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Vazeni kolegové a étenari,

v Cervnu tohoto roku skonctily raiby ve vychodni troubé
tunell Mréazovka. Proto vydani tohoto &asopisu maze byt
i oslavou mimofadného Uspéchu &eského tunelaistvi, jimz
dokonéenf raZeb této slozité stavby hezpochyby je.

Jsem rad, Ze nadi spoleénosti VIS, a. s., byla umoZnéna pre-
zentace a ovlivnéni napiné tohoto ¢isla, které se prevéiné
tykad vysledkd monitoringu zapadni tunelové trouby tuneli
Mrazovka.

Nase akciova spoleénost VIS vznikla jako novy pravni subjekt v roce 1993.
Je organizaci zaji$tujici komplexni inZenyrské a investorské ¢innosti, zejmé-
na pro velké liniové dopravni stavby v Praze véetné tunelil, mostd a rekon-
strukci komunikaci. V souc¢asné dobé nasich &tyficet pracovniki zajistuje
investorské a inZenyrské ¢innosti na realizovanych projektech pfesahujicich
néakladové 28 mld. K¢.

Spolegnost je nositelem certifikovaného systému jakosti CSN EN SO 9001
pro inZenyrskou a konzultaéni ¢innost v investiéni vystavbé a pro vykon
zeméméficskych ¢innosti.

Nejvyznamnéjsi z téchto akei jsou pravé dopravni stavby méstského okruhu
v Praze, a to Zlichov - Radlickd s uvedenim do provozu koncem roku 2002
a Radlicka - Strahovsky tunel {tunely Mrazovka) se zprovoznénim koncem
roku 2004 a dokonéenim v roce 2005. Rozjizdi se pFiprava Radlické radialy
se zarodky tunelovych trub jiz vybudovanych ve zlichovském podjezdu.
Zajistovali jsme investorské ¢innosti na dosud nejvétsim dokonéeném &es-
kém silniénim a méstském Strahovském tunelu, uvedeném do provozu
3.12.1997. Nebylo vinou tunelafl, Ze vystavba tohoto tunelu probihala
pinych 12 let. Na viné byl nedostatek investiénich prostfedk(i. Uvedena
doba v8ak dokladuje, ze fada pracovnik(i na$i firmy ma dlouhodobé zkusge-
nosti z pfipravy a realizace tunelovych staveb véetné jejich technologického
vybaveni.

Nové ekonomické a pravni podminky devadesétych let spogivaji zejména
v posileni vlastnickych prav vlastnikG a uzivatell objektd ovlivnénych
vystavbou a zpfisnénym {az nekompromisnim) posuzovanim ekologickych
dopadl staveb na okoli. Tato skutetnost nés vedia k zavéru vstoupit pfi
vystavbé tuneld Mrdzovka do vlastni realizace vyraznéji.

Jako mandatafska organizace pro OMI MHMP pfevzal VIS, a. s., organizaci
monitoringu pfi vystavbé tunell a posilil pravni ginnosti. Ddvody pro tato
rozhodnuti jsou obsahem samostatného &lanku v tomto ¢asopise. Ze to bylo
spravné rozhodnuti potvrzuji dosazené vysledky pfi observaéni metodé
uplatfiované u "Nové rakouské tunelovaci metody" pfi razbé tunelovych
trub Mrézovka. Ze zku$enosti, vyplyvajici ze zajistovani komplexniho moni-
toringu investorem, jsou pro odbornou vefejnost zajimavé, se potvrdilo
pocéatkem letodniho roku. Tento pfistup investora byl ocenén tim, ze obdob-
ny Elanek "Monitoring tuneld Mrézovka z pohledu investora" byl vybrén,
publikovén a pfednesen na svétovém tunelafském kongresu ITA/AITES
v Sydney v bfeznu 2002. Dokumentovani prace spolupracujicich firem pro-
bihalo po celou dobu razeb a hodnotilo vysledky 1x tydné, celkem 178x.
S potéSenim musim konstatovat vysokou technickou Groven véech partner(
(dodavatell, projektantli, expertlt a specializovanych pracovit), ktefi se na
razbé tuneld podileli.

Chci vyslovit pfesvédgeni, Zze zkuSenosti pfi zajistovani monitoringu tuneld
Mrazovka budou vyuZity na dal$ich tunelovych stavbach v Praze.

Dovolte mi, abych zavérem touto cestou podékoval véem nadim partnerdm
v piipravé a realizaci velkych staveb za pomoc, divéru a spolupraci, bez niz
bychom se nemohli spole¢né radovat z dokonéovani velkych dopravnich
staveb v Praze.

Dear Colleagues and Readers,

Excavations in eastern tube of the Mrézovka tunnels finished
in June this year. Therefore, issue of this magazine can also
act as celebration of an extraordinary success of the Czech
tunneling, to which completion of excavations of such com-
plicated construction no doubt belongs.

I am glad that our company VIS a.s. was allowed to introdu-
ce and to influence contents of this issue, which mainly
covers monitoring results of the western tunnel tube
Mrézovka. Our corporation VIS was founded as a new legal
entity in 1993. It is an organization providing complex engineering and
investment services, especially for large line traffic structures in Prague inc-
luding tunnels, bridges, and reconstruction of communications. As of now,
40 employees provide investment and engineering services within realized
projects worth over 28 bill. K¢. The company is a holder of the certified sys-
tem CSN EN ISO 9001 class for engineering and consulting services within
investment engineering works and for realization of land-surveying activiti-
es.

Traffic structures at the city circle in Prague are the most significant of these
engineering works. To these belong Radlické - Zlichov with start of operati-
on by the end of 2002 and Radlické - Strahovsky (Mrézovka tunnels) tunnel
with start of operation by the end of 2004 and completion in 2005.
Preparation of the Radlickd artery, with marks of tunnel tubes already con-
structed in the Zlichov underpassage, is already underway. We provided
investment services for the so far largest completed Czech road and urban
tunnel - Strahovsky tunnel, put into operation on December 3rd 1997. It was
not the fault of tunnelers that the construction of this tunnel went on for enti-
re 12 years. The lack of investment means was to blame. The mentioned
period, however, proves that many of our employees have a long-term expe-
rience in preparation and realization of tunnel constructions including their
technological equipment.

New economic and legal conditions of the nineties lie especially in strengt-
hening proprietary right of owners and users of structures under impact of
engineering works and more strict (even uncompromising) evaluation of
ecological impacts of the constriction on surroundings. By construction of
the Mrédzovka tunnels, this reality drove us to conclusion to enter into the
realization itself more determined.

As mandatary organization for OM! MHMPF, the VIS a.s. took over manage-
ment of the monitoring by tunnel constructions and strengthened legal acti-
vities. Reasons for such decision are covered by a separate article in this
magazine. First results obtained through observation method used by the
"New Austrian tunneling method" during excavation of the tunnel tubes
Mrézovka show that the decision was correct. The fact that experience, deri-
ving from complex monitoring provided by the investor, is attractive for the
professional public was confirmed by beginning of this year. Such approach
of the investor was appreciated by selecting a similar article "Monitoring of
the Mrazovka tunnels from the investor's perspective” to be published as
well as delivered at the ITA/AITES World Tunnel Congress in Sydney in
March this year. Documentation of works of the cooperating companies pro-
ceeded for the entire period of excavations and evaluated results once
a week, altogether 178 times. With pleasure | can claim high professional
level of all partners (suppliers, designers, experts and specialized workpla-
ces), who took part in the tunnel excavations.

I would like to express confidence that experience gained from provision of
monitoring of the Mrézovka tunnels will be used by other tunnel constructi-
ons in Prague.

In conclusion, please allow me to use this occasion to thank all our partners
in preparation and realization of large structures for their help, trust as well
as cooperation, without which we could not have had the mutual pleasure
from completion of large traffic structures in Prague.

fli

Ing. Arnost HAVRDA

feditel a pfedseda pfedstavenstva VIS, a. s. / General manager and chairman of the board of directors of VIS, a. s.
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MONITORING TUNELU MRAZOVKA V PRAZE
Z POHLEDU INVESTORA

MONITORING OF MRAZOVKA TUNNEL IN PRAGUE

ING. ARNOST HAVRDA, ING. MIROSLAV KOLECKAR - VIS, a. s.

Clanek obsahuje informace o vysledcich monitoringu po skonéeni vystavby
zépadni roury tunelu Mrazovka. Zahrnuje stanoviska investora, ktery monito-
ring organizoval a podilel se na sdruzeném riziku pfi omezovani zajistovani
zastavby v poklesové z6né tunelu.

Jsou uvedeny vysledky deformaci povrchu ve vazbé na deformace uvniti masi-
vu a doporuc¢eno automatické méfeni trhlin v objektech nadlozni zastavby se
signalnim systémem alarmu.

uvob

Cilem ¢&lanku je uvedeni nékterych zkusenosti ziskanych pfi pfipravé a realizaci
velké tunelové stavby Mrazovka v Praze, zejména pfi podchodu staré obytné
zéstavby.

Soucasné ma byt ¢lanek odpovédi a prispévkem k tematice, zda md investor
vstupovat do vyrobniho procesu a uzavieného kontraktu.

Tato problematika byla posilena zejména po mimoradnych havariich ve Velké
Britanii (Jubilee Line v r. 1994) a jinych zemich v 90. letech, kdy zhotovitelé sta-
veb z ekonomickych dlvodU a snahy o zvyseny zisk nesli neimérna rizika pfi
pevné stanovené cené stavby.

Charakter stavby tunell Mrazovka razenych ve sloZitych a proménlivych geolo-
gickych pomérech ve tfetiné délky pod starou obytnou zastavbou pfimou tcast
vyzadoval. Vyplyva to z principu, Ze pokud nelze v kontraktu pfesné vyjadrit
geologické poméry a rozsah Uprav v nadlozni zastavbé, stava se investor odpo-
védny za zjisténé zménéné podminky. Zjednodusené fefeno, je investor "maji-
telem” geologie a nadlozni zastavby s ekonomickymi a préavnimi dusledky v rea-
lizaci, pokud tyto podminky nebyly v kontraktu uvedeny.

PFitom bylo jiz pfedem zfejmé, Ze ekologické aspekty vystavby a problematika
majetkovych jednani s vlastniky a uzivateli nadlozni zastavby budou tak zavaz-
né, Ze vyzaduji objektivni a nezavislé pfimé informace o vysledcich monitorin-
gu a jeho interpretaci.

Zakladni technologie Nové rakouské tunelovaci metody uplatnéné v projektu,
kterd je charakterizovana vzdjemnym plisobenim horniny a vyztuze a snahou
maximalniho vyuZiti masivu, pfedpoklada rozsahly monitoring.

Investor hl. m. Prahy OMI proto v r. 1997-98 rozhodl o tom, Ze jeho mandator-
ska organizace VIS, a. s., Praha bude zajistovat monitoring stavby tunelli
Mrazovka. Tim bude zajiténa objektivita méfeni, kontrola jeho rozsahu a vyu-
Zivani vysledkl projektantem a zhotovitelem a moznost vyjadreni sdileného
rizika pfi zjisténi nepfedpokladanych geologickych podminek nebo stavu zajis-
tované nadlozni zastavby.

Stavba automobilového tunelu Mrazovka jako souGasti méstského okruhu
Tunel sestava ze dvou tfipruhovych tubusd, které prechazeji do dvoupruhovych
tunell a jednopruhovych tunelovych ramp.

Razba zapadni tunelové trouby o délce 1004,0 m byla dokontena. RaZeni
vychodniho tunelu o délce 837 m skonci v cervnu 2002,

Zvlastni pozornost zasluhuje razba tuneld pod Ostrovského ulici, kde tunely
podchézeji pétipodlaZni zastavbu. V tomto misté je celkova vyska nadlozi 16,0 m,
pfitem? Sitka tunelu je 16,62 m. Vzdalenost mezi klenbou tunelu a zaklady
domd je pouze 12,0 m. Z jinych lokalit zasluhuji pozornost tunelové rozplety
o vyrubnich prifezech 324,2 m?,

Dodavatelem stavby je sdruZeni firem METROSTAV, a. s., a SUBTERRA, a. s.
Generalnim projektantem je PUDIS, a. s. Firma SATRA, spol. s r. 0., zajidtuje
projektovou a realizaéni dokumentaci tunelovych objektd véetné technologic-
kého vybaveni tuneli.

CiLE MONITORINGU

Monitoring predstavuje systém méfeni a pozorovani, jejich okamzité vyhodno-
ceni a uplatnéni pfi vystavbé. Je zakladni slozkou observacni (pozorovaci)
metody obsazené v eurokodu ¢. 7 a CSN ENN 1997-1

Observaéni metoda vychézi z predpokladu, Ze stavba by byla zbytecné draha,
pokud by byla konzervativné navrhovana na vysoké stupné bezpe€nosti a zahrno-
vala pfili§ rezerv z pfedem nezjistitelnych okrajovych podminek. Pfitom v pfipadé
tunelovych staveb je interakce mezi tunelovym osténim a okolnim horninovym
prostiedim zakladnim principem, hornina v bezprostiednim okoli se stava sou-
Césti stavby, je jednim z jejich stavebnich prvka.

ABSTRACT : The article contains monitoring resulting data after completion
of western tube in Mrazovka tunnel. It includes viewpoints of the investor
that organized the monitoring and participated in comprehensive risk during
restriction of buildings securing in the settlement zone of the tunnel. Also,
results of surface deformations in relation to deformation inside the mass
are provided and automatic measurement of cracks in structures of overbur-
den buildings with signal alarm system is recommended.

FOREWORD

The article is purposed to specify some experiences that were learned during
preparation and realization of the large tunnel construction of Mrazovka in
Prague, especially when tunnelling under built-on area of housing estates. In
the same time, the article should answer and touch the issue whether the
investor should take part in the production process and concluded contract.
This issue was more focused on following the extraordinary accidents in
Great Britain (Jubilee Line in 1994) and in other countries in nineties, when
construction contractors accepted excessive risks for economical reasons
and higher profit, while the construction price was fixed.

The character of Mrazovka tunnels that were made in complex and hetero-
geneous geological conditions in one third of its length under the old hou-
sing estates called for direct participation. This results from the principle that
if the contract cannot accurately precise the geological condition and extent
of adaptations in the overburden built-on area, the investor becomes res-
ponsible for later ascertained different conditions. Simply put, the investor is
the "owner" of geology and the overburden built-on area with economical
and legal consequences during the realization, if these conditions were not
specified in the contract.

It was beforehand obvious that the ecological aspects of the construction
and problems of property negotiations with owners and users of the over-
burden built-on area would be so serious that they would call for objective
and independent first-hand information about the results of monitoring and
its interpretations.

The basic technology of the New Austrian Tunnelling Method, which was
applied in the project and is characteristic by interaction of rock and reinfor-
cement and by effort for maximal use of the massive, supposed extensive
monitoring.

In 1997-1998, the investor of Prague capital therefore decided that his man-
datory organization VIS a.s. Praha will provide tunnel construction monito-
ring of Mrazovka. This way, objectivity of measurement, check of its extent
and using the results by the designer and contractor will be assured with
possibility to express the shared risk, if unexpected geological conditions or
states are found in the secured overburden layer.

The construction of the Mrazovka automobile road tunnel, a part of the city
ring in Prague, is currently one of the most significant transport constructi-
ons in the country. Made up of two three-lane tubes, the tunnel divides into
a two-lane tunnel and a one-lane ramp. The driving of the west tunnel tube
being 1004.0 m long is finished. The driving of the east tunnel tube being
837.0 long will be completed in June 2002.

Especially of interest is tunnel construction under Ostrovského Street, where
the tunnel passes under five-storey buildings. Here, while the width of the
tunnel is 16.62 m, the entire height of the overburden is 16.0 m. It is, howe-
ver, only 12.0'm to the buildings' basements. Other locations of interest are
the tunnel forks with a tunnelling area of 324.2 m'’.

The contractor of the construction is an association of companies: Metrostay
a.s. and Subterra a.s. The general designer for the set of constructions
is PUDIS a.s.; SATRA s.ro. provides project preparations and realization
documents for the tunnelled objects including technological equipment of
tunnels.

MONITORING AIMS

The monitoring is a system of measurement and observations and thejr
immediate evaluation and use in the construction. It is an essential compo-
nent of the observation method contained in Eurocode no. 7 and CSN £N
1997-1 standard.
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Tunel

Tim se podzemni stavby li&i od pozemnich staveb, kde technické a fyzikalni hod-
noty konstrukef Ize vyjadfit pfedem piesné (konstrukce je z oceli nebo betonu
apod.) a do kontraktu neni nutno vélefiovat zménéné podminky.

Monitoring zahrnuje zejména {viz obr. 1, 2):

- geotechnické hodnoceni vyrubd (PUDIS),

- konvergenéni méfeni deformaci tunell (Angermeier),

- méfeni napéti v tunelové obezdivce a okolnim horninovém masivu {SG
Geotechnikal,

- extenzometrické a inklinometrickd méfeni pro zjisténi deformaci v horniné
(SG Geotechnika),

- geotechnicka méfeni bodd na povrchu a na objektech (Angermeier),

- pozorovani trhlin a deformaci v zastavbé (PUDIS),

- dynamicka a akustickd méfeni od U¢ink(l raZeb na povrchové zastavbé (Ing.
Bartos).

Viastni monitoring, tj. provadéni jednotlivych méfeni (odegitani (dajd) a jejich
diléi vyhodnocovani sice vyZaduje odborny persondl a §pickova moderni zafi-
zeni, rozhodujici je v8ak interpretace vysledk( a jejich uplatnéni.

Kvalifikovand a spravna interpretace vysledk(i méfeni a pozorovani patfi k nej-
sloZit&jsim dlohdm inzenyrské prace vibec. Pfedpoklada totiz znalosti z oboru
geotechniky, geologie, hydrogeologie, zakladani staveb, statiky tuneld i pozem-
nich staveb, matematického modelovani, technologie vystavby tuneld, zpiso-
bu méfeni a pfedevsim zkusenosti z predchozich staveb realizovanych obdob-
nou technologii - jde o kol mimoféadny.

V podminkéach Ceské republiky nebyly zcela dosud vyjasnény vztahy a posta-
veni monitoringu ve smluvnich vztazich. V8eobecna shoda je v nutné nezavis-
losti organizaci zajistujicich méfeni, v oblasti uplatiovani souhrnné interpreta-
ce zavérl ze strany projektanta, zhotovitele a investora v8ak panuji rdzné nazo-
ry. Rozhodné neni spravné ponechavat interpretaci a rozhodnuti na dodavateli
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Obr. 1 Schéma uspofadani jednotlivych prvkd monitoringu v podélném Fezu.
Fig. 1 Arrangement of individual monitoring elements within a longitudinal
cross section

The observation method is based on presumption that the construction

would be uselessly expensive, if it would be - in conservative approach - pro-

posed for high security level and included many reserves and margin condi-

tions that could not be determined in advance. Moreover, in case of tunnel

constructions, the interaction between the tunnel lining and surrounding

rock is a basic principle - the rock surrounding the construction becomes part

of it, it is one of its construction elements.

In this respect, the underground constructions differ from the aboveground

constructions, where the technical and physical characteristics could be

determined exactly in advance (the construction made of steel, concrete and

the like) and no alternative conditions need to be incorporated into the con-

tract.

Monitoring includes namely (see figure 1and 2) :

- geotechnical monitoring of the tunnel excavation (PUDIS),

- convergence measurement of the tunnel deformations (Angermeier),

- stress measurement in the tunnel lining and surrounding rocks (SG
Geotechnika),

- extensometer and inclinometer measurements for evaluation of the rocks
deformation (SG Geotechnika),

- geodetic survey of points on the ground and objects (Angermeier),

- observations of the cracks and deformations in the buildings (PUDIS),

- measurements of dynamic and acoustic effects of the driving on surface
objects

Though the very monitoring, i.e. performing of the individual measurements
(scanning of values) and their partial evaluation, requires professional per-
sonnel and high-tech equipment, the interpretation of findings and their use
is decisive.

Qualified and proper interpretation of the measurement and observations is
one of the most complicated tasks of the engineering work as it requires
knowledge from branches as geo-technology, geology, hydro-geology, foun-
dation engineering, static of tunnels and underground constructions, mathe-
matical simulation, technology of tunnel construction, measurement met-
hods and - first of all - experiences from previous constructions realized with
similar technology. This task is extraordinary in the Czech Republic as relati-
ons and position of monitoring in the contractual relations are still unclear
there. It is generally accepted that the organizations providing measure-
ments should be independent - however in the area of overall interpretation
of conclusions by the designer, contractor and investor, there are different
opinions. It is definitely improper to let the monitoring provider to interpret
and decide for the reason that the construction partner would not have qua-
lified experts.

Method of applying this in the Mrazovka tunnel conditions is specified in
other sections of this article. The investor considers the monitoring aims in
the following substantial areas:

- static and security

- construction economic efficiency

- legal aspects

These aims are listed in the table 1. The investor follows more thoroughly
the aims concerning legal aspects of the construction and construction eco-
nomic efficiency.

I. STATIC AND SECURITY

observation method, optimal proposal of the primary lining and anchoring
of the profile face

lextent of the sanitation works in the rock massive

acceptable range of securing the overburden buildings and gradual adjust-
ment of its range

arrangement of the profile sectioning
Il. CONSTRUCTION ECONOMIC EFFICIENCY
materials for adaptation of the contract with the contractor
different geological conditions

invoicing of overbreaks according te reality (under 200 mm)
condition of the buildings after additional examination
shared risk of the investor and contractor in agreed cases
M. LEGAL ASPEC
passport and repeated passport after the tunnelling (preventing the "unde|
dog" state)

materials for legal agreements for works in the built-in area

evacuating some parts of buildings, including compensations
determination of time relations of tunnelling impact on the buildings
Materials for hand-over of repaired houses, when the tunnelling is completed

Tab. 1 Monitoring aims
NIMBY AND UNDERDOG

The legal aspects were the main reason for investor's significant participati-
on in the monitoring and interference to the construction. In simplified way,
we can explain it in two abbreviated concepts: NIMBY and UNDER DOG.
NIMBY - Abbreviation of "No In My Backyard". It means that someone gene-
rally recognizes advantages of the public investment construction (transpor-
ting route), but he does not want it in his immediate surrounding, i.e. he
does not want to be annoyed by that project.

UNDER DOG - is a term describing investors situation during construction of
the underground work and especially after its completion, when the owners
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Tunel

monitoringu proto, Ze by partnefi vystavby neméli kvalifikované odborniky.
ZpUsob uplatnéni v podminkach tunelu Mrazovka je uveden v dalsich ¢astech
¢lanku.

Cile monitoringu spatfuje investor v téchto tiech zakladnich oblastech:

- statika a bezpetnost,

- ekonomie vystavby,

- pravni aspekty.

V tabulce 1 jsou tyto cile rozepsany, pfitom z hlediska investora jsou disledné-
ji sledovany cile tykajici se pravnich aspektl vystavby a ekonomie vystavby.

ST

observaéni metoda, optimalni navrh primérni obezdivky a kotveni ¢ela vyrubu

rozsah sanacnich praci v horninovém masivu

pfijatelny rozsah zajistovani nadlozni zéstavby a jeho pestupna Uprava

VBY

ipodklady pro tpravu kontraktu se zhotovitelem

odlisné geologické podminky

fgkturace nadvylomu dle skutecnosti (pod hodnotou 200 mm)

doplﬁko_\r\?ch prizkumech

oto v dohodnu

pasportizace a repasportizace objektl po razbach (zamezeni stavu “under dog")

podklady pro pravni smlouvy o pracich v zastavbe

vyklizovani ¢asti budov véetné nahrad

[stanoveni ¢asavych zavislosti viivu razeb na objekty

Ipodklady k pfedani opravenych domi po skonéeni razeb

Tab. 1 Cile monitoringu
NIMBY A UNDER DOG

Pravni aspekty byly tim hlavnim dlvodem, co pfimélo investora k tomu, aby
sehrél podstatnou roli v monitoringu a zasahovani do vystavby. Velmi zjedno-
dudené to vyplyva ze dvou zkracenych hesel, a to NIMBY a UNDER DOG.
NIMBY - zkratka vyrazu "No In My Backyard" znamena, ze ¢lovék obecné uzna-
véa prospésnost vystavby vefejné investice (dopravni trasy), ale nechce, aby
byla v jeho bezprostfednim okoli, tedy aby mu znepfijemnovala Zivot.

UNDER DOG je vyrazem stavu investora béhem vystavby podzemni stavby
a zejména po jejim skonceni, kdy vlastnici a uzivatelé objekt( nad trasou tune-
lu {a to nejen v poklesové zoné} chtéji fadu nadhrad a oprav s odvolanim na
mnohdy neopravnéné disledky razeb. Zejména tomuto faktu lze zabranit
dislednym zaznamenavanim vsech Gdaji ziskanych monitoringem béhem
vystavby, tzn. poklest, vzniku a pohybu trhlin v objektech, seismickych vlivi,
stavu hladiny podzemni vody, v ¢asové vazbé na provadéné prace. Soucasti
monitoringu byla podrobné repasportizace objektl po skonceni razeb a po
doznéni vliv(i deformaci na povrch asi za 3 az 4 mésice. Hodnoceni stavu objek-
td v nadlozi tunel( i $ir§im okoli nechava investor provéfit a potvrdit soudnimi
znalci tak, aby nebylo moino manipulovat s dopady razeb a vée bylo zcela
objektivni.

O vsech moznych disledcich podzemni &innosti investor uZivatele zastavby
piedem informuje, maji pfistup k vysledkim méfeni v prabéhu stavby a vétsi-
nou po téchto vysvétlenich bylo dosazeno velmi dobré spoluprace s omezenim
vstupl do uzivanych prostor. UZivatelé sami informuji o vznikajicich trhlinach

and users of the structures above the tunnel route (not only in the settlement
zone) require many compensations and repairs, arguing often with alleged
consequences of the tunnelling. This can be especially prevented with tho-
rough recordings of all data obtained from monitoring during the construc-
tion, i.e. settlements, origin and movement of cracks in the objects, seismic
influences, and condition of the ground water level in relation to the time
development of the works. The monitoring included passport and repeated
passport when the tunnelling was over and after additional measuring of
deformation effects on the surface about 3-4 months later. The investor lets
assess the buildings condition in the overburden of the tunnel and in the lar-
ger area by legal experts, so that the consequences of tunnelling could not
be misused and everything is well founded.

The investor informs the user of buildings in advance about all possible
effects of the underground activity, the users have access to measurement
data during the construction and after these explanations, in most cases
there was attained very good cooperation, if the entrance to normally used
rooms was somehow limited. The users themselves inform about resulting
cracks and impacts of the tunnelling and - at statically significant places - the
deformeters with remote data transmission are installed on the cracks.

In the framework of the legal activity, the investor concluded hundreds of
agreements for endurance of the structurally technological explorations in
houses, for installing the measurement devices and for endurance of works
for houses securing and - of course - about takeover of the repaired houses.
Many times, the complexity of these negotiations almost caused downtimes
in tunnelling or accepting some risks of works, while gradually securing
structures in overburden.

It could be concluded that the monitoring played significant role in legal
aspects of the construction and the costs invested were many times returned
in preventing the baseless requirements after construction completion.

MONITORING TOOLS

Monitoring tools can be described in brief in the following table 2.

VIS a.s. Praha was the administrator of the whole activity and at the same
time the contractor and designer had concluded contract to use monitoring
results in the range given by the position of individual organisations in the
process of construction and by the legislation.

RAMO (monitoring council} was the decisive body in the monitoring pro-
cess, which under the leadership of the investor, secured the immediate
implementation of monitoring results in tunnel construction, buildings secu-
ring and other design and investor's measures. Regular meetings took place
every Friday (including visits to the site) in such a way as to eliminate pos-
sible problems during the weekends. So far, more than 160 meetings had
taken place and the results from these meetings were immediately imple-
mented. The RAMO members are Ing. Némecek (SATRA), Ing. Mosler
(Metrostav), Mr. Krajicek (Subterra), Ing. Zemének (SG Geotechnika) and Ing.
Kolelkar (VIS, a.s.) are worth mentioning. These workers can provide additi-
onal information regarding all spheres of the monitoring, as well as recom-
mendations for other projects.

organizace monitoringu 14 % __

monitoring organisation

dokumentace profilll a
vylomt 2 %
documentation of profiles
and excavation

méfeni dynamicka a
akusticka 8 %
hydrogeological monitoring
of excavation

hydrogeologické sledovani
vyrubl 2 %
hydrogeological monitoring
of excavation

geotechnické sledovani
vyrubl 10 %

geotechnical monitoring of
excavation

méfeni presiometricka 5 %

méfeni deformaci bodd na
terénu, geodetické 3 %
geodetic measurement of
deformations of the points at
ground Ieve{

méfeni napéti a tnosnosti,
priikazna a kontrolni 7 %
preliminary and checking

méfeni deformaci bodli na
objektech 4 %

measurement of
deformations of the points on
buildings

sledovani poruch a

__ deformaci na objektech 14 %

observation of defects and
deformations on buildings

méfeni extensometrické 7 %
extensometric measurement

méfeni inklinometrické 3 %
inclinometric mesurement

méreni konvergenénich
vyrubt, geodetické 21 %
geodetic measurement of

pressiometric measurements

measurement of stress and load

convergence excavations

bearing capacity

Obr. 2 Naklady na monitoring zdpadniho tunelu Mrazovka v % z celkové ¢astky 74 mil. K¢
Fig. 2 The Mrazovka western tunnel monitoring costs in % of the total amount of CZK 74 mill,
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a dopadech raZeb, u staticky vyznaénych mist jsou na trhlinach osazeny defor-
metry s dalkovym pfenosem dat.

V ramci pravni &innosti byly investorem uzavieny stovky smluv o strpéni sta-
vebné-technickych prlzkuml v domech, o osazeni méficich zatizeni, o strpéni
praci na zajisténi dom( a samozfejmé o zpétném pievzeti opravenych domd.
Slozitost téchto jednani byla mnohdy na pokraji zastaveni postupu razeb nebo
pfijimani urditych rizik praci pfi postupném zajistovani objektd v nadlozi.

D4 se konstatovat, Ze monitoring sehral podstatnou roli v pravnich aspektech
vystavby a naklady do ného vlozené byly mnohonasobné usetfeny od neopod-
statnénych poZzadavk( po skonéeni vystavby.

NASTROJE MONITORINGU

Zpusob zajistovani monitoringu je zjednodu8ené shrnut v tabulce 2.

Gestorem veskeré ¢innosti byla organizace VIS, a. s., Praha, s tim Ze zhotovite-
Ié a projektant byli smluvné vazani vyuzivat vysledky monitoringu v rozsahu
daném postavenim organizaci v procesu vystavby a pravnimi predpisy.
Rozhodujicim orgdnem procesu monitoringu byla RAMO {rada monitoringu),
kterd pod fizenim investora zajistovala bezprostiedni uplatfiovani vysledki
monitoringu v realizaci tunelu, v Upravéach zajiténi zastavby a v dalsi projekto-
vé a investorské pfipravé. Pravidelné porady byly vidy v patek {v¢. navétévy
stavby) tak, aby eliminovaly mozné problémy béhem vikendu. Celkem probéh-
lo zatim vice nez 178 jednani, jejichZ zavéry okamzité vstoupily v platnost. Jako
¢leny RAMO nutno jmenovat Ing. Némedka (SATRA), Ing. Moslera
(METROSTAV), stav. Krajitka (Subterra), Ing. Zemanka (SG GEOTECHNIKA)
a Ing. Koleckare (VIS). Tito pracovnici mohou podat dalsi informace ke véem
oblastem monitoringu a doporuceni pro dalsi stavby.

I PROJECT

extent of individual measurements

limiting values of the individual measurements
organization method of the monitoring

materials and ra?]ufrements for selection of the measurements providers
L8 L

using specialized organizations
preparat:on or protocols and partial findings within 2 hours

1ate n val
III MONITORING OFFICE

collection of measurement results

computer network operation

archiving all data

providing materials for activity of mgg[mﬂ%? council
IV. MONITORING COUNCIL - MONITORING MANAGMENT BODY

deputy managers of the contractor, designer and investor

meetings on regular basis (minimally once a week] concerning findings of
measurement, the investor presides
adjustments in the monitoring range

eecommendations for adjustments of construction technology
4 M

announced by the monitoring council, if the tunnelling under houses is com
plicated

non-stop readiness of three experts representing the construction partici
pants (within 90 minutes in the site)

ensuring information flow and cooperation with the owners of the houses|

I. PROJEKT

hgcgsahjednctliwch méfeni
imitni hodnoty jednotlivych méreni

|zpusob organizace monitoringu

odklady a pozadavk vbér zhotovitell méreni

zajisténi specializovanymi organizacemi

vyhotovenf protokoll a dllcich zavéru do 2 hod.

dnoty
(K KANCEL ON

soustredovani vysledkd méFeni

|provoz pocitatove sité

|archwar:e vsech dat
IV. RADA MONITORINGU VRCHOLOVYO GAN MONITORINGU

zés{upc reditel( zhotovitele, projektanta a investora

pravidelné porady (min. 1x tydné) k zavérim méfeni fizené investorem

upravy rozsahu monitoringu

ystavhy

V. POHOTOVOSTNI REZIM

vyhlasovan radou monitoringu pfi komplikovaném podchodu domi

_fpretrilté pohotovost tfi odborniki Géastnikt vystavby (do 90 min. na stavbé)
0

rmovanost a spoluprace s majiteli domu a uzivateli byt
| zajisténi oprav pro provoz byt nejpozdai do 1 dne

Tab. 2 Nastroje monitoringu

and dwellers
IErovfdr'ng repairs to enable use of the apartments, within 1 day the latest

Tab. 2 Monitoring tools
MONITORING COSTS

The real costs for monitoring of tunnel tube have reached 74 million CZK, in
price level of 2000, and they make up 5.5% from the investment expenditu-
res for realization of the western tunnel tube, securing of the tunnel portals
and overburden buildings. The monitoring costs do not include cost for
monitoring project and measurements during tunnelling the neighbouring
eastern tunnel.

Monitoring costs are significantly affected by the extent of measurements
performed for securing the overburden buildings, which make up about 35%
of the above-mentioned value.

TERRAIN DEFORMATIONS AFTER WESTERN TUBE TUNNELLING

The figures 3 and 4 show the real determined values of terrain deformations
and in-mass deformations. These values were obtained by measurement
with very accurate levelling and measurements in the extension measuring
bores located above the tunnel axis and in checking and evaluating profiles
{they are indicated as K and V in the layout on fig.3). The situation shows
drawing of the terrain settlement zone with average width of 100 m, the
deformations sizes do not include deformations caused by the exploration

Horizontainl &lenéni elby
Hornizontal sequence

of the face excavation
USER oy

SPOD 'y g

Vertikalnl Elenéni &elby
Vertical sequence
of the face excavation

Terén neovlivnény raZbou do 1 (mm)
Surface unaffected by excavation (up to 1 mm)
LL T Sedan( 0-20 mm
====d Subsidence 0 - 20 mm

Sedfinl 20-40 mm
8 Subsidence 20— 40 mm

Sedén( 40-60 mm

' Subsidence 40 — 60 mm

Sedani 60-100 mm
Subsidence 60 — 100 mm
Sedéan( 100-200 mm
Subsidence 100 - 200 mm
Sedéni >200 mm
Subsidence >200 mm

Obr. 3 Situace poklesové zény zapadniho tunelu s vyznaéenim obtiznych oblasti
Fig. 3 Settlement zone of the western tunnel tube with difficult areas highlighted
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NAKLADY NA MONITORING

Skuteéné naklady na monitoring tunelové roury dosahly 74 mil. K& (viz obr. 2)
v cenové trovni roku 2000 a ¢ini 5,5 % z investiénich nakladd na realizaci zapad-
ni tunelové roury, zajisténi portall tunelu a nadloini zastavby. V nékladech
monitoringu nejsou obsazeny naklady na projekt monitoringu a méfeni béhem
razeb sousedniho vychodniho tunelu. Naklady na monitoring jsou vyznamné
ovlivnény rozsahem méfeni pro zaji$téni bezpeénosti nadloini zastavby, které
piedstavuji asi 35 % ve vySe uvedené celkové hodnoté.

DEFORMACE TERENU PO RAZBE ZAPADNIHO TUNELU

Na obr. 3 a 4 jsou zndzornény skutecné zjisténé hodnoty deformaci terénu
a deformaci uvnitf masivu. Tyto hodnoty byly ziskdny méfenim velmi presnou
nivelaci a méfenim v extenzometrickych vrtech umisténych nad osou tunelu
a v kontrolnich a vyhodnocovacich profilech (v situaci na obr. 3 vyznageny pis-
meny K a V). Situace obsahuje zakres poklesové zony o primérné Sifce 100 m,
ve velikosti deformaci nejsou zapoéteny deformace z pfedchozich let od pri-
zkumné $toly. Tyto deformace &inily max. 20 mm v oblasti B (Ostrovského

| PodéIny geologicky profil je pievzaty od PUDIS, a.s.
Longitudinal geological section taken over from PUDIS a.s.

Weathering zones reach
AQ T
Prizkumng stola o
Exploration gatengd /£

Hiadina podzemn( vody  Deluvidlnofluvialni

Groundwaler table sedimety
y Pavi vrch Diluvial-fluvial
Dosah zén zvétranf Pavi hill sediments

gallery made in last years. These deformations were max. 20 mm in the area
B (Ostrovského street), of which 10 mm was caused by ground water level
decrease.

The layout includes areas A-E that were under the monitoring focus either
because of the deformations size (northern portal, in area A, up to 220 mm)
or because of the expected problems with buildings securing and tunnelling
impact on these buildings (areas B, C, D).

The table placed under the longitudinal profile (fig.4) presents analysis of
deformations in relation to total heights of the overburden, applied method
of profile face segmentation and geological condition. The analyses concern
especially the three-lane tunnel, 653 meter long, between chainage km 4.55
- 5.2, total profile section 165 m2, width 16.62 m, height 12.5 m. (See fig. 5)
Geological conditions of the individual geologic slate formations are expres-
sed by a substitutive quasi-homogenous deformation modulus - the decisi-
ve dimension for the deformation performance of the overburden. The
extension measuring bores involved 4 - 5 anchors, depending on depth of
the bore. The lower anchor was placed 0.50 m above the top of the planned
primary lining vault. This enabled exact overburden movements observati-

g > 2 s

9 £ H 9 U Deluvidinofiuvialni  Mrazovka

g 9 8 2 ¥ sedimety Mrazovka hitl

2 2 5 3 2 Diuviak-fluvial Deluvidini sedimety
& % b g & sediments Diluvial sediments
g E 2 @

2 ) a

Navazky
Made - ground

: S N L T L TR
LETENSKE SOUVRBTV] LIBENSKE REVNIGKE ! TIBENSKE LETENSKE SOUVRBT,
FLYSOVY VYVDJ BRIDLICE BRIDLICE 1
Letnd strata Revnice " Letnd strata Monotone-
Flysch-type evolution fihert shales quartzites Liberi shales type evolution
staniceni
chainage 4.1 42 4.3 44 45 4.6 47 4.8 49 5.0 5.1 52

horizontal sequence of excavafion

horizontalni ¢lenéni cigb\_.r vegikalni Clenéni celby
verlical sequence of excavation

vertikalni clenéni E eiby | hotizontalni &ienéni ¢elby
vertical sequence of  hofizontal sequence
excavation of excavation

MAX. DEFORMACE TERENU (MM)
Max. surface deformation

17 45

100 - 205

CELKOVA VYSKA NADLOZI (M)
Total cover thickness

45 20-40

22 15-30 40

50

30

SEDANI TERENU PRI

]

POCATEK SEDANI PRED CELBOU (M)
Beginning of seitlement ahead of the face

10 14 18

DEFORMACE SPODNI KOTVY EXT.
OKAMZIKU PRUCHODU CELBY (MM)
Deformation of the fower anchor ext. al the
moment of the face passing

36 15

DEFORMACE SPODNI KOTVY EXT. PO
DOKONCENI PRIM. OBEZDIIVKY (M)
Deformation of the lower anchor ext. after
completion of primary lining

69 77

262 (hor. ¢lenéni)
rock seguencing

52 65

*Edef - kvazihomogenni modui
pretvarnosti (MPa)

*Edef — quasihomogeneous modulus of
deformation

400 - 800

120 - 160

115+ 200
{70-150 po rozvolnéni)
alter loosening

200 - 600

(max. 800) HOOEED

HORIZONTALNi CLENENI CELBY
horizontal sequence of excavation

VERTIKALNI CLENEN| CELBY
vertical sequence of excavation

HORIZONTALNI A VERTIKALNI CLENENI CELBY
Horizontal and vertical sequence of excavation

* moduly pretvarnosti plati pro oblast cca 5m nad klenbou kaloty, po provedeni sanacnich injektazi (udaje PUDIS, a.s.)
*moduli of deformation are valid for an area about 5m above the top heading arch, after pre-grouting (data by PUDIS, a.s.)

Obr. 4 Podélny fez zapadnim tunelem s rozborem deformaci

Fig. 4 Longitudinal section of the western tunnel tube with the deformations analysis
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ulice}, z toho 10 mm byl vliv snizeni hladiny podzemni vody.

V situaci jsou zakresleny oblasti A - E, kterym byla vénovana béhem monito-
ringu zvy$ena pozornost bud pro velikost deformaci (u severniho portalu
v oblasti A az 220 mm), nebo pro ofekavané problémy se zajisténim zastavby
a dopadu raZeb na tuto zastavbu (oblasti B, C, D).

V tabulce umisténé pod podélnym profilem (obr. 4) je proveden rozbor defor-
maci v zavislosti na celkové vysce nadlozi, pouzitém zpusobu ¢lenéni celby
a geologickych pomérech. Rozbory se tykaji zejména tfipruhového tunelu
o délce 653 m mezi stani¢enim km 4,55 - 5,2, tunel ma vyrubni priifez 165 m?
pfi Sifce 16,5 m a vysce 12,56 m {obr. 5).

Geologické poméry jsou pro jednotlivé geologické formace bFidlic vyjadieny
nahradnim kvazihomogennim modulem pretvarnosti jako rozhodujici veli€iny
pro deformacni chovani nadlozi. Extenzometrické vrty byly osazeny v zavislos-
ti na hloubce vrtu 4 - 5 kotvami, pfi¢emz spodni kotva byla umisténa 0,50 m nad
troven vrcholu klenby budouci primérni obezdivky. To umoznilo pfesné sledo-
vat pohyby nadlozi v jednotlivych fazich razeb, zejména pak jesté pred pfiblize-
nim ¢ela prvniho dilé¢iho vyrubu. Pro aplikaci observaéni metody to mélo zejmé-
na z hlediska investora zasadni vyznam. Umoznilo to totiz pfijimat pfiméfena
rizika pfi uréovani rozsahu zajistovani objektli nad trasou tunelu a snizovani roz-
sahu vyklizovan/ prostor.

Mezi stanicenimi km 4,9 - 4,55 tunel podchazel souvislou zastavbu obytnych
blokd, pfiéemz vy$ka horninového nadlozi byla mensi nez vyrubni $itka tunelu.
Z tabulky Ize vyéist tyto zakladni zavéry pro razbu svislym ¢lenénim v liben-
skych vrstvach (E = 100 - 160 MPa):

- prvni deformace na povrchu se objevila ve vzdalenosti 14 - 18 m pred ¢elbou
boéniho tunelu o Sifce 6,4 m a vysce 9 m (vyrubni primér 44 m?);

- deformace spodni kotvy v okamziku prichodu ¢elby Cinila 15 - 20 % koneéné
hodnoty deformace po dokonéeni primérni obezdivky celého profilu. Tato hod-
nota je nezjistitelna konvergenénim méfenim;

- razba obou boénich tunell zplsobuje 51 - 61 % z celkové koneéné deformace
terénu, pfistropi 24 - 30 % a provedeni dna 15 - 19 %;

- deformace povrchu dosahla 70 - 90 % hodnoty spodni kotvy extenzometru.
Protoze rychlost postupu razby tfipruhového tunelu byla 40 - 45 bm za mésic
a celkova technologicka fronta (tj. vzdalenost mezi éelbou prvniho boéniho
tunelu a uzavienim dna celého profilu} ginila 85 - 95 m, bylo moino ziskané
zavislosti a Casovy prostor 2 mésich vyuZit pro upfesiovani rozsahu zajisténi
zastavby, event. zaji§téni upIné vylouéit. To se podafilo ve stani¢eni km 4,603,
ve kterém tunel Mrazovka miji modlitebnu ¢eskobratrské cirkve evangelické {viz
obr. 8).

Na zakladé podrobné geotechnické analyzy a srovnanim s rozbory deformaci
v km 4,76, kde byl tunel razen asi o 1,5 mésice dfive, rozhodl investor po zpra-
covani srovnavacich vypoctd projektantem SATRA, spol. s 1. 0., a geotechnic-
kym dozorem SG Geotechnika, Ze objekt modlitebny nebude zajistovan. Osa
tunelu prochézela ve vzdalenosti asi 14 m od severovychodniho narozi modli-
tebny, vyska nadlozi byla 15 m po droven zékladové spary objektu. Vypocétena
hodnota deformace terénu nad osou tunelu byla 36 - 38 mm, skuteéna hodno-
ta byla naméfena 34 mm - rozdil byl tedy pouhych 5 %.

Nutno konstatovat, Ze objekt modlitebny mél jako suterén sténovou konstrukci
s monolitickym Zelezobetonovym stropem. Tyto prvky tvofily tuhy krabicovy
prvek, ktery byl schopen prenést G¢inky poklesové viny o piedpokladaném
sklonu 1:800. Skuteéné namérené sklony dosahly hodnot 1:667 a 1:791 bez vlivu
na konstrukci modlitebny. Ta byla pribéiné méfena 11 automatickymi defor-
metry, které zaznamenavaly jen nepatrné pohyby v trhlinach obvodového zdiva
stavby. PouZitd metoda fizeni geotechnického rizika s vyuzitim kontrolniho sle-
dovani byla propracovédna firmou SG Geotechnika Praha na poZadavek VIS, a. s.

—l'.
Pfistropi
Top heading
45,5 m’
£
w0
&
16,2 m
4
Levy opérovy Jadro Pravy opé&rovy
tunel a spodni tunel
Left-hand sidewall kienba. Right-hand sidewall
drift Bench drift
44,0 m* and invert 40m’
31,5m’

Obr. 5 Pfi¢né ¢lenéni vyrubu tfipruhového tunelu o vyrubnim prafezu 165m?
Fig. 5 Vertical sequence of the three-lane tunnel excavation with excavated
cross section of 165 m?

ons in individual stages of the tunnelling, especially before approach of the
profile face of the first partial profile. The application of this observation
method had a crucial importance for the investor. It enabled acceptance of
adequate risks, when determining the securing provisions for the structures
above the tunnel route, and diminishing the extent of area evacuation.
Between chainages km 4.9 - 4.55, the tunnel underpasses the continual
build-on area of housing estates, while the height of rock overburden was
lower than profile width of the tunnel. The table shows the following sub-
stantial conclusions for tunnelling through the vertical segmentation of the
Liben layers (E = 100 - 160 MPa):

- First surface deformation appeared in distance of 14 - 18 m before the face
of side tunnel with width of 6.4 m and height 9 m (profile section 44 m*)

- Deformation of the lower anchor in the moment of face thoroughfare was
15-20% of final deformation value after completing the primary lining of the
entire profile. This value is not determinable with convergence measure-
ment.

- Tunnelling of both sidelong profiles causes 51 - 61 % of the total final defor-
mation of terrain, top headings 24 - 30% and the invert 15 - 19 %.

- The surface deformation attains 70 - 90 % from the value indicated by the
lower anchor of extensometer.

Because the tunnelling speed of three-lane tunnel was 40 - 45 m monthly and
the entire technologic line (i.e. distance between the face of first sidelong
tunnel and closing of the entire profile revert) was 85 - 95 meters, the deter-
mined relations and time period could be used for refinement of securing
range or to exclude the securing at all.

This was successfully performed in chainages km 4.603, where the Mrazovka
tunnel passes by a meeting-house of the Czech Brethren Evangelical Church
(see fig. 6).

On the basis of detailed geo-technological analysis and comparison with
study of deformations in km 4.76, where the tunnel was driven about 1.5
month sooner, the investor decided for elaboration of comparison calculati-
ons and had appointed SATRA spol. s.r.o. to perform these calculation and
SG Geotechnika Company to provide geo-technological supervision. Then
the investor decided that the structure would not be secured. The tunnel axis
passed about 14 meters from the northeast corner of the house and the over-
burden height was 15 m to the footing bottom of the structure. Calculated
value of terrain deformation above the tunnel axis was 36 - 38 mm, while the
real value was measured to 34 mm. The difference was a mere 5%.

We must not forget to mention that the structure had basement walled con-
struction with monolithic reinforced concrete ceiling. These elements for-
med a firm box element that was able to bear effects of settlement wave with
supposed declination of 1:800. The real measured values attained 1:667 and
1:791 with no impact on the construction of the house. The building was con-
tinually measured with 11 automatic deformeters, that registered only tiny
movements in cracks of the peripheral walling.

As required by VIS a.s, SG Geotechnika Praha elaborated the applied method
of geo-technologic risk management with use of control observation. The
investor avoided complicated legal negotiations and expenditures for get-
ting free admittance to house basement, where the reinforcement of con-
struction should be performed.

The decision not to secure the meeting-house was not simple, the contrac-
tor and designer insisted on securing of the basement, referring to the pos-
sible risks and building permit. Our legislation is complex, and a decision on
a deviating solution requires a long time, and does not allow application of
the observation method results immediately.

OBSERVATION OF BUILDINGS ABOVE THE TUNNEL ROUTE
- AUTOMATIC MONITORING

To ensure the security for constructions and dwellers in the overburden
build-on area was definitely the most significant principle for construction
and monitoring. In the same time, all had to be solved in such a way, that the
dwellers are disturbed as little as possible, but in the same time are informed
about possible consequences of the tunnelling and won over for giving
information to the investor. Very exact levelling of the objects performed
from the external sides of houses and in the staircase areas of houses ser-
ved for obtaining the technical numeric data.

During the continual observation of the endangered structures, the techni-
que of automatic observation of cracks including remote information trans-
mission and alarm system to mobile phones of selected experts was applied
in extraordinary successful way. In the endangered structures (in total 14),
some cracks were determined on basis of detailed repeated preparation of
simplified documentation of existing condition and after structurally techni-
cal inspections. On these cracks, the measurements were made. After dis-
cussion with the dwellers from the apartments, it was only one time period,
when the dwellers had to be disturbed by regular monitoring. System DIL
8M was used for observation of the cracks. The function of this system can
be seen on fig.7. It is very autonomous solution ensuring monitoring functi-
ons including watching and notifying of the set limit values. The designer
proposed the limit values. For the 90-100 years old brick buildings of 5-6 flo-
ors, in basement fortified with steel reinforcement frames in openings and
under the jack arches, the following criteria were respected: maximal verti-
cal deformation of the object = 60 mm and inclinations of the deformation
waves both in traverse and lengthwise directions = 1:800. Limits of allowab-
le deformations in the cracks were determined and they should be detected
as follows:
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Investor se vyhnul sloZitym pravnim jednanim a dhraddm za uvolnéni suterénu
modlitebny, kde méio byt provadéno zesilovani konstrukce.

Rozhodnuti o nezaji$tovani objektu modlitebny nebylo bezkonflikini, zhotovitel
a projektant trval na zaji$téni v suterénu s odvolanim na mozné riziko a staveb-
ni povoleni. Nade legislativa je sloZitd a rozhodnuti 0 odchylném feeni vyza-
duje dlouhy &as a neumoziiuje uplatnit bezprostiedné vysledky observaéni
metody.

SLEDOVANI ZASTAVBY NAD TRASOU TUNELU
- AUTOMATICKY MONITORING

Zajisténi bezpetnosti konstrukci a obyvatel v nadlozni zastavbé patfilo zcela
jednoznatné k rozhodujici zésadé vystavby a monitoringu. Pfitom muselo byt
v8e feSeno tak, aby uZivatelé prostor byli v minimalni mife obtéZovani navété-
vami bytd, ale sou¢asné byli informovani o moznych disledcich razeb a ziska-
ni pro spolupraci v predavani informaci investorovi. Pro ziskani technickych
numerickych podkladi slouZila velmi pfesné nivelace objektl, provadéna
z vnéjsi strany dom(i a ve schodisfovych prostordch uvnitf domu.

Pfi pribézném sledovani stavu ohrozenych objektd se mimoradné zdafile
uplatnila metoda automatického sledovani trhlin s dalkovym pienosem infor-
maci a systémem alarm{ na mobilni telefony vybranym odbornikiim. V ohro-
zenych objektech (celkem 14) byly na zdkladé podrobné repasportizace podle
statickych vypoétii a po stavebné-technickych priizkumech urdeny trhliny, na
kterych budou zajisfovdna méfeni. Po dohodé s uZivateli bytd $lo o jediny caso-
vy usek, kdy pfi montai zafizeni museli byt obyvatelé byt obtézovani pravi-
delnym monitoringem. Pro sledovani trhlin byl pouZit systém DIL 8M, jehoz
princip je znazornén na obr. 7. Jednd se o autonomni feSeni zabezpetuijici moni-
torovaci funkce véetné hlidani a ohlasovéni nastavenych limitnich hodnot.
Limitni hodnoty byly navrzeny projektantem. Pfitom pro 90 - 100 let starou cih-
lovou zastavbu 5 - 6 podlainich domi zesilenych v suterénech ocelovymi
vyztuinymi ramy v otvorech a pod klenbovymi pasy byla respektovana kritéria
max. svislé deformace objektu 60 mm a sklony deformaénich vin v pfitném
i podélném sméru 1:800. Z téchto hodnot byly stanoveny meze pfipustnych
deformaci na trhlinach, které mély byt signalizovany takto:

1-2mm stav zvySené ostrazitosti

2-5mm predkriticky stav

nad 5 mm havarijni stav.

Technické a programové vybaveni je nasledujici. Na trhlinu se osadi elektronic-
ky dilatometr (viz obr. 8), ktery obsahuje dvojici linearnich snimaét drahy pra-
cujicich v rozsahu = 25 mm, s pfesnosti 0,01 mm. Snimaé méfi pficnou a podél-
nou slozku deformace, sekundarné sledovanou veli¢inou je teplota v daném
misté. Dilatometr je krabitka o rozmérech 88x88x51 mm, ktera je hmozdinkami
pfipevnéna do zdiva, stejné jako dvé vybihajici ramena pfes trhlinu o délce 150
mm. Vystupy dilatometri jsou dratové svedeny do koncentratoru, ktery vyéita
(tte) z dilatometri hodnoty deformaci v intervalech, které jsou poZadovany.
V naSem pfipadé to byla jedna hodina. Koncentrétor (méfici Ustfedna) je osa-
zen mikropotitatem, ktery provadi fazeni a komprimaci hodnot. Pomoci sité
GSM jsou pak tyto informace pfeneseny na fidici pocita¢. Ten data zpracovava
a vyhodnocuije pro ohlaSovéni alarmii cestou sité GSM. Potom jsou data pfi-
pravena ke grafickému zobrazeni, AktudIni hodnoty se prenaseiji do celosvéto-
vé sité Internet a také do lokdini sité Intranet. Monitoring je provadén na poti-

Dam é&.p. 1267
House No. 1267
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Roof space
2. patro
2" floor
1.parto
1% floor
i Sklep PFizem(
Basement Groundfioor

Navazka
Made ground

Skalnl podioZf
Bedrock

Liberiskeé bfidlice

Revnické kiemence 1001 shales
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180,00 m.n.m.
180.00 m a.s.!.

Vychodni tunel
Eastern tunnel

188,30 -

1-2mm  high alertness state

2-5mm  pre-critical state

over 5 mm breakdown state

The technical and program equipment is the following. An electronic dilato-
meter (see fig.8) is installed on the crack. This device contains a pair of linear
sensors operating in + 25 mm, with accuracy of 0.01 mm. The sensor mea-
sures the transverse and lengthwise component of deformation.
Temperature in the given place is secondary observed dimension. The dila-
tometer is a box with dimension 88 x88x 51 mm attached with dowels to the
wall - the two 150-mm arms extending over the crack are attached in the
same way. The dilatometer outputs are led down with cable, to concentrator
that will - in the required intervals - sense the deformation values from the
deformeters. In our case, the interval was one hour. The concentrator (mea-
suring central) is equipped with microcomputer that performs sequencing
and compression of values. Using GSM network, this information is then
transferred to controlling computer. The computer processes the data and
evaluates them for notifying alarms through the GSM network. The data are
then prepared for graphical display. The current values are transferred to
Internet (worldwide network) and to the Intranet (local network). The moni-
toring is performed on a network-connected computer with Explorer brow-
ser with conditional access (password) to a www site.

The entire system worked in 14 structures above the western tunnel of
Mrazovka, non-stop for two years with no failures. During complicated tun-
nelling under the dwelling buildings, it assured the construction participants
that they can immediately respond to any movements of the objects and that
damages can be prevented with additional reinforcement of the structure or
altering the tunnelling technique.

In several cases it really happened and as the "rule" is, it was in weekend
days. At first, it was during the excessive deformations solved by injecting
works under the building 17, Ostrovského Street. The other cases were fai-
lures in apartments, when the dwellers were vacationing. The signalling sys-
tem always enabled performing such measures that the tunnelling could
continue. The system is advisable for similar spatial and technical conditi-
ons, when tunnelling under buildings.

CONCLUSION

1. Monitoring of the western Mrazovka tunnel was performed in extent
about 5.5% of the entire construction investment costs. Applied techniques
fully correspond to the exceptional complexity of the building - system of
automatic deformeters on the buildings cracks equipped with remote data
transmission and alarm signalling system proved as advantageous.

N

. Due to the extensive monitoring, it was also possible to:
- Optimise the tunnel support at the New Austrian Tunnelling Method
- Adapt the changeover from horizontal lining to vertical lining of the profile
and to fulfil the deformation criteria of the project
- Limit the evacuation of apartments (smaller range of securing works in
the overburden buildings)
- Ensure continuous operation and habitability of apartments for hundreds

_|,
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Obr. 6 Pfiény fez v misté modlitebny (km 4,603)
Fig. 6 Cross section at the meeting-house location (km 4.603)
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ta¢i zapojeném do sité napf. pfes program Explorer s podminénym pfistupem
{heslem) na WWW stranku.

Cely systém pracoval ve 14 objektech nad zapadnim tunelem Mrazovka nepfe-
trzité dva roky bez zavad. V komplikovanych podchodech obytné zastavby
daval jistotu Gcastnikim vystavby, Ze na jakékoliv pohyby objektd muze byt
neprodlené reagovano a zabranéno $kodam dodate¢nym zesilenim objektu
nebo Upravou postupl razeb.

V nékolika pfipadech k tomu skuteéné doslo, jak uz byva "pravidlem" o viken-
dovych dnech. Poprvé pfi nadmérnych deformacich béhem injektaznich praci
pod domem Ostrovského &. 17, jindy pfi poruchach v bytech béhem dovole-
nych jejich uzivatell. Signalni systém vidy umoznil zajistit véas opatfeni umoz-
nujici dalsi razby tunelu. Systém je mozno doporuéit pro obdobné prostorové
a technické podminky pfi razbach pod zéstavbou.

ZAVER

1.

Monitoring zépadniho tunelu Mrazovka byl proveden v rozsahu asi 55 %
investiénich nakladd stavby. PouZité metody pIné odpovidaly mimofadné
slozitosti stavby, osvédEil se systém automatickych deformetr(i na trhlinach
budov s dalkovym pi‘enosem dat a signalnim systémem.

. V disledku rozsahlého monitoringu bylo moZzno mimo jiné:

- optimalizovat vystrojeni tunelu u nové rakouskeé tunelovaci metody,

- upravit pfechod z vodorovného na svislé clenéni profilu, a tim dodrzet
deformacni kritéria projektu,

- omezit vyklizeni bytli (sniZeni rozsahu zabezpetovacich praci v nadlozni
zastavhe),

- prekryvanim informaci dat jistotu pro zachovéni provozu a obyvatelnosti
bytl pro stovky lidi,

- uréit poZadavky na rozsah a navrhové hodnoty kompenzaénich injektazi
v Ostrovského ulici,

- upustit od zajisténi modlitebny v ulici Na Doubkové a v jinych mistech.

. Investor zajistil objektivni hodnoceni podminek kontraktu a jeho uprav jako

"majitel" geologie a nadloZni zastavby.

. Systém monitoringu zajistil podklady pro pravni jednani a zejména vylouceni

stavu "under dog", o kterém je v &lanku psano. Osvéd¢ily se formy spoluprace
s uzivateli nadloZni zastavby.

. ZkuSenosti z monitoringu umoznily dpravu technologickych postupl pfi

razbé vychodni tunelové roury (ktera se pravé dokoncuje) a zmény v projektu
méfeni tohoto tunelu.
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of people by providing sufficient information

- Determine requirements for range and proposed values of the compensation

injections in Ostrovského Street
- Drop from securing of the meeting-house in Na Doubkové Street

3. The investor provided objective assessment of contract conditions and its

alterations as the "owner" of geology and overburden buildings.

4. The monitoring system provided data for legal proceedings and especially
for excluding "under dog" state that is described in the article. Forms of
cooperation with the users of the overburden buildings turn out to be

beneficial.

5. Experiences from the monitoring enabled adaptations of the technological
procedures for tunnelling of the eastern tunnel tube (just now in process)

and changes in measuring project of this tunnel.
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Obr. 7 Schéma systému automatického sledovani trhlin na objektech DIL 8M  Obr. 8 Detail elektronického dilatometru
Fig. 7 The DIL 8M system of automatic monitoring of cracks on structures

Fig. 8 A detail of the electronic dilatometer
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VLIV PREDPOKLADANYCH A SKUTECNYCH GEOLOGICKYCH
POMERU NA OPTIMALIZACI VYSTAVBY ZAPADNIHO
TUNELU MRAZOVKA

IMPACT OF ANTICIPATED AND ACTUAL GEOLOGICAL
CONDITIONS ON THE OPTIMISATION OF CONSTRUCTION
OF THE WESTERN TUBE OF THE MRAZOVKA TUNNEL

RNDr. JOSEF VOREL, Mgr. RADOVAN CHMELAR, PUDIS, a. s.

ABSTRAKT

Nasledujici ¢lanek pojedndvd o tvorbé predpokladanych technologickych
tiid NRTM na zakladé detailniho inzenyrsko-geologického a geotechnického
prizkumu a o optimalizované volbé téchto technologickych tfid v ramci
geologicko-geotechnického monitoringu razby zapadniho tunelu Mrazovka.

uvop

Ve slozitych inzenyrsko-geologickych a geotechnickych pomérech, jaké jsou
na zapadnim tunelu Mrazovka, musi projektant, zastupce investora, ale
i zpracovatel inzenyrsko-geologického prizkumu mit na zfeteli, ze skuteéné
a pfedpokladané zatfidéni horninového masivu do tfid pro razbu se mize
lisit. Napfiklad dle O. Tesare [lit. 1] je zvI43t u liniovych staveb a zejména
staveb podzemnich iluzivni pfedpoklad, Ze geotechnicky prizkum zjisti
vBechny anomélie, které mohou zpiisobit havarii vlastni stavby nebo objek-
tu v jejim nadloZi.

RaZba zapadni trouby (ZTT) tunelu Mrazovka (délky 1004 m) byla zahéjena
v prosinci 1998. Investorem stavhy je Magistrat hl. m. Prahy - odbor mést-
ského investora, povéfenym mandataiem je VIS, a. s., ktery rovnéz zajistu-
je a fidi monitoring vystavby. Zhotovitelem stavby je sdruieni firem
Metrostav, a. s., a Subterra, a. s. Generalnim projektantem souboru staveb
je PUDIS, a. s., projekty razenych objekt zpracovava SATRA, s. r. 0., na rea-
lizaéni dokumentaci se téZ podilel METROPROJEKT, a. s.

Prizkumné stredisko PUDIS, a. s., se zabyva geotechnickymi poméry na
trase tunelu Mrazovka od poéatku inZzenyrsko-geologickych prizkumnych
praci az do sou¢asného sledovani vystavby [viz. lit, 21.

V ramci monitoringu vystavby tunelll Mrazovka prizkumné stiedisko a. s.
PUDIS v sou¢asné dobé provadi ¢i zajistuje nasledné uvedena méreni:

- Geologicko-geotechnické sledovani vyrubd;

- Presiometrickou kontrolu zlepeni horninového masivu pfi sanaénich
zpevnovacich injektazich nadlozi tunel( [viz. lit. 3];

- Hydrogeologické sledovani (hladiny podzemni vody, pfitokd do vyrubu,
agresivity podzemni vody na betonové konstrukce);

- Sledovani poruch a deformaci na objektech zastavby;

- Méfeni bludnych proudi geofyzikalnimi metodami.

PODKLADY PRO TVORBU PREDPOKLADANYCH TECHNOLOGICKYCH
TRID NRTM V ZAPADNIM TUNELU MRAZOVKA

Podklady pro tvorbu technologickych tfid NRTM, respektive pro jejich defi-
novani, poskytl detailni inzenyrsko-geologicky prazkum, provadény v néko-
lika fazich pro rdzné stupné projektové pfipravenosti.

Prizkumna stola v ZTT (zépadni tunelové troubé), razena v letech 1995 az
1997, jako souéést dopliiujiciho inzenyrsko-geologického prizkumu [lit, 2]
byla zdrojem velmi cennych informaci jak z hlediska ovéieni geologickych
pomérl v trase zapadniho tunelu, tak i z hlediska kvantifikace geotechnic-
kych parametr( horninového masivu. Ty byly vySetfovany pomoci celého
souboru zkousek mechaniky hornin provadénych in situ. Jednalo se prede-
véim o terénni zkousky na horninovych blocich situované v prizkumnych
rozrazkach. Pevnost podél diskontinut, eventuaing s doprovodnymi tuhost-
nimi charakteristikami, byla stanovovana prostfednictvim terénnich smyko-
vych zkousek s pfedurcenou plochou poruseni, Deformabilita a pevnost hor-
ninovych blokd byly ovéfovany terénnimi méfenimi ve zkusebnich rozraz-
kach {v jednoosém a tfiosém tlaku, zatéZovaci deskou) a dale presiometric-
kymi zkouskami ve specialnich jadrovych vrtech. [lit. 4] Presiometrické
zkousky provédéné ve vrtech, situovanych radialng z prizkumné &toly,
umozZnily ovéfeni pretvarnych vlastnosti heterogenniho horninového masi-
vu v zavislosti na primarni respektive i sekundarni napjatosti v okoli vyrubu.
Dalsim zdrojem podklad(i pro tvorbu technologickych tiid bylo inzenyrsko-
geologické sledovani vyrubu prizkumné Stoly. Pribéiné inZenyrsko-geolo-
gicka dokumentace vyrubu prizkumné Stoly potvrdila koncepei strukturni
slavby harninového masivu v misté tunell Mrazovka, prezentovanou jiz Q.
Zarubou v roce 1948 [lit, 5], a zpfesnila hranice jednotlivych litologickych
typl, ovéienych vrtnym prazkumem, Prizkumné §tola poskytla téz poznat-

ABSTRACT

The following article deals with determination of anticipated NATM techno-
logical classes on the basis of detailed engineering-geological and geotech-
nical investigation, and with an optimised selection of the technological clas-
ses performed in the framework of geological-geotechnical monitoring of
the excavation of the western tube of the Mrazovka tunnel.

INTRODUCTION

In the difficult engineering-geological and geotechnical conditions existing
along the western tunnel Mrazovka, the designer, owner's representative,
but also the contractor for the engineering-geological investigation have to
keep in view that the actual and anticipated distribution of rock mass classes
may differ. For example, according to Q. Tesar [Ref. 1], a presumption that
the geotechnical investigation reveals all anomalies which can cause a col-
lapse of the structure proper or buildings above is illusory, especially regar-
ding line structures and, above all, underground structures.

Excavation of the 1,004m long western tube of the Mrazovka tunnel (WTT}
started in December 1998. The owner is Municipality of City of Prague - the
City Investment Department, the authorized mandatory is VIS Praha a.s.,
who also provides and controls the monitoring of the construction works.
The contractor is a joint venture consisting of Metrostav a.s. and Subterra
a.s. The overall design consultant for the project is PUDIS a.s., design of
mined structures is developed by Satra s.r.o., with Metroprojekt a.s. partici-
pating on the detailed design.

The PUDIS investigation center has dealt with geotechnical conditions along
the Mrazovka tunnel route from the beginning of the engineering-geological
investigation works to the current monitoring of the construction [see Ref.2).
In the framework of the monitoring of the Mrazovka tunnels construction,
the PUDIS a.s. investigation center is currently carrying out or provides sub-
sequently the following measurements:

* geological-geotechnical monitoring of the excavation

» pressuremeter checking on the improvement of rock mass in the course of
saving pre-grouting of the tunnel cover [see Ref.3]

* hydrogeological monitoring (groundwater table, inflows into the excavati-
on, concrete-aggressive action of ground water)

* monitoring of defects and deformations of the buildings

* measurement of stray current by geophysical methods

GROUNDS FOR DETERMINATION OF ANTICIPATED NATM TECHNOLO-
GICAL CLASSES ALONG THE MRAZOVKA WESTERN TUNNEL TUBE

The grounds for determination of the NATM technological classes or their
definition were provided by the detailed engineering-geological investigation
carried out in several phases for various levels of the design preparedness.
An exploratory gallery in the WTT (western tunnel tube), driven from 1995 to
1997 as a part of a supplementary engineering-geological investigation
[Ref.2], was a source of very valuable information both in terms of verifica-
tion of geological conditions along the western tube alignment and in terms
of quantification of geotechnical parameters of the rock mass. Those were
examined by means of complex in-situ testing of the rock mechanics. The
tests were carried out on blocks of rock situated in exploratory points of
attack. The strength along discontinuities (along bedding planes above all),
together with accompanying toughness characteristics as the case may be,
was determined by field shear tests with a predisposed failure surface.
Deformability and strength of the rock blocks were verified by field measu-
rements at trial points of attack (in uniaxial and triaxial compression, with
a loading plate) and pressuremeter tests in special core boreholes. [Ref.3]
The pressuremeter testing carried out in fans of holes drilled from the explo-
ratory gallery allowed verification of deformational properties of the hetero-
geneous rock mass depending on primary or also secondary state of stress
around the excavation.

Another source of the grounds for the determination of technological clas-
ses was engineering-geological monitoring of the exploratory gallery exca-



1 11. ROCNIK, ¢. 2/2002

lunel

ky o zvy$eném tektonickém porudeni horninového masivu, které bylo zazna-
menano jak v severni pfiportalové oblasti pod vrchem Mrazovka v horni-
nach letenského souvrstvi v monoténnim vyvoji, tak v blizkosti zastavby ul.
Ostrovského, ¢i mezi ulicemi Bieblova a Na Doubkové v bidlicich libefiské-
ho souvrstvi. Pro realizatni projektovou dokumentaci byla lokalizovana
poruchova pasma zastizena v prizkumné $tole a mista zvy$enych deforma-
ci, kde byly konvergenénim méfenim naméreny deformace > 15 mm. Déle
téZ byla lokalizovana mista, kde byly zaznamenany pfitoky podzemni vody
do prizkumné $toly a mista, kde dochazelo k nestabilité éela vyrubu, popfi-
padé k nadvylom(m.

Pro stanoveni technologickych tfid NRTM byla ve véech fazich inZenyrsko-
geologického priizkumu pouZita indexova ktasifikace horninového masivu
QTS dle O. Tesare, ktera je velmi vhodna pro prostiedi paleozoickych hor-
nin v Praze. Samotné technologické tiidy NRTM jsou pfi poutziti klasifikace
QTS definovany jako vztah kvality horninového masivu z hlediska tunelové-
ni, rozmérd vyrubu a reakce horninového masivu na otevieni vyrubu [lit. 6].
Geotechnicky monitoring provadény pii razbé priizkumné $toly ovétil chovani
systému primarniho osténi prizkumné stoly v interakci s okolnim horninovym
masivem. Byla zde sledovéana zejména konvergence vyrubu, poklesy jednot-
livych horizontl nadlozi (extenzometrie ve vrtech provadénych z povrchul,
poklesy povrchu terénu a nadzemni zastavby. Vysledky monitoringu pra-
zkumné Stoly byly téz vyuZity pro zpétnou analyzu, provednenou matema-
tickym modelovanim jednak metodou konednych prvk(, a jednak i metodou
oddélenych prvkd (lit. 7, 8, 9], coz umoinilo zpfesnit doporuéované vypo-
&tové geotechnické charakteristiky horninového masivu.

VYSLEDNA APLIKACE TECHNOLOGICKYCH TRID NA ZAKLADE
GEOLOGICKO-GEOTECHNICKEHO SLEDOVANI VYRUBU ZAPADNIHO
TUNELU MRAZOVKA

Geologicko-geotechnické sledovani vyrubu v prabéhu razby zapadniho
tunelu bylo ndmi provadéno v ramci geotechnického monitoringu, ktery
jako celek zajistuje, koordinuje a fidi zastupce investora firma VIS, a. s.
(podrobnéji viz. [lit. 101).

PFi tomto geologicko-geotechnickém sledovani byly pribéiné dokumento-
vany jednotlivé diléi ¢asti horizontdIné &i vertikalné ¢lenéného vyrubu. PF
horizontalnim &lenéni vyrubu, které bylo aplikovano na prvnich 118 m
tiipruhového tunelu, razeného od severniho portalu (razba provedena a. s.
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Obr. 1 Geologicko-geotechnickd dokumentace vyrubu zapadniho tunelu
Mrazovka

Fig. 1 Geological-geotechnical documentation of excavation of the western
tube of the Mrazovka tunnel

vation. The continuous engineering-geological documentation of the exca-
vation of the exploratory gallery confirmed the conception of the structural
composition of the rock mass in the location of the Mrazovka tunnels, pre-
sented already by Q. Zdruba in 1948 [Ref.4], and refined the limits of indivi-
dual lithological types verified by the investigation boring. The exploratory
gallery also provided knowledge on increased tectonic disturbance of the
rock mass, which was found both in the northern area near to the portal
under Mrazovka Hill in the rock of the Letna strata (the monotonous type of
evolution) and in the vicinity of buildings along Ostrovskeho Street, or in the
shales of the Liben strata between Bieblova and Na Doubkove streets. For
the detailed design, weakness zones were located, found in the exploratory
gallery, as well as locations of increased deformations where deformations
> 15 mm were measured. In addition, places were located where groundwa-
ter inflows into the exploratory gallery were recorded, and places where
instability of the excavation face or overbreaks were experienced.

The QTS index rock mass classification system by O. Tesar was used in all
phases of the geological-engineering investigation for specification of the
NATM technological classes. This method is very suitable for the Palaeozoic
rock environment in Prague. When the QTS classification is applied, the
NATM technological classes are defined as a relation of the rock mass quali-
ty in terms of tunnelling, dimensions of the excavation, and reaction of the
rock mass on opening of a cavity [Ref.5].

The geotechnical monitoring carried out in the course of the excavation of
the exploratory gallery verified the behaviour of the system of the primary
lining of the exploratory gallery in its interaction with the surrounding rock
mass. Above all, the monitoring was focused on the convergence of the
excavated space, subsidence of individual horizons of the overburden
{extensometry in bore holes drilled from the surface), subsidence of the ter-
rain surface and aboveground buildings. The exploratory gallery monitoring
results were also utilised for a back analysis carried out by mathematical
modelling both by the Finite Element Method and the Discrete Element
Method [Ref.7,8,9], which allowed the recommended design geotechnical
characteristics of the rock mass to be determined in a more precise manner.

RESULTANT APPLICATION OF THE TECHNOLOGICAL CLASSES
DETERMINED ON THE BASIS OF THE GEOLOGICAL-GEOTECHNICAL
MONITORING OF THE MRAZOVKA WESTERN TUNNEL

We performed the geological-geotechnical observation of the excavation in
the course of driving the western tunnel tube, in the framework of the geo-
technical monitoring, which is, as a whole, co-ordinated and controlled by VIS
Praha a.s., acting as the owner's representative (for more details see [Ref.10]).
During this geological-geotechnical monitoring individual parts of the hori-
zontally or vertically divided excavation were continuously documented. In
the horizontal sequencing of the excavation, which was applied along the
initial 118m of the three-lane tunnel driven from the portal North (excavated
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Obr. 2 Srovnani pfedpoktadanych a skute¢nych geologickych poméri na
zapadnim tunelu Mrazovka, vyjadiené v technologickych tfidach
NRTM

Fig. 2 Comparsion of anticipated and actual geological conditions on the
Mrazovka WTT
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Tunel

Metrostav), dale pak u dvoupruhového tunelu, vyjezdového tunelu - vétve
A, strojovny vzduchotechniky a podzemni trafostanice {razba provedena a.
s. Subterra) byly dokumentovany 3 diléi vyruby - kalota, jadro a dno. Pfi ver-
tikalnim ¢lenéni vyrubu, aplikovaném v pfevainé ¢asti tiipruhového tunelu,
v tunefovém rozpletu a trochu odlisné i v zalivu u kfizeni zdpadniho tunelu
se strojovnou vzduchotechniky, byly dokumentovany nejprve vidy kalota,
jadro a dno opérovych $tol a s uréitym odstupem pak stfedni kalota, jadro
a celkové dno. Pfi vertikainim ¢lenéni se tedy pocet dokumentovanych dil-
¢ich vyrubt oproti horizontélnimu ¢lenéni vice neZ zdvojnasobuje. To klade
vysoké néroky na interpretaci zastizeného horninového masivu a schopnos-
ti prognoézovat geologické poméry z dilciho vyrubu, ktery je razen jako
prvni. Z toho plyne, jak je nékdy obtizné ve vysoce heterogennim hornino-
vém masivu zvolit technologickou tfidu NRTM. Pro vytvafeni prognéz geo-
logickych pomérl bylo dlezité na zakladé inzenyrsko-geologické dokumen-
tace Cela vyrubu (viz obr. 1) priibéiné zpracovavat horizontalni geologicky
fez v drovni dna kaloty tunelu a vertikaIni geologicky fez podél osy tunelu.

Pfi samotné raibé zépadniho tunelu byly technologické tfidy NRTM voleny
ve smyslu observaéni metody. To znamena, Ze bylo respektovano piede-
v8im piedpokiddané chovéni aktudlné zastizeného horninového masivu.
Bylo tedy nutné vidy analyzovat zastizené geologické poméry a porovnévat
je s geologickym prostiedim, u kterého jiz byla odezva na razbu tunelu ové-
fend. To vedlo k maximalni snaze technicky a ekonomicky optimalizovat
volbu primarniho osténi. V zavislosti na aktualné zastizenych geologickych
pomérech na &ele vyrubu byla doporu¢ovana aplikace technologickych tfid,
definovanych zplsobem &lenéni vyrubu, optimalni soustavou prvki primar-
niho osténi (stffkany beton, vyztuiné sité, piihradové oblouky, svorniky &
kotvy) a délkou zabéru. Variabilita horninového prostiedi z hlediska tlagi-
vosti na osténi se tedy projevila i ve volbé technologické téidy definujici
adekvatni primarni osténi o optimalni tuhosti.

Pfi razb& zapadniho tunelu v riznych litologickych typech byly v zésadé

aplikovany ¢tyfi odlisné tiidy NRTM:

- V monotonnim vyvoji letenského souvrstvi, v oblasti vrechu Mrazovka, pie-
vladaly tfidy NRTM 1V a Va. Velmi malo se vyskytovala tfida Ill. Tfida Va
byla volena v souvisltych poruchovych pasmech a v pfiportalové oblasti,
kde je horninovy masiv zvétraly aZ navétraly.

- V libefiskych bfidlicich byla charakteristickou tfida IV, Tfida Va byla volena
opét v souvislych poruchovych pasmech a ve sloZitych geologickych
pomérech pod zastavbou.

- V Fevnickych kfemencich pfevaZzovala tiida lll. Tfida IV byla volena v pie-
chodovych Usecich, kde ve vrchni ¢asti vyrubu se nachazely jiz libenské
bridlice.

- Ve flySovém vyvoji letenského souvrstvi, v oblasti Paviho vrchu, byla apli-
kovana tfida NRTM Il a v oblasti vychodniho svahu Paviho vrchu byla ve
stabilnich, malo rozpukanych horninach zvolena tfida Il. T¥ida IV byla
v tomto souvrstvi volena pfedevsim v poruchovych pasmech a pfi vyrazné
strukturni nestabilité vyrubu.

Pfi pfechodu mezi rozdilnymi tiidami NRTM se technologicky (tj. volbou

primarniho osténi) postupovalo nasledovné:

- Jestlize doslo ke zlepseni geotechnickych pomérl {z hlediska chovani
horninového masivu ve vyrubu), aplikoval se pfedchazejici typ tuzsiho pri-
marniho osténi jesté ve dvou zabérech (tj. napf. 2 m) po nami indikované
zméné. Divodem bylo, aby toto zesileni pomohlo k pfenosu zatizeni
v podélném sméru.

- V opacné situaci, t,j. pfi zhor$eni geotechnickych pomérti, se vyssi tech-

nologicka tfida NRTM (tuZsi primarni osténi)} aplikovala ihned.

Délka zabéru pfi razbé tunelu byla volena pfedevsim v zavislosti na oka-
mZité a Easové zavislé stabilité ¢ela vyrubu. OkamZité stabilita vyrubu byla
oviivnéna do jisté miry pfedev§im strukturni stavbou horninového masivu,
respektive vzdjemnou orientaci systém0 diskontinuit vzhledem ke sméru
razby. Snizenou stabilitu ela vyrubu zplsobovaly misty i soustfedéné pfi-
toky podzemni vody. Napfiklad v oblasti ulice Na Doubkové dochézelo
z téchto pfigin jak ke sniZeni smykové pevnosti na vyhlazenych diskontinui-
tach, tak i k vyplavovéni vypIné tektonickych poruch. Pfi takovychto pFipa-
dech nestability €ela vyrubu bylo nutné aplikovat opatieni zajistujici ¢elo
vyrubu pfedem {sanacni injektaz provadénou z prazkumné $toly, jehlovéani
v opérovych Stolach, mikropilotové destniky technologii Boodex ve stfedni kalotd).
Jelikoz ¢ast razby zapadniho tunelu probihala mélko pod zéstavbou, bylo
zde nutné respektovat predevsim priority minimalizace poklesd terénu. Pfi
volbé technologické tfidy se muselo vzit v Gvahu piedevsim dodrzeni krité-
rii danych maximalni pfipustnou velikosti poklesu terénu a maximalnimi
pfipustnymi Uhly sklonl poklesové kotliny.

V &astech stavby, které byly razeny pod terénnimi elevacemi, a tedy pod vét-
$im nadloZim (jedna se o vrch Mrazovka a Pavi vrch, kde se nenachazi v pFi-
mem nadloZi zastavba) bylo mozné volit technologické tfidy dle principd
NRTM bez omezujicich priorit. Paradoxné v3ak jiz na samém pogatku razby
zapadniho tunelu v severni pfiportalové oblasti {vrch Mrazovka) doslo
k nadmérnym deformacim jak terénu, tak vyrubu tunelu. To vedlo k nasled-
né optimalizaci technologie raiby. Pfistoupilo se ke zméné clenéni vyrubu
tfipruhového tunelu z horizontéIniho na vertikalni.

Na jizni strané stavby u dvoupruhového tunelu razeného v oblasti vychod-
niho svahu Paviho vrchu byly zase pii geologicko-geotechnickém sledovani
ovéfeny geologické poméry jesté pfiznivéjsi, nez se plvodné piedpoklada-
lo z vrtného prizkumu (pruzkumnd &tola v téchto mistech nebyla razena).

by Metrostav, a.s.) and further on the double-lane tunnel, the exit tunnel -
branch A, the ventilation plant and underground transformer station cham-
bers (excavated by Subterra, a.s.), 3 partial excavations were documented,
i.e. the top heading, core and invert. In the vertical sequencing of the exca-
vation, which was applied along the major part of the three-lane tunnel, at
the tunnel bifurcation chamber, and, in a little bit differing way, even at the
bay found near the crossing of the western tunnel with the ventilation plant
chamber, the top heading, core and invert of side-wall drifts and, at a certa-
in distance, central core and final invert were documented. This means that
the number of documented partial headings is more than double at the ver-
tical sequencing compared to the horizontal sequencing. This is very deman-
ding in terms of interpretation of the rock mass encountered and the ability
to prognosticate geological conditions only on the basis of a partial excava-
tion carried out as the first one. From whence it also follows how difficult the
NATM technological class specification sometimes is in highly heterogene-
ous rock mass. It was important for creation of the geological conditions pro-
gnoses of engineering-geological conditions to develop continuously the
horizontal geological section at the tunnel invert level and the vertical geo-
logical section along the tunnel axis on the basis of the engineering-geolo-
gical documentation of the excavation face (see Fig. 1).
During the excavation of the western tunnel tube the NATM classes were
selected in the meaning of the observational method. This means that the
expected behaviour of the actually encountered rock mass was respected
above all. Therefore it was necessary always to analyse the geological con-
ditions encountered, and compare them with the geological environment for
which the response on the tunnel excavation had already been proven. This
led to a maximum effort to optimise the choice of the primary liner in terms
of both the technique and economy. Depending on the actually encountered
conditions at the excavation face, a recommendation was submitted on the
application of technological classes defined by the manner of the excavation
sequencing, an optimal set of the primary lining elements (sprayed concre-
te, steel mesh, lattice girders, rockbolts), and the advance length. Therefore
the variability of the rock environment in terms of the liner squeezing reflec-
ted even in the choice of the technological class defining the adequate pri-
mary liner of an optimal toughness.

Basically four different NATM classes were applied in the excavation of the

western tube in various lithological types:

- NATM classes IV and Va prevailed in the monotone evolution of the Letna

strata, in the area of Mrazovka hill. Class Il was very rare. The class Va was

chosen in continuous weakness zones and in the portal area, where the
rock mass is weathered to little weathered.

Class IV was characteristic in the Liben shales. Class Va was again chosen

in continuous weakness zones and in complex geological conditions under

buildings.

Class Il prevailed in the Revnice quartzites. Class IV was chosen in transition

sections, where the upper parts of the excavation reached into the Liben shales.

NATM class Il was applied in the flysch-type evolution of the Letna strata,

in the area of Pavi hill, while class Il was selected for the area of the

eastern slope of Pavi hill, i.e. for stable, little fractured rock. Class IV was
chosen in this strata above all for weakness zones and in case of a pronounced
structural instability of the excavation.

Following technological procedure (selection of primary lining} was applied

in transition between particular NATM classes:

- If geotechnical conditions occurred, previous type of tougher primary liner
was applied in two rounds (e.g. for 2 m) following after our indication of the
change. The reason of this reinforcement was to help in carrying the load in
longitudinal direction.

- To the contrary, in case of deterioration of geological conditions, the higher
NATM technological class (i.e. a tougher lining) was applied immediately.
The advance length in the tunnel excavation depending on both the instan-
taneous and time-dependent stability of the excavation face was chosen pri-
marily. The instantaneous stability of the face was in a certain extent affec-
ted above all by the structural composition of the rock mass, or by the mutu-
al orientation of the discontinuity systems relative to the excavation directi-
on. The reduction in the stability of the excavation face was locally due to
concentrated inflows of ground water too. For example, in the Na Doubkove
Street area, both a reduction in shearing strength along smoothed disconti-
nuities and washing out of the tectonic disturbances infill occurred. In such
the cases of the excavation face instability it was necessary to apply measu-
res securing the excavation face beforehand (saving grouting from the
exploration gallery, needling in the side-wall drifts, micropile umbrellas by

the Boodex technique in the central top heading).

Since a part of the western tunnel tube excavation was carried out shallow-

ly under buildings, it was necessary for those locations to respect priorities

of minimisation of the surface subsidence above all. In the process of selec-
tion of the technological class, the adherence to the criteria given by the
maximum allowable magnitude of the terrain subsidence and maximum
allowable subsidence trough slope angles had to be taken into considerati-
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Na zékladé zastizenych geologickych pomér( bylo ihned reagovano dopo-
ruéenim optimalni technologické tfidy, coz znamenalo sniZeni tuhosti pri-
marniho osténi.

SROVNANI PREDPOKLADANYCH A SKUTECNE REALIZOVANYCH
TRID NRTM PRI RAZBE ZTT TUNELU MRAZOVKA

Na sloupcovém diagramu (obr. 2) je srovnéni pfedpokladanych a skuteé-
nych tfid NRTM, pfi razbé ZTT tunelu Mréazovka.

Z tohoto diagramu vyplyva, ie vaZeny primér pfedpokladaného zatfidéni
(tj. v projektu) byl 3,72 ti. NRTM a skute¢ného zatfidéni razby byl 3,88 tf.
NRTM. Tim padem rozdil v zatfidéni dle vazeného priméru byl pro ZTT 0,16
tfidy NRTM. Tento rozdil v zatfidéni do tfid NRTM je minimalni a uspésnost
prognoézy inZenyrsko-geologickych pomér( je velmi pfizniva.

Pfi hlubsi analyze je patrné, Ze byly rozdily v zastoupeni jednotlivych tfid
NRTM na jizni €asti stavby (Usek, kde je dodavatelem Subterra, a. s.) a na
severni ¢asti (Usek Metrostav, a. s.). Existuje zde nékolik pficin, které vyvstaly
aZ po upfesnéni geotechnickych pomérG pfi vlastni razbé zapadniho tunelu.
Jak jiz bylo napséno vyse, ve vychodnim svahu Paviho vrchu, kde nebyla
realizovana prizkumna $tola, byly zastizeny pfiznivéjsi geologické poméry
z hlediska chovani horninového masivu ve vyrubu. Jelikoz NRTM je meto-
da, kterd principidlné umoznuje zplsob vystrojovani operativné pfizpiiso-
bovat ménicim se podminkdm razby, bylo zde optiméalné reagovano tim, ze
se doplnila realizacni projektova dokumentace o technologickou tfidu NRTM II.
V piscitych aZ drobovych bfidlicich letenského souvrstvi ve flySovém vyvoji
v8ak ale byl analyzovan i zvySeny obsah kiemennych zrn SiO,, a tudiZ s tim
souvisejici- vysokd abrazivita horniny. To bylo pfitinou, Ze nemohla byt
k rozpojovani horniny efektivné vyuzita vyloznikova fréza Eickhoff ET 380L.
Bylo tedy nutné pouzit ve vét§i mife trhaci prace.

V severnim Useku stavby, pfedevsim v severni pfiportalové oblasti, se nao-
pak projevila intenzivni heterogenita horninového masivu, zplisobena tek-
tonickym porusenim. Vzhledem k prostorové orientaci poruchovych pasem
(asi 4 m Sirokych) $ikmo k ose tunelu, ovlivnila jejich vyrazna pfitomnost
zde chovani horninového masivu ve vyrubu zépadniho tunelu na vét$im
Useku, nez ve vyrubu priizkumné Stoly s 10x mensim prarezem [lit. 11].

ZAVER

Ve slozZitych tektonickych pomérech, jaké jsou na zapadnim tunelu
Mrézovka, se potvrdilo, Ze prizkumna $tola mdze poskytnout velmi vyznam-
né objektivni informace o chovani takto heterogenniho horninového masi-
vu pfi razbé. Nelze v8ak ani zde pfedpokladat, ze by geotechnicky prizkum
zjistil Upiné vsechny dislokace a tektonické poruchy a daldi anomalie, které
vyrazné ovliviiuji chovani horninového masivu pfi razbé tunelu. Vzhledem
k velikosti silnicniho tunelu ani prizkumna $tola (u tfipruhového tunelu
s cca 10x mendim a u tunelového rozpletu dokonce s cca 20x men§im pri-
fezem) nemize ovérit tak sloZitou tektoniku v celém profilu tunelu, a proto
je béhem razby samotného tunelu nutné pfizplisobovat technologii i osténi
predevsim vysledkim geotechnického monitoringu, jeho? nedilnou souéas-
ti je i geologicko-geotechnické sledovani vyrubu.

Nespornou prednosti NRTM je jeji flexibilita - schopnost pFizplsobovat se
jak zhorSenym, tak i pfiznivéjsim geologickym pomértim v duchu principQ
observaéni metody. To v plné &ifi potvrdila i razba zapadniho tunelu
Mrazovka v souéinnosti s jejim monitoringem, na némz se a. s. PUDIS podi-

lela &innosti nékolika specializovanych skupin.
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on as a priority.

For the parts of the structure driven under terrain elevations, which means
under a higher overburden (Mrazovka Hill and Pavi Hill are concerned, where
aboveground buildings are not found within the direct cover), the technolo-
gical classes could be selected in accordance with the NATM principles, wit-
hout restricting priorities. Although, paradoxically, excessive deformations
of both the terrain and the tunnel excavation occurred at the very beginning
of the western tunnel excavation, in the vicinity of the portal North. This
resulted into a subsequent optimisation of the excavation technique. The
horizontal sequence of the three-lane tunnel excavation was switched to the
vertical sequence.

On the other hand, the geological conditions on the southern part of the con-
struction, along the double-lane tunnel driven in the area of the eastern
slope of Pavi Hill, geological conditions were confirmed more favourable
than originally anticipated on the basis of the investigation boring (the
exploratory gallery was not driven in this location). A recommendation on an
optimal technological class was an immediate reaction to the actual geolo-
gical conditions encountered, which meant a reduction in the primary lining
toughness.

COMPARISON OF ANTICIPATED AND ACTUALLY REALISED NATM
CLASSES IN THE WTT MRAZOVKA EXCAVATION

The following bar chart shows a comparison of the anticipated and actual
NATM classes in the WTT Mrazovka excavation.

It follows from this chart that the weighted average of the anticipated {i.e.
contained in the design) and actual classification was the NATM class 3.72
and 3.88 respectively. Therefore the difference in the classification by the
weighted average amounted to 0.16 NATM class for the WTT. This differen-
ce in the NATM classification is minimal, and the hit ratio is very favourable
for the prognosis of the engineering-geological conditions.

Under a deeper analysis it is obvious that there were differences in distribu-
tion of individual NATM classes at the southern part of the construction (the
section where Subterra a.s. is the contractor) and the northern part (the sec-
tion built by Metrostav, a.s.). There are several reasons, which only appea-
red when geotechnical conditions had been identified during the western
tunnel excavation.

As mentioned above, more favourable geological conditions in terms of the
behaviour of the rock mass in the excavation were encountered. Since the
NATM is a method, which principally allows operative accommodation of the
support to the changing driving conditions, it was possible to react optimal-
ly by adding the NATM technological class 2 into the detailed design.

But the analysis of sandy to greywacke shales of the Letna strata in their
flysch evolution revealed also an increased volume of Si02 quartz grains,
and the related highly abrasive character of the rock. This was the cause why
the boom-type roadheader Eickhoff ET 380L could not be used efficiently for
the rock fragmentation. Therefore the drill and blast had to be applied in
a higher extent.

On the contrary, an intensive rock mass heterogeneity caused by tectonic dis-
turbance was encountered in the northern section of the construction, mainly
along the northern portal section. Owing to their spatial orientation being
askew to the tunnel axis, the marked presence of the weakness zones in this
section (about 4m wide) affected the behaviour of the rock mass in the excava-
tion of the western tunnel tube within a longer section than that in the excavati-
on of the exploratory gallery having the cross section 10 times smaller [Ref. 11].

CONCLUSION

It has been confirmed that, in complex tectonic conditions existing on the
western tube of the Mrazovka tunnel, an exploratory gallery can provide very
important objective information on the behaviour of so much heterogeneous
rock mass in the course of driving. However, nor here can it be expected that
the geotechnical investigation could find all dislocations, tectonic disturban-
ces and other anomalies, which affect extensively the rock mass behaviour
during the tunnel driving. Owing to the size of a road tunnel, nor an explo-
ratory gallery (whose cross section is roughly 10 times smaller in a case of
a three lane tunnel and even 20 times smaller than the cross section of
a bifurcation chamber) can prove such the complex tectonics within the
whole tunnel profile. Therefore it is necessary during the tunnel excavation
above all to accommodate the technique and the lining to the geotechnical
monitoring results, whose inseparable part is the geological-geotechnical
monitoring of the excavation.

An unquestionable advantage of the NATM is its flexibility, i.e. its ability to
be accommodated to both deteriorated and more favourable geological con-
ditions in the spirit of the observational method principles. The excavation
of the western tube of the Mrazovka tunnel, carried out in a joint action with
the monitoring in which PUDIS a.s. participated through operations of seve-
ral specialised groups, has also confirmed this fact.
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Tunel

HODNOCENI ODEZVY HORNINOVEHO MASIVU
NA RAZBU TUNELU PROSTREDNICTVIM MERENI
VE VRTECH A VE VYRUBU

ASSESSMENT OF ROCK MASS RESPONSE AT A TUNNEL
EXCAVATION BY MEANS OF MEASUREMENT IN BOREHOLES
AND IN THE EXCAVATED CAVITY

DOC. ING. ALEXANDR ROZSYPAL, CSc., ING IGOR ZEMANEK , SG - GEOTECHNIKA, a. s.

Pfi vystavbé tunelu Mrazovka v Praze se provadi komplexni kontrolni sledo-
vani (geomonitoring) odezvy systému horninovy masiv-osténi tunelu na
razbu. Tyto préce Fidi investor stavby VIS, a. s.

Stavebni Geologie GEOTECHNIKA, a. s., zajistuje souhrnné hodnoceni
vysledki véech typl meéfeni, geotechnickou supervizi a konecné provadi
nekteré vybrané typy méfeni.

V pfedlozeném &lanku se stru¢né uvadi hodnoceni nékterych vysledk( mére-
ni pretvafeni horninového masivu ve vrtech prostfednictvim extenzometri
a inklinometra.

1. SOUVISLOST CASOVEHO PRUBEHU PRETVARENI
HORNINOVEHO MASIVU S POSTUPEM RAZBY TUNELU

Toto pfetvareni je vidy zavislé na Case. Horninovy masiv, ve kterém se tunel
razi, totiz neni nikdy dokonale pruiné stejnorodé prostiedi. Kromé toho pfi
razbé tunelu dochazi ve sledovaném fezu vzdy k postupnym zménadm pole
napéti. Je to dano tim, Ze k sledovanému fezu se nejdfive misto, ve kterém
probiha piislusny technologicky krok razby, pfiblizuje a poté se zase vzdaluje.
Podstatny vliv m4 proto i rozdéleni razby do technologickych kroku. K usta-
leni pietvaieni tedy dochazi az po uréité dobé. Ta zavisi na pouZité technolo-
gii razby a budovani osténi tunelu, na vlastnostech horninového masivu a na
geometrickych okrajovych podminkach (to je na poméru hloubky nivelety
tunelu pod povrchem terénu k priiméru tunelu). Vétina z celkové hodnoty
pietvofeni probéhne obvykle do nékolika hodin po dokonéeni pfislusného
zabéru. Pokud nedojde k nezadoucimu poru$ovani horniny, tak k vyznéni inze-
nyrsky daleZitych pretvofeni dojde zpravidla do nékolika dni poté. Pietvareni
se ustaluje vidy az po dokongeni dna tunelové trouby. Tehdy totiz inosnost
osténi dosahne své pIné hodnoty. Na obr. 1 je obvykly éasovy pribéh posu-
vl kotev extenzometri a povrchu terénu pii svisiém ¢lenéni.

Z priibéhu petvafeni je dobfe patrny zasadni vliv polohy ¢elby vici fezu, ve
kterém se provadi méreni.

Velikosti pretvoreni se proto vidy musi hodnotit s ohledem na pFislu$ny krok
razby, vzdalenost méficiho mista od okamzité polohy éelby a na dobu, ktera
uplynula od dokonceni posledniho technologického kroku razby.

2. CASOVY PRUBEH PRETVARENI PO UZAVRENI DNA TUNELU

Diilezity je také ¢asovy pribéh pretvareni od okamiZiku, od kterého se jiz v sle-
dovaném fezu neméni pole zatiZzeni. V podstaté se jednd o stav, kdy se uza-
viené dno tunelu dostane do urdité vzdalenosti za méfeny fez. Obvykle Ize za
takovou vzdalenost povaZovat jeden prumér tunelové trouby. Pfi dobfe pro-
vedeném osténi, neporudeni horninového masivu razbou a v primérnych
geologickych pomérech by mélo dojit béhem nékolika dni k doznéni pfetva-
feni a k zaznamenavani méfenych velicin jiz jen s odchylkami odpovidajicimi
pfesnosti odettu. Na obr. 2 jsou pFiklady prabéhu pfirtstkd svislych posuvi
konvergencéniho bodu ve vrcholu klenby v rliznych mistech tunelu Mrazovka
od okamZiku, kdy se uzavfelo v méfeném fezu dno tunelu.

Je ziejmé, ze pfirGstky posuvl po uzavieni dna tunelu v pfipadech svislého
tlenéni ¢elby v dobrych geologickych podminkach byly pouze nékolik mm
a ustalily se velmi rychle na stejné hodnoté. Pfi vodorovném é&lenéni éelby
v poloskalnich hornindch stani¢eni 08040 bylo ale k ustaleni dotvarovani
tfeba 30 dni. Del$i doba dotvarovani téZ byla zaznamendna v misté rozpletd,
kde se plocha vyrubu pfibliovala az 300 m* a kde tudiz plsobila velké sou-
stfedéni zatizeni. Obecné pfi razbé v poloskalnich a soudrinych horninach
nebo pfi zatizeni osténi na mezi unosnosti vSak muze pietvareni probihat
jesté podstatné del$i dobu a mize dosdhnout i vétdich hodnot. Pokud béhem
této doby dochazi k zpomalovani rychlosti pretvareni, je z hlediska stability
osténi vse v pofadku. Jen je tfeba z Casového pribéhu pretvareni odvodit
extrapolaci ustalenou hodnotu sednuti a porovnat ji s projektem predepsa-
nymi meznimi hodnotami. Pokud ¢asovy pribéh ukazuje delsi dobu na stalou
rychlost pretvéreni, jednd se o velmi nebezpeény stav. PFi takovém Casovém
pribéhu mohou kdykoliv rychlosti pfetvafeni zadit rast. Tunelové osténi spolu
s okolni horninou pak muZe bezprostfedné ztratit stabilitu.

Integrated checking monitoring (geomonitoring) of the response of the rock
mass - tunnel lining system on excavation has been carried out in the course
of the Mrazovka tunnel construction in Prague. The operations have been
controlled by the owner's consultant VIS a.s.

Stavebni Geologie GEOTECHNIKA a.s. has performed the aggregate assess-
ment of the results of all measurement types, geotechnical supervision, as
well as some selected types of measurement.

The paper contains a brief summary of the results assessments of rock mass defor-
mation measured in boreholes by means of extensometers and inclinometers.

1. RELATIONSHIP BETWEEN THE TIME BEHAVIOUR OF THE ROCK
MASS DEFORMATION AND THE PROGRESSING TUNNEL EXCAVATION

This deformation is always time-dependent. This is because the rock mass,
which a tunnel is driven in, is never a perfectly resilient homogeneous envi-
ronment. In addition, progressive changes in the stress field always occur at
a monitored cross section. This is because of the fact that the place where a
particular technological step of the excavation takes place comes progressi-
vely near to the monitored cross section and then recedes progressively
again. Therefore also the division of the excavation into technological steps
has a significant influence. This means that the deformation settles after a
certain period of time. This period depends on the excavation technique uti-
lised and the application of tunnel lining, on the rock mass properties, and
geometric edge conditions fi.e. the ratio of the tunnel alignment depth under
the ground surface to the tunnel diameter). A major part of the aggregated
value of the deformation develops usually within several hours after comple-
tion of the particular advance. If no undesired rock failure occurs, the defor-
mation significant in engineering terms is over usually within several days
after. The deformation always settles only after completion of the tunnel tube
invert. Only then does the load bearing capacity of the liner reach its full value.
The usual time behaviour of extensometer borehole anchors displacement
and the ground surface movement at a vertical sequencing is shown on Fig. 1.

The fundamental influence of the position of the face as compared with the
given cross section where the measurement is being carried out is well obvi-
ous from the deformation development.

The deformation magnitude must be therefore always assessed with respect
to the respective step of excavation, the distance of the measurement locati-
on from the current location of the face, and the time, which has elapsed from
the completion of the previous technological step of excavation.

2. THE TIME BEHAVIOUR OF DEFORMATION AFTER THE TUNNEL
INVERT CLOSURE

The time behaviour occurring from the moment from which the load field at
the monitored cross section does not change any more is also important.
Basically, this is a state when the closed tunnel invert gets into a certain
distance behind the measured cross section. One tunnel tube diameter can
usually be considered to be such the distance. If the liner is built properly, the
roc mass is not broken due to the excavation work, and geological conditions
are average, the deformation should cease in several days, and deviations in
the measured values corresponding to the reading accuracy should be recor-
ded only. The Fig. 2 demonstrates examples of the development of incre-
ments of vertical displacements of a convergence point at the vault top in
various places of the Mrazovka tunnel, measured from the moment of the
tunnel invert closure at the given cross section.

Obviously, the increments of the displacements after the tunnel invert closu-
re in the cases of vertical sectioning of the face in good geological conditions
amounted to millimetres only, and they settle very quickly at a constant value.
Although, at horizontal sequencing of the face in the semi-rocky ground
occurring at chainage 08040, 30 days were needed to achieve the state of ste-
ady deformation. A longer creep time was also recorded at bifurcation cham-
bers, where the excavated area reached up to 300 m? and, due to this fact,
great concentration of the loading occurred. Although, in general, the creep
may last for a substantially longer time in semi-rock and coherent grounds or
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Obr. 1 Casovy pribéh svislych pfetvofeni v zavislosti na postupu razby ZTT Mrazovka km 4,605
Fig. 1 Time behaviour of vertical displacements depending on the WTT Mrézovka excavation progress at km 4.605

3. CASOVE PRUBEHY RYCHLOSTI PRETVARENI

Zéaznam ¢asového prabéhu rychlosti zmén hodnot sledovanych veli¢in daleko
lépe upozorni na zmény v povaze jejich casového vyvoje. Ukazuje to napfiklad
obr. 3, na kterém jsou znazornény rychlosti sedani kotev tyéového extenzo-
metru v ZTT Mrazovka ve stani¢eni km 5,107 a obrazek 4, kde jsou obdobnym
zplisobem zaznamenany hodnoty rychlosti vodorovnych pfetvofeni méte-
nych inklinometrem ve vrtu, a to na povrchu terénu a v hloubce 24 m v ZTT
Mréazovka, staniteni km 4,605.

Na obrazku 4 je zaznamenana jak souctova kfivka riistu pretvofeni v ¢ase, tak
i ¢asovy pribéh jejich rychlosti. Je zfejmé, ze &ara pribéhu rychlosti daleko
presvédciveji ukazuje zmény v povaze sledovanych veli¢in nez ¢ara souétova.
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Obr. 2 Pfiklad Easového pritbéhu dotvarovani vrcholu osténi po uzavieni dna
Fig. 2 An example of the time behaviour of the lining crown deformation
after the invert closure

in a case of a failure loading, and it can assume even higher values. If the
creep rate slows down during that time, everything is under control from the
stability point of view. It is only necessary to derive the steady value of defor-
mation from the time behaviour of the deformation by means of extrapolati-
on, and compare it with the limiting values prescribed by the design. If the
time behaviour shows the steady deformation to last for a longer time, the
condition is very dangerous. The deformation rate may start growing anyti-
me at such the time behaviour. The tunnel liner and the surrounding rock may
lose the stability on the instant.

3. TIME BEHAVIOUR OF THE CREEP RATE

A record of the time behaviour of the rate of changes in the monitored valu-
es cautions much better of the changes in the character of their time behavi-
our. It is for example shown by Fig. 3, which represents the values of the rate
of a rod-type extensometer borehole anchors settlement at the Mrézovka
WTT, at chainage km 5.107, and Fig. 4, where the values of horizontal defor-
mation rate were recorded in a similar manner (measured with an inclinome-
ter in a borehole, at the surface and at a depth of 24 m, in the Mrézovka WTT,
at chainage km 4.605).

Both the summation curve of the deformations build-up with time and the
time behaviour of their rates are shown on Fig. 4. It is obvious that the rates
development curve displays the changes in the character of the monitored
values much more convincingly than the summation curve.

4. DEVELOPMENT OF DEFORMATIONS AROUND AN EXCAVATION

a) Vertical displacements ahead of the face and after the invert closure

A certain part of the aggregate value of the vertical displacement of a monito-
red point takes place even ahead of the face, a part is connected with the side-
wall tunnels passing (at the vertical sequence), a part when the top heading
passes, and the remaining part after the invert passing. The mutual ratio of
those values depends on a series of factors. Primarily it is the excavation tech-
nique, the rock mass quality, and the ratio of the tunnel diameter to the depth
of the tunnel alignment under the surface. Unfortunately, the number of mea-
surements carried out on the monitored tunnels was not sufficient so that the
influence of those factors and their interrelation could be determined explicitly.
Though, the scopes of values, which can be expected in similar geological con-
ditions and at the same excavation technique, follow from the tables below.



s 11. ROCNIK, ¢&. 2/2002

4. VYVOJ PRETVARENI KOLEM VYRUBU

a) Svislé posuvy pfed &elbou a po uzavieni dna

Z celkové hodnoty svislého posunu sledovaného bodu prob&hne uréita éast
jesté pfed ¢elbou, Edst souvisi s prichodem boénich tunel( (pfi svislém éle-
néni), East pfi prichodu kaloty a zbytek po prichodu dna. Vzajemny pomér
téchto hodnot zavisi na Fadé Ginitell. Hlavné se jedna o technologii razby,
dale o kvalitu horninového masivu a o pomér priiméru tunelu k hloubce jeho
nivelety pod povrchem. Poéet provadénych méfeni na sledovanych tunelech
nebyl bohuzel dostateény, aby se mohl vliv téchto &initel(l a souvislost mezi
nimi urgit jednoznaéné. Nicméné z nasledujicich tabulek vyplyvaji rozsahy
hodnot, které Ize v obdobnych geologickych pomérech pfi stejné technologii
razby ocekavat.

Lze shrnout, Ze do priichodu &elby vétsinou odezni pfiblizné 5 az 10 % z cel-
kové naméfené hodnoty sedani v sledovaném fezu. Nejvétsi &ast odezni pfi
priichodu kaloty. Ta obvykle spotfebuje 60 aZ 70 % z celkové hodnoty sedani.
Jadro a dno se podéli o zbytek.

b) PodéIné poklesové kotlina

Predstih svislych pfetvofeni povrchu terénu pfed Eelbou maze byt pomérné
znacny. Zavisi hlavné na zplsobu Elenéni &elby. PH vodorovném élenéni je
tento pedstih vétsi nez pfed prvnim bo&nim tunelem pfi svislém &lenéni
celby. Pokud bychom ale umistili srovnavaci fez do mist, kde je jiz vyrub pfi
svislém Elenéni elby zcela vyrazen, tak pak celkovéa délka poklesové kotliny
pred takovym Fezem bude diky celé fadé dfléich éeleb a technologickych
krok(i vzdalenych od sebe vétsi a jeji sklon tak bude mensi. Celkova hodnota
svislého sednuti ve sledovaném fezu bude ale mensi. Priklad vyvoje skionu
poklesové kotliny pfi vodorovném ¢&lenéni éelby ZTT Mrazovka ve stanigeni
km 5,180 - 5,065 {v blizkosti severniho portélu) je na obr. 5.

Z obrazku vyplyva, e délka poklesové kotliny pred mistem, ve kterém byla
pravé vyrazena kalota, kolisala mezi 25 az 15 m. Priimér tunelové trouby byl
14 m a odpovidaijici svislé sednuti povrchu terénu bylo asi 140 - 210 mm. Po
prechodu na svislé clenéni celby byla délka poklesové kotliny prodiouzena
o celou pracovni frontu prislusejici vyraieni levého a pravého boéniho tune-
lu. Odpovidajici svisla sednuti byla ale men3i a i dosazené sklony podélnych
i pfignych poklesovych kotlin byly proto daleko pfiznivéjsi.

A conclusion can be made that up to 5 to 10% of the aggregate measured
value of the settlement at a monitored cross section takes place before the
face passage. The major part takes place at the top heading passing. This part
usually cuts 60 to 70% from the aggregate settlement. The bench and invert
share the remaining part then.

b) Longitudinal settlement trough

The advance of vertical deformation of the terrain surface ahead of the face
can be relatively great. It mainly depends on the manner of the face excava-
tion sequencing. At a harizontal sequence, this advance is bigger than that
ahead of the first side-wall tunnel at a vertical sequencing of the face.
Although, if we establish reference cross sections in such places where, at the
vertical sectioning, the opening has already been completely excavated, the
overall length of the settlement trough ahead of such the section will be,
owing to a number of partial headings and technological steps distant from
each other, greater, thus its gradient will be smaller. However, the aggregate
value of the vertical settlement at the monitored section will be smaller. An
example of the development of the settlement trough at horizontal sequen-
cing of the Mrézovka WTT face at chainage km 5,180 - 5.065 (in the vicinity of
the North portal) is shown on Fig. 5.

It follows from the picture that the length of the settlement trough ahead of
the location where the top heading had just been excavated fluctuated bet-
ween 25 to 15 m. The tunnel tube diameter was 14 m, and the corresponding
vertical subsidence of the ground surface was about 140 - 210 mm. After the
transition to the vertical sequencing of the face, the settlement trough length
extended by a complete working front consisting of the left and right side-
wall tunnels excavation. Although, the corresponding vertical settlements
were smaller, therefore the gradients of the longitudinal and transversal sett-
lement troughs were much more favourable.

c) Transversal settlement trough

The course of transversal settlement troughs can be approximately calculated
from the ground volume loss theory. According to this theory, the area cor-
responding to the overall convergence inside the opening corresponds to the
area delimited by the original and settled terrain surface after the excavation
passage. The theoretical course of the settled surface can be calculated using
the equations of the Gaussian curve. So the development of settlement
troughs at an excavation of a real tunnel can be forecast using the knowled-
ge of the convergence magnitude and of the caurse of the settlement trough
at exploratory galleries. An example of such a forecast is on Fig. 6.
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Obr. 3 Priibéh rychlosti sedani vrcholu klenby osténi ZTT Mrazovka ve stanigeni km 5,107
Fig. 3 Time behaviour of rate of the WTT Mrazovka lining vault crown settlement at chainage km 5.107
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Fig. 4 Measurment of horizontal displacement using an inclinometer at the ground surface and at a depth of 24 metres on the Mrdzovka WTT,

at chainage of 4.605



s

7 11. ROCNIK, ¢. 2/2002

c) pfiéna poklesova kotlina

Priibéh pfitnych poklesovych kotlin Ize pfiblizné vypoéitat z teorie objemové
ztraty horniny. Podle ni plocha odpovidajici celkové konvergenci do vyrubu
odpovida plose vymezené plivodnim a pokleslym povrchem terénu po projiti
razby. Pfitom teoreticky prib&h pokleslého povrchu terénu Ize vypogitat
s vyuZitim rovnic Gaussovy kfivky. S vyuZitim znalosti velikosti konvergence
a prilbéhu poklesové kotliny u prizkumnych &tol tak Ize pfedpovédét vyvoj
poklesovych kotlin pfi razbé skute¢ného tunelu. Piiklad takové predpovédi je
na obr. 6.

Z ptikladu, ktery je ukazan pro staniceni km 4,603, vyplyva velmi dobra shoda
pfedpovézeného a zméfeného pribéhu poklesovych kotlin, kterou se na stav-
bé tunelu Mrazovka dafilo dosahovat.

U poklesovych kotlin je u meznich hodnot pfedepisovanych projektem stavby
kvlli ochrané dotéenych nadzemnich objektd dileZita jejich &itka, nejvétsi
sklon v inflexnim bodé a nejvétsi hodnota svislého sednuti.

d) Vyznam okamiZiku a zplisobu uréovani svislych sedani vrcholu klenby tunelu.
Nejvétsi dovolena hodnota pfetvofeni byva projektem pfedepsana nejen pro
sednuti povrchu terénu, ale i pro svisly posuv osténi tunelu.

Pfi hodnoceni svislych sednuti osténi je tieba vzit v Uvahu zpdsob, dobu
i misto jejich odectu. Pokud se vychézi pouze z méieni konvergenéniho, nelze
celkovou hodnotu svislého sednuti uréit. Jeho vétsi éast totiz probéhne dfive,
neZ mohou byt konvergenéni body osazeny a zméeny. Ukazuje to nasledujici
obrazek 7. Na ném jsou porovndvany svislé hodnoty sednuti vrcholu osténi
tunelu v kaloté a v pfednim boénim tunelu uréené méfenim optickou konver-
genci a hodnoty sedani spodnich kotev v extenzometrickych vrtech ve stejném
staniceni vrtanych z povrchu terénu do mist asi T m nad vrchol klenby v kaloté.

Vzdélenost od portalu ZTT [m]
Distance from the WTT portal

A very good agreement between the forecast and measured course of the
settlement troughs, achieved successfully on the Mrézovka tunnel constructi-
on, follows from the above example, shown for the chainage km 4.603. For
settlement troughs, the limiting values prescribed by the design because of
the protection of aboveground structures are the width, the greatest gradient
at the inflex point, and the highest value of the vertical subsidence.

d} The importance of the moment and manner of determination of vertical
settlements of the tunnel vault crown.

The highest allowable value of deformation is usually prescribed by the
design not only for the ground surface settlement, but also for the vertical
displacement of the liner.

When assessing vertical settlement, the manner, time and location of the rea-
ding has to be taken into consideration. If a convergence measurement is the
only basis, the total vertical settlement value cannot be determined since its
larger part takes place before the convergence points can be installed and
measured. This is displayed on the following Fig. 7. Vertical values of the tun-
nel lining crown at the top heading and the front side-wall tunnel determined
by the optical convergence measurement are shown in the picture, as well as
the values of settlement of the bottom anchors in extensometer boreholes
drilled in the same chainage from the ground surface to places about 1 m
above the vault crown at the top heading.

It is obvious from the picture that the difference between the settlement of the
last (longest) anchors of the extensometer, which were positioned about T m
above the tunnel roof, and the convergence points positioned at the liner sur-
face under those anchors, amounted up to 70% of the total settlement value at
an extreme case. If we do not neglect the extrapolation of the value measured
on the last (longest) extensometer anchor to the liner surface, this share will
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Obr. 5 Pribéhy podéinych poklesovych kotlin ZTT Mréazovka pfi vodorovném &lenéni ve stani¢eni km 5,180 - 5,065
Fig. b The course of the Mrdzovka WTT longitudinal settlement troughs at horizontal sequencing, at chainage km 5.180 - 5.065

Objakt modiitabny

75m 7,5m M0m 75m 10m 125m 6m ﬂmnguhouse
T | E— :— I povrch terénu
- ~ I =
Ry - I
—] t- X I-
E 1 I
E I — |l W il B o B
= i i
& 1
hel +
[ — -
@ iy
“36:imm | ‘
v . . ! i -
40 30 20 10 : 10 30 40 [m]
<4+— . osa tunelu —

skuteéné sednuti povrchu
=— po prajiti bo€nich tunelt
actual settlement after
the side-wall drifts passage
skute€né sednuti povrchu
po dokongenl kaloty
T actual sattlement after
the top-heading completion

prognéza sednuti povrchu
= surface settlement prognosis

skutedné sednuti povrchu
po dokonéeni dna ZTT
actual settlement after
the WTT invert completion
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Fig. 6 Actual and forecast courses of transversal settlement troughs at the
Mrdzovka WTT, chainage km 4.603
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Obr. 7 Rozdil pfi uréovani svislého pietvofeni vrcholl osténi tunelu pro
stfednictvim konvergenénich méfeni a extenzometry

Fig. 7 The difference at the determination of vertical deformation of the tunnel

lining crowns by means of convergence measurements and extensometers
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Z obréazku je zfejmé, ze rozdil mezi sednutim poslednich kotev extenzometru,
které byly umistény asi 1m nad strop tunelu, a konvergenc¢nimi body umisté-
nymi na povrchu osténi pod témito kotvami, ¢inil v krajnim pfipadé az 70 %
z celkové hodnoty sedani! Pokud bychom nezanedbali extrapolaci zmérené
hodnoty posledni kotvy extenzometru na povrch osténi, byl by tento podil
jesté vétsi. Konvergencéni body osazené ve vrcholu kleneb v prvnich boénich
tunelech vykazaly sednuti o néco vétsi, presto v8ak pouze v rozsahu asi 45 aZ 60 %
z celkové hodnoty sedani zaznamenané extenzometry. Provadét extenzome-
trické vrty z tunelu za uéelem vystizného uréovani pretvoreni horninového
masivu kolem tunelové trouby proto neni Ucelné. Tento zplisob méfeni lze
vyuzit jen tam, kde z povrchu vrtat nelze, a kdyz méfeni ma i jiny cil nez jen
méfit skuteéné hodnoty pretvofeni horninového masivu, napfiklad uréeni roz-
sahu rozvolnéné oblasti kalem vyrubu, sledovat celkovou stabilitu vyrubu atp.
Z rozboru obr. 7 vyplyva i dalsi zavér. Z hodnoceni svislych posuvi kotev
extenzometr( v jednotlivych drovnich Ize stanovit i pribéh pretvofeni horni-
ny smérem od vyrubu. Obvykle pfirlstky pfetvoreni plynule smérem od vyru-
bu k povrchu terénu klesaji. Pfikladem jsou méfeni ve stani¢enich ZTT km
4,945, 4,603, 4,490 a ve VTT km 14,913. Pokud je vyvoj pietvofeni pretrzity, je
tfeba stanovit jeho pfi¢iny a promitnout je do zpisobu pogitani tloustky osté-
ni. Takovy stav nastal napfiklad ve ZTT Mrazovka km 5,107. Priibéh pietvofe-
ni v tomto rezu je podrobnéji ukazan na obr. 8.

Z obrédzku 8 je vidét pretrZity pribéh pretvaieni horniny. Nejvétsi pomérna
pfetvofeni probéhla v trovni asi 12 m nad vrcholem tunelu, a to v misté, kde
celkova hloubka vrcholu klenby tunelu pod povrchem terénu byla okolo 34 m.
Nejvétsi sednuti bylo v tomto misté 290 mm a tunelové osténi se zde zabofo-
valo do poévy témér jako celistvy blok.

pomérné pfetvofeni kazdé 2 m mocné
vrstvy horniny
relative deformation of each 2 m

be even higher. Convergence points installed at the crown of the vaults in the
initial side-wall drifts exhibited a settlement a little bit higher, although within
a range of about 45 - 60% of the total settlement value recorded by extenso-
meters. It is therefore unreasonable to carry out the extensometric boreholes
drilling from within the tunnel if we wish to identify the rock mass deformati-
ons around a tunnel tube. This way of measurement can be utilised in the pla-
ces where drilling from the ground surface is impossible and when also anot-
her aim of the measurement exists than to measure actual values of the rock
mass deformation, e.g. identification of the size of the loosened area around
the excavation, observation of the overall stability of the excavation, etc.
There is also another conclusion following from an analysis of Fig. 7. The eva-
luation of vertical displacement of extensometer anchors at particular levels
can serve in the determination of the development of the rock deformation in
the direction from the excavation. The deformation increments usually conti-
nuously decrease in the direction from the opening to the ground surface.
The measurements from the WTT chainages km 4.945, 4.603 and 4.490, and
the ETT chainage km 14.913 are good examples. If the deformation develop-
ment is discontinuous, it is necessary to identify the reasons and introduce
them into the methods of the lining width calculation. Such a state occurred
for example on the Mrézovka WTT, km 5.107. T. The deformation develop-
ment at this cross section is shown in a more detailed manner on Fig. 8.

The discontinuous development of the rock deformation is shown on Fig. 8.
The highest relative deformation took place about 12 m above the tunnel
crown, at a place where the overall depth of the tunnel vault crown under the
ground surface was about 34 m. The biggest settlement at this location
amounted to 290 mm, and the tunnel liner was sinking into the invert nearly
as a compact block.

pfetvofeni kaZzdé vrstvy 2 m mocné horniny
deformation of each 2 m thick rock layer
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Obr. 8 Pretrzity pribéh prirGistkd svislych pfetvofeni podél extenzometrického vrtu ZTT Mrazovka ve staniéeni km 5,107
Fig. 8 Discontinuous development of the increments of vertical deformation along the extensometer borehole on the Mrézovka WTT at chainage km 5.107
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5. ODEZVA NA KOMPENZACNI INJEKTAZ

Mé&fenim v extenzometrickych vrtech lze téz spolehlivé sledovat priibéh kom
penzatni injektaze uvnitf horninového masivu. Pfikladem takového sledovani
jsou vysledky mé&feni ve stani¢eni km 4,859 - Ostrovského, které jsou ukazany
na obr. 9.

Z obrazku je zfejmé, Ze kotva extenzometru, ktera byla umisténa nad injekto-
vanou vrstvou, sledovala zvedani povrchu terénu, zatimco ostatni kotvy
extenzometru, umisténé pod injektovanou vrstvou, byly naopak zatlatovany
dold. Z obrazku je té7 zfejmy uginek injektaZe na snizeni celkové hodnoty sed4-
ni po priichodu kaloty. To by bez kompenzaéni injektaze bylo nepochybné vétsi,
Zvednuti povrchu terénu i horni injektované vrstvy bylo okolo 15 a# 17 mm.
Na dalim obr. 10 jsou vidét zmény pfi¢né poklesové kotliny povrchu terénu
a svisla sednuti kontrolnich bod umisténych na budovéach v sledovaném
fezu pfed a po "kompenzaéni injektazi".

Z tohoto rozboru Ize ucinit nasledujici zavéry:

+ Sedani objektl mé zejména v nékterych Usecich dosti odlidny pribéh od
sedani povrchu terénu. Tykd se to jak celkovych hodnot sednuti, tak i pomér-
ného sednuti. Dlvod je tieba hledat piedevsim ve znadné tuhosti stavebni
konstrukce, jejiz pfetvofeni proto nesleduje bezprostiedné sedani povrchu
Uzemi v blizkosti objektti. K tomu je tieba pfihlédnout pfi navrhovani meznich
hodnot varovnych stav(i pro pribéh poklesovych kotlin.

* Povrch Gzemi se kompenzaéni injektazi zved| celkem rovnomérné. To svédéi,
Ze injekta? jako takova byla provadéna dobie.

+ Zvednuti objektl bylo sice dosazeno, ne v8ak ve véech Usecich doslo ke
zlepden( kritéria o nejvétsim moiném povoleni sklonu poklesové kotliny,
neboli hodnoty pomérného sednuti (1:700). Stiedni ¢ast objektu Ostrovského
19 byla zvednuta do té miry, Ze toto kritérium bylo provedenim "kompenzaé-
niinjektaze" naopak vyrazné zhoreno a sklony se zvétsily na samotnou povo-
lenou hranici. U zbytku budovy ke zlepgeni tohoto kritéria v podstaté nedoslo,
a¢ byl objekt zvednut primérné o 17 mm. Ukézalo se tak, 7e "kompenzaéni
injektaz" provadéna az dodatetné po piedchazejicim poklesu objektd nema
pfili§ velky vyznam a mUiZe naopak pfinést zhorseni statického stavu zveda-
nych objektd. Tento zavér potvrdil i rozbor méfeni pfetvarného chovani
samotnych zvedanych objekti.

5. RESPONSE ON COMPENSATION GROUTING

The course of compensation grouting inside the rock mass can also be reli-
ably monitored by means of the measurement with borehole extensometers.
As an example of such the monitoring, we can mention the results of measu-
rement at chainage km 4.859 - Ostrovského Street, shown on Fig. 9.

It is obvious from the picture that the extensometer anchor placed above the
grouted layer followed the ground surface lifting, while, on the contrary, the
other extensometer anchors placed under the grouted layer were pressed down.
The impact of the grouting on reduction of the total value of settlement after the
top heading passage is also obvious from the picture. Undoubtedly, this would
have been higher without the compensation grouting. The ground surface and
the upper grouted layers were lifted by about 15 to 17 mm. The other Fig. 10 dis-
plays the changes in the transversal settlement trough at the ground surface and
vertical settlement of control points installed on the buildings found in the moni-
tored cross section before and after the compensation grouting.

Following conclusions can be made on the basis of this analysis:

« The settlement of structures, especially in some sections, develops in a rather
different manner than the ground surface settlement. This applies both to the
aggregated values of seftlement and the relative settlement. The reason must be
sought for primarily in the significant toughness of building structures, whose
deformation for that reason does not follow the ground surface settlement in the
vicinity of the buildings immediately. This fact has to be taken into consideration
in the process of designing the limiting values of warning states for the develop-
ment of settlement troughs.

* The compensation grouting lifted the area surface quite evenly. This is a
proof that the grouting proper had been carried out well.

+ Although the buildings were lifted, the criteria regarding the highest allo-
wable gradient of the settlement trough, i.e. the value of the relative settle-
ment (1:700), were not improved in all sections. On the contrary, a central part
of the Ostrovského No.19 building was lifted so much that the above eriteri-
on deteriorated significantly and the gradients increased up to the allowable
limit due to the "compensation grouting". In substance, no improvement of
this criterion appeared at the remaining part of that building despite the fact
that the building was lifted by 17mm at an average. This was a proof that the
"compensation grouting" carried out subsequently after a preceding subsi-
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Obr. 10 Nepfiznivy dUsledek provadéni kompenzatni injektaze v km 4,859
Fig.10 Adverse consequence of the compensation grouting at km 4.859
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6. SHRNUTI ZISKANYCH POZNATKU

Technické poznatky lze shrnout do nasledujicich bodi:

1. Priib&h pretvafeni systému osténi-hornina béhem razby tunelu je rozlozen
do ¢asu. Casovy prlibéh zévisi predeviim na krokovani razby, béhem kterého
se méni v sledovaném fezu pole napéti s pfiblizovanim a postupnym se vzda-
lovanim se celeb.

2. V horninovém prostiedi, ve kterém se razily sledované tunely, byla pre-
tvofeni jesté pred Eelbou mezi 10 az 15 % z celkové hodnoty pretvofeni,
Dotvarovéni, to znamena pietvofeni po dotézeni a uzavieni dna, nedosahovalo
zpravidla vice ne? 10 % z celkové hadnoty pfetvoreni. K ustaleni pfetvafeni po
uzavieni dna dochazelo v rozhodujicim pottu pfipadd béhem nékolika dnd.
Po uplynuti dvou aZ ti tydnd uZ inzenyrsky vyznamné pfetvofeni nenastava-
lo. (Tento zavér nemusi platit pro jiné tunely, raZené v podstatné vétsich
hloubkach a v stlaéitelnych, napfiklad jilovitych horninéch.)

3. Velmi zavainé, i kdyZ logické a oekavané, je zjisténi, ze svisla pfetvofeni
horninového masivu okolo tunelového osténi zjisténa konvergenénim mére-
nim jsou podstatné mensi nez naméfené hodnoty svislého pfetvofeni zjisté-
ného extenzometrickym méfenim z povrchu vrtanych vrtl v témie misté.

4, Znamena to, Ze konvergenéni méieni Ize sice dobfe pouZit pro kontrolu
stability osténi, jsou vak naprosto nepouZitelna jako vstupy do zpétnych
vypoét, jejichz cilem je korigovat geomechanicky model a uréit vstupni para-
metry vystiiné reprezentujici horninovy masiv do matematického modelu.
Dal$im z toho vyplyvajicim pougenim je, Ze extenzometry navrhované do vrtt
vrtanych z tunelu daji stejné neli vice zkreslené vysledky. Lze jimi urcit dosah
oblasti, ve které kolem tunelu dochézi k pfetvafeni, nikoliv véak skutetné hod-
noty pfetvoreni.

5. Méfeni potvrdila pfedpokliad, ze kompenza&ni injektaz provddéna az doda-
tecné po sednuti objektd, které se maji zvedat, neni pro statickou stabilitu
povrchovych objektd pfinosem, naopak mizZe vést ke zhorSeni pro né pfede-
psanych kritérii (pomérna sednuti sousednich nosnych prvku).

6. Zmérené Sitky poklesovych kotlin v hornindch, ve kterych se tunely razily,
jsou okolo 100 az 140 m.

7. Pii stanoveni varovnych stavit pietvofeni osténi tunelu, pro jejichz kritéri-
um se pouziva svislé sednuti osténi, je tfeba jednoznaéné uréit, pro jaky stav
razby, zpUsob, ¢as a misto méfeni je kritérium uréeno.

® SATRA, spol. s r.o.

adresa : Sokolskd 32, 120 00 Praha 2 - CZECH REPUBLIC
telefon : (+420) 2 96 337 111
fax : (+420) 2 96 337 100
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dence of buildings is not much important, and can cause deterioration of the
structural condition of the buildings being lifted up.

6. SUMMARY OF THE GAINED KNOWLEDGE

The technical knowledge can be summarised in the following items

1. The development of deformation of the liner-rock system during the tunnel
excavation is distributed over a time. The time behaviour depends primarily
on the excavation steps, during which the stress field in a monitored cross
section changes with the partial faces getting closer and shifting away.

2. The deformations ahead of the excavation face reached 10% to 15% of the
total deformation value in the rock environment that the tunnels were driven
in. The creep, i.e. the deformation after completion of excavation and the
invert closure, usually did not reach over 10% of the total deformation value.
In most cases, the deformation process steadied after the invert closure in
several days. No technically significant deformation occurred when two to
three weeks had passed (this conclusion does not have to be valid for other
tunnels driven in substantially bigger depths and in compressible grounds,
e.g. in clayey ground).

3, Very serious, even if logical and expected, is the finding that vertical defor-
mations of a rock mass around a tunnel lining determined by the convergen-
ce measurement are substantially smaller than the measured values of verti-
cal deformation determined by the extensometric measurement in boreholes
drilled from the surface in the same place.

4, This means that the convergence measurements can be well utilised for
checking on the lining stability, but they are absolutely unusable as data for
back analyses, whose purpose is to adjust the geomechanical model, and
determine input parameters well representing the rock mass. Another lesson
learned is the fact that extensometers designed into boreholes drilled from
within the tunnel give the same, if not more distorted results. They can iden-
tify the extent of the area around the tunnel where deformations occur, but
not the actual deformation values.

5. The measurements have confirmed the assumption that the compensation
grouting carried out consequently, when the buildings to be lifted have seft-
led, is no contribution in terms of structural stability of surface buildings. On
the contrary, it can cause deterioration of the criteria prescribed for them
(relative settlement of neighbouring load bearing elements).

6. The measured widths of settlement troughs in rocks that the tunnels were
driven in amount to about 100 to 140 m.

7. In the process of determination of the tunnel lining warning deformation
states for which the lining vertical settlement criterion is used, it is necessa-
ry to determine explicitly which excavation condition, manner, time and place
of the measurement the criterion applies to.
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PROJEKCNI A INZENYRSKA FIRMA S DESETILETOU TRADICI

Nabizime komplexni projektove,
predprojektové, inZenyrské a
architektonické sluzby, od investi¢niho
zaméru az po kolaudaci a vyhodnoceni
zkugebniho provozu obcanskych,
primyslovych a inZenyrskych staveb

PFi realizaci zakazek uplatriujeme
aktivni pristup k zakaznikovi.

Méme zdjem na dokonceni kazdé
zakazky, proto vzdy

poskytujeme komplexni sluzby,

s diirazem na vysokou uroven kvality.
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ZAJISTENI NADZEMNI ZASTAVBY
NAD TUNELEM MRAZOVKA

PROTECTION OF ABOVE-GROUND BUILDINGS
ABOVE THE MRAZOVKA TUNNEL

ING. JOSEF DVORAK, ING. PETR TETEK - SATRA, s. r. o.

1. POPIS TUNELU MRAZOVKA A GEOLOGICKYCH POMERU

1.1 Popis tunelu Mrazovka

Tunel Mrazovka je soucasti stavby méstsky okruh v Useku Radlicka -
Strahovsky tunel (MO-RAST) v Praze. Tunel je tvofen dvéma tfipruhovymi
troubami, zdpadni tunelovou troubou (déle jen ZTT) a vychodni tunelovou
troubou (dale jen VTT). Jak ZTT, tak i VTT se v razenych tunelovych rozple-
tech déle vétvi na dvoupruhovou a jednopruhovou troubu (vétev A a vétev
B). U severniho portalu navazuji oba tunely na pfemosténi Plizefiské ulice,
spojujici tunel Mrazovka se Strahovskym tunelem. Smérem k jihu trasa
tunell podchazi vrch Mrazovka a déle pokraéuje pod husté zastavénym lze-
mim mezi ulicemi Ostrovského, U Nikolajky, U Santosky, Bieblova a Na
Doubkové. Na jihovychodnim konci trasa tuneld podchazi Pavi vrch.
Dvoupruhové tunely ZTT i VTT podchazeji ulici Radlicka a vyustuji do hlou-
benych tuneld, zatimco jednopruhové vétve A a B vyulstuji na povrchu do
ulice Radlicka.

K razenym objektiim pod zastavbou pati je$té tunelové propojky, erpaci
stanice vody, trafostanice a strojovna vzduchotechniky s vétraci achtou,
umisténa pod Pavim vrchem.

Rozméry obou hlavnich razenych tfipruhovych tunell, které podchazeji
zéastavbu, jsou: $itka vyrubu 16,62 m, vy$ka vyrubu 12,50 m a plocha vyru-
bu 165,00 m>.

1.2 Geologické poméry, vy$ka nadlozi
Razba tunelu probiha v horninach prazského ordoviku, které jsou zastoupeny
letenskymi bfidlicemi monotdnniho a flySového vyvoje, liberiskymi biidlicemi

1. DESCRIPTION OF THE MRAZOVKA TUNNEL AND GEOLOGICAL
CONDITIONS

1.1 Description of the Mrazovka tunnel

The Mrazovka tunnel is part of the construction of the Prague City Ring Road
project located in its section between Radlicka Street and the Strahov road
tunnel (CRR-RAST). The tunnel consists of two three-lane tubes, i.e. the wes-
tern tunnel tube (WTT) and eastern tunnel tube (ETT). Both the WTT and ETT
branch out in mined bifurcation chambers to double-lane and single-lane
tubes (the branch A and branch B). The two tunnels are connected to a brid-
ge over Plzenska Street, interconnecting the Mrazovka and Strahov tunnels.
To the south, the route of the tunnels passes under Mrazovka Hill, and furt-
her continues under a densely developed area bordered by Ostrovskeho,
U Nikolajky, U Santosky, Bieblova and Na Doubkove streets. The southeas-
tern end of the route passes under Pavi Hill. The WTT and ETT double-lane
tunnels run under Radlicka street and lead to cut and cover tunnels, while
the single-lane branches A and B emerge at the surface in Radlicka street.
There are other structures mined under the surface development, namely
cross passages, a water pumping station, a transformer station, and a venti-
lation plant room with a ventilation shaft, located under Pavi Hill.

The dimensions of the both main mined three-lane tunnels passing under
the surface development are as follows: excavation width 16.62 m, excavati-
on height 12.50m, excavated area 165.00 m’.

1.2 Geological conditions, overburden depth
The tunnel has been excavated in the Prague Ordovician formation, repre-

-

Obr. 1 Schematicka situace razenych tunel( s bloky nadzemni zastavby a vyznaGenim poklesové oblasti
Fig. 1 Diagramatic layout of the mined tunnels with the above-ground development blocks and the settlement zone marking
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a fevnickymi kfemenci. Pokryvné Utvary tvofi deluvialni sedimenty a navazky.
Minimalni nadlozi, kromé portalovych Usek’, je nad ZTT 16,0 m v ulici
Ostrovského, z toho 9,0 m je skalni nadlozi, minimalni nadlozi nad VTT je
15,0 m v ulici Bieblova, z toho 13,0 m je skalni nadlozi.

Razba ZTT byla ukoncena v poloviné roku 2001, v poloviné roku 2002 bude
ukoncena razba VTT.

2. VELIKOST POKLESOVE KOTLINY

2.1 Predpokladana Sitka poklesové kotliny

Sitka poklesové kotliny v izemi se zastavbou byla stanovena na 50,0 m na
obé strany od osy ZTT a 45,0 m od osy VTT. Vzdalenost mezi osami tunell
je 35 m, celkova &itka poklesové kotliny byla stanovena na 130 m. Z této pro-
gndzy vyplyvalo i mnoZstvi nadzemnich objekt(, které se nachazeji v pokle-
sové zoné. Jedna se celkem o 70 objektd.

2.2 Tunelovaci metoda, predpokladana velikost poklesu

Geologické podminky, pozadavky na prostorové feseni tuneld a v neposled-
ni fadé i existence rozsahlé nadzemni obytné zastavby vedly k volbé tune-
lovaci metody. Byla zvolena Nové rakouskd tunelovaci metoda (NRTM), pfi
které je moiné pruiné reagovat na zmény geologickych pomérl, ménit
tloustku osténi a vystrojeni tunelu, dle potfeby provadét zménu &lenéni
vyrubu a realizovat rlizné profily tunell atd. V prvnim Useku razby tunelu
pod vrchem Mrazovka bylo zvoleno horizontalni ¢lenéni vyrubu, pfi kterém
se v8ak nepodafilo omezit deformace povrchu terénu na pfijatelnou mez.
Pro aseky tunelu pod zastavbou bylo proto ¢lenéni vyrubu zménéno z hori-
zontaIniho na vertikalni, pfi kterém se nejdfive razi bo&ni diléi tunely o plose
vyrubu 40 aZ 45 m? nésleduje razba kaloty a uzavirani dna tunelu.

Pro razbu tuneld byly stanoveny deformaéni kritéria, maximéalni deformace
povrchu terénu nad osou tunelt 60 mm a maximalni nerovnomérna defor-
mace 1:800.

2.3 Dalsi opatieni v podzemi ke snizeni deformaci

Uplatnéni pouze metody NRTM za danych podminek nebylo moZné bez pro-
vedeni dopliujicich opatfeni v podzemi i v nadzemni zastavhé.

Dopliujici opatieni byla realizovana predevsim v technicky naroénych Use-
cich razby ve zhorSenych geologickych podminkach, jako jsou severni por-
talovy Usek a zejména Useky s nadzemni zastavbou s minimalnim nadlozim
v oblasti ulic Ostrovského a Na Doubkové.

Byly navrieny zpeviiovaci (sanaéni} injektaze horninového prostfedi, vodo-
rovné mikropilotové ochranné destniky systému BOODEX nad kalotou tune-
lovych profili a kompenzaéni injektaze provadéné ze $achet hloubenych
z povrchu {v Ostrovského ulici).

3. POPIS NADZEMNI ZASTAVBY NAD TUNELEM

3.1 Druhy budov nad tunelem, stafi budov
Budovy, které se nachézeji v poklesové kotliné tuneld, jsou vétsinou obytné
budovy v blokové zéstavbé, nebo obytné budovy (vily) samostatné stojici,
dale 8kola, kancelarské budovy a kostel. Budovy lze rozdélit do nékolika sku-
pin podle jejich stafi a konstrukce:
Prvni, nejvétsi skupinu tvoii budovy postavené na poéatku 20. stoleti. Jedna
se vesmés o obytné (¢inZovni) domy fadové nebo rohové, podsklepené po
celé plode, se tyfmi nadzemnimi podlazimi, nékteré s nastavbou 4. patra.
Konstrukce i dispoziéni uspofadani téchto budov odpovida pozadavkim sta-
vebniho ¥4du pro Velkou Prahu z roku 1886. Popis konstrukce téchto budov
je uveden déle v textu. V tomto obdobi byly podobné postaveny také nékte-
ré ¢inzovni vily.
Druhou skupinu tvofi star$i obytné budovy postavené na konci 19. stoleti.
Vzdalenost osy tunelu (m)
Distance from the tunnel axis
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Obr. 2 Pfedpokladané poklesy terénu v Ostrovského ulici od raiby ZTT
Fig. 2 Anticipated surface settlement in Ostrovskeho Street due to the WTT
excavation

sented by the Letna shales of both the monotone and flysch types of evolu-
tion, the Letna shales and Revnice quartzites. The cover consists of diluvial
sediments and made ground.

The minimal overburden depth, excepting the portal sections, is above the

'WTT in Ostrovskeho Street. It amounts in total to 16.0m, with 9.0m of rock

cover. The minimal overburden depth above the ETT is in Bieblova Street,
amounting to 15.0m, with 13.0m of the rock cover. The WTT excavation was
finished in mid-2001, the ETT excavation is due for completion in mid-2002.

2. THE SETTLEMENT TROUGH SIZE

2.1 Anticipated width of the settlement trough

The width of the settlement trough in the developed area was determined to
be 50.0m and 45.0m on both sides from the WTT and ETT centre lines res-
pectively. The distance between the centre lines of the tunnels is 35 m, the
overall width of the settlement trough was determined to be 130m. The num-
ber of above-ground structures found in the settlement zone was derived
from this prognosis. In total, there are 70 structures existing in this zone.

2.2 Tunnelling method, anticipated settlement magnitude

The geological conditions, requirements on the spatial solution of the tun-
nels, and, at last but not least, the existence of large surface residential deve-
lopment affected the tunnelling method selection. The New Austrian tunnel-
ling method (NATM) was chosen, which allows a flexible reaction on chan-
ges in geological conditions, alteration of the lining thickness and the tunnel
support configuration, modification of the excavation sequence as needed,
and realisation of various tunnel profiles, etc. A horizontal sequence of exca-
vation was adopted for the first section of the tunnel drive under Mrazovka
Hill. Unfortunately, this method failed to keep the surface deformation under
an acceptable limit. Therefore, for the tunnel sections mined under the sur-
face development, the horizontal excavation sequence was changed to a ver-
tical sequence consisting of a prior excavation of sidewall drifts with an
excavated area of 40 to 45 m?, followed by the bench excavation and invert.
Deformation criteria were specified for the tunnel excavation, i.e. a maxi-
mum surface deformation of 60 mm above the centre line of the tunnels, and
maximum irregularity of deformation 1:800.

2.3 Other measures in the underground adopted to reduce deformations
Considering the given conditions, it was impossible merely to apply the
NATM, without implementation of supplementary measures in the underg-
round and in the above-ground structures. The supplementary measures
were realised above all at technologically challenging sections of the exca-
vation, in deteriorating geological conditions, for example at the northern
portal section or along the sections with existing buildings and minimal
overburden above, in the area of Ostrovskeho and Na Doubkove streets. Pre-
grouting (saving grouting) of the rock environment was designed, as well as
the BOODEX system of horizontal micropile umbrellas above the crown of
the tunnel profiles, and compensation grouting to be carried out from shafts
sunk from the surface (in Ostrovskeho Street).

3. DESCRIPTION OF THE ABOVE-GROUND DEVELOPMENT ABOVE
THE TUNNEL

3.1 Types and age of the buildings above the tunnel

The buildings existing within the settlement trough borders are mostly resi-
dential buildings, either in a form of blocks of houses or detached houses (vil-
las), with a school building, office buildings, and a church among. The buil-
dings can be divided into several groups according to their age and structure:
The first, largest group comprises the buildings built at the beginning of the
20th century. These are mostly row-house type or corner residential (tene-
ment) houses, with basements within the full ground plan, with four above-
ground levels, some of them having an additional 4" storey. The structure
and layout of these buildings comply with the requirements contained in the
Building Code of the City of Greater Prague of 1886. Description of the struc-
ture of those buildings is contained in the text below. Some tenement villas
were also built similarly in this period.

The second group covers older residential houses built at the end of the 19th
century. These buildings are smaller, mostly with partial basements, with
three above-ground levels, some of them with an additional 3* storey. The
structure of those buildings is similar to that of the previous group.

The third group contains newer buildings built mostly in the 30s of the 20th
century. Block houses have basements and 7 above-ground levels as a maxi-
mum. Their structure is masonry or reinforced concrete, with reinforced
concrete slab and girder floors, and platform roofs. Detached tenement vil-
las built in this period are smaller, two to three-floor buildings. Their struc-
ture is masonry, with beam-and-plank or reinforced concrete floors and hip-
ped or flat roofs.

3.2 A typical building structure from the beginning of the 20t" century
Such a building has longitudinal masonry bearing walls forming three
spans. The walls are founded on marl and brick strip footings. Foundation
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Tyto budovy jsou mensi, vétSinou ¢astecné podsklepené, se tremi nadzem-
nimi podlazimi, nékteré s nastavbou 3. patra. Konstrukce téchto budov je
podobna jako u predchozi skupiny.

Treti skupinu tvofi budovy novéjsi, postavené vétsinou ve 30. letech 20. sto-
leti. V blokové zastavbé jsou tyto obytné budovy podsklepené a maji az 7
nadzemnich podlazi. Konstrukce je zdéna nebo Zelezobetonova, se Zelezo-
betonovymi trdmovymi stropy a plochymi stfechami. Samostatné stojici
¢inzovni vily postavené v tomto obdobi jsou mensi jedno az dvoupatrové
budovy. Jejich konstrukce je zdénéd, stropy dievéné trdmové nebo Zelezobe-
tonové, stfecha §ikma valbova nebo plocha.

3.2 Konstrukce typické budovy z poéatku 20. stoleti

Budova ma podélné nosné cihelné zdi, které tvofi trojtrakt. Zdivo je zaloZe-
no na zakladovych pasech zdénych z opuky a cihel. Zékladovou pldu tvofi
podle polohy budovy navétralé az zvétralé jilovitoprachovité bfidlice, jinde
slabé unosny a vyraznéji stlacitelny piscity jil nebo jilovitopis¢ita hlina.
Strop v suterénu je klenuty, stropy v nadzemnich podlazich jsou dievéné
tramové. Vodorovné ztuzeni zdiva je provedeno ocelovymi tramovymi
a zednimi kle§tinami. Schodi§té umisténé ve dvornim traktu je provedeno
z kamennych stupiG vetknutych do zdiva. Stfecha je sedlova s dfevénym
krovem vaznicové soustavy. Typické plidorysy budov jsou na obr. 3.
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Obr. 3 Pldorysy typické budovy
Fig. 3 Typical building ground plans

ground, depending on the building location, consists of little weathered to
weathered clayey-silty shales or, in other locations, little bearing and more
significantly compressible sandy clays or clayey-sandy loams. The basement
ceiling is vaulted, beam-and-plank floors are on the above-ground levels.
Horizontal reinforcement of the masonry is realised by steel wales and wall
ties. The staircase, situated to the courtyard, is built from into the masonry
embedded stone steps. The roof is of a saddle type, with the timber frame of
a purlin-based system. A typical building ground plans are on Fig. 3.

4. BUILDING STATICS IMPROVEMENT

4.1 The scope of activities performed in the framework of

the construction planning phase

A relatively extensive action was performed in the phase of the Mrazovka
tunnel planning to determine in detail the actual condition of each of the 70
buildings found inside the anticipated settlement trough along the tunnel
alignment. For all the buildings whose interference with the tunnel excavati-
on had been expected, archival documentation was retrieved, the conformi-
ty of this documentation with reality verified, the existing state surveyed
where needed, a preliminary structural-technical survey (listing of existing
defects, passportisation) carried out, actual condition of the structures asses-
sed by means of structural analysis, and basic conditions specified allowing
the tunnel to be driven under the buildings. In the other phase of designing,
a detailed structural-technical survey was conducted, the static assessment
of structures refined, the civil works to be carried out for the safety of the
buildings designed, and the monitoring scope during the tunnel constructi-
on specified.

The basic norm applied in the deformation assessment was the CSN 73 1001
- Foundation of structures - Subsoil under shallow foundations, containing
the limiting values of settlement for a similar type of buildings and structure.
This norm stipulates the value of final overall average settlement sm,lim=80
mm, and the value of differential settlement Ds/Lc =0.0015 (roughly 1:667).
The buildings built at the beginning of the 20" century, prevailing along the
tunnels alignment, were deciding for the determination of the limiting defor-
mation. The structure of the buildings does not correspond fully to the struc-
ture considered by the norm; instead of reinforced concrete ring beams, wall
ties only reinforce the walls. In addition, the ties are disrupted in some pla-
ces by a stair well or a light well.

The settlement of the buildings (of unknown magnitude} already took place
90 years ago during their construction. Another moderate settlement occur-
red in the course of their existence and during realisation of the exploratory
gallery mined on the tunnel centre line. A fact cannot be neglected that the
settlement limiting values specified by the above-mentioned standard have
already been achieved in some cases. Another surplus loading due to defor-
mation was possible after implementation of additional structural measures
in the buildings. Provided that the origination of small, statically insignificant
and easily removable defects in the masonry and other structures is allo-
wable, the limiting deformations of the buildings were defined so that the
size of the maximum overall subsidence did not cross 60mm, and the maxi-
mum factor of settlement irregularity was not higher than 1:800 (0.00125) in
any phase of the tunnel construction. The magnitude of defects and fissures
in the masonry and other structures was determined for every particular
building independently, with respect to the uninterrupted use of the buil-
dings in the course of the tunnel excavation. For example the width of cracks
in bearing masonry walls of a common building, continuous cracks in win-
dow heads and window sills, and joints between broken off partition walls
and the bearing structure should not cross Tmm, 1 - 3 mm and 3 mm res-
pectively.

4.2 Application of the observational method in designing

the structural protection of the buildings

During elaboration of the proposal on structural measures to be implemen-
ted in the buildings, the observational method was developed in detail,
according to the EC 7 - CSN P - ENV 1997 - 1 Geotechnical design, Part 1.
General rules. This norm has been used in designing the mined tunnels, and
allows continuous changing of the scope of the protection measures in the
course of the tunnel excavation, according to the monitoring results.

Three basic structural states of the buildings were predetermined in compli-
ance with the above method: 1. The state of development of anticipated
fallowable) deformations and defects; 2. The state of alert; 3. Emergency
state (the state of alarm).

Limiting values of the maximal overall settlement, maximum irregularity of
the settlement, magnitude of defects etc. were specified for each of these
states. Subsequently, in the course of the tunnel excavation, the assessment
of the measured deformations and defects in the buildings is used in speci-
fying the further procedure of the construction works, starting from a modi-
fication of the monitoring scope, through decisions to apply additional struc-
tural measures in the buildings, modification of the tunnel excavation pro-
cedure, to extraordinary measures in the underground.

The structural measures in the buildings have been designed so that a part
of them were applied before the tunnel excavation; other measures are app-
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4. STATICKA OPATRENI V BUDOVACH

4.1 Rozsah &innosti provadénych v ramci projektové pripravy stavby
V ramci pfipravy stavby tunelu Mrazovka byla provedena pomérné rozsahla
ginnost, kterou byl podrobné zjistén skuteény stav viech 70 budov nachaze-
jicich se v ptedpokladané poklesové z6né tunelt. U viech budov, u kterych
se ocekévalo ovlivnéni razbou tunell, byla vyhledana archivni dokumenta-
ce, ovéfen soulad této dokumentace se skuteénosti, podle potfeby provede-
no zaméfeni stdvajiciho stavu, proveden pfedbéiny stavebné-technicky pri-
zkum (pasportizace poruch), statickym vypoétem byl posouzen soucasny
stav konstrukei a stanoveny zakladni podminky, za kterych bylo mozno pro-
vést razbu tunelu pod budovami. V dal$i fazi projektu byl proveden podrob-
ny stavebné-technicky priizkum, upfesnéno statické posouzeni konstrukei,
byly navrieny stavebni zabezpetovaci prace v budovach a uréen rozsah
monitoringu v prdbéhu realizace tunelu.

Zakladni normou pouzitou pfi posuzovani deformace byla CSN 73 10 01 -
Zakladani staveb, zakladové pida pod plodnymi zéklady, ve které jsou sta-
noveny mezni hodnoty sednuti pro podobny typ budov a konstrukce. Tato
norma uvadi pro vicepodlazni budovy se zdénymi sténami a se ztuzujicimi
vénci hodnotu koneéného celkového primérného sednuti sm, lim=80 mm
a hodnotu nerovnomérného sednuti Ds/LT=0,0015 {asi 1:667).
Rozhodujicimi budovami pro stanoveni mezni deformace byly budovy
postavené na potatku 20. stoleti, kterych je nad trasou tunelll vétina.
Konstrukce budov neodpovida zcela konstrukci uvedené v normé; zdivo
neni ztuzeno Zelezobetonovymi vénci, ale pouze zednimi klestinami, které
jsou v nékterych mistech pferuseny schodistovym prostorem nebo svétlikem.
Sednuti budov (nezndmé velikosti) jiz prob&hlo pfi jejich stavbé pied 90 lety,
v priibéhu jejich existence a pfi realizaci prizkumné stoly vedené v ose tune-
lu dodlo k dal$imu mirnému poklesu. Nelze vylouéit, e v nékterych pfipa-
dech bylo normovych meznich hodnot sednuti jiz dosaZeno. Dal$i pfitizeni
konstrukce deformaci bylo mozné pouze po provedeni dodateénych static-
kych opatfeni v budovach. Za pfedpokladu, ze vznik malych, staticky nevy-
znamnych a snadno opravitelnych poruch ve zdivu a dalSich konstrukeich je
pfipustny, byly stanoveny mezni deformace budov tak, aby velikost maxi-
malniho celkového poklesu nepiekrogila 60 mm a maximatni nerovnomér-
nost poklesd nebyla vétsi nez 1:800 (0,00125) v kaidé fazi stavby tunelu.
Velikost poruch a prasklin ve zdivu a jinych konstrukeich byla stanovena
s ohledem na nepieru$ené uzivani budov v prabéhu razby tunelu pro kaidou
budovu a konstrukci samostatné. U bézné budovy nema napfiklad $itka trh-
lin v nosném zdivu pfekro¢it 1 mm, prabézné trhliny napraii a parapeti oken
1-3 mm, spary mezi odtrzenymi pfickami a nosnou konstrukei 3 mm atd.

4.2 Pouziti observacni metody pii navrhu statického zabezpeéeni budov
Pfi navrhu statickych opatfeni v budovéach byla podrobné rozpracovéana
observaéni metoda podle EC 7 - CSN P - ENV 1997 - 1 Navrhovani geotech-
nickych konstrukci, éast 1: Obecna pravidla, kterd je pouZita pfi navrhu raze-
nych tunelil, a umoiiiuje priibéZné upravovat rozsah zabezpedeni v pribéhu
razby tunelu podle vysledk monitoringu.

V souladu s touto metodou byly ptedem uréeny tfi zakladni stavy konstrukef
budov: 1. stav pfedpoklddanych {pfipustnych} deformaci a poruch, 2. varovny
stav, 3. havarijni stav.

Pro kaidy tento stav byly ureny mezni hodnoty maximalniho celkového
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lied when the limiting values of deformations and defects are crossed, accor-
ding to the continuously assessed results of measurements during the tun-
nel construction. This means that it was not necessary to carry out all con-
struction works in the buildings before the tunnel excavation, thus the con-
ditions for saving of time and the construction cost were established.

4.3 Conditions for realisation of the structural measures in the buildings
Private persons own most of the buildings above the tunnel. The conditions
of realisation of the construction work had to be pre-negotiated with and
agreed by the owners. Flats and non-residential spaces in the buildings to be
passed under by the tunnel are occupied by tenants and companies. It is
necessary during the construction work to put restrictions on the use of
some spaces, namely basements and somewhere ground floors too. Above-
ground storeys remain permanently occupied both during the realisation of
the structural measures and in the course of the tunnel driving under the
buildings. In some places the conditions for realisation of the construction
work were very difficult, and the design of structural measures had to be
modified even at the cost of a larger scope of defects than originally expec-
ted. Additional construction work was designed in such a case, to be carried
out during the tunnel excavation to secure a continuous and safe operation
of the buildings.

4.4 Structural measures in buildings

The fundamental condition for the design and scope of the structural mea-
sures was the requirement that the buildings had to be available for perma-
nent occupation. With regards to the requirement to put minimal restrictions
on the operation and use of flats and non-residential spaces during the con-
struction work in the buildings, it was necessary to design such structural
measures, which would have allowed the use of the involved spaces, and
could be removed after the completion of the tunnel excavation. For that rea-
son the structural measures were not designed to restrict origination of
deformations in the buildings substantially. The origination of excessive
deformations had to be prevented by selecting a suitable procedure of the
tunnel excavation under the buildings (a vertical excavation sequence) and
other measures realised either from the underground (saving grouting, pro-
tective micropile umbrellas) or, in critical sections, from the surface (com-
pensation grouting). Structural measures in buildings are an addition to the
underground work only.

To improve the stability of the building structures and prevent development
of defects exceeding an acceptable level, structural measures were designed
for basements, ground floors and, if needed other levels of the buildings.
The construction protecting works are divided into 3 packages. A part of the
construction works, i.e. improvement of stability of the structures, horizontal
reinforcement, reinforcement of inadequate elements, support to vaults,
arch beams, wall elements (filling or strutting of openings}, is carried out as
a prevention, prior the tunnel excavation. Other construction works are
designed as additional structural measures, which are to be realised when
the 2 warning state occurs. Those measures are similar to those in the first
package, but their extent is larger. Building material designed for realisation
of other additional structural measures in case of the state of emergency is
stored in an emergency storage facility. Thus the construction protecting
works actually performed before the tunnel excavation can be confined to
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Obr. 4 Celkové poklesy terénu v Ostrovského ulici
Fig. 4 Overall settlement of the surface in Ostrovského Street
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poklesu, maximalni nerovnomérnosti pokles, velikosti poruch a podobné.
V pribéhu razby tunelu pak vyhodnoceni zmétenych deformaci a poruch
v budovach slouzi k uptesnéni dal$iho postupu stavby - od dpravy rozsahu
monitoringu pfes rozhodovani o realizaci dodateénych stavebnich opatieni
v budovéch, upravu postupu razby tunelu az po mimofadné opatfeni v pod-
zemi.

Stavebni opatieni v budovéch jsou navriena tak, aby pfed razbou tunelu
byla provedena pouze jejich &ast; dal$i opatfeni se provadi v piipadé pie-
krogeni meznich hodnot deformaci a poruch, podle priibéZné vyhodnocova-
nych vysledkl méfeni pfi realizaci tunelu. V3echny stavebni prace v budo-
véch tedy nebylo nutno provadét pfed razbou tunelu, a tim vznikly pfedpo-
klady pro Usporu ¢asu i naklad(i na stavbu.

4.3 Podminky pro realizaci statickych opatfeni v budovach

Vétsina budov nad tunelem je ve vlastnictvi soukromych osob, se kterymi
bylo nutno pfedem podminky realizace stavebnich praci dohodnout, Byty
i nebytové prostory v budovach podchéazenych tunelem jsou trvale uZivany
najemniky a firmami. Pii realizaci stavebnich praci je nutno po uréitou dobu
omezit provoz v nékterych prostorach, zejména v suterénech, nékde i v pfi-
zemi. Nadzemni podlaZi z(stavaji trvale obydlena jak p¥i realizaci stavebnich
opatfeni, tak i v pribéhu razby tunelu pod budovami. Realizace stavebnich
praci byla misty velmi ztizend, a proto bylo nutno upravit navrh statickych
opatreni i za cenu vétsiho rozsahu poruch, neZ byl pGvodni pfedpoklad.
V takovém piipadé byly navrieny dodateéné stavebni prace provadéné
v priibéhu razby tunelu, které zajistily trvaly a bezpeény provoz budov.

4.4 Stavebni staticka opatfeni v budovéach

Zakladni podminkou pro néavrh a rozsah stavebnich statickych opatieni byl
pozadavek trvalého uZivani budov. S ohledem na poZadavek minimalné
omezovat provoz a uZivani byt(i a nebytovych prostor po dobu provadéni
stavebnich praci v budovach bylo nutno navrhnout takova staticka opatfeni,
kterd umoznila uzivani dotéenych prostor a ktera bylo moiné po dokonégeni
razby tunelu odstranit. Statickd opatfeni proto nebyla navriena tak, aby
podstatné omezila vznik deformaci v budovach. Vzniku nadmérnych defor-
maci bylo nutné zabranit pfedev$im volbou vhodného postupu raiby tune-
lu pod budovami (vertikdlnim ¢lenénim vyrubu} a dal§imi opatienimi pro-
vadénymi bud z podzemi (sanaéni injektaZe, ochranné mikropilotové dest-
niky}), nebo v kritickych tsecich z povrchu (kompenzaéni injektaze). Staticka
opatieni v budovach tak prace v podzemi doplfiuji.

Pro zvyseni odolnosti konstrukce budov a vylouéeni rozvoje poruch nad pfi-
jatelnou mez byla navrZena stavebni opatfeni v suterénech a pfizemi budov,
podle potieby i v dalSich podlazich.

Stavebni zabezpetovaci prace jsou rozdéleny do 3 skupin. Cést stavebnich
praci se provadi preventivné pred razbou tunelu. Jedna se o zvySeni odol-
nosti konstrukei objektl, vodorovna ztuieni, zesilovani nevyhovujicich
prvk(, podpirani kleneb, klenebnych pasd, sténové prvky (zazdivani, rozpi-
ranf otvord). Dal$i stavebni prace jsou navrieny jako dodateéna staticka
opatreni, kterd se maji realizovat pouze v pfipadé prekrogeni 2. varovného
stavu. Tato opatieni jsou obdobna jako v 1. skuping, ale ve vétsim rozsahu.
Pro pfipad dosazeni havarijniho stavu je navrZen stavebni material pro rea-
lizaci dalSich dodateénych statickych opatieni, ktery je uloZzen na pohoto-
vostni sklddce. Skutetné provddéné stavebni zabezpedovaci prace se tak
mohou pfed raibou tunelu omezit pouze na suterény a spoletné prostory
budov.

Nejvétsi rozsah stavebnich praci byl provadén v budovéch ptimo ovlivné-
nych razbou tunell a v budovéach s nedostateénou tinosnosti zdénych pilitG,
s nekvalitné provedenymi zaklady a mélo tnosnou zékladovou pldou, s vel-
kymi klenutymi otvory v nosnych zdech a se stavajicimi zednimi klestinami
pierusenymi schodi$tém a svétliky. Naopak v nékterych budovach, zejména
na okraji poklesové kotliny, se stavebni prace omezily pouze na zesilenf
nevyhovujicich pilifd; jinde nebylo nutno provadét viibec 7a4dné zabezpede-
ni.

5. MONITORING V PRUBEHU RAZBY POD BUDOVAMI

Nedilnou souéasti navrhu statickych opatfeni v budovach je monitoring pro-
vadény v pribéhu razby tunelu. Kromé monitoringu v tunelu, v horniné a na
povrchu jsou méteny poklesy budov geodetickou nivelaci, naklony fasad
geodetickym méfenim nebo naklonoméry, osové sily v ocelovych téhlech
odporovymi tenzometry, narGst velikosti prasklin automatickymi dilatomet-
ry nebo pfenosnymi deformometry popf. pomoci sddrovych paskd. V kritic-
kych Usecich bylo zékladni geodetické méfeni pokles méfeni doplnéno
hydrostatickou nivelaci s automatickym pfenosem zméfenych hodnot.
Dulezitou soutasti monitoringu jsou pravidelné prohlidky véech prostor
v budovéch, co? je jediny zplsob, kterym miZe byt zjistovan rozvoj stavaji-
cich a vznik novych poruch v konstrukcich budov. Podle vysledki téchto
prohlidek jsou méfici zafizeni na nové poruchy pribéing doplfiovana.
Vysledky monitoringu jsou vyhodnocovany a podle nich je upravovén roz-
sah monitoringu i dal$ich ¢innosti.

basements and common areas of the buildings.

The largest extent of the construction work was carried out in the buildings
directly affected by the tunnel excavation, and in the buildings with insuffi-
cient bearing capacity of masonry pillars, low quality foundation and low
efficiency of subgrade soil, big vaulted openings in supporting walls, and
with existing wall ties disrupted by stair wells and light wells. On the con-
trary, the works in some buildings, at the boundary of the settlement trough
above all, were reduced to reinforcement of inadequate pillars, while in
other places there was no need for protection at all.

5. MONITORING IN THE COURSE OF DRIVING UNDER BUILDINGS

The monitoring carried out in the course of the tunnel driving is an indis-
pensable part of the design of structural measures in the buildings. In addi-
tion to the monitoring performed in the tunnel, in the ground and at the sur-
face, the following measurements are carried out: subsidence of buildings
measured by geodetic levelling; inclination of front faces measured by geo-
detic surveying or inclinometers; axial forces in steel ties measured by stra-
in gauges; increase in the size of cracks measured by automatic dilatometers
or portable deformation meters or gypsum bands. For critical sections, hyd-
rostatic levelling with automatic transmission of the measured values was
added to the basic geodetic surveying of settlement. Important part of the
monitoring system is the regular inspection of all rooms in the buildings.
This is the only way making the detection of development of existing defects
and origination of new ones in the building structures possible. The instru-
ments for measuring the new defects are continuously added on the basis of
the inspection results. The monitoring results are assessed and the scope of
monitoring and other activities modified accordingly.

6. KNOWLEDGE GAINED IN THE EXCAVATION OF THE WESTERN
TUNNEL TUBE OF THE MRAZOVKA TUNNEL

At the time of this paper elaboration, in 02/2002, the WTT excavation has
been completed and the ETT excavation work is progressing on the section
between U Santosky and Na Skalce streets, and on the bifurcation chamber
starting from Na Doubkove Street to the south.

6.1 Actual settiement in Ostrovskeho Street

The excavation under Ostrovskeho Street was carried out under exceptio-
nally difficult geological conditions. All the measures designed for the
underground were applied in this excavation, including the compensation
grouting. Overall maximum settlement of the surface reached a value of -54
mm, and maximum settlement of buildings -51 mm. The difference in the
settlement is probably caused by the interaction between individual block
houses, supporting each other. Despite the fact that the anticipated settle-

SETTLEMNT
POKLESY (mm)

55 - T Aoomons seri o+ vean AFTER
60 LUoDATECNY POKLES PO 1 ROCE

1470m 670 ”E: 8,00 m 14,70 m

)
o

Obr. 5 Postupny pribéh poklest budov v Ostrovského ulici
Fig. 5 Progressive development of the buildings settlement in Ostrovského
Street
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6. POZNATKY Z REALIZACE ZAPADNI TUNELOVE TROUBY
TUNELU MRAZOVKA

V dobé zpracovani tohoto pfispévku {Unor 2002) byla dokonéena kompletné
razba ZTT a razby na VTT probihaji v dseku mezi ulici U Santosky - Na
Skalce, a tunelového rozpletu od ulice Na Doubkové smérem k jihu.

6.1 Skuteéné poklesy v Ostrovského ulici

Razba ZTT v Ostrovského ulici probéhla v mimofadné obtiznych geologic-
kych podminkach a byla pfi ni v podzemi pouZita véechna projektovana
opatfeni véetné kompenzaénich injektazi. Celkové maximalni poklesy terénu
dosahly hodnoty -54 mm a maximalni poklesy budov -51 mm. Rozdil pokle-
sl je zfejmé zplsoben opfenim budov v blokové zastavbé o sebe. | kdy?
u nékterych budov byla pfedpokladana nerovnomérnost poklest pfekrode-
na, nevyvolaly tyto deformace staticky dtlezité poruchy v nosnych kon-
strukcich a nebylo nutno provadét téméf 2adna dodateéna staticka opatieni
v budovéach. Béhem razby byla méfena vétsi nerovnomérnost poklesi ve
sméru kolmém k ose tunelu, kterd na terénu dosahla hodnoty a7 1:400
a v budovéach aZ 1:540. V podélném sméru byly v budovach zméfeny mensi
nerovnomérnosti poklesl az 1:3400. Celkova 3ifka poklesové kotliny je asi
80 m, skutetnéa poklesova kotlina je tedy uZsi a strméjsi, nez se plvodné
ocekavalo. Nutno poznamenat, e celkové poklesy v Ostrovského ulici jsou
souctem pokles(i od razby prizkumné 8toly a razby zapadniho tunelu, od
kterych je odefteno zvednuti budov béhem kompenzaéni injektaze.
Mé&fenim pred razbou druhého vychodniho tunelu {VTT), které bylo prove-
deno po 1 roce, byl zjistén dodateény pokles budov aZ o -11 mm; celkovy
maximalni pokles budov dosahl hodnoty -69 mm a nerovnomérnost pokle-
st hodnoty az 1:460 ve sméru kolmém a 1:1890 ve sméru podéIném s osou
tunelu. Graf celkovych poklest terénu v Ostrovského ulici je uveden na obr. 4.
Postupny pribéh poklest budov v Ostrovského ulici je uveden na obr. 5.

6.2 Poruchy v budovach v Ostrovského ulici

Pocateéni poruchy byly v téchto budovach zaznamenany jiz dfive pfi razbé
prizkumné Stoly. Poéateéni praskliny o Sifce 0,1 az 1,2 mm se objevily
zejména v nadprazich a parapetech oken nosnych obvodovych zdi, v nékte-
rych klenebnych pasech v suterénu byly praskliny o $ifce a 1,5 mm,
v naprazi dvefi ve vnitfnich nosnych zdech mély 8ifku 0,1 az 0,56 mm. Také
na schodisti bylo vétsi mnoistvi prasklin ve spodnim lici schodistovych
ramen (oddéleni schodistovych stupiid od sebe) a pod.

V pribéhu razby ZTT se projevily nebo vyvinuly praskliny pfedevsim
v budovéch po obou stranach tunelu, u kterych byla zméfena vétsi nerov-
nomérnost poklesd. Poruchy v nosnych zdech se zvétsily fadové o desetiny
az celé milimetry na 8itku max. 3 mm; jejich velikost ale nepfesahla oteka-
vanou hodnotu, ani nedoslo k poruchdm snizujicim (nosnost nebo stabilitu
nosnych cihelnych pilitd. Nové poruchy se projevily zejména v podéinych
nosnych zdech a v prostoru schodisté (kolmo k ose tunelu). V prostoru
schodi$té se projevila znatna nerovnomérnost poklesti schodistovych zdi,
praskliny nadpraii oken na mezipodestach dosahly $itku a 4,0 mm, na
spodnim lici schodi$tovych ramen se projevily spary mezi stupni a pfi pfe-
kro€eni nerovnomérnosti 1:600 doslo k prasknuti nékterych vetknutych
kamennych stupiid. V podhledech dfevénych tramovych stropd se objevilo
velké mnoiZstvi staticky nevyznamnych prasklin. V podélném sméru tunelu,
ve kterém byla nerovnomérnost poklest mensi, se projevily poruchy
v nékterych pfiénych zdech a nenosnych pfitkach. Vyznamnéjsi porucha
byla zaznamenana v jedné ze $titovych zdi, o kterou se z boku opird sou-
sedni dvorni zed. Tato §titovd sténa, kterd je ztuZena tahly a stavajicimi
zednimi klestinami, praskla po celé vy3ce a porucha dosahla $itky 5 mm.
Dodateénym poklesem budov doslo k dal§imu mirnému rozvoji prasklin,
zejména ve schodistovém prostoru.

Velikost stavajicich prasklin byla od poéatku razby méiena a na nové prask-
liny byla méfidla podle potieby doplfiovana.

7. ZAVER

Prokézalo se, Ze pouZiti observaéni metody nejen pro navrh razené &asti
tunelu, ale i pro nédvrh statickych opatteni v budovach bylo zvoleno sprav-
né. S postupem razby ZTT bylo mozno pruiné reagovat na vyhodnocené
vysledky monitoringu a uplatiiovat je pfi Upravé navrhu statickych opatieni
v dal$ich budovach. Zvolené limitni hodnoty deformaci v oblasti nadzemnf
zastavby 60 mm pfi nerovnomeérnosti 1:800 se ukazaly jako imérné pro uve-
deny charakter objektl, pficemi rozsah zasah( v objektech nezbytny pro
zvySeni odolnosti proti vlivim raiby byl minimaini a realizovatelny bez
omezeni uZivatelnosti objektd). Pfedpoklada to v8ak dokonalou znalost sku-
teéného stavebné-technického stavu jednotlivych objektd, a z hlediska
potreb investora provedeni podrobné pasportizace.

Zavérem lze fici, Zze bezpeénost nadzemni zéstavby nad tunelem Mrézovka
je zajisténa, pfijatelné meze deformace budov nejsou piekrodeny. Budovy
nad tunelem nebylo nutno vyklizovat a byly uZivany bez podstatného ome-
zeni v celém pribéhu razby ZTT. Razba VTT pokracuje plynule pod dal$imi
budovami dnes jiz ovéfenou technologii s tim, Ze se podafilo na zakladé
vyhodnoceni razby ZTT omezit zdsahy do dal$ich objektd na minimum.

ment irregularity was overrun, the deformations did not cause any structu-
rally significant defects of the bearing structures, therefore there was no
need for additional structural measures in the buildings. During the excava-
tion, higher irregularity of subsidence was measured in the direction per-
pendicular to the tunnel axis. At the surface level, the irregularity reached
a value up to 1:400, and in the buildings to 1:540. Smaller irregularity of the
subsidence in the buildings was measured in the longitudinal direction, rea-
ching up to 1:3,400. The overall width of the settlement trough is about 80m,
which means that the actual settlement trough is narrower and steeper than
originally expected. It is to be noted that the overall subsidence in
Ostrovskeho Street is a total of the subsidence due to excavation of the
exploratory gallery and excavation of the WTT, with the uplift of the buil-
dings during the compensation grouting deducted. The measurement carri-
ed out after one year, before the ETT excavation, revealed an auxiliary sett-
lement of the buildings up to -11 mm. The overall maximum settlement of
the buildings reached a value of -59 mm, and the settlement irregularity
a value up to 1:460 in the direction perpendicular to the tunnel axis, and 1:1890
in the direction parallel to the axis. The chart of the overall subsidence of the
surface in Ostrovskeho Street is shown on Fig. 4. The continuous progress of
the settlement of buildings in Ostrovskeho Street is shown on Fig. 5.

6.2 Defects in the buildings in Ostrovskeho Street

Initial defects in those buildings were recorded already during the explora-
tory gallery excavation. Initial cracks 0.1 to 1.2mm wide appeared especially
in window heads and window sills in external bearing walls, fissures to
1.5mm wide were found in some arch beams in basements, while the cracks
in the heads of doors in internal bearing walls were 0.1 to 0.5 mm wide. Also
staircases exhibited a bigger number of cracks in the underside of flights of
stairs (separation of stairs from each other) etc.

In the course of the WTT excavation, cracks manifested themselves or deve-
loped above all in the buildings along both sides of the tunnel, where a more
significant irregularity of settlement was measured. The defects in bearing
walls increased by tenths of millimetres to whole millimetres, to a width of
3 mm as a maximum. Although, their size did not reach the anticipated value
nor did any defects occur compromising the bearing capacity or stability of
the bearing masonry pillars. New defects manifested themselves mainly in
longitudinal supporting walls and stair wells (perpendicular to the tunnel
axis). A significant irregularity of the settlement of string walls manifested
themselves in stair wells. The width of cracks in window heads and interme-
diate landings reached up to 4.0mm, joints between the steps appeared on
the underside of flights of stairs, and some built-in steps broke when the irre-
gularity 1:600 had been crossed. A great number of statically insignificant
cracks appeared in joist ceilings. In longitudinal tunnel direction, where the
settlement irregularity was lower, defects appeared in some transversal
walls and non-bearing partition walls. A more serious defect was recorded
in one of the sidewalls, which a neighbouring courtyard wall leans against.
This sidewall, reinforced by tension bars and existing wall ties, broke along
all its height, and the defect reached a width of 5mm. Another moderate
development of the cracks, mainly in stairwells, occurred due to a subsequ-
ent subsidence of the buildings.

The size of existing cracks has been measured since the very beginning, and
new measuring instruments have been added as needed.

7. CONCLUSION

It turns out that the decision to use of the observational method not for the
design of the mined part of the tunnel only, but also for the design of struc-
tural measures in the buildings, was correct. It was possible to respond fle-
xibly to the evaluated monitoring results with the WTT excavation procee-
ding, and apply them in adaptations of the design of structural measures for
other buildings. The limiting values of deformations of 60mm at irregularity
of 1:800, adopted for the area of above-ground development, proved to be
proportional for this character of structures, while the extent of actions car-
ried out in the buildings to improve their resistance against the excavation
impacts was minimal, manageable without restrictions to the buildings use.
Although, the perfect knowledge of the actual structural and technical con-
dition of individual buildings, as well as, from client's needs viewpoint, the
elaboration of detailed passportisation, are a precondition.

To conclude, it can be stated that the safety of above-ground buildings above
the Mrazovka tunnel has been secured, and acceptable limits of the buildings
deformation have not been crossed. There has been no need to evacuate the
buildings above the tunnel, and they could be used without any serious
restriction over the whole period of the WTT excavation. The ETT excavati-
on is continuing under other buildings using the technigue, which has been
well proven. The extent of the work performed in the buildings has been
successfully reduced to a minimum, thanks to the analysis of the WTT exca-
vation process.
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VLIV TECHNICKYCH OTRESU A HLUKU NA OKOLNI
ZASTAVBU A ZIVOTNi PROSTREDI
PRI RAZENI TUNELU MRAZOVKA, ZEJMENA
S OHLEDEM NA POUZITi TRHACICH PRACI

THE IMPACT OF VIBRATIONS AND NOISE ON
THE SURROUNDING DEVELOPMENT AND ENVIRONMENT
DURING EXCAVATION OF THE MRAZOVKA TUNNELS,
WITH RESPECT TO APPLICATION OF BLASTING

ING. LUDEK BARTOS, ING. LUDEK BARTOS ML., BARTOS ENGINEERING, BRNO

uvoD

SloZitost geologickych pomérd, které jsou zastoupeny letenskymi bfidlicemi
monotonniho a flySového vyvoje, libefiskymi biidlicemi a fevnickymi kfe-
menci, nedovolila stanovit jednotnou technologii rozpojovani hornin pfi ¢le-
néné razbé tunell Mrazovka. K rozpojovani pevnych az velmi pevnych hor-
nin (nad 60 MPa), tj. zejména v letenskych bfidlicich fly§ového vyvoje
a v kfemencich, jsou proto pouzivany trhaci prace. Celkovy objem téchto
praci pfi razeni tunell Mrazovka piedstavuje asi 55 % (obr. 1a 2).
Pouziti technologie trhacich praci pfi razeni v podminkach méstské zastav-
by ovliviluje svymi nezadoucimi a&inky nepfiznivé okoli, tj. zejména zastav-
bu a Zzivotni prostfedi. Proto jiz v projekéni pfipravé a dale pfi vlastni reali-
zaci se fes$i soubor problém( a stanovuji opatieni tykajici se zejména:
- plsobeni technickych otfesti na okolni objekty, infenyrské sité a jina zafizeni;
- plsobeni akustickych a vibraénich G¢inkd na mista pobytu osob a Zivotni
prostiedi.
Oblast plsobeni a vnimani neZddoucich Ucinki mize byt pomérné Siroka
(100 i vice m), a tudiz nelze vylougit i odiivodnéné &i spekulativni stiznosti
obyvatel ze vzdalenéjsiho okoli. Z hlediska odpovédnosti investorské orga-
nizace VIS, a. s., kterd zajistovala rozsahly monitoring a fizeni celého proce-
su vyhodnocovani prostfednictvim "rady monitoringu" {RAMO), bylo nutné
prikazné FeSeni vSech stiznosti, tj. proSetiovéani skuteéné intenzity jak
otfesovych, tak i akustickych G¢inka v pritbéhu realizace dila.
Pfiprava trhacich praci na tunelech Mrazovka byla fe$ena podle oborové
normy ON 737503 Projektovani a provadéni tunell méstskych drah ¢l. 2.4.8.
vypracovanim tzv. Navrhu trhacich praci, ktery je odbornym podkladem
k vypracovani Technického projektu trhacich praci.
Trhaci prace byly povoleny Obvodnim baiskym Gfadem po vyfedeni veske-
rych stietll zajma a stanoveny podminky nenaruseni prav a pravem chréané-
nych zajmu ob&anil a organizaci v blizkém okoli.
V pfispévku jsou podany struéné informace tykajici pouZiti trhacich praci,
zejména poznatkl z monitoringu stavby zdpadniho tunelu Mrazovka a vyra-
zenych objektd VTT ke dni 31. 1. 2002 tykajicich se povrchové zastavby.
Samostatnym problémem byl pfechod tunel( nad trasou kanalizaéniho sbé-
rate "P", ktery je pfedmétem jiného pfispévku.

NAVRH TRHACICH PRACI

Piedmétem bylo feseni této problematiky:

- Orientaéni zhodnoceni stavebné-technického a statického stavu objektl
v zajmové oblasti stavby jako podklad ke stanoveni jejich dynamické odolnosti.

- Stanoveni dynamické odolnosti vSech dotéenych objektl a zafizeni
v zajmové oblasti stavby a stanoveni pfipustnych hodnot.

- Zhodnoceni geologickych a geotechnickych podminek z hlediska pouziti
trhacich praci, vypodet pfenosovych konstant horninového prostfedi pro
$ifeni vinéni.

- Stanoveni pfipustnych hodnot fyziologickych ucinki od trhacich praci.

- Vypocet meznich hodnot naloZi respektujicich seismickd a fyziologicka
hlediska.

- Vypodet pasem zvySené seismické intenzity povrchem zéjmového uzemi
jako podklad pro rozsah inventariza¢nich prohlidek véetné stanoveni pod-
minek ovéfovani.

- Vypodlet izolinii vedenych povrchem zajmového Uzemi odpovidajicich
meznim nélozim v danych Usecich dila.

- Vypocet zakladnich parametr( trhacich praci, meznich nalozi a dalSich
limitujicich hodnot.

INTRODUCTION

The complexity of geological conditions represented by the Letnd shales of
both monotone and flysch-type evolution, Liberi shales and Revnice quartzi-
tes did not allow a unified technique of rock fragmentation to be specified for
the sequential excavation of the Mrdzovka tunnels. Therefore, blasting has
been used for the fragmentation of strong to very strong rock (over 60 Mpa),
i.e. mostly for the Letnd shales of the flysch-type evolution and for quartzi-
tes. The total volume of blasting operations on the Mrazovka tunnels drive
represents about 55% (see Fig. 1 and 2).

Application of blasting operations in the excavation under urban develop-
ment has undesired impact on the surroundings, on the development and
environment above all. For that reason a set of problems is solved already in
the designing phase and then during the works execution, and measures
prescribed primarily regarding:
- the impact of technical quaking on neighbouring structures, utilities and
other facilities
- the impact of acoustic and vibration effects on dwelling places and envi-
ronment.
The area of influence and perception of undesired effects can be relatively
wide (100m and more). Therefore, neither reasoned nor speculative compla-
ints by inhabitants from rather remote surroundings must be allowed for.
From the point of view of responsibility of the owner's consultant VIS a.s.,
who ensured a broad monitoring and control over the entire process of
assessment through RAMO (Monitoring Board), conclusive evidence of solu-
tion of all complaints, i.e. investigation of the actual intensity of both vibrati-
on and acoustic effects in the course of the works execution, was necessary.
The preparation of the blasting operations on the Mrdzovka tunnels was sol-
ved according to the industrial standard ON 737503 "Design and structure of
urban railway tunnels" cl. 2.4.8 by elaboration of so called "Blasting operati-
ons proposal”, which is a professional basis for elaboration of "Engineering
design of blasting operations". )
The blasting operations were approved by the Regional Bureau of Mines
when all cases of conflict of interest had been resolved and conditions set
out preventing violation of rights and interests of private persons and orga-
nisations in a close vicinity protected by the law.
The paper provides a brief information regarding application of blasting,
above all the knowledge regarding the surface development gained from the
monitoring of the western tunnel tube Mrdzovka excavation and the ETT
structures excavated by January 31, 2002.
A separate problem consisted in the tunnels passing above the main sewer
"P". It has already been the topic of another paper.

BLASTING OPERATIONS PROPOSAL

The proposal solved following issues:

- Orientation assessment of the structurally-technical and static condition of
structures existing in the area affected by the project operations, as a basis
for determination of their dynamic resistance

- Determination of dynamic resistance of all affected structures and facilities
within the area affected by the project operations, and specification of allo-
wable values

- Assessment of geological and geotechnical conditions in terms of application
of blasting; calculation of transmission constants of the rock mass for wave
propagation
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- Navrh technologie raZeni, vrtna schémata razenych profilt, schéma éaso-
vani elektrického roznétu.

- Program kontrolnich a tfednich méfeni seismickych a akustickych déinkg
a dalSich bezpeénostnich a zvlastnich opatieni, specialni metody méfeni apod.

- Navrh opatfeni k ochrané prav a pravem chranénych zajmi obéan(
a organizaci.

Souvisejici normy a pfedpisy:

- CSN 730040 Zatizeni stavebnich objekt technickou seizmicitou a jejich
odezva.

- Nafizeni vlady
hiuku a vibraci.

- Technické podminky vystavby Metra v Praze, sv. 10 Trhaci préace a kontrola
jejich nezaddoucich ucinka.

POSUZOVANI TECHNICKYCH OTRESU, PRIPUSTNE HODNOTY

DYNAMICKEHO NAMAHANI

Mez dynamického namahani je dle CSN 730040 Zatizeni stavebnich objekt(
technickou seizmicitou a jejich odezva stanovena pfisludnou hodnotou
rychlosti kmitani (u(1})), kdy pomérnd deformace je$té nevyvold kfehka
poru$eni zdiva a omitek u staveb nebo trhlinky ve spojich potrubnich fadd
nebo na izolaci kabelovych vedeni.

Rychlost kmitani se méF obvykle pfimo na objektu, a to na drovni terénu,
nejniz§im podlazi, pfi zakladech.

Rozsah poskozeni klasifikuje norma v péti stupnich. Stupen 0 {tj. bez podko-
zeni, kdy nevznikaji zadn4 viditelna poskozeni) pIné respektuje bezpeénost
posuzovanych stavebnich objekt(, inzenyrskych siti a jinych zafizeni.

Dale norma zatfiduje objekty podle jejich dynamické odolnosti (ti. A aZ F),
podle frekvenéniho oboru dominantnich kmitd (pod 10 Hz, v mezich 10 az 50
Hz a nad 50 Hz} a dle podminek zaloZeni (3 kategorie (inosnosti zakladové
pldy). Podrobna specifikace je nad ramec pfispévku.

Pfipustné hodnoty dynamického pfitizeni pro pozemni stavby, které se
nachazely v zajmové oblasti stavby (pfi frekvenéni charakteristice otiesovych
U€inkd nad 50 Hz), byly podle normy stanoveny v rozmezich podle tab. 1.

¢. 502/2000 o ochrané zdravi pfed nepfiznivymi aGéinky

Posuzovany objekt -charakteristika Trida

Assessed structure - characteristics odolnosti

Resistance
class

Rychlost kmitani
Vibration velocity
{mm/s}

Chatrné stavby, neodpovidajici A 6az 15
stavebnim pfedpisim, historické stavby
Dilapidated buildings, nonconforming

to building rules, historic buildings

Béiné cihelné stavby, do 3 podlazi B 15 az 30
Common masonry buildings,

up to 3 levels

Veliké budovy z cihel a tvarnic, C 20 az 40
dobre ztuzené panelové a montované
stavby z betonovych prvki

Big masonry buildings (brickwork

or blockwork), well reinforced panel
and prefabricated buildings

from concrete elements

Tab. 1 Meze pfipustnych hodnot dynamického pfitizeni
Tab. 1 Limits of allowable values of dynamic supercharging

Limitnimi pro trhaci prace byly hodnoty nejnizéi z uvedenych rozmezi. Tim
byl zohlednén rizny stavebné-technicky stav objektd, jejich stafi, zpisob
zalozeni apod.

Inzenyrské sité uloZené pod povrchem v mélkych hloubkéch maji podstatné
vy38i dynamickou odolnost (40 az 100 mm/s}, a proto trhaci prace nelimitovaly.

AKUSTICKE A DYNAMICKE UCINKY V MISTECH POBYTU OSOB,
PRIPUSTNE HODNOTY

Hluk a vibrace ve stavbach pro bydleni a ve stavbach obéanského vybaveni se
posuzuji dle nafizeni viady €. 502/2000. Pfipustné hodnoty jsou pomérné pfisné.
Nejvyssi pfipustna ekvivalentni hladina akustického tlaku A uvnitf staveb
pro bydleni a staveb obéanského vybaveni se pro hluky $ifici ze zdroji do
objekt( zvenci stanovi souétem zakladni hladiny akustického tlaku L aeqr = 40 dB
a korekci pfihlizejfcich k vyuziti mistnosti a denni dobé dle pfilohy &. 5 toho-
to nafizeni. Pro obytné objekty a denni dobu je korekce 0, tudiz plati jako
limit zakladni hiadina. Trhaci prace v noéni dobé se neprovadéji.

Vypocet primérné ekvivalentni hladiny akustického tlaku pro denni dobu
{16 hod) se provede podle vysledki méfeni podle vztahu

L aeqr =10 log (UT) [ 100 dt/  (dB)

kde: L(t) je okamzita hladina akustického tlaku v dB
T - doba, ke které se ekvivalentni hladina vztahuje

- Specification of allowable values of physiological effects due to the blasting
operations

- Calculation of limiting values of charges respecting seismic and physiological
aspects

- Calculation of increased seismic intensity zones on the surface of the area
affected by the project operations as a basis for specification of the scope
of the condition survey, including conditions of checking

- Calculation of isolines drawn on the surface of the area affected by the project
operations, corresponding with limiting charges in the given sections of
the works
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Obr. 1Situace v8ech razeb s trhacimi pracemi a dosahu pisobeni otfest
o rychlosti kmitani 3 a 5 mm/s v jiznim Useku stavby pod Pavim
vrchem v letenskych bidlicich (flySovy vyvoj), provadénymi a. s.
SUBTERRA.

Fig. 1 The layout of all excavations with blasting operations and the
reach of quaking with vibration velocity 3 to 5 mm/s in the
southern section of the construction, under Pavi hill, in the Letna
shales (the flysch type of evolution), carried out by SUBTERRA, a.s.

- Calculation of basic parameters of the blasting operations, limiting charges
and other limiting values

- Proposal on the excavation technique, drilling patterns for mined profiles,
diagram of electrical firing timing

- Programme of checking and official measurements of seismic and acoustic
impacts and other safety and special measures, special measurement met-
hods, etc.

- Proposal on measures to ensure protection of rights and interests of private
persons and organisations protected by the law

Related norms and regulations:

- CSN 73 0040 standard "Loads of technical structures by technical seismicity
and their response”

- Decree of the Government No. 502/2000 Coll. on health protection against
adverse impacts of noise and vibrations

- Specifications for the Metro construction in Prague, vol. 10 "Blasting operations
and checking on undesired effects”

ASSESSMENT OF TECHNICAL QUAKING, ALLOWABLE VALUES OF
DYNAMIC LOADING

The limiting dynamic loading is, according to the CSN 73 0040 standard
"Loads of technical structures by technical seismicity and their response”
determined by the respective value of vibration velocity {u(1)), for which the
relative deformation still does not cause brittle failure of masonry or plaster
coats of buildings, or cracks in pipeline joints or insulation of cable lines.

The vibration velocity is measured usually directly on the structure, at the
terrain level, on the lowest level of a building, at the foundation.

The damage extent classification distinguishes five degrees. Degree 0 (i.e.
without damage, when no visible damage occurs) fully respects the safety of
assessed buildings, utilities and other facilities.
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OPATRENI K ZAJISTENI OCHRANY PRAV A PRAVEM CHRANENYCH
ZAJMU DOTCENYCH 0SOB A ORGANIZACI

Stanovené podminky a opatieni:

- Provedeni pasportizacnich prohlidek véech stavebnich objekt(i, nachéazeji-
cich se v oblasti pfedpokladané seismicity o rychlosti kmitani 5 mm/s,
nebo v poklesovém pasmu. V pfipadé, e se v $ir$i oblasti (v pAsmu rych-
losti kmitdni nad 3 mmy/s) vyskytuji pamdtkové chranéné objekty nebo
objekty staticky porusené, je tfeba jejich zahrnuti mezi sledované objekty.

- Parametry trhacich praci a mezni néloZe byly vypoéteny v meznich hodno-
tach, kdy se vyluéuji prvni zndmky drobnych poru$eni stavebnich objektd
nebo inzenyrskych siti aj. zafizeni, tj. podle CSN 730040, pro stupen
poruseni 0.

- Jako Géastnici fizeni byli zahrnuti véichni viastnici nemovitosti a spravci
inZenyrskych siti, kdy intenzita otfesovych Gginkd byla pfedpokladéna
vy38i nez 50 % pfipustného dynamického zatiZeni pro obytnou zastavbu.

- Ufedni méfeni seismickych a akustickych uginkd v prabéhu raZeni na
vybranych objektech.

- Trvalé monitorovani otfesovych Géink( z vybranych stanovist.

- Okamzité Gpravy technologie trhacich praci a meznich nalozi v pfipadé
pfekroéeni limitnich hodnot dynamickeého pitizeni {propojeni monitorovacich
stanovist systémem SMS zprav s odbornou organizaci, zajistujici méfeni).

- Méfeni deformaci na zji$ténych trhlinach u stavebnich objektii v poklesové
kotling.

- Provedeni repasportizacnich prohlidek po ukonéeni stavby a porovnani
s vychozim stavem.

In addition, the standard classifies structures according to their dynamic
resistance (cl. A to F), according to the frequency range of dominant cycles
{under 10 Hz, within the limits 10 to 50 Hz and over 50 HzJ, and according to
foundation conditions (3 categories of the foundation bearing value).
A detailed specification is beyond the scope of this paper.

The allowable values of dynamic supercharging for the buildings found inside
the area affected by the project operations (at the frequency characteristics of
the quake impact over 50 Hz) were specified within the limits according to the
Tab. 1.

The lowest values of the above ranges became the limits for the blasting
operations. Thus the various structurally technical conditions of the structu-
res, their age, type of foundation etc. were taken into consideration.
Utilities placed under the surface in shallow depths have significantly higher
dynamic resistance (40 to 100 mm/s), therefore they did not represent any
limitation for the blasting operations.

ACOUSTIC AND DYNAMIC EFFECTS IN INHABITED LOCATIONS,
ALLOWABLE VALUES

Noise and vibrations in residential buildings and community amenities buil-
dings are assessed according to the Decree of the Government No. 502/2000
Coll.. Allowable values are relatively stringent.

The highest allowable equivalent sound pressure level A inside residential
buildings and community amenities buildings is determined for noise pro-
pagated into the buildings from external sources as a sum of the basic sound

p ( MPa) L(m) Qat (kg/m?) Qv (bm/m’) Qp (ks/n? ) N 1 (kg)
60 - 80 1 09-1,.2 33-36 30-34 0,3
letenské vrstvy 1,5 25-3.2 23-28 0,6
flySovy vyvoj 2 22-26 20-24 0.8
Letnd strata
flysch evol.
80 - 140
fevnické kiemence 1 1,2-16 35-38 32-36 0,4
Revnice quartzites 1,5 2,7-33 25-3,0 0,7-0,8
2 24-28 22-26 0,9-1,0

Qt - mérna spotieba trhaviny

Qv - mérna spotieba vrtd

Qp - mérny pocet vrtil na plochu éelby

p - pevnost horniny v prostém tlaku

L - postup na odpal

N1 - naloz ve vrtu

Tab. 2 Pramérné technické parametry trhacich praci

Qt - specific explosive consumption

Qv - specific borehole consumption

Qp - specific number of boreholes per face area

p - unconfined compressive strength of rock

L - pull length

N1 - charge per borehole

Tab. 2 Average technical parameters of blasting operation
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Obr. 2 Situace razeb s trhacimi pracemi ke dni 31. 1. 2002 a dosahu plisobeni otfesi o rychlosti kmiténi 3 a 5 mm/s ve stfednim tseku stavby mezi ulici
Ostrovského - Bieblova v fevnickych kfemencich, provadénymi a. s, METROSTAV.

Fig. 2 The layout of excavations with blasting operations as of 31.1.2002, and the reach of quaking with vibration velocity 3 to 5 mm/s in the central section
of the construction between Ostrovského and Bieblova streets, in the Revnlce quartzites, carried out by METROSTAYV a. s.
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POZNATKY ZE SLEDOVAN{ RAZBY TUNELU

Trhaci prace na ¢elbé dila odpovidaly projektem stanovenému &lenénému
porubu a postupu. Mezi pouzitim technologie trhacich praci a strojnim roz-
pojovanim je pfiblizna hranice pevnosti horniny 60 MPa. Primérné technic-
ké parametry trhacich praci, odpovidajici pevnostem horniny, jsou pro
vyrubni profily nad 15 m? uvedeny v tab. 2.

Qt u mensich profild (pod 15 m? se podle horninovych podminek mohou
zvy$it 0 20 az 30 % (v zavislosti na velikosti profilu).

Trhaci prace pouZivaji rozbusky v poctu aZ 36 Cas. stupni ¢asovany roznét
nalozi ve vrtech. Schéma ¢asovani postupuje od vytvorené zalomové duti-
ny s postupnym oteviranim &elby az po vylom obrysu. PouZivaji se ¢asova-
né, z toho v intervalu zpozdéni 25 ms (Cas. st. 0 - 21}, 250 ms (Cas. st. 22 -
31) a 500 ms (¢as. st. 32 - 36). Odstrel pfi poutziti celého sortimentu rozbu-
$ek je pak rozlozen do 6 s. Po tuto dobu pfiblizné plsobi i seismické Ucinky
na okoli.

Dosah pusobeni otfesovych G¢inkl na okoli je dan vztahem:

L . K . (m ev )0,5 ) u(‘l)-l

kde: K - funkce pfenosu v danych horninovych podminkach (100 az 400} a je
pfedmétem vyhodnoceni z méfeni

m,, - ekvivalentni hmotnost naloZe {kg)

u"™ - rychlost kmitani (prvni derivace vychylky podle ¢asu - mm/s )

Podle dynamické odolnosti okolni zastavby byly vypocéteny mezni naloZe
a stanoveno pasmo moziného dosahu otfesovych ucinkd. Z hlediska bez-
petnosti stavebnich objektl se béiné povaZiuje za ptipustnou u' = 10 aZ 15
mm/s (na vzdalenost 5 az 15 m od epicentra), pro narusené a historické
stavby plati minimaln{ u" = 3 az 6 mm/s (ve vzdalenostech 30 m i vice ) -
(obr. 3). Protoze se dosah plisobeni otfest méni v riznych smérech Sifeni,
je nutné pfi seismickych mérenich prosetieni jak stavebnich objektd v nej-
blizs§im okoli {obvykle ve vymezeném poklesovém pasmu}, tak i ve vétsich
vzdalenostech k objektivnimu prosetfeni pfipadnych stiznosti. Tyto stiznos-
ti se vyskytuji pomérné Casto proto, Ze vibraéni i akustické Géinky pisobi
soucasné, s pocitem nepfijemného fyziologického vjemu jiz pfi otiesech
o u =1 az 3 mm/s. Je jim proto ob¢any pfisuzovan vznik béznych poruseni
na malbé, omitkach i zdivu, které maji pficinu jinou.

Trhaci prace byly uskuteénény v geologickych podminkach letenského sou-
vrstvi - flySovy vyvoj (LB-fv) a v kiemencich {kiem) - (obr. 4). Vysledky sle-
dovani ke stavu ukoncenych razeb k 31. 1. 2002 uvadi tabulka s hodnotami
max. intenzity otfesl na objektech v nadlozi v¢. dalSich (primérnych) tech-
nickych parametr( kde,

Meyn = ekvivalentni néloz

Meelk: = celkové naloZ na odstiel

Stanovené piipustné meze dynamického namahani sledovanych pozemnich
objekt(i byly ve v8ech pfipadech dodrZeny.

pressure level L Aeq, T = 40 dB and corrections taking into consideration the
utilisation of rooms and the time of day according to the Annex No. 5 to the
above Decree. The correction is 0 for residential buildings and daylight time;
therefore the basic level is the limit. Blasting operations are not conducted
in the night time.

The calculation of average equivalent sound pressure level for the daytime
(16 hours) is conducted according to the measurement results, according to
the relationship

L pegr = 10 log AYT)f 10% dt/  (dB)

where: L(t) is the instant sound pressure level in dB
T - time which the equivalent level relates to

MEASURES TO SECURE THE PROTECTION OF RIGHTS AND
INTERESTS OF PRIVATE PERSONS AND ORGANISATIONS
PROTECTED BY THE LAW

The set out conditions and measures:

- Carrying out a condition survey (passportisation) of all structures found
within the area of anticipated seismicity with vibration velocity 5 mm/s or
within the settlement zone. If listed buildings or structurally damaged buil-
dings/structures are found within the extended area (in the zone of vibration
velocity over 3 mmy/s), those buildings/structures must be added to the list of
monitored structures.

- The parameters of the blasting operations and limiting charges have been
calculated in boundary values, where initial indications of minor defects of
structures or utilities and other facilities are neglected, i.e. for the 0 stage of
failure according to the CSN 73 0040 standard.

- All property owners and administrators of utilities for which the intensity of
vibration effects had been anticipated higher than 50 % of dynamic loading
allowable for residential development were added to the list of participants
of the proceedings.

- Official measurement of seismic and acoustic effects on selected structu-
res in the course of the excavation works

- Continuous monitoring of quaking effects from selected stations.

- Immediate adjustment of the blasting technique and limiting charges in
case of the limiting values of dynamic supercharging being crossed (inter-
connection of monitoring stations with a specialist organisation performing
the measurement by a system of SMS messages).

- Measurement of deformations on identified fissures on structures found in
the settlement trough.

- Carrying out a repeated condition survey (re-passportisation) of the struc-
tures after completion of the construction works, and comparison of its
results with the starting state.

objekt hornina délka Meyn (kg) | Mgy (kg) | postup nadloZi sledované max.
construction rock length (m) pull (m} | cover (m) objekty ut
monitored (mm/s}
buildings
ZTT {portal - km 4,450) + TP 2 LB - fv 325 2,4-3.2 60 - 110 2 42 -50 | domy Nad Santoskou, 5
WTT LS - fe Pavi Vrch  buildings
vétraci kanal, podzemni trafo LB -fv 105 2,4-53 75- 131,8 2 50 - 65 dtto 5,2
a strojovna LS-fe ditto
ventilation duct, underground
transformer st.
and machine room
vétraci $achta LB - fv 65 1,2-24 40-62 1.5 Pavi vrch 4,8
ventilation shaft LS - fe Pavi hill
vétev A LB - fv 180 2,4-6,0 60-223 2 38 - 40 domy Na Doubkové 2,2
branch A LS - fe buildings
ZTT, (4,730 - 4,6) + TP3 Kirem. 148 0,4-0,8 10 -15 1 15-18 domy Bieblova, 14,5
WrT Quartz. U Santosky
buildings
VTT (14,315 - 14,430) + TP6 LB - fv 235 0,6-24 30-93 1-2 30-32 domy Na Doubkové 9,8
ETT LS -fe buildings
vétev B LB - fv 100 06-1,6 15-45 1 20 -22 dtto 1,1
branch B LS -fe ditto
VTT (14,890 - 14,810) Krem. 80 0,4 4,5-10,8 1 15-16 domy Ostrovského 13,8
ETT Quartz. ul. U Santosky
buildings
VTT (14,565 - 14,620) Krem. 55 0.4 6-10 1 15 - 20 domy Bieblova, 14,5
ETT Quartz. U Skalky
buildings
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RESENI STIZNOSTI

Veskeré stiZnosti byly okamzité feSeny investorem VIS, a. s., s projednanim
na rad& monitoringu a rozhodnutim o dopliiujicich méfenich nebo posudku
o pfi¢iné Skody a opravnénosti stiznosti.

Systematickou kontrolou otfesovych éink( od trhacich praci {iFedni méfe-
ni a trvaly monitoring) a Gpravami meznich nélozi nebyly piekroéeny stano-
vené normové meze dynamického pfitizeni u v8ech objekt(i a zafizeni
v zajmové oblasti stavby. Trhaci prace byly v kritickych mistech redukovany
aZ na hranici jejich poutzitelnosti, coZ kladlo znatné néaroky na organizaci
a ¢lenéni diléich postupl.

Vyskyt novych lehkych poruch na malbé a omitkach z titulu otfesl nebyl
v oblasti sledovani zaznamenan.

Casté stiznosti obyvatel z blizkého okoli byly i na vibraéni a akustické aéin-
ky z vrtani ¢i sbijeni, které se pfenasely podlozim do objekt( a pisobily rusi-
vé zejména v notni dobé. Uskuteénénd méfeni prokazala dodrieni hygie-
nickych limitl v mistech pobytu osob pro denni dobu. Pro noéni dobu byly
pfekroteny hygienické limity akustickych uinkd pro mista pobytu osob od
sbijecich praci, v nékterych pfipadech i od vrtani.

Rada stiZnosti byla z oblasti vzdalené 100 i vice metr, kdy na zakladé sub-
jektivnich pocitl obyvatel byly podény stiznosti i na zavainé statické poru-
Seni objektll napf. zficeny kamenny mostek (Bieblova ¢. 15), sesuti opérné
zdi (Radlicka ¢. 72), poruseni novostavby rodinného domu {ul. Nad
Santoskou €. 11), starych obytnych domd v ul. U Nikolajky a okoli aj. Po
provedenych prohlidkdch byly uplatiované $kody kvalifikovany znalcem
jako neopodstatnélé, zplisobené jinymi priéinami. Pritkazem nezavinéni
narokovanych $kod byly zejména vysledky monitoringu a Giednich méfeni,
charakter poruseni a uréena jejich pfigina.

Podet stiznosti vzhledem k rozsahu dila a znaénému pouZiti trhacich praci
je pomérné maly. Tento pfiznivy vysledek byl dosazen dobrou informova-
nosti obyvatel v okoli, systematickou kontrolou a méfenim nezédoucich
Géinkd trhacich praci, éimz byly zajistény prikazné objektivni podklady
k feSeni jakychkoliv stiznosti z blizkého okoli stavby, ale i odpovédnym pfi-
stupem provadécich organizaci k realizaci stanovenych doporucéeni.

ZAVER

Realizace tunell v podminkach méstské zastavby pfedstavuje mozna rizika,
ktera je tfeba v pfedstihu stavby fesit. Pouziti technologie trhacich praci je
jednim z téchto rizik, protoze svymi nezddoucimi Géinky maze ovlivnit cho-
vani objektd v nadloZi jak z dynamického a statického hlediska, tak i z hle-
diska vlivu na Zivotniho prostfedi. Bylo spravné, Ze investorska organizace
VIS, a. s., vytvofila podminky pro nutnd méfeni in situ ji ve fazi prizkumu
a systematickou kontrolu otfesovych a akustickych aéink( na objektech
v zajmovém uzemi stavby pii nasledné realizaci, co? pfispélo k bezkonflikt-
nimu pribéhu razicich praci a vyfe$eni v8ech stiznosti, které neshledaly
Zadné zavainé Skody z titulu jejich pouZiti. Podékovani nalezi i odpovédnym
pracovnikim a technikim dodavatel(i stavby, tj. Metrostavu, a. s.,

Priény Fez VIl km 14,565 - Bieblova ulice
Cross section - ETT km 14,585 - Bieblova street
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KNOWLEDGE GAINED IN THE TUNNELS EXCAVATION MONITORING

The blasting operations at the tunnel face were performed in compliance
with the sequential excavation conception and the procedure set out by the
design. A value of rock strength of 60 Mpa has been a rough boundary value
deciding on the application of blasting technique or mechanical fragmentati-
on. Technical parameters of the blasting operations corresponding to the rock
strengths applied for excavated cross sections over 15 m?are shown in Tab. 2.
Qt can be higher by 20 to 30 % for smaller cross sections (under 15 m?),
depending on the size of the cross section and the rock mass conditions.
Detonators with up to 36 timing intervals are used for the delay-action initi-
ation of charges in boreholes during the blasting operations. The timing pat-
tern proceeds from a cutting, which is opened gradually up to the contour.
Delay-action detonators are used, with timing intervals 0 - 21 within the
delay of 25 ms, timing intervals 22 - 31 within the delay of 250 ms, and
timing intervals 32 - 36 with the delay of 500 ms. The blast in case of appli-
cation of the entire scale of detonators is distributed into 6 s then. The seis-
mic effects on the surroundings last approximately for the same time.

The reach of influence of quaking on the surroundings is given by the relati-
onship:

L=K.(m g P um

where: K is a function of transmission in given rock mass conditions (100 to
400), which is a subject of the measurement assessment

m,, is equivalent charge weight (kg)

u™ is vibration velocity (first derivative of amplitude to time - mm/s)

Limiting charges were calculated and the zone of possible reaching of quake
effects determined according to the dynamic resistance of the surrounding
development. From the aspect of safety of structures, the u™ = 10 to 15
mm/s (at a distance of 5 to 15 m from the epicentre).is generally considered
allowable, while minimum u” = 3 to 6 mm/s (at a distance of 30 m and more)
applies to defective and historic structures (see Fig. 3). As the reach of influ-
ence of quaking changes in different directions, it is necessary in seismic
measurements to carry out the survey of structures both in the closest vici-
nity (usually in the determined settlement trough) and at bigger distances to
investigate possible complaints objectively. Such the complaints occur rela-
tively often since the vibration and acoustic effects work simultaneously, and
the feeling of an unpleasant sensation occurs already at quaking with
u™ = 1to 3 mmy/s. For that reason people consider these vibrations to be the
reason of creation of defects in painting, plastering or masonry, even though
the real reason is somewhere else.

The blasting operations were carried out in the geological conditions of the
Letnd strata, i.e. of the flysch-type evolution (LS-fe} and quartzites (quartz.),
(see Fig. 4). The monitoring results regarding the condition on completion of
the excavation works on December 31, 2002 are shown in the table, contai-

NA DOUBKOVE

Revnické kfemence
Revnice quartzites

. Revnické kfemende
*'‘Revnice quartzites

Obr. 3 Pfi€ny fez, v km 14,565 VTT - dosah vlivu otfes( od razby boéni §toly VTT na podchéazenou zéstavbu v Bieblové ul.
Fig. 3 Cross section in km 14.565 of the ETT - the reach of the impatct of vibration due to the excavation of the side-wall drift in the ETT on the buildings

in Bieblova street being passed under




2 11. ROCNIK, ¢é. 2/2002

Tunel

a Subterry, a. s., za spolupréci pii organizaci kontrolnich méfeni a za opera-
tivni realizaci véech doporugeni, které vedly k Uspé&nému hodnoceni razeb
tuneld Mrazovka.
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Podélny fez - ZTT
Longitudinal section - WTT
CUT AND COVERED  DRIVEN SECTION

ning the values of maximum intensity of quaking on the structures existing
above, including other (average) technical parameters, where

= equivalent charge

= total charge for the blasting event

mevn
Mesik

The set out allowable limits of the dynamic loading of the monitored above-
ground structures have been complied with in all cases.

THE SYSTEM OF HANDLING COMPLAINTS

All complaints were immediately solved by the owner’s consultant VIS a.s.,
with a discussion in the monitoring board meeting and a decision on additi-
onal measurements, or expert opinion on the damage cause and rightful-
ness of the complaint.

Thanks to the systematic checking on the effects of vibration caused by blas-
ting (official measurements and continuous monitoring) and adjustment of
limiting charges, the set out standard limits of dynamic supercharging were
crossed at none of the structures and facilities inside the area affected by the
project operations. Blasting operations were reduced in critical locations to
the limit of their applicability, which fact meant considerable demands on
organisation and sequencing of partial headings. No occurrence of new
defects of painting and plastering due to vibrations was recorded in the
monitored area.

Frequent complaints by residents from a close neighbourhood referred also
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Obr. 4 Podélny fez ZTT - Useky s trhacimi pracemi

Fig. 4 Longitudinal section through the WTT - sections with blasting operations

to the vibration and acoustic effects of drilling or rock breaking, which were
transmitted through the sub-base to the buildings and caused annoyance
primarily in the nighttime. The measurements performed proved that sani-
tary limits valid in dwelling places for the daytime had been held. Although,
the sanitary limits of acoustic effects of rock breaking and in some cases of
drilling, valid in dwelling places for the nighttime, were crossed.

A number of complaints were from an area found at a distance of 100 m and
over, where complaints were filed even regarding serious structural damage
to structures (e.g. a tumbled small stone bridge in Bieblova Street No. 15,
a collapse of a retaining wall in Radlickd Street No. 72, a damage to a newly
buiit family house in Nad Santoskou Street No. 11, a damage to old residen-
tial buildings in U Nikolajky Street and its vicinity, etc. After inspections the
damage claims were qualified by an expert as unsubstantiated, caused by
other sources. The innocence in the cases of the damage claims were the
results of the monitoring and the official measurements, the character of the
damage, and identification of real causes.

The number of complaints is relatively low considering the scope of the
works and large extent of application of the blasting. This favourable result
has been achieved thanks to well informed residents in the neighbourhood,
systematic checking and measurement of undesired effects of blasting ope-
rations, which provided confirmative objective documents for handling any
complaint from the close vicinity of the construction site, but also thanks to
the responsible attitude of contractor organisations towards implementation
of the adopted recommendations.

CONCLUSION

Construction of tunnels in the conditions of urban development contains
potential risks, which must be solved in advance of the works proper.
Application of blasting technique is one of the risks, as it can, through its
undesired effects, affect the behaviour of structures at the cover both from
dynamic and structural aspects, and in terms of the environmental impact. It
was correct that the owner's consultant VIS a.s. established the conditions
needed for the required in-situ measurements as early as in the phase of the
investigation, and for the systematic checking on the vibration and acoustic
effects on the structures within the area affected by the project operations in
the course of the works performance. This contributed to the not conflicting
course of the excavation works and to the fact that the solution of all com-
plaints was concluded by the finding that no serious damage had been cau-
sed due to their application. Thanks also belong to responsible workers and
technicians of contractors Metrostav a.s. and Subterra a.s. for their co-ope-
ration in organising the check measurements and for the operative imple-
mentation of all suggestions, which led to the successful evaluation of the
Mrézovka tunnels excavation.
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RIZENI ODEZVY HORNINY - MILNIKY DO ROKU 1970

THE CONTROL OF GROUND RESPONSE
- MILESTONES UP TO THE 1960s

PROF. KALMAN KOVARI, SWISS FEDERAL INSTITUTE OF TECHNOLOGY, ZURICH

(pokracovani ¢lanku z ¢. 4/2001 a 1/2002)

Technologie svornikovani

Historie svornikovani zapotala patentem (&. 302909), ktery ziskali Stephan, Frohlich
a Kliipfel v roce 1913 (obr. 1) "Metoda zajistovani stropu a bokl vyrubt pfi razbé bez
podpirani odspodu”. Vynalez byl zaméfen na "vytvoreni zajisténi, jehoz pevny bod je
umistén v horning. Je jim nahrazeno tradi¢ni zajisfovani vydfevou, jejiz pevny bod je
na dné $toly"! Aby se dosahlo tohoto cile, "vyvrtaji se do horniny dostatetné diouhé
vrty, do nigh se vloZi tyte, trubky nebo kabely z tinosného materialu, napfiklad oceli,
a ty se vhodnym zplisobem zafixuji na konci nebo upevni po celé délce”.

Vypuknuti prvni svétové vélky oddalilo vystaveni tohoto patentu aZ do roku 1918.
Jména drzitell patentu a patent tohoto éisla byly v technické literatufe dlouho
neznamé. V némeckojazycné literatufe se viak nalezla publikace z roku 1919, neob-
sahujici informaci o autorovi, ve které je uvnitf rozsahlejsiho pojednani o dolovani
kratky odstavec vénovany tématu Udrzby dopravnich cest. Podtitul byl “Zajistani
tunell Zeleznymi kotvami®. MiZeme se dovédst, ze v uhelném reviru Kénigshiitte
v Hornim Slezsku (v té dob# Némecko) "nejméné po nékolik let se pouiivaji zkuseb-
ni kotvy, které maji nahradit vydievu pro vzdorovani tlaku horniny". Domnivame se,
Ze tato publikace ma vztah k vySe uvedenému patentu, | kdyz jméno driitele paten-
tu neni zminéno. Autofi si byli jiz v roce 1913 plné védomi dileiitosti svého vynale-
zu, tj. dilezitosti nahrady vydfevy kotvami: "Pritny prifez profilu neni Zadnym zpd-
sobem narusovan nebo omezovan, netimysiné podrazeni podpéry neni mozné, stoj-
ky a rozpéry jsou vylougeny a vyména devénych podpér z divodu hniti neni potieb-
na." Predvidavost autor(l dokazujl fakta: svorniky byly umisfovény do stropu i do
stén, aby se tak branilo zavalim nebo zuzovani profilu. Hlavy kotev byly spojovény
kabely a U-profily. Ctyfleté obdobi zkouseni kotev ukazalo, 7e "(sek zajistovany vrta-
nymi kotvami zstal zcela nedotéen, zatimco Gsek s vydrevou se zfitil v disledku
hniti dreva".

Tento revoluéni vynalez nanedtésti upadl v zapomnéni a nenasel si cestu do véeo-
becné praxe. Prvni publikace ke kotvam, kterd se objevila asi 25 let po napsani vyse
uvedeného Elénku, byla od Weigela (1943) ze Spojenych statd. Ten podal zpravu
o zkouskach, provadénych v letech 1936 a 1937 v dole Leadwood v jihovychodni
Missouri (St. Joseph Lead Co.). Tento novy systém “spodivé v podpirani horniny pod
hranici prirozené klenby a jejim piikotvenl k pevné horniné nad ni, a obaviasté k hor-
niné nad pilifi. To se provadi ped tim, nez se hornina skuteéné uvolni. Jelikoz samo-
zastavovaci stav nad vyrubem je obvykle vysledkem postupného procesu, jestlize se
spodni vrstvy zachyti a upevni, horni vrstvy neplsobi 24dné potize. Rada tenkych
vrstev tak vytvori jeden silny nosnik s dostateénou pevnosti na to, aby prenes! zati-
Zeni z pilife na pilif".

Ve vyCerpavajici publikaci z roku 1945 podal holandsky inZenyr Beyl zpréavu o (spés-
nych zkouskach kotev, které provadél v Anglii v letech 1942 a 1943. Pomoci méfeni kon-
vergenci se snazil studovat viiv kotev na deformace horniny. Pozoroval viiv predpéti
a poznamenal k tomu: "Je nutno vkladat kotvy co nejdfive po vyrubéani." Beyl nebyl
v Evropé se svymi myslenkami a polnimi zkouskami tspény okamiité. Jeho publika-
ce viak pomohly propagovat pouZiti kotev pozdéji v padesatych letech 20, stoleti.

V obdobi 1943 - 1950 zafilo poufiti horninovych svornik(i v americkém hornictvi,
2v143té v uhelnych dolech, a od roku 1952 nadale i v Evropé, neobvykle prudky rist.
Tento vyvoj zapogal po vydani publikaci C. C. Conwaye {Consolidated Coal
Company, lllinois} a E. Thomase (Barisky Gfad USA) v roce 1948. Conway vénoval
zvlastni kapitolu nazvanou "Teorie svornikovani". Samozfejmé existoval i odpor
proti svornikiim (Thomas a kol. 1949): "Na prvni pohled se zda, Ze tato metoda se
podobé zdvihani sama sebe za vlastni tkanicky od bot. Mnoho lidi navrhlo termin
Mnebeské haky'." Doviddme se zde o pozoruhodném nazoru na tginek svornikovani:
"strop se zjevné podporuje sém, misto aby byl podporovén klasickou vydrevou".
Uspéch kotev v USA mize byt ve velmi kratké dobé méfen pomoci nékterych sta-
tistik, V letech 1948 - 1950 bylo pomaci kotev zajisténo celkem 1400 km tunel( v 350
dolech (Forbes 1950). Vyroba "tun na sménu jednoho pracovnika se zdvojnasobila”.
V roce 1949 dosahly uhelné a rudné doly viibec nejlepsich vysledki v oblasti bez-
peénosti, coZ bylo prisuzovano kotveni stropil svorniky. Svornikovani ohromné sni-
Zilo poget Uraz(, zavinénych padem horniny {Bucky, terven 1950).

Pro vysvétleni rychlého Sifeni pouZiti kotev v USA v padesétych letech minulého sto-
leti postaéi rychly pohled na dvé ¢isla: V USA bylo na zagatku roku 1953 instalovéno
0,5 milionu kotev za mésic, zatimco v roce 1957 tento poéet vzrostl na 3,0 milionu
(Schmuck 1957). Je jisté spravné uvést, ze "vydfevavani bylo iz od doby jeskynniho
¢lovéka prostfedkem pro zachovévani pozemnich prostor”. Tento autor uvaiuje, Ze:
“vSeobecnym principem, ktery stoji za svornikovanim, s vyjimkou piipadu jednodu-
cheho zavésu, je to, Ze svornik musi byt schopen udélat z viastni horniny nedilnou
¢ast podplrné konstrukee." Varlstajici vyuZivani kotev pfi dolovéni, hlavné v Anglii,
Francii a Némecku, zapotalo v letech 1950 - 1952, a vedlo tam k podobnému (ispé-
chu. Béhem pouze nékolika let pouzivani dfevénych podpor z evropskych doll vymi-
zelo. Kotveni bude pfedmétem daliho zkouméni. Od padesatych let také nachézime
velké mnoZstvi publikaci patficich k laboratornimu a polnimu vyzkumu, stejné jako
uebnic a prvnich standardizacnich dokument ke kotvam.

(Continuation of the article from the No. 4/2001 and 1/2002 of this journal)

Rock bolting Technology

The history of bolting began with a patent specification (No. 302909) obtained by
Stephan, Frohlich and Klipfe! in 1913 (Fig. 1): "Method for the support of roof and
walls in mining without support from below". The invention aimed at "creating a sup-
port, the fix point of which is being placed in the ground. This replaces traditional sup-
port by timbering, the fix point of which is at the bottem of the drift!" In order to
achieve this goal, "bore-holes of sufficient depth will be drilled into the rock in which
rads, tubes or cables made of a load-bearing material, for example steel, will be insert-
ed and fixed at the end in a proper manner or cemented along the whole length."
The outbreak of the First World War delayed the issuing of the patent until 1918. The
names of the holders of the patent and the patent with this number were long
unknown in the technical literature. However, in the German-speaking literature,
a publication from 1919, without information concerning the author, was found in
which a short paragraph in the middle of a larger treatment of mining is dedicated to
the topic of the maintenance of transportation routes. The subtitle was "Tunnel sup-
port with iron anchors”. It may be learned that in the coalfield Konigshiitte in Ober-
Schlesien fat that time Germany) “for the last several years iron test anchors have
been used to replace timbering for resisting ground pressure". We assume that this
publication relates to the above-mentioned patent, even though the name of the
patent holder was not mentioned. The authors, already in 1913, were fully aware of
the significance of their invention, i.e. the replacement of timbering with anchors:
“The cross-section of the profile is in no way obstructed or restricted, an unintentional
knocking out of the supports is not possible, legs and struts are eliminated and
replacement of timber supports due to rotting is abolished.” Facts substantiated the
far-sightedness of the authors; bolts were placed in the roof as well as in the walls for
protection against cave-ins or cross-section narrowing. The anchor heads were linked
together with cables and U-profiles. A four-year test period with mechanical anchors
showed that “the section supported with bored anchors remained entirely intact
while the section with timbering collapsed due to the rotting of the timber."

This revolutionary invention unfortunately sank into oblivion and did not find its way
into general practice, The first publication on anchors, appearing some 25 years later
than the above-mentioned article, was by Weigel (1943), from the United States. He
reported on tests which were carried out in the years 1936 and 1937 in the Leadwood
mine in Southeast Missouri (St. Joseph Lead Co.). The new system “consists of sup-
porting the ground below the natural arch line and anchering it to the solid rock
above and especially to the rock above the pillars. This is done before the rock actu-
ally comes loose. As the self-stopping condition of the back is usually progressive
action, if the lower layers are caught and held tight, the upper ones do not cause trou-
ble. The succession of thin layers thus becomes one thick, heavy beam of sufficient
strength to carry from pillar to pillar”,

In a comprehensive publication from 1945, the Dutch engineer Bey! reported on suc-
cessful anchor tests which he had carried out in England in the years 1942 and 1943.
With the help of convergence measurements, he endeavoured to study the influence
of the anchors on ground deformation. He observed a prestressing action and
remarked: "It is necessary lo insert the anchors as soon as possible after the expo-
sure". Beyl was not immediately successful in Europe with his ideas and field tests.
His publications did however help to promote the use of anchors later in the 1950s.
In the period 19431950, the use of rock bolts in the American mining industry, espe-
cially in coal mines, and from 1952 onwards in Europe, experienced an unusually
rapid growth. This development began after the publications of C.C. Conway
(Consolidated Coal Company, lllinois) and E. Thomas (US Bureau of Mines) in 1948,
Conway dedicated a special chapter to "The theory of rock bolting" in his work. Of
course there was also resistance to bolting (Thomas et al. 1949): "The method
appears at first glance to approximate holding oneself up by one's bootsstraps. Many
persons suggested the term 'sky hooks". We learn here about a remarkable view on
the effect of rock bolting: “the roof apparently supports itself instead of being sup-
ported by conventional timbering". '

The success of anchors in the USA in a very short space of time can be measured by
some statistics. In the years 1948-1950, a total of 1400 km of tunnel in 350 mines were
supported with-anchors (Forbes 1950), The production of "tons per man-shift doubled".
“In 1949 the coal and ore mines achieved their best all time safety record attributed to
roof bolting. Bolting greatly decreased injuries due to rock fall” (Bucky, June 1950).

To explain the rapidly spreading use of the anchor in the USA during the 505, a glance
at two figures is sufficient: In the USA, at the beginning of 1953, 0.5 million anchors
were installed per month, whereas during 1957, the total rose to 3.0 million (Sehmuck
1957). It is certainly correct to state that "timbering, since the days of the cavemen,
has been the means of maintaining underground openings". This author considers
‘the general principle behind rock bolting, except in the case of simple suspension,
Is that the bolt must be able to make the ground itself an integral part of the support
structure”, The increasing use of anchors in mining, namely in England, France and
Germany, began in 1950 - 1952, and led there to similar success. In only a few years
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Kotvy byly, na rozdil od ocelového osténi a stitkaného betonu, pouZivany po dlou-
hou dobu pouze dolech,

Vystavba tunelt byla timto prudkym vyvojem trvale ovlivitovana. K jednomu z prv-
nich pfipadil poutiti systematického kotveni svorniky v tunelu na vednim kanélu
dodlo na stavbé 250 m dlouhého obtokového tunelu prehrady Keyhole ve
Wyomingu v USA v roce 1950, "Po odstfelech dodavatel kotvil strop svorniky, ktere
byly béiné pouzivany k branéni nadvylomim v uhelnych dolech, a jimi pfidrzoval
rozpukané (tvary, které by jinak mohly sjet nebo vypadnout.” (Anonymous,
Engineering News Record 1951). Podkovovy profil tunelu 3,5 x 4,0 m byl zajisfovan
radialné uspofadanymi horninovymi svorniky. “Rozmisténi stropnich svornikii bylo
provadéno vétsinou podle Gsudku tunelarskych mistr(." Doviddme se, Ze v tomto
tunelu se mohli zcela obejit bez "drahého systému ocelovych ram{i a paznic nebo
dievénych vzpér, chraniciho déIniky pfed padem horniny”. Abychom ukazali
vyznamné Gspéchy v Sirokém mezinarodnim méfitku, uvadime zde stavbu 16 km
dlouhého tunelu Notable Water Tunnel pobliz Manchesteru, také z roku 1950.
{Anonymous, Water Power 1951). Podkovovy prifez o rozmérech pfiblizne 3,5 x 35
m byl zajislovan tam: "kde se narazilo na viceméné vodorovné uloZené biidlice
a vrstvy hrubozmného piskovee ..., § tim, Ze ocelové ramy byly nahrazovény zave-
genou formou podepieni ... Tato metoda je velmi hospodérnd v pouiiti oceli. Byla
spotfebovana asi Sestina mnoistvl potiebného pii pouditi ocelovych oblouk(
a paiin."

Skuteénym prilomem, dosazenym v systematickém pouZiti svornikd v tunelovani,
je pfipad 42 km dlouhého vodovodniho pfivadéte Delaware Water Supply Aqueduct
v New Yorku, "Z dlvadu nedostatku oceli pozadalo predstavenstva Water Supply
o souhlas k pouiti metody zajistovani stropu svorniky”, namisto obvyklych ocelo-
vyech ramil. Souhlas byl dodavatelim dén 8. listopadu 1850 s nékolika podminkami.
K nim patfilo pouZiti ocelovych stropnich vaznik( {U-profily kotvené svorniky k hor-
niné) a “zastiikani horniny co nejdfive po instalaci svornikd a desek" (Nolan 1952).
Byl udinén zévér, e "pfi této metod? neni potfeba zadné dfevo, a jednou z vyhod
oproti klasickému zajisténi pomoci ocelovych rami je 85% Uispora v mnoistvi oceli,
pouiivané na zajisténi stropu”, V dalsi zpravé (Pierce 1953) je poznamenano, Ze
u tohoto projektu bylo vice neZ 19,5 km stropu zajidténo horninovymi svorniky a pfi-
tom: "nedoslo k zadnému smrtelnému Grazu ani prostoji z divodu padéni stropu...
Jednim z dlivodt tohoto dobrého vysledku je, Ze svorniky mohou byt instalovény
v mnohem mensi vzdalenosti od ¢elby nez oceloveé sestavy, takze délnici jsou chra-
néni po vétdinu &asu, kdy jsou v podzemi." {obr. 16). Co se tyké mechanismu zajis-
téni, je uvedeno, 7e "zatimeo obyéejné drevéné sestavy se dostavaji ke slovu aZ poté,
co doslo k porudeni, stropni svorniky zpisobuji, Ze hornina pfispivéa ke své vlastni
podpore” (Miiller 1952).

Vysoké rychlosti postupu, vyborné zkuSenosti s bezpeénosti a ekonomicke tspéchy,
dosazené na tomto velkém projektu, mély ohromny vliv na obor tunelafstvi po
celém svété. Uspéch byl usnadnén vysokou technickou drovni publikaci o tomto
dile. Tento newyorsky vodovodni tunel tedy, spolu se zku$enostmi ziskanymi v hor-
nictvi, dodal odvahu této profesi na celém svété pouzivat svornikovani, se stfikany-
mi betony nebo bez nich, na probihajicich stavbach podobné nebo vétsi velikosti.
Z nich v pfiblizné chronologickém sledu uvadime:

Elektrarna Kemano v Britské Kolumbii, vyska 50 m, §itka 36 m a délka 210 m, posta-
vena v letech 1952 - 1953. "Hornina je granodiorit, k pfichycenf desek a dalsi stabili-
zaci stén vyrubu aZ do doby, kdy mohlo byt zabetonovano trvalé zajiténi, byly pou-
sity svorniky dlouhé a2 4,5 m." (Woodruff 1954)

Elektrarna Harspranget ve Svédsku (1952 - 1953) s radialné uspofadanym kotvenim
stropu svorniky a stfikanymi betony na stropé. Poprvé byly pouiity piné injektova-
né kotwy, kterym se nékdy fiké "Svédské metoda" (Heggstad 1953), Sitka komory
byla 18 m. Zde se musime zminit o vyndlezu $védskych inzenyrli F. Lidingda a A,
Lundgquista z roku 1952. Jedna se o piné injektovany svornik Perfo, ktery signalizo-
val zasadni prilom v metodé svornikovani (Patent & 1462256). Rabcewicz v roce
1957 napsal: "Daleko nejvétsi pokroky v této technologii byly nepachybné dosazeny
ve Svédsku. Diky podminkém, které tam vytvofili, mimo jiné diky stavbam velkych
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Obr. 1 Porovnani prifezu $toly zajisténé svorniky a vydfevou
Fig. 1 Comparison of a rock bolted and timbered cross-section

the use of woaden supports vanished from European mines. Anchoring will be a sub-
ject for further investigation. From the 50s we also come across a substantial num-
ber of publications pertaining to laboratory and field research, as well as textbooks
and the first technical standardizations on anchors.

Anchors, in contrast to steel linings and sprayed concrete, were for a long time only
used in mining.

Tunnel construction continued to be affected by this rapid development. One of the
first applications of systematic rock bolting in a waterway tunnel was in the approx.
250 m long diversion tunnel of the Keyhole Dam, Wyo. in the USA in 1950. "After
blasting, the contractor resorted to roof-bolting - commonly used to prevent over-
break in coal mining - to hold cracked formations that otherwise might slip or fall out”
(Anonymous, Engineering News Record 1951). The horseshoe profile of the 3.5 x 4.0
m tunnel was supported by radially arranged rock bolts. "Roof-bolt locations were
mostly a matter of judgement exercised by the tunnel foremen”. We learn that in this
tunnel "an expensive system of steel ribs and lagging ar timber bracing to protect
workmen from falling rock” could be completely dispensed with. In order to demon-
strate the developments on a broad international scale, we also mention here the
construction of the 16 km long Notable Water Tunnel near Manchester also 1950
{Anonymous, Water Power 1951). The approx. 3.5 X 3.5 m sized horseshoe section
was secured "where shale and gritstone beds were encountered lying more or less
horizontally {...) the steel arches being replaced by a suspended form of support: {...)
This method is very economical in the use of steel, the quantity being about one-sixth
of that required with steel arches and bank bars",

A true breakthrough of systematic rock bolting in tunnelling is the case of the 42 km
long Delaware Water Supply Aqueduct in New York. "Due to the shortage of steel the
Walsh-Perini Company asked the Board of Water Supply for permission to use roof
bolting method" instead of the usual steel ribs, On November 8, 1950 permission was
given to the contractors under several conditions. Among them were the application
of steel roof ties (channels bolted to the rock) and "guniting the rock as soon as pos-
sible after bolts and plates are put in place” (Nolan 1952). It was concluded that "no
timber is needed with this method, and the advantage over the conventional steel rib
support involves a reduction of 85 % in the amount of steel used to support the roof".
In a further report (Piarce 1953) it is mentioned that in this scheme more than 19.5 km
of roof were rock-bolted "but not one fatality or one lost-time accident occurred due
to roof falls. (...) One reason for the good record is that bolts can be applied much
closer to the face than steel sets, thus giving the workers protection most of the time
they are underground” (Fig.16). As to the support mechanism, it is mentioned that
?"whereas ordinary timber sets come into play after failure has occurred, roof bolts
cause the rock to contribute to its own support" (Miller 1952).

The high advance rates, the excellent safety record and the economic success
achieved on this large project had an enormous influence on tunnelling industry
world-wide. This was facilitated by the high technical level of the publications on the
works. So this New York Water Tunnel, together with the experience gained in the
mining industry, encouraged the profession world-wide to employ rock bolting, with
or without shotcreting, in pending projects of similar or even greater size. We men-
tion here in an approximately chronological sequence:

The Kemano Powerhouse in British Columbia 50 m high, 36 m wide and 210 m long,
constructed 1952-53. "The rock is granodiorite, and bolts up to 4.5 m long were used
to pin slabs and otherwise stabilize the walls until the concrete could be poured for
permanent support” (Woodruff 1954).

The Harspranget Powerhouse in Sweden (1952-53) with radially arranged roof bolt-
ing and guniting in the roof: The first time fully grouted anchors were applied - some-
times referred to as the "Swedish method" (Heggstad 1953). The width of the cham-
ber was 18 m. Here we must mention the invention by the Swedish engineers F
Lidingd and A. Lundgquist in 1952. This is the fully-grouted Perfo-bolt, which sig-
nalised a major breakthrough in rock bolting technology (Patent No. 1462256).
Rabcewicz wrote 1957: "By far the greatest advances of this technology were
achieved without doubt in Sweden. Due to the circumstance that there, large water
power plants, among others, had been carried out... There is a long-term continuity;
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Obr. 2 Svorniky zajistujici strop tunelu East-Delaware (Weiss 1952)
Fig. 2 Rock bolts installed for roof support in the East-Delaware Tunnel
{Weiss 1952)
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vodnich elektraren, ... Existuje tam dlouhodoba kontinuita; kromé toho jsou tam
vidy k dispozici $tédré zdroje prostfedki pro vyzkum a zkouseni. Napiiklad vezmé-
me strop podzemni elektrarny Harspranget, ktery byl zajistovén injektovanymi kot-
vami a stfikanym betonem."

Na poéatku padesatych let minulého stoleti byla v Norsku postavena fada podzem-
nich elektraren s velkym rozpétim vyrubu. Heggstad {1956) se zminil o tom, Ze "zave-
deni metody kotveni stropu svorniky vedlo k podstatnému zjednodusen/ razicich
praci pro elektrarny". Pouzivaly se svorniky injektované cementem a také oblouky
z vyztuZeného stiikaného betonu tloustky od 10 do 12 cm.

Dale 11,7 km dlouhy tunel vodniho kanalu Isere-Arch pro hydroelektrarensky kom-
plex Randen ve Francii (1954), Maximélni nadloZi bylo 2000 m, raiba byla zahajena
v roce 1949 po velkych potiZich z divodu silného jevu stileni horniny. Resenim bylo
systematicke kotveni svorniky (od zafi 1951 do prosince 1952). Diky metodé svorni-
kovani mohlo byt poutito plnoprofilové razeni, coZ umoinilo zdvojnasobit nebo
i ztrojndsobit rychlost postupu ve srovnani s pouZitim vydfevy (Kabilinsky 1955).
Sitka pfitneho fezu je 7,6 m. Zavedeni této technologie véechny inzenyry na stavbé
piekvapilo. Francouzsky inzenyr J. T. Talobre {1957) navrhl k vysvétleni Géinku radi-
alné usporadaného kotevniho schématu v malo pevnych horninach model {obr, 3),
ktery pfedpokladal horninovou klenbu, obklopujici vyrub. V roce 1940 zaved| Talobre
pojem "mechanika hornin" a je povaZovan za jednoho ze zakladateld tohoto oboru.
Silni¢ni tunel Mont Blank mezi Francii a Italii, dlouhy 11,6 km se dvéma jizdnimi
pruhy, s maximalnim nadloZim pres 2200 m, byl postaven mezi lety 1958 a 1962.
Plocha pii¢ného fezu je proménliva {75 - 90 m?), v zavislosti na velikosti vétraciho
kanalu pod vozovkou. Jevy tladivosti horniny a silného stfileni horniny bylo moino
zvladat systematickym svornikovanim. Diky této metodé bylo mozno pouit razeni
na plny profil i v obtiznych geologickych podminkéch s tim, Ze byl profil také zajis-
fovan az 50 svorniky. Ve zpravich se uvadi, ze 2a dobu dvou let se celkové pouzilo
72 000 svornikd. O pouditi systematického svornikovéni jako prostredku zajistovani
horniny se rozhodlo jiz v roce 1954, v pocatecni fazi projektovani stavby, na zakladée
vybornych zkusenosti z tlakového tunelu Isere-Arc.

Hydroelektrarensky komplex Snowy Mountain je jednim z nejvétsich stavebnich
projektl minulého stoleti (Endersbee 1999). V této stavbé byl obsazen celkem 145
km dlouhy tunel &itky asi 6 m a kaverny strojovny. Na néavrh L. A. Endersheea byly
jiz v roce 1949 do smluvnich vykresii zahrnuty svorniky $térbinového a klinového
typu. Stavba tunelu byla zahjena v cervnu 1955. "Po tspé§ném pouZiti horninovych
svornikl na velkych razbach podzemnich elektraren vyZzadovaly technické podmin-
ky, aby byla dila zajistovana svorniky, pokud nebude poutiti vystroje z ocelovych
rém( nafizeno a schvéleno stavebnim dozorem." (Andrews a kol. 1964). Z hlediska
rychlostniho tunelovani byl kladen diraz na to, ze svorniky mohou byt provadény
soutasne s vrtanim ¢ela, zatimeo pfi osazovani ocelovych rami se preruduji bdzné
rutinni operace. Zajistén( ocelovymi ramy se pozadavalo pouze v tlaéivych horni-
néach. Zv|astni viastnosti tohoto projektu bylo systematické svornikovani na velké, 23
m Siroké a 33 m vysoké kaverné strojovny Tumut I. Svorniky byly pouzivény jako
docasné i trvalé zajisténi (obr. 4). "Byla zjevna potfeba lepsiho védeckého poznani
mechaniky svornikovéni a vysvétlovani principd a praktik délnikim, jejichz Zivoty
zavisely na pevném zajisténi horniny pii podzemnich razbéch. T. A. Lang inicioval
sérii studii, zaméfenych timto smérem." (Endersbee 1999) Z jeho studii vznikla velka
fada védeckych prispévki. Nejzndméj§i z nich ma nazev "Teorie a praxe svornikova-
ni" (Lang 1961). Lang sviij €lanek uzavira vétou: “Zvlastni hold je treba vzdat ddini-
mu pramyslu USA za prdci pfi iniciovani a rozvoji pouZivani horninovych svorniki."
Na symposiu v roce 1999, které mélo oslavit 50, vyrogi stavby komplexu Snowy
Mountain, Endersbee (1999) tvrdil, Ze "komplex Snowy Mountain ved! k velkym
Zméndm ve svétové praxi raZeni v pevné horniné”. Zcela s nim souhlasime.

Prvni zkoudky poutiti svornikovani v rakouském dilnim primyslu byly provedeny
v uhelnych dolech Salzach {(SAKOG) pobliz Salzbugu v roce 1955 (Anonymous
1960).

(dokonceni v pfistim Cisle)

Obr. 3 Klenba zajistujici vyrub vytvoiena pomoci svornikil {Talobre 1957)
Fig. 3 Ground support arch, created by rocks bolts (Talobre 1957)

besides there generous resources for research and testing are always available. As
an example, take the roof of the underground power house of Harspranget, which
was only supported by grouted anchors and torkret".

A number of large span, underground power houses constructed in the early 1950s in
Norway: Heggstad (1956) mentioned that "the introduction of the 'roofboit' method
has led to considerable simplifying of the excavating operations for power stations".
Cement grouted bolts and also arches of reinforced gunite with thickness of 10to 12
cm were used.

The 11.7 km long water-way tunnel, Isere-Arc, of the Hydroelectric Scheme Randen
in France (Martin 1954): The maximal overburden was 2000 m, and the excavation
began in 1949 after great difficulties because of the heavy rock burst phenomenon.
Systematic rock bolting (from September 1951 until December 1952) brought the
solution. Thanks to the rock bolting method, full face excavation could be appliad,
which permitted the rate of advance to be doubled or even tripled when compared
with timbering (Kobilinsky 1955). The width of the cross-section is 7.6 m. The intro-
duction of this technique surprised all engineers of the construction site. The French
engineer, J.T. Talobre (1957) proposed a model (Fig. 3) to explain the effect of a radli-
ally arranged bolting pattern in weak rock by assuming a ground arch surrounding
the opening. Talobre introduced in the 1940s the term “rock mechanics" and he is
considered as one of the founders of this discipline.

The 11.6 km long two-lane Mt. Blanc road tunnel, with a maximal overburden of over
2200 m, between France and Italy was constructed between 1958 and 1962. The area
of the cross-section is variable (75-90 n¥), depending on the size of the ventilation
duct under the roadway. The phenomena of squeezing rock and heavy rock bursting
could be controlled by systematic rock bolting. Thanks to this technique, full face
excavation could be applied even under difficult geological conditions, the face also
being supported with up to 50 bolts. It is reported that, over a period of two years, in
total 72000 rock bolts were used. Based on the excellent experience in the Isere-Arc
pressure tunnel, systematic rock bolting as a means of rock support was decided on
already in 1954 in the early design phase of the project.

The Snowy Mountain Hydroelectric Scheme is one of the greatest civil engineering
projects of the last century (Endershee 1999). Its construction involved a total length
of 145 km of tunnel with a width of approx. 6 m and machine hall caverns. At the pro-
posal of LA. Endersbee, already in 1949, rock bolts of the slot and wedge type were
included in the contract drawings. Tunnel construction started in June 1958,
"Following the successful use of rock bolts in large excavations of the
Authority's underground power stations, the specifications required that supports for
the works should be bolts, unless the use of steel rib supports was directed or
approved of by the Engineer" (Andrews et al. 1964). From the point of view of high
speed tunnelling, the fact was emphasized that rock bolting can be carried out simul-
taneously with face drilling, whereas installation of steel rib supports disrupts routine
activities. Only in squeezing ground was a steel arch support required. A special fea-
ture of this project was the systematic rock bolting for the large Tumut | machine hall
cavern, 23 m in width and 33 m in height. Rock bolting was used both as temporary
and as permanent support (Fig. 4). "There was an evident need for a better scientific
understanding of the mechanics of rock bolting and a need to explain the principles
and practices to workmen whose lives depended on sound rock support in under-
ground excavation. TA. Lang initiated a seties of studies directed to those purposes"
(Endersbee 1999). A great number of outstanding scientific papers resulted from his
studies, the best known entitled ‘Theory and Practice of Rock Bolting" {Lang 1961).
Lang concludes his paper saying that "A special tribute must be paid to the mining
industry of the U.S. for their work in initiation and developing the use of rock bolts".
At the 1999 Symposium to commemorate the 50th anniversary of the Snowy
Mountains Scheme, Endersbee (1999) claimed that "The Snowy Mountains Scheme
had led to a major change in world tunnelling practice in hard rock". We completely
agree with him.

The first tests with rock bolting in the Austrian mining industry were carried out in
the Salzach Coal Mines (SAKOG} near Salzburg in 1955 {Anonymous 1960).

(To be completed in the next number of this journal)
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. Obr. 4 Pouziti svornikli na stavhé velké kaverny pro strojovnu Tumut |
hydroelektrarny ve Snowy Mountains (Lang 1958)
Fig. 4 Rock bolting in the large Tumut | machine hall cavern of the Snowy
Mountain Hydroelectric plant {Lang 1958)
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TUNEL BRANISKO - SUCASNY STAV VYSTAVBY

THE BRANISKO TUNNEL
CURRENT STATE OF THE CONSTRUCTION

ING. MILOSLAV FRANKOVSKY, TERRAPROJEKT, a. s., BRATISLAVA

Uvop

Vystavba diafniéného tunela Branisko na vychodnom Slovensku je v centre
pozornosti slovenskej (ale i ¢eskej) odbornej verejnosti uz dlh3i ¢as, ked od
jej zaéiatku uplynulo pribliZne Sest rokov. Na jar 1996 sa zacala razif pries-
kumna §tolfia a na jesefi toho istého roku zacali pripravné préace pre razenie
prave] tunelovej rary. Nasledujici Gspesny priebeh vystavby mali itatelia
¢asopisu Tunel moznost sledovat nielen na strankach nasho ¢asopisu, ale aj
v potetnych prispevkoch na viacerych odbornych konferenciach v Cechach
i na Slovensku.

V obdobi poslednych rokov sa stavha tunela Branisko stala prioritnou
v rdmci viadneho programu vystavby dialnic, a tym sa Branisko ocitlo pod
drobnohladom irokej verejnosti. Napriek nakladovej néroénosti (€asto Uce-
lovo zneuivanej oponentmi ich vystavby) predstavujl tunely na pozem-
nych komunikéciach pre verejnost vyrazné pozitivum, najma kvalitativne
zlepsenie plynulosti a bezpeénosti premavky, ako aj zniZenie ekologickej
zataze krajiny. Vodiéi dut denne prekonavajtci sedlo Chvalabohu v horskom
masive Braniska mdzu potvrdit, Ze jeho nazov stéle zodpoveda pacitu vodi-
ga, ktory préve zdlhavo vystupal strmymi serpentinami zo spidskej strany.
Vseobecné oakévania podporené medializaciou terminov harmonogramu
stavby sice smerovali k za&iatku skisobnej prevédzky v lete tohto roku, ako
realistickej$i sa dnes javi predpoklad prejazdu prvého vozidla nie skdr nez
v zime. Stavebna &ast tunela v su¢asnosti finisuje s urditymi sklzmi termi-
nov, urdité dalsie oneskorenie je v8ak moiné predpokladat vzhladom na
préve zadinajlcu montaZ technologického vybavenia a najma oéakdvanu
komplikovanost jeho komplexného preskisania a uvedenia do prevadzky.
Bliziaci sa termin uvedenia tunela Branisko do prevadzky je dévodom pre
zhrnutie zakladnych udajov, struénu rekapitulaciu vyvoja stavby v uplynu-
lych rokoch ako aj opis a kratku analyzu aktualneho stavu.

ZAKLADNE UDAJE, NAVRHOVE PRVKY A TERMINY VYSTAVBY TUNELA

Tunel Branisko je stiastou stavby Useku dialnice D1 Beharovce - Branisko,
nach4dzajuiceho sa na vychodnom Slovensku, zhruba na polceste medzi
Levotou a PreSovom. Branisko je asi 20 km dlhy horsky hrebefi s nadmorskou
vyskou medzi 950 a7 1300 m n. m., situovany v severo-juznom smere, teda
priblizne kolmo na trasu dialnice. Stc¢asny cestny prechod Statnej cesty 1/18
s velmi zlymi jazdnymi podmienkami najma v zimnom obdobi bude nahrade-
ny dialnicou, ktora prekona masiv Braniska priblizne 5 km dihym tunelom.

Investor: Slovenska sprava ciest Bratislava

Generalny projektant: inco-Banské projekty s.r.o., Bratislava

Dodavatel stavebnej ¢asti: ZdruZenie Branisko, zastUpené
Vodohospodérskou vystavbou, §.p.

Razitské prace: Banské stavby a.s. Prievidza, Zdruzenie Spi$

Betonarske prace: Vahostav a.s., Zilina, Hydrostav a.s., Bratislava

Projektant stavebnej ¢asti; Terraprojekt a.s., Bratislava

Dodavatel technoldgie: ZPA Kfrizik a.s., PreSov

Dlzka tunela: 4822 m (razeny tunel)

4975 m (dopravné dlika véitane portalovych

objektov)

cyklicky spdsob razenia s rozpojovanim vrtno-

trhacimi pracami za pouZitia principov NRTM

82 - 103 m? ($tandardny profil)

Metoda vystavby:
Plocha vyrubu:

Dopravny priestor v tuneli je uréeny priechodnym prierezom s §irkou vozov-
ky 7,5 m medzi obrubnikmi, prejazdnou vyskou 4,5 m a sluzobnymi chod-
nikmi $irky 1 m po oboch stranach vozovky {obr.1). Takyto prejazdny prierez
zodpoveda europskym Standardom a je vysledkom vynimky z normy STN
73 7507 Tunely na pozemnych komunikaciach platnej v €ase spracovania
projektovej dokumentacie. Vynimka z normy platila prakticky pre vietky
vtedy pripravované tunely, az do juna roku 2001 ked bola citovana norma
revidovand a priechodny prierez 7,5 x 4,5 m bol fiou pre niektoré dizkové
kategorie tunelov predpisany.

Oc¢akavany vyvoj intenzity dopravy dovoluje predpokladat, Ze doba, potas
ktorej bude pravé tunelova rura prevadzkovana obojsmerne, bude pomerne
dlha. Vystavba lavej (severnej) tunelovej riry bude uréite nasledovat, éomu
zodpoveda i navrh a realizdcia bezpeénostnych stavebnych lprav ako aj
portalovych objektov.

INTRODUCTION

The Branisko tunnel construction in eastern Slovakia has been drawing
attention of Slovakian (but also Czech) professional public for a rather long
time, while about six years have passed since its beginning. An exploration
gallery excavation started in the spring 1996, and preparatory operations for
excavation of the right-hand tunnel tube began in the autumn of the same
year. The following successful course of the works could be observed not
only by the Tunel magazine readers on the magazine pages, but also in
numerous papers delivered on several professional conferences in Czech
Republic and Slovakia.

During the past years the Branisko tunnel construction has become a priori-
ty in the framework of the governmental programme of development of
highways. Thus the Branisko got into the focus of wide public. Despite of the
cost intensiveness (often purposefully misused by the highways develop-
ment opponents} road tunnels represent a significant positive for the public,
above all a qualitative improvement of traffic fluency and safety, as well as
reduction in the landscape environmental burdening. Car drivers who daily
overcome the Chvalabohu (the Thank be to God) Pass in the mountain mas-
sif Branisko can confirm that its name still corresponds to the feeling of a dri-
ver, who has just sluggishly climbed the steep serpentine road from the Spié
side. General expectations supported by publication of the construction
schedule terms in media counted with the trial running in the summer of this
year, however an assumption of the first vehicle passing through the tunnel
not later than in winter seems to be more realistic today. The civil part of the
tunnel is just being completed, with certain delays in the terms. However,
another delay can be expected due to the installation of technological equip-
ment being just started and, above all, the complexity of its commissioning
and start-up of its work.

The fact that the date of the Branisko tunnel opening is drawing near is the rea-
son why the basic data should be summarised, the construction progress during
the past years briefly walked through, and the current state analysed in short.

BASIC DATA, DESIGN ELEMENTS AND CONSTRUCTION TERMS
OF THE TUNNEL

The Branisko tunnel is a part of the construction of the highway D1
Beharovce - Branisko section, It is located in eastern Slovakia, roughly at the
midway between Levoéa and Presov. The Branisko is about 20km long
mountain ridge with an above see level between 950 and 1,300m, situated in
the north-south direction, approximately perpendicularly to the highway
alignment. The existing I/18 national road pass with very bad driving condi-
tions mainly in winter time will be replaced by a highway, which will over-
come the Branisko massif by an about 5km long tunnel.

Employer: Slovenska spréva ciest Bratislava (Slovakian Road
Administration)

Inco-Banské projekty s.r.o., Bratislava

ZdruZenie Branisko(Branisko association),
represented by Vodohospodarska vystavba, §.p.
Banské stavby a.s. Prievidza, ZdruZenie Spi$
Vahostav a.s., Zilina, Hydrostav a.s., Bratislava

General designer:
Civil part contractor:

Mining works:
Concrete works:

Civil part designer: Terraprojekt a.s., Bratislava
E&M contractor: ZPA Kfizik a.s., Presov
Tunnel length: 4,882 m (mined tunnel) 4,975 m (traffic length

including portal structures)

cyclic manner of excavation with disintegration by
drill-and-blast, using the NATM principles
Excavated cross section: 82 - 103 m? (standard profile)

Construction method:

The traffic space in the tunnel is determined by a clearance profile with the
carriageway width of 7.5m between curbs, passage height of 4.5m, and ser-
vice pavements 1m wide along both sides of the carriageway (see Fig. 1).
Such the clearance profile accords with European standards. It is a result of
an exception from the STN 73 7507 standard "Road tunnels” valid at the
moment of the design documents elaboration. This exception from the stan-
dard had been in power practically for all tunnels prepared at that time till
June 2001, The quoted standard was revised then, and the 7.5 x 4.5 m clear-
ance profile became mandatory for some categories of tunnel lengths.
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Zakladné Gdaje charakterizujice priebeh stavby tunela v ¢ase s uvedené
v tabulke. Je z nej mozné vyéitat napriklad aj to, Ze k pdvodne planovanému
subehu préc pri razeni tunela a betonaZi sekundarneho ostenia napokon
nedoslo.

The expected development of traffic volume allows us to assume that the
time for which bi-directional traffic will exist in the right-hand tunnel tube
will be relatively long. The construction of the left-hand (northern) tunnel
tube will no doubt follow. This statement is supported by the fact that the

1998 1999 2000 2001 2002

Razenie prieskumnej $téIne
Excavation of exploration gallery
Razenie pravého tunela
Excavation of right-hand tunnel
Betonaz sekundarneho ostenia
Casting of secondary lining

Vystavba vetracej $achty
Constructon of ventilation shaft

Vystavba portalovych objektov
Construction of portal buildings

Vystavba vydusného objektu
Construction of exhaust structure

Vozovka a chodniky

\Carriageway and pavements
Konecné stavebné upravy v tuneli
Final civil works in the tunnel

Tab.1 Postup vystavby tunela Branisko
Tab. 1 Course of the Branisko tunnel construction

VVSTAVBA PRAVEJ TUNELOVEJ RURY

Tunel Branisko {pravé tunelova rura) bol projektovany a nasledne i realizo-
vany cykfickym spdsobom razenia podla principov Novej rakuskej tunelar-
skej metédy (NRTM). Pri vybere technoldgie vystavby tunela Branisko bola
v prvych projektovych stupfioch analyzovana aj moznost poutitia velkopro-
filovaho raziaceho stroja (TBM) a bolo doloZené jej porovnanie s konvené-
nym razenim. Porovnanie vyznelo v pripade tunela Branisko v prospech
NRTM a skutotnost dosiahnutymi vysledkami potvrdila spravnost tejto
volby. Podrobnejsie sa razeniu tunela, ukonéenému v roku 1999, v tomto
¢lanku venovat nebudeme, nakolko uz o fiom bolo publikované viaceré
materialy i v casopise Tunel.

Po ukonéeni razi¢skych prac nasledovali prace na budovani definitivnych
konstrukcii. Koncepcia nadvrhu konstrukcie definitivneho (sekundéarneho)
ostenia vychadzala z predpokladov plného prenesenia zatazenia od horni-
nového masivu, po degradacii prvkov docasného vystrojenia tvoriacich pri-
marne ostenie. Statické vypocty sekundéarneho ostenia boli realizované pre
jednotlivé typy horninového masivu, zodpovedajuce triedam vyrubu.
Zakladové pasy z vystuzeného betdnu sa budovali na spodn klenbu, resp.
na podkladny beton, pricom v dalsich fazach vystavby boli vyuZité ako pod-
klad pre kolajovu drahu, po ktorej sa pohybovali mobilné vozy sliziace dal-
§im technologickym postupom.

Z prvého vozu sa zriadovala medzilahla izolacia spolu s ochrannou geotex-
tiliou. Ako hydroizolaéna félia bola pouzita polyetylénové félia hribky 2 mm
s farebne odli$nou signélnou vrstvou. Daléim technologickym krokom bola
priprava vystuze hornej klenby, v Usekoch kde je sekundarne ostenie navrh-
nuté zo zelezobetonu. Sekundérne ostenie (horna klenba) bolo beténované
do pojazdného ocelového debnenia, debniaceho vozu dlzky 10 m. Krok
betondze 10 m bol zaroven navrhnuty pre v$etky dalsie definitivne konst-
rukcie, takze prie¢ne pracovné $kary spodnej klenby, zakladovych pasov,
hornej klenby a medzistropu st umiestnené v tom istom profile. Nasledne
za betonazou hornej klenby sa realizovala doska medzistropu z vystuzeného
monolitického betdnu uloZend na konzolach na sekundarnom osteni.
Medzistrop ma hrubku 20 ¢cm a je dimenzovany na prenesenie montaznych
zataZeni a zataZenia od tlaku vzduchu vo vetracom kanali.

V tuneli je vybudovanych Sest ntdzovych zalivov, z toho Styri jednostranné
a dva obojstranné, Dalsimi bezpeénostnymi prvkami st vyklenky pre SOS skri-

Primime ostanka B20 v, 250 - 300 mm
linar, C20, 260 300mm th

Walorproofing mombrung
Sekundéme ostenle B30 hr. 300 - 350 mm
Secondary liner, C30, 300 350mm th
Medzistrop B30 hr. 300 - 350 mm
Suspended sisb

Priechodny prierez

Clearance profil

Kabelovy pas B20
Cablo dict

Zakadovy pas B20
Foundation

3

Spodné klenba B20
Inveri, C20

Obr. 1 Vzorovy prieény rez tunela
Fig. 1 Typical tunnel cross section

design and implementation of structural safety modifications and the design
of portals correspond with this conception.

Basic data characterising the tunnel development with time are contained in
the table above. It shows for example that eventually the originally planned
coincidence of the tunnel excavation work and casting the secondary lining
did not occur.

CONSTRUCTION OF THE RIGHT-HAND TUNNEL TUBE

The Branisko tunnel (the right-hand tunnel tube} was designed and subse-
quently also realised by a cyclic way, according to the New Austrian
Tunnelling Method (NATM). The possibility of utilisation of a large diameter
tunnel boring machine (TBM) was also analysed in the initial design levels
when the Branisko tunnel construction technique was chosen. Its compari-
son with the conventional excavation method was documented. The conclu-
sion of the comparison in the case of the Branisko tunnel was favourable for
the NATM, and the correctness of the selection was proved by the results
achieved in the reality. We are not going to deal with the tunnel excavation,
finished in 1999, in this article in more detailed manner, as several materials
have already been published in the Tunel magazine too.

The work on the final structures continued when the excavation had been
over. The conception of the final (secondary) lining structure was based on
an assumption of the final liner carrying full loading from the rock mass after
deterioration of elements forming the temporary lining. Structural analyses
of the secondary lining were carried out for individual rock mass types, cor-
responding to excavation classes.

Reinforced concrete foundation strips were built on the invert or infill con-
crete. They were used in the other construction phases as a base for a rail
track for mobile platforms serving other technological procedures.

First platform was used for installation of intermediate insulation and pro-
tective geotextile. Polyethylene membrane 2mm in thickness with a signal
layer of a different colour was used as the watertight insulation. Next tech-
nological step was preparation of reinforcement of the vault within the sec-
tions where reinforced concrete secondary lining had been designed. The
secondary lining (the upper vault) was cast behind a mobile steel shuttering,
i.e. a 10 m long traveller form. The length of the casting step of 10m was in
the same time designed for all other final structures. Thus transversal daily
joints in the invert, foundation strips, the vault and suspended slab are locat-
ed in the same position. Subsequently after the upper vault, the suspended
slab was built in reinforced cast-in-situ concrete, resting on corbels provid-
ed in the secondary liner. The suspended slab is 20cm thick, and its dimen-
sions were calculated to carry the assembly-phase loading and the loading
by the air pressure in the ventilation duct.

Six emergency laybys have been built in the tunnel, out of that four single-
sided and two double-sided. Other safety elements are emergency call cab-
ins located at 240 m spacing on the tunnel right side (also on the left side, in
the emergency laybys), and fire fighting niches with hydrants on the left
side, at a spacing of 120 m. Escape routes are via a parallel escape adit
{accommodated exploration gallery) and 13 cross passages 35 to 60m long,
at about 360 m spacing.

An enhanced stress put on the fire safety of road tunnels, supported above
all by the consequences of the fires in the Mont Blanc and Tauern tunnels,
creates a pressure on owners in Slovakia and neighbouring countries, who
require construction of two tunnel tubes, i.e. with dual carriageways. From
this point of view, an escape adit led in parallel with the tunnel and inter-
connected with the tunnel by a sufficient number of cross passages appears
to be an acceptable solution, with significantly lower construction costs than
would be needed for the construction of a second tunnel tube.

The requirement of a special longevity together with properties advanta-
geous in terms of fire safety was the reason of realisation of the carriageway
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ne umiestnené vo vzajomnej vzdialenosti 240 m na pravej strane tunela (tiez na
lavej v obojstrannych nlidzovych zélivoch} a protipoziarne vyklenky s hydrant-
mi na lavej strane vo vzdjomnej vzdialenosti 120 m. Unikové cesty sl tvorené
paralelnou Gnikovou $t8liiou (upravenou prieskumnou §tdifou) a 13 prieénymi
chodbami dlzky od 35 do 60 m vo vzdjomnej vzdialenosti priblizne 360 m.
ZvySeny dobraz na poZiarnu bezpecnost cestnych tunelov, podporeny najma
ddsledkami poziarov v tuneloch Mont Blanc a Tauern, vytvara tlak na investo-
rov na Slovensku i v okolitych krajinach, prejavujdci sa poziadavkami na vystav-
bu oboch tunelovych rir pri smerove rozdelenych komunikaciach. Unikové
chodba vedena paralelne s tunelom a spojend s nim dostaénym mnozstvom
prieénych prepojeni sa z tohto pohladu javi ako akceptovatelné riedenie,
s vyrazne niz§imi nakladmi na vystavbu, nez by boli potrebné na vybudovanie
druhej tunelovej rary.

Poziadavka obzvlastnej trvanlivosti spolu s poziarne vyhodnymi vlastnostami
boli dévodom pre realizaciu konstrukcie vozovky s cementobetdnovym krytom.
Navrhnuty a realizovany bol dvojvrstvovy cementobetonovy kryt celkovej hrib-
ky 240 mm, nevystuZeny. Vozovka je rozdelena na dosky dlzky 3,5 az 7,56 m,
s rezanymi prietnymi Skdrami vystrojenymi klznymi tffimi.

V sui¢asnosti st vozovka a chodniky v tuneli stavebne takmer ukonéené, pricom
prace v tuneli finiSuju montdZou poziarneho vodovodu v severnom chodniku
a natermi stien. Pre natery stien bolo zvolené technické rieSenie spocivajlce
v dvojndsobnom natere dvojzlozkovou epoxidovou Zivicou do vysky 4 m od
chodniku a Upravou spodnej ¢asti stien do vysky 2,2 m celoplognym stierkova-
nim. Toto riegenie bolo napriek nékladovej narocnosti prijaté, nakolko je zrej-
mé, Ze povrch stien tunela bude vystaveny znatnému namahaniu od dopravy
v tuneli (posypové soli, agresivne splodiny) ako aj od pravidelného &istenia.

VETRACIA SACHTA A VYDUSNY OBJEKT

Dopravna dfika 4975 m zaraduje Branisko medzi patdesiatku najdlhsich
eurépskych cestnych tunelov. Spolu s navrhovanou obojsmernou premav-
kou to vytvara potrebu radu §pecialnych stavebnych tprav a objektov, pod-
mienenych zaistenim bezpecnej a hospodarnej prevadzky. Pre Branisko je
navrhnuty poloprietny systém vetrania s odsavanim znecisteného vzduchu
priblizne v strede tunela. Pre tento tcel bola vybudovand medzilahl4 vetra-
cia $achta hibky priblizne 120 m svetlého priemeru 7 m, spojend s pravym
tunelom kavernou dopravno-vetracieho prepojenia.

Dopravno-vetracie prepojenie (profil vyrubu 87,6 m?, dlzka cca 50 m) zabez-
pecuje plnenie viacerych funkcii. V hornej ¢asti jeho prierezu je vzducho-
technicky kanal spojeny s kanalom v tuneli a s vetracou $achtou. V spodnej
gasti st vybudované technologické priestory (transformatorovne, rozvodne
VN a NN, riadiaci systém) a tieZ dopravné prepojenie, unikova cesta spajaj-
Uca tunel s tnikovou $tdlfou.

Nad vetracou $achtou je vybudovany vydusny objekt, v ktorom budu umi-
estnené dva odsavacie ventilatory a suvisiace prevadzkové energetické
vybavenie. Zneéisteny vzduch z tunela bude do okolia vyfukovany kominom
rychlostou, zabezpedujucou dostatoény rozptyl skodlivin.

PORTALOVY OBJEKT NA ZAPADNOM PORTALI

Na oboch vjazdoch do tunela st budované prevadzkové portalové objekty.
Ich dispoziéné a konétrukéné rieenie sa viackrat menilo a modifikovalo,
najma vzhladom na meniace sa rie$enie technologického vybavenia ako aj
optimalizaciu z hladiska nakladov. Dnes$né rieSenie by malo plne vychéadzat
z potrieb technologie, ktora v nich bude indtalovana. Portdlové ohjekty budd
zaroven vytvarat vjazdové a vyjazdové useky dialni¢nej komunikéacie v tune-
li, pricom budu ¢iastoéne zasypané.

Zdruzeny portalovy objekt na zdpadnom portali bezprostredne konstrukéne aj
funkéne nadvézuje na razenu ¢ast tunela. Jeho zakladné rozmery su nasledovné:

+ Dlzka zdruzeného portalového objektu: 73,4 m
+ Sirka zdruzeného portalového objektu: 24,8-233m
+ Zastavana plocha: 1309 m?

V prizemi portalového objekiu sa nachadzaju priestory pre transformatory,

Obr. 2 Pohlad do dopravného priestoru tunela pred realizaciou vozovky, 10/2001
Fig. 2 Transport part of the tunnel before construction of the carriageway, 10/2001

structure with cement concrete cover 240 mm thick in total, unreinforced.
The carriageway is divided into slabs 3.5 x 7.5 m, with cut transversal joints
equipped with slipping dowels.

Currently the civil part of the work on the carriageway and pavements in the
tunnel is nearly completed, and the works continue by assembling the fire
main in the northern pavement, and wall painting. A technical solution con-
sisting in a double paint with two-component epoxy bitumen up to a level of
4m above the pavement, and treatment of the bottom part of walls up to
a level of 2.2m by trowel-on coating was adopted for the wall painting. This
solution was accepted despite its cost intensiveness, as it is obvious that the
tunnel walls surface will be exposed to extensive stressing due to the traffic
({thawing salt, aggressive pollutants) and regular cleaning operations.

VENTILATION SHAFT AND EXHAUST STRUCTURE

The traffic length of 4,975 m ranks the Branisko tunnel among fifty longest
European road tunnels. Together with the proposed bi-directional traffic, it
creates a need for many specialised structural changes and structures, nec-
essary for the safe and economic operation. A semi-transversal ventilation
system with polluted air extraction roughly at the mid-point of the tunnel
section has been designed for the Branisko tunnel. An intermediate ventila-
tion shaft about 120m deep, with 7m net diameter, connected with the right-
hand tunnel through a transport and ventilation interconnection cavern, was
built for this reason.

The transport and ventilation interconnection (excavated cross section 87.6 n7’,
about 50m long) secures fulfilment of several functions. In the upper part of
the cross section there is a ventilation duct, connected with the duct in the
tunnel and with the ventilation shaft, Equipment rooms (for transformer sta-
tion, HV and LV distribution stations, control system) as well as the transport
interconnection, i.e. an escape route connecting the tunnel with the escape
adit, have been built in the lower part.

Above the ventilation shaft, there is an exhaust structure, which will house
two suction ventilation fans and connected operational power-related equip-
ment. Polluted air from the tunnel will be vented to the surroundings through
the stack at a velocity guaranteeing sufficient dissipation of pollutants.

PORTAL STRUCTURE AT THE WESTERN PORTAL

Operational portal structures are constructed at both tunnel entries. Their
space arrangement and structural design has been changed and modified
several times, primarily with respect to the changes in the design of the tech-
nological equipment and optimisation of costs. The topical solution is sup-
posed to be fully based on the needs of the equipment, which will be
installed inside. In addition, the portal structures will create entry and exit
sections of the highway in the tunnel. They will be partially backfilled.

The combined portal structure at the western portal is directly linked to the
mined part of the tunnel. Its basic dimensions are as follows:

* Combined portal structure length: 734 m
« Combined portal structure width 24.8-23.3m
» Ground coverage 1,309 m*

On the ground floor of the portal structure there are rooms for transformers,
high voltage and low voltage distribution stations, and a handling area for
the ventilation fan assembly. On the 1 floor of the portal structure there are
rooms for the LV distribution station, an uninterrupted power source (UPS),
ventilation fan room, central control system, suction bay and entering venti-
lation duct.

The load bearing structure of the portal building is mostly monolithic rein-
forced concrete, with wall and pillar vertical load bearing structures or beam
and slab (prefabricated) horizontal load bearing structures.

The portal structure will be partially backfilled from the south and west
sides. From the south, the embankment will reach just under the ventilation
suction opening (the cross section area of the both openings has been max-

Lol . oy

Obr. 3 Vystavba portdlového objektu na zapadnom portéali, 03/2002
Fig. 3 Construction of the portal building at the western portal, 03/2002
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rozvodiiu vysokého napétia, NN rozvodiiu a manipulaény priestor pre montaz
ventilatora. Na poschodi portédlového objektu sa nachadzaju priestory NN roz-
vodne, zdroj nepreruseného napdjania UPS, strojoviia ventilatora, centralny
riadiaci systém, nasdvaci trakt a ndbehovy kanal vzduchotechniky.

Nosnd konétrukcia portalového objektu je prevaine monolitickd, Zelezobetd-
nov4, so stenovymi a stipovymi zvislymi nosnymi konétrukciami, resp. dosko-
vymi a trémovymi {prefabrikovanymi) vodorovnymi nosnymi kostrukciami.
Portalovy objekt bude z juznej a zapadnej strany Ciastoéne zasypany. Z juinej
strany bude zasypové teleso siahat az pod nasavaci otvor vzduchotechniky
{oba otvory su plo§ne maximalizované, aby sa ¢o moiné najviac zniZit
rychlost nasdvaného vzduchu). Zo severnej strany objekt zostdva priestor
otvoreny pre buducu vystavbu severnej tunelovej rury.

PORTALOVY OBJEKT NA VYCHODNOM PORTALI

Zdruzeny portalovy objekt na vychodnom portali konstrukéne aj funkéne
nadvézuje na razenu Cast tunela. Vzhladom na $pecifické geologické podmi-
enky a etapizaciu vystavby je na vychodnom portali v ramci portalového
objektu budovana aj éast budicej severnej tunelovej rury.

Zakladné rozmery portdlového objektu su nasledovné:

+ Dlzka zdruzeného portalového objektu: 792 m
» 8irka zdruZeného portélového objektu: 29,8-328m
» Zastavand plocha: 2021 m?

V prizemi portalového objektu sa nachadzaju priestory pre transformatory, roz-
vodnu vysokého napatia a manipulaciu pri montazi ventilatora. Na poschodi
sa nachadzaju priestory pre rozvodriu NN, strojovriu ventilatora, centralny ria-
diaci systém, UPS, nasévaci trakt a nabehovy kanal vzduchotechniky. Nosna
konétrukcia portdlového objektu je prevaine monoliticka, zelezobetdnova, so
stenovymi a stlpovymi zvislymi nosnymi konstrukciami, resp. doskovymi a tra-
movymi (prefabrikovanymi) vodorovnymi nosnymi kostrukciami.

Portalovy objekt bude z troch stran zasypany. Z juznej strany bude zasypo-
vé teleso siahat aZ pod jeden z dvoch nasavacich otvorov vzduchotechniky.
Zarodok severnej rdry je realizovany ako Zelezobeténova monoliticka konst-
rukcia do tunelového debniaceho vozu, pricom bude kompletne zasypany.

ZAVER :

Sucasny stav na stavbe tunela Branisko je mozné charakterizovat ako postupné
ukon¢ovanie préac na stavebnych objektoch, postupné odovzdavanie stavebnych
pripravenosti a bliZiaci sa zagiatok montaZnych prac technologického vybavenia.
Nedostatok relevantnych skidsenosti s prevadzkou cestnych tunelov na
Slovensku mal za nasledok dlho a komplikovane sa vyvijajlicu situaciu s navrhom
a doddvkou technologického vybavenia. Této situdcia zaroven znaéne staZovala
postup projektovej pripravy stavebnej Casti. V stcasnosti je mozné konstatovat,
Ze technické riesenia jednotlivych technologickych celkov si uzatvorené a ni¢ by
nemalo branit montazi jednotlivych technologickych zariadeni, ich odskisaniu
a nasledne i uvedeniu tunela do prevadzky.
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Obr. 4 Zakladanie portalového objektu na vychodnom portali, 05/2001
Fig. 4 Construction of the portal building at the eastern portal, 05/2001

imised so that the velocity of the air being sucked in could be reduced as
much as possible). The structure remains open from the north with respect
to the future construction of the northern tunnel tube.

PORTAL STRUCTURE AT THE EASTERN PORTAL

Basic dimensions of the portal structure are as follows:

+ Combined portal structure length: 79.2m
« Combined portal structure width 29.8-328m
* Ground coverage 2,021 m?

The combined portal structure at the eastern portal is, in structural and func-
tional terms, a continuation of the mined tunnel section. Because of specific
geological conditions and phasing of the construction, also a part of the future
northern tunnel tube is being built at the eastern portal in the framework of the
portal structure.

On the ground floor of the portal structure there are rooms for transformers,
high voltage distribution station, and handling area for the ventilation fan
assembly. On the T floor there are rooms for the LV distribution station, ven-
tilation fan room, central control system, the UPS, suction bay and entering
ventilation duct, The load bearing structure of the portal building is mostly
monolithic reinforced concrete, with wall and pillar vertical load bearing struc-
tures or beam and slab (prefabricated) horizontal load bearing structures.
The portal structure will be backfilled from three sides. From the south, the
embankment will reach just under one of the two ventilation suction openings.
A nucleus of the northern tube has been realised as a reinforced concrete cast-
in-situ structure, using a tunnel traveller form. It will be completely backfilled.

CONCLUSION

The current state at the Branisko tunnel construction site can be charac-
terised as finishing the work on structures step by step, step by step hand-
ing over of completed civil works, and nearing commencement of the instal-
lation of technological equipment.

A lack of relevant experience of operating road tunnels in Slovakia resulted
into a long time and in a complicated way developing situation about the
design and supply of the technological equipment. In the same time, this sit-
uation considerably aggravated the progress of the civil part of the design
preparation. Currently it is possible to state that the technical solutions of
individual equipment complexes have been closed, and nothing should pre-
vent the installation of individual equipment sets, their testing and subse-
quently also the tunnel opening to traffic.

Obr. 5 Vystavba portalového objektu na vychodnom portali, 03/2002
Fig. 5 Construction of the portal building at the eastern portal 03/2002
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ANALYZA A RIZENI RIZIK V TUNELECH NA POZEMNICH
KOMUNIKACICH - ZPRAVA O RESENI PROJEKTU MDS
V ROCE 2001
ANALYSIS AND MANAGEMENT OF RISKS IN ROAD
TUNNELS - REPORT ON SOLUTION OF A MTC
PROJECT IN 2001

DOC. ING. PAVEL PRIBYL, CSc:

Ocenovani a pfijiméani opatfeni na sniZeni rizik v tunelech pozemnich komu-
nikaci jsou jednim z nejaktualngjsich problém( pfepravy osob a nakladi.
Tato potfeba je vyvolana fadou krizi, které se odehravaji v tunelech, pfitemz
se nejednd jenom o stdle sklofované tragédie v tunelech Mt. Blanc
a Tauern. V kazdém tunelu denné vznikaji problémy, které mohou vyustit ve
ztraty na Zivotech i majetku. Napiikiad Gdaje z tunelu Gotthard uvadéji, Ze
tam dochdazi v priméru ke dvéma poZarim rotné, které se (zatim) dafi vidy
dostat pod kontrolu.

Problematika bezpetnosti zaméstnéva Fadu specialistd z riznych obor(,
nebot se jedna o typicky multidisciplinarni obor. KaZdoroéné je pofadano
nékolik specializovanych kongrest k této problematice. Ceska republika se
svymi $esti moderné vybavenymi tunely na pozemnich komunikacich a dal-
§/mi osmi planovanymi tunely Fadi k vyspélym "tunelovym" zemim. Pfispiva
k tomu i aktivni Ggast nagich odbornikt na zahrani¢nich kongresech (napo-
sledy Basilej, prosinec 2001), vytvofeni Vyboru pro bezpeénost narodniho
komitétu ITA/AITES a hlavné prace v rdmci projektu Ministerstva dopravy
a spojll & 803/110/105 Analyza a fizenf rizik na pozemnich komunikacich,
ktery umozriuje koordinovat celou &innost souvisejici s bezpegnosti.
Projekt nefesi jenom analyzu a Fizeni rizik, ale ma znaéné ekonomické dopa-
dy, nebot ve svém vysledku umoZni optimalizovat naklady na vybaveni
a provozovani tuneldl z hlediska bezpeénosti. Vystupem budou technické
podminky vytvaFejici metodiku pro kvantitativni ocefiovéni rizik. Tato meto-
dika ma zésadni vyznam, nebot se dnes vyskytuji nebezpeéné tendence
v extrémnim vybavovani tunelt bezpeénostnimi systémy a zafizenimi, coZ
by mohlo vést ve svém dlsledku k vyznamnému prodrazovani tunelovych
staveb. Navic je nutné zabranit subjektivnimu posuzovani bezpeénosti, které
se projevuje jiz dnes, napfiklad pfi posuzovani tunell na délnici D8, proto
bude dal$im vystupem projektu ndvrh na bezpeénostni audit tunelli pozem-
nich komunikaci.

Trilety projekt (2001-2003) je Ffeden konsorciem ndsledujicich organizacf:
Fakulta dopravni CVUT, Metrostav, Metroprojekt, TSK hl. m. Prahy a Ceskou
silniéni spoleénosti zastoupenou sekef Silniéni tunely. Vedeni projektu zajis-
tuje Eltodo EG, jmenovité Doc. Ing. Pavel Pribyl, CSc.

PLAN RESENI PRO ROK 2001

Cile roku jsou vyjadfeny v nasledujici tabulce. Jak je patrné, jednalo se hlav-
né o analytickou ¢ast prace, ale Ukol T200.4 zavadi chybéjic systematiku do
popisu tuneld.

* T200.1 Ceska legislativa: analyza soudasnych a pfipravovanych zékon(
tykajicich se krizového managementu. Opatieni a nafizeni na Grovni kraj(
a mést. Principy jednotného bezpeénostniho systému.

* T200.3 Vysledky zahraniénich projekti: poskytnou informace o soutasném
stavu problematiky oboru. Jedna se o projekty EU (ASTRA ...), vysledky
ginnosti PIARC/C5 a vyzkumnych skupin v rdmci ITA/AITES.

¢ T200.4 Vyhodnoceni stavu v CR: bude navriena metodika a provedena
pasportizace péti silni¢nich tuneld z hlediska bezpeénosti. Budou zpracovany
véechny dopravni excesy a daldi mimofadné udalosti. Soucasti je i vyhod-
noceni prace s informacemi v téchto tunelech.

Vystupem projektu v roce 2001 je vyro&ni zprava (118 stran) shrnujici ves-
keré aktivity konsorcia a hlavné zaméfena na pracovni ukoly T200.1, T200.3
a T200.4.

Vzhledem k tomu, Ze v pribéhu feseni analytické ¢asti projektu bylo potvr-
zeno, e je proces analyzy a fizeni rizik v Evropé v prudkém vyvoji, bylo
mimoféadné usili vénovano koordinaéni ¢innosti, a to na drovni ndrodni
i evropské. Tato koordinace se realizuje i s dal$imi organizacemi v ramci
narodniho vyboru ITA/AITES, kde vznikla specidlni pracovni skupina "Vybor
pro bezpeénost v podzemnich stavbach". Vedenim této skupiny byl povéfen
hlavni fesitel tohoto projektu. Na evropské Urovni byly navézany kontakty
a kolegy v Némecku, Nizozemsku a dalsich zemich. Ve vy8e uvedenych &in-
nostech se jedna o aktivity nad ramec vlastnfho zadéni, ale tyto aktivity jsou
velmi duleZité pro propojeni s Evropou.

Evaluation and adoption of measures to decrease risks in road tunnels are
one of the most currently discussed problems by transport of persons and
cargo. This need has been caused by a row of accidents taking place in tun-
nels, while those do not have to be the permanently discussed tragedies in
tunnels Mt. Blanc and Tauern only. In every tunnel there are daily problems
that can culminate in human and property losses. For instance data from the
Gotthard tunnel states that in average two fires a year take place there, all of
which have (so far} been dealt with successfully.

Problems of safety are keeping many professionals from various fields busy,
because it is a multi-discipline domain. Several specialized congresses for
these problems are being organized every year. Czech Republic with its six
modern equipped road tunnels and other eight planned ones ranks among
developed “tunneling" countries. To that also contribute active participation
of our professionals at various foreign congresses (recently Basel, December
2001), formation of the Committee on safety under the ITA/AITES national
committee and most importantly work on the Ministry of Transport and
Communications project No. 803/110/105 "Analysis and management of risks
at roads”, which allows to coordinate the entire activity towards safety.

The project not only concerns analysis and management of risks, but also
has severe economic impacts, because in consequence it allows optimiza-
tion of equipment and tunnel operation costs from the viewpoint of safety.
Technical conditions establishing methodology for quantitative evaluation of
risks will act as project's output. This methodology is of essential impor-
tance, because today there are ongoing trends in tunnels being extremely
equipped with safety systems and devices, which could result in significant
price rises of tunnel structures. Furthermore, it is essential to prevent sub-
jective evaluation of safety that takes place already today, for instance by
evaluation of tunnels at highway D8, therefore a proposal for safety audit of
road tunnels will become another output of the project.

A three-year project (20001-2003) is being solved by consortium of the fol-
lowing organizations: Faculty of Transport by CTU, Metrostav, Metroprojekt,
TSK of the capital city of Prague and Czech Road Society represented by the
Road Tunnels section. Project management is provided by Eltodo EG, specif-
ically Doc. Ing. Pavel Pribyl, CSc.

SOLUTION PLAN FOR 2001

Goals for this year are stated in the following box. It is clear that it was most-
ly analytical work, but the task T200.4 implements a missing system in tun-
nel description.

* T200.1 Czech legislation: analysis of valid and prepared laws concerning
crisis management. Measures and directives on the level of regions and
cities. Principles of unified safety system.

¢ T200.3 Results of foreign projects: they will submit information about
current status of problems in the field. These include EU projects (ASTRA...),
results of activity of PIARC/C5 and research groups under ITA/AITES.

* T200.4 Evaluation of the status in CR: a methodology will be pro-
posed while passportization of 5 road tunnels from the safety's viewpoint
will be carried out. All traffic anomalies as well as other extraordinary
events will be elaborated, Evaluation of work with information in these tunnels
will be also included.

Annual report (118 pages), summarizing all consortium activities and main-
ly focused on tasks T200.1, T200.3 and T200.4, presents project output in the
year 2001. Regarding that during solution of the analytical project part, it
was confirmed that the process of analysis and management of risks is cur-
rently in a boom in Europe, an extraordinary effort was devoted to coordi-
nation activity, both on the European and national level. This coordination is
being realized also with other organizations under the ITA/AITES national
committee, where a special workgroup "Committee on safety in under-
ground structures" has been formed. The main realizer of the project was
entitled to lead this group. On the European level, contacts with colleagues
in Germany, Netherlands and other countries have been established. As for
the aforementioned activities, those go beyond the own commission, never-
theless these activities are essential for integration to Europe.
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Tunel

PRUBEH RESENI

Jiz v prvnich mésicich fe$eni bylo zfejmé, ze neni moiné se zabyvat pouze
technickymi aspekty, ale je nutné se zapojit do evropskych aktivit a pfipra-
vovat plidu pro tento systém i v rdmci nasi republiky. Proto bylo feSeni pro-
jektu rozlozeno do dvou dilgich skupin. Prvni se zabyvala koordinaci souvi-
sejicich aktivit v Ceské republice a v ramci Evropy, a druh4 oblast Fe&i viast-
ni zadéni projektu.

V rdmci prvni oblasti se konaly pravidelné schiizky Fesitelského kolektivu,
byla zorganizovéna néavétéva tunelu Mt. Blanc, byly diskutovany a opono-
vény nové TP154 Provoz, sprava a udriba tunelli pozemnich komunikaci
a nové TP98 Technologické vybaveni tuneltt pozemnich komunikaci.
Kolektiv také projednaval metodickou pfirucku pro dopravnf a bezpeénostni
systém tunell méstského okruhu v Praze. Ta bude vydana prostiednictvim
UDI Praha. Clenové tymu se také koordinované déastni riiznych odbornych
konferenci a seminafli a vyménuji si zkusenosti.

Je nutné zdlraznit, ze koordinace je velmi nutnd, nebot fada evropskych
zemi ma tvorbu bezpeénostnich standardli ve svych strategickych zamérech
a urychlené na téchto dokumentech pracuji nebo jiZ zésady realizuji v praxi.

VYSTUPY PROJEKTU

Vystupy projektu vychézejici ze zadani a zpracované do vyroéni zpravy jsou
struéné popsany v nasledujicim textu.

Ptehled zakon, vyhlagek a norem

Ve vyroéni zpravé je proveden zakladni rozbor dokumentt (T200.1 Ceska
legislativa), které maji vztah k problematice tunelovych staveb a zviasté pak
opatfeny anotacemi.

Legislativni opateni platna v Ceské republice tykajici se problematiky tuneli
silniénich, Zelezniénich a tuneld metra jsou rozdélena nasledovné:

* Obecné predpisy

* PoZarni piedpisy

e Zivotni prostredi

Tato kapitola je zdkladem pro dalsi praci, nebot Ize pfedpokladat, e po zpra-
covani metodiky ocefiovani rizik bude nutné nékteré pfedpisy upravovat.
Kapitola bude aktualizovana v priib&hu feseni projektu.

ANALYZA ZAHRANICNICH PROJEKTU A ZKUSENOSTI

V tunelech na pozemnich komunikacich vznika méné nehod neZ na volnych
komunikacich. Je to dano tim, Ze fidiéi jedou v tunelu vét$inou s vétsi kon-
centraci na Fizeni. Pokud v3ak ji v tunelu vznikne byt i drobny dopravni exces,
jako je napfiklad zastaveni vozidla pro nedostatek paliva, je to vidy velké
potencidlni nebezpeci. Pokud v tunelu vznikne poZar, pak se jedna o udalost,
ktera mize mit pro cestujici vefejnost i zdchranné jednotky fatalni nasledky.
Pozornost zlepSovani bezpeénosti je nutné vénovat trvale, nestaéi se pouze
spokojit s ndvrhem konstrukénich opatfeni a technickych zafizeni, ale bez-
petnost je nutné sledovat i béhem provozu tunelu, nebot se méni vnéjsi
podminky, organizatni vazby i skladba a mnoZstvi vozidel.

Pfi analyzach rizik tunelti pozemnich komunikaci je nutné vyuzivat zku$enosti
z realizovanych a provozovanych tuneld u nds i v zahrani¢i. BohuZel, teprve
v poslednich sedmi letech byly u nas dokonéeny tunely, které jsou vybaveny
modernimi technologiemi a umoZiuji nejenom rizika omezovat, ale zaroven
provadi i jejich monitorovani. Casovy Usek sedmi let je, z hlediska statisticke-
ho vyhodnocovani relevantnich informaci o udalostech v tunelu, velmi krat-
ky, a proto je nutné vyuzivat zahrani¢nich zkugenosti. Ty jsou ziskavany hlav-
né osobnimi kontakty a Uéasti na mezinarodnich seminafich a kongresech.
Kapitola Analyza zahrani¢nich projektd a zkugenosti {T200.1) je pomérné
velmi rozsahla a jeji dilci vystupy jsou v piehledu uvedeny v pfiloze vyroé-
ni zpravy. V dal$im textu jsou jednotlivé kapitoly kratce komentovany:

ANALYZA HAVARIE V TUNELU MT. BLANC

Havérie v tunelu Mt. Blanc vyznamné ovliviiuje a bude ovliviiovat nazory na
bezpetnost tuneld pozemnich komunikaci. Proto byla analyzdm katastrofy
a navrhu néslednych fedeni vénovana maximalni pozornost. Kromé zpraco-
vani dvou dokumentl byla zorganizovana navétéva v rozpracovaném tune-
lu, byly ziskdny osobni kontakty, které vyvrcholily dal3i navétévou. Hlavnim
feditelem byl publikovan obsirny ¢lanek v éasopisu TUNEL, lit. [1], ktery shr-
nuje nazory na nové bezpecnostni aspekty.

Prvni vyzkumnd zprava analyzujici situaci byla publikovéna v dubnu 2001.
V této zpravé je poddn souhrn poznatkd, ziskanych studiem oficialnich doku-
mentt zvefejnénych spravou silniéniho tunelu pod Mt. Blanc po katastrofal-
nim pozaru v tunelu dne 24. 3. 1999, ktery si vyZadal celkem 39 lidskych
obéti. Rozbor pfistupné dokumentace véetné soudnich spist, zvefejnénych
na internetu a obsahujicich asi 1800 stran ve francouzéting, vede k duleZi-
tym zavértim a doporuéenim k budovani a zabezpeteni dlouhych silniénich
tunelld uvedenych v piedloZené zpravé.

Kromé tunelu Mt. Blanc je v této kapitole kratky popis havérii v tunelu
Tauern a Gotthard.

METODIKA RIZIKOVE ANALYZY

Pro vy$etfovani miry rizik je nutné pouZivat pokud mozno matematické

SOLUTION PROCEDURE

Already in first months of the solution it was clear that not only technical
aspects should be taken in consideration, but that it is also necessary to inte-
grate into European activities and thus prepare climate for this system also
within our republic. Therefore, the project solution was divided into two
minor sections. First dealt with coordination of coherent activities in the
Czech Republic and Europe while second solves the own project commission.
Within the frame of first section, regular meetings of the solving collegium
took place, an excursion to the Mt. Blanc tunnel was organized, new TP154
"Operation, management and maintenance of road tunnels” as well as new
TP98 "Technological equipment of road tunnels" have been discussed and
opposed. The collegium also discussed the methodical manual for traffic and
safety system of tunnels at City ring road in Prague. It will be published by
UDI Prague. Collegium members are also coordinately taking part in various
professional conferences and seminars while exchanging experience.

It is necessary to mention that coordination is essential, because several
European countries bear creation of safety standards in their strategic
papers and readily work on these documents or already put the principles
into practice.

PROJECT OUTPUTS

Project outputs, based on the commission and elaborated into the Annual
report, are briefly described in the following text.

Overview of laws, regulations and standards

Within the Annual report, a basic analysis of documents (T200.1 “Czech leg-
islation"), which have some relation to the problems of tunnel structures and
especially the problems of safety, is elaborated. Important laws, regulations
and directives are given annotations.

Legislative measures valid in the Czech Republic, concerning the problems
of road, railroad and subway tunnels, are divided in the following way:

e General regulations;

e Fire regulations;

* Environmental regulations.

This chapter is the ground for our work, because it can be estimated that
after elaboration of methodology of risks' evaluation, it will be necessary to
alter some regulations. The chapter will be updated during course of the pro-
ject solution.

ANALYSIS OF FOREIGN PROJECTS AND EXPERIENCE

In road tunnels there are less accidents then at open roads. It is given by the
fact that drivers usually drive through tunnels with increased concentration
on car control. If, however, an accident occurs, even a small one such as
stopped car because of low fuel, it always presents a serious potential dan-
ger. If a fire breaks out in the tunnel, then such event can have fatal conse-
quences for both passing public and rescue units.

Attention to improvement of safety must be paid at all times, proposals for
construction measures and technical devices are insufficient. Safety has to be
supervised also by the tunnel operation, because external conditions, admin-
istrative relations as well as composition and amount of vehicles change.

By analyses of risks in road tunnels, it is essential to use experience from
realized and operated tunnels both here and abroad. Unfortunately only dur-
ing the last seven years, tunnels have been completed here, which are
equipped with modern technologies and allow not only to reduce risks, but
also their monitoring. The time period of seven years is, from viewpoint of
statistical evaluation of relevant information about events in the tunnel, very
short, and therefore it is essential to use especially foreign experience. That
can be acquired mainly through personal contacts as well as participation at
international seminars and congresses.

The chapter "Analysis of foreign projects and experience" (T200.1) is relatively
extensive and its partial outputs are in overview mentioned within annex of the
Annual report. Individual chapters are briefly commented on in the following text:

ANALYSIS OF THE MT. BLANC ACCIDENT

Accident in the Mt. Blanc tunnel has and still will have significant impact on
opinions concerning safety of road tunnels. Therefore, maximum possible
attentlon was devoted to analyses of the accident as well as to proposals for
consequent solutions. Beside elaboration of two documents, an excursion to
the tunnel under reconstruction was organized, personal contacts were
established, which resulted in our next visit. Main realizer published an
extensive article in the Tunel magazine, lit [1], which covers opinions con-
cerning the new safety aspects.

The first research report analyzing the situation was published in April 2001.
A summary of knowledge, learned by studying official materials published
by management of the road tunnel beneath Mt. Blanc after a catastrophic fire
on March 24 1999, when 39 people lost their lives, is submitted in this report,
Analysis of available documentation, including legal treatises published on
the internet and containing app. 1800 pages in French, leads to important
conclusions and recommendation for reconstruction and safeguarding of
long road tunnels, stated in the submitted report.

Beside the Mt. Blanc tunnel, short descriptions of accidents in tunnels Tauern
and Gotthard are in this chapter.
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metody, které jsou dopliiovany znalostmi expertli, nebot neni mozné cely
komplexni systém popsat jednoduchym matematickym modelem.
Napfiklad pfi vySetfovani pravdépodobnosti tézkého poskozeni zdravi pfi
poiaru se musi vzit v Uvahu nejenom stavebni uspofadani (Gnikové cesty,
znaceni), technologicka zafizeni {ventilace, osvétleni) a vyvoj pozaru, ale i stu-
pefl informovanosti Uéastnikd provozu (jak spravné reagovat) a dalsi faktory.
Jako zaklad pro piipravu teoretického aparatu, ktery je pfedmétem feseni
v roce 2002, byla provedena reder$e a analyza dostupnych metod v kapitolach:
¢ Ohodnocovani rizik

¢ Rizikova analyza

¢ Pfeprava nebezpecnych nakladu

Vysledky jsou uvedeny ve vyroéni zpravé a lze fici, Ze jsou v souladu s meto-
dikou, kterd byla publikovana jiz v lednu roku 2000 pod nazvem MoZnosti
analyzy a fizeni rizik v tunelovych stavbhach v Casopisu TUNEL, [8].

Pro vlastni ohodnoceni rizika se v zahrani¢i pouzZivaji tzv. stromkové diagra-
my. V rdmci p¥ipravnych praci na rok 2002 byly zku$ebné tyto diagramy
pouzity na modelovém pripadu "Pravdépodobnost ohroZeni v zavislosti na
vzdalenosti Unikovych cest". Ocefiovani touto metodou je znaéné subjektiv-
ni, a proto je hledan jiny pfistup. Ten bude vyuZivat podminénych pravdé-
podobnosti a Bayesovské metodiky.

PROJEKTY ADAC A ASTRA

V Evropé se v roce 2000 realizovaly dva zasadni projekty, které jsou ve zpra-
vé detailné popsany. Vystupy projektu ADAC poukazaly na nepfili§ vysoky
bezpeénostni standard v evropskych tunelech. Projekt ASTRA po analyze
problému dava fadu konkrétnich doporuéeni pro zlepseni bezpecnosti.
Projekt ADAC vznikl v roce 2000 jako reakce na tragické udalosti v tunelech
Mont Blanc a Tauern. Ve spolupraci odbornik ADAC s evropskymi automo-
bilovymi kluby bylo béhem (nora a bfezna 2000 provéfeno 25 silni¢nich
tuneld na hlavnich dopravnich tazich v Evropé z hlediska zabezpeceni bez-
peénosti Utastnikd silniéniho provozu.

ASTRA- Tunnel Task Force je projekt k zlepseni zajisténi bezpecnosti stava-
jicich silniénich tunell a vytvareni kritérii pro hodnoceni nové budovanych
tunell ve Svycarsku. Opatfeni se vztahuji nejen na vlastni technologické
vybaveni tunell a zpsob jeho provozovéni, ale i na zplsob Fizeni dopravy
v tunelech a prevenci pfi vychové G&astniki silniéniho provozu.

VYHODNOCENI BEZPECNOSTI V TUNELECH CR

Cilem této kapitoly (T200.4 Vyhodnoceni stavu v CR) bylo:

(a) Pfipraveni metodiky a naslednych formulafi, které budou slouZit jako
databéze pro zaznam dllezitych parametrd ovliviiujicich bezpeénost v tune-
lech PK a dale

(b} pro dopinéni databaze o mozné vstupy z péti silniénich tunelG.

Nad ramec zadani byly ziskdny udaje z dalSich tfi tunell pozemnich komunikaci
a Udaje o mimoFadnych udalostech v metru, které jsou také soucasti vyroéni zpravy.
Databéze je souhrnem véech dosaZitelnych Gdaji o dne$nim konstrukénim
a technologickém vybaveni a statistickych Udajich provozovani véech osmi
tunelovych Usekl a obsahuje asi 120 vstupd, véetné udaji o konstrukci
tuneld, jejich technologickém vybaveni, spravé a provozovani téchto Usekd,
rozhodovani o fizeni dopravy a souvisejici ¢innosti integrovaného zachran-
ného systému v misté tunelového useku.

Ziskavani adaj0 nebylo rozhodné snadné a jenom potvrdilo, Ze absolutné
neexistuje jednotny pfistup a Casto je aZ zaraZejici neinformovanost provo-
zovatel( tuneld. Uvedeni v platnost TP154 Provoz, spréva a udriba tunel(
pozemnich komunikaci by mélo situaci podstatné zlepsit.

Uvedena databaze bude prevedena v dal$im feseni do prosttedi ACCESS
a bude systematicky doplfiovéna v pribéhu feseni projektu.

DALSI POSTUP

Dalsi postup prace v roce 2002 probiha podie schvéaleného programu. Nejprve
bude hleddna vhodna metodika pro vyhodnocovani rizik, ptipadné bude ana-
lyzovano dostupné programové vybaveni. Nasledné bude vytvofen aparat
spolehlivé metodiky na objektivizaci vyhodnoceni rizik zalozené na ocenéni
rizik, pravdépodobnosti jejich vyskytu a dal$ich parametrech. Cilem je nalézt
takové postupy, které umozni vyhodnocovat rizika i béZnym provozovatelim
nebo projektantim.

Velmi dilezitd je koordinaéni &innost v ramci nasi republiky i s vyborem
ITA/AITES a PIARC/C16, nebot jediné tak je moZné zajistit, Ze vystupy projektu
budou poutitelné v redlném prostiedi. Proto bude pozadano MDS o pomoc pfi
zajisténi dalsich kontaktl se zemémi s jasnou koncepci bezpeénostni politiky.
Ve druhém roce feSeni se predpoklada i prezentovani projektu na vybranych
zahrani¢nich konferencich.

ZAVER

Jak bylo nékolikrat zdGraznéno, poskytuje tento projekt zékladnu pro 8iri
spolupraci odborné vefejnosti a bazi pro kontakty se zahrani¢im.
Ocefiovanim rizik objektivnimi metodami by se mély optimalizovat investi¢-
nf a provozni naklady. ’

Velmi potésitelné je, Ze Ministerstvo dopravy a spojl si ceni této prace
a projekt byl ocenén nejvy$sim ohodnocenim kvality - stupném V.

METHODOLOGY OF RISK ANALYSIS

By investigation of the rate of risk, it is essential to use mathematical methods
where possible, and perfected by knowledge of experts, because the entire
complex system cannot be defined by a simple mathematical model. For
instance by investigation of probability of serious injury from fire, not only the
engineering frame (exit paths, signs), technological devices (ventilation, lights)
and fire progress, but also the level of knowledge of the traffic participants
{how to behave correctly) and other factors have to be taken into consideration.
As basis for preparation of the theoretical apparatus, which is a subject of
solution in 2002, retrieval and analysis of available methods in the following
chapter was carried out:

o Evaluation of risks;

* Risk analysis;

e Transport of dangerous materials.

Results are stated in the Annual report while it can be said that they are in accor-
dance with the methodology, which had been published in the Tunel magazine
already in January 2000 under the name "Possibilities of analysis and manage-
ment of risks in tunnel structures" [8].

For the own evaluation of risk, the so-called tree diagrams are being used abroad.
Within the frame of preparation works for 2002, these diagrams have been tested
on a modeled case "Probability of menace dependent of the distance of exit
paths". Evaluation using this method is subjective to a certain extent, and there-
fore a different approach was searched. That should use conditioned probabilities
and Bayes's methodology.

ADAC AND ASTRA PROJECTS

Two fundamental projects, which are into detail covered in the report, have been real-
ized in Europe in the year 2000. Outputs of the ADAC project revealed not very high
safety standards in European tunnels. Following analysis of the problem, the ASTRA
project submits several specific recommendations for improvement of safety.

The ADAC project was founded in 2000 as reaction to tragic events in the tunnels
Mt. Blanc and Tauern. In cooperation of ADAC professionals with European auto-
mobile clubs, 25 road tunnels at main traffic arteries in Europe were checked for
safeguarding of safety of the traffic participants during February and March 2000.
ASTRA - Tunnel Task Force is a project for improvement of safety safeguarding in
current road tunnels as well as for creation of criteria for evaluation of newly con-
structed tunnels in Switzerland. Measures include not only the own tunnels' tech-
nological equipment and method of its operation, but also the method of tunnel
traffic control and prevention by education of traffic participants.

EVALUATION OF SAFETY IN TUNNELS IN THE CR

The goal of this chapter (T2000.4 Evaluation of the status in CR) was to:

(a) prepare methodology and consequent forms, which will serve as databases for
recording of important parameters influencing safety in road tunnels;

(b} to supplement the database with possible entries from 5 road tunnels.
Beyond commission, data from three other road tunnels as well as information
about extraordinary events in the Subway have been obtained and they are also
part of the Annual report.

The database is a summary of all available information about today's construction and
technological equipment, statistical data about operation of all eight tunnel sections and
contains app. 120 entries, including data about tunnel constructions, their technological
equipment, management and operation of these sections, decision-making on traffic
control and coherent activities of the integrated rescue system at location of the tunnel
section.

Acquirement of data was definitely not easy and it only proved that there is absolutely
no unified approach and often the unknowingness of tunnel operators is even bewil-
dering. Putting TP154 "Operation, management and maintenance of road tunnels" info
force should definitely improve the situation.

The aforementioned database will in the following solution be transferred into the
ACCESS setting and will be automatically updated during course of the project solution.

FURTHER PROCEDURE

Further procedure of works in 2002 advances according to approved plan. Firstly,
a suitable methodology for evaluation of risks will be searched, available software
equipment will be eventually analyzed. Next, an apparatus of reliable methodolo-
gy for increased objectiveness of risks' evaluation, based on estimation of risks,
probability of their occurrence and other parameters, will be formed. The goal is
to find such procedures, which would allow even common operators or designers
to evaluate risks themselves.

A coordinating activity within our republic as well as with the ITA/AITES commit-
tee and PIARC/C16 is essential, because only that way it is possible to ensure that
project outputs will be usable in reality. Therefore, the MTC will be asked for help
by provision of further contacts with countries, which have a definite concept of
safety policy.

Presentation of the project at selected foreign conferences is estimated for second
year of the solution.

CONCLUSION

As it was several times emphasized, this project grants a basis for broader coop-
eration of the professional public as well as for foreign contacts. Evaluation of
risks using objective methods should optimize investment and operational costs.
It is very pleasing that the Ministry of Transport and Communications values this
work as this project has been rated with the highest quality mark - V.
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDEGROUND CONSTRUCTION

SILNICNI TUNEL V ANDORE
ROAD TUNNEL IN ANDORRA

uvop

Skupina &eskych a slovenskych pracovnikii pochazejicich ze spolecnosti
Subterra, a. s., navédzala spolupraci s nejvétsim dodavatelem stavebnich
praci ve Spanélsku - spoleénosti Fomento de Constructiones y Contratas
S.A. {FCC). Dokladem této spolupréace je razba prazkumnych a unikovych
Stol silniéniho tunelu GRAU DE LA SABATA d’ANDORRA. Tato skupina pra-
covnikd se podili na dodavkach praci po celém Spanélsku.

VSEOBECNE UDAJE O STAVBE

Ve stisnénych podminkach méstskeé zastavby je navrzen tunel celkové délky
1200 m, razba probéhne technologii NRTM. V prvni fazi jde o vybudovani
prizkumné a odvodiiovaci toly s pouzitim raziciho stroje (TBM) o priméru
4:5 m. Tato Stola je umisténa do stfedu pocvy kaloty budouciho profilu tune-
lu. Potizeni raziciho stroje typu Wirth TB 390 / 420 E od $vycarské spoled-
nosti Murrer zajistuje spole¢nost FCC. Obsluhu raziciho stroje a provedeni
provizornich konstrukcei ve $tole zajistuje vy$e uvedend skupina pracovnikd.
V druhé fazi je tento razici stroj na misté opakované vyuzit k razbé soubdz-
né obsluzné a unikové Stoly v osové vzdalenosti asi 40 m od vlastniho tune-
lu, ktera bude vyuzita v pfipadé havarii v dopravnim obousmérném tunelu.

Navrzeny jsou 4 typy vyztuze §tol

TIPO I. - sit ve stropé

TIPO Il. - jeden svornik na 1 bm a sit ve stropé
TIPO Hll. - 5 cm stfikaného betonu a sit ve stropé
TIPO IV. - 15 ¢m stfikaného betonu a sit ve stropé

V oblasti poruch jsou navrzeny TH rdmy

Projekt vysledného silniéniho tunelu o plose vyrubu 90 m? uvazuje 4 typy
provizorni vyztuze v zavislosti na hodnotach RMR a vysce nadloZi. Pouzit
bude stiikany dratkobeton v min. tloustce 5 cm s pevnosti v tlaku 25 N/mm?
a podilem dratk( 50 kg/m?®, svorniky délky 4 m ve vzajemné vzdalenosti 1,5
-1 m v pficném a 2 - 1 m v podélném sméru. V oblasti poruch jsou dale
navrzeny ramy TH29 po 1 m. Dal$im typem vyztuie jsou lehké desStniky
z tyéovych kotev priméru 32 mm a tézké destniky z mikropilot priméru
101,5 mm s tloustkou stény 12,6 mm. Definitivni obezdivku budou tvofit
2 vrstvy stfikaného dratkobetonu se sitémi 150/150/6 mm. Typ dratkobe-
tonu je stejny jako u provizorni vyztuZe. Dno je navrzeno z prostého betonu
tl. 20 cm.

GEOLOGIE

Horninovy masiv je tvofen souvrstvim devonskych rohovei a bfidlic v méni-
cich se proporcich pfitomnosti obou typl. Granodiority prostupuji do
zékladniho geologického prostiedi dvéma Useky, kratdi mezi 1. a 2. &tvrtinou
délky tunelu, delsi v posledni ¢tvrting.

Granodiorit ma pevnost v prostém tlaku 125 Mpa, RMR v rozmezi 50 a7 65.
Bridli¢natost devonskych hornin je 325-330/50-60
Poruchy jsou zlomového charakteru.

Granodiority nejsou pfili§ pevné, masiv je spise stfedni kvality. Bfidlitnatost
je pfizniva.

V komplexu pouzitych metod prizkumu byla pouzita povrchové geofyzika,
detailni geologické mapovani a interpretace leteckych snimki.

Parametry raziciho stroje typu Wirth TB 390/420 E:

Prameér raziciho stroje -45m

Pfikon - 6 x 200 kW
Pocet otacek -11/5,5 ot/min
Zabér -1,60m

Max postup -6 m/h

Pocet fezakl -8ks

Pocet diskd na hlavé - 16 ks
Celkova véha -210t

INTRODUCTION

A group of Czech and Slovakian workers, originating from the Subterra a.s.
company, established a co-operation with Fomento de Constructiones
v Contratas (FCC), the largest civil engineering contractor in Spain. The
excavation of exploration galleries and escape adits for the GRAU DE LA
SABATA d’ ANDORRA bi-directional road tunnel is a proof of this co-opera-
tion. This group of workers has participated in work supplies all over Spain.

GENERAL CONSTRUCTION DATA

The 1,200 m long tunnel has been designed for the confined conditions of the
urban development to be driven by the NATM technique. The first phase con-
sists in the development of an exploratory and drainage gallery using a 4.5m-
diameter tunnel boring machine (TBM). The gallery is positioned within the
future tunnel cross section, at the centre of the upper bench bottom. The tun-
nel boring machine Wirth TB 390/420E, owned by a Swiss company Murer,
was provided by FCC. The above-mentioned group of workers ensures oper-
ation of the TBM and erection of temporary structures in the gallery. In the
second phase, this TBM is repeatedly used for the excavation of a paralle! ser-
vice and escape adit, running at a distance of 40m between centres. The adit
is to be utilised in a case of an incident in the bi-directional transport tunnel.

4 types of the designed support

TIPO I. - mesh in the crown

TIPO II. - one bolt per 11m, mesh in the crown

TIPO Ill. - sprayed concrete 5¢cm, mesh in the crown
TIPO IV. - sprayed concrete 15 cm, mesh in the crown

TH frames have been designed for weakness zones.

The design of the final road tunnel with an excavated cross section of 90 nv
specifies 4 types of temporary support depending on the RMR and the cover
thickness. Steel-fibre reinforced shotcrete 5cm thick as a minimum will be
used, with compressive strength of 25 N/mny: and steel fibre content of 50 kg/n.
4 m-long rock bolts will be installed at transversal and longitudinal spacing of
1.5-1mand 2 - 1 m respectively. In addition, for weakness zones, TH29 frames
at 1 m spacing have been designed. Another support consists in light-weight
umbrellas formed by rod anchors 32 mm in diameter, and heavy umbrellas
from micropiles 101.5 mm in diameter, with 12.6 mm wall thickness. The final
support will consist of 2 layers of shotcrete with 150/150/6mm welded mesh.
The steel fibre reinforced concrete type is the same as for the temporary sup-
port. The 20cm thick floor has been designed in unreinforced concrete.

GEOLOGY

The rock mass consists of a series of strata of Devonian hornfels and shales
with changing proportions of the both types presence. Two granodiorite sec-
tions penetrate into the basic geological environment, the shorter one between
the first and second fourth of the tunnel length, the longer one in the last fourth.

The granodiorite has an unconfined compressive strength of 125 MPa, its
RMR ranges between 50 - 65.

Shaly lamination of Devonian rock is 325-330/50-60.

Failures have a character of faults.

The granodiorites are not so strong, the massif is rather of a medium quali-
tyr The shaly lamination is favourable.

The set of the survey methods encompassed the surface geophysics,
detailed geological mapping and aerial photo interpretation.

Parameters of the Wirth TB 390/420E TBM:

TBM diameter -4.5m
Installed electrical power - 6 x 200 kW
Number of revolutions -11/5.5 rpm
Advance length -1.60m
Maximum advance - 6 m/hour
Number of cutters -8 pcs
Number of disc cutters on the cutterhead - 16 pcs
Total weight -210t
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INFORMACE O PRUBEHU PRACI

Razba Gvodnich 200 m prGzkumné a odvodnovaci $toly se v obdobi od
zaatku cervna do poloviny ¢ervence 2001 provadéla odtéZzovanim horniny
pfimo od vynaseciho pasu raziciho stroje pomaoci nakladnich automobild.
V poloviné srpna 2001 bylo zahajeno odtéZovani rubaniny pasovym
dopravnikem od firmy CROWE, ktery dopravuje rubaninu na portal i pfesto,
Ze trasa §toly je vedena v obloucich. Nasazenim pasového dopravniku byly
odstranény exhalace, které vznikaji pfi automobilové dopravé rubaniny
v tunelu. Jiz v tvodnich 200 m razby bylo dosahovano postupll 15 - 18 m za
dvanactihodinovou sménu, pficemi pfedpokladany vykon raziciho stroje
byl vyuZit pouze ze 60 %. Po zavedeni potifebného pfikonu elektroinstalace
a pHi vyuZiti vyhody odtéZovani rubaniny pasovym dopravnikem se doséahlo
zvy$eni dennich postupl razeb az na 25 m.

Po skonéeni razby prlizkumné a odvodnovaci §toly v prosinci r. 2001 se ¢as-
teéné demontovala vrtaci hlava raziciho stroje, pasové dopravniky a pro-
vedlo se vygisténi dna §toly od napadané rubaniny. Poté byl stroj prelozen
na spodni portal, kde zacala razba obsluiné a (nikové §toly.

ZAVER

Na uvedené stavbé se znovu prokazal zajem $panélskych firem o zkusené
osadky plnoprofilovych razicich strojli, které jsou slozeny z fad zaméstnan-
cll spoleénosti Subterra, a. s. Pokraovani zajmu o tyto osadky se da odeka-
vat i na dal$ich stavbach.

Ing. Pavel Stoulil jun., Petr Kirschner, SUBTERRA, a. s.

Obr. 1 Provizorni osténi $toly ze stfikaného dratkobetonu
Fig. 1 Steel-fibre reinforced shotcrete temporary lining of the gallery

K gl [ &

Obr. 2 Doprava rubaniny pasovym dopravnikem
Fig. 2 Muck transport by the belt conveyor

INFORMATION ON THE WORKS PROGRESS

The excavation of the initial 200 m long section of the exploration and
drainage gallery was carried out from the beginning of June to the middle
of July 2001. The muck was loaded directly from the rear belt conveyor
to dump trucks. Mucking out by means of the CROWE belt conveyor started
in the middle of August 2001. The conveyor was able to transport the muck
to the portal despite the tunnel alignment being led in curves. The belt con-
veyor installation resulted in removal of exhalations originating due to the
muck transport inside the tunnel by dump trucks. An advance rate of 15- 18 m per
a 12-hour shift was achieved as early as at the excavation of the initial 200 m,
while only a 60 % exploitation of the expected output of the boring machine
was recorded. An increase in the daily advance rate up to 25 m was achieved
after the necessary power was installed and the advantage of the mucking
out with the belt conveyor exploited.

In December 2001, immediately after completion of the exploration and
drainage gallery excavation, the TBM cutterhead was partially dismantled,
the belt conveyors removed, and the spilled muck cleared from the tunnel
floor. The machine was moved to the lower portal where the excavation
of the service and escape adit started.

CONCLUSION

The above-described construction has again proved that Spanish companies
are interested in experienced crews of full-face boring machines, consisting
of Subterra a.s. employees. It can be expected that the interest in those
crews will continue even on other construction sites.

Obr. 3 Celni pohled na portal $toly a pasovy dopravnik stroje
Fig. 3 Front view of the gallery portal and the TBM belt conveyor
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Z HISTORIE PODZEMNICH STAVEB

FROM THE UNDERGROUND CONSTRUCTION HISTORY

30 LET VODNIHO DILA ZELIVKA ] =
- ZKUSENOSTI Z PROVOZU STOLOVEHO PRIVADECE

Stolovy privadéé Zelivka (dale jen SP), jeho zakladni &asti je asi 51 km dlou-
hé hydrotechnicka tlakova $tola, patfi u nas i ve svété mezi unikatni inze-
nyrska dila jak svym technickym uspofadanim, tak odvainosti koncepce
dopravy pitné vody z vodarny do mist spotieby na velkou vzdélenost.
Zésobuje rozsahld uzemi s vysokou koncentraci obyvatelstva. Prakticky
nema rezervy, proto velmi zalezi na jeho bezporuchovém provozu,

Byl vybudovén v letech 1964 - 1972, razen konven&nim zplisobem pomoci
trhavin soucasné ze 14 ¢eleb. Definitivni osténi je z monolitického betonu,
kterého bylo do podzemi uloZeno pres 250 000 m®. Generalnim dodavatelem
SP byl pravni ptedchlidce dnesni spoleénosti Subterra, a. s.

SP navazuje na Upravnu vody regulaénim vodojemem, co? jsou dvé pod-
zemni betonové nadrze o vyuzitelném objemu 4480 m?® a 12100 m?. Je dlou-
hy 51,332 km a kon¢i uzavérovou komorou ve Vestci, kde se rozvétvuje do
dvou potrubi DN 1600 délky 606 m, ktera vydstuji v piitokovych komorach
vodojemu Jesenice. SP je tlakovy, pretlak za klidu od 13,5 m do 78 m. Je
kruhového profilu, v podstatné ¢asti opatien betonovou obezdivkou
o tloustce 20 - 35 cm. V exponovanych mistech je poéitano se spoluplsobe-
nim tézké hutni vyztuZe. Svétly primér Stoly je 2640 mm. V misté pfechodd
vodnich toku a vyssich tlakil je opatien ocelovym potrubim o tloustce 10 mm
upnutym do betonové obezdivky. Povrch potrubi je uvnité chranén metaliza-
ci a ochrannymi natéry. SP podchazi pod fekami Blanici a Sazavou shybkami
v hloubce 20 a 30 m. Vyskovy rozdil mezi zadatkem a koncem SP je 24,3 m,
mezi nejvy$$im a nejniz8im mistem 120,8 m. Spadové poméry se pohybuji
v rozmezi od 0,02 do 9,90 %o. Minimalni vyska nadloZi je 7 m, maximalni 175 m.
Na SP je 18 objektd, které umoziiuji spravnou hydraulickou funkci, provoz,
tidribu a revize celého SP.

SP byl uvadén do provozu v ramci vodniho dila Zelivka. Komplexni zkous-
ky, které mély ovéfit projektem piedepsané parametry, probéhly v dubnu
1972. V roce 1976 byla provedena vodohospodafska prejimka dila a koncem
téhoZ roku byl 8P uveden do trvalého provozu. Vodarna Zelivka zajistuje
provoz a tdrzbu celého SP.

V dobé komplexniho vyzkouseni v dubnu 1972 doslo ke dvéma porucham
betonové obezdivky, a to v lokalitadch Javornik a Pétihosty. Obé byly v obdo-
bi kvéten - prosinec 1972 opraveny.

Od zahajeni provozu SP do dneénich dn(, tj. za uplynulych 29 let, doslo na
8P pouze ke dvéma porucham, které zpGsobily kratkodobé prerugeni dodav-
ky pitné vody do Prahy. Slo o poruchu betonové obezdivky v lokalité
Jesenice, kterd byla odstranéna zatmelenim pomoci rychletuhnouci cemen-
tové malty do vytvofenych drazek a o deformaci ocelové vloiky pod obci
Pétihosty. Deformovana ¢ast pancife byla v ¢ervenci r. 1982 odfiznuta
a dopravena na povrch. Betonové obezdivka v tomto misté byla shledana
v nedotéeném stavu.

Po dobu dosavadniho provozu SP byly planovité prohlédnuty vechny
Useky §toly véetné shybek pod fekami minimalné
1x, posledni Gisek SP Brtnice - uzdvérova komora
Vestec 3x. Celkem bylo uskute¢néno 11 prohli-
dek. Dale byla provedena 12x prohlidka zatatku
Stoly spojend s nedestruktivnimi zkougkami
betonu.

0Od roku 1984 je provadéno méreni ztrat vody SP,
naméfena hodnota pfi hydrostatickém tlaku je
35,0 ljg, pii hydrodynamickém tlaku, ktery odpo-
vidd pritoku 3500 lfs, jsou ztraty asi 10 . |
Projektovany predpoklad celkowych ztrét 50 I
nebyl zdaleka napinén.

V roce 1988 bylo provedeno ovéfeni maximalni
pritoénosti SP a zji§téni vlivu tlakovych rézd pfi
rGiznych provoznich stavech na bezpeénost SP.
Max. Q = 6 700 I/ a tlakové razy jsou zapracové-
ny do provozniho tadu SP. Projektovana kapacita
pfivadéée byla 6 000 I/, coZ svédéi o zlepseni
hydraulické hladkosti profilu nad pozadavky pro-
jektu.

30 YEARS OF THE ZELIVKA WATER RESOURCES SCHEME
- THE EXPERIENCE OF THE AUEDUCT TUNNEL OPERATION

The Zelivka aqueduct tunnel (ZAT), whose basic part is an about 51km long
hydrotechnical pressure tunnel, ranks among unique engineering works in our
country and in the world both by its technical solution and the boldness of the
concept of potable water long-distance transport from a water plant to points
of consumption. It supplies vast densely populated areas. There are virtually
no reserves in its capacity, therefore its trouble-free operation is crucial,

It was built in 1964 - 1972, driven by conventional drill and blast method con-
currently from 14 points of attack. The final lining required 250,000 m3 of
cast-in-place concrete to be transported to the underground. The general con-
tractor for the ZAT was the legal predecessor of the today existing company
Subterra a.s.

The ZAT links to the water treatment plant through a regulation reservoir,
consisting of two underground concrete tanks with a used storage of 4,480 m?
and 12,100 m°. The aqueduct is 51.332 km long, terminated by a valve cham-
ber in Vestec, where it branches into two 600 m long, DN 1,600 mm pipelines,
ending in receiving chambers of the Jesenice | and Jesenice Il reservoirs. The
ZAT is of a pressure type, with the off-cycle overpressure ranging from 13.5m to
78 m. lts circular cross section is provided with 25 - 35 cm thick concrete lin-
ing within a substantial part of the tunnel length. A composite action of heavy
metallurgical reinforcement is counted on in sections exposed to high stress-
es. The internal diameter of the tunnel lining is 2,640 mm. It is provided with
steel piping with 10 mm wall thickness encased in concrete in the locations of
water course crossings and higher pressures. Metal coating and protective
paint protect the internal surface of the pipes. The ZAT passes under the
Blanice and Sazava rivers by means of inverted siphons at a depth of 20 and
30 m respectively. The difference in the elevation of the starting and ending
point of the ZAT is 24.3 m, and the difference between the highest and low-
est point amounts to 120.8 m. There are 18 structures along the ZAT, enabling
proper hydraulic functioning, operation, maintenance and overhaul of the
whole ZAT.

The ZAT was brought into service within the framework of the Zelivka water
resources scheme. Overall testing, which was to prove that the parameters
prescribed by the design had been reached, took place in April, 1972. The
works was taken over by the water authority in 1976, and the ZAT was placed
into permanent service in the end of the same year. The Zelivka water plant
ensures the operation and maintenance of the whole ZAT.

During the commissioning in 1972, two defects of the concrete lining
occurred, i.e. in Javornik and Petihosty localities. Both of them were removed
in May - December 1972,

Since the ZAT opening till now, i.e. over past 29 years, two failures have
occurred only, causing short-term cut-off in the supply of drinking water to
Prague. These were a failure of the concrete liner nearby Jesenice, which was
made good by sealing with fast setting cementitious grout placed into
grooves cut for that purpose, and a deformation of a steel insert under the
municipality of Petihosty. The deformed part of the armouring was cut away
| and transported to the surface in July 1982. The
concrete liner was found intact in that location.

In the course of the previous operation of the ZAT,
planned inspection of all sections of the tunnel
including the inverted siphons under rivers was
| performed once as a minimum, while the last ZAT
B section between Brtnice and the valve chamber in
Vestec was inspected three times. 11 inspections
were performed in total. In addition, the starting
end section of the tunnel was checked 12 times,
together with non-destructive testing of concrete.

Leakage losses within the ZAT have been mea-
sured since 1984. The value measured at the given
hydrostatic pressure is 35.0 I’/s, at a hydrodynamic
pressure corresponding to a flow of 3,500 I/, the
losses amount to about 10 /. The total losses of
50 I, anticipated by the design, have been far
from achieving.
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Za celou dosavadni dobu trvalého provozu pfivadéée nedoslo k takovym
porucham neho havariim, které by zpUsobily pferuseni dodavky vody nad

dobu pfijatelnych provoznich odstavek, ani se nevyskytly pfipady nepfi--

pustného ovlivnéni jeji kvality. PFiznivé konstatovéani o dosavadni spolehli-
vosti provozu pfivadéée je moiné odvozovat od jeho koncepéniho fedeni,
dobré projektové pfipravy i kvalitné provedené stavby, v neposledn( fadé
viak od systematicky a odpovédné vykonavanych ¢innosti spravce dila
zamérenych na zajisténi jeho provozni bezpeénosti.

Podle podkladl od autor(
According to documentation of authors
Jan Vrana, Praiské vodovody a kanalizace, a. s.

Ing. David Richtr, VODNI DILA-TBD, a. s., Praha
RNDr. Anna Gardavskd, SG-GEOTECHNIKA, a. s., Praha

Zpracoval / Compilated by: Ing. Miroslav Uhlik, Subterra, a. s.

Verification of the maximum flow capacity of the ZAT and determination
of the impact of pressure surges on the ZAT safety at various operational con-
ditions was carried out in 1988. A maximum Q = 6,700 !/s and the pressure
surges have been incorporated into the operating instructions for the ZAT.
The designed capacity of the water conveyor was 6,000 //S, which proves an
improvement in the hydraulic smoothness of the profile exceeding the design
requirements.

No defects have occurred for the whole time of the permanent operation
of the tunnel, which would have caused water supply cut-offs over acceptable
time of operational standbys, nor cases of impermissible affecting of water
quality have occurred. A favourable statement on the previous reliability
of the tunnel operation can be derived from its conceptual solution, good
design planning and good quality of the construction work, and, at last but
not least, from the systematically and responsibly discharged duties of the
works operator, focused on safeguarding of the operational safety.

TECHNICKE ZAJIMAVOSTI

TECHNICAL MATTERS OF INTEREST

NEKTERE VYSLEDKY TESTOVANI
PROFILERU 4000

V rdmci diplomové prace Uréeni presnosti méfeni systému Profiler 4000 [1]
bylo s timto pfistrojem provedeno testovani vnitfni a vnéjéi pfesnosti méfe-
ni Profileru 4000. Struény popis tohoto pfistroje a nékteré vysledky ziskané
jeho testovanim jsou uvedeny v tomto élanku.

Nejprve se seznamime se samotnym Profilerem 4000. Systém Profiler 4000
je specializovany automaticky méfici systém uréeny pro kontrolu provede-
nych praci v podzemi a na povrchu. Byl vyvinut 8vycarskou firmou AMBERG
ve spolupraci s firmou LEICA, ¢imz vznikl efektivni av§ak jednoduse ovlada-
telny méfici systém pro automatické méfeni podrobnych bodl bez odrazné-
ho hranolu (2], [3].

Cely systém Profiler 4000 se sklada ze samotného pfistroje Profiler 4000,
polniho poéitate PC 9500, ovladaciho softwaru pro polni méfeni Proscan
a zpracovatelského softwaru Prowin 6.0.

Pfistroj Profiler 4000 (obr. 1) [4] je vlastné pIné motorizovany méfici systém
s vykonnym EDM laserovym dalkomérem pro mé¥eni délek bez odrazného
hranolu a s vestavénym koaxialnim viditelnym laserovym pointrem pro sig-
nalizaci méfenych bodu. Pfistroj je vyroben v ndrazuvzdorné a prachotésné
Upravé. Rotaéni pohyb na obou oséch (horizontélni i vertikalni) je nekoneé-
ny - 3600 a je zajistén servomotory. Ma zabudovan elektronicky osovy kom-
penzator pro vertikalni Ghly. Pfistroj nema Zadnou klasickou optiku (daleko-
hled), pro vedkeré cileni na orientaéni body je nutné pouZit laserovy pointer.
Polni poéita¢ Microflex PC 9500 je externi zafizenf Profileru 4000 pro fizeni
méreni, ukladani naméfenych dat a pro potfeby polniho vyhodnoceni.
Pracuje v operaénim systému MS-DOS 5.0 a je vybaven méficim softwarem
Proscan 6.0.

Program Proscan 6.0 je nainstalovany na polnim po¢itaéi PC9500. UmoZfiuje
samotné méfeni Profileru 4000. Pomoci ného mizeme zvolit metody uréeni
polohy stanoviska a metody méfeni podrobnych bodd, zadat méfené hod-
noty uréeni polohy stanoviska, rozsah méfeni a stanovit parametry metody
méreni podrobnych bod(, pfipadné provést vyhodnoceni v terénu.
Program Prowin 6.0 je vyhodnocovaci software nainstalovany na poéitadi
v kancelaFi. V tomto programu probihaji hlavni vyhodnocovaci prace. Pro
vyhodnocovani méfenych dat a porovnavani s teoretickymi daty je nutné
vytvofit tzv. projekt obsahujici informace o stavbé. Pro kaZdy projekt je
vytvofena databaze se viemi naméfenymi hodnotami, které byly softwarem
Prowin 6.0 zpracovany. Vystup z programu muze byt graficky nebo &iselny.
A nyni pfejdeme k méfeni Profilerem 4000. Nejdfive se zminime o zpusobu
pfipojeni. Polohu a orientaci pfistroje Ize uréit ¢tyfmi metodami. Metodou
X/Y, metodou na hranol, metodou volného stanoviska a metodou na bod.
PFi metodé X/Y je poloha Profileru uréena odméfenim vertikalni a horizon-
talni odchylky méFictho pfistroje od osy stavby. Pfi metodé na hranol se
poloha Profileru uréi pomoci koutového hranolu a cllové LED diody umisté-
nych na pistroji, které jsou zaméreny totalni stanici. U metody volného sta-
noviska se poloha uréi pomoci samotného pfistroje, kterym se zamé¥i 2 a
4 pevné orientaéni body, pomoci kterych se uréi poloha. Pfi posledni meto-

SELECTED RESULTS OF
THE PROFILER 4000 TESTING

As part of a Diploma thesis Determination of measurement accuracy of the

Profiler 4000 system [1], a testing of inner and outer measurement accuracy
of Profiler 4000 was carried out using this device. A brief description of this
device as well as selected results obtained by its testing are stated in this

article.

Firstly, let us learn about the Profiler 4000 itself. The Profiler 4000 system is

specialized automatic measurement system designated for monitoring after
elaboration of works in underground and on the surface. It was developed by
the Swiss company AMBERG in cooperation with the company LEICA, and
thus an effective but also very easily controllable measurement system for
automatic measurement of detailed points without a retro-reflective prism

[2] [3] was founded.

The entire system Profiler 4000 consists of the own device Profiler 4000,

a field computer PC 9500 and driver software for field measurement Proscan

as well as processing software Prowin 6.0.

The device Profiler 4000 (Fig. 1) [4] is basically a fully motorized measure-

ment system with an efficient EDM laser rangefinder for measurement of
distances without a reflective prism and with integrated coaxial visible laser
pointer for signalization of the measured points. The device is constructed in

a shock-proof and dust-proof mode. The rotary movement along both axes

(horizontal and vertical) is infinite - 360° and is provided by servomotors. It
has an inbuilt electronic axis compensator for vertical angles. The device has

no conventional optics (telescope), it is necessary to use the laser pointer for
determination of all target points, eventually to continue with evaluation in filed.

The field computer Microflex PC 9500 is an external device of the Profiler
4000 for measurement management, saving of measured data and for the

purposes of field evaluation. It works under the operation system MS-DOS

5.0 and is equipped with measurement software Proscan 6.0.

The program Proscan 6.0 is installed on the PC 9500 field computer. It

enables the own measurement by Profiler 4000. With its help we can select

methods of location determination of the base and measurement method of
the detailed points, we can also insert measured values for location deter-

mination of the base and the range of measurement as well as set parame-

ters of measurement method of the detailed points.

The program Prowin 6.0 is evaluation software installed on computer in the

office. Main evaluation works proceed through this program. In order to

evaluate the measured data and to compare it with the theoretical data, it is

essential to create a so-called project containing information about the struc-

ture. For each project, a database with all measured data, which had been

processed by the Prowin 6.0 software, is created. The program output can be

graphical or numerical.

And now let us switch to measurement using Profiler 4000. We will first men-

tion the method of connection. Position and orientation of the device can be

determined using four methods. X/Y method, to the prism method, free sta-

tion method and point method. By the X/Y method, Profiler's position is”
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Obr. 1 Profiler 4000
Fig. 1 Profiler 4000

Obr. 2 Pfi€né paralelni profily
Fig. 2 Lateral parallel profiles

dé na bod je Profiler umistén nad zndmy bod a je pomoci daldiho zndmého
bodu orientovan.

Po provedeni orientace je pfistroj piipraven k zaméfeni ¢tyf tloh, které pro-
biha zcela automaticky. Prvni Uloha je méfeni 2D profila, pfi kterém je z jed-
noho stanoviska zaméfen jeden svisly nebo vodorovny profil. Druhd dloha
je méfeni paralelnich profilli, pfi kterém je z jednoho stanoviska zaméieno
nékolik profilli v pravidelném rozestupu. Dal$i tloha se jmenuje sektorové
profily, kde pfistroj méfi nékotik profili z jednoho stanoviska v pravidelném
Uhlovém intervalu. A posledni ilohou je méfeni 3D povrch(i, kde po zadani
¢tyfuhelnika rohovymi body pfistroj zaméfi sit bodl uvnitf takto definované
plochy [1].

Po seznameni s pfistrojem pfejdeme k samotnému testovéni pfesnosti
méfeni Profileru 4000. Ta je ovlivnéna presnosti zaméfeni podrobného
bodu, ptfesnosti pfipojeni do geodetické soufadnicové sité a piesnosti geo-
detické soufadnicové sité. Dale je potfeba uvést, 7e piesnost méieni
Profileru 4000 je také ovlivnéna rychlosti méfeni délek. Profiler umoZiuje
méfit délky 7 rychlostmi, kde rychlost ¢. 1 je nejpomaleji a nejpfesnéjsi
a rychlost €. 7 je nejrychlej$i a nejméné pfesnd. Nize popsané experimenty
byly provadény rychlosti ¢. 5, kterd je v praxi nejcastéji pouZivana.

Prvnim ukolem testovani tohoto pfistroje bylo uréeni vnitini pfesnosti
méfeni. To znamena, jak pfesné pristroj méfi tentyz bod nékolikrat za sebou,
za podminky, ze pfi tomto méfeni nedojde ke zméné stanoviska, orientace
pfistroje a podminek méfeni. Tim dojde k vylouéeni chyby v poloze, v ori-
entaci pfistroje a systematické chyby méfeni. Vliv ndhodné chyby v méfeni
Uhld a délek zistane zachovan.

Pro uréeni vnitfni pfesnosti byla zvolena uloha pfi¢nych svislych paralelnich

Tab. 1
Prlimérna smérodatné odchylka Primérna smérodatna
¢islo Average standard deviation of soufadnicova odchylka
profilu |vodorovného dhlu | zenitového dhlu| délky | Average standard
Profile | horizontal angle | zenith angle |length| coordinate deviation
number [gon] [gon] [m] [m]
1 0,0294 0,0142 0,005 0,004
2 0,0237 0,0757 0,004 0,003
3 0,0230 0,0554 0,005 0,003
4 0,0238 0,0477 0,005 0,004
5 0,0200 0,0437 0,005 0,003
6 0,0209 0,0353 0,007 0,004
7 0,0230 0,0363 0,006 0,005
8 0,0216 0,0312 0,008 0,005
9 0,0192 0,0298 0,008 0,006
10 0,0198 0,0266 0,010 0,007
1 0,0172 0,0338 0,011 0,007
12 0,0230 0,0334 0,013 0,009
13 0,0184 0,0280 0,014 0,009
14 0,0250 0,0298 0,017 0,011
15 0,0183 0,0303 0,015 0,010
16 0,0222 0,0260 0,016 0,01
Tab. 2
Cislo Odhad vybérové smérodatné odchylky v soufadnici
profilu | Estimation of sample standard deviation in coordinate
Profile [m]
number sy $X sz
y-axis X-axis z-axis
1 0,005 0,008 0,013
2 0,006 0,009 0,004
3 0,009 0,005 0,004
4 0,012 0,006 0,003
5 0,014 0,006 0,003
6 0,018 0,012 0,003
7 0,025 0,027 0,006
8 0,026 0,044 0,006

determined by measurement of the vertical and horizontal deviation of the
measuring device from axis of the structure. By the to prism method,
Profiler's position is determined using a corner prism and target LED diodes
located on the device, which are focused by the total station. By the free sta-
tion method, the position is determined using a separate device, with which
2 to 4 fixed orientation points are targeted, based on which the position is
determined. By the point method, the Profiler is placed above a known point
while it is orientated using another known point,

After elaboration of orientation, the device is ready to target four tasks,
which proceeds entirely automatically. The first task is measurement of
2D profiles, where one vertical or horizontal profile is measured from one
location. The second task is measurement of parallel profile, where several
profiles in regular distance are measured from one location. The next task is
called sector profiles, where the device measures several profiles in regular
angular interval from one location. And the last task is a measurement of
3D surfaces, where after quadrangle's input using four points, the device will
target a network of points inside of such defined area [1].

After learning about the device we can go directly to testing of measurement
accuracy by Profiler 4000. That is influenced by targeting accuracy of the
detailed point, accuracy of connection into the geodetical coordinate net-
work and accuracy of the geodetical coordinate network. Moreover it is nec-
essary to state that measurement accuracy by Profiler 4000 is also influenced
by the speed of length measurement. Profiler supports length measurement
in 7 speeds, where speed no. 1is the slowest and most accurate while speed
no. 7 is the fastest and least accurate. The further mentioned experiments
have been elaborated using speed no. 5, which is the one most often used in
practice.

The first testing task of this device was to determine inner measurement
accuracy. That means how accurately the device measures the same point
several times, under the condition of same location of the base, device ori-
entation and measurement conditions. Thus, an eventual error in position,
device orientation and measurement conditions will be eliminated. The
impact of random error in angle and length measurement remains.

In order to determine inner accuracy, a task of lateral vertical parallel profiles
(Fig. 2),which is most often used by checks of geometric tunnel parameters,
was selected. It was also selected for its sufficient amount of measured data
and for suitable configuration of individual points and profiles, measured in
regular intervals. 15 parallel profiles and one reference profile (i.e. a profile
whose level crosses center of the device) were measured. The distance
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profild {obr. 2), kterd je nejcastéji pouzivana pfi kontrole geometrickych
parametril tunell. Také byla zvolena pro dostateény objem méfenych dat
a pro vhodnou konfiguraci jednotlivych bodl a profill, méfenych v pravi-
delnych intervalech. Bylo zaméfeno 15 paralelnich profili a 1 profil refe-
renéni, tj. profil, jehoZ rovina prochdzi stfedem pfistroje. Vzdalenost mezi
referentnim a krajnim profilem byla 1,5x vétsi, nez byl primér profilu,
nebot vyrobce udava, Ze v tomto rozsahu Profiler 4000 méfi s dostate¢nou
pfesnosti. Méfeni této lohy bylo 5x opakovéano s tim, Ze nedoslo ke zméné
polohy, orientace a nastaveni parametr(i méfeni pfiénych svislych paralel-
nich profild. Z takto opakovaného méfeni byly pro kazdy podrobny bod
5x ziskany pfimo méfené délky, vodorovné a zenitové Uhly a po zpracovani
v programu Prowin 6.0 taktéz soufadnice. Z téchto hodnot byly vypoéteny
smérodatné odchylky délek, vodorovnych a zenitovych tihll a smérodatné
soufadnicové odchylky pro kaidy podrobny bod. Vypoctené smérodatné
odchylky byly seskupeny podle jednotlivych profilli a pro kazdy profil byl
vypodten jejich pramér (tab. 1).

Z vysledk( uvedenych v tabulce 1 vyplyvd, Ze pfesnost méfeni podrobnych
bodl v profilu klesd s rostouci vzdalenosti od referenéniho profilu.
Primérna smérodatna soufadnicova odchylka nabyva hodnot od 4 mm v refe-
renénim profilu az do 11 mm v krajnim profilu. Jak dale vyplyva z vysledku zis-
kanych vyhodnocenim méfenych Uhli a délek, pokles pfesnosti méfeni
Profileru 4000 je pfedevsim ovlivnén klesajici pfesnosti méfeni délek od refe-
renéniho profilu ke krajnimu profilu, ndhodna chyba v méfeni Ghld plsobi na
vyslednou presnost méfeni ve véech profilech pfiblizné stejné.

Druhym ukolem testovani tohoto pfistroje bylo uréeni vnéj§i presnosti
méfeni. To znamend, jak pfesné pfistroj urCi absoltutni polohu podrobného
bodu. V této pfesnosti je zahrnuta chyba méfeni podrobného bodu a chyba
pfipojeni pfistroje do soufadnicové sité, ale je vylou¢ena chyba soufadni-
cové sité, Pro splnéni téchto podminek byl zvolen nasledujici postup:
Profiler pfi méfeni podrobnych bod tyto body signalizuje laserovym point-
rem. Takto signalizované body byly zaméfeny kontrolni metodou protinani
vpied z uhl{, ktera je pfesnéjsi nez méfeni Profilerem. Tato kontrolni meto-
da byla pouzita i pro urteni mistni soufadnicové sité, takze $lo prohlasit
kontrolni metodou zaméfené body soufadnicové sité za spravné a rozdil
mezi soufadnicemi podrobnych bodd zaméFenymi kontrolni metodou a sou-
fadnicemi podrobnych bodt zaméfenymi Profilerem za skuteéné chyby. Pro
samotné podrobné méfeni Profileru byla zvolena uloha pficnych svislych
paralelnich profilt z téch samych dlivod( jako pfi uréovani vnitini pfesnosti.

Bylo zaméfeno 7 paralelnich profill a 1 profil referenéni. Vzdélenost mezi
referenénim a krajnim profilem byla 1,5x vétsi, nez byl pramér profilu. Pro
kazdy podrobny bod byly vy$e zminénym postupem ziskany dvoje soufadni-
ce. Jedny z méfeni Profileru a druhé z méreni kontrolni metodou. Tyto sou-
fadnice byly porovnany a z jejich rozdild byly vypoéteny vybérové sméro-
datné odchylky v jednotlivych soufadnicich, které jsou uvedeny v tabulce 2.
Osa X lezi v podélném sméru tunelu, osa Y lezi v pficném sméru a osa Z lezi
ve svislém sméru.

Z této tabulky je patrné, Ze pro soufadnici X nabyvaji tyto odchylky v kraj-
nich profilech vysokych hodnot, coz mlze byt zplisobeno nestejnou polo-
hou Profilerem vizualizovaného bodu a polohou bodu Profilerem méfenou.
Dalsi moznou pfi¢inou mlze byt zhoren4 identifikace Profilerem vizualizo-
vaného bodu z dlvodu roztazeni stopy laserového pointru. Av8ak velikost
této odchylky neni pro pfesnost méfeni paralelnich profill klicové, nebot se
jedna o odchylku ve sméru podélném.

Nakonec Ize vyslovit zavér, Ze pro kontrolu geometrického tvaru tunelu je
méfeni Profilerem 4000 dostatecné piesné, zvlasté pokud éitka zaméfované
plochy nebude piekratovat jednonasobek priméru profilu, coZ je i pro prak-
tické méfeni vyhodné.

Clének vznikl v ramci vyzkumného zaméru MSMT CR: J04-098:210000022
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between reference and marginal profile was 1.5 times larger than the pro-
file's diameter, because the producer claims that in this range Profiler 4000
measures with sufficient accuracy. Measurement of this task was repeated 5
times with unaltered position, orientation as well as preset parameters for
measurement of lateral vertical parallel profiles. From such repeated mea-
surement for every detailed point, directly measured lengths, horizontal and
zenith angles were obtained 5 times and after elaboration through the
Prowin 6.0 program also the coordinates. From the values, determining devi-
ations of lengths and horizontal and zenith angles and determining coordi-
nate deviations for each detailed point were calculated. The calculated deter-
mining deviations were grouped according to individual profiles while for
each profile its diameter was calculated (Tab. 1).

From results in the chart 1 it is clear that accuracy of measurement of
detailed points in the profile decreases with increasing distance from the ref-
erence profile. An average determining coordinate deviation ranges from
4mm by the reference profile to 11 mm by the marginal profile. As further
derives from results obtained from evaluation of some measures angles and
lengths, decrease in measurement accuracy of Profiler 4000 is caused most-
ly by decreasing accuracy of measurement of lengths from reference profile
to the marginal profile. Random error in angle measurement has in all pro-
files about the same impact on final measurement accuracy.

The second testing task of this device was to determine outer measurement
accuracy. That means how accurately does the device determine an absolute
position of the detailed point. Within this accuracy, an error of measurement
of the detailed point as well as error of connection to the coordinate network
are included, while error of the coordinate network is eliminated. In order to
fulfill these conditions, the following procedure was selected: By measure-
ment of the detailed points, Profiler highlights these points with a laser
pointer. Such highlighted points were targeted by a backup method of for-
ward intersection from angles, which is more accurate than measurement
using Profiler. This backup method was also used for determination of the
local coordinate network, therefore it was possible to claim the coordinate
network points, targeted by the backup method, as correct while the differ-
ence between detailed points' coordinates, targeted by the backup method,
and detailed points' coordinates targeted by the Profiler as factual errors. For
the own detailed measurement using Profiler, the task of lateral vertical par-
allel profiles was selected from the same reasons as by determination of the
inner accuracy.

7 parallel profiles and 1 reference profile were targeted. The distance
between reference and marginal profiles was 1,5 times larger than the pro-
file diameter. Using the aforementioned procedure, two coordinates were
obtained for each detailed point. Ones from measurement using Profiler
while the other from using the backup method. These coordinates were com-
pared and from their difference, selected determining deviations in individ-
ual coordinates were calculated. They are illustrated in Tab2.

The X-axis lies in axial tunnel direction, the Y-axis in lateral direction and the
Z-axis in vertical direction.

From this chart it is clear that for the X coordinate, these deviations in mar-
ginal profiles reach high values, which can be caused by different position of
the point highlighted by Profiler and position of point really measured. Other
possible cause can lie in decreased identification of the point highlighted by
Profiler because of expansion of the trace of the laser pointer. However, size
of this deviation is not essential for measurement accuracy by parallel pro-

_files, because it is a deviation in axial direction.

A conclusion can be summarized that for checks of geometric tunnel shape
the measurement using Profiler 4000 is sufficiently accurate, especially
when width of the targeted area will not exceed the profile diameter, which
is also convenient for practical measurement.

The article was made within framework of the Scientific program of MSMT
CR: J04-098:210000022
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20 LET USTAVU GEONIKY
AV CR V OSTRAVE

Dne 1. cervence 1982 byl ustaven Hornicky ustav CSAV v Ostravé jako vysle-
dek mnohaletého (sili zakladatelG v ¢ele s prof. Ing. Lubomirem Sigkou,
DrSc., tehdejéim lenem korespondentem CSAV, ktery se stal prvnim Fedi-
telem ustavu. Ukolem nové zfizeného pracovisté bylo preneseni teoretické-
ho vyzkumu v problematice hlubinného uhelného hornictvi z Prahy do
oblasti intenzivni hornické ¢innosti. Tento vyzkum byl zaméfen predeviim
na feSeni problém0 dobyvani ve velkych hloubkéch a pod beskydskymi
pfikrovy, na problematiku dUInich otfesti a pritrzi, teoretické aspekty dailni-
ho vétrani a aerologie aj. Jiz v druhé poloving osmdesatych let se znamka-
mi nastavajiciho atlumu hornictvi byla védeckd &innost Ustavu zaméfena
obecnéji na procesy v zemské kiife souvisejici s antropogenni &innosti s pfi-
hlédnutim k environmentalnim vlivim.

V ramci transformace Ceskoslovenské akademie véd v roce 1992 byla pro-

vedena komplexni reorganizace a transformace tstavu, ktery od roku 1993

nese nazev Ustav geoniky AV CR a pfedstavuje jediny Ustav Akademie véd

v regionu. Zékladni védecké zaméfeni (stavu zahrnuje zkoumani procest

v zemské ke, indukovanych antropogenni ¢innosti a jejich Gginkd na ivotni

prostfedi. V podrobnéj$im &lenéni se vyzkum zaméfuje do nasledujicich

oblasti:

- vyzkum stavby a vlastnosti material zemské kiry a antropogennich
sedimentd;

- fyzikéIni zékonitosti a mechanismy indukovanych procest v horském
masivu véetné metod jejich méieni a sledovani;

- matematické metody modelovani procesi v horském masivu;

- geograficky vyzkum Zivotniho prostfedi;

- neklasické zplsoby vyuZivani zemské kirry (geotechnologie, rozpojovani,
specidlni zplsoby ukladani odpadi aj.).

V soucasnosti ma Ustav asi 100 pracovnikl, rozd&lenych do péti vyzkum-

nych stfedisek:

- stfedisko geomechaniky;

- stfedisko vyzkumu material( Zemé;

- stfedisko geofyziky a specidlnich metod méfeni;

- stfedisko aplikované matematiky;

- stiedisko environmentalni geografie (pobogka v Brng).

Za dobu své existence se Ustav Uspésné podilel na Fadé vyzkumnych pro-
jektd, z nichZ pfipomenu napt. rozséhly program méfeni primarnich napéti
v horském masivu karpatské predhlubné a ¢eského masivu pomoci hydro-
porusovani stén vrtu, mezinarodni projekt vyzkumu rozpojovani materiald
vysokotlakym abrazivnim vodnim paprskem, monitorovéani pfirozené
a indukované seismicity na severni Moravé, vyvoj programového souboru
GEM pro matematické modelovani rozsahlych Gloh v geomechanice nebo
vyzkum struktury a vyvoje region z hiediska zivotniho prostedi.

Ustav je $iroce zapojen do mezinarodnich projekt( piedevsim v rdmci EU (4.
a 5. ramcovy program - Inco Copernicus, Interreg, Intas, dvoustranné pro-
jekty} a pfipravuje se tak na podminky po rozéifeni EU,

Vedle svého zakladniho poslani, kterym je badatelsky vyzkum, se pracovni-
ci istavu od poéatku jeho existence snazi uplatnit ziskané poznatky v prak-
tické sféfe. Z oblasti mimo vlastni hornictvi Ize uvést napf. laboratorni
vyzkum tésnici injektaze pro utésnéni podzemniho plynového zasobniku
Haje, méfeni abrazivity hornin a posuzovani zpGsobu rozpojovani hornin
pro stavbu nékterych tuneld (Mrazovka), projektovou studii a geotechnicky
vyzkum podzemniho skladu vyhofelého jaderného paliva, stabilitni vyposty
sanované haldy Katefina v Radvanicich v Cechach, spolupréaci na vyvoji
novych kotevnich a injektazné-kotevnich prvk{ (Boitex) pro tunelové a pod-
zemni stavby nebo rozsahly vyzkum vlivu Gtlumu hlubinného hornictvi na
povrch, Zivotni prostredi, socidlné ekonomickou sféru a tvorbu krajiny.

V soudasnosti pfedstavuje Ustav geoniky konsolidovanou vyzkumnou insti-
tuci s nezanedbatelnym odbornym potencidlem a materialnim vybavenim,
kteréd je pfipravena, i diky svému umisténi v regionu s vyraznou hospodar-
skou transformaci, podilet se na feSeni pfipravy a vystavby infrastruktury,
ochrany povrchu a tvorby krajiny a eliminace sou€asnych i budoucich envi-
ronmentalnich rizik.

20 YEARS OF THE INSTITUTE
OF GEONICS BY ASCR IN OSTRAVA

On July 1, 1982, Mining Institute by the Academy of Sciences of the Czech
Republic (ASCR) in Ostrava was established as result of a many year effort
of the founders lead by Prof. Ing. Lubomir Siska DrSc., by that time member
and correspondent of the ASCR, who became first chairman of the Institute.
The task of the newly constituted workplace was to transfer the theoretical
research on problems of deep coal mining from Prague into an area with
intensive mining activity. This research was focused especially on solutions
to problems of mining in large depths below Beskydy-type overburden,
problems of quakes and outbursts in mines, theoretical aspects of mine ven-
tilation as well as aerology etc. Already in the second half of the eighties
along with signs of the upcoming recession in the mining industry, scientif-
ic activity of the Institute was focused in rather more general way on
processes within the earth shell, coherent with anthropogenic activity with
regards to environmental impacts.
Within the framework of transformation of the Czechoslovakian Academy of
Sciences in 1992, a thorough reorganization and reconstruction of the
Institute was undertaken, while since 1993 it is called the Institute of Geonics
by ASCR and it presents the only institute by ASCR in the region.
Fundamental scientific focus of the Institute include research of the earth
shell processes, induced by anthropogenic activities and their impact on envi-
ronment. In detailed subdivision the research focuses on the following topics:
- Research of structure and attributes of materials of the earth shell and
anthropogenic sediments;
- Physical principles and mechanisms of induced processes in rock massif,
including the methods of their measurement and monitoring;
- Mathematical methods of modeling processes in rock massif;
- Geographical exploration of the environment;
- Unconventional ways of earth shell use (geotechnology, disjoining works,
special methods of waste disposal etc.).
Currently, the Institute has about 100 employees, divided into 5 research
departments :
- Department of geomechanics
- Department of research of the Earth materials
- Department of geophysics and special measurement methods
- Department of applied mathematics
- Department of environmental geography (office in Brno)
During the time of its existence the Institute has successfully taken part in a
number of research projects, from which | will name for instance the extensive
program of measurement of primary stresses in rock massif of the Carpathian
fore-trough and Czech massif using hydrofracturing of the borehole walls, an
international project of research on material disintegration by high-pressure
abrasive water beam, monitoring of the natural and induced seismic activity in
Northern Moravia, development of the program file GEM for mathematical
modeling of extensive tasks in geomechanics or research on the structure and
development of regions from the environmental point of view.
The institute is widely involved in international projects especially within the
EU (4. and 5. framework program - Inco Copernicus, Interreg, Intas, bilateral
projects) and thus it prepares for conditions of the EU enlargement.
Beside its fundamental mission - scientific research - employees of the
Institute are since its very beginning of existence trying to turn the acquired
knowledge into experience in practice. As for areas other than mining can for
instance be stated laboratory research of sealing grouting for the under-
ground gas storage Héje, measurement of rock abrasiveness and evaluation
of the method of rock disintegration for construction of some tunnels
(Mrazovka), project study and geotechnical exploration of the underground
storage for burnt-out nuclear waste, stability calculations of the remedied
heap Katefina in Radvanice in Bohemia, cooperation on development of new
anchoring and injection-anchoring elements (Boltex) for tunnel and under-
ground structures, or extensive research on the impact of the check put on
deep mining on the surface, environment, social-economic sphere and land-
scape formation.
At the time the Institute of Geonics presents a consolidated scientific institu-
tion with considerable professional potential as well as material equipment
and is ready, also because of its location in a region subjected to significant
economic transformation, to take part in solutions to preparations and con-
structions of infrastructure, surface protection, landscape formation and
elimination of current as well as future environmental dangers.

Doc. Ing. Richard Sriupérek, CSc.
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VYZNAMNE ZIVOTNI VYROCI
ING. PETR VOZARIK

V tomto roce se doziva vyznacného Zivotniho jubilea pan Ing. Petr Vozarik,
dlouholety ¢len a piedseda redakéni rady ¢asopisu Tunel. Narodil se dne 16.
dubna 1942 v Zahorovicich ve svétoznamé oblasti Vizovic.

Po absolvovani gymnéazia v Uherském Brodé a studiich na Hornické fakulté
v Ostravé obor podzemni stavby a hornictvi, zadal v roce 1965 pracovat
u podniku Vystavba kamenouhelnych doll Kladno.

V letech 1967 aZ 1970 se Ucastnil ve funkci vedouciho pfipravy na vyznam-
nych stavbach, a to pfivadéé vody Zelivka, Telekomunikaéni kolektor Praha-
Ziikov, Sanace podzemi Kutna Hora.

Stavba ptivadéée vody Zelivka byla jeho velkou Zivotni $kolou, kde v roce
1972 az 1975 pracoval ve funkci stavbyvedouciho na tunelovém useku
Jesenice - Brtnice.

Své teoretické znalosti, doplnéné postgradualnim studiem na Fakulté che-
micko-technologické v Pardubicich a Stavebni fakulté v Praze, a praktické
zku$enosti uplatnil ve funkei vedouciho pFipravy pfi urovani technologie
vystavby staveb metra, a to na trasach IC - tunely Pankrac, IA - tunely a sta-
nice Malostranska, Hradganska, IIA tunely a stanice Zelivského.

Po omezeni aktivit podniku Vystavba kamenouhelnych dolG Kladno v oboru
podzemnich staveb pfiSel vyznamny zivotni krok, ktery ovlivnil jeho dalsi
zivot. Na zadatku roku 1975 pfijal nabidku podniku Metrostav Praha praco-
vat na "stavbeé stoleti", tj. na stavhach prazského metra.

Na novém pracovisti, ve funkci vedouciho oddéleni piipravy, se vyznamné
zapojil do pfipravy tras metra IB, 1IB, IVB, rekonstrukce lanové drahy na
Petfin a vyznatné stavby Strahovského tunelu.

Od roku 1990 pracoval v rGznych naroénych vedoucich funkecich, v nichz
uplatfioval své teoretické znalosti a praktické zku$enosti. Jednou z nich byla
funkce feditele divize 4 - Consult, ktera zajistovala projekty, pfipravu staveb,
marketing a technicky rozvoj.

S vrozenym zivotnim optimismem a laskou k horam dokéazal pfekonat rizna
Zivotni uskali a dozit se vyznamného jubilea §edeséti let v plné sile a pra-
covni aktivité.

Do dal$iho Zivota pfejeme jubilantovi pevné zdravi a mnoho eldnu pro spl-
néni jeho osobnich plant.

A SIGNIFICANT LIFE ANNIVERSARY
ING. PETR VOZARIK

A long-term member and chairman of editorial board of the Tunel magazine
Ing. Petr Vozarik celebrates a significant life anniversary this year. He was
born in Zahorovice in world famous region of Vizovice on April 16, 1942.
After graduation from a gymnasium in Uhersky Brod and studies at the
Mining faculty in Ostrava, major underground engineering and mining, he
began to work at the company Vystavba kamenouhelnych dold Kladna
(Construction of stone-coal mines Kladno) in 1965.

During 1967-70 as a senior project manager he participated at significant
projects such as the mined water feeder from the Zelivka dam to Prague,
telecommunications collector Prague-Zizkov and underground rehabilitation
in Kutna Hora. Construction of the water feeder Zelivka was his great life
practice, where he during 1972-75 worked as site manager for the tunnel sec-
tion Jesenice-Brtnice.

He sold his theoretical knowledge, perfected through post-gradual studies at
the Chemical-technological faculty and Civil engineering faculty in Prague,
as well as practical experience in the position of senior planning manager by
determination of technology for construction of the Prague subway struc-
tures, and thus within lines IC-tunnel Pankréc, IA-tunnels and stations
Malostranska, Hradéanské, llA tunnels and station Zelivského.

After diminution of activities of the company Constructions of stone-coal
mines Kladno in the field of underground works, a significant breakpoint
came, which influenced his further life. In the beginning of 1975, he accept-
ed offer of the Metrostav Prague company to work on "Structure of the cen-
tury", i.e. on constructions on Prague subway.

At a new workplace, in position of a senior project manager, he significantly
took part in preparation of the lines IB, IIB, IVB, reconstruction of the funicu-
lar to Petfin as well as remarkable construction of the Strahovsky tunnel.
Since 1990, he has been working in various demanding top positions, where
he kept using his theoretical knowledge as well as practical experience. The
position of director of the Division 4 - Consult, which provided for designs,
planning of constructions, marketing and technical development, was one of
them.

With an innate life optimism and love to mountains, he managed to over-
come various life obstacles and to reach a significant life anniversary of 60
years in full strength and working activity.

In the following life, we wish our celebrating friend strong health as well as
lot of energy for fulfillment of his personal plans.

Ing. Milan Krejcar
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ING. MIROSLAV UHLIK - 65 LET

Narodil se 24. 6. 1937 v Kladné, kde absolvoval stfedni kolu. V letech 1955
az 1960 studoval na Fakulté inzenyrského stavitelstvi CVUT v Praze obor
hydrotechnika. Studium ukonéil s vyznamenanim a nastoupil na kratky ¢as
do prazského Hydroprojektu. Od té doby Zije v Praze, kde ma svoji rodinu,
i kdyZ zpotatku vyjizdél za praci do bliZéiho i vzdélenéjsiho okoli.

Po krétké projektantské praxi nastoupil v roce 1962 k narodnimu podniku
Uranové doly P¥ibram do funkce vodohospodare. Odtud vedla jeho cesta na
stavbu $tolového pfivadéde pitné vody ze Zelivky do Prahy, kterou tento
podnik pravé pfipravoval k zahéjeni. Zde stravil pét let v rdznych technic-
kych funkcich, na néz navazal jako &len vrcholového managementu v narod-
nim podniku Podzemni inZzenyrskeé stavby, pozdéji Vystavba dolii uranového
pramyslu Zbraslav.

Béhem jeho pusobeni u této firmy se u nds prudce rozvijelo podzemni sta-
vitelstvi. Ing. Uhlik byl u vétsiny velkych podzemnich staveb jako vedouci
technické pfipravy, at 8lo o $tolové pfivadéte z nadrzi Pfiseénice, Dfinov,
Joseflv Dal, Slezska Harta, Vir, nebo o podzemni objekty na pfehradé
Dalesice, Il. bfezovském vodovodu, pieéerpavaci vodni elektrarné Dlouhé
Strané a mnoha dalSich stavbach. V Praze to byla kmenova stoka K, nadsid-
listni sbérate pro Jihozdpadni Mésto, raZené kolektory pro inZenyrské sité
{ty se stavély rovnéz v Brné a Bratislavé) a vyéet by mohl pokraéovat.

V letech 1974 aZ 1977 si rozsifil vzdélani postgradualnim studiem na CVUT
- obor systémovy stavebni inzenyr. Ctyfi roky pracoval ve funkci odborného
feditele Useku inZenyrskych staveb na generalnim Feditelstvi Vystavby hi.
m. Prahy. V té dobé se stavél Strahovsky tunel, metro, kolektory, takze tyto
stavby poznal z pozice investora. V roce 1990 se vratil ke svému materské-
mu podniku, aktivné s nim prozil jeho transformaci na akciovou spoleénost
Subterra, a. s., a pisobi v ném dosud.

Byl u zalozeni Ceskoslovenského tunelafského komitétu ITA/AITES, podilel
se na pfipravé svétového tunelaiského kongresu, ktery se konal v roce 1985
v Praze, i na mnoha odbornych konferencich v oboru podzemniho stavitel-
stvi. Je zakladajicim &lenem redakéni rady ¢asopisu Tunel, kde plsobi jiz
10 let.

Na v8echna mista, kde pracoval, se snazil kromé profesni role piinést jesté
néco navic. Byl to viely vztah ke kultufe, zejména hudebni, ve které se sta-
¢il i sdm vzdélat. Ziskaval pro to své okoli a inicioval sponzorské akce, coz
vedlo mimo jiné k jeho &lenstvi ve spravnich radach nadaci Prazského jara,
Nérodniho divadla a Talichova komorniho orchestru. Ted se tési na to, Ze
v dlichodu si bude moci svych zélib jesté vic uZivat.

0O svém pfiteli zaznamenal s poté$enim a blahopfanim
About his friend with pleasure and congratulations recorded by
Prof. Ing. Jifi Bartak, DrSc.

MIROSLAV UHLIK - 65 YEARS

He was born on June 24, 1937 in Kladno, where he attended high school.
During 1955-60 he studied at the Faculty of Civil Engineering by the Czech
Technical University (CVUT) in Prague, the major hydrotechnics. He gradua-
ted with honors and shortly afterwards enrolled by Hydroprojekt in Prague.
Since then he has been living in Prague, where he has his family, although
from the very beginning he has been traveling to both nearer and farther
vicinity.

Following a short designing practice, he joined the national corporation
Uranové doly Pfibram (Uranium mines Pfibram) in the position of water
management engineer in 1962. From here he proceeded to construction of
the water tunnel for drinking water from the Zelivka dam to Prague, which
was being prepared by this company at the time, He spent here 5 years in
various technical positions, to which he linked membership in top manage-
ment of the national corporation Podzemni inZenyrské stavby (Underground
engineering works), later renamed to Vystavba doli uranového primysiu
Zbraslav (Mines development of uranium industry Zbraslav).

Our underground works had been developing steeply during his activity by
this company. Ing. Uhlik happened to be at most large underground works
as a head of construction pre-planning department, being it water tunnels
from Pfisecnice, Diinov, Josefiv Dil, Slezskd Harta and Vir dams or underg-
round objects within the Dalesice dam, the Bfezovsky water main Il and the
pumped storage scheme Dlouhé Strdné. Within Prague, those were basic "K"
sewer, higher-ranking sewers for JiZni Mésto, mined utility tunnels (those
were also built in Brno and Bratislava) while the outline could continue.
During 1974-77 he expanded his education in graduate studies at CVUT -
major systems civil engineer. Then he worked for 4 years as technical direc-
tor of the department of civil engineering works at general directorate of
Vystavba hl. m. Prahy (Capital city of Prague Development). The Strahovsky
tunnel, the subway and collectors were being constructed at this time, so he
had the opportunity to learn about those structures from the employer's per-
spective. In 1990 he returned to his parent company, he actively accompani-
ed it through the process of its transformation to public limited company
Subterra, and has remained active in it until present day.

He was there by foundation of the Czechoslovakian ITA/AITES Tunneling
Committee, he participated at preparation of the World Tunnel Congress,
which took place in 1985 in Prague, as well as of many professional confe-
rences from the field of underground works. He is the founding member of
the editorial board of the Tunel magazine, where he has remained active for
already 10 years.

To all places where he worked, he tried to bring still something more beside
the professional role. It was also a positive relationship to culture, especial-
ly music, in which he still managed to acquire some knowledge. He swept
his surrounding along and initiated various sponsorship activities, which
among other resulted in his membership in board of directors of the Prague
Spring, National Theater and Talich’s Chamber Orchestra foundations.
Today he is looking forward to be still more enjoying his hobbies after reti-
rement.



re

> 11. ROCNIK, &. 2/2002

Tunel

ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

28. MEZINARODNI SVETOVY
TUNELARSKY KONGRES

Ve dnech 2. - 8. bfezna 2002 se v australském Sydney pod ndzvem AITES -
ITA DOWNUNDER 2002 Congress uskutecnilo kazdorotni nejvyznamnéjsi
mezinarodni setkani odbornikd v oboru podzemnich staveb - v pofadi jiz 28.
svétovy tunelafsky kongres Mezindrodni tunelafské asociace (ITA - AITES
28th International World Tunnel Congress). Jako obvykle bylo jeho pofadani
spojeno s celou fadou dal$ich aktivit. Pfedevsim to bylo zasedani Valného
shromazdéni ITA {ITA General Assembly) ve dnech 3. a 6. bfezna a zasedan/
Exekutivy (ITA Executive Council Meeting) ve dnech 2. a 6. bfezna. Déle
2. biezna probéhlo také spolecné zasedani exekutivy, animatord pracovnich
skupin a predstaviteld narodnich komitétl (Communication Meeting - ITA
Executive Council, Animateurs & Member Nation Representatives).
Jednotlivé pracovni skupiny (Working Groups) pak zasedaly 3. a 4. biezna.
Bé&hem kongresu propagovalo na vystavé, pofddané v jeho rdmci, asi 85 firem
z celého svéta své vyrobky a aktivity. Uskutecnila se celd fada odbornych
exkurzi a meetingl na zajimavych stavbach jak v blizkém, tak vzdalen&jsim
okoli mista konani kongresu (véetné Singapuru a Nového Zélandu). Technické
exkurze v Sydney byly smérovany na:

- tunely na méstské rychiostni komunikaci (2,3 km dlouhy Sydney Harbour
Tunnel z 1. 1992, 1,7 km Eastern Distributor Tunnel z r. 1999 a 3,4 km M5 East
tunnel z r. 2001),

- severni hlavni podzemni preéerpavaci stanici,

- Parramatta Rail Link {(nova 28 km dlouha trasa pfiméstské Zeleznice, vedena
pievainé pod zemi).

Prvni setkdni v8ech UcastnikG kongresu se uskute¢nilo na- uvitaci recepci,
ktera se konala v pfedvecer oficidIniho zahajeni (tedy v nedéli 3. biezna veder)
v Kongresovém centru {Sydney Convention & Exhibition Centre). Vlastn{
zahajeni ve velkém sale Kongresového centra {Tumbalong Auditorium) pro-
béhlo v pondéli 4. bfezna v dopolednich hodinach a vystoupili na ném se
zdravicemi Garry Ash, pfedseda Australské tunelarské asociace, Andre Assis,
prezident ITA a Sir Alan Muir Wood, jeden ze zakladatel(l ITA a jeji doZivotni
¢estny prezident. Kongres oficialné zahdjila pani Lucy Turnbull, ndméstkyné
primatora mésta Sydney. S prvnim technickym prispévkem, jakymsi "State of
art" vystoupil v rdmci zahajovaciho ceremonialu prof. Zdenék Eisenstein.
Uméleckou &ast zahdjeni reprezentovalo alegorické vystoupeni plvodnich
obyvatel australského kontinentu.

Dals( prileZitosti k neformalnim kontaktiim byla v Gtery 5. bfezna vegerni pro-
jizdka na lodi sydneyskym ptistavem (Sydney Harbour Cruise). K nezapome-
nutelnym zaZzitklm patfi prijezd pod svétozndmym Pfistavnim mostem
{(Harbour Bridge) a pohled na budovu Opery. Zavéretna recepce se konala na
staré radnici (Centennial Hall - Sydney Town Hall) ve stfedu 6. bfezna vecer
a kongres oficialné ukonéil pan Andre Assis po posledni pfednasce ve &tvrtek
7. bfezna. PFi té prilezitosti symbolicky pfedal §tafetu zastupctim Nizozemské
tunelédiské asociace. Byl promitnut kratky reklamni $ot, zvouci v8echny pfi-
tomné na pfisti Svétovy tuneldfsky kongres, ktery se bude konat
v Amsterodamu v roce 2003.

Odbornici z Ceské i Slovenské republiky byli - s pfihlédnutim k odlehlosti
mista konani od Evropy - zastoupeni ve znatném poctu a zudastnili se celé
Fady aktivit spojenych se zasedanim. Za Ceskou republiku bylo pFitomno 17
Fadnych delegatd z organizaci, zastoupenych v Ceském tunelafském komitétu
(METROPROJEKT 5, SUBTERRA 4, METROSTAV 3, PUDIS a VIS po 2, SATRA 1),
za Slovenskou republiku pak 7 delegati z organizaci, zastoupenych ve
Slovenské tunelarské asociaci {Slovenska sprava ciest 5, Infraprojekt a Banské
stavby po 1).

Kromé predsedy CTuK Ing. Hesse, ktery se jako?to &len exekutivy ITA/AITES
Géastnil jejich zasedani a zasedani Valného shromazdéni, se aktivné do €in-
nosti v rdmci kongresu zapojila celd fada nasich delegatd. Na Valném shro-
mézdéni zastupovali CTuK Ing. Kuchar a Ing. Romancov, STA zastupovali Ing.
Bako$ a Ing. Choma, v pracovnich skupinach zasedali Ing. Vale§ (WG. 4 + 13)
a Ing. Hasik (WG. 19). Ing. Hess a Ing. Vale$ se Ucastnili rovnéZ zasedani
Communication Mesting. V pribéhu prvniho zasedani VS vystoupil Ing.
Kuchar s pozvanim na nasi konferenci Podzemni stavby Praha 2003 a pfitom-
nym bylo rozdéano "prvni ozndmeni". Tézistém nasich vystoupeni vak byly

28™ INTERNATIONAL WORLD
TUNNEL CONGRESS

During March 2* - 8" 2002, a most significant annual international mesting of
professionals from the field of underground works - 28" World Tunnel
Congress of the International Tunneling Association - under the name [TA-
AITES DOWNUNDER 2002 Congress took place in Sydney, Australia. As
usual, its organization was linked to all kinds of other activities. Before all, it
was a session of the ITA General Assembly (on March 3rd and 6th) and mee-
ting of the ITA Executive Council (March 2nd and 6th). A common communi-
cation meeting of the ITA Executive Council, working group animateurs and
member nation representatives also took place on March 2nd. Individual
Working Groups were then in session on March 3rd and 4th. Approximately
65 companies from all over the world advertised their products and activities
during the Congress at an exhibition, organized within its framework. An enti-
re row of specialized excursions and visits to interesting construction sites in
both closer and farther distance from location of the Congress {including
Singapore and New Zealand) occurred. Technical excursions within Sydney
were aimed at:

- Tunnels on the high-speed road (2.3 km long Sydney Harbour Tunnel built
in 1992, 1.7 km long Eastern Distributor Tunnel built in 1999 and 3.4 km long
M5 East Tunnel built in 2001);

- Northern main underground pumping station;

- Parramatta Rail Link (new 28 km long track of a suburban railroad, conduc-
ted mostly underground).

The very first meeting all Congress participants took place at a welcome din-
ner, which was organized on the day prior to the official opening (i.e. evening
on Sunday March 3°) in the Sydney Convention and Exhibition Centre. The
opening itself advanced in the Tumbalong Auditorium of the congress center
in the morning of March 4. At this opening, Mr. Garry Ash, chairman of the
Australian Tunneling Association, Mr. Andre Assis, ITA President and Sir Alan
Muir Wood, one of the ITA founders and its Lifelong Honorary president, deli-
vered their greetings. The Congress was officially opened by Mrs. Lucy
Turnbull, Deputy Mayor of Sydney. The first technical contribution during the
opening ceremony, some sort of "State of the art”, was delivered by Prof.
Zdenék Eisenstein. An allegoric performance by the Aborigines represented
artistic part of the opening. A Sydney Harbour Cruise in the evening on
Tuesday March 5" was another occasion suitable for informal contacts. A pas-
sage under the world famous Harbour Bridge as well as view on the Opera
belongs to unforgettable events. The closing dinner took place at the Sydney
Town Hall (Centennial Hall) on Wednesday March 6" while the Congress itself
was officially closed by Mr. Andre Assis after the last lecture on Thursday
March 7", By this occasion, he symbolically handed a torch to representatives
of the Dutch Tunneling Association. A short advertising animation was sho-
wed, inviting all those present to the next World Tunnel Congress, which will
take place in Amsterdam in 2003.

Professionals from the Czech and Slovakian Republic were ~ with regards to
distance of the location from Europe - represented in remarkable number and
took part in all kinds of activities linked to the Congress. As for the Czech
Republic, there were 17 regular delegates from organizations, which are
represented in the Czech Tunneling Committee (METROPROJEKT 5,
SUBTERRA 4, METROSTAV 3, both PUDIS and VIS 2, SATRA 1), in the same
way for the Slovakian Republic, there were 7 delegates from organizations,
which are represented in the Slovakian Tunneling Association (Slovakian
Administration of Communications 5, both Infraprojekt and Banské Stubby 1).
Beside the CTC chairman Ing. Hess who as a member of the ITA/AITES
Executive Council took part in its meetings as well as in session of the
General Assembly, a number of other our delegates actively participated at
various activities within the Congress. As for the General Assembly, CTC was
represented by Ing. Kootchar and by Ing. Romancov, Ing. Bako$ and Ing.
Choma represented the STA. Ing. Vales$ (no. 4 & 13) and Ing. Hasik {no. 19)
took part in sessions of the working groups. Ing. Hess and Ing. Vales also par-
ticipated at the Communication Meeting. During first session of the GA, Ing.
Kuchar delivered an invitation for our conference "Underground Works
Prague 2003” while those present were given a "first announcement”.
However, the key points of our speeches were mostly lectures, which were
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piedev§im referaty, které byly pfedneseny na zasedanich jednotlivych sekci.
Hned prvni den kongresu (4. bfezna) pfednesl Ing. Zapletal na zasedani sekce
TS2A Projekt & Rozvoj - Geotechnika 1 (Design & Development: Geotechnical 1)
pfispévek na téma Vypocetni model sekundarni tunelové vystroje pfi dvou-
plastovém osténi (Computational model for secondary tunnel liner of two-
pass lining system), zpracovany spoleéné s Ing. Salaem a prof. Eisensteinem,
Diskuse potvrdila velky zajem, s nimz se pfispévek setkal.

Nasleduijici den, 5. biezna, v pribéhu zasedani sekce TS5B Projekt & Rozvoj -
tunelovani v zeminach (Design & Development: Soft Ground), které pfedsedal
Ing. Hess, byl pfednesen Ing. Vale§em piispévek Praziské metro - prodlouzenf
trasy C (Prague Metro - Line C Extension), jehoZ tézi§tém bylo, kromé obecné
informace o metru v Praze a priibéhu trasy IVC1 a IVC2, technické Fe$eni pod-
chodu Vitavy pomoci dvou samostatnych tunelovych trub, vybetonovanych
z vodotésného Zelezobetonu v celku v suchém doku na trojském biehu
a postupné vysouvanych do ryhy pfedem vybagrované ve dné Feky.
Originalita feSeni, rozméry, tvar a hmotnost vysouvané konstrukce (délka 168 m,
zakfiveni v obou smérech, hmotnost téméf 7000 tun), jakoZ i skutetnost, ze
prvni z tuneld jiz byl Gspé$né v fece stabilizovan, zatimco identicka operace
na druhém probéhne v prvni poloviné leto$niho roku, vzbudily zaslouzenou
pozornost a zdjem o prohlidku stavby u celé fady zahrani¢nich odbornikd.
Clanek publikovany ve sborniku konference jako? i pfedneseny referat byly
pfipraveny spoleéné pracovniky zpracovatele projektové dokumentace
METROPROJEKT Praha ,a. s., a realizacni firmy METROSTAV, a. s.

Ani tfeti den kongresu, 6. bfezna, jsme nevysli naprazdno. Tentokrét, v sekci
TS8A Benchmark Projects 3, vystoupil Ing. Bako$ s pFispévkem Dalniéni tunel
Sitina v Bratislavé (The Sitina Motorway Tunnel in Bratislava). Jedna se
o prvni délniéni tunel na Slovensku budovany v intravilanu. Pfedmétem refe-
ratu byly jak provozné-technické a konstrukéni parametry dila, tak i proble-
matika jeho realizace.

V zavéretny den kongresu, 7. bfezna, vystoupil Ing. Koleckar v ramci sekce
TS11A Sledovani rizik v modernim tunelovani (Risk Management In Modern
Tunnelling) s pfispévkem o monitoringu na tunelu Mrazovka (Monitoring of
Mréazovka Tunnel in Prague). Seznadmil auditorium jak s predpoklady, tak
vysledky méfeni, s pouZitymi pfistroji a zafizenimi, a pfedevsim pak s organi-
zaci vyhodnocovani a predavani vysledkd tak, aby bylo mozno na jejich pod-
kladé operativné rozhodovat o dal$im postupu, eventualné pfijimat okamzita
opatfeni v pfipadé bezprostiedniho nebezpecéi. Pfispévek byl zpracovan kolek-
tivem autor( VIS a SATRA a (kromé prednasejiciho to byli Ing. Havrda, Ing.
Dvorak a Ing. Némecek).

Celkem bylo na kongresu pfedneseno vice nez 90 technickych referati, 67
prispévkl bylo pfedstaveno formou "posters”. Véechny jsou téz publikovany
ve sborniku, na jejich zpracovani se poditelo pfes 400 autor( (vzhledem
k tomu, Ze seznam fadnych delegéti obsahuje néco pfes 500 jmen, znamené
to, Ze vétsina Gcastnikl se néjakym zplsobem podilela na zpracovani pfis-
pévkd, i kdyZ je tfeba vzit v Uvahu, Ze ne vSichni autofi na kongres pfijeli).
Celkem 7 prispévkd bylo pfijato dodatecné. Je tieba podotknout, Ze vétsina
materiald kongresu, véetné sborniku, je primarné zpracovana v digitalni
formé (kazdy Fadny aéastnik obdrzel CD-ROM), sbornik v tisténé formé je
tfeba zvlast objednat za cenu nikoli nezanedbatelnou 250 AUD (australskych
dolard, tj. kolem 5000 K&).

http://www.tourhosts.com.au/ita2002/

KONFERENCE ZELEZNICNI MOSTY
A TUNELY

Tento 7. roénik pravidelného setkani spravcd, investor(, projektant( a stavi-
teld na Zelezni¢nich stavbach byl poprvé rozéifen o segment staveb Zelez-
ni¢ni tunely. Konference, kterou poradal SUDOP Praha, a. s., ve spolupraci
s Ceskymi drahami, s. p., se konala dne 23. 1. 2002 v Kongresovém centru
Olsanka Praha.

Z pfednesenych piispévk( se plna tietina vénovala tunelafské problemati-
ce. Jak bylo predneseno ing. Steéenskym z Ceskych drah - divize dopravni
cesty spravuji 149 Zelezniénich tuneld, z nich plnych 103 bylo postaveno
v 19. stol.

Problematiku vystavby pro nejblizsi Iéta je nutno rozdélit do dvou zésadnich
kategorii. Jednak do rekonstrukci ¢i modernizace stavajicich tuneld, ze kte-
rych je 22 hodnoceno jako nevyhovujici, jednak do vystavby novych tunelu,
a to hlavné v rdmci vystavby koridorovych trati. Z hlediska technické legis-
lativy byly v 1. 2002 ukon&eny prace na navrhu &eské technické normy CSN
737508 zelezni¢ni tunely - zpracovatel firma SUDOP Praha, a. s. V ndvaznosti
na tuto normu byla firmou ILF CZ Praha, s. r. 0., zpracovana novela kapito-
ly 20 TKP CD - Tunely, ktera upfednostiiuje orientaci na NRTM.

delivered during sessions of the individual sections.

Already on the first day of the Congress (March 4"} during session of the sec-
tion TS2A Design & Development: Geotechnical 1, Ing. Zapletal delivered a
contribution on the topic of Computational model for secondary liner of two-
pass lining system, elaborated along with Ing. Sala¢ and Prof. Eisenstein.
Discussion confirmed a serious interest, with which the contribution has met.
On the following day (March 5th) during session of the section TS5B Design
and Development: Soft Ground, which was chaired by Ing. Hess, Ing. Vale$
delivered a contribution on Prague Metro - Line C Extension, where beside
general information about the Prague metro and conduction of the IVC1 and
IVC2 tracks, the main point was represented by technical solution of the pas-
sage below Vltava using two separate tunnel tubes, formed from waterproof
reinforced concrete in a dry dock at the shore of Troja and gradually shifted
into pre-excavated trench in the river bottom. Invention of the solution,
dimensions, shape and weight of the shifted structure (168 m long, curvature
in both directions, weight almost 7000 tons) as well as the fact that first of the
tunnels was already successfully stabilized in the river while identical opera-
tion of the other one will proceed in first half of this year, evoked a deserved
attention and interest for a visit of the entire construction by a number of
foreign professionals. The article published in the conference proceedings as
well as the delivered lecture were prepared mutually by employees of elabo-
rator of the design documentation METROPROJEKT Praha a.s. and of the con-
tractor METROSTAV a.s.

Not even on the third day of the Congress (March 6) did we stay unnoticed.
This time, during session of the section TS8A Benchmark Projects 3,
Ing. Bakos delivered a contribution on The Sitina Motorway Tunnel in
Bratislava. It is the first tunnel in Slovakia, built within urban area.
Operational-technical and structural parameters of the work as well as pro-
blems by its realization were topics of the lecture.

On the closing day of the Congress (March 7") during session of the section
TS11A Risk Management in Modern Tunneling, Ing. Kole¢karf delivered a con-
tribution on the Monitoring of Mrdzovka Tunnel in Prague. He informed the
auditorium of requirements, measurement results, used instruments and
devices, but especially of the organization of result evaluation and submissi-
on, so that on their basis it could be operatively decided on the following pro-
cedure, eventually possible to adopt prompt measures in case of immediate
danger. The contribution was elaborated by a collegium of authors from VIS
a.s. and Satra (except the speaker that includes Ing. Havrda, Ing. Dvoriék and
Ing. Némecek).

Altogether, more than 90 technical lectures were delivered at the Congress;
other 67 contributions were introduced in the form of “posters”. All of them
will be published in proceedings, in whose creation more than 400 authors took
part. (considering that the list of regular delegates had over 500 names, it
means that majority of the participants in some way took part in elaboration of
the contributions, although it has to be taken into account that not all of the aut-
hors arrived at the Congress). 7 contributions were accepted additionally. It has
to be stated that most of materials from the Congress, including proceedings,
are primarily elaborated in the digital form (every regular delegate was endo-
wed a CD-ROM). Proceedings in the printed form have to be ordered extra for
a not negligible fee of 250,- AUD (Australian dollars, i.e. app. 5000 Kc).

More detailed information can be obtained at the web page:
http://www.tourhosts.com.au/ita2002/

Ing. Georgij Romancov, CSc.

CONFERENCE RAILROAD BRIDGES
AND TUNNELS

For the first time, the field of railroad tunnel structures was added to the
agenda of this year's 7" annual meeting of operators, owners, designers and
builders of railroads structures. The conference, organized by SUDOP
Prague a.s. in cooperation with Ceské drahy s.o. (Czech Railways), took place
on January 23° 2002 in the Ol$anka hotel’s congress center.

From the presented contributions, an entire third concerned tunneling. As
mentioned by Ing. Stecensky from the Department of railroad routes, Czech
Railways operates 149 railroad tunnels, from which whole 103 were built in
the 19" century.

Construction issues of the years to follow are to be divided into two funda-
mental categories. Firstly, into reconstruction and modernization of existing
tunnels, out of which 22 are rated as unsatisfactory, and secondly into con-
struction of new tunnels, especially within the framework of the Corridor
Projects tracks. From viewpoint of the technical legislation, works on propo-
sal of the Czech technical norm CSN 73 7508 - Railroad tunnels, elaborated
by SUDOP Prague a.s., have been finished in 2002. Subsequently, in consi-
deration of this norm, ILF CE Prague s.r.0. elaborated amendment to chapter
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Perspektiva vystavby pro nejbliZi Iéta je velmi pfizniva, k nové postavené-
mu tunelu Vepiek je pFipravovano k vystavbé na Il. koridoru 6 tunell v cel-
kové délce asi 2700 m a ve vyhledu na IV. koridoru Praha - Ceské Bud&jovice
10 staveb v celkové délce 7960 m.

Pfispévky zpracované SG Geotechnika (doc. ing. Rozsypal, ing. Vesely) a ILF
CZ {ing. Mafik) se tykaly projektovani, realizace a geomonitoringu tunelu
Migechvosty (VepFek). O této stavbé byly jiz uvedeny élanky v naSem ¢aso-
pise. Ptispévky na konferenci byly vak zaméfeny na analyzu a vyhodnoce-
ni jiz realizované stavby. 1 jejich publikovani by bylo pro na§ ¢asopis pfi-
nosné.

Magr. Jifi Zmitko (ILF CZ) charakterizoval ve svém pfispévku jednu z nejvét-
8ich realizovanych staveb v Evropé, coi je vysokorychlostni trat Niirnberg -
Ingolstadt. Z tunelovych staveb to byly tunel Irlahull 7260 m, Schellenberg
650 m a Eurwang 7700 m.

V8echny tunely byly raZeny metodou NRTM, ktera flexibilitou nejlépe vyho-
vovala poZadavkim bezpetné a ekonomické realizace ve sloZitych a pro-
ménlivych IG podminkéch. Byla zdiraznéna pravidelnost sledovani IG pod-
minek, dodrfovani technologické kézné a vysoké naroky na odbornou Uro-
veh véech Géastnikl vystavby.

Z hlediska poZadavkl na bezpe¢nost budouctho provozu jsou na téchto
tunelech kazdych 1000 m vyrazeny Unikové vychody umoziiujici jak Unik
osob, tak i pifjezd zachrannych a poZarnich vozidel. Unikové objekty byly
vyraZeny jednak jako samostatné tunely mensiho profilu kolmé k ose nebo
rovnobéiné s osou tunelu (nasledné jsou propojeny s tunelem prorazkou),
jednak jako hloubené Sachty.

Na vystavbé stavby tunelu Eurwang se podilely také ¢eské firmy Metrostav
a Subterra.

Ing. Smolik (Subterra, a. s.) v dal§im pFispévku shrnul zku$enosti z vystav-
by tuneld Niederhausen na trati Frankfurt n. M. - Kolin n. R. a Unikovych
tunel{i Eurwang.

V zavéru konference bylo konstatovano, Ze piisti zasedani bude je§té ve
vétsi mife zaméfeno na tunelové stavby, které na Zelezniénich stavbach
znovu ziskaji na ddlezitosti.

BETONTAG 2002

Tato konference byla pofaddana ve Vidni Rakouskou spole¢nostf pro betono-
vé konstrukce ve dnech 13. - 15, bfezna. Jedna se o akci vskutku gigantickou
- podet fadnych Uéastnikl doséhl téméF &isla 1800 - konanou pravideln& ve
dvouletém cyklu, na které se schazeji Spitkovf specialisté oboru predevsim
ze stfednl Evropy - kromé odbornikll z Rakouska byla nejvice zastoupena
Ceské republika, Slovenské republika, Madarsko, v mensi mife pak
Némecko, ltalie, Dansko a nékteré dalsi staty.

Utast nasich - tedy ¢eskych a slovenskych odbornfkl - byla alespoii co do
poétu vskutku imponujici, podle oficidlniho seznamu jich byly rovné dvé
stovky. | kdyZ této Udasti pocet pFispévkl percentudiné neodpovidal, piesto
jak teska, tak slovenska strana pfispéla kazda alespon jednim, a to v sekei
nazvané "Pfehled projektli ve vychodnich statech stfedni Evropy" (dal$i dva
piispévky byly z Madarska).

TtebaZe se jednalo o konferenci, jejimZ hlavnim tématem byly betonové
konstrukce véeho druhu, velice podstatna ¢ast byla vénovana podzemnim
stavbam a tuneldm. Tomu odpovidal i zajem zéstupcd organizaci - ¢lend
Ceského tunelaiského komitétu a Slovenské tunelaiské asociace. Cela fada
pfispévkd byla timto smérem orientovdna a rovnéz dvé ze tf odbornych
exkurzi sméfovaly do podzemi (vystavba Useku trasy U2 videfiského metra
a zelezniéni tunel Lainzer).

Ptispévek "Betonové konstrukce v ¢eském stavebnictvi - historie, soucas-
nost a budoucnost nadchazejicich let" byl zpracovan spoleéné VUT Brno,
Spoleénosti pro sanace betonovych konstrukci a METROPROJEKT Praha, a. s.
Svym rozsahem i obsahem byl mimofadny - zachytil nejdllezit&jsi mezniky
vyvoje od rozpadu rakousko-uherské monarchie az po dne$ek a podrobné
zdokumentoval prakticky v8echny hlavni oblasti, samoziejmé véetné pod-
zemnich staveb, ve kterych se betonové konstrukce budou v pfistich letech
u nds nejvice aplikovat. Piispévek vzbudil zaslouienou pozornost zejména
ze strany zahraniénich stavebnich a inZenyrskych organizaci. Také podstat-
na &ast pfispévku slovenskych odborniki, zpracovaného predevsim pracov-
niky Slovenské spravy cest a nazvaného "Stav a vyhled slovenské silni¢ni
sité do roku 2006" se tykala pravé tunelovych staveb.

Daléi podrobnosti lze ziskat na webovych strankach.
http://www.concrete-austria.com a déle pak BETONTAG 2002

20 of the Technical and Quality Specifications TKP CR - Tunnels, favoring the
orientation on the NATM.

Prospects of construction for the following years are very favorable, beside
the newly constructed tunnel Veprek, there are 6 tunnels in preparation in
total length of 2700 m at the Corridor Il, while other 10 structures in total
length of 7960 m are planned for the Corridor IV route from Prague to Czech
Budweis. Contributions elaborated by SG Geotechnika (Doc. Ing. Rozsypal,
Ing. Vesely) and ILF CE (Ing. Mafik) concerned designing, realization and
geo-monitoring of the Miéechvosty (Vepfek) tunnel. Articles on this con-
struction have been published in our magazine. However, the conference
contributions were focused on analyses and evaluation of already realized
structures. They would also fit for publication in our magazine.

Mgr. Jifi Zmitko from ILF CR in his contribution characterized one of the lar-
gest realized structures in Europe, a high-speed track Niirnberg - Ingolstadt.
As for tunnel structures, those were the Irlahull, Schellenberg and Euerwang
tunnels 7260 m, 650 m and 7700 m long respectively.

All of the tunnels were excavated using the NATM, which with its flexibility
suited to requirements of safe and economic realization within complicated
and variable EG conditions the best. The regularity of EG monitoring, kee-
ping technological discipline, and high demands on professional level of all
construction participants were emphasized.

From the viewpoint of requirements on safety of future operation, exit tun-
nels allowing both escape of persons and arrival of rescue and fire brigade
vehicles are in these tunnels built every 1000 m. Escape structures were built
either as separate tunnels of smaller cross section perpendicular to the main
tunnel or parallel with the tunnel and consequently connected by a cross cut,
or as shafts sunk from the surface.

Czech companies Metrostav and Subterra also took part in construction of
the Eurwang tunnel. Ing. Smolik (Subterra a.s.) in the next contribution sum-
marized experience from construction of the Niederhausen tunnel on the
Frankfurt upon Mainz — K6In upon Rhein track and escape tunnels Eurwang.
In conclusion of the conference it was stated that the upcoming session
would be even more focused on the tunnel construction, which would rega-
in its importance in the field at railroad projects.

Ing. Petr Vozarik

BETONTAG 2002

This conference was organized by the Austrian society for concrete structu-
res in Vienna during March 13 - 15, It is a fairly monumental occasion - the
number of ordinary delegates reached almost 1800 - held every 2 years,
where top professionals of the field mostly from Europe meet. Beside
Austrian professionals, Czech Republic, Slovakia and Hungary were repre-
sented the most while Germany, ltaly, Denmark and several other states
were represented at a lower scale.
Participation of our - meaning Czech and Slovakian - professionals was, as
far as the number is concerned, impressive, according to the official list
there was whole 200 of them. Although the number of contributions was not
in percentage accordant with such participation, both the Czech and
Slovakian delegation contributed at least once, and thus in the section called
"Overview of projects in eastern states of the central Europe" (there were
two more contributions from Hungary).
Concrete structures of all kinds were the main topic of this conference,
however, a significant part was also devoted to underground structures and
tunnels. Interest of representative of organizations - members of the Czech
tunneling committee or Slovakian tunneling association - was accordant.
Entire row of contributions was pointed this way while two out of three spe-
cialized excursions went underground (construction site of section of the U2
Vienna subway and the railroad tunnel Lainzer).
The contribution "Concrete structures within Czech civil engineering - histo-
ry, present day and future” was elaborated mutually by TU Brno, Society for
rehabilitation of concrete structures and by Metroprojekt Prague a.s. It was
extraordinary both by its extent and content - it covered most important tur-
ning points in development since dissolution of the Austrian-Hungarian
Empire until present day while it into detail documented basically all major
fields, naturally including underground works, among which concrete struc-
tures will dominate in our republic in the upcoming years. The contribution
drew a deserved attention especially from foreign construction and engine-
ering organizations. In the same way, a fundamental part of the paper
"Status and prospects of the Slovakian road network until 2006" elaborated
by Slovakian professionals, mostly employees of the Slovakian Road
Administration, concerned this topic of tunnel projects.
Details can be obtained at the web page:
http://www.concrete-austria.com and then BETONTAG 2002

Ing. Georgij Romancov, CSc.
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EFUC - EVROPSKE FORUM
PRO PODZEMNI STAVBY

Dne 1. 12. 2001 v Praze oficidlné vzniklo " European Forum on Unterground
Construction" (EFUC). Cilem této, do Zivota uvedené zastiesujici organizace,
je nabidnout platformu pro informace a vyménu zkuSenosti i otevieni trhu
pro obor podzemnich konstrukci (dopravni stavby, vyrobni a skladovaci pro-
story, obchodni haly, kulturni a sportovni zafizeni, zdsobovaci a odpadni
systémy, komunikaéni sité).

EFUC vychazi z iniciativy Némecké a Francouzské spoleénosti pro bezvyko-
pové technologie - GSTT a FSTT. Jak pfedseda GSTT pan Rolf Bielecki pfi
zahajeni jednani vysvétlil, je pfanim vychodoevropskych zemi, pfistupuji-
cich kandidatd Evropské unie, vytvofit v evropském zajmu zaméfené forum.
Zde by se méla oteviit pfileZitost odbornikim z budoucich &lenskych zemi
a moznost seznamit se touto formou s pravidly a standardy platicimi uvnité
jednotlivych zemi EU a pfipravit se na evropsky trh. Dale mohou tyto zemé
prodiskutovat na odborné trovni aktualni problémy v evropském méfitku
a vzajemné nalézt feseni.

Ustavujiciho zasedanl EFUC v Praze se zUcastnily narodni spoleénosti pro
bezvykopové technalogie z Rakouska, Ceské republiky, Francie, Madarska,
Slovenska a N&mecka. Zastupci z Polska, Svycarska a Ruska nebyll pfitom-
ni, ale projevili jiz predem velky zajem o spolupréci. V pfipravné fazi bude
EFUC vedeno spole¢né predsedy GSTT Rolfem Bieleckym a FSTT Michelem
Mermetem.

Financovani EFUC se uskutecni prostiednictvim sponzoril. Mimo to se ové-
fuje, jestli je také mozna podpora prostrednictvim EU.

V rdmci prvniho zasedani byly ustaveny dvé pracovni skupiny. Tématu
"Pouziti bentonitu pfi vystavbé podzemnich staveb" se vénuje expertni sku-
pina pod vedenim Michela Audoina z FSTT. Druha skupina pod vedenim
prokuristky Mgr. Ulriky Rabmer-Koller z AAST se bude vénovat "Navodu
a pfirucce pro uréeni ekonomickych prednosti bezvykopovych sanaci vedeni"
uréené provozovateliim siti. Pracovni vystupy téchto skupin se pfelozi do
pfislusnych narodnich jazyki, aby byly pfijaty v odborném svété élenskych
zemi.

Pfisti setkani EFUC se uskutetni 8. ¢ervna 2002 v Bojnicich (Slovenska
republika) od 11 hod "Kdo ma zdjem se zicastnit tohoto zasedani, je srdec-
né vitan", fika Ing. R.Bielecki, pfedseda GSTT.

Blizsi informace u GSTT - tel.:+49 40 3569 2238 fax 2343
nebo u narodnich spoleénosti  CzSTT - Ing. J.Raclavsky 0602 52 89 05
SVKSTT - Ing. M.Kréik +421 46 5402575

Zavéreény protokol tohoto prazského zasedani EFUC - Evropského

fora pro podzemni stavby z 1. 12. 2001 ma 11 bod(:

. Uvitani Géastnikd panem Rolfem Bieleckym (GSTT) a Michelem
Mermetem (FSTT).

2, Rolf Bielecki rozvedl, ze timto setkdnim zadind iniciativa, kterd byla na
trovni ISTT v obdobi mezi cervnem 2000 az fijnem 2001 projednavana.
Idea vytvofeni otevieného féra pro evropské organizace, které se zabyvaji
podzemnimi konstrukcemi, které nestoji v protikladu s celosvétovymi
aktivitami ISTT, (i ITA/AITES )*, vymezuje naopak tyto aktivity.

3. Je nutné, aby odbornd vyména, obzvlasté v neanglicky mluvicich zemich
Evropy, se zintenzivnila, coz nemohou poskytnout mezinarodni instituce,
jako napf. ISTT. Tato nutnost trva obzvlasté proto, nebot k EU v budoucnu
pristupujici vychodoevropské zemé vyZaduji intenzivni pfipravu odbornik(
a vzdélavaci zafizeni na stavajici i pfipravované smérnice. Jednoduché
pfevzeti napf. némeckych smérnic jinymi zemémi neni mozné bez spoleéného
odzkouseni narodnich zvlastnosti. Stavajici diskuse s pozvanymi narodnimi
spolecnostmi pro bezvykopové technologie -STT (AATT, CHSTT, CzSTT,
FSTT, HSTT, PFTT, PP.Bessolov - RTA, SVKSTT) dokazuji, Ze by méla byt
také vzdjemna spoluprace s dalSimi evropskymi STT a dal§imi technickymi
institucemi { napi. STUVA v Némecku, AFTES ve Francii), zejména kdy: se
vedle inZenyrskych siti také jedna o dals§i podzemni konstrukce.

4. Mezinarodni spoleénosti se nemohou k EFUC pfidat, nebot se zde jedna
vyhradné o evropské zajmy
EFUC neni 2adnd pracovni skupina ISTT. Anglitina zde také neni pfedepsana.
Ucastniky pfi aktivité EFUC bude vic spojovat ta feé, ktera Ggastniky té
které aktivity spojuje. V piipadé potfeby budou pfizvani piekladatelé.
Pracovni vysledky budou shrnuty do zavéreéného protokolu, ktery bude
prostiednictvim EFUC pfislusnym zemim prelozen do narodniho jazyka,
aby mohl byt bezodkladné rozsifen v pfislusném védnim oboru, hospo-
dafstvi a statni a méstské spraveé.

5. EFUC bude vytvaret skupiny a ustanovi jejich vedouci, ve kterych budou
jednotlivd témata rozpracovana na pracovnich jednani, workshopech
a seminafich.

6. Vedeni EFUC se bude ménit. V pfipravné fazi v roce 2002 budou Evropské
férum spolecéné vést Rolf Bielecki a Michel Mermet.

EFUC - EUROPEAN FORUM ON
UNDERGROUND CONSTRUCTION

On December 1 2001, the "European Forum on Underground Construction”
was officially formed in Prague. The goal of this just into life brought umb-
rella organization is to offer a platform for information and exchange of
experience as well as for market opening for the field of underground con-
struction (transport-related structures, production and storage spaces, shop-
ping halls, cultural and sports facilities, supply and disposal systems, com-
munication networks).

EFUC is based on initiative of the German and French society for trenchless
technologies - the GSTT and FSTT. As the GSTT chairman Rolf Bielecki in the
opening speech explained, it is a desire of the Eastern-European countries,
candidates for EU accession, to form a specialized forum in accordance with
European interest. Here should lie an opportunity and possibility for professi-
onals from the future member countries to learn about as well as prepare for
the European market. Moreover, these countries can on a professional level
discuss current problems on a European scale and mutually find solutions.

In the EFUC establishing session in Prague, national societies for trenchless
technologies from Austria, Czech Republic, France, Hungary, Slovakia and
Germany took part. Representatives from Poland, Switzerland and Russia were
not present, but they had expressed a serious interest in cooperation before-
hand. Within a preparatory phase the EFUC will be managed cooperatively by
the GSTT chairman Rolf Bielecki and the FSTT chairman Michel Mermet.
EFUC will be financed through the means of sponsorship. Other than that, an
eventual funding from the EU is being examined.

Within the framework of the first session, two workgroups were formed.
A specialized group lead by Michel Audoin from FSTT focuses on the topic
of "Use of bentonite by construction of underground structures”. The second
group lead by procurist Mgr. Ulrika Rabmer-Koller from AAST will focus on
“Instructions and manual for determination of economic advantages of
trenchless rehabilitation to utilities" serving the network operators. Draft
outputs from these groups will be translated into accordant national langu-
ages, in order to be accepted by the professional community in the member
countries.

The next EFUC meeting takes place on June 8", 2002, in Bojnice (the
Slovakian Republic), starting 11 am. " All who wish to take part in this sessi-
on are heartily welcomed" - says Ing. R. Bielecki, GSTT chairman.

GSTT - tel.. +49 40 3569 2238 fax 2343
CzSTT - Ing. J. Raclavsky 0602 52 89 05
SVKSTT - Ing. M. Kréik +421 46 5402575

Detailed information by
Or by national societies

Final protocol from this UFEC - European Forum on Underground Works

Prague session on December 1st 2001 has 11 points:

1. Welcome to the participants by Rolf Bielecki (GSTT) and Michel Mermet (FSTT);

2. Rolf Bielecki stated that with this session, an initiative, which was on the
ISTT level discussed between June 2000 and October 2001, begins. Idea
of formation of an opened forum for European organizations, which deal
with underground construction and do not stand in opposition to global
ISTT activities (also ITA/AITES)*, on the other hand defines these activities;

3. It is essential that a professional exchange, especially within non-English
speaking European countries, becomes more intense, and that cannot be
provided by international institutions, such as ISTT. This necessity rema-
ins mostly because Eastern-European countries that are about to enter the
EU require intensive preparation of professionals and educational facilities
for existing as well as eventual regulations. A simple transfer of for instance
German regulations by other countries is not possible without mutual
examination of national peculiarities. The ongoing discussions with invited
national societies for trenchless technologies -STT (AATT, CHSTT, CzSTT,
FSTT, HSTT, PFTT, PF. Bessolov - RTA, SVKSTT) prove that there should
also be a mutual cooperation with other European STT as well as various
technical institutions (STUVA in Germany, AFTES in France), especially
when beside engineering networks there are also other underground con
structions discussed;

4, International corporations cannot join the EFUC, because it pursuits strictly
European interests. EFUC is no ISTT workgroup. English is not an official
language here either. Participants on particular EFUC activity will be linked
by a language, which is more likely to bind participants of that activity.
Interpreters will be provided if necessary. Draft outputs will be integrated
into a final protocol, which will then be translated into accordant national
languages by EFUC, in order to be able to be distributed within accordant
scientific field, economy and state and city administration;

5. EFUC will be forming workgroups and designating their leaders. Within
these, individual topics will be further elaborated on working sessions,
workshops and seminars;

6. EFUC management will rotate, Within the preparatory phase in 2002, the Euro-
pean forum will be cooperatively managed by Rolf Bielecki and Michel Mermet;
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. EFUC by mélo byt oteviené forum bez rozsahlych rada.
. Pro umoinéni ticasti odbornikiim z vychodoevropskych zemi na aktivitach
EFUC se budou ziskavat dotacni prostiedky EU a sponzorské prostredky.

9. Dr. Fabry (HSTT) shrnul cile EFUC takto:

- Zlepseni spoluprace narodnich spoleénosti v Evropé

- Vliv na vytvarené smérnic Evropské unie (EU) v Bruselu

- Realizace od seminafi aZ po zavedeni Evropskych smérnic

- Analyza technickych problému pomoci evropské spoluprace

- Ptiprava doporuceni a specifikaci

- Podpora vzdélavani a doskolovani formou tcasti na odbornych informacnich
systémech, napf. Sokrates a Leonardo da Vinci

10. Byly vytvofeny 2 pracovni skupiny pro

- Poutiti bentonitu pfi vystavbé podzemnich staveb, vedouci Michel Audoin,
FSTT, 4 rue des Beaumonts, F-94120 Fontenay Sous Bais, France, tel: + 33
{01) 53999020, fax + 33 (01) 53999029, E-Mail : fsttparis@aol.com

- Prirucka k urceni ekonomickych pfednosti bezvykopovych sanaci vedeni,
pro provozovatele inZzenyrskych siti, vedouci: prokuristka Mgr. Ulrike
Rabmer-Koller, AATT, c/o Bau-und inst. GesmbH, Bruckbachweg 23, A-4203
Altenberg, Oesterreich, tel: +43 (0)7230 7213-0, fax: +43 (0)7230 809331,
E-Mail: ulrike.rabmer-koller@rabmer.at
Zajemci z védy, hospodafstvi a vefejné spravy, ktefi se chtéji podilet na
¢innosti jednotlivych pracovnich skupin, se obrati na pfislusné vedouci.

11. PFiéti setkani EFUC se uskuteéni v sobotu 18. éervna 2002 od 11 hod.

v Bojnici - Slovensko. Zde na tomto setkadni pfedstavi obé pracovni

skupiny své prvni pracovni vysledky

¥ pozn. autora

7. EFUC should be an opened forum without any extensive guidelines;

8. In order to allow participation of professionals from Eastern-European
countries on EFUC activities, EU grants and sponsorship means will have
to be acquired;

9. Dr. Fabry (HSTT) summarized the EFUC goals in the following way:

- Improvement in cooperation of national societies in Europe,

- Influence on formation of EU regulations in Brussels,

- Realization from seminars all the way to implementation of European
regulations,

- Analysis of technical problems through European cooperation,

- Preparation of recommendations and specifications,

- Promotion of education and supplementary schooling by the means of
participation on professional information systems, such as Socrates or
Leonardo da Vinci;

10. 2 workgroups were created :

- Use of bentonite by construction of underground structures, leader Michel
Audoin, FSTT, 4 rue des Beaumonts, F-94120 Fontenay Sous Bois, France,
tel: + 33 (01) 53999020, fax + 33 (01) 563999029, E-Mail : fsttparis@aol.com

- Instructions and manual for determination of economic advantages of
trenchless refurbishment to utilities, leader procurist Mgr. Ulrika Rabmer-Koller,
AATT, c/o Bau-und inst. GmbH, Bruckbachweg 23, A-4203 Altenberg,
Osterreich, Tel.: +43 (0)7230 7213-0, fax : +43 (0)7230 809331,

E-Mail: ulrike.rabmer-koller@rabmer.at
All those interested from science, economy and public sector who desire to
take part in activity of individual workgroups should contact accordant leaders;

11. The following EFUC session will take place on June 18", 2002 in Bojnice
(Slovakia), starting 11 am. Here at this session, both workgroups will

introduce their first draft results.

* authors comment Ing. Jaroslav Raclavsky, Aut. Ing.

ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU

CZECH TUNNELLING COMMITTEE REPORT

First Announcement

The Czech Tunnelling Committee ITA/AITES
would like to invite you to its 10th Conference

UNDERGROUND CONSTRUCTION

Proni aznidment

Cesky tunelafsky komitét ITA/AITES
si Vis dovoluje pozvat na 10. konferenci

PODZEMNI STAVBY

PRAHA 2003

Time: November 18 - 20, 2003

‘The conferences have been organized in the capital of the Czech Republic in three-year cye-
les since 1977.

Prague has experienced a pronounced transformation in the course of the past ten years,
Nowadays, its historic centre offers a lot of pleasure, which can be derived in the renewed
beauties of the one thousand years' architectural development. Traffic issues and infrast-
ructure of the capital are also being addressed in a new manner. It will certainly be rewar-
ding for you to come here and combine the professional tunnelling meeting with an inter-
esting aesthetic and touring experience. Accommaodation will be provided both in the world
class hotels and in cosy interior of small pensions.

Key Topics for Discussion:

A. Urban underground planning and environmental aspects of underground construction
B. Development, research and design of underground structures

C. Implementation, equipment and operational safety of underground projects

D. Maintenance, rehabilitation and refurbishment of underground structures

Preliminary Programme:

Tuesday, November 18 - the first day of the Conference:
Openning
Discussion on the topic A and B
Gala Party -Banquette

Wednesday, November 19 - the second day of the Conference:
Discussion on the topic C and D
Conclusion

Thursday, November 20 - the third day of the Conference:
Visit to tunneling construction sites

Invitation with registration forms and detailed instruction for papers elaboration will be
distributed by July 2002,

Interested individuals are invited to submit a one page, single spaced abstract to the
Secretariat of the Czech Tunnelling Committee 1TA/AITES not later than September 30,
2002. Notification of acceptance will be made on November 30, 2002. Final papers, inclu-
ding photos and graphics, are due by March 31, 2003.

Jindfich Hess
President of the Czech Tunnelling Committee ITA/ATTES

Jiff Bartdk
Chairman of the Organizing Committee

Address of the Secretariat:

Termin: 18, - 20, 11. 2003

Konference pod timto ndzvem se konaji od roku 1977 v triletych cyklech v hlavnim mésté
Ceské republily.

Praha v poslednich deseti letech doznala vyrazné promény. Historické centrum dnes skytd
potéSeni z obnovené krisy tisfciletého vivoje architektury. Nové jsou feSeny i dopravni pro-
blémy a infrastrukiura havniho mésta. Stoji za to piijet a spojit odborné setkini wnelidh
se zajimawm estetickym a turistickym ziZitkem. Ubytovini bude pfipraveno v hotelich své-
tové tirovné { v ditulném prostfedi malych pensionii.

Hlavai tématické okruhy:

A. Podzemni wrbanizmus a ekologické aspekly podzemnich staveb
B. Yyvoj, wzkum a projektovini podzemnich staveb

C. Provideni, vybaveni a bezpeénost provozu podzemnich staveh
D. UdrZba, sanace a rekonstrukee podzemnich staveb

Ramcovy program:

Utery 18. listopadu - prvn{ den konference:
Zahdjeni
Jedndni o tématu A a B
Spolecensky vecer - banket
Stfeda 19. listopadu - druhy den konference:
Jedndni o iématu Ca D
Zavér jedndni
Civrtek 20. listopadu - tieti den konference:
Névstéva tunelarskych stavenist

Pozvanky k aktivni icasti na konferenci s podrobnymi poZadavky na vypracovani piispév-
ki budou rozesldny v ervenci 2002.

Abstrakty piispévkil v rozsahu max. 1 A4 je téeba piedloZit sekretaridtu Ceského tuneldF-
ského komitétu ITA/AITES nejpozdéji do 30. zd¥{ 2002. Piijeti pifspévku bude autorim
sdéleno do 30. listopadu 2002.

Termin pro predloZenf prispévkil v konecné podobé: do 31. bfezna 2003.

Ing. Jindfich Hess
piedseda Ceského tuneldiského komitéu ITA/AITES

Prof. Ing, Jiff Bartdk, DrSc.
piedseda piipravného vyboru konference
Adresa sekretaridtu CTuk:

Cesky tuneldfsky komitét ITA/AITES, Délnickd 12, 170 00 Praha 7,
tel./fax: +420 2 66793479 e-mail: matzner @metrostav.cz web page: http://www.ita-aites.cz
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SG - GeolinZenyring s.r.0.
Klicperova 6

709 00 Ostrava.—~ Marldnské Hory
tel./ffax; 069/663 40 15

tel.: 069/ 663 30 50

mobil: 0606/ 56 42 69

web:  www.geoinzenyring.cz

g SB GeoinZenyring s. I. o. je specializovana geotechnicka
'\ firma se sidlem v Ostravé, kterd se zabyva projektovénim,
. inZenyringem a project managementem zejména

"~ InZenyrskych, podzemnich a ekologickych staveb

& qpmvddénfm geotechnickych a ekologickych prizkuma

8G - Geoprojekt, spol. s 1. 0.
Kolisté 13, 602 00 Brno

tel.: 05/45 24 50 13
tel./fax: 05/45 24 51 81

mobil:  0606/61 72 97
e-mail: sggtbrn @ mbox.vol.cz
web:  www.geoprojekt.cz

oprojekt, spol. s r.o. je projekéni kancelaF se sidlem v Brné,
vané na projektovani geotechnickych konstrukci anebo
ddvky diléich projekid ndroénych geotechnickych obfekiu




OTVIRAME NOVY PROSTOR

JSME SPOLEHLIVY PARTNER NA STAVEBNiM TRHU,
V PODZEMI | NA POVRCHU,
DOMA | V ZAHRANICI

STAVBY DOPRAVNI, INZENYRSKE, VODOHOSPODARSKE,
OBEANSKE A PRUMYSLOVE

ZKUSENOSTI ZE ZAHRANICI
Némecko - vystavba tuneld, bytova a obéanska vystavba
Spanélsko - vystavba tuneld a dol

ZARUKA KVALITY

* cerfifikét na inZenyrsko-dodavatelskou innost dle CSN EN ISO 9001

* cerfifikét na podpovrchovou &nnost dle €SN EN 1SO 9002

* certifikét pro silniéni a stavebni préce v oboru pozemnich komunikaci
a tuneld dle CSN EN ISO 9002

* certifikdty vyrobk{ - betony, ocelové konstrukce, malta gama

WE OPEN A NEW SPACE

WE ARE A SOLID PARTNER ON THE CONSTRUCTION MARKET
UNDER AND ABOVE GROUND
HOME AND ABROAD

TRANSPORT, ENGINEERING, WATER MANAGEMENT,
CIVIC AND INDUSTRIAL STRUCTURES

FOREIGN EXPERIENCES
Germany - construction of road and railway tunnels, apartment and civic buildings
Spain - construction funels and mines

QUALITY ASSURANCE

« Certificate for engineering and supplying activities to CSN EN 1SO 9001
standard .

* Certificate for underground activities to CSN EN I1SO 9002 standard

« Certificate for construction works in roads and tunnels to €SN EN ISO
9002 standard

e Product certificates - concretes, steel structures, gamma plaster

SIETERA[]

Subterra a.s., Bezova 1658, 147 14 Prague 4, Czech republic
tel.: +420.2.4446 3663, e-mail: info@subterra.cz, http://www.subterra.cz



d. S.

driitel certifikitu jakosti CSN EN ISO 9001

zajistuje

e investorské sluzby a inZenyrskou ¢innost zejména
pro dopravni stavby, komunikace, mosty, tunely
(v&. technologického vybaveni)
konzulta¢ni ¢innost v investi¢ni vystavbé
zabezpedeni vstupnich podkladi, projektové
pripravy a dodavek pro stavby
méFeni a sledovani pii razbé a vystavbé tuneli

VIS, a.s.
Bezovi 1658/1
147 01 Praha 4

tel.: 02/44 46 61 11
fax: 02/ 44 46 25 12

e-mail: vis@vis.cz

http://www.vis.cz




