weak - mostly within the range
of up to 0.0005 - 0.001 I/s/m. On the basis of the above mentioned data, we will
arrive at a unambiguous conclusion and confirmation of the original assumption
that the main and dominating cause of the problems about the dam resided in
the poor condition of the blind concrete after over 90 years of the age, when it
had been exposed to the attack from carbonate-corrosive ground water, even
if only weakly corrosive. The concrete quality is critical in the dam section found
at the deeper part of the valley (a section about 160 - 180 m long). The concrete
is heavily disintegrated, with more or less continual layers of totally broken,
brashy concrete sections, without any macroscopic hint of cement binder, with
an expressed porosity and numerous large pores, cavities and mini-channels.
Strength of this concrete is nonmeasurable, effectively nearly zero. The layers
of the disintegrated concrete are extremely permeable, the filtration coefficient
can be assessed to be higher thann . 10" in its order.

The above mentioned degraded concrete layers are approximately
horizontal, and they alternate with layers of slightly better concrete. Exceptional
core samples of the best quality concrete taken from those parts showed
compressive strength of 7 - 13 Mpa, unit weight (dry) of 1910 - 2043 kg/ma,
porosity of 24 - 29%, and filtration coefficient of 1.10° az 3.10°m/s. It is possible
fo state that the locations of totally degraded concrete are continuous in the
direction of the flow under the dam, and, within the above mentioned
approximately 180 m-long section, more or less nearly continual even in the
longitudinal direction.

In 1999, the first part of the additionally provided grouting gallery structure was
completed under the Meno dam, forming, in the same time, a basic part of the
sealing member at the base of the dam. Without exaggeration, the structure can
be counted among world's few unique structures of this kind. Among those
unique structures, it features an original conception and a number of partial items
of the technical solution. Among others, the construction was mastered
successfully owing to the close and friendly collaboration of all parties involved
in the construction. After completion of the sealing grouting, the very interesting,
totally unique, effective and quality works will be handed over to the owner.

513,3 m Koruna hradze

The dam crown
v z

498 m hladina - vypusténa nadrz

water level - the reservoir /%

\ drained
—
StaniGeni m 270 245 200 150 137 100 50 6,7
Chainage
Qb Qb
Qg Qg
Qt Qt

Qt - celkové pritoky vody
(Qt = Qb+Qg)
total water inflows

Qb - pritok vody z betonu
water inflows from concrete
Qg - pfitok vody z podlozni Zuly
water inflows from the granite base

Obr.7 Fig. 7
Prehled inicialnich pfitokl vody do Stoly pfi razbé
Initial water inflows into the gallery during excavation review
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STOLOVE PRIVADECE
VIRSKEHO OBLASTNIHO VODOVODU

TUNNEL CONDUITS OF
THE VIR REGIONAL WATER SYSTEM

ING. ALICE SMOLOVA, AQUATIS A.S., ING. MIROSLAV UHLIK, SUBTERRA A.S.

1. UVOD A HLAVNi PARAMETRY DILA

Koncepce Virského oblastniho vodovodu (VOV, dfive BOV - Brnénsky oblastni
vodovod) vznikla jiz v 70. letech, kdy byla pfijata a doporuéena k realizaci jako
nejvhodnéjsi varianta zasobovani vodou brnénské aglomerace odbérem z ddolni
nadrze Vir.

Zésobovanou oblast tvo mésto Brno, obce po trase piivadéde Svafec-Brno a dale
obce na jih a jihovychod od Brna (tzv. "oblast hotkych vod").

Zdrojem vody pro VOV je pfehrada Vir, budovand v letech 1950 az 1957
s nasledujicimi parametry:

Plocha povodi 414 km?
Nadmorska vyska povodi 470 -820m
Celkovy objem nadrze 56,3 mi. m®
Zasobni objem nadrze 35 mil. m*®
Hloubka néadrze 65,6 m
Zaruceny prdmémy odbér vody pro VOV 1750 I/s
Asanacni minimalni pratok pod prehradou 0,48 m?®

Z nadrze dnes odebira surovou vodu tpravna vody pro oblast Nové Mésto - Zdiar
n/S v mnozstvi pramémé 110 I/s. Nadrz Vir ma od roku 1962 vyhlaSena pasma
hygienické ochrany.

Surova voda bude odebirana z nadrze Vir s moznosti zvolit jednu ze 3 odbérovych
etazi. Hydraulicky spad prehrady je vyuzit energeticky.

Z oddélené casti vyvaru pod hrazi je voda vedena sériové fazenymi Useky trubni
a Stolové &asti piivadéce surové vody do Gpravny vody Svarec.

Upravna vody Svarec je vybudovana ve vzdélenosti cca 5 km od odbéru z nadrze
Vir. Je vybudovana na max. kapacitu 2300 I/s upravené vody. Voda bude upravovana
kontaktni filtraci s davkovanim tekutého siranu hlinitého. Pfedoxidace surové vody
a dezinfekce upravené vody bude provadéna ozénem a oxidem chlori¢itym. Chod
Upravny vody je automatizovan a fizen vypodetni technikou.

Z Gpravny vody Svarec je ¢ista voda vedena privadégem Svarec-Cebin sériové
sestavenym z potrubnich Usek(, kladenych z potrubi HOBAS, DN 1400 mm
a tlakovych $tol v délce cca 30 km do vodojemu Cebin.

Ve vodojemu Cebin dojde ke smichani s vodou z Il. biezovského piivadéde.
Z vodojemu voda odtéka dvéma sméry, a to do 3. pasma brnénské vodovodni sité (do
stavajiciho vodojemu 2x17500 m® Palackého vrch a do nové vybudovaného
pfivadéce, slozeného z potrubi DN 1100 - 1400 mm, s vyuZitim ve vodojemu

1. INTRODUCTION AND MAIN PARAMETERS OF THE WORK

The conception of the Vir regional water system (VRWS, formerly RWSB -
Regional Water System of Brno) arose already in the seventies, when it was
accepted and recommended for realization as the most suitable variant of water
supply for the Brno agglomeration by taking water from the Vir dam.

The region being supplied with this water consists of the city Brno, communities
along the route of the conduit Svarec - Brno, and also communities to the south and
south-east from Brno (so called ,region of bitter water®).

The Vir dam, constructed within the years 1950 to 1957 is the source of water for
VRWS. Its parameters are as follows:

catchment area 414 sq.km
altitude of the catchment area 470 to 820 m
total capacity of the basin 56.3 mil.cub.m
reserve capacity of the basin 35 mil.cub.m
basin depth 65.6 m
guaranteed mean supply for VRWS 1750 Ips
compensation water 0.48 mil.cub.m

At present, raw water is taken from the dam by the water treatment plant for the
region Nové Mésto - Zdér n/S in the quantity of 110 litres per second. In the year
1962 there were laid down zones of hygienic protection for the Vir dam.

Raw water will be taken from the Vir dam with the possibility to choose one of
three intake levels. The hydraulic gradient of the dam is utilized in a power way.

From the separated part of the stilling basin under the dam, water is led through
sections, being arranged in series, of the tube part and tunnel one of the raw water
condlit to the water treatment plant Svarec.

The water treatment plant Svarec has been constructed in the distance of about
5 km from the water intake from the Vir basin. It has been constructed for the max.
capacity of 2300 litres per second of treated water. Water shall be treated in the way
of a continuous filtration with doses of liquid aluminium sulphate. The pre-oxidation
of raw water and disinfection of treated water shall be performed by means of ozone
and chlorine dioxide. The operation of the water treatment plant is automated and
controlled by means of computers.
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Obr. 1 Fig.1

Prehledny podélny profil
General longitudinal profile
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Bosonohy. Tento piivadéc je v Gseku cca 4051 m ulozen v suché Stole Bystrc-Bosonohy.
Z vodojemu Bosonohy je voda odvadéna trubnimi pfivadéci do oblasti umisténé
jizné a jihovychodné od Brna.

2. STOLA SUROVE VODY ViR-SVAREC
2.1 TECHNICKY POPIS

. Stola slouzi jako tlakovy privadég surové vody z tidolni nadrze Vir do Gpravny vody
Svarec. Celkova délka Stoly je 4691 m a provedena byla dle navrzené trasy se tfemi
smérovymi oblouky 40,3% 11,8" a 21,1°, v primémém spadu 8,9 %e. ,

Byla provadéna ruéné, za pouziti trhavin, s pfevazujici plochou vyrubu 10,8 m.
Razba pobihala od zacatku roku 1989 do dubna 1991 ze tfi Celeb. Proto byla pro
tento Ucel v km 0,421 zfizena tézni jdma Hrda Ves o priméru 5 m, odkud probihala
soucasné dovrchni Celba 3 k Viru a Gpadni Gelba 2 k portélu Korouzné (pied UV
Svarec), odkud dovrchné probihala celba 1.

Po dokonéeni razby z vyhodnoceni geologického sledu Stol byla navrzena
definitivni obezdivka o priméru 2104 mm z litého vodostavebniho betonu HV8-A1-
B20 armovana v kombinaci svafovanych siti a prutové vyztuze na pracovni pfetlak 4,8
bar, provadéna kontinuelni betonazi.

Na zacatku a konci Stoly jsou obezdivky navazané na ocelovy pancit svétlosti 2120
mm, tl. 16 mm s vnitfni cementaci, ktery vyustuje do obou portald, umozfuijici revizni
vstup do Stoly zaslepovaci pfirubou a dale napojeni trubniho pfivadéce svétlosti 1600
a 1400 mm. V misté navazani ocel. pancife a betonovych obezdivek byla provedena
tésnici injektazni clona sestavajici ze tfi prstencli vrtd vzdalenych od sebe 500 mm,
pfiéemz v jedné fadé bylo 12 vrtli délek 2,3 a 4,5 m. V nejvySSim misté Stolového
pfivadéée, v portdlu Vir je provedeno pfivafenim na pancif zavzdu$novaci
a odvzdusnovaci potrubi svétlosti 530 mm tl. 9 mm s vnitfni cementaci, opatfeni funkéni
i ozdobnou hlavici. Vypusténi Stoly je mozné z trubniho privadéée za portalem Korouzné
do feky Svratky.

2.2 GEOLOGICKE POMERY

Zakladni geologické pfedstavy o charakteru hornin v trase Stoly byly ziskany ze
zakladnich geologickych a loziskovych priizkumd, geologického feSeni a mapovani,
doplnéni vrinym prizkumem a provedenim prizkumné Stoly v letech 1979 - 1982,
které byla razena na piny profil z portalu Korouzné v délce 774,5 m. Tyto prace
zavrsila detailni geologicka progndza v trase Stoly zpracovana prof. M. Samalikovou
(VUT Brno), kde byly stanoveny geotechnické charakteristiky horin a vymezeny
oblasti s oéekavanym vyskytem poruchovych zén.

V pribéhu razby byl provadén nepretrzity geologicky sled Stol, ktery predstavoval
rozsahly soubor praci na jehoz realizaci se podilel tym pracovnikd riznych organizaci,
metodicky a organizacné fizeny zpracovatelem akce (RNDr. J. Handk - Geotest, a.s.
Brno). Bylo také provadéno nepfetrzité sledovani vlivu Stolovych praci na vodni zdroje
v blizkosti Stoly.

Definitivni obezdivka
stfikany beton HV8-A1-B20
sit kari C 10/200x8/200 mm
Final lining shotcrete
HV8-A1-B20 ‘kari” mesh

C 10/200x8/200 mm

Klasicky razeny profil - atyp
Profile driven in a classical
way - atypical

Tunnel axis

163 163

Obr. 2 Fig. 2 .
Stola surové vody Vir - Svarec - pficny profil
Raw water tunnel Vir - Svarec

Clean water from the WTP Svarec is led through the conduit Svarec - Cebin
assembled in a series way from tube sections consisting of HOBAS tubes, DN 1400
mm, and of pressure tunnels in the length of about 30 km to the reservoir Cebin.

In the reservoir Cebin there takes place a mixing with water from the lind conduit
Brezova. Water flows away from the reservoir in two directions, viz. to the 3rd zone
of the water mains network of Brno (into the existing reservoir Palackého vrch 2
x 17500 cub.m and into a newly constructed supply conduit consisting of tubes DN
1100 to 1400 mm, with its utilization in the reservoir Bosonohy. Said conduit is
seated in the section of about 4051 m in a dry tunnel Bystrc - Bosonohy.

Water is led through tube conduits from the water reservoir Bosonohy into the
region located south and south-east from Brno.

2. TUNNEL FOR RAW WATER, VIR - SVAREC
2.1. TECHNICAL DESCRIPTION

The tunnel serves as a pressure conduit of raw water from the dam Vir into the
WTP Svarec. The total tunnel length is 4691 m, and it was realized according to the
designed alignment with three direction bends 40.3 , 11 .8 and 21. 1g, and the mean
slope was 8.9 %o.

The work was performed manually, when using explosives, with the prevailing
excavated area of 10.8 sq.m. The driving was carried out from the beginning of the
year 1989 till April 1991 from three headings. That is why for this reason in km 0.421
there was made a working shaft Hrda Ves of Dia 5 m, from where simultaneously an
upward heading No.3 to Vir was carried out as well as a downward bottom heading
No.2 to the portal Korouzné (before the WTP Svarec), from where the upward
heading No.1 was performed.

The driving having been completed and the geological sequence of tunnels
having been evaluated, there was designed the final lining of Dia 2104 mm made of
poured water-retaining concrete HV8-A1-B20 reinforced in combination of welded
mesh and bar reinforcement for the operational overpressure of 4.8 bar, realized in
the way of continuous concreting.

At the beginning and at the end of the tunnel, the tunnel lining is joined to a steel
armour of internal Dia 2120 mm, 16 mm thick, with internal cement linining, which
enters both portals and enables an inspection access to the tunnel through a blind
flange, as well as a connection of the tube conduit of the internal Dia 1600 and 1400
mm. In the spot of joining of the steel armour and concrete lining, there was made
a sealing grout curtain consisting of three rings of bores of 500 mm spacing. In one
ring there were 12 bores being 2,3 and 4.5 m long. In the highest place of the tunnel
conduit, at the portal Vir, there is made, by means of welding to the armour, an air-

Definitivni obezdivka
stfikany beton HV8-A1-B20
sit kari ¢ 10/200x8/200 mm
sit kari C 8/200x8/300 mm
Final lining shotcrete
HV8-A1-B20 “kari” mesh

¢ 10/200x8/200 mm

C 8/200x8/300 mm

Strojné razeny profil
Mechanically driven
profile dia = 2804 mm

Osa obezdivky
Lining axis

Obr.5 Fig. 5 i
Stola surové vody Vir - Svafec - pficny profil
Raw water tunnel Vit - Svarec
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Vysledky geologického sledu potvrdily zavéry progndzy, takze mizeme fici, ze
Stola svym pribéhem zastihla komplex hornin svrateckého krystalinika, tvofeného
s vyraznou pfevahou horninami rulového charakteru - az 89 %, pouze v koncovém
Useku byl zaznamenan vy$Si podil horin svorového charakteru, misty s velkou
tlagivosti, coz si vyzadalo pouziti nejtézsiho typu obezdivky. Celkové Ize
geotechnickou kvalitu horninového masivu hodnotit jako dobrou az velmi dobrou v 80
% délky Stoly a v 5 % Useku $tol jako Spatnou az velmi Spatnou (horniny svorového
charakteru, pf. i pfitomnost intenzivnéjsiho tektonického poruseni s vyskytem
puklinovych vod.

Zvodnéni masivu bylo slabé, iseky se silnym zvodnénim byly zastizeny na méné
nez 1 % a se stfednim zvodnénim - slabé puklinové vyvary byly v mnozstvi 12 %
z celkové délky Stoly.

Radioaktivita byla proméfena po celém dseku Stoly a v tseku km 2,759 - 2,763
byla zjisténa vyraznéjsi anomalie, ktera byla likvidovana pracovniky CSUP - zavod
Pegas s ovérenim kontrolnimi méfenimi.

Vysledky sledu byly pribézné sdélovany projekéni organizaci (Aquatis a.s. Brno),
jako podklad pro dimenzovani definitivniho osténi Stoly.

3. STOLA UPRAVENE VODY SVAREC - STEPANOVICE
3.1 TECHNICKY POPIS

Stola slouzi jako tlakovy pFivadés pitné vody z pravny vody Svarec do koncového
portalu Stépanovice, odkud dale pokraduje trubni trasa pfivadéée a7 do oblasti
brnénské aglomerace a okoli.

Stola je rozdélena v trase zafizlym tdolim s Kfeptovskym potokem na dva Gseky.
Prvni Usek Svafec-Baled | délky 10589 m a druhy Gsek Béle¢ Il-Stépanovice délky
5015 m jsou propojeny trubni shybkou DN 1400 mm dl. 97 m.

Usek Svarec-Béle¢ | byl razen ze tii Geleb razicimi stroji RS 24-27 s velikosti razici
hlavy 2840 mm, pfigem? tieti delba byla otevfena v km 8,298 bocni $tolou Cernvir dl.
330 m vyrazenou klasickou technologii, svoji provozni funkci slouzici pro zasobeni
obci ve Svrateckém Udoli pitnou vodou. Razba probihala dle navrzené trasy se tfemi
smérovymi oblouky 79%o; 38 a 57,4 gradd, v min. spadu 1,4%. a max. spadu
7,7 Yo.

Druhy Gsek Béled Il-Stépanovice byl razen jednou &elbou z portalu Béled I
dovrchné, razicim strojem RS 24-27 s vel. razici hlavy 2840 mm, dle navrzené trasy
se dvémi smérovymi oblouky 8,8 a 16 grad(i, ve spadu 1,96 %o.

Po dobu razby bylo u obou Usekl pouzito provizorni vystrojeni ocelovymi
segmentovymi plechy, kotvenymi lepenymi svornikovymi kotvami v klenbé dila pouze
v mistech poruch, jinak razeny profil nebylo tfeba zabezpecit.

Stola Bystrc - Bosonohy
Tunnel Bystrc - Bosonohy

Strojné razeny profil d = 3 010 mm
Mechanically driven profile Dia = 3 010 mm

Spadovy beton B20 .30 -50 mm
Hrubé dno $toly Beton B20 f=0,53m”

Definitivni obezdivky
stfikany beton HV2=B20

Sloped concrete B20 2 mozny typ d.e.f
thickness 30 to 50 mm =3 Finnal lining shotcrete
Rough tunnel bottom b7 E HV2=B20 possible typ d,e,f
concrete B20 F = 0,53sq.m 2 §
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Vypoustéci potrubi IPE 110x5,3/mm vytlaku Kotevni blok
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Odtokovy kanalek nekryty
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Obr. 4 Fig. 4
Stola Bystrc - Bosonohy- pfi¢ny fez
Tunnel Bystrc - Bosonohy - cross section

Klasicky razeny profil 00-0-04/B
Profile driven in a classical way 00-0-04/B

release and air-inlet piping of the internal diameter 530 mm, 9 mm thick, with an
internal cement layer, provided with a functional and decorative head. The tunnel
may be discharged through the tube conduit behind the portal Korouzné to the river
Svratka.

2.2. GEOLOGICAL CONDITIONS

Basic geological ideas of the rock character along the tunnel route were obtained
through basic geological investigations and deposit ones, geological solution and
mapping out, completed with survey drilling and a trial gallery performed within the
years 1979 to 1982, which was driven in a full profile from the portal Korouzné in the
length of 774.5 m. Said works were completed with a geological prognosis for the
tunnel route, elaborated by Prof. M. Samalikova (Technical University Brno), where
geotechnical characteristics of rocks were laid down and areas with expected defect
zones were localized.

In the course of the drive there was performed a continuous geological monitoring
of tunnels which represented an extensive complex of works, in the realization of
which there took part a team of workers of various organizations, controlled in
a methodic way and in the way of organization by the elaborator of the action (RNDr.
J. Handk - Geotest, a.s. Brno). There was also performed a continuous monitoring
of the influence of tunnelling works upon water sources near the tunnel.

Results of the geological monitoring were proved by conclusions of prognosis, so
that one can say that the tunnel alignment passed through a rock complex of Svratka
crystalline rock formation, the most part of which is formed by rocks of gneiss character
- up to 89 %, only in the final section there was found out a higher share of rocks of
mica-schist, on some places with high pressure effect, which resulted in application of
the heaviest type of lining. Generally, the geotechnical quality of the rock massif can
be evaluated as a good one up to a very good one in 80 % of the tunnel length, and
in'5 % of the tunnel section as bad one up to a very bad one (rocks of mica-schist,
possibly even the presence of more intensive tectonic faults with fissure water).

A rock saturation was slight, sections with a strong saturation were found out only
in the extent of 1 % and sections with a medium saturation - slight fissure outflows,
took place only in 12 % of the whole tunnel length.

Provisorni vystrojeni

bet. nastfik 3-5 cmm po celém obvodu stoly
oc. TH vystuz vel 00-0-04/B

Zelezobetonové paziny zakladky

nizkotlaka kontaktni injektaz

Provisional support, shotcrete 3 to 5 cm allover
the tunnel circumference steel TH-frames, size
00-0-04/B reinforced concrete lagging packing,
low pressure contact grouting
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Portalové useky, vzdy v délkdch 60 m byly razeny klasickou technologii
a vystrojeny ocelovymi pancifi C 2120x16 mm s betonovou vnitfni vystylkou, které
umoziuji revizni vstupy do Stoly a napojeni trubniho pfivadéce.

V' misté navazani ocelového pancife a betonové obezdivky byly provedeny
injektazi clony.

Po dokonéeni razby z vyhodnoceni geologického sledu Stol byla navrzena
definitivni obezdivka z litého vodostavebniho betonu HV8-A1-B20 a HV12-A1-B20
pro Usek Svafec-Béle¢ | o priméru 2104 mm a pro Usek Béle¢ II-Stépanovice
0 priméru 2450 mm, armovana svafovanymi sitémi.

V nejvysSich mistech Stolovych Useki jsou zfizeny trvalé vétraci vrty & 500 a to
v prvnim Useku v km 5,148 "Vrt Chlébské" dl. 77 m a v druhém Useku v km 4,121
"Vrt Brusnd" dl. 113, slouzici jako automatické odvzdusnéni a zavzdu$néni Stolového
pfivadéce pfi provozu a dale jako odbérna mista pro zasobeni skupiny obci situované
pobliz pfivadéce.

Stolové Useky je mozné vypoustét v portalu Svafec do feky Svratky a z portalu
Bélec¢ | a Béle¢ Il shybkou do Kreptovského potoka.

3.2 GEOLOGICKE POMERY

Zéakladni geologické predstavy a prlzkumy, dle nichz se ladila trasa Stol, byly
provadény v souladu se Stolou surové vody. V priibéhu razby byl provadén nepretrzity
geologicky sled, véetné nepfretrzitého sledovani vlivu Stolovych praci na vodni zdroje
v blizkosti trasy.

Trasa Stolového pfivadéce prochazi dvéma jednotkami svratecké klenby moravika
- horniny ole$nické a biteSské skupiny.

Horniny olesnické skupiny jsou zastoupené fylity s grafitickymi polohami, svory,
krystalickymi vapenci a dvojslidnymi svory.

Horniny biteSské skupiny jsou zastoupeny biteSskou rulou, proniknutou ¢etnymi
vlozkami amfibolitickych rul, amfibolitd, metakvarcilt a krystal. vapenca.

Prognéza zastizeni oslabenych zén v potateénim tseku u Svaice, situovanych do
spodniho Useku oleSnické skupiny se pIné potvrdila zhorSenim geotechnickych
podminek razby z pfiblizné 20 % tohoto Useku. Intenzivni poruchova pasma tvofena
grafitickymi fylity s hydrotermalnim ovlivnénim si vyzadala pomaly postup razby se
zajiSténim osténi téz8im provizornim zajisténim

V dalsi biteSské skupiné byly potvrzeny geotechnicky problémoveé zény v oblastech
nizéiho nadlozi - Udoli Hodoninky, Homiho Cepi, Skorotic a Kiizovic. Lze véak
konstatovat, ze zhorSené podminky pro razbu byly zastizeny v relativné malych
Usecich a nereprezentovaly vice, nez 2 % celého Useku Stoly Cisté vody.

Velky vliv na tuto pfiznivou situaci méla i zména pdvodniho trasovani vychylenim
trasy z plivodniho severojizniho sméru k zapadu. Doslo k prodlouZeni trasy, ale

Radioactivity was measured allover the tunnel section, and in the section of km
2.759 to 2.763, there was found out a more significant anomaly which was liquidated
by workers of CSUP - plant Pegas, with verifying by means of check measurements.

Results of monitoring were continuously announced to a designing organization
(Aquatis a.s. Brno) as the base for laying down dimensions of the final tunnel lining.

3. TUNNEL FOR TREATED WATER, SVAREC - STEPANOVICE
3.1. TECHNICAL DESCRIPTION

The tunnel serves as a pressure conduit of drinking water from the water
treatment plant Svarec to the end portal Stépanovice, from where the piped part of
the conduit continues up to the area of the agglomeration of Brno and its environs.

The tunnel line is divided by a valley with the Kfeptov brook into two sections. The
first section Svafec - Béled I, 10589 m long, and the second section Béleé Il -
Stépanovice, 5015 m long, are interconnected by means of a tube, DN 1400 mm, 97 m long.

The section Svarec - Béle¢ | was driven from three points of attack by means of
tunnel boring machines RS 24-27, the cutterhead having 2840 mm in diameter. The
third point of attack was in km 8.298, with an access via the side tunnel Cernovir, 330
m long, driven in a classical technology, the operational function of which serves for
supplying drinking water to communities in the Svratka valley. The driving was
performed in compliance with the designed alignment with three directional bends of
79, 38 and 57.4 grades, min. slope of 1.4 %., and max. slope of 7.7 %..

The second section Béleé Il - Stépanovice was driven by means of one heading
from the portal Béle¢ Il upward, when applying the driving machine RS 24-27, the
cutterhead having 2840 mm, in compliance with the designed track with two
directional bends: 8.8 and 16 grades, slope: 1.96 %..

In both sections, during the period of driving, a provisional support of steel liner
plates, anchored with resin encapsulated rock bolts in the vault of the works was
used only in faulted locations. It was not needed to secure the driven profile in the
other sections.

Portal sections, always in lengths of 60 m were driven in the way of a classic
technique and for the support there were applied steel armours of Dia 2120 x 16 mm
with a internal cement lining. Said armours enable both to enter the tunnel because
of inspection reasons and to connect the piped section of the conduit.

In the spot of joining of the steel armour and the concrete lining, there were made
grout curtains.

Obr. 5 Fig. 5

Stola Bystrc - Bosonohy - potrubi Hobas
Tunnel Bystrc - Bosonohy - Hobas piping
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tuto skuteCnost vyvazily pfiznivé podminky pro razbu i dimenzovani definitivni
obezdivky.

Zavérem lze konstatovat, Ze razba v celém Useku probéhla bez vyraznéjSich
mimofadnych udalosti, které by si vyzadaly zasadni zmény technologickych postupl
razby oproti projektu dila.

4. STOLA BYSTRC-BOSONOHY
4.1 TECHNICKY POPIS

Stola je navrzena jako suché, v délce 4051 m, slouzici k uloZeni vodovodniho
pfivadéce DN 1100 mm a dvou vytlakii DN 300.

Razba byla provedena razicim strojem RS 24-24 o profilu razici hlavy 3010 mm
smérem z Bystrce dovrchné, ve spadu 2 % az do staniceni 3066 m. Druha celba -
Upadni, smérem z Bosonoh byla provadéna klasickou technologii za pouziti trhavin
o podkovovitém pfiéném profilu s provizornim vystrojenim TH vyztuze. Na styku dvou
Celeb byl proveden trvaly vrt Kohoutovice C 1219 mm, dI. 91 m slouzici pro vedeni
dvou vytlaénych fad DN 300 z vodojemu Bosonohy do vodojemu Kohoutovice.

Strojni razbé z Bystrce pfedchazel usek klasické razby v délce 600 m, ktery Sikmo
protinal avizované poruchové pasmo, které si vyzadalo pomaly postup razby a tézké
provizorni vystrojeni véetné jehlovani. Portal Bystrc pfitom nebylo mozné situovat na
jinou lokalitu, nebot v té dobé zapocala razba horkovodni §toly Dukovany-Brno, ktera
nedovolila zménu trasy. Paradoxem je, Ze tato stavba byla zastavena a opusténa.
Definitivni obezdivky klasicky razenych ¢asti jsou ze stfikaného vodostavebniho
betonu HV2 - B20 s vyztuzenim ocelovymi svafovanymi sitémi. Definitivni obezdivky
strojné razenych Usekl jsou provedeny pouze v misté poruch stfikanym
vodostavebnim betonem HV2 - B20 s vyztuzenim sitémi, nebo bez siti. Ze 70 % je
ale Stola nezabezpecena, nebot osténi je stabilni, nenavétralé a pro Ucely stavby
vyhovujici.

Obr. ¢. 4

V' pravé poloviné profilu je na betonovych podkladnich blocich ulozeno potrubi
Hobas DN 1100 kotvené ocelovymi tfmeny. Tyto bloky jsou uchyceny lepenymi
svornikovymi kotvami, které jsou spojeny s vyztuzi.

V' Useku Bosonohy - vrt Kohoutovice - dl. 949 m jsou ve dné Stoly v armaturnim
kanalu uloZeny dva vytlaéné fady Hobas DN 300.

Vypousténi vytlakl a odvedeni malého mnoZstvi prilinovych vod (z celé délky Stoly
cca 1,0 I/s) je zabezpe¢eno odpadnim potrubim zabetonovanym ve dné Stoly
a odpadnim otevienym kanalkem s odpadem pfes domek Bystrc do potoka Vrbovce.

Stola je osvétlena a v portdlovém domku Bystrc je na potrubi sekéni uzavér
s elektrickym ovladanim.

Tlakova zkouska pfivadéCe byla provedena na zkusSebni tlak na 2,1 MPa za
zvlastnich bezpeénostnich opatfeni dle samostatné zpracovaného predpisu, bez
komplikaci.

The driving having been completed driving operations and the geological
monitoring of tunnels evaluated, the final lining, made of poured water-retaining
concrete HV8-A1-B20 and HV12-A1-B20 was designed, viz. for the section Svarec
- Béle¢ | having the diameter 2104 mm, and for the section Béle¢ Il - Stépdnovice
having the diameter 2450 mm, reinforced with welded mesh.

Permanent ventilation holes of Dia 500 were made in the highest places of tunnel
sections, viz. in the first section in km 5.148 -,Hole Chlébské", 77 m long, and in the
second section in km 4.121 - ,Hole Brusna®, 113 m long, serving as automatic air-
release and air-inlet for the tunnel conduit during the operation, and also as water
intake places for supplying groups of communities situated near the conduit.

The tunnel sections may be emptied in the portal Svarec to the river Svratka, and
from the portal Béle¢ | and Bélec Il through an inverted siphon to the Kfeptov brook.

3.2. GEOLOGICAL CONDITIONS

Basic geological ideas and investigations, according to which the tunnel route
was modified, were carried out in compliance with the raw water tunnel. In the course
of driving, a permanent geological monitoring was performed, inclusive a continuous
monitoring of influence of the tunnel works upon water sources existing in the
neighbourhood of the line.

The route of the tunnel conduit passes through two units of the Moravic
formation’s Svratka vault, i.e. rocks of the Olesnice and Bite$ groups.

Rocks of the OleSnice group are represented by phylites with graphitic positions,
mica schists, crystalline limestones and double-mica schists.

Rocks of the Bites group are represented by Bite$ gneiss with many inserts of
amphibolitic gneiss, amphibolites, metaquartzites and crystalline limestones.

The prognosis of encountering weakened zones in the opening section near
Svarec, situated in the lower section of the Olesnice group, was fully certified by
worsening geotechnical conditions of driving in about 20 % of this section. Intense
weakness zones formed by graphitic phylites with hydrothermal influence required
a slow progress of driving with securing the lining by means of a heavier provisional
support.

In a further Bites group, there were certified geotechnically problem zones in
areas of the shallower overburden - valley of Hodoninka, Horni Cepi, Skorotice and
Krizovice. It may be stated, though, both that worsened driving conditions were

Obr. ¢. 6

Portal Bystrc - razici stroj
Bystre portal - boring machine
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4.2 GEOLOGICKE POMERY

Zakladni geologické predstavy a prGzkumy, dle nichz se ladila trasa Stol
a navrhovala technologie razby byla provadéna dle popisu v kapitole 2.2.

V pribéhu razby byl provadén nepfetrzity geologicky sled, z jehoz zavéru vyplyva,
Ze Stola Bystrc-Bosonohy prochdzi horninami brnénského masivu s pfevahou hornin
dioritového charakteru (dioritu, serpentinitu, amfibolitu, gabra), s mensim podilem
ultrabazickych hornin.

Lze konstatovat, ze podminky pro razbu, mimo zacate¢niho Useku smérem od
Bystrce, kde byla smérové Sikmo zachycena rozsahla poruchova zéna tvofend
milonitem, umozrujici nasazeni raziciho stroje az v km 0,600, byly velmi pfiznivé.

5. SOUHRNNE HODNOCENi
POUZITYCH TECHNOLOGIi VYSTAVBY

Podzemni objekty na souboru staveb VOV provadéla firma Subterra a.s.

Ta zavedla do praxe v roce 1970 jako prvni u nas plnoprofilové razici stroje. Jde
o stroje s kruhovou vrtaci hlavou pro malé a stfedni profily o priméru vyrubu 2,7 az
3,8 m. Na zakladé zkuSenosti s dovezenymi stroji od vyrobce Demag (SRN) pfikrocila
firma Subterra a.s. (dfive VDUP k.p.) se svymi kooperanty k viastnimu vyvoji a vyrobé
prototypl razicich strojli obdobné konstrukce. Celkem disponovala étyfmi stroji, se
kterymi vyrazila u nds a na Slovensku témér 70 km Stol. Z toho na stavbé VOV pfes
18 km. Strojni razba byla na této stavbé zvolena jako zakladni metoda a oproti
konvenéni razbé pomoci trhavin pfinesla vyhody ve snizeni objemu rubaniny, Gspore
hmot na definitivni vystrojeni a ve Ihité vystavby. Umoznila rovnéz mensi pocet
vstupdl z povrchu na droven $tol.

Pouze Uvodni Useky u portald, Stola surové vody a boéni Stoly byly vyrazeny
konvecni technologii. Geologie v trase vSech tfi Stol byla pro nasazeni plnoprofilovych
razicich strojd optimalni. Nedo$lo k Z&dnym provoznim problémdm, které by nebyly
zvladnuty béznymi konstrukénimi prvky pro docasnou vyztuz, jimiz jsou svorniky,
ocelova sit, stfikany beton nebo lehké ocelové plechové segmenty.

Spravnost zvolené metody potvrzuje i to, Ze mnohakilometrové Useky bylo mozno
ponechat pouze v rostlém stavu po vyrubu bez definitivni obezdivky. Ta, pokud ji
projekt predepisoval, byla provedena bud prostym ¢i vyztuZzenym betonem do
ocelového teleskopického bednéni nebo stfikanym betonem. Obé technologie ma
firma Subterra a.s. ovéfeny z mnoha staveb a zvladla je Uspé$né i na stavbé VOV.

6. ZAVER

V souc€asné dobé jsou Stolové privadéce a ostatni objekty zkolaudovany, probiha
zkusebni provoz, s uvedenim celé akce v leto$nim roce do provozu.

Lze konstatovat, Ze s danym rozsahem Stolovych pfivadéci se bezproblémové
vyrovnaly vSechny zainteresované slozky od projektanta, geologl, dodavatele,
investora a odvedly velmi dobrou, kvalitni praci, ktera je svym rozsahem ojedinéla.

Obr. 7 Fig. 7
Stola surové vody - betonaz
Raw water tunnel - concreting

found out in relatively short sections, and that they did not represent more than 2 %
of the whole treated water tunnel section.

The modification of the original alignment also influenced this favourable situation
very much, viz. by modifying the original north-southern direction to the west. In this
way the track was made longer, but said fact was more than compensated by
favourable driving conditions and dimensions of the final lining.

At the end, it can be stated that the driving was realized in the whole section
without considerable extraordinary events which would require fundamental
changes of technological processes of driving with respect to the design of the
works.

4. TUNNEL BYSTRC - BOSONOHY
4.1. TECHNICAL DESCRIPTION

The tunnel was designed as a dry one, in the length of 4051 m, serving for placing
the water supply conduit DN 1100 mm and two discharge pipings DN 300.

The driving was carried out by means of the tunnel boring machine RS 24-24,
having the cutterhead diameter of 3010 mm, in the direction from Bystrc upwards, in
the slope of 2 % up to the chainage 3066 m. The second heading - downwards in
the direction from Bosonohy, was performed by means of a classic technique when
applying explosives, with a horseshoe cross profile, with a provisional support by
TH-frames. At the contact of two headings, there was made a permanent hole
Kohoutovice, Dia 1219 mm, 91 m long, serving for leading two delivery pipings, DN
300, from the reservoir Bosonohy to the reservoir Kohoutovice.

Before the mechanical driving from Bystrc, a section of classic driving, 600
m long, was made, which crossed in an oblique way the expected weakness zone
and which required a slow driving progress and a heavy provisional support,
inclusive forepoling. It was not possible to situate the portal Bystrc to another locality,
because at that time there was started the driving of a heat conveying tunnel
Dukovany-Brno which made impossible a change in the alignment. It is paradoxical
that said construction was stopped and abandoned. Final lining of classically driven
parts is made of impermeable shotcrete HV2-B20, reinforced with steel welded
mesh. Final lining of sections driven by means of TBMs is made only in the places
of faults using water retaining shotcrete HV2-B20 with a reinforcement by means of
steel mesh or without the mesh. 70 % of the tunnel has not been supported, because
the rock is stable, unweathered and suitable for construction purposes.

In the right half of the profile, the piping HOBAS, DN 1100, is seated on
supporting concrete blocks. It is anchored by means of steel clips. Fixed blocks are
at the Bystrc and Bosonohy portals only. They cosist of steel reinforcement, fixed by
resin encapsulated rock bolts, cast in concrete.

In the section Bosonohy - Hole Kohoutovice, 949 m long, there are seated two
delivery pipelines HOBAS DN 300 on the bottom of the tunnel in a channel.

Emptying of the delivery pipelines and draining of small quantities of penetrating
water (1.0 litre per sec. from the whole tunnel length) has been secured by means
of a discharge piping concreted in the tunnel bottom, and by means of an open
channel leading through the small house Bystrc to the brook Vrbovce.

The tunnel is illuminated, and in the portal small house Bystrc, on the piping,
a section valve with an electric control is mounted.

A pressure test of the conduit was performed without troubles under the test
pressure of 2.1 MPa, at special safety measures, under a separately elaborated
regulation. (photograph)

4.2. GEOLOGICAL CONDITIONS

Basic geological ideas and investigations, according to which the tunnel
alignment was modified and the driving technique was designed, were realized
according to the description in chapter 2.2.

In the course of driving operations, a continuous geological monitoring was
performed, from the conclusion of which it results that the tunnel Bystrc - Bosonohy
passes through rocks of the Brno massif with prevailing rocks of a diorite character
(diorite, serpentinite, amphibolite, gabro), with a smaller share of ultrabasic rocks.
It may be stated that driving conditions, except the opening section in the direction
from Bystrc, where in the oblique direction existed a weakness zone consisting of
mylonite, enabling the application of a tunnel boring machine only from the km 0.600,
were very favourable.

5. COMPREHENSIVE EVALUATION
OF APPLIED CONSTRUCTION TECHNIQUES

Underground structures concerning VRWS were realized by the firm Subterra a.s.
Said firm, as the first one in our country, applied, in the year 1970, in practice full-



Ve

s 9. ROCNIK, ¢. 2/2000

Tunel

Obr. 8 Fig.8
Portalovy domek Bystrc
Portal small house - Bystrc

face TBMs. It concerns machines provided with a circular cutterhead for small and
middle profiles of the excavation diameter 2.7 to 3.8 m. On the basis of experience
with imported machines from the manufacturer Demag (FRG), the firm Subterra a.s.
(formerly VDUP k.p.), with its cooperators, started its own development and
production of tunnel boring machine prototypes of an analogous design. It had at its
disposal four machines, by means of which nearly 70 km of tunnels were driven both
in our country and in Slovakia. As to the construction of VRWS, it was 18 km. The
driving with machines was chosen for said construction as the basic method, and
with respect to a classical driving method by means of explosives, there arose
advantages represented by a decreased volume of muck, by saving material for final
lining and by the shorter period of construction. Said method also made it possible
fo decrease the number of entrances from the surface to the tunnel level.

Only the opening sections at portals, the raw water tunnel and side tunnels were
driven by means of the classic technique. Geological conditions along the alignment
of all three tunnels were the best for applying full-face TBMs.

No operational problems appeared which could not be solved by means of usual
structural elements for a temporary support, such as bolts, steel mesh, shotcrete or
light steel liner plates.

The fact that many kilometre sections could stay only in the raw condition after
excavation without a final lining also proves that the method was selected well. The
lining, if prescribed by the drawing, was performed either by means of plain concrete
or reinforced concrete when having applied steel telescopic forms, or by means of
shotcrete. Both technologies were tested and applied by the firm Subterra a.s. at
many constructions, and said firm applied them successfully even when having
constructed the VRWS.

6. CONCLUSION

At present, the tunnel conduits and other constructions have been approved,
a trial operation is being performed, and this year the whole project will be set into
operation.

It may be stated that all interested parties, from the designer, geologists,
contractor, up to the investor, fulfilled their duties without problems and performed
a very good work of a high quality which is unique as to its extent.
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTIONS

ZASOBOVANI VODOU MESTA HELSINKY A OKOLI BYLO
OHROZENO

Hlavni mésto Finska, Helsinky a jejich okoli (cca 1 milion obyvatel), je zasobovano
pitnou vodou z jezera Paijanne, které lezi vice nez 120 km severnim smérem. Voda
z jezera je pfivadéna tunelem, jehoz rozméry jsou: - $itka 4,00 m, vyska 4,50 m. Tunel
dlouhy 120 km byl raZzen pomoci trhacich praci vétSinou v kompaktni zule a byl
dokoncen v roce 1982. Tunel nema jednotny spad, respektive pribézny spad od
odbémého mista v jezefe az k vodarenskym zafizenim u mésta Helsinky. Naopak
v zavislosti na morfologii terénu a geotechnickych pomérech podle potieby klesa
a stoupd. Na trase je Fada vstuptl do hlavniho tunelového privadéce, které pfi stavbé
slouzily jako pfistupové tunely pro razbu. Jsou ve vzdalenostech 5 az 20 km a klesaji
ve sklonu 7 : 1 az do maximalni hloubky 120 m pod terénem. Vétsina trasy hlavniho
tunelu neni vystrojena definitivnim osténim, coz umoznila kvalita skalniho masivu,
pouze nékteré Useky jsou zabezpeceny stfikanym betonem v kombinaci se sitémi
a svorniky.

Zacéatkem roku 1998 bylo zjisténo, Ze v trase pfivadéce doslo k velmi vaznému
zavalu, ktery skoro zcela zasypal pratoény profil a ohrozil tak zasobovani oblasti
Helsinek pitnou vodou. Oblast zavalu bylo mozno uréit jen velmi pfiblizné pomoci
provedeni vrtd a méfeni hydrodynamické drovné hladiny proudici vody, jak se
projevila ve vrtech. Ale pfesné misto a rozsah zavalu nebylo mozno timto zplisobem
stanovit. Ani pfi¢inu zavalu se nezjistila, pouze se predpokladalo, ze zaval byl
zplisoben pfitomnosti bobtnavych jili v nadlozi tunelu.

Zakazku na zjisténi vySe uvedenych podstatnych skutecnosti ziskala kanadska
firma Aquatic Sciences Inc. (dale jen ASI). Ta byla schopna nabidnout provedeni
prizkumu pomoci dalkové ovladaného zafizeni i referenci z inspekce pfivodniho
horniho natokového tunelu délky 20 km k vodni elektramé v Peru. Pouziti zafizeni
firmy ASI umoznilo provedeni prizkumu tunelu bez jeho vypusténi.

Metoda byla zvolena z nékolika dlivodl. Jednak nékteré Useky v disledku
podéiného vedeni trasy tunelu nejdou gravitaéné odvodnit a navic vodojemy
u Helsinek maji kapacitu pouze na 10-ti denni potfebu pitné vody. Dalsim rizikem,
v pfipadé vypusténi vody, by bylo vytvofeni obraceného hydrostatického tlaku a jeho
pfipadny vliv na stabilitu tunelu, dale naruSeni vodniho rezimu v okoli tunelu (v¢.
eventuelniho vlivu na zemédélskou produkci v pfilehlém tzemi).

Aby se dalkové ovladané zafizeni dostalo k z&valu, musely se vyuzit nejblizsi
vstupy do tunelu. V nich ¢inila vzdalenost k vodni hladiné cca 300 m, coz vyzadovalo
dalsi opatfeni pro dopravu zafizeni z povrchu tunelem vstupu az k drovni hladiny.
Vstup, ktery se nachazi pod zavalem (ve sméru proudici vody), byl vzdaleny asi 3000
m od zavalu a vzdalenost ke vstupu "nad zavalem" (proti proudu) byla cca 8000 m.
Tato vzdalenost byla vétsi, nez délka Useku, kterou zafizeni prozkoumavalo v Peru.

Pro ziskani potfebnych dat a pohyb ve vodé ma zafizeni fadu prvkd. Patfi k nim
navigacni ultrazvukové zafizeni (sonar), které slouzi pro zabranéni kolisim,
ultrazvukové profilovaci zafizeni (snima pfiéné i podélny profil), dva druhy kamer
a elektro-hydraulické manipulaéni rameno. To nese jednak jednu z kamer, je schopné
pomoci vyprostit zafizeni, pokud by do$lo k jeho zablokovani, a v neposledni fadé
slouzi pro odbér vzorkd hornin. S povrchovym fidicim stanovistém bylo zafizeni
spojeno optickym kabelem pro pfenos dat a silovymi kabely pro zajisténi elektrického
pfikonu. Kabely byly spojeny do svazku a opatieny plovaky, takZze se - stejné jako
vlastni dalkové ovladané zafizeni - vznasely ve vodé. Prvnim vysledkem priizkumu
bylo zjisténi, Ze v poruchové zéné je tunel prakticky zasypan a prizkum musel
pokracovat i ze vzdalengjSiho protivodniho vstupu. Tak se zjistilo, Ze zaval ma délku
18 m a obsahuje cca 120 m® rozvolnéné skaly. Odebrané vzorky potvrdily pfitomnost
bobtnajicich jild.

Déle bylo provedeno profilovani celé trasy od obou vstupt k zavalu. Zjisténé
poruchy (mensi kaverny a z nich vypadly materidl) se zaznamenaly a nasledné
vyhodnotily. Po téchto zjiSténich zakaznik zadal firmé ASI provedeni priizkumu celé
zbyvajici délky 120 km dlouhého tunelu. Pouzilo se 10 vstupl a nejdelSi cesta zafizeni
trvala 63 hodin (mimo noénich prestavek, kdy zafizeni bylo v klidu v "parkovaci"
poloze). Priizkum celé délky tunelu byl ukonéen v bfeznu 1999.

Na zékladé skute¢nosti zjisténych prlizkumem v oblasti zavalu rozhodl
provozovatel o zpusobu sanace. Vybuduje se novy obchvatny tunel (bypass)
v soubéhu se zavalenou €asti tunelu plvodniho. Pouze pro provedeni propojeni se
vypusti v nutném rozsahu tato sekce tunelu a soucasné se zaval zabetonuje.

Podle zahraniénich podkladd

WATER SUPPLY TO THE CITY OF HELSINKI AND ITS
VICINITY WAS THREATENED

The capital city of Finland, Helsinki and its vicinity (app. 1 mill. inhabitants), is
supplied by drinking water from the Péijdnne lake, which lies more than 120 km northern
direction. Water from the lake is being delivered by tunnel, whose measures are: width
4,00 m, height 4,50 m. The 120 km long tunnel was driven using drill-and-blast
technique, mostly in compact granite, and was finished in 1982. The tunnel is not on
a continuous grade, res. running grade from the collection spot at the lake to the water
processing plants near the city of Helsinki. To the contrary, it falls and rises in elevation
according to the requirements dependent on the terrain morphology and geotechnical
conditions. There is a number of access points to the main feeder along the route, which
served as access tunnels for the driving during the construction. They are in distance of
5 to 20 km and fall at the gradient of 7:1, up to the maximum depth of 120 m beneath
the surface. Most of the alignment of the main tunnel is not equipped with the final lining,
which was allowed by the quality of the rock massive, only certain sections are secured
with shotcrete in combination with welded mesh and rock bolts.

By the beginning of the year 1998 it was found that a quite severe collapse
appeared on the route of the supply tunnel, which almost entirely blocked the tunnel
profile and thus threatened the drinking water supply for the Helsinki area. It was only
possible to approximately determine the extent of the collapse by drilling and
measuring the level of hydrodynamic water table found in boreholes. Nevertheless, it
was not possible to assess the exact location and extent of the collapse using the
above method. Nor the cause of the collapse was revealed, it was only estimated, that
it was caused by the presence of swelling clays in the tunnel overburden.

The tender for determination of the above mentioned fundamental facts was
won by a Canadian firm Aquatic Sciences Inc. (further only ASI). It was able to offer
performance of the exploration using remote control vehicles, as well as a reference
from the inspection of a 20 km-long headrace tunnel at a hydro-electric power plant
in Peru. Utilization of the ISA technology allowed realization of exploration of the
tunnel without its dewatering. The method was selected for several reasons. First of
all, some sections are, due to the longitudinal section of the tunnel unable to be
gravitationally drained and further, water tanks near Helsinki have a mere capacity for
10 days of needed drinking water supply. Another risk, in case of dewatering, would
be a creation of a reverse hydrostatic pressure and its potential impact on stability of
the tunnel, also a disturbance of the water regime in the vicinity of the tunnel
(including eventual influence on agricultural production in the adjacent area).

To let the remotely operated vehicle get to the collapse, the closest access
tunnels had to be used. The distance to the water line inside those tunnels from their
portals was about 300 m, what required other measures for transportation of the
equipment from the surface. An access, which lies downstream of the collapse, was
distant app. 3000 m from the collapse, and the distance to a upstream access was
app. 8000 m. This distance was larger than the length of the section, which the
vehicle had explored in Peru.

The vehicle has several elements for the requisite data logging and
movement in water. To those belong a navigation sonar for collision avoidance,
a sonar profiling both circumferential and longitudinal cross sections, 2 types of
cameras and electro-hydraulic manipulator arm. The arm carries one of the cameras,
is capable of disengaging the apparatus in case of blocking, and last but not least, it
serves for retrieval of rock samples. With its surface control center was the apparatus
connected by an optical cable for data transmission and power cables to ensure the
electricity supply. The cables were knotted together and equipped by floats, so that -
as well as the remotely controlled vehicle itself - they floated in water. First outcome
of the exploration was a revelation, that in the defected zone the tunnel is almost filled
in and that the exploration would have to continue from the more distant upstream
access as well. Through this it was found out, that the collapse was 18 m long and
consisted of app. 120m3 of loose rock. Collected samples confirmed the presence of
swelling clays. Furthermore, a profile of the entire tunnel from the both accesses to
the collapse was elaborated. Revealed defects (smaller caverns and out of them
fallen debris) were recorded and consequently evaluated. After these ascertainments,
the client commissioned the ASI to perform an exploration of the entire remaining
length of the 120 km long tunnel. Ten accesses were used and the longest travel of
the apparatus took 63 hours (except night breaks when the vehicle was still in a
"parking" mode). Based on the facts ascertained by the exploration in the area of the
collapse, the operator decided about the method of remediation. A new bypass tunnel
will be constructed, parallel to the collapsed section of the former tunnel. Only for
realization of the connection, this tunnel section will be dewatered to the requisite
extent, meanwhile the cave-in will be backfilled with concrete.

According to foreign materials
Ing. Miloslav Novotny
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ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELLING COMMITTEE REPORTS

PREDSEDNICTVO CTuK

na svém zasedani 28. 4. 2000 projednalo pfipravu na Valné shromazdéni
ITA/AITES, které se konalo v kvétnu v Durbanu u pfileZitosti Svétového
tunelarského kongresu, a povéfilo €lena predsednictva Ing.ValeSe a Ing.
Shupérka Csc., aby na Valném shromazdéni Ceskou republiku zastupovali.
Pfedseda Ing. Hess informoval o jednani exekutivy ITA/AITES
a o perspektivdch a pfipravovanych aktivitich této svétové tuneldfské
organizace. Pfedsednictvo dale stanovilo termin konani vyroéniho valného
shroméazdéni CTuK na 13. ervna a schvélilo program jednani véetné
prezentace a exkurze na stavbu tunell Mrazovka. Projednalo rovnéz erpani
rozpo¢tu za rok 1999 a navrh rozpo¢tu na rok 2000. Pfedseda pfipravného
vyboru konference Podzemni stavby Praha 2000 prof. Ing. Bartdk, DrSc.
informoval pfedsednictvo o stavu pfiprav konference, na niz bylo pfihlaeno 70
pfispévki. Harmonogram pfipravy je dodrZovan, koneény program konference
véetné prihlasek je v tisku. Predsednictvo projednalo sdéleni zakladajiciho
&lena CTuK - Vodni stavby, a.s. - tykajici se ukon&eni lenstvi. Ve smyslu stanov
2000. Predsednictvo s uspokojenim konstatovalo, ze &asopis TUNEL ma
v ramci ITA/AITES dobry ohlas i v ostatnich &lenskych zemich. CTuK pfipravil
¢lanky do pamétni publikace ITA/AITES (Promotion Book) a do ervencového
&isla gasopisu TRIBUNE, zaméfeného na Ceskou republiku a Slovensko. CTuK
pfipravuje jako sluzbu svym &lenskym organizacim moznost ziskani slevy pfi
nakupu softwarovych licenci firem AUTODESK a AUTOCAD uzavfenim
zastreSujici kapacitni dohody.

PRIPRAVNY VYBOR KONFERENCE PSP 2000

na svych dvou letoSnich zasedanich se zabyval pfedev§im zaslanymi
pfispévky rozdélenymi do ¢&tyf tematickych okruhd. Bylo rozhodnuto, aby
pfispévky tykajici se tuneld Mrazovka, kterych se seSel vétsi pocet, tvofily
samostatny podokruh C1. Byly vybrany pfispévky k pfednesu a schvélen navrh
programu konference véetné formuldfi prihlaSek k Udasti i k ubytovani.
V8echny ¢&lenské organizace byly vyzvany k inzerci v "Programu’, ve "Sborniku"
konference i v "Tunelu" a k nabidce inzerce svym subdodavateldm. Uvodni
i zvérecné slovo konference pfislibil prezident ITA/AITES prof. Haack a tvodni
projevy dvou tematickych okruht pfednesou ¢lenové exekutivy ITA/AITES prof.
Eizenstein a prof. Pelizza. Zastitu konferenci udélil a na zahajeni konference
vystoupi primator hl. m. Prahy Ing. arch. Jan Kasl. Po technické a materielni
strance je konference za pfedpokladu poétu 250 Uéastnikl zajisténa.

REDAKCNi RADA CASOPISU TUNEL

na svém dubnovém zasedani projednala edi¢ni program letosniho roéniku se
zaméfenim tfetiho &isla na konferenci PSP 2000, Eerpani rozpoCtu za rok 1999
a navrh na rozpodet edice v roce 2000. Z hlediska udrzZeni kvality a rozsahu
Casopisu byl zdiraznén nutny finanéni pfinos inzerce se zaméfenim i mimo
&leny CTuK. Vyzyva souasné vechny autory, aby své pFispévky predavaly
v dostate¢ném predstihu pred uzavérkou, pokud si sami nezajisti kvalitni
pfeklad do anglictiny, a to vzdy na disketé a s jednim otiskem. Podtitulky
obrazk(l je tfeba vzdy pfipojit za text €lanku, nikoliv psat na zadni stranu
fotografii apod.

THE CTuC BOARD

On its session on April 28th 2000 discussed the preparation of the ITA/AITES
General Assembly, which is being held in Durban in May, by the occasion of the
International Tunneling Congress, and delegated board members Ing. Vale$ and
Ing. Sriupérek CSc. to represent the Czech Republic during the General
Assembly. Ing. Hess informed of the negotiations of the ITA/AITES executive as
well as of the perspectives and upcoming activities of this international tunneling
organization. The board moreover set up a term for the annual CTuC general
assembly to June 13th and adopted the program of the session, including
presentation and excursion to the construction of the Mrdzovka tunnels.
Furthermore, it discussed utilization of the 1999 budget and proposal for the 2000
budget. The chair of the Preparatory Committee for the Underground Works
Prague 2000 conference Prof. Ing. Bartdk CSc. notified the board about the
condition of preparations of the conference, to which 70 contributions had been
checked in. The timetable of the preparation is being kept, the final program of
the conference including the applications is in the state of printing. The board
discussed the notification of the CTuC founding member - Vodni Stavby, a.s. -
concerning the termination of its membership. According to the CTuC regulations
and signed contract, the closest term for termination of the membership is
December 31st 2000. The board stated with satisfaction that the Tunel magazine
has, within the frame of the ITA/AITES, a good rating in other member countries
as well. The CTuC has prepared articles to the memorial publication of the
ITA/AITES (Promotion Book) as well as to the July issue of the Tribune magazine,
which is focused on the Czech Republic and Slovakia. The CTuC is preparing, as
a service to its member organizations, a possibility to obtain a discount for
purchase of software licenses of the AUTODESK and AUTOCAD companies by
signing a covering capacity agreement.

THE PREPARATORY COMMITTEE FOR THE UNDERGROUND
CONSTRUCTION PRAGUE 2000 CONFERENCE

has been on its two this years sessions mainly dealing with the received
contributions, thematically divided into four topics. It has been decided, that those
contributions concerning the Mrézovka tunnels, of which a larger amount had been
collected, are to form a separate sub-topic C1. Contributions to be delivered have
been selected and proposal for the program of the conference, including
application forms for both participation and accommodation, has been adopted. All
the member organizations have been requested to advertise in the "Program", in
the "Proceedings” of the conference and in the "Tunel', as well as to offer
advertisements to its subcontractors. The initial and concluding word has been
pledged by the ITA/AITES president Prof. Haack and the opening speeches of the
two theme topics will be delivered by the ITA/AITES executive members Prof.
Eizenstein and Prof. Pelizza. The Mayor of the capital city of Prague Ing. Arch. Jan
Kasl has granted a patronage over the conference and has also pledged to
participate the opening ceremony of the conference. From the technical and
material point of view, the conference is under the expected condition of 250
participants secured.

THE EDITORIAL COUNCIL OF THE TUNEL MAGAZINE

on its April session, discussed the editorial program for this year with third
issue's focus on the Underground Works Prague 2000 conference, utilization of
the 1999 budget and proposal for the 2000 editorial budget. In order to keep the
quality and extent of the magazine, an essential financial benefit from the
advertisement, also with aim on non-CTuC members, was emphasized. It
simultaneously calls upon all authors to hand over their contributions well in
advance before the deadline, unless they take care of the qualified translation into
English themselves, and thus always on floppy disk along with one copy. Subtitles
for pictures need to be enclosed beneath the text of the article; they are not to be
written on the reverse side of the photographs efc.

Ing. Karel Matzner
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ZIVOTNI JUBILEA

LIFE JUBILEES

DVOJi GRATULACE K SEDESATINAM
ING. JINDRICHA HESSE

Zivotni draha jubilanta se vine neoddélitelné stavbou
prazského metra, ktera pravé ziskala prestizni titul
"Stavba stoleti" v kategorii nasich dopravnich staveb. Jde
o velkou stavbu, na niz se podilely desitky firem v ¢ele s Metrostavem
a tisice lidi. Kazdy z nich na ni zanechal svou vétsi nebo mensi stopu. Ing.
Jindfich Hess se do jeji historie zapsal nesmazatelné. Byl vzdy tam, kde se
ve vyznamnych okamzicich vystavby rozhodovalo.

Jako stavbyvedouci stal na pocCatku Sedesatych let u montaze prvniho
nemechanizovaného raziciho $titu na tratovém tunelu pod Stétkovou ulici na
Pankraci. Po nékolika letech zahdjil razbu tunelu pod Vitavou a Starym
Méstem prvnim mechanizovanym S&titem. Jako technicky naméstek
Metrostavu fidil od roku 1977 technicky rozvoj a zavadéni modernich
tunelarskych technologii u podniku pres &tit s frézovaci hlavou az po Novou
rakouskou tunelovaci metodu. Vyrobnim naméstkem byl jmenovan roku
1984 pravé v dobé vrcholicich dokonCovacich praci na tieti trase metra,
kterd byla v nasledujicim roce uvedena ve stanoveném terminu do provozu.

V roce 1988 byl zvolen feditelem statniho podniku a od roku 1991
pfedsedou pfedstavenstva a generdlnim feditelem akciové spolecnosti
Metrostav. Opét nastaly okamziky zasadniho rozhodovéni. V procesu
privatizace zachovat akciovou spolecnost v jeji velikosti a vykonnosti pfi
zarukach kvality a udrzet pozice na trhu stavebnich praci. V dal$im obdobi
po roce 1993 zajistit transformaci specializované stavebni firmy v souladu
v poptavkou na univerzaini stavebni spolecnost.

Angazovanost jubilanta v podzemnim stavitelstvi vSak trvd i nadale.
Vzdyt jiz od samého zalozeni Ceského (dfive Ceskoslovenského)
tunelarského komitétu v roce 1982 je Clenem odborné pracovni skupiny
ITA/AITES. Jeho aktivita v této mezindrodni tunelarfské spole¢nosti byla
ocenéna zvolenim do jejiho pfedsednictva a navic v roce 1998 do funkce
vice-prezidenta, kterou zastava dosud.

Kromé toho je Ing. Hess mistopfedsedou Hospodarské komory hl. m.
Prahy a ¢lenem védecké rady CVUT Praha a VSE Praha.

Jeho osobni Zivot je spjat pfedevsim s hudbou, pro niz ma v rodiné diky
své zené a dcefi plodné zazemi. Z jeho iniciativy se pak hudba dostava
i mezi pracovniky akciové spolecnosti Metrostav a jeji hosty pfi jiz tradicnich
predvanocnich koncertech.

Na zavér pak mlzeme pfipojit tu dvoji gratulaci - k vyznamnému
Zivotnimu jubileu, kterého se dozil 13. kvétna v pIné svéZesti a tvirci aktivité,
a ke "Stavbé stoleti", ktera mu byla stavarskou kolébkou.

DOUBLE CONGRATULATION TO
ING. JINDRICH HESS'’S SIXTIETHBIRTHDAY

The life journey of the jubilee twines along the
construction of Prague subway, which has recently won
the prestigious title “Construction of the century” in
category of our transportation works. It is about a huge construction, by
which tens of firms, led by Metrostav, as well as thousands of people took
their part. Ing. hess has indelibli inscribed in its history. He was always
there, where desicions about significants moment of the construction have
been taken.

As a construction leader in the beginning of the sixties, he stood by
installation of the first non-mechanized driving shield, and thus at the
running tunnel beneath Stétkova street at Pankréc. Several years later he
started an excavation of a tunnel under the Vltava river and the Old Town,
using the first mechanized shield. As a technical deputy by Metrostav, since
1977 he had been leading technical development and implementation of
modern tunneling technologies by the company, from the shield with a cutter
head to a New Austrian tunneling method. He was appointed a deputy of
manufacture in 1984, just in the times of culmination of the finishing works
of the third subway line, which was put into operation the following year,
within the proposed term.

In 1988, he was elected a director of the national company, in 1991
a chair of the board of directors and a general director of Metrostav a.s. The
moments of basic decision-taking came again: during the process of
privatization to keep the joint-stock company in its extent and efficiency
while guaranteeing quality and keeping the positions on the market of
building industry; In another period after the year1993 to ensure
transformation of the specialized construction company in accordance with
the demand with the universal construction community.

However, the jubilee’s involvement in underground works goes on as well.
In fact, since the very foundation of the Czech (formerly Czechoslovak)
Tunneling Committee in 1982 he has been a member of a professional
ITA/AITES Working Group. His activity in this international tunneling
organization was honored by his election to board of directors and
moreover, in 1998 to the position of vice-president, which he has been
holding till now.

Besides, Ing.Hess is a vice-chair of the Economic Chamber of the Capital
Prague and a member of scientifinc councils of CVUT and VSE Prague.

His personal life is before all closely connected with music, for which he
in his family, thanks to his wife and daughter, has fertile haven. From his
initiative, the music also spreads among the employees of Metrostav a.s.
and its guests during the traditional fore-Christmas concerts.

To the conclusion, we can add that double congratution - to a significant
life jubilee, which he has achieved on May 13 whith full vigor and creative
activity, and to the “Construction of the century”, which had been a working
cradle for him.

Ing. Karel Matzner
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K ZIVOTNEMU JUBILEU
PROF ING. FRANTISKA KLEPSALA,CSC.

Kazdy, kto chce v Zivote nieCo dosiahnut, musi mat
nielen talent, ale aj vasen ist za svojomi ciefmi. Jubilant,
ktory sa 31, maja 2000 doziva 65 rokov ich ma niekolko.
Jeho prvou vasiou bola a je cesta za vedomostami. Milnikmi na tejto ceste
su absolvované $Skoly a dosiahnuté vedecko-pedagogickeé tituly. Vysledkom
je renomé a uznanie odbornej verejnosti.

Druhou vésnou, ktord bezprostredne podmieriuje jeho vedomostny
potencial je publikaéna aktivita. Je autorom 7 monografii, 15
vysokoskolskych skript a nespoCetného mnozstva ¢lankov a prispevkov v
odbornych Casopisech, resp. na konferenciach. Expertnymi posudkami
pozitivne ovplyviuje vyvoj podzemného stavebnictva uz niekofko desatroéi.
Na pokroku bezvykopovych technologii a razeni podzemnych diel ma
nesporne na Slovensku svoj vyznamny podiel.

Tretou vasnou, nad ramec svojich profesionalnych zaujmov, je pésia
turistika. Keby na svojich vybraméch mal krokomer ukézal by prinajmen§om
taky pocet krokov, ktoré by stacili na obidenie zemegule. Je oficidlnym
nositefom titulu majstra turistiky a peSo presliapal aj trasu z hradu Wartburg
pri Eisenachu v Nemecku na Gelért v Budapesti. Dizka tejto trasy meria
Uctyhodnych 1000 km. Sklon k fyzickej zatazi a Sportu potvrzuje aj jeho
lahkoatleticka minulost, stolny tenis, cvi€itelstvo a i.

Stvrtou viditelnou vésfiou je cestovatelstvo. Neda sa napisat, Ze svoje
zivotné Uspory pomifial na cestovanie po svete, lebo peniaze na cestovanie
minul skér ako ich mohol odloZit. Jan Werich v jednej zo svojich knih
napisal, ze Jifi Stercl musi byt dobry ¢lovek, ked si doZigil zaplatit cestu
svojich chlap&enskych snov na Klondyke. Dovolujem si vyslovit' rovnaké
presvedcenie parafrazou: Prof. F. Klepsatel musi byt tieZ dobry ¢lovek, lebo
si dozicil zaplatit cestu na Maledivy.

Keby niekto chcel vediet aj obligatne Udaje z jeho Zivotopisu, pondkame
nasledovny dryvok:

Rodiskom jubilanta su MarkuSovce pri SpiSskej Novej Vsi. Po maturite na
Statnom redlnom Gymnaziu v Bratislave v roku 1953 nastupil na Fakultu
inzinierskeho stavitelstva SVSP, kde Uspesne ukonéil $tudijny odbor Cesty
a mosty. Po promécii v decembri 1958 nastupil od januara 1959 ako asistent
na Katedru dopravnych stavieb, odkial preSiel v roku 1962 na Katedru
geotechniky, kde pracuje doteraz. V roku 1971 dosiahol hodnost CSc., v
roku 1980 bol habilitovany na docenta a v roku 1995 se stal profesorom na
odbor tedria a konstrukcia inZinierskych stavieb. Na stavebnej fakulte STU
vyucuje predmety: podzemné stavby, vodohospodarske podzemné stavby,
mechanika hornin, rekon$trukcia podzemnych stavieb. Vo vyzkume sa
zameriaval najma na bezvykopové technoldgie a rekonstrukcie kanalizacii.
Je ¢lenom mnohych odbornych zujmovych organizécii (STA, STT, ISRM a
dal.).

Jeho oddanost a sustredenost na odborné zaujmy, resp. osobné zafuby
dokazuije aj to, Ze nikdy neplatil stranicke znamky.

V mene redakcie Casopise Tunel, komitétu STA i za vSetkych, ktori
osobitne oceriuju jeho priatefstvo a profesionalitu, vyslovujem jubilantovi
vdaku za obohatenie odboru podzemného stavebnictva, ako aj prianie
dobrého zdravia a Zivotnej pohody v déstojnosti seniorskeho veku.

TO THE JUBILEE OF
PROF. ING. FRANTISEK KLEPSATEL, CSC.

Everyone, who wants to achieve something in his life,
has to have only talent, but also a passion to pursue his
goals. A jubilee, who will turn 65 on May 31st, has
several of them. His first passion was is a search for knowledge. Graduated
schools and achieved scholarly-pedagogic credentials are breakpoints on
this journey. Reputation and recognition by the professional community are
a result.

His second passion, which imminently implicates his knowledge potential,
is represented by publication activy. He is an author of 7 monographs, 15
university scripts as well as of countless number of articles and coutributions
in the technical magazines, res. at the conferences.

Whit his expert critiques, he positively influences the developmen of
underground works for a few decades already. No doubt, he also has a
considerable share on the progress of the trenchless technologies and
driving of underground counstruction in Slovakia.

His third passion, above the frame of his professional interests, is hiking.
If he had a pedometer on his treads, it would at least show a number of the
title champion of hiking and by foot also walked the path from the castle
Wartburg near Eisenach in Gremany to Gelert in Budapest. The length of
this path measures by his athletical history, table tennis, gymnastics efc.

His fourth passion is travelling. It can not be written, that he disbursed his
life savings for travelling around the world, because he had spent the money
with travelling before he could have put them aside. Jan Werich in one of his
books wrote that Jifi Stercel has to be a good man when he afforded an
identical belief with a paraphrase:Prof. Klepsatel has to be a good man as
well, because he afforded to pay himself a journey to the Maldives Islands.

If someone also wanted to know the obligatory information from his
curriculum vitae, we offer the following excerpt:

The jubilee’s birthplace is MarkuSonce near Spisska Nové Ves. After a
graduation from a state practical grammar school in Bratislava in 1953, he
entered the Faculty of engineering structures SVST, where he successfully
graduated in the field of Roads and bridges. Following his commencement
in December, in January 1959 he joined the chair of traffic constructions as
an assistant, from where he in 1962 moved to the chair of geotechnics,
where he has been working till now. In 1971 he achieved the CSc. title, in
1980 was habilitated as a lecturer and in 1995 became a professor in the
fied of theory and construkction of engineering structures. At the Faculty of
construction STU, he teaches subjects: the underground works, the water-
economic underground works, the mechanics of the rocks, the
reconstruction of underground works. In the field of research, he had been
focusing mostly on trenchless technologies and the reconstruction of the
sewerage systems. He is a member of many specialized organizations
(STA, STT, ISRM, etc.). His devotion and concentratin on the professional
interestes, res. personal hobbies, also proves the fact, thah he has never
paid the party tribute.

On behalf of the desk of the Tunel magazine, STA committee and of
others, who personally appreciate of underground works to the jubilee, as
well wishing of a good health and life amenity in the senior age.

Ing. Jozef Frankovsky
tajomnik komitétu STA - secretary of the STA Committee
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CO MUZETE NALEZT V KNIHOVNE CTuK
WHAT’S POSSIBLE TO FIND IN THE CTuC LIBRARY

A. CASOPISY - MAGAZINES

+ ,Tunel” (CTuK) od roéniku 1992

e ,Tunel and Underground Space Technologie” (ITA/AITES) - od ¢&. 4
roCniku 1993

o Tribune” (ITA/AITES) - od &. 1 (12/1996)

¢ ,No Dig International” - od roku 1996

¢ ,No Dig” (CR) - od roku 1997

o ,Galerie” (Italie) - od roku 1994

o Tunnels et ouvrages souterrains” (FR) - od roku 1996

e . Tunel” (NSR, STUVA) - od roku 1995

¢ International Construction” (USA) - roku 1997

e World Tunnelling” (GB) - od roku 1995

¢ Engineering News Record” (USA) - od roku 1997

e ,Tunnel and Tunnelling International” (GB) od roku 1997

¢ World Underground Space Podzemnoe prostranstvo” (Rusko) pd roku
1996

* Japonsky tunelafsky ¢asopis (Jap.) - od roku 1993

* néktera Cisla skandinavskych a jinych tunelafskych ¢asopist

B. SBORNIKY PRISPEVKU - VOLUMES OF PAPERS

* Sbornik prispévkl na konferenci CTuK '94. Ps '97

* Sbornik pfispévkll ,Hornicka Pfibram '95”

* Sbornik pfispévk( konference , Tunely pre tretie tisicrocie”,
Prievidza 1996

* Sbornik pfispévkl ,Geotechnicka konference”, Bratislava 1996

* Sbornik pfispévk( ,Budownictvo podzemne” '96, Krakov 1996

o Sbornik pfispévka , Tradition & Development in Underground
Constructions”, Brasov 1996

* Sbornik pfispévkl ze svétového kongresu ITA/AITES
»runnels for people” (2 svazky). Wien 1996

* Sbornik pfispévk(l ze svétového kongresu ITA/Aites
»1unnelling Asie” '97, New Delhi 1997

e Sbornik pfispévki z tunelaiské konference, TUNNELLING ASIA”
'97, HYDRO CENTENARY - 1997, 20. - 24. 1997
Dtto - SPECIAL LECTURES

* Sbornik pfispévkl z konference ,UNITA WORKSHOP”
Characterisation of TBM for Tunnelling Flysches,
Tarifa 20. - 22. 2. 1997

o Abstrakt ze 7. mezinarodni konference
,UNDERGROUND SPACE 1997 INDOOR CITIES
OF TOMORROW?”, Montreal 1997

* Sbornik pfispévkll ze svétové tuneléfského kongresu
,TUNNELS AND METROPOLISES”, Sao Paulo 25. - 30. 4. 1998

* Sbornik pfispévk(i z mezinarodniho tunelaiského kongresu
,UNDERGROUND CONSTRUCTION IN MODERN
INFRASRUCTURE STOCKHOLM” 7. - 9. 6. 1998

* Sbornik pfispévkl z konference ,,Underground City:
Geotechnology and Architecture®, Petrohrad 9/98

* Sbornik pfednasek ze 4. konference o bezvykopovych
technologiich, Jesenik 10/98

e Sbornik z mezinarodniho sympozia ,,Ground Challenges”
for the 21th Century, Oslo, Norsko, 05/99

/

* Sbornik pfispévk(l z mezinarodni konference ,Sprayed Concrete”

e Sbornik pfispévk(l z mezinarodni konference ,Underground
Works: Ambitions and Realities”, Pafiz, 10/1999

* Sbornik pfispévkii ze seminafe ,Podzemni skladovani vyhofelého
jaderného paliva”, VSB - TU Ostrava, 10/1999

e Sbornik pfispévkill ze svétového tunelarského kongresu
»tunnels under Pressure”, Durban, JAR, 05/2000

C. ZPRAVY Z VALNYCH SHROMAZDENI ITA/AITES
NEWS FROM ITA/AITES GENERAL ASSEMLIES

D. RUZNE PRIRUCKY A PUBLIKACE
VARIOUS MANUALS AND PUBLICATIONS

* Hornicka ro¢enka

* Tunnelbau 1994, Essen 1994

* Safe Working in Tunnelling (SRN) 1989

* Metropoliteny na liniach melkovo zalozenija, J. C. Frolov, J. E.
Kruk, Moskva 1994

* Publikace finské tunelarské asociace The Fourh Ware
of Rosk Construction, 1997

* Technické publikace NANYANG TECHNICAL UNIVERSITY
of Singapore 1995 - 1997

* Publikace NO DIG Grabenloses Bauen.... 1997 (angl./ném.)

* Publikace Stuva 1997 Unterirdische Bauen
in Deutschland (ném./angl.)

* Protla€eni nekruhovych profilli kolektorovych pfipojek
v podminkach nesoudrznych zemin v prostiedi méstské zastavby,
Ing Roman Vadura, ocenéna diplomova prace (1998)

FOTBALOVY TURNAJ TUNELARU
TUNNELLERS’ FOOTBALL CUP

Za (Casti péti druZstev se 8. ¢ervna 2000 konal v Roztok&ch u Prahy 6
tunelafsky turnaj v malé kopané. Fotbalové boje probihaly soucasné
na dvou hfistich za velkého zajmu celé tunelaiské obce a jejich
pfiznived. Organizatorem byla opét firma POHL cz, a.s., kterd ve velmi
pékném prostiedi zajistila ob&erstveni spojené s opékanim selat.

Turnaje se zUcastnilo 5 muZstev a po urputnych bojich zaujala toto
pofadi:

1. PRE a.s. Praha

2. METROSTAV a.s. divize 5 Praha
3. Pohl CZ, a.s. Roztoky

4. KO-KA s.r.o.

5. SUBTERRA a.s. Praha

Vitéz jiz traditné ziskal putovni cenu vénovanou Revirni banskou
zachrannou stanici Kladno-8tit s historickou maskou ddiniho zachranare
a neputovni cenu - peCené sele. Velmi hodnotnd sportovni klani
probihala za pékného pocasi a skvélé nalady. VSichni se jiz téSime
na 7. ronik rurnaje.

Ing. Jaromir Zlamal



- METROPROJEKT Praha a.s.

ceska projektova a inzenyrska Czech design and engineering

METROPROJEKT akciova spolec¢nost joint-stock company
Dle VaSich pozadavka zpracujeme According to your requirements we elaborate
pro Vas: for you:
* rozborové studie a analyzy investic e pre-investment studies & analyses
* projektovou dokumentaci vSech stupni( * project documentation at all levels
e transformaci & autorizaci dokumentace * transformation & autorisation of project
e zahranic¢nich klientd podle ¢eskych norem documentation of foreign clients in compliance
a pfedpisu with Czech standards and regulations
e poradenskou a konzultaéni ¢innost e advisory & consulting services

e —
Kontaktni spojeni: Contact address:

METROPROJEKT Praha a.s.
Nam. I. P. Pavlova 2/1786, 120 00 Praha 2, Czech Republic
Phone: + (420 2) 96 204 121, Fax: + (40 2) 96 204 122
E-mail: metroprojekt@metroprojekt.cz
DIC: 138-25236954

ZU D TEL.: 019/753 7537

stavehni a.s. FAX: 019/753 8676

CINNOST HORNICKA A CINNOST PROVADENA
HORNICKYM ZPUSOBEM

* razené prizkumné stoly
zeleznicnich a silnicnich tuneld
* razby kanalizacnich shéracu

SIDLO: ICO: 25236954

POD VSEMI SVATYMI 13
301 64 PLZEN

e budovani kolektort ¢ hloubeni jam

* razby kanalizacnich shéracu e razené podchody zeleznic

INZENYRSKE STAVBY

e ¢istirny odpadnich vod ¢ veskeré inzenyrskeé sité

SPECIALNI PRACE

e statické zajiStovani skalnich
masivu a staveb

¢ injektaze * zemni prace

Navazujeme na dlouholetou tradici Ing. Zdenék Hanzal

predseda predstavenstva

ZépﬂdOéeSkV’Ch uheInVch dold. feditel spoleénosti




inZenyring

DOPRAVNICH STAVEB
a.s.

ZAJISTUJE VESKERE CINNOSTI
K PRIPRAVE A REALIZACI STAVEB

- inzenyrska cinost ve stavebnictni - vykon zeméméfickych ¢innosti
- inzenyrsko-konzultaéni €innost v oblasti rozvoje do- - poradenska ¢innost v oblasti stavebnictvi

pravnich systému - poskytovani sluzeb v oblasti zadavani verejnych za-
- projektova ¢innost ve vystavhé kazek

- provadeni staveb véetné jejich zmén, udrzovacich
praci na nich a jejich odstrafiovani

Okruh zajistovanych staveb:
metro, pozemni komunikace, tramvajové traté, mosty, administrativni a technologické
budovy, obchodni centra, rekonstrukce budov véetné historickych, skladky, sportovni arealy

ZKUSENY PARTNER - ZARUKA KVALITY

Na Morani 3 tel.: 02/22646112
128 01 Praha 2 fax: 02/22640334 e-mail: ids@ids-praha.cz




Nékteré projekty zkratka vyZaduji
cosi navic od Vasi projekéni
skupiny a Vasich navrhovych
nastrojl.

Tehdy pfichazi na scénu systém MX.

MX pracuje ve 3D jiz od prvniho kliknuti
mysi - umozni Vam s davérou zvliadnout
nejslozitjsi navrhy i jednoduché projekty
s neuvéfitelnou rychlosti. PouZiti liniového
modelovani nabizi schopnost ndvrhu tvard
s lehkosti a absolutni pfesnosti.

MX posouvé hranice snadnosti pouziti

s projekcné pratelskym ovladanim pfi
navrhovani ve vSech svych oblastech
pouziti. Pracuje pfimo v AutoCADu,
MicroStationu, nebo ve Windows - umoziuje
bez obtizi sdilet data projektu mezi projek-
tovymi partnery.

zeptejte se nas, co piinasi zitfek.

pro navrh silnic

pro rekonstrukce komunikaci

pro halové i obytné zony zéstavby
pro Zelezniéni inzenyrstvi

...0 havrhovém programu
zitfka - zazijte jiz dnes

...design software for tomorrow's
challenges - available today

Some projects just demand that lit-
tle extra from your design team
and your design tools.

That's where MX comes into play.

MX works in three dimensions straight
from the first mouse click - allowing you to
tackle complex designs with confidence
and simple designs with unrivalled speed.
It uses string modelling - offering you the
ability to design intersections with ease
and total accuracy.

MX redefines ease of use, with an engi-
neer-friendly approach to design in all ap-
plication areas. It is totally interoperable
between AutoCAD, MicroStation and
Windows - allowing you to share project
data seamlessly with project partners.
Before you buy any more civil design soft-
ware,

talk to us to see what the future might hold.

for Road Design

for Pavement Renewal
for Site Development
for Rail Engineering

Volejte (02) 57290399 SYMOS a Zadejte informacni materialy a demo CD.
www.infrasoft-civil.com... sen o ndvrhovém programu zitfka - zaZijte jiz dnes

Call us Toll Free on 1-877 INFRASOFT, for a product information pack.
www.infrasoft-civil.com...design software for tomorrow's challenges - available today

PN SYMOS
autodesk

mos s.r.0., Jinonické 80, 158 00 Praha 5, Tel.:02/57290399
Fax: m02/57290907, Mobil: 0603/432067, E-mail: symos @ symos.cz.www.symos.cz

Progress
is going with us




SLEDOVANI VLIVU STAVEBNI CINNOSTI
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LEGENDA SYMBOLU:

deformometricky bod pro ruéni méfeni jednoosy rychlostni snimac vibraci trojosy
naklonomérny bod - kolmy misto odstielu
konvergencni profil zdroj vibraci

nivelaéni bod prachomeér

méfeni hiuku a tlakovzdugnych Udinku
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