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Vazeni étenafi,

s poté&Senim jsem pfijal moznost pozdravit ¢asopis TUNEL
a jeho &tenate pii piileZitosti vyznamného vyrogi nasi spole¢-
nosti. Subterra a. s. vznikla pfed 35 roky. Na strdnkach tohoto
dasopisu se zajemci mohli seznamit s historii nadi spole¢nosti
a vysledky jeji prace nékolikrat jiz v pfedchozich vydanich, nerad
bych se opakoval.

Zaméfim se proto na jednu vyraznou stranku oboru podzemniho
stavitelstvi a tou je mezinarodni spoluprace. Pfi zp8tném pohle-
du prekvapf, Ze tato mezinarodni odborna spoluprace pro nas
zadala jiz hluboko v pfedchazejicim politickém uspofadani, které
kontaktdm se Zapadem pfili§ nepfalo. Mezinarodni tunelaiska
asociace |TA-AITES velkoryse zahajila svou ¢innost pfed 25 lety
v roce 1974 a v roce 1982 byl mezi jeji ¢leny pFijat Ceskoslo-
vensky tunelaisky komitét, ktery jsme pomohli zaloZit nedlouho
pied tim. Vedle Polska jsme byli druhou vychodoevropskou
zemi, ktera se takto formalné pfihlasila k mezinarodni spolupra-
ci. Jiz v roce 1985 byl v Praze uspofadan Svétovy tunelafsky
kogres. Tésil se velkému uznani mezinarodni odborné vetejnos-
ti, protoze byl peclivé pfipraven a nase firmy mély v oboru pod-
zemniho stavitelstvi jiz co ukazat.

Od té doby brzy uplyne 15 let. Podzemni stavitelstvi ve svété ani
u nas nestagnovalo. Mezinarodni tunelafska asociace ma jiz 47
élend, vyviji pozoruhopdnou aktivitu a v jejim vrcholovém vedeni
zaseda i zastupce Ceského tunelaiského komitétu. Vyraznou
mérou se zaslouzil o dobré jméno &eskych firem a odbornik(
v tomo oboru prof. Zdenék Eisenstein, ktery zaujima jednu z nej-
vyznamnéjéich odbornych pozic ve svétovém méfitku. AC je
dlouholetym ob¢anem Kanady, nikdy nezapomnél na svij pavod
a prokazal ndm vyznamnou podporu. Patii mu za to dik.

Do tohoto souboru vyro¢i tedy spada i pfipominka vzniku nasi
firmy Subterra a.s. Ta patii v oboru mezi nejstardi u nas, aktivné
se podili na mezinarodni spolupraci formou spoleéenskou i véc-
né odbornou. Pfipomefime prikopnické zavadéni Spickovych
technologii do nasich projektl, jako jsou razici stroje, stiikany
beton, NRTM a dal$i. Nenf ndhodou, Ze Subterra a. s. jiz 10 let
piisobni na zahraniénich zakdzkéach ve Spanélsku a Némecku.
Svému poslani se nechceme zpronevéiit, proto budeme dale
podporovat mezinarodni spolupréci a s tim spojené aktivity, mezi
néz patff i vydavani tohoto odborného éasopisu TUNEL.

Dear Readers,

With pleasure | accepted the possibility to greet the journal
TUNEL and its readers on the occasion of the important anni-
versary of our company Subterra, a.s. This company was foun-
ded 35 years ago. On pages of this journal, interested persons
could get acquainted with the history of our company as well as
with results of its work several times in previous issues, and
| would not like to repeat what has been already written.

That is why | shall draw your kind attention to one important
component of the line of underground engineering, I. e. to the
international cooperation. A retrospective view may surprise us
that said international professional cooperation started for us
deeply in the previous political arrangement which was not
favourable for contacts to the West. The International Tunnelling
Association ITA-AITES, started its aclivity liberally 25 years ago
in the year 1974, and in the year 1982, the Czechoslovak
Tunnelling Committee which we helped fo found not a long time
ago, became a member of it. Besides Poland, we were the
second East European country which was formally interested in
the international cooperation. Already in the year 1985 there has
been organized in Prague the World Tunnelling Congress. It was
highly appreciated by the international professional public,
because it was carefully prepared and our firms have been alre-
ady in the position to show some success in the line of underg-
round engineering.

From that time there passed nearly 15 years. The underground
engineering in the world, and in our country as well, did not stag-
nate. The international Tunnelling Association has already 47
members, it is remarkably active and in its top management
even a representative of the Czech Tunnelling Committee takes
place. Prof. Zdenék Eisenstein, who is one of the most important
experts from the world's point of view, was credited with the good
name of Czech firms and experts in this line. In spite of the fact
that he is for many years a citizen of Canada, he newer forgot
his origin and he provided us an important support. Many thanks
to him for it.

In this collection of anniversaries there takes also place the foun-
dation of our firm Subterra a.s. It is one of the oldest in our count-
ry in this line, it takes part in an active way in the international
cooperation both in the social form and professional one. Let us
draw the attention to introducing top technologies into our
designs, such as driving machines, shotcrete, NATM, and the
like. It is not a chance that Subterra, a.s., works already 10 years
on foreign orders in Spain and Germany. We do not want to fail
in our mission and that is why we shall go on in supporting the
international cooperation and activities connecting with it, among
which there is also ranked the publishing of this professional
journal - TUNEL. ’

/

Ing. Petr Kuchar
generdlni feditel a mistopfedseda pfedstavenstva
General Manager and Vice-Chairman of the Directorate
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REDUKCE UCINKU TUNELOVANI
NA ZASTAVBU POMOCIi CLONY
Z TRYSKOVE INJEKTAZE

REDUCTION OF EFFECTS
OF TUNNELING ON EXISTING BUILDINGS
BY MEANS OF A JET GROUTING CURTAIN

PROF. ING. JIRI BARTAK, DRSC., ING. MATOUS HILAR - FACULTY OF CIVIL ENGINEERING
OF THE CZECH TECHNICAL UNIVERSITY

1. VSEOBECNY ROZBOR POKLESOVYCH
FAKTORU PRI TUNELOVANI

Existence poklest nad podzemnimi dily razenymi v malo kvalitnich hornin&ch
a v malych hloubkach pod povrchem je z&konitym jevem, se kterym je nutno pii
vystavbé pocitat, a to pfedevsim s ohledem na povrchovou zastavbu v dosahu
podzemniho dila.

Hlavni faktory, ovliviujici maximaini velikost poklest povrchu terénu, tvar

a rozsah poklesové kotliny, jsou:
- Fyzikainé-mechanické vlastnosti horninového prostredi,
- tunelovaci metoda, tj. zplsob razeni a vyztuzovani podzemniho dila,
- rozméry podzemniho dila,
- hloubka uloZeni podzemniho dila pod povrchem,
- tlakové poméry v horminovém masivu.

HORNINOVE PROSTREDI A JEHO
FYZIKALNE MECHANICKE VLASTNOSTI:

Z hlediska vzniku a velikosti poklest, véetné rozsahu poklesové kotliny, jsou
nebezpeéné soudrzné zeminy s nizkym modulem deformace (mékka a tuh4 kon-
zistence), mélo ulehlé nesoudrzné zeminy, nesoudrzné zeminy piitizené pfi raz-
bé poklesem hladiny podzemni vody, poloskalni a z riiznych divodu vice defor-
mabilni skalni horniny.

TUNELOVACI METODA:

Zplisob razeni a vystrojovani podzemniho dila vyrazné oviiviuje velikost
poklesovych jevil. Nespravnd volba tunelovaci metody mlize vést k zavaznym
potizim pfi razbé (nadvylomy, nestabilita celby, zavaly v nadloZzi), coz vyrazné
ovliviiuje deformace horminového prostiedi, které se projevi vznikem hluboké
a rozsahlé poklesové kotliny.

Z hlediska vzniku poklesovych jevil jsou nevyhodné technologie, které nedo-
ciluji okamzitého nutného kontaktu provizomi vystroje (pfipadné i definitivni)
s licem vyrubu a vyZzaduji zakladku ¢i vypliovou injektaz (razba porubem s pii-
loZnym pazenim, prstencovd metoda s dilcovym osténim, &titovani apod.),
u nichZ se vyrazné uplatriuje ¢asto negativni vliv lidského Cinitele (nekvalitni pro-
vedeni vyplni za rubem osténi).

Naopak Ize konstatovat, ze Nova rakouska tunelovaci metoda omezuje pfi
kratkych zabérech a zvySené tuhosti osténi moznost vzniku nepfiméfenych
deformaci masivu a povrchu Uzemi, coz je z hlediska povrchové zastavby vyhod-
né.

Vhodné dpravy NRTM ¢i jiné specielni tunelovaci technologie (horizontalni
tryskova injektaz, obvodovy vrub, konsolidaéni injektaz) umoziuiji daléi redukce
poklesl nadlozi.

1. GENERAL ANALYSIS OF SETTLEMENT
FACTORS IN TUNNELING

Existence of seitlement above underground structures excavated in poor qua-
lity types of ground and in small depths under the surface is a phenomenon
having the character of a law, which is to be taken into account, with respect to
existing buildings standing within the reach of the underground works above all.

Main factors influencing the maximum dimensions of surface settlement, the
shape and extent of the settlement trough are as follows:

Physical/mechanical properties of the rock environment,

- tunneling method, i.e. the technique of excavation and support of the underg-
round works,

- dimensions of the underground works,

- depth of the underground structure under the surface

- stress conditions within the rock massif.

ROCK ENVIRONMENT AND ITS PHYSICAL/MECHANICAL
PROPERTIES:

Dangerous conditions for excavation regarding origination and dimensions of
settlement, including the area of the settlement trough, are in cohesive soils with
low deformation modulus (soft and solid consistence), poorly settled soils, inco-
hesive soils supercharged in the course of excavation due to the lowered water
table, semi-rocks, and, for various reasons more deformational rocks.

TUNNELING METHOD:

The manner in which the underground structure is excavated and supported
significantly influences the magnitude of seitlement phenomena. incorrect choi-
ce of the tunneling method can lead to serious troubles during excavation (overb-
reaks, loss of the face stability, overburden cave-ins). All of that significantly
affects deformations of the rock environment, which are manifested by originati-
on of a deep and extensive settlement trough.

Such techniques are disadvantageous regarding origination of the settlement
phenomena which do not achieve an instant full contact of the temporary support
(and the final lining if need be) with the excavation intrados, and for which a fill
or backgrouting (ring method with segmental lining, shield heading etc.) is requ-
ired, I.e. techniques where the often negative influence of a human factor works
considerably (poor quality of filling behind the lining extrados).

On the contrary, it can be stated that the New Austrian Tunneling Method, app-
lied with short advances per cycle and with increased rigidity of the lining,
restricts the possibility of occurrence of inadequate deformations of the massif or
of the area surface, which is advantageous for existing buildings.
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ROZMERY PODZEMNIHO DiLA:

Se zvétdujicimi se rozméry vyrubu, zejména jeho $itkou, se zvySuji naroky na
samonosnost horninového masivu v okoli vyrubu a zejména masivu v nadlozi.
Poklesové jevy se obecné zvétsuji v pfimé zavislosti na rostoucim vyrubnim pro-
filu podzemniho dila. Pfi pouziti NRTM je mozno velky vyrubni profil Gelby hori-
zontalné a zejména svisle ¢lenit, coz obvykle umoznuje udrzet deformace diléich
vyrubd i celkovou kumulovanou deformaci primarniho osténi tunelu a horninové-
ho masivu v piijatelnych mezich.

HLOUBKA ULOZENi PODZEMNIHO DILA:

Hloubka dila pod povrchem ovliviiuje vyrazné velikost deformaci povrchu
i rozsah poklesové kotliny. U mélce ulozenych vyrubl (h < b} jsou deformace
znacéné, s rostouci hloubkou velikost deformaci klesa a od urcité Urovné je zane-
dbatelnd. Velikost poklesl je vedle daldich veli¢in funkci bezrozmérného argu-
mentu h/b.

TLAKOVE POMERY:

Ve valné vétsiné pfipadl vznika po provedeni vyrubu v horninovém masivu
stav napjatosti, ve kterém nejvétsi hodnoty i rozhodujici vyznam maji vertikalni
slozky napéti. V ojedinélych pfipadech mohou existovat tlakové pomery, kdy roz-
hodujici vliv nemaji svisla napéti, ale rezidualni slozky horizontalnich napéti.

V fadé pfipadl se dostava do kolize poklesova zéna liniovych staveb komu-
nalniho charakteru (napf. kolektor(i) se zakladovou zénou zastavby, podéf niz je
podzemni dilo razeno. Zaklady povrchové zastavby je pak nutno zajistovat pod-
chycenim, v souéasné dobé pfevazné pomoci sloupli z tryskové injektaze. | kdyz
zasah do zakladovych konstrukci objektl neni pfi pouZiti tryskové injektaze nik-
terak drasticky, existuiji pfipady, kdy majitelé ¢i spravci objektdl odmitnou realiza-
ci vrtacich a injektovacich praci v pfimém kontaktu s objektem. V takovém pfipa-
dé pfichazi do ivahy moZznost vytvoreni clony ze sloupl tryskové injektaze, kte-
ré je pfedsazena pred zakladové konstrukce objektu.

Pouziti zminéné injektazni clony bylo jiz v nékolika pfipadech Uspésné reali-
zovano; na konkrétnim pfipadé Minoritského klastera v Brné autofi porovnavaji
vysledky teoretického fe$eni a méfeni "in situ".

2. ZPUSOB ZAJISTENi ZAKLADU KLASTERA
PRI RAZBE SEKUNDARNIHO KOLEKTORU

Pata stavba sekundarnich kolektorll v Bmé probihala ulici Janskou m.j. podél
budovy Minoritského klastera (obr.1). Kolektorova chodba podkovovitého tvaru
o plode cca 10 m? byla situovana pod Urovni zakladové spary klastera a defor-
macni zéna kolektoru se v délce cca 50 m dostala do kolize se zaklady klastera
[1].

Problém byl feSen vybudovanim pomérné mohutné stény ze sloupl provede-
nych tryskovou injektazi (& = 0,75m a 1,5m, dl. 5,5m), jejimz ucelem bylo
odclonit podzakladi Minoritského klastera od poklesové kotliny kolektoru (obr.2).

Injektazni clona méla za Ukol redukovat svislé i vodorovné deformace v pfi-
mém podzakladi klastera, vyvolané provedenim vyrubu kolektoru, pfipadné
deformovat moznou smykovou plochu, ohraniéujici poklesovou zénu, podél sté-
ny do svislého smeru, ¢imz by se zabranilo propagaci smykové roviny k zakla-
dové sparfe klastera.

Inklinometr
Inclinometr

Clona tryskové injektaze <,
" délka 5,5 m, primér 0,75m a1,5m |

W Curtain of jet grouting
length 5,5 m, diametr 0,75 m and 1,5 m
Minoritsky klaster
Minorit's monastery
Obr. 1
Situace
Situation

Suitable modifications of the NATM or other specialist tunneling techniques
(horizontal jet grouting, peripheral slot, consolidation grouting) render other
reductions of the surface settlement possible.

DIMENSIONS OF AN UNDERGROUND STRUCTURE:

Demands on self-supporting capacily of a rock massif surrounding the exca-
vation, especially of the massif at the overburden, are increased with increasing
dimensions of the excavated space, of its width above all. Settlement phenome-
na are generally increased in a linear dependence on the growing excavated
cross section of the underground structure. The use of the NATM makes it pos-
sible to divide a large excavated profile of the face horizontally or vertically. As
a result, it is usually possible to restrict deformations of the partial excavations
and the fotal cumulated deformation of the tunnel primary lining and of the rock
massif within acceptable limits.

DEPTH OF THE UNDERGROUND STRUCTURE
UNDER THE SURFACE:

The depth of the structure under the surface affects substantially the dimensi-
ons of surface deformations and the area of the settlement trough. Major defor-
mations occur if the overburden is shallow (d < w). The dimension of deformati-
ons falls down with increasing depth, and it becomes negligible below a certain
level. The dimensions of settlement are, apart from other data, a function of
a nonmeasurable argument d/w.

STRESS CONDITIONS:

In most of cases, a state of stress originates in a rock massif after excavation,
in which the highest values and the deciding importance are not with vertical
stresses. They are with residual components of horizontal stress.

In a number of cases, a settlement zone of line structures of a communal cha-
racter (e.g. utility tunnels) collides with the zone of existing buildings foundations,
which the underground structure is excavated along. Then it is necessary to
secure the foundations of existing buildings by underpinning, at present mostly
by columns created by jet grouting. Despite the fact that the interference with
foundation structures of buildings is not so drastic when jet grouting is used,
cases do exist when owners or supervisors of buildings dismissed execution of
drilling or grouting in direct contact with their buildings. In such a case only the
possibility to create a curtain consisting of jet-grouting columns alongside the
foundation structure of the building is worth considering.

The use of the above mentioned jet grouting curtain has already been
successfully realized on several occasions. Using a practical example of the
Minorites' monastery in Brno, the authors are comparing results of a theoretical
solution and in-situ measurement.

2. THE METHOD OF SECURING OF A MONASTER
FOUNDATION DURING EXCAVATION
OF A SECONDARY UTILITY TUNNEL

The fifth stage of the secondary utility tunnels construction in Brno passed
under Janska street, along the building of the Minorites' monastery (Figure No.1).
The tunnel of a horseshoe shaped profile with an area of 10 n? was situated
under the foundation level of the monastery, and the deformation zone of the tun-
nel collided with the monaster foundation within a length of about 50 m [1].

The issue was solved by building a quite sizeable wall formed by columns cre-
ated by jet grouting (dia. 0.75 m and 1.5 m, length 5.5 m). The purpose of the
wall was to separate the subsoil of the Minorites' monastery from the settlement
trough of the utility tunnel.

The grout curtain’s task was o reduce, directly under the monastery founda-
tion, vertical and horizontal deformations provoked by the utility tunnel excavati-
on, or to deform the possible plane of sliding, demarcating the settlement zone,
along the grouting wall into the vertical direction. The latter solution would pre-
vent the plane of sliding from propagating to the level of foundation of the mona-
stery.

The grout curtain was built beyond the building of the Minorites' monastery
(transversal distance from the foundation structures of about 1.0 m). Neither the
building nor its foundations were directly touched by the protecting structure.
Location of the bore hole for jet grouting inside the zone of utility services tnder
the sidewalk called for provision of a casing pipe embedded in the bottom of an
in advance dug trench, uncovering the utility services in question.

All tunneling work in the vicinity of the Minorites' monastery had to be execu-
ted with a maximum of technological discipfine in the course of excavation and
supporting works since minimization of soil loosening in the deformed settlement
zone was a prerequisite of the assumed function of the grout curtain, i.e. of the
function of an efficient protection of existing buildings.
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Injektazni clona byla vybudovana mimo objekt Minoritského klastera (pficné
odsazen! od zékladovych konstrukei cca 1,0 m), takZe objekt ani jeho zaklady
nebyly zabezpedovaci konstrukei pfimo nikterak dotéeny. Umisténi vrtu pro trys-
kovou injektaZ v zéné inzenyrskych siti pod chodnikem vyzadovalo zajisténi pro-
chodu vriu chraniékou, osazenou pfedem do dna ryhy, obnazujici inkriminované
inZzenyrské sité.

Veskeré tunelovaci prace v okoli Minoritského kldtera bylo nutno provadét
s maximalni technologickou kazni pfi razbé i vystrojovani, nebot minimalizace
rozvolnéni zeminy ve zdeformované poklesové zéné byla pfedpokladem oceka-
vané funkce injektazni clony ve smyslu G¢inné ochrany povrchové zastavby.

3. TEORETICKE RESENI FUNKCE INJEKTAZN
CLONY POMOCI METODY KONECNYCH
PRVKU (MKP)

Cely pribgh vybudovani clony z tryskové injektaze a nasledné razby kolekto-
ru byl modelovan na pocita¢i pomoci programu PLAXIS [3]. Sou¢asna verze pro-
gramu PLAXIS umoziuje podrobné rozfazovani zadané ulohy, coz bylo pfedpo-
kladem pii modelovani prabéhu zajisténi Minoritského klastera.

3.1 ZAKLADNi MODEL

Geometrie modelu byla zadavana graficky. Pro vypocet byla modelovana
oblast o $ifice 21m do hloubky 17m. V zakladnim modelu bylo nutné vyznadit
geometrii podzemni stény, zakladd klastera a ohranieni vyrubu. Svislé okraje
celé oblasti byly fixovany proti vodorovnému posunuti, spodni okraj byt zajistén
proti svislému posunu. Vodorovnym posuniim bylo také zabranéno po obou svis-
lych okrajich stény klastera.

3.2 GENERACE SITE KONECNYCH PRVKU

Ke generovani sité konecnych prvkl byl pouzit automaticky generator. V prv-
ni fazi byla vytvofena pomérné fidka trojuhelnikova sit, ktera vSak byla postupné
zahuétovana v mistech, kde Ize ogekavat v&tsi zmény v napjatosti. V daném pfi-
padé jde tedy o prostor v blizkém okolf vyrubu, podzemni stény a zakladu klas-
tera. K modelu bylo pouzito Sestiuziovych trojihelnikovych prvk, které umoziiu-
ji dostate&né pfesnou analyzu napéti a deformaci.
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3. THEORETICAL SOLUTION OF THE GROUT
CURTAIN FUNCTION BY THE FINITE ELEMENT
METHOD (FEM)

The whole course of building the jet grouting curtain and of the following utili-
ty tunnel excavation was computer simulated using PLAXIS software [3]. The
current version of the PLAXIS software renders detailed phasing of the task pos-
sible, which fact was a prerequisite for modeling of the process of the Minorites'
monastery securing.

3.1 BASIC MODEL

Geometry of the model was entered graphically. An area 21 m wide down to
the depih of 17 m was modeled for the calculation. It was necessary to mark out
the geomelry of the diaphragm wall, of the monastery foundation, and of the
excavated space conlour. Vertical edges of the whole area were fixed against
horizontal displacement, the bottom end was secured against vertical displace-
ment. The horizontal displacement was also prevented along both vertical edges
of the monastery wall.

3.2 THE FINITE ELEMENT NETWORK GENERATION

An automatic generator was used for the finite element network generation. In
the first stage, a rather sparse triangular network was created, which was made
denser gradually in the locations where more significant changes in the state of
stress were foreseeable. In the given case, it is the matter of the space in a clo-
se vicinity of the excavation, of the diaphragm wall and of the monastery foun-
dation. Six-event triangular elements, which make performance of a sufficiently
accurate analysis possible, were used for modeling.

3.3 COMPUTATION PHASES

- Primary state of stress

- Excavation of the pit for the monastery foundation

- Loading at the foundation level by the monastery dead weight
- Execution of the jet grouting curtain

- Setting of the jet grouting curtain

- Operable load above the future excavated space

- Tunnel excavation proper

3.4 DESCRIPTION OF DEFORMATIONS AND STATE
OF STRESS DEVELOPMENT IN THE COURSE
OF COMPUTATION

Primary state of stress: The PLAXIS software operates in such the manner
that when the primary state of stress is being computed, the finite element net-
work remains unformed. The reason is that deformations of the massif occurred
a long time ago, therefore they do not have to be included in the calculations.
Although, the stress value corresponds to the real situation.

EXCAVATION OF THE PIT FOR THE MONASTERY
FOUNDATION:

A partial defect of the model appeared in this phase, which does not effect the
other phases of the computation though. The defect appeared as a result of
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Obr. 3
Zvyseni deformaci provedenim clony
Increase in deformations due to the curtain execution
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3.3 FAZE VYPOCTU

- Priméarni napjatost

- Vyhloubeni stavebni jamy pro zaloZeni klastera
- Zatizeni v zékladové spafe vlastni tihou klaStera
- Provedeni clony z tryskové injektaZe

- Zatuhnuti clony z tryskové injektaze

- Provozni zatizeni nad budoucim vyrubem

- Vlastni vyrazeni vyrubu

3.4 POPIS VYVOJE DEFORMACI A NAPJATOSTI BEHEM
VYPOCTU

Primami napjatost: Program PLAXIS pracuje tak, ze pfi vypo&tu primarni
napjatosti zistava sit koneénych prvki neformovéana. Je to z toho divodu, Ze
deformace masivu probéhly uZ davno, a proto je neni uz nutné do vypoCta zahr-
novat. Velikost napéti véak odpovidé rediné situaci.

VYHLOUBENi STAVEBNi JAMY PRO ZALOZENi KLASTERA:

V této fazi se projevil éastedny nedostatek modelu, ktery vSak na dalsi faze
vypoétu nemé viiv. Jde o to, Ze vlivem deaklivovan( prvkil v prostoru stavebni
jamy doslo k odleh&eni v trovni zakladové spary, coz se projevilo deformaci sité
smérem nahoru o 12 mm. Toto chovani sité, kleré neodpovida realnému pfipa-
du, je zplisobeno pruznym chovanim prvki sité. Viivem deaktivace také doslo
k nepatrnému snizeni napéti pod zakladovou spérou.

ZATiZENi V ZAKLADOVE SPARE VLASTNI TIHOU KLASTERA:

Vlivem aktivace rovnomémého zatizeni doslo ke svislym deformacim zakla-
dové spary. Nar(st svislé deformace je 42 mm, coZ pFedstavuje celkové sedani
30 mm. Océekavané také doslo ke koncentraci napéti pod zékladovou spérou.

PROVEDENi CLONY Z TRYSKOVE INJEKTAZE:

V prostoru podzemni stény doSlo k narlstu vodorovnych deformaci az
0 1.6 mm (obr. 3).

ZATUHNUTi CLONY Z TRYSKOVE INJEKTAZE:

Narast svislych deformaci v oblasti podzemni stény o 1.3 mm.
PRITIZENI NADLOZi:
Nartst deformaci pod zatiZzenim o 1.3 mm. Zvy$eni napéti pod zatizenim.

RAZBA KOLEKTORU:

Véechny deformace vyrubu prob&hly smérem dovnitf (obr. 4) :

strop - 35 mm; dno - 50 mm; boky - 6 mm.

Deformace ostatnich ¢asti masivu (obr. 5) :

terén nad vyrubem - pokles 15 - 20 mm, zéklad klastera - pokles 6.5 mm,
max. vodorovné posuny podzemni stény - 3.5 mm

4. MERENI ,,IN SITU“

NIVELACNI MERENI:

Priibsh sedani zakladd klastera byl sledovan pomoci nivelaéniho méfeni.
Umisténi jednotlivych méfenych bodu je patmé ze situace (obr. 1). V obr. 6 jsou
vyneseny konecné naméfené hodnoty sedani zakladu v podéiném sméru ( pohy-
buji se od 2.1 mm do 5.9 mm ) a hodnota sednuti uréena MKP (6.5 mm).

INKLINOMETRICKE MEREN:

Stanoveni skuteénych vodorovnych deformaci zajistovaci stény bylo realizo-
vano pomoci inklinometrického méfeni. Timto méfenim je mozno Zjistit vodoro-
vnou deformaci méfici vypaznice, zabudované do zajiStovaci stény, ve dvou
navzajem kolmych rovinach s piesnosti vy$si nez + 0,2 mm na 1 m délky méfici
vypaznice [2].

Vodorovné posuny podzemni stény byly méfeny ve dvou profilech (01 a 02)
pomoci inklinometrl umisténych piimo ve sténé. Naméfené a vypoctené hodno-

a relief at the foundation level, caused by a deactivation of elements in the con-
struction pit. This process manifested itself in an upward deformation of the net-
work by 12 mm. This behavior of the network, which does not correspond to the
real case, is caused by the elastic behavior of the nelwork elements. As a result
of the deactivation, aiso the stress under the foundation level was slightly redu-
ced.

LOADING AT THE FOUNDATION LEVEL
BY THE MONASTERY DEAD WEIGHT:

As a result of activation of a uniform load, vertical deformations of the foun-
dation level occurred. The vertical deformation increased by 42 mm, which repre-
sents a total settlement of 30 mm. As anticipated, a stress concentration occur-
red under the foundation level.

EXECUTION OF THE JET GROUTING CURTAIN:

Horizontal deformations up to 1.6 mm occurred in the area of the diaphragm
wall (Figure No.3)

SETTING OF THE JET GROUTING CURTAIN:

An increase in vertical deformations in the area of the diaphragm wall
by 1.3 mm.

SUPERIMPOSED LOAD ON THE OVERBURDEN:

An increase in deformations under the load by 1.3 mm. An increase in stress
under the load.

THE UTILITY TUNNEL EXCAVATION:

All deformations of the excavated space occurred in the direction towards the
inside (Figure No.4): roof - 35 mm; bottom - 50 mm; walls - 6 mm

Deformations of the other parts of the massif (Figure No.5):

terrain above the excavation - settlement of 15 - 20 mm, the monastery founda-
tion - settlement of 6.5 mm; maximum horizontal displacement of the diaphragm
wall - 3.5 mm

4. IN-SITU MEASUREMENTS

Leveling: The progress of the monastery foundation settlement was monito-
red by means of leveling. Location of individual leveling points is shown in the
site layout (Figure No.1). The final measured values of the foundation seflement
in longitudinal direction (they fluctuate between 2.1 mm and 5.9 mm), and the
settlement value determined by the FEM (6.5 mm) are shown in figure No.6.

INCLINOMETRIC MEASUREMENT:

Determination of actual horizontal deformations of the protective wall was per-
formed by means of an inclinometric measurement. Through this measurement,
it is possible to determine a horizontal deformation of a measuring sleeve,
embedded into the protective wall, in two planes perpendicular to one another,
with the higher accuracy than + 0.2 mm per 1 m of the measuring sleeve length
2L

Horizontal displacements of the diaphragm wall were measured in two profi-
les (01 and 02) by means of inclinometers placed directly into the wall. To make
their comparison possible, the taken and computed values are shown in one dia-
gram. It is obvious in the diagram (Figure No.7) that the individual curves are qui-
te corresponding, in the values of the maximum achieved displacements above
all. The maximum horizontal displacement determined by measurement was
2.95 mm, by modeling 3.5 mm, which represents a total difference of 0.55 mm.
A deviation of the computed curve from the measured values is visible at the foot
of the diagram. This deviation is probably in relation to the manner of taking the
measures, which assumed a non-slide bearing of the inclinometer footing.

5. CONCLUSION

Protection of the Minorites’ monastery against the overburden deformations,
occurting above driven utility adits, by an external curtain consisting of columns
created by jet grouting has proved its efficiency.

The in-situ measured horizontal deformations of the protecting wall (3 mm) are
of the same order as the deformations determined by the FEM (3.5 mm). Their
effect on the horizontal settlement of the monastery foundation and on originati-
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ty jsou pro porovnani vyneseny do jednoho grafu. Z grafu (obr. 7) je patrné, Ze si
jednotlivé kiivky pomérné odpovidaji, pfedevsim velikosti maximalnich dosaze-
nych hodnot. Méfenim byl zjistén maximalni vodorovny posun 2,95 mm, mode-
lovanim 3.5 mm, coZ piedstavuje celkovy rozdil 0.55 mm. Ve spodni &asti grafu
je patrné odchyleni vypoctené kiivky od naméfenych kfivek. Tento rozdil souvisi
pravdépodobné se zplsobem inklinometrického méfeni, které predpokladalo
neposuvné uloZeni paty inklinometru.

5. ZAVER

Zajisténi zakladl Minoritského klastera vnéjsi clonou ze sloupt tryskové injek-
taze proti deformacim nadlozi, vznikajicim nad razenymi kolektorovymi chodba-
mi, prokazalo svou U¢innost.

"In situ" naméfené horizontaini deformace zajistovaci stény (3 mm) jsou fado-
vé stejné jako deformace uréeni fedenim MKP (3,5 mmy. Jejich vliv na svislé sed-
nuti zakladd klastera a mozny vznik poruch na budové Ize kvalifikovat jako zane-
dbatelny. Tento fakt prokazalo i nivela¢ni méfeni, kterym byla zji$téna maximél-
ni hodnota sedani zékladu kl&stera 5.9 mm. Tato hodnota je ve shodé se sed-
nutim zjisténym modelovanim MKP.
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[1] Bartdk, J.: 5. stavba sekundarnich kolektor Brno - zabezpeleni objektl
v nadlozi. CVUT Fsv, Praha 1995
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tu kostole sv. Jana v Brne. VUIS - Zakladanie stavieb, Bratislava 1996

[3] Brinkgreve, R. B. J., Vermeer, P. A.: Plaxis - Finite Element Code for Soil and
Rock Analyses - version 7. PLAXIS B. V., Rotterdam 1998

Bt — i A — b b b b b b e — et

Obr. 4
Smeéry naristu deformaci od razby kolektoru
Deformations increase directions from the utility tunnel excavation

Obr. 5
Kone¢na deformace sité konecnych prvki
Final deformation of the finite element network
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on of defects of the building can be classified as negligible. This fact was confir-
med by leveling, which determined the maximum value of the monastery foun-
dation settlement of 5.9 mm. This value is consistent with the settlement value
determined by the FEM modeling.
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TUNELY NA SEVERNIM PRODLOUZENI
TRASY C PRA2§KEHO METRA
(IV. PROVOZNI USEK TRASY C)

TUNNELS OF THE NORTHERN EXTENSION
OF THE LINE C OF THE PRAGUE METRO
(IVth OPERATIONAL SECTION OF THE LINE C)

ING. JOSEF KUTIL, INZENYRING DOPRAVNICH STAVEB, A.S,
ING. JOSEF KUNAK, ING. GEORGIJ ROMANCOV, ING. JIRI RUZICKA,
METROPROJEKT PRAHA, A.S.
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VYVOJ NAVRHU A KONECNE RESENI

Severni region Prahy je jednim z poslednich, které dosud nejsou obsluhova-
ny metrem. Pfitom nelze Fici, ze by se v planu rozvoje sité metra na tuto oblast
zapomneélo. Jiz ve studiich z roku 1968 a pak ve schvaleném generelu z roku
1971 trasa C z HoleSovic pokracuje pres Vitavu (aniz je specifikovano, zda mos-
tem ¢&i tunelem) do Kobylis, Proseka a kondl v oblasti dnesnich Letfian.
Skute€nost, Ze po tficeti letech zvaZovani, zpracovavani, posuzovani a posléze
zamitnuti daldich variant je dnesni vedeni trasy v této oblasti prakticky stejné,
svédei o vysoké profesionaini Urovni a skv&lé pfedvidavosti nasich tehdejsich
odbornikd. Trebaze hlavnim tématem tohoto &ldnku je pojednani o konstrukcich
a technologiich vystavby tunelovych staveb, je historie navrhu trasy natolik zaji-
mavd a pouéna, Ze je tfeba o ni fici n&kolik slov.

O tom, ze i do této ¢asti Prahy musi vést metro, se samoztejmé spory neved-

Obr. 1

Sit metra podle generelu r. 1971
Metro network according to the master plan of the year 1971

.

INTRODUCTION

DEVELOPMENT OF THE DESIGN AND THE FINAL SOLUTION

The northern region of Prague is one of the last regions which are not yet con-
nected to other parts of Prague by means of Metro. It cannot be said, though,
that the development plan of Metro network forgot this region. In studies of the
year 1968 and then in the approved general plan dated 1971, the line C from
Holesovice crosses the river Vitava (without any specification whether over
a bridge or through a tunnel) to Kobylisy, Prosek, and it is terminated in the area
of Letnany. The fact that after thirty years of thinking, elaborating, evaluating and
at last rejecting of further variants, the today'’s location of the line in this region is
in fact the same, reflects the high professional level and excellent anticipation of
our experts of that time. In spite of the fact that the main subject of this article
resides in a treatise on structures and technologies of tunnel constructions, the
history of the design of the line location is so interesting and instructive that it is
necessary to say several words about it.

Obr. 2
Sit metra r. 1999 a pfedpokladany vyhled
Metro nework of the year 1999 and the supposed prospect
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ly. Existuje véak nékolik okolnosti, které navrh (oproti jinym lokalitdm) vyrazné
komplikuji. Pfedevsim je to umisténi jednotiivych sidlitnich celkd Severnino
mésta, které jsou ve vziahu k centru usporadany tangencialng, na rozdil od vét-
Siny ostatnich (tfeba Jihozapadniho nebo Jizniho mésta), které lezi viceméné na
radialach. Dale je to znaény vyskovy rozdil, kterj musi trasa metra na pomérné
kratkém aseku zdolat. V neposledni fadé pak skuteénost, Ze na samém zacatku
Useku je tieba prekonat fecisté Vitavy (coz se jiz v Praze tiikrat Uspésné poda-
filo), ale umisténi zatim posledni stanice, na niz trasa navazuje (Nadrazi
Holegovice), z toho ucinilo jeden z kardinalnich problémd, ktery ani po dvaceti
letech zkoumani neni vyfesen k Uplné spokojenosti véech zlcastnénych.
UkaZme ve strugnosti, pro¢ a jakym zptsobem pravé tyto okolnosti ze IV. pro-
vozniho Useku trasy C uéinily jednu z nejdiskutovanéjsich tras v celé historii praz-
ského metra.

Zaénéme pfechodem Vitavy. Jeho fegeni je ptimo zavislé na poloze stanice
Nadrazi Hole3ovice. Citujeme z publikace "Prazské metro - étvrta dimenze vel-
komésta"(str. 21 - 22): "SloZité rozhodovani probéhlo ... protoZe existoval roz-
por v nazorech na dal$i vedeni trasy C do prostoru Severniho mésta. Jiz tehdy
se zvaZovala kratka varianta, piimo na Kobyliské namésti, a dlouha varianta,
dovedena do stejného mista pfes Tr6ju, Bohnice a Cimice. Dlouho se zvaZo-
valo i rozhodnuti, zda trat vést po mosté pies Vitavu nebo tunelem pod ni.
Nakonec bylo schvéleno uspofadani podle zlepSovaciho namétu, ktery navrhl
univerzalni polohu stanice, umoziujici pokradovani trasy C dlouhou i kratkou
variantou, mostem i tunelem." Tento navrh sice umoznil zprovoznit trasu
C mezi Florenci a Holesovickym nadrazim, jeji dalsi pokracovani véak vyrazné
zkomplikoval. A to zejména proto, ze ani pfi vyuZiti maximéiniho dovoleného
podéIného sklonu trasy nelze prekonat Vitavu v takové hloubce, ktera by byla
z hlediska vy$kové polohy tunelu optimaini. Co se tyée varianty mostniho pfe-
chodu, ta byla zamitnuta pfedevaim z hlediska urbanistického. Nicméné, "uni-
verzalni" poloha stanice Nadrazi HoleSovice komplikuje i eventuelni realizaci
mostu, nebot s trasou nelze vystoupat tak, aby spodni hrana konstrukce neby-
la v Gastetné kolizi s profilem plavebni drahy. Technické fedeni tunelového
podchodu Feky je detailngji popséno dale; ze véeho pak jednoznacné plyne, ze

i~ o] BOHNICE =" &7
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Obr. 3
Zakladni varianty vedeni IV C1 navrhované v pribéhu let 1980 - 1995 véetné definitivné schvéleného
Basic variants of line IV C1 designed in the course of 1980 - 1995, inclusive the final variant

Of course, there were no disputes as to the fact that even this part of Prague
must be provided with Metro, but there exist several circumstances which consi-
derably complicate the design (with respect to other localities). First of al, itis the
situation of individual housing estate parts in the Northern City which are arran-
ged, with respect to the centre, tangentially, unlike to the majority of other
boroughs (such as South-Western City or Southern City) which are situated app-
roximately on radial lines. Further, there is a considerable difference in the ele-
vations which the Metro line must overcome within a short distance. Not on the
last place one must mention the fact that at the very beginning of the line there
must be crossed the river Vitava (which exercise has been already successfully
passed three times in Prague), but the location of the hitherto existing last stati-
on to which the line is joined (Railway Station HoleSovice) made of it one of the
most complicated problems which even after twenty years of investigation has
not yet been solved to the satisfaction of all participants. Let us show briefly why
and in what a way, just those circumstances made the IVth operational section
of the line C one of the most discussed lines in the whole history of the Prague
Metro.

Let us start with the crossing of the river Vitava. lts solution depends directly
upon the position of the Metro station ,Railway Station HoleSovice". We cite from
the publication ,Prague Metro - the fourth dimension of the City" (pages 21-22):
A complicated deciding took place because there existed contradictions in opi-
nions concerning the further location of the line C into the area of the Northern
City. Already at that time there was taken into consideration a short variant -
directly to the Kobylisy Square, and the long variant - going to the same place,
but through Troja, Bohnice and Cimice. For a long time there was considered
even a decision, whether the line should cross the river Vitava over a bridge or
through a tunnel under the river. At last there was approved an arrangement
according to an improvement suggestion, which suggested a universal position
of the station, making it possible, for the line C to continue both in the long and
short variant, over a bridge or through a tunnel.” Said suggestion made it pos-
sible to set into operation the line C between the stations Florenc and Railway
Station Holedovice, but it complicated considerably its further continuation, espe-
cially due to the fact that even when utilizing the maximum allowed longitudinal
slope of the line, the river Vitava cannot be crossed in such a depth which would

f
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vyfesit jeden problém vytvofenim problému jiného, ktery bude nutno Fesit
pozdéji, je velice kratkozraké.

Dal&im spornym bodem, o kterém se vedly nekone¢né diskuse, byl vybér mezi
"kratkou" nebo "dlouhou” variantou (viz vy3e uvedend citace). Tangenciaini
usporadani jednotlivych sidlistnich celkii Severniho mésta muselo nutné tuto dis-
kusi vyvolat. "Dlouhd" varianta na prvni pohled obslouzi daleko vétsi ¢ast (zemi,
a proto méla mnoho zastancl nejen mezi laiky, ale i mezi dopravnimi odborniky.
Teprve opakovanymi analyzami, zpracovanymi nezavisle na sobé specialisty
mnoha profesi se prokdzalo, Ze tato vyhoda je jen zdanliva. Lep$i dostupnost
metra pro &ast dbyvatel relativné malého sidlisté Bohnice by byla draze zapla-
cena jak nedmérmym zvySenim investiénich nakladl (pfes miliardu K¢) a drazsim
provozem, tak pfedev$im Sasovymi ztratami fadové vétsiho poctu cestujicich
z Kobylis, Proseka, Letfian a mnoha dalsich dopravné navazujicich regiond. Je
tfeba fici, Ze tato vlekla diskuse, kdy zastanci "dlouhé" varianty opakované odmi-
tali vysledky provozné-ekonomickych posouzeni i dalsich studif, prokazujicich jej
nevyhodnost, zplsobila odsun realizace tohoto Useku metra vice nez o jedno
desetileti.

Rozhodnutim o tunelovém pfechodu Vitavy a stabilizaci smérového vedeni
trasy ve prospéch "kratké" varianty se vSak zhorsily moznosti pro pfekonani
znaéného vyskového rozdilu mezi Gdolim Vitavy v prostoru Tréje a povrchem
terénu oblasti Ladvi. Kéta dna feky se pohybuje kolem 176,60 m n.m., terén
u Ladvi kolem 290 m.n.m, tedy vyskovy rozdil téméf 115 m, k jehoZ piekonani
bylo k dispozici nejvyse 3300 m délky trasy. Maximalni spad koleji metra teore-
ticky sice €ini 40%o, avSak vzhledem k tomu, Ze v trase se nachazely 3 stanice
(Troja, Kobylisy a Ladvi), u nichZ je predepsan podéiny sklon 3%o, vychazela
hloubka stanice Kobylisy kolem 45 m pod terénem a stanice Ladvi téméf 15 m.
Tyto hloubky (stanice Kobylisy razend, stanice Ladvi hloubend) mély daleko do
optimélnich a zbyte¢né zvysovaly jak investi¢ni, tak provozni naklady v tomto
Useku, nemluvé o ztratach ¢asu a nepohodli cestujicich, nucenych piekonavat
(byt pomoci eskalatorll) tyto znaéné vyskové rozdily - piiklad stanice Namésti
Miru je dostate¢né odstrasuijici.

Byly zkouméany rlizné zplisoby feseni tohoto problému: zvy§eni maximalniho
sklonu koleji, umélé prodlouzeni délky trasy, resp. kombinace obou, ale tyto ces-
ty k cili nevedly. Bylo v8ak provedeno nové detailni posouzeni provoznich a zaté-
zovych ukazatell trasy a ukdzalo se, Ze stanice Tréja vzhledem k nékterym
novym skutecnostem (mj. zachovani tramvajové trati z Holeovic do Tréje, ktera
bude vedena po nové navrhovaném silniénim mosté, spojujicim oblast HoleSovic
s méstskym okruhem, vedenym podél Vltavy na trojské strané) mdze byt vypus-
téna, aniz to bude mit na dopravni obsluhu regionu negativni vliv. Toto zjidténi
umoznilo zahdjit stoupdni trasy bezprostfedné po podejiti Vitavy a tim umistit
vySe uvedené stanice do hloubek, provozné i stavebné daleko piijatelngjsich.
Spolu s dsporou, plynouci z vypusténi jedné stanice, klesly diky tomuto feeni
investiéni naklady na tento Usek téméf o 1 miliardu K¢.

TROJA
VARIANTA “ MOST “
E VARIANT “ BRIDGE “
|
— 198,000

197,420

GABARIT

( 100 YEARS)

178,950

Cbr. 4
Limitni pribéhy nivelety koleji a konstrukei tunelu resp. mostu pfi rliznych variantach prekonani Vitavy
Limit courses of the rail profile grade and of the tunnel structures / the bridge level lines at various kinds of crossing of the river Vitava.

STOLETA VODA 188,00
FLOOD WATER LEVEL

represent the optimum with respect to the height position of the tunnel. As to the
variant of the bridge crossing, it was rejected first of all with respect to the cily
planning point of view. Notwithstanding the ,universal” position of the station
Railway Station HoleSovice complicates even realization of the bridge, if need
be, because it is not possible for the line to rise in such a way that the lower edge
of the structure may not partially collide with the profile of the shipping way. The
technical solution of the tunnel crossing of the river Vitava is described in more
details beneath. What was just said shows that it is not too reasonable and
advantageous to solve one problem by creating another one which shall have to
be solved later.

Another controversial problem which was endlessly discussed, was the selec-
tion between the ,short” and ,long" variant (see the above citation). The tangen-
tial arrangement of individual housing estate parts of the Northern City had to
give rise to said discussion. The ,long" variant seems to be advantageous,
because it can cover a large area, and that is why it had many supporters not
only among laymen but even among transport experts. Only by repeated analy-
ses elaborated independently by specialists of many professions, it was proved
that said advantage is seaming only. A better accessibility of a small residential
area Bohnice would be inefficiently paid both by a disproportionate increase of
investment costs (over one milliard CZK), by a more expensive operation, and
from the transport point of view - in the first place - by time losses, higher by an
order, of passengers from Kobylisy, Prosek, Letriany and from other linking up
regions. It is necessary to say that said long discussion, when propagators of the
Jong“ variant refused repeatedly results of operational-economical judgements
and other studies proving that it is disadvantageous, caused the defay in reali-
zing this Metro section by more then one decade.

By the decision to cross the river Vitava by means of a tunnel and by stabili-
Zing the line direction according to the ,short variant, there were worsened pos-
sibilities for overcoming the considerable elevation difference between the valley
of the river Vitava in the area of Troja, and the ground surface in the Ladvi area.
The spot elevation of the river bottom is about 176.60 m o.s., the spot elevation
of the ground at Ladvi is about 290 m o.s., so that the level difference amounts
about to 115 m. For its overcoming there was at disposal max. 3 300 m of the
line length. The maximum slope of Metro rails amounts theoretically to 40 %.,but
with respect to the fact that on the line there took place three stations (Troja,
Kobylisy and Ladvi} where the longitudinal slope is prescribed to 3 %., the depth
of the station Kobylisy had to be about 45 m under the ground and the station
Laavi nearly 15 m. Said depths (the station Kobylisy - driven, the station Ladvi -
cut-and-cover) were far from the optimum and they uselessly increased both
investment costs and operational ones in this section - not to say anything about
time losses and uncomfort of passengers, who must overcome (let it be even by
means of escalators) said considerable height differences. The example of the
station Namésti miru is sufficiently deterrent.

There were investigated various solution ways of this problem: to increase the
maximum track gradient, an artificial extending of the line, even a combination of

NADRAZ| HOLESOVIC
RALIWAY STATION

HOLESQVICE
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NEKOLIK ZAKLADNICH UDAJU O TRASE

IV.provozni Gsek trasy C je ¢lenén na dva samostatné funkéni dseky. Usek
IV.C1 zahmuje prodlouzeni provozované trasy C ze stanice Nadrazi HoleSovice
pes stanici Kobylisy do Ladvi, Usek IV.C2 je daldim prodlouZenim do oblasti
Proseka a Letfan.

Na Usek trasy IV.C1 bylo vydano Gzemni rozhodnuti. Toto platné rozhodnuti se
nyni dopliiuje o zmény vzniklé vypusténim stanice Troja a tim dané zmény nive-
lety trasy. Sou¢asné se zpracovava dokumentace pro stavebni povoleni. Pro
zlepdeni dopravni obsluhy oblasti Bohnic a Cimic po uvedeni trasy IV.C1 do pro-
vozu se nyni projedndvé i feSeni navazné dopravy s napojenim na stanici
Kobylisy.

Hlavni mésto Praha predpoklada zahajeni vystavby ve druhé poloving roku
2000. Na zahéjeni praci vy¢lenilo na roky 2000 a 2001 pfedevsim prostiedky zis-
kané z vydané druhé emise obligaci. Celkové naklady stavby dosahnou vyse az
7 miliard K&. Pfedpoklada se, ze na financovani vystavby se mimo hlavniho més-
ta Prahy bude podilet také stat. Investorem stavby je Dopravni podnik hl. m.
Prahy a.s., pro ktery inZenyrské ¢innosti zajituje InZenyring dopravnich staveb
a.s. Projektantem stavby je Metroprojekt Praha a.s. Dodavatel bude vybran ve
vybérovém fizeni.

Lze tedy tento Gvod uzavitt konstatovanim, Ze dlouhotrvajici piiprava se nako-
nec vyplatila: pfinesla vyraznou Usporu z hlediska jak investicnich, tak provoz-
nich nakladti, i optimalizaci piepravnich charakteristik tohoto provozniho useku,
bez zhordeni kvality obsluhy Uzemi. To vak neznamend, Ze béhem realizace
nebude nutno vyfesit celou fadu novych technickych problémd, z nichZ vétsina
se tyka pravé tunelovych staveb. Patfi k nim pfedevsim:

- pfekonani Vitavy jimkovanim (technologie na prazském metru dosud nikdy
nepouzita)

- razba dlouhého tseku dvoukolejného tratového tunelu v maximélnim spadu
Novou rakouskou tunelovaci metodou (ddle ve zkratce NRTM - na metru
zatim vyraZen pouze jeden dvoukolejny tunel na stavbé IVB)

- razba dvojlodni stanice NRTM v celém rozsahu (razenou dvojlodni stanici
dosud v Praze nemame), na nékterych stanicich IVB pomoci NRTM bylo vyra-
7eno jen nékolik diléich, navzajem nesouvisejicich asti.

PREKONANI VLTAVY A POBREZNIHO USEKU

Tato ¢ast trasy je vzhledem k jejimu vykovému pribéhu navrZena v hloube-
nych tunelech. Je rozdélena na dvé &asti, a to Usek budovany v fe€isti (od sta-
na pravém bfehu az po portal navazujicich raZenych tuneld smérem ke stanici
Kobylisy (tunely Troja).

PODCHOD VLTAVY

Tratové tunely se napojuji cca 20 m od levého biehu Vitavy na konstrukei sta-
vajici stanice Nadrazi Holesovice. Obloukem 8ikmo kfiZuji ve vzdalenosti cca 150
m od provizorniho tramvajového mostu tok Vitavy a v prostoru mezi protipovod-
fiovou hrazi a Vitavou navazuji na pravém biehu na hloubené tunely Tréja. Mimo
vlastni tratové tunely je v této &asti jako daldi hlavni stavebni objekt umisténa
zakladni jimka, ktera je situovana vné levé koleje. V konstrukei tratovych tuneld
budou zhruba po 100m provedeny prostupy o plo$e min. 20 m?, které budou
slouzit jednak jako vzduchové propojky pro zmiméni pistovych G€inkd pfi jizdach
vlakd metra, jednak pro vedeni piipojek z tunelového vodovodu.

Vy&kové vedeni tunelt metra v tomto oddile vychdzi jednoznaéné z vyskove-
ho umisténi stavajici stanice Nadrazi HoleSovice v tzv. univerzalni poloze, a na
trojské stran pak je ovlivnéno polohou kanalizaéniho sbérage pod navazujicimi
funely. Vystavba bude realizovana v pfevazné ¢asti v sedimentech idolni manin-
ské terasy feky Vitavy. Spodni East stavebni jamy pak bude realizovana v ordo-
vickych horninach. Udolni sedimenty jsou v celém rozsahu silné zavodnéné.
Vzhledem k jejich zmitostnimu sloZeni, jejich pozici a pfimé hydraulické zavislosti
na hladiné feky je nutné po&itat s pomérné silngjsim prilinovym proudénim pod-
zemni vody. Prostfedi terasy je velmi silné propustné (K=1,10%-10° m sec”). Stér-
kovité zeminy jsou velmi ulehlé, velikost valound je do 5 - 10 em, ojedinéle,
zejména v Fedidti i vatsi.

V tseku pod Vitavou bude pfevazna ¢ast tézeného materidlu fluvidini sedi-
menty. Pouze mala ast - dno jimek - bude tvofeno ordovickymi horninami.

Vzhledem ke sloZitosti probiému, kdy nelze pouZit klasické zpisoby podcho-
du Vitavy metrem (raZené tunely), je nutno provést vystavbu netradiénimi meto-
dami - metodou postupného jimkovani pomoci suchych, vzajemné na sebe nava-
zujicich jimek.

Vystavba vlastniho tubusu metra (Zelezobetonova konstrukce s vnéjsi ocelo-

both solutions, but said ways did not lead to the end. There was performed
a new, detailed evaluation of operational and load parameters of the line and it
was proved that the Troja station, with respect to some new facts (among others
to save the tram line from Holeovice to Troja, which shall be led over the newly
designed road bridge, connecting the Holeovice area with the Cily circuit road,
led along the river Vitava on the Troja side) can be omitted without any negative
influence lo transport conditions of this region. Said founding eut made it pos-
sible to start the rise of the line immediately after undergoing the river Viiava, and
that is why it was possible to situate the mentioned stations in depths more
advantageous from the operational and constructional point of view. Due to said
solution, together with the savings caused by omitting one station, investment
costs for this section were decreased nearly by one billion CZK.

SEVERAL BASIC DATA CONCERNING THE LINE

The IVth section of the line C is divided in two independent functional secti-
ons. The section IVth C1 includes the extension of the operated line C from the
Metro station Railway Station HoleSovice through the station Kobylisy to Ladvi,
the section IVth C2 is a further extension into the area of Prosek and Letriany.

For the section of the line IVth C1 a zoning and planning decision has been
issued. Said valid decision is now completed with respect to changes arisen by
omitting the Troja station and by this fact caused changes of the vertical align-
ment of the line. Simultaneously there are being elaborated plans and docu-
mentation for the building permit. To improve transport services in the area of
Bohnice and Cimice after setting the line section IV Cl into operation, there are
discussed at present even solutions of the linking up transport as to the conne-
ction to the station Kobylisy.

Capital Prague supposes to start the construction in the second half of the
year 2000. With respect to the beginning of works there were ensured financial
means for the years 2000 and 2001 in the first place from the second emission
of bonds. Total costs will amount up to 7 billion CZK. It is supposed that on finan-
cing the construction there will participate, besides Capital Prague, the state too.
The company Dopravni podnik hl. m. Prahy, a.s., for which the company
InZenyring dopravnich staveb a.s. ensures engineering activities, became the
owner of the construction. Metroprojekt Praha a.s. became the engineering con-
sultants of the construction, and the contractor shall be selected in a tender.

That is why this introduction may be completed with a statement that the long
preparation paid in the end: it provided considerable savings with respect to both
investment costs and operational ones, and it optimized transport characteristics
of this operational section without worsening the quality of transport services for
this area. It does not mean, though, that during the realization it will be not neces-
sary to solve many new technical problems, most of which concerning directly
tunnel structures. In the first place the following problems are supposed to be sol-
ved in the future:

- crossing the river Vitava when using a cofferdam method (the technology not
yet applied when constructing the Prague Metro)

- driving of a long section of a double track running tunnel in a maximum gradj-
ent by means of the New Austrian Tunnelling Method (hereinafter NATM only)
- in the Metro network there was driven so far only one double track running
tunnel in the construction of the line IVB)

- driving of a double bay station by means of NATM in the whole extent (in
Prague there does not exist any double bay station so far), in some stations
of the line IVB there were driven by means of NATM only several partial parts
being mutually in no relation.

CROSSING OF THE RIVER VLTAVA
AND OF THE RIVER BANK SECTION

This part of the line is designed, with respect to its profile grade, in cut-and-
cover tunnels. It is divided into two parts, viz. a section constructed in the river-
bed (from the existing terminal station of the line il C, viz. the station Railway
Station Holesovice up to the opposite river bank) and the section on the right
river bank up to the portal of linking up driven tunnels in the direction to the sta-
tion Kobylisy (Troja tunnels).

UNDERPASS OF THE RIVER VLTAVA

The track tunnels link up about 20 m from the left bank of the river Vitava to
the structure of the existing station Railway Station HoleSovice. They cross the
river Vitava obliquely in a curve in the distance of about 150 m from the provisi-
onal tram bridge, and in the space between the antiflood dam and the river Vitava
they link up, on the right bank, to cut-and-cover Troja tunnels. Besides the pro-
per line tunnels, there is seated in this part, as the main building unit, the basic
pit which is situated outside the left rail. In the structure of track tunnels, there will
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vou izolaci a ochrannym ocelovym pancifem) se piedpoklada ve tfech suchych
jimkach. Tvar jimek je hydraulicky s ohfedem na prechod velkych vod a tvorbu
vymoll. Osa jimek sleduje proudnici feky. Koneény pocet jimek je vysledkem
pribézného projednavani se zainteresovanymi partnery (Povodi Vitavy, Statni
plavebni sprava) a jejich vliv na proudéni vody v fecisti byl pfedmétem hydrau-
lického posouzeni (Hydroinform a.s.),

Konstrukce jimek je fedena dvojitou nasazenou Stétovou sténou s vnitfnim,
jilovitopisCitym zasypem. Stény jsou spojeny navzéjem tahly. Pata je zajisténa
injektazemi a v cele v misté trasy tunel(l je navic zajisténa mikropilotami. Vlastni
jimka je vZdy chranéna proti vymollim kamennym zahozem a proti po$kozeni
lodmi svodidly. Definitivni feSeni zabraruje zaneseni konstrukel trojského jezu
splaveninami pfi pfechodu velkych vod. Vlastni §tétovd sténa je ze Stétovnic typu
LARSSEN llin, horni hrana je na Urovni cca 182,0 m n.m., coz odpovida zhruba
3-leté vodé (vzhledem k predpokladané dobé vystavby a pojisténi dila). Jimky
budou navazovany s pfesahem, v pfedchozi jimce bude vybudovan zarodek jim-
ky nasledné vé. zarodku pro prinik $tétovych stén naslednych jimek.

Jimka na trojském bfehu navazuje na zajisténi stavebni jamy navazujicich
hloubenych tunell a zasahuje cca do poloviny toku feky. Vystavba je provadéna
ze biehu pomoci sjizdné rampy. Riéni jimka bude budovana ze soulodi. Zavazan(
jimky na holeSovické strané do biehu je provedeno jednoduchou $tétovou sté-
nou a navazuje na podzemni stény stavebni jamy stanice Nadrazi Holesovice.

Vlastni konstrukce tratovych tunelt je klasicka Zelezobetonova s vnéjsi ocelo-
vou izolaci, krytou ochrannou vrstvou betonu tl. 20 cm. Na této vrstvé je jesté
navrzeno kryti Zelezobetonové konstrukce pancifem ze specidlni chromnikl-
molybdenové oceli, jako ochrana proti kotvent lodi. Toto opancéfovani je v ¢asti
profilu feky doplnéno kamennym z&hozem, jehoz horni plocha je v celé fece na
kété 177,0 m. V &asti u holeSovického bfehu vystupuije viastni konstrukce 73 cm
nad Uroven idedlniho dna.

Vystavba bude provadéna v jimkéch po dilataénich dilech. V mistech napoje-
ni jednotlivych jimek jsou tunely docasné zaslepeny betonovou sténou DIA-
FRAGMA. Z diivodil provadéni izolace je navrzen spoleény tubus pro oba smé-
ry metra. Mezilehly prosior mezi obéma tunely je zaplnén prostym betonem
a slouzi zarover jako zatéz proti vztlaku. Vystavba bude provadéna ve sméru od
hloubenych tuneltl Troja ke stanici HoleSovice ze zafizeni stavenité v Troji.
Doprava do jimek bude bud hotovymi tunely metra, nebo po vodé lodmi pfipad-
né mostnim provizoriem v pfipadé fiéni stfedové jimky. Pfedpokladana doba
vystavby jedné jimky je cca 6 - 9 mésica.

Na trojském bfehu Vltavy bude vybudovano piistavidté nakladnich lodi v mis-
té zdboru ZS. Pristav bude slouzit pro naklddku vytéZené zeminy na stavbé tra-
sy IV.C a umozni tak odlehgit zatizeni pfilehlych oblasti stavenistni dopravou.

HLOUBENE TUNELY TROJA

Vystavby této Casti trasy bude probihat pfevazné v sedimentech tdolni manin-
ské terasy feky Vltavy. Spodni ¢ast tunell je zaloZzena v dobrotivskych bridlicich
ordovického stéfi. Udolni sedimenty jsou silné zvodnélé a hladina spodni vody je
v pfimé zavislosti na hladiné Vltavy.

Vystavba bude provadéna v jAmé zapaZené nasazenymi podzemnimi sténa-

KOBYLISY

Obr. 5

be made, after about every 100 m, openings of the minimum area of 20 sqm
which will serve both as air connection openings for decreasing piston effects
when Metro trains pass, and for branch lines from the tunnel water supply.

The profile grade of the Metro tunnels in this section is based on the elevati-
on of the existing station Railway Station HoleSovice, in the so called universal
position, and on the Troja side it is affected by thé position of the sewer under the
linking up tunnels. The construction shall be realized mostly in sediments of the
Maniny valley terrace of the river Vitava. The lower part of the construction pit
shall be realized in Ordovician rocks. Valley sediments are water-beating in the
whole extent. With respect to their grain size composition and direct hydraulic
dependence upon the river level, it is necessary to take into account a relatively
strong penetration streaming of ground water. The terrace is very permeable (K =
1.10% to 10° m sec'). Gravel soils are very compact, the size of boulders
amounts up to 5 to 10 cm, isolatedly, especially in the river bed, the boulders are
even bigger.

In the section under the river Vltava, the prevalent part of the extracted mate-
rial will be represented by fluvial sediments. Only a small part - the bottom of pits
- will be formed by Ordovician rocks.

With respect to the complicated problem, when classical methods (driven tun-
nels) for underpassing the river Vitava by Metro cannot be applied, it is neces-
sary for the construction to be carried out by means of unusual methods - a met-
hod of subsequent pits by means of dry cofferdams linking one to the other.

The construction of the proper Metro tube (a reinforced concrete structure with
an outside steel insulation and protective steel armour) is supposed to be made
in three dry cofferdams. The cofferdams shape is hydraulic with respect to the
large amount of flowing water, and to forming scores. The axis of the cofferdams
follows the streamline of the river. The final number of the cofferdams is a result
of a current discussions with interested partners (the Vitava Basin, the State
Navigation Administration), and their influence upon the water stream in the river-
bed was the subject of a hydraulic expert opinion (Hydroinform a.s.).

The structure of the cofferdams is solved by means of a double sheet-pile wall
with an internal clay-sand fill. The walls are mutually joined by means of tie rods.
The foot is secured by means of grouling and on the heading in the place of the
line of tunnels it is also secured by means of micro piles. The proper cofferdam is
always protected against potholes by means of a stone packing, and against
damages caused by ships it is protected by means of barriers. The final solution
prevents the structure of the Troja weir from the river bed loading during torrenti-
al flows. The proper sheet-pile wall is made of sheet piles, type LARSEN liin, the
upper edge is at the level of about 182.0 m o0.s. which approximately corresponds
with the 1 in 3 years flow (with respect to the anticipated construction period and
insurance of the works). The cofferdams shall be linked up with an overlap. In the
preceding cofferdam there shall be constructed a germ of the following pit, inclu-
sive a germ for passing through sheet-pile walls of following cofferdams.

The cofferdam on the Troja bank links up to the support of the building pit of
the linking up cut-and-cover funnels and it reaches up to the half of the river stre-
am. The construction is carried out from the bank by means of an access ramp.
The river cofferdam shall be built by means of coupled barges. Anchoring of the
cofferdam on the Holesovice part to the bank is performed by means of a simple
sheet-pile wall, and it links up to underground walls of the building pit of the sta-
tion Railway Station HoleSovice.

HOLESPVICE
RAILWAY STATION
HOLESPVICE

Podélny profil trasy - varianta se 3 a se 2 stanicemi ( definitivni - bez stanice Troja )
The longitudinal profile of the line - the variant with 3 and 2 stations ( final variant - without the station Troja )
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mi zapudténymi do podloZi z ordovickych biidlic, zajisténymi jednou aZ tfemi
fadami pramencovych kotev s pfevazkami. Skalni stény jamy v bfidlicich jsou
zajistény horninovymi svorniky a stifkanym betonem tloustky 15 - 20 cm.

V zajisténé jameé bude vybetonovén a zaizolovan objekt hloubenych tunell
a po ukonéeni izolaénich praci budou v podzemnich sténach vybourana okna pro
priitok spodnich vod do pritokovych drenaZnich kandlt. Pfistup do zapazené
jamy je rampou situovanou severné od zapaZeni jamy. V rampé je realizovana
jllocementova sténa k zabranéni prisaku do jamy. Rampa bude vyuZivana pro
odtézovani zeminy z prostoru hl. tunell a pfipadné z tratovych tuneld podchéze-
jicich Vitavu. Do severni ¢asti jAmy s portalem razeného tunelu je navrzena ram-
pa z prostoru ul. Povitavska pfed objektem Elektrotechnicky zku$ebni ustav. Ta
bude vyuzivana pro odtéZovani zeminy z této ¢asti jAmy a z navazuijiciho raze-
ného tratoveho tunelu.

Konstrukce hloubenych tunell je navrzena jako monoliticky Zelezobetonovy
jednopodlazni ram o dvou polich se stfedni délici sténou. Osova vzdalenost kole-
ji je proménna. Z vyskového vedeni trasy vyplyva, Ze konstrukce tratovych tune-
I vystupuje v poloving délky Useku nad terén. V definitivnim stavu bude kon-
strukce presypana zemnim télesem.

Pro zabranéni vzduti spodnich vod a zajisténi bezkolizniho priitoku spodnich
vod pod hloubenymi tunely Troja jsou pod zékladovou deskou vybudovany ve
sméru toku feky pratokové drenazni kanaly o pfiéném fezu 2,5 x 1,5 m osové
vzdalené cca 25 m, zasypané propustnym materidlem.

RAZENE TRATOVE TUNELY

VSEOBECNE UDAJE

RaZené tratové tunely navazuji na hloubené tunely v tdolni nivé feky Vitavy
na Upati kopce "Dlazdénka". Tento pomémé Uzky hfeben podchazi dvoukolejny
tunel v délce 300 m. Trasa metra potom mélce kfizuje ulici Trojskou kratkym
hloubenym Usekem délky 100 m, jehoZ souéasti je i strojovna hlavniho vétrani
a vétraci achta. Za kiiZzenim s ulici Trojskou pokracuje razeny dvoukolejny tunel
smérem ke stanici Kobylisy v délce 1000 m. Pfed stanici Kobylisy navazuji na
dvoukolejny tunel 2 jednokolejné tunely v délce cca 350 m a Usti do razené sta-
nice Kobylisy. Tento razeny Usek ma pfevazné mohutné nadlozi mocnosti 30 - 45
m. Vyjimkou jsou portalové tseky a to pfedevaim v ulici Trojské, ve sméru ke sta-
nici Kobylisy, ma dvoukolejny tunel v Gvodni éasti v délce 40 - 50 m minimalni
nadloZi a razba bude vyzadovat sanacni opatfeni nad klenbou tunelu, Posunout
portal do prostoru s vétdim nadlozim bohuzel nenf mozné, protoze trasa metra
podchazi chranéné Uzemi a jakykoliv zasah do néj je vylou€en. Pfistup do dvou-
kolejného tunelu je sjezdovymi rampami, pfimo z terénu, jak v tdoli Vitavy z uli-
ce Povltavské tak i z ulice Trojské pfes hloubeny Usek. Za stanici Kobylisy pokra-
¢uji razené tratové tunely smérem ke stanici Ladvi, opét nejprve jednokolejnymi
tunely v délce 210 m a pokraduji dvoukolejnym tunelem délky 500 m. VySka
nadlozi se pohybuje v rozmezi 7 az 27 metrd. Dvoukolejny tunel Gsti portalem do
hloubenych tunelll pfed stanici Ladvi, kde bude vybudovana sjezdova rampa,
umoznujici pfimy piistup do tunelu s povrchu,

GEOLOGICKE POMERY

Skalni podklad celé oblasti razenych tuneld na trase IV.C1 (v&etné stanice
Kobylisy) je tvofen ordivickymi sedimenty, zastoupenymi souvrstvim $areckym
ve faccii biidlic a dobrotivskymi vrstvami v bfidliéné facii a ve vyvoji skaleckych
kfemenctd. Od stani¢eni km 16,00 jsou ordovické horniny pfekryty kfidovymi
sedimenty s bazi cca 275 - 276 m n.m. Kfidové sedimenty tvofi strmy svah. Na
pravém biehu Vltavy je naruden erozivnimi brazdami vypinénymi deluviofluvial-
nimi a fluvidlnimi sedimenty. Mimo erozivni brazdu je celkovy svah vyrovnan
nepravidelné mocnymi svahovymi sedimenty. Povrch kfidovych sedimentl je
vyrovnan eolickymi a svahovymi uloZeninami a nepravidelné mocnymi navéz-
kami.

DVOUKOLEJNE TUNELY

Prevazny rozsah razenych tratovych tunell na této stavbé (celkem 1800 m)
tvofi dvoukolejné tratové tunely razené technologii NRTM. Konstrukce tunelu
i technologie vystavby byly Uspésné ovéfeny pfi vystavbé V. provozniho Useku
trasy B, ktera byla uvedena do provozu v roce 1998. Problematice profilu i postu-
pu vystavby dvoukolejného tunelu bylo mimo jiné vénovano jiz nékolik ¢lanka
v tomto Gasopise a proto se tim nebudeme podrobné zabyvat a uvadime ve
struénosti jenom nékolik zakladnich faktl: Plocha vyrubu zakladniho profilu tune-
lu pro osovou vzdalenost koleji 3,5 - 3,7 m je 56 - 58 m?; umoziuje vedeni trasy

The proper structure of line tunnels is a classical, reinforced concrete one,
provided with an outside steel insulation, covered with a protective layer of conc-
rete, thickness 20 cm. On said layer there is designed a coverage of the reinfor-
ced concrete structure with an armour made of special chromium-nickel-molyb-
denum steel as a protection against anchoring of ships. This armouring is com-
pleted in a part of the profile with a stone packing, the upper surface of which is
kept in the whole river at the level of 177.0 m. In the part at the HoleSovice bank,
the proper struclure rises 73 cm over the level of the ideal river bed.

The construction shall be carried out under protection of cofferdams gradual-
ly, one dilatation part after the other. In spots of linking up of individual coffer-
dames, tunnels are temporarily blinded by means of a concrete wall DIAFRAGMA.
Due to the insulation performance, there is designed a shared tube for both
directions of Metro. The intermediate space between both tunnels is filled with
plain concrete and it serves simultaneously as a load against buoyancy. The con-
struction shall be carried out in the direction from cut-and-cover Troja tunnels up
to the station Railway Station HoleSovice from the construction site at Troja. The
fransport into cofferdams will be performed either through the Metro tunnels alre-
ady made, or by water by means of ships, or on a provisional bridge, if it con-
cerns the middle river cofferdam. The construction period of one cofferdam is
planned to be about 6 to 9 months.

On the Troja bank of the river Vltava, there will be constructed a quay for bar-
ges in the place near the sile facilities location. The quay shall serve for loading
extracted soil during the construction of the line IV C and it will make easier as
to the overloaded building transport of adjacent areas.

CUT-AND-COVER TROJA TUNNELS

The construction of this part of the line will be performed predominantly in
sediments of the Maniny valley terrace of the river Vitava. Foundations of the
lower part of tunnels are seated in Dobrotivy shales of Ordovician period. Valley
sediments are very water-bearing and the level of water table is directly depen-
ding upon the level of the river Vitava.

The construction shall be carried out in the pit supported by means of diap-
hragm walls embedded into the bedrock of Ordovician shales, secured by means
of one to three rows of anchors mutually bound up. Rock walls of the pit in sha-
les are supported by means of rock bolts and sholtcrete, 15 to 20 cm thick.

In the supported pit there will be concreted and insulated the body of cut-and-
cover tunnels, and after completing insulation works, openings for passing
ground water to a run-through drainage channels will be made in the diaphragm
walls. An access into the open box is possible on an access ramp situated to the
north of the box. In the ramp, there is realized a clay-concrete wall for preventing
the pit from water penetration. The ramp shall be utilized for transporting the
extracted soil from the area of main tunnels and eventually from track tunnels
underpassing the river Vitava. A ramp from the area of Povitavska Street in front
of the building of the Electrical Engineering Testing Institute has been designed
to the northern part of the pit with the portal of the driven tunnel. It will be utilized
for transporting extracted soil from this part of the pit and from the linking up dri-
ven frack tunnel.

1. ETAPA
1st STAGE

VLTAVA

3. ETAPA
3rd STAGE

HOLESOVICE

Obr. 6
Schéma rozmistnéni jimek a postupu jejich provadéni
Schematic cofferdams layout and process of their construction
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metra jak v pfimé, tak i v obloucich s minimalnim polomérem 500 m. Tam, kde je
nutné dale zvétSovat osovou vzdalenost koleji z jinych divodd se profil tunelu
roz$ifuje a plocha vyrubu se blizi az 100 m2. Primami osténi pochopiteiné bude
ze stifkaného betonu v kombinaci s kotvenim. Razba dvoukolejného tunelu se
pedpoklada v prevazném rozsahu plnym profilem s dodatenym prohloubenim
dna. Ve zhorsenych geologickych pomérech bude razba &lenéna horizontalné
s okamzitym uzaviranim profilu spodni klenbou. U rozsifenych profilli je v pfipa-
dé nutnosti uvazovano i s vertikdlnim &lenénim vyrubu. Definitivn{ osténi je
z&sadné koncipovano jako uzavieny profil, kde dno tunelu je monoliticka zele-
zobetonova deska s hornim povrchem vodorovnym a proménnou vykou, pfi-
demz na bocich tunelu ma dno tloustku odpovidajici klenb&. S ohledem na pro-
ménny pfiény profil tunelu je tvar lice klenby tunelu navrZen tak, aby u véech pro-
fild m&ly boky osténi stejny polomér R2 = 2 700 mm. Pro osovou vzdalenost
koleji metra v intervalu 3,5 az 4,4 m je u klenby rovnéZ navrzen stejny polomer

R1 =5 500 mm. Zménou stfedového Uhlu oblouku klenby a opéry se dosahuje

zmény geometrie a pro betondZ je mozno pouzit formu s proménnym tvarem

bedniciho plasté (bylo jiz Uspésné vyzkouseno na stavbé dvoukolejného tunelu
natrase IV.B). Pro rozsifeny profil s osovou vzdalenosti vétsi nez 4,4 m je jiz nut-
no ménit polomér klenby individualné.

Hiavni davody, které rozhodovaly pii volbé dvoukolejného tunelu byly nasle-
dujici:

- velikost vyrubu. Plocha pficného profilu dvoukolejného tunelu (min. 56 m?)
a Sifka dna tunelu (cca 10 m) umoziuje na rozdil od jednokolejnych tuneld
efektivné rozvinout vdechny operace pfi razbé tunelu, predevsim stfidani
mechanizmi na ¢elbé bez ¢asovych ztrat. To se vyrazné projevuje hlavné pfi
velké délce tunelu.

- podélny sklon trasy tratovych tunelll je v rozhodujici délce 39,5%.. Pfi tomto
sklonu je mnohem snazéi razba s bezkolejovou dopravou. Pro kolejovou
dopravu by musely byt pouzity specidini vykonné diini lokomotivy.

- omezeni pistového Gcinku pfi provozu metra. Tento nepfijemny efekt je
obzvlast vyrazny u stanic metra, na které navazuji diouhé tratové dseky s jed-
nokolejnymi tunely. Jako negativni piklad Ize uvést stanici Radlicka na trase
B. Tratovy usek mezi stanicemi Nadrazi Hole$ovice a Kobylisy na trase IV.C1,
bude jesté delsf, neZ tratovy Usek u stanice Radlicka.

- vyloudeni svislé dopravy pfi razbé tratovych tunell je dllezitym pfedpokladem
pro nasazeni vykonnych strojil pro odtéZovani rubaniny. To ma pochopiteiné
piiznivy vliv na pofizovaci cenu tunelu. Reliéf terénu a vySkové vedenf trasy
metra k tomu u této stavby ptimo vybizeji
Jedté poznamka ke zvolené technologii. Na stavbé IV.C1 budou realizovany 3

Useky dvoukolejného tunelu v délkach 300 m, 1000 m a 500 m, které na sebe

pifimo nenavazuji. Z toho je patmé, Ze pro pouZziti technologie TBM (tunelovaci-

ho stroje) jsou pfili§ kratké. Dal§im divodem, ktery hovofi pro technologii NRTM
je nutnost ménit profil dvoukolejného tunelu s ohledem na ménici se osovou
vzdalenost koleji (rozmezi 3,7 aZ 6,5 m) a to u této technologie neni problém

(bylo rovnéz ovéreno na trase |V.B).

JEDNOKOLEJNE TUNELY

Pro napojeni stanice Kobylisy, kde je osova vzdalenost koleji 25,5 m, na dvou-
kolejné tunely, je nutné pfed stanici Kobylisy v délce 350 m a za stanici Kobylisy,
tji. smérem ke stanici Ladvi v délce 210 m realizovat 2 jednokolejné tunely.

Ocelovy pancif

/_ Steel plate
=i e
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Obr. 7
Typicky pficny fez konstrukce tunelti pod Vitavou
Typical cross section of the tunnel structures under the river Vitava

The structure of the cut-and-cover tunnels has been designed as a monolithi-
cal reinforced concrete single floor frame, having two fields with a middle sepa-
rating wall. The track centre distance of rails is variable. From the vertical align-
ment of the track it is evident that the structure of track tunnels rises over the
ground in the half of the section length. In the final condition, the structure shall
be covered with soil.

To make impossible any backwater activity and to secure & troublefree pas-
sage of underwater under cut-and-cover Troja tunnels, there are constructed dra-
inage channels under the foundation slab in the direction of the river stream, the
cross section of which amounts to 2.5 x 1.5 m, the distance between centres of
which is about 25 m, and they are covered with permeable material.

DRIVEN TRACK TUNNELS

GENERAL DATA

Driven frack tunnels link up to cut-and-cover tunnels in the reclaimed land of
the river Vitava, at the foothill of ,DidZdénka“. This relatively narrow ridge is
underpassed by a double-track tunnel in the length of 300 m. The Metro line then
crosses shallowly the Trojské Street in a short, cut-and-cover section being 100
m long, the part of which is the engine-room of the main ventilation engine room
and a ventilation shaft. Behind the crossing with the Trojskd Street, the driven
double-track tunnel continues in the direction to the station Kobylisy in the length
of 1000 m. Before the station Kobylisy there link up to the double-track tunnel two
single-track tunnels in the length of about 350 m, and they enter into the driven
station Kobylisy. This driven section has a bulky overburden being 30 to 45
m high. Exceptions are represented by portal sections, viz. in the first place in
Trojska Street, in the direction to the station Kobylisy, where the overburden of
the double track tunnel, in the length of 40 to 50 m of the beginning part, is of the
minimum height, and driving operations will require some improvement measu-
res over the vault of the tunnel. Sorry to state, it is impossible to shift the portal
into a space where a higher overburden takes place, because the Metro line
underpasses a protected territory and any intervention does not come in questi-
on. The access into the double-track tunnel may be realized only by means of
access ramps, directly from the surface both in the valley of the river Vltava from
the street Povitavské and from the street Trojska through the cut-and-cover sec-
tion. Behind the station Kobylisy, there continue the driven track tunnels to the
station L&avi, viz. again in the first place through single-track tunnels in the length
of 210 m, and then they continue in the double-track tunnel in the length of 500
m. The height of the overburden varies from 7 m to 27 m. The double-track tun-
nel enters with its portal into cut-and-cover tunnels before the Ladvi station, whe-
re an access ramp, enabling a direct access into the tunnel from the ground shall
be constructed.

GEOLOGICAL CONDITIONS

The solid rock under the whole area of driven tunnels in the line IV C1 (inclu-
sive the Kobylisy station) is formed by Ordovician sediments, represented by
Sédrka measures in shale facies and in Dobrotivy layers contained in shale faci-
es and in Skalec quartzites. From the chainage of km 16, Ordovician rocks are
covered with chalk sediments having the basis on the level of about 275 to 276
m o0.s. Chalk sediments form a steep slope on the right bank of the river Vitava
which is disturbed by erosion striae filled with deluvial-fluvial sediments and flu-
vial ones. Outside the erosion slot, the total slope is smoothed out with slope
sediments, variably thick. The surface of chalk sediments is smoothed out with
aeolian and slope sediments and with made-up ground of varying thickness.

DOUBLE TRACK RUNNING TUNNELS

The prevalent extent of driven line tunnels on this construction (totalling 1800
m) is formed by double track running tunnels driven by means of the NATM tech-
nology. The design of the tunnel and the construction technique were success-
fully verified when constructing the 1Vth operational section of the line B, which
was set into operation in the year 1998. Problems of the profile and of the con-
struction process of a double track line tunnel were the subject of several artic-
les in this journal, and that is why we shall not analyze them, and why we shall
present briefly only several basic facts: the excavated cross section area of the
basic tunnel profile for the track centre distance of 3.5 to 3.7 m amounts to 56 to
58 sqm and it makes it possible to lead the Metro route both directly and in cur-
ves of the minimum radjus equal to 500 m. In places, where it is necessary to
increase the track centre distance due to other reasons, the tunnel profile is
made wider and the excavation area is nearly 100 sqm. The primary lining shall
be, of course, made of shotcrete in combination with anchoring. The driving of
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Pedpoklada se opét pouZiti technologie NRTM. Plocha vyrubu jednokolejnych
tratovych tuneldl je cca 28 m? Razba bude provadéna pinym profilem, pfevazné
s rovnym dnem vyrubu. Jen pfi velmi zhordenych geologickych podminkach by
bylo pfikroéeno k uzavirani vyrubu spodni klenbou.

RAZENA STANICE KOBYLISY

Stanice Kobylisy bude prvni dvoulodni razenou stanici na prazském metru.
Vlastni stanici tvoii 2 samostatné tunely, propojené na koncich nastupisté pfic-
nymi chodbami. Na tyto pficné chodby navazuji §ikmé eskalatorové tunely, které
propojuiji stanici se 2 vestibuly na povrchu. NadloZi staniénich tunelli je cca 26 m.

Jelikoz vysledny projekt této stanice je z hlediska dispoziéniho uspofadani,
architektonického ztvarmnéni, i navrhovaného postupu vystavby znaéné netradic-
ni, a cely pribgh projektové pFipravy byl poznamenan nékolika zasadnimi zmeé-
nami v pfistupu k fedeni, podrobny vyklad by neimémé zvétsil rozsah tohoto
i tak dosti obsahlého &lanku. Proto ji bude vénovan samostatny prispévek
v nékterém z nejblizsich Cisel TUNELU.

5,6 m (max 7,1 m)

8,9 m (max 11,7 m)

Obr. 8
Typicky ptiny fez dvoukolejnym tunelem metra raZzeného NRTM
Typical cross section of a double track Metro tunnel driven by means of NATM

6,00
11,00

8,00

Obr. 9
Pri¢né fezy stanici Kobylisy
Cross sections of the station Kobylisy

a double track tunnel is supposed to be carried out in a predominant extent in

a full profile with a sufficient deepening of the floor. The driving in worsened geo-

logical conditions shall be divided horizontally with an immediate closing of the

profile by means of an invent. As to wider profiles, there is also supposed, in case
of need, for a vertical dividing of the excavation to be applied. Final lining is fun-
damentally designed as a closed profile, where the tunnel bottom is represented
by a reinforced concrete slab with a horizontal upper surface and with a variab-
le thickness. On sides of the tunnel, the invert thickness corresponds with the
vault. With respect to a variable cross section of the tunnel, there is designed the
face shape of the tunnel vault in such a way that lining walls of all profiles are of
the same radius R2 = 2 700 mm. For the track centre distance of the Metro rails

in the interval of 3.5 to 4.4 m, there is also designed the same radius R1 =5 500

mm for the vault. When changing the central angle of the vault and of the wall,

there is also changed the geometry, and it is possible to apply a formwork with

a variable shape of the formwork shell for concreting (it has been already

successfully tested when constructing the double track tunnel on the line IVB).

For a wider profile with the track centre distance being larger than 4.4 m, it is

necessary to change the vault radius individually.

Main reasons which were decisive when selecting the double track tunnel
were as follows:

- the size of excavation. The area of the cross section of a double frack tunnel
(min, 56 sqm) and the width of the tunnel floor (about 10 m) makes it possib-
le, unlike to single track tunnels, to develop all operations during the tunnel
excavation, in the first place to change equipment on the heading without any
waste of time. It is important particularly if the tunnel is long,

- the longitudinal gracdient of the track tunnel in the decisive length amounts to
39.5 %. . At this gradient, the excavation is more easier with a railless tran-
sport. For a rail-bound transport, there would have to be applied special effi-
cient mine locomotives;

- to limit the piston effect during the operation of Metro. This unpleasant effect
is especially striking in Metro stations to which long track sections with single-
track running tunnels link up. As a negative example there may be mentioned
the station Radlické on the line B. The line section between stations Railway
Station Holesovice and Kobylisy on the line 1V C1 will be even longer than the
line section at the station Radlicka,

- the elimination of a vertical transport when driving track tunnels is an impor-
tant precondition for applying efficient equipment for removing muck. Of cour-
se, it affects favourably costs for constructing the tunnel. The ground relief and
the route vertical alignment of this Metro line are very convenient for it.

One note more to the selected technique: when constructing the line IV C1,
there will be realized three sections of a double track tunnel in lengths of 300 m,
100 m and 500 m, which do not link up one to the other, so it is evident that they
are too short for applying a TBM. Another reason supporting the NATM techno-
logy is the necessity to alter the cross section of the double track tunnel with res-
pect to the variable track centre distance (from 3.7 to 6.5 m), which is no problem
when applying this technique (it was also verified during the construction of the
line 1V B).

SINGLE TRACK TUNNELS

For connecting the station Kobylisy, where the track centre distance amounts
to 25.5 m, to double track tunnels, it is necessary to realize two single track tun-
nels before the station Kobylisy in the length of 350 m and behind said station,
i.e. in the direction to the station Ladvi in the length of 210 m. It is supposed that
the NATM technique will be applied again. The area of the excavation of the sing-
le track running tunnels amounts to about 28 sqm. A full face excavation shall be
carried out, predominantly with a flat excavation floor. Only if geological conditi-
ons are considerably worsened, said excavations would be closed by means of
an invert.

THE DRIVEN STATION KOBYLISY

The station Kobylisy will be the first double bay driven station in the Prague
Metro. The proper station is formed by two independent tunnels interconnected
at the ends of the platform by means of cross passages. To said cross passages
there link up inclined escalator tunnels interconnecting the station and two ent-
rance halls on the surface, The overburden of the station tunnels amounts to
about 26 m.

As the resulting design of this station is considerably non-traditional, with res-
pect to the layout arrangement, architectural design and designed process of
construction, and because the course of the design preparation was affected by
several fundamental changes as to the method of realization, a detailed expla-
nation would increase the scope of this article which is even now sufficiently long.
That is why a separate article will be devoted to this problem in some of the fol-
lowing issues of the journal TUNEL.
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TUNEL SLIVENEC-LAHOVICE

TUNNEL SLIVENEC - LAHOVICE

ING. JIRi LEBEDA, A.D.O. S.R. 0., ING. MIROSLAV KOPRIVA, ABP A.S.,
DOC. ING. PAVEL PRIBYL, CSC., ELTODO A.S.

1. UvOD

Zakladni komunikaéni systém hlavniho mésta CR Prahy tvofi sedm z&kladnich
radiainich komunikaci navazujicich na vnjsf silnice a délnice, sméfujici do hlav-
niho mésta a dva okruhy - méstsky, probihajici po obvodé jadrové Gasti mésta
a expresni silnicni, ktery na obvodé mésta propojuje uvedenou dalnicéni a silnig-
ni sit'

Na tomto systému komunikaci rychlostniho a sbémého charakteru bude nebo
jiz byla realizovana soustava silniénich ¢i méstskych tunelti, Diivody realizace
téchto tunelovych tseku Ize shrnout do nasledujicich bodu:

- znacna vy$kova a terénni ¢lenitost uzemi Prahy,
- ochrana centralni ¢asti, hlavné pak historického jadra mésta a v neposledni

fadé i
- ochrana Zivotniho prostiedi.

V centrélni ¢asli mésta na tzv. méstském okruhu je v jeho zapadni &asti jiz
v provozu Strahovsky tunel prochdzejici pod Strahovskym kopcem a propojujici
Elvrté Dejvice a Bfevnov na severozépadé Prahy se Smichovem. Realizuje se
tunel Mrézovka vedeny pod vichem Mrazovka a propojujici Smichov resp.
Strahovsky tunel s provozovanym Barrandovskym mostem. V sevemi éasti toho-
to okruhu se pipravuje k realizaci tunel pod Stromovkou, jehoz dlouze diskuto-
vana poloha se ustdlila na trase Letna - Troja s podchodem parku Stromovka
a feky Vitavy.

Rovnéz poloha expresniho silniéniho okruhu je v trvalém vyvoji, piesto jeho
nékteré useky na zapadé jsou jiz realizovany nebo se realizuji &i pripravuii k rea-
lizaci. Tento expresni silniéni okruh musi dvakrat piekonat Gdoli feky Vitavy a to:
- ha severu vysokym mostnim objektem, nebot’ je zde Gzké kafionovité Gdolf

a neni nutné komunikaénf pipojeni mistni komunikadni sité
- na jihu, v misté soutoku feky Vitavy s fekou Berounkou, kde je tdolf rozsite-

né a je naopak nutné kiizovatkové pripojenl statni silnice 1/4 Strakonicka, kte-

ré prochazi timto Udolim a je jednou ze sedmi zakladnich radialnich komuni-
kaci.

Z téchto divodi musi niveleta navrhovaného okruhu klesnout z planin naché-
zejicich se pa obou stranéch Udoli az na troveri soutoku obou fek. Vyskovy roz-
dil cca 140 m je mozné pfekonat, pfi dodrzeni névrhovych prvk (smérové oblou-
ky, podéiné stoupani do 4 %), pouze tunelovymi stavbami.

Proto je na pravém bfehu Vitavy navrfen tunel prochazejici masivem
Komofanské strané v dseku Komofany - Cholupice v celkové délce pfes 2000
m. Na této stavbé probihaji prace na pfipravné dokumentaci.

Na levém bfehu Vitavy je to pak tunel Radotinsky, (Usek Lochkov - Radotin),
na ktery byla zpracovana pfipravna dokumentace, a ktery je podrobna popsan
nasledné v tomto ¢lanku.

2. CHARAKTERISTIKA TUNELU

Z vySkového a smérového vedent trasy silniéniho okruhu kolem jihozapadni-
ho okraje Prahy mezi Slivencem a Lahovicemi vyplyvé nutnost vybudovat Usek
mezi km 2,300 a km 3,925 P.T. (pravy tunel), 3,962 L.T. (levy tunel) jako tunelo-
vy. Popisovany névrh fesi vybudovani téchio tunell véetné navaznych objekti.
Pravy tunel pro klesani je diouhy 1625 m a je navren jako dvoupruhovy, s pra-
vym pruhem $itky 3,75 m a levym 8,50 m, s prib&znym nouzovym pruhem §itky
0,75 m. Tento nouzovy pruh je v km 2,510 a v km 3,230 rozéifen na nouzovy
zaliv Siky 3,5 m, dlouhy 40 m. Na obr. 1 je podéiny profil pravé trouby a na obr.
2 je situagni vykres lunelu. Levy stoupaci tunel, dlouhy 1662 m, je tiipruhovy

1. INTRODUCTION

The basic communication system of the capital of the Czech Republic, i.e.
Prague, is formed by seven basic radial roads linking up to outside roads and
motorways aiming to the capital, and by wo circles - the cily circle, led on the cir-
cumference of the inner part of the cily, and express circle which connects, on
the city circumference, the mentioned motorway network and the road one.

A system of road tunnels or cily ones was or will be realized on this system of
roads of a speed characler and collecting one. Reasons for realizing said tunnel
sections may be summarized in the following clauses:

- a considerable elevation variability and terrain one of Prague

- a protection of the central part, especially of the historical city centre, and, not
on the last place,

- environmental protection.

In the central part of the city, on the so called city circle, in its westem part,
there has been set into operation the Strahov tunnel, passing under the Strahov
hill and interconnecting the municipal districts Dejvice and Brevnov in the north-
western part of Prague with Smichov. The tunnel Mrézovka, led under the
Mrézovka hill, being under construction, and connecting Smichov and the
Strahov tunnel o the operated Barrandov bridge. In the northem part of this circ-
le, there is being prepared for realization a tunnel under Stromovka, the position
of which having been discussed for a long time, has been finally determined on
the line Letna - Troja, with an underpass of the park Stromovka and the river
Vitava.

The position of the express road circle is permanently developing in spite of
the fact that some western sections have been already realized, are under reali-
zalion or are prepared for realization. Said express road circle must cross the
valley of the river Vltava, viz.:

- in the north by means of a high bridge, because there is a narrow canyon val-
ley and a connection to the local road network is nof necessary
- in the south, in the place of the confluence of the river Vitava and the river

Berounka, where the valley is wide and it is necessary to construct a needed

crossing connection for the state road I/4 - Strakonickd, which passes this val-

ley and is one of seven basic radial roads.

Due to said reasons, the level line of the designed circle must go down from
plains taking place on both sides of the valley down to the fevel of the confiuen-
ce of both rivers. The elevation difference of about 140 m can be overcome, at
keeping design elements (directional curves, longitudinal upgrade not more than
4 %), only by means of tunnel constructions.

That is why on the right bank of the river Vitava there is designed a tunnel pas-
sing the Komorany Slope massif in the section Komorany - Cholupice having its
total fength more than 2000 m. For this consiruction, there are performed works
concerning the preparation documentation.

On the left bank of the river Vitava, there is designed the Radotin tunnel (sec-
tion Lochov - Radotin) for which the preparation documentation has been elabo-
rated, and which is described in details beneath in this article,

2. CHARACTERISTICS OF THE TUNNEL

A necessity results from the line and level routing of the road circle round the
east-western part of the outskirts of Prague between Slivenec and Lahovice to
construct a section between km 2.300 and km 3.925 R.T. (right tunnel), 3.962
L.T. (left tunnel) in a tunnel. The design being described solves the construction
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s pidatnym pruhem pro pomalé vozidia Sirokym 3,75 m a dvéma pruhy 3,5 m.
Obé tunelové roury jsou vzajemné propojeny tfemi unikovymi chodbami pro oso-
by cca po 350 m a jednim Unikovym tunelem pro prejezd vozidel (km 3,250).
Za&atedni Usek délky asi 350 m (km 2,300 aZ km 2,650) a koncovy tsek dlouhy
25 m (km 3,900 P.T. aZ km 3,925 P.T.) jsou provedeny ve stejném profilu v hiou-
bené jamé a nasledné piesypany.

2.1. GEOLOGICKE A HYDROGEOLOGICKE POMERY

2.1.1. Horninovy masiv

Razeni obou tunel(i bude probihat ve velmi proménlivém hominovém prostie-
di, kde se budou vyskytovat rizné horniny, jak z hlediska stability, tak i pevnosti
a tim i rozpojitelnosti. Tunel bude smérem od severovychodniho portalu postup-
né razen v bfidlicich souvrstvi kopaninského a litefiského, které budou obsaho-
vat 7ilna t8lesa velmi pevného diabasu. Toto souvrstvi bude ukonéeno mocngjsi
diabasovou Zilou cca 5-8 m mocnou. Po kratkém, nékolikametrovém useku raZe-
ni v kopaninskych vrstvach tvofenych tufitickymi bfidlicemi s vépenci, bude v cca
od stanidenl 3,320 tunel prochézet z hlediska tunelovani v nejobtiznéjsim Gseku
trasy, kde cely profil tunelu, anebo jeho vétsi ¢ast, bude razena v pevnych piséi-
tych bfidlicich a kiemencich kosovskych. V homi éasti tunelu a v nadloZi se
budou vyskytovat znaéné tektonicky porudené az rozdreené mékkeé horniny liten-
skych vrstev. Tento Usek byl ovéfen prizkumnym vrtem i geofyzikalnim méfenim.

0d staniéeni cca 3,335 km budou razeny v kosovskych vrstvach ve facii pis-
gitych biidlic s viozkami piskovcl az kfemenci a bfidlic. Od staniceni 3,525 km
az k portalu budou tunely razeny v jilovjch a malo pevnych bfidlicich kralovo-
dvarskych se zvétralou zénou az 25 m hlubokou.

Severovychodni portél pravého razeného tunelu je umistén zhruba do stani-
geni PT 2,650 km. Jizni portal do stanieni cca PT 3,900 km, kde nadlozi tvori
zvétralé kralodvorskeé biidiice a suté. Pfesngjsi umisténi portalu bude mozné az
po vyhodnoceni etapy podrobného geotechnického prizkumu.

2.1.2. Hydrogeologie

Tunely budou razeny pod hladinou podzemni vody, ktera byla ustalena v prd-
zkumném vrtu v hioubce cca 7,40 m. JelikoZ dotace puklinové vody je mozna
pouze atmosférickymi srazkami |ze piedpokladat, Ze pfi razenf tunelu dojde mist-
né, podle tektonicky porusenyeh Usekd, k pfitokiim do tunelu v hodnotach fado-
v& 1 | sec. Celkovy piitok se bude ménit v zavislosti na mnozstvi srazek.

Pfitokem do tuneltl bude snizena hladina podzemni vody v pomémeé Sirokém
pasmu nad tunelem.

2.1.3. Diléi zavér

Predb&zny geotechnicky prazkum zistil, Ze dalniéni tunely Ize v daném pro-
stfed’ realizovat. Dal3i etapa prizkumu musi upfesnit jednotlivé rozhrani a geo-
technické vlastnosti véech zastizenych horninovych typli. Vzhledem ke slozitos-
ti geclogické stavby je potfebné, jiz pfi podrobném priizkumu, realizovat pri-
zkumnou $tolu. Tato &tola bude souéasti kone¢ného vyrubu.

2.2. LEVY RAZENY TUNEL

Levy tunel uréeny pro stoupéni je tfipruhovy se stoupacim pruhem pro poma-
4 vozidla Sifky 3,75 m, dal3i dva rychlé pruhy jsou Siroké 3,5 m. Celkova délka
tunelu véetné hloubenych Gsek( je 1662 m, z toho raZena ast &inf 1287 m (km
2,650 aZ km 3,937). Svétla plocha tunelu je 89,5 nv". Celkova Sitka vyrubu je cca
16 m a vyéka 10 m, plocha vyrubu 122 m* bez spodni klenby. Tvar tunelu, roz-
méry a umisténi dalich stav. objektd i technologickyich zafizeni v tunelové rou-
fe jsou zfejmé z obr. 3, Podél pomalého pruhu jsou v boku tunelu ziizeny
vyklenky pro SOS skiné cca po 175 m hluboké 1,5 m, vysoké 2,1 m a dlouhé
1,6 m. Vedle kazdé SOS skiing bude na trovni chodniku rovnéZ vyklenek pro
pozarni hydrant B 75. Mimoto budou v boku tunelu 1,2 m nad chodnikem jesté
zfizeny malé vyklenky pro hydrantové skiiné D 25 vidy ve tfetinach vzdalenos-
ti SOS skfini.

2.3. PRAVY RAZENY TUNEL

Pravy tunel s klesajicim spadem, je navrzen jake dvoupruhovy s nouzovym
pruhem &ffe 0,75 m, pravym pruhem Sitky 3,75 m a levym pruhem 3,5 m.
Celkova délka véetné hloubenych tsekd je 1625 m, z toho raZena Cast je 1250
m (km 2,650 a2 km 3,900). Svélla plocha tunelu ¢ini 65 m®. Celkova Sitka vyru-
bu je cca 13 m a vyska vyrubu cca 9 m bez spodnf klenby. Plocha vyrubu je cca
92 m?,

V PT jsou vybudovény dva nouzové pruhy vpravo pro odstaveni vozidel v Sif-
ce 3,5 m, dlouhé 40 m. Prvni je v hloubené ¢asti a zatina v km 2,510, druhy je
razeny v km 3,230. Definitivni osténi tunelu, vyklenky pro SOS skfing, hydranty
B 75 a hydrantové skiifiky D 25 jsou stejné jako v LT.

2.4. RAZENE TUNELOVE PROPOJKY

Oba tunely jsou propojeny Gtyfmi propojkami. Stfedni, v km 3,250, slouzi
k pfejezdu a pro Unik vozidel. Ostatni, v km 2,550, v km 2,900 a v km 3,600, slou-

of said tunnels inclusive the linking up buildings. The right tunnel for descending
is 1625 m long, and it has been designed as a double lane tunnel, the right lane
being 3.75 m wide and the left lane being 3.50 m wide, with a running emergen-
cy lane being 0.75 m wide. Said emergency lane is extended in km 2.510 and
km 3.230 to an emergency lay-by being 3.5 m wide and 40 m long. On Fig. 1,
there is illustrated the longitudinal profile of the right tube, and on Fig. 2 there is
shown the layout drawing of the tunnel. The left ascending tunnel, 1662 m long,
has three lanes with an additional lane for slow vehicles, 3.75 m wide, and with
two lanes, 3.5 m wide. Both tunnel tubes are interconnected by means of three
escape corridors for persons, at intervals of about 350 m, and by means of one
escape tunnel for vehicles (km 3.250). The starting seclion, about 350 m long
(km 2.300 up to km 2.650) and the final section, 25 m long (km 3.900 R.T. up to
3.925 R.T.), are made in the same profile in an open pit and then covered with
s0il.

2.1. GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

2.1.1. Rock massif

The driving of both tunnels shall be carried out in a very variable rock envi-
ronment, where various rocks will take place both from the point of view of sta-
bility and strength, and even of disintegration. The tunnel shall be driven gradu-
ally from the north-eastern portal in shales of the Kopaniny measures and Liter
measures, which will include seam bodies of a very consolidated diabase. These
strata will be terminated by a thicker diabase seam, being about 5 to 8 m thick.
After a short, several metres long section of driving in Kopanina layers formed by
tuffaceous shales with limestone, the tunnel will pass, from the tunnellinng point
of view, through the most difficult section of the line, starting in the chainage
about km 38.320 where the whole tunnel profile, or its larger part, will be driven in
solid sand shales and Kosovo quarizites. In the upper part of the tunnel and in
the overburden, there will take place soft rocks of Liten layers , being conside-
rably tectonically fauled and sheared. This section was tested by means of air-
flush boring and geophysical measuring.
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Obr. 1
Podélny profil a smérové poméry pravého tunelu
Longitudinal profile and alignment conditions of the right tunnel



17 8. ROCNIK, &. 4/99

Tunel

Zi k Uniku osob v pfipadé pozaru. Prvni z nich, v km 2,550 je vybudovéna v hlou-
bené Casti. VSechny propojky budou oboustranné uzavieny pozarnimi dvefmi
s vétracim ventilatorem a pozarni klapkou. V boku propojek bude ziizen vykle-
nek pro rozvadéce, ktery bude stavebné oddélen od vlastnich chodeb.

2.5. HLOUBENE TUNELY

Jiz pfed portalem tuneld, v km 2,300, je komunikace vedena v pomémé hiu-
bokém zafezu. Boky vykopt pro komunikace pfed hornim portélem jsou zajisté-
ny opérnymi zdmi proménné vysky 1,5 az 4,5 m. Opérmné zdi budou Zelezobeto-
nové, thlové. V km 2,300 je navrzen portal hloubenych tuneli budovanych
v oteviené stavebni jamé a nasledné pfesypanych zeminou. AZ do km 2,550
bude stavebni jama spole¢na pro oba tunely. Od km 2,550 aZ k zadatku razeb
(km 2,650) budou oba tunely budovany samostatng, kazdy ve své ryze. Stavebni
jama bude hloubena po etaZich 3 az 4 m, zajistovanych Zelezobetonovymi pre-
vazkami s do¢asnymi pfedpjatymi kotvami. Hloubka stav. jamy v piedmétném
Useku je od 8,5 do 14,5 m. Osténi tunelu bude vybetonovano stejnym zplisobem
jako v razené ¢asti, tj. na tyZ pojizdny bednici vaz.

Pfed dolnim razenym portalem (km 3,900 PT, km 3,938 LT) je rovnéZ Usek
tunelll dlouhy 25 m (do km 3,925 PT a km 3,962 LT) vybudovany v hloubené
jamé a pfesypany zeminou. Hloubené jamy a provadéni osténi se nelisi od hor-
niho Useku. Tésné pred koncem je do prostoru mezi oba hloubené tunely situo-
vana trafostanice o rozmérech cca 6 x 9 m v Grovni vozovky. Vstup je realizovan
a zavaZeni transformatorti bude provadéno z tunelové roury.

2.6. VZDUCHOTECHNICKY VYDECH

Pfimo nad stropem LT, mezi km 2,550 a 2,588, je umisténa strojovna VZT, kte-
ra je s LT propojena otvorem délky 3 m na celou §ifi tunelu. Timto otvorem je
odsavan vzduch z tunelu, kde je pouzita longitundialni ventilace. Ventilator Zene
vzduch do vydechového objektu. Schéma je na obr, ¢. 4. Strop strojovny je z val-
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Obr. 2
Situace tunelového Useku
Situation of tunnel section

From the chainage about km 3.335, the driving operation will be carried out in
Kosovo layers in facia of sandy shales with inserts of sandstones, even quartzi-
tes and shales. From the chainage km 3.525 up to the portal, tunnels will be dri-
ven in clayish and not too consolidated Dvur Kralove shales,with a weathered
zone, deep up to 25 m.

The north-eastern portal of the right driven tunnel is situated to the chainage
about km 2.650 of the right tunnel. The south portal, up to the chainage about
3.900 km of the right-hand tunnel, where the overburden is formed by weathered
shales of Dvur Kralove. The preciser situation of the portal will be possible only
after evaluating the stage of the detailed geotechnical investigation.

2.1.2. Hydrology

Tunnels will be driven under the water table, which stabilized in the explorato-
ry well in the depth of about 7.40 m. As the delivery of water in cracks is possib-
le only through atmospheric rainfalls, it may be supposed that during the tunnel
driving, water will come into the tunnel in the order values of I litre per sec., in
places lectonicly faulted. The total water inflow will vary in dependence upon the
quantity of rainfalls.

By the inflow into tunnels, the water table will be lowered in a relatively wide
zone over the tunnel.

2.1.3. Partial conclusion

By the preliminary geotechnical investigation there was found out that motor-
way tunnels can be realized in the mentioned environment. The next stage of the
investigation must specify individual interfaces and geotechnical properties of all
respective kinds of rocks. With respect to the fact that the geological compositi-
on is very complicated, it is necessary, already during the detailed investigation,
to realize a exploratory gallery. This gallery will be a part of the final excavation.

2.2. LEFT-HAND DRIVEN TUNNEL

The left-hand tunnel designed for ascending is a three-lane tunnel, with a low-
velocily lane, being 3.75 m wide. The other two quick lanes are 3.5 m wide. The
total length of the tunnel, inclusive cut-and-cover sections, is 1662 m, of which
the driven part amounts to 1287 m (km 2.650 up to km 3.937). The cross secti-
on area of the tunnel amounts to 89.5 sqm. The total excavation width is about
16 m and the height is 10 m, the excavation area amounts to 122 sqm, without
the invert. The tunnel shape, dimensions and situation of other buildings and
technological equipment in the tunnel tube are shown on Fig. 3. Along the siow
lane there are made, in the side wall of the tunnel, recesses for SOS boxes, viz.
every 175 m, being 1.5 m deep, 2.1 m high and 1.6 m long. Beside every SOS
box there will be also made a recess for a fire hydrant B 75 in the level of the
sidewalk. Besides thal, in the side wall of the tunnel, 1.2 m over the sidewalk, the-
re will be also made small recesses for hydrant boxes D 25, always in one third
of the SOS boxes distances.

2.3. RIGHT-HAND DRIVEN TUNNEL

The right-hand tunnel, designed in a dip, is a double lane tunnel with an emer-
gency lane, 0.75 m long, with a right lane being 3.75 m wide and with a left lane,
3.5 m wide. The total length of the tunnel, inclusive cut-and-cover sections, is
1625 m, of it the driven part amounts to 1250 m (km 2.650 up to km 3.900). The
cross section area of the tunnel amounts to 65 sqm. The total excavation width
is about I3 m and the height of the excavation is about 9m without the invert. The
excavaled cross section area amounts to 92 sqm.

In the right tunnel there are constructed two emergency lanes at the right side,
for putting vehicles aside, in the width of 3.5 m, being 40 m long. The first lane
takes place in the cut-and-cover part and starts in km 2.510, the second one is
driven in km 3.230. The final lining of the tunnel, recesses for SOS boxes,
hydrants B75 and hydrant boxes D 25 are the same as in the left tunnel,

2.4. DRIVEN CONNECTING GALLERIES OF THE TUNNEL

Both tunnels are interconnected by four connecting galleries. The middie gal-
lery, in km 3.250, serves for escape of vehicles. Other, in km 2.550, in km 2.900
and in km 3.600 serve for escape of persons in case of a fire. The first of them,
in km 2.550, is carried out in the cut-and-cover part. All connecting galleries shall
be closed on both sides by means of fire check doors with a fan and with a fire
damper. In the side wall of connecting galleries there will be made a recess for
switchboards, and said recess will be separated in a building way from the pro-
per gallery.

2.5. CUT-AND-COVER TUNNELS

Already before the portal of tunnels, in km 2.300, the route is led in a relative-
ly open cut. Sides of excavations for the line before the upper portal are suppor-
ted by means of retaining walls of a variable height of 1.5 up to 4.5 m. The reta-
ining walls shall be angular, made of reinforced concrete. In km 2.300 there is
designed the portal of cut-and-cover tunnels constructed in an open building pit
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né &asti presypan. Strojovna je dlouha 38 m a vysoka 6,4 m. ZavaZeci otvory pro
technologii jsou ve stropé, kolem nich je asfaltova plocha s komunikaci. Nad
terén na stropé strojovny VZT vystupuje do vyde asi 14 m vydechovy objekt
0 svétlém prifezu 16 m2 K nému je na terénu pfistavéna rozpinaci stanice o roz-
mérech cca 7 x 8 m s piilehlou parkovaci a manipulaéni plochou.

3. TECHNOLOGIE PROVADENI RAZBY

3.1. HLOUBENE TUNELY

Hloubeny Usek pfed zapadnim portalem je diouhy 350 m. Z toho, z kon-
strukéniho hlediska, je feSeno 150 m jako dvojtrakt, 100 m jako trojtrakt a daliich
100 m jako dva samostatné hloubené tunely. Hloubka stavebni jamy dosahuje az
14 m. Jama bude hloubena po etazich hloubky 3 az 4 m, kotvenych Zlb. prevéz-
kami s do¢asnymi pfedpjatymi kotvami. Po poloZeni inzenyrskych siti pod vozov-
kou, budou poloZeny podkladni betony, izolace a ochranna mazanina a poté pro-
jedou jdmou oba tunelové bednici vozy, na néz bude vybetonovana definitivni
Zlb. obezdivka v tloustce 40 cm. Po provedeni izolaci a ochrannych vrstev a po
betonazi konstrukei (strojovna VZT, vydechovy objekt, rozpinaci stanice) nasa-
zenych na strop levého tunelu, bude cely Usek zasypan, povrch ohumusovan
a zatravnén.

3.2. PRUZKUMNA STOLA

Vzhledem k velmi sloZité geologické stavbé zajmového tzemni, kde se stfidaji
souvrstvi prvohornich bfidlic rizného staif s polohami vyvielin - diabas silurské-
ho obdobf a vzhledem k nutnosti ekonomického navrhu docasného i definitivni-
ho osténi dila, navrhuje projektant realizaci prizkumné $toly. Vyrazenim prad-
zkumné $toly se detailné ovéfi geologicke i hydrogeologické poméry a geotech-
nické parametry horninového masivu. Stola o ploge cca 10 m? je vedena v hor-
ni &asti vyrubu pravého tunelu a pfi nasledné razbé ievého tunelu bude vyuzita
pro vétrani, odvodnéni a rovnéz jako Unikova cesta. Portal $toly pfedpokladame
cca v km 3,910 P.T. a ukonéeni cca v km 2,610. Délka je tedy 1300 m. Pro raZe-
ni Stoly musi byt zpracovan projekt. Stola bude razena z dolniho portalu dovrch-
né, rozpojovani hornin bude provadéno pomoci trhacich praci, pro dopravu ruba-
niny bude slouzit kolejova draha se strojni dopravou. Rubanina bude vyvézena
pfed portal na mezideponii. Docasné vystrojeni Stoly bude provedeno siti a stfi-
kanym betonem tl. 10 em se zesilovanim dle mistnich podminek dal$i siti, svafo-
vanymi pithradovymi vazniky a lepenymi, &i hydraulickymi svorniky podle vysled-
kit konvergenéniho méfeni provadéného odbornou firmou. Vétrani v dobé
vystavby bude nucené, separatni, s luthnovym tahem a ventilatorem. Soub&Zné
s razbou stoly musi probihat geologické sledovani a méfeni konvergenci vyrubu
v Case.

3.3. RAZENE TUNELY

Razba obou tunelll bude provadéna dle zasad NRTM (Nové Rakouské
Tunelovaci Metody) s vyuZzitim spoluplsobeni horninového prostfedi na procesu
stabilizace pfi vytvareni nového rovnovazného stavu v z6né kolem vyrubu. Proto
je nutné jiz ve fazi projektovani znat geotechnické charakteristiky a parametry
Unosnosti jednotlivych typl dotéenych hornin. Hlavni vyhody a pfednosti NRTM
spoéivaji v univerzalnosti a pfizpUsobivosti technologie a jejich jednotlivych ope-
raci na ménici se pfirodni podminky dané operativnim fizenim technologie a ve
zpétné vazbé vymezovany dislednym vélenénim geomechanického monitoringu
do technologického procesu a respektovanim jeho vysledku.

LT o vyrubni plode cca 130 m? bude razen jako prvni, s odstupem cca 150 m
za nim vyjede PT o vyrubu cca 100 m?. Predlozeny navrh zohlediiuje pozadavek
investora na celkovou dobu vystavby v délce 3 roky. Rozpojovani bude prova-
déno pomoci trhacich praci s bezkolejovou dopravou. Navrh trhacich pracf sta-
novi mezni néloz a zénu dosahu seismickych U¢inkl trhacich praci. Sklad trha-
vin bude vybudovan na povrchu v prostoru pied hornim portalem. Délka pracov-
niho zabéru je pfepokladana v pfiznivych geologickych podminkach 2,5 m, ve
zhordenych geologickych podminkach 1 az 1,5 m a pii zastizeni §patnych geo-
logickych pomérl bude z&bér zkracen na 0,5 az 0,75 m. Délka zabéru je Uzce
svazana s ¢lenénim dila s technologickym postupem i s typem do¢asného osté-
ni. Déle upozorfiujeme na nutnost provadét méfeni kovergenci vyrubu z hledis-
ka velikosti posunll a rychlosti pfetvofeni a tyto vysledky méfeni zapracovat do
technologického postupu. RaZené tunelové propojky budou provadény obdob-
nym zplisobem.

Dodasné vystrojeni vyrubu bude provedeno podle zdsad NRTM tzn, prvotni
nastiik horniny, vyztuzna ocelova sit, stitkany beton o tl. do 10 cm, tii aZ étyf prv-
kové pfihradové konstrukce s pfipadnou aplikaci kotviciho systému. Aplikace
daldi ocelové sité a stfikany beton do drovné pfihradové konstrukce. Podle
vysledkd geomonitoringu, ktery bude pribézné provadén a na zékladé statickych
vypottl bude takto provedené zajisténi vyrubu zesileno resp. nasobeno. Pii pro-
vadéni dogasného zajisténi vyrubu je nezbytné posouzeni ¢lenéni vyrubu tunelu

and then covered with soil. Up to km 2.550, the building pit will be common for
both tunnels. From km 2.550 up to the beginning of driving (km 2.650), both tun-
nels shall be constructed independently, each in its own pit. The building pit will
be excavated by stages of 3 fo 4 m, supported by reinforced concrete wallings
with temporary pretensioned anchors. The depth of the building pit in the res-
pective section is from 8.5 to 14.5 m. The tunnel lining shall be concreted in the
same way as in the driven part, i.e. using o the same tunnel form traveller.
Before the lower driven portal (km 3.900 RT, km 3938 LT) there is also a cut-
and-cover tunnel section being 25 km long (up to km 3.925 RT and km 3.962 LT).
The pits and the performance of lining do not differ from the upper section. Just
before the end, a transformer station of dimensions about 6 x 9 m, in the level of
the roadway, is situated between two cut-and-cover tunnels. The entry is realized
and transformers will be delivered to the transformer station from the tunnel tube.

2.6. VENTILATION EXHAUST BUILDING

Directly over the roof of the left tunnel, between km 2.550 and 2.558, there is
situated an engine room for ventilation which is connected by means of an ope-
ning, 3 m long, to the whole tunnel width. Air is exhausted through the said ope-
ning from the tunnel, where longitudinal ventilation was applied. The fan delivers
air into the exhaust building. The sketch is shown in Fig. 4. The predominant part
of the engine room ceiling slab is covered with soil. The engine room is 38 m long
and 6.4 m high. Openings for transport of technological equipment are made in
the ceiling slab, and around them there is a bituminous area with a road. The
exhaust building of the cross section amounting to 16 sqm is constructed on the
ceiling slab of the ventilation engine room and it rises up to about 14 m over the
ground. A transformer station, of dimensions about 7 x 8 m has been attached to
it on the ground, with an adjacent parking and handling area.

3. TUNNEL EXCAVATION TECHNIQUE

3.1. CUT-AND-COVER TUNNELS

The cut-and-cover section before the western portal is 350 m long. 150 m of
it was solved as a double aisle, 100 m as a triple-aisle structure and other 100
m as two separate cut-and-cover tunnels. The depth of the building pit is up to
14 m. The pit shall be excavated by stages 3 to 4 m deep, anchored by reinfor-
ced concrete walings with temporary pretensioned anchors. First of all, enginee-
ting networks under the roadway shall be laid, then blinding concrete, insulation
and protective screed, and at the end both tunnel form travellers shall pass
through the pit, and the final reinforced concrete lining in the thickness of 40 cm
shall be cast. After performing insulations and protective layers and after conc-
reting structures (ventilation engine room, exhaust building, transformer station)
situated on the roof deck of the left tunnel, the whole section shall be buried and
the surface shall be covered with earth, and grassed.

3.2. EXPLORATORY GALLERY

With respect to a very complicated geological composition of the respective
territory, where meastires of shales of Palasozoic era of various age alternate
with positions of igneous rocks - diabase of Silurian period and with respect to
the necessity of an economic design of a temporary and final lining of the work,
a designer designs the realization of an exploratory gallery. By driving the explo-
ratory gallery there shall be verified in details geological and hydrogeological
conditions and geotechnical parameters of the rock massif. The gallery of the
area of about 10 sqm is led in the top heading of the right-hand tunnel and it will
be utilized, at the following driving of the left tunnel, for ventilation, draining and
as an escape way too. The gallery portal is planned to be situated in km about
3.910 of the right tunnel and the termination in km about 2.610. So the length is
1 300 m. A design must be elaborated for excavation of the gallery. The gallery
must be driven uphill from the lower portal, the disintegration of rocks shall be
made by means of blasting works. A rail track with a machine transport will ser-
ve for removing muck. Muck shall be transported in front of the portal onto dum-
ping areas. The temporary support of the gallery shall be made by means of
a mesh and shofcrete layer, 10 cm thick, with a strengthening according to local
conditions by means of another mesh, welded lattice girders and capsule/hyd-
raulic rockbolts according to results of convergence measurements performed by
a specialized firm. The ventilation during the construction will be a forced one,
separate, with a fan. A geological monitoring and measurement of the excavati-
on convergences with respect to time must be performed simultaneously with dri-
ving operations.

3.3. DRIVEN TUNNELS

The driving of both tunnels shall be carried out according to the principle of the
NATM (the New Austrian Tunnelling Method) with utilizing the cooperation of the
rock environment for the stabilization process when forming the new equilibrium
state in the zone around the excavation. That is why it is necessary, already in
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na jednotlivé diléi celby. K bezpeénému a efektivnimu postupu provadéni razby
tunelové roury jsou vysledky ziskané z vyhodnoceni razby priizkumné Stoly
nezbytné nutné z hlediska skutetné zastizenych inzenyrsko-geologickych pod-
minek a pro nasledné upfesnéni technologie razby.

3.4. DEFINITIVNI OSTENi TUNELU

Definitivni osténi razenych tunell tvofi Zelezobetonova klenba tlusta 40 cm.
Mezi primarnim a definitivnim osténim je vioZena mezilehla izolace. Rub defini-
" tivniho osténf je odvodnén dvémi pribéznymi svodnicemi DN 150 polozenymi
v misté patek klenby a svedenymi do oddélené destové kanalizace. Toto odvod-
néni je nutno provést soucasné s osazovanim mezilehlé izolace. Poté tunelem
projede bednici viz délky 3x4=12 m. Jednotliva sekce dl. 4 m umozni betonovat
osténi v oblouku jako piimkovy polygon. Pro kazdy tunel bude vyroben zvIastn
bednici viiz, pro betondz zvétsenych profili PT v mistech nouzovych zalivil
(2x40=80 m) bude vyuZit bednici viiz z LT. Definitivni osténi hloubenych tunelt
bude provadéno tymz bednicim vozem rovnéz v tioustce 40 cm. Po dokondeni
definitivnich kleneb Ize provadét inzenyrské sité, podkladni vrstvy a dokongova-
ci prace.

the design phase, to know geotechnical characteristics and parameters of the
bearing value of individual types of respective rocks. Main advantages and pre-
ferences of the NATM reside in the fact that the technique and individual opera-
tions are universal and adaptable with respect to variable natural conditions
resulting from the operative control of technology, and backwards they are defi-
ned by a consistent application of the geomechanical moniioring into the tech-
nological process and by respecting its result.

The left tunnel of the excavated cross section area of about 130 sqm shall be
driven as the first one. In the distance of about 150 m, the right tunnel, having
the excavation area of about 100 sqm, shall be started. The presented design
takes into acount the client’s requirement concerning the total time of constructi-
on, i.e. three years. Disintegration operations will be carried out by means of
blasting work with a railless transport. The design of blasting works determines
the limit charge and the zone of seismic effects of blasting works. A store room
for explosives will be built on the surface in the area in front of the upper portal.
The length of one working round is supposed to be 2.5 m in favourable geologi-
cal conditions, in worsened geological conditions 1 to 1.5 m, and in very bad
geological conditions, the round shall be shortened to 0.5 up to 0.75 m. The
length of the round is depending upon the sequencing of the work, with the tech-
nological process and with the type of the temporary lining. Then we draw the
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4. DOPRAVNI A TECHNOLOGICKE VYBAVENI

Tunel je vybaven standardnim zafizenim, vychazejicim z TP98 "Technologické
vybaveni tuneli pozemnich komunikaci". Zatim zde nejsou promitnuty zavéry,
které mohou vyplynout z éinnosti pracovni skupiny ¢eské ITA/AITES. Skupina
tvofend odborniky riznych profesi se bude zabyvat analyzou rizik a rizikovym
managementem vyplyvajicim z nehod v tunelech Mont Blanck a Tauern.
Vzhledem k tomu, Ze pouziti TP98 zaruCuje vysokou miru bezpecnosti a dale
diky tomu, Ze jsou zde dvé tunelové trouby oddélené poZamé, nelze predpokia-
dat podstatn&jsi zmény. Pfipadné zmény by se mohly tykat vyuZiti systému pro
automatickou identifikaci nehod, resp. systému pro lepsi informovani cestuijicich.
nebot podet obéti ve vyde zminénych tunelech byl tak vysoky, protoze fidici diky
neinformovanosti setrvali ve svych vozidlech,

Zahraniénf zkugenosti zapracované do dokumentd mezindrodni silniéni orga-
nizace ukazaly, Ze v pfipadé vétsich kontrolnich center, ve kterych je monitoro-
vano nékolik tunelt, je pomémé mala ispésnost identifikace dopravnich excesl
pfimo dispe¢erem sledujicim ¢asto nékolik desitek monitordi. Dopravnim exce-
sem se kromé nehody mysli i zastaveni vozidla diky nedostatku paliva ¢i neho-
dé nebo vytvoreni kongesce. Piitom véasna identifikace nehody ma zasadni viiv
na bezpe&nost lcastnikl silniéniho provozu, nebot’ pomoci varovnych zafizeni
a dopravnich opatieni, Ize provést velmi icinny zasah.

Zkugenosti ze Strahovského tunelu, kde se monitoruje kazdy dopravni exces,
fikaji, ze zatimco za celou dobu provozu zde dodlo pouze ke tfem dopravnim
nehodam, nejméné dvakrat tydné zde dochazi k odstaveni vozidia z technickych
piidin. K dispozici jsou empiricky ziskané grafy, které ukazuji, jak stoupa pocet
odstavenych vozidlem se zvySujicim se gradientem tunelu.

Pro identifikaci nehod v tunelech je mozné vyuZivat systémy, které na zékla-
d& udajti dopravnich senzor(, matematicky stanovuji pravdépodabnost prijezdu
danym mistem (napf. tzv. Kalifornsky algoritmus nebo teorie katastrof). Praktické
zkugenosti z implementaci v tunelech ukazuji, Ze zde existuje tésna vazba mezi
spolehlivosti identifikace a pottem falednych poplacht. Jinak feceno, systém,
ktery relativné spolehlivé identifikuje exces, vyhlasuje velké mnozstvi falednych
poplachtl.

Proto se zda, e nejjednodudsi cestou je implementace videodetekce.
Podstatnou vhodou je, Ze se vyuziva stavajicich kamer v tunelu, ktere by ovsem
mély byt situovany nad osou jizdniho pasu a navic je zde pouze videodetekeni
zaiizeni. U véech systémd se jedna o digitalni zpracovani obrazu a prijezd nebo
zastaveni vozidia se zjistuje pomémé slozitymi algoritmy vychézejicimi ze zmé-
ny kontrastu mezi pozadim bez vozidla a s vozidlem. SloZitost vychdzi i z toho,
7e systémy jsou schopny eliminovat rusivé déje, jako napf. sviceni reflektord,
reflexe na mokrych plochach apod.

Jednodugsi videodetekce AUTOSCANE c¢eské vyroby je testovano ve
Strahovském tunelu, zahraniéni zafizeni AUTOSCOPE bude pouZito v nove
rekonstruovaném tunelu Tésnov, kde bude kromé zjistovani excest, véetné del-
ky kolon, méfit i parametry dopravniho proudu - intenzitu, rychlost a pocet
nékladnich vozidel. UZivatel ma moznost na obrazovce poéitace vykreslit libo-
volny detektor a pracovat s nim, pfi¢emz neni nutné jakkoli narusit povrch vozov-
ky, protoze se jedna o detektory virtualni. Na obr. 5 je pohled jedné kamer v tune-
lu s vytvofenym virlualnim detektorem ze Strahovského tunelu.

Otazky spojené s vEasnym informovanim Fidict pfimo v prostoru tunelu, je
v pfipadé nehody spojené s pozérem, vrcholné aklualni. Pocet ob&ti ve vyse Zmi-
nénych tunelech byl tak vysoky, protoze fidiéi diky neinformovanesti sefrvali ve
svych vozidlech lak dlouho, ze po rozeznani nebezpedi jiz nebyli schopni unik-
nout z prostoru pezaru. Je nulné si uvédomit, Ze pozar osobniho vozidla vyvola
okolo 60 m?® dusivého koufe za jednu sekundu.

Pro informovani Fiditt je mozné pouzit rozhlasové vysilani za piedpokladu, Ze
je v tunelu rozhlasovy systém, a Ze navic funguje velmi rychla vazba do centra
dopravnich informaci. U nés je zatim problém feSen jen pomoci tzv. Zelené viny.
V celé Evropé se zadinajl budovat systémy RDS-TMC (Radio Digital System-
Traffic Message Channel), které vyuZivaji standardizované protokoly, takze fidic
dostava zpravu ve svém rodném Jazyce a pesné definujici dopravni problém.
Navic dostéavé zpravy selektivné cflené pravé na oblast, kde se nachézi a neni
tedy zatéZovan prebylkem neuZitecnych informaci. Kromeé vybudovani
infrastruklury vysiladl je nutné pouZival i specidini auloradia jejichz vystup
neni jenom na displeji, ale zpravy jsou preddvany i verbéiné hlasovym synteti-
zatorem.

Dal& moznosti je informovani fidict pfime v tunelu pomoci displejti. Tento
systém je hojné pouZivan v USA. VétSinou se jedna o viceradkové displeje tvo-
fené LED diodami nebo bistabilnimi elementy. Na obr, 6 jsou fidiéi informovani
i 0 prekazkach v provozu népisy typu “STAVBA VPREDU - OCEKAVEJTE
ZDRZENI", Displeje se opakuji po asi 1000m. Toto fedeni neni zvlast financné
naroéné a je na néj pamatovano i v nové pipravované legislativé, kde se defi-
nuje jako “zafizeni pro provozni informace”. Vyhodou je také velmi rychlé nasta-
veni pfedemn danych napist v zavislosti na stavu dopravy.

V pfipadé tuneli s vysokou intenzilou dopravy, kde dopravni excesy jsou na
dennim pofadku se také znovu zvazuje pouZiti vysoce GEinnych reproduktord,
umisténych napf. u SOS skfini. Systém potom umoZfiuje informoval presné fidi-
e o aktualni situaci a navic mize byt chovéni fididu pfimo fizeno z centra. Je

altention to the necessily to carry out measurements of excavation convergen-
ces with respect to the value of displacements and deformation speed, and to
include these measuring results into the technological process. The driven con-
necting galleries of the tunnel shall be made in an analogous way.

The temporary support of excavation shall be made according to principles of
the NATM, i.e. the initial spray application on the rock, reinforcing steel mesh,
shoicrete layer up to 10 cm thick, three to four-piece lattice arches with a pos-
sible application of the anchoring system. Application of a further steel mesh and
shotcrete up fo the level of a latlice struclure. According to the results of the geo-
monitoring which will be performed runningly and on the basis of static calculati-
ons, the excavation support, made in said way, will be reinforced, possibly mul-
tiplied. When performing the temporary excavation securing, It is necessary to
evaluate the sequencing of the tunnel excavation into individual partial headings.
To a safe and efficient process, for performing driving operations of the tunnel
tube, the results obtained from evaluating the driving of the trial gallery are abso-
lutely necessary with respect to the found out engineering-geological conditions
and for adapting the driving technique more precisely.

3.4. FINAL TUNNEL LINING

The final lining of driven tunnels consists of a reinforced concrete vault being
40 cm thick, Between the primary lining and the final one, there is inserted an
interlying insulation. The back side of the final lining is drained by means of two
running drainage channels DN 150 placed at feel of the vault and directed to
a separaled rain water sewerage. This drainage must be made simultaneously
with Installing the interlying insulation. Then a form traveller, being 3 x 4 = 12
m long, will pass through the tunnel. Individual sections, 4 m long, will make it
possible to cast the lining in a curve as a straight fine polygon. For each tunnel
there will be manufactured a special form traveller for conereling enlarged profi-
les in the right tunnel. In places of emergency lay-bys (2 x 4 = 80 m) there will be
utilized the form traveller from the left tunnel. The final lining of cut-and-cover tun-
nels shall be made by means of the same form traveller, also in the thickness of
40 cm. After completing final vaults, there can be performed works concerning
engineering networks, foundation layers and finishing works.

4. TRANSPORT AND TECHNOLOGICAL
EQUIPMENT

The tunnel is equipped with standard equipment based on TP98
, Technological equipment of road tunnels”. Till the present time there are not inc-
luded conclusions which may result from the activity of the working group of the
Czech ITA/AITES. The group consisting of experts of various professions will
draw its atlention to the risk analyses and the risk management resulting from
accidents in the Mont Blanc tunnel and Tauern one. With respect to the fact that
the application of TP98 secures a high rate of safety and then due fo the fact that
two tunnel tubes are separated in a fireproof way, considerable changes cannot
be expected. Possible changes could concern a utilization of the system for an
automatic identification of accidents, possibly of a system for a better informati-
on of passengers, because the number of victims in the above mentioned tun-
nels was so high, due to the fact that drivers, as a consequence of a lack of infor-
mation, stayed in their cars.

Foreign experience included in the documents of the international road orga-
nization showed that in case of larger control centres, in which several tunnels
are monitored, the success in identification of traffic excesses directly by the dis-
patcher, watching often several tens of monitors, is relatively low. As a transport
excess, there is considered, besides an accident, if a vehicle stops due to a lack
of fuel or due to forming of a congestion. A timely identification of an accident,
though, has a fundamental influence upon the safety of road traffic participants,
because by means of warning equipment and transport measures an efficient
action can be performed.

Experience from the Strahov tunnel, where every transport excess is monito-
red, inform us that while during the whole time of operation only threé transport
accidents took place, at least twice a week a vehicle stops there due to techni-
cal reasons. We have at disposal graphs obtained in an empiric way which show
how the number of stopped vehicles increases in dependence upon the increa-
se of the tunnel gradient.

To identify accidents in tunnels, it is possible to utilize systems which, on the
basis of data of transport sensors, determine, in a mathematical way, the proba-
bility of passage through the respective place (e.g. the so called Californian algo-
rithm or theory of catastrophes). Practical experience from implementation in
tunnels shows that there exists a close mutual dependence between the identi-
fication reliability and the number of false alarms. To say in another way, the sys-
tem which identifies an excess relatively reliably, makes a high number of false
alarms.

That is why it seams that the simplest way is to implement video deteclions.
A considerable advantage resides in the fact that there are ulilized existing
cameras in the tunnel, which, of course are situated over the axis of the lane,
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prokazano, ze piimy verbalni kontakt plisobi z psychologického hlediska velmi
pozitivng.

Na zavér této kapitoly je nutné fici, Ze bude nutné patrné pocitat s dodate¢-
nymi opatienimi, vyvolanymi poZadavky na vy$si bezpetnost ucastnikl provozu,
ktera vyvolaji i vy$si investice do technologického vybaveni tunell.

5. ZAVER

Clanek popisuje dalsi z tunelll pfipravovanych k realizaci. Jeho vyznam je
vysoky, nebot’ tvoff soucast méstského expresniho okruhu. Po jeho vybudovani
a propojeni dalnic D5 a D1 se vyznamné odlehéf Jizni spojce, kier4 realizuje vét-
Sinu tranzitni dopravy.

Tunel bude soucasti Sirsiho méstského managementu, pfestoze ho bude pro-
vozovat organizace Reditelstvi silnic a dalnic. Proto je nutné koncepéné fesit
jeho zadlenéni do systému fizeni dopravy ve mésté. To zatim neni feseno a pfed-
poklada se fizeni dopravy i technologie z Rudné.

Dal$i otevfenou otazkou je systémové feseni komunikacnich vazeb mezi
tunely a fidicimi centry. V zahraniéi je jednoznaény trend pfechodu na digitaini
spojeni, které je realizovano jako multimedialni gateway (cesta). To potom umoz-
ni prenaset video, audio a data v jednom prostiedi a jakékoli informace jsou
dostupné komukoli na kterémkoli misté. Tato pfenosova prostfedi jsou standar-
dizovana napf. technickou komisi TC278 "Road Transport a Transport
Telematics" a soustava nové projektovanych nebo budovanych tuneld by méla
splfiovat tyto perspektivni naroky.
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Obr. 5
Pfiklad virtualniho detektoru, ktery zachyti vozidlo zastavené v naznaceném kruhu
Example of a virtual detector showing a vehicle which stopped in the marked circle

NO
TRUCKS
LEFT
LANE

' fi
e 2
Obr. 6
V tadé tuneltl v USA se pouZivaji displeje s vysvétlujicimi funkcemi
In a number of tunnels in the USA there are used displays with
explaining functions.

and, more over, there is mounted only a video detection equipment. As to all sys-
tems it concerns a digital procession of the picture, and the passage or stopping
of a vehicle is found out by means of complicated algorithms resulting from the
change of the contrast between the background without a vehicle and with it.
Problems result even from the fact that systems are able to eliminate disturbing
actions, such as shining of headlights, reflections on wet surfaces and
the like.

A simpler video detection AUTOSCANE, of the Czech production is tested in
the Strahov tunnel, the foreign equipment AUTOSCOPE will be applied in the
newly reconstructed tunnel Tésnov, where it will measure, besides detection of
excesses inclusive motorcades length, even lraffic parameters - intensity, veloci-
ty and number of lorries. The user has the possibility to draw any detector on the
monitor and to work with it, and it is not necessary to disturb the roadway surfa-
ce in any way, because it concerns virtual detectors. Fig. 5 shows a view of one
of cameras in the tunnel with a created virtualdetector from the Strahov tunnel,

Questions connected with a timely information supplied to drivers directly in
the space of the tunnel is extremely actual in case of an accident combined with
a fire. The number of victims in the above mentioned tunnels was so high, becau-
se drivers were not informed and stayed in their vehicles for such a long time
that, after the danger had been found out, they were not able to escape from the
space of fire. It is necessary to note that a fire of a passenger car produces about
60 sgm of choking smoke per one second.

To inform drivers, it is possible to use radio broadcasting, provided that such
a broadcasting system is installed in the tunnel, and, more over, a very quick
feedback to the centre of transport information is in function. In our country, the
problem is solved only by means of the so called ,Green wave”. In the whole
Europe, one starts to implement systems RDS-TMC (Radio Digital System -
Traffic Message Channel), which utilize standardized records, so that the driver
receives the information both in his mother language, and defining precisely the
transport problem. More over, he receives information selectively aimed just to
the area where he takes place and so he is not troubled with an abundance of
useless information. Besides the installed infrastructure of transmitters, it is
necessary to use special car radio receivers where the information does not
appear only on the display, but reports are handed over verbally by means of
a voice synthetizer.

Another possibility is to inform drivers directly in the tunnel by means of dis-
plays.This system is predominantly used in USA. Mostly it concerns multi-line
displays consisting of LED diodes or bistable elements. Fig. 6 shows the western
part of the tunnel Hanging in Colorado, where drivers are informed even of traf-
fic impediments by means of inscriptions such as ,LEFT LANE CLOSED - 500
m". The displays are repeated about every 1000 m. This solution is not too
expensive and it is taken into account in newly prepared legislation, where it is
defined as an ,equipment for operational information". The advantage also resi-
des in a quick setting up of inscriptions prepared in advance, in dependence
upon the transport situation.

In case of tunnels with a high intensity of transport, where transport excesses
take place every day, it is considered to apply highly effective loudspeakers, situ-
ated e.g. at SOS boxes. Then the system makes it possible to inform drivers
accurately of the actual situation and more over, the activity of the driver can be
controlled directly from the centre. It has been proved that the direct verbal con-
tact has a positive influence from the psychological point of view.

At the end of this chapter, it is necessary to state that it will be probably nee-
ded lo take into account additional measures caused by requirements for a hig-
her safety of traffic participants which will cause higher investment for technolo-
gical equipment of tunnels.

5. CONCLUSION

This article describes a further tunnel prepared for realization. Its importance
is high, because it forms a part of the municipal circle express road. After its con-
struction and interconnection of motorways D5 and D1, the traffic on the sout-
hern connection road, which realizes the predominant part of the transit tran-
sport, will be decreased.

The tunnel will be a part of a larger municipal management in spite of the fact
that it will be operated by the Management for Roads and Motorways. That is
why it is necessary to solve how to embody it into the system of the municipal
transport control. This problem has not yet been solved, and it is supposed that
the traffic and technology will be controlled from Rudna.

Another open question is a system solution of communication bonds between
tunnels and control centres. In abroad there exists a trend to pass to a digital
connection which is realized as a multimedial gateway. This solution makes it
possible to transmit video, audio and data in one medium and any information is
accessible to anyone on any place. Said transmission media are standardized
e.g. by a technical committee TC278 ,Road Transport and Transport Telematics®,
and a system of newly designed or constructed tunnels should perform said per-
spective requirements.
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RENNSTEIG -
NAJDLHSI TUNEL V SRN

THE RENSTEIG TUNNEL -
THE LONGEST TUNNEL IN GERMANY

ING. JOZEF FRANKOVSKY, ING. ANTON PETKO, JOZEF KNAJBEL,
BANSKE STAVBY, A.S. PRIEVIDZA

Takmer 8 km dihy tunel Rennsteig v strednej éasli pohoria Durinsky les je
slicastou novobudovane] dialniéne] trasy A 71 Erfurt - Schweinfurt. Clanok opi-
suje zékladné dispoziéné prvky tohoto pozoruhodnéha tunelarskeho projektu,
ako aj technologiu jeho razenia, pouzité strojné zariadenie a prvky primarneho
ostenia, Velka dlzka tunela predurdila velkorysé rieSenia aplikované na tomto
diele najma z hfadiska uZivatelského komfortu a bezpecnosti prevadzky.
Zaciatok vystavby tunela sa daluje diiom 1. B. 1998. S ukonéenim razenia sa
podita 31. 12. 2000.

Z nespocetného mnoZstva dopravnych tunelov, ktoré sa vybudovali na svete,
mnohym sa usiel priviastok prvenstva najvacsej dizky alebo iného parametra,
pripadne iné zvladtnosti. Najdihgim Zelezniénym tunelom v minulom storodi bol
alpsky lunel Mont Cenis s dizkou 12,8 km. V prvej polovici 20. storoéia sa naj-
vacsou dizkou pysil Simplonsky tunel, V druhej polovici 20. storodia sa dizky
zelezniénych lunelov natiahli cez hranice 50 km. Najdihsi podmorsky tunel
Seikan v Japonsku méa dizku 54 km.

Najvécsim europskym tunelarskym dielom je, a eSte na nejaky ¢as zostane,
47 km dihy Channel tunnel. Cestné tunely za Zelezniénymi, s ohfadom na iné
naroky po stranke velrania, dizkou zaostévaji, ale aj tak dizka v stéasnosti
budovaného cestného tunela Laerdal v Nérsku 24 km, je viac ako tctyhodna.

V 8RN je najstarsim dialni¢nym tunelom z roku 1936 tunel Engelberg. Jeho
novodoba nahrada sa pysi najvacsim prieénym profilom - 265 m?. Nateraz
najdihsim dialiénym tunelom v SAN sa stéva tunel Rennsteig. Tunel Rennsteig
Je v5ak pozoruhodny z viacerych hiadisk a svojimi (Zitkovymi viastnostami a bez-
pecnastnymi parametrami sa zaradi na Spicku tunelarskeho pokroku.

Slovensky podnik Banské stavby, a. s. Prievidza dostal prileZitost’ z(¢astnit sa
na tejto stavbe a svojej llohy sa zatial velmi Gspesne zhostuje.

GEOMETRICKA CHARAKTERISTIKA TUNELA

Dizka:

Prie€ny profil:

Profil nidzovych &asti (zalivov):
Svetla vyska tunela: 45m

Prie€ne spojenie: kazdych 300 m
Pocet nidzovych zélivov: 12

7 916 zapadna rdra, 7 878 vychodna rdra
75 - 92,4 m? (hruby vylom)
114 m?

Osova vzdialenost tunelovych rir 25 m
Maximélna vyéka nadlozia 240 m
Profil kaverien vetracich stanic 200 m?

Hlbka vetracich $acht: 14 m (Kehltal), 18 m (Flossgraben),
obidve so 40 m vysokou nadstavbou
129 m (v Udoli Kehltal),

135 m (v udolf Flossgraben)

Dizka pristupovych tunelov:

UDAJE O VYSTAVBE TUNELA

DEGES (Deutsche Einheit
Fernstrassenplanungs-und-bau
ILF Mnichov

Arge Rennsteig Tunnel

(Ziblin AG/Wayss und Freytag)

Investor:

Projekt
Dodavatel:

Zadiatok vystavby: 1.8. 1998
Uvedenie do prevadzky: 30. 5. 2002
Rozpoétovy naklad: 430 mil. DEM

The nearly 8 km long Rennsteig tunnel in central part of the Thiringen Wald
mountain range forms a part of the new built A 71 Erfurt - Schweinfur! molorway
route. This article describes basic design paramelers of that remarkable tunnel-
ling project, as well as the excavation method, plant utilised, and elements of its
primary lining. The respectable length of the tunnel had predetermined the bro-
adminded solutions applied on this project, from the point of view of a user com-
fort and a safe operation above all. The construction works started on 1st August,
1998. Completion of excavation is scheduled on 31st Dacember. 2000,

Many of the countless number of transport-related tunnels which were built in
the world deserved an attribute of primacy regarding the biggest length or anot-
her parameter, or some kind of exceplionality. The longest tunniel of the past cen-
lury was the 12.8 km long Mont Cenis tunnel in the Alps. In the first half of the
20th century the Simplon vehicular tunnel taok glory in the biggest length. In the
second half of the 20th century the lengths of railway tunnefs crossed the limit of
50 km. Stikan, the longest undersea tunnel in Japan, is 54 km long.

The Chonel tunnel is, and will remain for some time, Europe’s largest one. The
length of road tunnels, with respect to other requirements connected with venti-
lation, falls behind the length of railway tunnels, although the 24 km long Laerdal
tunnel in Norway, which is currenily under construction, is more than respectab-
le.

The oldest motorway tunnel in Germany, the Engelberg tunnel, was built in
1936. Its modern replacement takes pride in the largest cross seclion of 265 m?2.
Nowadays, the Rennsteig tunnel s going to become the longest motarway tun-
nel in Germany. However, the Rennsteig tunnel is remarkable even from more
aspects, and it will get to the leading edge in the unnelling industry progress.

Banske stavby, a.s. Prievidza, a Slovakia-based company, have bean granted
the opportunily of participating in this construction, and it has been performing its
role in a very successful manner siill

GEOMETRICAL CHARACTERISTICS OF THE TUNNEL

Length: 7 916 m for the west tube,
7 878 m for the east tube

Excavated cross section: 75-92.4 n?

Emergency parts (lay-bys) cross section: 114 n?

Clearance: 45m

Cross-passages: at intervals of 300 m

Number of emergency lay-bys: 12

Distance between centres of tunnel tubes 25 m

Maximum overburden depth 240 m

Ventilation caverns cross section 200 nv

Depth of ventilation shafts: 14 m (Kehltal), 18 m (Flossgraben),
each of them equipped with

a 40 m high extension
129 m (in the Kehltat valley),
135 m (in the Flossgraben valley)

Length of access tunnels:

DATA ON THE TUNNEL CONSTRUCTION

Client: DEGES (Deutsche Einheit
Fernsrassenplanungs-und bau)
Consultant: ILF Munich
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OPIS TUNELOVEJ STAVBY

Dvojrdrovy diaficny tunel je navrhnuty tak, ze kazda tunelova rira bude mat
dva jazdné pruhy a jeden odstavny pruh. Tunelové rlry sa uz s postupom raze-
nia spéjaju prie¢nymi prerazkami - spojkami (obr. 1) vo vzdialenosti kazdych 300
m. Tieto spojky tvoria Unikové cesty a kazda druha z nich sa buduje ako pre-
jazdnd. V kazdej tunelovej rdre je 12 nidzovych zalivov. Vyskove vedenie trasy
so stipanim 1,65 %, resp. 2,017 % od jedného a druhého portalu je ovplyvnené
krizovanim trasy Zelezni¢ného tunela, s ktorym sa prekrizuje vo vyske 6 - 7. m.

Najvy$$i bod trasy tunela lezi v nadmorskej vyske 670 m. Smerové vedenie
trasy tunela je prevazne takmer priame s vynimkou priportalovych oblikovych
Usekov.

Z hladiska vetrania je tunel rozdeleny dvomi vetracimi stanicami umiestneny-
mi v podzemnych kavernach na tri priblizne rovnako dihé useky. Kaverny vetra-
cich stanic su spojené s povrchom vetracimi §achtami a pristupovymi tunelmi. Pri
Usti obidvoch pristupovych tunelov bude miesto pre zachranné vozidla a vrtulhik.
Spolu so zariadeniami tiesfového volania, poziarymi hlasi¢mi, hasiacim zaria-
denim, komunikaénym vybavenim (moznost poclvat autorddio a pouZit' mobilny
telefén), ako aj televiznym zariadenim na sledovanie dopravy bude zaruéeny uzi-
vatelsky komfort a bezpeénost tunela na vrcholovej drovni terajich technickych
moznosti.

POSTUP VYSTAVBY TUNELA

Konfigurdciu terénu s dvomi vyraznymi depresiami (obr. 2) vyuzil projektant
s vyhodou na spristupnenie tunela z daldich dvoch miest a na efektivne rieSenie
vetracieho systému.

Ako prvé sa zadali razi¢ské prace na jednom z pristupovych tunelov a na
vybudovani kaverny (obr. 3) predstavujuce] objekty prieniku tunelovych rir a vet-
racich Sacht.

Pristup k tunelovym rdram zo $tyroch miest (od obidvoch portalov a z obid-
voch pristupovych tunelov) umozniuje efektivne simultanne razenie az 12 elba-
mi. Z praktickych dovodov sa v8ak pristupové objekty nevybudovali si€asne, ale
sa buduju za sebou s uréitym ¢asovym odstupom. V stcasnosti sa preto razi iba
6 Celbami.

Inou zaujimavostou aplikovanou pri razeni tunela Rennsteig je simultanne

Primame ostenie
Primary lining

Vnutomé ostenie
Inside lining

Tesnenie
Insulation

Arge Rennsteig Tunnel

(Ziiblin AG/Wayss und Freytag)
1st August, 1998

30th May, 2002

DEM 430 mil.

Contractor:

Commencement of the Works:
Initial start-up:
Contract price:

DESCRIPTION OF THE TUNNEL STRUCTURE

The dual vehicular tunnel design features two traffic lanes and one emergen-
cy stopping lane in each tunnel tube. The tunnel tubes are being connected by
means of cross-passages (Figure No.1) at intervals of 300 m in the course of the
excavation work. These connections form escape ways, and every other of them
is being built as a vehicular-sized one. Each tunnel tube coniains 12 emergency
lay-bys. The level of the route, with its gradient of 1.65% and 2.017% up from
one and the other portal respectively, is affected by a railway tunnel route, which
will be crossed at the height of 6 - 7 m. The highest point of the tunnel is at the
altitude of 670 m above sea. The tunnel alignment is mostly straight, excepting
curved sections at the portals.

From the ventilation point of view, the tunnel is divided into three approxima-
tely equal sections, by two ventilation stations, located in underground caverns.
The caverns for the ventilation stations are connected with the surface by means
of ventilation adits and access tunnels, At the mouths of both access tunnels,
there will be a space for emergency service vehicles, and a helipad. Owing to
emergency-call facilities, fire-alarms, communication equipment (a possibility of
a car radio listening, and of using mobile telephones), as well as fo CCTV came-
ras for the traffic monitoring, the guaranteed user comfort and safety of the tun-
nel will be at a top level achievable by contemporary technical means.

PROGRESS OF THE TUNNEL CONSTRUCTION

The consultant took the advantage of the terrain configuration, featuring two
pronounced depressions (Figure No.2), for creation of accesses to the tunnel
from other two locations, and for an effective solution of the ventilation system.

The first excavation work was started on one of access tunnels and on the
cavern (Figure No.3), representing a structure interconnecting the tunnel tubes
and the ventilation shafts.

Primame ostenie
/" Primary lining
Tesnenie
Insulation

Unikova cesta
Escape korridor

Vzdialenost osi tunelovych rur i

]
|
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Obr. 1
Rez tunelovymi rirami v mieste prieénej spojky
Cross section of tunnel tubes at a cross passage location
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Konfiguracia terénu nad trasou tunela
Terrain configuration above the tunnel route
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nasadenie jednej strojnej zostavy a jednej razi¢skej osadky na dve tunelové cel-
by postupujtce tym istym smerom. Vtacie vozy, nakladace, dumpre, slpravy na
striekany betén sa presivaju z jednej celby na druhd prie€nymi spojkami.
Prietne spojky sa razia zérovefi s postupujucou ¢elbou tunelovych rir s husto-
tou 1/300 m.

GEOLOGIA A HORNINOVE PROSTREDIE

Struktarnymi prvkami geologickej stavby (zemia, ktoré pretina trasu tunela
Rennsteig v strednej Gasti pohoria Thiringen Wald je Oberhoferska
a Beergburska kryha permského veku. Na trase tunela prevazuju horniny
Oberhofskej porfyrovej platne s viacerymi porfyrovymi prudmi a intriziami zasa-
hujtcimi okolité sedimenty. Hornina je prevazne tvrda az velni tvrdd s vysokym
obsahom kremenia.

TECHNOLOGIA RAZENIA

Tunel Rennsteig sa razi vrino-trhavinovou technoldgiou. Stabilita vyrubu tune-
lovych rir a kaverien vetracich stanic sa zaistuje podra principov NRTM. Podla
kvality horninového prostredia a jeho zatriedenia do vylomovych tried sa razi bud
plnou alebo delenou ¢elbou. Pri razeni delenou ¢elbou v tunelovych rarach sa
postupuje dvomi sekvenciami - kalotou a etézou. Vo velkom profile kaverien sa
razi v $tyroch sekvencidch - kalotou, dvomi etdZami a podkruzim.

Nasadenie modernych, vykonnych mechanizmov sa odraza na vysokom tem-
pe razenia. Na vyvrty pre trhavinové naloZe sa pouziva vitaci voz ATLAS COP-
CO 353 ES vybaveny 3 vrtacimi lafetami a riadiacim systémom "BEVER CON-
TROL" automatického odvitania &elby podfa naprogramovanej vrtnej schémy.
vrint schému uréuje vrtno-trhaci technik podla kvality horninového prostredia.
Vriny voz sa pred zacatim vitania pomocou lasera, ktorym sa uréuje smerovée
vedenie diela polohovo nastavi a fixuje. Riadiaci systém zaroveri uloZi do paméte
poditada kazdy odvitany vrt a vyhodnoti odvrtanie celej &elby. Dalsi dvojlafetovy
vrtaci voz ATLAS COPCO 352 sa pouziva prevazne na svornikovanie. Na nakla-
danie a odtazbu sa pouzivajl viaceré mechanizmy: naklada¢ CAT-F 966, bager
BROYT, bager Caterpillar 322 B, tunelovy bager LIEBHERR 932 Litronic a dum-
per Caterpillar D 30 D.

Na striekany betén mokrou cestou sa pouziva suprava NORMET-SPRAYMEC
s vykonom 15m3/h.

Primarne ostenie sa ni¢im nelisi od typicky v si¢asnosti pouzivane] kombina-
cie svornikov, mrezoviny, priehradovych oblikovych nosnikov a striekaného
beténu.

Kaverny vetracich stanic vzhladom na svoj velky profil (obr. 4) predstavujd
raziésky najnaroénej$i objekt z celej tunelovej stavby. V prienikoch kaverny
s tunelovymi rirami sa zabudovavali az 10 m dihé predpéaté svorniky 1BO.

OBSADENIE PRACOVISK A RAZICSKE POSTUPY

V stcasnosti na tuneli Rennsteig je aktivne obsadenych 6 &elieb, na ktorych
pracuje 150 raziGov, z toho je 25 pracovnikov z Banskych stavieb. Ostatné osad-
ky tvoria Nemci a Rakdsania. Zaujimavé je pritom, Ze slovenskym razi€om doda-
vatel zveril najnaroénejiu ¢ast - kavernu vetracej stanice Flossgraben (obr. 3).

V tunelovej rdre, ktorej profil hrubého vylomu sa pohybuje v priemere okolo 80
m? sa dosahuije pravidelne vykon 10 m plného profilu tunela na jednu osadku za
24 h.

Oséadky pracujti v 12 hod. zmenéch pét a pol diia v tyZdni. Technické vedenie
stavby predstavuje 35 inziniersko-technickych pracovnikov.

Pri betonarskych pracach definitivneho ostenia ma pracovat 50 pracovnikov.

VETRACI SYSTEM TUNELA

Pre tunel Rennsteig projektant navrhol pozdizne vetranie. Pri danej dizke
tunela a vyskovom vedeni trasy tunela by samotné pridové ventilatory nestacili,
preto rieSenie vetrania projektant koncipoval so zaradenim dvoch vetracich sta-
nic. Tunel sa tak rozdelil na tri priblizne rovnaké vetracie Useky.

Obidve vetracie stanice majd rovnaké technologické vybavenie a pracujd
podta rovnakej funkénej schémy (obr. 5). Cisty vzduch sa v oboch vetracich sta-
niciach nasava axialnymi ventilatormi pristupovymi tunelmi a vhaa do obidvoch
tunelovych rir v smere jazdy vozidiel. Znedisteny vzduch sa analogicky nasava
2 protismeru a vetracimi $achtami priemeru 6,2 m odvadza na povrch. V kazdej
vetracej stanici je po 8 axialnych ventilatorov.

Pohyb vzduchu dalej podporuje po 30 pridovych ventilatorov v kazdej tunelo-
vej rare.

ZHRNUTIE

Tunel Rennsteig je vysledkom starostiivého vyberu z viacerych moznych vari-
ant dialni¢nej cesty cez horsky hreber Durinskeho lesa. Predstavuje podtunelo-
vanie celého hlavného hrebena a javi sa preto nielen po dopravnej stranke, ale
aj environmentalnej ochrany ako optimalne riedenie.

The access to the tunnel tubes available from four locations (from both por-
tals, and via both access tunnels) renders an effective simultaneous excavation
at as many as 12 points of attack possible. Although, for practical reasons, the
access tunnels were not built simultaneously. They are being built consecutive-
ly, with a certain time gap between each other. For that reason, currently only 6
headings are advanced. ’

Another matter of interest, applied at the Rennsteig tunnel excavation, can be
seen in a simultaneous deployment of one set of equipment and one mining crew
on two tunnel headings advancing in the same direction. Drilling jumbos, loaders,
dump trailers and concrete sprayers are moved from one heading to the other
one via cross-passages. The cross-passages are driven simultaneously with the
advancing headings, in intervals of 300 m.

GEOLOGY AND ROCK CONDITIONS

The geological area of excavation of the Rennsteig tunnel, crossing the
Thilringen Wald mountain range in its central par, is formed by the Oberhofer

Obr. 3
Kaverna vetracej stanice Flossgraben
The Flossgraben ventilation station cavern

and the Beerburg blocks of the Permian period structural elements. Along the
tunnel route, the rock types of Obersdorf porphyritic plate with several porphyri-
tic flows and intrusions into the surrounding sediments prevail. The rock is most-
ly hard to very hard, with a high content of quartz.

TUNNELLING METHOD

The Rennsteig tunnel is being driven by the drill-and-blast technique. Stability

of
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Privlastok najdihsieho nemeckého dialhi¢ného tunela bola zrejme vyzvou pri
navrhu rieSeni jeho vystavby i prevadzkového vybavenia a U¢astnici stavby chcl
dokézat, Ze svoju tlohu dok&zu majstrovsky zvladnut’

POUZITA LITERATURA:

John, M., ILF Consulting Engineers,
Hubert von Brunn, Prospektovy materidl DEGES Verbindungsbiro Freistaat
Thiringen
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Obr. 4
Profil kaverny vetracej stanice v pozdlznej osi tunelovych rur
Ventilation station cavern profile in the longitudinal axis of tunnel tubes
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Obr. 5
Funkéna schéma vetracich stanic
Ventilation stations function scheme

of the excavation for the tunnel tubes and for the ventilation stations caverns is
being provided by means of the NATM principles. Either the full-face excavation
method is exercised, or the face is divided, depending on the rock environment
quality and on the rock mass classification. When the face is divided, the exca-
vation advances in two sequences, i.e. top heading and bench. The large cross
section of the caverns is excavated in four sequences, i.e. top heading, two ben-
ches and invert,

Deployment of modern, efficient equipment is reflected into a high advance
rate of the excavation. Drilling for explosive charges is performed with ATLAS
COPCO 353 ES drilling jumbo, equipped with 3 booms and the "BEVER CON-
TROL" control system for automatic drilling in the face according to a program-
med blast pattern. The blast pattern is designed by a drill and blast manager, with
respect to the rock quality. The drill rig is set and fixed in its position before the
start-up of drilling by means of a laser, used for directional guidance. At the same
time, the guidance system stores the data on every completed bore hole, and
evaluates the whole completed face drilling. Another ATLAS COPCO 352 doub-
le-boom jumbo is is used mostly for rockbolting. Muck loading and excavation is
carried out by means of various equipment, i.e. CAT-F 966 loader, BROYT exca-
vator, Caterpilar 322 B excavator, LIEBHERR 932 Litronic tunnel excavator, and
Caterpillar D 30 D dump trailer.

NORMET-SPRAYMEC set with an output of 15 m3/h is being used for wet-mix
concrete spraying.

The primary lining of the tunnel does not vary from a typical, at the present
times used combination of rock bolts, welded mesh, lattice arches and sholcre-
te.

The caverns for the ventilation stations, with respect to their large profile
(Figure No.4), represent the most exacting structure of the whole tunnel con-
struction from the point of view of miners. IBO pre-tensioned rock bolts up to 10
m long were arranged in the areas of penetration of the tunnel tubes into the
cavemns.

MINING CREWS AND EXCAVATION ADVANCES

At present, there are four actively manned headings on the Rennsteig tunnel
construction, on which 150 miners are employed, 25 workers out of that number
are employees of Banské stavby. The other crews are formed by Germans and
Austrians. It is quite interesting that the client entrusted just Slovak miners with
execution of the most demanding part of the works, i.e. the Flossgraben ventila-
tion station cavern.

In one tunnel tube, the average excavated cross section of which is about 80
n?, an advance rate of 10 m of full profile excavation per one crew per 24 h has
been achieved regularly.

Crews work in shifts of 12 hours for five and half of a day in a week. Technical
management of the construction consists of 35 engineering and technical wor-
kers.

50 workers are planned for the work on pouring the final lining.

THE TUNNEL VENTILATION SYSTEM

The engineering consultants designed a longitudinal system of ventilation for
the Rennsteig tunnel. Since flow fans by themselves could not be able to cope
with the task, the designer solved the ventilation system by addition of two ven-
tilation stations. By that way, the tunnel was divided into three, approximately
equal, ventilation sections.

Both ventilation stations have identical technological equipment, and they
work according to the same function scheme. Clean air is sucked in both venti-
lation stations by axial fans through access tunnels, and it is driven into both tun-
nel tubes in the traffic flow direction. Polluted air is, in an analoguous manner,
sucked from the opposite direction, and carried through 6.2 m-diameter ventila-
tion shafls to the surface. Each ventilation station houses 8 axial fans.

The air flow is further supported by 30 pieces of flow fans installed in each tun-
nel tube.

CONCLUSION

The Rennsteig tunnel is a result of a careful selection out of several variants
available for the design of a motorway crossing a ridge of the Thiiringen Wald
mountain range. It represents a work on tunnel excavation under the full width of
the main ridge, for which fact it seems to be, not only from the transportation
point of view but also from the environmental one, an optimal solution,

The vision of building the longest German motorway tunnel was obviously
a challenge in the course of development of the solution of its construction and
operational equipment. Participants of the building process are going to prove
that they are able to perform their tasks with mastery.

REFERENCES:

John, M., ILF Consulting Engineers,
Hubert von Brunn, DEGES Verbindungsbliro Freistaat Thiringen brochures
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RAZICSKE FINALE
NA TUNELI BRANISKO

DRIVING FINALS
IN THE TUNNEL BRANISKO

ING. JOZEF FRANKOVSKY, BANSKE STAVBY, A.S., PRIEVIDZA

Kym slovenski motoristi si na prvé zazitky a poteenie z jazdy diafi¢nym
tunelom Branisko pockaji este asi tri roky, jeho razi¢i mali svoje malé finale
v podobe prerazky uz v mdji r. 1999. V auguste r. 1999 dorazili aj spodn( Cast
profilu (etdZ), takZe juznd tunelovd rira ma svoje raziéské findle za sebou.

Do celkového ukonéenia stavby zostava eSte mnoho velkych a zlozZitych prac
(reprofilacia, vodoizolacia, definitivne ostenie, vetraci systém vratane vyhibenia
vetracej Sachty, vozovka, inStalacia prevadzkovych, signaliza¢nych a bezped-
nostnych zariadeni), ale rozhoduijlica a riskantna ¢ast stavby je uz hotova. Je ¢as
i dévod na zhodnotenie vysledkov.

PRVENSTVA TUNELA BRANISKO

Najdélezitej$im prvenstvom, ktoré sa zapi§e raz navzdy do historie je to, ze
tunel Branisko bude prvym dialhi¢nym tunelom, ktory sa zadal razit' v SR. Pred
zaciatkom jeho stavby sa nakopilo nielen mnozstvo technickych, finanénych,
pravnych a inych problémov, ale aj opravnené obavy z rizika takejto stavby
v neznamom geologickom prostredi a s novackovskou zostavou investorskych,
projektovych i dodavatelskych Ucastnikov stavby. ISlo o prvi stavbu tohto druhu.
Naviac ¢as na pripravu stavby pod tlakom politického rozhodnutia o zacati stav-
by bol neprimerane kratky. Napriek tymto nepriaznivym vychodiskovym podmi-
enkam stavba sa Uspesne odstartovala a po razicskej stranke sa zaznamenali
niektoré dalSie prvenstva ako napr.

- prvé a ddsledné pouzitie razicskej metédy oznaovanej ako nova raklska
tunelovacia metéda (NRTM)

- dosiahla sa prekvapujica vykonnost' a vysoké tempo razenia, ktoré sa v pod-
mienkach maloprofilovych banskych diel pri aplikacii vitno - trhavinovej tech-
noldgie v nasich pomeroch nikdy nedosiahli

- aplikoval sa cely rad tunelarskych praktik zodpovedajlcich suéasnej Spickove]
Urovni vo svete, ktoré sa na Uzemie SR doteraz nepouZili (geodetické metody
a pristroje, geotechnické merania, trhacie prace po stranke rozsahu, G¢inkov,
presnosti i pouzitych prostriedkov, nové prvky primarnej vystuze).

- razenie priportalovych Casti tunelovej riry pod ochrannou klenbou: pri zdpadnom
portéli v podobe dazdniku z injektovanych mikropildt, pri vychodnom portéli v podo-
be betdnovej klenby nad stropom tunela, s neoficialnym nazvom korytnacka.

METODA RAZENIA

Rohodnutie o aplikacii novej rakuskej tunelovacej metédy (NRTM) a zahra-
niéného know-how, spolu s prevzatim niektorych rakiskych noriem a priamej
Ucasti rakuskych expertov z firmy ILF Innsbruck na stavbe, patrf nepochybne ku
kficovym rozhodnutiam, vdaka ktorym bol priebeh razenia tunela nad o¢akava-
nie uspesny. Napriek tomu, Ze ide o aplikaciu rutinne pouzivanej metédy v tune-
larsky vyspelom svete, bolo jej uplatnenie pre slovenskych tunelarov skusobnym
kamefiom a prileZitostou, aby preukazali svoju odbornt vyspelost a spésobilost
metddu nielen jednoducho aplikovat, ale aj tvorivo rozvin(t a prispdsobit miest-
nym podmienkam.

Pripomerime si, Ze NRTM je zaloZena na tychto principoch.

- spevnit, stabilizovat a uzavriet lic vyrubu stiéasne s postupom vylomovych
prac poddajnou $krupinovou konstrukciou, ktord umozni riadené deformacie
masivu a pritom zabrani rozvolfiovaniu, vypadavaniu a strate pevnosti horni-
ny (striekany betdn s ocefovou mreZovinou)

- vystuzit horninovy masiv a zvysit tym jeho Unosnost (svorniky a kotvy)

- zasahovat do procesu uvoliovania napéatia a obmedzit deforméacie {€lenenie
vyrubu, ponechanie jadra, zabudovanie doCasnej protiklenby atd.)

- podopriet uvolriovanu ¢ast horninového masivu (podperna ocelova vystuz)

KONSTRUKCIA PRIMARNEHO OSTENIA

Pri ndvrhu konétrukcie ostenia sa preto projektant neobmedzuje a nesustre-
duje iba na nadimenzovanie samotného ostenia podla vopred danych paramet-

It is true that Slovak motorists must wait about three years for a pleasure to
use a road tunnel. Its driving workers had their small finals in the form of a bre-
akthrough driving in May 1999. In August 1999 they also completed the lower
part of the profile (bench), so that the southern tunnel tube has already celebra-
ted its driving finals.

To complete the whole construction, many large and complicated works must
be carried out (reprofiling, hydroinsulation, final lining, ventilation system inclusi-
ve the ventilation shaft, roadway, installation of operational, signalling and safe-
ty equipment), but the decisive and most risky part of the construction has been
already finished. Now, it is the time and reason for evaluating the results.

PRIMACIES OF THE TUNNEL BRANISKO

The most important primacy which will be written in the history for ever, is the
fact that the tunnel Branisko is the first motorway tunnel which started to be dri-
ven in the Slovak Republic. Before the beginning of its construction there were
accumulated not only many technical, financial, legal and other problems, but
also reasoned fears as to risks concerning such a construction in an unknown
geological environment and with owners, designers and contractors having no
experience in this line so far. It was the first construction of such a kind. More
over, the time for preparing the construction was inadequately short due to the
pressure of a political decision concerning the comencement of the construction
works. In spite of said unfavourable starting conditions, the construction was
successfully started, and from the driving point of view, there were achieved
several further primacies, such as:

- the first and consistent application of the driving method, named the New
Austrian Tunnelling Method (NATM),

- there was achieved a surprising efficiency and a good advance rate, which
have been never achieved so far in our country in conditions of small profile
mining works when having applied drill-and-blast techniques,

- there were applied many tunnelling methods corresponding with the hitherto
existing top level in the world, which have not yet been applied in the territory
of the Slovak Republic (survey methods and instruments, geotechnical mea-
surements, blasting operations as to the extent, accuracy and applied means,
new elements of the primary lining),

- driving of parts near the portals tube under a protective vault: at the western
portal in the form of an umbrella made of grouted micropiles, at the eastern
portal in the form of a concrete vault over the tunnel roof, called a turtle, unof-
ficially.

THE DRIVING METHOD

The decision on applying the New Austrian Tunnelling Method (NATM) and

a foreign know-how, together with taking over several Austrian standards and the

direct participation of Austrian experts from the firm ILF Innsbruck on the con-

struction site, is ranked among the key decisions which caused the course of dri-
ving much more successful than it was expected. In spite of the fact that it con-
cerns an application of a usually applied method in the progressive tunnelling
world, the application of NATM was, for Slovak tunnelling workers both a proba-
tion stone and the occasion to prove their professional level and ability not only
to apply this method, but also to adapt it in a creative way with respect to local
conditions.

Let us recall that the NATM is based on the following principles:

- lo reinforce, to stabilize and to cover the intrados of the excavation, simuita-
neously with the advance of mining works, by means of a yielding shell struc-
ture which makes it possible to control massif deformations and to prevent the
rock from loosening, breaking out and loss of strength (shotcrete with steel
mesh),

- o support the rock massif and to increase its bearing capacity (by means of
bolts and anchors)
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rov zatazenia, ale berie zretel aj na pozorovania a geotechnické merania, ktory-
mi sa zistuje spolupdsobenie horniny s primarnym ostenim pocas redistribu¢né-

ho procesu zmien napétia az po nadobudnutie nového rovnovazneho stavu.

Na zaklade vyhodnotenia geologickych ddajov ziskanych pri razeni prieskum-
nej 8tbine sa Zistilo, Ze horninové prostredie na trase tunela podfa rakiskej nor-
my ONORM B 2203 (pri absencii ekvivalentnej STN) zodpoved4 tymto vystrojo-

vacim triedam (tab. 1)

Horninové prostredie Vystrojovacia trieda

tektonicky neporusené horniny krystalinika I,

tektonicky porusené horniny krystalinika Ik

neporusené paleozoické bridlice, pieskovee,

zlepence, arkézy IV.
tektonicky porusené a zvodnelé paleozoicke
bridlice a pieskovce V.
drobivé a zvodnelé pokryvné utvary, zeminy
a ilovcové bridlice v priportalovych sekoch VI

Prvych 400 m tunela od zapadného portalu prechadzalo horninami VI. a V.
vyrubovej triedy. Dalej nasledovala séria permskych sedimentov po staniéenie
1240 m zodpovedajica IV. vyrubovej triede. Horniny krystalinika patriace do Ill.
a ll. vyrubovej triedy potom pokracovali az po stani¢enie 4700 m. ZvySok po
vychodny portal v stanieni 4822 m tvorili opat horniny V. a VI. vyrubovej
triedy.

Pre jednotlivé vystrojovacie triedy projektant TERRAPROJEKT a.s. Bratislava
urgil konstrukciu primarnej vystuze (hribka striekaného beténu, dizku a druh hor-
ninovych kotiev, ocefovi mreZovinu, dimenzie podpernych oblukov, zabezpede-

Obr. 1

- lo affect the stress loosening process and to limit deformations (sequencing of
the excavation, keeping of the core, building a temporary invert, etc.)

- to support the loosened part of the rock massif (supporting steel reinforce-
ment).

PRIMARY LINING STRUCTURE

When designing the lining structure, the designer does not limit and concent-
rate his activity only to dimensions of the proper lining according to load para-
meters laid down in advance, but he takes into account even observing and geo-
technical measurements by which there is found out the composite action of the
rock and of the primary lining during the redistribution process of stress changes
up to the forming of the new equilibrium condition.

On the basis of evaluation of geological data obtained during the driving of the
exploratory gallery, there was found out that the rock environment along the tun-
nel alignment, according to the Austrian standard ONORM B 2203 (because an
analogous Slovak standard is missing), is corresponding with the following sup-
port classes (Tab.1):

Rock environment Support class
Tectonicly undisturbed rock of quartzite I
Tectonicly disturbed rock of quartzite 1
Undisturbed paleozoic slates, sandstones,

conglomerates, arcoses v
Tectonicly disturbed and saturated paleozoic

slates and sandstones 4
Crumbling and saturated cover formations,

soils and shales in sections near portals. vi

Na zapadnom portéli tunela Branisko je uz svetlo, aj ked je portal este v pracovnom $Sate.
In the western portal of the tunnel Branisko, there is already light, in spite of the fact that the portal is in working clothing.
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nie ¢elby horninovymi ihlami ai.) ako aj dalie technické opatrenia {¢lenenie vyru-
bu, dizka zaberu, speviiovacie &elby, protiklenba).

V skuto€nosti sa po¢as razenia aplikovalo viac ako 100 vystrojovacich schém,
ktoré boli ur€ené na zaklade projektovych tried vyrubu s Upravou mnozstva
vystrojovacich prostriedkov Umerme skutoénym geologickym podmienkam v &ele
vyrubu.

VRTNO - TRHACIE PRACE

Aj ked' ide o rutinnd technoldgiu, podiel tejto operécie v pevnych hornindch
krystalinika mal rozhodujlci vyznam tak z hladiska tempa raziéskych préc, nakla-
dov ako aj dalSich kvalitativnych a kvantitativnych ukazovateloch. Velky tunelo-
vy profil predstavuje iné naroky na podet, dizku a presnost vyvrtov, vrtnii sché-
mu, presnost vylomu, druh trhavin, ¢asovanie roznetu, spdsob nabijania a pod.
Pri mnoZstve trhavin na jeden odpal presahujiicom 200 kg ide po stranke ban-
skych bezpeénostnych predpisov o trhacie prace vefkého rozsahu (TPVR), kto-
ré mozu vykondvat' iba osoby s kvalifikiciou TVO (technicky veduci odstrelu).

Experimentovanim a vyhodnocovanim Uginkov viacerych variantov vrtno -
trhacich prac na stavbe tunela Branisko sa odborici na trhacie prace podniku
Banské stavby, a.s. Prievidza v spolupraci s vedeckym pracoviskom Fakulty
BERG Technickej univerzity v KoSiciach priblizili urcitému optimu vrtnej schémy,
vyberu trhavin, konstrukcie trhavin, konstrukcie naloZi a ¢asovania ich odpalu.
Prof. FrantiSek Dojéar z Fakulty BERG navrhol celkom 6 alternativ do hornin II.
a lll. vyrubovej triedy s Gginnym zéberom v dizke 3,0 m. Praktické skisky potvr-
dili ako optiméalne riedenie jeden z navrhnutych alternativ (alt. €. 3) s nasleduji-
cou charakteristikou a parametrami:

Zalom: priamy, valcovy, Stvorspiralovy

Pocet vrtov: 2 vrty nenabijané priemeru 102 mm
16 zalomovych vrtov priemeru 41 mm
49 pribierkovych vrtov priemeru 41 mm
35 obrysovych vrtov priemeru 41 mm
14 vrtov v drovni pocvy priemeru 41 mm

Trhaviny: Danubit 1, Geotex a DAP 2

Vedenie stavby podfa expertnych odpordéani vypracovalo metodiku, ako na
zaklade parametrov nameranych na ski$obnych vrtoch optimalizovat vrind
schému pri kazdom zabere a tym dosiahnut' nielen ziadan(d Géinnost’ vitacich
préc, ale aj znizenie spotreby trhavin. Poéet nabijanych vrtov podia tejto optima-
lizacie sa pohyboval v rozmedzi 110 - 124 na jeden zaber pri spotrebe trhavin od
181 do 206 kg. Podla evidencie vedenej na stavbe spotreba trhavin poklesla
z pdvodnych 340 kg na Groven pod 300 kg na trojmetrovy zéber, Mema spotre-

Obr. 2

The first 400 m of the tunnel from the western portal passes through rocks of
the Vith and Vth rock mass classification (RMC). Then there follow series of per-
mian sediments after the chainage 1240 m corresponding with the IVth RMC.
Rocks of quarizite ranked in the llird and lind RMC then continued up to the cha-
inage 4700 m. The remaining part up to the eastern portal in the chainage 4822
m were formed again by rocks of the Vth and Vith RMC.

For the individual support classes, the designer - TETRAPROJEKT a.s.,
Bratislava, laid down the structure of the primary reinforcement (thickness of
shotcrete, length and kind of rock bolts, steel mesh, dimensions of supporting
arches, support of the face by means of spiling , etc.), as well as other technical
measures (dividing the heading, length of one round, strenghtening of the face,
invert). .

In fact, during the driving there were applied more than 100 support schemes
which were designed on the basis of design excavation classes with many sup-
porting members proportionally to actual geological conditions at the heading.

DRILL AND BLAST WORKS

Even if it concerns a usual technique, the share of this kind of operation in
solid rocks of quartzites had the decisive importance both from the point of view
of the excavation advance rate, costs and further quality indicators and quantity
ones. A large tunnel profile represents other requirements as to the number,
length and accuracy of bores, drilling patern, accuracy of breaking, kind of explo-
sives, timing of blasting, kind of charging, and the like. If the quantity of explosi-
ves crosses 200 kg for one blasting, it is a blasting operation of a large extent
according to the mining safely rules. Said operations may be performed only by
persons with a qualification of a technical manager of blasting.

By experimental tests and by evaluating effects of various variants of drill and
blast operations during the construction of the tunnel Branisko, experts for blas-
ting operations of the firm Banské stavby, a.s., Prievidza, in cooperation with the
scientific department of the faculty BERG of the Technical University at KoSice,
optimized drilling patterns, selection of explosives, composition of explosives,
composition of charges and timing of their blasting. Prof. FrantiSek Dojéar of the
faculty BERG designed 6 alternatives for rocks of the lind and llird RMC with an

Oficidlna ¢ast oslavy prerazky sa odohrala v prvom nlddzovom zélive od zapadného portalu za UGdéasti 300 0s6b.
The official part of the breakthrough celebration took place in the first emergency layby from the western portal at presence of 300 persons.

| ———
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ba trhavin v 11. vyrubovej triede sa ustélila v rozmedzi 1,7 - 1,8 kg . m*. Dalsim
prinosom, najma ekonomickym je pouZitie trhaviny DAP 2. Na jej nabijanie sa
pouzilo nabijacie zariadenie PORTA - ANOL, s ktorym sa dosiahol kratsi Cas
nabijania ako pri balenych trhavinovych néloZkach.

STRIEKANY BETON

Pred zadatim prac na tuneli Branisko sa rozhodovalo o tom, i zvolit' suchu
alebo mokru technoldgiu striekaného beténu (SB). Banské stavby sa priklonili ku
suchej technol6gii najméa z dévodu nizdej investiénej naroénosti (cena manipula-
tora na mokry SB presahuje 7 mil.), s vedomim véetkych nevyhod vo&i mokrej
technoldgii. Napriek tomuto systémovému handicapu sa dosiahli so suchym SB
pozoruhodné vysledky. Zasluhu ma na tom uceleny a domysleny systém dopra-
vy, manipuldcie, konétrukcie medzizasobnikov, podavacich a davkovacich zaria-
deni. Pracu znaéne ulahdilo pouzitie pracovnej plosiny na hydraulicky ovladanom
vylozniku.

Problém hygienicky Skodlivého urychlovaéa tuhnutia striekaného betonu sa
riesil jeho nahradou modemejdim tzv. bezalkalickym urychfovaom, ktory v plnej
miere vyhovuje hygienickym normam.

Kvalita SB sa potas razenia velmi prisne sledovala a kontrolovala. Narast
pevnosti i jeho kone&na hodnota sa zistovali tak nedestrukénym spdsobom in
situ pristrojom na principe Schmidtovho kladiva ako aj de$trukénymi skuskami na
odvrtanych vzorkach.

NAKLADANIE A ODTAZBA

O tejto technologickej operacii bola stru¢na zmienka v Spravodaji BV 1/ 98
(1). Pri razeni od zapadného portalu, ktoré zabezpecovali Banské stavby, sa na
nakladanie pouzili dva lopatové kolesové nakladade KOMATSU s ¢einou lopatou
3,3 m?, resp. 2,4 m°. Odvoz sa zabezpedoval 4 dumprami KOMATSU s obsahom
korby 14 m®. Na odvoz rdbaniny podfa potreby boli pouzivané aj Tatry 815. Pri
razeni od vychodného portalu Zdruzenie SPIS pouzivalo nakladace a dumpre
VOLVO. Nakladanie a odtazba s uvedenymi mechanizmami vyhovovalo poza-
dovanému rozsahu i tempu prac.

GEODETICKE A GEOTECHNICKE MERANIA

V tychto sluzbach mali pred zadatim razenia tunela Branisko slovenské pod-
niky najvacsie medzery. Spodiatku sa preto vyuzivali sluzby nemeckej firmy

Obr. 3
Uznanie raziéom a vedeniu stavby prisiel vyslovit aj premiér viady SR Ing. Mikulas Dzurinda.
The Prime Minister of the Slovak Republic, Ing. Mikulés Dzurinda, came to express a praise to tunnellers and to the management.

effective pull in the length of 3 m. Practical tests proved that one of the designed
alternatives (alternative No. 3) with the following characteristics and parameters
form the optimum solutions:
Cut: direct, cylindrical, quadruple spiral
Number of holes: 2 holes, non-charged, of diameter 102 mm

16 cut holes, diameter 41 mm

49 ring holes, diameter 41 mm

35 contour holes, diameter 41 mm

14 holes in the level of the floor,

diameter 41 mm
Explosives: Danubit 1, Geotex and DAP 2

The site management elaborated a methodology according to experts’ recom-

mendation how to optimize, on the basis of measured parameters, the drilling
pattern at every round and to achieve, in this way, not only the required efficien-
cy of drilling works, but a decrease of explosive consumption too. The number of
charged bores according to this optimizing varied within the extent of 110 to 124
for one round, at the consumption of explosives from 181 to 206 kg. According
to records kept on the construction site, the consumption of explosives decrea-
sed from the original 340 kg to the level under 300 kg for a three metre round.
The average consumption of explosives in the lind excavation class was from 1.7
to 1.8 kg per cub.m. Another contribution, particularly economic one, resides in
the application of the explosive DAP 2. For its charging there was applied a char-
ging equipment PORTA - ANOL, which enabled a shorter charging time than in
case that packed cartridges of explosies were applied.

SHOTCRETE

Before the beginning of works in the tunnel Branisko there had to be decided
which kind of shotcreting technology is to be applied, whether the dry one or the
wet one. The firm Banské stavby decided to apply the dry technology, particularly
due to lower investment costs (the price of equipment for wet shofcrete crosses
7 million), when taking into account all disadvantages with respect to the wet
technology. In spite of this system handicap there have been achieved remar-
cable results with said dry shoicrete, due to a rounded-off and thought over sys-
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ANGERMEIER. Postupne sa vSak obe razi¢skeé firmy vybavili tak hardwarom ako
aj softwarom, aby mohli samostatne vykonavat' vietky usmerfiovacie a vytyco-
vacie merania ako aj geodetické merania konvergencii.

Aby si gitatef mohol urobit predstavu o naroénosti geodetickych merani uved:-
me, Ze trasa juZnej tunelovej rary méa 5 kruhovych oblikov a6 prechodnic v tva-
re klotoidy. V priamom smere je trasa tunela vedend iba v di¥ke 1492 m. Niveleta
tunela od zdpadného profilu po stani¢enie 4450 stipa so sklonom 1,2 %. Vo
vrcholovom obllku s polomerom 2700 m sa stupanie meni na klesanie 1,7 % a3
po vychodny portal. )

Prie¢ny profil tunela sa v celej dizke tunela naklaria o 1°43'. Go sa presnosti
tyka, odchylka vytyéenych a nameranych hodnét v ktoromkofvek mieste tunela
ani pri uzavreti polygdnu neprekrogila 2 cm v polohe a 1 em vo vske (pri dizke
tunela 4822 m). Pomocou motolasera boli osadzané a kontrolované vsetky pod-
perné priehradové obliiky ARCUS a pokial sa vo vystrojovacej triede Il. razilo
bez tychto oblikov, zakresloval sa pomocou motolasera pre Géely vringj schémy
obrys profilu.

Priestorové deformécie primameho ostenia sa merali pomocou totalnej geo-
detickej stanice. Z dovodu vysokej po&etnosti merani a potreby rychleho spraco-
vania vysledkov sa musel zakipit $pecialny software.

Hustota konvergenénych profilov bola od 10 do 35 m v zavislosti na vyrubo-
vych triedach. Denne sa merali minimaine tri posledné profily v kalote i na etai.
Ostatné do doznenia deformacného procesu (podfa potreby, spravidia 2 x tyz-
denne).

Dalej sa v tuneli vykonavali extenzometrické merania. Meracie profily boli osa-
dené v charakleristickych horninovych Struktarach a pomahali posudit skladbu
nielen primarneho, ale aj definitivneho ostenia. Deformacie predpokladané pro-
jektom sa potvrdili v triede VI. (sadanie v strope kaloty 50 mm), v ostatnych trie-
dach boli o nieco nizsie.

VYKONNOST A TEMPO RAZENIA

Razi¢ské prace od zapadného portalu sa zaéali 23.05.1997. Zhruba s mesad-
nym oneskorenim (29.06.1997) sa zacali prace aj od vychodného portalu. Po 26
mesiacoch v auguste 1999 sa razenie juZnej tunelovej riry skonéilo. Priemerné
raziéské tempo vypoéitané na celt dizku tunela a jeho piny profil dosiahlo hod-
notu 190 m . mes” (na obidvoch elbach). S takymto vysledkom nikto nepotital.
Razenie sa malo podfa pévodnych predpokladov a zavaznych zmluvnych termi-
nov skoncit' az v oktobri 1999,

Celkovy vysledok na jednej strane ovplyvnil pomaly postup razenia v obtias-
nych priportlovych partiach, kde sa muselo postupovat' v krétkych zaberoch,

Obr. 4

tem of transport, handling, design of intermediate silos, feeding and dosing equ-
ipment. The work was considerably facilitated by applying a working platform
situated on a boom controlled in a hydraulic way.

The problem of hygienicly harmful setting accelerator was solved by its repla-
cing with a so called alkali-free accelerator, which complies fully with hygienic
standards.

The sholcrete quality was very strictly inspected during driving operations.
The strength increase and its final value were found out both in a non-destructi-
ve way in situ by means of an instrument working on the principle of Schmidt
hammer, and by means of destructive tests using bored samples.

LOADING AND TRANSPORT OF MUCK

This technological operation was briefly described in Spravodaj BY 1/98 ()).
During the excavation from the western portal which was carried out by the firm
Banske stavby, there were applied for loading two wheeled loaders KOMATSU,
provided with a face shovel of the capacity of 3.3 cub.m/2.4 cub.m. The transport
was carried out by 4 dumpers KOMATSU with the capacity of 14 cub.m. For tran-
sporting muck there were also applied lorries Tatra 818. During the excavation
from the eastern portal, the firm ZdruZeni SPIS applied loaders and dumpers
VOLVO. Loading and transport by means of said plant complied with the requi-
red extent and advance rate.

SURVEY AND GEOTECHNICAL MEASUREMENTS

Slovak firms had considerable problems as to these services before the start
of driving of the tunnel Branisko. That is why they used services of the German
firm ANGEMEIER at the beginning. Later, though, both driving firms had been
equipped both with hardware and software, so that they could carry out all gui-
dance and survey operations , as well as survey measurements of convergen-
ces, by themselves.

For the readers to be able to imagine the exactness of survey measurements,
we may state that the alignment of the southern tunnel tube has 5 circular cur-

Presnost prerazky a presnost smerového i vyskového vedenia tunela dokazuje kvalitu geodetickych merani — ludf i pristrojov.
The accuracy of the breakthrough and the alignment and level accuracy of the tunnel has proved the quality of survey measurements, both

persons and instruments.
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viacnasobne delenou celbou a dalsimi $pecialnymi opatreniami. Naproti tomu sa
v priaznivejSich geologickych podmienkach dosahovali vysoké vykony stvisle
niekolko mesiacov po sebe na Urovni 240 - 300 m v sicte na obidvoch Celbach.
Spickove sa na jednej Gelbe dosiahol v auguste 1998 vykon 182m.

Ostatné ukazovatele charakterizujuce tempo razenia dosiahli tieto &iselné
hodnoty:

priemerny denny postup jednej ¢elby 36m
- priemerny mesaény postup v kalote 108 m
- najvys$si denny postup na jednej ¢elbe 9,0m
- maximélny denny postup na obidvoch &elbach 15,0 m
- maximainy mesaény postup na obidvoch &elbach 376,0 m

Tunel bol prerazeny s velkou presnostou. Smerova odchylka bola len 7 mm.
Pri razeni tunela sa neprihodil nijaky smrtefy Graz (jediny smrtelhy Uraz na stav-
be sa stal pred vychodnym portalom tunela, kde nakladné auto zachytilo a usmr-
tilo pracovnika). Uspesné razenie je treba pripotitat séasti aj na vrub geologic-
kych a hydrogeologickych podmienok s vynimkou priportalovych dsekov.
Problémy nespésobovala ani podzemna voda. Maximélne vytoky pri zdpadnom
portdli boli priblizne 5 I.s* v obdobi dazdov. V obdobi sucha klesli na I/3.

Razi¢ské osadky pracovali po cely €as v rezime nepretrzitej prevadzky (okrem
Vianoc) v dvoch 12 hod. zmendch so 7 - diiovym cyklom striedania. Na tuneli
poCas razenia juznej tunelovej rdry sa zamestnalo priebezne 170 - 200 0sdb.

SUHRNNE HODNOTENIE

Tunel Branisko je nielen svojim umiestnenim stavbou na zelenej like, ale aj
stavbou, na ktorej jej Ucastnici zaZili svoj tunelérsky krst. Hodnotenie slovenskej
tuneldrskej premiéry na Branisku vyznieva v $tadiu ukonéenia razi€skych prac
po véetkych strankach priaznivo. Razenie tunela prebehlo hladko, bezhavarijne,
vo vysokom tempe a kvalite. Z viacerych hladisk doterajsi priebeh stavby tunela
Branisko znesie porovnanie so svetovou Uroviou.

Pri stavbe tunela podobne ako pri inych vefkych stavbach, sd rozhodujlcimi
faktormi tempo, kvalita, ndklady, bezpe&nost. Ucastnici stavby preto celkom pri-
rodzene pocinajlc investorskou pripravou, projektovanim az po vykonanie viast-
nych stavebnych préc hladali spdsoby a prostriedky ako na stavbe dosiahnut' ¢o
najlepsie pinenie tychto kritéril a ich harmonicky sulad.

V §tadiu po ukongeni raziéskych prac mozno potvrdit, Ze tato Uloha sa na
Branisku spinila nad otakavanie dobre. Motoristicka verejnost na prvom diahic-
nom tuneli v SR sa priblizne za tri roky bude méct o tom presveddit na viastné oéi.

Obr. 5
Jednou z vyznamnych zloZiek raziéského Uspechu boli vykonné vitacie vozy a premyslena technoldgia trhacich praci.
Efficient drill sets and the worked out technology of blasting works formed one of the important components of the tunnelers’ success.

ves and 6 transition curves in the shape of a clothoid. In the straight direction,
the tunnel alignment is led only in the length of 1492 m. The tunnel vertical align-
ment from the western profile after chainage 4450 rises in a slope of 1.2 %. In
the summit, having the radius of 2700 m, the rise is changed into a descent of
1.7 % up to the eastern portal. :

The tunnel profile is inclined in the whole length by lo 1°43". As to the accura-
¢y, the difference between laid out values and measured ones in any place of the
tunnel, even after closing the traverse, did not cross 2 cm as to the position, and
1.¢m as to the elevation (at the tunnel length of 4822 m). By means of a motori-
sed geodetic laser there were installed and checked all supporting lattice arches
ARCUS, and if it was driven in the suport class Il without said arches, the cross
section was plotted by means of the motorised laser for purposes of the drill pat-
tern.

Space deformations of the primary lining were measured by means of a total
station theodolite. Due to many measuring operations and due fo the need for
results to be quickly processed, a special software had to be bought.

The density of convergence profiles was from 10 to 35 m in dependence upon
rock mass classes. At least three last profiles were measured daily in the calot-
te and on the bench. Other ones till the end of the deformation process (accor-
ding to the need, usually twice a week).

In the tunnel there were carried out extensometric measurements too. The
measuring profiles were situated in characteristic rock structures and they hel-
ped to evaluate not only the composition of the primary lining, but of the final
lining as well. Deformations supposed in the design were proved in the class VI
(settlement in the calotte crown - 50 mm), deformations in other classes were
smaller.

EFFICIENCY AND ADVANCE RATES

Excavation works from the western portal started on May 23, 1997. With
a delay of about one month (June 29,1997) there started works from the eastern
portal too. After 26 months, in August 1998, the driving of the southern tunnel tube
was completed. The average advance rate, calculated to the whole tunnel length
and to its full profile, achieved the value of 190 metres per month (on both hea-
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dings). Such a result was expected by nobody. According to original assumpti-
ons and contractual terms, the driving was to be completed in October 1999.
The whole result was negatively affected by a slow advance of driving in diffi-
cult parts near portals, where only short rounds could be carried out, as well as
by the need to divide the heading in several parts, and by further special mea-
sures. But the result was affected in a positive way too: in more favourable geo-
logical conditions there was achieved high output for several subsequent
months, viz. 240 to 300 m, when adding the work on both headings. The maxi-
mum monthly achieved output on one heading was 182 m in August 1998.
Other indicators, characterizing the advance rates, had the following values:
- average daily advance on one heading 3.6 m
- average monthly advance in the calotte 108.0 m
- maximum daily advance on one heading 9.0 m
- maximum daily advance on both headings 15.0 m
- maximum monthly advance on both headings 376.0 m
The tunnel was driven with a high accuracy. The direction deviation amounted
to 7 mm only. During the tunnel driving there occurred no fatal accident (the only
fatal injury during the construction occurred in front of the eastern tunnel portal,
where a lorry killed a worker). The successful excavation was caused partially by
geological and hydrogeological conditions, with the exception of sections linking
up to portals. Not even ground water made problems. Maximum outflow at wes-
tern portal amounted approximately to 5 litres per second in a period of rains. In
a dry period, the outflow dropped to one third.
Driving teams worked continuously (except Christmas) in two I2 hour shifts
with 7 day alternating cycle. During the driving of the southern tunnel tube there
were employed runningly 170 to 200 persons.

Obr. 6
Dobré vysledky slovenskej tunelarskej premiéry s sithmom priaznivych geologickych podmienok, vykonnosti techniky, spravnej volby technolégie
a profesionality realizaénych teamov.
Good results of the Slovak tunnelling first run were achieved by a summary of good geological conditions, efficient technical means, good selection

of technique and a high technical level of realization teams.

COMPREHENSIVE EVALUATION

The tunne! Branisko is not only a construction on a green fiels due to its loca-
tion, but it is also a construction representing a place of a tunnelling baptism of
the participants. The Slovak tunneliing first run may be evaluated in the time of
completing of driving operations as successful in every respect. The driving of
the tunnel was carried out without considerable problems, without accidents,
quickly and in a high quality. The hitherto course of the construction of the tun-
nel Branisko may be successfully compared with the world level.

When constructing a tunnel, analogously as at other large constructions, the
decisive factors are as follows: advance rate, quality, costs, safety. That is why
the participants of the construction tried, from the client's preparation, design, up
to the performance of proper construction works, to find methods and means
how to achieve the best performance of said criteria and how to set them into
a harmony.

Now, after the driving work has been completed, it is possible to allege that
said task, as to the tunnel Branisko, was fulfilled better than it was expected. The
public will make sure about it by itself, when, after about three years, the first
motorway tunnel in the Slovak Republic will be set into operation.
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VYSTAVBA TUNELU MRAZOVKA

CONSTRUCTION OF THE MRAZOVKA TUNNEL

ING. MILOSLAV SALAC - METROSTAV A.S. DIVIZE 5

uvoD

Pro vyfedeni kritické dopravni situace v oblasti Smichova a hlavniho mésta
Prahy vibec je bezpochyby moZné povaZzovat stavbu tunelll Mrazovka za jednu
z kliovych dopravnich staveb v Praze. Jako sou¢dst méstského okruhu propojf
Strahovsky tunel s vyusténim v Radlické ulici, odkud bude trasa okruhu pokra-
Covat k Barrandovskému mostu. Tunely Mrazovka jsou tvofeny dvojici tunelo-
vych dél - zapadni tunelova trouba (ZTT) a vychodni tunelova trouba (VTT).
Soucasti VTT jsou i vjezdovy tunel (vétev B) a vyjezdovy tunel (vétev A), umoz-
fujici spojeni ulice Radlicka s trasou méstského okruhu.

Zakazku ve vefejné soutézi ziskalo Sdruzeni prednich éeskych tunelaiskych
firem - Metrostavu a Subterry, pfitemz Metrostav kromé realizace své ¢asti tune-
10 zabezpecuje vyssi dodavatelstvi zahrnujici komplexnf stavebni a technologic-
kou dodavku v¢etné zajisténi realizacni dokumentace.

Nejslozitéjsi casti této stavby jsou razené tunelové objekty v celkové délce
pres 2 km. Jejich sloZitost spociva pfedevsim v rozmanitosti profiltl jednotlivych
tunelll, v provadéni razeb ve velmi obtiznych geologickych a hydrogeologickych
podminkéch, v razeni pod zastavbou s velmi nizkym nadlozim a v provadéni
v husté méstské aglomeraci. To vyZaduje citlivy pfistup zhotoviteld vici blizkému
okoli stavby. Bezesporu se jedna o tunely, které budou mit evropské i svétové
parametry jak po strance stavebné technické, tak i provozni.

Prosazeni tuneld Mrazovka jako pokracovani méstského okruhu mezi
Strahovskym tunelem a Barrandovskym mostem Ize jednoznadéné povazovat za
nejvhodnéjsi dopravni fedeni v této ¢asti Prahy. Podafilo se prosadit to, co
v Evropé a i ve svété je béznym pfistupem v feSeni dopravnich vztah ve vel-
kych méstech s komplikovanou a vy¢erpanou dopravou, kde konfigurace terénu
obdobna fesenf nabiz/.

NAVRH TUNELU MRAZOVKA

V dobé& rozhodnuti o tunelové varianté pokracovani jizniho Useku
Strahovského tunelu byla zahajena diskuse o technologii provadéni tunell.
Pfedevsim se tusilo, ze geologické poméry budou sloZité a Ze je nutné pied
zahajenim razeb tunelll velkého piicného prifezu, co mozna s nejvétsi podrob-
nosti provést geologicky pruzkum. Proto byla v pfedstihu v budouci stopé ZTT
realizovana priizkumnd $tola, ze které byl proveden podrobny inzenyrsko-geolo-
gicky prizkum. | kdyz relativné mald $tola nemohla postihnout vechny geo-
technické podminky v horninovém masivu pro oblast vice jak 10 krat vétsiho pri-
fezu tunelu, rozhodné piispéla k blizsimu poznéni geologickych pomérd.

Tunely jsou a budou razeny v horninovém prostiedi prvohornich ordovickych
bfidlic s polohami kfemencdl. Jde o typické prazské horninové prostfedi znamé
velmi dobre z razeni tunelli prazského metra, zvlasté pak z oblasti stanice met-
ra Andél. O tomto prostfedi je zndmé, a priizkumna stola to potvrdila, Ze je vel-
mi proménlivé svou kvalitou, Ze je prostoupeno mnohymi tektonickymi porucha-
mi, Ze byva velmi éasto nestabilni zvIasté kdyz je pfitomna spodni voda, Ze vyza-
duje zcela specificky pfistup pfi navrhu technologie razeni.

Proto byla v etapé pfipravy zvolena technologie razeni novou rakouskou tune-
lovaci metodou (NRTM). NRTM je univerzalni metoda razenf majici schopnost
operativné reagovat na proménlivé geologické poméry. NRTM je jiz u Seskych
tunetafskych firem technologii béznou se zkusenostmi z realizace a s pfisluSnym
strojnim vybavenim na velmi slusné Grovni. NRTM je soubor technologickych
operaci, které musi optimainé zajistovat spoluplisobeni systému hornina-osténi.
Tyto operace jsou variabilni, zaménitelné za adekvatné jiné, da se fici, ze kazdy
tunel razeny pomoci NRTM ma svij soubor jiny. Tato variabilita umozniuje vybrat

INTRODUCTION

The construction of the tunnel under Mrazovka hill can be undoubtedly regar-
ded as one of Prague's key transport-related constructions, solving the critical
situation of traffic in Smichov district and in Prague in general. As a part of the
city circle, it will connect the tunnel under Strahov hill with the mouth in Radlicka
street, from which point the route will proceed towards the Barrandov bridge. The
Mréazovka tunnel consists of two tunnelling works - the west tunnel tube (the
WTT) and the east tunnel tube (the ETT). The VTT also comprises a tunnel fee-
ding traffic in (branch B) and out of the tunnel (branch A), rendering a connecti-
on of Radlicka street with the route of the city circle possible.

The contract was awarded in public tender proceedings to a joint venture of
leading Czech tunnelling companies Metrostav and Subterra. Metrostav, in addi-
tion to the task to build its part of the tunnels, performs the role of the main con-
tractor, covering the complete supply of civil works and mechanical services, inc-
luding provision of detailed design documentation.

The driven tunnel structures, at the aggregated length over 2 km, represent
the most complex part of this construction. Their complexity resides, above all,
in the variability of cross sections of individual funnels, in excavation carried out
under very difficult geological and hydrogeological conditions, in excavating
under existing buildings with a very shallow overburden, and in building in a den-
sely settled conurbation. Those conditions require a sensitive attitude of con-
tractors towards the close neighbourhood of the site. Undoubtedly, this is a mat-
ter of tunnels, which are going to meet European and world parameters in both
building /technical and operational respects.

The solution of the Mrazovka tunnels as a continuation of the city circle bet-
ween the Strahov tunnel and the Barrandov tunnel can be unequivocally regar-
ded as the most suitable traffic solution in the relevant part of Prague. A solution
has been put across which, in Europe and in the world, represents a general atti-
tude towards a solution of traffic relations in large cities with complicated and
congested traffic systems where the terrain configuration suggests similar solu-
tions.

THE MRAZOVKA TUNNELS DESIGN

When the decision on the variant of continuation of the southern section of the
Strahov tunnel through a tunnel had been made, a discussion about the tunnel-
ling technique was commenced. Before all, it was anticipated that geological
conditions would be complex and that it was necessary to perform as detailed
geological investigation as possible before commencement of tunnels of so lar-
ge cross section. Therefore, an exploratory gallery was driven along the future
alignment of the WTT, from which a detailed engineering and geological investi-
gation was performed. Despite the fact that the relatively small gallery was not
able to cover all geotechnical conditions existing in the rock massif within a ten
times larger area of the tunnel cross section, it definitely contributed to a closer
knowledge of geological conditions.

The tunnels have been and will be driven in rock environment of Palaeozoic
Ordovician shales with quarizite interbeds. It is a typical Prague rock environ-
ment, which is very well known from excavation of the Prague metro tunnels, in
the locality of the Andél station above all. This environment has been known, as
confirmed by the exploratory gallery, that its quality is highly variable, that it is
interpenetrated by lots of tectonic failures, that it usually is very often unstable,
especially if ground water is present, and that it requires a completely specific
attitude to development of the excavation technique design.

For that reason, the New Austrian Tunnelling Method (NATM) was chosen as
an excavation technique in the planning stage. The NATM is a universal method
of excavation, which allows operative reactions on the variable geological condi-
tions. The NATM has already become a common technique used by Czech tun-
nefling companies, which have gained experience of its application, and have
their equipment available at a very good level. The NATM is a set of technologi-
cal operations, which have to ensure, in an optimal manner, the composite acti-
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Obr. 1
Razeni s vodorovnym élenénim prilfezu tunelu. Kotveni kaloty a zastfikavani opé&fi tunelové trouby
Excavation with horizontal sequencing of the tunnel cross section. Rockbolting in the top heading and concrete spraying on the tunnel tube footing




Obr. 2

Kotveni boku pravé predstihové $toly
Wall anchoring in the right-hand fore-gallery
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takové technologické operace, které jsou do danych podminek efektivni, tedy
i ekonomické a piitom zajistujici co nejvyssi bezpednost pfi provadeni. Velkou roli
hraje zkugenost a reference dodavatell. NRTM je metodou ve svété bézné pou-
Zivanou pfi razbach tunell v rozmanitych geologickych podminkach. Vyhodné je
jeji pouziti zejména na tunelech, kde nejde razit na plny profil (velké profily &i pro-
fily slozitych tvard), pH razbach s vyrazné omezujicimi podminkami (deformace)
atd. Pomoci NRTM se d4 razit téméf kazdy tunel v jakychkoliv geologickych pod-
minkéach.

Zakladni technologické operace NRTM na soucasné raZené zapadni tunelové
troubé Mrazovky jsou:

- Vyrub horniny diléich profild provedeny dostatecné rychle a pfesné

- Primarni osténi ze stiikaného betonu provedené v pfedepsané kvalité a bez
zbyteénych ztrat.

- VyztuZeni primarniho osténi sitémi a pfihradovymi oblouky

- Kotveni pomoci kotevnich prvk( se snadnou a rychlou proveditelnosti

- Monitoring, tj. provedeni kvalitniho a rozsahové dostaguijiciho méfeni v tunelu,

v horninovém prostfedi a na povrchu.

Hlavni tunely jsou tfipruhové a budou umoZfiovat bezpeény provoz v podzemi
do mist, kde se bude doprava délit na pokracovani okruhu a na pfipojeni
Radlické ulice. Pokragovani okruhu bude ve dvoupruhovych tunelech a Radlicka
ulice bude napojena jednopruhovymi tunely. Pfechod tfipruhovych tuneld na
dvou a jednopruhové tunely zajisti tzv. rozplety. Rozplet je soutésti jak ZTT, tak
i VTT, jde profilem o nejvétsi tunelova dila na této stavbé a zaroven tvoff hranici
praci mezi Metrostavem a Subterrou. Zatimeo tfipruhové tunely maji profil ve
vyrubu cca 160 m?, rozplety maji maximaini profil pfes 300 m?. Tak velké profily
dopravnich tunelll se v Praze doposud nerealizovaly.

TECHNICKE PARAMETRY TUNELU

Zapadn( tunelova trouba - razena ¢ést

- tfipruhovy tunel délka 653 m
- dvoupruhovy tunel délka 297 m
Vychodni tunelové trouba - razena Cast

profil 160 - 165 m?
profit 115 az 117 m*

- tiipruhovy tunel délka 630 m profil 160 - 165 m?
- dvoupruhovy tunel délka 152 m profil 115 - 117 m?
Jednopruhova vétev A délka 215 m profil 83 m?
Jednopruhova vétev B délka 127 m profil 83 m?
Rozplety (zapad, vychod) délka 54 a 55 m profil max. 324 m?
Hloubeny tsek sever deélka 48 m

Hloubeny usek jih délka 379 m

Nadlozi od 16 m do 46 m

Podélny skion od severu k jihu  Upadné 4,25%, dovrchné 0,635%

Primarni osténi stfikany beton B20 a B25 tloustky 30 - 50 ¢cm

Kotevni svorniky typu SN, PG, Boltex

Prihradové oblouky typu oretex

Ocelové svafované sité o rozmérech 150 x 150 - 8 mm (vn&jsi strana) a 150
x 150 - 6,3 mm (pfi lici primarniho osténi)

Definitivni osténi monoliticky armovany beton B 30 tloustky 45 - 60 cm

Kritické misto - pod ulici Ostrovského v délce Useku 100 m, nadloZi 16 m z toho
nezvétralé horminové nadloi 7 m se vzdalenosti rubu klenby od zakladi domd
13m.

VYSTAVBA TUNELU

Zapadni tunelové trouba je provadéna na zakladé stavebniho povoleni
z 16.12.1998. Pro vychodni tunelovou troubu je pouze rozhodnuti, vydani sta-
vebniho povoleni se pfedpoklada na prelomu let 1999/2000.

Na zakladé vysledki inzenyrsko-geologického priizkumu z priizkumné Stoly
byla navrzena technologie razeni véetné provadéni primarniho osténi zajisténa
typovymi strojnimi sestavami. Rozpojovani horniny je provadéno pomoci strano-
v& naklap&cl rypnou lzici tunelbagru Liebherr 932 ¢i 912, Nakladani v tunelu
obstarava pasovy naklada¢ Liebherr 641 ¢i kolovy CAT 953. V mistech s pev-
néjsimi polohami hornin se jako dopliiujici opatfeni pro rozpojovani pouzivaji
trhaci prace malého rozsahu. Odvoz rubaniny z tunelu je provadén Tatrami 815
a jednim demprem Volvo o objemu korby 10 m?. Stfikany beton primarniho osté-
ni se provadi aplikaci suché smési s nasazenim stfikaciho stroje Aliva AL-285.
Stiikany beton je vyztuzovan dvéma vrstvami ocelovych svafovanych siti a pfi-
hradovymi ocelovymi oblouky. Vrstva stitkaného betonu je aktivovana k homing
systémem kotev prevazné typu Boltex a SN o délce 4 aZz 6 m. Kotvy jsou prova-

on of the rack - lining system. Those operations are variable, interchangeable for
adequately ditferent ones, it is possible to say that this set was different for each
tunnel completed by the NRTM. This variability makes it possible to chose such
technological operations which are not only efficient and economic under given
conditions but which also ensure as high level of working safely as possible.
Experience and references of confractors play an important role. The NATM is
a method generally used worldwide on lunnel excavations in various geological
conditions. Its utilisation is advantageous namely on tunnels where a full face
excavation is impossible (large profiles or profiles of complex shapes), on exca-
vations under significantly restrictive conditions (deformations) etc. It is possible
{o drive nearly any tunnel in any geological conditions by the NATM.

There are following basic NATM technological operations used currently on

the west tunnel tube of the Mrdzovka tunnel:

- Excavation of the rock in partial profiles performed at a sufficient speed

- Primary lining made of shotcrete, performed in the prescribed quality and wit-
hout unnecessary losses

- Reinforcement of the primary lining by steel meshes and lattice girders

- Anchoring by means of such anchoring elements which can be installed easi-
ly and fast

- Monitoring, i.e. execution of the quality measurements inside of the tunnel,
within the rock environment and on the surface, which are sufficient in their
scope.

Main tunnels have three traffic lanes, and they will enable a safe traffic in the
underground up to the locations where the traffic will be split into the circle con-
tinuation and into the connection of Radlické street. The continuation of the city
circle will be through double-lane tunnels, and Radlickd street will be connected
by single-lane tunnels. Transition of the three-lane tunnels to the double-lane and
single-lane tunnels will be ensured by bifurcation chambers. The bifurcation
chamber is a part of both the WTT and the ETT. Regarding its cross section of
the chambers, they are the largest tunnel works on this construction. They crea-
te a boundary between the work performed by Metrostav and Subterra. While the
excavated cross section of the three-lane tunnels is about 160 n?, the maximum
cross section of the bifurcation chambers is over 300 n¥. Such the large profiles
of transport-related tunnels have not been built in Prague yet.

TECHNICAL PARAMETERS OF THE TUNNELS

The West tunnel tube - driven part

- three-lane funnel length of 653 m profile 160 - 165 n?
- double-lane tunnel length of 297 m profile 115 - 117 m?
The East tunnel tube - driven part

- three-lane tunnel length of 630 m profile 160 - 165 n?
- double-lane tunnel length of 152 m profile 115 - 117 n?
The single-lane branch A length of 215 m profile 83 m?

The single-lane branch B length of 127 m profile 83 m?

Bifurcation chambers (West, East) length of 54 /55 m
Cut and cover section - West length of 48 m
Cut and cover section - East length of 379 m
Overburden from 16 mto 46 m
Longitudinal gradient from north to south

downhill 4.25%, uphill 0.635%
Primary lining - shotcrete B20 and B25, 30 - 50 cm thick
Rock bolts SN, PG, Boltex types
Lattice arches of Bretex type
Steel welded mesh 150 by 150 - 8 mm (external side) and 150 by 150 - 6.3 mm
(at the intrados of primary lining)
Final lining - cast-in-situ reinforced concrete, 45 - 60 cm thick
Critical location - under Ostrovského street, 100 m long, 16 m deep overburden,
unweathered part of the rock overburden 7 m high, the distance between the
vault extrados and foundation of buildings 13 m

profile max. 324 m?

THE TUNNEL CONSTRUCTION

The west tunnel tube is being built under a building permit dated 16/12/1998.
A decision only is available for the east tunnel tube. Issuance of the building per-
mit is expected at the turn of the years 1999/2000.

Based on results of engineering and geological investigation by the explora-
tory gallery, the excavation technique, including execution of the primary lining,
is ensured by means of typical sets of equipment. Rock disintegration is perfor-
med by means of Liebherr 932 or 912 tunnel excavator equipped by a bucket
capable of turning round the boom axis. Loading inside of the tunnel is provided
by Liebherr 641 tracked loader, or by CAT 953 wheeled loader. Minor scale blas-
ting is used, as an additional measure, for disintegration in locations with harder
rock interbeds. Muck hauling from the tunnel is by Tatra 815 trucks and one
Volvo dumper with a bucket capacity of 10 n?. Primary lining is built of shotcre-
te. Dry-mix concrete is sprayed by means of Aliva Al-285 concrete sprayer.
Shotcrete is reinforced with two layers of welded wire fabric and steel lattice
arches. The layer of shotcrete is activated against the rock by a system of rock
bolts 4 - 6 m long, overwhelmingly of Boltex and SN types. The rock bolts are
installed by means of Boomer 352 drill rig. Survey profiles are established in
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dény s pomocf vrtaciho vozu Boomer 352. V pfedepsanych odstupech jsou zii-
zovany méfické profily. Ve vytypovanych mistech na povrchu a v uvedenych pro-
filech v tunelu je provadén monitoring sedani povrchu, zmén poloh vrstev uvnitf
horninového prostfedi (tensometry) a zejména prostorové konvergence osténi
tunelu. Také v piipadé Mrazovky je monitoring pro kvalitni provedeni tunelu
a bezpednou raZbu naprosto nepostradatelny. Je regulatorem ekonomické
ndroénosti a miize mobilizovat operativnost technologickych opatfenf pfi viastni
razbé. Monitoring na tunelech Mrazovka je zajistovan investorem nezavisle na
zhotovitelich tunelu, Vysledky méfeni v ramci monitoringu jsou pocitacové zpra-
covavany a vyhodnocovany s okamzitou zpétnou vazbou na vystavbu tunelu,
Pro tyto Uéely bylo na stavbé zfizeno poditacové centrum pro sbér dat, vyhod-
noceni a poskytnuti vysledk( véem partnerim vystavby pro spolecné rozhodo-
vani o technickych i ekonomickych aspektech vystavby.

Subterra pro razbu dvoupruhového tunelu ZTT z jizniho portalu musela vybu-
dovat pfistupovou tolu pod ulici Radlicka, Vyrub v ZTT se bude provadét
s pomoci frézy na vylozniku. V pevnéjsich horninéch se jako doplnék rozpojova-
ni pouziji trhaci prace. Primamni osténi bude ze stfikaného betonu s obdobnymi
vyztuZovacimi prvky jako u Metrostavu.

Po vyrazeni tunelu a zabudovani primamiho osténi se na lic stffkaného beto-
nu po celém obvodé piipevni hydroisolaéni folie z PVC. Nésledné se provede
spodni Gast definitivniho osténi z monolitického Zelezobetonu. Po takto provede-
né konstrukci bude pojizdét ocelova bednici skruz, kterd umozni po pasech vybe-
tonovat horni klenbu definitivnino osténf také z monolitického zelezobetonu. Dale
pak budou nasledovat provedent vnitinich konstrukei v tunelu, poloZeni vozovky
a vybaveni tunelu pifslugnym provoznim technologickym vybavenim.

Pro podchod kritickych oblasti pod zastavbou, zvla$té pak pod ulici
Ostrovského, jsou navrzena dopliiujici opatfeni provedena v pfedstihu z povrchu
nad tunelem, tak i pfi vlastni razbé. Na povrchu bude nutné provést zabezpede-
ni nadzemni zastavby, pfelozky inzenyrskych siti a piipravné prace pro eventu-
elni provadéni kompenzaénich injektazi objektt v ulici Ostrovského a Doubkové.
Pted razbou v kritickych oblastech jiz byly z prizkumné $toly provedeny sanac-
ni injektaze. Tyto injektaze maji za kol eliminovat stabilitni riziko vyrubu v oblas-
tech pod zastavbou a v mistech, kde se pii razbé prizkumné $toly projevila
vyrazna nestabilita horniny na lici vyrubu.

Dal$im opatfenim pfi razbé v oblasti pod ulici Ostrovského a ve zhorSenych
geologickych podminkéch viibec bude pouziti vodorovnych mikropilot provadéne
pomoci vrtaciho vozu technologil Boodex. Provadéni mikropilot se pfedpoklada
pfi razbé stiedni kaloty pro zvyseni stability vyrubu klenby a zabranéni zvySenym
deformacim v nadlozi tunelu.

ZKUSENOSTI Z DOSAVADNI REALIZACE

Pro Metrostav stavba za¢ala za¢atkem roku 1999 razbou tfipruhového tunelu
ZTT z portélu proti jiznimu portalu Strahovského tunelu na smichovské strané.
Nez byla zahajena razba ZTT z v pfedstihu vybudovaného sevemiho portalu,
byly provedeny sanaéni injektaze za portdlovym mikropilotovym destnikem.
InjektaZe v tomto Useku nebyly v pivodni dokumentaci pro stavebni povoleni
(DSP), ale pristoupilo se k jejich realizaci na zakladé zhodnoceni geologickych
podminek po dokongeni razby prizkumné Stoly. Clenéni vyrubu podie DSP i rea-
lizaéni dokumentace bylo zvoleno jako vodorovné, . Elenilo se na kalotu, jadro
a dno tunelu. Po prostupu pilotovou sténou portélu se kalota razila na délku 38
m, nasledné se vyrazilo jadro a dno tunelu na délku 16 m. Déle se razilo s pfed-
stihem kaloty cca 20 az 30 m pred razbou jadra a uzaviranim dna tunelu. Kalota
méla profil $itky 16 m a vysky 6,5 m, tomu odpovidala plocha kaloty cca 75 - 80
m?, po odedteni priifezu predstinové geologické Stoly byla plocha vyrubu kaloty
cca 65 me, Zahy po zacatku razby se zacaly projevovat nestandardni pribéhy
deformacf jak v tunelu, tak i na povrchu. Byly vyuzivany moZnosti dodateénych
opateni pfi razbé kaloty, jak byly specifikovany v DSP, {j. provadéni mikropilot
pod patami kaloty, zhustovani kotvicich prvki véetné piikotveni pat kaloty kotva-
mi délky aZ 12 m, rozsifovani pat kaloty ze 70 cm na 120 cm a uzavirani kaloty
provizorn( protiklenbou. Pfesto se nedosahlo potfebného efektu a nepodafilo se
nestandardni deformace zasadnim zplsobem eliminovat. Deformagnim problé-
mem byla razba kaloty s tak velkou $ifkou v zastizenych geologickych podmin-
kach. Deformace se stabilizovaly az po uzavfeni celého profilu tunelu. Po pri-
chodu sanovanym Usekem u portalu tunelu neodpovidaly geologické podminky
z hlediska zatfidovéani do technologickych tid pfedpokladanému zastoupeni dle
DSP i realizaéni dokumentace. Proto po vyrazeni 120 m tunelu bylo zménéno
vodorovné ¢&lenéni na svislé, tj. zacaly se v pfedstihu razit boéni diléi tunely
"gotického" tvaru o ploe vyrubu 40 az 45 m? jako téméf okamZité uzavirané pro-
fily. Nasledovala razba stiedni kaloty, ve které se propojovalo vyztuznymi pfihra-

prescribed distances. Measurement of surface settlement, changes in location of
strata inside of the rock environment (tensometers), and of the tunnel lining con-
vergence above all, is performed in selected points on the surface. Monitoring is
an indispensable activity for a quality execution of tunnels and for a safe exca-
vation work. It applies to the Mrazovka tunnel too. Monitoring is a regulator of
economic demands, and can mobilise operativeness of technological measures
in the course of the tunnel heading. Monitoring on the Mrazovka tunnels is ensu-
red by the client, without participation of tunnel contractors. Results of measure-
ments obtained in the framework of monitoring are processed and interpreted
electronically, with an instant reaction on the tunnel construction. For the above
mentioned purpose, a site computer centre has been established to collect data,
to interpret and supply results to all parties of the construction for joint decision-
making about technical and economic aspects of the works.

Subterra had to build an access adit under Radlicka street to be able to drive
the double-lane WTT tunnel from the south portal. Excavation in the WTT will be
executed with a roadheader. As an addition for harder rock, drill and blast will be
used for rock disintegration. Primary lining will be of shotcrete with similar rein-
forcing elements as Metrostay uses.

When the tunnel excavation and the primary lining installation is over, a PVC
waterproofing membrane is attached along the whole tunnel circumference.
Subsequently, the bottom part of cast-in-situ reinforced concrete final lining is
built. The structure built in the above mentioned manner will be used as a track
for a tunnel form traveller, which will enable the in-situ concrete of the final lining
vault to be placed (in strips). Then, installation of internal structures, laying the
road deck, and installation of mechanical services will follow.

To make passing of critical locations under existing buildings possible, espe-
cially under Ostrovského street, supplementary measures have been designed.
They will have to be realised both in advance from the surface above the tunnel
and in the course of the excavation proper. Surface structures will have to be
secured, utility services relocated, and preparatory works will have to be done for
compensation grouting under the buildings in Ostrovského and Doubkova stre-
ets in case it is needed. There already has been performed a pre-treatment grou-
ting from the exploratory gallery. The above mentioned kinds of grouting were
performed to eliminate a stability risk of the excavation in the sections under exis-
ting buildings and in such locations where a seriously low rock stability on the
excavation intrados appeared during excavation of the exploratory gallery.

As another measure for tunnel excavation under Ostrovského street, and for
the excavation in adverse geological conditions in general, horizontal micropiles
will be used, executed by means of a drill rig by the Boodex technique.
Micropiling is expected for excavation of the central top heading to enhance the
stability of the vault and to prevent excessive deformations in the overhead from
oceurring.

EXPERIENCE OF THE WORK PERFORMED
UNTIL NOW

For Metrostav, the construction started at the beginning of 1999 by excavati-
on of the three-lane WTT tunnel from the portal located across from the south
portal of the Strahov tunnel, on the side of Smichov district. Before the excavati-
on of the WTT from the in advance built north portal was started, pre-treatment
grouting was performed behind the portal micropile umbrella. Grouting in this
section had not been contained in the original documents submitted for issuan-
ce of the building permit (DBP), however it was decided that they would be per-
formed on the basis of assessment of geological conditions after completion of
the exploratory gallery. The excavation sequencing, both according to the origi-
nal DBP and the detailed design, was chosen to be horizontal, i.e. it was divided
into a top heading, a core and tunnel invent. After the portal pile wall had been
passed through, the top heading was excavated in the length of 38 m.
Excavation of the core and invert in the length of 16 m followed. Further exca-
vation was performed with the top heading advancing about 20 - 30 m ahead of
the core and the invert. The profile of the top heading was 16 m wide and 6.5
m high, i.e. its cross sectional area was of 75 - 80 n¥. After deduction of the area
of the pilot geological gallery, the top heading excavated cross section of about
65 7 remained. Soon after excavation had been started, a non-standard deve-
lopment of deformations started to appear both in the tunnel and on the surface.
The possibilities of additional measures for top heading excavation were ado-
pted, which had been specified in the DBP, i.e. micropiling under the top heading
footings, adding rock bolts including anchoring the footings by anchors to the
length of 12 m, widening of the top heading footings from 70 to 120 c¢m, and clo-
sing the top heading by a temporary invert. Despite that effort, the desired effect
was not achieved and the attempts to eliminate the non-standard deformations
in a significant extent failed. The deformation problem resided in excavation of
too wide top heading with respect to the geological conditions encountered.
Deformations only stabilised after completion of the whole tunnel profile. After
the pre-treated section at the tunnel portal had been passed through, the geolo-
gical conditions ceased to correspond to the technological classes anticipated in
the DBP and in the detailed design. Therefore, after excavation of 120 m of the
tunnel, the horizontal sequencing was changed to a vertical one, i.e. sidewall
partial drifts of a "Gothic" shape with the excavated area of 40 to 45 n¥ were
excavated in advance, as nearly instantly completed profiles. Excavation of the
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dovymi oblouky, sitémi a stfikanym betonem primarni osténi boénich diléich tune-
10. Po vyrazeni cca 42 m stfednf kaloty se zacalo s uzaviranim dna tunelu, Po 2
mésicich razby se svislym ¢lenénim bylo jasné, Ze tato zména méla zasadni viiv
na eliminaci plvodnich nestandardnich deformaci. Absolutni deformace tunelu
a povrchu klesly o cca 70%. Zména clenéni vyrubu pfinesla samoziejmé zvyse-
ni pracnosti a organizaéni naro¢nosti, ale vzhledem k tomu, ze dalsi razby budou
probihat pfevazné pod zastavbou s nizkym nadlozim navic ve vyrazné zhorse-
nych geologickych podminkéch, kde deformaéni problém je prioritni, pfedpokla-
da se raZeni tfipruhové ZTT aZ k rozpletu s pouZitim svislého ¢lenéni jako zaklad-
nim prvkem technologie provadéni pfi razbé.

Stavba tunelli Mrazovka je provadéna dle harmonogramu a POV, které bylo
pocatkem roku 1999 novelizovano. Ukonceni razeb na ZTT se predpoklada
v 11/2000, ukonéeni stavby ZTT pak v 09/2002 a uvedeni celé stavby, tj. obou
tunelovych trub do provozu pak do konce roku 2002. Rozhodujici pro dodrzeni
téchto terminl je skutecné zahdjeni stavby vychodni tunelové trouby (VTT).

Zminény harmonogram razeb predpoklada vykon na tfipruhovém tunelu 42
m/més. Razby jsou provadény v nepfetrZitém provozu, po 12-ti hodinovych smé-
nach. Primémy poget pracovnikll v jedné sméné je 17.

ZAVER

Tento Clanek je psan se znalosti postupu vystavby v zafi 1999. Vzhledem
k vyjimecnosti stavby tuneldl Mrazovka bude postupna prezentace pokracovat
podle aktudlnich témat také v Casopise Tunel. Vyjimeénost stavby tunell

Mrazovka podtrhuje (¢ast domécich a predevsim zahraniénich odbornych porad-
cd a expert, a to jak v oblasti teoretické, tak i v oblasti praktickych zku$enosti.
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Obr. 3

top heading central pillar followed, together with the work on joining the primary
lining of the sidewall drifts by means of lattice arches, welded mesh and shotc-
rete. After excavation of the length of about 42 m of the central part of the top
heading, the work on invert started. When two months of the vertically sequen-
ced excavation passed, it was obvious that this modification had had a crucial
influence on efimination of the original non-stanidard deformations. Absolute
deformations of the tunnel and of the surface were reduced by about 70%.
Logically, the changed sequencing caused an increase in the quantity of work
invested and in the organisational demands. Despite that fact, as the further
excavations will take place mostly under existing buildings where the issue of
deformations is a priority, under a shallow overburden, moreover in considerab-
ly worsened geological conditions, the excavation of the three-lane WTT as far
as to the bifurcation chamber by using the vertical sequencing as a basic mem-
ber of the excavation technique is assumed.

The works on the Mrdzovka tunnels are performed in compliance with the
schedule and the POV, which was updated at the beginning of the year 1999.
Completion of the excavation of the WTT is expected in 11/2000, completion of
the WTT construction in 09/2002, and commissioning of the whole construction,
i.e. of both tunnel tubes, by the end of 2002. The actual commencement of the
work on the east tunnel tube (ETT) will be deciding for meeting those deadlines.

The above mentioned schedule of excavation work assumes the advance rate
of 42 m per monih on the three-lane tunnel. Excavation has been performed in
an uninterrupted operation, in the shifts of 12 hours each. The average number
of workers in one shift is 17.

CONCLUSION

This article has been based on the knowledge of the construction progress
which was available in September 1999. With respect to the exceptionality of the
Mrédzovka tunnels construction, other presentations will follow in the Tunel maga-
Zine too. The exceplionalily of the Mrdzovka tunnels construction has been stres-
sed by participation of local and, especially, of foreign professional advisers and
experts both in theoretical sphere and in the sphere of practical experience.

RaZeni se svislym ¢lenénim prifezu tunelu. Prohlubovani dna pro ziizeni spodni kienby
Excavation with vertical sequencing of the tunnel cross section. The bottom deepening for installation of the invert
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STRIKANY BETON
A SOUCASNA PRAXE U METROSTAVU

SHOTCRETE -
CONTEMPORARY PRAXIS IN METROSTAV

ING. PAVEL POLAK - METROSTAV A. S, DIVIZE 5

uvoD

Stitkany beton je v tunelafském stavilelstvi zastoupen stale ve vetsi mife.
Jeho aplikace suchou ¢i mokrou cestou prinasi kromé efektu zhutnéni v okamzi-
ku naneseni | moznost vytvofeni kontakiné spolupiisobici soustavy osténi-horni-
na bez potieby bednéni licové strany konstrukce. Moznost rychlého prenasent
zatiZeni vylvofenou nosnou soustavou mé své nezastupitelné misto jako prvek
nové rakouské tunelovaci metody zejména v nestabilnich harninovych podmin-
kéch, jez jsou charakleristicke pro vétSinu realizovanych podzemnich liniovych
dél v Praze.

STRIKANY BETON A REALIZACNI DOKUMENTACE

Pozadavky na stiikany beton jsou v realizacni dokumentaci dany zejmena
zkusenostmi projekianta piipadné objednatele z predchozich staveb podobného
zaméfeni. Kromé specializovanych projektovych spoleénosti orientovanych na
projekly napi. vyznamnych tunelovych staveb a organizaci Gerpajicich z "know
how" sesterskych zahraniénich projeklowyeh firem nejsou jinak pozadavky na
siffkany beton u celé fady podzemnich slaveb zpravidia vibec stanovovany
nebo jsou zUZeny na piedepsani jeho pevnostnf tfidy. V nékterych piipadech je
"nestanoveni® zavaznych parametrl stifkaného betonu vyraznym nedostatkem
souvisejicim s podeenénim dlohy nastiikané betonoveé konstrukce. Takova situa-
ce by neméla nastat, zejména pokud mé vrstva stifkaného betonu plnit dlohu
konstrukee s trvalou statickou funkei a pitom vykéazat dlouhodobou Zlvotnost
nékdy dokonce v krajnich podminkach fyzikdiniho & chemickeho zatéZovanl.

3 ohledem na velikou variabilitu moZnych aplikaci i rozlicnou funkénost stfika-
ného betonu neni mozné pro néj stanovit obecné pozadavky platné pro vsechny
piipady, V daiSim textu jsou proto uvedeny nejdleZit&jsl parametry stiikaneho
betonu s poznamkami pro jejich vybér do adpovidajicich podminek a vybrané pif-
klady aplikaci u Metrostavu a.s.

RECEPTURA STRIKANEHO BETONU

Stanoveni receptury pro stifkany beton je rozhodujici mirou zavislé na funkei
stifkanim zfizované betonové konstrukce. Jedné-li se o primami osténi podzem-
ni liniové stavby, u kterého nenf uvaZovana trvala staticka funkce, jsou domi-
nantni pouze pozadavky na pevnost a pribéh nariistu pevnosti s ohledem na
zastizené geologické i hydrologické podminky pfi razeni dila. Reologické chova-
ni stifkaného betonu a z ndho plynouct postupny nardst modulu pretvarnosti stif-
kaného betonu jsou rozhoduijicl pfi dimenzovani osténi zvlasté v nestabilnim hor-
ninovém prostiedi a kromé délky zabéru i odstupu teleb elenéného vyrubu by
mohly v meznich pfipadech limitovat dosahované raZebni vykony. Vzhledem
k tomu, e nezanedbatelnd &ast objemu stiikaného betonu slouzi zaroven jako
vyplii pfi razbé vznikajicich nadvylomi, Ize doporutit pouze recepturu s nejnizéi-
mi moznymi materidlovymi vstupy. O vybéru lokality odbéru pouzivaneho cermnen-
tu a kameniva pak zpravidia rozhoduje kromé zaruéené rovnomérnosti kvality
zejména blizkost lokality, klera urcuje dopravni néklady a podstatnym zpisobem
ovliviiuie nakladovou jednotkovou cenu (zejména kamenivo). Pro vétsi dila budo-
vana v nepietrzitém provozu je nutné ziidit slavenisini vyrobnu betonové smési.

Podstatng odlisné situace muize byt pfi navrhu receptury definitivaino osténi ¢i
jiné staticky trvalé konstrukce ze stitkaného betonu. Tam pfi navrhu receptury
musi byt zohlednény pozadavky projektu, které mohou postihovat celou Skalu
viastnosti zaruéujicich pfedpokladanou Zivotnost konstrukce. Pevnost belonu
byva pfedepsana, je véak zpravidia logicky zahrnuta v dalSich parametrech jako
jsou napf. mrazuvzdornost, vyluhovatelnost, plynotésnost apod. Tvar a kubatura
konstrukee jsou v takovych pripadech pevné geometricky vymezeny a naroky
objednatele zaruduji vétSinou moznost zainvestovani prefabrikovanych smési
vyrabénych i ve vzdalengjsich specializovanych vyrobnach betonovych smési.

POZADOVANE VLASTNOSTI STRIKANEHO BETONU

Mozné pofadi nejb&znéjsich doporucenych parametrickych (dajli z hlediska

INTRODUCTION

Sholcrete is represented in the sphere of tunnel engineering in larger and lar-
ger extent. Not only does the application of both dry and wet mix produce an
effect of compaction just in the moment of the sholcrete placing, but it also ena-
bles development of a composite contact action system of the lining and the rock,
without any need of a formwork. The possibility to carry the load soon by means
of that load bearing system is an indispensable element of the New Austrian
Tunnelling Method, in unstable rock condiitions above all. Such the conditions are
characteristic of most of underground line structures built in Prague.

SHOTCRETE AND DETAILED DESIGN DOCUMENTATION

Requirements on sholcrete stated in detailed design depend, before all, on
designer's or client'’s experience gained on previous projects of a similar kind.
Apart from specialized engineering consultants firms oriented towards designs,
for example, of significant lunneling structures, and organizations utilizing a know
how of sister foreign consultants companies, the requirements for sprayed conc-
rete lo be used on a number of underground slructures are, as a rule, either not
delermined at all, or limited to prescription of concrete grade. In some cases
2 failure lo determine the binding parameters of sholcrete represents a serious
defect connected with an underestimation of a concrete structure. Such a situa-
tion should not cecur, especially if the shotcrele layer is expected to perform
a role of a structure with a permanent static function and, in the same time, to
have a long-term life, sometimes even in extreme conditions of physical or che-
mical loading.

It is impossible, with respect to a wide variability of the applications possible
and to all sorts of functions of sholcrete, to determine general requirements valid
for all cases. Therefore, the following text shows the most important paramelers
of sholcrete, with notes regarding their selection for relevant conditions, and
selected examples of their applications in Metrosiav a.s.

SHOTCRETE FORMULA

Determination of a formula for shotcrete depends, in a deciding extent, on the
function of a concrete structure built by means of spraying. If it is the matter of
a primary lining of an underground line structure for which a permanent static
{unction is not consic'ored, only requirements on strength and on strength incre-
asing are dominant, with respect to the geolagical and hydrageological conditi-
ons encountered in the course of the excavation work, Rheology-related behavi-
or of shotcrete, and the gradual increase in shotcrele deformation modulus resul-
ting from that behavior, are vital in the process of structural designing of the
lining, in an unstable environment above all. They could, apart from the advance
length per cycle and the distance between the faces of a sequential excavation,
in some extreme cases, limit the rales of advance achieved. Since a not negli-
gible part of the shotcrete volume serves in the same time as a filling of overb-
reaks occurring in the course of the excavation work, it is possible to recommend
such a formula which ensues into as low consumplion of materials as possible.
Then, the choice of the location from which cement and aggregales are lo be
used is made, apart from a guaranteed regularity of quality, with respect to the
short distance of such a location, which determines transportation costs, and sig-
nificantly affects the expense loading of the unit price (aggregates above all). For
larger structures buift in uninterrupted operalion, it is necessary to sel up an on-
site batching plant.

A substantially different situation can be in development of a formula for a final
lining or other statically permanent structures made of shotcrete. For such the
siructures, the design requirements must be taken info consideration which can
cover the whole range of properties guaranteeing the life length expected. The
conerele strength is usually prescribed, although it is a custom to include it logi-
cally into other parameters, as e.g. frost resistance, extractibility, gastighiness
elc. The shape and volume of a structure are, in such the cases, strictly defined
from the geometrical point of view, and client's demands mostly ensure a possi-
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Cetnosti narok( v projektové dokumentaci (Udaje se v praxi nemusi odliSovat pro
stiikany beton vyrobeny ze suché, zavlhlé ¢i mokré smési) je uvedeno v daldim
textu. Nize uvedenych prvnich sedm parametri je sledovano pfi vyhodnocovani
stfikaného betonu primarniho osténi tunelu Mrazovka.

1. Pevnost v tlaku po 28 dnech (objemova hmotnost)

Zékladni udaj stejné jako u monolitického betonu. Je dillezity jiz ve stadiu pfi-
pravy stavby zejména pro dimenzovani konstrukce a stanoveni ceny. Z hlediska
obvyklého pouZziti by neméla byt podkro¢ena hodnota 20 MPa. Pevnost je vaza-
na zejména na mnozstvi cementu v objemové jednotce, které nelze doporugit
nizsi nez 360 kg/m® Kromé nutné rezervy vykryvajici vliv negativnich faktord
v fetézci vyroby, transportu a ukladani podmifiuje mnozstvi cementu moznost
dostateéného mazani tiecich ploch strojl (stikaci stroj, pumpa na beton)
i dopravniho potrubi pfi suchém & mokrém zpiisobu provadéni. Hodnoty pev-
nosti (20 &i 25 MPa) jsou vhodné zejména pro suché ndstfiky v tézkych geo-
technickych pomérech (napf. zvodnély podklad, nestabilni obrys vyrubu ap.), kde
obvykle nelze zajistit optimalni podminky pro nanaseni a kde beton kromé své
zpravidla doGasné konstrukéni funkce (primarni osténi) ma rovnéz charakter
vypliové hmoty (vyrazné zatrhany obrys horniny, nezavinéné nadvylomy ap.).
Relativné vysoké hodnoty pevnosti stfikaného betonu (napf. 40 MPa a vice) jsou
zpravidla uréovéany specidini funkei celé konstrukce a podmifiuji soucasné dalsi
sledované vlastnosti (vodotésnost, plynotésnost, odolnost viéi G¢inkim agresiv-
nich vod, trvanlivost apod.). Dosazeni takovych pevnosti stfikaného betonu je
zajistovano dokonalej$i recepturou (s vylepsujicimi pfisadami), vétsinou prefab-
rikovanou betonovou smési a peclivé fizenou technologii provadéni (pfednostné
mokry zplsob, zamezeni pfitoku podzemni vody na lic vyrubu, kontrolni éinnos-
1 pii kazdé operaci stfikani apod.) [1]. Objemova hmotnost je standardné zjisto-
véna pro kazdou zkousku pevnosti v tlaku. Kromé miry zhutnéni ma na ni pod-
statny vliv hmotnost pouzivaného kameniva. Je dlezita pro korekei &i nové sta-
noveni skuteCnych vahovych podili pfimési i pfisad v objemové jednotce micha-
né betonové smési. Smérodatna odchylka by neméla prekrodit 2% z primérné
hodnoty objemové hmotnosti. Minimalni ¢etnost provadéni kontrolnich zkousek
Ukazalo se velmi uZite¢né stanovovat pevnost v tlaku ze vzork( stfikaného beto-
nu po 3 dnech. Tento éasovy odstup od nastfiku jiz zcela eliminuje vliv prvotniho
rychlejsiho nabéhu pevnosti, ktery je dan pouzitim urychlujicich pfisad.

2. Kontrola tloustky nastfikané vrstvy

Patii k zakladni kontrole, ktera mlze byt pfedem stanovena s ohledem na
minimalni projektovanou tloustku vytvarené konstrukce. V nékterych piipadech
Ize jednoduse kontrolovat zastfikavanim pfedem osazenych trd stanovené dél-
ky ci zafixovanim vnéj$i ocelové sité do vymezené polohy. Tam, kde se jednd na
vngjsi strané stiikané konstrukce o nepravidelny obrys vyrubu Ize doporudit jad-
rové vrty v nastfikané konstrukci az na Uroven horniny k dodate¢nému zjiténi
skuteéného rozméru konstrukce véetné deformaéniho nadvyseni i zaplfiovaného
nadvyrubu. Je vhodné volit jadrové vrty o priméru 100 mm, které Ize pouzit ke
stanoveni vélcové a prepocitané krychelné pevnosti konstrukce in situ v pfede-
psaném ¢asovém odstupu od nastfikani (napf. 3, 7, 28 dni). Kontrolni zkousky
tloustky nastfikané vrstvy v nahodilych mistech konstrukce Ize doporugit v ¢et-
nostech nejméné 1x za mésic.

3. Kontrola narlstu pevnosti mladého stiikaného betonu

Je nutna zejména pro primarni osténi ze stfikaného betonu s okamzitou sta-
tickou funkci vytvafené v nestabilnich horninovych podminkach (razeni Stol
a tuneld, hloubeni jam a $achet). Jedna se o pfipady, kde spravné aplikovany
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Obr. 1

Pribéh narustu pevnosti pfi kontrolnich zkouskach stfikaného betonu in situ
v tunelu Mrazovka (6/99)

Development of shofcrete strength increase, based on in-situ check test in
the Mrazovka tunnel ( Jun. 99 )

bility to fund prefabricated mixes produced even in more remote specialized bat-
ching plants.

REQUIRED PROPERTIES OF SHOTCRETE

It is possible to rank the most generally recommended parametrical data
according to frequency of individual requirements of designs, in the manner
shown in the further text (the data do not have to differ necessarily if a dry, slight-
ly wet or wet concrete mix is used for spraying). The first seven parameters men-
tioned below are followed for evaluation of shotcrete of the primary lining of the
Mrazovka tunnel.

1. Compression strength after 28 days (specific gravity)

This is a basic parameter, similarly as for cast-in-situ concrete. It is already
important in the phase of a construction preparation, especially for dimensioning
of structural members, and for price evaluation. For a usual use, the value should
not be less than 20 MPa. The strength is, above all, tied up with the quantity of
cement in a volume unit. It is advisable not to be less than 360 kg/n?. Apart from
a margin covering an influence of negative factors existing in the chain of pro-
duction, transport and casting, the quantity of cement is a condition for sufficient
lubrication of friction surfaces of equipment (spraying machine, concrete pump
elc.), and of transport pipes in the case of dry or wet mix spraying. The strength
values (20 or 25 MPa) are suilable, above all, for dry shotcrete applied in difficult
geotechnical conditions (e.g. water covered backing, unstable circumference of
the excavation etc.), where it is usually impossible to ensure opfimal conditions
for application, and where concrele, apart from its usually temporary structural
function (primary lining) has also a character of a filling mass (pronouncedly une-
ven contour of the rock, casual overbreaks etc.). Relatively high values of shotc-
rete strength (e.g. 40 MPa and higher) are usually determined according to
a special function of the whole structure, and, in the same time, they affect other
monitored properties (walertightness, gas-tightness, resistance to aggressive
water, durability etc.). Achievement of such the strength of sholcrete is ensured
by a more perfect formula of the mix (containing improving additives), by prefe-
ring the use of prepacked concrete mix, and by careful controlled technique of
the work execution (preference to wet mix spraying), stopping ground water flo-
wing on the excavation intrados, by checking activities over each spraying ope-
ration etc.) [1]. Specific gravity is determined with each compression strength
test by a standard way. Apart from the degree of compaction, it is substantially
affected by specific weight of aggregates used. It is important for correction or
new determination of real weight proportion of additives and admixtures in
a volume unit of mixed concrete. Standard deviation should not exceed 2% of the
average value of specific gravity. A minimum frequency of performance of check
tests on more important or longer lasting constructions should not be less than
once in a month. It turned out that it is very useful to determine compressive
strength of shotcrete samples after 3 days. Even this time lapse from the moment
of spraying fully eliminates influence of a faster process of strength increasing,
which occurs as a result of accelerator additives.

2. Checking on the thickness of a sholcrete layer applied

It belongs to the basic check/inspection, which can be prescribed in advance,
with respect to the minimum thickness designed for the structure being built. In
some cases, it is possible to check the thickness by a simple way of covering
pins of a prescribed length, or by fixing external steel mesh into a required posi-
tion. There where an irregular contour of the excavation on the external side of
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Obr. 2

Cara zmitosti pfirodni skladby kameniva Uhy 0 - 11,2 ( 06/99 )

Grading curve of natural composition of the aggregate 0 - 11.2 from Uhy
(Jun/1999)




« 8. ROCNIK, ¢&. 4/99

Tunel

stifkany beton miZe byt rozhodujici pro zajisténi bezpeénosti pracovni osadky
i viastni ispésnost provadéni razby. Narist prvotnl pevnosti je zavisly na pribé-
hu hydratace pojiva, kterd je dana druhem pojiva a zejména rychlosli jeho rea-
gence s vodou i urychlujicf pfisadou. Prabéh naristu je predepsan pro stfikané
betony v rakouské smérmici pro stikany beton [2] v kfivkach s odliSenim dle
oblasti pouZiti J1 az J3 v ¢asovém rozmez( 6 minut aZ 24 hodin (mlady stifkany
beton). Pro béZné podminky razby dle NRTM s okamzitym poZadavkem na pfe-
vzeti zatiZeni stiikanym betonem je stanoven pribéh pevnosti nepodkroduijici
kiivku J2. Hodnoty zjistované penetracni jehlou a pristrojem Kaindl-Meyco pro
vy3si pevnosti by mély byt pro dileZitéjdi ¢i dlouhodobgjsi stavby provadény
alespon 1x mésicné.

4, Skladba zrnitosti kameniva

Pravidelné ovéfovani pribéhu éary zrmitosti kameniva je dlleZité, zejména
pokud neni betonova smés michana ve stélém poméru dvou & vice pfesné
vymezenych frakei. Jednoznacné Ize doporuéit pro suchy stfikany beton pfirod-
ni Fiéni kamenivo, které znamena nizsi opotiebent tfecich ploch na stiikacim stro-
ji a nizéi spotfebu dopravnich hadic.

5. Zagatek a konec tuhnutf pojiva

Jedna se o dulezitou vlastnost cementového pojiva, kterd je statisticky vyhod-
nocovana vyrobni cementdrnou. Je uziteéné pokud jsou primérné hodnoty spolu
s ostatnimi vlastnostmi (jemnost mieti, pevnost v tahu a tlaku apod.) dodavany na
stavbu v piehledné tabulce vzdy po uplynuti vyrobniho obdobi 1 mésice.

6. Reagence urychlujici pfisady k pojivu

Postihuje rychlost tuhnuti cementové kase po vstfiknuti urychlujici pfisady
a kratkém intenzivnim promichani. Zjistuje se na Vicatové pfistroji. Rychlost tuh-
nuti zavisi na pouzitém vodnim souciniteli, jemnosti mleti i stafi cementu a pie-
devsim na chemické reakci aktivni slozky urychlujici pfisady s cementovymi ¢as-
ticemi. Jedna se o typickou porovnavaci zkousku postihujici stalost vazby mezi
pojivem a pfisadou.

7. Modul pruznosti a medul pretvarnosti.

K vysetfeni modulli se pouzivaji vzorky vyfiznuté z betonovych kvadrl nastii-
kanjch do pfipravenych bednicek. Z nich se experimentainé vySetfuji ddaje,
umoZiujici postihnout okamzité i reologické chovani tvrdnouciho stiikaného
betonu, charakierizované uvedenymi moduly. Tyto Udaje, pouZity ve staticlkych
vypottech, vedou k pfesnéjsimu posouzeni Unosnosti | deformability navrzene
konstrukce primdmiho osténi v rliznyeh fazich jejiho staruti. Zpétna vazba
(inverzni analyza) je bez téchto Gdaju rovnéZ stézi hodnovéma. Zkousky E-
modull jsou tedy vynuceny piedevsim projektantskymi divady. UmoZnuji vystiz-
n&ji popis systému osténi - hornina v kterémkoliv éasovém okamZiku jeho exi-
stence .

8. Siranovzdornost

Mize byt stejné jako u monolitickych beton zvySena pouZitim siranovzdor-
nych cementd. Negativnim dopadem je zpravidla pomalejsi nabéh pevnosti opro-
ti gistym portlandskym cementim. Pro primarni osténi, které je uvazovano jako
dodasné v horizontu 1 aZ 2 let a kieré nema staticky spoluplisebit s definitivnim
osténim (vlozena mezilehla izolace) je pozadavek na siranovzdomost zbyte¢nou
nadstavbou se snizenim bezpe¢nosti pi vystavbé. Také pozadavek na odolnost
proti sirantim u definitivnich konstrukci ze stfikaného betonu chranénych foliovou
izolaci neni technicky zdlvodniteiny.

9. Vodonepropustnost i

Dosazeni vysoké vodonepropustnosti stiikanych betonovych konstrukei uza-
vieného priméarniho osténi neni ve vétsiné piipadd zadouci. Realné neni ani
dosaZen! vétsi vodotésnosti vrstev stiikaného betonu nanadenych na plodné sil-
né zvodnély lic obnazené horniny. Véechny pokusy o dosazeni vysokého stupné
vodotésnosti vedou k dimenzovani primariho osténi na plny hydrostaticky tlak,
které znamenaji nelimérné zdrazovani podzemni stavby bez koneénych uspoko-
jivyeh vysledk. Otazka Upné vodotésnosti viastniho tunelu proto ma byt feSena
systémem drenazi podél dila a vhodnou izolaci definitivnino osténi.

10. Mrazuvzdornost

Pozadavek na mrazuvzdornost doéasnych konstrukei ze stifkaného betonu neni
technicky zdivodnitelny. Tato vlastnost je vSak spolu s dosazenim vodonepro-
pustnosti definitivniho osténf (mize byt | ze stifkaného betonu) vyznamna zejmé-
na u portall dopravnich tunelt a v celé délce kratkych tunell a Stol vystavenych
Géinkim povétrnosti. Kromé vhodnych izolaci zabranujicich priniku vody od rubu
osténi Ize vyuzit celou fadu ochrannych natérd jeho lice. V exiremnich pripadech
Ize exponované plochy chranil zabudovanim tepelné izolace zejména v mistech za
osténim drénujicich vod a zabranit tak porucham na osténi Gginky ledu.

11. Vyluhovatelnost

Zatim v nasich podminkéach opomijeny pozadavek na primarni osténi tunelll
a §tol. Je dilezity u podzemnich liniovych staveb s projektovanym samotiznym
vylokem podzemnich vod k portalim tunel(i po celou dobu jejich Zivotnosti.
Kromé sniZenl zaté2e tunelu neplsobenim plného hydrostatického tlaku se Géin-
kem funguiicich drenazi dosahuje mnohdy piekvapivych vysledki ve sniZeni
vyront vody i u neizolovanych osténi tunelil. Podle dosazitelného omezeni vylu-
hovatelnosti stfkanych betonU je tfeba dimenzovat prifezy drenaznich trubek
i podet &isticich Sachet na drenaZnim vedenl. Recepturu stiikaného betonu je tre-
ba pedlivé stanovit s ohledem na chemismus proudici podzemni vody a vylougit
zcela napi. pouzitf alkalickych urychlujicich pfisad.

POUZIVANE NORMY A SMERNICE PRO STRIKANY BETON

V soucasnosti |ze vychazet v éeskych podminkéch pfi aplikacich stikaného
betonu z CSN 73 2430 Provadéni a kontrola stiikaného betonu a z obecnéjsi nor-
my CSN 73 2400 Provadéni a kontrola betonovych konstrukci. Pro vyvoj pev-
nosti mladych betond a nékteré daldi vybrané zkousky je vyuZivana u Metrostavu
rakouskd smérnice Richtlinie Spritzbeton z r. 1989 a 1997 [2] (Ceské pFeklady)

the sprayed structure is concerned, it can be recommended that core boreholes
be drilled in the completed shotcrete layer as deep as to the rock surface for
additional determination of the real thickness of the structure, including the thick-
ness caused by a deformation-related exaggeration of the tunnel height, and the
thickness of filled overbreaks. It is advisable to elect 100 mm diameter core dril-
ling, which can be used for determination of cylinder strength and converted
cube strength of the structure in situ, performed in a time lapse from spraying
prescribed (e.g. 3, 7, 28 days). Check tesis of a sprayed layer thickness in ran-
domly selected spots of a structure are advisable in a minimum frequency of 1
test in a month.

3. Checking on the increase of green shofcrele strength

Itis necessary for such a primary lining of sholtcrete which fulfils its static func-
tion immediately, such one which is created in unstable rock conditions (heading
of adits and tunnels, sinking of pits and shafts). It is the matter of such cases
where shoicrete applied in a correct manner can be vital for ensuring a work crew
safely and for the success of excavation work. The process of initial strength inc-
reasing depends on the progress of the binder hydration, which relates to the bin-
der kind and, especially, to the speed of its reaction with water and the accele-
rator additive. Progress of increasing is preseribed for sprayed concrete in an
Austrian directive on sholcrete [2] in curves with distinction according fo the field
of application J1 through J3, within time limits from 6 minutes to 24 hours (green
sholcrete). For ordinary conditions of excavation by the NATM with an immedia-
te requirement to carry a load applied by shotcrete, development curve of
strength must not get under the curve J2. Values determined by a penelration
needle, and by Kaindl-Meyco apparatus for higher strengts, should be taken
once in a month as a minimum.

4. Size distribution curve of aggregates

Regular verification of the course of the size distribution curve is important,
especially if the concrete mix is not mixed in a fixed ratio of two or more exactly
limited fractions. Natural river aggregates can be recommended explicitly for dry
shotcrete because of lower wear of friction surfaces in the spraying machine, and
a lower consumption of transport hoses.

5. Beginning and end of the binder setting

This is a very important property of cement binder, which is evaluated statis-

tically by a manufacturing batching plant. It is useful if average values are, toget-
her with the other properties (fineness of grinding, tensile strength and compres-
sive strength etc.) provided to the site in a synoptical table each time when a pro-
duction period of 1 month passes.

6. Reaction of an accelerator additive and a binder

it affects the speed of cement slurry setting after the accelerator additive is
injected and the mix is briefly stirred. It is determined by the Vicat apparatus.
Speed of setting depends on water/cement ratio used, fineness of grinding, how
old cement is used and, before all, on the chemical reaction of the active com-
ponent of the accelerator additive with cement particles. This is a typical compa-
rative test of durability of the bond between binder and additive.

7. Modulus of elasticity and modulus of deformation

To determine the moduli, samples cut out of concrete blocks sprayed into pre-
pared boxes are used. They serve for experimental examination of data, which
make it possible to determine both momentary and rheological behavior of the
hardening sholcrete, which is characterized by the above moduli. Those data, if
they are used in static calculations, lead to a more exact assessment of bearing
capacity and deformability of a designed structure of primary lining in various
phases of its aging. Back coupling (inversive analysis) is also hardly credible wit-
hout those data. Therefore, testing of E-moduli is enforced by reasons on the
side of designers above all. They render more exact description of the lining -
rock system possible in any moment of its existence.

8. Sulphate resistivity

It can be, in the same manner as for cast-in-situ concrete, enhanced by using
sulphate-resisting kinds of cement. A negative impact can usually be found in
a slower progress of strength increasing compared to pure portiand kinds of
cement. A requirement regarding the sulphate resistivity of primary lining, which
is considered as temporary one in a horizon of 1 to 2 years, and for which a sta-
tic composite action with final lining is not expected (an inserted intermediate
insulation), is an unnecessary superstructure causing a lower safety in construc-
tion work. It is also technically unjustifiable to require sulphate resistivity of per-
manent structures made of shotcrete protected by a membrane insulation.

9. Watertightness

It is not desired, in most of cases, to achieve a high degree of watertightness
of shotcrete structures of closed primary lining. It is also unrealistic to achieve
a higher degree of watertightness of shotcrete layers sprayed on highly water
covered surface of exposed rock. All attempts to achieve a high degree of water-
tightness lead to structural designing of a primary lining for a full head pressure,
which fact means a disproportionate increase of the price of an underground
structure without any final sattisfactory results. Therefore, the issue of a total
walertightness of a tunnel proper is to be solved by a drainage system along the
structure, and by a suitable insulation of final lining.

10. Frost resistance

The requirement for frost resistance of temporary structures of shotcrete is
technically unjustifiable. Although, this property is, together with achievement of
walertightness of final lining (it also can be made of sholcrete), significant for por-
tals of transport tunnels and within the whole length of short tunnels and adits
exposed to effects of weather. Apart from suitable kinds of insulation preventing
inflow of water from the back of a lining, it is possible to utilize a number of pro-
tective coats on its face. In extreme cases, it is possible to protect exposed sur-
faces by installation of thermal insulation, in locations of water draining behind
the lining above all, thus to prevent defects caused by the effect of ice.
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a smérnice Sprayed Concrete for Rock Support (1997) [3]. Diléi zkousky cemen-
t0 se provadgji podle CSN EN 196-3 Metody zkouseni cementu - stanoveni dob
tuhnuti a objemové stalosti. Certifikace stfikaného betonu je feSena v ramci cer-
tifikovaného systému jakosti pro NRTM. Bliz8i ndzory autora k certifikaci stfika-
ného betonu jako vyrobku jsou uvedeny v literatufe [5].

PRIKLADY A ZKUSENOSTI Z REFERENCNICH STAVEB
V ROCE 1999

V piedposlednim roce pfed koncem milénia dominuji v oblasti stfikaného
betonu u a.s. Metrostav dvé stavby. Prvnim je tunel Mrazovka, druhou stavbou
pak kolektor Pfikopy.

Piikladem s vlastni vyrobou betonové smési pro stiikani je pravé razeny tunel
Mrazovka, kde systém vyroby betonu je nedilnou soucasti certifikovaného syste-
mu provadéni tunelll novou rakouskou tunelovaci metodou. Stfikany beton je
aplikovan suchym zplisobem o pevnostni tfidé B 25, odladén pro 1 m* smési ze
400 kg cementu CEM | 52,5 R (Radotin), 1700 kg Jednotrakcnho kameniva 0-
11,2 (Uhy) a z 5 a7 8% (k hmotnosti cementu) urychlujici nealkalické tekuté pfi-
sady Prestix pfiddvané do vody pfivadéné k trysce. Poutiti portlandského
cementu 52,5 R bylo zvoleno po nékolika mésfcich pouzivan tfidy 42,5 R z divo-
du vyssich hodnot pfi ndbéhu pevnosti mladého stfikaného betonu. Davkovani
cementu bylo mozné snizit 0 30 kg a Umémé i mnozstvi urychlujici pfisady, pfi-
¢emz jemnéjsi namleti cementu CEM | 52,5 R jednoznaéné zaruduje dosazeni
vy$si reaktivity s urychlovacem tuhnutf a tvrdnuti a soucasné se snizuje nachyl-
nost ke starnuti cementovych Gastic, kterd reakci s pfisadou zpomaluje. Niz§im
mnozstvim cementu v objemové jednotce se druhotné dosahlo i sniZenf pras-
nosti na pracovisti.

Kontrolni zkoudky pevnosti stfikaného betonu jsou provadény 1 x za mésic.
Pravidelng jsou zjistovany také hodnoty pevnosti v tlaku po 3 dnech, které se
ustalily pfi uvedené receptufe v rozmezi 80 az 90 % z pevnosti po 28 dnech.
Kromé zpiesnéni prabéhu naristu pevnosti mezi 24 hodinami a 28 dny Ize v sou-
¢asné dobé predvidat konecnou hodnotu pevnosti. S ohledem na vzrlstajici
pocet statistickych hodnot by bylo moZné operativné provadét Upravy receptury
¢i technologie jiz po tomto relativné krétkém ¢asovém obdobi. Pevnost stitkane-
ho betonu v tlaku po 28 dnech neni snizena pii davkovani nealkalickych ury-
chlujicich pfisad oproti pevnosti stifkaného nulového betonu (bez pfisady). To
bylo ovéFeno jiz ve fazi prikaznich zkousek a je potvrzovano zkoudkami kontrol-
nimi. Zkousky pevnosti jsou zji$tovany na vyvrtech stfikaného betonu primarniho
osténi v mistech s vynechanou vnitfni ocelovou siti. Pfiklad souhrnného prabéhu
nardstu pevnosti stfikaného betonu je dle kontrolniho méfeni na tunelu Mrazovka
patrny z obr. 1.

Pro tunel Mrazovka byl zaji§tén zdroj piirodniho kameniva (piskovna Uhy)
s vyuzitim mistné zastizeného zastoupeni velikosti zrn kameniva v rozmezi 0 aZ
11,2 mm. | kdyZ pro optimalni pribéh zmitosti chybf vyssi podil mensich zrn do

Obr. 3
Sttikani levého opéii tunelové trouby z pracovni ploginy pfi vodorovném élenéni prifezu tunelu
Concrete spraying on the tunnel tube left wall from a platform lifter, used in the case of horizontal sequencing of the tunnel cross section

luncl
11. Extractibility

This requirement regarding the primary lining of tunnels and adits has been
neglected in our conditions till now. It is important for those underground line
structures where a gravity discharge of ground water towards portals is designed
to last for the whole life length of the structure. Apart from diminishing the load
on the tunnel, thanks to the fact that the full head pressure does not act, the
effect of functional drainage leads to, sometimes surprising, results in limitation
of water leaks even in tunnels without insulation of lining. The diameter of drai-
nage pipes as well as the number of access shafts along the drainage pipeline
should be designed with respect to the achievable limitation of shotcrete extrac-
tibility. A formula for shotcrete must be determined carefully, with respect to che-
mism of flowing ground water. The use of e.g. alcaline accelerator additives must
be totally excluded.

STANDARDS AND GUIDELINES USED FOR SHOTCRETE

Currently it is possible, for shotcrete application in Czech conditions, to use
the Czech Standard Code of Practice (CSN) No. 73 2430 "Execution and inspec-
tion of shotcrete”, and a more general standard CSN 73 2400 "Execution and
inspection of concrete structures”. For development of strength of green concre-
te, and for other selected tests, Metrostav uses an Austrian directive "Richtlinie
Spritzbeton" issued in 1989 and 1997 [2] (Czech translations) and a directive
"Sprayed Concrete for Rock Support (1997) [3]. Partial tests of cement are car-
ried out according to CSN EN 196-3 "Cement Testing Methods - Determination
of Setting Times and of Volume Stability". Certification of sprayed concrete is sol-
ved in the framework of a quality system certified for the NATM. Author's closer
opinions regarding sprayed concrete certified as a product have been stated in
references (5].

EXAMPLES AND EXPERIENCE FROM REFERENCE
STRUCTURES IN 1999

In the last year, before the end of the millennium, there are two structures
dominating in the sphere of sprayed concrete in Metrostav a.s. The first one is
the tunnel under Mrdzovka hill, the second structure is the Prikopy utility tunnel.

The Mrazovka tunnel, which is just under construction, is an example of a site
with its own production of concrete mix for spraying. Its system of concrete pro-
duction forms an integral part of a certified system of tunneling by the New
Asustrian Tunneling Method. Dry shotcrete mix of B 25 grade is applied, desig-
ned for 1 n? of the mix consisting of 400 kg of cement CEM | 52.5 R (from
Radotin cement works), 1 700 kg of single-fraction aggregate 0-11.2 (from Uhy),
and of 5 to 8% (related to the weight of cement) of Prestix, a liquid alcali-free
accelerator additive, added to water supplied to the nozzle. The use of portland
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velikosti 0,5 mm, byla pfi praklickém vyuZiti zrnitost posouzena jako vyhovujici
a z cenovych divodu se neprovedio jeji dal&f vylepsenti (obr. 2). Skladba zmitos-
i je vySetfovana piskovnou vzdy pii vytfidovéani zasobni skladky a na Urovni stav-
by pak je kontrolovdna v minimalni éetnosti 1x za mésic. Soucasné se zjistuje
vlhkost kameniva a procento odplavitelnych ¢astic po odbéru z kryté skladky
zafizeni stavenisté.

Vzhledem k tomu, Ze v pfipadé pouzivaného radotinského cementu mize byt
zaCatek a konec tuhnuti vyrazné ovlivnén dobou uskladnéni v sile vyrobce, pro-
vadi se namatkové pro potieby stavby samostatna zkougka za¢atku a konce tuh-
nutl cementové kase 1 x za mésic.

Zavislost modulu pruznosti a modulu pfetvarnosti stfikaného betonu na éase
je na tunelu Mrazovka experimentalné vySetfovéna Kloknerovym tstavem.

Na budované stavbé zapadni trouby tunelu Mrazovka je denné spotiebovano
pfi svislém Elenéni Eelby tunelu na primarni osténi 25 az 30 m? stiikaného beto-
nu. Stikany beton je aplikovan suchym zplsobem s vyuZitim dvou stfikacich stro-
jb Aliva AL-285 pii ruénim nanaseni v hornich Urovnich z pracovnich plogin Geské
vyroby. Podle zastizenych geologickych podminek se pouziva stfikany beton na
stabilizaci lice Eelby a obrysu vyrubu v tloustce vrstvy cca 5 cm. Po osazeni vngj-
$ich ocelovych siti 150 x 150 - 8 mm a pfiihradovych vyztuznych obloukd typu
Bretex je nastfikdvana prvni vrstva o tloustce cca 25 cm. Po osazeni kotev a dru-
hé vnéjéi sité 150 x 150 - 6,3 mm je tato vrstva dopInéna na obrysu prifezu tune-
lové trouby dalsi vrstvou 15 az 20 cm podle stanovené technologické tidy.
Doc¢asné primarni osténi svisiého ¢lenéni zasahuijici dovnité prifezu tunelu je
dimenzovano v tloustkach o cca 10 cm mensich. Z hlediska spravné stiikaci pra-
xe je tfeba soustavné kontrolovat ve velkych profilech dodrZovani optimalniho
odstupu usti stitkaci trysky od lice vyrubu. Pfi znagné rotaci pracovnik(i v osad-
kach na gelbach je patrna tendence zvétsovat vzdalenost nad vymezeny rozsah
1,5 aZ 2 m. Vysledkem pak je vyprasovani jemnych ¢astic cementu vykazujicich
malou kinetickou energii, snizeny efekt hutnéni pfi Siroké stopé proudu betonové
smési a z toho plynouci zvy$eny spad béhem stiikani i bezprostfedné po ném
i zvy8ena pradnost. S ohledem na mnoZstvi zpracovavaného betonu, zvyseni
hygieny prace i bezpeénosti je po¢itano v nejblizsl dobé s nasazenim manipuld-
tor(i na podvozku terénniho nakladniho automobilu. Zabér z provadén stiikaného
betonu pfi pdvodnim vodorovném ¢&lenéni profilu je na obr. 3.

Na kolektoru Pitkopy byl stfikany beton vyuzivan pro zfizenf primarniho osténi
[7]. Kromé toho realizaéni dokumentace stanovila jeho uplatnéni pfi naneseni
proménnych tvardl klenby definitivniho osténi. Naroky na definitivni osténi kleneb
ze stfikaného betonu byly ziZeny na pevnost betonu B 20. PIna reprodukovatel-
nost dodavek smési je zaruéovana specidni recepturou pro stitkané betony na
certifikované vyrobné TBG Metrostav na Rohanském ostrové. Dno a boky kolek-
toru jsou provedeny z armovaného monolitického betonu. Klenba byla nastfikana
suchym zplsobem s pomoci stfikaciho stroje SSB 24 do pfedem vyarmovaného
klenebniho prostoru v tloustkach danych projektovou dokumentaci. Povrchova
vrstva byla nanesena pii pfesném odladéni urychlujici piisady Prestix k vykonu
stfikactho stroje a upravena 8krabanim. Z hiediska estetického pojeti oku lahodi-
cich kiivek stiikaného betonu jde dosud o nejrozsahlej$l i nejzdafilej$i aplikaci
stfikaného betonu jako definitivnl nezakryté konstrukce u a.s. Metrostav (obr. 4).

VYHLEDOVA TENDENCE

Dosavadni zkuSenosti u a.s. Metrostav v oblasti stiikanych betond maji své
téZité v aplikacich provadénych suchym zplisobem. Je viak zfejmé, ze rozsifo-
vanim vystavby velkych prifezl silniénich, staniénich i dvoukolejnych tunell
metra & Zelezniénich tunell dojde k soustavnéj$imu vyuzivani mechanizace
vysoké vykonnosti véetn& naplnéni pozadavky na vysokou efektivnost pracovni
operace stfikaného betonu. Véts najednou zpracovdvané objemy stfikaného
betonu i vy88( hygiena préce povedou nutné k rozsifenému pouzivani mokrého
zpUsobu. To v8ak neznamena, Ze suchd cesta zpracovani bude zcela zapome-
nuta. Zabrani tomu kromé znamé fady vyhod oproti mokrému zpiisobu zejména
nestabilita hornin i zemin zastihovanych v pestré skale geologickych i hydrolo-
gickych podminek Ceskeé republiky a nutny podil malych vyrubnich prifezi pro
kanalizace, kolektory apod.

ZAVER

Stfikany beton je a zlstane i v budoucnu jednou z dileZitych pracovnich ope-
racl moderniho razenl Stol a tunell. Jeho rozvoj zaznamenava v poslednich
letech v Ceské republice zvy$ené tempo podminéné realizaci dopravnich tuneli
znaénych priénych priifezt (Hfebe¢, Mrézovka). Zamysleni nad technickymi
poZadavky i upozoméni na soucasné prevazujicl aktivity v oblasti stfikaného
betonu u a.s. Metrostav miZe pomoci zvysit zékladni informovanost odborné
vefejnosti.
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cement 52.5 R was chosen after several months of using cement of the grade
42.5 R for the reason of higher values in the course of the process of increasing
of the green shotcrete strength. It was possible to reduce the batches of cement
by 30 kg, and the volume of the accelerator additive proportionately, while a finer
grinding of cement CEM | 52.5 R guarantees explicitly that a higher degree of its
reactiveness with the setting and hardening acceélerator and, in the same time,
susceplibility of cement particles to aging, which slows down the reaction with
the additive, is reduced. By using a lower content of cement in a volume unit,
even the rate of airborn dust at the job place has been diminished.

Check lests of shofcrete strength are carried out once in a month. Also the
values of compressive strength after 3 days are determined reqularly. They have
got stabilized, for the above mentioned composition, within the limits of 80 to
90% of the strength after 28 days. Apart from a more accurate anticipation of the
progress of strength increase between 24 hours and 28 days, it is currently pos-
sible to forsee the final strength value. With respect to an increasing number of
slatistic values, it could be possible to adjust the formulas or technology operali-
vely, even after that relatively short time. Sholcrete compressive strength after 28
days is nol reduced by dosing alcali-free accelerator additives, compared to the
strength of "zero" shotcrete (without additive). This fact was already verified in
the phase of preliminary testing, and has been confirmed by check testing.
Cylinder tests are performed on shotcrete core samples taken from primary lining
in such locations where the intemal steel mesh was deleled. An example of an
aggregative development of sholcrete strength increase, based on check mea-
surements on the Mrdzovka tunnel, is shown in figure No. 1.

A source of natural aggregates for the Mrdzovka tunnel was ensured in a sand
and gravel pit (near to Uhy municipality) where a locality was found in which the
grain size of the aggregate is within the limits of 0 to 11.2 mm. Despite the fact
that, for an optimal grading curve course, a higher content of smaller grains up
to 0.5 mm has been missing, the grading was assessed as satisfactory in prac-
tical utilization, and, for price-related reasons, no other improvement of grading
has been performed (Figure No. 2). Grading is examined by the sand and grave!
pit owner each time when a reserve slockpile is selected, and then, on the con-
struction site level, it is checked with a frequency once in a month as a minimum.
In the same time, moisture of aggregate and percentage of washable particles is
determined after the aggregate is taken from the covered site stockpile.

As the beginning and the end of setting of the Radotin-made cement used can
be significantly affected by the time of storing in manufacturer's silo, an inde-
pendent random testing of the beginning and the end of cement slurry sefting is
carried out once in a month, to inform the site management.

Shofcrete elasticity and deformation moduli - time relation has been examined
on the Mrézovka tunnel experimentally by the Klokner institution.

Regarding the west tube of the Mrazovka tunnel, which is under construction,
25 to 30 m3 of sholcrele is consumed daily for primary lining. Dry-mix sprayed
concrete is applied with two Aliva AL-285 spraying machines. For manual appli-
cation on upper levels (vertical sequencing of the tunnel face) a Czech-made
platform lifter is used. Depending on geological conditions encountered, a shotc-
rete layer about 5 cm thick is used for stabilization of the tunnel face and of the
excavation contour. After installation of external steel mesh (meshes 150 by 150
mm, wire dia. 8 mm) and of Bretex-type lattice arches, first layer of shotcrete is
applied about 25 cm thick. After installation of rock bolts and the second exter-
nal steel mesh 150 by 150 - 6.3 mm, the above mentioned layer is complemen-
ted on the contour of the tunnel tube cross section by adding another layer 15 to
20 cm thick, according to the Rock Mass Classificalion. The temporary primary
lining at vertical sequencing reaching inside the lunnel cross section is designed
thinner by about 10 cm. From the point of view of best-practice principles, it is
necessary to check systematically, in large profiles, maintenance of an optimal
distance or the spraying nozzle mouth from the excavation intrados. With a lar-
ge scope of rotation of workers in crews working on the headings, a tendency of
increasing that distance over the determined range of 1.5 to 2 m is recognizable.
As a result, fine cement particles having low kinetic energy are dusted away. The
compaction effect is reduced as a result of a wide track of the concrete mix flow,
which fact also entails a higher volume of rebound during and immediately after
spraying, as well as a higher rate of airborn dust. With respect to the volume of
concrete which is to be sprayed, and to the requirements of enhanced sanitary
and safety conditions, deployment of truck mounted remote control robotic arm
spraying machines is expected shortly. A view of execution of shoicrete with the
originally used horizontal sequencing of the profile is shown in Figure No. 3.

Regarding the Pfikopy utifity tunnel, shotcrete was used for building the prima-
ry lining [7]. In addition, the detailed design determined its application on variable
shapes of the final lining vaull. Requirements regarding the final lining of the vaults
made of shotcrete were resiricled to the concrete sirength B 20. Full reproducibifi-
ty of concrete-mix supplies is ensured by a specialist formula for shotcrete used at
the certified batching plant of TBG Metrostav in Rohansky Ostrov. The bottom and
walls of the utility tunnel are constructed in in-situ reinforced concrete. Wet-mix
concrete was sprayed with S5B 24 machine into the vaull space, where reinforce-
ment had been fixed in advance, in the thickness required by design documents.
The surface layer was applied with a pracise adjustment of Prestix accelerator
aduitive according to the oulput of the sprayer, and treated by scraping. From the
point of view of an aesthetic approach to the sight pleasing curves of shotcrete, this
has been a largest and most successful application of sholcrete as a non-covered
structure ever performed by Metrostav a.s. (Figure No. 4).

PROSPECT TENDENCY

The experience of Metrostav a.s. gained until now in the field of sprayed conc-
rete has had its center in applications of wet-mix. Although, it is obvious that with
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the increased number of constructions of large cross section road tunnels, met-
ro station and double-track tunnels or railroad tunnels the high-performance equ-
ipment will be exploited in @ more systematic way, and the requirement regarding
a high efficiency of the concrete spraying operation will be met. Bigger volumes
of shofcrete processed at a time, and a higher level of working hygiene will lead
necessarily o extended utilization of wel-mix concrete. However, this does not
mean that the dry-mix way will be forgotten completely. It will be prevented, apart
from the well known number of advantages over the wet-mix application, by the
unstable state of rock and ground encountered in a wide scale of geological and
hydrogeological conditions of the Czech Republic, and by the portion of small
excavated cross seclions needed for sewers, utility adits etc.

CONCLUSION

Shotcrete has been, and is going to remain even in the future, one of impor-
tant working operations of the modern excavation of adits and tunnels. Its deve-
lopment has noted, in the Czech Republic in the past years, an increased spe-
ed, caused by construction of transport tunnels of large cross sections (the

Obr. 4
Definitivni osténi kolektoru Pfikopy pfed montaZi vnitfniho vybaveni

lunel

Hrebed and the Mrézovka tunnels). A reflection on technical requirements, and
a notification of the currently overwhelming activities in the field of sprayed conc-
rete performed by Metrostav a.s., can help to enhance the expert public's basic
knowledge.
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Final lining of the Prfikopy utility tunnel before installation of internal equipment
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v=eg
kde v je viskozita ........... . (mPas )
AB.C  jsoujednotlivé parametry, které charakterizuji tvar dané kiivky
pro uréitou slozku injektazniho systému ............ (=)
t je dana teplota ............ (°C ).

Tato exponencialni rovnice uspokajivé popisuje kiivky prolozene naméfenymi
hodnotami viskozit v intervalu 0 - 40 °C { obr. 3 ), napf. pro hmotu Bevedan jsou
jednotlivé parametry A, B a C vySe uvadéné regresni rovnice nasledujici:

A =0,6511

B =1341,8

C=-4579.

Ze ziskanych poznatk( lze vyvodit néklere praklicke zavéry:

rozdily viskozity obou sloZek obecné rostou s klesajici leplotou

véechny zkouSené hmoty jsou pouzitelné v rozmezi teplot 25 - 40 °C

- jako nejstalejsi se jevi systémy Bevedan - Bevedol WF a WFA, které Ize béZ-
né aplikovat v rozmezi 5 - 40 °C , vSechny systémy Bevedan - Bevedol v roz-
mezi 15 - 40 °C

systémy Ongropur vyzaduji nejvy3si teploty (20 - 25 °C)

- doba skladovani zvétsuje rozdily mezi viskozitou obou komponent

-z hlediska starmuti komponent vykazuje nejvy3si stabilitu fada Bevedol -

Bevedan, kterou bylo moZno pouzit i po 12 mésicich, tedy dvojndsobku zaru-

gené Zivotnosti. Limitujici slozkou z hlediska starmuti je vzdy Bevedan.

MERENi FYZIKALNE MECHANICKYCH VLASTNOSTI
VYTVRZENYCH INJEKTAZNICH HMOT

Pro zkousky pevnosti v tlaku se zpravidla naléva promichana smés do valec-
kovyich forem. Vytvrzené vzorky se po Upravé Gelnich ploch pfimo podrobuji
zkouskam pod lisem nebo v triaxidlu. Pro zkousky pevnosti v tahu se promicha-
na smés naléva do deskové formy a po vytvrzeni se vyfeZou tramecky pozado-
vanych rozmérd. Pro pripravu tvarovanych trameckd pro zkousky v prostém tahu
se s vwhodou vyuZiva fezani vysokotlakym vodnim paprskem.

Zvlastni rezim je aplikovan pfi piipravé vzork( napénujicich injektaznich hmot,
které predstavuji znaénou &ast v praxi pouzivanych medif. Pro sledovani viivu
stupné napénéni na viastnosti vysledného materidlu se pouZiva uzavienych tia-
kovych forem. Objem media vpraveny do formy uréuje stupef napénéni vzorku.
Ten se vyjadiuje koeficientem napénéni, coZ je pomér objemove hmotnosti vytvi-
zené nenapénéné hmoly k objemové hmotnosti vylvrzeného nap&néného vzor-
ku. Viysledné vzorky pfedstavovala valcova téliska o priméru cca 53 mm se Stih-
lostnim pomérem 2:1.

Z vysledk: zjistovani zmén fyzikalné mechanickych viastnosti v zavislosti na
stupni napénéni injektazni hmoly uvadime vysledky ziskané ze zkousek pevnos-
i v jednoosém tlaku. U této zkousky jsme hodnotili pevnost v tlaku, modul pruz-
nosti (pietvarnosti) a vysledné pietvamé diagramy. Zjistovali jsme také rychlost
§ifeni podélinych ultrazvukovych vin.

V sougasné dobé byly podrobeny témto zkouskam fii injektazni systémy
Bevedan - Bevedol WF, WFA a S. Podrobnéji uvadime vysledky z méfeni injek-
tazniho systému Bevedan - Bevedol WF, miizeme v8ak konstatovat, Ze zjiténé
vysledky a chovani ostatnich vyse uvedenych injektaznich systémd jsou
podobne.
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Obr. 3

Vliv teploty na viskozitu sloZky Bevedan
Influence of temperature on the viscosity - component Bevedan

viscosity (mPa.s)

parameters, characterising the shape of curve
for particular components ( - )

temperature (°C)

The exponential equation describes curves inset through measured values of
viscosity in the range 0 - 40°C ( Fig. 3 ). For example , the component Bevedan
has the parameters:

A=0,6511
B=23418

C=-4579

On the basis of measured results the following practical conclusions can be
formed :

- differences between corresponding components increase with decreasing
temperature

- all tested grouts are applicable in the range of temperature 25 - 40°C

- the most standing grouts Bevedan - Bevedol WF and WFA are applicable in
the range 5 - 40°C

- the grouts Ongropur demand minimum temperature 20 - 25°C

- from the viewpoint of age the grouts Bevedan - Bevedol represent the best
stability; they are applicable after 12 month, which is double the time of gua-
rantee. Limited component from the standpoint of age is always Bevedan.

MEASURING OF PHYSICAL AND MECHANICAL
PROPERTIES OF CURED GROUTS

Specimens for compressive strength lests are prepared in the way of
pouring lested grout into cylindrical forms. Cured specimens after treatment of
frontal planes are lested in uniaxial or triaxial press. In the case of tensile lests
grout is poured into board forms and then, after curing, beam specimens are cul.
We have good experience in using of water jet culting for preparation of the
beam specimens.

Special way is used for preparation of specimens from foaming grouts, which
represent majority of applied chemical grouting materials. To test the influence of
foaming factor on properties of cured grout, we use closed pressure forms for
preparation of specimens. Volume of grout poured inta the closed form determi-
nes foaming factor of the specimen. The factor of foaming is expressed as the
ratio of the specific weight of unfoamed pure grout to the specific weight of tes-
ted foamed grout. The tested specimens are cylinders of diameter 53 mm with
depth-thickness ratio 2:1.

From many oblained results of relations between the factor of foaming and
physical properties of cured grout we demonstrate here the results of uniaxial
strength tests. Compressive strength, modulus of elasticity and whole characte-
ristic of stress - strain curve were evaluated. Also the velocity of ultrasonic waves
was measured.

Three two-component grouts were tested : Bevedan -Bevedol WF, WFA
and S. We describe the results of the grout Bevedan - Bevedol WF, but we can
say, that behaviour and values of the other tested grouts are very similar.
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Obr. 4

Deformadni kfivky pro r(zné koeficienty napénéni injektaZni hmoty
Bevedan - Bevedols WF

Stress - strain curves for different factor of foaming chemical grouts
Bevedan - Bevedol WF
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Z pietvarnych diagramd, jak mizeme pozorovat na obr. 4, bylo mozné jedno-
znacéné stanovit pevnost v tlaku u nenapénénych vzork(l a vzork(i s niz$&im
stupném napénéni ( k,,, = 1,0 - 1,5 ), které maji v prvni fazi charakter deformac-
ni kfivky kfehkych materidl, (ov8em pfi daleko vétsi podéiné deformaci) a Ize
z nich v této fazi pretvarého diagramu dobie odecist maximalni silu a tedy
i tnosnost (zpravidla cca do 5 mm podélné deformace), v dal$i fazi pretvarného
diagramu je vidét, Ze tyto materialy dosahuji velké rezidudlni pevnosti s plastic-
kym pfetvarenim s nelinearnim zpevnénim.

U vy388ich stuprid napénéni (cca k,,, = 1,5 - 3) maji deformaéni kfivky charak-
ter pruzné plasticky s nelinedrnim zpevnénim, toto zpevnéni klesa s rostoucim
stupném napénéni. Maximalni silu z deformacnich kfivek pro vypocet pevnosti
v tlaku, jsme stanovili pfi smluvni podéiné deformaci cca 10 a 50 % coz jsou
extrémné velké pomémé deformace. { Widmann 1996).

Moduly pruznosti (pfetvarnosti ) byly stanoveny z pocateéni pfimkové ¢asti
pfetvarnych charakteristik pfi podélném pfetvofeni max. do 3 mm. Vysledky uve-
denych zkousek jsou znazornény na obrazku 5. Vysledny tvar zku$ebnich télisek
po 50 % podéiného pretvofeni byl soudedkovity bez viditelného poruseni kieh-
kého typu ( praskiiny , trhliny,) byl pouze plasticky deformovan (obr.8).

Z vysledkd méfeni je patrné, Ze k nejvétdimu snizeni mechanickych vlastnos-
ti dochazi v rozmezi koeficientu napénéni do 1,5 az 2. Dalsi zvySovani koefici-
entu napénéni zpUsobuje relativné mensi snizovani naméfenych hodnot.
Chovani materidlu pfi velkych deformacich a hodnoty rezidualni pevnosti jsou
relativné méné zavislé na stupni napénéni.

LABORATORNI VYZKUM INJEKTAZNICH PROCESU
A ZJISTOVANi VLASTNOSTi INJEKTOVANYCH
HORNIN

Laboratorni vyzkum proces( injektaZe zahrnuje dvé oblasti zkousek. U zemin,
pfipadné u silné porudenych hornin se provadéji zkousky v tlakovych nadobach

Commj_afsssrve strength, “axial strain 10% '
fulus of elasticity

Veeloscity of LUW

mpressive strength, axial strain 10%

25

1.5

Factor of foaming (-)

0 50 100 150 200 250 300

Compressive strength ( Mpa ), Modulus of elasticity ( Mpa*10 )
Velocity of LUW ( m.s '*10 )

Obr. 5

Zavislost pevnosti v tlaku, modulu pruznosti a rychlosti Sifeni podélnych
vin na stupni napéti Bevedol - Bevedan WF

Compressive strength, modulus of elasticity and velocity of longitudinal
ultrasonic waves vs. factor of foaming

Zatizeni
Loading Injekéni hlava, Grouting head
Prasklina, Fissure

Injekéni otvor, Grouting hole
Injekéni hadice :

Vysokotlaké Eerpadlo

Piston High pressure pump

Manometer
Presure gauge

Vzorek hominy,
Rock sample

Obr. 7
Schéma zkousky pii injektovani trhlin
Scheme of fissure grouting test

B

From the stress-strain diagrams (Fig. 4) it is possible to establish unambigu-
ously compressive strength only for unfoamed grouts or grouts with low foaming
factor (k.,, = 1,0 - 1,5), which have deformation characteristic of fragile material
(with high axial deformation ) and facilitate reading of the maximum force or loa-
ding capacity of sample ( mostly in the range to 5.mm of axial deformation ); in
the next phase of diagram it is obvious, that tested materials reach high residu-
al strength with plastic deformation and non-linear strengthening.

Deformation curves of grouts with higher factor of foaming (k,., = 1,5 - 3 ) have
characteristic of elastic - plastic material with non-linear strengthening; the
strengthening decreases with increasing factor of foaming. The maximum force
from deformation curves for calculation of the compressive strength was estab-
lished at axial deformation 10 % and 50 %, i. e. extreme deformation ( Widmann
1996).

Moduli of elasticity (deformation) were specified from the initial linear part of
deformation curves in range of the axial deformation to 3 mm. The results of
described tests are shown in the Fig. 5. Resulting form of specimens even after
axial deformation 50 % was barrel-shaped without fragile breaking (fissures,
cracks) (Fig. 6 ).

It is evident from the results, that the most expressive decreasing of mecha-
nical properties of samples comes in the range of foaming factor to 1.5 or 2.
Further raising of the factor causes relatively smaller decreasing of measured
values. Behaviour of cured grout at big deformations is relatively less influenced
by factor of foaming.

LABORATORY RESEARCH OF GROUTING PROCESS
AND PROPERTIES OF GROUTED ROCKS

Laboratory research of grouting involves two groups of tests. Tests in pressu-
re vessels fulfilled with rock material are executed in case of soils and crushed

Cbr. 6

Zkus$ebni téliska po zkousce v prostém tlaku pfi pomérné axialni defor-
maci 10 % a 50 %. (Bevedan - Bevedol WF, koef. napénéni - 1,0)
Specimens of grout Bevedan - Bevedol WF after axial deformation
10% and 50%. (factor of foaming - 1,0)
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I

Obr. 8
Schéma zkousky adhezni pevnosti v prostém tahu
Scheme of adhesive tensile strength test
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napinénych hominovym materialem, do nichz je injektovano pfisiusné medium.
U skalnich homin se provadgji zkousky injektaze jednotlivych trhlin, zpravidia
umaie vytvofenych v horninovém vzorku. Vzorky injektovanych hornin a zemin
jsou po vytvrzeni dale vyuzivany pro zjistovani fyzikalné mechanickych vlastnos-
ti geokompozit(.

Vyzkum injektéaZe diskontinuit Ize dokumentovat na zkouskach s polyuretano-
vymi gely Resicast , které pak byly ispé3né pouZity pii dotésfiovani belonovych
tiakovych zatek podzemniho zasobniku plynu Haje. Injektézni zkousky byly pro-
vedeny na valcovych vzorcich z vrinych jader karbonskych piskovei a prachov-
cli o priméru 85 a 100 mm a vys$ce cca 200 mm.

V podélné ose vzorku byl vyvrtan otvor pro injekiaZ o priméru 8 mm do hloub-
ky cca 2/3 vySky vzorku. Na lakto vylvofeném télese jsme vytvoril jeho zlome-
nim umélou trhiinu zhruba kolmou k podélné ose vzorku. Do vzorku zatéZova-
ného pod lisem jsme injektovali polyuretanovy gel Resicast ve slozeni GH96 D
GH 90 v poméru 6:4 (ve smési s vodou 1:9). Pro vymezeni definované velikosti
tozevieni trhliny jsme pouzivali viozky Al folie vkladané do éasti plochy trhiiny.
Schema zkousky je palmé z obr. 7. Sledovall jsme rychlost Sifenf gelu k okraji
vzorku v zavislosti na injektaznim tiaku. Po proinjektovani trhliny a ztuhnutl gelu
byl injektazni otvor uvolnén a byla provedena druhd skupina zkouSek, kdy byla
za stejnych podminek vtladovana do vzorku voda a na zakladé méfeného tlaku
byly tak sledovény t&snicl viastnosti polyuretanového gelu.

Vysledky méfeni ukazaly, Ze zkousené medium Ize efeklivné injektovat do trh-
fin 0 minimalnim rozevfeni 0,02 mm pfi pouZili tlaku 10 MPa. Vysledky zkouek
tésnici schopnosti gelu Ize dokumentovat srovnanim hodnot injektaZnino taku
a tlaku vody pii nasledné zkousce po vylvrzeni gelu na stejnych vzorcich:
piskovec - trhlina 0,1 mm : injektazni tlak 3,5 MPa, odolnost profi tiaku vody
10 MPa
prachovec - trhlina 0,02 mm : injektazni tiak 12 MPa, odolnost proti tlaku vody
34 MPa
K poruseni pfi tlakové zkousce vodou piitom dolo zpravidia jinde nez v misté
zainjektované trhliny.

U zpeviidjicich injektéaZnich hmot se zjistuje pfilnavost k povrchu diskontinuit
resp. viastnosti zainjeklované plochy pii rizném namahani. V tomto pfipadé
jsme zvolili zkouSky namahani tahem. Byly pouZity tfi typy tahovych zkousek,
z nichZ jedna je pfimé, dvé jsou nepiimé :

1. pevnost v prostém tahu ( piima metoda )
2. pevnost v piiéném tahu - brazilska zkouska
3. pevnost v tahu souosymi roubiky v axiatoru

Ve vzorcich hornin je vytvofena fezénim uméla trhlina, kter je vypinéna injek-
taznim mediem. Po vytvrzeni jsou téliska podrobena tahovym zkouskam pod
lisem.

U zkousky v prostém tahu se na zkudebni valcové téleso pfenasi v jeho ose
tahova sila, plisobici koimo na injektovanou trhlinu. Téleso je upnuto do lisu
pomoci mechanickych &elisti ( obr. 8 ).

U zkousky v pfiéném tahu je trhlina ve véalcovém vzorku orientovana ve sme-
ru podélng osy. Vzorek je zatézovan tlakem v podstaté pfimkovym zatizenim
podé! okraja trhliny (obr. 9).

Toto zatizeni zptiscbuje s vyjimkou oblasti v bezprostfedni blizkosti zatéZova-
¢l sily tahové namdhani trhliny.

U zkousky souosymi razniky v axiatoru maji vzorky tvar disku, v jehoZ stfedu
je vyfezan kruhovy olvor s primérem, odpovidajicim praméru razniku. Trhlina
prachazi stiedem kotouée (obr. 10). Pii zkousce se stfedovy otvor zapini plastic-
kou hmotou a tiakem souosych raznikil se vyvodi tahové napéti, které porusi
zainjektovanou trhlinu. Vypocet tahového napéti vychazi z teorie napjatosti sil-
nosténnych valcovych nadob. Typicky zaznam pribéhu zkousky pod lisem je
uveden na obr. 11.

Vysledky zkousek jsou dokumentovany v tabulce 1, ktera uvadi srovnani hod-

Obr. 9

Schéma zkousky adhézni pevnosti v pfiéném tahu

na valcovych zkusebnich téliskach

Scheme of the adhesiv tensile strength - Brazilian test

rocks. In hard rocks grouting tests of particular fissures (mostly artificially prepa-
red) are used. Samples of grouted rocks and soils are after curing tested and
physical and mechanical properties of geocomposites are measured.

The research of cracks grouting can be demonstrated on the tests of polyu-

rethane gel Resicast, which was then successfully applied for sealing of concre-
te pressure walls of underground gas storage Héje. Grouting tests were execu-
ted on cylindrical specimens from drill cores of carboniferous sandstone and sill-
stone with diameter 85 and 100 mm and height 200 mm. In the longitudinal axis
of specimen the grouting hole was drillad into the depth of 2/3 sample height.
Artificial crack perpendicular to the longitudinal axis was then executed by brea-
king of sample. Polyurethane gel Resicast in composition GH 96D : GH 90 like
6 : 4 (mixed with water 1 : 9) was grouted into specimens which were pressed in
hydraulic press. Al foil was used in part of fissure plane fo specify the defined
separation of the crack. Scheme of the test is shown in the Fig. 7.

The velocity of grout spreading from central hole to periphery in relation to
grouting pressure was measured. After curing of the gel the grouting hole was
unblocked and the following group of tests was executed. Water was grouted into
the specimens under the same conditions with measuring of pressure, to esti-
mate sealing properties of the polyurethane gel. The results showed, that the tes-
ted grout can be effectively injected into fissures with minimum separation 0,02
mm with pressure app. 10 MPa. Sealing capacity of the gel can be evidenced by
comparison of pressure values during grouting with pressure values during
successive water test in the same specimens :

- sandstone - fissure 0,1 mm : grouting pressure 3,5 MPa, resistance against

water 10 MPa
- siltstone - fissure 0,02 mm : grouting pressure 12 MPa, resistance against

water 34 MPa.

In majority cases the failure during water tests did not occur in grouted fissu-
res.

Adhesion to surface of discontinuities and mechanical properties of grouted
fissures under different loading are tested in case of reinforcing grouts. Here we
mention tensile tests. Three kinds of tensile tests ( one direct and two indirect
methods) were executed :

1. tensile strength test (direct method)
2. transverse tensile strength test (Brazilian test)
3. sleeve fracturing test

Atificial fissure is cut in rock sample and filled with grout. After curing, the spe-
cimens are tested in press. In the direct tensile test the cylindrical sample is pul- |
led in longitudinal axis, perpendicular to the injected fissure. Specimen is clas-
ped in mechanical jaws (Fig. 8). ‘

In the transverse tensile test the discontinuity is situated in longitudinal axis.

Specimen is loaded with almost linear force along the fissure edge (Fig. 9). The
kind of loading causes tensile strain of the fissure (with exception of the fissure
edge immediate surrounding).

In the sleeve fracturing test specimens have shape of disk with circular cent-
ral hole, corresponding to the diameter of co-axial bolts. The fissure passes
through the central hole (Fig. 10). The central hole is filled with plastic material ‘
and tensile strain is made out by pressure of co-axial bolts. The tensile strain is
calculated on the base of theory of thick-walled cylindrical vessels. Typical record
of sleeve fracturing test is shown in the Fig. 11.

The results of tests are represented in the Table 1, which contains compari-
son of results from different testing methods on the same materials. I

Prasklina vzorku
Fisure in the sample

Obr. 10

Schéma zkusebniho hominového kotoude - zkouska adhézni pevnosti
v tahu souosymi roubiky

Scheme of adhesive tensile strength - sleeve fracturing test

. |
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not z jednotlivych metod na stejnych vzorcich. Tabulka 2 a tabulka 3 zahrnuje
vysledky zkousek souosymi razniky pro 3 typy polyuretanovych injektaznich
systém a pro dva druhy hornin.

Tab.1
Resultant values of adhesive tensile strength
(coarse-grained sandstone and grout Bevedan - Bevedol WF)

zz;"l;-lt:dné hodnoty adheze hrubozrného piskovce a smési Bevedan - ADHESIVE TENSILE STRENGTH
Bevedol WF TEST NUMBER Direct tensile test| Brazilian test | Sleeve fracluring test
(MPa) (MPa) (MPa)
ADHEZE 1 1,85 9,42* 3,9%
CiSLO ZKOUSKY Prosty tah Pficny tah | Souosé razniky 2 331" 12,79 3,1%
(MPa) (MPa) (MPa) 3 3,98* 7,224 3,5%
1 1,85* 9,42° 3.9 4 5,46 10,50 4,1%
2 3,31 12,79" 3,1* 5 5,92* 10,20 3,6%
3 3,98 7,22* 3,5% 6 - - 3,6%
4 5,46* 10,50 41* 7 - - 4,0"
5 5,92" 10,20™ 3,6" 8 - - 3,8*
6 - - 3,6 Average value 4,10 10,03 3,7
7 - - 4,0 Standard deviation 1,47 1,80 0,3
8 - - 3,8
i LU I[Nl G4 LB 37 * tensile failure out of stuck fissure
Smeérodat. odchylka 1.47 1,80 0,3 “ combined tensile failure in rock sample and stuck fissure (app. 15 - 20 % in

*

k porugeni do$lo mimo lepenou &ast horniny (pevnost v tahu pouZité horniny)

* doslo ke kombinovanému poruseni vzorku jak v horning, tak na kontaktu
pryskyfice a horniny ( cca 15 - 20% v hominé , 80% na kontaktu )

*2 k poruseni do$lo na kontaktu horniny s inj. pryskyfici

Tab. 2

Tabulka vyslednych hodnot adheze stfednézrného piskovce a tfi riznych
injektaznich smési Bevedan - Bevedol WF, Bevedan - Bevedol WFA
a Bevedan - Bevedol S - zkouska v tahu souosymi roubiky

rock sample, 80 % in contact of rock and grout)
* tensile failure only in contact of rock and grout

Tab. 2

Resulting values of adhesive tensile strength of coarse-grained sandstone
with three grouts Bevedan - Bevedol WF, Bevedan - Bevedol WFA and
Bevedan - Bevedol S - sleeve fracturing test

ADHESIVE TENSILE STRENGHT (Mpa)
TEST NUMBER Bevedan-Bevedol | Bevedan-Bevedol| Bevedan-Bevedol
WF WFA S

1 3,0* 34 2,3
2 34 3,0 2,3
3 2,9 33 24
4 29 32 32
5 3,9 22 2,5
6 3,0 34 32
7 4,1 3,8 2,7
8 34 32 24
Average value 33 32 2,6
Standard deviation 0,43 0,43 0,35

ADHEZE (Mpa)
GiSLO ZKOUSKY | Bevedan-Bevedol | Bevedan-Bevedol | Bevedan-Bevedol
WF WFA S
1 3,0" 3,4 23
2 3,4 3,0 2,3
3 2,9 3,3 24
4 2,9 3,2 3,2
5 3,9 2,2 25
6 3,0 3,4 3.2
7 41 3,8 2,7
8 3,4 3,2 2,4
Pramérna hodnota 33 3,2 2,6
Smérodat. odchylka 0,43 0,43 0,35
F in kN

3,0

24

1,8

1.2

0,6

Linm

0,

Y 0,0 0,2 0,4 0,6 0,8 1,0

2Zwick PC - Software 21008

Obr. 11
Pribsh zat&Zovaci sily u adhézni tahové zkousky souosymi roubiky
Record of sleeve fracturing test

Qdvzdusnovaci ventil
Air valve

Vzorek zeminy
Soil sample

Injekéni nadoba
Grouting vessel

Tlakomér
Pressure gauge

Injekéni perforované dno
Grouting perforated
bottom of vessel

Injekén{
smés
Grout
Injekéni hadice
Grouting hose

Injekéni perforovana trubka

: Dvojcinné injekéni ¢erpadio
Grouting by perforated pipe

Two component grouting pump

Obr. 12
Schéma injektaZni zkousky v tlakové nadobé
Scheme of grouting test in pressure vessel
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Tab. 3.
Tabulka vyslednych hodnot adheze prachovce, stiednézrného piskovce
a injektaZni smési Bevedan - Bevedo! WF - zkouska v tahu souosymi roubiky

Tunel
Tab. 3

Resulting values of adhesive tensile strength of coarse-grained sandsione
and siltstone with grout Bevedan - Bevedol WF - sleeve fracturing test

ADHEZE (Mpa) ADHESIVE TENSILE STRENGTH (Mpa)
CISLO ZKOUSKY Bevedan-Bevedol WF | Bevedan-Bevedol WF TEST NUMBER Bevedan-Bevedol WF | Bevedan-Bevedol WF
+ + + + coarse-grained
prachovec stfednézrnny piskovec siltstone sandstone

1 4,4 3,0 1 4,4 3,0

2 47 34 2 4,7 34

3 315 2,9 3 395) 2,9

4 3,6 2,9 4 3,6 29

5 3,6 3.9 5 3,6 39

6 - 3,0 6 - 3,0

7 - 41 7 - 4,1

8 - 3,4 8 - 34
Primérna hodnota 4,0 3,3 Average value 4,0 3,3
Smérodat. odchylka 0,49 0,43 Standard deviation 0,49 0,43

U vsech zkousek v téchto dvou vyse uvedenych tabulkach doslo k poruseni
na kontaktu horniny s inj. pryskyfici

Ziskané poznatky Ize stru¢né shrnout:

- srovnatelné vysledky |ze ziskat pouze ze zkousek stejného druhu

- pfima metoda, j zkouska prostym tahem, je omezena pevnosti hornin, zejmé-
na jejich namahanim v gelistech lisu

- zkouska souosymi razniky v axidtoru poskytuje nejvyrovnangjsi vysledky a je
vhodné pro komparativni zkousky injektaznich medii.

Pri vyzkumu injekiaZnich proces( porovitych zemin a porusenych hornin v tia-
kovych nadobéch, napinénych horninovym materialem, do nichZ je injektovano
piisluéné medium, jsou sledovany parametry tlaku media u éerpadla a v nadobs,
objem injektované latky a jeji Sifeni v horniné, Schema zafizeni pro tyto zkousky
je uvedeno na obr. 12. Tlakové nadoby pro tyto zkousky maji riizny tvar a roz-
méry. Pro sledovani postupu injektdZe se pouziva silnosténné roury o vnitinim
prameru 145 mm a délce 2 m s pravidelné rozmisténymi tlakovymi &idly (obr.13).

Vysledek mefeni injektazniho tlaku pii pokusu s injektazi polyuretanové prysky-
fice Bevedan - Bevedol WF do prostfedi rozdrcenyich karbonskych biidlic v uza-
viené tlakové nddob@ je uveden na obr. 14. Tento pokus byl proveden v souvislos-
ti se sanaci mostniho pilife silniéntho mostu v Kmové, poskozeného pfi povodnich,

Navrh sanace spotival ve vypinéni kaverny bfidlicemi za predpokladu, Ze
materidl zahozu lze dostateéné zpevnit a zakotvit do Unosného podioZi vice-
stupfiovou tlakovou injektaZi polyuretanovou pryskyficl v kombinaci s injektazni-
mi zavrtavacimi kotvami.

V souladu s pfedpokiadanymi podminkami injektaZe in situ probihala samot-
né injektaz polyuretanovou pryskyrici Bevedan - Bevedol WF v tlakové nadobé
napinéné drii z karbonskych bridlic ponofenou do vody s moZnosti odvodriovani
bridlice v pribéhu injektaZe. Byly provedeny fii injekidze. Objem horninového
materialu v injektazni nadobé byl cca 17 dm® s porovitosti okolo 40 %, mnoZstvi
vyEerpané pryskyfice se pohybovalo od 5 do 6 | na jeden injektazni pokus, doba
injeklaze byla v rozmezl 4 az 5 minut. Na obr. 14 mizeme sledovat nartist tiaku
béhem a po skonéeni injektaze ( konec injekt4Ze piedstavuje oznadeny bod na
znazoméné kiivce ). Z odedtenych hodnot tlakti na manometrech injektazniho
Cerpadia, které dosahovaly v zavéru injektaZe ( poslednich 20s ) max. 0,5 MPa
a z vySe zminéného zaznamu tlaku v nadobé miZeme konstatovat, Ze tlak
v injektazni nadobé pfi reakei obou slozek vzrostl cca na élyfndsobek maximal-
niho injektazniho tlaku na ¢erpadle. Pevnost v prostém tlaku takto pfipraveného
geokompozilu byla v rozmezi 1,8 - 4 MPa (obr. 15).

Tlakove nadoby pro zkousky injektaZe jsou zpravidla rozebiratelng, takZe celé

Obr. 13
Dlouha injektaZni nadoba s moznosti méfeni tlaku uvnitf nadoby
Long grouting vessel with pressure gauges

In all tests from the Tab. 2 and 3 failures occurred in the contact of grout and
rock in tested fissures.

The demonstrated results can be summarised :

- nominally comparable results can be obtained from the same kind of tests

- the direct method, .i.e. simple tensile strength test is limited by rock strength,
especially by stress in clasped jaws

- sleeve fracturing tests provide good level results; the test is acceptable for
comparative tests of grouts.

Research of grouting process in porous soils and crushed rocks in pressure
vessels includes measurements of grouting pressure in pump and inside the ves-
sel, volume of grout and its spreading in soil. Scheme of testing arrangement is
shown in the fig. 12. Pressure tanks for the tests have different shape and dimen-
sion. Thick-wall tube with inner diameter 145 mm and length 2 m with regularly
situated pressue gauges is used for measurement of grout flow (Fig. 13).

The record of grouting pressure measurement in case of grout Bevedan .-
Bevedol WF with crushed carboniferous shales in closed pressure tank is shown
in the fig. 14. The test was executed in the frame of maintenance of road bridge
pier in Krnov, damaged during floods.

Design of the maintenance included filling of risen cavern with carboniferous
shales with condition, that it would be possible to strengthen the rock fill and to
anchor it to the bearing sub-base with the aid of multistage grouting and rock
bolts.

To conform with real conditions of grouting, the test of the grout Bevedan -
Bevedol WF was executed in vessel, filled with crushed shale with water, with
drainage during grouting process. Three tests were realised: volume of rock
material was app. 17 dma3, porosity 40%, volume of grout 6 - 7 | per test, grou-
ting time 4 - § min. The fig. 14 demonstrates increasing of pressure during grou-
ting and after ifs ending (the marked point on the curve represents the end of
injection). Measured values of pressure in grouting pump, which reached at the
end app. 0,5 MPa and measured values of pressure in the tank show, that the
pressure in the tank increased during reaction of both components app. four
times. Uniaxial compressive strength of result geocomposite was 1,8 - 4 MPa
(Fig. 15).

Pressure vessels used for tests can be taken into pieces, so all injected body

2,5
T 2
Q
=
§ 1,5
(%]
22 1
i
55 0,5
X
o L
Fa 0
0 5 10 15 20 25 30
Cas
Time ( min. )
Obr.14

Pribéh tlaku v injektazni nadobé
The course of pressure in grouting vessel
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Injektované téleso Ize vyjmout a pouZit pro tvarovani zkuebnich vzork( pro
zkousky fyzikélnich a mechanickych vlastnosti vytvorenych geokomposzitd.

Zkousky vzork( geokompozitl v jednoosém tlaku ukazaly, Ze charakter defor-
macnich kfivek umoznuje rozdélit zkousené materialy do nékolika skupin podle
charakleru deformace, klery souvisi s plivodnim hominovym materidlem, dru-
hem injektaZniho media a texturou vzorku. VSechny skupiny s rozdilnou pevnos-
ti v tlaku se pritom vyznaéuji vysokym stupném pretvarnosti za mezi porudeni
a vysokymi hodnotami rezidualni pevnosti. Na obr. 15 a 16 jsou uvedeny cha-
rakteristické deformacni kfivky zkousek pevnosti geokompozitd v jednoosem tla-
ku. Obr. 15 reprezentuje vysoce plasticky geokompozit, tvofeny Glomkovitymi
karbonskymi bfidlicemi, zpevnénymi injekiaZi Bevedan - Bevedol WF, obr. 16
ukazuje vyrazné pevnéjsi, ale kiehky material, ktery vzniknul injektazi dlomkovi-
teho karbonského uhli polyuretanovou pryskyfici Bevedan - Bevedol S.

Poznatky, uvedené v tomto piispévku, svédéi o tom, Ze laboratorni vyzkum
chemickych injektaznich hmot a geokompozitll se v sou€asnosti rozviji a v mno-
ha pfipadech vyzaduje pifstupy, rozdiiné od standardnich laboratornich metod
v mechanice hornin. Ustav geoniky AV CR v Ostravé, ktery se soustavné zaby-
va touto problematikou, Uzce spolupracuje s dodavatelskymi a realizacnimi fir-
mami pii dal$im vyvoji laboratornich metod a vybaveni, umozriujicich ziskat teo-
retické i praktické poznatky z této oblasti. B

Tento ¢lanek byl zpracovan s podporou grantovych projektd GACR
105/97/0967 a GAAV B 3086907.
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Obr 15
Zaznam zkousky pevnosti v jedneosém tlaku
Record of uniaxial compressive strength test

can be removed and used for tests of physical and mechanical properties of cre-
ated geocomposites.

Uniaxial compressive tests of geocomposites demonstrated, that characteris-
tics of deformation curves make it possible to divide tested materials into seve-
ral groups according to kind of deformation which is connected with type of rock,
grout and texture of injected sample. All groups with different values of com-
pressive strength are characterised by high deformation over ultimate strength
and high values of residual strength. The fig. 15 and 16 show characteristic
deformation curves from uniaxial compressive tests of different geocomposites.
The fig. 15 represents high plastic material consisting of fragmented shales,
grouted with polyurethane resin Bevedan - Bevedo! WF, fig. 16 shows much
stronger but more fragile geocomposite, arisen from fragmented coal injected by
grout Bevedan - Bevedol S.

The presented results testify, that the laboratory research of chemical grouts
and geocomposites has recently developed and often requires approaches dif-
ferent from standard laboratory tests in rock mechanics or building industries.
Institute of Geonics AVER in Ostrava, which systematically deals with the pro-
blems, closely collaborates with suppliers and executing firms in the further
advancement of laboratory methods and equipment, providing more theoretical
and practical knowledge of chemical grouting.

The article was prepared with the aid of the grant projects GAER 105/97/0967
and GAAV B 3086907.
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Obr 16
Zaznam zkousky pevnosti v jednoosém tlaku
Record of uniaxial compressive strength test
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TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

PRIPRAVA ZPRACOVANI TECHNICKYC!'l
PODMINEK ,,PROVOZ, SPRAVA A UDRZBA
TUNELU NA POZEMNICH KOMUNIKACICH*.

V roce 1997 bylo Ministerstvem dopravy a spojil zadano zpracovéni technic-
kych podminek pro technologické vybaveni tunelil na pozemnich komunikacich.
Ty byly vydany v roce 1998 jako TP98 ,Technologické vybaveni tunel na
pozemnich komunikacich®. Cerpaji z nich nejenom projeklanti, ale i investofi,
spravci a provozovatelé tunell. Vzhledem k rychiému vyvaii technickych zafize-
ni a novym poznalkiim ziskanych na zékladé analyzy letonich nehod v tunelech
se v piistim roce bude zpracovavat jejich aktualizace. Slovenské sprava ciest,
diky kladnému postoji Ministerstva dopravy a spojii (MDS), pfipravuje v soucas-
nosti jejich preklad a diléi aktualizaci,

Velmi aklualni otézkou je nejenom vybaveni tunel potfebnou technologil, ale
i jejich nasledné optimélni provozovani. Tunelové dilo je investiéné velmi narog-
né a nasledny provoz, bez respektovani pozadavk( na ekonomiku, bezpeénost
a ekologii by mohl celé dilo znehadnotit. To si uvédomilo | MDS a zadalo Ulohu
zpracovani technickych podminek pro provoz, sprévu a Udrzbu tunel( na pozem-
nich komunikacich. Jedna se o velmi aktudini dokument, nebot' k datu psani
tohoto piispévku je v provozu pét nové otevienych tuneld — Strahov, Tésnov,
Hiebeg, Pisarecky a Hiinky. Zaroveri jde o progresivni dokument, nebot podob-
né koncipované technické podminky nejsou v Evropé dopsud zpracovany.
Technické podminky jsou zpracovavany v ramci Tunelové sekce Silnicni spolec-
nosti.

Zakladni ¢lenéni odpovida nasledujicim kapitolam:

KAPITOLA 1

Zpracovani pozadavk( na provozni dokumentaci ve formé zobecnéni, které
bude platné pro tunely na pozemnich komunikacich (PK) ve strukiufe:
- Evidenéni dokumentace
- Tunelova kniha
- Dopravni fad
- Provozni fad
- Havarijni plan
- Rad bézného provozu
- Rad mimofadného provozu
- Rad havarijniho provozu

KAPITOLA 2

Zpracovani pozadavki na spravni dokumentaci tunelll na PK

KAPITOLA 3

1. Provozovani tuneld v fadném/mimoradném reZimu
Provozovani tunell v fadném rezimu znamend vymezeni pravomoci k fizeni
na viech hierarchickych Grovnich podle platnych zakon a nafizeni. Déle
budou stanovena rozhrani mezi dopravnim a technologickym systémem
a bude definovano, jaké stavy lze povaZovat jesté za fadny rezim. Tyto popi-
sy budou vyjadfeny v algoritmizované podobé, ve formé operativnich karet
apod.

2. Pozadavky na technologické a stavebni vybaveni z hlediska bezpednosti.
Bude vylvofen zéklad po analyzu rizik a rizikovy management pro ucastniky
dopravy. Souéasti fedeni je definovani mimofadnych a havarijnich stavil
a jejich vazeb na systém fizeni. Pfedmétem bude metodika pro simulovéni
mimofadnych stavi a navrh scéndit pro jejich praktické zkouSeni.
Pfedpoklada se zakladni ¢lenéni dle technologie na
- pozar (fatélni situace)

PREPARATION FOR ELABORATING TECHNICAL
CONDITIONS ,,OPERATION, ADMINISTRATION
AND MAINTENANCE OF ROAD TUNNELS*

In the year 1997, the Ministry of Transport and Communications ordered an ela-
boration of technical conditions for technological equipment of road tunnels. Said
technical conditions were issued in the year 1998 as TP98 - , Technological equip-
ment of road tunnels“. They are the source of information not only for designers, but
for investors, administrators and operators of tunnels too. With respect to a quick
davelopment of technical equipment and to new knowledge gained on the basis of
analyses of tunnel accidents occured in this year, an updating of said technical con-
ditions shall be elaborated within the next year. The Slovak Road Administration,
due to a positive attitude of the Ministry of Transport and Communications (MTC),
prepares these days their translation and partial updating.

The question of the day resides not only in equipping tunnels with needed
technology, but even in their following optimum operation. A tunnelling work is
very exacting from the investment point of view, and the following operation, wit-
hout respecting requirements concerning its economy, safelty and ecology could
debase the whole work. It was evident even to the MDC, and thal is why it pla-
ced the task to elaborate technical conditions for operation, administration and
maintenance of road tunnels. It is a very topical document, because to the date
of writing of this article there have been set into operation five newly opened tun-
nels, viz. Strahov, Tésnov, Hiebe¢, Pisarky and Hlinky. Simultaneously it is a pro-
gressive document, because similarly drafted technical conditions have not yet
been elaborated in Europe. Technical conditions have been elaborated within the
framework of the Tunnelling Section of the Road Company.

The basic articulation corresponds to the following chapters:

CHAPTER 1

Elaboration of requirements for an operational documentation in a generali-
zing form, which shall be valid for road tunnels (RT) in the structure:
- Documentation files
- Tunnel Book
- Traffic rules
- Operational rules
- Emergency plan
- Ordinary operation rules
- Extraordinary operation rules
- Emergency operation rules

CHAPTER 2

Elaboration of requirements for administration documentation concerning road
tunnels.

CHAPTER 3

1. Operation of tunnels in an ordinary/extraordinary regime: To operate tunnels
in an ordinary regime means to define control powers in every hierarchic
levels according to laws and orders. Further, there shall-be laid down interfa-
ces between the transport system and technological one, and it shall be defi-
ned which states and situations may be considered still as an ordinary regime.
Said descriptions shall be expressed in an algorithmized form, in the form of
operative cards, and the like.

2. Requirements for a technological and building equipment with respect to
safety:
1t will be formed a basis for analyzing risks and risk management for traffic par-
ticipants. Definitions of extraordinary and emergency states and situations
and their feedback to the control system form a part of the solution. Its subject
shall reside in the methodology for simulating extraordinary situations and in
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- bezpeénosti zafizeni

- ostatni technologie

KaZdy z tunel( musi vyhovovat zakladnim principiim zabezpedujicim bezpe¢-
nou jizdu v tunelu. Proto budou precizovana kritéria bezpecnosti vychazejici
z platnych CSN a ostatnich TP.

3. Udrzba tunell
Z hlediska adrzby bude definovana terminologie: fadnd drzba (b&zné/perio-
dickd), opravy a rekonstrukce. Déle budou stanoveny zésady pro Udrzbu
a opravy, dokumentovani a nasledné vyhodnocovani. Zplisoby vyhodnocova-
ni subsystému technologie (ventilace, osvétleni, apod.). PoZadavky na funké-
ni zkousky, méfici postupy, metrologie /orientaéni méfeni CO, osvétleni atd.).

KAPITOLA 4

—_

. Zpracovani metodiky pro vyhodnocovani dopravnich a technologickych dat.
Navrh metodiky pro vyhodnocovani dopravnich dat a jejich nasledné zpraco-
vani. Metody pro zjiStovani trendl a progndz dopravy. Metodika zéaznamu
a vyhodnocovani technologickych dat (osvétleni, venitlace). Metodika pro
zaznamandvani, vyhodnocovani a ukladani zaznami dopravnich nehod.

2. Postupy pro stanoveni a vyhodnocovani provozni spolehlivosti.

3. Sledovani a vyhodnocovani kvality (stavebni feseni, technologické vybaveni
atd.) dila z hlediska vyskytu mimofadnych udalosti.

KAPITOLA 5

1. Stanoveni metodiky pro vyhodnocovani a dlouhodobé sledovani ndkladd na
provoz tunell a souvisejicich systému.

2. Multikriteridini vyhodnocovéni ekologickych piinost tunel(.

Technické podminky jsou zpracovavany sirokym fesitelskym kolektivem, jehoz
Cleny jsou:

Technicka sprava komunikacf, Brnénské komunikace, Policejni presidium poli-
cie CR, Reditelstvi silnic a délnic, Ministerstvo vnitra - Hasi¢sky zachranny sbor,
Fakulta diopravni CVUT, Eltodo dopravni systémy, Pragoprojekt a Satra. Kolektiv
fesiteltl vede Doc. Ing. Pavel Pfibyl, CSc. ze spoleénosti Eltodo a. s.

Prvni kapitoly budou zpracovany do konce tohoto roku a koneény termin zpra-
covani je cerven pfistiho roku. Ministerstvo dopravy a spoji nabidlo Ministerstvu
dopravy, post a telekomunikaci Slovenské republiky spolutiCast slovenskych
kolegl na pfipravé téchto dlleZitych technickych podminek.

PRINCIP METODY SOILFRAC

V&ude, kde neni moZno pouZit klasické metody injektaze pro zakladani nebo
sanaci existujiciho zaloZeni a déle v pfipadech, kdy je nutno doséhnout Fizenych
deformaci objektd, je mozno pouzit metodu injektaze Soilfrac. Proto nachazi
uplatnéni pfedevsim v podzemnim stavitelstvi. Vyvoj specialni méfici a regulagni
techniky a postupli s tim spojenych dnes umozfiuje provadét fizené zdvihani
objektl az do hodnoty nékolika decimetrd. Plvodné byl princip této metody injek-
taze pouzit pffi téZbé ropy, kdy byly v zeminé pomocf injektaze vytvoreny kanaly,
kterymi mohla ropa snadnéji proudit k dopravnim pumpam. Tuto metodu dale
rozpracovali inzenyfi firmy Keller, aby tak mohli najit fedeni celé fady problém
ve specidlnim zakiadani. Tato metoda je registrovana pod ochrannou znamkou
SOILFRAC®.

Popis metody SOILFRAC®

Pomoci tlakové injektaZz se v zeminé vytvoii fada kanald (fracs, odkud je také
odvozen nazev metody SOILFRAC®), vypInénych injektazni smésf, ktera postup-
né ztvrdne. Nékolikanasobnym injektovanim je dosaZeno zlep$eni jakékoli zemi-
ny a v piipadé potieby je mozno provadeét fizené zdvihy, Metodu SOILFRAC® je
moZno pouzit jednak pro sanaci zakladu, tak i po zdvihani pokleslych objektd, at
jiz byly poklesy zplisobeny pfirodnimi vlivy &i lidskou Einnosti, napf. podzemntho
dila.

Pouziti metody SOILFRAC® v podzemnim stavitelstvi

Metodu SOILFRAC® je mozno poutit pro ochranu proti sedani zpisobenym
vystavbou podzemnich dé&l. Z pomocnych Sachet je zabudovana mezi strop tune-
lu a z&kladovou sparou podtunelovanych objektd soustava vodorovné vrtanych
injektaZnich trubek opatfenych manzetami. Budovy musi byt opatfeny elekiro-
nickym maficim systémem. Primamnl injektaZ slouZi jesté ke zpevnéni zakladové
plidy a nezplisobi nadzdvihnuti objektu. Dalsi injektazni stupné zplsobf nadzdvi-
Zeni objektu aZ do vyse a tvaru, ktery odpovida pfevracené predpokladané
poklesové kfivee zplsobené vyrubem podzemniho dila. Tu_nei je potom ra?er!
pinym profilem nebo dle mistnich podminek élenénym profilem horizontalné ¢i
vertikalné.

a araft of scripts for their practical testing. It is supposed that the basic classi-
fication with respect to the technology will be made as follows:
- fire (fatal situation)
- safely equipment
- other technology

3. Maintenance of tunnels: ’
From the maintenance point of view, there will be defined the following termino-
logy: due maintenance (usual/periodical), repairs and reconstructions. There
will be also laid down rules for maintenance and repairs, documentation and
subsequent evaluation, methods for evaluating the technological subsystem
(ventilation, lighting, and the like), requirements for function tests, measuring
methods, metrology (informative measuring of CO, illumination, etc.).

CHAPTER 4

1. Elaboration of the methodology for evaluating traffic data and technological
ones:
Draft of methodology for evaluating traffic data and their subsequent proces-
sing. Methods for finding out trends and prognoses of traffic. Methodology of
recording and evaluating technological data (illumination, ventilation).
Methodology for recording, evaluating and filing traffic accidents.

2. Methods for laying down and evaluating operational reliability.

3. Monitoring and evaluating of quality (structural solution, technological equip-
ment, etc.) of the work with respect to the occurence of extraordinary events.

CHAPTER 5

1. Laying down of the methodology for evaluating and monitoring costs for a long
lime concerning the operation of tunnels and corresponding systems.
2. Multicriterial evaluation of ecological contributions of tunnels.

Technical conditions are being elaborated by a large team, the following orga-
nizations are members of it:

Technical Road Administration, Roads of Brno, Police Board of the Czech
Republic, Management for Roads and Motorways, Ministry of Interior - Rescue
team of firemen, Faculty of Transport of the Czech Technical University,Eltodo-
Transport Systems, Pragoprojekt and Satra. This team is managed by Doc. Ing.
Pavel Pfibyl CSc., of the company Eltodo a.s.

First chapters shall be elaborated till the end of this year and the final term of
completing is June 2000. The Ministry of Transport and Communications offered
fo the Ministry of Transport, Post and Telecommunication a participation of
Slovak colleagues as to the preparation of said important technical conditions.

Ing. Pavel Pribyl, CSc.

PRINCIPLE OF THE METHOD SOILFRAC

Wherever it is not possible to apply a classical grouting method for foundation
or rehabilitation of existing foundation, and then in cases when it is necessary to
achieve controlled deformations of buildings, it is possible to apply the grouting
method Soilfrac. That is why it is applied in the first place in the underground
engineering. A development of measuring and control instruments and proces-
ses relating to it, makes it possible at present, to carry out controlled elevating of
buildings by up to several decimetres. Originally, the principle of this grouting
method was applied for oil exploitation, when channels in soil were created, by
means of grouting, through which oil could flow easier to transport pumps. This
method was further developed by experts of the firm Keller in such a way that
they are able to find a solution of many problems of special foundation works.
This method has been registered under the trade mark SOILFRAC®.

Description of the method SOILFRAC®

By means of pressure grouting, there shall be made in soil many channels -
fracs (this is the origin of the method name: SOIL-FRAC®) filled with a grouting
mixture which hardens gradually. By means of grouting carried out several times,
any soil is improved, and in case of need, it is possible to perform controlled ele-
vating. The method soilfrac can be applied both for a foundation rehabilitation
and for elevating subsided buildings, let the subsidence be caused by natural
effects or by human activities, e.g. by an underground work.

Application of the method SOILFRAC® in underground engineering

The method SOILFRAC® can be applied for protecting buildings against sub-
sidence caused by conslruction of underground works. A system of horizontally
drilled tube a’ manchete pipes in the space between a tunnel roof and the foun-
dation of undertunnelled buildings is performed from auxiiary shafis. The buil-
dings must be provided with an electronic measuring system. The primary grou-
ting serves for reinforcing of the foundation soil and it does not cause a lifting the
building. Further grouting steps shall cause lifting of the building up to the eleva-
tion and the form which correspond with an inverted subsidence curve, caused
by the excavation of the respective underground work. Then the tunnel is driven
in a full profile or, according to local conditions, by means of a profile articulated
in a horizontal or vertical way.

Ing. Radek Cuda
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING COMMITTEE CONFERENCES

INFORMACE O 9. MEZINARODNIM KONGRESU ISRM

Ve dnech 24. aZ 28. srpna 1999 probéhl v Pafizi uz 9.mezinarodni kongres mechaniky
hornin, ktery kazdé 4 roky organizuje Mezinrodni spole¢nost mechaniky hornin ISRM. Jeho
hlavni myslenkou bylo «Pougeni z dvacatého a vyzvy jedenadvacatého stoleti«.

Konference byla organizovana velmi modernim zplsobem. Ke kazdému hlavnimu téma-
tu byla pfednesena generalni zprava, shrnujici a hodnotici pfijaté pfispévky. Dale byl vZdy
k hlavnimu tématu konference pfednesen vyznaénym svétovym odbornikem hlavni referat.
To v3e bylo dopinéno vhodné volenymi piipadovymi studiemi (Case history).
byla organizovana cela fada workshopU. Jejich pribéh byl velmi dobfe moderovén a do dis-
kuse byla zpravidia vtazena vétdina Uéastniki. Pro mne osobné byly nejvét§im pfinosem.
Celou dobu kongresu probihalo jednani na dvou aZ tfech mistech sou¢asné, takze si kazdy
mohl vybrat témata pro ného zajimavé a maximélné efektivné vyuzit éas straveny na kon-
gresu.

Vsichni pfispévovatelé dostali moznost prezentovat své piispévky formou posterd, coz ve
velké v&t&ing uginili. Postery byly proto vymériovany kazdy den a vhodné, zejména doku-
mentaénim materialem, doplfiovaly pfispévky uvefejnéné ve sborniku. Konference byla také
doprovozena obvyklou prodejni vystavou odbornych publikaci nakladatelstvi Balkema
a Wiley, vystavou piistrojové techniky a stankami fady konsultagnich firem a védeckych insti-
tuci.

Ze stéZejnich referatd a ostatnich kongresovych akef Ize z hlediska zajimavosti pro ¢leny
tuneléfskeé spoleénosti vybrat nasleduiici:

Hlavni pfednasky

Vyvoj mechaniky hornin ve Francii M. Panet Francie
Interpretace méfen pii vystavbé tunelt S. Sakurai Japonsko
Mechanika hornin v dolech - véera, dnes a zitra M. Hood Kanada

Vyznam mechaniky hornin v petrolejaiském inzenyrstvi  J. C. Roegiers USA

Generalni zpravy

Mechanika hornin a bezpeénost Zivotniho prostiedi N. Barton Norsko
Van der Merwe J.Afrika

Vztahy mezi mechanickymi, tepelnymi, E. Detournay USA

hydraulickymi a chemickymi projevy hornin Van Sint Jan Chile

Polni zkousky a méfeni, monitoring O.Stephanson Svédsko
M.Steiner Svycarsko

Dynamika skalnich masivi a tektonofyzika AMc Garr USA
M.Dubinsky Polsko

Pfipadové studie a dalSi zajimavé pfednasky

Mechanické vlastnosti argilitd a bfidlic na zakladé J.Brantamark Svédsko

zpétné analyzy na projektu Uhri v Himaldjich Y.Chang Svédsko

Zasady kontroly v oblastech tlagivych hornin K.Kovari Svycarsko

u tunelu St Gothard

Stabilitni problémy piirozenych skalnich svahi H.Hatzor |zrael

u nérodniho pamatniku Masada

Viaduct v Millau M.Rat Francie

Zahady horninového masivu H.H.Einstein USA

instrumentace a kontrolni sledovani deformaci C.Sevume J.Afrika

u tunelu v oblastech vysokého napéti

Pfehrada Tii hrdla J.Zhang, W.Zhou  Cina

Workshopy
Hydraulické vlastnosti hornin A Zettler Rakousko
Kreep v hornindch G.Barla Italie
Mechanické efekty nuklearnich podzemnich pokustl C.Fairhust usa
V.Aduskin Rusko
Uzite¢nost polnich zkousek hornin H.H.Einstein USA
J.A.Hudson Anglie
Nepropustnost podzemnich ulozist odpad(i M.Walner Némecko
G.Marsily Francie
Pohyby skalnich masivd M.Bonnard Svycarsko
F.Cornet Francie

Celkem se kongresu zigastnilo okolo 600 specialisti ze 40 zemi celého svéta, Z Ceské
republiky byli pfitomni Pavel Koneény z Ustavu Geoniky v Ostravé, Viadimir Petros
z Technické univerzity v Ostravé, Vladimir Rudajev z Ustavu struktur CAV, Georges Takla
z DBP Paskov a Alexandr Rozsypal z SG-Geotechniky z Prahy. Z Ceské republiky byly také
na kongresu prezentovany 4 odborné piispévky, které se v zaplavé informaci neztratily,

Je tfeba konstatovat, Ze kongres mél vysokou odbomnou i spoleéenskou uroveri. Vétsina
piispévki i diskuse jako by skutecné reagovala na vyzvy, které pro nés, geotechniky i stavi-
tele tunell, kiade pfidti tisicileti.

Pro ¢eské inZenyry je navic potésuijici, ze prezidentem ISRM pro dal3i 4 roky byl zvolen
Marc Panet z Francie, ktery mé o Grovni Geské geotechniky dobry prehled a k Ceské repub-
lice ma velmi blizky vztah,

INFORMATION ON THE 9TH INTERNATIONAL
CONGRESS OF ISRM

In the period from August 24 lill August 26, there took place in Paris the 9th International
Congress of Rock Mechanics, which was organized by the International Society of Rock
Mechanics - ISAM. lis leading idea was ,Enlightenment of the twentieth century and chal-
lenge of the twenty first century".

The conference was organized in a very modern way. To every main subject, there was
delivered a general report, summarizing and evaluating accepted papers. Then the main
paper was delivered to the main subject of the conference by a world specialist. This all was
completed with a suitably chosen case history.

Then, lo each subject, the most important selected papers were delivered. Besides that,
many workshops were organized. Their course was moderated very well and the majority of
participants got involved into the discussion. In my opinion it was the most important contri-
bution. During the whole time of the congress, proceedings took place on two or three pla-
ces simultaneously, so that everybody could choose subjects in which he was inferested,
and so to utilize the time spent on the congress as effectively as possible.

All participants had the opportunity to present their papers in the form of posters, which
was utilized by many of them. That is why posters were replaced every day, particularly with
documentation materials, and they were completed with papers published on the symposi-
um. The conference was also accompanied with a usual sale exhibition of professional pub-
lications of publishers Balkema & Wiley, with an exposition of instrumentation technology
and with stalls of many consuiting firms and scientific institutions,

As to the most important papers and other congress actions, the following may be selec-
ted according to the interest of members of the tunnelling society:

Main papers

Development of rock mechanics in France M. Panet France
Interpretation of measurements during a tunnel

construction S, Sakurai Japan
Rock mechanics in mines - yesterday,

today and tomorrow M. Hood Canada

Importance of rock mechanics in oil engineering J.C.Roegiers USA

General reports

Rock mechanics and safety of environment N. Barton Norway

Van der Merwe  South Africa
E.Detourney USA

Van Sint Jan Chile

Relations between mechanical, thermal, hydraulic
and chemical reactions of rocks

Field test and measuring, monitoring O.Stephanson Sweden
M. Steiner Switzerland
Dynamics of a rock massif and tectonic physics A.Mc Garr USA
M.Dubinsky Poland
Case histories and further interesting papers
Mechanical properties of argillites and slates on the basis J.Brantamark Sweden
of an analysis of the Uhri in Himalayas Project Y. Chang Sweden
Principles of control in areas of squeezing rocks
in the tunnel St.Gothard K. Kovari Switzerland
Stability problems of natural rocky slopes
at the national memorial Masada H. Hatzor Izrael
Viaduct in Millau M. Rat France
Mysteries of a rock massif H.H.Eistein USA
Instrumentation and inspection monitoring
of tunnel deformations in zones of high stresses G.Sevume South Africa
The dam Three Necks J. Zhang China
W. Zhou China
Workshops
Hydraulic properties of rocks A, Zettler Austria
Creep in rocks G. Barla Italy
Mechanical effects of nuclear C. Fairhust USA
underground tests V. Aduskin Aussia
Usefulness of field rock tests H.H.Einstein USA
J.A, Hudson England
Impermeability of underground deposits of waste M. Walner Germany
G. Marsily France
Movements of a rocky massifs M.Bonnard Switzerland
F.Cornet France

On the Congress there took part about 600 speciafists from 40 countries of the whole
world, From the Czech Republic there were present Pavel Konecny of the Institute of
Geonics in Ostrava, Viadimir Petros of the Technical University in Ostrava, Viadimir Rudajev
of the Institute of Structures of the Czech Academy of Sciences, Georges Takla of DBP
Paskov and Alexander Rozsypal of SG-Geotechnika of Prague. On the Congress there were
also presented four professional papers from the Czech Republic which were not lost in the
affluence of information.

It is necessary fo state that the Congress had a high professional and socfal level. The
majorily of papers and discussions really rellected tasks which in front of us, geoengineers
and tunnel construclors, places the next millerium,

For Czech engineers, it is also pleasant that Mr. Mare Panel from France was elected as
the President of ISRM for next four years, who is very well informed of the level of the Czech
geoengineering, and who has a close relation to the Czech Republic.

Doc. Ing. Alexandr Rozsypal, CSc.
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ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELLING COMMITTEE REPORTS

Vyjezdni zasedani redakéni rady éasopisu TUNEL se uskuteénilo 1.fijna t.r.
v Levodi na Slovensku. O bohaty a odborné zajimavy program se postarala
Slovenska tunelafské asociace reprezentovana spole¢nostmi TERRAPROJEKT
a DOPRASTAV z Bratislavy, BANSKE STAVBY Prievidza a URANPRES ze
Spigské Nové Vsi. O dopravu se postarala SUBTERRA a.s. Ugastnici zasedani
méli pfileZitost prohlédnout si stavenidté tunelu Branisko a tunelu Visfiové,
jejichZ vystavbu budeme na strankdch naseho Gasopisu pribézné sledovat.
Redakéni rada uzaviela obsah tohoto ¢isla a schvdlila napli éisla 1/2000.

Zasedani pfipravného vyboru konference PODZEMNIi STAVBY PRAHA
2000 se konalo v Praze dne 8. fijna. Kromé bézné kontroly stavu zajisténi
potfebnych konferenénich a ubytovacich kapacit, organizaénich sluzeb a edice
tiskovin byl hlavnim bodem programu vybér piispévk( do Sborniku podle zasla-
nych anotaci. Kromé jiz do3lych 53 pfihlasek byly avizovany dalsi pfispévky.
V&ichni vybrani autofi byli do konce fijna vyrozuméni o pfijeti pfispévku a vyzva-
ni k jeho predlozeni v koneéné Upravé dle zaslanych pokynd do 1.Gnora 2000.
Ptispévky byly rozdéleny do jednotlivych sekefl konference:

A. Ekologické aspekty podzemnich staveb

B. Vyvoj, vyzkum, priizkum a projektovani podzemnich staveb

C. Provédéni a vybaveni podzemnich staveb

D. Udrzba, sanace a rekonstrukce podzemnich staveb

Konferenci pofada Cesky tunelafsky komitét v terminu 9. - 11. Fijna 2000
v prazském hotelu Pyramida. Spoleéensky vecer se bude konat v Nové
Galerii Prazského hradu. Pfi piileZitosti konani konference bude zasedat
Executive Council ITA/AITES.

Novy élen Ceského tunelaFského komitétu

Do roku 1999 vstoupil CTuK s 39 &lenskymi organizacemi a 21 individuelnimi gle-
ny. V poloviné roku se novym - tyficatym élenem stala spole¢nost

KELLER - Specialni zakladani s.r.0.

K Rysance 16, PO Box 27, 147 54 Praha 4, tel.: 61262063, fax: 421402,
e-mail: Office.Praha @Kellergrundbau.cz

Kazdého nového €lena je tfeba predstavit a proto jsme si vyzédali potfebné infor-
mace od Ing.Radka Cudy, vedouciho zastoupeni pro CR:

Firma KELLER - Specidini zakladani byla v Ceské republice zalozena v roce

1993 a zabyva se pracemi specidiniho zakladani v celé své §ffi, jako jsou piloty,

mikropiloty, pfedepjaté kotvy, injektaze a zejména tryskova injektdZ, hloubkové

vibraéni hutnéni, hfebikovani zemin a dalsi specielni metody. Firma KELLER rea-

lizovala v Ceské republice jiz Fadu technicky obtiznych projektd, a to zejména

technologii tryskové injektaze a hloubkového vibraéniho zhutnéni.

V soucasné dobé se na stavbach firmy KELLER pouzivé tryskovd injektaZ typu

Soilcrete T, coz je tfislozkova tryskova injektaz

(paprsek tlakové vody obaleny stla¢enym vzduchem a paprsek cementové sus-

penze ), a tryskovou injektaZ Soilcrete D (paprsek cementové suspenze obale-

ny stlacenym vzduchem). Touto technologii je mozno dosahnout priiméru slou-

pl bézné 1,6 m a to i v obtiZnych geologiich jako jsou jily nebo silty. Dale je moz-

no provadeét tryskovou injektaz typu Soilcrete S (paprsek cementové suspenze),

ale tato metoda se jiz téméF nepouziva.

Tryskova injektaz je provadéna zafizenim firmy KELLER, které je vyrabéno ve

vlastnim vyrobnim zavods. .

Metodou tryskové injektdze Soilcrete T byly realizovany v Ceské republice

zejména tyto projekty :

- Zajisténi stavebni jamy a podchyceni zaklad(l pro objekt Vaclavské nam. 33,
Praha 1

- Zajiténi stavebni jamy a zhotoveni tésnici lamely proti podzemni vodé& pomo-
cf tryskové injektaze pro objekt Na Bélidle 21, Praha 5

- Zajisténi stavebni jamy a podchyceni zakladd pro podzemni garaze v objektu
Pstrossova 24 - 28, Praha 1 o .

- Zajistén stavebni jamy a podchyceni zakladd pro podzemni garaze v objektu
Ceska pojistovna, Viadislavova ul., Praha 1 S

Dali progresivni technologif firmy KELLER je hloub]fqve vllbracnl hutnéni.

Touto technologif byly realizovany zejména nasledujici prOJek.t)fZ

- Zalozenf chladici véZe pro teplamu Usti nad Labem v Trmicich

- ZaloZeni chladici véZe pro Energocentrum Kladno

- Zalozeni skladu energosadrovce pro elekirarnu Prunéfov

Stroje a zafzeni pro hloubkové vibraéni hutnéni jsou rovnéz vyrabény ve viast-

nim vyrobnim zavodé.

The away meeting of the Editorial Board of the journal TUNEL

Ittook place on Octaber 1, of this year in Levoda, in Slovakia. The eventful and pro-
fessionally interesting agenda was ensured by the Slovak Tunnelling Association
represented by companies TETRAPROJECT and DOPRASTAV from Bratislava,
BANSKE STAVBY Prievidza and URANPRES from Spisska Nova Ves. The tran-
sport was organized by SUBTERRA, a.s. Participants of the meeting had the
opportunity fo take part in an excursion on the construction site of the tunnel
Branisko and of the tunnel Visfiova, of the construction of which the readers of this
journal shall be informed runningly. The Editorial Board determined the contents of
this issue and preliminarily approved the contents of the issue 1/2000 too.

Meeting of the preparatory committee of the conference UNDERGROUND
STRUCTURES PRAHA 2000

It took place in Prague, on October 8. Besides a usual inspection of the situation
in ensuring needed conference capacities and accommodation ones, services of
organization and issuing of printed materials, the chief agenda point was the pro-
blem how to select papers for the symposium according to received annotations.
Besides already recaived 53 announcements of participation, there were announ-
ced further papers. All selected authors were informed not later that at the end of
October, of acceptance of their papers and they were asked to present the papers
in the final version according to our instructions, and to dispatch them so that we
may receive the papers not later than on February 1, 2000. The papers were ran-
ked into indlividual sections of the conference:

A. Ecological aspects of underground structures

B. Development, research, investigation and design of underground structures

C. Realization and equipment of underground structures

D. Maintenance, rehabilitation and reconstruction of underground structures.

The conference s organized by the Czech Tunnelling Committee in the period from
October 9 1ill 11, 2000, in the Prague hotel Pyramida. The final evening party shall
take place in the New Galery of the Prague Castle. At the occasion of this confe-
rence there will also take place a session of the Executive Council of ITA/AITES.

New member of the Czech tunnelling Committee
CTuC entered the year 1999 with 39 member organizations and 21 individual mem-
bers. In the half of the year, the following company became the fortieth member:
KELLER - Specialni zakladanf s.r.o.
K Ryséance 16, PO.Box 27, 147 54 Prague 4,
Phone No.: 61262063, Facsimile: 421402,
a-mail: Office.Praha a Kellergrundbau.cz
Each member is to be introduced, and that is why we asked Ing. Radek Cuda,
Manager of the representation for the Czech Republic, for needed information:
The firm Keller - Special foundations, was founded in the Czech Republic in the
year 1993 and its activities concern works of special foundations within the whole
specire, such as piles, micro-piles, pretensioned anchors, grouting and particular-
ly jet grouting, deep vibration compacling, soif nailing and further special methods.
The firm KELLER has already realized in the Czech Republic many difficult opera-
tions, particularly technologies of jet grouling and of deep vibration compacling.
At present, on constructions of the firm KELLER there is applied the jet grouting of
the type Soilcrete T, which is a three-component jet grouting (a fet of pressure
water packed in pressure air, and a jet of a cement suspension), and the jet grou-
ting Sollerete D (a jet of a cement suspension packed in pressure air). When app-
lying said technologies, it is possible to get the volumn diameter of 1.6 m even
under complicated geological conditions such as clays or silts. It is also possible to
carry out the blast grouting of the type Soilcrete S (a jet of a cement suspension),
but this method is practically no more applied.
Jet grouting operations are performed by means of equipment of the firm KELLER
which is manufactured in its own factory.
Particularly the following works have been realized in the Czech Republic by
means of the method of jet grouting of the type Soilcrete T:
- securing of a construction pit and underpinning of the building in Wenceslas
Square No. 33, Prague 1,
- securing of a construction pit and making a sealing wall against ground water by
means of jet grouting for the building in the street Na Bélidle 21, Prague 5,
- securing of a construction pit and underpinning of underground garages in the
building in the street Pstrossova 24 - 28, Prague 1,
- securing of a construction pit and underpinning of underground garages in the
buifding of the Czech Insurance Company, Viadislavova Street, Prague 1,
Deep vibralion compacting is another progressive technology of the firm Keller
Particufarly the following works were realized by means of this technology:
- foundation of the cooling tower for the district heating plant of Ustf nad Labem
at Trmice,
- foundation of the cooling tower for Energocentrum Kladno,
- foundation of a storehouse for plaster slone of the power-station Prunéfov.
Machines and equipment for deep vibration compacting are also produced in the
above mentioned factory of the firm KELLER,
Ing. Karel Matzner
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Tunel

ZPRAVODAJSTVi SLOVENSKEJ TUNELARSKEJ ASOCIACIE

SLOVAK TUNNELLING COMMITTEE REPORTS

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ
ASOCIACIE

Po méjovom valnom zhromazdeni STA sa ujali svojich funkcii novozvoleni
funkcionari a novozvolené organy STA. TaZisko aktivity spociva na pleciach
nového prezidenta STA a KOMITETU. Na zagiatku svojho tvorroného funké-
ného obdobia sa komitét STA v prvom rade zaoberal koneénou Upravou stanov
STA a koncipovanim programu ¢innosti na celé funkéné obdobie. Podla novych
stanov sa zmenil nielen nazov spolognosti, ale aj nazvy niektorych funkcii a orga-
nov STA vratane upresnenia ich Gloh a rozsahu pdsobnosti. Takisto sa upresnili
zavizky a prava subjekiov Clenskej zakladne. Tyka sa to najmé diferencovania
&lenskych prispevkov a vahy hlasovania v rozhodovacom procese organov STA.

Program &innosti STA sa postupne napifia a upresfiuje v tejto truktdre:

- vnUtroorganizaény chod

- spolupréca s ¢lenskou zakladriou

- pbsobenie na politické, Statne, podnikatefské, vedecké, odborné a mienko-
tvorné kruhy

- vzdelavacie aktivity

- kontakty a spolupraca s podobnymi organizaciami (Cesky tunelarsky komitét,
Slovenska banicka spolo¢nost, cestarske a stavbarske zaujmové organizacie)

- spolupréaca s vysokymi Skolami a vedeckymi Ustavmi

- editna a publikaéna Cinnost

- normotvornd ginnost

- néarodna a medzinarodna reprezentacia

- ostatné aktivity

Komitét STA koordinoval pripravu vyjazdového rokovania redakénej rady
gasopisu Tunel, ktoré sa uskutocnilo v Levoéi s exkurziou na tuneli Branisko
a prieskumnej &talni tunela Vidiové pri Ziline v drioch 30. 9. az 2. 10. 1999.
Hostitelskymi organizaciami tohoto vyjazdového rokovania boli Banské stavby, a.
s. Prievidza a Uranpres, s. 1. 0. Spisska Nova Ves.

Na tuneli Branisko sa v auguste t. r. skonCili razi¢ské prace. Hodnotenie slo-
venskej tunelarskej premiéry vyznieva v Stadiu ukoncenia razi¢skych prac po
vietkych strankach priaznivo. Razenie tunela prebehlo hladko, bezhavarijne, vo
vysokom tempe a velmi dobrej kvalite. Z viacerych hfadisk priebeh stavby tune-
la Branisko znesie porovnanie so svetovou Groviiou. Udastnici vyjazdového
rokovania sa mohli s vysledkom prac slovenskych tunelarov presvedcit na viast-
né odi. V éase exkurzie boli uz rozbehnuté betonarske prace od obidvoch porta-
lov. Od ZP je dodavatelskou organizaciou betonarskych prac Vahostav, a. s. Zili-
na a od VP Hydrostay, a. s. Bratislava.

Slovenské tunelarske firmy zl¢astriujice sa na vystavbe dialic na jednej
strane postihla kriza zapritinena prudkou redukciou tempa a rozsahu vystavoy
podfa pévodne odstartovaného diahigného programu. Na druhej strane sa poda-
rilo viade a investorovi vyrovnat ku koncu lli. $tvrtroka 1999 dihotrvajuci skiz
v prefinancovani prac.

Prace na prieskumnej §tIni najdihdieho diahiéného tunela v SR Visiiové
odstartovali od ZP vrino-trhavinovou technoldgiou v novembri 1998. O dva mesi-
ace neskdr v januari 1999 odstartovali raziské prace od VP, kde sa nasadil tune-
lovac stroj priemeru 3,5 m. Udastnici exkurzie sa mohli presvedéit o zloZitych
geologickych podmienkach i o tom, ako si dodavatelské organizécia Doprastay,
a. s. Bratislava a jeho subdodéavatel Metrostav Slovakia a. s. vedeli s tymito taZ-
kymi podmienkami poradit.

Ing. Jozef FRANKOVSKY,
sekretar komitétu STA
Secretary of the STA Committee

INFORMATION CONCERNING THE SLOVAK
TUNNELLING ASSOCIATION

After the General Meeting of STA in May, new elected functionaries and bodi-
es took their offices and powers. The responsibility for activities and tasks have
been taken over by the new President of STA and by the COMMITTEE, At the
beginning of the four year term of office, the Committee of STA paid attention in
the first place to the final version of the Rules of STA and to the araft of the
Program of Activity for the whole term of office. According to new Rules of STA
there have been changed not only the name of the company, but also names of
several offices and bodies of STA, inclusive their tasks and extent of activity.
There have been also made more accurate several rights of members of the
company. It concerns particularly differences in subscriptions and the weight of
votes in a process of making decisions of bodies of STA.

The program of activity of STA will be gradually completed and made more
accurate in the following structure:

- internal work of the company

- cooperation with members

- influence upon political, entrepreneurial, scientific, professional and state
bodies as well as upon public relations

- educational activities

- contacts and cooperation with analogous organizations (Czech Tunnelling
Committee, Slovak Mining Company, road constructing and other building
companies

- cooperation with universities and scientific institutions

- editorial and publishing activities

- activity at elaborating technical standards

- home and international representation

- other activities

The Committee of STA coordinated the preparation of an away meeting of the
Board of Editors of the journal TUNEL, which took place in Levoca, together with
an excursion into the tunnel Branisko and into the trial gallery of the tunnel
Vigriové in the term from September 30 till October 2, 1999. The companies
Banské stavby, a.s., Prievidza, and Uranpres s.r.0., Spisska Nové Ves, were the
hosts of said away meeting.

Driving operations on the Branisko tunnel were completed this year, in August.
The evaluation of the Slovak tunnelling first run in the stage of termination of dri-
ving works was positive in all respects. The tunnel driving was made without con-
siderable problems, without any breakdown, in a good pace and in a high quali-
ty. In many aspects, the course of construction of the tunnel Branisko may be
successfully compared to the world level. The participants of the away meeting
could see themselves the result of the work of Slovak tunnelling workers. In the
time of the excursion there were started concreting works from both portals.
Viéhostav, a.s., Zilina, is the contractor for concreting works carried out from the
western portal, and VP Hydrostav, a.s., Bratislava, is the confractor of said works
performed from the eastern portal.

The Slovak tunnelling firms taking part in construction of motorways were
influenced, on the one hand, by a crisis caused by a considerable reduction of
advance rate and extent of the originally started motorway programme. On the
other hand, the government and the owner were successful in settling the delay
in financing the works at the end of the Ilird quarter.

Drill and blast works started the construction of the trial gallery of the tunnel
Viériové, the longest motorway tunnel in the Slovak Republic, in November 1998,
viz. from the western portal. Two month later, in January 1999, there were star-
ted driving works from the eastern porial, where a tunnel boring machine of Dia
3.5 m was installed and set into operation. The participants of the excursion
could make sure about complicated geological conditions and also how the con-
tractor Doprastav, a.s. Bratislava and its subcontractor - Metrostav a.s., Slovakia,
solved problems concerning said difficult conditions.
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DOLEXPERT - GEOTECHNIKA

0 firma s mnohaletymi zkuSenostmi pfi feSeni geotechnickych problémii inZenyrskych,
podzemnich a dilnich staveb numerickymi metodami.

Zpétnd analyza a interpretace

e polnich zkousek Podzemnilaboratof BAF, Madarsko (hl. 1100m)
e vysledki méfeni in situ. : —

<= SbliZovaci vypolty
Posouzeni vlivu technologického ke konvergenénim
postupu vystavby na méfenim
e konvergenci vyrubu

e stabilitu éelby
e sedani nadloZi
e namahani osténi.

Programové vybaveni

® pro fefeni rozsahlych prostorovych a

sdruZenych tiloh mechaniky kontinua LA Lty

ti horninovéh
a diskontinua. ﬁf;:il:z it s
DOLEXPERT - GEOTECHNIKA Pracovist&:
Ing. Marta DoleZalova, CSc. Sokolska 44, 120 00 Praha 2
Nad Belvederem 3, 148 00 Praha 4 Tel.: 02-22108139 Fax: 02- 22108130
Tel./Fax: 02-7927426 E-mail: dolezalova@pha.pvtnet.cz

TSaAVEY 4™ 2000/10/ 9 - 11
/ PRAHA 2000 PRAGUE+<PRAG:NMPATA-PRAHA

= AN e ™

CESKE VYSOKE UCENI TECHNICKE V PRAZE, Fakulta stavebni - katedra geotechniky
otevira v roce 2000 specialni kurs GEOTECHNICKE INZENYRSTVI.
Studium je uréeno pro stavebni inZenyry a bude zahdjeno 30. 3. 2000.

vy

v
Cilem kursu je prohloubeni geotechnickych znalosti a seznameni s nejnovéjsimi poznatky z oboru.
Blizi informace ohledné studia ziskate na katedfe geotechniky Stavebni fakulty,Thakurova 7, 166’29 Praha 6.

Tel.: 02/2435 4542 - Doc. Jettmar, e-mail: jettmar@fsv.cvut.cz
02/2435 4811 - Ing. Vavrov4, e-mail: vavrovam @email.cz
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CIVIL AND ENGINEERING STRUCTURES
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Transport, industrial, water management and apartment buildings.

Underground civil engineering and mine structures.
The Certificate for performance of subsurface structures

Engineering and supply activities.
The Certificate for engineering and supply activities

» Design activities, accredited laboratory

SUBTERRA a.s.
Bezova 1658 .
147 14 Prague 4
Czech Republic

Tel.: +420.2.4406 1111
Fax: +420.2.4446 6179
http://www.subterra.cz
E-mail: info@subterra.cz




