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Vazené damy a panovsé,

v dobé, kdy piSi tyto fadky, mame za sebou Uspésnou mezinarod-
ni tunelafskou konferenci ,PODZEMNI STAVBY PRAHA 2000°.
Byla pro nas vSechny nejen pfijemnym adbornym a spole€enskym
setkanim s optimistickym vyhledem do budoucnosti, ale i u¢to-
vanim tfiletého obdobi, které uplynulo od konference minulé.

Pro nasSi spoleénost je rok 2000 vyznamny. Je pfilezitosti k hodno-
ceni prvniho desetileti nasi existence. V kvétnu 1990 jsme ziskali
prvni Zivnostensky list a s prazdnou kapsou, nadSenim a vizemi
zadali budovat stavebni firmu.

Dnes patii naSe spole¢nost velikosti objemu vyroby stale mezi ty
mensi, ale jeho ro&nim rlstem pfesahujicim v poslednich letech
pravidelng 30% k t&m dynamicky se rozvijejicim.

Chtél bych vyuZzit teto pfilezitosti k tomu, abych podékoval v§em
nadim obchodnim partnerlm za ddvéru, kterou do nas v pribéhu
téch uplynulych deseti let vkladali.

A co budoucnost? Ceska republika se v oéich nas véech rychle
zmenS8uje. Jiz nenf tim ostrovem ztracenym v srdci Evropy, ale
stava se skute¢né jeji pevnou soucasti. Zmizel n&$ bezbfehy opti-
mismus, kdy jsme véfili, ze se svymi spole¢nostmi vpadneme na
obrovsky trh zapadni Evropy a nejvétsi starosti investorl bude, jak
se 0 nas Cechy a Slovaky postarat. Postarat se musime my sami.
Je s podivem, jak v dobé trvajici recese naSeho stavebnictvi malo
stavime v zahrani¢i. ldeélni pfilezitost, kdy by nas ,nouze méla
nauciti housti", néjak promeskavame. Vzdyt u velkych stavebnich
spole¢nosti, které pfedevsim reprezentuji naSe stavebnictvi, se
objemy praci v zahrani¢i pohybuji v Fadu jednotek procent.
Domnivam se tedy, Ze vétSina prace na cesté do Evropy nas
teprve ¢eka. Bude to jisté cesta bolestiva, ale myslim, Zze 7adné
jiné neni.

Pfeji nam v8em na této cesté viru ve vlastni schopnosti, odvahu ke
zménam a $tastnou ruku pfi obliznych rozhodnutich,

Dear Ladies and Gentlemen,

During the time | am writing these lines, we have a successful
international tunneling conference "UNDERGROUND WORKS
PRAGUE 2000" behind us. For all of us, it was not only a pleasant
professional and social meeting with optimistic prospects for
future, but also an account of the three years' period, which has
passed since the last conference.

For our company, the year 2000 is significant due to evaluation of
the first decade of our existence. In May 1990 we acquired the
first trade license and with empty pockets, enthusiasm and visions
we founded an engineering company.

By today, our company still ranks among the smaller ones by size
of the production volume, however, with its annual growth, in
recent years regularly exceeding 30%, it belongs to the dynami-
cally developing ones.

I would like to use this opportunity to thank all of our business
partners for trust they have during the past ten years put in us.
But what about future? Czech Republic is quickly contracting in
eyes of all of us. It is no more that island, lost in the heart of
Europe, but it is really becoming its compact part. Our limitless
optimism, when we believed that with our companies we would
invade the gigantic western market and the only investors' con-
cern would be how to provide for us Czechs and Slovaks, has va-
nished. We have to take care of ourselves.

It is surprising, how rarely we, in the times of recession of domes-
tic engineering, construct abroad. We are somehow missing a per-
fect opportunity, when ‘indigence would teach us some skills".
That is why by large engineering companies, which represent our
engineering before all, the volume of works abroad ranges in
single percents.

Therefore | anticipate that majority of work on the path towards
Europe is still ahead of us. No doubt, it will be a painful path, but
I think there is no another one.

I wish all of us faith in own abilities, courage for changes and
a lucky hand in challenging decisions on such path.

T

Ing. Petr Pohl
Pfedseda pfedstavenstva — Chairman of the board of directors
POHL cz, a.s
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EKOLOGICKE ASPEKTY PODZEMNICH STAVEB
A PRUZKUM PRO PODZEMNI STAVBY
STATE OF THE ART

ENVIRONMENTAL ASPECTS OF UNDERGROUND

CONSTRUCTION
AND EXPLORATION FOR UNDERGROUND

STRUCTURES - STATE OF THE ART

SEBASTIANO PELIZZA (%)

PROJEV NA MEZINARODNI KONFERENCI / SPEECH DELIVERED AT THE INTERNATIONAL CONFERENCE
~PODZEMNI STAVBY PRAHA 2000

Autor ¢lanku (vpravo) s predsedou CTuK Ing. Hessem
Author of the article (righthand) with Mr. Hess, Chairman of CTuC

1. PODZEMNIi STAVBY A ZIVOTNi PROSTREDI

i} Ssamostatneho podzemniho dila (kaverny nebo tunelu), ne u celé stavby, kiera se
muze skiddal z jednoho nebo vice lunell, se zkoumajl fyzikalni charakteristiky viivu
na Zivolni prostied!. Pro¢ se neberou v Gvahu laké socidlnl a ekonomické aspekty?
Ve skute€nosti podzemni dilo pfinasi nékleré klady, pfiznivé pro Zivotni prostiedi,
Které jsou markantngji nez u jinych staveb, budovanych v dané cblasti. Tyto hlavni
klady jsou zajimavé pfi volb& podzemniho feSeni

« padzemni stavba nevylvail fyzické piekazky napfic Gzemim;

« krome dvou vstupd neni vidilelna na povrchu;

* provoz nenl ovliviiovan atmostérickymi viivy;

« neni vystavena vlivim nestability povrehu (kromé portall);

« |sou potfebné niZsi naklady na (dr2bu ve srovnani s obdobnou povichovou stavbou;
« tunelové feSeni zmenSuje délku trasy a nasledné i jejl sklon, Eimz se vylvéareji pod-
m[l:I’ky pro uspory energie;

« Sitent hiuku, prachu a emise plyndl za provozu se soustfedujl u vstupd;

e stavba je celkem dobfe chranéna proti seismickym Géinkim

Podzemn| dilo mé 2z hlediska Zivotniho prostiedi i negativai viastnosti, které mohou
snizoval stupen jeho pfijalelnosti. Kroma ruivych déinki ve fazi vystavby, kdy je Gze-
mi pouZivano pro provozni Géely (komunikace, budovy, nakladni vozy), které jsou
viak mensf ve srovnéni s dilem budovanym na otevienem stavenisti, muZe dochdzel
k zaliZeni emisemi hiuku, prachu a plynd, vibracim, zneistovani vod, naruseni nor-
maini silniéni dopravy a vyuzivani povrchu, zvladté nachézi-li se stavba v méstském

(*') Dr.l Eng.; profesor podzemnich staveb, Vysoka $kola technologicka (Politecnico
di Torino), Turin, Itélie.

Predchozi prezident Mezinarodni tunelafské asociace ITA/AITES

1. UNDERGROUND WORKS AND THE ENVIRONMENT

As far as the single underground work (cavern or tunnel) is considered -
instead of the whole structure that can have one of more tunnels - the physi-
cal features of the environmental impact are examined, why the social and
economical aspects are not taken into account

Actually, an underground work gives some positive points environmentally
friendly, in a way more incisive than other structures built on the territory;
this key points are interesting to choose the underground solution:

e the underground structure does not create physical barriers crossing the
land,

e it is not exposed to the site, and only the two adits are visible;

e the operation is not influenced by atmospherical agents;

o it )is not subjected to surface stability phenomena (apart those at the por-
tals);

e less maintenance costs are required if compared to an analogous surface
structure;

o the tunnel reduces the length of the way and consequently the dip, offering
the conditions for energetic savings;

ohthedemiss/on of noise, gas, dust during the operation are concentrated at
the adits;

e it is quite protected against the seismic actions

The underground work presents also negative environmental features, which
can decrease the level of acceptance. Apart from the disturbs due to the
construction phase when the land is occupied by operative services (roads,
houses, trucks) - which are nevertheless reduced when compared to the
open site works - one can have the noise, dust, gas, vibration emissions,
pollution water, perturbation of normal road traffic and surface uses, espe-
cially when located in urban areas; underground construction have also four
other main environmental problems:

o perturbation, pollution and drainage of the groundwater;

e settlements of the surface of the land;

e waste rock disposal;

e uncertainties in the preventive definition (for example in the design phase)
of the geological, geotechnical, geohydrological conditions of the under-
ground, which determine the risk of collapse and consequently sink holes,
on lhe other site the risk of delays and increasing of the construction cos!s;

These demanding subjects have been studied by the ITA (International
Tunnelling Associations) which created in 1995 the Working Group 15 under
the name of "Underground works and environment'.

The main objective of this group is to help the economic agenls that operate
in the underground world (developers, consulting companies, construction
companies, efc...) to take advantage of the opportunities and to minimise
the risks associated with the new environmental culture

The investigation of WG15 has been based on two main topics:

A. A Slale of the Art Analysis on the opportunities and constraints associa-
ted with the environment and on the positioning of the underground econo-
mic agents on this issue.

B. An analysis of selected Case Studies that can prove the environmental
benefits that can derive from the construction of underground works.

The ITA WG15 has concluded its first working session with a Final Report
which has been issued in 1998

In that document, the general conclusions have been classified according
to the different aspects studied. The findings are related to the relation

(*) Dr. Eng.; Professor of Underground Construction, University of Technology
(Politecnico di Torino), Turin, Italy
Past President of ITA - International Tunnelling Association
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prostiedi. Podzemni stavby se také setkdvaji se Ctyfmi nlavnimi ekologickymi pro-

biémy:

. narﬁéovéni, znedidtovani a odvadéni podzemnich vod

e sedani povrchu Uzemi

« odvazeni a ukladani rubaniny

« nejistota pii preventivnim definovani (napf. ve fazi projektovani) geologickych, geo-

technickych a hydrogeologickych pomérd v podzemi, které slouzi k zjistovani rizika

zévall a naslednych propadlin, a rizika zpoZdéni vystavby a narlstu stavebnich na-

kladd

Tyto narotné otazky byly zkoumdny ITA (Mezinarodni tunelafskou asociac), kterd

v roce 1995 vytvofila pracovni skupinu 15, nazvanou Podzemni stavby a Zivotni pro-

stredi

Hlavnim cilem této skupiny je pomoci podnikatelskym subjektiim, které pisobi ve své-

1 podzemnich staveb (stavebni podnikatelé, projekéni firmy, stavebni spole¢nosti

aj ), pfi vyuzivani pfileZitosti a minimalizaci rizik, spojenych s novou kulturou Zivotniho
rostfedi.

Skou_mém’ pracovni skupiny 15 (dale jen WG15) je zaméfeno na dvé hlavni témata:

A. Moderni analyza moznosti a prekdZek, spojenych s Zivotnim prostiedim, a roz-

déleni Uloh v této oblasti mezi podnikatelské subjekty plsobici v podzemni vystavbé.

B. Analyza vybranych piipadovych studii, klera je schopné prokazat pfinosy pro

Zivotni prostfedi, které mohou byt dosazeny vystavbou podzemnich dél

Pracovni skupina 15 ITA zakonéila své prvni pracovni setkani zavére¢nou zpravou,

ktera byla vydana v roce 1998.

V tomto dokumentu byly vieobecné zavéry sloudeny da skupin podle riznych stu-

dovanych hledisek. Z|isténi se tykaji vztahu mezi podzemnimi dily a Zivotnim pro-

stredim, se zaméfenim na vyhody podzemnich staveb ve srovnani s hloubenymi

stavbami, a tlohy socidlniho, ekonomického a legislativniho ramce. Tyto zavéry jsou

shrnuty v daldim textu.

Rémec legislativy Zivotniho prostredi

Legislativa pro Zivotni prostfedi ma jak pozitivni, tak i negativni dopady na r(zné
subjekly, které pasobi ve svété podzemni vystavby. Nejvyraznéjsi ucinky jsou na
jednu stranu nové trzni piilezitosti, ale na druhou stranu nardst vyrobnich nakladd
a velké naroky na odpovédnost podnikatelskych subjektd.

Jelikoz se ekologicka legislativa stava stale pfisnéjsi, budou podzemni stavby ziskd-
vat vyhodu, danou jejich pfednostnim postavenim ve srovnéani s povichovymi stavba-
mi. Tunelafské asociace zemi, které se ucastni na vyzkumu, maji rdzné nazory na vza-
jemné vztahy mezi podzemnimi stavbami a Zivotnim prostfedim. Vét8inou se ale dom-
nivaji, ze vzristajici citlivost v otazkach zivotniho prostfedi a legislativa budou mit na
dalsi vyvoj podzemniho stavitelstvi pozitivni vliv.

Hlediska zivotniho prostiedi

Na rozdil od minulosti dnedni vystavba podzemnich dél vyZaduje vyCerpdvajic
provéfeni aspektl Zivotniho prostiedi a vliv na ngj a vypracovani ndvrhd né-
pravnych opatfeni, Tato ¢innost musi byt postupné posilovana a vylepovana a musf
byt rozsitena i do méné rozvinutych zemi

Cely soubor stavajicich opatfeni ke zlepSeni esteti¢nosti, pohodli a bezpetnosti
tunell a podzemnich dél neni ani luxusem, ani rozmarem. Budoucnost tuneld a jejich
vyuziti se nyni zvazuje z hlediska vysoké priority estetickych pozadavka, zaclenéni do
prostfedi, pohodinosti jejich uzivani a bezpecénosti,

Pfinosy podzemnich staveb pro Zivotni prostredi

Z hlediska otdzek Zivotniho prostiedi je podzemni dilo lep§im fedenim nez povrchova
stavba. Hlavnim pfinosem tohoto feSeni je napfiklad neexistence omezeni pouZiti
Uzemi na povrchu, vyhnuti se erozi a splachovani zemin, niz§i prachové a plynné
emise a snizeni hlu¢nosti ve fazi vystavby. Celkové podzemni feSeni minimalizuje
naru$ovéani vzhledu, poskozavan( krajiny a zmény fauny a fléry.

Z hlediska novych technologii, mnohé uspésné dokonéené podzemni projekty,
zaloZené na novych technologiich, ukazuiji, Ze podpovrchové stavby jsou ekologicky
vhodnou alternativou.

Pfilezitosti a uskali podzemnich staveb ve vztahu k Zivotnimu prostredi
Neni pochyb o tom, Ze zajem o Zivotni prostfedi vzrista. Tento fakt, spolu se stale
restriktivnéjsi regulaci v oblasti Zivotniho prosttedi, hraje velmi pozitivni roli v budouci
poptavee po podzemnich stavbach. Vezmou-li se tedy v Gvahu kritéria Zivotniho
prostfedi, maji podzemni stavby pfednost pfed stavbami pavrchovymi. Ochrana kra-
jiny ma nynf pfi tomto rozhodovani stale vétsi vliv.
Kromé toho rostouci mechanizace a technické inovace ve vystavbé tuneld a po-
krokové technologickeé postupy umoZituji, aby tunely zaujaly dobrou pozici z hledisek
3<;|hrarl]ny Zivotniho prostfedi. Tento fakt v budoucnu posili poptavku po podzemnich
ilech.
Z ekonomického hlediska ziskava podzemni fedeni dobré postaveni tim, Ze v disled-
ku v{asg uvedené rostouci mechanizace a lechnickyeh inovaci dochdzl ke zlevitovani
tunell.
A protoZe cena Ctvereénfho metru povrchové zeminy roste a cena kiychlového metru
podzemni razby klesd, je budoucnost podzemnich dél zajisiéna
V budoucnosti budou mit véechny subjekty pusobici ve svélé podzemni vystavby
(projekeni spotednosti, stavebni firmy, spoleénosti nebo organizace fidici podzemni
dila a spole¢nosti vyrabgjicl stroje a vyrobky) néjaky dlvar Zivoiniho prostiedi. Na
jednu stranu sice jejich vjrobni naklady vzrostou, aviak na druhou stranu bude velsi
poptavka po [ejich praci. Hlavni vjznam budoucich podzemnich projektd je ve vy-
stavbé v mésiskych Gzemich. Druhy podzemnich projektl, po kterych bude zvy$ena
poptéavka, jsou ly, kieré jsou spojeny s dopravou: parkovisté aut, silnice, pfedméstské
Zeleznice a lunely melra

Socidlné-ekonomické souvislosti: srovnavaci spoledenska studie

Socidlni olazky majl také velky vliv na volbu podzemniho feSeni. Jak v méstskych, tak
I v mimomeéstskych oblastech je vefejné minénl naklonéno podzemnim stavbam pro
dopravy, inZenyrské sité, skladovani a primysl. VyuZiti podzemi pro vefejnd zafizeni
{nak‘upm stiedisko, knihovna apod.) je véak vefejnym mingnim cenéno méné.

Neni pochyb o tom, Ze socidlné-ekonomické vazby v rdznych zemich uréi druh
a specifické viasinosti projektu a nazor lidi na vystavbu infrastruktury a pfidanou hod-
nolu, klerou piedstavuje.

Jak jsme jiz (uvedli, pokrokové lechnické inovace v oblasti podzemnich staveb zvysi
|ejich technickou a ekonomickou konkurenceschopnosl, Navic rozvoj stavebnich
!echr]oiugu, kleré budou pfiznivé z hlediska Zivolniho prostiedi, také v budoucnu
posili poptavku po téchto dilech.

between underground works and the environment, focusing in the advan-
tages of underground construction compared to the above ground solution,
and the role of social, economical and legislative framework. These conclu-
sions are synthesised in the continualion.

Environmental Legislative Framework

Environmental legislation has both positive and negative consequences on
the different agents that operate in the underground world. The most out-
standing effects are on one hand new market opportunities, but on the other
hand, an increase in production costs and a major responsibility demand of
the economical agents.

As environmental legislation becomes more and more strict, underground
works will take advantage of their advanced position compared to the super-
ficial ones. The tunnelling associations of the countries participating in the
survey hold varying opinions about the interrelations between underground
works and the environment, although the totality consider that the increasing
environmental sensitivity and legislation will have a positive influence on the
future development of underground works

Environmental Aspects

In contrast with the past, nowadays, making underground works needs an
exhaustive exam of environmental aspects and impacts, and a proposal of
corrective measures. This way of action must be progressively enhanced
and improved, and must be extended to underdeveloped countries.

The whole set of existing measures to improve the aesthetic, comfort and
safety of tunnels and underground works are neither a luxury nor a caprice.
The future of the tunnels and its use are considered under the high priority of
the aesthetic aspects requirements, the environment integration, the comfort
of its use, and the safety.

Environmental Benefits of Underground Works

The underground work is a better solution than the surface option when
dealing with environmental issues. The main benefits of this option are for
example, non limit in the use of surface land, avoiding soil erosion and
runoff, less dust and gaseous emissions, noise reduction in construction
phase, and overall, the underground solution minimises the visual intrusion,
the damage to the landscape and the alteration of fauna and flora.

From the point of view of the new technologies, many successfully accom-
plished underground projects based upon new technologies demonstrate
that subsurface construction is a good alternative from the environmental
perspective

Opportunities and Threats of Underground Works in Relationship to the
Environment

There is no doubt that the concern about the environment is increasing. This,
added fo the more and more restrictive environmental regulation, plays a
very positive role in the future demand of underground works. Therefore,
when environmental criteria are taken into account, underground works are
preferred to superficial works. The preservation of the landscape is having a
greater and greater influence in this decision.

Besides, the increasing mechanisation and technical innovations in the con-
struction of tunnels and the progressive technological advances, make the
tunnels gain position from environmental points of view. This will encourage
the future demand of underground works

From the economic point of view, the underground solution is gaining posi-
tion since the increasing mechanisation and technical innovations yet men-
tioned, makes the tunnels cheaper

Besides, since the price of square meter of surface soil is increasing and the
price of cubic meter of underground excavation is decreasing, the future of
underground works is assured.

Finally, in the future, all the agents that operate in the underground world
(consulting companies, conslruction companies, underground works man-
agement companies or organisations, and machinery and products compa-
nies) will have an environmental department. On one hand, their production
costs will increase, but on the other hand they will have a greater demand of
work. The major significance of future underground projects are located in
urban areas. The types of underground projects that will have a greater
increase in their demand are those related to transport: car parking, as well
as road, suburban railway, and Underground tunnels.

Socio-Economical Context: Comparative Cross-Cultural Study

Social issues have also a great influence in the election of the underground
solution. Both in urban and non-urban areas, public opinion is in favour of
underground works lor transport, ulilities, storage and industrial projects.
However, the use of underground space for public facilities (shop cenlre,
library, etc.) is less admired by public opinion

There is no doubt that the social-economic context of the different counlries
will determine the type and specific features of the project and the opinion of
people about the construction of the infrastructure and the added value it
means.

As we have mentioned yet, the progressive technical innovations in under-
ground works will improve their technical and economical competitiveness.
Moreover, the development of constructive methods friendly with the envi-
ronment will also encourage the future demand of these works,

2. EXPLORATION

Clearly, the geology along a tunnel alignment plays a dominant role in many
of the major decisions that must be made in designing and constructing
a tunnel. Geology dominates the feasibility, cost, and behaviour of any tun-
nel. The engineering properties of the geologic medium and the variations of
these properties are as important as those of the concrete or steel used to
construct the tunnel structure (Parker, 1999).
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2. PRUZKUM

Je jasné, Ze geologie v trase tunelu hraje dominantnf roli u v&i&iny dilezitych rozhod-
nutr, kterd musi byt uginéna pfi projektovani a stavbé lunely. Geologie je dominujici
pro proveditelnost, ndklady a chovanl kazdého tunelu. InZenyrské viasinosti prostiedi
a kolisani téchto viastnosti jsou stejné dileZité jako vlastnosti betonu nebo oceli,
pouZité pro stavbu tunelové konstrukce (Parker, 1999).

U tunelu pisobi horina nejen jako zatézovaci sloZka, ale i jako primarni nosny prvek.
Chapeite lo takto: Po provedeni vyrubu udrzuje pevnost okelni horniny vyrubany pros-
lor voiny, dokud se neinstaluje tunelova vyziuz. Mavic, dokonce i po provedeni
vyztuze, hornina stale zajisfuje podstatné procento celkové Unosnosti prostfednictvim
vylvoiené horninové klenby. Proto je pro projekianta a stavitele tunelu hornina nebo
zemina kolem tunelu prakticky stavebnim materialem.

Ukazuje se, 7e u tuneld, kde byl proveden peclivéjsi prizkum, dochazi méné k pfe-
krodeni naklad(i a sporlim. Jsou to pravé neodekéavané problémy, co mize zplsobit
nakladna zpozdéni a spory v pribéhu vystavby. Prizkumy mohou pomoci pfi posu-
zovani proveditelnosti, bezpe€nosti, projekiu a hospodarnosti lunelové stavby.
Nékleré 2 cild geotechnického prizkumu isou uvedeny v tabulee 1.

Tabulka 1
Cile geotechnického prizkumu pro tunely (Parker 1999)

» Umoznit dostate¢né porozuméni regionalni geologii a hydrogeologii pro potieby
projekiovani a vystavby

o Definovat fyzikalni charakteristiky zeminy, horniny a podzemnich vod, které bu-
dou ovliviiovat chovéani tunelu

» Pomaci definovat proveditelnost tunelu a upozornit stavebni dozor a dodavatele
na mozné okolnosti, které mohou nastat v pribéhu vystavby, aby monhli vypraco-
vat plany pro nepfedvidané situace

o Poridit Udaje pro vybér alternativnich metod razby a zajisténi vyrubu, a je-li
proveden dostateéné véas, uréit nejhospodarnéjsi trasu a hloubku

« Poskytnout specifické projektové parametry tykajici se horniny, zeminy a hydro-
geologie

« Minimalizovat nejistoty G¢astnikl soutéze tykajici se fyzikalnich podminek

o Pfedpovédét, jak se bude choval hornina a podzemnf voda pfi rlznych meto-
dach razby a zajisténi vyruou

o Stanovit s kone¢nou platnosti zakladnu pro nabidky tak, aby v pfipadé setkani
s nepfedvidanymi podminkami mohly byt 'zménéné podminky‘ spravedlivé
vyporadany

o Zvysit bezpe&nost pracl

o Umozni-li to finance na stavbu, doplnit zku$enosti s pracemi v dané horning
v misté stavby pomocf rozsahlych zkougek nebo zkusebnich prizkumd, které na
oplatku zlepdi kvalitu projektu a pracovnich rozhodnuti, u¢inénych v pribéhu
stavby

o Zajistit specifické Udaje, potfebné pro podporu pfipravy odhad nakladd, pro-
duktivity a harmonogramu pfi projekénich rozhodnutich, a pro ocefovani ndkladd
investorem a Ucastniky soutéze o dilo

Rozsah prizkumu, provadéného pro jakoukoliv konkrétni stavbu, je obvykle
uréovén na zékladé zku$enosti, s ohledem na velikost rozpoctu. Nanetésti ne-
existuji Zadné normy a zadnd ,pfiruckova fesenl”, tykajici se rozsahu prizkumu,
ktery by mél byt proveden. Jeden z postupl je uveden v nasledujici tabulce 2.
Bylo by tedy opravnéné domnivat se, Ze kromé nepfedvidanych udalosti se prob-
Iémy mechaniky hornin ¢asto podceriuji anebo zanedbévaji. Je tfeba pozname-
nat, e U¢elem vystavby je dosahnout cile projektu, a Ze prace musi byt vhodné
pro ¢lovéka (tak, jak je definovano projektem), v souladu s uréenymi fakiory
bezpednosti a ofekavanou dobou vystavby a naklady.

Tabulka 2

Rozsah priizkumi v % z celkovych rozpoétovych nakladl
na dilo podle doporuceni italské Zelezni€ni spolecnosti

In a tunnel, the ground acts not only as the loading mechanism, but also as
the primary supporting medium, Think of it this way; when the excavation is
made, the sirength of the surrounding ground keeps the hole open until the
tunnel supports are installed. Moreaver, even after supports are in place,
the ground continues to provide a subslantial percentage of the total load
carrying capacily through arching. Thus, for the tunnel designer and
builder, the rock or soil surrounding a tunnel is effeclively a construction
material.

It has been shown that the more carefully investigated tunnels have fewer
cost overruns and fewer disputes. It is the unanticipated problems that can
create costly delays and dispules during tunnel construction. Explorations
help evaluate the feasibility, safely, design, and economics of a tunnel
project. Some of the purposes of geotechnical investigations are given in the
table 1.

Table 1

Purposes of Geotechnical Investigations
for Tunnels (Parker, 1999)

» To develop sufficient understanding of regional geology & hydrogeolo-
gy for both design and construction

e T0 define the physical characteristics of the soil, rock, and groundwa-
ter which will govern the behaviour of the tunne/

o To help define project feasibility, and to alert the engineer and contrac-
tor to possible conditions that may arise during construction for the
preparation of contingency plans

s To provide data for selecting alternative excavation and support me-
thods, and, if timely enough, to determine most economical alignment
and depth

o To provide specific rock, soil, and hydrogeologic design parameters

e To minimise uncertainties of physical conditions for the bidder

o To predict how the ground and groundwater will behave when excava-
ted and supported by various methods

o To establish a definitive geotechnical baseline for the bid so, if unex-
pec-ted conditions are encountered, a 'changed condition" can be
administered fairly

e To improve the safety of the work

o When project funds permit, to provide experience working with the spe-
cific ground at the project site through large-scale tests or test explo-
rations, which, in turn, will improve the quality of design and field deci-
sions made during construction

e To provide specific data needed to support the preparation of cost,
productivity, and schedule estimates for design decisions, and for cost
estimates by the owner and bidders

The amount of exploration done on any given project is usually deter-
mined by experience and budgetary concerns. Unfortunately, there are
no standards and no *handbook solutions" to the amount of investigation
that should be done. One approach is given in the following table 2.

It would therefore be legitimate to think that, besides the unforeseen
events, the rock mechanics problems are often under-evaluated or ne-
glected. It should be noted that the purpose of construction is to achieve
the objective of the design and that the work must be manlike (as defined
in design), according to the specified safety factors and the expected
time and cost.

Table 2

Amount of investigations in % of the total estimated cost of
the work, as suggested by the Italian Railway Agency
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Projekt je jiz zpracovan pomoci deterministického postupu. Realita vystavby vSak
takova nikdy nebude. Je to z divodu velkého mnoZstvi nejistot, kterym se ve fazi pro-
jektovani nelze vyhnout v oblasti geologie, geotechniky, hydrogeologie, riznych
druhd strojd, které jsou k dispozici (novych nebo pouZitych), a ruznych stavebnich
technologii (Pelizza, 1998)

Ve fazi projektovani je nemozné poznat vSechny aspekty geologického profilu. Je
tedy nutné rozhodnout, zda se mé optimalizovat volba stavebni metody nebo vybér
stroje pro dany tunel, a to na zakladé porozuméni geologii a geotechnickym pomérdm
v misté stavby anebo Grovni pfedpovédi téchto pomérl (do jaké miry jsou tyto pfed-
povédi optimistické nebo pesimistické?).

Na druhou stranu, problém globdlni optimalizace je velmi slozity s ohledem na velké
mnoZzstvi nezndmych v oblasti geologie, technologie, Zivotniho prostfedi a ekonomiky
a financi. V souCasné dobé se stavd moznym volit strategie rozhodovani pro tu-
nelovani i za podminek nejistoty, zahrnujicich rizné drovné proménnosti z hlediska
pravdépodobnosti (Eisenstein, 1996; Xu et al., 1996) (obr. 1).

Zakladni problém je vZdy uréen fyzikaini a geotechnickou heterogenitou horninového
masivu, ve kterém se ma tunel razit. Pro plnoprofilovou mechanisovanou razbu, kterd
je spise ztrnulym systémem, je heterogennost pevnosti materidlu, ktery ma byt tézen,
Predchozi pochopeni geologickych a geotechnickych podminek, ziskané spravnym
zplsobem, je zakladem pro vystavbu podzemniho dila. A7 dosud bylo vynakladano
vdeobecné mélo prostfedkl na pfedbézné prizkumy. V praxi bylo prokdzéno, Ze pe-
nize, pouzité na tyto prizkumy, se bohaté vratily ve formé uspor stavebnich nakladd
a asu. Pfedstihové prizkumy provadéné ze smérové Stoly, razené tunelovacim stro-
jem (TBM) nebo z hlavniho tunelu, nejsou alternativou adekvatniho piedbézného
prizkumu (Pelizza, 2000).

Vyznacnym pfikladem pozitivnich vlivil na vykon tunelovaciho stroje (TBM), zkon-
struovaného na zakazku s uvazenim dobrého porozuméni geologii, kterého bylo
dosazeno na zakladé podrobného a preventivniho geologického prizkumu, je nedav-
né (1995 - 1997) stavba tunelového vodovodniho privadéce ve Spandisku (Transvase
Guadiaro-Majaceite) s vnitfnim primérem 4,2 m (Castello et al., 1990)

Tunel s maximalnim nadlozim 500 m prochazi heterogennim a slozitym masivem,
slozenym ze sedimentarnich a tektonizovanych hornin (od pevného vapence, mra-
morovaného vapence aZz po mékky a bobtnavy jilovito-piséity fly$). Pfedchozi pri-
zkumy se skladaly z 29 zkudebnich vrti o celkové délce kolem 6000 m (0,5 m
prazkumného vrtu na metr tunelu)

Vyskyt vyznamnych konvergenci tlagivého charakteru byl pozorovan v délce asi 3 940
metrdl v severni &4sti tunelu, kde se budovalo osténi z prefabrikovanych dilcd. Ve
zbyvajici délce tunelu, v pfevazné pevnych vapencich, kde se otekavaly podminky
stabilni horniny, se provadély stfikané betony a skalni svorniky, s naslednym prove-
denim osténi z monolitického betonu

3. TUNELOVANI, PODZEMNI VODA A SEDANiI
V MESTSKYCH UZEMICH

Vzajemné vlivy mezi tunelovanim a podzemnimi vodami predstavuji nékolik aspektd,
které jsou uvedeny v tabulce 3.

Padzemni voda se pro ¢lovéka stdva zakladnim zdrojem a z toho diivodu je nutno ji
chranit a spravné vyuzivat, V Evropé se v soucasné dobé stalo praxi, Ze se pfi
razbéch tuneld brani odvadéni podzemnich vod, a to nejen u velkych méstskych za-
staveb, vybudovanych na aluvidinich a vodou nasycenych zemindch, ale i tunel pod
horskymi hiebeny. Obzvla§té v téchto pfipadech mistni Ufady, spravujici danou
oblast, pozaduji dopravu svedené vody chranénymi potrubimi tak, aby byla voda
k dispozici u Gsti tunell ve stejném stavu, jako je voda pramenita.

Dobre se vi, ze v méstskych oblastech je odvadéni vod vieobecné spojeno se se-
danim v ddsledku konsolidace zeminy. Zajimavym praktickym pfipadem je budovana
stavba v Hongkongu (Chui, 2000).

Obyvatelstvo a primyslovd zakladna Hongkongu v minulych létech znaéné vzrostly.
V dlsledku toho také vzrostlo mnoZstvi vznikajicich tekutych odpadd, Téméf jedna
polovina odpadnich vod neni v souéasné dobé pfed vypousténim do mofe upravena
Vétdina zbyvajicich vod je pfed vypudténim do mistnich odpadnich fad(l pouze
pfedCisténad na jemnych ¢eslich a je z nich odstranén pisek. Disledkem je trvalé
zhor§ovanf kvality mistnich vod v okoli Hongkongu.

V roce 1989 se dtvar odvadéni vod (Drainage Services Department, DSD) zavazal
vybudovat podzemni kanaliza&ni sit pro obsluhu méstskych oblasti Hongkongu. Sit
byla nésledné nazvana Strategicky projekt odvadéni spladkovych vod (Strategic
Sewage Disposal Scheme, SSDS)

Jako soucast SSDS byla napldnovana vystavba pes 70 km hlubinnych tuneld. Byly
shromazdény informace /0 horninovych pomérech pro provadéci projekt tuneld,
Sachet, ¢erpacich stanic, podzemnich Upraven odpadnich vod a odpadnich fadf. Pro
ovéfenl vysledkl rozsahlych geofyzikalnich prizkumd byly provedeny pevninové
a pfibfeZni vrty po celém Uzemi vystavby. Byly provedeny i Lugeonovy testy.

Vzéjemné vlivy mezi podzemni stavbou a podzemnimi vodami

Piedpokladalo se, Ze v&tsina tuneld bude razena v priznivych a dobrych Zulovych
a Caste¢né tufovych horninovych masivech, Od samého zatétku razenf tuneli (faze |
- prvni Cést planovaného projektu - tunely jsou pfed dokongenim) se ve velkém
rozsahu vyskytovaly znatné piitoky vody (pfes 100 I/min na metr). Maximaini piftok
byl pozorovan v mnozstvi 2000 I/min/m. Velké piitoky byly zplsobeny nespojitymi

The design has always been carried out by using a deterministic approach.
Reality of construction however has never been so. This is due to the large
number of uncertainties that cannot be avoided at the design stage: geolo-
gical, geotechnical, hydrogeological uncertainties, different types of
machines available (new or used), and different construction techniques
(Pelizza, 1998).

Hence, at the design stage, it is impossible to know every aspect of the geo-
logical profile. It is therefore necessary to decide whether to optimise the
choice of the construction method or the selection of the machine for
a given tunnel, on the basis of the understanding of site geology and geoti-
echnical conditions or of the level of prediction about these conditions (up to
which point are these predictions optimistic or pessimistic?).

On the other hand, the problem of global optimisation is very complex, given
the large number of geological, technological, environmental, and econo-
mic-financial variables involved. At the present time, it is becoming possible
to manage, in probabilistic terms, the decision strategies for tunnelling
under uncertainty conditions involving various levels of variability (Eisen-
stein, 1996, Xu et al., 1996) (fig. 1).

The fundamental problem is always determined by the physical and geo-
technical heterogeneity of the rock mass in which the tunnel is to be exca-
vated. For a full face mechanised excavation, which is a rather rigid system,
the strength heterogeneity of the material to be excavated is even more
important, be it a rock or soil.

Prior understanding, obtained in a correct manner, of the geological and
geotechnical conditions of the site is fundamental for the development of
underground works. Up to now, too little money has in general been spent on
preliminary investigations. It has in fact been demonstrated that money
spent on such investigations is greatly compensated by the savings made in
terms of consiruction cost and time. Forward probing from a TBM driven
pilot tunnel or a main tunnel is not an alternative to an adequate preinvesti-
gation (Pelizza, 2000)

A considerable example of the positive effects on the performance of
a TBM purposely constructed by accounting for a good understanding of
geology obtained on the basis of a detailed and preventive geological inves-
tigation, is offered by the recent (1995-1997) construction in Spain
(Trasvase Guadiaro-Majaceite) of a 12.185 kilometre long water conveyance
tunnel, 4.2 m inside diameter (Castello et al., 1999)

The tunnel runs under a maximum overburden of 500 m, through heteroge-
neous and complex ground, composed of sedimentary and tectonized rocks
(from hard limestone, marbly limestone and soft and swelling argillo-arena-
ceous and clayey flysch). The preliminary investigations comprised 29
probe holes for a total length of approximately 6000 m (0.5 m of investigation
hole per meter of tunnel).

Significant convergences with a squeezing behaviour were observed to
occur in flysch along a 3940 m length in the northern section of the tunnel,
where a lining formed by precast segments was installed. In the remaining
tunnel length, in a predominantly hard limestone, where stable rock condi-
tions were expected, shotcrete and rock bolts were installed followed by
a cast in situ concrete lining.

3. TUNNELLING, GROUND WATER AND
SETTLEMENTS IN URBAN AREAS

The interference between tunnelling and ground water presents several
aspects which are illustrated in table 3

Ground water is still becoming a fundamental resource for mankind and for
this reason it must be protected and welf-used. In Europe an increasing cur-
rent practice is that of avoiding the drainage of ground water when excava-
ting the tunnels not only in large urban areas built in alluvial and acquiferous
soils, but also in the tunnels crossing the mountain ranges; especially in this
cases, local administration, which have the control of the territory, ask for
the transportation of the drained water in protected pipelines, in order to
make the water available at the adits of the tunnel in the same condition of
the spring water.

It is well known that in the urban areas the drainage of the water is generally
accompanied with seltfements due to the soil consolidation. An interesting
case history is that of a work under construction in Hong Kong (Chui, 2000).
The population and industrial base of Hong Kong have grown significantly in
recent years. As a consequence the volume of liquid waste generated has
also increased.

Up to half of the flow currently receives no treatment before it is discharged
to the sea at the shoreline. Most of the remaining flow undergoes only fine
screening and grit removal before discharge through local outfalls. As
a result, there has been a continuing deterioration in the quality of local
waters around Hong Kong.

In 1989, the Drainage Services Department (DSD) assumed responsibility for
construction of an underground sewerage network to serve the urban areas
of Hong Kong. The network was subsequently named Strategic Sewage
Disposal Scheme (5SDS)

Over 70 km of deep tunnels was planned to be constructed as part of the
SSDS. Information on ground conditions was collected for detailed design of
tunnels, shafts, pumping stations, underground sewage treatment plants
and outfalls. Land and offshore mainly vertical boreholes were drilled to
check and calibrate the results of extensive geophysical surveys along the
entire layout. Lugeon tests were also performed.

7|
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Tabulka 3. Vzajemné vlivy mezi podzemni stavbou a podzemnimi vodami

Table 3. interference of the underground construction with groundwater

Opatfeni k napravé
Remedial works

VLIV NA UCINKY
IMPACT ON SRRECY Preventivni V pribéhu stavby Za provozu
Preventive During construction During operation
ZNECISTEN] (fyzicke, - zaji$téni nepropustnosti
chemické, biologické) - fizeni zne¢istovanf
- pfimé proudéni mezi - Cisténi
podzemnimi vodami - impermeabilization
POLLUTION (physical, - pollution control
chemical, biological) - remediation and depuration
- direct flow between
groundwater
PreruSeni proudéni - specialni sit pro proudéni
(pfehradovy efekt) pod a nad konstrukcf
Flow iterruption (dam effect) - special longitudinal flow network,
under and over the structure
ODVODNENI]
- narudeni hydraulického
V\\l/gggﬂ proudéni
- snizeni hladiny spodni vody
(pokles, vysychani studni, Znepropustnéni zeminy
$kody na vegetaci) Soil impermeabilization Znepropustnéni zeminy
- mizenf pramend, studnf Metody razby, které umoziiuji Fidit | Soil impermeabilization
- snizenf hladiny povrchovych nebo odstranit venkovni vodu
tokd - narugent hydro- Do&asna a alternativni dodavka Trvald a alternativni dodavka vody
termalnich siti vody Ochrana a doprava do okolf
DRAINING Excavation techniques which allow | vodniho zdroje
- hydraulic flow perturbation to control or to remowe the Permanent and alternative water
- lowering of GWT (subsi- external water supply Preservation and transport
dence, well dessiccation, Temporary and alternative at the external of the water
damages to vegetation) Znepropustnéni zeminy water supply resource
- o o jaiig, 1A, Soil impermeabilization
derivation
- reduction of surface flow
- petrurbation in
hydrothermal nets
NARUSENI PRACI Odvodnéni - lokélni ochrana
WORK DISTURB Drainige local protection
ZAPLAVEN( Umisténi a ochrana vstup / Positioning and protection of adits
FLOODS Dovrchni razba/Upwards excavation
ODNASEN[ PEVNYCH CASTIC Provadéni vrtli Adekvatni povrchové proudéni
A USAZOVANI CHEMIKALII Odvodnéni a znepropustnéni
SOLID TRANSPORT AND Borehole drillings Adequate surface flow and
CHEMICAL DEPOSIT Drainage impermeabilization
NESTABILITA VYRUBU Odvodnéni
(éelﬁyzallir?/hél\r& PORUCHY ék‘tivvni’ocj\'/qcl)dg.éni d d
TLA = nizovani hladiny spodnf vo ; e Ty
DEGRADACE ZEMIN erpacimi studnam ! e
EXCAVATION INSTABILITY Drainage CUTHEIEL Elfte] EXRIEEIUENS SURIoIns
(face and walls) EARTH Active drainage
RAZBU PRESSURE FAILURES DEGRA- Lowering of GWT by means of well
DATIONS OF SOILS eduction
EXCAVATION

HYDRAULICKY TLAK NA
OSTENI / HYDRAULIC
PRESSURE ON LININGS

Odvodnéni
Adekvatnf konstrukce / Drainage
Adequate structures

TEPLOTA V PODZEMI
TEMPERATURE OF THE
UNDERGROUND

Odvodnéni / Drainage
Izolované stroje / Isolate plants

KRASOVE JEVY
KARST

Priizkumy
Surveys

Pribézné predstihové vrty a
prazkumy / Continuous drillings
and surveys with advancing

Brénéni proudéni za osténim
Monitorovani

Avoid flow at the back of the lining
Monitoring

PROUDENI VODY / WATER FLOW

Odvodnéni tunell

a odvedeni povrchovych tokl / Draina

ge tunnels and surface flow

POSKOZOVANI BETONU
CONCRETE DAMAGE

Znepropustnéni - Specialni cement
a beton / Impermeabilization -
Special cement and concrete
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vodivymi diskontinuitami, které nékdy nebyly spojeny se znamymi poruchovymi zona-
mi (obr. 2).

Neocekdvany vyskyt takovych mnoZstvi vody zplsobil podstatné zpomaleni postupu
praci a ve svém disledku zvydeni naklad( a $kody na Zivotnim prostiedi na povrchu.
Velka ¢ast méstskych oblasti Hongkongu byla postavena na rekultivaénich nasypech.
K zabranéni sedani povrchu v téchto oblastech, zplsobeného pfitokem vod do tunell
v pribéhu razby, byly nutné rozsahlé injektaZni prace. Zkusenosti z vystavby prvniho
tunelu ukazuji, Zze horninové masivy tam, kde se tunely razi, jsou celkem zdravé
a mistnf poruchy razbu vyrazné neovliviuji

Hlavni problém je zplsoben pfitomnosti ,citlivjch oblasti, tykajicich se jevu sedant,
ktery ve fazi projektovani nutné vyzaduje spravné predvidani potiebnych zasah
k zamezeni negativnich vlivd odvadéni podzemnich vod, ke kterému dochézi pfi
tunelafskych pracich. SniZeni rizika pfi raZeni tuneld silné zavisi na podrobnych geo-
logickych prizkumech. V tomto pfipadé spravna volba metod razeni (obr 3)
a spravné preddefinovani citlivjch oblasti umoZni znatné zkraceni doby a snizen
nakladd na dodate&né Upravy horniny.

Na zakladé porovnani metodik prizkumu stavenisté, jejich vysledkli a skutedného
stavu, zjiSténého vrtanim, Ize dospét k nékterym vieobecnym Gvaham:

Propustnost horninového masivu (pfed zahdjenim razeb)

Pfitok vody je funkci dvou zfetelnych mechanismii:

o piispévek hydrostatického spddu a proudeéni nespojitymi vodivymi diskontinuitami
(NVD)

o vyskyt NVD md na celkovy pfitok vody na danou délku tunelu velky vliv

Obr. 3 Rozdilny aginek odvodnéni u mélkych a hlubokych tuneld
Fig. 3 Diferent drenaige efect of shalow and deep tunnel

Obr. 4 Priizkum pomoci smérovanych vrt(
Fig. 4 Investigation through directional drilling

Interference of the underground construction with groundwater.

Most of the tunnels was expected to be excavated in fair and good granite
and minor tuff rock masses. Starting from the immediate beginning of the
tunnels excavation (Stage | - the first part of the planned layout - tunnels are
going to be finished), heavy water inflow (more than 100 l/min per m)
occurred extensively. A maximum value of around 2000 I|/min/m was
observed: large inflows were due to discrete conductive discontinuities not
always linked to the known fault zones (fig. 2).

Unexpected occurrence of such amount of water caused a significant slow-
down in the work progress with consequent cost increase and environmental
damages on the surface. A large part of Hong Kong urban areas was built on
reclamation filling; to prevent surface seitlements in these zones, caused by
water inflow into the tunnels under excavations, extensive grouting was ne-
cessary. The experience of the construction of the first tunnels has shown
that the rock masses where the tunnels are driven are fairly competent and
the local failures or faults do not affect strongly the excavation performance.
The principal problem is caused by the presence of the so-called "sensitive
areas” in respect of settlements phenomena which necessitates a correct
forecast, in the design stage, of the necessary interventions to prevent the
negative influence of drainage of the underground water resulting from the
tunnelling activity. The reduction of risk in tunnelling excavation depends
strongly on detailed geological investigations. In this case the correct
choice of the excavalion technologies (fig. 3) and the correct predefinition of
the sensitive areas will allow a significant reduction of time and cost of addi-
tional ground treatment.

After comparing the site investigation methodologies, their results and the
real scenario observed after drilling, some general considerations can be
made:

Rock mass permeability

Water inflow is a function of two distinct mechanisms;

e background rale and flow through discrete conductive discontinuities con-
tribution (DCDs)

o The occurrence of DCDs influences greatly the total water inflow for a
given tunnel length

Site investigations

e Drilling was mainly orientated vertical or inclined from the vertical while
(data can be inferred from bibliography) geological structural trends are
associated with nearly vertical jointing. Permeability of rock is often found to
be more permeable vertically than horizontally

o Lugeon tests were the only site investigations performed to evaluate rock
masses permeabilily and more, they were not even performed systematical-
ly on every borehole. The tests were not coupled with other methodologies in
order lo calibrate results

o While the background rate was evaluated for each of the rock masses,
peak values and occurrence of DCDs were underestimated.

Prediction of water inflow depends much on detailed geological investiga-
tion able to highlight vertical joints and faults,

Further site investigations should be performed through directional drilling
(fig. 4) able to investigate DCDs occurrence along the tunnel alignment
(Dowdell, 1999; Darmedrail, 1999).

Water absorption test (Lugeon test) can be conducted while progressing as
well .as tesling water physical parameters.

The experience from the previous stage can be used to predict next stages
by statistical processing of previous data and simulation of the next, where
the number of DCDs along a segment and inflow of each of this will be ran-
dom variable.

It's however to state that a continuous surveying of the front face during the
excavation is, in this case, unavoidable, to allow a detailed definition of the
injection patterns to waterproof the rock mass.
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Priizkumy staveni§té

o Yrty byly vét8inou orientovany svisle nebo v odklonu od svislice, zatimco (Udaje
mohou byt odvozeny z bibliografie) trendy geologické struktury jsou spojeny s téméf
vodorovnym rozpukanim. Propustnost horniny je Casto vy$8i ve svislém sméru nez
vodorovném.

o Lugeonovy tesly byly jedingm prizkumem slavemsle provadénym za (¢elem
posouzeni propustnosti horninového masivu, navic ani nebyly provadény systema-
ticky u kazdého vrtu. Testy nebyly spojeny s jinymi metodami, aby se daly vysledky
kalibrovat

o Zatimco hydrostaticky spad byl posuzovan u kazdého horninoveého masivu, §pig-
kové hodnotly a vyskyt NVD byly podcenény,

Predpovidani pfitokd vody velmi zavisi na podrobném geologickém prizkumu, kterym
Ize osvétlit svislé trhliny a poruchy.

Dals! prizkumy stavenisté by mély byt provedeny pomoci smérovych vrtd {obr. 4),
kterymi je mozno vySetfit vyskyt NVD po trase tunelu (Dowdell, 1999; Darmedrail,
1999). V pribéhu razeb je moZno provadst zkousku absorbce vody (Lugeondv test)
i zkousky na urcent fyzikalnich parametrd vody.

Zkudenosti z pfedchozi faze mohou byt vyuzity k pfedpovidani dalsich fazi pomoci
statistického zpracovani pfedchozich udajl a simulace nasledujicich, kde potet NVD
podél segmentu a pfitok z kazdé z nich budou nahodné proménné.

Je v8ak nutno fici, Ze pribézny prizkum na celb& v prubéhu razby je v tomto pfipadé
zcela nutny, aby bylo moZno vypracovat podrobny navrh vrtnych schémat pro
vadotésnicl injektaz horninového masivu.

Minimum pro nezajisténou horminu

Kontrolni otvory zamezujici
Minimum unsuported ground

vniknuti velkych blokd
Controled openings fo restrict
entrance of large block

Stit tunelovaciho stroje
Tunne/ boring machine sheld

Zarfizeni na predstihové sondovani

a Upravu hominy pfes feznou hlavu
Faculty for forward probing and ground
treatment through the cutter head

Rezna hlava pro rovné hladké profilovani
Flat smooth profile cutter head ;

Hnaci motor s velmi vysokym startovacim krouticim
momentem a proménnou rychlosti

Very high start-up fourque-variable speed drive motors Push rams

Vrtaci souprava pro predstihové
sondovani a pravu hominy

Rock drill for forward probing a utésnéni prepazky
and ground treatment JRetractable spoil conveyor to provide
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Vysunovaci dopravnik rubaniny,
umoznujici pfistup k fezné hlave

accses to the cutterhead and fo enable
bulkhead o be sealed

]
1 )

Regulaéni otvor nakladani dopravniku
Conveyor feed control gate

Otocny ukladag dilca ostem
Rotary segment erector

Vyplova injektaz za osténim
Grouted space

Dokonéené osténi tunelu

Tailseals Completed tunnel wall

Obr. 2a Schéma $titového tunelovaciho stroje uréeného k predstihovému sondovani { Foster, 1997)
Fig. 2a General outline of shielded TBM predisposed for ahead probing ( Foster, 1997)

Obr. 2b Uprava vrtd a injektaZnich trubek pfi priichodu plastém a hlavou &titu. Vriné ty&e (trubky) musi byt rozpojitelné hlavou §titu v pripadé,

Ze zlstavaji v prazkumnych vrtech. (Maidl, 1999)

F/g 2b Arrangement of the boring and grouting channels through the shield jacket and cutterhead. Drilling rods must be crushable by the cutter head

in case they get lost during the probing operations (Maidl, 1999)
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Tunel

RENESANCE TECHNOLOGIE STITOVANYCH STOL
RAZBA STOK V HRADCI KRALOVE

RENAISSANCE OF SHIELD-DRIVEN GALLERIES
DRIVING SEWERS IN HRADEC KRALOVE

ING. IGOR FRYC, POHL spol. s r.o., BRNO

1. UVOD

Uvodem &lanku by chtél autor pfedeslat, e je zastancem modernich razi-
cich technologif vystavby inZenyrskych siti za pouziti plné mechanizo-
vanych razicich stroji. BohuZel soutasna situace na trhu stavebnich praci
nas nuti hledat nejlevngjsi technicka fe$eni a mezi ty rozhodné patfi vyuzit
nemechanizovanych razicich §titd pro vystavbu kmenovych kanalizaénich
stok.

Ukolem nas stavaf(l je pak navrh takového technického feseni, které by za-
ru¢ilo dodrzeni i téch nejpiisngjsich kvalitativnich parametrd dfla pfi pouziti
relativné zastaralé technologie

2. DUVODY PRO NASAZENI NEMECHANIZOVANYCH
A CASTECNE MECHANIZOVANYCH RAZICICH STITU

Jak jiz bylo uvedeno v Uvodu, primarnim argumentem pro nasazeni téchto
§titd je prevazujicl ekonomické hledisko. Dal§im divodem je snadna dostup-
nost této technologie, protoZe historicky v nasi republice existuje cca 35 ks
razicich §titG v profilech DN 2000 - 3600 mm. Z toho firma POHL disponuje
fadou §titd v profilech DN 2000, 2560, 3050 a 3160 mm.

| pfes svou zastaralost véak ma nasazeni nemechanizovanych titd fadu ne
zcela zanedbatelnych vyhod:

o Pii nepfedvidatelném stfetu se stdvajicimi inzenyrskymi sitémi nedojde
k jejich apiné destrukci a je mozné provést jejich provizorni pfelozeni nebo
pfevedeni segmentovym osténim. Tato vyhoda se projevuje obzviast pfi
razbach v husté méstské zastavbé, kde neni nouze o vyskyt neznamych
podzemnich chodeb, §tétovych stén, starého zakladového zdiva atd

o MoZnost okamzité reagovat na nenadalé zmény geologickych podminek na
¢elbg (napf. nasazeni jinych druhd té&Znich mechanisma, ruénf odstranéni
prekazky, pouZitl trhacich praci, injektdz z Selby apod.)

« Kontinuélni sledovanf profilu razby a moZnost operativni zmény trasy Stoly.
Z vy$e popsanych vyhod vyplyva, Ze razba nemechnizovanymi &tity tvofi
vlastné kompromis mezi razbou plné mechanizovanymi razicimi stroji a kla-
sickou razbou provadénou hornickym zplsobem.

3. ELIMINACE NEVYHOD KONSTRUKCNICH RESENI
OBEZDIVKY STITOVANYCH STOL

Leto3ni rok probé&hla v Brné Ziva diskuse na téma kvality a Zivotnosti kme-
novych stok provadénych §titovanim. Dluzno podotknout, Ze se objevily
vyhrady ke kvalité takto provadénych stok, a to zejména co se tyka po-
Zadované vodot&snosti. Zde je potfeba pfiznat jednu z nevyhod segmen-
tového osténi, a to je velké mnoZstvi pficnych a podéinych spar na bézny
metr $toly. Nyn&jsi praxe zplsobu utésfiovani pomoci t&snicl bentonitoce-
mentové injektaze se jevi jako neprikazna, nevyhovujici a zbyte¢ng néklad-
na. Stejné tak realizace sekundarni obezdivky pomoci keramickych segmen-
td neni optimalni, protoze dale zvyuje rozsah spar v konstrukci stoky.

Mozné cesty napravy:

A) ZLEPSENI KVALITATIVNi UROVNE STAVAJICIHO

SEGMENTOVEHO OSTENI
Prefa Brno, a.s., se ve spolupraci s firmou POHL snaZi vylepsit sou¢asné
druhy prefabrikatl typu BZM. Zmény spoéivaji v zaji§téni vetsi tvarové pfes-
nosti tybinkU, zajisténi konstantnf §itky spary, osazeni integrovaného tésnéni
v pfitné spafe tybinku a nahrazeni klasické betonafské vyztuze dratkobe-
tonem.

1. INTRODUCTION

At the beginning of this article, the author would like to premise that he sup-
ports modern driving techniques for construction of utility networks, using
fully mechanised boring machines. Regretfully, the current situation on the
construction works market is forcing us to seek for the cheapest technical
solutions. Utilisation of non-mechanised shields for construction of trunk
sewers surely belongs among them.

Then, the task for us, builders, is to propose such a technical solution which
would guarantee that even the most stringent qualitative parameters are met
when a relatively outdated technique is utilised

2. THE REASONS OF UTILISATION OF NON-
MECHANISED AND PARTLY MECHANISED SHIELDS

As stated in the introduction, a primary argument for utilisation of these
shields is the prevailing economic aspect. Another reason is the availability
of equipment for this technique as about 35 shields DN 2000 - 3600mm have
existed historically in our republic. Out of that, POHL company owns a num-
ber of shields DN 2000, 2560, 3050 and 3160mm in diameter.

Despite its obsolescence, the utilisation of non-mechanised shields features
a number of advantages not completely negligible:

o Existing utilities are not totally damaged in a case of an unpredictable co-
llision, thus it is possible to build a diversion or to lead them through the tun-
nel lining. This advantage is evident namely in driving under densely deve-
loped areas, where unknown underground galleries, sheet piling walls, old
foundations etc. occur frequently

e The possibility to respond to unexpected changes in geological conditions
at the face (e.g. deployment of other types of excavation equipment, manual
removal of an obstacle, utilisation of drill+blast work, grouting from the face
etc.).

o Continual monitoring of the excavation profile and a possibility to change
the gallery alignment.

It follows from the above mentioned advantages that, in fact, driving with
non-mechanised shields represents a compromise between driving with
mechanised boring machines and conventional driving by a mining way.

3. ELIMINATION OF DISADVANTAGES OF THE
STRUCTURAL DESIGN OF SHIELD-DRIVEN
GALLERIES LINING

This year, a lively discussion took part in Brno regarding quality and longevi-
ty of trunk sewers carried out by shielding. It is necessary to note that reser-
vations occurred over the quality of the sewers built in such the manner,
namely regarding the waterproofing properties required. One of disadvan-
tages of segmental lining must be admitted here, ie. a large number of ra-
dial and transversal joints per a linear meter of an adit. Existing praxis of the
way of sealing by means of a sealing bentonite-cementitious grouting
appears inconclusive, unsatisfactory and unnecessarily costly. In the same
way, execution of secondary lining using ceramic segments is not optimal as
it further increases the extent of joints in the structure of a sewer.

Possible ways of remedy :
A) IMPROVEMENT OF THE QUALITY LEVEL OF EXISTING
SEGMENTAL LINING

Prefa Brno a.s. company, in collaboration with POHL, has been trying to
improve existing types of BZM lype precast concrete segments. The
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B) NAHRAZENi NEVYHOVUJICI TESNICI INJEKTAZE

Jak jiz bylo uvedeno, efektivita tésnici injektaZze za rubem $titované obe-
zdivky je velice diskutabilni a v praxi nedosahuje pozadovanych vysledkd.
Vyznam ma vypliova injektaz, ale to pouze z ddvodu vyplnéni nadvylom,
nikaliv k zajisténi vodotésnosti. V budoucnu bude vhodnéjsi se zaméfit na
vlastni utésnéni spar mezi jednotlivymi segmenty pomoci specidlnich hmot
na bazi slinkl nebo polymerl a jejich krystalizace (XYPEX, WATERPLUG,
SIKA atd.)

C) SEKUNDARNI OSTENI JAKO HLAVNI NOSITEL VODOTESNOSTI

Jako nejefektivnéj$i se v dnedni dobé jevi zalaZeni sklolamindtovych trub
typu HOBAS do vybudované $toly a zapInéni vzniklého mezikruzi betonovou
smési. Takto vybudovana stoka garantuje potfebnou vodotésnost a vysokou
zivotnost. V profilech vétsich jako 2 m je jednou z moznosti provedeni mono-
litického sekundarniho osténi za pouziti mezilehlé izolace

4. RAZBA STOKY JEDNOTNE KANALIZACE
V HRADCI KRALOVE

V rémci vystavby obchodniho centra TESCO Hradec Kralové realizovala
firma POHL razbu kmenové stoky DN 1400 mm pomoci razicich §titd DN
2000 a 2560 mm v celkové délce 240 bm. Razba probihala ve sloZitych
hydrogeologickych podminkach v silné zvodnélych Stérkopiskovych polab-
skych terasach, kdy celkové pritoky v Sachtach a na ¢elbach &inily cca 30 -
35 Ifs.

TECHNICKE PARAMETRY DiLA:

Celkové délka razenych Usekl: 240 bm

Prdmérna hloubka podvy: 4,5 m

Maximalni nadlozi: 2,8 m

Minimalnf nadlozi: 2,0 m

Vyskyt hladiny podzemnich vod: 1,5 m pod Urovni terénu

Jak jiz byva tradici u staveb provadénych pro zahrani¢ni investory ,obchod-
nich fetézcl", snoubila se nizka cena s velmi kratkou az Sibeniéni IhGtou vy-
stavby. V tomto pfipadé se jednalo o 3 mésice vCetné vystavby 1,5 km ka-
nalizace a 2 km vodovodu provadéné v otevfené ryze.

V pfedstihu pfed vykopem startovacich Sachet pro §tity byly provedeny 4 ks
odvodnovacich vrtl profilu DN 400 mm a hloubky cca 8 bm podél trasy
shérate, které mély za dkol stdhnout okolni hladinu podzemnich vod tak,
aby vlastni razba probihala v relativnim suchu. U&innost tohoto opatfeni se
v8ak v praxi ukazala jako témé&rf nulovd, protoZe pfitoky podzemnich vod se
stejné nakonec soustfedily ve startovacich a téznich Sachtach

160
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| _ Sklolaminatova trouba, DN 1 400
GRP pipe, DN 1 400

| Vypliiovy beton B 10
Backfill - concrete B10

| Zelezobetonové segmentové osténi BZM
BZM reinforced concrete segmental lining

| Natér 1 x ALP +SA 10
Coating 1x penetration bitumen coat + SA10

|_ Vypfiova jilocementova injektaz
Clay - cementitious back grouting

Obr. 1 Vzorovy pri¢ny fez $tolou
Fig. 1 Typical cross section of the gallery

changes consist in ensuring higher accuracy in the shape of the segments,
assurance of a constant joint width, installation of an integrated sealing in
the transversal joint of the segment, and replacement of conventional con-
crete reinforcement by steel fibres

B) REPLACEMENT OF UNSATISFACTORY SEALING GROUTING

As mentioned above, efficiency of the sealing grouting behind the lining
erected by shielding is very disputable and, in praxis, it does not achieve
the results required. Only back grouting has its significance, but for the rea-
son of backfilling overbreaks, not for watertightness. In the future, it will be
more reasonable to focus on sealing of joints between individual segments
by means of dedicated grouts based on clinkers or polymers, and their crys-
tallisation (XYPEX, WATERPLUG, SIKA, etc.)

C) SECONDARY LINING AS THE MAIN FACTOR OF WATERPROOFING
Pulling of HOBAS type glassfibre reinforced plastic pipes into a completed
gallery and filling of the annular spaée by concrete mix appears as the most
effective method nowadays. A sewer built in such the manner guarantees
required watertightness and high longevity. It represents one of the possibi-
lities how to execute a secondary in-situ concrete lining with intermediary
insulation in profiles exceeding 2m.

4. DRIVING OF A SEWER OF THE COMBINED
SEWERAGE SYSTEM IN HRADEC KRALOVE

In the framework of the construction of the TESCO retail center in Hradec
Kralove, POHL company performed the drive of a DN 1400mm trunk sewer,
by means of shields DN 2000 and 2560mm, in heavily water-bearing gravel
sand terraces of the Elbe river, where overall water inflows in shafts and at
the headings amounted to about 30-50 I/s.

TECHNICAL PARAMETERS OF THE WORKING :

Total length of driven sections: 240 Im

Average depth of the invert: 4.5 m

Maximum cover: 2.8 m

Minimum cover: 2.0 m

Occurrence of water table: 1.5 m under the ground level

As it has become a tradition at constructions supplied to foreign investors of
store chains, low price was combined with a very short, ,murderous” dead-
line. In this specific case, 3 months were available, including construction of
a 1.5 km-long sewer and a water main performed in open cut.

In advance, before excavation of launch chambers for the shields, 4 pieces
of DN 400mm drainage holes were bored, about 8 Im deep, along the collec-
tor alignment. The purpose was to lower the water table in the vicinity, thus
to enable driving in relatively dry conditions. Although, efficiency of this
measure turned out to be nearly zero as inflows of ground water eventually
concentrated in the launch chambers and hoisting shafts.

The average daily advance of the shield drive amounted to 2.0m per shift.
This advance corresponds to the monthly advance of 90-100 Im, which, with
respect to the given hydrogeological conditions, can be characterised as
a top performance. The fact can not be left out of consideration that a maxi-
mum stress had to be placed on the driving accuracy (maximum allowable
deviation from line and level of +5cm).

Secondary lining of the collector consisted of DN 1400mm (DA 1480mm incl.
the socket) HOBAS glassfibre reinforced plastic (GRP) pipes. Installation of
the pipes in the gallery driven by a DN 2000mm shield was particularly diffi-
cult with respect to the fact that its theoretical net profile is 1680mm and,
practically, 1620-1640mm only when the yielding process in the segmental
lining is over. Only 10 to12cm-wide gap remained for handling the pipes in
the gallery. After our practical experience of the pipes installation, we re-
commend for similar cases that more rigid glassfibre reinforced plastic
pipes, ie. SN 5000 as a minimum, be used.

Measurement of the settlement trough was performed in the course of the
drive. Maximum settlement along the drive alignment amounted to 3-4cm (for
the DN 2560mm shield), and 1-2cm (DN 2000 shield). This settlement
occurs, even if technological rules are adhered to at a maximum level, due
to the yield in segmental lining of a gallery, and as a result of the water table
lowering. By no means can it be avoided at the given technique.

Despite countless partial difficulties during the construction, the works were
handed over without defects and outstanding work, to the schedule, and in
the quality required. In this place, | would like to appreciate the attitude of
general contractor's representatives (IPS a.s., Trinec branch, namely Eng.
Sigmund and Mr Burian), who, despite uncompromising requirements on
quality of the works and necessity to meet construction deadlines, managed
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Primérny denni postup razby $titem ¢inil 2,0 bm za sménu, éemu? odpovida
mésieni vykon 90-100 bm, ktery lze v danych hydrogeologickych pod-
minkach charakterizovat jako $pickovy. Nelze opomenout, Ze musel byt kla-
den maximalni dlraz na pfesnost razby (maximalni smérova a vyskova
odchylka mohla byt pouze + 5 cm)

Sekundarnf vystrojeni sbérace tvorily sklolaminatové trouby HOBAS DN 1400
mm (DA 1480 mm v&etné objimky). ZvIa&té obtizné bylo osazovani t&chto
trub ve Stole razené §titem profilu DN 2000 mm, jejiZ teoreticky svétly pro-
fil ¢ini 1680 mm (prakticky po dotvarovani segmentového osténi pouze
1620-1640 mm). Pro manipulaci s potrubim ve $tole pak zbyvala vile pouze
10-12 cm Po praktické zkuSenosti s osazovanim potrubi doparuéujeme
v téchto ptipadech pouZivat sklolamindtové potrubf o vétsi tuhosti, tj. min,
SN 5000,

B&hem razby bylo provadéno méfeni poklesové kotliny V ose razby &inily
maximalnf poklesy 3-4 cm (§tit DN 2560 mm) a 1-2 cm (§tit DN 2000 mm).
K témto poklestim dochazi, i pfi maximalnim dodrzeni technologické kazné,
vlivem dotvarovani segmentového osténi Stoly a staZeni hladiny spodnich
vod a nelze jim pfi dané technologii nijak zabréanit.

| pres nescetné diléi potiZze béhem vystavby se podafilo dilo pfedat bez vad
a nedodélkd v pozadovaném terminu a kvalité Zde bych chtél ocenit i pfi-
stup zastupcl generalniho dodavatele stavby (IPS, a.s., odstépny zavod
TFinec, jmenovité ing. Sigmunda a pana Buriana), ktefi i pfes nekompromisni
pozadavky na kvalitu dila a dodrZeni termind vystavby dokazali vécné
a konstruktivné fesit aktudlni problémy stavby a vyrazné napomoci Uspésné-
mu keneénému vysledku

5. ZAVER

Zévérem bych se chtél podélit o jednu zasadni zkuSenost s vystavbou
staveb obdobného charakteru. Jedna se o dokonCovaci a kompletacni prace
na stavbé, které nakonec vytvafeji celkovy dojem z provedeného dila.
Investara stavby v kone&né fazi nezajima, jak bylo vlastni dilo vyrazeno a za
jakych podminek se tak stalo. Pro pfedani stavby jsou dileZité, pro nas
tunelafe nékdy podruzné, zalezitosti jako napfiklad povrchové Upravy re-
viznich $achet, vytvarovani kynety v $achté, osazeni stupacek Ci upravy
terénu do plvodniho stavu

Ponaucenim je to, ze odborné provedeni didiniho dila je tfeba brat jako
samozfejmost a do budoucna si dét hlavné zdleZet na finalnich detailech,
které vlastni dilo prodavaji

Obr. 2 Zelezobetonové osténi stitované toly profilu DN 1680 mm
Fig. 2 RC lining of the shield-driven gallery, DN 1680 mm

to solve topical problems of the conslruction in a matter-of-fact and
constructive manner, and to be helpful in achieving the successful final
result.

5. CONCLUSION

To conclude, | would like to share one experience of crucial importance
regarding constructions of similar significance. This is the question of com-
pletion and finishing work at the site, which evenlually creates the overall
impression of the completed works. In the final phase, the owner af the
works is not interested how the working proper was driven and under which
conditions it happened. For the hand-over of the works, such concerns are
important which are sometimes considered as minor by us, tunnellers, e.g
surface finishes of manholes, shape of the flume in a shaft, installation of
climbing irons, or final terrain finishes

The lesson is that professional execution of a mine working must be consi-
dered as a commonplace, and, for the future, it is necessary to pay a special
attention to final details, which sell the works proper.

i H

Obr. 1 Razici nemechanizovany §tit DN 2000 mm
Fig. 1 Non-mechanised shield DN 2000 mm
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KABELOVY TUNEL STVANICE

CABLE TUNNEL STVANICE

ING. MILAN STOCHEL, POHL cz, a.s.
ING. LUBOMIR KUCERA, KO-KA, s.r.o.

uvoD

Prazska energetika, a.s., v rdmci svého dlouhodobého investi¢niho planu
zajistit hlavnimu méstu Ceské republiky dostatedné a spolehlivé dodavky
elektfiny, investuje velke finanéni prostfedky do Upravy stavajici rozvodné
sité

Potfeba podchodu feky Vitavy kabelovym tunelem z Hole$ovic do Karlina
vyvstala z poZzadavku propojeni transformoven 110/22 kV Hole8ovice a Stred
kabelem 110 kV. Toto propojeni umozni v budoucnu v pffpadé nutnosti vza-
jemnou vypomoc trafostanic pfi zasobovanf koneénych odbérateld elektfiny.
V samém pocatku této investice se uvaZzovalo o nékolika variantach moz-
ného prechodu vodniho toku (napf. od shybky z ocelovych trubek, fize-
ného vrtani - mikrotunelovani, razené $toly az po vyuZiti zamyslenych 4-
vek pro pési, které spojf v budoucnu oba bfehy s ostrovem Stvanice). Po
odpovédném zvazeni véech podminek bylo nakonec rozhodnuto o vystavbé
razeného tunelu. Toto feSeni, zdanlivé finanéné nakladnéjsi, umozriuje pie-
dem dobfe stanovit a sledovat finan¢ni naklady. U zbyvajicich variant jsou
nade v8i pochybnosti vysoka rizika vyplyvajici z majetkovych vztah(, zasaht
do vodnich a pozemnich cest, které mohou generovat nepiedvidatelné
vicenaklady. Volba shybky, fizeného mikrotunelovani ¢i vyuziti mostovky
znamena i horsi technické podminky pro uloZeni a provoz kabelového ve-
deni. Jednim z rozhodujicich faktorl pfi kone&ném rozhodovani byla
i moznost komeréniho vyuZiti tunelu k uloZenf dalich kabell. V neposledni
fadé je vedeni kabell tunelem daleko Setrngjsi k Zivotnimu prostfedi v dané
lokalité

Projekéni pfipravou stavby véetné zajisténi stavebniho povoleni a nasledné
realizacni dokumentace byla povéfena projektova a inZenyrska kancelar
KO-KA s.r0

Realizaci dila zadala Prazska energetika, a.s., na zakladé vybérového fizenf
firmé POHL cz, a.s

PARAMETRY STAVBY

Projektanti v kratkém ¢ase pfedloZili optimalni ndvrh pfechodu kabell z mis-
ta kiizovatky ulic Argentinska — Bubenské nabfeZi (holeovicky bfeh Vitavy)
do prostoru kfizovatky Pobfezni — U nadrazni lavky — Rohanské nabte?( (kar-
linsky bieh Vitavy). Kabelovy tunel podchédzi ob& ramena feky Vitavy
a ostrov Stvanici. Je ukon&en dvéma koncovymu {vstupnimi) $achtami, které
umoznuji rozplel kabell do poZzadovanych sméru. Tento celek, nazyvany
pracovng Kabelovy tunel Stvanice, tvofi tzv. 2. stavbu akce Kabel 110 kV TR
HoleSovice — TR Stfed a ma ndvaznost na 1. a 3. stavbu, coZ jsou kopané
trasy pro tytéZ kabely v oblasti HoleSovic a Karlina, propojujici obé trafo-
stanice.

Zakladni parametry kabelového tunelu:

m délka tunelu osova cca 585 m

m spad v celé délce trasy 0,55 %

m hloubka dna tunelu pod terénem cca 26,5 - 23 m
m hloubka dna tunelu pod hladinou Vitavy cca 18,5 m
m svétla vySka v nejvy$sim bodé 2,15 m

m svetld Sitka 1,8 m

Parametry Sachet jsou:

Sachta J31 (holesovicky bieh):

m svétly pramér 3,9 m
m hloubka 26,5 m s pfehloubenim 4,5 m (jako retenéni nadrz)

INTRODUCTION

PraZska energetika a.s., within a framework of its long-term investment plan
to ensure sufficient and reliable supplies of electricity to the Czech
Republic's capital, invests large financial means into the reconstruction of
the current distribution network

The need for an underpass of the Vitava river by a cable tunnel from
Holesovice to Karlin has arisen from the request for connection of the trans-
formers 110/22 kV Holesovice and Stfed by a 110 kV cable. This connection
would in the future allow, in case of necessily, a combined assistance of the
transformation stations in power supply to final electricity consumers

In the early beginning of this investment, several options of possible cross-
ing the water stream (for instance an inverted siphon from steel pipes, con-
trolled boring-microtunneling, driven shafts and use of the planned fool-
bridge, which will in the future connect both river banks with the island of
Stvanice) were discussed.

After a conscientious evaluation of all conditions, it was finally ruled in favor
for construction of a driven tunnel. This solution, seeming more finance
intensive, enables to correctly determine and monitor the financial costs
beforehand. All of the other options no doubt bring great risks, accruing
from a property relations and impacts on waterways and roads, which can
generate unpredictable additional costs. The options of the inverted siphon,
controlled microtunneling or use of the footbridge also involve worse techni-
cal conditions for installation and operation of cables. One of the decisive
factors for the final decision taking was also a possibility of commercial use
of the tunnel by storing other cables. Last but not least, the cable con-
veyance by a tunnel is by far friendlier to the local environment.

Designing and engineering office of KO-KA s.r.o. has been assigned to
elaborafe the design preparation and to provide the building permit as well
as the consequent detailed design

Based on a compelitive tender, PraZskd energetika a.s. has delegated the
company POHL cz a.s. to realize the construction.

CONSTRUCTION PARAMETERS

The designers have in a short time submitted an oplimal proposal for the
cable passage from the area of crossroads of Argentinskd - Bubenské
nabfeZi (the riverside of Holesovice) to the area of crossroads Pobfezni -
U Nadrazni lavky - Rohanské nébiezi (the riverside of Karlin). The cable
underpasses both river shoulders as well as the island of Stvanice and is fi-
nished by two terminal (entry) shafts, which enable cable splitting into the
desired directions. This complex, preliminarily called the cable tunnel Stva-
snice, creales the so-called second section of the Kabel 110/22 kV
Holesovice - TR Stfed project and links with the first and third section, which
are open-trench routes for the very same cables in the area of Hole$ovice
and Karlin, connecting both transformer stations

Basic cable tunnel parameters:

m Axial tunnel length of app. 585 m

m Gradient along the entire route of 0.55%

m Depth of the tunnel bottom beneath the terrain of app. 23 - 26,5 m

m Depth of the tunnel bottom beneath the Vitava river surface of app. 18 m
m Net height in the highest point of 2,15 m

m Net width of 1.8 m

Shaft parameters:

J31 Shaft (the riverside of HoleSovice)
m Net diameter of 3,9 m
m Depth of 26,5 m, with an over-excavation of 4,5 m (for a retention tank)
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Obr. 1 Hloubenf $achty $31
Fig. 1 Excavation of S31 Shaft

Obr. 2 Tézni sachta $31
Fig. 2 Hauling shaft 531
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Soucasti achty je podzemni strojovna VZT s mistnosti pro rozvadéce elektro
a M+R, podpovrchovy objekt pro vyusténi kabeld do kopané trasy, ve dné
Serpaci jimka, na povrchu je umistén vydechovy objekt VZT, pobliz Sachty
vyUsténi odvodnéni do toku Vitavy (v nabfezni zdi).

Sachta J32 (karlinsky breh):

m svétly pramér 3,1 m
m hloubka cca 23 m

Soudasti $achty je podpovichovy objekt k pievedeni kabell do névaznych
kopanych tras a povrchovy objekt nasdvani pro VZT.

Tunel a obé& $achty jsou vystrojeny ocelovou konstrukef (v tunelu jednostran-
né osazené lavky, v $achtach povaly — podesty cca po 4 m vy8ky a vylozniky
pro kabely).

Kabelovy tunel umoZiuje pievedenf nasledujicich kabeli:
2 kabely 110 kV na 1 ldvce 8. 55 ¢cm
9 kabel 22 kV na celkem 3 lavkach §. 55 cm

Obr. 3 Strojnf raZzba kabelového tunelu
Fig. 3 Mechanical excavation of the cable tunne!

An underground ventilation fan room and a room for switchboards and mea-
surements+conirol, a sub-surface structure for cables outlet into the open-
trench route, a sump pil al the bottom, ventilation exhaust structure on the
surface, and into the river discharging drainage in the vicinity (the bank
wall) are all parts of the shaft, :

J32 Shaft (the riverside of Karlin)

m Net diameter of 3,1 m
m Depth of app. 23 m

Sub-surface structure for the cable conveyance to the linking open-trench
routes, and a surface air suction structure for the ventilation system are
parts of the shaft.

The tunnel and both shalts are equipped with a steel structure (in the tunnel,
cable trays installed on one wall; in shafts, platforms up to the height of 4m
and cable brackets).

The cable tunnel enables conveyance of the following cables:
2 cables 110 kV on 1 tray 55 cm wide
9 cables 22 kV on 3 trays 55 cm wide

g
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1 lavka &. 55 cm pro optokabely, 1 ro8t §. 55 cm pro optokabely
1 lavka §. 40 cm pro kabely komeréniho vyuZiti
1 ro&t §. 40 cm pro vlastni vybaveni, 1 ro8t 8. 40 cm pro méfeni a regulaci

V tunelu jsou zajistény funkce potfebné k jeho provozovani, a to konkrét-
n& vétranf, odvodnéni, méfeni a regulace a je zajisténa vlastni elektroinsta-

lace.

POSTUP PRACI A TECHNOLOGIE HLOUBENI A RAZEB

Vlastni stavebni &innost byla zahajena v zafi roku 1999 hioubenim $achty
J31 na holeSovickém bfehu. Pfes pocatednl potize s umisténim Sachty
v terénu husté obsazeném daldimi inZenyrskymi sitémi (plyn, voda a mnoz-
stvi kabeld) probihalo viastni hloubenf v pozadovanych Ihdtach. Pfi prd-
chodu zvodnélou vrstvou fi¢nich naplavenin bylo nutno fesit necekang ne-
pfiznivé hydrogeologické podminky, kdy pfitoky vody do dila dosahovaly
hodnot aZz 15 I/s. Nastala situace byla feena za pomoci injektazi z poly-
uretanovych pryskyfic s cflem zamezit vyplavovani ficnich naplavenin
Soucasné byl aplikovan stitkany beton BAUMIT TORKRET S. Nasledng, pro
zastaveni ptitokd podzemni vody do dila, byla na betonovou obezdivku
Sachty nanesena 3 c¢m vodoizolaéni vrstva MONOCRETE MONOMIX
s ptisadou XYPEX ADMIX. Vysiedkem bylo sniZeni piftokd podzemni vody do
budovaného dila az na dnesni hodnotu cca 2 - 3 I/s. Obdobna, ne-li vice
nepfizniva situace nastala i pfi hloubeni 8achty J32 na karlinské strané
(max. pritoky pfi hloubeni dosahovaly hodnot az 30 I/s!). Dnegni hodnoty
jsou po realizaci vSech opatfeni obdobné jako u J31 do 1 I/s!

Viastni razba pod korytem feky probthala v horninovém prostfedi vinickych
a zahofanskych bfidlic. Z dlvodu nutnosti dokongit razbu v daném termi-
nu, byla vyuzita strojni razba z obou vyhloubenych Sachet soutasné. Pro-
razka tunelu se uskute¢nila 21. zafi 2000 pod karlinskym ramenem
Vitavy.

V soucasné dobé se realizuji piipravy pro opatfeni tunelu mezilehlou
foliovou izolaci. Po dokongent definitivni betonové obezdivky bude tunel vy-
strojen ocelovou konstrukei a vybaven poZzadovanou technologif.

Stavba kabelového tunelu Stvanice bude ukondena zaGatkem roku 2001

ZAVER

Po zataZeni kabell a jejich uvedeni do provozu se tak kabelovy tunel Stva-
nice stane daldim &lenem dnes ji7 tak rozvétvené rodiny provozovanych
kabelovych tuneld na tzemi hlavniho mésta Prahy

O'br. 4 Prorazka kabelového tunelu
Fig. 4 Cable tunne! breakthrough

1 tray 556 cm wide for opto-cables, 1 grate 55 cm wide for opto-cables

1 tray 40 cm wide for commercially used cables

1 grate 40 cm wide for own equipment, 1 grate 40 cm wide for measure-
ments and control

The tunnel has ensured functions which are essential for its operation, and
thus air ventilation, water drainage, measurements and control as well as its
own electrical installations.

THE WORK PROGRESS AND DRIVING AND
EXCAVATION TECHNIQUES

The construction activity itself was commenced in September 1999 by exca-
vation of the J31 Shaft at the riverside of HoleSovice. Despite the initial diffi-
culties with the shaft placement in the area, densely occupied by other engi-
neering networks (water, gas, number of other cables), the excavation itself
proceeded within requested terms. During the passage through the water
saturated layer of river alluviums, it was necessary to solve unexpectedly
adverse hydro-geological conditions, when water inflows to the construction
reached even 15 l/s. The arisen situation was solved using injections of
polyurethane resins in order to prevent the river alluviums from washing out
Meanwhile, BAUMIT TORKRET S concrele mix was sprayed. Consequently,
in order to stop the inflows of groundwater to the construction site, a 3cm-
thick hydro-insulation layer of MONOCRETE MONOMIX with XYPEX ADMIX
additive was applied on the shaft concrete lining. As a result, the inflows of
groundwater to the construction site decreased to today's value of 2-3 I/s. A
very similar, perhaps even more adverse, situation arose by excavation of
the J32 shaft at the riverside of Karlin (the maximum inflows during the exca-
vation reached nearly 30 Ifs). After realization of all remedies, the today's
values are as in the case of J31, i.e. within 1 I/s!

The excavation itself beneath the riverbed proceeded in a rocky environment
of Vinice and Zahorany slates. In order to finish the excavation within given
deadline, a mechanical driving from both excavated shafts at once was
used. The tunnel breakthrough was accomplished beneath the Karlin shoul-
der of the Vitava on 21st September 2000.

Currently, preparations to equip the tunnel with intermediary membrane
insulation are being realized. Alter completion of the final concrete lining,
the tunnel will be equipped with a steel structure and equipped with the
technology required.

The cable tunnel Stvanice conslruction will be completed by the beginning
of 2001

CONCLUSION

After installation of the cables and their putting into operation, the cable tun-
nel Stvanice will become another member of already arborescent family of
operating cable tunnels within the territory of the capital city of Prague.

e ———
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NOVE TYPY KOTEVNi VYZTUZE
PRI STAVBE TUNELU

NEW TYPES OF SUPPORT BY ANCHORING
AT THE CONSTRUCTION OF TUNNELS

ING. RICHARD SNUPAREK, CSc., USTAV GEONIKY AV CR, OSTRAVA

1. UVOD

Moderni technologie vystavby podzemnich dél, vyuZivajici pevnostnich
a pfetvarnych vlastnosti horninového masivu, znaéné rozsitily oblast pouZziti
kotevnich a svornikovych vyztuzi, Prakticky v8echny moderni tunelafské
technologie, pfedev8&im NRTM, pouzivaji kotevni vyztuZze jako integraini
soucasti vyztuze vnéjdiho osténi ve velmi Siroké &kale geologickych a geo-
technickych podminek. S nar(stajicimi pozadavky na kotevni vyztuz se
roz8ifuje i §kdla typl a konstrukei svornikovych prvkd v podzemnim stavitel-
stvi. V tomto pfispévku je podan prehled kotevnich prvkl pouzivanych
v podzemnim stavitelstvi se zaméfenim na nova konstrukéni a technologicka
fesenl

2. KONSTRUKCE SVORNIKOVE VYZTUZE
A KONTROLNi ZKOUSKY

Svornikovd vyztu? je zaloZena na odlisném principu nez vyztuZze podpérné.
Vyztuznd funkce svornikd spociva v zesileni horninového masivu, v eliminaci
a snizeni nepfiznivého vlivu diskontinuit v horninach a pfenaseni tahovych,
resp. smykovych sil v masivu,

Nechame-li stranou kabelové a pramencové kotvy, které se pouZivaji ptede-
v8im pro stabilizaci tunelovych portald, svahl a zafezd, tedy na povrchu,
a zaméfime se na svornikovou vyztuz podzemnich prostar, pak podle
charakteru ukotveni Ize rozdélit svorniky na bodové a podélné kotvené
V soucasné praxi zcela pfevladaji svorniky kotvené po celé, nebo pfevazné
délce vyvrtu, jejichZ U¢innost je mnohem vy8§i.

Podle konstrukce kofene a zplsobu ukotveni Ize svorniky délit déle na
mechanické (klinové, s mechanicky rozpinanym kofenem), lepené (tmelené)
a frikéni (zpravidla deformaéni - pruzna nebo plastickd deformace télesa
svorniku).

Soucasné technologie jiZz jen velmi malo vyuzivaji mechanicky kotvenych
svornikd pro jejich malou spolehlivost v souvislosti s bodovym charakterem
kotveni. V souc¢asné podzemni vystavbé se pfedevsim pouziva jednak le-
penych, jednak tfecich svornikd, kotvenych po délce vyvrtu,

Podle druhu materialu rozeznavame svornfky dievéné, ocelové (tycové,
trubkové, lanové) a plastové (laminatové). Ackoli zcela prevladaji ocelové
kotevni prvky, stale vice se uplatiuji plastové a laminatové kotvy pfedevsim
na bézi sklenénych a umélych viaken,

Specielni typy pfedstavuji tzv. injektazni svorniky, které spojuji stabiliza&ni
funkci svornikovych ty&i se zpeviujici injektazi okolf vyvrtu. V podminkach
malo pevnych a nestabilnich hornin, v nichZ Ize obtizné udr?et i po kratkou
dobu priichodny vyvrt, se pouZivaji zavrtné svorniky, které slou?i jako vrtné
tyce a zlistavaji jako stabilizaénf prvky ve vyvrtu

V souvislosti s dimenzovanim a kontrolou svornikové vyztuze je nutno vyjas-
nit nékteré pojmy, které se ¢asto nepouzivaji zcela pfesné. V prvé fadé je to
Unosnost svorniku, ktera pfedstavuje tahovou pevnost vlastniho télesa
svorniku (ty¢e, vrtané tyée, trubky, lana) zpravidla na mezi kiuzu. Tento ddaj
uvadi vyrobce ¢asto jako zaru¢enou unosnost. Pro plné vyuZiti dnosnosti

1. INTRODUCTION

Modern techniques of underground works construction, utilising the
strength-related and deformational properties of a rock mass, have exten-
ded the field of the use of support with anchors and rock bolts. Effectively all
modern tunnelling techniques, the NRTM above all, use anchoring as an
integral component of an external lining support, at a very wide scale of geo-
logical and geotechnical conditions. The scale of types and designs of rock-
bolt elements in underground engineering extends with the increase in
requirements regarding the support by anchoring. This paper is presenting
a survey of anchoring elements used in underground engineering, focused
on new solutions of their design and new techniques

2. DESIGN OF ROCKBOLT REINFORCEMENT,
AND CHECK TESTING

Supporting with rock bolts is based on a different principle than supporting
by propping. The supporting function of rock bolts consists in reinforcement
of a rock mass, elimination and reduction of an unfavourable effect of dis-
continuities in the rock, and transfer of tensile or shearing forces in the rock
mass.

If we do not deal with cable and strand anchors, which are used for stabili-
sation of tunnel portals, slopes and open cuts above all, i.e. at the ground
surface, and we focus on rock bolts for the support of underground spaces,
then it is possible to distinguish rock bolts anchored at spots or along their
length, In the current praxis, the rockbolts anchored along the whole or
a prevalent length of a borehole prevail. Their efficiency is much higher.
Regarding the root design, and the way of anchoring, the rocbolts can be
further distinguished as mechanical ones (wedge-types with mechanically
expanded roots), encapsulated bolts, and friction-type boits (generally,
deformational-elastic or plastic deformation of a rockbolt stem)
Contemporary techniques utilise the mechanically anchored rock bolts in
a very small extent because of their low reliability, associated with the spot-
wise character of anchoring. In the Current underground engineering, either
grouted bolts or friction bolits anchored along the whole length of the bore
hole, are used primarilly

Regarding the sort of material, we can distinguish timber, steel (rod, pipe,
cable-type) and plastic (fibre reinforced plastic) rock bolts. Although the
steel anchoring elements totally prevail, the plastic and fibre reinforced
plastic rockbolts (mostly based on glass and artificial fibres) assert them-
selves more and more

Special types are represented by grouting rock bolts, which combine the
stabilisation-related function of rockbolt stems with reinforcing grouting in
the vicinity of a bore hole. In the environment of weak and unstable rocks,
where it is difficult to keep a bore hole clear even for a short time, self-
drilling bolts, which serve as drilling rods and remain as stabilisation ele-
ments inside a bore hole, are used.

In connection with a structural design of rockbolt reinforcement, it is neces-
sary to clarify some terms, which are often used in a not fully exact manner,
Firstly, it is a rock bolt's loading capacity, which represents the tensile
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svorniku je nutno zajistit dostate¢nou pevnost ukotveni svorniku ve vyvrtu,
vétsinou plati zasada, Ze pevnost ukotveni pfi pouZité délce svorniku by
méla byt vy8si nez unosnost vlastniho télesa svorniku. To znamend, Ze pfi
tahové zkousce svorniku by mélo dojit k destrukci télesa svorniku a nikoli
k jeho vytazeni z vyvriu. Nekteré friktni svorniky jsou ov8em konstruovany
jako poddajné tak, Ze pfi tahovém zatizeni, blizkém Unosnosti svornikd,
dochazl k postupnému vysouvani tyCe z vyvrtu pfi konstantnim odporu
(Swellex EXL)

Specifickou problematiku pfedstavuji kontrolni zkougky svornikd, které jsou
nedilnou soucasti svornikové technologie a zaji$tuj jejl bezpeénou funkei.
Kontrolni tahové zkousky svornik( by mély na kazdé lokalit¢ zahrnovat dvé
faze. Nejprve pocateéni destrukéni zkousky na nékolika svornicich v typic-
kych geologickych podminkach, kieré by meély ovéfit skute¢nou pevnost
ukotveni, resp. unosnost télesa svorniku. Tyto zkouSky, které zahrnuji de-
strukci nebo vytaZeni télesa svorniku, je nutno provadét vidy pfi zasadni
zméné geologickych a geotechnickych podminek. V pribéhu razby podzem-
niho dila se pak provadéji standardni tahové zkousky pevnosti ukotveni na
stanoveném poc¢tu svornikl (vétsinou 1 -2 %), zpravidla na hodnotu 70 -
80 % Unosnosti télesa svorniku. Zkousky slouZi pro pribéznou kontrolu kva-
lity technologie svornikovani, funkce pouzitych tmell atd

Dimenzovani svornikové vyztuze je pomérné obtiznou zalezitosti a zpravidia
vychazi bud z empirickych (Lauffer, Bieniawski, Barton) a empiricko-analy-
tickych (Indraratna, Bertrand, Stuparek - program Anker) metod, nebo je
provadéno na zékladé matematického modelovani. Matematické modelovani
vétdinou vyuzivd dvou hlavnich principl: Bud jsou svorniky vkladany piimo
do modelu masivu ve formé substituénich modell, které vyjadiuji vlastnosti
svornikovych prvkd, nebo jsou modelovany oblasti masivu zpevnéné
svorniky se specifickymi hodnotami fyzikalné mechanickych vlastnosti a na-
péfovych stavl zpevnénych hornin. Zakladnimi parametry svornikové vy-
ztuze, které se berou v Gvahu pfi jejim dimenzovani, jsou zpravidla: tnos-
nost télesa svorniku, pevnost ukotveni, rozméry svorniku — pfedevsim délka
svorniku a jeho primér, rozte¢ (hustota) svornikd a jejich prostorové
uspofadani. V soutasné dobé se ve vétsing pfipadd vyznamnéjsich podzem-
nich staveb pouzivd matematického modelovani, zahrnujiciho dimenzovani
svornikové vyztuze podzemnich dél

3. NOVE TYPY KOTEVNI VYZTUZE

Vétsina nové navrZenych typl kotevnf vyztuZe vychazi ze znamych principt
a podle zplsobu ukotventi je |ze zafadit do nékteré z vyse uvedenych skupin
Pfinos spotiva zpravidla v novém, efektivngjsim a levngjsim feseni né-
kterycn konstrukénich prvkl nebo v kombinaci nékolika prvk{, resp. funkei
kotev, Roz§iteni jednotlivych typl je velmi nepravidelné, ¢asto je vazano na
zemi nebo oblast blizkou mistu produkce.

U novych typl ocelovych lepenych svornikil je zfetelna snaha vyhnout se
dal8imu opracovani valcované tyge, tvofici téleso svorniku. Toho se dociluje
nejcastéji pouzitim ty&i s valcovanym hrubym zévitem, resp. Zebirky, tvofici-
mi zavit, ktery umoZiuje nasroubovani matice pro upevnéni podlozky, stejné
jako konstrukci délenych svornik(i-spojovéni ty&i pomoci objimek. Typickym

AARAAAAAAAAAAAAAAAAAAAAAAAAAAAARAANAARAAAAARN

O_br. 1 Lepeny svornik DYWIDAG — GEWI
Fig. 1 DYWIDAG — GEWI grouted rock bolt

Obr. 2 Zavrtny svornik
Fig. 2 Self - drillig bolt

Obr. 3 Zavrtny svornik s kotevni hlavici
Fig. 3 Self - drillig bolt with anchorable head

strength of a rock bolt shaft proper (a rod, a drilled rod, a pipe, a cable),
generally at the yield point. This datum is often stated as a guaranteed loa
ding capacity. It is necessary for full exploitation to ensure a sufficient
strength of anchoring of a rock bolt in a bore hole. Mostly a rule is applica-
ble that the strength of anchoring, for the bolt length used, should be higher
than the loading capacity of the rock bolt proper. This implies that the rock
bolt shaft should be destroyed during pull-out testing instead of pulling it out
of the bore hole. Although, some friction rock bolls are designed as yielding
ones, thus, under a lensile load close to the rock bolts' loading capacity, the
rod is progressively prolruding from the hole at a constant resistance
(Swellex EXL).

A specific issue is represented by check testing of rock bolts, which is an
integral part of the rockbolling technique, and ensures its safe function
Check pull-out testing of rock bolts should comprise two phases at any
locality: firstly, initial destructive testing performed on several rock bolts
installed in typical geological conditions, which should verify the actual
strength of anchoring, i.e. the rock bolt's loading capacity. It is necessary to
perform these tests, which comprise destruction or pulling the shaft of the
rock bolt out of the hole, whenever a substantial change in geological and
geolechnical conditions occurs. Then, in the course of an underground
excavation, standard pull-out testing of the anchoring strength is performed
on a number of rockbolts prescribed (mostly 1 - 2%), usually at the value of
70 — 80% of the rockbolt shaft loading capacity. The tests serve for a conti
nuous inspection over the rock-bolting technology quality, the function of
bonding materials used, etc.

Structural designing of rock bolt support is a fairly difficult matter, and it
usually starts from empirical (Lauffer, Bienawski, Barton) and empirical-ana-
lytical (Indraratna, Bertrand, Snuparek — Anker software) methods, or it is
developed on the basis of mathematical modelling, The mathematical mode-
lling largely uses two main principles, i.e. either rock bolts are inserted
directly into a model rock mass in the form of substitution models, which
express the properlies of rockbolt elements, or areas of a rock mass rein-
forced by rock bolts are modelled, featuring specific values of physical and
mechanical properties and of the states of siress in stabilised rocks. Basic
parameters of the rockbolt support, which are taken into consideration for its
structural design, are usually: loading capacity of a rock bolt shaft, strength
of anchoring, the rock bolt sizes, i.e. its length and diameter, spacing of the
bolts, and their pattern in the excavated opening. Currently, mathematical
modelling, comprising the structural design of rockbolt support of under-
ground works, is used for most of the cases of more significant underground
structures.

3. NEW TYPES OF ANCHORING-BASED
REINFORCEMENT

Newly designed types of anchors are based on well-known principles. They
can be placed into one of the above mentioned classes, according to the
manner of their anchoring. The gain generally consists in a new, more effi-
cient and cheaper solution of particular structural elements, or in a combina-
tion of several elements, i.e. functions of anchors. The spread of individual

e ————
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Obr. 4 Schéma injetazniho svorniku
Fig. 4 Sketch of the grouting rock bolt
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1. Faze 2. Faze

1. Phase 2. Phase

Plnici trubice PodéIné drazky
Sleeve Longitudinal chanel

Obr. 5 Schéma funkce deformacéniho injektazniho svorniku PAKRAN
Fig. 5 Sketch PAKRAN deformational grouting rock bolt's function

Obr. 6 Deformaéni stabilizator HARDI
Fig. 6 HARDI deformational stabiliser

types is very irregular, often fimited to the country or area close lo the loca-
tion of manufacturing.

For new types of steel grouted rock bolts, there is a distinct effort obvious
to avoid further finishing of the rolled bar forming the shaft of a rock
bolt. Most often, this is achieved by the use of bars with a coarse rolled
thread, or ribs, forming the thread, which enables turning a nut on the bar,
fixing the face-plate. The thread also makes an assembly of strings of rods,
i.e. coupling the bars by means of sleeves, possible. DYWIDAG-GEWI rock-
bolts (see Fig. 1), are a typical representative. The rockbolts are most often
anchored by filling the space between the bolt and the borehole wall with
mortar by means of a pump, or they are anchored by customary capsules
containing a rapid-set mortar. These rock bolts are designed for medium
hard to hard rock. Usually, the diameter of rockbolt shafts is 15 - 36 mm
Owing to the use of high-strength steel, 36 mm-diameter rockbolts as an
example, achieve as high loading capacity at the yield point as 1099kN
It must be pointed out that a sufficient length of the rockbolts anchoring
is necessary to enable exploitation of so high loading capacities. The mini-
mum length of 6m may be anticipated for the bolts in the above mentioned
case.

In the conditions of weak and fractured rock, there are self-drilling rockbolts
used, which serve as drifter rods for drilling holes, and remain in the holes

3. Faze 4. Faze

3. Phase 4. Phase
Injektazni smés Pryzové tésnéni
Grout Rubber packing

as anchoring elements. Usually, these rockbolts have a central flushing hole
(in fact, this is the question of a thick walled pipe), and they are fitted with a
simple single-use drill bit. Regarding the external shape, this is usually
again the question of a rolled thread, which makes fitting of a nut and a face
plate possible in the same manner as for the drill bit. TITAN or MAI (see Fig.
2) are typical representatives. Fixing of these rockbolts inside a bore hole is
primarily ensured by means of mortar pumped into the bore hole through
a central hole. Some rock bolts are equipped with an expansion head, which
expands during the rockbolt rotation, and stabilises the bolt in the bore hole
until the filling mortar sels (see Fig. 3). The 25 — 52 mm-diameter rockbolts of
this type are usually manufactured, TITAN even offers diameters 73 and
103 mm. The drill bits used exceed the drill stems' diameter by 60 — 100%.
Tensile loading capacity of these anchors at the yield point is 150 — 700kN, for
largest cross sections up to 1500kN. Above all, these rockbolts are used
there where at least one seclion of the borehole passes through a heavily dis-
turbed and incoherent rock mass. Again, with respect to exploitation of high
loading capacity of the anchors, bigger lengths are generally used (6 -~ 12 m).
The above mentioned rockbolt stems made from thick walled pipes are
used, as needed, even as grouting elements at pressure grouting. The use
of anchoring elements for both consolidation and sealing grouting is advan-
tageous from geomechanical and economic aspects. If the bore hole is
sealed sufficiently, and a pressure pump is connected to a rockbolt with a
flushing hole, it is possible to perform pressure grouting using either chemi-
cal or cementitious media (see Fig. 4). A fundamental technical problem of
this type of rock bolts used for grouting purposes is just quality of the bore
hole sealing. Mechanical packing does not make application of higher pres-
sures possible, while specialist packers, sealing the annulus around the
rockbolt stem, are expensive and provide low reliability. In praxis, this type
of grouting rockbolts is used for low-pressure grouting and back grouting.
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ptedstavitelem jsou svorniky DYWIDAG-GEW!I (obr. 1). Svorniky jsou kotve-
ny nejastgji tak, Ze prostor mezi svornikem a sténou vyvrtu je vypinén tme-
lem (maltou) pomoci Serpadla nebo se kotvi béZnymi ampulemi s rychletuh-
noucim tmelem. Svorniky jsou urteny do stfedné pevnych az pevnych hor-
nin. Bezny primér svornikovych tyCi cini 15 — 36 mm. Vzhledem k pouZziti vy-
soce pevnostnich ocell dosahuji napf. svorniky DYWIDAG-GEW! pfi priméru
36 mm unosnosti na mezi kluzu az 1099 kN. Je nutno podotknout, Ze pro vy-
uziti tak vysokych unosnosti je potfebna dostatecnda délka ukotveni svornik(,
v uvedeném pfipadé Ize odhadovat minimalni délku svarnikd na 6 m
V podminkach malo pevnych a porusenych hornin a zemin se pouZivd zavrt-
nych svornikd, které slouZi pti vrtani vyvrtl jako vring tyge a zlstavaji ve
vyvrtu jako kotevni prvky. Tyto svorniky maji zpravidla centralni otvor (jedna
se vlastné o silnosténné trubky) pro vedeni vyplachu a jsou osazeny jed-
noduchou vrtnou korunkou na jedno pouziti. Z hlediska vnéjsiho tvaru se
jedna opét zpravidla o valcovany zavit, umozZfiujici upevnéni matice
s podlozkou stejné jako vrtné korunky. Typickymi pfedstaviteli jsou zavrtné
svarniky TITAN, resp. MAI (obr. 2). Upevnéni téchto svornikd ve vyvrtu je
zajistovano predev$im pomoci tmele (malty), cerpané do vyvrtu centralnim
otvorem. Nékteré svorniky jsou vybaveny rozpinaci hlavou, kterd se roze-
pne pfi otd¢enl télesa svorniku a stabilizuje kotvu ve vyvrtu do doby ztuhnuti
vyplfiového tmele (obr. 3). Svorniky tohoto typu se vyrabéji zpravidla
v prdmérech 25 - 52 mm, TITAN nabizi i priméry 73 a 103 mm. PouZivané
vrtné korunky presahuji primér tyéi o 60 - 100 %.Tahova Unosnost téchto
kotev na mezi kluzu ¢ini 150 — 700 kN, u nejvétsich prifezd az 1500 kN
Téchto svornfkl se pouZivd pfedevdim tam, kde alespofi ¢ast vyvriu
prochazi silné porudenym a nesoudrZznym horninovym prostiedim. Opét
vzhledem k vyuZiti vysoké unosnosti kotev se pouziva zpravidla vétich
délek (6 - 12 m).
Popsanych svornikovych ty¢i v podobé silnosténnych trubek se podle potte-
by pouziva rovnéz jako injektdZnich prvkd pfi tlakové injektazi. PouZiti
kotevnich prvk{ zéroven pro zpevitujici nebo tésnici injektaZ je vyhodné
z geomechanického i ekanomického hlediska. Pfi dostate¢ném utésnéni
vyvrtu a napojeni tlakového &erpadla na svornfk s otvorem lze provést
tlakovou injektaz af jiz chemickymi, nebo cementovymi médii (obr. 4).
Zakladnim technickym problémem tohoto typu injektaznich svornikd je pravé
kvalita utésnéni vyvrtu. Mechanické ucpavky neumoZiuji pouZiti vétsich
injektaznich tlakd, specielnf pakry pro utésnéni mezikruzi kolem svornikové
tyCe jsou drahé a malo spolehlivé, V praxi se tohoto typu injektaznich
svornikll pouziva pfedevéim pfi nizkotlakych a vypliovych injektazich.
Na jiném principu je zaloZen injektazni svornik BOLTEX — PAKRAN. Jedna se
o frikéni svornik z tenkosténného profilu se specialné podéiné prolisovanym
prifezem, ktery se tlakem hydraulického média (v daném ptipadé injektaznf
kapaliny), pfivadéného pod tlakem dovniti profilu, rozepne a dolehne na
sténu vrtu. Tim dojde k jeho ukotveni po celé délce vyvrtu (obr. 5). Za-
pustény konec svorniku ve vyvriu je opatfen membranou, kiera se pti dalim
zvy$eni tlaku po rozepnuti svorniku porugi a propusti. injektdazni médium,
Ctyfi podélné drazky nedomacknutych &asti po obvodu svorniku umozriuji
rozvedeni injektaZni kapaliny po délce vyvrtu &7 ke specielnimu pryZovému
tésnénti, které je nalisovano ve zvolené vzdalenosti od konce na svornikovou
ty¢ a které po rozepnuti dokonale utésni prostor mezi svornikem a horninou
Tento svornik umozfiuje provadéni tlakovych injekta?i s tlakem nad 10 MPa.
Viastni Ginosnost svorniku je 55 kN a pouZiva se do vyvrld praméru 42 mm
Tyto svorniky se zpravidla pouzivaji v kratgich délkach do 3 m a jsou urceny
predevsim pro méné pevné a porugenéd horniny a zeminy.
V oblasti frikénich svornikd se nova konstrukéni fedeni zaméfuji predevsim
na zvyseni dnosnosti a pevnosti ukotveni vyztuznych prvki. U standardnich
fedenl je totiz hodnota Gnosnosti limitovana zplsobem ukotveni - plasticka
I pruznd deformace vyzaduji pomérné tenkosténny prvek. Tak napf. HARDI
stabilizatory pfedstavuji upravené a zesilené kotevni prvky typu Split-Set,
zalozené na pruzné deformaci profilované ocelové trubky (obr. 6). PYi pouZiti
trubky priméru 46 mm dosahuiji pfi déice 3 m pevnosti ukotveni az 140 kN
Dalsi zeslleni predstavije kombinace téchto prvkl s lanovym svornikem. Se
sedmipramennym ocelovym lanem, umist&nym uvnitf trubky, se dosahuje
Unosnosti a2 200 kN. Pfi pouZili tohoto kombinovaného prvku se wyvrl po
QFBZE“" kotvy zapliiuje cementovou maltou, VyuZili téchio prvkd je piede-
v8im v mélo a sifedn@ pevnych horninach a pii menélch polfebnych délkach
Zvyseni lahové pevnosti t&lesa kotvy je také hlavnim pfinosem kombino-
vaného svorniku (Windsor 1991). Jedna se viasing o kombinaci ffecich
svornikll na bazi pruzné a plastické deformace. Kotva z uzaveného profilu
se speciding prolisovanym profilem (napf Swellex) je opla&iéna frubkou
30?3:"':]‘;‘;}:‘5fl:'ﬂtllagiil!'Set}. Pri upinani kolvy pomoo tiakového média
: ) € deformaci vnilfniho plasté svorniku a pak
k roztazeni vnéjsiho pldste a jeho piitlateni na stény vyvriu (abr. 7). Tento
druh svornikii se pouziva ve sifedné pevnych hornindch v kratsich délkach

.

BOLTEX - PAKRAN rockbolt is based on another principle. It is a friction
rockbolt made from a thin walled profile, with the cross section deformed in
a special way along its length. The rockbolt's shell expands under the pres-
sure of a hydraulic medium (injection fluid in this particular case), which is
pumped under a pressure into the profile, and'is pressed against the bore-
hole wall. By this way, anchoring along the whole length is achieved (see
Fig. 5). The rockbolt end embedded in the hole is provided with a memb-
rane, which collapses when the pressure further increases after the bolt
expansion, and releases the injection medium. There are four longitudinal
grooves along the bolt shell circumference (not fully touching the hole wall),

Obr. 7 Schéma funkce kombinovaného stabilizacniho svorniku
Fig. 7 Sketch of the combined rock bolt

Obr. 8 Poddajny kombinovany svornik
Fig. 8 Yielding combined rock bolt
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Obr. 9 Laminatové svorniky s pfislusenstvim
Fig. 9 Fibre reinforced plastic rockbolts with accesories
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do 4 m. Tahova dnosnost takovych kotev je sou¢tem dnosnosti obou prvkl
a dosahuje cca 200 kN. Podminkou je zamezeni vzajemného prokluzu obou
Casti kotvy proti sobé, tedy zvySeni tfeni mezi obéma prvky napf. pomocf
ktemitého pisku. Naopak pravidelného prokluzu obou kovovych prvki Ize
vyuzit pro konstrukci poddajnych svornikl (obr. 8), uréenych pro podminky
s nebezpedim dllnich otfesl

Novou technologii pfindsi systém vrtani vyvrtd pro kotvy, resp. mikropiloty,
znamy jako AT systém. Tento systém vyuZiva pro vrtani misto ty¢i ocelové
paznice az do prdméru cca 200 mm a jednim z jeho zakladnich prvki je
délend vrtnd korunka, zahrnujici pilotni a obrysovou korunku. Obrysova
korunka, zajistujici vétsi primér vrtdni nez je primér paznic, je demonto-
vatelnd a po ukon&eni vrtani je ponechavéna ve vyvrtu, paznice s pilotni
korunkou je mozno vytdhnout, Do vyvrtu Ize osadit kotvy rlzné konstrukce,
zpravidla se v8ak vyvrty zapliuji cementovou maltou a vznikaji tak vliastné
mikropiloty, Nejc¢astéjsi pouziti AT systému v podzemnim stavitelstvl pfed-

{IL

Obr. 10 Kombinované laminatové kotevni prvky
Fig. 10 Combined fibre reinforced plastic anchoring elements

ml‘mmmn

Obr. 11 Laminatovy svornik WIBOLT STAR
Fig. 11 WIBOLT STAR fiibre reinforced plastic rock bolt

which make the distribution of injection fluid along the length of the bore
hole possible as far as to a specialist rubber packing, which is pressed on
the bolt at a chosen distance from the end, and which perfectly seals the
space between the rock and the bolt after its shell expansion. This rockbolt
enables execution of pressure grouting using pressures over 10 Mpa. The
loading capacity of the rock bolt proper is of 55kN, and it is used for 42mm-
diameter bore holes. These rockbolts are generally used at shorter lengths
up to 3 m, and they are destined for weaker and fractured rocks and
grounds

Regarding friction rock bolts, new solutions are mostly focused on an
increase in loading capacity and the strength of anchoring of reinforcing
elements. This is due to the fact that, for standard solutions, the value of
loading capacity is limited by the manner of anchoring - both plastic and
elastic deformation require a relatively thin walled element. For example,
HARDI stabilisers represent modified and strengthened anchoring elements
of the Split-Set type, based on elastic deformation of a profiled steel pipe
(see Fig. 6). If a 46 mm-diameter pipe 3m long is used, strength of anchoring
up to 140kN is reached. Further strengthening is achieved by a combination
of these elements with a cable rock bolt. With a seven-strand cable placed
inside a pipe, up to 200kN loading capacity is achieved. When this com-
bined element is used, the bore hole for installation of the anchor is filled
with cementitious mortar. Above all, these elements are utilised in weak and
medium hard rock, and when the lengths necessary are shorter.

The increase in the tensile strength of the stem of an anchor is also the main
contribution of the combined rock bolt (Windsor 1991). As a matter of fact, it
is the question of a combination of friction rock bolts, based on elastic and
plastic deformation. An anchor made from a closed profile with a cross sec-
tion deformed in a special manner (e.g. Swellex) is encased in a pipe with
a slot along its length (Split Set). First, a plastic deformation of the internal
shell of the rock bolt occurs when the anchor is being fixed by means of the
pressurising medium, then the external shell is expanded and pressed
against the bore hole wall (see Fig. 7). This kind of rock bolts is used in
medium hard rock at the lengths up to 4m. Tensile loading capacity of such
the anchors corresponds to the sum of loading capacities of the both ele-
ments. It amounts to about 200kN. This is under a condition that the slippage
of both elements of the anchor against each other is prevented, i.e. friction
between the two elements is enhanced e.g. by means of quartz sand. On the
contrary, an even course of the slippage of the two steel elements can be
taken advantage of for a design of yielding rock bolts (see Fig. 8), destined
for the condilions of threatening underground shock waves

A new technique is inlroduced by a system of drilling holes for anchors or
micropiles, known as the AT system. This system uses up to about 200mm-
diameter steel casing pipes for drilling, instead of rods. One of its basic ele-
ments is a split drill bit consisting of a pilot bit and a reaming bit. The ream-
ing bit, ensuring the diameter of the drilling to be larger than the casing pipe
diameter, is demountable, and is left in the bore hole after completion of the
drilling, while casing pipes and the pilot bit can be pulled out. Anchors of
various types can be installed into the bore hole although, usually the bore
holes are backfilled with cement mortar, in fact creating micropiles. The
most common utilisation of the AT system in underground construction is

Obr. 12 Ty&e laminatového svorniku WIBOLT STAR
Fig. 12 Bars of WIBOLT STAR fibre reinforced plastic rock bolt
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stavuje provadénf ochrannych destnikd celby razeného tunelu v malo pev-
nych a poruenych horninach. Nej¢ast&ji pouzivané délky vrtd &ini 8 - 12 m
pti priimérech vrtani 70 - 150 mm.

V soudasnosti v podzemnim stavitelstvi vyrazné narlstd podil kotevnich
prvkl ze syntetickych materiall. Jejich pouZiti pfinasi dvé hlavni vyhody.
Jednak je to velmi dlouhd doba Zivotnosti vlivem odolnosti proti korozi
i v nepfiznivych podminkdch mineralizovanych podzemnich vod. Zejména
u ocelovych svornikd na bazi trubek a tencich a mené kvalitnich kulatin
koroze limituje jejich Zivotnost a nedovoluje zahrnout jejich pdsobenf pfi
dimenzovani dlouhodobé stability podzemniho dita. Naopak u kratkodobého
pouziti kotev v horninovém prostiedi, které musi byt nasledné rozpojeno
(zpevnéni razenych ¢eleb, prizkumné $toly v profilu budouciho tunelu,
vnitini stény pfi délené kaloté, polohy uZitkového nerostu v hornictvi) je
vyhodou snadné destrukce téchto syntetickych kotev rozpojovacimi orgéany
razicich strojd.

Nejéastéjsim materidlem téchto svornikl jsou lamindtové prvky, sestavajici
ze skelnych nebo syntetickych vidken spojenych syntetickou pryskyfici. Tyto
kotvy se vyrabéji bud jako pIné, nebo se stfednim otvorem, umoziujicim
naslednou injektaZz nebo vyplnénf vyvrtu tmelem. Tahova pevnost vlastnich
ty¢i je srovnatelnd s velmi kvalitni oceli, napf. svorniky DURGLASS (obr. 9)
vykazuji u plné kulatiny pfi prdméru 25 mm dnosnost 480 kN, u trubky pfi
priméru 24 mm s otvorem 10 mm ¢&ini tnosnost 300 kN. Laminatové prvky se
pouZivaji i v podob& plochych paskd zpravidla v kombinaci s injektazni
trubkou (obr. 10). Laminatové kotvy jsou upevnény ve vyvriu prevazné
pomoci tuhnouciho tmelu na bazi cementu nebo syntetickych pryskyfic.
Uréitym problémem u hladkych laminatovych tyéi je niz§i adheze tmelu
k jejich povrchu, takze plné vyuZiti tahové pevnosti kotev vyzaduje velkou
délku kotveni. RovnéZ hodnoty unosnosti hlavice svorniku, ktera zajistuje
péti, zavéSeni bfemen a strojniho zafizeni) nedosahuji Unosnosti vtastnich
ty¢i a nepfesahuji 120 kN. To se projevuje i pfi kontrolnich zkouskach
ukotveni svornikd, kdy aplikované tahové zatiZzeni je limitovdno pravé dnos-
nosti hlavice. Tyto nevyhody jsou do znaéné miry odstranény u nejnovéjsich
fedenl laminatovych kotev z profilovych ty¢i, které pfipominaji tvar vélco-
vanych zebirkovych ty&i se zavitem (WIBOLT STAR, obr. 11, 12). Kon-
strukce klinové hlavice umozZiuje pfend8eni tahové sily na svornik az ve
velikosti cca 300 kN.

Laminatové kotevni prvky se pouZivaji pro stabilizaci a zpevnéni horni-
nového masivu v Siroké 8kale podminek od malo pevnych aZ po velmi pevné
horniny. Jejich dalsi roz$ifeni |ze oéekavat s cenovym vyvojem, vedoucim ke
sniZeni rozdilu cen oceli a laminatovych prvk

4. ZAVER

Svorniky a kotvy dnes uZ nejsou pouze dopliikovymi stabilizagnimi prostied-
ky, ale v tunelovém a podzemnim stavitelstvi pfedstavuji vyznamnou &ast
vyztuzného systému, ktera ovliviiuje dosazené technické a ekonomické
vysledky realizovanych staveb.

Stéle se rozsitujici nabidka novych typl kotevnich prvk(i pro podzemni stav-
by umoZiiuje volbu vhodného kotevniho prvku nejlépe vyhovujictho geo-
logickym a geotechnickym podminkdm a navrzené technologii. Na druhé
strané klade tato situace zvysené naroky na znalosti a erudici projektantl
a provoznich technikdl pfi vystavbé podzemnich dél. Pouze dobré znalosti
funkce a vlastnosti jednotlivych konstrukci umoZiuji volbu optimalniho typu
kotevni vyztuze pro dlouhodobé zajisténi stability budovaného podzemniho
objektu.
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represented by execution of umbrellas protecting a face of a tunnel driven in
weak and disturbed rock. Most frequently used lengths of bore holes are
8- 12m, with 70 - 150mm drilling diameter.

Currently, the share of anchoring elements made of synthetic materials is
significantly increasing in the underground engineering. Their use provides
two principal advantages. On the one hand, it is a very long lifetime as
a result of corrosion resistance even under unfavourable conditions of mine-
ralised ground water. Especially for steel rock bolts based on pipes and
thinner and poorer quality round steel, corrosion limits their lifetime, and
does not allow consideration of their effect when the long-term stability of an
underground structure is being designed. On the contrary, for a short-term
utilisation of anchors in a rock environment which has to be further disinte-
grated (reinforcement of driven faces, exploratory galleries within the cross
section of a future tunnel, internal walls at a divided top heading, economic
minerals interbeds in mining industry), there is an advantage of easy way of
removing these synthetic anchors by cutting tools of boring machines.

The most common material used for these rock bolts is fibre reinforced plas-
tic elements consisting of glass or synthetic fibres bound by a synthetic
resin. These anchors are manufactured either as full-profile ones or with
a central hole, enabling consequent grouting or backfilling of the bore hole
with mortar. Tensile strength of the bars proper is comparable with very high
quality steel, e.g. DURGLASS rock bolts (see Fig. 9) made from 25mm-diam-
eter full-profile round bars feature the loading capacity of 480 kN, while for
a 24 mm-diameter pipe with a 10 mm-diameter hole the loading capacity
amounts to 300 kN. The fibre reinforced plastic elements are also used in
a form of flat bars, usually combined with a grouting pipe (see Fig. 10). Fibre
reinforced plastic anchors are fixed in a bore hole mostly by means of
a rapid-set mortar based on cement or synthelic resins. A certain problem at
smooth fibre reinforced rods is lower adhesion of the mortar to their surface,
thus, for full exploitation of the tensile strength of anchors, a big length of
anchoring is required. Also the values of the rock bolt's head, which secures
a face plate on the rock surface and may transfer external forces into the
bolt (pre-tension, hanging loads and equipment), do not reach the loading
capacity of the bolts proper, and do not exceed 120 kN. This is manifested
even in check testing of the rock bolts' anchoring, where the tensile loading
applied is limited just by the loading capacity of the head. The above men-
tioned disadvantages are significantly removed in the latest designs of fibre
reinforced anchors made from profiled bars, the shape of which resembles
rolled deformed bars provided with a thread (WIBOLT STAR, see Fig. 11,
12). The design of the wedge-shape head enables transfer of the tensile
force on a rock bolt up to about 300 kN.

Fibre reinforced anchoring elements are used for stabilisation and reinforce-
ment of a rock mass within a wide range of conditions, from weak rock to
very hard one. Their further spreading can be expected with development of
prices, leading to reduction of the difference between the prices of steel and
fibre reinforced elements.

3. CONCLUSION

Currently, rock bolts and anchors are no supplementary means of stabilisa-
tion any more. They represent an important part of a supporting system in
tunnel and underground engineering, which affects the technical and eco-
nomic results of implemented projects achieved.

Permanently expanding offer of new types of anchoring elements for under-
ground structures enables selection of a suitable anchoring element, best
complying with geological and geotechnical conditions and the designed
technique. On the other hand, this situation brings increased demands for
knowledge and erudition of consulting engineers and on-site technicians at
construction of underground works. Only good knowledge of the function
and properties of particular structures make the choice of an optimal type of
anchoring possible, thus providing a long-term stability of an underground
structure being built.
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PROJEKT PRVNIHO ZELEZNICNIHO TUNELU
_ V SiTI CESKYCH DRAH
RAZENEHO NOVOU RAKOUSKOU
TUNELOVACI METODOU

PROJECT OF THE FIRST RAILWAY TUNNEL
IN THE NETWORK OF CZECH RAILWAYS DRIVEN
BY THE NEW AUSTRIAN TUNNELING METHOD

ING. LIBOR MARIK, ILF CONSULTING ENGINEERS, s.r.o.

1. UvoD

Modernizace tratového seku Kralupy nad Vitavou - Vrariany je soucasti pro-
gramu vystavby Zelezni¢nich koridorli v Ceské republice. Cilem moderni-
zace koridord je dosaZeni vy88i Urovné ptepravy a integrace sité Ceskych
drah do evropské zelezniéni sité. Clanek popisuje technické fedeni a &innos-
ti spojené s vypracovanim projektu dvoukolejného Zelezni¢niho tunelu v km
446,030 - 446.420, ktery je soucasti vy$e uvedeného tratového dseku.
Stavajici traf vede podél koryta feky Vitavy a tvofi dva protismérné oblouky.
V nové navrhovaném smérovém feseni je tral napfimena vioZzenfm pouze jed-
noho smérového oblouku o poloméru 2 500 m. Dochazi k posunu trasy
smérem dale od feky do prostoru, kde terén prudce stoupd az do urovné 30
m nad Uroven traté. Z této Upravy plyne nutnost vedenf trati v tunelu. Kon-
strukce tunelu je tvofena dvéma portalovymi Useky budovanymi v oteviené
stavebni jamé a dsekem razenym novou rakouskou tunelovaci metodou
(NRTM). Celkova délka tunelu je 390 m. Trasa v tunelu stoupd ve sméru
staniCeni ve sklonu 3 %.. To je minimalni hodnota sklonu, pfi které je mozno
provést podéiné odvodnéni tunelu.

Projekt stavby tunelu vypracovala firma ILF Consulting Enginneers, s.r.0.,
jako subdodavku pro firmu SUDOP PRAHA, a.s., ktera je zpracovatelem pro-
jektu stavby celého tratového Useku.

2. ETAPY PROJEKTU

V pfedchozim stupni projektové dokumentace (ktery byl soucasti zadavaci
dokumentace pro vybér zpracovatele projektu stavby) byly sledovany 4 vari-
anty tunelu budovaného v oteviené stavebni jaAmé. RaZena varianta byla bez
podrobnéjsiho posouzeni vylou€ena jako neekonomicka.

Po podrobnéj$im prostudovani inZenyrskogeologickych pomérd, s ohledem
na vy$ku nadloZi, kter4 dosahuje az 20 m, a vysokému objemu zemnich
praci (az 340 000 m* u varianty hloubeného tunelu, navrhla firma ILF
Consulting Engineers v nabidkové dokumentaci jako alternativu k variantam
hloubenym i variantu tunelu razeného pomoci NRTM. Po vybéru zpracova-
tele projektové dokumentace poZadoval zadavatel vypracovani podrobného
technicko-ekonomického posouzeni hloubené a razené varianty tunelu. Na
z4kladg tohoto posouzen( byla zadavatelem vybrdna pro zpracovani projek-
tu stavby razenda varianta. Po vybéru raZzené varianty do$lo na navrh zpraco-
vatele k Upravé smérovych pomérli. Plvodné navrhovany smérovy oblouku
o poloméru 5 000 m byl nahrazen obloukem o poloméru 2 500 m. Cilem
pravy bylo dalsf zkraceni hloubenych portalovych asekd, zlep$eni pomérd
pro vlastni razbu tunelu (vét§i vy8ka nadlozi, lepsi geotechnické parametry
prostfedi) a oddaleni nové navrhované trasy od nyngjsi traté (snizenf vlivu
vystavby na provozovanou trat).

3. INZENYRSKOGEOLOGICKE POMERY

V ramci projektu byl proveden podrobny geotechnicky prizkum. Rozsah
priizkumu byl zvolen tak, aby jeho vysledky vyhovovaly poZadavkim na

1. INTRODUCTION

A modernization of the railway line section Kralupy nad Vitavou - Vrariany is
a part of the construction programme of railway corridors in the Czech
Republic. The aim of the corridor modernization resides in achieving a high-
er level of transport and integration of the network of Czech railways in the
European railway network. This article describes the technical solution and
activities connected to elaborating a project of a double-rail tunnel in km
446.030 to 446.420 which is a part of the above mentioned line section.
Existing line is situated along the bed of the Vitava river and it forms two
opposite directional curves. In the newly designed directional solution, the
line is straightened by inserting only one directional curve having the diame-
ter of 2500 m. The line is shifted to a longer distance from the river to the
space where the ground rises abruptly up to the level of 30 m over the level
of the existing line. Said arrangement results in the necessity to situate the
line into a tunnel, The tunnel structure is formed both by two portal sections
constructed in an open building pit and by one section driven by means of
the New Austrian Tunnelling Method (NATM). The total length of the tunnel is
390 m. The tunnel line rises in the direction of chainage at gradient of 3 %. It
is @ minimum gradient value at which it is possible for the longitudinal
drainage to be carried out.

The design of the tunnel structure was worked out by the firm ILF Consulting
Engineers spol. s r.0. as a subcontract for the firm SUDOP Praha a.s., which
is to work out the construction design of the whole line section.

2. DESIGN STAGES

In the previous stage of the contract documents (which was a part of the
ordering documentation for selection of the engineering consultant) there
were followed four variants of the tunnel constructed in an open building pit.
The driven variant was eliminated as an uneconomical one without a more
detailed assessment.

After a more detailed studying engineering-geological conditions with
respect both to the height of overburden which reaches up to 20 m, and to
the high volume of ground work (up to 340 000 cu m), as o the variant con-
cerning the cut-and-cover tunnel, there was designed by the firm ILF
Consulting Engineers in the offer documentation, as an alternative to the cut-
and-cover variants, also the variant of a tunnel driven by means of the
NATM. After the engineering consultants firm had been selected, the client
required a working out of a deiailed technical economic assessment of
a cut-and-cover variant and driven one of the tunnel. On the basis of the said
assessment, the client selected the driven variant, and the design for its
construction was to be worked out. After having selected the driven variant,
a modification of directional conditions took place to the proposal of the
engineering consultant. The originally designed directional curve having the
diameter of 5000 m, was replaced with a curve having the diameter of 2500
m. The reason of said arrangement resided in a further shortening of cut-
and-cover porial sections, in improving conditions for the tunnel driving
proper (larger height of the overburden, better geotechnical parameters of
the environment) and in situating the newly designed line to a larger dis-
tance from the hitherto existing line (decrease of the construction influence
upon the operated ling).
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vypracovani projektové dokumentace i pozadavk(m na vlastni realizaci dila.
Volba optimalniho rozsahu prizkumu byla ztizena skute¢nosti, Zze v dobég,
kdy byl priizkum zahajen, nebylo jeété zcela zfejmé, zda bude tunel v celé
délce hloubeny nebo bude razen hornickym zptsobem, Smiuvni termin ode-
vzdani vysledkd geotechnického prizkumu nezohledrioval skutecnost, Ze
zahdjeni praci na projektu stavby pfedchdzi vypracovéni podrobného tech-
nicko-ekonomického posouzeni variant a vybér varianty dale sledované
v projektu stavby. Rozsah prizkumu byl tedy koncipovan tak, aby jeho
vysledky poskytovaly dostatek informaci pro oba mozné zptsoby technolo-
gie vystavby tunelu.
Navrzeny komplex prizkumnych praci byl kombinaci prizkumnych vrt
s laboratornim vyhodnocenim vzork) hornin odebranych z jadrovych vrtd
a geofyzikalnich metod, které slouzily k upfesnéni informaci ziskanych z vrt-
ného prizkumu. Geofyzikdlni metody byly pouzity ve vétsim rozsahu v ob-
lasti décinského portélu, kde reliéf terénu neumozrioval nasazeni t&2ké vrtné
techniky. Pro mikroseismickd méteni bylo vyuzito i starych vrtd, prova-
dénych v ramci inZenyrsko-geologického prizkumu v predchozich stupnich
projektové dokumentace. Kromé mélké refrakeni seismiky (MRS) byla déle
pouzita metoda vertikalniho elektrického sondovani (VES).

Kromé fyzikalng-mechanickych vlastnosti ovliviiuje vyznamné technologii

razby a stabilitu otevfeného vylomu orientace a &etnost ploch odluénosti

(diskontinuit), kterymi je horninovy masiv prostoupen. Jako sougast prizku-

mu byla proto pro oblast razby provedena strukturni analyza horninového

masivu. Jako vstupni Udaje pro vypracovani analyzy byly pouzity strukturni
hodnoty zjisténé na odkrytych vychozech a ve vrtech za pouziti televizni
sondy vybavené kompasem

Na zakladé vysledki prazkumu byly definovany charakteristické typy geo-

logickeho prostiedi. Jednotlivé vrstvy se na lokalit¢ vyskytujl viceméné

v subhorizontalnim ulozent.

1. Kvartérni spradové hliny pokryvaji v mocnosti 0,5 - 2,0 m povrch celého
zajmoveho Uzemi. Jejich geotechnické vlastnosti jsou zohlednény pouze
pii hloubeni portalovych Usekd, kde tvofi horni partie oteviené stavebni
jamy.

2. Kvartérni 8térky (zbytky Vitavské terasy) - objevuji se pouze ojedinéle jako
vyplit mélkych povrchovych depresf v povrchovych partiich. Jejich viast-
nosti jsou zohlednény v navrhu sklonu horni etaZe svahované stavebni
jamy v portalovych dsecich. Jejich vyznamngjsi vyskyt byl zjistén pouze
u déc¢inského portalu

3. Zcela zvétraly (rozlozeny) slinovec (skalni podklad) - ma charakter pevné
soudrzné zeminy. Jeho vlastnosti jsou velmi podobné jako u sprasovych
hlin. Pfi vytvafeni geotechnického modelu je moZné obé vrstvy slougit.
Vyskytuje se v hloubce od 1,00 - 13,00 m.

4. Slinovec silné zvétraly ma jiz charakter horniny, ovéem $patnych technic-
kych vlastnosti. Je silné postizen povrchovym zvétranim (nizka pevnost),
coz je doprovézeno silnou Getnosti ploch odlu¢nosti. Z nich jednoznacné
dominuje smér vrstevnatosti, Vznik velkého mnoZstvi mezivrstevnich spar
vintevalu 1.a7 4 cm zpUsobuje, Ze hornina je tence deskovita.

5. Slinovec slabé zvétraly je jiz pomérné dobrou horninou, ktera se vyskytuje
v hloubkovém intervalu 13 az 25 m. Postizeni zvétranim je makroskopicky
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OAbr. 1 Typicky pfigny fez tunelem
Fig. 1 Model cross section of the driven tunnel
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3. ENGINEERING GEOLOGICAL CONDITIONS

Within the framework of the project, there was realised a detailed geotechni-
cal investigation. The extent of the investigation was selected so that its
results may comply both with requirements for the working out of the design
documentation and with requirements for the proper work realization. The
selection of the optimum extent of the investigation was made more difficult
by the fact that in the time when the investigation was started, it was not fully
evident whether the tunnel should be of the cut-and-cover type in its whole
length or driven in a mining way. The contractual term of handing over of
geotechnical investigation results did not take into consideration the fact
that the beginning of works concerning the construction design preceded
the working out of a detailed technical economic assessment of variants and
a selection of the variant to be further followed in the construction design.
So, the investigation extent was drawn up in such a way that its results may
supply sufficient information for both possible ways of the tunnel construc-
tion technique.

The designed complex of investigation works was a combination of investi-
gation bores with a laboratory evaluation of rock samples taken from core
bores and geophysical methods which served for making more precise infor-
mation, obtained by the investigation boring.

Geophysical methods were applied in a larger extent in the area of the D&éin
portal where the ground made it not possible to apply a heavy boring tech-
nology. For micro seismic measurements there were utilised even old bores,
which had been made within the framework of the engineering geological
investigation during preceding stages of the contract documents. Besides
a shallow refraction earthquake (SRE), there was also applied a method of
a vertical electric probing (VEP)

The orienlation and numerousness of planes of weakness (discontinuities)
areas which take place in the rock massif, affect considerably the driving
technology and the stability of an open breaking, besides mechanical pro-
perties. That is why a structural analysis of the rack was made as a parl of
the investigation. As starling data for working out the analysis, there were
applied values found out in open oulcrops and in bores by means of a tele-
vision probe provided with a compass.

On the basis of investigation results, there were defined characteristic lypes
of the geological environment. Individual layers occur on the locality in
a subhorizontal bearing.

1. Quaternary loess earth covers the surface of the whole area of interest in
the thickness of 0.5 to 2.0 m. Its geological properties are taken into con-
sideration only when excavation of the portal sections is performed,
where they form upper parts of the open building pit.

2. Quaternary gravel (remainders of the terrace of the river Vitava) - appears
seldom as a filling of shallow surface depressions in surface parts. lls
properties have been taken into consideration in the design of the upper
bench slope of the sloped building pit in portal sections. Its more impor-
lant occurance was found out only at the Dééin portal.

3. Completely weathered (decomposed) marlstone (bedrock) - it has the
character of a firm cohesive soil. Its properties are very similar to loess
earth. When forming a geotechnical model, it is possible to combine both
layers. It occurs in the depth from 1.00 to 13.00 m

4. Very weathered maristone has a character of a rock, although of bad tech-
nical properties. It is considerably affected by surface weathering (lower
strength) which is accompanied by very numerous planes of weaknes, of
which the direction of lamination dominates. The rise of many intermedi-
ate joinls in the interval of 1 to 4 cm causes that the rock consists of thin
plates.

5. Not too much weathered marlstone is a relatively sound rock, which oc-
curs in & depth interval from 13 to 25 m. The weathering cannol be seen
in @ macroscopic way and it resuits only in lower strength-related charac-
teristics and deformational ones. When compared with the best (ype, it
differs, in the first place, in a high density of discontinuities (aboul 5 to 15
cm). This qualitative type forms, in starling parts, the whole space of the
stope, and in the whole middle part of the alignment, there may be sup-
posed its presence in the roof part of the stope, or in its vaull. So it is
a very imporlant lype as lo its percentage share.

6. Maristone, weathered a little only, in some spots nearly sound, is, with
respect to tunnelling, as to the quality, the best malerial which occurs in
this locality. Resulls of geophysical measurements, supported by defor-
mation lests in the bore, as well as resulls of laboratory tests show an
important qualitative jump in depths of 22 1o 26 m. From said depth, it is
supposed hal the rock is of a middle strength, massive, of a bench type,
and fissured in a middle up to small extent,

Ground water in this locality is not too substantial, and it is depending upon
the system of fissures and discontinuities with free water surface. Infiltration
of rain water into the rock environment is considerably limited by the over-
burden earth cover and eluvium of marlstone. Geological composition of
the locality forms, as lo ground water, a badly permeable up to relatively
impermeable environment. From evaluating fixed levels of fissure water
in trial bores, it results that in the most part of the line there takes place
an unconnected level of ground water under the botiom of the designed
tunnel.
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maénimi charakteristikami. Od nejlepstho typu ho odlisuje predevsim
velka hustota diskontinuit (cca 5 az 15 c¢m). Tento kvalitativni typ tvofi
v Uvodnich &éastech cely prostor vyrubu a v celé stfedni casti trasy lze
pfedpokladat jeho pfitomnost ve stropni 64sti vyrubu nebo v jeho klenbé.
Je tedy procentuéiné velmi vyznamné zastoupenym typem.

6. Slinovec navétraly, misty az zdravy je z hlediska tunelovani kvalitativng
nejlepsim materidlem, ktery se na lokalité vyskytuje. Vysledky geofyzikal-
nich méfeni, podpofené deformadnimi zkougkami ve vrtu (presiometrie)
a vysledky laboratornich zkou$ek vykazuji vyznamny kvalitativni skok
v hloubce 22 az 26 m. Od této hloubky je pfedpokladana stfedné pevna,
masivni, lavicovita, stfedné az malo rozpukana hornina.

Podzemni voda v dané lokalité vytvaii mélo vydatny obzor, vazany na sys-
tém puklin a diskontinuit s volnou hladinou. Infiltrace srazkovych vod do
horninového prostfedi je znagné omezena nadloZnim hlinitym pokryvem
a eluviem slinovcd. Geologicka skladba uzemi tvoii z hlediska podzemnich
vod $patné propustné aZ relativné nepropustné prostiedi. Z vyhodnoceni
zastizenych ustdlenych hladin puklinové vody v prizkumnych vrtech
vyplyva, Ze ve vétsiné trasy se nachdzi nespojita hladina podzemni vody
pode dnem projektovaného tunelu.

4. POPIS KONSTRUKCNIHO RESENi

Na zakladé geodetického zaméfeni zajmového zemi byl vytvofen digitalni
model terénu a projekt byl kompletné zpracovan pomoci poditade. To
usnadnilo v pomérné slozitém tvaru terénu névrh hloubenych usekl tunelu
i stanoven( polohy raZenych portald. Pomoci 3D modelu bylo fe$eno
i za¢lenéni portald do okolni krajiny (viz obr. 2 a 4).

Profil tunelu je navrZen pro prdjezdny prifez Z-GC s vyskou 6,0 m nad TK,
Rozméry vnitfniho teoretického lice definitivniho osténi jsou odvozeny pro
pfevySeni koleje 40 mm a pojistny prostor po obvodu tunelu 150 mm (viz
obr, 1).

Pojistny prostor je moZno vyuzit jednak pro nepfesnosti stavebni vyroby
a pfetvofeni konstrukce, jednak pro dodateéné vestavéni dalsich konstrukci
pii opravach tunelu. Geometrické parametry prifezu tunelu jsou voleny tak,
aby vnitini lic tvofita jedind kruZnice o poloméru R=5500 mm. Tvar vnittniho
lice definitivniho osténi se v celé déice tunelu neméni. Snahou je maximalné
zjednodusit budovani definitivniho osténf a pouZiti bedniciho vozu. Atypické
feSeni vyZaduji pouze zachranné vyklenky, které jsou bednény pfidavnym
bednénim k bednicimu vozu,

Po obou stranach tunelu je vybudovéna pochozi stezka, kterou je v dobd
pochlzky mozno osvétlit svitidly rozmisténymi v Grovni 2,20 m nad TK.

Obr. 2 Vizualizace teeni prazského portélu s gabionovou zdf
Fig. 2 Computer model of the Prague portal, with a gabion wall

4. DESCRIPTION OF CONSTRUCTION SOLUTION

On the basis of a geodetic survey of the locality of interest, there was formed
a digital modef of the ferrain, and the project was worked oul completely by
means of a computer. That enabled, in a relalively complicated lopography,
a design of cul-and-cover tunnel sections and even a position determination
of driven portals. By means of the 3D model, there was also solved the prob-
lem how to situate porlals in the surrounding landscape (see Figs. 2 and 4).
The tunnel profile is designed for the Z-GC gauge limil, being 6.0 m high
measured from the rail top. Dimensions of the internal theoretical face of
final lining are derived for the rail superelevation of 40 mm and the safety
space (margin) on the circumlerence of the tunnel of 150 mm (see Fig. 1).
The safety space may be ulilised both for inaccuracies of the building pro-
duction and for design changes, as well as for an additional building in of
other structures during repairs to the tunnel. Geometric paramelers of the
tunnel cross seclions are selected in such a way that the internal face may
be formed by a single circle having the diameter R = 5500 mm. The shape of
the internal face of the final lining is the same in the whole length of the tun-
nel. The effort aims to a max. simplification of the final lining and application
of a traveller formwork. Non-standard solutions require only rescue recesses
which are formed by means of additional forms to the traveller formwork.

On both sides of the tunnel, there is built up an emergency walkway which
can be illuminated during walking by means of lamps situated in the leve! of
2.20 m over the rail top. The illumination can be switched on at both portals.
The tunnel is also equipped with fire water supply system (or with a dry pi-
ping) and with a power distribution system of voltage 220 V.

In front of the Prague portal (see Fig. 2), there is made a hard surfaced area,
which is designed, in case of an accident in the tunnel, for vehicles of the
first aid service, firemen and other technical services needed for solving
consequences of the accident or incident. An access to said area is ensured
from the community Veprek. In said area, there is also situated a shaft for
connecting fire cisterns to the tunnel water-supply. Two cisterns at the same
time can be connected to the water-supply by means of a double-way valve
which ensures a continuous supply of water during actions of firemen inside
the tunnel. The outlet of the fire water-supply is represented by a fire hydrant
in the place of shafts for cleaning the longitudinal drainage of the tunnel,
The shafts are situated in rescue recesses which are situated on both sides
of the tunnel, one opposite the other. The max. distance of the recesses is
20 m, and their main function resides in protection of persons, who perform
inspection or necessary maintenance of the tunnel, against passing trains.
Recess spaces are also utilized for placing electric current sockets, shafts
for cleaning tunnel drainage and cable shafts.

A hand rail, situated on both sides of the tunnel between the rescue recess-
es, represents another safety element in the tunnel. The hand rail was
included in the design after the requirement of the ordering firm, and it
should serve for a safe protection of persons in the moment of a train pas-
sage. If somebody, with respect to a high speed of the passing train, cannot
reach in time a rescue recess, he is endangered by a piston effect of the
train, and the hand rail offers the possibility of a firm support.
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Osvétleni je mozné zapinat na obou portdlech. Déle je tunel vybaven
pozarnim vodovodem (resp. suchovodem) a rozvodem elektrické energie
o napéti 220 V.

Pred prazskym portdlem (viz obr. 2) je vytvofena zpevnéna plocha, kterd
slouzi v pfipadé havarie v tunelu k pfistaveni vozidel zachranné sluzby,
pozami techniky a pfipadné dalsf techniky, kterd je nezbytna k fedeni
nasledkl havarie. Prijezd k plode je zajistén z obce Vepfek. Na této ploe je
rovnéz umisténa $achta pro napojeni poZzarnich cisteren na tunelovy
vodovod. K vodovodu je mozné pomoci dvojcestného ventilu napojit soutas-
né dvé cisterny, coz zajistuje nepfetrzité zasobovani vodou po dobu zasahu
poZarnikl uvnitf tunelu. Vyusténi pozarniho vodovodu je provedeno hydran-
tem v misté Sachet pro Cisteni podéiného odvodnéni tunelu. Sachty jsou
umistény do zachrannych vyklenkd, které jsou situovany vstficné po obou
strandch tunelu. Vzdalenost vyklenkd je max, 20 m a jejich hlavni funkei je
ochrana osob, které provadéji kontrolu ¢i nezbytnou udrzbu tunelu, pfed
projizdéjicim viakem. Prostory vyklenkd jsou dale vyuZity k umisténi zasuvek
pro odbér elektrické energie, $achet na ¢isténf tunelové drendze a kabe-
lovych $achet.

Dal$im bezpecnostnim prvkem v tunelu je madlo, které je umist&no po obou
strandch tunelu mezi zachrannymi vyklenky. Madlo bylo do projektu zapra-
covano na zadost zadavalele a ma slouZit k bezpecnému zajisténi osob
v okamziku prdjezdu vlaku. Pokud doty¢nd osoba vzhledem k vysoké rych-
losti projizdgjici vlakové soupravy nedostihne v&as zachranného vyklenku, je
ohroZena vlivem pistového efektu vlaku a madlo poskytuje moznost pevné

opory.

Primarni napjatost
Primary state of stress

Obr. 3/1 Priibgh vertikalniho napéti v jednotlivych fazich razby tunelu
Fig. 3/1 Course of the vertical stress in individual stages of the tunnel drive

Vyrub kaloty
Top heading excavation

gpr. 3/2 Pridbéh vertikalniho napéti v jednotiivych fazich razby tunelu
ig. 3/2 Course of the vertical stress in individual stages of the tunnel drive
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All cables are laid in PE multi-channels which are situated on both sides of
the tunnel under the emergency walkway. In the place of cable shafts, there
is made a branching of needed cables (illumination circuit and socket one)
into protection boxes situated in the final lining of the tunnel. A laying down
of cables in cable channels and protection boxes represents the effort to
diminish possible activities of vandals which can be expected in case of
a free access.

The drainage is ensured by means of a longitudinal tunnel drain situated on
both sides of the tunnel. Water which flows down over the intermediate insu-
lation is led to longitudinal drains in the level of the tunnel floor and then to
the Prague portal, when the drain leads into shafts and then water is drained
away centrally. In the tunnel axis, under the railway bed, there is situated the
central tunnel sewer which drains away water from the internal tunnel space.
As the tunnel is protected against penetration of ground water by means of
intermediate insulation, it concerns water after technological maintenance of
the tunnel or water after an action of firemen. The longitudinal tunnel gradi-
ent of 3 %. is at the limit when it is possible to design a longitudinal
drainage. It may be supposed a deposition of fine particles of marlstone in
the drainage system. That is why shafts for cleaning drains are designed at
40 m spacing (in every second safety recess).

4.1 CUT-AND-COVER TUNNEL SECTIONS

The ground configuration, the directional and level-related routing of the line
does not make it possible to start the tunnel driving sooner than open cuts
are excavated and cut-and-cover tunnel sections in the portal area made.
The length of sections made in an open building pit is 58 m in the area of the
Prague portal, and 60 m in the place of the Décin portal. The stability of the
building pit during construction works is secured, by means of a suitable
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Veskeré kabely jsou vedeny v PE multikanalech, které jsou umistény po obou
stranach tunelu pod pochozi stezkou. V misté kabelovych Sachet je prove-
deno odboceni potfebnych kabeld (svételny a zasuvkovy okruh) do chra-
ni¢ek umisténych v definitivnim osténf tunelu. Vedenf kabell v kabelovych
kanalech a chrani¢kach je snahou o zmengeni moznych projevi vandalstvi,
které Ize v pfipadé volné pfistupného objektu oCekavat.

Odvodnéni je zaji$téno podélnou tunelovou drendzi, umisténou po obou
strandch tunelu. Yoda, kterd stékd po mezilehlé izolaci, je svadéna k podél-
nym drén0m v Grovni pocvy tunelu a dale pak k prazskému portalu, kde je
drenadz zausténa do Sachet a centralné odvedena. V ose tunelu je pod kole-
jovym lozem umisténa centralni tunelova stoka, kterd odvadi vodu z vnitfnich
prostor tunelu, ProtoZe je tunel chranén pfed pronikanim podzemni vody
mezilehlou izolaci, jedna se o vodu z technologické udrzby tunelu nebo pfi-
padného zasahu poZarnikG. Podéiny sklon tunelu 3 %. je na hranici, kdy je
jesté mozno podélné odvodnéni navrhnout. Lze pfedpokladat usazovani
jemnych &astic slinovcl v drendZnim systému. Proto jsou ve vzdalenosti
40 m (v kazdém druhém bezpeénostnim vyklenku) navrzeny 8achty na ¢isté-
ni drenéze.

4.1 HLOUBENE USEKY TUNELU

Konfigurace terénu, smérové a vySkové vedeni trasy neumoznuje zahgjeni
razby tunelu pfed vytvorenim zafezl a hloubenych dsek( tunelu v oblasti
portal. Délka Usekd provadénych v oteviené stavebni jamé je 58 m v oblasti

Vyrub jadra
Bench excavation

Obr. 3/3 Pribéh vertikainiho napéti v jednotlivych fazich razby tunelu

Fig. 3/3 Course of the vertical stress in individual stages of the tunnel drive

Vyrub pocvy
Invert excavation

Obr. 3/4 Priib&h vertikalniho napéti v jednotlivych fazich razby tunelu

Fig. 3/4 Course of the vertical stress in individual stages of the tunnel drive

slope design according to a stability calculation, when applying sholcrete

with mesh and anchors (nails from concrete reinforcement bars - dia 25 mm)
being 4 to 6 m long, placed in bores filled in with a cement grout.

The lining of cut-and-cover tunnels is designed as a monolithic one with an
invert. Concrele is poured into two-sided formwork. After completing the
final lining and damp-proofing, the building pit will be refilled with a com-
pacted backfill, and on the ground a vegetation shall be renewed

The situation in front of the Prague portal does not allow, with respect to the
neighbouring house-building and occupation of lands, a solution of an open
cut with natural slopes. That is why the excavation stability is secured by
means of a gabion wall (see Fig. 2).

The natural material of the gabion wall corresponds well with the character
of the landscape along the river Vitava and fits to the surroundings. The
height of the wall rises from 1 m at the beginning of the open cut up to 8 m in
the spot of the tunnel portal. The total length of the wall is 25 m.

4.2 THE TUNNEL DRIVEN BY MEANS OF NATM

A boundary line between a driven section (driven portal of the tunnel) is sit-
uated on the place where the overburden thickness is not less than 6 m. The
limiting point in this case is not the top, but the side of the tunnel. The lining
of the driven tunnel consists of two shells with an intermediate insulation in
the area of the upper vault and sides. The invert is not insulated. The driven
tunnel part is 272 m long.

The primary lining is made of shotcrete with nets, anchors and lattice arch-
es. In areas endangered by a bad stability of areas at the roof, the stope sta-
bility is secured by steel needles forced in in advance (forepoling). The
application of individual elements of the primary lining and technological
processes are defined by the technological excavation class. Before starting

Vysledné veli¢ina
Resulting value

Normalové napéti Syy
Normal siress Syy

[kN/m?]
max = 34,2
min = -1,795.8

Vyhlazovani aktivni
Active smoothing

Méfitko - Scale 1:600
7S5-756
Vertikalni napéti
Vertical stress

Vysledna veli¢ina
Resulting value

Normélové napéti Syy
Normal stress Syy

[kN/m?]
max = 0,4
min = -1,795.4

Vyhlazovani aktivni
Active smoothing

Méfitko - Scale 1:600
8S7-257
Vertikalni napétf
Vertical stress
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prazského portalu a 60 m v misté dé¢inského portalu. Stabilita stavebni jamy
ie po dobu vystavby zajisténa vhodnym navrhem sklonu svahl podle stabilit-
niho vypoctu, stfikanym betonem se sitémi a kotvami (hfeby z betonafské
vyztuze @ 25 mm) délky 4 az 6 m osazovanymi do vrtl vyplnénych cemen-
tovou zélivkou.

Osténi hloubenych tunell je navrZzeno jako monolitické se spodnf klenbou.
Betonaz je provadéna do oboustranného bednéni. Po provedeni definitivniho
osténi a hydroizolace bude stavebni jdAma zpétné zasypdna hutnénym
zasypem a na povrchu obnovena vegetace.

Situace pred prazskym portalem nedovoluje vzhledem k okolnf zéastavbé
i k zaboru pozemk( fe§eni trvalého zafezu v pfirozeném sklonu svah(. Proto
je stabilita zafezu zajisténa gabionovou sténou (viz obr. 2).

Ptirodni material gabionu dobfe vystihuje raz krajiny podél feky Vlitavy a ne-
nasilné zapada do okolniho prostiedi. Vy$ka zdi narlsta od 1 m na zagatku
zafezu az do 8 m v misté portélu tunelu. Celkova délka zdi je 25 m.

4.2 TUNEL RAZENY NRTM

Rozhrani mezi hloubenym a razenym Usekem (razeny portal tunelu) je
situovano do mist, kde mocnost nadlozi neklesa pod 6 m. Limitnim mistem
v tomto pfipadé neni vrchol, ale spise bok tunelu. Osténi razeného tunelu je
dvouplastové s mezilehlou izolaci v oblasti horni klenby a bok(. Spodni klen-
ba tunelu nenfi izolovana, Razend ¢ast tunelu je délky 272 m.

Primarni osténi je tvofeno stfikanym betonem se siti, kotvami a pfihradovymi
ramenaty. V oblasti ohrozené nestabilitou pfistropf je stabilita vyrubu zajisté-
na pfedraZenymi ocelovymi jehlami. PouZiti jednotlivych prvkd primérnfho
osténi i technologické postupy jsou definovany technologickou tfidou
vyrubu, Pfed zahajenim razby je z piihradovych obloukd, siti a stfikaného
betonu vytvofen zarodek kaloty a po obvodu kaloty je provedeno zesileni
harninového masivu kotvami IBO délky 8 m.

Definitivni osténi je Zelezobetonové, monolitické, betonované v 10 m blocich
do posuvného bednéni (bedniciho vozu).

Dimenze osténi byly posouzeny statickym vypo&tem. Vypocet primarniho
osténi byl proveden metodou kone&nych prvkid jako 2D model se zohled-
nénim jednotlivych fazi vystavby (¢lenéni vyrubu na kalotu, jadro a po&vu).
Vysledny pribéh vertikalnich napéti v okoli vyrubu je patrny z obrazku ¢. 3.
Systémové kotveni je ve vypoétu zohlednéno zvySenim geotechnickych
parametr( prokotvené oblasti. Treti rozmér, ktery pfedstavuje modelovani
razby tunelu v podélném sméru, byl do 2D modelu zaveden pomoci metody
Lopérnych napéti".

5. TECHNOLOGIE VYSTAVBY

Tunel je razen novou rakouskou tunelovaci metodou. Vzhledem k zastizenym
IG pomérdm je uvaZovano strojni rozpojovani hornin bez pouziti trhacich
praci. Zvétralé polohy slinovcl je moZno odtéZovat tunelovym bagrem,
pevnéj§i vrstvy je mozno rozruovat napf. frézou. Rubanina je nakladana
naklada¢em a odvazena nakladnimi automobily k dé&inskému portalu a dale
na deponii vzdalenou asi 3 km. Névrh technologického postupu praci
zohlednuje i poZadavek obecniho Ufadu na omezeni stavenistniho provozu
v prostoru obce Vepfek na nezbytné nutné minimum. Proto je pfes obec,
ktera t&sné sousedi s prazskym portalem, proveden pouze nutny odvoz ma-
teridlu vykopu z oblasti portalu a dovoz materidlu pro zpétny zésyp hlou-
beného tseku tunelu. Z téhoz dlivodu probiha razba tunelu Gpadné smérem
od déc&inského k prazskému portalu. Pro odtéZovani rubaniny z razeného
tunelu i odvoz materidlu vykopu z hloubeného Gseku décinského portalu je
vyuZito nové zfizené stavenidtni komunikace. V pomérné sloZitém reliéfu
terénu (viz obr. 4) je komunikace situovana do prostoru rokle, kterou tvofi
erozni ryha v oblasti dé¢inského portalu.

Z hlediska provadéni neni upadni raZba tunelu pfili§ vyhodné s ohledem na
nutnost Cerpani pfedevdim technologické vody z prostoru &elby tunelu.
Vzhledem k minimalnimu podélnému sklonu tunelu 3 %. a pfedpokladanému
mizivému vyskytu podzemni vody v masivu v8ak nepfedstavuje v porovnani
s dovrchni razbou vyraznou komplikaci (sklon 3 %. nestaci k odvedenf vody
z Gelby prirozenym spadem ani v pfipadé dovrchni razby).

BetondZz definitivniho osténi probihd aZ po vyraZeni celého tunelu. Prace
postupuji opét smérem od décinského k prazskému portalu. Soubéh ra-
zi¢skych praci a betonaZe definitivnino osténf neni vhodny vzhledem k malé
délce tunelu a prostorovému uspofadani. NavrZeny postup praci minimalizu-
je negativni dopady vystavby na obec Veprek. Technologicky postup a zpi-
sob zajisténi vyrubu pfi razbé tunelu je definovan technologickou tfidou
vyrubu.

driving operations, there is made a initial element of the calotte when using
lattice arches, mesh and shotcrete, and on the circumference of the calotte,
the rock massif is reinforced by means of anchors I1BO, being 6 m long.

The final lining is made of reinforced concrete, it is monolithic, concreted in
10 m blocks behind the traveller formwork.

Dimensions of the lining were assessed by means of a static calculation. The
calculation of the primary lining was worked out by means of the method of
final elements as the model 2D, taking into consideration individual con-
struction stages (dividing of the stope in a calotte, core and invert). The
resulting course of vertical stresses around the stope is shown in Fig. No. 3.
A system anchoring is taken into consideration in the calculation by increas-
ing geotechnical parameters of the area strengthened with anchors. The
third dimension, which represents a tunnel driving modelling in a longitudi-
nal direction, was included in the 2D model by means of the method of ,sup-
porting stresses’”,

5. CONSTRUCTION TECHNIQUE

The tunnel is driven by means of the New Austrian Tunnelling Method, With
respect to the respective geological conditions there is considered
a machine disintegration of rocks without drill-and-blast works. Weathered
positions of marlstone may be removed by means of a tunnel excavator,
more strong layers may be disintegrated e.g. by means of a roadheader.
Muck is loaded by means of a loader and transported with lorries to the
Décin portal and then to a dump being in the distance of 3 km. The design of
the technological process of works takes into consideration even the
requirement of the local office to limit the building site traffic in the area of
the community Vepfek to the necessary minimum. That is why the transport
through the community just neighbouring with the Prague portal concerns
only the necessary transport of the excavated material from the portal area
and the transport of material for a backfill of the cut-and-cover section of the
tunnel. For the same reason, the tunnel is driven on a down gradient the
direction from the Décin to the Prague portal. For transporting muck from the
driven tunnel and material from the excavation of the cut-and-cover section
of the Décin portal, there are utilised the newly built site roads. In the rela-
tively complicated relief of the ground (see Fig. 4), the road is situated in the
area of a gorge formed by an erosion ridge in the area of the Déc¢in portal.

With respect to execution, the downhill driving is not too advantageous

SN-kotvy @ 25mm
Pricny fez j
Cross section

Kalota 51.36 m?
Top heading |

Jadro 36,96 m?
Bench 36,96 gqm
= 0.6

| Potva 16,31 m?
Invert 16,31 sgm

Rez a skladba osténi 25
Cross section - the lining composition

i I

Obloukové prihradové nos N
Lattice arches

niky —J
Stfikany beton tl. 200 mm
Shotcrete 200 mm thick
Podkladni vrstva izolace
SN-kotvy @ 25mm, dl. 4 m Bedding layer under

Ocelova sit’
Steel mesh
SN-anchors. dia 25 mm, 4 m long the insulation

Obr. 5/1 Tfida vyrubu IV
Fig. 5/1 Excavation class IV
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6. TECHNOLOGICKE TRiDY VYRUBU

Navrh technologickych tfid vyrubu vychézi z pfedpokladd o chovani horni-
nového masivu, ziskanych na zakladé prizkumu, a pfedepisuje standardni
postup raZzby a zajisténi vyrubu v takto definovaném prostiedi. Tiidy vyrubu
slouzi jako zakladni definice zpdsobu zajisténi vyrubu a technologického
postupu praci. Na zakladé interpretace vysledk( |G prizkumu a s ohledem
na plochu a tvar vyrubu je Usek razeného tunelu zatiidén do t¥ technolo-
gickych tfid:

e Oblast razenych portald a pfipadnych poruchovych zon je zatfidéna do
technologické tfidy vyrubu VI

e Oblasti s vétsim podilem slabé zvétralych slinovcl na ¢elbé jsou zafazeny
do technologické tfidy vyrubu V.

e Procentualné nejdeldi ¢ast tunelu je zatfidéna do technologické tfidy
vyrubu 1V

V kazdé tfidé vyrubu je pfesné definovan zpisob &lenéni Gelby, tloustka
primarniho osténi, poget a poloha siti v primarnim osténi, délka a typ kotev
a schéma kotvenl, typ vyztuznych obloukd, délka zabéru v jednotlivych dil-
¢ich vyrubech a limitnf vzdalenosti ¢eleb dil¢ich vyrubl v podélném sméru
(pfipadné okamZik uzavfeni osténf spodni klenbou). Hodnoty jsou piehledns
uspofadany v tab. 1

Nedilnou soucasti navrzené metody jsou geotechnicka méfeni béhem razby.
Vysledky méfeni musi byt okamZité vyhodnocovany a spravng interpre-
tovany, aby mohly byt zohlednény pfi dalsim postupu razby. Postupy defino-
vané technologickou tfidou vyrubu je mozno v pfipadé nutnosti dale korigo-
vat (lokalni zvy$eni postu kotev, Uprava délky zabéru apod). Déje se tak na
zakladeé skute¢nd zastizenych geologickych podminek a na zakladé geo-
technickych méfeni provadénych béhem razby. Operativni navrh jed-
notlivych prvkl zajisténi vyrubu je vyznamnym rysem NRTM a je jednim
z piedpokladd ekonomického provadéni razby. Proto je nutné vysledkim
geotechnickych méfeni a hlavng jejich spravné interpretaci vénovat potieb-
nou pozornost.

SN-kotvy @ 25mm, dl. 4 m
SN-anchors dia 25 mm, 4 m long
SN-kotvy & 25mm, dl. 6 m

Pricny fez SN-anchors dia 25 mm, 6 m long
Cross sggtion f
{ /
L / ! Ps
), / / v
\\ ! ' f/
\ WA
4
— 47 +2.4 -
3| Jadro 37.30 m? ! d
—— Bench 37,30 sqm! d
o i é_ -0,6 -
Pocva 16]31 m*
Invert 16,31 sqm
Rez a skladba osténi 25
Cross section - the lining composition
u max 1400 max 1400
Tl o o

Ocelova sit' / \
Steel mesh Stfikany beton tl. 200 mm

Obloukové prihradové nosniky Shotcrete 200 mm thick

Lattice arches Podkladni vrstva izolace
SN-kotvy @ 25mm, dl. 4 m Bedding layer under
SN-anchors dia 25 mm, 4 m long the insulation

Obr. 5/2 Trida vyrubu V
Fig. 5/2 Excavation class V

because of the necessity of pumping, in the first place of technological
water from spaces of the tunnel heading. With respect both to the minimum
longitudinal gradient of the tunnel, ie. 3 %. , and to the expected occur-
rence of ground water in the massif, it does not represent, in comparison
with the uphill driving, a significant complication (the gradient of 3 %. is not
sufficient to drain water from the heading in a natural slope not even at the
uphilt driving,

Concreting of the final lining is carried out after the whole tunnel has been
excavated. Works go on again in the direction from the Dé¢in portal to the
Prague one. A simultaneous performance of driving works and concreting of
the final lining is not suitable with respect both to a small length of the tunnel
and to the space arrangement. The designed sequence of works minimizes
negative influences of the construction upon the community Vepfek. The
technological process and kind of the stope support during the tunnel driv-
ing is defined by the technological excavation class.

6. TECHNOLOGICAL EXCAVATION CLASSES

The design of technological excavation classes is based on assumptions
concerning the behaviour of a rock massif obtained through investigations,
and it lays down a standard process of driving and securing of a stope in
environment defined in such a way. Excavation classes serve as a basic de-
finition of a kind how to secure a stope and technological process of works.
On the interpretation basis of results of a geological investigation, and with
respect to the area and shape of the stope, the section of the driven tunnel
is classified in three technological classes:

e The area of driven portals and fractured zones, if any, is classified in the
technological excavation class VI.

* Areas with a larger share of a slightly weathered marlstone are classified in
the technological excavation class V.

® In terms of percentage, the longest part of the tunnel is classified in the
technological excavation class IV.

In every excavation class, there is precisely defined the method of the face
sequencing, thickness of the primary lining, number and position of mesh
layers in the primary lining, length and type of anchors and an anchoring
pattern, type of reinforcing arches, length of one advance in individual par-
tial headings, and the limit mutual distances of the partial headings in the
longitudinal direction (or the moment of closing of the lining with an invert)

«Pfedrazené jehly SN-kotvy @ 25mm, dl. 4 m

Pricny fez Forepoling SN-anchors dia 25 mm, 4 m long
Cross section
~ -~
> ~ S /'/ g
5 . q ~ =
D i el
Kalota 53.97-m" ™ Xx, 27

Top heading

53.97 sym
R S
‘F_____._..—H "-—...‘h“_‘

SN-kotvy @ 25mm, dI. 6 m Pogva 20,04 m’
SN-anchors dia 25 mm, 6 m long Invert 20,4 sqm
SB-jehly @ 25mm, dl. 4 m a 300 mm
v kazdém zabéru

SB -Spiles dia 25 mm, 4 m long

at 300 mm at each round

230
j _ﬂ‘max 1000 Jl;*_ o

Rez a skladba osténi
Cross section
the lining composition

Steel mesh
Obloukové prihradové nosniky
Lattice arches

SN-kotvy @ 25mm, dI. 4 m
SN-anchors dia 25 mm, 4 m long

Obr. 5/3 Trida vyrubu VI
Fig. 53 Excavation class VI

Stiikany beton tl. 300 mm
Shotcrete 300 mm thick

Podkladni vrstva izolace
Bedding layer under
the insulation
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7. ZAVER

RaZba tunelil technologii NRTM byla az dosud v Ceské republice vyhradni
zdleZitosti silni¢nich tuneld. Jako pfiklad je moZno uvést tfipruhovy silni¢ni
tunel Hfebe&, prazskou radidlu v Brné nebo pravé realizovany tunel
Mrazovka v Praze. Dvoukolejny Zelezniéni tunel na trati Kralupy — Vranany je
prvnim tunelem v siti Ceskych drah razenym pomoci NRTM. V pribéhu srpna
roku 2000 probéhlo vybérové fizeni na dodavatele stavby a o mésic pozdéji
ji7z bylo provedeno pfedani stavenisté jeho vitézi.

Technicko-ekonomickd studie porovnani hioubené a razené varianty tunelu
ukdzala, Ze vieobecné vzity a Casto pouzivany argument, Ze budovani
razeného tunelu je vZdy nejdrazsi moznou variantou, nemusi byt vZzdy prav-
divy. Potvrzeni vysledki studie realizaci dila by mohlo byt signalem k vétsi-
mu vyuZiti tunelovych staveb provadénych technologii NRTM v podminkach
Ceskych drah. Rozsahly projekt vystavby elezni¢nich koridord v Ceské
republice je pro to nejlepsim predpokladem.

LITERATURA

e Podrobny geotechnicky prizkum SO 30-20-01 Razeny tunel, ILF Consul-
ting Engineers — Ing. Jifi Cinka, ¢ervenec 1999,

o CD-DDC Modernizace trati Kralupy nad Vitavou - Vraftany, Tunel v km
446,030 - 446,420, Staticky vypodéet primarniho osténi - Ing. Jifi Hofejsi,
bfezen 2000.

All values are arranged in Tab. I. Geotechnical measurements during driving
operations form an inseparable part of the designed method. The measure-
ments results must be evaluated immediately and interpreted correctly that
they may be taken into consideration during the further process of geologi-
cal conditions and on the basis of geotechnical measurements during the
driving work. The system of operational designing of individual elements
supporting the stope is an important feature of the NATM and it is one of the
assumptions of an economical driving performance. That is why it is neces-
sary to pay the needed attention to results of geotechnical measurements
and in the first place to their correct interpretation.

7. CONCLUSION

Driving tunnels by means of the NATM technique has been so far in the
Czech Republic the exclusive matter of road tunnels. As an example there
may be mentioned the three-lane road tunnel Hiebec, the Prague radial
motorway at Brno, or the Mrdzovka tunnel in Prague, being under construc-
tion. The double-track railway tunnel on the railway line Kralupy - Vranany is
the first tunnel in the network of the Czech Railways driven by means of the
NATM. In the course of August 2000 there took place a tender proceedings
for a contractor of the construction, and, one month later, the building site
was handed over to its winner.

The technical economical study, comparing the cut-and-cover variant and
the driven one, proved that the generally and often used argument that
a construction of a driven tunnel is always the most expensive option, need
not be always right. The realisation of the work proved the results of the
study which could be a signal for utilising tunnel constructions made by
means of the NATM in conditions of the Czech Railways in a larger extent.
An extensive project for constructing railway corridors in the Czech Republic
is the best presumption.
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Obr. 4 Vizualizace dé¢inského portalu
Fig. 4 Computer model of the Décin portal
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TAB.1 TECHNOLOGICKE TRiDY VYRUBU
TAB. 1 TECHNOLOGICAL EXCAVATION CLASSES

Popis Trida vyrubu IV. Trida vyrubu V. Trida vyrubu VI.
Description Excav. class IV Excav. class V Excav. class Vi
Clenéni &elby horizontélni: kalota - jadro - poéva

Face sequencing

horizontal: top heading - bench - invert

Uroven dna kaloty
Top heading floor level

+2,40 m nad Urovni temene kolejnice (dale jen TK)

+2.40 m above the rail top (RT)

Svétla vyska kaloty / Top heading clearance 5,20 m 5,25 m 5,30 m
Plocha teoretického vyrubu kaloty

Theoretical top heading excavated area 51,4 m* 52,3 m? 54,0 m?
Urovet dna jadra / Bench floor level 0,60 m pod TK / 0.60 m below RT

Vy$ka jadra / Bench thickness 3,0m

Plocha teoretického vyrubu jadra

Theoretical bench excavated area 37,0 m? 37,3 m* 37,6 m?
Urover dna poévy (vrchol spodni klenby) -2,50 m pod TK -2,50 m pod TK -2,80 m pod TK

Invert floor level (lowest point)

-2.50 m below RT

-2.50 m below RT

-2.80 m below RT

Vyska poévy / Invert thickness 1,9m 1,9 m 22m
Plocha teoretického vyrubu poévy

Theoretical invert excavated area 16,3 m? 16,3 m? 20,0 m?
Tloustka primarniho osténi

Primary lining thickness 200 mm 250 mm 300 mm

Sité v primarnim osténi
Mesh in the primary lining

1 vrstva / 1 layer

2 vrstvy / 2 layers

2 vrstvy / 2 layers

Vyska ramenatd primarniho osténi

Height of girders for the primary lining 100 mm 150 mm 150 mm
4 m v kaloté 4maémvkaloté 6 m v kaloté
Kotvy SN délky / SN anchors length 3 myv jadfe 4 mv jadre 6 m v jadre

4 m for top heading
3 m for bench

4 m and 6 mtop h.
4 m for bench

6 m for top head.
6 m for bench

Délka zabéru / Advance per round 2m 1,4m 0,7m
kalota - jadro
top.heading - bench >100 m max 60 m max 30 m
Vzdélenost ¢eleb dil¢ich razba pfed betonazi razba pfed betondzi
vyrubl 3 klenby def. osténi klenby def. osténi
Distance between the faces jadro - pgcva excavation before excavation before max 5 m
of partial headings bench - invert concrete operations concrete operations
for the vault of the for the vault of the
final lining final lining
Prognoza vyskytu dle IGP
Prognosis on occurrence according to EGS 172 m 40m 60 m
Pozndmka / Note V poévé neni V pocvé neni Rozsifeni patky kaloty.
primarni osténi primarni osténi Jehlovani v kaloté.
No primary lining No primary lining Svahovana éelba

is in the invert

is in the invert

(¢elbovy klin)
Widening of top
heading footings.
Forepoling in top heading.
Sloped face (face
wedge)
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GEOLOGICKA PRUZKUMNA STOLA
PRO BUDOUCI TUNEL ,VALIK*

GEOLOGICAL EXPLORATION GALLERY
FOR THE FUTURE VALIK TUNEL

ING. JIRi SYOBODA, ING. JIRI VESELY, PRAGOPROJEKT, a.s.
ING. KAREL NECHMAC, REDITELSTVI SILNIC A DALNIC CR

Tunel Valik je sou¢asti projektované dalnice D5, stavby 0510 &ast 1 Ejpovi-
ce - Ustusice, kterd fesi jizni obchvat mésta Plzné. Tato stavba je v centru
pozornosti odborné i neodborné vefejnosti pfedevsim z hlediska pfirodniho
a zivotniho prostfedi. Tunel Valik (délka 375 m) je vyznamnou ekologickou
stavbou. Je navrhovan jako vrcholovy se 2 tunelovymi troubami $itky cca
14 m, celkové vysky cca 11,5 m, situovanymi vedle sebe, bez horninového
mezipilife. Toto uspofddani pfinadi vyznamnou tsporu v celkovém rozsahu
trvalych zéborl pozemkil, zejména v oblasti portalovych pfedzafezd. Na
druhé strané toto komplikované konstrukéni feseni primarniho i sekundar-
tické feeni

Z geotechnického hlediska jde nepochybné o pfipad 3. geotechnické kate-
gorie (pozadavky CSN 73 10 01 i Eurokodu 07), jehoz FeSeni vyZaduje
spolehlivou znalost mistnich geotechnickych charakteristik i poméré

PRUZKUMOVA STOLA

Soucasné zpracovavany projekt tunelu ke stavebnimu povoleni vychazel ze
Zavéretné zpravy o vysledku podrobného inzenyrskogeologického prizku-
mu délnice D5 - stavba 0510 — tunel VALIK, vypracované firmou IKE Praha
v terminu bfezen 1996. Tato zprava doporucuje vzhledem k inZenyrskogeo-
logickym pomérim, velikosti tuneld a uvaZované technologii NRTM realizo-
vat v pfedstihu stfedni §tolu, ktera bude mimo jiné slouzit k podrobné inZe-
nyrskogeologické a technologické dokumentaci razby s naslednou interpo-
lact na technologii razenf obou velkych profild.

V prosinci 1. 1999 Pragoprojekt zadal zpracovani odborného posudku a vy-
jadfeni k navrhované prizkumné $tole tunelu Valik z hlediska jejtho ucelu,
potiebnosti a vyuzitl pro vlastni realizaci tunelu prof. Ing. Josefu Aldorfovi,
DrSc., vedoucimu katedry geotechniky a podzemniho stavitelstvi Fakulty
stavebni VSB - TU Ostrava. Tento odborny posudek jednoznaéné doporugu-
je realizovat prizkumnou $tolu v pfedstihu, nebot dalsi dodatecné informace
0 horninovém prosttedi budou pfimo vyuZity pro optimalni ndvrh tunelu.
Prizkumnd 8tola bude i vyznamnym pFispévkem ke zvyseni bezpe&nosti
praci provadénych hornickym zplsobem.

EKOLOGICKE ASPEKTY STAVBY

Vrch Valik je z hlediska pfirodniho a Zivotniho prosttedi vyzna&ny kra-
jinotvorny prvek. Zasahy do tohoto ekosystému jsou podrobné sledovany jak
odbornou, tak i laickou vefejnosti vietné pfislusnych statnich organi. Proto
spinéni ekologickych poZzadavkl bylo pro technicky navrh a technologii vy-
stavby $toly rozhoduijicf.

Pri vlastni vystavbé piistupové komunikace, svazné a portalu §toly nebude
pokacen Zadny vzrostly strom. Pro viastni navrh svazné bylo vybrano Gzem,
kde je nyni prisek, ktery slouzi pro ozdravny zasah do lesniho porostu
Vlastni portal Stoly je rozmérové minimalizovan, zajisténi bok(i predpor-
talového zafezu je navrzeno z kamenné rovnaniny v ocelovych kogich
(gabiony)

PODMINKY PRO REALIZACI TECHNICKYCH PRACI

Geologicka Stola bude realizovana ve smyslu zakona &. 62/1988 Sb., o geo-
logickych pracich. Prizkumnd ¢innost bude provadéna v oblasti vodaren-

The Valik tunnel forms part of the designed D5 motorway, Section 0510, Part |
- Ejpovice - Utusice on the southern Plzeii bypass. This project is in the cent-
re of attention of both profesional and lay public primarily with reference to
natural and living environment. The Valik tunnel (375 m long) is an important
ecological project. It has been designed as a pass tunnel with two tunnel
tubes approx. 14 m wide and approx. 11.5 m high, situated next to one ano-
ther without any intermediate pillar. This design brings about significant eco-
nomy of the overall scope of permanent land requisiton, particularly in the
area of approach cuttings. On the other hand its complicated design of pri-
mary and secondary lining necessitates a more complex structural design
requiring more exacting geotechnical information. From the geotechnical point
of view it is undoubtedly the case of the 3rd geotechnical category (require-
ments of CSN 73 1001 and Eurocode 07) the solution of which requires a reli-
able knowledge of local geotechnical characteristics and conditions

EXPLORATION GALLERY

The Building Permit design in progress is based on the ,Final Report on the
Results of a Detailed Engineering-Geological Survey of D5 motorway -
Section 0510 - VALIK Tunnel” elaborated by IKE Praha in March 1996. With
regard to engineering geological conditions, the size of the tunnel and the
envisaged NRTM technology this report recommends the construction of an
exploration gallery to serve, inter alia. also detailed engineering geological
and technological driving documentation with subsequent interpolation to
the driving technology of both major tunnels,

In 1999 Pragoprojekt commissioned the elaboration of an expert assessment
and observations on the proposed exploration gallery for the Valik tunnel with
particular reference to its purpose, necessily and use for the actual tunnel
driving to Prof. Ing. Josef Aldort, DrSc., Head of the Department of Geo-
technics and Underground Engineering of the Facully of Civil Engineering,
Technical University Ostrava, This expert assessment has recommended
explicitely the construction of the exploratory gallery in advance, as the addi-
tional information on rock environment so obtained can be used directly for
the optimum tunnel design. The exploratory gallery will be also an important
contribution to the improvement of occupational safety of the works.

ECOLOGICAL ASPECT OF THE PROJECT

With reference to landscape and environment the Valik hill is a significant
landscape-forming element. Any interference with this ecosystem is under
detailed scrutiny of both professional and lay public as well as the respec-
tive state authorities. Therefore, the compliance with ecological require-
ments was decisive for the technical design and the technology of gallery
construction

The construction of access road haulage incline and portal will not require
the felling of a single tree. The haulage incline will be located in an existing
clearing serving the purposes of forest improvement. The portal will be of
minimum dimensions, the sides of the approach cutting will be secured with
walls of stones in steel baskets (gabions).

DRIVING CONDITIONS

The geological exploration gallery will be driven under the provisions of the
Geological Act (Act No. 62/1988 Col. on Geolotical Works). The explorations
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ského pasma 1. stupné feky Uhlavy, ze které mésto Plzefi bere pitnou vodu,
a proto budou veskeré dlini vody v prdbéhu vystavby jimany a odvazeny
cisternami k ¢isténi do &istirny v Plzni.

Veskeré plochy dotéené priizkumnou &innosti budou po skonéeni realizace
a prizkumnych praci rekultivovéany, lesni plochy piekryty zpétné lesni hra-
pankou, pfipadné osazeny mladinou.

GEOLOGICKE A HYDROLOGICKE POMERY

Vrch Valik, ktery je situovan asi 2 km SV od obce Stenovice a 2 km JZ od
Cernic, je z geologického hlediska tvofen algonkickymi fylitizovanymi, slabé
metamorfovanymi, pfevaziné prokfemenélymi bfidlicemi a ojedinéle lydity
(bulizniky).

Tyto bfidlice spadaji do tzv. blovicko-teplické série. Bfidlice jsou velmi
intenzivné rozpukany a misty jsou pukliny vyplnény ¢ernym slabg pis&itym
jilem. V nékterych vrtech byly zastizeny poruchy charakteru pis¢itych hlin
s Ulomky matefské horniny. Tektonické porugeni (resp. rozpukani) hornin
v navrhované trase je mistné znaéné proménlivé. Podzemni voda méa charak-
ter puklinovych vod. Pfi dlouhodobégjsich a vydatnéjsich srazkach mize do
Stoly (tunelu) pfitékat srazkova voda.

PROJEKT TECHNICKEHO RESENI
ZAJISTOVACICH PRACI

e Prizkumna stola

Profil Stoly je navrzen s kruhovou klenbou a svislymi sténami ve tfech ve-
likostech a ve dvou vystrojovacich tridach. Nejvétsi profil (3itka 3,4 m, vyska
3,6 m) je navrZzen v Useku budouciho razeného tunelu na délnici; stfedni
velikost Stoly (8itka 2,7 m, vyska 3,1 m) plati pro Gvodni cast Stoly
za portalem; nejmens$i velikost Stoly (8itka 2,2 m, vyska 2,75 m) plati pro
koncovou ¢4st Stoly, ktera bude mezi koncem budouci razené ¢asti tune-
lu a vétracim vrtem. Vystroj Stoly tvofi stitkany beton, ocelové sité a kotvy
BOLTEX-8. S ohledem na predpokladanou proménlivost horninového pro-
stfedi bude rozpojovani horniny provadéno mechanicky i trhacimi pra-
cemi.

Stola bude razena, technologie je navrZena na principu nové rakouské
tunelovaci melody postupnym provadénim dil¢fch operaci v jednotlivych
zabérech v zavislosti na geologickych podminkéch. Vysledny profil byl opti-
malizovan podle vysledk( statického vypoctu a upraven s ohledem na tvar
a velikost tunelového délni¢niho dila. V pfipadé, Ze tunel nebude realizovan,
Stola bude po skonceni prdzkumu zru$ena a zcela vyplnéna popilkobe-

will take place in a Grade Il waler supply zone of the river Uhlava ser-
ving as a potable water source for the city of Pizefi. For this reason all mine
water will be intercepted in the course of construction and lransported in
iruck cisterns to the waste water treatment plant in Plzen.

All surfaces affected by exploratory works will"be recultivated after the ter-
mination of the works; the forest areas will be covered with forest soil and/or
planted with new vegetation.

GEOLOGICAL CONDITIONS

The Valik hill, situated about 2 km northeast of Stenovice about 2 km south-
west of Cernice, consists geologically of Algonkian phylliticized, slightly
metamorphosed, and mostly quartzified shales with solitary lydites

These shales form part of the so-called Blovice-Teplice series. They are
intensively cracked, the cracks being filled with black, mildly sandy clay
here and there, Some boreholes showed faults of sandy loams character
with fragments of base rock. Tectonic faults (or cracks) of rocks in the pro-
posed gallery alignment are considerably variable locally. Grouns water is of
fissure water character. During long-term and intensive rainfall rain water
may penetrate into the gallery

TECHNICAL DESIGN
OF SECURING WORKS

e Exploration Gallery

The exploration gallery has been designed with a circular vault and vertical
walls in three sizes and two lining classes. The largest cross section (width
3.4 m, height 3.6 m) is designed in the section of the future motorway tunnel,
The medium dimensions (width 2.7 m, height 3.1 m) will be applied to the ini-
tial gallery part beyond the portal, the smallest dimensions (width 2.2 m,
height 2.75 m) to the terminal part of the gallery between the end of the
future tunnel and the ventilation borehole. The gallery will be lined with con-
crete sprayed (gunnited) on wire mesh and BOLTEX-8 anchors. With
reference to the assumed rock environment variability the rock will be disin-
tegrated both mechanically and by blasting.

The gallery will be driven by the technology designed on the principle of the
New Austrian Method in successive steps depending on geological condi-
tions. The final cross section was optimized according to the results of struc-
tural analysis and modified with reference to the form and size of the definite
motorway tunnel. Should the tunnel not be driven, the gallery will be abo-
lished and completely filled with fly-ash concrete. The gallery will be provi-
ded with two ventilation boreholes (in the middle and at the end of the
gallery) which will be used also in case of gallery abolition. The project com-
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tonem. Souc&asti Stoly jsou 2 vétraci vrty (uprostfed a na konci dila), které
budou eventualné slouzit pfi pfipadném ruseni dila. Soudéstf je také docas-
nd panelova pfijezdovéd vozovka véetné zpevnénych ploch pro technicka
zafizeni, svazna k portalu Stoly a vlastni portal na (boé&f vicholu Valik.

e Vyskové a smérové vedeni Stoly

V mistech, kde bude prizkumna &tola tvofit soudast razené ¢asti vlastniho
tunelu, je vedena soubézné (vyskové i smérové) s osou dalnice, Trasovan(
zatatku a konce $toly je plné podfizeno ekologickému umisténi portalu
a koncového vétraciho vrtu

e Svaina

S ohledem na minimalizaci zdsahu do lesntho prostoru byla k portélu
navrzena svazna. Jedna se o uloZeni a ukotveni ddini drazky o rozchodu
450 mm po svahu stavajiciho lesniho terénu s minimalnimi Upravami po-
vrchu. Svaznéa je pfima, délky cca 50 m, ve sklonu 20 % a7 30 %. Soucasti
svazné je dopravni a pé&Si koridor zpevnény dfevénymi ploginami s proti-
skluznymi latémi, pfipadné dfevéné schodigté.

Prostor portélu, svaZné a zpevnéna plocha pro stroje a zafizeni u paty svaz-
né jsou oploceny a v dobé nepfitomnosti pracovnikd zhotovitele nepfetrzité
hlidany bezpe&nostni agenturou.

e Zavérem

Navrhovand priizkumna $tola je vyznamnym technickym opatienim, plnicim
fadu funkci s okamzitym i odloZenym Gginkem. Jeji potfebnost je ale bez-
prostiedné vazana na soucasnou Uroved a spolehlivost poznani vlastnosti
a charakteristik horninového prostiedi v okoli tunelu.

Navrh pfistupovych komunikaci, svazné i vlastniho portalu §toly je proveden
s maximalnim ohledem na Zivotni prostfedi a respektuje viechny pozadavky
statnich organl véetné majitele pozemka.

prises also a temporary approach road of precast concrete panels incl. the
paved areas for technical facilities, the haulage incline leading to the gallery
portal and the portal proper in the slope of the Valik hill.

e Horizontal and Vertical Alignment

Where the exploration gallery will form part of the actual tunnel, it proceeds
parallelly (horizontally and vertically) with the motorway axis. The location of
the beginning and the end of the gallery is fully subordinated to the ecologi-
cal location of the portal and the ventilation borehole at the end of the
gallery.

e Haulage Incline

To minimize interference with forest vegetation a haulage incline leading to
the portal has been designed. It comprises the installation and anchorage
of a 450 mm gauge field railway track on the surface of existing forest
ground with minimum surface levelling. The railway is straight, about 50 m
long, with a gradient of 20 % - 30 %. The haulage incline comprises also
a vehicle and pedestrian corridor provided with wooden platforms with slip-
resistant strips, possibly wooden stairs where required.

“The area of the portal, haulage incline and paved surfaces for machines
and plant at the foot of the incline are fenced off and will be guarded by
a security agency during the absence of the contractor’s staff.

e Conclusion

The proposed exploration gallery is an important technical measure, fulfilling
a number of functions of immediate as well as delayed effect. However, its
need is connected directly with the present standard and reliability of know-
ledge of the characteristics of the rock environment in the proximity of the
tunnel. The design of approach roads, haulage incline and gallery portal
takes maximally into account the environment and respects all requirements
of state authorities and the land owner.
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VETRACIA SACHTA
NA DIALNICNOM TUNELI BRANISKO

VENTILATION SHAFT ON THE BRANISKO
MOTORWAY TUNEL

ING. BRANISLAV HRONEC, ING. JOZEF FRANKOVSKY, BANSKE STAVBY, a. s., PRIEVIDZA

uvoD

Reliéf terénu nad trasou dialni¢ného tunela Branisko umoZriuje napojenie
tunelovych rur s povrchom nehlbokou 8achtou, situovanou priblizne v jeho
strede. Prednostou poloprie¢neho vetrania so $achtou, ktorou bude odsd-
vany znecisteny vzduch z tunelovych rir je to, Ze vetraci systém pruznejsie
reaguje v pripade poziaru. Vetracia $achta svojim spodnym koncom vytstuje
do priestoru medzi obidvoma tunelovymi rGrami vo vzdialenosti 2 087 m od
zapadného, resp. 2 735 m od vychodného portalu. Ohlberf 3achly je situo-
vand 1,6 km od vrcholu Statnej cesty na sedle Chvalabohu smerom ku
vychodnému portalu v priestore s katastralnym néazvom Blatné vo vzdia-
lenosti 60 m od $tatnej cesty | / 18

VSTUPNE UDAJE

Geologické pomery v blizkosti projektovanej osi $achty boli zistené prie-
skumnym vitom. V mieste zarazkového bodu vetracej 8achty povrch terénu
tvori hlina a hlinita kamenista sut. V hibke 6 m pod terénom nasadzuje zve-
trald rula, ktort od hibky 25 m nahradza paskovany migmatit, prechadzajuci
od hibky 90 m do amfibolitov, siahajucich az pod droven tunela Vyskyt puk-
lin so sklonom prevazne do 30 stupriov bol zisteny v Useku od 40 do 102 m
Vetracia Sachta bude kruhového prierezu so svetlym priemerom 7,0 m, s pio-
chou vylomu 56 m? hiboka 123 m. V spodnej ¢asti sa priemer $achty roz8iru-
je zo 7,0 na 9,0 m. Prechodnik ma tvar ikmého homolého kuzela a je
ukonc¢eny prienikom do klenby spojovacej chodby, medzi juznou tunelovou
rurou a prieskumnou $télfou, situovanou v trase severnej tunelovej rary, Dno
Sachty je totozné s Urovriou poévy spojovacej chodby

Ostenie $achty mé byf dvojplastové s medzifahlou membranovou hydraizol-
ciou. Primarne ostenie bude budované z dna hlbenia v pasoch zodpoveda-
jucich dIZke zaberu vylomovych préac. Medzifahla hydroizolacia a sekun-
darne ostenie budu zabudovévané vzostupnym spbsobom az po dohlbeni
dachty na kone&nu hibku. Po ukondéeni vystavby sa bude $achtou odvadzat
znecCisteny vzduch z priestoru tunela cez spojovaciu chodbu na povrch
zalesneného terénu.

MOZNE TECHNOLOGICKE UDAJE

Tym, Ze Sachta je spristupnena tak zospodu z priestoru spojovacej chodby
ako aj z ohlbne, moZno ju razit tak dovrchne, ako aj hibit klasickym zostup-
nym sposobom zhora dolu. Pokial je mozno na ohlbe $achty dopravit,
namontovat a energeticky napojit vefkopriemerovi vrtaciu stpravu systému
RAISE BORING, ako aj zabezpecil zdroj technologickej vody, pondka sa ako
najvyhodnejsi variant zostupné hlbenie s vyuZitim vefkopriemerového vrtu na
gravitaénU dopravu rubaniny z hibenia (obr. 1).

TECHNOLOGIA HLBENIA VETRACEJ SACHTY

Hibenie vetrace] $achty 8 vyuZitim vefkopriemerového predvrtu je navrhnuté
vrtno-trhacimi pracami. Cast ribaniny po odstrele sa zosype, Gast sa do
predvrtu odfazi pomocou drapakovych nakladagov. Predvrtom sa okrem
gravita¢nej dopravy ziskaju nasledovné vyhody:

e dokladnejsie poznanie technologickych vlastnosti horninového masivu po
celej hibke 8achty

e jednoduchsi spdsob mera¢ského vytycenia objektu

e gravitatné odvodnenie pracoviska v 8achte (odpada Cerpaci systém pri
hlbeni)

e priebeZné vetranie cez vrt (odpada vetratkovy tah separatneho vetrania
pri hlbenf)

o Uspornejdi a efektivnejsi vylom horniny (predvrt nahradza zalom)

e gravitadna odtaZba ribaniny z dna 8achty (odpada tazba rdbaniny
smerom hore a vyklapacie zariadenie okovov na ohlbni)

Casovy efekt tychto vyhod Ciastoéne zniZuje doba potrebna na zriadenie
predvrtu. Ak nastanu komplikacie pocas realizacie predvrtu, celkova doba

INTRODUCTION

Configuration of the terrain above the Branisko motorway tunnel's alignment
enables the tunnel tubes to be connected with the surface by means of a not
too deep shaft, situated approximately in the middle of the tunnel. The
advantage of the semi-transverse ventilation with a shaft, which the polluted
air from the tunnel tubes will be carried through, is a more flexible response
of the ventilation system in the event of a tunnel fire. The ventilation shaft,
through its bottom part, exits to the space between the two tunnel tubes, at
the distance of 2,087 m from the west portal and 2,735 m from the east por-
tal. The shaft mouth is situated 1.6km from the summit of the state road at
Chvalabohu col, in the direction towards the east portal, in Blatna cadastral
area, 60 km from the 1/18 state road

INPUT INFORMATION

Geological conditions in the vicinity of the designed centre line of the shaft
were determined by exploratory drilling. The surface layer at the shaft loca-
tion consists of loam and loamy rock debris. Weathered gneiss begins to
occur at the depth of 6 m under the surface. It is replaced by banded
migmatite, turning to amphibolites from the depth of 90 m, reaching under
the tunnel floor. Presence of cracks, dipping mostly at the angle of 30°, was
determined within the section from 40 to 102 m.

The 123 m-deep ventilation shaft will have a circular cross section with the
net diameter of 7.0 m, with the excavated area of 56 sqm. The diameter of
the shaft is expanded from 7.0 to 9.0 m at its bottom part. The transition zo-
ne has a shape of an oblique, truncated cone. It terminates by an intersec-
tion with the arch of the interconnection adit, between the south tunnel tube
and the exploratory gallery situated within the alignment of the north tunnel
tube. The shaft bottom is identical with the floor of the interconnection adit.
The lining of the shaft is to be of a double-pass type, with an intermediate
waterproofing membrane. Primary lining will be erected from the bottom of
the excavation, in rings corresponding to the advance per the excavation
cycle. The intermediate waterproofing membrane and secondary lining will
be installed upwards, after the shaft is excavated to the final depth. When the
construction has been completed, the shaft will carry polluted air from the
tunnel through the interconnecting adit to the surface of the forested terrain.

TECHNICAL OPTIONS AVAILABLE

As the shaft is accessible both from the bottom, i.e. from the interconnecting
adit, and from the shaft mouth, it is possible to excavate it upwards or to sink
it by a conventional way, i.e. downwards. If it is possible to transport,
assemble and connect to a power source a large-profile raise boring rig,
and to provide a source of service water, downward sinking suggests itself
as the most advantageous, using a large-profile bore hole for gravity-based
mucking (see Fig, 1).

THE VENTILATION SHAFT SINKING TECHNIQUE

For sinking of the ventilation shaft, the use of a large-diameter pre-formed
borehole drill and blast technique will be applied. A part of the debris will
fall down by itself after blasting, a part will be shifted to the hole by a grab
loader. In addition to the gravity-based transportation mode, the use of the
pre-formed borehole will furnish following advantages:

o better knowledge of technological properties of the rock mass along the
whole depth of the shaft

o simpler manner of surveying for the structure

e gravity drainage of the working place in the shaft (no pumping system is
necessary during excavation)

e continuous ventilation through the borehole (no ventilation ducting for se-
parate ventilation is necessary during excavation)
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hibenia $achty s predvrtom moze prevysit celkovd dobu hibenia $achty do
piného profilu. Z tohoto dévodu je potrebné zvldét pozorne vyhodnotit poz-
natky o horninovom prostredi, ziskané prieskumnym vrtom.

Navrhnuty spésob hibenia vetracej 8achty moZno stru¢ne oznaéit ako zo-
stupné rozsirovanie odtazbového predvrtu s paralelnym budovanim primar-
neho ostenia a naslednym dovrchnym paralelnym budovanim membrénovej
hydroizolacie a sekundarneho ostenia (obr. 2).

ORGANIZACIA A POSTUP PRAC

Navrhnuty spésob hibenia vy?aduje zriadif dve samostainé zékladne.
Hlavna zékladna je situovand na povrchu v oblasti ohtbne sachty.Tu je umie-
stnena podstatnd Cast hibiaceho zariadenia, najma tazné zariadenie pre ver-
tikalnu dopravu na lane a pripojky jednotlivych médii. Pomocna zékladfia je
situovand v podzemf v priestore spojovacej chodby. Tu st umiestnené len
zariadenia pre nakladanie a odvoz ribaniny z roz&irovania predvriu. Po-
stupnost prac, vykonavanych na tychto zékladniach v sdvislosti s ich zria-
denim, prevadzkou a likvidaciou, je nasledovna:

Zakladiia na povrchu: hrubé terénne UGpravy, pripojka elekirickej energie,
vnutrostaveniskové panelové cesty, skladové hospodarstvo, kompreso-
roviia, doCasna ohlber 8achty, odfazbovy predvrt, monitoring stien predvrtu
(a pripadné spevnenie vylomu striekanym betonom), hruba monta? hibia-
ceho zariadenia a pomocnych vratkov, zadstenie Sachty, skompletovanie
hlbiaceho zariadenia, povolenie prevadzky dopravného zariadenia a jazdy
fudi na Aom, hlbenie jamy v primarnom osteni, Upravy hibiaceho zariadenia,
budovanie membranovej hydroizolacie a sekundarneho ostenia, zriadenie
pevnej uzatvaracej povaly pod ohlbfiou, demontaz hibiaceho zariadenia
a pomocnych vratkov, odstranenie do¢asnej ohlbne achty a ostatnych be-
tonovych zékladov, demontdz a odvoz ostatnych prvkov zariadenia sta-
veniska.

Zakladifa v podzemi: presypna stanica rabaniny (rozgirenie odbogky do
prieskumnej §téIne), odbernd komora rubaniny (pribierka stropu spojovacej
chodby v prieniku s predvrtom), odoberanie rubaniny prepravnikovym na-
kladacom zo skladky v odbernej komore a jej sypanie do kofajovych vozov
v presypnej stanici, tpravy pracovnej povaly pre budovanie hydroizolacie
a sekundarneho ostenia, demontaz a odvoz pracovnej povaly po uzatvorenf
Sachty pod ohlbriou

Uzlovym bodom pre plynuly postup prac je zriadenie podzemnej zékladne
najneskorsie pred zacatim Upadného vitania pilotného vrtu z ohlbne 8achty.

POPIS NIEKTORYCH CINNOSTI

Odtazbovy predvrt - kominovacia vrina stprava pocas vftania je ukotvena
do beténovej deliacej priesky zakladov doGasnej ohlbne jamy.

Takéto atypické usporiadanie so zriadenim dogasnej ohlone v predstihu je
vyhodné najma z nasledovnych dévodov:

e vykopovymi pracami pre zriadenie do¢asnej ohlone sa odstrania podpovr-
chové hliny a sute, nevhodné na vitanie

e priestor docasnej ohlbne moZno vyuZit na umiestnenie vyplachového
hospoddrstva kominovace] stpravy

Pri Gpadnom vftani pilotného vrtu je potrebné straty vyplachu filtraciou do
masivu priebeZne sledovat porovnavanim prietocnych mnozstiev vyplachu
na vstupe a vystupe z vrtu.

Rychlejsi rast straty vyplachu je treba odborne posidit este v priebehu vfta-
nia vodiaceho vrtu, najma z hladiska stability nevystuzenych stien hotového
vrtu po¢as odtazby ribaniny z hibenia jamy.

Dovrchné rozirovanie predvriu je potrebné ukongit v primeranej vzdialenos-
ti pod dnom dodasnej ohlbne jamy a tym vytvorit ochranny celik pre
bezpelny vykon dalsich prac na dne docasnej ohlbne jamy.

Demontaz rozSirovacej hlavy z vrtného stty¢ia sa vykona na poéve odbernej
komory zékladne v podzemi.

Po demontéazi kominovacej stipravy sa vykona monitoring stien technologic-
kého predvrtu prostrednictvom videokamery. Vysledky prvotného zaznamu
budd pouzité najma ako porovnavaci etaldn dalsich kontrol, z kiorych prva
sa vykona rovnakym spésobom po ukonéeni zahlbovania jamy.

Ochranny celik pod dnom docasnej ohlbne jamy bude zlikvidovany trhacimi
pracami pri vylome prvého zaberu pri zahlbovani jamy.

Faranie osadky - pocas zausiovania je pracovisko pristupné po zvislych
rebrikoch. Fo skampletovani hibiaceho zariadenia a povoleni prevadzky na
dopravnom zariadeni, toto bude sliZif aj pre jazdu fudi v okove.

Doprava bremien - pocas zads{ovania Sachty su bremena dopravované do
Sachty prostrednictvom auteZeriavu, vhodne pristavenému ku ohlbni $achty.
Po skompletovani hibiaceho zariadenia a povoleni prevadzky na dopravnom
zariaden( sa Zeriav dalej nebude pouzivaf.

Vrty pre trhacie prace - pocas zaustovania Sachty budu vitané ru¢nymi vita-
cimi kladivami, po skompletovani hibiaceho zariadenia sa nasadi stvorlafe-
tova vftacia suprava.

Vrty pre svornfky a kotvy - pouZije sa iny typ vftacieho zariadenia, ktoré
bude pouZité aj v oblasti prechodnika, aj na vftanie dier pre vykon trhacich
prac.

Manipuldcia s ribaninou - ¢ast rubaniny, ktora zostane po trhacich pracach
na dne jamy, bude drapakovymi nakladacmi presypavana cez raztrubu
uzéaveru predvrtu do predvrtu.

Striekany beton - zariadenie pozostava zo zostavy 2 ks stprav na striekany
betdn suchou cestou, zdsobnika suchej zmesi a dévkovada urychfovaga
tvrdnutia striekaného betonu umiestneného na ohlbni §achty.

e more economical and more efficient rock breaking (a cut is replaced by
the borehole)

e gravity spoil removal from the shaft bottom (lifting of the debris upwards
through the shaft is not necessary, nor a facility for tipping a sinking bucket
at the shaft mouth)

The time effect of these advantages is partially reduced due to the time ne-
cessary for execution of the pre-formed borehole. If complications occur in
the course of the work on the pre-formed borehole, the total time of sinking
the shaft with the borehole can exceed the total time of sinking the shaft
without it. For that reason, the information on the rock environment gained by
the exploratory borehole must be assessed particularly carefully.

The proposed technique of sinking the ventilation shaft can be briefly classi-
fied as downward widening of a pre-formed borehole, followed by upward
parallel installation of waterproofing membrane and secondary lining (see
Fig. 2)

ORGANISATION OF THE WORK
AND THE WORKING PROCESS

The proposed sinking technique requires establishment of two independent
bases. The main base is situated at the surface level, in the area of the
shaft mouth. This is the place where the essential part of the sinking facili-
ties is located, i.e. the hoisting plant for vertical rope haulage and connec-
tions of individual media above all. An auxiliary base is situated under-
ground, in the area of the interconnecting adit. This place houses equip-
ment for loading and removal of the spoil originating from the widening of
the pre-formed borehole. The sequence of the works performed at the
above mentioned bases regarding their establishment, operation and
removal is as follows:

Kominovacia suprava Bespadrill P-1
Bespadnil P-1 raise boring rig

OtoCny Zeriav chodbovy
0OZS 1 000 kg
Slewing pillar crane

Ohlberi $achty sliZiaca

g e ako nadrz vyplachu
my The shaft mouth used
as a drilling fluid tank
Betonovy zaklad stpravy
‘ Bespadrill P-1

Concrete foudation
for Bespadrill P-1

Odtazbova komora
v Urovni tunela
Muck collection
chamber

at the tunnel level

Qbr. 1 Predvrt vetracej §achty
Fig. 1 Pre-formed borehole for the ventilation shaft
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POPIS CASTi HLBIACEHO ZARIADENIA

Hibiaca veza - kozlikového typu s dvoma zvislymi bo¢nymi stenami sa
postavi na Styri samostatné zakladové patky. Vyska veZze je navrhnuta tak,
aby umozZnila zriadif nad ohlbfiou 8achty odstavny priestor pre §tvorlafetovu
vtaciu stpravu. TaktieZ musi umoznil dodatoéné vioZenie atypického vykla-
pacieho zariadenia so samovyklapanim okovov pre odvoz ribaniny v kontaj-
neroch (ndhradné rieSenie pre pripad nepredvidaného znefunkénenia
odtazbového predvrtu). Lana véetkych vratkov budi vedené cez lanovnice,
ulozené nad korunou veZe. Tu bude podvesend aj pojazdovéa draha elek-
trického kladkostroja pre zavesenie vitacej sipravy v odstavnej polohe,
Ochrannd povala na ohlbni - osadi sa a7 po zaustenf Sachty. Otvory pre pre-
jazd okovu a vftace] sipravy budi vybavené dvojkridlovymi poklopmi
s motorickym ovladanim. Na luto povalu sa uloZi aj konstrukcia s ploinami
pre prehliadky a udrzbu vitace] supravy,

Dopravne zariadenie - zdkladnym prvkom je jednog&inny tazny stroj, umiest-
neny v mobilnej strojovni. ElekiroCast ovladania asynchrénneho motora je
umiestnena v mobilnom energobloku. Ako dopravna nadoba sa pouZije okov
s obsahom 1,0 m*, vedeny saftami na dvoch vodiacich lanach. Navestné za-
riadenie moze byf lankové, v obvyklom vyhotoveni

Povalové a pomocné vraty - sa umiestnia pred ¢elnou a za zadnou stenou
hibiacej veze. Ich rozmiesinenie umoznuje volny pristup k prejazdnému
otvoru okovu cez povalu na ohlbni

Docasny vystroj Sachty — zakladnym prvkom vystroja st jednotlivé ocefové
nosniky, kotvené cez primdrne ostenie do horniny kratkymi svornikmi. K nim
st uchytené zvisié rebriky Unikovej cesty, potrubné rozvody a kable.
Pojazdné pracovné povala - je zavesena na lanach na dvoch povalovych
vratoch. Obidve zavesné land st nad povalou rozvetvené. Stcasfou pracov-
nej povaly s samostalné raziruby pre prejazd akovu, vitacej sipravy a po-
hyblivych konceoviek potrubnych rozvodov. Dalej k vybaveniu povaly patria

: T, TR

Poklopy na otvore 8
pre prejazd okovu .
T s on e
openning for the /
bucket passing through I
7 i 9
Okov 1 m? i Koncovy vypinad
Sinking bucket 1 cum z0 vzpernou tyCou
1l Limit switch

with a bracing rod

5 Vyduch, Exhaust

- -
L 4
13 Olovnice 25 kg
T || na centorvanie
VA OGIED oy 3ablony obrysovych

Ventilation duct

(1f(())rcing system) vrtov, Plumb-line

—=25 kg, for centering

Navestné zariadenie of the contour

20 $achty na ohlbeft drilling template
a do strojovne
Signailing equipment 12
from the shaft to the Navestné zariadenie
shaft mouth and to___ __pomacnych
the machine room vratkov zo Sachty
3 ;?ignalli;r_g equ_iprzent
o = for auxiliary winches
Egi gakove nakiadace! (L —from the shaft
KS-3 crab loaders ® ¢ @
SR vy
7 7 Nudzové navestné
1 : AR /dl  zariadenie z okovu
Bezpednostny uzaver i) ; 744%%  na ohibefi
ustia technologického f a do strojovne
predvrtu Sachty Emergency signalling
Safety plug at equipment from
the mouth of L the bucket fo the shaft
the Pre-formed @ 2 400 | mouth and to

mucking borehole the machine room

@7 800

Obr. 2 Hibenie $achty v primarnej vystuzi
Fig. 2 The shaft sinking under primary lining

The surface base: general surface cutting, connection of a power line,
panel-paved site roads, a storage facility, a compressor station, a temporary
shaft pit, the pre-formed borehole for mucking, monitoring of the walls of the
pre-formed borehole (and support of the opening by sholcrete if necessary),
rough assembly of the shaft sinking plant (hoisting plant, platforms, raise
borer elc.) and auxiliary winches, full-profile pre-excavation of the shaft top,
completion of the shaft sinking plant assembly, obtaining the permit for
aperation of the hoisting plant including its utilisation for transport of peopie,
sinking of the shaft together with primary lining, modifications to the sinking
plant, instaliation of waterproofing membrane and secondary lining, con-
struction of a fixable closing platform (a plug) under the shaft mouth level,
dismantling of the sinking plant and auxiliary winches, removal of the tempo-
rary shaft mouth facility and other concrete foundations, dismantling and
removal of the other elements of the site facility.

The underground base - the station for transloading muck (widening of the
branch adit leading to the exploratory adit), the muck collection chamber
(breaking of the top of the interconnecting adit at its intersection with the
pre-formed mucking borehole), loading the muck from the stockpile in the
collection chamber by a front loader and discharging it to rail-mounted muck
cars at the transloading station, modifications to the working platform for
installation of watertight insulation and secondary lining, dismantling and
removal of the working platform after the closure of the shaft under the shaft
mouth level,

The crucial point for a continual progress of the work is establishment of the
underground base at the latest before the beginning of the downward blind
boring of the pilot borehole from the shaft mouth

DESCRIPTION OF PARTICULAR ACTIONS

The pre-formed mucking borehole - the raise borer is anchored to a concrete
separation foundation wall, forming a part of the temporary shaft mouth.
Such an atypical arrangement consisting in an advance creation of a tempo-
rary shaft mouth is advantageous, for the following reasons above all:

- subsurface loams and debris, unsuitable for drilling, are removed by the
excavation work for creation of the temporary shaft mouth

- the space inside the temporary shaft mouth can be used for installation of
the slurry treatment plant needed for the raise borer

At downward blind boring of the pilot borehole, it is necessary to monitor
continually the loss of drilling fluid caused by infiltration into the rock mass
by comparing flow volumes entering and exiting the bore hole.

A more rapid increase in the loss of fluid must be assessed professionally
when the pilot bore hole drilling progresses, with respect, above all, to
stability of unsupported walls of the completed borehole in the time pe-
riod during which the debris originating from the shaft excavation are
loaded.

Back reaming of the pilot bore hole must be stopped at a reasonable dis-
tance under the bottom of the temporary platform, thus forming a protective
untouched zone for safe execution of other work at the bottom of the tempo-
rary platform.

Disconnection of the reaming bit from the string of rods is performed at the
bottom of the muck collection chamber of the underground base.

When the raise boring rig is dismantled, monitoring of the walls of the tech-
nological predrilled hole is performed by a video camera. Results of the first
record will be used as a standard measure for further checks, the fist of
which will be carried out in the same manner after completion of the full-pro-
file pre-excavation of the shall lop.

The protective untouched zone under the bottom of the temporary platform
will be removed by drill and blast work during execution of the first round of
the shaft top pre-excavation

Mining crew climbing/riding down the shaft - for the time of the shaft top pre-
excavation, the working place is accessible via vertical ladders. When the
shaft sinking plant is complete and operation of the hoisting plant permitted,
the hoisting plant will be used for transport of people in the bucket too.
Transport of loads - for the time of the shaft top pre-excavation, loads are
lowered to the shaft by a lruck crane, appropriately positioned at the edge of
the shaft mouth. When the sinking planl is complete and operation of the
hoisting plant permitted, the crane will not be used any more.

Drilling for blasting - for the time of the shaft top pre-excavation, drilling
will be done by hand-held drills. When the shaft sinking plant is complete,
a four-boom drill rig will be deployed.

Drilling for rock bolts and anchors - another type of the drilling equipment
will be used, which will be ulflised both at the transition zone and at dritling
for biasting.

Muck handling - the part of the muck which remains at the shaft bottom after
blasting will be dropped by a grab to the pre-formed borehole (through
a tubular gate installed at the top of the borehole).

Shotcrete - the equipment consists of a set of two dry-mix shotcrete pumps,
a dry-mix storage bin and an accelerator additive dosing unit, placed at the
shaft mouth.

DESCRIPTION OF THE SHAFT SINKING
PLANT COMPONENTS

Hoisting tower - of a gantry type, with two vertical side walls. It will be
erected on four independent foundation pads. The height of the tower is
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vodiace listy s centraénymi skrutkami, lanovy rebrik pre nidzové faranie pod
Uroviiou povaly a tiez prechodky pre samonosny kabel svietidla a zavesné
lan drapakovych nakladacgov.

Uzaver predvrtu - je to ocelova konstrukcia, zamedzujica nekontrolovany
pad predmetov a fudi z dna Sachty do odfazbového predvrtu. Uzaver je
trvale zasunuty do Ustia predvrtu, s vynimkou odpalu naloZi a ovetrania
Sachty po trhacich pracach, kedy je vytiahnuty lanom pomocného vratu do
bezpe&nej vysky nad dno hibenia. Do Gstia vrtu je zasunuty este pred vy-
stipenim osadky z okovu

OSTATNE PODMIENKY

V sUlade so Zdkonom SNR ¢. 51/ 1988 Zb. v zneni Zakona SNR &. 499 / 1991
Zh, je potrebné oznagit zriadovanie vetracej $achty pre diahiény tunel
Branisko ako ginnosf vykonavani banskym spoésobom.

Koncepcia navrhu hibiaceho zariadenia pre vetraciu $achtu diainigného
tunela Branisko spifia dotknuté poziadavky a ustanovenia Upravy SBU ¢. 5/
1983 a Upravy SBU &. 55 / 1986,

Hibenie $acht je najtazsia partia v sortimente objektov podzemného staveb-
nictva, V povojnovom obdobi sa na tzemi SR vyhibilo viac ako 60 34cht tak-
mer vyluéne pre potreby tazobného priemyslu. V tomto sortimente mali Ban-
ské stavby Prievidza vylu¢ny monopol. V terajsom obdobf dtimového proce-
su tazobného priemyslu sa u? niekolko rokov nehibia Ziadne achty. Vetracia
$achta Branisko je dobrou prileZitostou pre hibi¢ov Banskych stavieb pre-
ukazat svoju jedine¢nu kvalifikaciu.

designed in such a manner, which allows creation of a lay-by space above
the shaft mouth for the four-boom drill rig. Also it must allow an additional
installation of an atypical tipping equipment with a sinking bucket self-tip-
ping capacity for removal of the muck in containers (an alternate solution
in the case of an unpredictable loss of the function of the pre-formed bore-
hole). All ropes of the winches will be routed via rope sheaves, fixed above
the crown of the tower. A crab track for an electrical hoisting tackle, ser-
ving for hanging of the drill rig at the lay-by position, will be installed at the
same place.

Protective platform at the shaft mouth - it will be installed only after the full-
profile pre-excavation of the shaft top. Openings for passing of the bucket
and the drill rig will be equipped by motor-operated double-wing trap doors.
Also the structure with platforms for inspection and maintenance of the drill
rig will be placed on this platform.

Hoisting machine - its basic element is a direct-acting hoist installed in
a mobile machine room. The electric part of the asynchronous motor control
is located in a mobile power block. A 1.0 cu m bucket guided by sliders
along two guiding ropes. The signalling facility can be of a stranded wire
type, of a customary design.

Shaft mouth and subsidiary winches — they are located in front of the front
wall and behind the rear wall of the hoisting tower. Their position enables
a free access to the opening in the platform at the shaft mouth where the
bucket passes through.

Temporary support of the shaft - the basic element of the support consists in

Obr. 3 Situacia povrchovej zakladne $achty v $tadiu predvrtavania sipravou BESPADRILL
Fig. 3 Ground plan of the shalt surface base in the stage of pre-boring by the BESPADRILL drill rig

individual steel frames anchored through primary lining to the rock by means
of short rock bolts. Vertical ladders used as an escape route, piping and
cables are fixed to the bolts

Hoisting platform - it is suspended on ropes, on two winches. Both suspen-
sion ropes are branched off above the platform. As a part of the working
platform, there are independent openings for passing of the bucket, the drill
rig and of moving distribution pipes terminals. Further, the equipment of the
shaft mouth consists of guide bars with register screws, a rope ladder for
emergency climbing down the shaft under the shaft mouth level, and also
bushings for the self-supporting lamp cable and suspension cables of
grabs.

Pre-formed mucking borehole plug (platform) - this is a maltter of a steel
structure preventing objects and people from uncontrolled falling from the
bottom of the shaft to the pre-formed borehole. The plug is permanently
stuck into the mouth of the borehole, excepting the time of blasting and
evacuation of blasting fumes from the shaft, when it is pulled out by the
subsidiary winch up to a safe height above the bottom of the excavation.
It is inserted into the borehole before the mining crew gets out of the
bucket.

OTHER CONDITIONS

According to the Law of the SNR (the Slovak National Council) No. 51/ 1988
Coll., in the tenor of the Law of the SNR No. 499 / 1991 Coll., it is necessary
to categorise the construction of the ventilation shaft for the Branisko motor-
way tunnel as a work carried out by mining way.

The conception of the sinking plant designed for the ventilation shaft of the
Branisko molorway tunnel meets the requirements and provisions of the
Decree of the SBU (the Slovak Mining Authority) No. 5/1983 and the Decree
of the SBU No. 55/1986.

Shafts sinking represents the most difficult part within the range of under-
ground construction objects in terms of technological equipment and tech-
niques. In the post-war era over 60 shafts were sunk in the Slovak Republic,
nearly exclusively for the needs of the mining industry. Banske Stavby
Prievidza had an exclusive monopoly within this sort of construction.
Nowadays, in the time of the process of a check being put on the mining
industry, no shafts have been sunk for several years. The Branisko ventila-
fion shaft provides a good opportunity for the miners of Banske Stavby to
prove their unrivalled qualification.
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VYSTAVBA ZELEZNICNEHO TUNELA
STANJEVCI VE SLOVINSKU

CONSTRUCTION OF THE STANJEVCI TUNNEL
IN SLOVENIA

ING. MILAN CAGAN, RUDOLF DENGO, BANSKE STAVBY, a. s., PRIEVIDZA

1. UVOD

BANSKE STAVBY, a. s., ziskala zakazku na pre podnik dovtedy nezndmom
teritoriu v Slovinskej republike, o ktorej je veobecne zname, Ze patil medzi
hospodarsky najrozvinutejSie §taty byvalej Juhoslovanskej zvazovej repub-
liky. Prostrednictvom svojej dcérskej spolo&nosti BANSKE STAVBY, s. r. o.,
Spi&ska Nova Ves, realizoval matersky podnik vystavbu Zelezni¢ného tunela
Stanjevci, nedaleko okresného mesta Murska Sobota a znamych termalnych
kupelov Moravske Toplice. Tunel Stanjevci je sdgastou projektu novobudo-
vanej Zeleznicnej trate, spajajucej Slovinsko s Madarskom cez hrani¢ny
priechod Hodo$

Projekt razenia galérie a tunela vypracovala firma IRGO CONSULTING,
d. 0. 0. Pévodny projekt v8ak bolo potrebné upravit vzhfadom na zmeny
otakavanych geologickych podmienck (hlavne nepredvidané pritoky pod-
zemnych vod).

BANSKE STAVBY pracovali ako subdodavatel pre najvacsiu slovinskd
stavebnu firmu SCT. d. d., cestni program, Ljubljana, divizia Tunely, Doda-
vatefom kompletnych geologickych prac bola slovinska firma Geoinzeniring
d. 0. 0. Portal zo severnaj strany a &asf severnej galérie zhotovila ina velka
slovinska stavebnd firma — Primorje, d. d

2. INDENTIFIKACNE UDAJE O STAVBE

Projekiovand dizka: Juzna galéria 180 m

Severna galéria 120 m

Tunel 325 m

Geologia: piesky, ily, tekuté piesky
Vydkové a smerové vedenie diela: Tunel s miernym pravotogivym
zakrivenim so stupanim

0,96 % z juznej strany

12. 11. 1999

15. 08. 2000

Zadatie prac:
Ukon&enie prac:

3. RAZENIE GALERIE

Tunel prechadza popod nezvy&ajne nizky pahorok. Dévodom pre rozhodnu-
tie pouzit na prechod tymto pahorkom razeny tunel boli geologické pod-
mienky. Sami sme sa o tom presvedd¢ili pri prvych dazdoch, ked sa odokryté
nespevnené svahy s miernym Uklonom dali po zmadéani do pohybu a zacali
ohrozovat stabilitu blizkej vozovky, ktora je paralelnd s trasou tunela. Svahy
bolo potrebné o¢istit od porastov z doévodu pripravy juznej galérie na raze-
nie. |hned po ukon&eni tejto operacie boli zavezené vytaZenou horninou,
aby stabilizovali svah.

Razenie tunela podlfa technologického projekiu bolo rozdelené do viacerych
Casti:

e vyrazenie juznej galérie v dizke 180 m s naslednymi betonarskymi pracami
na definitivnom ostenf

o vyrazenie kaloty tunela v celej dizke 325 m

e razenie stupifa s malym odstupom, razenie protiklenby s naslednou
betondZou protiklenby a zakladovych pasov pre debnenie

e razenie severnej galérie, ktoré vykondvala domaca firma PRIMORJE, d. d.,
Ajdov&ina

Samotng galéria pozostavala z beténového armovaného stropu hribky 1 m
a boky steny z armovanych beténovych pilotov hrubky 1,25 m a dizky
14 m. Vzdialenost pilotov medzi sebou sa pohybovala od 0,8 po 1,2 m.

1. INTRODUCTION

BANSKE STAVBY, a. s., Prievidza won the contract to be realised in
Slovenia, a territory unknown to this company till then, although generally
recognised as one of the most developed states of the former Yugoslavian
Federal Republic. The mother company built the Stanjevci railway tunnel
nearby Murska Sobota regional town, and Moravske Toplice, a well-known
thermal baths, using its daughter, BANSKE STAVBY, s. r. 0., Spisska Nova
Ves. The Stanjevci tunnel is a part of a project of a newly built railway line
linking Slovenia with Hungary via the Hodos border crossing.

The design of the gallery and the tunnel drive was developed by IRGO
CONSULTING, d. o. o. Although the original design had to be modified
with respect to changes in anticipated geological conditions (unpredicted
inflows of ground water above all).

BANSKE STAVBY acted as a sub-contractor for the largest Slovenian
building contractor SCT, d. d., Cestni Program, Ljubljana, Tunnelling Divi-
sion. Slovenian company Geoinzeniring, d. 0. o. provided the complete
geological work. The north portal and a part of the north gallery was built
by another Slovenian building contractor, Primorje, d. d.

2. INDENTIFICATION DATA OF THE CONSTRUCTION

Designed length South gallery 180m

North gallery 120m

Tunnel 3256m

sands, clays, quicksand

a tunnel in a moderate right-handed curve,
ascending at a gradient of 0.96% from south
12/11/1999

15/08/2000

3. THE GALLERY DRIVING

Geology
Line and level conditions

The works beginning:
The works completion:

The tunnel passes under an unusually low hill. Geological conditions were
the reason why it was decided that the hill would be passed by a driven
tunnel. We also had the opportunity to convince ourselves at first rainfalls,
when the exposed, unconsolidated moderate slopes started moving when
getting wet, and became a threat to the stability of a nearby road, which
runs parallel with the tunnel alignment. It was necessary to clear brush-
wood from the slopes for preparation of the south gallery driving. Just after
completion of this operation, the slopes were covered by excavated rock
debris to be made stable.

The tunnel drive was divided into the following several parts by the techni-
cal design:

e excavation of the south gallery in the length of 180 m, followed by con-
crete work on the final lining

o top heading excavation along the whole length of 325 m

e bench excavation at a short distance, invert excavation followed by con-
creting of the invert and footings for the formwork

e excavation of the north gallery, performed by a locally-based company
PRIMORJE, d. d., Ajdovscina

The gallery proper consisted of an 1m-thick reinforced concrete roof deck
and walls created by 1.25 m-thick and 14 m-long reinforced concrete
piles. The distance between the piles varied from 0.8 to 1.2 m. The exca-
vation was 10.5 m high and 12 m wide. The work package consisted of dis-
integration and removal of the rock, followed by installation of drainage,
steel mesh and application of a 25 cm-thick shotcrete layer. The gallery
invert was formed by a main drainage duct, which was located at the
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Vyska vykopu 10,5 m, &irka 12 m. Subor prac pozostéval z rozpojovania
a odvozu horniny, s nasledhym zabudovanim drenéze, zaloZenim ocelovej
mrezoviny a zastriekanim 25 cm vrstvou beténu. Dno galérie tvoril hlavny
odvodriovaci kandl, ktory Sief stredom, kde boli zabudované beténové rary
vnutorného priemeru 40 cm, po strandch boli zabudovéavané plastové,
Ciasto¢ne perforované rury @ 250 mm. Potom bolo dno potiahnuté 10 cm
vrstvou podkladového betonu, na ktory bola poloZena ocefovd vystuz
(armatura), a t4 bola zaliata e$te 50 cm vrstvou beténu B - 30. Cel4 galéria
bola rozdelend do 12 blokov a do jedného bloku i§lo zhruba 8 ton
armatary.

S raziacimi pracami sa zacalo 12. 11. 1999,

Nakolko vy3ka vykopu bola 10,6 m a cely Usek sa nachadzal v nekompaki-
nych a zvodnelych horninach, pristipilo sa k razeniu v dvoch etazach.
Prva etaz mala vy8ku 6 m a druhd 4,5 m, Po vyrazeni 40 m v plnej vyske sa
hned pristipilo k betona?i dna, aby sa zaistila stabilita pilotov a vstupnej
Casti galérie. Potom uZ pokradovalo razenie len prvej etaze u? so spo-
menutym zabudovavanim drendZe a striekanim medzi pilotmi aZ po pilotnu
stenu, ktord ohrani¢ovala koniec galérie a zaciatok tunela. Tu sme narazili
aj na tekuté piesky, kde sa postup prac znagne spomalil, aZ do doby, po-
kym sme nenasli vlastnd technolégiu na zdolavanie tychto problémovych
partii,

Denny postup bal zo zadiatku 4 a7 6 metrov, ale po zvladnuti technoldgie
a zosuladenf pracovnej osadky sa pohyboval v rozmedzi 10 - 12 metrov. Po-
tom nasledovalo razenie druhej etdze, ktoré bolo prevadzané smerom z vnu-
tra von, od buduceho vstupného portalu tunela ku vstupnému portalu ga-
Iérie. Odkopal sa vzdy iba jeden blok, zabudovali sa drenaZe a zabeténova-
lo dno. Takto sa postupovalo smerom von a vsetky prace v galérii boli
ukon€ené 28. 1. 2000.

Pouzité mechanizmy:

Tunelbager LIEBHERR 912, Dumpre CATERPILAR D-250 E, sdiprava MEYCO
na striekanie suchej beténovej zmesi, plosina BOHLER, hydraulicky impak-
tor RH-5 a domieSavate MAN.

4. RAZENIE TUNELA

Cely tunel bol rozdeleny do troch vystrojovacich tried. Razenie tunela zaéa-
lo v prvych februdrovych dioch. Projekt predpokiadal pouzitie NRTM, a to
sucasne razenie kaloty, stupfa a protiklenby. Vzhfadom na zlé geologické
podmienky sa pouzila modifikdcia pdvodnej technoldgie.

Najprv bol odvitany ochranny dazdnik dizky 18 m, bez injektaze, Go sme
povazovali za chybu, ale ako subdoddvalel prac sme nemali moZnost zasa-
hovat do technologie. Mohli sme iba upozorfiovat na nedostatky, ktoré sa
objavovali pocas razenia a navrhova riesenie formou zapisu do stavebného
denniku. Po rozbitl pilotnej steny na mieste styku galérie s buducim tunelom
sme zacali so samotnym razenim kaloty. Prvych 30 m tunela sa horninové
nadlozie pohybovalo v rozmedzi 2 a7 5 m, ¢o si vyZzadovalo pouzitie inej
technologie otvarky jednotlivych zéberov. Dizka zaberu 0,8 m, vyika kaloty
55 m a 8irka 11,5 m. Kazdych 0,8 m bol zabudovany 1 ks ocefovy nosnik
z | profilu, ponechavalo sa ochranné jadro, ktorého vyska musela byt mi-
nimélne 3,5 m a irka 6 m, Prvd vrstva primarneho ostenia sa robila mikro-

gallery centre, where concrete pipes 40 cm in internal diameter were
installed. DN 250 mm partially perforated plastic pipes were laid along the
sides. Then the floor was covered by a 10 cm-thick layer of blinding con-
crete. Sleel reinforcing bars were placed on that layer and additional 50
cm layer of concrete B-30 was poured. The whole gallery was divided into
12 blocks, with one block containing 8 ton of reinforcing bars.

The work on the drive started on 12/11/1999.

Since the height of the excavation was 10.5 m and the whole section was
found in very incohesive and water saturated grounds, excavation was
divided into two stages. First stage was 6 m high, the other one 4.5 m,
Immediately after excavation of a 40 m-long section at full height, invert
concreting began, to ensure stability of the piles and the entry section of
the gallery. Then only excavation of the first stage continued, together with
the above mentioned installation of drainage and spraying between the
piles as far as to the piling wall, which represented the end of the gallery
and the beginning of the tunnel. In this location, we even encountered
quicksands, which caused a substantial decrease in the advance rate until
we found our own technique how to cope with those troublesome parts.
The daily advance of 4 to 6 m was achieved at the beginning. When the
technique had been mastered and the driving crew better co-ordinated,
the advance moved between 10 - 12 m per day. Then excavation of the
other phase followed, executed from the inside to the outside direction, i.e.
from the future tunnel portal to the gallery entrance portal. Only one block
was excavated at one time, drainage was installed and invert concreted.
This procedure was repealed, progressing towards the outside, and all the
work on the gallery was completed on 28/01/2000

Equipment used:

LIEBHERR 912 tunnel excavator, CATERPILLAR D-250 E dumpers, MEYCO
dry-mix shotcreting set, BOHLER platform lifter, RH-5 hydraulic impactor
and MAN agitator cars.

4. THE TUNNEL DRIVING

The whole tunnel was divided into three support classes. The excavation
started on the first days of February. The NRTM utilisation was expected
by the design, with excavation of top heading, bench and invert simultane-
ously. With respect to unfavourable geological conditions, a modification
of the original technique was used.

First an 18 m-long protective umbrella was drilled, without any grouting.
We considered this fact as a mistake however, as a sub-coniractor, we had
no room for affecting the technique. We were only allowed to bring forward
shortcomings, which appeared in the course of the excavation, and to sug-
gest solutions by putting them down in the daily log.. After breaking the
piling wall at the contact of the gallery with the future tunnel, we started
excavation of the top heading proper. Along the initial 30m of the tunnel
length the tunnel cover moved between 2 to 5 m, which fact required appli-
cation of a different technique of opening individual rounds. The round
length of 0.8 m, top heading height of 5.5 m and width of 11.5 m. 1 steel
frame made from a H-section was erected every 0.8 m, a protective core,
the height and width of which had to be 3.5 m and 6 m respectively as
a minimum, was left untouched. Micro-reinforced concrete was used for
the first layer of the primary lining. It was sprayed in thickness of 5 cm as
a minimum on 2 layers of the steel mesh. The minimum total thickness of
20 cm was designed for the primary lining.

Obr. 1 Celkovy pohfad na stavenisko od juzného portalu
Fig. 1 Overal view of the site from the south portal

Obr. 2 Podzemné steny galérie
Fig. 2 Diaphragm wals of the gallery
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Obr. 3 Betondz podvy galérie z juZnej strany
Fig. 2 Concrete casting for the gallery from the southern side

Obr. 4 Razenie katoly tunela
Fig. 4 Tunnel top heading excavation
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armovanym beténom minimalnej hrabky & cm na 2 vrstvy ocefove] mrezo-
viny. Hrubka primarneho ostenia bola stanovena na minimalne 20 c¢m.

Uz v prvych metroch razenia sa hlavne z favej strany objavovali silné pritoky
vody a po vyrazeni niekofkych metrov sa na primarnom osteni za¢ali objavo-
val pukliny a odlupovali sa &iplaty betonu. Nase upozornenia akceptoval
veduci stavby od SCT, projektant na stavbu neprigiel. Potom sa tlakové pre-
javy zmiernili. Ked sme prili na koniec ochranného dazdnika, vedenie SCT
rozhodlo, Ze dalsi ochranny dazdnik sa vitat nebude a na zaistenie stropu
a bokov diela budU zardzané vrtnym vozom ocelové riry @ 5 cm, dizky
3 metre v potte minimalne 45 ks na zaber. Pre pripad celkom nekompakt-
ného materidlu boli pripravené ocelové union plechy. V stani¢eni 22 m doglo
k silnym tlakovym prejavom v celom vyrazenom diele. Celba bola otvorena,
pripravend na striekanie. Tu pri§lo neotakdvane k pretrhnutiu nadloZnych
vrstiev a prievalu horniny az do Celby, s naslednym vytvorenim kratera na
povrchu. Po ukoneni sanaénych prac na povrchu sa pristipilo k nasle-
dovnym opatreniam.

Bol odvftany novy ochranny ddZdnik v dizke 15 m s naslednou injektaZou. Po
vyrazeni 3 m bola robena dogasné protiklenba zo striekaného beténu. Potom
sa razila kalota bez va¢8ich problémov. Harmonogram vyzadoval denne 2 m
vyrazeného diela, dosiahnuty priemerny denny postup v mesiaci novembri
bol 3,2 metra.

V druhej polovici mesiaca aprili 2000 sa kvoli urychleniu prac pristipilo
k razeniu kaloty aj zo severnej strany. V tej dobe sa na juznej strane sanova-
lo primarne ostenie, ktoré sa vplyvom tlakov dostalo do podprofilu. V maji
2000 sa zacalo z juznej strany tunela s razenim stupna v celej Sirke. Kvoli
vznikajlcim konvergenciam sa muselo hned za&at s hibenim a zastriekanim
protiklenby a praklicky k uzavretiu celého profilu strickanym beténom. Dia
30. 5. 2000 bola kalota slavnostne prerazend. Potom boli pracovnici preroz-
deleni a pokragovalo sa v razeni stupiia a hibeni protiklenby so su¢asnou
betonazou z&kladovych pasov pre debnenie a vypliiovymi beténmi,

PouZité mechanizmy:

Vrtny voz ATLAS - COPCO 352, Tunelbager LIEBHERR 912, nakladade
a dumpre CATERPILLAR 950 D a D-250 E, stpravy MEYCO na striekanie

\
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Obr. 5 Aplikdcia striekaného beténu na pilieroch portalu
Fig. 5 Application of shotcrete on the portal pillars

Even at the initial metres of the excavation, strong water inflows appeared,
mainly from the left-hand side. After excavation of several meters, cracks
began to appear in the primary lining, and concrete surface flaked off. Our
notices were accepted by SCT's project manager, the consultant engineer
did not come to the site. Later on the manifestations of stresses relaxed.
When we got to the end of the umbrella, SCT's management decided that
another protective umbrella would not be bored, and to protect the roof
and sides of the working, at least 45 pieces of & cm-diameter, 3 m-long
steel pipes per round would be installed by the drilling rig. In the case of
a totally incohesive ground, UNION steel sheets were prepared. Strong
manifestation of stresses occurred at 22 m chainage, within the whole
excavated section. The face was open, ready for shotcreting. At that
moment the overlaying layers broke down unexpectedly, and the rock
caved in up to the face, with a subsequent creation of a crater at the
ground level. When the rehabilitation work at the surface had been over,
following measures were adopted:

A new 15 m-long protective umbrella was drilled and grouted subsequent-
ly. After excavation of a 3 m-long section the temporary invert was shot-
creted. Then the top heading was driven without more serious problems.
The schedule required 2 m of excavation per day. In November, the
actually achieved daily advance reached 3.2 m.

In the second half of April 2000, to speed the work up, excavation started
from the northern part too. At that time the primary lining which, as a result
of stresses, was dislocated beyond the designed profile, was being reha-
bilitated at the southern side. In May 2000 excavation of the bench in its
full width started from the southern side of the tunnel. Excavation and shot-
creting of the invert had to be started immediately due to starting conver-
gences. Effectively all the tunnel circumference was covered with shot-
crete. The top heading breakthrough celebration took place on
30/05/2000. Then the crew was re-distributed and excavation continued on
the bench and invert, simultaneously with concreting of footings for the
framework, and placing non-structural concrete.

Equipment used.:

ATLAS - COPCO 352 drill rig, LIEBHERR 912 tunnel excavator, CATERPIL-
LAR 950 D and D-250F loaders and dumpers, MEYCO sets for application
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suchej a mokrej beténovej zmesi, plosiny BOHLER a CATERPILLAR, hydrau-
licky impaktor RH-5, domiesavace MAN, traktory MF.

5. BETONAZ SEKUNDARNEHO OSTENIA TUNELA

Dria 18. 6. 2000 sa zacalo aj s betonazou definitivneho ostenia pomocou
hydraulického ocelového debnenia. Tieto prace vykonavali $pecialisti firmy
SCT, ktori pracuju spolu uz 15 rokov a robia iba betonazne prace.

Tu boli kladené vysoké naroky, hlavne na organizaciu prace, pretoze na
kratkom Useku sa nachddzali 3 pracoviskd. Betonaz sekundarneho ostenia
bola ukoncéena 18. 7. 2000. Po demontazi teleskopického debnenia sa pre-
vadzali este 8pecidlne betondzne prace. BetondZ dna tunela do definitivnej
vysky, betondz kiniet po obidvoch stranach tunela na uloZenie signalizac¢-
nych kablov, $alovanie a betonaz in§pekénych Sachiet. Ako jedna z posled-
nych prac bolo obrusovanie dilatacii a roznych nerovnosti na sekundarnom
osteni. Tieto prace u? vykonavali BANSKE STAVBY, Vsetky priehradové oce-
fové obliky primarneho ostenia - arkusy, boli vyrabané priamo na stave-
nisku nadimi pracovnikmi.

Pocet pracovnikov na stavbe kolisal od 28 —~ 56, Pracovalo sa nepretrzite
24 hodin denne a 7 dnf v tyzdni.

6. ZAVER

Podnik BANSKE STAVBY, a. s., ziskal nové skdsenosti na nepreskmanom
trhu, dokdzal v novych podmienkach svoje schopnosti spolupracovat s viac-
erymi doddvatefskymi organizaciami ako spofahlivy partner. Pracovnici pod-
niku zfskali dalsie skisenosti pri razeni tunelov v tazkych geologickych pod-
mienkach v nesudrznych horninach (piesok, ily, tekuté piesky), kde nadlozie
nad tunelom sa pohybovalo v rozmedzi od 5 az 27 metrov.

Potvrdila sa univerzalnost a flexibilnost pracovnikov pri betondznych pra-
cach, vyrobe rdéznych debneni a debniacich pracach a taktiez pri kladeni
a viazani ocelovej vystuze — armatry.

Razenie tunela malo zagat v novembri 1999, ale pre oneskorenie, zapri¢i-
nené problémami pri hfadani finanénych zdrojov investorom, sme zadali
s razenim galérie aZ 12. 11. 1999. Termin odovzdania tunela investorovi
Slovinskym Zelezniciam, d. d., Ljubljana bol august 2000. V pripade nedo-
drzania terminu hrozilo doddvatelovi prac firme SCT, d. d. platenie vysokych
penale. Razenie a betonaz juznej galérie trvali zhruba 90 dni a s takymto
oneskorenim sme zacdinali. Maximainym nasadenim v8etkych robotnikov,
technikov a dobrou organizaciou prace sa nam podarilo toto meskanie zlikvi-
dovat. Pomahala nam aj vy&sia moc, pretoze domaci pamatnici hovorili, Ze
uz najmenej 30 rokov nezazili taky hordci rok s minimalnymi zrazkami.
Horninové vrstvy nad tunelom boli vaéSinou vodopriepustné a v pripade
¢astych dazdov by sme mali pri razeni silnejSie pritoky vody, &¢im by sa
samozrejme tempo razenia velmi spomalilo.

Hodnotenie podniku BANSKE STAVBY z hladiska kvality a presnosti préc,
rychlosti a kvalifikovanosti, pracovnej discipliny bolo od n&$ho odberatefa
SCT, d. d. velmi priaznivé a lichotivé. Takéto vysved€enie poskytuje pria-
znivy obraz nielen o vykonnosti naSej firmy, ale aj o celom slovenskom
stavebnictve a vytvara zaklad pre spolupracu na novych projektoch.

of dry and wet shotcrete mixes, BOHLER and CATERPILLAR platforms,
RH-5 hydraulic impactor, MAN agitator cars, MF tractors.

5. CONCRETE OPERATIONS FOR SECONDARY LINING

Pouring concrete behind a hydraulic steel formwork of the secondary lining
started on 18/06/2000. This work was performed by a specialised crew of
SCT company, who have been working together for 15 years, pouring con-
crete only.

Heavy demands were put on this work, on its organisation above all, as
there were 3 job sites within the short drive length. The concrete opera-
tions for the secondary lining were completed on 18/07/2000. Special con-
crete casting work was performed when the telescopic formwork had been
dismantled. It was the matter of the tunnel invert casting up to the final
level, casting of the ducts for installation of signalling cables along both
sides of the tunnel, formwork and casting of manholes. Finishing of joints
and treatment to various uneven spots on the surface of the final lining by
grinding was one of the last items of the work. This work was carried out by
BANSKE STAVBY. All steel lattice arches for the primary lining were pre-
fabricated by our staff, just on the site.

The number of workers on the site fluctuated from 28 to 56. The work was
organised round-the-clock, 7 days in a week.

6. CONCLUSION

BANSKE STAVBY, a.s., company has obtained a new experience on an
unsurveyed market and it has proved in new conditions its ability to co-
operate with various contractors as a reliable partner. The company's staff
won other experience in driving tunnels in difficult geological conditions,
through incoherent grounds (sand, clays, quick sands), where the tunnel
cover varied within 5 to 27 m.

Universality and flexibility of workers for concrete operations, prefabrica-
tion and erection of various kinds of formwork, and fixing steel reinforce-
ment too has been confirmed

The tunnel excavation commencement was planned for November, 1999,
but due to a delay, caused by the client's problems in seeking for funding,
we started to drive the gallery only on 12/11/1999. The deadline for the
hand-over of the works to the client, Slovenske Zeleznice, d.d., Ljubljana
(Slovenian Railways), was August, 2000. In the case of a failure to meet
this deadline, STC, d.d. company as the contractor would have been
threatened by payment of high liquidated damages. Excavation and lining
of the southern gallery took about 90 days, and we had started the work
with such the delay. By maximum efforts of all workers and technical staff,
and owing to good organisation of the work, we managed to eliminate this
delay. We also must have been helped by a ,Force Majeure” since local
people, those who remember, told us that they had not experienced such
a hot year with minimum rainfalls at least for 30 years. The ground layers
above the tunnel were mostly permeable, and in a case of frequent rain-
falls we would have encountered stronger water inflows in the course of
the excavation work. Obviously, that would have slowed down the driving
speed substantially.

Assessment of BANSKE STAVBY performed by our client, SCT, d. d., re-
garding quality and accuracy of its work, speed, qualification and wor-
king discipline, was very favourable and complimentary. Such the certifi-
cation provides a positive view not only of our company's efficiency, but
also of the overall Slovak civil engineering industry, and provides a basis
for co-operation on new projects.

Obr. 6 Stabilizacia svahov pred vstupnym portalom
Fig. 6 Slopes stabilisation on front of the entrance portal

Obr. 7 Definitivne ostenie galérie tunela
Fig. 7 Final lining of the gallery
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTIONS

REKONSTRUKCE TECHNICKE PAMATKY
- TUNELU NA PLAVEBNIM KANALU -
VE VELKE BRITANII

Na zacatku by se ¢lovéku chtélo povzdechnout: ,Budeme také nékdy mit na
obnovu nékterych technickych pamatek jako napf. ve Velké Britanii?
Obnovime nékdy tieba Schwarzenbersky plavebni kanal na Sumavg?"

Ale radégji zpét k véci. Severné od Manchestru, v Yorkshiru pod penninskymi
kopci vedou tésné vedle sebe &tyfi tunely. Standedge tunel na plavebnim
kanale vyrazeny v r. 1811, dva jednokolejné Zelezniéni tunely vyrazené
v 1. 1848, resp. v r. 1871 (dnes jsou jiz mimo provoz) a provozovany dvou-
kolejny Zelezniéni tunel z roku 1894 (viz obr. 1).

Tunel Standedge je nejdelsi, nejvy$si (z hlediska profilu), vede nejhloubsji
pod povrchem a soucasné je jednim z nejstardich tuneld na plavebnich
kandlech v Britanii. Stavél se 16 let ru¢nim nafadim, pouze ¢asteéné
s vyuzitim tehdej8i novinky - trhani horniny pomoci ¢erného stfelného pra-
chu - a za velkych lidskych obéti. Padesat lidi zahynulo p¥i jeho razbé,
hlavné v péti hlubokych pfistupovych Sachtach. Tunel je dlouhy 5 200 m, byl
razen v piskovci a jiloveich a jeho tehdejdi projektant nejen zvolil nejlepsi
moznou trasu, kterou potom sledovaly i tfi Zelezni¢ni tunely, ale také se
naprosto spravné z hlediska uspory nékladt rozhod! pro §ifku tunelu pouze
2,10 m. Tato $itka vyZadovala specialni uzké ¢luny, coz vedlo k nazvu
celeho 32 km dlouhého kandlu - ,Huddersfieldsky Gzky kanal* (kanal ved|
z Huddersfieldu do Ashtonu pobliz Manchestru). | tak byly predpokladané
naklady na stavbu tunelu pfekrodeny o 44 %. Vysoké néklady a pozdni ter-
min stavby z hlediska nésledného rozvoje Zeleznice vedly k tomu, Ze dopra-
va uhli, juty a baviny touto vodni cestou zUstala ztratova

Pozdégji, po 133 letech, byla plavba na kandle definitivné znemoznéna
Vlastni tunel (z vétsi Casti bez osténi) byl léta v dobrém stavu, nejvatsi skody
nastaly po uzavfeni jeho portal(l v roce 1944. Dno pokryl nékolikametrovy
nanos bahna véetné i tisic tun skalnich Glomka.

V soucasné dobé prochazi cely plavebni kanal véelné 74 zdymadel a 189 let
starého tunelu celkovou rekonstrukci a pfipravuje se obnoveni plavby, ten-
tokrat nikoliv nakladni, ale turistické. V mésté Stalybridge musf byt znovu
mezi budovami a komunikacemi vykopano 800 m zasypaného kanalu a v Hu-
ddersfieldu se provede na tUzemi dvou miynd, kde byl plvodni kanal za-
sypan, 320 m nového kanalu jako hloubeny tunel.

Pfedpokladd se, Ze obnoveni provozu zajisti 400 pracovnich mfst na vlast-
nim kanalu a v jeho blizkém okoli, umoZzni rozvoj turistiky a vytvo¥i oblast pro
vyuzitl volného Casu. Pravé tyto $irsi okolnosti vedly k tomu, ze maijitel
kanalu ,Britské vodni cesty" (British Waterways - BW) zacal zvazovat opravu
tunelu, ktery leZi na vrcholu trasy plavebniho kanalu a tvofi klicovy prvek pro
jeho zprovoznéni. V nékolika pfistich letech se BW chyslaji obnovit 322 km
plavebnich kanalll, avSak v tomto pfipadé je zapotiebi na rekonstrukei
kanalu, ktery poslednich vice neZ padesat let slouZil a byl udrzovén jen jako
odvodilovaci zafizeni, 32 milionl liber! Nakonec se podatilo 29 milion@ liber
zajistit z riznych zdrojd, mimo jiné také z komise pro pfelom tisicileti.
Rekonstrukce vlastniho tunelu ma stat 5 miliond liber a znamené jeho
vycisténi a zpevnéni kaloty i bokd. Dodavatel zah4jil prace v kvétnu 1999
a rekonstruovany tunel ma odevzdat za 18 mésic(i. Nejvétéi neznamou bylo,
co vlastné v tunelu leZi a je ,pohtbeno’, v jakém stavu je osténi tunelu a jak
se bude dafit tunel vyklidit. Uzavfeni tunelu nezrusilo jeho drenazni funkci
a pfftok z ra8elinist na povrchu Uzemi pokracoval, ale zastavilo odplavovanf
jemnych Castic z tunelu a zpdsobilo jejich usazovani na dné. Po otevieni
portald a ,vycezen" vody z tunelu ziistala asi 2 m silna vrstva jemného,
pomérné ulehlého bahna rosolovitého charakteru. Dodavatel stal ped roz-
hodnutim - kopal tuto vistvu nebo ji odséat (odcerpat)? Vzhledem k pitoku
vody cca 30 I/sec a velmi jemnym &dsticim, které tvofily rosolovitou usaze-
ninu, bylo rozhodnuto pouZit technologii ¢erpani, i kdy? nikdo nevédél, zda
se to na tak velkou vzdalenost podafi. Po vyzkougeni riznych typi éerpadel
byla pouZita bézna kalova Eerpadla a do bfezna roku 2000 bylo odstranéno
16 000 m® bahna s tim, Ze se dafilo &istit i pfes 200 m tunelu za tyden.
PfestoZe se v trase polrubi pouZilo ve vzdalenosti 1 000 m pomocné erpad-

REINSTATEMENT OF A TECHNICAL MONUMENT
- A TUNNEL ON A NAVIGABLE CANAL -
IN GREAT BRITAIN

At the beginning, one is feeling tempted to ask a question: ,Will we ever
have funds for restoration of some technical monuments as, for example,
they have in Great Britain? Will we ever reopen the Schwarzenberg timber
floating canal in the Sumava mountains?"

Back to the subject. There are four tunnels, leading close to each other,
north of Manchester, in Yorkshire, beneath Pennine hills. The Standedge
tunnel bored in 1811 as a part of a navigable canal, two now abandoned
single-track rail tunnels driven in 1849 and 1871 respectively, and a dou-
ble-track rail tunnel completed in 1894 (see Fig. 1).

The Standedge canal tunnel is Britain's longest, highest (from its cross
section's point of view), deepest under the surface - and one of the coun-
try's oldest - on the canal network. It took sixteen years to excavate by
hand-held tools, only partially using black powder dynamite, a novelty
then, for blasting. Fifty people perished due to accidents in the course of
the excavation, mainly in five deep access shafts. The tunnel is 5,200 m
long. It was driven in sandstones and mudstones, and its designing engi-
neer not only selected the best route available, which was also followed by
three rail tunnels later on, but also correctly decided to save expenses by
making the tunnel just 2.10 m wide. This width, which required special nar-
row boats, gave the 32 km-long canal its name - ,the Huddersfield narrow
canal” (the canal led from Huddersfield to Ashton near Manchester). Even
with this width, the estimated construction cost was exceeded by 44 %
The high construction cost, plus from the aspect of the following develop-
ment of railways delayed time of implementation of the project, left the
transport of coal, jute and cotton via this route loss-making.

Later on, after 133 years, navigation along the canal was completely
clamped down. The tunnel proper (without any lining within the major part
of its length) was in a good condition for many years. The most serious
damage occurred after closure of its portals in 1944. The bottom was co-
vered by several meters-thick deposit of silt, together with three thousand
tons of rock debris

Currently, the whole navigable canal, including 74 locks and the 189
years-old tunnel, is a subject of an overall refurbishment, and reopening of
this waterway fs being prepared, this time not for freight transport, but for
tourist boating. In Stalybridge town centre, an 800 m infilled section of the
canal must be re-excavated between streets and buildings. And in
Huddersfield, 320 m of the canal - now lying buried beneath two later mills
- will be restored as a cut and cover tunnel

Restarting of the canal operation is expected to provide 400 new jobs
along the canal proper and in its close vicinity, to make development of
tourism possible, and to create a new leisure area. Just these wider cir-
cumslances caused that British Waterways, the canal owner, started think-
ing of restoration to the tunnel, which is located at the canal’s highest point
and creates a key element of its reopening. BW is going to restore 322 km
of waterway over the next few years. A sum of £ 32 M is needed for recon-
struction of this canal, which has been used and maintained as
a drainage only for over fifty years. Eventually, £ 29 M have been collected
from various sources, among others from the Millennium Commission.
Refurbishment of the tunnel proper will cost £ 5 M to be paid for its clearing
and its crown and sides strengthening. The contractor started the work in
May 1999, and the refurbished tunnel is to be handed over in 18 months. The
most important unknown was what in fact lied and was ,buried" in the tunnel,
what the condition of the tunnel lining is, and how successful the clearing
work would be. The closure did not stop the tunnel acting as a drain, and the
influx from the peat on the area surface continued. Although, it did stop silt
flowing away from the tunnel, and gave rise lo its sedimentation at the bot-
tom. After the portals were opened and water drained, a 2m-thick layer of
fine, fairly sliff jelly like deposil remained. The contractor had to make
a decision - to dig this layer out or to suck it out. With respect to the influx of
about 30 litre/s, and the fineness of the particles forming the jelly like
deposit, the decision was made to use pumping despite the fact that nobody
knew whether pumping over such long distances would be successful. After
various types of pumps were tried up, standard sludge pumps were used,
By March 16,000 cu m of silt were removed, with as many as 200 m of the
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lo, systém Serpani efektivné pracoval jen do celkové délky 3 800 m, a proto
bylo instalovano Cerpani i z druhého portalu a odtud se vycéistila zbyvajici
délka 1 400 m tunelu. Pfed portély musela byt provedena separace plavenin
z hydrosmési pomoci mobilni gistici stanice, vibragnich sit, hydrocyklon(,
odstfedivek a usazovacich nadrzi. Takto upravena voda byla vypou$téna do
recipientu a 10 700 t separovanych ¢dstic bylo mozno uloZit na skladku.
Pod kalovymi usazeninami v tunelu leZelo cca 3 000 t skalnich tlomka, které
vznikly hlavné ¢tyfmi zavaly z kaloty tunelu. Dodavatel nejprve uvazoval, Ze
rozprostie tyto skalni dlomky na dné tunelu a vyuZije tak neobvykly profil,
ktery je ovalného tvaru — §ifka pouze 2,10 m, ale vyska cca 10 m. Vyska
tunelu umoZiiovala nadrzeni zasoby vody, a tim tunel (umistény v nejvy$sim
bodé plavebniho kanélu) slouzil jako ,nadrz na vrcholu” zésobujici kanal
vodou na obé strany. Hloubka vody byla 2,50 m, coZ bylo o 1 m vice, nez
potfebovaly &luny

Pomoci dvojitého vratku a Sirokého vleGeného koretku se Ulomky skaly
nahrnuly na nékolik mezideponii v tunelu. Normalné by piistup do tak uzkého
a diouhého tunelu byl velmi obtizny véetné pohybu v ném, Tento problém byl
vyfeSen pomoci neprovozovaného zelezni¢niho tunelu, ktery vede v soubéhu
mirné nad vodnim tunelem. Z néj jsou vyraZeny. $ikmé pfistupové $toly
slouzici i pro jeho odvodnéni. Téchto spojovacich $tol je 36 a u nékolika
z nich byly vytvofeny zminéné mezideponie. Pasovymi dopravniky, kieré se
do §tol nainstalovaly, byly skalnf Glomky piemistény do nakladnich automo-
billi pFistavenych v Zeleznitnim tunelu a pak vyvezeny.

Po vyklizeni tunelu pokracuji prace opravou a zesilenim kaloty a bokd,
PouZiva se ledeni, ze kterého se provadéji potfebné prace. Pivodng mél
tunel na cca 45 % délky osténi vyzdéné z kamene nebo cihel, které se vétsi-
nou pouze nové vyspdruje. Zbyvajicich 2 860 m nevystrojeného tunelu
vyZzaduje rlizny stuper zpevnéni, event. vybudovani osténi. M&kké bfidlicné
propléastky v piskovci a jilovcich vedly k vypaddvani horniny a vytvafeni
poruchovych péasem. Nejhor8i dseky v celkové délce 2 000 m jsou
zabezpedovany svorniky z nerezavéjici oceli délky 2 m a stiikanym betonem
tl. 100 mm s rozptylenou vyztuzi z nerezavéjici oceli. V daldich Usecich se
pouZivaji svorniky a ocelova sit nebo pouze svorniky. Protoze se predpo-
klada, Ze dnes nevyuZzity Zelezni¢ni tunel pouzivany pro piistup do vodniho
tunelu bude znovu zprovoznén pro nakladni dopravu, stane se vodni tunel
v budoucnosti prakticky nepfistupny. Proto investor BW vyZaduje Zivotnost
zesileného osténi 125 let, a to je ddvod pro pouZiti z nerezavejici oceli
vyrobenych svornikd (5 000 ks), rozptylené vyztuze a siti,

Opétovne zprovoznéni vodni cesty s nejdelim plavebnim tunelem ve Velké
Britanii se planuje na velikonoce roku 2001. Je soudasti toho, co British
Waterways nazyvé ,znovuzrozenf obdobf plavebnich kanall pro 21. stoleti*.

Pfistupova $tola
Access adit

1871 1849

Nepouzivané Zelezni¢ni tunely
Abandoned railway tunnel

tunnel cleared per week. Despite the fact that a booster pump was added
into the line about 1,000 m along the tunnel, the tunnel only worked effec-
tively over a total 3,800 m length. For that reason pumping from the other
portal was installed, from which place the remaining 1,400 m of the tunnel
was cleared. A plant for separation of silt from effluent had to be installed in
front of the portals. It comprised a mobile treatment plant, vibrating screens,
hydrocyclones, centrifuges and settling tanks, Effluent treated in the above
mentioned manner was returned to a river, and 10,700 tonne of separated
particles could be deposited into a landfill.

Beneath the silt deposits, about 3,000 tonne of loose rock lied, which was
mainly the result of four rockfalls from the tunnel crown. In the beginning, the
contractor planned that the fallen rock could be spread out along the tunne!
invert, taking the advantage of the unusual ovoidal shape - 2.1 m wide only,
but about 10 m high. The tunnel height allowed increased water storage,
thus the tunnel (located at the highest point of the waterway) served as
a ,.summit reservoir', feeding water down either side of the canal. The water
depth was of 2.50 m, 1m more than required for the boats.

Finally it proved more economic to take out all fallen rock. The debris was
dragged by means of a double-winch dragline bucket to several collection
points along the tunnel. Usually, access to such a narrow and long tunnel
would be very difficult, including movement in the tunnel. This problem was
solved by utilisation of the abandoned rail tunnel that lies alongside and
slightly above the canal tunnel. 36 inclined access adits were driven from
this tunnel, used for its draining as well. The rock debris was piled near se-
veral of these cross adits. It was removed by means of conveyors installed in
the adits, discharging into lorries, which drove into the old rail tunnel.

Once the tunnel has been cleared, the work continues by repairing and
strengthening of the tunnel crown and sides. A scaffolded work platform is
used for execution of all the work necessary. Originally about 45 % of the
tunnel's length was lined with either masonry or brickwork, which mostly
requires new pointing only. Remaining 2,860 m of the unlined tunnel needs
varying degrees of strengthening or installation of a lining. Soft shale
bands in the sandstone and mudstone contributed to rock falls and left
weak zones. The worst sections, in the total length of 2,000 m, are streng-
thened with 2 m-long stainless rock bolts and 100 mm-thick stainless steel
fibres reinforced shotcrete. Other areas are supported by rock bolts and
steel mesh, or by rock bolts only. Because the currently abandoned rail
tunnel, used for the access to the canal tunnel, will be used for freight
transport again, it will become practically inaccessible in the future. For
that reason, British Waterways requested a 125-year design life of the
strengthened lining. This is the reason why stainless steel is used for rock
bolts (5,000 pieces), steel fibres and mesh.

Reopening of the waterway, with the longest navigable tunnel in Great
Britain, is planned for Easter, 2001. It is a part of what British Waterways
calls ,a rebirth of the era of waterways for the 21st century”

Vétraci Sachta
Ventilation shaft

1894

=

1811

Provozovany
Zeleznicéni tunel
Operated
railway tunnel

Plavebni Standedge tunel
Standedge canal tunnel

Obr. 1 Schematicky pficny fez tunely
Fig. 1 Schematic cross section of the tunnels

Podle zahrani¢nich pramenl pfipravil:
According to foreign source documents prepared by:
Ing. Miloslav Novotny
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ZIVOTNI JUBILEA

LIFE-JUBILEES

RNDr. OTAKAR TESAR, DrSc. - SEDESATNIK

Vyznamny odbornik eského podzemniho stavitelstvi oslavi 5. prosince 2000
svoje Sedesétiny.

Po $estiletém plsobenf jako dilni geolog v Jachymovskych dolech a Rud-
nych dolech Pribram pracoval tfi roky v Ustfednim dstavu geologickém
v Praze. Od roku 1968 byl zaméstnan v PUDIS jako vedouci oddéleni inze-
nyrské geologie a vedouci vyzkumny pracovnik. Byl hlavnim geologem
Ustavu pro prazské metro, konkrétné pro trasy C, A a Gastedné B.

Na zacatku roku 1990 zaloZil soukromou spole&nost IKE, s. r. 0., jejiz hlavni
napini byl inzenyrskogeologicky prizkum, sledovéni a bezpe&nostni méteni
na podzemnich stavbach, a to pfedev$im v prazském regionu. Po deseti
letech Uisp&3ného soukromého podnikani doglo na zacatku roku 2000 k pro-
pojeni firmy IKE, s. 1. 0., se spole¢nosti GeoTec - GS, a. s., v niZ v soudasné
dob& plsobi jako hlavni specialista a konzultant pro obor podzemnich
staveb. Kromé pInéni konkrétnich dkoll vychovava zde i dalsi generaci geo-
technickych odbornikd

Po celou dobu vystavby metra prosazoval nezbytnost inZenyrskogeologic-
kého sledovani pfi vystavbé a osobné se této ¢innosti na v8ech trasach
metra aktivné vénoval. Mimo stavby metra se podilel i na prizkumech
a expertizdch pfi realizaci velké vétsiny Zelezni¢nich a dalni¢nich tuneld,
podzemnich garaZi, kolektord a jinych prostor v tuzemsku i v zahranici.
Uvedenou ¢innosti zfskal znagné praktické zkusenosti s chovanim horni-
nového prostfedi a jeho reakcf na vyrub v riznych geologickych prostiedich
pro rlizné velikosti profild a technologie vystavby. Tyto zkugenosti publikoval
ve vice nez osmdeséti ¢lancich v odborném tisku a pfispévcich na do-
méacich a zahrani¢nich konferencich. V roce 1990 obh4jil doktorskou diser-
tacni praci na téma Klasifikace skalnich a poloskalnich hornin pro pod-
zemni stavby.

Klasifikace se stala sou¢asti norem a technickych smérnic pro razenf tuneli
NRTM. Stéle aktualnf jsou publikované vztahy mezi klasifikaci QTS a reakci
horniny ve vyrubu, stejné jako geotechnické podminky pro nasazeni rlznych
razicich mechanism(, & fada daldich, ve stavebni praxi, vyuZitelnych zavis-
lostl. Velky, i mezinarodnf ohlas méla autorova préce, ktera statisticky zpra-
covavala pfi¢iny téméf osmdesali havaril podzemnich staveb v prazské
aglomeraci.

K jeho kulatym narozeninam gratulujeme a pfejeme pohodu do dal8ich tviir-
&ich let. Spolupracovnici

RNDr. OTAKAR TESAR DrSc. - SEXAGENARIAN

An eminent specialist in the field of Czech underground construction cele-
brates his sixtieth birthday on December 5th.

After six years' activity as a shaft geologist in Jdchymov Mines and
Pribram Ore Mines, he worked in the Central institute of geology in Prague
for three years. After 1968, he was employed in PUDIS as director of the
engineering geology department and directive research worker. He was
the chief geologist of the Institute for Prague subway, and thus for lines
A and C, partially also for the B line.

By the beginning of the year 1990 he founded a private company IKE,
s. 1. 0., whose main field of concentration was an engineering-geological
exploration, observations and security measurements at the underground
constructions, and thus mostly within the region of Prague. After 10 years
of successful private business, by the beginning of 2000 an amalgamation
of IKE with GeoTec - GS, a. s., occurred. There he presently operates as
a major specialist and consultant in the area of underground construc-
tions, where he beside elaboration of particular tasks also raises another
generation of geotechnical specialists.

During the entire Prague subway's construction he proposed necessity of
the engineering-geological observation and himself took actively part in its
realization at all subway lines. Beside construction of the subway itself, he
also took part in explorations, expertise and realization of majority of rail-
way and highway tunnels, underground garages, collectors as well as
other works both home and abroad

In the previously mentioned activity, he has gained a significant practical
experience with behavior of rock environment and its reactions to under-
ground excavations in various geological conditions for various profile
sizes and construction techniques. He has published this experience in
more than 70 articles in scientific magazines and by contributions at both
domestic and foreign conferences. In 1990, he successfully defended his
dissertation work on topic: ,The rock and semi-rock classification for
underground construction”,

The classification has become a part of standards and technical guidance
for tunnel excavation by the NATM. Published relations between QTS clas-
sification and rocks' reaction in underground openings as well as geotech-
nical conditions for employment of various driving mechanisms, and sever-
al others, in the area of construction practice, very useful relations are still
up to date. Author's work, which statistically processed the causes of app.
80 breakdowns of underground structures in Prague agglomeration, had
great, even international, echo.

We congratulate upon his round birthday and wish amenity to his further
creative years. Colleagues




I 4

47

9. ROCNIK, é. 4/2000

lunel

ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

DVACATE SESTE VYROCi ZASEDANI ITA/AITES -
DURBAN 2000

se konalo od 13. do 17. kvétna ve spojeni se Svétovym tuneldfskym kongre-
sem pofadanym Jihoafrickou tunelafskou spole¢nosti SANCOT a Tunelaf-
skou spolec¢nosti Lesotha. Zasedani se zUcastnili reprezentanti, delegati,
pozorovatelé a ¢lenové pracovnich skupin z 29 ¢lenskych zemi asociace
z celkového poctu 50

PRITOMNE CLENSKE STATY

TWENTY SIXTH ANNUAL MEETING ITA/AITES -
DURBAN 2000

The International Tunnelling Association held its twenty sixth meeting in
Durban from 13 to 17 May, in conjunction with the World Tunnel Congress
2000 organized by the South African Tunnelling Society, SANCOT and the
Lesotho Tunnelling Society. The meetings were attended by representa-
tives, delegates, observers and working group members from 29 of the 50
Member nations of the Association.

MEMBER NATIONS REPRESENTED

South Africa, Germany, Auslria, Belgium, Brazil, Bulgaria, Korea, Den-
mark, Egypt, Spain, United States of America, Finland, France, Greece,
ltaly, Japan, Lesotho, Norway, Netherlands, Poland, United Kingdom,
Russia, Singapore, Slovenia, Slovak Republic, Sweden, Switzerland,

Czech Republic, Turkey.

NEPRITOMNE CLENSKE STATY

MEMBER NATIONS NOT REPRESENTED

Algeria, Argentina, Australia, Canada, China (People's Republic of),

Columbia, Hungary, Iceland,

Ukraine, Venezuela
CLENSTVI

Asociace zaregistrovala ¢lenstvi 3 novych ¢lenskych zemi (Argentina, Izrael
a Malajsie), 22 novych pfidruzenych ¢lent (10 kolektivnich a 12 individual-
nich) a doséhla tak celkového stavu 50 &lenskych zemi a 273 pfidruZzenych
¢lenl (90 kolektivnich a 183 individudlnich) s pfihlédnutim k vyskrtnuti a re-

zignacim,
NOVY VYKONNY VYBOR

A.  Haack Germany
AM. Muir Wood United Kingdom
S.  Pellizza Italy
J.P. Godard France
J. Hess Czech Republic
S.  Kuwahara Japan
W. De Lathauwer  Belgium
K. Sorbraten Norway
N.  Bulychev Russia
H.  Parker USA
F. Vuilleumier Switzerland
A.  Robertson Australia
H.  Oud Netherlands
C. Berenguier

STRATEGIE ASOCIACE

Asociace rozhodla pfijmout akénf plan k dosazeni cill vytytené strategie
pro nadchazejici roky: ITA, nesporny leader podzemniho prostoru.
Akeéni plan obsahuje:

e vytvoreni sekretariatu s plnou pracovni dobou

e rozvoj prioritnich ¢innosti v oblasti komunikace

e vyuZiti internetovych stranek a aktivit pracovnich skupin

India,
Morroco, New Zeeland, Portugal, Romania, Saudi Arabia,

fran, lsrael, Malaysia, Mexico,

Thailand,

MEMBERSHIP

The Association has registered the membership of 3 new Member Nations
(Argentina, Israel and Malaysia), 22 new Affiliate Members (10 Corporate
Members and 12 Individual Members), taking the total to 50 Member
Nations and 273 Affiliate Members (90 Corporate Members and 183
Individual Members) taking into account radiations and resignations.

NEW EXECUTIVE COUNCIL
President Until 2001
Honorary President
Past President Until 2001
Vicepresident Until 2001
Vicepresident Until 2001
Past Vicepresident — Until 2001
Past Vicepresident  Until 2001
Until 2001
Until 2002
Until 2001
Until 2001
Until 2002
Until 2003
Secretary General Until 2002

STRATEGY OF THE ASSOCIATION

The Association decided to implement an action plan to reach goals of the
strategy adopted for the coming years ,ITA, the unquestionable leader of
underground space”.
The action plan includes:

o Creation of a full time secretariat

o The development of priority actions in terms of communication

e Use of the web site and activities of the Working Groups
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KOMUNIKACE

o Tribune: Ctyfi ¢isla posledniho ro&niku byla publikovana véetnd zamafenf
na Francii, Cinu, Nizozemsko a Jihoafrické zemé, Primérny naklad byl 2700
kusl na ¢fslo.

e Tunnelling and Underground Space Technology: Ve &trnactém ro¢niku
TUST bylo publikovano 49 ¢lankd od autord z 12 zemi. Byla vydana dvé
specialni ¢isla vénovana projektim podzemnich dél v Nizozemsku a Sin-
gapuru a ¢ast &isla 3/14 egyptskému tunelafstyi. V pfistim roce bude TUST
publikovat n&kolik zprav z pracovnich skupin (WG) ITA. Clenové redakéni
rady TUST meéli zaseddni b&hem kongresu v Durbanu.

o Web site: Asociace ma svou stranku od roku 1998. Bé&hem roku 1999 byla
navstivena 285 000krat 10 000 lidmi z 80 zemi. Stranka je aktualizovana
primérné desetkrat v roce a jsou pfipojovany nové rubriky, zejména pokud
jde o nadchazejicl konference a pfehled vzdélavacich center pro podzemni
zaméfeni na jednotlivé zemé a TRIBUNE. Bylo zaloZeno férum pro pracovni
skupiny

E-mail: aites@imaginet.fr

e Vykladovy slovnik: Prvni verze slovniku byla instalovana na internetovych
strankach. Je to provizorni verze, kterd bude dokonéena béhem pfistiho
roku.

e Promotion book: Vykonny vybor odpovédél pfiznivé na nabidku vydavatele
Bertelsmanna tykajici se vydani knihy na podporu podzemnich dél, knihy,
kterd tvofi druhou ¢ast publikaci vénovanych 25. vyrodi zalozeni ITA.
Bertelsmann vydal tuto knihu jménem ITA. Obsahuje pfedev$im popis 65
mimofadnych podzemnich dél v 25 ¢lenskych zemich asociace

POZARNi BEZPEGNOST V TUNELECH

Asociace a jeji $vycarska narodnf skupina, skupina specializovang na
podzemni dila (GTS) spoleénosti SIA, spolu uspofadaly 23. - 24. biezna
v Lausanne seminaf o pozarni bezpecénosti v dopravnich tunelech s d¢asti
sesterskych organizaci ITA: PIARC, UIC (Mezinarodnf Zelezni¢ni unie), UITP
(Mezinarodni unie pro vetejnou dopravu) a UN (Ekonomicka komise pro
Evropu).

Tato mezinarodni vyména zkuenosti vedla k névrhu moznosti spoleénych
studii a vyzkumd pro rlzné druhy prepravy. Ty ovlivni zviasté vychovu
operatorl, informovani uZivatell, realizaci priizkumnych $tol a koufové kon-
troly.

»OPEN SESSION“ ITA

Zasedani ,ITA Open session 2000 bylo vénovéno tématu ,Dllni a inZe-
nyrské dila: Stavba $achet". Pfednesené piispévky a diskuse ukazaly piinos
vymény néazord mezi dlinimi odborniky a stavebnimi inZenyry pro rozvoj
technologii sméfujicl k vyuziti podzemi.

PRISTI VYROCNI ZASEDANI
o Milan (ltalie), 10. - 13. 6. 2001, béhem svétového tunelafského kovngresu
ITA/AITES ,Pokrok v tunelafstvi po roce 2000", pofadaného Itélii a Svycar-
skem

o Sydney (Australie), jaro 2002, b&hem svétového tunelaiského kongresu
ITAJAITES 2002 ,Down under", pofadaného Australif a Singapurem

o Amsterdam (Nizozemsko), 14. — 17. 4. 2003, béhem kongresu ITA/AITES
2003 ,(Re)claiming the Underground Space”.

COMMUNICATION

o Tribune: Last year 4 isssues of TRIBUNE were published icluding focus
on France, China, Netherlands and Southern African countries. The aver-
age circulation has been around 2700 copies per Issue.

e Tunnelling and Underground Space Technology: In the fourteenth volume
of TUST, 49 papers representing 12 countries were published. Two special
issues featured tunnelling projects in the Netherlands and Singapore,
respectively, and a feature section of issue 3/14 focused on Egyptian tun-
nelling. In the next year TUST will publish several reports by ITA working
groups. The editorial board members of TUST met during the ITA congress
in Durban

o Web Site: The Association has had a web site since 1998. During the year
1999, the site received 285 000 successful requests from 10 000 people
coming from 80 countries. The site is updated on an average of 10 times
a year and new topics have been added, specifically concerning forthco-
ming events, a list of educational centres on underground works. The most
visited pages are the ones of the glossary, the focuses and Tribune.
Forums for the Working Groups have been implemenied.

Web site: http://www.ita-aites.org

e Glossary: A first version of the glossary has been implemented on the
web. This is a provisional version and will be completed during the coming
year.

e Promotion Book: The Executive Council replied favorably to the offer of
the publisher BERTELSMANN for the publication of a book on the promo-
tion of underground works, a book that constitutes the second part of the
publications at the occasion of the 25" Anniversary of ITA. BERTELSMANN
published, on ITA’s behalf, this book, which notably includes the descrip-
tion of 65 outstanding underground works in 25 countries members of the
Association.

FIRE SAFETY IN TUNNELS

The Association and its national Swiss group, the specialized group for
underground works (GTS) of the SIA, co-organized a seminar on fire safety
in transport tunnels on the 23" and 24" of March in Lausanne, with the par-
ticipation of sister associations to the ITA: the PIARC, the UIC
(International Railway Union), the UITP (International Union for Public
Transport) and the UN (Economics Commission for Europe).

This International exchange led to the drawing up of posssibilities for com-
mon studies and research between the different means of transport. They
involve in particular the ltraining operators, user information, the construc-
tion of a trial tunnel and smoke control

ITA OPEN SESSION

The ITA Open Session 2000 was devoted to the theme ,Mining and Civil
Works: Shaft Construction”. Paper presentations and discussions demon-
strated the benefits of the interaction between mining and civil profes-
sionals for the development of technology towards the underground
space.

NEXT ANNUAL MEETINGS

o Milan (ltaly) from June 10 to 13, 2001, during the ITA-AITES 2001 World
Tunnel Congress ,Progress in Tunneling after 2000 organized by ltaly
and Switzerland.

o Sydney (Australia) spring 2002, during the ITA-AITES 2002 World Tunnel
Congress , Down under". organized by Australia and Singapore

» Amsterdam (Netherlands) from 14 to 17 April 2003, during the ITA-AITES
Congress 2003 ,(Re)claiming the Underground Space"”.

Podle tiskového komuniké pfipravil:
Prepared in accordance with the Press Release by:
Ing. Karel Matzner
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ZPRAVODAJSTViI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELING COMMITTEE ITA / AITES REPORTS

9. MEZINARODNI KONFERENCE
~PODZEMNI STAVBY PRAHA 2000“

Cesky tunelaisky komitét ITA/AITES uspofadal ve dnech 9. - 11. 10. 2000 dalf
setkanf odbornik(i z oblasti podzemniho stavitelstvi. Konference pod uvedenym na-
zvem se konaji pravidelné jednou za tfi roky. Ta letodni, devata, se konala pod zasti-
tou prazského primatora Ing. arch. Jana Kasla, ktery rovnéz pfednesl Gvodni projev,
a Mezinarodni tuneldfské asociace ITA/AITES. Vyznam konference byl zdliraznén
tim, Ze u této pfileZitosti se zarovefi konalo zasedanf vykonného vyboru (Executive
Council) ITA/AITES, jehoz vétdina &lendi se konference aktivné zugastnila

Predseda Ceského tunelaiského komitétu a vice-prezident ITAJAITES Ing. J. Hess ve
svém Gvodnim vystoupenf informoval o sou¢asném stavu a vyhledech podzemniho
stavitelstvi v CR, prezident ITA/AITES prof. A. Haack vyzdvihl perspeklivy tunelaf-
stvi zejména v disledku piekotné se rozvijgjici dopravy. (Oba projevy uvadime
témér v piném znéni v dal$im textu).

Prvni tematicky okruh o ekologickych aspektech a prlizkumu pro podzemni stav-
by zah4jil ob3imym state of the art minuly prezident asociace prof. S. Pelizza. Dal§i
z byvalych prezidentd, prof. Z. Eisenstein, pfednesl zdsadni pfispévek na téma vy-
voj, vyzkum, prlizkum a projektovani podzemnich staveb. Nésledujici dva tematické
okruhy uvedli odbornici ze Slovenska a tuzemska: Ing. P. Kusy a doc. P. Pfiby! okruh
tykajici se provadéni a vybaveni podzemnich staveb, prof. J. Aldorf pak téma
Udrzba, sanace a rekonstrukce podzemnich staveb. 5
Samostatny tematicky podokruh byl vénovan nejvétdi tunelaiske stavbé v Ces-
ké republice - tunelu Mrazovka v Praze. Jednani jednollivych tematickych sekei fi-
dili: Ing. G. Romancov, prof. J. Bartak, Ing. P. Yozarik, Ing. M. Krejcar a Ing. J. Smo-
Iik.

Konferenci ukongil zavéretnym projevem prof. A. Haack, pfi némz udglil pfedsedovi
Ceskeho tunelafského komitétu Ing. J. Hessovi pamétni medaili ITA/AITES jako vyraz
uznani za jeho aktivni ¢innost v oblasti podzemnfho stavitelstvi.

Ptipravny vybor konference vedeny prof. J. Bartdkem pfipravil pro ucastniky dva
prednaskové dny v prostorach hotelu Pyramida a spoleéensky diskusni veder v Nové
galerii Prazského hradu, kiery byl mimofadnym zazitkem jak pro zahrani¢ni hosty,
tak domdci Ggastniky konference. Clenové vykonného vyboru ITA/AITES méli navic
moznost prohlédnout si v pfedvecer konference na osobni pozvani primatora i jeho
reprezentacni mistnosti na Marianském namésti.

Celkem se konference zl¢astnilo na 270 odbornikii ze 16 zemi péli kontinentd
Sbornik konference obsahuje na 492 strandch 70 pfispévkd, z nichZ 32 prezentovali
autofi ve svych projevech spolu s bohatou technickou a obrazovou dokumentaci
Treti konferenni den se konala exkurze na stavenidté tunelu Mrazovka a kolektorl
v centru Prahy. O jejf hladky pribéh se postaraly firmy Metrostav a Subterra, Orga-
nizaéni zajisténi celé konference bylo svéfeno agentufe Bonus.

Obr. 1 Konferenénf sal v hotelu Pyramida
Fig. 1 The conference hall in the Pyramida hotel

9" INTERNATIONAL CONFERENCE
»UNDERGROUND CONSTRUCTION PRAHA 2000

The Czech tunneling committee ITA/AITES during the 9th - 11th Oclober 2000 arranged another
meeting of professionals within the field of underground engingering. A conference with the initia-
ted title is reqularly held every 3 years. This year's, ,ninth" one, took place under the patronage of
Prague the Lord Mayor Ing. Arch. Jan Kasl, who also delivered the introduction speech, and of the
international tunneling association ITA/AITES. Significance of the conference was also siressed by
the fact that a session of the ITAJAITES executive council, most of whose members actively parti-
cipated at the conference, also took place by this occasion

The chairman of the Czech Tunneling Committee and ITA/AITES Vice-president Ing. Jindfich Hess
in his initial speech informed about the current stalus and prospects of underground engineering
in CR, ITAJAITES President Prof. A. Haack emphasized the perspectives of tunneling, especially
because of the precipitously developing transportation. (We are introducing both speeches in
almost unabridged version herealler)

The first topic circuit dealing with environmental aspects and exploration of the underground
works starled by a paper on stale-of-the-art exploration by lormer association president Prof.
S. Pelizza. Another of former presidents, Prol. Z. Eizenstein, delivered a fundamental conlribution
on the topic of development, research, exploration and designing of the underground structures.
Professionals from Slovakia and Czech Republic introduced the further two topic circuits: Ing
P. Kusy and Doc. P. Pfibyl the topic concerning realization and equipment of the underground
structures; Prof. J. Aldor! then the topic of maintenance, rehabilitation and reconstruction of the
underground works

An independent topic sub-circuit was dedicated lo the largest tunneling construction in the pre-
sent Czech Republic - the Mrdzovka tunnel Procedures of the individual lopic sections were
chaired by Ing. G. Romancov, Prof, J. Barték, Ing. J. Vozarik, Ing. M. Krejcar and Ing. J. Smolik
Prof. A. Haack closed the conference with his concluding speech, in which he awarded the Czech
tunneling commitice chairman Ing. Jindrich Hess with a honorary medal as a sign of appreciation
for his active employment in the field of underground engineering.

The preparation committee of the conference, led by Prof., J. Barldk, has prepared 2 days of lec-
tures inside of the Pyramida hotel for the participanls as well as a social debate evening in Prague
Castle’s New Gallery, which was an extraordinary experience for both domestic and foreign parti-
cipants of the conference. Members of the ITA/AITES executive council moreover had the opportu-
nity to visit, on mayor's personal invilation, his representation rooms at Maridnské square, and thus
during the evening prior to the conference

Altogether, 270 professionals from 16 countries of five continents particioaled al the conference.
The conference proceedings contains 70 contributions on 492 pages, out of which 32 papers were
presented by their authors along with rich fechnical and piclorial documentation. Excursions to the
Mrazovka tunnel consiruction sile and to collectors in the vicinity of Prague took place on the third
day of the conference. The companies Sublerra and Metrostay have provided for its smooth
process. The Bonus agency was delegated o ensure the conference’s organization.
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Ve svém projevu pfedseda Ceského tunelafského komitétu Ing. J. Hess uvi-
tal prazského primatora, vedouci pfedstavitele ITA/AITES, v8echny ddast-
niky a pokracoval:

Konferenci ,Podzemni stavby" porada Cesky tunelafsky komitét pravidelné
v tfiletych cyklech. K jejimu vyznamu v letodnim roce pfispiva nejen fakt, Ze
se koné pod sponzorstvim ITA/AITES, ale i to, 7e ve dnech 7. a 8. fijna
zasedal v Praze jeji Executive council.

Tunelaisky svét oslavil loni 25, vyrogi trvanf ITA/AITES. Za téch 25 let se
mnohé zménilo jak v uzivanych technologiich, tak zejména v celkovém
vyuziti podzemi pro komunaini, dopravni, sportovni, skladovaci a jiné &in-
nosti. Vytvofili se dalsi asociace zabyvajici se problematikou podzemi, Tak
jako ITA stanovila strategii pro dalsi obdobi své &innosti, tak i nas CTuK se
svymi 40 kolektivnimi a 26 individudlnimi &leny hleda stale nové napady, aby
¢lenstvi bylo pfinosem.

Tak napf. vlastni &innost komitétu se rozsifila o iniciativu ke spolupraci
s jinymi sesterskymi védeckymi spole¢nostmi, jejichZ zastupci se nékolikrat
sedli na spolenych pracovnich jednanich. RovnéZ jsme nadli racionalni
napli ¢lanku stanov CTuK, tykajici se vyro€nich pracovnich shromazdéni
glend. Kona se formou odborného seminafe se stanovenou tematikou,
Otevfeli jsme svou stranku na internetu, kde publikujeme aktuality z nai ¢in-
nosti i kompletni ¢lanky naseho ¢asopisu TUNEL. Mame e-mailové spojent
s nasimi ¢leny i centralou ITA/AITES.

V ramci CTuK byly letos zalozeny dvé pracovni skupiny /WG/: prvni nese
nazev BezpecCnost v tunelech a vede ji pan doc. Ing. Pavel Pfibyl, CSc.,
ELTODO. Druhou je skupina Stfikany beton, kterou si vzal na starost pan
Ing. Pavel Poldk z METROSTAVU.

Casopis TUNEL doznal v uplynulém obdobi zdsadni proménu. Pied dvéma
lety jsme zahdjili vydavani ve dvojjazytné, Sesko-anglické mutaci a rozsah
Casopisu se zvélsil z 32 na 56 stran. Odezva na tuto zménu byla pfizniva jak
doma, tak v zahrani¢l. Nékleré ¢lanky byly ptevzaty do ¢asopisu Tunnelling
and Underground Space Technology a do ¢asopisu Tunnels and Tunnelling
International

VyuZili jsme pfileZitosti a propagovali jsme ¢eské podzemni stavitelstvi
i v dalich zahrani¢nich publikacich. V pamétni knize ITA/AITES, vydané
k 30. vyro&i zaloZeni asociace pod nazvem Tunnelling Technologies for the
3rdMillenium, jsme pfedstavili prazské metro a tunel Mrazovka. V ¢asopise
TRIBUNE bylo &eskému stavitelstvi vénovano Gervencové &. 16 ve stati
FOCUS ON CZECH REPUBLIC, do néhoz jsme dodali odborné &lanky
Podzemni stavitelstvi ma v Ceské republice velkou perspektivu. Podle
schvalenych rozvojovych dokumentl by se v nejblizsich deseti aZ patnacti
letech mélo postavit:

12 km silni¢nich tunell na prazskych dopravnich okruzich

4,1 km délni¢nich tunell na dalnicich D8, D4, D7

2,9 km tunell na trase IV.C prazské podzemni dréhy

1,7 km silni¢nich tunell v dal$ich ¢eskych méstech

1,7 km dlouhy Zelezniéni tunel a rekonstrukce dalgich asi 8 km Zelezniénich
tunell v trasdch modernizovanych koridor(i

V dnesni dobé si stdle vice uvédomujeme, Ze technicka feseni jsou nékdy
slozita, ale daleko sloZit&j3i je najit spravné a optimalni finanéni modely.
Rada nasich mést se naugila zapojovat do financovani cizi zdroje a stat
nejen Cerpa fadu Ovérd z PHARE, ISPA apod., ale poloZil k financovani
pevny zaklad tim, Ze letos zalozil Dopravni fond.

Zapojeni soukromych investord do vystavby infrastruktury je proces, ktery
sleduje cela fada vyspélych statl. Zkudenosti z tohoto Usili zaznamenava
pro sve Cleny i ITAJAITES. Jsme radi, ze se bude této problematice vénovat
i ,Open sesion" v Milané 2001 pfi pfileZitosti konani valného shromazdéni.
(a déle anglicky):

Drazi pFatelé z velké rodiny podzemniho svéta, d&kuji vam, Ze jste opét pfisli
sem do Prahy. Jsme velmi $lastni, Ze se mizeme podilet na aktivitach orga-
nizovanych ITA/AITES. Jsme si védomi, Ze spoluprace musi mit vzajemny
charakter. Uspéch Mezinarodn! tuneldiské asociace zavisi na neustalé
a spolehlivé praci kazdého Clenského statu ve vlastni zemi, a naopak
vyuZivani argumentd poskytovanych ITA/AITES jako uzndvanou organizaci je
podstatné pro na$i praci. Slibujeme, Ze budeme dobrymi partnery do
budoucna.

The Czech Tunneling Committee chairman Ing. Jind¥ich Hess welcomed the Lord Mayor of Prague,
prominent [TA/AITES representatives, all participants and continued:

The Czech Tunneling Committee organizes the Underground Works conference regularly in three-
year cycles. Not only the fact that it is being held under the sponsorship of the ITAJAITES, but also
the reality thal during 7th - 8th October the ITAJAITES execulive- council had a session in Prague,
conlributed to its significance.

The tunneling world last year celebrated 25th anniversary of ITA/AITES ‘s duration. A fot has
changed during these 25 years; both in used technologies and overall ulilization of the under-
ground for communal, transportation and sport involving, storing and other activities. Other asso-
ciations dealing with the problems of underground have been created. So as the ITA defined the
stralegy for further period of its activity, our CTuC with its 40 collective and 26 individual members
continues to search for new ideas, so that a membership brings a benefil.

For instance, the own activily of the committee has broadened to cooperation wilh other sisterly
scientific companies, whose representatives several times mel at mutual workshop negotiations. In
addition, we have found a rational conlent of the CTuC stalutes' article, concerning the annual
operational members’ assembly. It is organized as a professional seminar with given topic circuit,
We have opened our internet site, where we publish topical information on activities as well as
unabridged articles from our magazine TUNEL. We have an email connection with our members as
well as with the ITAJAITES headquarters.

Within CTuC, two working groups have been established this year: the first ong is called , Security
in tunnels” and is led by Ing. Pavel Pribyl, CSc., ELTODO. The second one is a group , Shofcrete’,
which Ing. Pavel Polak from Metrostav said to take care of.

The TUNEL magazine has in the last period gone through a fundamental change. 2 years ago we
started edition of a bilingual, Czech-English mutation and the magazine volume increased from 32
to 56 pages. The echo lo this alteration was favorable both home and abroad. Some articles have
been adopled by the magazines Tunneling and Underground Space Technology and Tunnels and
Tunneling Internalional.

We have used the opportunity and advertised the Czech underground enginéering in other foreign
publications as well. In ITA/AITES proceedings, published to the 30th anniversary of foundation
under the name of Tunneling Technologies for the third Millenium, we introduced the Prague sub-
way and the Mrazovka tunnel. Magazine Tribune's July edilion no. 16 was dedicated lo Czech
engineering in the essay FOCUS ON CZECH REPUBLIC, lo which we had submitted expert
articles.

Underground engineering has a large perspective in the Czech Republic. According to approved
development documents, there should be in the closest 10 to 15 years built:

12 km of road lunnels on Prague cily ring roads

4.1 km of highway lunnels on the D8, D4,07 motorways

2.9 km of tunnels on V. C line of the Prague subway

1.7 km of tunnels in other Czech cities

1.7 km-long railroad funnel and reconstruction of other app. 8 km of lunnels along the modernized
corridor routes

In today's era we slill more and more become aware of the complexity of technical solutions, but
by lar more complex is lo find correct and oplimal funding models. Number of our cities has
learned fo integrale outside sources into the funding process, and the government draws from
a number of credits from PHARE, ISPA elc., but also has laid a solid base for funding by this year's
establishment of ,Fund of transportation."

Integration of privale investors to the development of the inlrastructure is a process, which is pur-
sued by many developed countries. The ITAJAITES records the experience from such elfort for its
members as well. We are glad that also the Open Session in Milan by the occasion of general
assembly will be discussing these questions.

Dear friends of the large family of the underground world, thank you again for your coming here in
Prague. We are very satisfied to cooperate in the activily organized by the [TA/AITES. We are
aware the cooperation has lo be mutual. The success of the International Tunnelling association
depends on the permanent and reliable work of each of the member nations in their country and -
on the conlrary - for us it is very essential to use arguments given by the ITA/AITES as a respec-
led organization

| promise to be a good partner for future.,

Obr. 2 Pri rozhovoru v primatorské rezidenci: Ing. Jindfich Hess,
predseda CTuK, Prof. Dr. Ing. Alfred Haack, prezident ITAJAITES,

Ing. arch. Jan Kasl, primator Prahy

Fig. 2 Chairman of the Czech Tunneling Commiltee, President of
ITA/AITES and Lord Mayor of the Capital Prague during their conversa-
tion in the Town Hall Residence
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Prof. Dr. Ing. Alfred Haack, prezident ITA/AITES, pozdravil pfitomné v sale
a uvodem vyjadfil poklonu krasam Prahy:

Je pro mne potésenim byt opét v Ceské republice, byt opét v jejim hlavnim
mésté, v tom piekrasném mésté Praze. Poprvé jsem zde byl v roce 1985, kdy
jsem se zacastnil 11. Svétové tunelarské konference ITA.

Dnes si vazim toho, 7e vam mohu tlumocit nejlepdi pfani a pozdravy od
Mezindrodni tunelaiské asociace ITA, od &lenl jejiho vykonného vyboru
(EC), ktefi jsou zde v auditoriu téméf vSichni ptitomni, a od jejich 50 Clen-
skych zemi z celého svéta

7 hlediska ITA mam velmi rad tyto regionalni mezinarodni konference
o tunelarstvi a podzemnich stavbdch. Takové akce vidy piné odrézeji zivou
angaZzovanost a entuziasmus tuneldrské komunity. Proto bych réd podékoval
iniciatorGm a organizatoriim této konference a v8em jejich spolupracovnikiim
za to, 7e vynakladali vice nez rok veliké Usili pfi jeji pfipravé.

Ceska skupina patfi k pocate¢nim skupinam ITA. Stala se jejim Elenem
v roce 1982. V této souvislosti bych rad vzpomenul Ing. Jaroslava Gréna,
zakladatele a iniciatora Ceskoslovenského tunelafského komitétu. Pravé on
zorganizoval vasi 1. Narodni konferenci o tunelafstvi v roce 1977. A chci
pfipomenout i Ing, Josefa Novéaka, prvniho pfedsedu Ceskoslovenského
tunelafského komitétu. Soucasny predseda Ing. Jindfich Hess je i vice-
prezidentem ITA,

Dovolte mi nékolik slov o ITA. Zaénu ¢leny vykonného vyboru, ktefi jsou pfi-
tomni zde v sédle: Sebastiano Pelizza, Italie, minuly prezident, mdj pfedchld-
ce. Nikolaj Buligev, Rusko. So&i Fuwahara, Japonsko. Willy de Lauthauer,
Belgie. Harvey Parker, USA. Garry Ash, Australie. Zdenék Eisenstein, Ka-
nada, prezident ITA v letech 1992 -1995.

Pokud jde o samotnou ITA — byla zaloZena v roce 1974 v Oslo na zékladé
doporuceni konference OECD ve Washingtonu DC, USA, z roku 1970.
Strukturu této mezinarodni asociace miZete sledovat na platné (nasledoval
vyklad o ¢innostech ITA).

Pijdte a pfipojte se k nam v Milané&, kde nasi italsti a Svycarsti kolegové
budou pofadat od 8. do 14. Servna svétovy tunelaisky kongres 2001 pod
nazvem Pokrok v tunelafstvi po race 2000. Chtél bych vas vybidnout, abyste
hrali aktivnf roli v riznych pracovnich skupindch (WG) ITA.

Nézev vasi konference je Podzemni stavby. Tato technologicka oblast
ziskava vice a vice na dilezitosti. Pra¢ to mohu prohlagovat?

Jedna studie, vypracovana na Videriské akademii rakouského automo-
bilového a cestovniho klubu, prokazala, Ze do roku 2010 vzroste automo-
bilové individualni doprava v Evropé o 20 % ve srovnani s rokem 2007 a do
roku 2030 néarlst dosahne 40 %. Na zakladé této pfedpovédi vice nez sta
mezindrodné uznavanych védcl studie uvadf rist objemu silni¢ni nakladni
pfepravy o 60 % v pfistich tficeti letech. To znamena: nejpozdéji do roku
2010 budou silnice Evropy zcela nepropustné

Jiné scénare nejsou tak pesimistické: Svétova organizace pro ekonomickou
spolupraci a rozvoj - jiz zminéna OECD - uvadi, Ze v roce 2020 bude na
evropskych silnicich jeden a pll krat vice vozidel neZ dnes.

Vidéno o¢ima ITA, toto vytvafi velice slibnou situaci: Potfebujeme mnoho
tunell - vice a vice. A tak - tato konference se zaobird pravé tim spravnym
tématem.

KdyZ jsem pronesl tolik slov v angli¢ting, hodlam nyni pfepnout na jiny jazyk
- ale ne, ne na némginu, jak byste se mohli domnivat, ale na fe¢, ktera je
vam daleko blizsi.

(a déle pokradoval Eesky):

Opravdu se t&gime na nadchézejici dva dny. Daji nam pfilezitost k intenzivni
vymeéné znalosti z nadeho vzruSujicino oboru - podzemniho stavitelstvi.
Velice nas zajima, jaké tunelové projekty nasi ¢estf kolegové a prateié reali-
zovali od posledni konference zde v Praze v roce 1997, které jsou ve stavbg,
ve stadiu projekce, které jsou zamy$leny do budoucna,

Zavérem piejeme ¢eskému tuneldfstvi a podzemnimu stavitelstvi mnoho
uzite&nych a technicky podnétnych projektd.

Nepochybuji, ze vystavba a zdokonalovani podzemni infrastruktury naich
mést, stejné jako razeni tunell bez ohledu na geologické pfekazky nebo
dokonce pfes hranice nadich zemi, jsou vyznamnym pfispévkem nas
inzenyru k budovani svéta, kde lidé mohou zit v miru, ve svobodé, v harmonii
a v dobrém sousedstvi. To jsou ma pfani ¢eskemu lidu.

Prof. Dr. Ing. Alfred Haack, President of ITA AITES after greeting the parlicipants expressed his
admiration for Prague:

Itis really my pleasure being again in the Czech Republic, being again in the Czech capilal, in this
wonderful city of Prague. For the first time | was here 1985 attending the 11th ITA-World-Tunnel
Conference. Today | appreciate bringing you lhe best wishes and regards from ITA - the
International Tunnelling Association, from its Executive Council members who are all most present
here in the auditorium and from its 50 member Nations from all over the world.

From ITA's point of view | like very much those regionalfinternational Tunnelling and Underground
Construction Conlerences like this one here organised by the Czech Tunnelling Committee. Such
evenls are always reflecting a lively tunnelling communily full of engagement and enthusiasm
So, | would like to thank the iniliators and organisers of this conference and all the forces behind
them for having taken the big efforts the more than one year long lasting preparalory works asked
for.

The Czech ITA group belongs lo those of the early limes of ITA. It became member of ITA in 1982
In this connection | like to remember Jaroslav Gran, the founder and initiator of the Czechoslova-
kian Tunnelling Committee. He was the one who organized your 1st national Conference on Tun-
nelling in 1977 and | would like to mention also Josef Novak, the 1st president of the Czecho-
slovakian Tunnelling Committee. The acling chairman of the Czech Nalional Tunnelling group
Jindfich Hess is the president of this conference and also [TA-Vice President.

Let me give you some more details about TA. | will start with the members of the Executive Council
present here in the conference hall: Sebastiano Pelizza, ltaly, past presidenl, my predecessor,
Nicolay Bulychev, Russia, Shoshi Kuwahara, Japan, Willy de Lathauwer, Belgium, Harvey Parker,
USA, Garry Ash, Ausiralia, Zdenek Eisenstein, Canada, president ITAJAITES within the years 1992
- 1995

And now lo the Association itself:

ITA was founded in 1974 in Oslo following a recommendation of an OECD Conference in
Washington DC, USA, 1970. The objectives of this International Association you may follow on the
screen

Come and join us in Milan, ltaly from June 8 to 14, 2001. There will be the World Tunnel Congress
2001, organized by our ltalian and Swiss colleagues and entitled ,Progress in Tunnelfing after
2000". Let me encourage you lo play an active role in several of ITA's Working Groups!

The title of this Conference is ,Underground Construction”. This technological field is winning more
and more importance. How can | say so?

One sludy, commissioned by the Viennese Academy of the Austrian Automobile and Touring Club
revealed, that by 2010, motorized individual {ransportation throughout Europe would rise by 20%
compared with 1997, and by 2030, a staggering 40%. Based on the predictions of over 100 infer-
nationally renowned scientists, the study expects road -freight traffic volume fo grow by 60% over
the next 30 years. That means: by 2010 al the lalest, Europe’s roads will be completely impas-
sable

Other scenarios are no less pessimistic. the worldwide Organization for Economic Co-operation
and Development - the already mentioned OECD - reckons that by 2020 there will be one and
a half times as many vehicles on European roads as loday

Seen with the eyes of ITA this creates a very promising situation: we need many tunnels - more and
more. So, this conference is just dealing with the right subject

Aller having said so many words in English | am now going to swilch to another language - ch
no, not fo German as you may assume now, but lo a language you cerlainly are more familiar
wilh:

We really look forward lo the coming two days giving us the opportunity for an intensive exchange
of knowladge and experience in our exciting professional field of underground construction. We
are curious o get to know which tunnel projects our Czech colleagues and friends have finalized
since the fast conference here in Prague in 1997, which ones are under construction, in the design
stage or envisaged for the future.

In conclusion we wish the Czech tunnelling and underground construction industry many profitable
and technically challenging projects. | do not doubt that building up and improving the under-
ground infrastructure in our cities as well as driving {unnels lo undercross geological obstacles or
even borders in and between our countries are important contributions by us engineers in building
a world where cities can experience a life in peace, in freedom, in harmony and in real neighbour-
hood. These are my wishes to the Czech people

Obr. 3 Slavnostni zahajeni konference
Fig. 3 Gala openning of the conference

Ptipravil - Prepared by: Ing. Karel Matzner
Foto - Photos: Petr Podloucky
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TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

ZVETSENI PROFILU DALNICNIHO TUNELU
NAZZANO V ITALII BEZ PRERUSENI
AUTOMOBILOVEHO PROVOZU

Na dalnici A 1 z Milana do Neapole se zahajuje rozsifeni 337 m dlouhého
dalni¢niho tunelu Nazzano. Tunel by mél mit po roz§ifeni tfi jizdni pruhy
v obou smérech misto dne§nich dvou pruh@. Prace budou provadény za au-
tomobilového provozu bez jeho pferudeni. V soucasnosti ma tunel $itku
12,20 m a je roz8ifovan na 19,70 m (tento rozmér je vCetné nového defini-
tivniho osténi).

Maximalni nadlozi je 45 m a geotechnické podminky jsou tvofeny zpevnény-
mi pis¢itymi a jemnozrnnymi (prachovitymi) jily. Novou technologii vystavby
navrhl profesor Pietro Lunardi, nositelem patentu je zadavatel stavby, kterym
je Sprava dalnic

Provoz automobill plynule probiha pod mobilni ocelovou ochrannou kon-
strukel, za kterou se provadéji prace spojené se zvétsenim tunelu. Specialng
vyrobené zafizenf na roz&ifovanf tunelu je osazeno na polokruhovy ocelovy
portalovy nosnik, ktery je ,rozkro¢en" nad konstrukci ochrarujici provoz v tu-
nelu. Zafizeni je schopné provadét vSechny operace spojené s rozifovanim,
které probiha ve &tyfech hlavnich krocich.

Nejprve se podle skute¢nych geotechnickych pomérd provede zlepseni
podminek pro razbu na ¢elbé a pred ni. Nasledné se do zéfezu provede-
ného po obvodu budouciho vyrubu provede predklenba ze stfikaného be-
tonu vyztuZeného vlakny.

V druhém kroku se provadi postupné rozpojovani horniny v rozsahu budou-
ctho profilu tunelu a demolice plvodniho definitivniho osténi. Rubaninu a de-
molované osténi vyvazeji nakladni automabily, které jezdi mezi ochrannou
ocelovou konstrukci a novym prefabrikovanym segmentovym osténim roz-
Sifeného tunelu.

Nové definitivni osténf je instalovano bezprostfedné za delbou s maximalnim
odstupem 5 m. Montuje se jeden nebo vice segmentovych prstencd, které
jsou aktivovany rozepnutim zévéreé¢ného dilu

Poslednim - &tvrtym - krokem je provedenf spodni klenby

V zavislosti na geolechnickych podminkach se pouZivaji rGizné technologie
pro jejich zlep&eni. Vedle provadéni obvodového zafezu (vrubu) vypinéného
betonem je to vodorovna tryskové injektdZz a injektované sklolaminatové
svarniky.

WIDENING OF THE NAZZANO TUNNEL CROSS
SECTION IN ITALY WITHOUT INTERRUPTION
TO MOTOR TRAFFIC

Work on widening of the 337m-long Nazzano tunnel on the A1 Milan - Naples
motorway is being started. The tunnel will have three lanes in each direction
after the widening, instead of the current two lanes. The work will be accom-
plished without any interruption to traffic. At present, the tunnel is 12.20m
wide, and will be widened to 19.70m (this dimension contains the width of
the new final lining).

Maximum overburden is 456m. Geological conditions are created by consoli-
dated sandy and fine-grain (silty) clays. The new technique has been
designed by Prof. Pietro Lunardi, the owner of the patent for the method is
the client, Autostrade.

The traffic continues to flow under a mobile steel protection structure,
behind which the work on the widening of the tunnel is carried out. The con-
struction equipment, manufactured especially for this purpose of the tunnel
widening, is mounted on a semi-circular steel gantry, which straddies
the tunnel traffic protection shell. The rig is capable of undertaking all
the operations in the widening process, which is performed in four main
steps.

Firstly, conditions of the excavation at the tunnel face and in front of the face
are improved, depending on actual geotechnical conditions. Then, a fibre
reinforced shotcrete pre-vault is created in a pre-cut performed along the
perimeter of the future cavity.

Secondly, the ground is excavated in steps within the extent of the future
lunnel’s profile, and the original lining is demolished. Spoil is removed by
trucks, running between the steel protection structure and the new segmen-
tal lining of the widened tunnel.

The new final lining is installed immediately close to the face, at a maximum
distance of 5 m. One or more rounds of segments are erected. The rounds
are activated by means of jacks installed in the key section.

The last step, i.e. the fourth one, is the tunnel invert construction.
Depending on geotechnical conditions, various technologies are used
for their improvement. Apart from execution of a peripheral slot backfilled
with concrete, they include horizontal jet grouting and injected fibreglass
bolts

Podle zahrani¢nich podkladd zpracoval:
According to foreign source documents prepared by:
Ing. Miloslav Novotny

INFORMACE
INFORMATION

Omluva redakce za nedopatfen( v &sle 2/2000

Omlouvame se panu prof. Klepsatelovi a panu prof. Doj¢arovi za tiskové
chyby ve jménech pfi tesko/anglické transkripci v titulcich a na kuléru. Déle
upozorfiujeme, Ze na kuléru v obsahu byl chybng uveden autor ¢lanku
,RaZba tunelu Niederhausen v SRN", kterym je pan Ing. Jifi Smolik z a. s.
SUBTERRA. V ¢lanku ,Technologicky nutny nadvylom pfi razeni tunelov
trhavinami" (Prof. Ing. Ondrej Doj¢ar, Csc.) doslo zejména ve slovenské
verzi k tiskovym chyb&m ve vzorcich. ZajemcUm ochotné zadleme separéat.
Autorovi i ¢tendflim se omlouvame.

Apology of editors for the inadvertencies in the issue 2/2000

We apologize to Mr. Klepsatel and Mr. Dojcar for misprints in their names in
the titles and on the couleur. We advise that author of the article ,Excavation
of the Niederhausen tunnel in the FRG" is Mr. Jifi Smolik, from SUBTERRA,
a.s. The author printed in the contents was quoted by mistake. There are also
several print faults into the formulae in the article ,Technically necessary
overbreak at the drill-and-blast tunnelling" (Prof. Ing. Ondrej Dojcér, Csc.),
especially in the slovak version. Persons interested will be provided with an
offprint. We apologize both to the author and readers.




METROPROJEKT Praha a.s.

Ceska projektova a inZenyrska Czech design and engineering

M akciova spole€nost joint-stock company

METROPROJEKT

Dle Vasich pozadavki pro Vs According to your requirements

vypracujeme: we elaborate for you:
> rozborové studie a analyzy investic > pre-investment studies & analyses
> projektovou dokumentaci vSech stupiit > project documentation at all levels
> transformaci a autorizaci dokumentace > transformation & authorization of project
zahraniCnich klientti podle ¢eskych documentation of foreign clients in com-
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E-mail: metroprojekt @ metroprojekt.cz

Ceské vysoké uceni technické
v Praze
Fakulta stavebni
Katedra geotechniky

Katedra geotechniky si dovoluje ozndmit, 7e otevird v roce 2001 jiz IL. b&h specidlntho kurzu
GEOTECHNICKE INZENYRSTVI. Studium je dvousemestrové a vyuka bude probihat formou
dvoudennich soustfedéni (Ctvrtek, patek) jedenkrat za m&sic. Kurz bude zahdjen 29. 3. 2001.

Pijeti do kurzu bude potvrzeno na zdkladé piihldsky. Kurz bude otevien p¥i minimdlnfm poctu 15 zdjemct.
Ndklady na studium si hradi kazdy i¢astnik z vlastnich zdrojii. U&astnicky poplatek bude stanoven podle po¢tu
zdjemcii a nemél by presdhnout 9 200,- K¢&.

Cilem kurzu je prohloubeni geotechnickych znalosti stavebnich inZenyrii, sezndmeni s nejnov
poznatky a informacemi z oboru.

Kurz bude ukonéen vypracovanim pfipadové studie. Uastnici obdr{ osvéd&eni o absolvovni studia.

BIliZ8i informace ohledn€ kurzu ziskdte na katedfe geotechniky Stavebni fakulty, Thakurova 7, 166 29 Praha 6.
tel. 1 02/24354557 sekretaridt pi. Pickovd
fax:  02/3114206
tel. :  02/24354542 Doc. Jettmar
02/24354353 Ing. Reiser
e-mail:  jettmar@fsv.cvut.cz
reiser@fsv.cvut.cz
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VYROBCE STROJU A ZARIZENI
PRO SPECIALNI ZAKLADANI STAVEB,

_RAZBU TUNELU
A DALS/ GEOTECHNICKE PRACE

[ Horizontalni tunelarské vrtacky pro zajistovani razby
a razbu tunelli s predvrtavanym pazenim

[ Premil pily na horniny k vytvofeni monolitické
skorepiny v mékkych skalnich horninach

0 Hydraulické vrtné soupravy pro vrtané piloty
a CFA

 Zafizeni pro stavbu podzemnich stén: teleskopické
Kelly tyée s hydraulickymi drapédky, lanové drapaky,
hydraulické frézy, bentonitové hospodarstvi

0 Maloprofilové vrta¢ky — kompletni fada od 5 do 30
tun véetné prislusenstvi

O Vysokotlaké ¢erpadla betonu pro tryskovou injektaz




ILF Consulting Engineers is an internationally
active engineering firm with 450 employees and
offices worldwide. ILF offfers complete engineering
services and its main field of activities include:

————

BERAT ENDE » Tunnels and Underground Structures

IN G__EJ\U_E.QB_E » Rock and Soil Mechanics

= » Geotechnical Engineering

CONS ULTING » Transportation and Communications
ENGINE ERS » Structural Engineering

I_N._(..:J ENIEURS = Urban and Regional Development Planning
CONSEIL S ¢ Cleanup of Contaminated Sites, Landfills
e - Water Transport and Pipelines

» Water Resources and Environmental Services
- Hydraulic and Hydroelectric Engineering
» Geodetic surveys and GIS

ILF is a completely independent organization with
over 30 years of engineering expertise.

ILF's special interest is to design and implement
complex projects, requiring a well organized co-
operation between the different fields of activities .

ILF has a well proven Quality Management System
and is fully certified with 1SO 9001.

ILF Consulting Engineers, s.r.0,
Jirsikova 5
CZ-186 00 Prague 8
Tel.: ++420/2/810 15 111
Fax: ++420/2/810 15 605
E-mail: info@praha.ilf.com

ILF Beratende Ingenieure ZT GmbH
Framsweg 16
A - 6020 Innsbruck
Tel.: ++43/512/24 12-0
Fax: ++43/512/26 78 28
E-mail: info@ibk.ilf.com

ILF Consulting Engineers je inZenyrskéa organizace
s mezinarodni plisobnosti s vice neZ 450 zaméstnanci
a kancelafemi po celém svété. ILF nabizi upiné
inZzenyrské sluzby a jeji hlavni pole €innosti zahrnuje:

= Tunely a podzemni stavby

 Mechanika hornin a mechanika zemin

- Geotechnika a inzenyrska geologie

» Dopravni stavby

* InZenyrské stavby

« Uzemni planovani

» Dekontaminace zamofenych Gzemi, rekultivace
» Vodovody a ostatni produktovody

» Sluzby v oblasti vodnich zdroji a pfirodniho prostiedi
* Vodni stavby a hydroelektrarny

* Geodézie a GIS

ILF je zcela nezavisla organizace s vice nez 30 lety
inZenyrskych zkusenosti.

ILF se zaméfuje na projektovani a realizaci komplex-
nich projekt(, které vyZaduji dobfe organizovanou
spolupraci mezi rGznymi obory ¢innosti.

ILF pracuje v ramci provéfeného systému fizeni
jakosti 1ISO 9001.

Ingenieurgemeinschaft Lésser-Feizimayr
Arabellastrasse 21
D-81925 Miinchen
Tel.: ++49/89/928 008-0
Fax: ++49/89/928 008-30
E-mail: info@muc,ilf.com

Homepage: www.ilf.com

KANKOL, =

Vystavba, rekonstrukce
a opravy
kanalizacnich stok a kolektori
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