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Vazeni Ctenari ¢asopisu TUNEL,

jsem rdd, Ze vds mohu privitat v roce 2011 a seznamit s prvnim ¢islem Casopisu TUNEL tohoto roku. Toto Cislo zdroven zahajuje 20. roénik vydévéni Casopi-
su. Za tato uplynuld léta se Casopis vyvijel az do dne$ni ¢esko-anglické verze na vysoce profesiondlni drovni. V odborné verejnosti je ¢asopis vysoce hodnocen za
jeho informace o zamérech i vlastni realizaci v podzemnim stavitelstvi. Casopis rekapituluje vyvoj podzemniho stavitelstvi i po strance teoretické, vyvoje techno-
logif, geotechnickych méfent, stavebnich materidlt, strojnfho vybaveni a informaci z dal3ich ptibuznych oboru.

Toto &islo je vénovéno firmé PUDIS, a. s., kterd je tuneldrské verfejnosti zvlasté v Praze dobfe zndma z projektovani nékterych staveb méstského okruhu a pfi-
pravované Radlické radidly. Zajimavy je jiZ prvni ¢lének od firmy PUDIS, a. s., ktery rekapituluje vyvoj feseni tunelt Radlické radidly. U této stavby do budouc-
na véfim, Ze hlavni mésto Praha najde finan¢ni prostfedky a tato duleZitd ¢dst hlavni uli¢ni sité mésta bude zrealizovéna.

Prectete-1i si dalsi ¢lanky, dozvite se podrobnosti z realizace méstského okruhu v Praze, a to jak z hloubeného, tak razeného dseku, ale i mnohé dalsi. Nechtél bych
ale popisovat viechny ¢ldnky, protoZe vy urcité sami posoudite, Ze stoji za to si je precist. Myslim, Ze kazdy si najde tu ¢ést, kterd ho zaujme odborné i technicky.

Prece jen bych chtél upozornit na ¢ldnek Prdvni odpovédnost za znalost geologického prostredi pri stavbe tunelu (Alexandr Rozsypal). Navazuje tim na ¢lanek
v TUNELU ¢&. 4/2010 Prdvni vztahy, jako moZnd rizika podzemnich staveb. Myslim, Ze k otdzce geologickych prazkumu, rizik a zodpovédnosti pii realizaci pod-
zemnich d¢l se jesté v dalSich &islech vrétime.

Jesté jedno zamysleni. Predtéte si prosim &lanky, prohlédnéte si fotoreportaze, prolistujte aktuality z CR a SR. Vysledek je, Ze i pies obdobi finan¢ni krize (dou-
fejme, Ze je za ndmi), se podzemnf stavitelstvi nezastavilo. Nékteré stavby se dokon&uji, nékteré zadinajf a podstatné je, Ze dal3f se pfipravuji. Dukazem toho jsou
tunely Dobrovského v Brné, Zelezniéni tunely na trati Praha — Ceské Bud&jovice, méstsky okruh v Praze, zahdjeni vystavby trasy metra VA, projekty ddlni¢nich
tuneli na Slovensku i v Cesku i jiZ zmifiovand Radlickd radidla. S témito a dalifmi stavbami vds bude Sasopis v dal3ich &islech seznamovat.

Ale jak vidite i z tisku, musi investofi po letech, dé-li se tak fici ,finan¢ni hojnosti*, daleko vice zaméfit svoji ¢innost na dukladnou pfipravu staveb jiZ
v koncepéni fazi pripravy, pri porovndvani moznych feseni s ohledem na tcelnost a redlnost stavby a jejiho financovani. Pfiprava potfebuje propracované techno-
logické postupy pro realizaci stavby a kvalitni projekéni zpracovani piipravné a zaddvaci dokumentace. V neposledni fadé se zvySuje odpovédnost investora za
redlny finan&ni propodet celé stavby, do kterého se promitajf vlivy z geologického prizkumu, z podminek technickych feseni, ale také predpoklddan inflace a dal3{
mozné finan&ni vlivy (dvéry, pujcky, pojistné, vikupy pozemku...). Dusledné plnéni téchto Einnosti v pripravé a rozhodovani o dané stavbé pak zajistuje vetsi klid
a soustredéni na vlastni realizaci.

Tim, Ze se v podzemnim stavitelstvi stile néco déje, dal3i stavby se pripravuji a realizuji, je vidét, Ze podzemnf stavitelstvi Zije. Pfeji vSem &tendium i za redak&n{
radu hezké chvile s 20. ro¢nikem ¢asopisu TUNEL. Ing. Josef Kutil

¢len redakcni rady casopisu Tunel

Dear TUNEL journal readers,

It is a pleasure for me to be allowed to welcome you in the year 2011 and acquaint you with the first 2011 issue of TUNEL journal. This issue is, at the same
time, the first in the 20th volume of the journal to be published this year. During the course of the past years, the journal has gradually developed up to the current
Czech-English version, reaching a high professional level. The professional public highly values the journal for providing information on concepts and imple-
mentation of underground construction projects. The journal recapitulates the development of the underground construction industry even in terms of theory, deve-
lopment of technologies, geotechnical measurements, building materials, mechanical equipment and information from other related construction branches.

This issue is dedicated to PUDIS a. s., a company which is well known to the tunnelling public first of all in Prague from designing for some structures forming
the City Circle Road (inner circle) and for the Radial Road project being today under planning. Even the first paper submitted by PUDIS a. s. is interesting. It reca-
pitulates the development of the solution for tunnels on the Radlice radial road. In the case of this project I believe that Prague Municipality will find funding for
it in the future and this important component of the main street network will be implemented.

If you read the other papers, you will come to know details of the works on the City Circle Road in Prague, both on the cut-and-cover / cover-and-cut and mined
tunnel sections, as well as lots of other information. Anyway, I would not like to describe all papers because you, the journal readers, will certainly decide by your-
self that they are worth reading. I believe that each of you will be able to find the part which will intrigue them both professionally and technically.

But still and all, I would like to draw your attention to the paper entitled “Legal responsibility for knowledge of geological environment during tunnel construction”
(Alexandr Rozsypal). It links to the preceding paper published in TUNEL No. 4/2010 “Legal relations as possible risks for underground structures”. 1 believe that we
will again get back to the problem of geological surveys, risks and responsibilities during the course of underground construction in future issues of the journal.

Another reflection: Kindly read the articles, view picture reports and leaf through current news from the CR and SR. The result of your survey is the finding
that, despite the financial crisis period (which, we hope, is behind us) the underground construction industry has not stopped its activities. Some projects are being
completed, some are starting and some are under planning (which is a very important feature). The Dobrovského Tunnels in Brno, railway tunnels on the Prague
— Ceské Budgjovice rail line, the City Circle Road in Prague, the commencement of works on the Metro V A line extension, motorway tunnel projects in Slovakia
and also in Czechia, as well as the above mentioned Radlice radial road. Our journal will acquaint you with these and other constructions in the next issues.

But, as you even can see in the press, project owners must, after years of what we could call “financial abundance”, much more focus their attention on tho-
rough project planning as early as the concept stage of planning, taking into consideration the usefulness and viability of the construction and its funding while
comparing possible solutions. The planning needs well-developed technological procedures for the construction and good-quality planning documents and tender
documents. At last but not least, client’s responsibility increases as far as the realistic financial estimation of the entire project is concerned. It must reflect effects
following from the geological survey, conditions contained in technical solutions, as well as the anticipated inflation rate and other possible financial effects (cre-
dits, loans, insurance premiums, land purchase costs etc.). Consistent fulfilling of these activities in the planning stage and when deciding on the particular pro-
ject ensures more quiet during the course of the construction operations themselves.

Owing to the fact that something has been taking place in the underground construction industry, new projects are being planned and implemented, it is obvi-
ous that the underground construction industry is alive. I wish all readers, also on behalf of the Editorial Board, to enjoy the time spent with the 20th volume of
TUNEL journal. Ing. Josef Kutil

member of Editorial Board
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VAZENI CTENARI,

nejsem asi sim, kdo povazuje ¢asopis Tunel za vykladni skiin Ceské-
ho podzemniho stavitelstvi. Jsem tedy rdd, Ze mohu na jeho strdnkdch
pripomenout, Ze akciova spole¢nost PUDIS si v leto$nim roce pfipomind
45 let od svého vzniku. Dne$ni PUDIS je ndslednikem Projektového
ustavu dopravnich a inZenyrskych staveb, zaloZeného 1. 4. 1966. Tési
mne, 7e béhem své existence realizoval projekty, pruzkumy a moni-
toringy na stavbdch, ze kterych se skladd historie ceskych podzemnich
staveb.

V Zivoté firmy je 45 let dlouhd doba. Za tu dobu proslo jejimi kance-
lafemi nékolik generaci projektantt, techniki a dal§ich zaméstnancu roz-
manitého zaméfeni. Patii mezi né i ti, ktefi se zabyvaji podzemnim inZe-
nyrstvim. Mohu ale také fici, Ze neni profese, kterd by se pri pripravé
a ndvrhu podzemnich staveb netcastnila. V soucasném sloZeni spolec-
nosti podporuji odborné profesni projektanty i dalsi tymy z oblasti geo-
logie, geotechniky, inZenyrské ekologie a Zivotniho prostfedi. VSichni
nachdzeji pfi ndvrhu podzemnich staveb uplatnéni. Cerpaji pfitom ze
zkuSenosti nabytych spolupraci na projektech, na kterych se spole¢nost
Ucastnila.

V Sedesatych letech minulého stoleti bylo tikolem nové ucelove zalo-
Zené spolecnosti projektovani a inZenyrsko-geologicky pruzkum prazské
podpovrchové driahy. Pripomenu napiiklad, Ze na rysovacich prknech
v jejich kanceldfich byly navrZeny i dnes$ni podoby stanic prvni trasy
metra C Hlavni nadrazi, Muzeum, Kacerov a Vysehrad.

V sedmdesdtych letech pokracoval PUDIS v pruzkumech a geo-
technickém monitoringu pro prazské metro a na zaklade jeho projektu
byl realizovdn TéSnovsky tunel na pravém ndbrezi Vltavy. Letem osm-
desdtym jiz dominuje ve vyctu Cinnosti PUDIS komplexni pfiprava
stfedniho dopravniho okruhu v tdseku Spejchar — Argentinskd a Stra-
hovského tunelu. Devadesatd 1éta jsou v ¢innostech PUDIS charakteri-
zovana vykonem funkce generdlniho projektanta Strahovského tunelu
a zdpadniho segmentu prazského méstského okruhu s tunely Mrdzovka
a Zlichov. V té dobé také byly realizovdny geotechnické pruzkumy pro
tunely Prackovice a Radej¢in na ddlnici D 8.

V prvnim stoleti nového tisicileti se PUDIS vyrazné podilel na kom-
plexnich geotechnickych monitorinzich pro silni¢ni tunel Libouchec na
délnici D 8 a tunel Lochkov (stavba 514) na silnicnim okruhu kolem
Prahy a provadel napiiklad také geotechnicky monitoring na stavbach
prazskych kolektoru (kolektor Vodickova, kolektory Véclavské ndmésti).

V projekéni oblasti v soucasné dobé zabezpeCuje PUDIS funkci gene-
rdlniho projektanta pro stavby méstského okruhu v dsecich Strahovsky
tunel — Myslbekova a Myslbekova — Prasny most, které jsou realizovdny
vyhradné v tunelech. Snad tento stru¢ny a netplny vycet nejvyznamnej-
Sich aktivit spole¢nosti v oboru podzemnich staveb doklada, ze PUDIS je
pevné zarazen mezi firmy, které maji k podzemnimu inZenyrstvi co fici.

V dnesni dobé jsou tunely neoddélitelnou soucdsti dopravnich staveb.
Nebylo tomu tak ale v ¢eském prostiedi vzdy. Dlouho byl automobilovy
tunel chdpdn pouze jako nezbytnd souldst trasy, nutnd pro prekondni
terénni prekazky. Az devadesatd 1éta minulého stoleti tento tsudek poo-
pravila. V prazském prostredi k tomu prispély zejména oteviené diskuse
o sméfovani mésta do dalsich obdobi. Vysledkem je, Ze v platném dzem-
nim pldnu Prahy je na automobilové tunely jiz pohlizeno v urba-
nistickych souvislostech. Je tfeba, aby to tak chdpala nejen odbornd, ale
i laickd verfejnost. Ta je v8ak prevazné zastupovand aktivnimi skupinami,
které ale Casto nezastdvaji vétSinovy ndzor. Posldnim &tenafu ¢asopisu
Tunel je tedy nejen vstfebdvat informace z odbornych texta, ale
i napomoci k nepretrzité diskusi pri prosazovani
tuneli jako nedilnych souldsti ndvrhd dopravnich
staveb. Uvodni clanek tohoto Cisla Tunely na R
Radlické radidle Jihozdpadni mésto — Smichov je ( ( N
k této diskusi prispévkem. Jak z textu ¢lanku vyply- | '-[1-‘{
vd, je to ,,b¢h na dlouhou trat*. r _
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DEAR READERS,

Probably I am not the only person who considers TUNEL journal to be a show-
case of the Czech and Slovak underground engineering industry. I am therefore
happy that I can remind you on its pages that this year PUDIS joint-stock company
will celebrate the 45th anniversary of its origination. Today’s PUDIS is the succes-
sor of the Designing Office for Traffic-Related and Civil Engineering Structures,
which was founded on 1st April 1966. I am pleased with the fact that during its exi-
stence the company carried out designs, surveys and monitoring for projects forming
the history of the Czech underground construction industry.

Forty-five years is a long time in terms of the life of a company. Several genera-
tions of designers, technical engineers and other employees of various professions
passed through it during that period. The underground engineering profession is
among them. I can also say that there is no profession in the company which would
not have participated in the planning and designing for underground structures. The
current composition of the company prefers specialist designers for individual pro-
fessions as well as other teams from the field of geology, geotechnics, engineering
ecology and living environment. All of them are used in designing underground
structures. In doing so, they draw on experience gained during their collaboration on
the designs which the company participated in.

In the 1960s, the task for the new purpose-founded company was to carry out
designs and engineering geological surveys for the Prague underground railway pro-
ject. Let me remember, for example, the fact that even the current design of stations
on the first metro line, the Line C, i.e. Hlavni Nadrazi, Muzeum, Kacerov and
Vysehrad stations, originated on drawing boards in its offices.

In the 1970s, PUDIS continued to carry out surveys and geotechnical monitoring
for Prague metro. In addition, the Té$nov tunnel, running along the right bank of the
Vltava River, was constructed according to a design developed by the company. The
list of PUDIS activities in the 1980s was dominated by the comprehensive prepara-
tion of the Prague’s medium traffic circle in the section between Spejchar and
Argentinska Street, and the Strahov tunnel. The PUDIS activities during the 1990s
are characterised by its function of the general designer for the Strahov tunnel and
the western segment of Prague’s City Circle Road, containing the Mrdzovka and
Zlichov tunnels. This is also the period during which the company carried out geo-
technical surveys for the Prackovice and Radej¢in tunnels on the D8 motorway.

In the first century of the new millennium, PUDIS significantly participated in
comprehensive geotechnical monitoring for the Libouchec tunnel on the D8 motor-
way and the Lochkov tunnel (construction lot 514) on the Prague City Ring Road
(outer ring). In addition, for example, it carried out geotechnical monitoring for the
construction of utility tunnels in Prague (the Vodickova Street and Wenceslas Square
utility tunnels).

As far as the current designing activities are concerned, SUDOP is performing the
function of the general designer for the City Circle Road, the Strahov tunnel -
Myslbekova Street and Myslbekova Street — Prasny Most sections, which are com-
pletely formed by tunnels. I believe that this brief and incomplete summary of the
most important activities of the company in the field of underground construction is
sufficient to prove that SUDOP has been firmly incorporated among companies
having their say in the field of underground construction engineering.

Tunnels are today inseparable part of transport-related projects. It did not used to
be so always in the Czech environment. A road tunnel was for a long time conside-
red to be only a part of a route necessary for overcoming terrain obstacles. It was only
in the 1990s that this opinion was corrected. In the Prague environment, open dis-
cussions on the heading of the city towards the future were the driver contributing
most of all to the change. The result is that automobile tunnels are viewed in the valid
master plan for Prague in urban contexts. It is necessary for the lay public to under-
stand it in the same way as the professional public does. The problem is that the lay
public is mostly represented by active groups, which often maintain positions diffe-
rent from general views. The mission of TUNEL readers is therefore not only absor-

bing information from technical articles, but also helping to

maintain an uninterrupted discussion while promoting tunnels

i as inseparable parts of transport-related projects. The paper

t/ . ——"opening this journal issue, entitled “Tunnels on the Radlice

f { (TRY Radial Road; South-Western Town — Prague Smichov District”

' is my contribution to this discussion. As it follows from the
paper, it is a “long-distance running case”.

Preji vSem Ctendfam Casopisu mnoho uspéchu L . e . i
v naplnéni tohoto poslani. V Pudisu se o to neustdle o th.IWI.Sh. all ngbﬁdsdm clontmuou§ﬁli(ccess ;n. gcco;npl'ltshmg
snasime. ING. ALES MERTA is mission. We, employees, will keep striving for it.

predseda predstavenstva a generalni Feditel PUDIS, a. s.
Chairman of the Board and C.E.O. PUDIS a. s.
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TUNELY NA RADLICKE RADIALE JIHOZAPADNI MESTO - SMICHOV
TUNNELS ON THE RADLICE RADIAL ROAD;
SOUTH-WESTERN TOWN - PRAGUE SMICHOV DISTRICT

ALES MERTA, LUKAS KORINEK, VLADIMIR PETRZILKA

uvoD

P

V zafi 2010 byly na prazském okruhu zprovoznény stavby ¢. 512,
513 a 514 v useku délnice D1-Slivenec. V rozdélené kompetenci,
mezi stit zastoupeny Reditelstvim silnic a délnic a hlavnim méstem
Praha zastupovanym odborem méstského investora MHMP, je tak
prazsky komunikacni systém postupné kompletovan. V severni
¢asti mésta probihd vystavba rozsdhlého souboru staveb na mést-
ském okruhu Blanka a 1. stavby Vysocanské radidly, v zdpadnim
segmentu je z hlediska dopravnich staveb zatim pomérné klid. I zde
jsou vSak v rozdilnych fazich pripravy projedndvany vyznamné
dopravni investi¢ni zdméry. Jednim z nich je i Radlickd radiéla
a stejné jako u ostatnich staveb hlavn{ uli¢ni sité mésta jsou pro
redlnost poloZenf jeji trasy do uzemi rozhodujici podzemni dseky —
tunely.

UZEMNI STABILIZACE RADLICKE RADIALY
= VYVOJ VARIANT DOPRAVNIHO RESENI

Radlickd radidla md v systému hlavni uli¢ni sité mésta nezpo-
chybnitelny vyznam. Propojuje silni¢ni a méstsky okruh a sbird
a rozvddi tak v dzemi vnéjsi a vnitini dopravni vztahy. Postup jeji
tizemnf stabilizace nebyl jednoduchy. Uzemi, kterym mé Radlickd
radidla od zdpadu na vychod projit, vytvari pro trasu specifické
terénni i urbanistické podminky. Mezi ddolni nivou Vltavy, kde lez{
trasa méstského okruhu, a planinou Jinonic je rozdil vice neZ
100 vyskovych metri. Dramatické vySkové rozdily jsou zjevné
i v severo-jiznim fezu, kde severn¢ nad radlické ddoli vystupuji
Pavi vrch a jizné Kesnerka, prechdzejici do horizontu Div¢ich
hradu. Prekdzku pro pruchod tizemim tvofi i historickd zdstavba
Jinonic a osidlené radlické udoli, orientované ve sméru prirozené
trasy radialy.

Historicky nejstars{ trasovaci varianty ze 70. let minulého stoleti
pochézeji ze systémové mapky Zakladniho komunikac¢niho systé-
mu hl. m. Prahy. Byly charakteristické vedenim radidly uboc¢im
Kesnerky a umisténim rozsdhlé mimotdroviiové kriZzovatky
s méstskym (tehdy stfednim dopravnim) okruhem v oblasti Koulky
na Smichové. Tato varianta, zakotvend jeSté ve smérném Uzemnim
planu Prahy z roku 1986, v§ak vyvoldvala pomérn¢ znaéné demoli-
ce soucasné zdstavby zejména v oblasti spodnich Radlic. V novych
spolecenskych podminkdch po roce 1989 jiz nemohla obstat.

Podstatny zlom v pojeti vedeni Radlické radidly nastal poc¢dtkem
90. let. V dusledku prehodnoceni zdsad pri tvorbé nového porevo-
Iuéniho tdzemniho pldnu Prahy se postupné vyvijely i ndzory na
moznost uplatnéni tunelt na dopravnich automobilovych stavbéch.
To umoznilo zabyvat se i variantami, které se v diivéjsi dobé neje-
vily redln€. Posun ve vyvoji feSeni Radlické radidly nastal zejména
v souvislosti s pracemi na Urbanistické studii Smichov. Nékolik
provéfovacich studii prokdzalo, Ze sporné zausténi Radlické radia-
ly na méstsky okruh v prostoru pod Koulkou ma pri uplatnéni vét-
§iho rozsahu tunelt alternativu. Pro trasu radidly se hledaly idedln{
stopy v Sirokém rozptylu variant. Provérovany byly tunely pod
Pavim vrchem, pod kopcem Kesnerka i pod Divéimi hrady. Misto
napojeni Radlické radidly tak oscilovalo od prostoru u Zenskych
domovu na Smichové az ke kfiZzovatce u zlichovského predpoli
Barrandovského mostu.

INTRODUCTION

September 2010 saw construction lots No. 512, 513 and 514 of the
Prague City Ring Road project (the D1 motorway — Slivenec secti-
on) opened to traffic. The Prague road system is thus being gradual-
ly completed, with the competences divided between the state, repre-
sented by the Roads and Motorways Directorate of the Czech
Republic, and the City of Prague, represented by the City Investor
Department. The work on an extensive package of construction lots
forming the Blanka complex of tunnels on the City Circle Road and
the work on the lot No. 1 of the Vyso¢any Radial Road is underway
in the northern part of the city, while there has been relative peace
in the western segment as far as transport-related construction is
concerned. However, important transport-related project concepts in
different planning phases are being negotiated even in this part of
Prague. One of them is the Radlice Radial Road. The same as in the
case of other construction projects forming the main street network
in the city, underground sections, i.e. tunnels, are the deciding fac-
tors for the viability of the incorporation of its alignment into the
territory.

TERRITORIAL STABILISATION OF THE RADLICE RADIAL
ROAD - THE DEVELOPMENT OF VARIANTS
OF THE TRAFFIC SOLUTION

The importance of the Radlice Radial Road within the main street
network system in the city is unquestionable. It connects the Prague
City Ring Road (the outer circle) with the City Circle Road (the inner
circle), collecting and distributing both external and internal traffic
relationships within the area. The process of the territorial stabilisa-
tion of the road was not simple. The area which the Radlice Radial
Road is to pass through from the west to the east creates specific ter-
rain and town planning conditions for the alignment. There is
a difference between the elevation of the VItava River plain, where
the City Ring Road alignment is found, and the Jinonice plain, exce-
eding 100 metres. Dramatic differences in elevation are obvious even
in the north-southern cross section, where Pavi Vrch hill rises above
the Radlice valley in the north and Kesnerka hill, passing to the Div¢i
Hrady horizon, ascends in the south. An obstacle to the passage
across the area is even formed by the historic development of
Jinonice and the populated Radlice valley, which is oriented in the
direction of the natural alignment of the radial road.

The historically oldest route variants from the 1970s can be found
in a system map of the Principal Road System of the City of Prague.
A distinctive feature of the variants was the route running on the
flank of Kesnerka hill, and the location of a vast grade-separated
intersection with the City Circle Road (which was a middle transport
circle at that time) in the area of Koulka in the district of Smichov.
However, this variant, which was even incorporated into the Master
Plan of 1986, required relatively significant demolitions of existing
buildings, first of all in the area of lower Radlice. It could not stand
in the new social conditions after 1989.

A substantial break in the concept of the Radlice Radial Road align-
ment took place at the beginning of the 1990s. As a result of the reva-
luation of principles applied to the development of the new post-revo-
lution master plan for Prague, opinions on the possibility to use tun-
nels in road construction projects developed. Owing to this fact it was
possible to deal with variants which had seemed to be unrealistic




Obr. 1 Varianta méstskd (PUDIS, a. s.)
Fig. 1 The urban variant (PUDIS, a. s.)

Obr. 2 Varianta segregovand (PUDIS, a. s.)
Fig.2 The segregated variant (PUDIS, a. s.)

Snad pravé proto, Ze zadnd z novych variant neprokdzala jedno-
znaéné svoje kvality, ponechdvala prechodnd fiaze tzemni doku-
mentace Prahy — Plan stabilizovanych tzemi z roku 1994 — pro
feSeni Radlické radidly pomérné znalnou volnost. V zdjmovém
tzemi potvrdil doCasny tzemni pldn v podstaté pouze soucasnou
zdstavbu a konkretizaci funkéniho a prostorového usporaddni
uzemi radlického ddoli a Jinonic odkézal na dalsi dzemnéplanova-
ci dokumentaci. Podminkou samozfejmé bylo rozhodnout
o koncepci radidly ve vztahu k jejimu funkénimu zaélenéni do
uzemi.

Koncept tzemniho planu z roku 1996 opustil chdpani Radlické
radidly jako kapacitni rychlostni komunikace a v tiseku mezi stani-
ci metra Radlickd a Jinonicemi umistil trasu radidly do Radlické
ulice. Zaroven potvrdil jeji napojeni na méstsky okruh v oblasti
Zlichova. Prubéznd trasa radidly vSak stdle prochdzela dzemim
v riznych subvariantich, pohybujicich se mezi tzv. variantou
»méstskou® a variantou ,,segregovanou®. V ndsledném obdobi byl
pomerné rozsahly prostor vénovdn rozhodoviani, kterd ze dvou
zékladnich variant zaru¢{ pro dotéené uzemi dostateCny rozvojovy
potencial a pritom zajisti i funk&nost celého nadfazeného dopravni-
ho systému v zdpadnim segmentu hlavniho mésta. Varianty méstska
a segregovand se od sebe odliSovaly i rozsahem tunelovych dsekd,
a tim i o¢ekdvanymi investi¢nimi ndklady.

M¢éstskda varianta (obr. 1) byla charakterizovdna snahou
o zaClenéni dopravni trasy do dzemi{ s maximdlnim respektovdnim
soulasnych urbanistickych vztahu. Varianta zduraznila vyznam
sbérné funkce komunikace pro obsluhu pfilehlého tzemi. Vlastn{
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before. The advance in the develop-
ment of the solution for the Radlice
Radial Road occurred first of all in
the context of the work on the “Town
Planning Study for Smichov”.
Several verification studies proved
that there was an alternative to the
controversial connection of the
Radlice Radial Road to the City
Circle Road in the area under the
Koulka homestead if a larger extent
of tunnels had been accepted. Ideal
horizontal alignments were sought
within widely spread variants for the
radial road route. Examinations were
focused on tunnels under Pavi Vrch
hill, under Kesnerka hill and under
Div¢i Hrady hillock. Thus the locati-
on for the connection of the Radlice
Radial Road oscillated between the
area next to Zenské Domovy and the
intersection at the Zlichov side of the
Barrandov Bridge.

Possibly because of the fact that
none of the new variants had proved
unambiguously its quality, an interim
phase of Prague town-planning docu-
ments (the Plan for Stabilised Areas of
1994) maintained relatively great free-
dom for the Radlice Radial Road solu-
tion. Basically, the interim master plan
regarding the area of operations con-
firmed the existing buildings, referring
the details of the functional and spati-
al arrangement of the Radlice valley
and the Jinonice district to subsequent
town planning documents. Of course,
there was a condition that the decision
on the concept of the radial road had to
be made taking into consideration the
functional incorporation of the road
into the area.

The Master Plan concept of 1996 abandoned the idea of the
Radlice Radial Road to be a high-capacity expressway, placing the
radial road route in the section between Radlickd metro station and
Jinonice to the Radlicka Street footprint. At the same time it confir-
med its connection to the City Circle Road to be in the area of
Zlichov. However, the running route of the radial road passed across
the area in various sub-variants, ranging from the so-called “urban”
variant and “segregated” variant. In the subsequent period of time
a relatively wide space was left for making the decision on which of
the two basic variants would guarantee sufficient development
potential for the area affected by the construction, at the same time
guaranteeing the functionality of the entire higher-level traffic sys-
tem in the western segment of the capital. The urban and segregated
variants differed one from the other even in the extent of the sections
to be tunnelled and the expected investment costs.

The urban variant (see Fig. 1) was characterised by efforts to
incorporate traffic routes into the area with the existing town plan-
ning relationships being respected to a maximum extent. The variant
stressed the importance of the collecting function of the road for
urban services in the adjacent area. The existing profile of Radlicka
Street was used for the alignment itself to the maximum extent,
expecting that its width would be enlarged to increase its capacity
and improve the traffic parameters. The section passing across
Jinonice was assumed to run at the underground level. This variant
represented a sober solution in terms of investment costs, with the
earthmoving volumes minimised, the existing streets reasonably

PR

used and the length of the tunnel under Divéi Hrady minimised.
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W Prazsky okruh - Prague City Circle Road
I Méstsky okruh - City Ring Road

B Radlicka radidla - Radlice Radial Road

B Radialy a navazujici komunikace

Radial roads and adjoining roads

Obr. 3 Radlickd radidla JZM-Smichov v systému hlavni uliéni sit¢ hl. m.
Prahy (SATRA, s. r. 0.)

Fig.3 The Radlice Radial Road between South-Western Town and Smichov
within the main street network of the City of Prague (SATRA, s. r. 0.)

trasa vyuzila v maximdlni mife existujici profil Radlické ulice
s tim, Ze predpoklddala jeji dpravu roz§itenim, tj. posilenim kapa-
city a dopravnich parametru. V pruchodu Jinonicemi predpokldda-
la vedeni v podzemni tdrovni. Varianta prezentovala investi¢né
stiizlivé reSeni, spocivajici zejména v minimalizaci zemnich pracf,
vyuziti stdvajicich komunikaci a minimalizaci délky tunelu pod
Div¢imi hrady.

Segregovand varianta (obr. 2) byla navrZena pokud moZno mimo
stdvajici zdstavbu, urbanistickou osou dzemi zustala dne$ni
Radlicka ulice. Tam kde to nebylo mozné, byla polozena do terén-
niho zdfezu nebo byla trasovdna v tunelu. Charakterem potvrdila
v podstaté pokracovani dnes provozované Rozvadovské spojky,
oproti varianté méstské obsahovala delsi tunelové tseky. Segregace
trasy se projevila priznivéji na dotleni zdstavby radlického tdoli
negativnimi vlivy z vedeni dopravy, zdroven v§ak omezila moznos-
ti dopravniho pripojeni ve vice ktizovatkéch.

Urbanistickd studie Radlice — Jinonice z roku 2001 provéfovala
jeste provedeni radidly ve dvou vySe zminénych variantich. Po pro-
jednani ve vyborech dopravy a tuzemniho rozvoje zastupitelstva
hl. m. Prahy se vSak jiZ rozhodnuti o volbé varianty klonilo
k segregované trase. Vybory stanovily podrobnéjsi podminky,
podle kterych byly obé varianty optimalizovéany. V ndsledném mul-
tikriteridlnim posouzeni se zvazovala hlediska dopravni, urbanistic-
kd, zivotniho prostedi i investi¢ni. V nékolika krocich se technic-
ké teSeni postupné priblizovalo politickému konsenzu méstskych
casti (Praha 5 a Praha 13), na jejichZ tizemich md byt dopravni stav-

Tunel B /
{ Butovice Tunnel

TuoufHel

The segregated variant (see Fig. 2) was designed to run outside
developed areas as much as possible; current Radlickd Street remai-
ned to be the town-planning axis of the area. Where this route was
not possible, it was placed into an open cut or into a tunnel. Basically
its character confirmed the continuation of the today operating
Rozvadov Connecting Road; compared with the urban variant, it
contained longer sections to be tunnelled. The route segregation pro-
ved to be more advantageous in terms of negative effects induced by
traffic on buildings in the Radlice valley; on the other hand it limited
the possibilities of connecting the traffic at more intersections.

The Radlice — Jinonice Town Planning Study of 2001 re-examined
the two above-mentioned variants of the radial road alignment. After
discussions in Prague City Council’s committees for traffic and ter-
ritorial development, the decision on the variant to be selected ver-
ged to the segregated alignment. The committees defined more detai-
led conditions, which were used for the optimisation of both variants.
During the subsequent multi-criteria assessment process, the aspects
of traffic, town planning, environment and investment costs were
evaluated. In several steps the technical solution gradually came nea-
rer to the political consent of the municipal districts in the territories
in which the traffic construction was to be located (Prague 5 and
Prague 13); the final decision was made in the conclusion that only
the segregated variant would be further processed. It was carried out
in the Feasibility Study, which adjusted, at the expense of increasing
the length of the tunnels, longitudinal gradients in the tunnelled sec-
tion (the maximum gradient was reduced from 5.5% to 4.8% in the
last version), proposed a modification of the connection of local rela-
tionships, defined the basic concept of the technological equipment
and proposed the division of the Radlice Radial Road into construc-
tion-operating lots. At the same time, the civil defence system, which
had been planned according to the original task to be interconnected
with the metro Line B protection system, was excluded from the
Radlice tunnels.

After the Master Plan was approved in October 2005, the prepara-
tion of the Radlice Radial Road construction passed to the direct
competence of the Municipality of Prague, the City Investor
Department, which issued the instruction in 2006 to start the work on
the final design.

RESULTANT PROPOSAL - THE MAIN CHARACTERISTIC
OF THE RADLICE RADIAL ROAD PROJECT

In its resultant solution, the Radlice Radial Road fulfils the functi-
on of the main collecting road for the area of Radlice, Jinonice and
South-Western Town. Through extending the Rozvadov Connecting
Road, it links the Prague City (outer) Ring Road and the (inner) City
Circle Road (see Fig. 3). It runs in the west-eastern direction across
the whole area being solved and is connected to the City Circle Road

Obr. 4 Prehlednd situace trasy Radlické radidly s vyznadenim tunelovych iiseku (PUDIS, a. s.)

Fig. 4 General layout of the Radlice Radial Road route, with tunnel sections marked in it (PUDIS, a. s.)




Obr. 5 Vyusténi tunelu Radlice na méstsky okruh smérem na sever (Artoo, s. r. 0.)
Fig.5 Connection of the Radlice tunnel to the City Circle Road in the north-
ward direction (Artoo s. r. 0.)

ba umisténa a zdvérem bylo definitivné rozhodnuto, Ze k dal§imu
dopracovdni byla urCena jiZ pouze varianta segregovand. Stalo se
tak v tzv. Studii realizovatelnosti, kterd upravila za cenu prodlou-
Zeni tunell podélné sklony v tunelové ¢asti (maximalni sklon se
podle posledni upravy snizil z 5,5 % na 4,8 %), navrhla tGpravu
napojeni mistnich vztahu, stanovila zdkladni koncepci technologic-
ké vybavenosti a navrhla rozdéleni Radlické radidly na stavebné-
provozni tseky. Zdroven byl z tuneld Radlice vylouden ochranny
systém civiln{ ochrany, ktery podle ptuvodniho zaddni mél byt pro-
pojen do ochranného systému metra trasy B.

Schvélenim zmény tzemniho planu v fijnu 2005 se priprava akce
Radlické radidly preklopila do pfimé kompetence odboru méstské-
ho investora MHMP a ten dal v roce 2006 pokyn k zahdjeni praci
na zhotoveni dokumentace pro tzemni rozhodnuti.

VYSLEDNY NAVRH - HLAVNI CHARAKTERISTIKA STAVBY
RADLICKE RADIALY

Radlicka radidlni komunikace ve svém vysledném feSeni plni
funkci hlavni sbérné komunikace pro prostor Radlic, Jinonic
a Jihozdpadniho mésta. ProdlouZzenim Rozvadovské spojky propoju-
je silniéni a méstsky okruh (obr. 3). Prochdzi v zdpado-vychodnim
sméru celym feSenym dzemim a prostrednictvim péti mimodrovio-
vych kiizovatek je napojena na nizsi mistni komunikaéni sit’ (MUK
Bucharova, MUK Reporyjské, MUK Butovice a MUK Jinonice)
a v MUK Zlichov na méstsky okruh v prostoru Zlichovského tunelu.

Celkovd délka feSeného tseku je cca 5,50 km, z toho 2,68 km ve
volné trase a zbytek, tedy prakticky polovina, v tunelech.
Z hlediska kategorizace se jednd o ¢tyfpruhovou smérove rozdele-
nou mistn{ sbérnou komunikaci s pridatnymi pruhy podle potieby
v kategorii MS 4 cdk —/24,5/80 (km 0,0-1,4) a MS 4 dk —/20/70
(km 1,4 — tunel Radlice), kdyZ ndvrhové parametry se postupné sni-
zuji od Rozvadovské spojky k méstskému okruhu. Celd stavba
obsahuje 12 mostnich objektu, tfi ldvky pro pési, znalny rozsah
opérnych a zdrubnich zd{ a naptiklad také kolejové tpravy na Zelez-
ni¢ni trati Praha Smichov — Hostivice. Kromé hlavni komunikace
fesi projekt i pomérné obsdhlé ndvaznosti na §irSi dzemi, zejména
na méstskou infrastrukturni vybavenost. Na celé trase Radlické
radidly jsou navrhovany celkem tfi tunely. RaZeny tunel Radlice
o celkové délce 2220,5 m a hloubené tunely Jinonice a Butovice
shodné délky 299 m. To je patrné z piehledné situace na obr. 4.
Zakladni udaje pfipravy stavby

Investorem Radlické radidly JZM — Smichov (stavba ¢. 9567) je,
stejné jako u ostatnich dsekl nadfazeného dopravniho systému
Prahy uvnitf silniéniho okruhu, hlavni mésto Praha, zastoupené
Odborem méstského investora Magistratu hl. mésta Prahy.
Vykonnou &innost investora zde zastupuje mandatdr, kterym je
VIS, a. s., komplexnim zaji§ténim projekta pro vSechny faze pri-
pravy je podle vysledku vybéru ve verejné obchodni soutéZi, vyhld-
Sené jiz v roce 2002, Sdruzeni PUDIS-SATRA.
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through four grade-separated intersections (GSI) to the lower-level
local road network (the Bucharova, f{eporyjské, Butovice and
Jinonice GSIs) and through the Zlichov GSI, in the area of the
Zlichov tunnel.

The total length of the section being solved is about 5.50km;
2.68km of this length is an open track section and the remaining part,
virtually a half, is in tunnels. In terms of the road categorisation, it is
a local collector road, a four-lane dual carriageway with outside
lanes according to requirements of MS 4 cdk -/24,5/80 category
(km 0.0 — 1.4) and MS 4 dk-/20/70 category (km 1.4 — the Radlice
tunnel), with the design parameters diminishing gradually from the
Rozvadov Connecting Road toward the City Circle Road. The entire
project comprises 12 bridge structures, three pedestrian bridges,
a great amount of retaining walls and revetment walls and, for instan-
ce, trackwork on the Prague Smichov — Hostivice rail line. In additi-
on to the main road, the project solves a relatively wide scope of con-
nections to the wider territory, first of all to the urban infrastructure.
Three tunnels are proposed for the entire Radlice Radial Road route,
namely the Radlice mined tunnel at the total length of 2,220.5m and
the Jinonice and Butovice cut-and-cover tunnels at identical lengths
of 299m. This is shown in the general layout presented in Fig. 4.

Basic construction planning data

The owner of the project for the Radlice Radial Road between
South-Western Town and Smichov (construction lot No. 9567) is the
same as the owner for the other sections of Prague’s higher-level traf-
fic system found inside the City Ring Road, i.e. the City of Prague
represented by the Municipality of Prague, the City Investor
Department. The executive activities of the project owner are repre-
sented by VIS a.s., a mandatory. The complete design for all stages
of the planning process will is being provided by a PUDIS-SATRA
Consortium, which won the open tender as early as 2002.

The concrete investment project preparation started by negotiating
the draft of the documentation for issuance of zoning and planning
decision (DZD 07/2007). The comments and conclusions gathered
during the EIA process, running in parallel, were incorporated into
the so-called second DZD draft (12/2010), which is currently under
negotiation in the second round. The project owner’s aim is prepa-
ring conditions for submitting the application for the planning per-
mission during 2011 and fluently continuing by subsequent steps
required for obtaining the building permit.

Environmental impact assessment (EIA)

The assessment of the environmental impact (the EIA) according
to requirements of the Law No. 100/2001 Coll. was carried out joint-
ly with the first draft of the documentation for issuance of zoning and
planning decision. Declaratory proceedings took place on the basis
of the announcement of the goal. The documents required by Annexe
4 of the above-mentioned law were worked off in compliance with
conclusions of the declaratory proceedings. The EIA process was
concluded by a public debate in 03/2009, after several additional stu-
dies, and by the issuance of an approving opinion on the assessment
of the environmental impact of the project by the respective adminis-
trative body (the Environmental Protection Department of the
Municipality of Prague). The tens of conditions contained in the opi-
nion were acceptable for the project owner without substantial disa-
greements and they were incorporated into the documentation for
issuance of zoning and planning decision. On the contrary, the project
owner received instructions through the opinion how to proceed while
selecting from the, till then partial, variant solutions. Among other
suggestions, the EIA opinion supported the need for performing
a detailed geological survey by means of an exploratory gallery.

Geomorphological and geological conditions

The area of operations being surveyed comprises the area of
Prague 5 — municipal districts of Radlice, Nové Butovice, Jinonice,
Smichov and Zlichov. Geomorphologically it is part of the Prague
Plateau.

The surface of the area is very rugged for the Radlice tunnel. The
landscape plastics is the result of denudation of a Cretaceous pene-
plane and erosion by the Vltava River and its tributaries. The relief
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Konkrétni investorskd priprava stavby byla zahdjena projednd-
nim ndvrhu dokumentace pro tzemni rozhodnuti (DUR, 07/2007).
Shromézdéné pripominky a zdvery ze soubézné probihajiciho pro-
cesu EIA byly zapracovany do tzv. druhého ndvrhu DUR (12/2010),
ktery se aktudlné v druhém kole projedndva. Cilem investora je pri-
pravit podminky pro podani zddosti o izemni rozhodnuti v prubéhu
roku 2011 a plynule déle navazat dalSimi kroky pro ziskan{ staveb-
niho povoleni.

Posouzeni vlivll stavby na Zivotni prostiedi (EIA)

Spole¢né s prvnim ndvrhem dokumentace pro tizemni rozhodnu-
ti byla zpracovéna i dokumentace posuzovéni vlivi na Zivotni pro-
sttedi podle zdkona 100/2001 Sb. (EIA). Na zdkladé ozndmeni
zdméru probéehlo zjistovaci fizeni a podle jeho zdvéru byla nésled-
né dopracovdna i dokumentace podle prfilohy 4 uvedeného zdkona.
Po nékolika vloZenych studiich byl proces EIA zavrsen v 03/2009
verejnym projedndnim a v ervenci 2009 i vyddnim souhlasného
stanoviska k posouzeni vlivi provedeni zdméru na Zivotni prostie-
di prislusného organu, kterym byl OOP MHMP. Desitky podminek
stanoviska byly pro investora pfijatelné bez zdsadnich rozporu
a nebyl problém s jejich zapracovdnim do dokumentace pro tizem-
ni rozhodnuti. Naopak v fadé piipada obdrZzel investor prostiednic-
tvim stanoviska ndvod, jak postupovat pri vyberu do té doby dil&ich
variantnich feSeni. Mimo jiné stanovisko EIA podporilo i potfebu
provést v predstihu podrobny geologicky pruzkum prostiednictvim
prizkumné Stoly.

Geomorfologické a geologické pomeéry

Sledované zdjmové tzemi zahrnuje oblast Prahy 5 — méstské
¢asti Radlice, Nové Butovice, Jinonice, Smichov a Zlichov, geo-
morfologicky patii k prazské plo§iné.

Pro tunel Radlice je povrch izemi velmi ¢lenity. Plastika krajiny
je vysledkem denudace kiidové paroviny a eroze Vltavy a jejich
pritoku. Reliéf kiidové paroviny zlstal zachovén pfi severozdpad-
nim okraji izemi v oblasti Vidoule a pri jihovychodnim pdsu
zdjmového prostoru v prostoru Div&ich hradu. Vedle erozivni
a akumulacni ¢innosti Vltavy se na ¢lenitosti dzemi podilela i riznd
odolnost predkvartérniho podkladu vaci erozi a denudaci.
V tvrdych, zvétranim odolnéjSich hornindch, zejména védpencich,
vznikly strmé svahy a ostfe zariznutd ddoli, kdeZto mélkd, Sirsi
udoli jsou charakteristickd pro méné odolné horniny. Zna¢n4 ruz-
norodost dzemi je v oblasti Zlichova setfena akumula¢ni ¢innosti
Vltavy, kdy znacné terasové uloZeniny vyrovnavaji vyskové rozdi-
ly a sprasové ndvéje a i svahové uloZeniny zmirfiuji strmost svaha.
Plvodni morfologie terénu je také narusena vlivem lidské Cinnosti,
jako jsou napf. navdzky pro terénni dpravy a vystavbu, rozsdhlé
vépencové lomy a cihlarské hlini§té, zarezy a ndsypy Zelezni¢nich
trati. Nejvy$si nadmorskd vyska tzemi se pohybuje kolem 335 m

Geologickd zprdva pro tdroven dokumentace pro tzemni rozhod-
nuti ¢erpd z pomérné bohatych archivnich prament. Z vysledku
geologické reSerSe vyplyvd, Ze tunel Radlice bude prochdzet tze-
mim s pomérné sloZitou geologickou skladbou s kombinaci devon-
skych, silurskych a ordovickych sedimentu. Vlastni téleso raZzeného
tunelu bude umisténo prevazné ve skalnim podlozi, hloubené tseky
pak i v pokryvnych ttvarech.

Oba soub&Zné radlické tunely budou raZeny v prostredi, kde bude
dochdzet ke stfidédni petrograficky, a tim i geotechnicky odlisnych hor-
nin s pevnosti v prostém tlaku od 5 do 120 MPa (horniny rozpojitelné
béZnymi mechanizmy aZ pouziti trhacich praci — diabésy), Casto
s tektonickymi poruchami o mocnosti 0,5 a7 2 m (ojedinéle i 7 m),
s vyplni stfipkovité zeminy. V devonskych a silurskych vdpencich
lze oCekavat zvodnélé krasové zdvrty s vyplni tekutych pisku.

Na zdkladé zhodnoceni inZenyrskogeologického a geo-
technického hlediska zprava predbézného geotechnického prizku-
mu doporucuje pfi razb€ tuneld pouZit nové rakouské metody
(NRTM) a v hloubenych dsecich aplikovat pazici stény (zardzené,
mildnské nebo pilotové). V &dstech u portélu je pak nutno uvazovat
s dopliujicimi technologiemi zajistujicimi stabilitu vyrubu — jehlo-
vani, tryskové injektdZze, vodorovné mikropiloty podél obvodu

Obr. 6 Zdpadni portdl tunelu Radlice (Artoo, s.r. 0.)
Fig. 6 Western portal of the Radlice tunnel (Artoo s.r. 0.)

of the Cretaceous peneplane remained unchanged at the north-wes-
tern edge of the area, in the area of Vidoule, and along the south-eas-
tern belt of the area of operations in the area of Div¢i Hrady. Apart
from erosion and accumulation activities of the Vltava River, the
rugged character of the surface is the result of varying resistance of
the pre-Quaternary basement rocks to erosion and denudation. Steep
slopes and valleys cutting sharply into the surface originated in hard
rocks, above all limestones, which were more resistant to weathe-
ring, whilst shallow and wider valleys are distinctive of less resistant
rock types. The substantial variability of the area was removed in the
area of Zlichov owing to the accumulation activities of the Vltava
River, where the significant terrace deposits flattened out differences
in altitudes and aeolian deposits of loess and colluvial deposits
moderated the sheerness of slopes. In addition, the original terrain
morphology is disturbed by human activities, e.g. made ground for
terrain finishing or construction purposes, vast limestone quarries
and brick-clay pits, cuttings and embankments for railway tracks etc.
The highest altitudes of the area fluctuate about 335m a.s.l.; the
lowest altitude of 225m a.s.l. is on the Zlichov side.

The geological report for the issuance of zoning and planning deci-
sion draws upon relatively rich archive sources. It follows from the
results of retrieval of geological data that the Radlice tunnel will pass
through an area featuring a relatively complex geological structure
containing a combination of Devonian, Silurian and Ordovician sedi-
ments. The body of the mined tunnel itself will mostly run through
the bedrock, while the cut-and-cover sections will even be located in
the cover.

Both parallel Radlice tunnels will be driven through an environ-
ment in which petrographically, thus also geotechnically, different
rock types will alternate, with the uniaxial compressive strength ran-
ging from 5 to 120MPa (the rock types which are breakable by com-
mon equipment only when blasting is used — diabases), frequently
containing tectonic faults 0.5 up to 2.0m thick (sporadically even
7.0m), with friable soil filling. Water-bearing karst sinkholes filled
with quicksand can be expected in Devonian and Silurian limestones.

Based on the engineering geological and geotechnical assessment,
the preliminary geotechnical survey report recommends that the New
Austrian Tunnelling Method (the NATM) be used, whilst bracing
walls (sheet pile walls, slurry walls or pile walls) be used in cut-and-
cover sections. Supplementary excavation stabilising techniques
(forepoling, jet grouting, canopy tube pre-support, inverted arch)
must be taken into consideration for the portal sections. The excava-
tion sequence will be based on the thickness of the tunnel overbur-
den, existing buildings and the maximum limits set for the ground
surface deformation.

In subsequent stages of the engineering geological survey required
for so complicated works as the tunnels on the Radlice Radial Road
are, it will be necessary to adhere to standard staging of the survey.
The preliminary geotechnical survey (which was carried out for the
documentation for issuance of zoning and planning decision) will
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Obr. 7 Vzorové uspordddni raZenych tunelu s uzavienou izolaci — dvoupru-
hovy tunel (SATRA, s. r. 0.)

Fig. 7 Standard cross section of mined tunnels with closed waterproofing —
the double-lane tunnel (SATRA, s. r. 0.)

vyrubu, spodni protiklenba. Zpusob ¢lenéni vyrubu bude vychazet
z velikosti nadloZi tunelu, povrchové zdstavby a stanoveni maxi-
madlni povolené deformace povrchu tzemi.

V dal§ich etapach inZenyrskogeologického pruzkumu pro tak
naro¢né dilo, jako jsou tunely v useku Radlické radidly, bude
nezbytné dodrzet standardni etapizaci pruzkumu. Na predbézny
geotechnicky pruzkum (zpracovdn pro dokumentaci k tzemnimu
rozhodnuti) bude potiebné navdzat podrobnym pruzkumem pro
dokumentaci ke stavebnimu povoleni. Tento prazkum by mél byt
zaméfen zejména na ovéfeni zpusobu zaloZeni vSech tunelovych
objekti pomoci vertikdlnich a horizontdnich pruzkumnych dél.
Vyska skalniho nadloZi ve vice neZ poloviné délky trasy tunelu pod
Div¢imi hrady vSak pfesahuje 80 m. Vrtnym pruzkumem z povrchu
by bylo nutné provadét jadrové vrty, jejichz délka presahuje 100 m.
To samo o sobé je z technického hlediska velmi komplikované
a ziskané vysledky davaji pouze bodové informace, které mohou
podat zkreslenou predstavu o zastiZeném horninovém prostredi.
Navic povrch terénu, z kterého by bylo nutné provadét vrtny pru-
zkum, je velmi Clenity a v fadé piipadu obtiZné€ pfistupny. Zprava
proto doporudila v kritickych dsecich trasy, kde lze predpokldadat
zastizeni rizikovych vapencovych poloh s ocekdvanymi vyskyty
krasovych jevu, provedeni dovrchné od Zlichova pruzkumné $toly
k ovéfeni geologie, hydrogeologie a geotechnickych charakteristik
in situ pfimo v jednom z tuneld.

Priizkumna Stola pro tunel Radlice

Pozadavek na realizaci podrobného geotechnického pruzkumu
formou prazkumné Stoly, a to pfed zahdjenim praci na dokumenta-
ci pro stavebni povoleni, uplatnil i Obvodni bansky drad v Kladné
ve svém vyjadreni k projektu akce Radlickd radidla — zpracovdni
EIA a projedndni priizkumné Stoly ze dne 22. 5. 2006. Zaroven ve
svém vyjadfeni Obvodni bansky urad Kladno shrnul cile, kterych
ma byt provedenim pruzkumného dila dosaZeno, a investor pozada-
vek OBU Kladno akceptoval.

Razba prazkumné $toly neni ¢innosti upravenou stavebnim zdko-
nem, bude provedena v rdmci inZenyrskogeologického pruzkumu
podle ustanoveni § 2 odst. d) zdk. CNR &. 62/1998 Sb.,
o geologickych pracich, upraveného zakonem ¢. 366/2000 Sb. Pro
povoleni a registraci podrobného inZenyskogeologického prizku-
mu a pro opatreni stavebniho povoleni zafizeni stavenisté a vybér
zhotovitell praci byl proto v 08/2006 zpracovan projekt. Podle pfi-
praveného projektu bude $tola provadéna z téZni Sachty umisténé
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have to be followed by a detailed survey for the documentation for
issuance of building permit. This survey should be focused first of all
on the verification of the method for the foundation of all tunnel
structures, using vertical and horizontal exploration workings.
However, the rock cover thickness exceeds 80m along over a half of
the length of the section under Divéi Hrady. If the borehole survey is
carried out from the surface, the core holes would be over 100m
long. The survey would be very complicated and the results obtained
by the survey would provide only information in points, which could
allow a distorted notion of the ground environment encountered. In
addition, the terrain surface from which the borehole survey would
have to be carried out is highly dissected, in many cases difficult to
access. This is why the report recommended for the critical stretches
of the route where encountering of risky limestone layers threatens
in which the existence of karst phenomena can be expected, that the
excavation of the exploratory gallery designed to verify in-situ,
directly in one of the tunnels, the geological, hydrogeological and
geotechnical characteristics should proceed uphill from Zlichov.

Exploratory gallery for the Radlice tunnel

The Regional Bureau of Mines Kladno, through its opinion on the
design for the “Radlice Radial Road — preparation of the EIA and dis-
cussion of the exploratory gallery” of 22/05/2006, imposed
a requirement for a detailed geotechnical survey by means of an
exploratory gallery to be carried out before the work on the final
design starts. At the same time the Regional Bureau of Mines
Kladno, in its opinion, summarised the objectives to be achieved by
implementing the exploratory gallery, and the project owner accep-
ted the Kladno Bureau’s requirement.

The excavation of the exploratory gallery is not an activity con-
trolled by the building law. It will be carried out within the frame-
work of the engineering geological survey, which is controlled by
par. 2 of clause d) of the Czech National Council’s Law No. 62/1998
Coll. on geological works, as amended by the Law No. 366/2000
Coll. For the purpose of the registration and obtaining the approval
for the detailed engineering geological survey, as well as obtaining
the building permit for the construction site facility and selecting
contractors for the work, the design was prepared in 08/2006. The
design specified that the gallery would be driven from a hoisting
shaft located approximately 15m south of the entry portal of the
Zlichov tunnel, where a base for the site facility will also be estab-
lished (on the premises of a car repair shop found on Czech
Railways’ land).

The documentation for registration of the geological survey inclu-
ding tender documents has been available since 08/2006. Since the
back-up facilities required for the survey operations are found on the
land owned by Czech Railways, the building permit for the site faci-
lity was issued by the Rail Authority. The building permit has been
in force since February 2007. After that date the project owner and
the land owner concluded a lease contract for the land affected by the
construction. Then the project owner commenced the preliminary
work securing the land. The works schedule guaranteed that the gal-
lery excavation and the Radlice Radial Road construction could start
in 2008 and at the end of 2009, respectively.

The exploratory gallery design requires that the gallery should run
within the cross-section of the future G ramp up to the main tunnel
tube bifurcation area. From this location it will pass, on the maxi-
mum gradient of 6.06%, to the cross section of the top heading of the
northern tunnel tube. This system will allow the in-situ verification
of geological conditions in the location which are the most important
from the aspect of the safety of the future works; if required, it will
be possible to carry out pre-excavation grouting in an advance from
the exploratory gallery. The cross section of the exploratory gallery
with the area of 13.46 m?2 is designed for rubber-tyred haulage. Till
now it has been assumed that the gallery will be driven at the length
of 300m. Supplementary preliminary geotechnical surveys for the
Jinonice portal, for the Divéi Hrady area were coordinated with the
exploratory gallery design being prepared. As of today, several
hydro-boreholes have been installed in the area of operations; they
are regularly monitored.
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cca 15 m jizné od vjezdového portdlu Zlichovského tunelu, kde také
v aredlu opravny vozi na pozemcich CD vznikne zdkladna pro zaii-
zen{ staveniSte.

Dokumentace pro registraci geologického pruzkumu je
k dispozici jiz od 08/2006, a to véetné zaddvaci dokumentace pro
vybér zhotovitele. ProtoZe zdzemi pro provddéni prizkumu je na
pozemcich Ceskych drah, vydal stavebni povoleni pro zafizen{ sta-
veni§té Drazni drad. Stavebni povoleni je pravomocné jiz od tnora
2007 a ndsledné investor uzavrel s vlastnikem na dotéené pozemky
i ndjemni smlouvu a zahdjil pripravné prdce pro zajisténi pozemku.
Vse bylo nacasovano tak, aby realizace §toly mohla byt zahdjena
v roce 2008 a vlastni stavba Radlické radidly na prelomu let 2009
a2010.

Pruzkumnad $tola je vyprojektovéna v profilu budouci rampy G do
oblasti rozpletu hlavni tunelové trouby, odkud maximdlnim sklo-
nem 6,06 % nastupuje do polohy kaloty severniho tunelu. Budou
tak ovéfeny geologické podminky v misté, které jsou z hlediska

moZno z prazkumné §toly provadét v predstihu i sana¢ni injektaZze.
Profil priazkumné Stoly o velikosti pfi¢ného fezu 13,46 m2 je navr-
Zen pro kolovou dopravu a zatim se predpoklddd, Ze Stola bude
vyrazena v délce 300 m. Koordinované s pfipravovanym projektem
pruzkumné §toly byly déle zpracovéany dopliujici predbézné geo-
technické prizkumy pro jinonicky portél, pro oblast Divei hrady
a také podrobny hydrogeologicky pruzkum pro pruzkumnou $tolu.
V zdjmové oblasti je nyni osazeno nékolik hydrovrtu, které jsou
pravidelné monitorovany.

RaZeny tunel Radlice

Radlicky tunel je navrzen na trase Radlické radialy
v mezikfizovatkovém tseku mezi MUK Jinonice a pfipojenim na
méstsky okruh v MUK Zlichov. Niveleta radidly zde nastoupava
z podjezdu Zelezniéni trat¢ na Smichové na jinonickou planinu
a prekondva vyskovy rozdil vice nez 100 m.

Vlastni tunelovéd trasa je tvofena dvéma tunelovymi tubusy,
dvéma vjezdovymi a dvéma vyjezdovymi rampami napojujicimi se
na jiz zminénou ¢dst méstského okruhu. Vizualizace vydsténi tune-
lovych ramp tunelu Radlice na méstsky okruh smérem na sever je
patrnd z obr. 5, vizualizace jinonického portdlu Radlického tunelu
je znazornéna na obr. 6. Tunel je v prevdzné délce raZzeny
s hloubenym zdpadnim portdlovym tusekem a hloubenymi tseky
v dvoupruhovych tunelovych kfiZovatkovych rampéch. Jizn{ tune-
lové trouba ve sméru klesdni trasy je dvoupruhova ve spadu 4,85 %.
Severni tunelovd trouba ve sméru stoupani trasy je tfipruhovd ve
sklonu 4,8 %. Celkova délka tunelovych trub raZzenych je 4084 m,
z toho je 1795 m v tfipruhovém usporddédni a 195 m v tunelovych
rozpletech. Celkovd délka hloubenych tunelovych trub je 627 m,
z toho je 179,5 m v tifpruhovém usporadani.

Tripruhovy severni tunel mé dva prubéZné a jeden stoupaci pruh,
které se v raZeném tunelovém rozpletu déli na dva dvoupruhové
tunely (rampa G a J). Tunelové rampy G a J se napojuji na jiZ zpro-
voznénou &ast MO v prostoru Zlichov. Profil jizniho tunelu je
v celé své délce navrzen jako dvoupruhovy. Dvoupruh se v razeném
tunelovém rozpletu rozsifuje o odboCovaci pruh a ddle se déli na
dva samostatné dvoupruhové tunely (rampa H a I) s ndvaznosti na
pripojeni k méstskému okruhu. Zdkladni §itka jizdniho pruhu je
navrzena na 3,5 m s vodicimi prouzky 0,25 m. UvaZovany jsou
oboustranné nouzové chodniky Sitky 1 m. U prujezdnych tunelo-
vych propojek (4 v trase tunelu) jsou zfizeny nouzové zélivy.
Tunelové propojky jsou rozvrhnuty po 250 m. Naproti tunelovym
propojkam je vZdy situovdna kabina SOS, kterd je jeSte¢ umisténa
i v mezipolohdch mezi propojkami, takze vzdadlenost SOS kabin je
asi 125 m.

Vyska prujezdného profilu je uvaZovéna 4,5 m. Pri¢ny profil je
navrzen v souladu s CSN 737507 a po&itd s umisténim doprav-
nich znadek a ventildtord nad prujezdnym profilem. Hloubené
tunely v oblasti Zlichova jsou navrzeny s rovnym stropem
s rezervou na umisténi ventildtoru. V prevazné ¢asti tuneld je nad
vozovku vzduchotechnicky kandl o profilu 11,2 m2 u dvou-
pruhového a 17,6 m2 u tfipruhového tunelu.
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Obr. 8 Vzorové uspordddni raZenych tuneli s destnikovou izolaci — dvoupru-
hovy tunel (SATRA, s. r. 0.)

Fig. 8 Standard cross section of mined tunnels with umbrella-type waterpro-
ofing — the double-lane tunnel (SATRA s. r. 0.)

The Radlice mined tunnel

The Radlice tunnel location is designed to be in the Radlice Radial
Road section between the Jinonice GSI and the connection to the
City Ring Road at the Zlichov GSI. The vertical alignment of the
road rises in this location from the railway underpass in Smichov
toward the Jinonice plain, getting over a difference in altitudes exce-
eding 100m.

The tunnel route itself consists of two tunnel tubes, two entry
ramps and two exit ramps linking to the above-mentioned part of the
City Ring Road. The visualisation of the connection of the Radlice
tunnel’s ramps to the City Ring Road is presented in Fig. 5, whilst
the visualisation of the Jinonice portal of the Radlice tunnel can be
seen in Fig. 6. The major part of the tunnel length is designed as
a mined structure, with a cut-and-cover western portal section and
cut-and-cover sections of the double-lane ramps at the intersections.
The double-lane southern tunnel tube, running in the direction of the
downhill gradient of the route, descends at 4.8%. The northern tun-
nel tube, running in the direction of the uphill gradient of the route
rises at 4.8%. The total length of the mined tunnel tubes is 4,084m;
1,795m of this length are in the triple-lane configuration and 195m
are in tunnel bifurcation chambers. The total length of cut-and-cover
tunnel tubes is 627m; 179.5m of this length are in the triple-lane con-
figuration.

The triple-lane northern tunnel tube contains two thoroughfare
lanes and one truck climbing lane. They split in the bifurcation
chambers, forming two double-lane configurations entering the G
and J tunnel ramps. The G and J ramps connect to the part of the City
Ring Road in the area of Zlichov, which has already been opened to
traffic. A double-lane configuration is designed for the entire length
of the southern tunnel tube cross section. The double-lane profile is
enlarged in the mined bifurcation chamber, where a turning lane is
added. Subsequently it is split into two independent double-lane tun-
nels (H and I ramps), linking to the City Ring Road. The basic width
of a traffic lane is designed at 3.5m, with edge lines 0.25m wide.
Emergency walkways 1.0m wide are assumed to be on both sides.
Emergency parking bays will be provided at vehicular sized cross
passages (there are 4 of them along the tunnel route). The cross pas-
sages are spaced at 250m intervals. SOS cabins are located opposite
each cross passage and at the mid points between the cross passages.
The intervals between the SOS cabins therefore amount to about

125m.




Obr. 9 Obnoveny meéstsky parter nad tunelem Jinonice (Artoo, s. r. 0.)
Fig. 9 Renewed urban floorscape above the Jinonice tunnel (Artoo s.r. o.)

U obou portdld jsou navrzena technologické centra. Zdpadni, tii-
podlaZni s obestavénym prostorem 16 tisic m3 navazuje pfimo na
jinonicky portdl, vychodni je umisténo na Zlichové v blizkosti ulice
Kfizovd a je rovnéz ve trech podlazich s obestavénym prostorem asi
10 tisic m3.

Pro zamezeni pruniku podzemnich vod do interiéri tunell se
v drovni dokumentace pro izemni rozhodnuti uvazuje s celopldsto-
vou i s deStnikovou izolaci, kterd v ndvrhu jako investi¢éné méné
ndro¢né feSeni prevazuje. Oba hydroizolaéni systémy jsou v tu-
nelovych stavbdch ovéfeny a oba systémy maji svoje vyhody
i nevyhody. Systém s uzavfenou izolaci (obr. 7) pfindSi pfi bez-
chybné funkci v dlouhodobém horizontu budoucimu sprdvci neza-
nedbatelné udspory a zjednoduSeni udrZovacich praci. Celo-
obvodovd izolace chrdni kompletn{ statické konstrukce tunelu vcet-
né spodni klenby, a to zejména pri vyskytu podzemnich vod
s agresivitou, coZ je mozné pri ndvrhu zohlednit. Naopak celoplds-
tovd zvysuje jednordzové ndklady pri vystavbé podzemniho dila. Je
to predevsim z divodu nutnosti zapocitdni plného hydrostatického
tlaku pfi statickém ndvrhu tunelu, coZ ma vliv na jeho tvar, tloust-
ku i stupen vyztuZen{ osténi. Naproti tomu deStnikova izolace (obr.
8) s sebou pri vystavbé nese nemalé dspory. Podle nékterych
finan¢nich rozvah dosahuji oproti tunelim, které musi odoldvat
plnému hydrostatickému tlaku, okolo 23 %. Tyto sniZené ndklady
pri vystavbé jsou ale naproti tomu kompenzovidny zvySenymi
néklady na pravidelnou ddrzbu odvodriovaciho systému po celou
dobu zZivotnosti dila. K problematice volby izola¢niho systému se
vyslovilo i stanovisko k hodnoceni stavby na Zivotni prostredi,
které vzhledem k obavdm z nepfiznivé migrace podzemnich vod pri
uplatnéni drendZniho efektu neizolované tunelové konstrukce pre-
feruje nepropustnou konstrukci tunelovych tubusu. V dal$im stupni
projektové pripravy se vybér varianty hydroizolatniho systému,
a tim i konstrukéniho FeSeni tunelt bude opirat o vysledky ziskané
pii razbé prizkumné 3toly a z vyhodnoceni monitoringu ve sledo-
vanych hydrovrtech.

Hloubené tunely Butovice a Jinonice

Zastavéné tizemi Butovic a Jinonic prochdzi Radlicka radidla pod
trovni méstského parteru soustavou dvou tuneld shodné délky
299 m s otevienym mezitunelovym dsekem, sevienym do zdrub-
nich zdi. Niveleta radidly je zde proto Gicelové zanofena do spodni-
ho patra tak, aby nad stropy dokon&enych tunelu vznikl dostate¢ny
prostor pro prubéh podzemni inZenyrské infrastruktury dzemi a aby
na povrchu nebyla omezovédna vegetace. Vizualizace obnoveného
méstského parteru nad tunelem Jinonice je na obr. 9.

Konstrukci obou tunelt tvofi uzavieny monoliticky rdm ze Zele-
zobetonu se stfedn{ sténou a plochym stropem (obr. 10). ProtoZe do
tunelu Jinonice zasahuje pripojovaci pruh z prilehlé kfizovatky,
neni v $ifce symetricky. Zdpadni trouba je tfipruhovd, vychodni
dvoupruhova. Tunel Butovice m4 standardni Sitkové usporadéni 2 x
2 jizdni pruhy. Vyska prijezdného prufezu obou tunela je 4,5 m,

20. rocnik - €. 17201

The overhead clearance of 4.5m is proposed. The cross section is
designed in compliance with requirements of CSN 73 7507 standard,
taking into consideration the room necessary for the installation of
traffic signs, fans above the clearance profile and a tolerance on
a change in the roadway structure thickness. A flat roof deck of the
cut-and-cover tunnels in the area of Zlichov is designed with
a margin for the installation of fans underneath. A ventilation duct
will be installed above the roadway in the major part of the tunnels,
with the cross-sectional areas of 11.2 m2 in the double-lane tunnel
and 17.6m2 in the triple-lane tunnel tube.

Technical services centres are designed to be at both portals. The
three-storey western centre building with the wall-in space of
16,000m3 is directly connected to the western portal, whilst the eas-
tern centre is located in Zlichov, near Kfizovd Street. It is also
a three-storey structure; the wall-in space amounts to 10,000m3.

Both a closed waterproofing system and an umbrella-type system,
which prevails in the design draft as the less capital-intensive soluti-
on, are assumed at the level of documentation for issuance of zoning
and planning decision to prevent inflows of ground water into the
tunnel interior. Both waterproofing systems have been tried on tun-
nel structures and both have their advantages and disadvantages. In
the long term, the closed waterproofing system (see Fig. 7), if func-
tioning flawlessly, means significant savings and simplified mainte-
nance for the future administrator. The closed waterproofing system
protects complete structural parts of the tunnel, including the invert.
This fact can be taken into consideration by the designer first of all
in locations where corrosive ground water is to be encountered. On
the other hand, the closed waterproofing system increases non-recu-
ring costs during the work on the underground structure. This is so
first of all because of the necessity of incorporating the full hydro-
static pressure into the structural design for the tunnel, which affects
the geometry, thickness and reinforcement of the tunnel lining. In
contrast, the umbrella-type waterproofing system (see Fig. 8) yields
significant savings during the course of the construction. According
to some financial considerations, savings up to 23% can be achieved
compared with the tunnels which have to withstand the full hydro-
static pressure. On the other hand, the reduced costs incurred during
the construction are balanced by increased expenses of regular main-
tenance of the drainage system, which is necessary throughout the
tunnel life cycle. Problems of the selection of the waterproofing sys-
tem were also addressed in the opinion on the Environmental Impact
Assessment, which prefers a non-permeable structure of the tunnel
tubes, taking into consideration the fears on unfavourable migration
of ground water if the drainage effect of the tunnel structure missing
the waterproofing took place. In the next stage of the design prepa-
ration the selection of the variant of the waterproofing system will be
grounded on results obtained during the course of the exploratory
gallery excavation and assessed results of the monitoring of the
hydro-boreholes.

Butovice and Jinonice cut-and-cover tunnels

The Radlice Radial Road crosses the developed area of Butovice
and Jinonice, passing under the floorscape through a system consis-
ting of two tunnels of identical lengths of 299m, with an open-cut
inter-tunnel section contained between revetment walls. The road
alignment in this area is on purpose sunk to the lower level so that
a space sufficient for the underground utility services required for the
area remained available above the roof decks of the finished tunnels
and vegetation on the surface was not restricted. The visualisation of
the renewed floorscape is shown in Fig. 9.

The structure of both tunnels is a closed cast-in-situ reinforced
concrete frame with a central wall and a flat roof deck (see Fig. 11).
Because of the fact that a slip lane running from the adjacent inter-
section enters the Jinonice tunnel, the tunnel is not symmetric in
terms of the width. The western and eastern tubes contain three
lanes and two lanes, respectively. The Butovice tunnel roadway con-
figuration is standard, 2 x 2 traffic lanes. The overhead clearance in
both tunnels is 4.5m, with a free space above the clearance profile
designed for the installation of traffic signs and fans. The other
items of the technological and safety equipment are designed at
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Obr. 10 Vzorové uspordddni hloubeného tunelu Jinonice (PUDIS, a. s.)

Fig. 10 Standard cross section of the Jinonice cut and cover tunnel (PUDIS a. s.)

kdyZ stavebné je nad prujezdnym profilem volny prostor pro umis-
té€ni dopravniho znaceni a ventildtoru. Ostatni technologické a bez-
pecnostni vybaveni je navrZeno na urovni poZadované pro tuto
délku a kategorii tunelu. Energetické napdjeni pro osvétleni, vzdu-
chotechniku a ostatni technologickou vybavenost, vetné systému
fizeni dopravy a systému fizeni technologii pro oba tunely bude
zajisténo z podzemniho technologického centra TGC Jinonice,
které je vestavéno do zdrubni zdi mezi tunely. Otevieny tseku mezi
tunely je pristupny po nouzové obsluzné komunikaci a schodistém.

ZAVER

Piedklddany ¢ldnek se ponékud odliSuje od textu zverejiovanych
v Casopisu Tunel. Neobsahuje podrobné technické popisy projekto-
vanych podzemnich staveb ¢i zkuSenosti z jejich realizace. Je
zaméfen vice na fdzi tzemni stabilizace a pripravy projektu. Naz-
nacuje, jak posun v ndzorech na tunelovd dila, doprovazeny
i vyvojem stavebnich technologii, ovlivnil i proces zahrnut{
Radlické radidly do tizemniho pldnu v aktudlni podobé. Uvodem
¢lanku jsou zminovéna sedmdesdtd 1éta jako pocdtek vyvojovych
variant feSeni radidly. V nejbliz§ich mésicich, tedy asi po tficeti péti
letech, bude projekt Radlické radidly otestovan v tzemnim fizeni.
Z hlediska dzemniho pldnu vefejné prospesnd stavba Radlické radi-
aly JZM — Smichov tedy postoupi do dalsiho kola posuzovani podle
stavebniho zdkona a bude mozné zah4jit prace na dokumentaci pro
stavebni povoleni. Podminkou proto je i zahdjeni praci na pru-
zkumné Stole, pripravené k realizaci jiz vice neZ Ctyri roky. Poté
snad bude prileZitost sezndmit odbornou vefejnost jiz s feSenim
konkrétnich technickych problému projektu, bude jich urdité
s prihlédnutim k rozsahu stavby dost.
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a scope required for the particular length and category of the tunnel.
The power for tunnel lighting, ventilation and other equipment, inc-
luding the traffic control and equipment control systems, will be
supplied for both tunnels from the underground Jinonice Technical
Services Centre, which is built in the revetment wall between the
tunnels. The open-air section between the tunnels is accessible
along an emergency service road and a staircase.

CONCLUSION

This paper slightly differs from usual papers published in Tunel
journal. It does not contain detailed technical description of underg-
round structures being under design or experience gained during
construction. It is more focused on the planning stabilisation stage
and designing stage. It outlines the process during which opinions on
tunnel constructions changed together with the development of con-
struction technologies, even influencing the process of the incorpo-
ration of the Radlice Radial Road into the Master Plan in the current
form. The 1970s are mentioned above, in the introduction, as the
period during which the initial variants of the radial road were deve-
loped. In the months to come, which means roughly thirty five years
later, the Radlice Radial Road design is going to be tested in the plan-
ning enquiry. The project of the Radlice Radial Road between South-
Western Town and Smichov, which is publicly beneficial as far as the
Master Plan is concerned, will proceed to the next round of assess-
ments required by the Building Law and it will be possible to com-
mence the work on the final design. For that reason the commence-
ment of the excavation of the exploratory gallery, which has been
ready to start for over four years, is a condition for it. We believe that
once it has been completed, it will be possible to inform the profes-
sional public about solutions to particular technical problems, which
will certainly be plentiful taking into consideration the scope of the
works.
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ODVODNOVACI STOLA STRAHOVSKEHO AUTOMOBILOVEHO TUNELU
DRAINAGE GALLERY FOR THE STRAHOV AUTOMOBILE TUNNEL

VACLAV KRCH, RADOVAN CHMELAR, LIBOR SILA, RICHARD KUK, RADKO RIEGER

1 0voD

Strahovsky automobilovy tunel je soucdsti méstského okruhu
v Praze. Jeho vystavba byla zahdjena v 80. letech 20. stoleti a do pro-
vozu byl uveden v roce 1997. Konstrukce tunelu odpovidé v té dobé
dostupnym a obvyklym materidlim a technologiim pouZivanym
v Ceské republice. Jiz od polatku byly patrny netésnosti v osténi
a pruniky podzemnich vod do vnitfnich prostor tunelovych trub.
Viditeln€ se tyto prusaky projevuji zejména v jiznich partiich tunelu.
To samoziejmé nepriznivé ovliviiuje bezpecnost provozu zejména
v zimnim obdobi. Redlné feSeni z vnitiniho prostoru tunela
v podstaté neexistuje, aniz by dlouhodobé nebyla sanovand tunelova
trouba vyrazena z provozu. Tento zpusob opravy by vyZadoval roz-
sdhlé vybourdni vnitinich konstrukci, vybudovéani celoobvodového
izola¢niho pldsté a vloZeni ,,sekunddrni obezdivky. Tésnici injekta-
Ze za rub stdvajiciho osténi nelze povazovat za trvale u¢inné feseni.
Proto byla zvolena metoda, kterd neomezi provoz v tunelu. NavrZzené
feSeni spolivd ve vybudovéani odvodnovaci §toly umisténé mezi oba
tunely pod drovni jejich dna. Predpokladem sprdavné funk&nosti
Stoly, tj. sniZzeni hydrostatického tlaku za rubem osténi tuneld, je
navrh takového osténi $toly, které dlouhodobé umozni prusaky pod-
zemni vody do $toly. Pivodni feSeni navrZzené v dokumentaci pro
stavebni povoleni a v tendrové dokumentaci predpoklddalo ze stan-
dardné vybudované §toly — osténi ze stifkaného betonu — lokdlné, tj.
v mistech predpoklddanych soustfedénych pritoku — vybudovani
jimacich vrtu. Tento zdkladni odvodriovaci systém pak byl doplnén
drenazni geotextilii vloZenou mezi primdrni osténi ze stifkaného
betonu a horninového masivu a dal§imi odvodnovacimi vrty po trase
Stoly, provadénymi do boku Stoly. Po dukladné rozvaze z hlediska
hydrotechnické funk¢nosti a trvanlivosti navrzeného systému bylo
zvoleno nové feseni uplatnéné pri realizaci dila. V tomto ¢lanku je
popsdno navrzené feSeni, jeZ se snaZi v maximalni mife spojit dva
protichudné, aviak zdsadni pozadavky na odvodniovaci $tolu:

a) Zajistit co nejvetsi celoplosnou drendZni schopnost osténi Stoly.

b) Zajistit pozadovanou statickou tinosnost osténi s minimalnimi
dopady razby na povrchovou zdstavbu a zejména na konstrukce tune-
lovych trub Strahovského tunelu.

Investorem Strahovskych automobilovych tuneld a v souasnosti
i odvodnovaci $toly je magistrat hl. mésta Prahy (hl. mésto Praha),
povérenym investorem — mandatdfem firma VIS, a. s.

2 KONSTRUKCE A VYSTAVBA STRAHOVSKEHO
AUTOMOBILOVEHO TUNELU (SAT)

Strahovsky automobilovy tunel (SAT) je umistén v zdpadnim sek-
toru méstského okruhu mezi ulicemi Plzenskou na Smichové
a PatoCkovou v Brevnové. Vyrazen je pod strahovskou ndhorni plo-
Sinou s nedalekou dominantou Prahy — vrchem Petfin. Strahovsky
tunel se sklddd ze dvou dvoupruhovych tubusa, zdpadniho
a stredniho (projektovand tfeti, vychodni tunelovd trouba nebyla rea-
lizovéna). Jeho celkova délka ¢ini 2004 m, z toho 1560 m bylo raze-
no. Autorem projektu Strahovského automobilového tunelu byla
firma PUDIS, zhotovitelem stavby byla firma Metrostav se subdoda-
vatelem nékolika jejich ¢dsti firmou Vojenské stavby [2].

Razba Strahovského tunelu byla provddéna z obou portdlu soucas-
né. Pouzita byla modifikovand jadrovd metoda, pouzivand do tladi-
vych hornin. Nejprve byly pomoci prstencové metody v celé délce
raZené Césti tuneli vyraZeny opérové tunely (s osténim z pre-
fabrikovanych Zelezobetonovych dilci — tubingl). Tyto opérové
tunely byly nésledné CdsteCné vybetonovény, aby tvofily opéry pro
razbu pristropi (kaloty). Posléze byla pomoci specidlné sestaveného

1 INTRODUCTION

The Strahov Automobile Tunnel is part of the City Ring Road (the
inner ring) in Prague. The construction work on the tunnel commen-
ced in the 1980s and ended by the commissioning in 1997. The tun-
nel structure corresponds to the materials and technologies which
were available in the Czech Republic at that time. It was since the
very beginning that leaks in the lining and seepage of ground water
into the internal spaces of the tunnel tubes had been observed. The
leaks are visible first of all in the southern parts of the tunnel. Of cour-
se, they adversely affect the safety of traffic, most of all in winter sea-
sons. In substance, there is no realistic solution to be implemented
from within the tunnel without putting the tunnel out of operation for
a long time. This way of repair would require extensive demolition of
inner structures, installation of a closed waterproofing system and
insertion of a “secondary” lining. Sealing grouting behind the existing
lining cannot be considered to be a permanently effective solution.
For that reason a method which will not threaten traffic in the tunnel
was adopted. The proposed solution consists of a drainage gallery to
be driven between the tunnel tubes, at the level of the tunnel bottom.
A condition for proper functioning of the gallery, i.e. reduction in the
hydrostatic pressure behind the tunnel lining, is that the gallery lining
design must allow water to seep into the gallery in the long term. The
original solution proposed in the final design and tender documents
assumed that abstraction wells would be locally bored from a gallery
driven in a standard manner (lined in shotcrete), in the locations
where the concentrated inflows would be anticipated. This basic dra-
inage system was subsequently modified by adding drainage geotex-
tile between the primary shotcrete lining and the rock mass, together
with additional drainage holes to be drilled to the gallery sides along
the gallery route. After thorough consideration from the aspect of
hydrotechnical functionality and longevity of the proposed system,
a new solution was adopted, the one which was eventually applied to
the works. This paper describes the proposed solution, endeavouring
after joining the following two contradictory but principal require-
ments for the drainage gallery to the maximum extent possible:

a) to ensure as large as possible full-area drainage capacity of the

gallery lining.

b) to ensure the required load-bearing capacity of the lining with
minimum impacts of the excavation on existing buildings and,
first of all, on structures of the Strahov tunnel tubes.

The owner of the Strahov automobile tunnel project and, currently,

even of the drainage gallery project, is Prague Municipality, repre-
sented by VIS a.s. as a client-mandatary.

2 THE STRUCTURE AND CONSTRUCTION OF THE STRAHOV
AUTOMOBILE TUNNEL (SAT)

The Strahov automobile tunnel (SAT) is located in the western
sector of the City Ring Road (the inner ring) between Plzenska Street
in the district of Smichov and PatoCkova Street, the district of
Brevnov. It passes under the Strahov Plateau with its dominant -
Petfin Hill. The Strahov tunnel consists of two double-lane tubes, the
western and central ones (the planned third tube, the eastern one, has
never been built). The total length amounts to 2004m; 1560m of this
length were constructed by mining methods. The author of the design
for the Strahov automobile tunnel was PUDIS, the contractor was
Metrostav with Vojenské Stavby acting as a sub-contractor for seve-
ral parts of the project. [2].



20. rocnik - €. 17201

nemechanizovaného polostitu od jihu a pomoci
ukladace — erektoru od severu razena kalota,
opeii a dno. Osténi kaloty je provedeno
z prefabrikovanych dilcu — Zelezobetonovych
tubingt, vzdjemné Sroubovanych. Kontakt
a tésnost tohoto osténi s okolnim horninovym
masivem jsou zajiStovdny pomoci kontaktni \
a tésnici injektdze [1]. Obdobné je provedena -
poéva. Je tvorena ze ti{ Zelezobetonovych pre-
fabrikovanych dila, v loZnych spérdch spoje-
nych trny, ve sty¢nych spdrdch bez spojovacich
prostiedku. Kontakt s opérami byl aktivovén
pomoci list a ndsledné zmonolitnén. Vzhledem
k pouzitému pri¢nému systému vétrani je pod
horni klenbou zavé$en monoliticky strop s délici
pri¢kou, ktery vytvaii prostor pro vzduchotech-
nické kandly. Odvodnéni tuneli je zajisténo
oboustrannymi podélnymi prubéZznymi odvod- o
fiovacimi Zlaby podél obrubniki vozovky. Do
téchto zlabu je svedena jednak technologickd
voda z ddrzby tunelu, jednak podzemni voda, | -
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jimky a ddle do vefejné kanalizace. Podzemn{
voda, kterd nechténé pronikd do spodni klenby,
se protlacuje skrz vypliiovy beton pod vozovkou
a trhlinkami v kontinudlné vyztuZené a betonované vozovce tl.
200 mm na jeji povrch. Tato skute¢nost zejména v zimnim obdobi
predstavuje zdvazné dopravni riziko. Voda z vozovky se ddle samo-
voln& shromazduje v kanaliza¢nich Sachticich, kde pies permanentni
udrzbu zpusobuje ucpéavani drendzniho systému. Doposud skrytou,
avSak dlouhodobé pasobici a mnohem nebezpelnéjsi skutecnosti je
pusobeni vysoce agresivni podzemni vody na rub nosné konstrukce
Strahovského tunelu. Koncentrace siranového iontu se podle hydro-
geologickych pruzkumu, ale i novych provedenych chemickych roz-
bord pohybuji v rozmezi od 1096,3 mg/l do extrémni hodnoty
5224 mg/l, co? je dle CSN EN 206-1 (73 2403) stupeii XA2 (stfedné
agresivni) az XA3 (vysoce agresivni prostiedi). Tato skute¢nost by
v budoucnu mohla postupné vést i k poruse nosného systému tunelu.

Razba Strahovskych tuneli probthala v ordovickych hornindch
paleozoika barrandiénu, prevazné v bridlicich, méné v kfemencich.
Problematické z hlediska podminek razby byly vyrazné podrcené
zlomové zény, pri razbé v nich byly zaznamenény zvySené deforma-
ce jak v podzemi, tak i na terénu. RaZba Strahovskych tuneld byla
provadéna v celé své délce pod hladinou podzemni vody. Hladina
podzemni vody vlivem raZby tunell nejprve vyrazné poklesla na dno
tunelt a po ukonleni vystavby tuneld opét nastoupala ve vétsiné
trasy nad tunelové trouby.

3 PROJEKT ODVODNOVACI STOLY POD PROVOZOVANYMI
STRAHOVSKYMI TUNELY

Utelem stavby odvodiiovaci $toly je docilit odvodnéni horni-
nového prostiedi kolem tuneld, a tim zdsadné eliminovat mnoZstvi
prusaka do interiéru Strahovského tunelu. Stavajici systém odvodné-
ni ve Strahovskych tunelech se velmi rychle zands{ (,,zasyntrovava®)
a prestdvd byt funkéni. Vybudovanim odvodnovaci $toly jako plno-
profilového drénu s jimacimi rozrdzkami doplnénymi o jimaci vrty je
vytvofena moznost odvodnéni horninového prostfedi kolem obou
tunelt. Cilem projektované a v soucasné dobé budované stavby je
dlouhodobé snizeni hladiny podzemni vody kolem osténi tuneld
a sniZeni hydrostatického tlaku (pfipadné i vztlaku) na konstrukci
Strahovskych tuneli. Tim dojde k podstatnému sniZeni mnoZstvi
prasakovych vod do tuneld. Autorem projektu odvodiiovaci toly ve
stupni pro povoleni stavby (DSP) je firma SATRA, s. r. o., realizac-
ni projektovou dokumentaci zajistuje pro dodavatele EUROVIA CS,
a.s., firma PUDIS, a. s. Zhotovitelem stavby je EUROVIA CS, a.s.,
s podzhotovitelem PRAGIS, a. s.

Obr. 1 Prehledna situace Strahovskych tunelu a odvodriovaci $toly
Fig. 1 Synoptic layout of the Strahov tunnels and the drainage gallery

The Strahov tunnel was driven simultaneously from both portals.
A modified side-drift method used for squeezing ground was applied.
Abutment tunnels (with a segmental lining consisting of precast conc-
rete tubbings) were driven first throughout the length of the mined
part of the tunnel. The abutment tunnels were subsequently partially
filled with concrete to form supports for the calotte. Then the calotte,
core and bottom excavation followed. A specially assembled non-
mechanised semi-shield drove the tunnel from the south, whilst the
erector method was used from the north. The lining of the calotte con-
sists of precast segments — reinforced concrete tubbings, bolted with
each other. The contact of this lining with surrounding ground and its
sealing was ensured by contact and sealing grouting [1]. The bottom
lining is constructed similarly. It is made up of three reinforced conc-
rete precast elements, connected in radial joints with dowels, whilst
no means of joining were used in circumferential joints. The contact
with the abutments was activated by hydraulic jacks and was subse-
quently made monolithic. Because of the transverse ventilation sys-
tem used, a cast-in-situ slab is suspended under the upper vault, with
a partition forming spaces for ventilation ducts. The tunnel drainage
is ensured by means of continuous drainage troughs running on both
sides along roadway curbs. These troughs collect process water from
tunnel maintenance operations as well as ground water seeping to the
tunnel through the suspended slab structure. Water from the troughs
is directed to a sump at the southern portal and further to public sewe-
rage. Ground water seeping accidentally to the invert forces itself
through the infill concrete under the roadway and, through small
cracks in the continually reinforced, 200mm thick concrete roadway
to its surface. This fact poses significant risk to traffic, first of all
during winter seasons. Water from the roadway is further spontane-
ously collected in sewerage manholes, where, despite permanent
maintenance, it causes clogging of the drainage system. Much more
dangerous in the long-term acting effect, which has remained hidden
till now, is the impact of highly corrosive ground water on the exter-
nal surface of the load-bearing structure of the Strahov tunnel (accor-
ding to hydrogeological surveys as well as newly conducted chemical
analyses, the concentrations of sulphatic ions vary from 1096.3mg/L
to an extreme value of 5224mg/L, which is of the XA2 degree (medi-
um corrosive) according to CSN EN 206-1 (73 2403) to XA3 degree
(highly corrosive environment). This reality could gradually lead to
a defect of the structural system of the tunnel in the future.

The Strahov tunnel was driven through the Barrandian Palacozoic
Era, Ordovician Period rocks, mostly shales, less through quartzites.
In terms of the excavation conditions problematic were significantly
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4 HYDROGCEOLOGICKE POMERY A RESENI ODVODNENI( sheared and faulted zones, where increased deformations were recor-
ded during the excavation both in the underground and on the surfa-
ce. The excavation of the Strahov tunnels passed throughout its length
under the water table. In the beginning the water table substantially
dropped owing to the tunnel excavation, but after the completion of
the tunnel construction it again rose above the tunnel tubes along
a prevailing part of the route length.

Hydrogeologické poméry v oblasti Strahovskych tuneld jsou rela-
tivné slozité. Samotné automobilové tunely byly raZeny v ordo-
vickych hornindch — v horninovém prostredi s puklinovou propust-
nosti. Zde byla pied razbou tunell a ndsledné je i po vystavbé tune-
10 vyvinutd ordovickd zvoden s trovni hladiny podzemni vody
v prevdzné vetsing trasy nad tunelovymi tubusy. Kromé této ordo-
vické zvodné existuje jeSte v prostoru strahovské plosiny dalsi zvo-
den v kfidovych piskovcich, které jsou od ordovickych hornin oddé-
leny izoldtorem z vrstvy kifidovych jilovet. Kiidové piskovce, na

3 DESIGN FOR THE DRAINAGE GALLERY UNDER
THE OPERATING STRAHOV TUNNELS

rozdil od hornin ordoviku, jsou horninovym prostfedim s pru- The purpose of constructing the drainage gallery is to drain the
linovou propustnosti. Tato kiidovd zvoden se v prevdzné vétSiné ground environment around the tunnels so that the amount of seepage
prelévd na okraji kiidovych sedimentt do prostfedi zvétralych ordo- into the Strahov tunnels interior is substantially minimised. The drai-
vickych hornin ¢i do deluvidlnich sedimentt (pokryvnych dtvart). nage system in existing Strahov tunnels has been quickly clogging (fil-
Preliv podzemni vody z kfidovych hornin do deluvdlnich sedimen- ling with sinter) and its functionality has been ending. The develop-
tu byl téz pri¢inou sesuvu télesa lanové drdhy na Petiin v 60. letech ment of the drainage gallery as a full-profile drain with short abstrac-
20. stol. V prostou Strahovskych tunelt se v3ak kiidové zvoder pre- tion adits supplemented by abstraction wells will make dewatering of
1évd pouze do puklinové ordovické zvodné. Pfi razbé Strahovskych the ground environment around the tunnels possible. The objective of
tuneld, respektivé pri hloubeni Sachet u technologického centra na the project which is currently under construction is to reduce the water
Strahové, doSlo pravdépodobné i pres provedené injektdZze table level around the tunnel lining and reduce the hydrostatic pressu-
k propojeni téchto dvou zvodni. Na prusaky do interiéru Stra- re (possibly even the uplift forces) acting on the Strahov tunnel struc-
hovskych tunell (nejen v oblasti Strahova, ale i v dalSich tsecich) tures in the long term. As a result, the amount of water seeping into the

reagoval v 90. letech 20. stol. dopliiujici hydrogeologicky pruzkum tunnels will be substantially reduced. The author of the final design for
s pokusy eliminovat pfitoky podzemni vody do jiZ hotovych tunelt the drainage gallery is SATRA s.r.o., while PUDIS a.s. carries out the

pomoci odleh&ovacich vrti. U&innost tdchto opatfeni viak nebyla detailed design for EUROVIA CS, a.s., the construction contractor.

dostacujici. Proto byla navrZena koncepce odvodnéni horninového PRAGIS is a sub-contractor for EUROVIA CS, as.

prostiedi v okoli Strahovskych tuneli pomoci vystavby odvodiiova-

cf Stoly. 4 HYDROGEOLOGICAL CONDITIONS AND THE SOLUTION
Principem odvodnovaci funkce této Stoly a ochrdnéni konstrukci FOR THE DRAINAGE

Strahovského tunelu pred ¢inky tlakové, vysoce agresivni podzem-
ni vody je vytvoreni gravitaéniho dvouetdzového drendzniho systé-
mu. Je tvoren souvislou horni etdZi, kterd je provedena ze 150 mm
mocné propustné vrstvy praného kacirku frakce 8—16 mm. Tato horn{
etdZ je hydraulicky zatsténd do dolni etdZe odvodnéni, kterou tvori
po obvode perforované drendzni potrubi DN 200 mm. Podélné dre-
néaZe jsou dve, umisténé na bocich $toly. Provedeni dvou drendZi je
nezbytné pro oddéleni rozdilnych hydraulickych tlaku, které mohou
pusobit na obou stranéch §toly, a zaji§téni volného odtoku vody doln{
etdzi. Kalirek je péchovdn za Zelezobetonové paZziny a rdmy
z ocelové dulni vyztuZe profilu K 21. Celd tato skladba tvori primar-
ni osténi. Sekunddrni ostén{ neni v této fzi realizovdno. Po vyhod-
noceni funkce 3toly, a jejich dopadd na sniZeni prusaka do
Strahovskych tunelt bude rozhodnuto o eventudlnim prodlouZeni
odvodnovaci Stoly k severnimu portélu Strahovskych tunelu. Teprve
po vyraZzeni celého dila bude vybudovdno sekunddrni osténi
z monolitického betonu.

Hydrogeological conditions in the area of the Strahov tunnels are
relatively complicated. The automobile tunnels themselves were driven
through Ordovician rock forming an environment featuring fissure per-
meability. An Ordovician aquifer had developed in this environment
before the tunnel excavation, with the water table level found to a major
extent above the tunnel tubes. In addition to this aquifer there is anot-
her aquifer in the Strahov Plateau area, existing in Cretaceous sandsto-
nes, which are separated from Ordovician rocks by an isolator formed
by a layer of Cretaceous claystone. The Cretaceous sandstones, in con-
trast with Ordovician rocks, form an intrinsic permeability rock envi-
ronment. This Cretaceous aquifer in the majority overflows at the edge
of Cretaceous sediments to a rock environment consisting of weathered
Ordovician rocks or deluvial sediments (surface deposits). Overflowing
of ground water from Cretaceous rocks to deluvial sediments was one
of the causes of a slide of the Petfin funicular track in the 1960s.
Fortunately, the Cretaceous aquifer in the area of the Strahov tunnels
only overflows to the fissure-permeability Ordovician aquifer. Despite
extensive grouting, the two aquifers got probably interconnected during
the excavation of the Strahov tunnels (sinking the shafts at the service

5. POLOHOVE A VYSKOVE VEDENI ODVODNOVACI STOLY

Portdl odvodnovaci $toly se nachdzi v podzemnim obsluzném centre on Strahov hill). In the 1990s a supplementary hydrogeological
vjezdu do Strahovskych tuneld. Piistup pro vystavbu 3toly je z ulice survey responding to the seepage to the Strahov tunnel interiors (not
Kobrovy v Praze 5 (obr. 1). Odvodnovaci $tola se sklddd ze dvou only in the area of Strahov but also in other sections) was conducted
¢asti. Do stani¢eni km 0,160 se jednd o pristupovou &ast odvodnova- and attempts were made to eliminate ground water inflows into the
ci Stoly, kterd zprava obchdzi jdmu hloubeného dseku Strahovskych completed tunnels by means of relief wells. Unfortunately, effective-

ness of these measures was insufficient. This is
why the concept of draining the rock environ-
ment in the Strahov tunnels surroundings by
means of a new drainage gallery was proposed.
The principle of the draining effect of this
gallery and protecting the Strahov tunnel against
effects of the highly corrosive ground water
found in the condition of high pressure is the
creation of a double-stage gravity drainage sys-
tem. It consists of a continuous upper stage for-
med by a 150mm thick permeable layer of was-
hed pea gravel with the grain-size fraction of 8
— 16mm (around the gallery circumference).

. i This upper stage is hydraulically connected to
Obr. 2 Pohled na jizni portdl Strahovskych tunelu the lower stage of the drainage system, consis-
Fig. 2 A view of the southern portal of the Strahov tunnels ting of DN 200mm drainage pipes perforated
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around the circumference. There are two longi-

Pristupova Stola
Access gallery

Odvodiovaci stola
Drainage gallery

tudinal drains there, which are located on the
sides of the gallery. Two drains are necessary
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so that the different hydraulic pressures poten-
tially existing on the sides of the gallery are
separated and free discharge of water through
the lower drainage is secured. The pea gravel is
tamped behind reinforced concrete lagging and
K21-profile colliery arches. The complete
above-mentioned assembly forms the primary
lining. The secondary lining is not implemen-
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5 HORIZONTAL AND VERTICAL ALIGN-
MENT OF THE DRAINAGE GALLERY

The portal of the drainage gallery is found at
the underground service entry to the Strahov
tunnels. The access to the gallery excavation
workplace is from Kobrova Street, Prague 5

! bohdalecké

——s

vrstvy skalecké
Skalec Beds

i i i (see the layout in Fig. 1). The drainage gallery
i L d consists of two parts. Up to chainage km 0.160
SO e b iR TR it is the part providing access to the drainage
gallery, which usually bypasses the constructi-
Obr. 3 Podélny Fez odvodriovaci $tolou (5x prevysSeno) on trench in the cut-and-cover section of the
Fig. 3 Longitudinal section through the drainage gallery (5 times exaggerated) Strahov tunnels. From chainage km 0.160 up to
tunelt. Od stani¢eni km 0,160 az do jejiho Absclute positioning km 0,200
konce km 0,750 se jednd o vlastn{ odvodiiova- | —— —- = — T — T —
ci Stolu, kterd je od staniceni km 0,190 situo-
védna pod Strahovskymi tunely (obr. 2). Zde
Stola jiz plni svou drendzni funkci.
V mistech s nejvet§simi zaznamenanymi pri-
toky do Strahovskych tunelu jsou jako dopliiu-
jici opatfeni navrzeny jimaci Stoly délky 25 m, -
které jsou kolmé na odvodnovaci Stolu. MEASURED ON THE SURFACE
Z téchto jimacich $tol jsou jesté vyprojektova- 11 I';f‘jgi‘ 1 g
né u zvodnélych dseki ve Strahovskych tune- T — . T : T
lech jimaci vrty. O umiSténi a Provedeni Zmi- | s T T I Y
nénych dopliujicich konstrukcf bude rozhod- |- & — — — — i 17 50 1 A S
nuto az v prubéhu budovani dila na zakladé ¢ 1_-:‘ ‘s‘ -;3
vyhodnoceni pfitoka do odvodiiovaci $toly. WS § € ¢
PROFILE [N THE WEST BOUND ¢/ PROFILEINTHEMIDDLEBOUND
6 PROBLEMATIKA STATICKEHO RESENI | i £of g LA
Jak jiz bylo zminéno v ivodu, do problema- |~ — — — — — — — I__-.'-*' _l = -[— e £ ,f_fL_.s.'_' il I... — —PCUNIEALER TARE_ |
tiky ndvrhu konstrukce a jejtho statického “H:“'i.ﬂ i RN js:ny.-w.-m-._: = +Hu...! \i
R 2 P v : 1.0 PRI (N B TS ok . REET e N i 54 1A A
reSeni zasdhl zejména stfet protichudnych +F X e 2 s Eme—= Y ———————-
pozadavkii geotechnikii a vodohospodafii. 08 1 "2"""[; g &4y $ ) Sl <Y 1)
Koncepce ,,sklddaného osténi“, viz niZe, w : \'!\\ 54 d
vychdzela z nékolika statickych posouzeni J ;"1 ¢ 1wt | PRESEUAMETRIC TEETS B THE HOLE
pomoci matematického modelovdni metodou DOBROTIV FORMATION - clay-silty shakes _F. 4 . A e 14
koneénych prvka (MKP). Vypolet MKP [TECTOMICALLY DISTURBED) ¢ f :-.’:?1::‘ '_x_?? & m
zohlednoval stav horninového masivu po rea-
lizaci razeb Strahovskych tunelt, tedy zhodno- CONVERGENCE MEASURMENT IM DRAINAGE GALLERY (Profile No. 109)

til redlné zatéZovaci podminky vyplyvajici
z dané geologické stavby a parametry zhutné-
né vrstvy kacirku zji§téné méfenim na stavbe.
Pravé diskuse o kvalité uloZeni ,.kacirkové‘
zaklddky jako plnoprofilového drénu a jeji
nasledné zavedeni do vypolta vyvoldvalo
zna¢nou nejistotu. Proto byly provedeny ové-
fovaci zkousky ,.in situ“ pro ovéfeni redlné

Obr. 4 Pri¢ny Fez (ve staniceni 0,200 km) v blizkosti raZeného jizniho portdlu Strahovskych tuneli — patr-
né umisteni odvodniovaci $toly; ve Strahovskych tunelech a odvodiiovaci §tole jsou vyznaéeny pomoci Sipek
deformace zmérené geotechnickym monitoringem raZby odvodiiovaci §toly a vyznacen presiometricky pru-
zkumny vrt do horninového pilire do nadloZi odvodiiovaci $toly

Fig. 4 Cross section (at chainage km 0.200) in the vicinity of the mined southern portal of the Strahov tun-
nels with the location of the drainage gallery marked in it; Deformations measured in the Strahov tunne-
Is and the drainage gallery by the monitoring of the drainage gallery excavation and a pressuremeter
exploratory hole drilled into the rock pillar in the drainage gallery overburden are marked by arrows




Obr. 5 Rozpérnd statickd zatéZovaci zkouska pouZitd pro zjisteni redlnych
hodnot modulu pretvdrnosti drendZni §térkové vrstvy v osténi odvodriovaci
Stoly

Fig. 5 The plate loading test used for the determination of real values of
modulus of deformation of the the drainage gravel layer in the gallery lining

hodnoty modulu pretvdrnostu uloZené vrstvy kacirku. Dvéma static-
kymi rozpérnymi zatéZovacimi zkouskami (obr. 5) byla ovéfena redl-
nad mira zhutnéni drendZnich zdsypu v osténi odvonovaci Stoly
a zjisténé hodnoty byly doporuCeny pro zminéné statické vypolty.
Navrh Zelezobetonovych paZin vychdzi téZ ze zatiZeni, kterd byla
ovérovana matematickym modelovani MKP.

Vysledkem celkové analyzy bylo stanoveni hranice kvality horni-
nového prostiedi s danymi geotechnickymi charakteristikami, které
spolehlivé zaru€uji stabilitu navrZzené konstrukce ,,sklddaného osté-
ni“ s plnoprofilovym drénem. Tato podminka je pevné zakotvena
v systému GTM a vyzaduje zvySeny geologicky a geotechnicky
dozor. V pripadé zastiZeni niZSich geotechnickych charakteristik
(lokaln{ tektonickd poruchové pasma apod.), neni mozné predpokla-
dat stabilni chovan{ systému ,,drendZniho* osténf a je nutno prejit do
systému s ocelovymi prvky a stfikanym betonem. Samoziejmé Ze
v tomto okamZiku je potlacena drendzni schopnost Stoly. Proto je
v nezbytném rozsahu navrzen systém stfidani typu osténi, tj. ostén{
ze stifkaného betonu je po urlité vzddlenosti preruSeno vloZenim
,»okna“ z drendzniho osténi — kacirku.

7 RESENi PRIENYCH PROFILU

Puvodni projekt provizorniho do¢asného osténi odvodiiovaci §toly
(autor Satra, s. r. 0.) uvazoval s osténim tvorenym stiikanym beto-
nem se svarovanymi sit€émi a vyztuznymi oblouky — podle zdsad
NRTM. Takto byla navrZena jak pristupovd, tak odvodnovaci ¢ést
Stoly. Po podrobném posouzeni poZadovanych hydrotechnickych
vlastnosti odvodnovaci §toly bylo rozhodnuto v odvodnovaci ¢ésti
provést konstrukéni zmény. V odvodniovaci ¢asti Stoly od stanice-
ni km 0,190 do 0,750 je nyni navrZeno ostén{ $toly jako silné pro-
pustné. Generelné toto osténi tvori podajné Zelezné vyztuzné dilni
oblouky typu K 21 (korytkova vyztuz) s rozte¢i 1 m se Zelezobeto-
novymi paznicemi (o délce 1 m, $ifce 0,15 m, tloustce 0,06 m), za
kterymi se ukladd drendzni vrstva $térku — praného kacirku (frakce
8—16 mm) o tloustce minimdlné 150 mm.

Profil odvodnovaci $toly je uzavien kruhovou protiklenbou
z ocelovych oblouku a Zeleznou siti vyztuZeného stiikaného betonu.
Celkové plocha teoretického vyrubu odvodriovaci Stoly je 10,51 m2.
Sitka nezajisténého vyrubu je 3,7 m a vyika 3,9 m. Charakteristicky
pri¢ny fez vCetné provizorniho osténi s drendzni §térkovou vrstvou je
na obr. &. 6. V pripadé, Zze geotechnické poméry budou vyrazné
nepriznivé, napriklad razba odvodnovaci Stoly bude prochdzet moc-
nou zlomovou zénou, bude v téchto oslabenych zéndch horninového
masivu pouzit ze statického hlediska vyhodnéjsi puvodné navrhova-
ny systém osténi z armovaného stifkaného betonu a ocelovych
vyztuznych oblouk bez $térkové drendZni vrstvy.
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the end of the gallery at km 0.750 it is the drainage gallery itself.
From chainage km 0.190 the gallery runs under the Strahov tunnels
(see the longitudinal section in Fig. 2). Here the gallery already fulfils
its drainage function.

Water extraction adits 25m long, perpendicular to the drainage gal-
lery, are designed as an additional measure for the locations where the
greatest inflows into the Strahov tunnels were registered. In addition,
extraction wells are designed to be drilled from the extraction adits in
the water-bearing sections of the Strahov tunnels. The decision on the
locations and implementation of the above-mentioned structures will
be made later, during the works, on the basis of assessment of inflows
into the drainage gallery.

6 STRUCTURAL DESIGN PROBLEMS

As mentioned in the introduction, the clash of contradictory requi-
rements of geotechnical engineers and hydraulic engineers affected
most of all the problems of the structural design and structural calcu-
lations. The concept of the segmental lining (see below) was based on
several structural analyses using mathematical modelling by means of
the Final Element Method (FEM). The FEM calculation took into con-
sideration the condition of the rock mass after the completion of the
Strahov tunnel excavation, which means that it assessed the real loa-
ding conditions following from the given geological structure and
parameters of the compacted pea gravel layer determined by in-situ
measurements. It was the discussion about the quality of the placement
of the pea gravel packing serving as a full-profile drain and the subse-
quent introduction of the packing into calculations that was a source of
a significant uncertainty. For that reason in-situ verification tests were
conducted to verify real values of the modulus of deformation of the
pea layer. Two plate loading tests (see Fig. 5) were conducted to veri-
fy the real degree of compaction of the drainage backfill of the draina-
ge gallery and the values determined by the tests were recommended
for the above-mentioned structural calculations. The structural design
for the reinforced concrete lags is, among others, based on the loads
which were verified by the FEM mathematical modelling.

The overall analysis resulted in the determination of limits for the
quality of ground environment with the given geotechnical characte-
ristics, which reliably guarantee stability of the proposed structure of
the segmental lining with the full-profile drain around it. This condi-
tion is firmly incorporated in the GTM system and requires increased
geological and geotechnical supervision. In the case that lower geo-
technical characteristics are encountered (local fault zones etc.), it is
impossible to assume that the “drainage” lining system will behave in
a stable manner, therefore it is necessary to switch to the system
employing steel elements and shotcrete. Of course, the draining capa-
city of the gallery is suppressed at that moment. For that reason,
a system in which the lining designs alternate, meaning that the shotc-
rete lining is interrupted at certain intervals by “windows” where the
gallery is provided with the draining lining using pea gravel, has been
designed to the necessary extent.

7 DESIGN FOR CROSS SECTIONS

The original design for the temporary lining of the drainage galle-
ry (by Satra s.r.0.) proposed a lining consisting of shotcrete with wel-
ded mesh and support arches — according to the NATM principles.
This system was designed for both the access portion and draining
portion of the gallery. A decision was made after a detailed assess-
ment of required hydrotechnical properties of the drainage gallery
that structural changes would be implemented in the draining portion.
A heavily permeable lining is now designed for the draining portion
of the gallery from chainage km 0.190 to km 0.750. In general, this
lining consists of K21-type TH colliery yielding arches installed at
1.0m spacing and reinforced concrete lags (1m long, 0.15m wide and
0.06m thick), with a minimally 150mm thick drainage layer of gravel
— washed pea gravel (size fraction 8 — 16mm) packed behind it.

The profile of the drainage gallery is closed by circular invert con-
sisting of steel arches and shotcrete reinforced with welded mesh. The
total theoretical excavated area of the drainage gallery is 10.51m?2.
The width and height of the unsupported excavation is 3.7m and 3.9m
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(U ODVODNOVACI $TOLA

LEGENDA / LEGEND
1 - drendzni vrstva 150 mm / drainage layer 150mm
prany kacirek frakce 8-16mm / washed pea gravel 8-16mm fraction
- zelezobetonové paznice 50 mm / reinforced concrete lags 50mm thick
- ocelova dlilni vyztuz K 21 / K21-profile colliery arches
- prostor pro def. osténi 150 mm / space for final lining of 150mm
- hrana budouci definitivni konstrukce / edge of future final structure
- VZT / ventilation
- osvétleni/ lighting
- kabely / cables

o B w N

- vytlak / pressure pipe-line
- beton 30/37 SVC-XA3 / concrete 30/37 SVC-XA3
- poklop — kompozitni mfizka (rost) / cover — composite grid (grate)
- plastova drendzni Sachtice Vario DN 400 / plastic drainage manhole Vario DN 400
0 - beton C 30/37 SVC-XA3 / concrete C 30/37 SVC-XA3
- geotextilie / geotextile
- prany kacirek frakce 8-16 / washed pea gravel 8-16mm fraction
- beton 30/37 SVC-XA3 / concrete C 30/37 SVC-XA3
11 - drendzni truky PE 100-200x11,4 ; 2/3 dérované, Stérbiny podéiné se $itkou 6 mm
PE 100-200x11.4 drainage pipes; 2/3 perforated, longitudinal slots 6mm wide

— © N>

Obr. 6 Vzorovy pri¢ny Fez a pohled na vybudované doc¢asné osténi odvodrio-
vaci $toly s drendzni §térkovou vrstvou

Fig. 6 Typical cross-section and a view of the completed drainage gallery
primary lining with the drainage gravel layer

Konstrukce provizorniho docasného osténi je navrZena na dobu
urcitou (do 5 let od vybudovéni). V soucasnosti neni je§té projektové
reSené osténi definitivni. Predpoklada se vSak jako osténi z litého beto-
nu. Na obr. 6 je ve vzorovém pri¢ném fezu naznacen dosah definitiv-
niho osténi do vyrubu. Samotnd realizace definitivniho osténi je odvis-
14 od rozhodnut{ pripadného prodlouZeni odvodnovaci $toly, které by
nésledovalo po vyhodnocenti jeji dosavadni funkce. Razba odvodnova-
cf Stoly je v soucasnosti provddéna v jilovitoprachovitych bridlicich
pomoci raziciho stroje — vyloznikové frézy. S tim souvisi i to, Ze pric-
ny profil §toly byl uzptsoben strojovému vybaveni stavby — nejen razi-
cimu mechanismu, ale i kolové dopravé. Pfi ndsledné uvazované razbé
v pevnych kfemencich se predpoklddd pouZiti trhacich praci.

8 DOPLNUJICI GEOTECHNICKE PRUZKUMY V PRUBEHU
RAZBY ODVODNOVACI STOLY

Pro vlastni projekt odvodnovaci Stoly se vychédzelo pouze ze zna-
losti vysledku geotechnickych prazkumt pro Strahovské automobi-
lové tunely. Nebyly tedy pred zapoletim razby Stoly realizovdny
74dné nové prazkumné prace s terénnimi zkouskami mechaniky hor-
nin, které by ovérily soucasné geotechnické charakteristiky vystihu-
jici stav horninového masivu po dokonceni stavebnich konstrukci
Strahovskych tunelu.

Proto bylo nutné provést v nékolika mistech odvodnovaci Stoly dopl-
fujici geotechnické pruzkumy, které by upfesnily soucasny stav geo-
technickych poméru v okoli odvodnovaci $toly. Jednalo se zejména
o misto podchodu odvodnovaci §toly pfimo pod tubusem Strahovského
tunelu [5], ddle pak v blizkosti vyhodnocovaciho sdruzeného profilu ve
stani¢eni 0,200 km [6] (obr. 4) a v souCasnosti také v predstihu

respectively. The typical cross-section, including the temporary lining
with the gravel drainage layer, is shown in Fig. 6. If the geotechnical
conditions are substantially unfavourable, for example if the excava-
tion passes through a thick fault zone, the originally designed system
of lining consisting of reinforced shotcrete and steel arches without
the drainage gravel layer will be applied within such weakness zones
of the rock mass. This solution is more favourable in terms of the
structural calculation.

The temporary lining structure is designed for a determinate time
(ending 5 years after its completion). The design for the final lining
has not been finished yet. It is expected that the structure will be in
cast-in-situ concrete. The reach of the final lining into the excavated
space is outlined in Fig. 6. The construction of the final lining itself
depends on the decision on contingent extension of the drainage gal-
lery, which would follow after assessing its function till that time is
carried out. The excavation of the drainage gallery is currently proce-
eding through clayey-silty shales using a tunnelling machine —
a cutter boom. The fact that the cross-section of the gallery was adap-
ted to the mechanical equipment (not only the driving equipment but
also rubber-tyred haulage) also relates to the use of this machine. The
drill and blast technique is expected to be used during the subsequent
excavation passing through strong quartzites.

8 SUPPLEMENTARY GEOTECHNICAL SURVEYS DURING THE
COURSE OF THE EXCAVATION OF THE DRAINAGE GALLERY

The design for the drainage gallery itself started only from the
knowledge of results of geotechnical surveys which had been con-
ducted earlier for the Strahov automobile tunnels. No new surveys
comprising rock mechanics field tests, verifying the current geotech-
nical properties giving a true picture of the rock mass state after the
completion of the Strahov tunnels had been carried out before the
commencement of the gallery excavation.
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Obr. 7 Provddéni dopliiujiciho geotechnického pruzkumu pomoci presiome-
trickych zkousek v pruzkumnych vrtech. Vpravo pretvdrny diagram — vyhod-
noceni presiometrické zkousky

Fig. 7 Implementation of a supplementary geotechnical survey by means of
pressiometric tests in survey boreholes. For the right — the stress-strain curve
— evaluation of the pressiometric test

z tunelové propojky TP 1 Strahovskych tuneld (ve stanieni Stoly
0,400 km — obr. 8). V poslednich dvou uvadénych piikladech byly pru-
zkumné vrty a terénni geotechnické zkousky (presiometrické zkousky)
zaméreny na overeni soucasnych geotechnickych vlastnosti horninového
pilite Strahovskych tuneld, ktery je v piimém nadlozi odvodiiovaci Stoly.
Cilem provadénych dopliujicich geotechnickych pruzkumu bylo ziskat
aktudlni geomechanické charakteristiky horninového masivu pro static-
ké vypocty, provddéné pomoci matematického modelovéni, metodou
kone&nych prvku. VSechny tfi dopliiujici prazkumy vyrazné upfesnily
mistni geotechnické charakteristiky, zejména pretvarné vlastnosti horni-
nového masivu. Zvlaste presiometrické zkousky provadéné ze Stoly
v blizkosti vyhodnocovaciho profilu 0,200 km (obr. 4) a v predstihu
i provedené zkousky z tunelové propojky Strahovskych tunell (obr. 8)
ovetily deformaéni vlastnosti vyrazné zlomove tektonicky porusenych
péasem dobrotivskych jilovitoprachovitych bridlic s nizkymi hodnotami
presiometrického modulu pretvarnosti. U vyhodnocovaciho profilu
0,200 km byla v navétralém, tektonicky poruseném horninovém masivu
naméfena prumérnd hodnota Edef,p 54 MPa. U pravé realizovanych
zkousek z tunelové propojky €. 1 Strahovského tunelu lze ocekdvat
obdobné nizké hodnoty. Vysledky dopliiujicich geotechnickych prazku-
mu jsou nejen pouZivdny pro Upravu statickych vypoctu, ale i pro pri-
padnou volbu pouziti alternativniho systému provizorniho osténi napf.
v tektonicky oslabenych zénich horninového masivu, kde ocekdvame
zvySené deformace pri razbé odvodnovaci Stoly.

9 GEOTECHNICKY MONITORING RAZBY ODVODNOVACI STOLY

V prubéhu vystavby odvodiiovaci $toly jsou od pocatku razby
X/2009 méfeny a ndsledné vyhodnocovany deformace na realizova-
né konstrukci odvodniovaci Stoly (konvergencni méfeni) a také defor-
mace konstrukce Strahovskych tuneli a povrchové zastavby vcetné
terénu (geodetickd méfeni). V prubéhu raZeb jsou téZ kontinudlné
sledovany inzenyrskogeologické, geotechnické a hydrogeologické
poméry na nezajisténém Cele vyrubu. Naplni geotechnického moni-
toringu pii razbé odvodniovaci Stoly je prabézné oveérovani shody
predpokladu danych projektem se skute¢nosti — zejména zda bylo, i
nebylo dosaZzeno maximdlnich meznich deformaci, resp. projektem
definovanych varovnych stava.

V ramci geotechnického monitoringu jsou realizovdna i dopro-
vodnd méfeni a sledovani jako jsou kontrolni dynamicka a akustickd
méfeni, pasportizace objektld nadzemni zdstavby apod.

For the above reason it was necessary to carry out supplementary
geotechnical surveys in several locations of the drainage gallery,
designed to refine the information on the current state of geotechnical
conditions in the drainage gallery surroundings. Among the locations,
there was for example the passage of the drainage gallery directly
under one of the Strahov tunnel tubes [5], a location in the vicinity of
the combined assessment profile at chainage km 0.200 [6] (see Fig. 4)
and, currently, even in advance from the cross passage TP1 conne-
cting the Strahov tunnel tubes (gallery chainage km 0.400 — see Fig.
8). In the latter two cases the exploration boreholes and field geo-
technical tests (pressuremeter tests) were focused on the verification
of current geotechnical properties of the rock pillar between the
Strahov tunnel tubes, which is found directly above the drainage gal-
lery. The objective of the supplementary geotechnical surveys which
were conducted was to gather topical geomechanical characteristics
of the rock mass required for structural analyses using mathematical
modelling by means of the Finite Element Method. All of the three
supplementary surveys significantly improved the existing informati-
on about local geotechnical characteristics, first of all the deformati-
onal properties of the rock mass. Especially the pressuremeter tests
which were carried out from within the galley in the vicinity of the
monitoring profile at km 0.200 (see Fig. 4) and tests carried out in
advance from within the cross passage connecting the Strahov tunne-
Is (see Fig. 8) verified the deformational properties of the markedly
faulted zones of the Dobrotiv clayey-silty shales, featuring low valu-
es of the pressiometric modulus of deformation. The average value of
Edef,p of 54 MPa was measured at the assessment profile at km
0.200, found in little weathered, tectonically disturbed rock mass. It is
possible to expect that similarly low values will be determined by the
tests which are currently being conducted in the cross passage No. 1.
The results of the supplementary surveys are not only used for adjus-
ting structural calculations but also for the contingent selection of an
alternative system of the primary lining, e.g. for sections passing
through fault zones in the rock mass, where increased deformations
during the course of the drainage gallery are expectable.

9 GEOTECHNICAL MONITORING OF THE DRAINAGE
GALLERY EXCAVATION

Deformations of the drainage gallery structure (convergence measu-
rements) and deformations of the Strahov tunnel structures and exis-
ting buildings, including the settlement of the ground surface (topo-
graphical measurements), have been measured and assessed during the
course of the drainage gallery excavation since the beginning of the
excavation in October 2009. Engineering geological, geotechnical and
hydrogeological conditions at the unsupported excavation face are also
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9.1 Popis a vysledky vybranych méfeni

Geologicko geotechnické sledovani vyrubu

Prabézné s razbou odvodriovaci $toly je provddéna geologicko
geotechnickd dokumentace nezajisténého Cela vyrubu. V soucasné
dobé (X1/2010) je Stola vyrazena do stani¢eni km 0,340 a razba pro-
zatim probihd v ordovickych hornindch dobrotivského souvrstvi.
Z litologického hlediska se jednd o jilovité az prachovité bridlice,
které jsou mistné silné rozpukané a v nekterych mistech se v nich
vyvinula i nékolik metrd mocnd poruchovéd padsma s vyplni podrcené
horniny charakteru zeminy. V téchto mistech dochédzelo k zvySenym
deformacim nosného systému Stoly.

Meéreni poklesu terénu a objektu nadzemni zastavby

V dusledku razby odvodiiovaci §toly se na povrchu tzemi vytvari
poklesovd kotlina sledujici osu dila, a to jak v pficném, tak
i podélném sméru. Z matematického modelovani vyplynul predpo-
klad jejiho rozsahu, a tedy i dosahu ovlivnéni razby na nadzemni
zastavbu. V projektu byly definovany oc¢ekdvané i maximdlni dovo-
lené hodnoty poklest terénu (i zdstavby), coz bylo 12 mm
a maximalni dovoleny sklon poklesové kotliny s ohledem na zastav-
bu 1:800.

Pro sledovani prab&hu poklesové kotliny byly osazené geodetické
body jednak na terénu (nad osou $toly a ve 3 pfi¢nych vyhodnoco-
vacich profilech) a také na objektech nadzemnf{ zdstavby uvnitr zony
ovlivnéni. Maximdlni zméfeny pokles terénu prozatim cinnf
10,2 mm a byl zaznamendn v mistech, kde byly méfeny nejen zvy-
Sené deformace osténi v odvodnovaci §tole, ale také i na konstrukci
Strahovskych tuneld. Horninovym masivem v téchto mistech pro-
chdzi vyraznd tektonickd poruchovd (zlomovd) zdéna (obr. 4).
Maximaélni zméfeny pokles objekti nadzemni zdstavby prozatim
¢inni 8,9 mm. Maximélni zméfené a vyhodnocené nerovnomérné
seddn{ prozatim ¢innf 1:16000.

Meéreni deformaci ve Strahovskych automobilovych tunelech

Odvodnovaci §tola se prevdzné razi v horninovém pilifi mezi std-
vajicimi Strahovskymi tunely (respektive pod nimi), a tedy obé tune-
lové roury leZi v poklesové zéné Stoly. Pohyb konstrukci tubust
Strahovskych tunell se proto kontroluje jednak nivelaénim méfenim
bodu na okraji vozovky, a také pomoci 3D vyhodnocovacich profilu,
které jsou méfeny trigonometricky a jsou osazovdny do nosnych
konstrukei Strahovskych tunelu. U téchto profilt jsou vyhodnocova-
ny pri¢né i podélné posuny vici ose tunelu a predeviim také seddni.
Maximadlni dovolené hodnoty poklest u bodi ve vozovce byly sta-
noveny na 14 mm. U 3D bodu byla stanovena maximalni dovolend
deformace ve svislém sméru 14 mm a ve vodorovném 4 mm.

Pro sledovéani deformaci ve Strahovskych tunelech bylo osazeno
celkem 22 geodetickych bodu na vozovce a 17 3D vyhodnocovacich
profild. Maximalni zméfeny pokles bodl na vozovce Strahovskych
tunelt prozatim ¢inni 9,1 mm. U 3D profild byl prozatim zméfen
maximdln{ pokles 13,9 mm na profile 5 v blizkosti jiZ zminéné poru-
chové zény (tyto deformace ve Strahovskych tunelech jsou vyznace-
né na obr. 4). Podélné deformace ve 3D profilech nejsou vyrazné —
pohybuji se do 3 mm, pri¢né dokonce jen do 2 mm.

Meéreni deformaci v odvodnovaci Stole (konvergenéni méreni)

Pomoci konvergen¢niho méfeni ziskdvdme informace o radidlnich
deformacich primérniho osténi odvodnovaci §toly s cilem ovérit jak
stabilitu nosného systému, tak i tvarové zmény vyztuZeného profilu
Stoly. Deformace nosného systému jsou na odvodnovaci §tole mére-
né v tiibodovych konvergen&nich profilech. Vzdélenost konvergenc-
nich profilu se zde pohybuje v rozmezi 15 az 25 m zévislosti na
vysce nadloZi, predpoklddanych inZenyrskogeologickych pomérech
¢i na poloze predpoklddanych rizikovych mist stavby (napf. podchod
pod tunelovou troubou Strahovskych tunelt). V pripadé zastizeni
zhorSenych podminek na cele vyrubu (tektonickd poruchovd pdsma)
jsou vzdy operativné vloZeny dal§i konvergenéni profily.

Maximdlni dovolené konvergence byly definovadny projektem jak
pro ostén{ ze stiikaného betonu, tak pro osténi s drendzni §térkovou
vrstvou mezi Zelezobetonovymi paznicemi a horninovym masivem.
Ve svislém sméru byla definovédna projektem jako maximdlni dovo-
lend hodnota 20 mm a ve vodorovném sméru 15 mm. Pfi konver-
genénim mereni byla skute¢n€ zaznamendna maximélni hodnota
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continually monitored during the course of the excavation. The focus
of the geotechnical monitoring during the course of the drainage gal-
lery excavation is to continually verify the agreement of assumptions
contained in the design with the reality — first of all whether maximum
limit deformations or the warning states specified by the design have
or have not been reached.

In addition, the geotechnical monitoring comprises attending mea-
surements and observations, such as checking dynamic and acoustic
measurements, condition surveys of existing buildings etc.

9.1 Description and results of selected measurements
Geological and geotechnical monitoring of excavation
Geological and geotechnical documentation of the unsupported

excavation face is maintained simultaneously with the drainage galle-
ry excavation. As of today (November 2010), the gallery excavation,
still passing through Ordovician rocks of the Dobrotiv Beds, has been
completed up to chainage km 0.340. From the lithological point of
view, the rocks comprise clayey to silty shales, which are locally hea-
vily fractured, with several metres thick fault zones filled with broken
rock of the soil character developed in these zones. Increased defor-
mations of the gallery excavation support system were recorded in
these locations.

Measurements of the settlement of ground surface and existing
buildings

A settlement trough has been developing on the surface as a result
of the underground excavation of the drainage gallery, following the
centre line of the gallery both in transverse and longitudinal directi-
ons. The prediction for its extent and the reach of the impacts on exis-
ting buildings followed from the mathematical modelling. The design
defined the anticipated and maximum permissible values of the terra-
in (and buildings) subsidence to be 12mm, and the maximum permis-
sible settlement trough slope value taking into consideration the exis-
ting buildings to be 1:800.

Survey points for monitoring of the development of the settlement
trough were installed both on the surface (above the gallery centre
line and at 3 assessment profiles) and on the buildings found within
the zone affected by the gallery excavation. The maximum till now
measured terrain subsidence has amounted to 10.2mm. It was recor-
ded in the location where increased deformations had been measured
not only in the drainage gallery but also on the Strahov tunnel struc-
tures. In this location the rock mass is cut through by a significant
fault zone (see Fig. 4). Till now the maximum subsidence of buildings
has reached 8.9mm. The maximum measured and evaluated differen-
tial settlement value has amounted to 1:16000.

Measurements of deformations inside the Strahov automobile
tunnel tubes

The drainage gallery is mostly driven through the rock pillar bet-
ween the existing Strahov tunnel tubes (under their bottom level); the-
refore both tunnel tubes are found in the zone of settlement induced
by the gallery excavation. For that reason the movement of the
Strahov tunnel tubes is checked both by levelling survey of points
installed at the edge of the roadway and by means of 3D assessment
points, which are installed in load-bearing structures of the Strahov
tunnel, to be surveyed trigonometrically. Transverse and longitudinal
movements relative to the tunnel centre line and, first of all, the sett-
lement values are assessed at these profiles. The maximum permis-
sible settlement values set for the points in the roadway are 14mm.
The maximum allowable vertical and horizontal deformations set for
the 3D points are 14mm and 4mm, respectively.

The total of 22 survey points were installed in the roadway and 17
3D assessment profiles were established for the purpose of monito-
ring deformations inside the Strahov tunnel tubes. The maximum till
now measured subsidence of the points in the Strahov tunnel road-
ways has amounted to 9.1mm. As far as the 3D profiles are concer-
ned, maximum subsidence of 13.9mm was measured at profile No. 5,
in the vicinity of the above-mentioned fault zone (these deformations
in the Strahov tunnel tubes are marked in Fig. 4). The longitudinal
deformations at the 3D profiles, reaching up to 3mm and transverse
deformations not exceeding 2mm, are not significant.
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CROSS SECTION AT ABSOLUTE POSITIONG KM 0403

STREET “NA HREBENRKACH"

MEASURED OM THE SURFACE

Measurements of deformations in the
drainage gallery (convergence measure-
ments)

Convergence measurements provide
information on radial deformations of the
drainage gallery primary lining, allowing us
to verify both the stability of the load-bea-
ring system and changes in the geometry of
the profile of the gallery profile provided
with the primary support. Deformations of
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the load-bearing system of the drainage gal-
lery are measured at three-point convergen-
ce profiles. The convergence profiles are
installed at intervals ranging from 15 to
25m, depending on the overburden height,
the anticipated engineering geological con-
ditions or the locations where risk conditi-
ons are expected (e.g. the passage under the
Strahov tunnel tube). If worsened conditi-
ons are encountered at the excavation face
(fault zones), additional convergence mea-
surement profiles are always operatively
inserted.

The maximum permissible convergen-
ces were defined by the design for both the
shotcrete lining and the lining containing the
drainage gravel layer between reinforced
concrete lagging and the rock mass. The
values of 20mm and 15mm were defined by
the design as maximum allowable for the
vertical and horizontal directions, respecti-
vely. The maximum horizontal and vertical
convergence values actually registered by
the convergence measurements were
28.22mm and 18.22mm, respectively. These
values were measured on the lining contai-
ning the above-mentioned drainage pea gra-
vel layer, during the course of the excavati-
Em on passing through the pronounced fault
zone at chainage km 0.200. It was exactly
the location where both the maximum

Obr. 8 Navrzeny sdruzeny pruzkumny a vyhodnocovaci profil ve stani¢eni 0,403 km v problematickém tiseku

razby pod ul. Na Hrebenkdch v Praze 5-Smichov

Fig. 8 The combined survey and assessment profile proposed for the chainage km 0.403, found in

a problematic excavation section under Na Hrebenkdch Street

konvergence ve vodorovném sméru 28,22 mm a ve svislém sméru
pak bylo zméfeno max. 18,22 mm. Téchto hodnot bylo dosaZeno na
ostén{ z vySe zminénou drendzni Stérkovou vrstvou kacirku, a to pfi
razbé ve vyrazném tektonickém poruchovém pdsmu ve stani¢eni
0,200 km. Bylo to pfesné¢ v misté, kde byly namereny jak maximal-
ni poklesy terénu, tak i maximdlni deformace na konstrukcich
Strahovského tunelu (to je opét patrné na obr. 4). Z divodu prekro-
¢eni maximadlnich hodnot deformaci jak ve vodorovném, tak i ve
svislém sméru a z divodu dal$iho nepriznivého trendu deformaci
osténi $toly se muselo v tomto tseku pristoupit k dodate¢nému vyz-
tuZeni tohoto osténi s drendzni vrstvou jednak pomoci dokotven{
(radidlnimi kotvami o délce 6 m), a také byla dodate¢né pridand vrst-
va stfikaného betonu vyztuZzeného ocelovymi sitémi.

Na zédkladé poznatkl z vyhodnocovaciho profilu v km 0,200 (obr.
4), kde byly v poruchové zlomové z6éné v prachovitojilovitych dob-
rotivskych bridlicich naméfeny nejvétsi deformace v odvodnovaci
Stole, ve Strahovskych tunelech i na terénu, byl navrzen dalsi sdru-
Zeny pruzkumny a vyhodnocovaci profil ve strani¢eni km 0,403
(obr. 6) — v misté tunelové propojky ¢. 1 mezi Strahovskymi tunely,
pod ul. Na Hfebenkdch. Tento profil byl vybrdn predev§im
z duvod, Ze pii razbé Strahovskych tuneli zde byly naméfeny nej-
vétsi deformace 81 mm, a to v extenzometru, situovaném do horni-
nového pilifi mezi tunely [1]. Tyto deformace z drovné tunelu se

ground surface settlement values and the
maximum deformations of the Strahov tun-
nel structures were registered (this is also
shown in Fig. 4). Because of exceeding the
maximum values of deformations in this
section, both horizontal and vertical, and with respect to the continu-
ing unfavourable trend in deformations of the gallery lining, it was
necessary to install additional reinforcement of this lining (containing
the drainage gravel layer) not only by additional anchoring (6m long
radial anchors), but also by adding a layer of shotcrete reinforced with
welded mesh.

Based on findings gathered at the assessment profile at km 0.200
(see Fig. 4), where the greatest deformations were measured in the
fault zone consisting of the silty-clayey Dobrotiv Shale (in the drai-
nage gallery, in the Strahov tunnel tubes and on the ground surface),
additional combined survey and assessment profile was designed for
chainage km 0.403 (see Fig. 6), which is the location of the cross pas-
sage No. 1 between the Strahov tunnel tubes, found under Na
Hrebenkach Street. This profile was selected first of all because of the
fact that this was the location where the greatest deformations had
been measured during the Strahov tunnel tubes excavation, reaching
81mm (on the extensometer installed in the rock pillar between the
tunnel tubes [1]). These deformations gradually copied themselves
from the tunnel level up to the terrain surface. The increase in the
deformations induced by the Strahov tunnel tubes excavation was
again caused by the presence of a fault zone.

A supplementary geotechnical survey by means of pressuremeter tests
conducted in boreholes to be used both for extensometer measurements
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postupné prokopirovaly na terén. ZvySené deformace od razby
Strahovskych tuneli byly zpusobeny opét pritomnosti zlomové
poruchové zény.

Ve vyse jmenovaném vyhodnocovacim profilu ve strani¢eni km
0,403 (v misté tunelové propojky Strahovskych tuneld) byl nyni
(X1/2010) v predstihu pred razbou (vzdélenou cca 60 m) realizovan
doplnujici geotechnicky pruzkum pomoci presiometrickych zkousek,
realizovanych ve vrtech, jeZ budou vyuZité jednak pro extenzome-
trickd méfeni a jednak pro hydrogeologickd méfeni (piezometr).
Kromé extenzometru a piezometru jsou zde také jiz instalovdny na
konstrukcich Strahovkych tuneli vyhodnocovaci 3D profily a na
terénu nivela¢ni body. To v§e je patrné na obr. 8.

V tomto profilu se opét ofekdvaji zvySené deformace od razby
odvodnovaci $toly.

10 ZAVER
Razba odvodnovaci Stoly je v dne$ni dobé pfiblizné v jedné treti-
né celkové své planované délky a zasluhou komplexniho a v€asného
vyhodnocovéni geotechnického monitoringu a také zasluhou realiza-
ce dopliujicich geotechnickych prazkumu (presiometrické zkousky,
jadrové vrty do predpoli Stoly apod.) nedoslo k Zddnym mimorad-
nym uddlostem — zZddnym havériim. Geotechnicky monitoring pri-
spél i k tdspésnému prekondni geotechnicky problematickych mist
v pribéhu razby, jako bezesporu bylo podchézeni provozovanych
Strahovskych tunelu ¢i razba v tektonickém zlomovém pdsmu, které
mélo charakter zeminy. Pravé v mistech silného tektonického poru-
Seni horninového masivu se ndm osvéd¢ilo realizovat sdruzené
vyhodnocovaci profily s méfenimi v odvodnovaci $tole, na kon-
strukcich Strahovskych tunelu, tak i na terénu. Zde na zakladé kom-
plexniho vyhodnoceni vSech téchto méfeni doslo v problematickych
usecich razby k vEasnému zesileni osténi odvodnovaci $toly, coz
piesné odpovidd principim observaéni metody ndvrhu razby.
Vystavba odvodnovaci §toly s nové navrZzenym systémem oste-
ni (s Stérkovou zaklddkou jako plnoprofilovym drénem) je z hlediska
statiky i z hlediska vyhodnoceni provddéného geotechnického moni-
toringu bedlivé sledovdna a proveéfovdna. Problematickymi dseky
razby byly pro tento systém razby vyrazné tektonické poruchy (poru-
chova pdsma) v horninovém masivu, kde tato metoda musela byt
operativné prizpusobena zastizenym geologickym pomérum.
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and for hydrogeological measurements (a piezometer) was installed
in November 2010, in advance of the excavation (at the distance of
about 60m) at the above-mentioned assessment profile at chainage km
0.403 (the location of the cross passage between the Strahov tunnel
tubes). Apart from the extensometer and the piezometer, 3D assess-
ment profiles have been established in the Strahov tunnel tubes, and
levelling points were installed on the ground surface. All of this is
shown in Fig. 8.

Increased deformations induced by the excavation of the drainage
gallery are again expected at the above-mentioned profile.

10 CONCLUSION

The excavation of the drainage gallery has till now proceeded app-
roximately to one third of the total planned length and, owing to com-
prehensive and timely assessing of the geotechnical monitoring
results and thanks to the implementation of supplementary surveys
(pressuremeter tests, core holes drilled into the gallery excavation
face-advance core etc.) no extraordinary events — no incidents — were
experienced. The geotechnical monitoring also contributed to
successful overcoming geotechnically problematic locations during
the course of the excavation; the passage under the operating Strahov
tunnels or driving the gallery through a fault zone having the charac-
ter of soil undoubtedly belong among them. It was especially in the
locations heavily disturbed by faulting that the implementation of
combined assessment profiles proved itself best, allowing measure-
ments to be carried out inside the drainage gallery, on the Strahov tun-
nel structures and on the ground surface. The lining of the drainage
gallery was timely reinforced on the basis of the comprehensive
assessment of all of the above-mentioned measurements, exactly in
line with principles of the observational excavation method proposed
by the design.

The construction of the drainage gallery with the newly designed
lining system (comprising the gravel packing acting as a full-profile
drain) has been thoroughly followed and examined in terms of struc-
tural calculations and the geotechnical monitoring being conducted.
The excavation sections which were problematic for this tunnelling
system comprised profound tectonic faults (fault zones) in the rock
mass, where this method had to be operatively adapted to the actual-
ly encountered geological conditions.
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HLOUBENY TUNELOVY USEK 2. STAVBY STRAHOVSKEHO
AUTOMOBILOVEHO TUNELU V PRAZE 6
COVER-AND-CUT / CUT-AND-COVER TUNNEL SECTION
OF CONSTRUCTION PACKAGE 2 OF THE STRAHOV AUTOMOBILE
TUNNEL, PRAGUE 6

OTA SPINKA, MIROSLAV KOLARIK

uvoD

V breznu roku 2010 byla zahédjena dal3{ stavba méstského okruhu
v Praze. Ve fdzi pfipravy a realizace je tato stavba hloubenych tune-
1o vedena jako souldst dnes jiZz historického souboru staveb
Strahovsky automobilovy tunel (SAT). V tomto pripadé se jednd o 2.
stavbu SAT — ¢ast 2. B, kterd v ul. Patockova v Praze 6 navazuje na
jiz dokonéenou stavbu mimotdroviiové kiizovatky Malovanka — ¢dst
2. A. Jelikoz vSak hloubené tunely stavby SAT 2. B na druhém
svém konci plynule navazuji na tunely na stavbé ¢. 9515 méstsky
okruh v dseku Myslbekova — Prasny most, tak z pohledu technolo-
gie a provozu budoucich tuneli jsou zaclenény do realizovaného
tunelového komplexu Blanka. Tento vyznamny meéstsky tunelovy
komlex bude mit v budoucnu od mimodroviiové kfizovatky
Malovanka az do Troje tctihodnou celkovou délku 5,5 km.

Stavba SAT 2. B je podle typu stavebnich praci a jejich postupu
rozdélena do tif fdzi, z toho hlouben{ tunelt je soucasti druhé a treti
fdze. V prvni fdzi §lo o pripravné préce a prelozky inZenyrskych siti.
Ve druhé fazi bylo provedeno zajisténi stavebni jamy pomoci zépo-
rového kotveného pazeni. Na dn¢ této stavebni jamy budou realizo-
vany podzemni stény, na kterych se vybetonuje stropni deska
budouciho tunelu v rdmci technologie hloubeného tunelu, provadé-
ném Celnim odtéZovdni, tzv. modifikovanou mildnskou metodou
(MMM). Principu této metody se podrobné zabyva SOUREK, et al.
(2010). Ve treti fdzi bude v dal$im useku oteviena stavebni jama
zajisténd kombinaci zdporového a pilotového kotveného paZeni.
V této stavebni jamé budou vybudovény klenbové tubusy realizova-
né jiz klasickou metodou v oteviené stavebni jame.

Tento Cldnek se vénuje hlavné zajisténi stavebnich jam pro
vystavbu hloubenych tuneld.

REALIZACE PROJEKTU

Investorem celého tseku SAT 2. B je odbor méstského investora
Magistrdtu hlavniho mésta Prahy, zastoupeny mandatdrem firmou
VIS, a. s., kterd zajistuje rovnéZ geotechnicky monitoring.

Projektovou dokumentaci zajistuje jako generalni projektant spo-
le¢nost PUDIS, a. s.

Reeni nosné konstrukce hloubeného tunelu vychazi rovnéz
z projektu technologie tunelu Blanka, ktery zajistuje Satra, spol.sr. 0.

Celou stavbu na zdkladé vysledka vefejné soutéZe realizuje sdru-
Zeni firem EUROVIA CS, a. s., a Energie stavebni a banskd, a. s., ze
staveni§té v prostoru mezi kfizovatkou Malovanka a kfiZzovatkou
ulic Patockova — StreSovicka.

Veskeré konstrukce specidlniho zakldddni na této stavbé, tj.
zdporové pazeni, pilotové stény, kotveni, zajisténi okolnich objek-
ta pomoci injektdZi a v neposledni fadé rovné€Z vlastni konstruké-
ni podzemni stény, které jsou zdkladnim prvkem metody MMM,
pak provadi firma Zakldddn{ staveb, a. s., bud primo pro sdruZen{
firem, nebo pro Metrostav a. s. divizi 5, kterd se na této stavbé
také podili.

ZAKLADNI UDAJE O STAVBE

Stavba ¢. 0065 — hloubeny tunel MO (Strahovsky tunel — Mysl-
bekova) patii do souboru staveb Strahovsky automobilovy tunel

INTRODUCTION

Package 2 of the Strahov Automobile Tunnel (SAT), Part 2 B —
Cover and cut tunnel on the (CCR) (SAT 2 B), which links to the
already completed part SAT 2 A — the Malovanka Ground-Separated
Intersection (GSI) and the Blanka complex of tunnels, lot No. 9515
Myslbekova — Pelc-Tyrolka. March 2010 saw the commencement of
works on another part of the City Ring Road in Prague. In the plan-
ning and construction phase, this construction of cut-and-cover and
cover-and-cut tunnels is referred to as part of the, today already his-
toric, package of structures forming the Strahov Automobile Tunnel
(SAT). In this particular case it is Stage 2 of the SAT, Part 2B, which
connects in Patockova Street, Prague 6, to the already completed
construction of the Malovanka Grade-Separated Intersection Part
2A. On the other hand, since the SAT 2 B cut-and-cover tunnels on
the other end fluently connect to tunnels forming construction lot
9515 of the City Ring Road section in the Myslbekova — PraSny
Most; in terms of the tunnel equipment and operation of the future
tunnels, they are incorporated into the Blanka complex of tunnels.
The total length of this important complex of urban tunnels starting
from the Malovanka grade-separated intersection and ending in the
district of Troja will amount to respectable 5.5km. Part 2 B is sub-
divided into three stages, with the cut-and-cover tunnel forming part
of Stage 2 and Stage 3. Phase 1 comprised enabling works and
diversions of utility networks. The installation of anchored soldier
pile and lagging walls supporting the construction trench was carri-
ed out at Stage 2. Diaphragm walls will be carried out at the bottom
of this construction trench and the future tunnel roof deck will be
cast upon them within the framework of the cover-and-cut techni-
que, i.e. the so-called Modified Milan Method (MMM). The prin-
ciple of this method is dealt with in detail by SOUREK et al. (2010).
During the third stage a construction trench will be excavated, with
the support combining anchored soldier pile and lagging walls and
pile walls. Tunnel tubes with upper vaults will be built in this trench,
to be constructed using the classical cut-and-cover technique.

This paper is mainly devoted to support systems for open trenches
for cut-and-cover tunnels.

PROJECT IMPLEMENTATION

The project owner for the entire SAT 2 B section is the City
Investor Department of the Prague Municipality, represented by VIS
a.s., a mandatary firm providing in addition the geotechnical moni-
toring.

The design is provided by PUDIS, a. s., the general designer.

The design for the cut-and-cover tunnel structure is also based on
the design for Blanka tunnels, which is carried out by Satra spol. s r.o.

The contractor for the entire project is, based on the results of
a public tender, a consortium consisting of EUROVIA CS, a. s. and
Energie stavebni a banskd, a. s. The construction site is located in
the area between the Malovanka GSI and Patoc¢kova Street—Stfe-
Sovicka Street intersection.

All specialist foundation structures for this construction, i.e. soldier
pile and lagging walls, pile walls, anchoring, underpinning of adjacent
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(SAT), ktery je souldsti méstského okruhu (MO) hl. m. Prahy
v severnim sektoru Prahy v tseku Strahovsky tunel — Myslbekova —
Pragny most — Spejchar — Pelc-Tyrolka.

V jizni Casti navazuje tato 2. stavba SAT na jiZz dokoncenou
1. stavbu SAT (PODRASKY et al., 2010), které je v provozu jiz od
roku 1997 (dnes vyuzivany Strahovsky tunel). Stavba ¢. 0065,
2. stavba SAT, je rozd&lena na dvé stavby. Jde o &dst 2. A — MUK
Malovanka a &ést 2. B — hloubeny tunel MO. Cést 2. B byla déle dle
postupu stavebnich praci rozdélena na tyto 3. faze (obr. 1).

1. faze stavby SAT 2. B probihala od ¢ervence 2009 do zacétku
brezna 2010. Béhem ni byly provedeny prelozky inZenyrskych siti
v ulici Pato¢kova a jejim okoli, predev§im prelozky kanalizaci,
kabelovodu, silovych a sdélovacich kabela. Déle probihala dprava
suteréna obj. &. p. 869 a &. p.105 s ohledem na trasu budouciho
tunelu.

2. faze stavby SAT 2. B byla zahdjena na zacdtku brezna 2010
v prostoru mezi SAT 2. A a kfiZzovatkou ulic PatoCkova — Na
Hubdlce. Béhem této faze jsou provadény predevsim price spojené
se zajisténim stavebni jdmy pro betondz stropni desky v dilatacich
DI1-D4 (1. etapa) a dilatacich D5-D8 (2. etapa — zahdjena v zari
2010). Otevieni stavebni jamy predchdzelo uzavieni ulice
Patockova. Automobilovd doprava i MHD byly do ¢ervence 2010
odklonény na objizdnou trasu ulicemi Myslbekova — Bélohorskd —
Pod Krélovkou.

3. faze stavby SAT 2. B byla zahdjena v Cervenci 2010 otevre-
nim dal3i stavebni jamy v prostoru mezi kfiZzovatkou ulic
Patockova — Myslbekova a stavebni jdmou Myslbekova, kterd je
souddsti stavby €. 9515. Zahdjeni 3. fdze samoziejmé opét pred-
chédzela dal$i vynucend zména v rezimu méstské dopravy. Ta je
nyni vedena kréatkou, provizorné zbudovanou komunikaci z ulice
Myslbekova do krizovatky PatoCkova — StreSovickd. Tato provizor-
ni komunikace umoznila pro vystavbu zcela uzaviit kfiZovatku
Myslbekova — Pato¢kova a prilehly tsek ul. Pato¢kovy. Vystavba
vlastnich tuneld bude zde totiZ po tdpravé harmonogramu probihat
najednou v celém rozsahu, tj. dochdzi v soucasnosti ke spojeni
2. a 3. faze. Dokonceni stavby je pldnovdno na druhou polovinu
roku 2012.

HISTORIE PROJEKTU

Pri zpracovdvani vech stupnu projektové dokumentace SAT 2. B
(2. faze) jsme brali v dvahu skute¢nost, Ze v ulici Patockova mezi
stavbou SAT 2. A a kfizovatkou s ulici Myslbekovou jde nejen
o mista s velmi stisnénymi prostorovy-
mi podminkami, ale i o mista, kde je
nutné Casoveé omezit stavebn{ prace na
minimum. S ohledem na tyto skutec-
nosti byla zvolena v ¢dsti stavby tzv.
modifikovand mildnskd metoda. Vzhle-
dem k velmi stisnénym podminkdm
bylo pfi zpracovani DSP déle rozhod-
nuto, Ze podzemni stény budou
v nékterych dsecich realizovany
z povrchu a ve zbylé Cdsti z drovné
spodniho lice stropni desky. V obou
piipadech vSak bylo nutné nejdfive
stény budoucfi stavebni jamy zapaZit az
do udrovné budouci stropni desky
MMM pomoci zdporového paZeni.
Pavodné se dokonce uvaZovalo zabu-
dovat zdpory primo do mildnskych
stén. S ohledem na technicky ndro¢né
feSen{ tésnéni v misté podélné spary
sténa/strop se vSak od tohoto ndvrhu
nakonec ustoupilo. Vzhledem k po-
délnému spadu tuneld bylo pfi zpra-
covani RDS ddle rozhodnuto, Ze pfi
betondzi podzemnich stén z pracovni
roviny v urovni horniho lice stropu
bude podélna spdra sténa/strop

- 3 i 3 S i, - ’ =
Obr. 1 Situace stavby SAT 2. B s vyznadenim etapizace praci, véetné dilataénich tisekii (Ing. Spinka)
Fig. 1 SAT 2. B project layout with the division into stages marked in it, including expansion blocks (Ing. Spinka)
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buildings by means of grouting and, at last but not least, the structural
diaphragm walls being the principal element of the MMM method, are
carried out by Zakladén{ staveb, a. s., either directly for the consorti-
um or for Division 5 of Metrostav a. s., which also participates in this
construction.

BASIC PROJECT DATA

Construction lot 0065 — Cover-and-cut tunnel on the CRR
(Strahov tunnel — Myslbekova Street) is part of the Strahov
Automobile Tunnel package (SAT), which is part of the City Ring
Road (CRR) in the northern sector of Prague, section Strahov tun-
nel-Myslbekova—Pragny Most—Spejchar—Pelc-Tyrolka.

The southern part of this Package 2 of the SAT project connects to
the already completed Package 1 of the SAT (PODRASKY et al.,
2010), which has been operating since 1997 (the today used Strahov
tunnel). Construction lot 0065, Package 2 of the SAT, is divided into
two lots, i.e. Part 2 A — Malovanka GSI and Part 2 B — Cover-and-cut
tunnel on the CRR. Part 2 B was further divided according to the pro-
gress of construction work into the following 3 phases (see Fig. 1):

SAT 2 B phase 1 was in progress from July 2009 to the beginning
of March 2010. It comprised diversions of utility networks in
Patockova Street and its vicinity, mainly diversions of sewerage,
cableways, conductor cables and communication cables. In additi-
on, basements of buildings No. 869 and 105 were stabilised in this
phase, taking into consideration the route of the future tunnel.

SAT 2 B phase 2 commenced at the beginning of March 2010 in
the area between SAT 2 A and the intersection between Patockova
and Na Hubdlce Streets. This phase comprises first of all work ope-
rations associated with the stabilisation of the construction pre-
trench designed for casting of the roof deck expansion blocks D1 —
D4 (stage 1) and blocks D5 — D8 (stage 2 — beginning in September
2010). The excavation of the construction trench was preceded by
closing of Patockova Street to traffic. Automobile traffic and urban
mass traffic (UMT) was diverted to a route running via
Myslbekova—Bélohorskd—Pod Kralovkou Streets.

SAT 2 B phase 3 started in July 2010 by excavating another con-
struction trench in the area between the Pato¢kova and Myslbekova
Street intersection and the Myslbekova construction trench, which is
part of construction lot 9515 of Blanka complex of tunnels. Of cour-
se, Phase 3 did not start until another forced change in the urban
traffic regime had been implemented. The UMT today runs along
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prebetonovana o 500 mm. Definitivni spara pak bude po zatvrdnuti a short, temporarily built road from Myslbekova Street to the
upravena ,,odSramovanim® na pozadovanou trover. Patockova-StreSovickd Street intersection. This temporary road
made closing of the Myslbekova-Patockova intersection and an
GEOLOGICKE A HYDROGEOLOGICKE POMERY adjacent section of Patockova Street possible. After modifying the
Vieobecné Ize geologické poméry zdjmového tizemi charakteri- works schedule, the whole scope of the construction of the tunnels
zovat jako pomérné sloZité a zna¢né proménlivé. Skalni podklad themselves will be carried out in one go, which means that phases 2
z4djmového tizemi tvoii horniny severovychodnf ¢4sti ordovické bar- and 3 are to be joined. The completion of the tunnels themselves is
randiénské synklindly: prachovité, pis¢ité az drobové bridlice sou- planned for the second half of 2012.

vrstvi letenského v monoténnim vyvoji, které jsou intenzivné zvét-
ralé na soudrzné zeminy s dlomky horniny. Dosah zvétravacich pro- PROJECT HISTORY
cesu je patrny z pri¢ného geotechnického fezu. Souvrstvi letenské
strukturné charakterizujeme jako pis¢ité drobové bridlice s pis-
Citymi zavalky, ojedinéle s vlozkami kfemennych piskovcu a kie-
mencu. Bfidlice jsou jemné az hrubé slidnaté a az tlusté deskovité
vrstevnaté, na vrstevnich plochdch s hojnymi ohlazy. Pukliny jsou
oteviené, ¢asto vyplnéné druhotnym kalcitem nebo i jilem se strip-
ky bridlic.

Na skalnim podloZi leZi pokryvné ttvary tvorené navdzkami, delu-
vidlnimi a holocénnimi sedimenty. Navazky se vyskytuji v nej-
svrchnéj§im patfe v celém rozsahu tzemi a fadime je k recentnim
sedimentim. Roz§ifeni navazek a riznych terénnich prav predstavu-
je dulezity faktor, ktery méni tvarnost krajiny. V méstské oblasti, po
staleti osidlené, se stala Cinnost ¢lovéka vyznamnym geologickym
Cinitelem. Zakldddni objektu, stavby opevnéni, vykopy studni
a odpadnich jam, budovdni inZenyrskych sitf apod., to vSe je spojova-
no s premistovanim znanych kubatur zemin a hornin. Vznikd tak

While working on all stages of design documents for SAT 2 B
(phase 2), we took into consideration the fact that the spaces in
Patockova Street between the SAT 2 A and the intersection with
Myslbekova Street were not only constricted, but also required
reduction of the of time construction work from the surface to
a minimum. With respect to these facts, the so-called Modified
Milan Method was selected for a part of the construction. With
regard to the highly constrained conditions, the decision was made
that in some sections diaphragm walls would be constructed from
the surface and, in the remaining part, they would be installed from
the roof deck base level. Nevertheless, it was necessary in both
cases first to brace the sides of the future construction trench up to
the level of the future roof deck of the cover-and-cut tunnel by
means of soldier pile and lagging walls. Originally it was even con-
sidered that soldier piles could be incorporated into the Milan walls.

nova kulturnf hornina (vrstva) — navazka, liici se zdsadné od viech | [Eventually this solution was abandoned with respect to the techno-
pfirodnich hornin svou nestejnorodosti a nepravidelnosti uloZeni. logically complicated solution for sealing of the longitudinal joint
Navézky se skladaji z prekopanych a premisténych zemin a hornin between the wall and the roof deck. With respect to the longitudinal
z pvodniho podkladu, ale i ze stavebnich hmot zbofenych domd, gradient of the tunnels, another decision was made during the work
popela, $kvdry, zbytkl nddob a jinych odpadu, které vytvéreji volné on the detailed design that a 500mm thick layer of concrete would
dutiny, a tim zpusobuji i dlouhodobé dotvarovéni téchto navézek. be added above the longitudinal joint between the wall and the roof
V zdjmovém tzemi tvori souvisly pokryv, jejich mocnost v§ak znac- deck level when casting the diaphragm wall from the working stage
né kolisd. Strukturni sloZeni je velmi pestré — hlinité pisky se Stérky, at the level of the upper surface of the roof deck. The definite joint
piscité hliny se §térky, stavebni rum tvoreny cihlami, opukou a stres$ni would be broken away to the required level when the concrete har-
krytinou, pfi povrchu s konstrukci chodniku, podsypem a Skvdrou. dening was sufficient.

Konzistence je tuhd aZ pevnd, stfedné ulehld aZ ulehld. Navazky jsou
vzhledem k ruznorodosti materidlu, ulehlosti a stlacitelnosti GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS
k zaklddan{ staveb nevhodné.

Deluvidlni sedimenty jsou geneticky vdzané na gravitacni pohyby
rozloZenych a zvétralych hornin svrchni kifdy. Strukturné zde pre-
vladaji jily pis¢ité pfevazné pevné konzistence s promenlivym obsa-
hem $térku (ostrohranné dlomky opuk a zvétralych bridlic, ojediné-
le i valouna kfemene a kiemennych piskovca).

Fluvidlni sedimenty vznikaly podél potoka Brusnice (dnes jiZ
zatrubnéném) a jsou holocenniho (HOL) az pleistocénniho (PL)
stari. Prevladd jil piscity, jil aZ hlina se stfedni — nizkou plasticitou,
misty se znalnou organickou primési, se stfipky cihel, s bahnitymi
polohami a vloZkami jemnozrnného pisku a $térku. SloZenf ndplavu
je variabilni, jak ve sméru vertikdlnim, tak horizontdlnim.

It is in general possible to characterise the geological conditions
in the area of operations as relatively complicated and highly vari-
able. The bedrock in the area of operations consists of rocks of the
north-eastern part of the Ordovician Barrandian syncline: silty,
sandy up to greywacke shales of the monotonous background Letna
Beds, which are intensely weathered to cohesive soils containing
hard rock fragments. The reach of weathering processes is shown in
the geological cross section. The Letnd Beds are structurally cha-
racterised as sandy greywacke shales with sandy galls, sporadically
with quartzose sandstones and quartzites. The shales are finely to
coarsely micaceous and up to thickly and tabularly bedded, with

Konzistence je prevazné mékkd, misty az kagovitd. bedding planes frequently sklickensided. Fissures are open, often
Geologické poméry hloubenym tunelem s rdmovou stropni kon- filled with secondary calcite or even clay containing shale crocks.
strukci dokumentuje obr. 2. The cover over the bedrock consists of made ground and delu-

Z hlediska hydrogeologickych pomért jsou v zdjmovém tzemi vial and Holocene sediments. Made ground is found at the hig-
hlavnim zdrojem podzemni vody atmosférické srazky a vody holo- hest level over the entire area. We categorise them as recent sedi-
cennich ndplavu Brusnice, pfip. vyron podzemni vody z baze kiido- ments. The extent of man made ground and various ground sha-
vych sedimenti. Do reZimu podzemni vody také vyrazné zasghla ping activities represents a significant factor, which changes the
predchozi vystavba SAT 2. A. landscape. In the urban area which has been populated for centu-

Zékladova spdra stavebni jdmy pro vybudovani stropni konstruk- ries, human activities have become important geological factor.
ce tunelu je nad hladinou podzemni vody, a proto nebylo tfeba uva- Founding of structures, building of fortification structures, wells
Zovat o zfizeni Cerpacich jimek. Pfi razbé tunelu pod stropni kon- and waste holes, developing utility networks etc., all of these
strukci, kterd bude napojena na pazici (nosné) vodotésné podzemni activities are associated with moving of great volumes of soil and
(mllénské) stény, vSak odhadujeme ph’toky dnem od desetin az do rock. They give rise to new cultural ground (]dyer) — made
1-2 1s-1. ground, differing basically from all natural types of ground in its

inhomogeneity and irregularity of bedding. Made ground mostly

KONSTRUKCNI RESENI STAVEBNI JAMY SAT 2. B - 2. FAZE consists of turned up soil and rock relocated from the original

1. etapa (dilatace D1-D4) substrate, but also building materials from demolished buildings,
Pred vlastni realizaci podzemnich stén technologii MMM bylo ash, cinder, remains of vessels and other waste, which form
nutné v tomto tseku zajistit nékteré sousedni stdvajici objekty, aby empty voids, causing thus long-term creep of the made ground.
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nedoslo k jejich poruseni. Vzhledem ke
stisnénym podminkdm v ulici Patoc-
kova byla v rdmci prvni fdze stavby
s vyhodou pouzita technologie trysko-
vé injektdZe (TI) pro podchyceni zdkla-
da objektu &. p. 4 na rohu ulic
Patoc¢kova a Na Hubdlce a rovnéz vrta-
né mikropiloty realizované pomoci
malé sklepni vrtacky v rdmci staveb-
nich dprav suterénu obj. &. p. 869
a 105.

Prevdznd Cést vlastni stavebni jamy
pro betonaz stropni desky (dilatace
D1-D4) byla zajisténa kotvenym zépo-
rovym paZzenim. Hloubka stavebni
jémy byla od 2,9 do 5,4 m. Celkem zde
bylo do vrtd priméru 0,6 m o 0sové
vzdalenosti od 1,3 do 2 m osazeno 111
ocelovych zapor z valcovanych profila
IPE 300, IPE 400 a IPE 500. Kofen

Legenda / Legend:

@ AN - antropogenni sedimenty — navazka
AN - anthropogenic sediments — made-ground
HOL - holocénni néplavy Brusnice
=21 HOL - Holocene alluvium formed by the Brusnice Brook
m DEL - eolicko-deluviaini sedimenty
DEL - aeolian-deluvial sediments

ul. Patockova

hranice skalniho podloZzi
bedrock border
— W 5 —letenské bfidlice rozlozené

W5 - decomposed Letna shales
W4/W3 — letenské bridlice silné az mirné zv.
[
/////m W4/W3- heavily to moderately weathered Letna shales
W2 - letenské bridlice navétralé
W2 - slightly weathered Letnd shales

zdpor byl vytvoren z betonu C 12/15
XO. Délka zdpor se pohybovala od 6,1
do 14,1 m s délkou korene od 1 do 3 m.

Pfi hloubeni jamy byly mezi zdpory
postupné osazoviany vodorovné dreveé-
né paziny tloustky 120 mm. V predepsanych drovnich, danych sta-
tickym vypocétem, se provadélo kotveni zdpor pres predsazené oce-
lové prevézky, tvorené vzdy dvojici vdlcovanych profila UPE 300,
resp. UPE 400. Docasné kotvy (celkem 76 ks) s prodlouZenou Zivot-
nosti a ochranou proti bludnym proudim byly podle statického
vypoltu navrzeny dvou-, tfi- a Sestipramencové, predpinané o délce
10 az 17 m z pramencu Lp 15,7 mm (St 1570/1770 MPa). Délka
korene kotev se pohybuje od 4 az do 9 m.

2. etapa (dilatace D5-DS)

Podobné jako u vySe popsaného tdseku (D1-D4), bylo i zde
(D5-D8) nékolik objekta, které vyzadovaly specidlni zajisténi.
U Psychosomatické kliniky, obj. €. p. 712, byl novym stavebnétech-
nickym pruzkumem (listopad 2009) zjistén rozdil ve vzdélenosti
navrzené podzemni stény hloubeného tunelu od objektu oproti vzda-
lenosti zji§téné z archivni dokumentace. Vzhledem ke stisnénym
podminkdm tak u tohoto objektu nebylo mozné realizovat pivodné
navrzenou zdporovou paZzici sténu, a proto byla nahrazena kotvenou
sténou ze sloupl tryskové injektdZe podchycujici zdklady objektu,
dovolujici realizovat vykopy az tésné u jeho lice.

Zménou realizace kanalizaéni pripojky obj. ¢. p. 711 z hloubené
na razenou nebylo ani zde mozné vzhledem k stisnénym podmin-
kdm realizovat pavodné navrZzenou zdporovou sténu. Navic zde dro-
ven vykopu pro betondZ stropni desky (dilatace D5) zasahuje vyraz-
né pod drovni zdkladu objektu. Pfi hledani feSeni se braly v tivahu
dvé podminky. Nesmi dojit k poSkozeni kanalizacni pripojky sta-
vebnimi pracemi a musi byt zaji§tén pfistup do hlavniho vchodu
objektu na strané do ulice Patockovy po celou dobu vystavby. Pro
minimalizaci negativnich dopadu na objekt bylo také zde rozhodnu-
to podchytit zdklady objektu u hlavniho vchodu sloupy TI.

Pro zajiSténi pristupu do objektu byla navrzena ocelovd ldvka,
kterd méla byt podle projektu po dokonéeni TI uloZend po obou stra-
néach kanalizaln{ pripojky na stojindch z profilu HEB 120 v osové
vzdédlenosti 1 m se zabetonovanym kofenem. Kvili obavdm
o poskozenf kanaliza¢n{ pripojky se od tohoto feSeni v dobé realiza-
ce (fijen 2010) ustoupilo. Ocelové ldvka byla nakonec uloZena na
ocelové trubky 70/12 v osové vzdalenosti 1 m, ukotvené z jedné
strany ve sloupech TI a z druhé strany kanalizalni pripojky osazené
do vrtu se zabetonovanym kofenem. Na této strané smérem do jamy
vytvori tyto mikropiloty s ndsledné provedenym stifkanym betonem
zdroven pazeni vykopu pro betondZ stropni desky.

V koordinaci s realizaci TI bude postupné provadéno i zdporové
paZeni vlastni stavebni jamy. Do doby vyfeSeni problematiky vstu-
pu na pozemky zahrad obytnych domt v ulici Nad Octdrnou nad
severni stranou stavebni jamy, které sousedi s ulici Patockovou,

(Mgr. Kolarik)

Obr. 2 PFiény geologicky iez tunelem (MMM) s ramovou stropni konstrukci v misté objektu &. p. 9/2 a 975/2

Fig. 2 Geological cross section of the tunnel (the MMM) with the framework roof structure in the location
of buildings No. 9/2 and 975/2 (Mgr. Kolarik)

Made ground forms an uninterrupted cover in the area of opera-
tions, the thickness of which significantly varies. Structural com-
position is very chequered — loamy sands with gravels, sandy
loams with gravels, rubble consisting of bricks, greywacke and
roof tiles, or granular sub-base and cinder under pavements. The
consistency is stiff to rigid, medium dense to dense. Because of
its heterogeneity, density and compressibility made ground is
completely unsuitable for construction foundations.

Deluvial sediments are genetically bound to gravity movements
of decomposed and weathered Upper-Cretaceous rocks.
Structurally, sandy clays of mostly solid consistency prevail, with
variable contents of gravel (sharp edged fragments of greywacke
and weathered shales, sporadically even of quartzite boulders and
quartzose sandstone).

Fluvial sediments originated along the Brusnice Brook (today
already diverted to a covered culvert). They are of the Holocene
(HOL) to Pleistocene (PL) age. Prevailing ground types are sandy
clay, medium to low plasticity clay to loam, locally with significant
organic admixture, brick crocks, layers of mud and fine-grained
sand and gravel. The composition of the fluvial deposits is variable
both in the vertical and horizontal direction. The consistency is
mostly soft, locally up to slurry.

Geological conditions for the cover-and-cut tunnel with the flat
roof deck structure are documented in Fig. 2.

As far as hydrogeological conditions are concerned, the main
source for ground water in the area of operations are atmospheric
rainfalls and water contained in the Holocene fluvial deposits along
the Brusnice Brook, or outflows from the Cretaceous sediments
base. The preceding works on the SAT 2 A package also signifi-
cantly affected the groundwater regime.

The surface of the bottom of the construction trench excavated for
the construction of the tunnel roof deck is above the water table; it
was not therefore necessary to design pump sumps. Nevertheless,
we anticipate inflows from the bottom ranging from tenths to 1-2
litre.s-! to be encountered during the course of the excavation under
the tunnel roof deck, which will be connected to watertight Milan
diaphragm walls.

STRUCTURAL SOLUTION FOR THE SAT 2 B = PHASE 2
CONSTRUCTION TRENCH

Stage 1 (expansion blocks D1-D4)

It was necessary to underpin some buildings neighbouring with
this tunnel section to prevent damage before the installation of




Obr. 3 Hloubeni ryh pro podzemni stény dilatace D4 (pohled ze stiechy obj.
¢. p. 975) (Ing. Mazura)

Fig. 3 Excavation of trenches for diaphragm walls of expansion block D4
(viewed from the roof of building No. 975) (Ing. Mazura)

bylo rozhodnuto oteviit z ¢asovych divoda nejdiive pouze ¢ast sta-
vebni jamy, kterd umozni realizaci jizni a stfedni podzemni stény
hloubeného tunelu. Severn{ strana stavebni jamy je feSena prozatim
jako svahovany vykop se sklonem 1:1. Jizni sténu stavebni jamy
bude zajistovat kotvené zaporové paZeni a zapadni stranu jamy bude
tvorit vyztuzeny svah. Po obdrzeni souhlasu majiteld zahrad ke
vstupu na pozemky bude mozné zajistit zdporovym paZenim
i severni stranu stejnym zpusobem jako sténu vychodni a dokonéit
i severni podzemni sténu hloubeného tunelu. Hloubka stavebni jamy
bude od 5,4 do 7,3 m.

Celkem bude v této 2. fdzi 2. etapy postupné provedeno 104 zépor
z védlcovanych profila IPE 300, IPE 400, IPE 450, IPE 500 a 1 450
osazenych do vrti o pruméru 0,6 m s kofenem z betonu C 12/15 XO.
Osovd vzdélenost zdpor bude od 1,5 do 2 m. Délka zdpor byla navr-
Zena podle statického vypoctu od 6,6 do 14,6 m s proménlivou dél-
kou korene od 2 do 7,5 m.

Pri hloubeni jamy budou za priruby odkrytych vélcovanych pro-
fili osazovdny vodorovné dievéné paziny tl. 120 mm.
V predepsanych drovnich, danych statickym vypocétem, bude pak
probihat kotveni ptes ocelové prevazky z dvojic vdlcovanych profi-
1t UPE 300 a UPE 400. Z divodu bourani vodicich zidek budou
ocelové previzky druhé kotevni trovné provedeny jako zapu$téné;
v ostatnich pfipadech budou predsazené. Navrzené docasné kotvy
s prodlouZenou Zivotnosti a ochranou proti bludnym proudam, kte-
rymi se bude kotvit zdporové pazeni, budou dvou-, tii-, Ctyr-
a Sestipramencové, predpinané o délce 10 az 18 m z pramencu Lp
15,7 mm (St 1570/1770 MPa). Délka kofene kotev je navrZzena
v rozmezi 4 az 10 m. Celkem bude na zdporovém pazeni této sta-
vebni jdmy osazeno 122 kotev.

Obr. 4 Armovani stropni desky na podzemnich sténdch v ulici Pato¢kova —
pohled od vychodu (Ing. Stérba)

Fig. 4 Placement of reinforcement of a roof deck on diaphragm walls in
Patockova Street — viewed from the east (Ing. S‘térba)
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diaphragm walls using the MMM method. With respect to the con-
stricted conditions in Pato¢kova Street, foundations of building No.
4 on the corner of Patockova and Na Hubdlce Streets were under-
pinned by means of jet grouting, whilst bored micropiles were car-
ried out within the framework of construction work stabilising base-
ments of buildings No. 869 and 105 by means of a small drill rig
designed for the work in cellars.

The major part of the pre-excavated construction trench necessa-
ry for casting of the roof deck (expansion joints D1-D4) was sup-
ported by anchored soldier pile and lagging walls. The depth of the
construction trench ranged from 2.9 to 5.4m. In total, 111 steel sol-
dier piles from rolled-steel sections IPE 300, IPE 400 and IPE 500
were installed in 0.6m-diameter boreholes, at 1.3 to 2.0m spacing.
The root of the soldier piles was cast in C 12/15 XO concrete. The
length of the soldier piles varied between 6.1 and 14.1m, with the
root length ranging from 1.0 to 3.0m.

Horizontal wood lags 120mm thick were being gradually inserted
between the soldier piles during the construction trench excavation.
The anchoring was carried out at levels prescribed by the structural
calculation. Anchors passed through steel walers projecting from the
wall surface, consisting of pairs of rolled-steel sections UPE 300 or
UPE 400. Temporary anchors (76 in total) with extended life length
and provided with protection against stray currents, were designed
in compliance with the structural calculation to consist of two, three
or six strands, to be pre-tensioned, 10.0 to 17.0m long, using Lp
15,7 mm (St 1570/1770 MPa) strands. The length of the anchor
roots varied from 4.0 to 9.0m.

Stage 2 (expansion blocks D5-D8)

Similarly to the section described above (D1-D4), even here (D5-
DS8) existed several buildings requiring specialist support. A new
structural and technical survey of the Psychosomatic Clinics, buil-
ding No. 712 (September 2009) revealed a difference in the distan-
ce of the proposed diaphragm wall of the cover-and-cut structure
from the building compared with the distance determined from
archive documents. Taking into consideration the constricted condi-
tions it was not possible to install the originally designed soldier
pile wall at this building, therefore this wall was replaced with an
anchored wall formed by jet grouted columns, which underpinned
the foundations of the building and allowed the excavation to be
carried out just at the building foundation face.

The originally designed soldier pile and lagging wall could not be
carried out also in the case of building No. 711 because of a change
in the design for the sewerage house service, where the cut-and-
cover technique was changed to mining, resulting in constriction of
the space. In addition, the level of the bottom of the excavation for
casting of the roof deck in this location (expansion block D5) rea-
ches significantly under the foundation of this building. Two condi-
tions were taken into consideration when the solution was being
sought. No damage to the sewerage service by construction operati-
ons was allowed and an access to the main entrance to the building
on the Patockova Street facing side had to be maintained throughout
the construction period. It was also decided for the purpose of mini-
mising negative impacts on the building that the building foundati-
on at the main entrance would be underpinned by jet grouted
columns.

A steel foot-bridge was designed to provide access to the building
after completing the jet grouting (JG) and to be supported on both
sides by HEB 120 props with roots embedded in concrete, installed
at 1.0m spacing. Because of fears of damaging the sewerage servi-
ce, this solution was abandoned during the course of the works
(October 2010). The steel foot-bridge was eventually placed on
70/12 steel tubes installed at 1.0m spacing, anchored on one side in
JG columns and in boreholes with the roots embedded in concrete
on the other site of the sewerage house service. On this side, in the
direction of the construction trench, these micropiles, combined
subsequently with shotcrete, at the same time formed bracing of the
excavation for casting of the roof deck.
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Obr. 5 Pohled na zajisténi stavebni jamy v misté objektu ¢. p. 711 a 712
(Mgr. Kolarik)

Fig. 5 A view of the construction trench support in the location of buildings
No. 711 and 712 (Mgr. Kolarik)

KONSTRUKCNI RESENI STAVEBNI JAMY SAT 2. B - 3. FAZE

Jednd se o stavebni jamu v prostoru mezi kfiZovatkou ulic
Patockova — Myslbekova a stavebni jamou Myslbekova (stavba
€. 9515), zajisténou po obvodé (na severni a jizn{ stran¢) kotvenymi
pilotovymi sténami, resp. zdporovymi sténami. V této stavebni jameé
budou vybudovény tubusy s klenbovou stropni konstrukcei, realizo-
vanou jiz klasickou metodou v oteviené stavebni jaimé.

Kotveni pilot je provedeno pres ocelové typové prevazky firmou
Zakladani staveb, a. s., pomoci docasnych pramencovych kotev
s prodlouZenou Zivotnosti a ochranou proti bludnym proudum.
V misté zdporové stény, kde neni dostatek mista a prevazky by zasa-
hovaly jiz do profilu budouci konstrukce tunelu, budou prevazky
provedeny jako zapuS§téné.

Zéporové stény jsou pouZity jednak v mistech stisnénych poméru
vzhledem ke konstrukci prilehlych kanaliza¢nich $tol, jednak podél
¢asti tunelu realizované technologii MMM, kde pazi vykop pro
betondz stropni desky (dilatace D8).

Hloubka této stavebni jamy je od 7,3 m (v misté dilatace D8) do
29 m (na hranici s jdmou Myslbekova).

Pro zajisténi stavebni jamy stavby 2. B — 3. fdze bylo pouZzito
pazeni jizni strany sjizdné rampy do sousedni stavebni jamy
Myslbekova, tvofené pilotovou sténou a zdporovym paZenim.
Kotveni stény bylo provedeno pres predsazené ocelové prevdzky
pomoci pramencovych docasnych kotev s prodlouZenou Zivotnosti
a ochranou proti bludnym proudim. Severni strana této sjizdné
rampy tvorend rovneZz pilotovou a zdporovou kotvenou sténou bude
v ramci 3. faze vystavby odbourdna.

Severni sténu stavebni jamy této 3. faze tvori 115 pilot a 22 zépor
o celkové pudorysné délce 187,1 m. Jizni sténu o celkové délce
173,73 m tvori celkem 119 pilot a 7 zdpor, z toho 71 pilot bylo pro-
vedeno uz v rdmci zaji§téni stavebni jamy Myslbekova (stavba
¢. 9515) jako jizni sténa podél sjizdné rampy do jamy.

Osovd vzddlenost svislych prvka pazenf je 1,30 m. Délka pilot se
pohybuje od 12,7 do 30 m. Délka zdpor o profilu IPE 450 se pohy-
buje od 10,4 do 22 m.

Piloty jsou z betonu C30/37 XA2. Prumér pilot severn{ stény je
900/780 mm, tj. piloty v horni &4sti pilot maji pramér D = 900 mm,
ve spodni &ésti pilot D = 780 mm. Piloty jiZni stény maji primér
900 mm. Jako soucdst armokosSe jsou do zhlav{ pilot osazeny ocelo-
vé zdpory z profilu HE 240A v délce 4 m. Z toho 1 m je zabetono-
véan v piloté a zbylé 3 m tvor{ soucdst paZeni, které bude pri konec-
ném zasypani jamy po dokonceni tuneli odstranéno.

Pilotové a zdporové stény budou kotveny pomoci doasnych
piedpjatych dvou- aZ osmipramencovych kotev z pramenci Lp
15,7 mm (St 1570/1770 MPa) s prodlouzenou zivotnosti. Kotvenf je
provadéno vzdy v nékolika kotevnich drovnich. Délka kotev se

TuoufHel

The soldier pile and lagging support of the construction trench
itself will be installed continually, in coordination with the executi-
on of the JG. The decision was made for time-related purposes that,
until the problems of access to gardens adjacent to residential buil-
dings along Nad Octdrnou Street above the northern side of the con-
struction trench neighbouring with Patockova Street were solved,
only a part of the construction trench which would make the instal-
lation of the southern and central diaphragm wall of the cover-and-
cut tunnel possible would be excavated. The northern side of the
construction trench has been solved for the time being to have the
sides sloped at 1 : 1. The southern side of the construction trench
will be stabilised by anchored soldier pile and lagging wall, while e
reinforced slope will be on the western side of the construction
trench. When approvals of owners of the gardens to entries to their
properties are obtained, it will even be possible to stabilise the nort-
hern side by the soldier pile and lagging wall, in the same way as in
the case of the eastern side, and complete the northern diaphragm
wall of the cover-and-cut tunnel. The depth of the construction
trench will vary from 5.4 to 7.3m.

In total, 104 soldier piles from steel-rolled sections IPE 300, IPE
400, IPE 450, IPE 500 and 1450 will be installed in steps in 0.6m-
diameter boreholes with the roots embedded in C 12/15 XO concre-
te during stage 2 of phase 2. The piles will be installed at 1.5 to 2.0m
spacing. The length of the soldier piles has been designed according
to the structural calculation to range from 6.6 to 14.6m, with the root
lengths varying from 2.0 to 7.5m.

During the course of the construction trench excavation, 120mm
thick wood lags will be inserted horizontally behind flanges of the
exposed steel-rolled sections. The anchoring will be carried out at
levels prescribed by the structural calculation. Anchors will pass
through steel walers consisting of pairs of rolled-steel sections UPE
300 or UPE 400. The steel walers at the second anchoring level will
be installed flush with the wall surface to make the demolition of
guide walls possible, while the design projecting from the wall sur-
face will be used for the remaining levels. The temporary extended-
life-length anchors provided with protection against stray currents,
which are designed for anchoring of the soldier pile and lagging
walls, will be of the two-, three-, four-and six-strand types, pre-
stressed, 10.0 to 18.0m long, using Lp 15,7 mm (St 1570/1770 MPa)
strands. The anchor root length is designed to be within the range of
4.0 to 10.0m. In total, 122 anchors will be installed to stabilise the
soldier pile and lagging walls bracing this construction trench.

STRUCTURAL SOLUTION FOR THE SAT 2 B — PHASE 3
CONSTRUCTION TRENCH

This is the construction trench in the area between the intersecti-
on between Pato¢kova and Myslbekova Streets and the Myslbekova
construction trench (construction lot 9515), which is stabilised on
the northern and southern sides of its circumference by anchored
pile walls or soldier pile and lagging walls. Tunnel tubes with vaul-
ted roofs will be constructed in this construction trench, using the
classical cut-and-cover method.

The piles are anchored through standard-type steel walers suppli-
ed by Zakldddni Staveb a.s., using temporary stranded anchors with
extended length of life and provided with protection against stray
currents. The walers will be installed flux with the wall surface in
the location where there is the lack of space and the walers would
extend into the profile of the future tunnel structure.

Soldier pile and lagging walls are used either in locations where
geometrical conditions are constricted with respect to the structure
of adjacent sewerage galleries or along the tunnel part to be built
using the MMM technique, where they stabilise the excavation for
casting of the roof deck (expansion block D8).

The depth of this construction trench varies from 7.3m (at the
expansion block D8) to 29.0m (at the border with the Myslbekova
construction trench).

The bracing of the southern part of the ramp descending to the
adjacent Myslbekova construction trench, consisting of a pile wall




Obr. 6 Pohled na stavenisté v Patockové ulici od vychodu (Mgr. Kolarik)
Fig. 6 A view of the construction site in PatoCkova Street from the east (Mgr.
Kolarik)

pohybuje od 9 m (nejkratsi) do 26 m (nejdelsi), z toho délka korene
je5az 10 m.

Po dokoncéeni celé stavebni jamy této faze 3., zajisténé postupné
vySe uvedenym zpusobem, bude po provedeni vykopovych praci
zahdjena vystavba hloubenych tuneld s klenbovou stropni kon-
strukef.

KONSTRUKCNI RESENI HLOUBENYCH TUNELU
SAT 2. B - 2. FAZE

Dispozi¢ni feSeni profilu tunelu odpovidd poZadavkam CSN 73
7507 (2006). Prujezdni profil je vysky 4,8 m, Sitka jizdnich pruha je
3,5 m, §itka vodicich prouzku je 0,5 m, ndvrhové rychlost v této
Casti trasy méstského okruhu ¢inf 70 km/h. Maximdlni podélny
sklon v trase tunelt je 2,8 %, minimdlni smérovy polomér je 208 m
(v STT), resp. 212 m (v JTT).

Obecné postup vystavby spocivd v realizaci podzemnich kon-
strukénich monolitickych stén ze zajisténé stavebni jamy zdporo-
vym kotvenym paZenim. Potom se na upraveném povrchu dna sta-
vebni jdmy vybetonuje definitivni nosnd konstrukce stropu (uloZend
na hlavy podzemnich stén). Strop se po zatvrdnuti opét zasype. Na
povrchu se pak mohou provést findlni dpravy a obnovit provoz.
Odtézeni vlastniho profilu tubusu se provaddi a7 po dokondeni celé-
ho tseku téchto tunell z navazujici dokoncené MUK Malovanka.

Oba tubusy maji tfi jizdn{ pruhy. V pfi¢ném fezu je tubus tunelu
tvofen spodni rozpérnou Zelezobetonovou deskou tloustky 800 mm,
podzemnimi sténami tloustky 800 mm vetknutymi do dnosného
podloZi a stropni Zelezobetonovou deskou. TéméEr v celé délce maji
tunely tohoto usporadéni spolec¢nou stfedni sténu pro jizni i severni
tunelovou troubu. Stropni deska pusobi jako spojitd o dvou polich.
Standardni rozpéti stropu je 13,75 m. Stropni{ konstrukce, podzemn{
stény a spodni rozpérnd deska jsou navrZeny z betonu tfidy C30/37.
Tloustka stropni desky se pohybuje podle vysky zdsypu v rozmez{
1200-1400 mm, s ndbéhy 280 mm na délku 5150 mm. Jako ochra-
na proti vlivu pozdru na ztrdtu Gnosnosti, resp. odstielovani betonu
kryci vrstvy jsou do nf priddna PP vldkna (2 kg PP vldken na 1 m3
s délkou vldkna 6 mm a primérem 0,018 mm).

Podle hydrogeologického pruzkumu je zastizena agresivita pro-
sttedi odpovidajici prevdzné tfidé XA2, pro podzemni stény
a konstrukce pod vozovkou je tak vyuzito tfidy XA2 a pro stropni
konstrukce XF2.

Cela konstrukce je navrZzena bez membranové izolace z vodo-
nepropustného betonu s dotésnovacimi prvky do pracovnich
a dilatacnich spdr konstrukce osténi tunelu. Celd konstrukce tunelu
je navrzena z monolitického Zelezobetonu s ocelovou vdzanou
vyztuzi tiidy BSOOA (B500B), do podzemnich stén jsou vyuZity
armokoSe. Kryti vyztuze betonem je u vnitiniho a vnéjsiho lice
50 mm, resp. 100 mm u stén.
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and a soldier pile and lagging wall, was used for the stabilisation of
the construction trench for SAT 2 B phase 3. The wall anchoring
was carried out through steel walers projecting from the surface,
using temporary stranded anchors with extended life length and pro-
vided with protection against stray currents. The southern side of the
descending ramp, which is also formed by a pile wall and a soldier
pile and lagging wall, will be demolished within the framework of
phase 3 of the construction.

The northern wall, stabilising the construction trench for this
phase 3, consists of 115 piles and 22 soldier piles, giving the total
ground plan length of 187.1m. The 173.73m long southern wall con-
sists of 119 piles and 7 soldier piles; of this number, 71 piles were
installed within the framework of supporting the Myslbekova con-
struction trench (construction lot 9515), forming the southern wall
along the ramp descending to the trench.

Vertical elements of the excavation support are spaced at 1.30m.
The length of the piles varies from 12.7 to 30.0m. The length of the
IPE 450 soldier piles varies from 10.4 to 22.0m.

The bored piles are in C30/37 XA2 concrete. The diameter of
piles forming the northern wall is 900/780mm, which means
a diameter D = 900mm in the upper section of the pile and diameter
D =780mm in the lower section. The piles forming the southern wall
are 900mm in diameter. Steel soldier piles from 4m long HE 240
A rolled section are inserted into the heads of the piles as parts of
reinforcement cages. Of this length, Im is embedded in the concre-
te pile and remaining 3m form a part of the bracing system which
will be removed when the construction trench is being backfilled
after the completion of the tunnels.

The pile walls and soldier pile and lagging walls will be anchored
by means of temporary, pre-stressed, two- up to eight-strand
anchors, using Lp 15.7 mm (St 1570/1770 MPa) strands with exten-
ded length of life, provided with protection against stray currents.
Anchoring is carried out at several tiers. The lengths of anchors vary
from 9.0m (shortest) to 26.0m (longest); of this length the length of
the roots ranges from 5.0 to 10.0m.

When the entire construction trench for phase 3 excavation and
the support system described above are completed, the construction
of the cut-and-cover tunnels with vaulted roof will start (SPINKA,
2010).

STRUCTURAL SOLUTION FOR THE SAT 2 B — PHASE 2
COVER-AND-CUT TUNNELS

The tunnel cross-section design complies with requirements of
CSN 73 7507 (2006) standard. The clearance profile is 4.8m high,
the traffic lanes are 3.5m wide, the width of edge lines is 0.5m,
design speed for this part of the City Ring Road is 70km/h. The
maximum longitudinal gradient on the tunnel route is 2.8%, the
minimum horizontal curve radius is 208m (in the NTT) or 212m (in
the STT).

In general, the construction process comprises the implementati-
on of structural cast-in-situ diaphragm walls with the excavation
trench sides supported by soldier pile and lagging walls. Then the
definite concrete roof deck is cast on the levelled bottom of the con-
struction trench, (resting on the heads of the diaphragm walls). After
hardening the roof deck is again backfilled. Subsequently surface
finishes can be carried out and traffic reinstated. The excavation
inside the tunnel tubes is performed from the adjacent completed
Malovanka GSI when the entire section of these tunnels has been
completed.

There are three traffic lanes in each tunnel tube. In the cross sec-
tion, the tunnel tube is formed by an 800mm-thick bottom bracing
slab, 800mm-thick diaphragm walls keyed in the competent sub-
base and a reinforced concrete roof deck. A central wall common for
the southern and northern tunnel tubes runs nearly throughout the
length of the tunnels with this cross-section design. The roof deck
acts as a continuous 3-span structure. The standard roof deck span
is 13.75m. The roof deck, diaphragm walls and bottom bracing slab
structures are designed in C30/37 concrete. The roof deck thickness



20. rocnik - €. 17201

Obr. 7 OdtéZovdni v JTT pod ochranou stropu a podzemnich stén — dilatace
DI (Mgr. Kolarik)

Fig. 7 STT excavation under the protection of the roof deck and diaphragm
walls — expansion block DI (Mgr. Kolarik)

Spodni rozpérnd deska a stropni deska jsou betonovény bez bed-
nicich prvku na podkladnim betonu C16/20 XO se Stérkopiskovym
podsypem. U stropni desky je na podkladni beton pred betondzi
uloZena separacni vrstva tvorend PE f6lif 100 g/m? s nakasirovanou
geotextilif 300 g/m2. V pripadé spodni desky je na podkladni beton
uloZena separac¢ni piskovand lepenka, kterd plni funkci kluzné
VIStvy.

Hloubené tunely jsou rozdéleny do samostatné pusobicich dila-
ta¢nich celku délky cca 31 az 39 m. Délky tseku odpovidaji cha-
rakteru podloZi, postupu vystavby (systém lamelizace podzemnich
stén), tvaru konstrukce a velikosti zatiZeni.

Spodni rozpérnd deska je betonovdna po odtéZeni profilu tunelu.
Propojeni desky s podzemni sténou je vytvofeno vyfrézovdnim
dvou podélnych drdzek do stén 150x75 mm a vlepenim smykové
vyztuze R20 do vrti. Cely vnitini lic stén, jejichZ svisld odchylka
nesmi presahnout 1,5 %, bude po odtéZeni srovnan ploSnym ofrézo-
vanim o cca 50 mm a opatfen zpétnym ndstfikem betonu jako pod-
klad pro keramicky obklad.

V dilataci D4 je umisténa tunelové propojka T.P. C. 1.1. (B1), to
ma za nésledek atypické feSeni stén, stropu i dna (SOS vyklenky,
pri¢nd propojovaci chodba, mistnosti rozvoden).

KONSTRUKCNI RESENI HLOUBENYCH TUNELU
SAT 2. B - 3. FAZE

Dispozi¢ni feSeni profilu tunelu rovnéZ odpovidd pozadavkim
CSN 73 7507 (2006). Pritjezdni profil je vyiky 4,8 m, §itka jizdnich
pruht je 3,5 m, §itka vodicich prouzku je 0,5 m, ndvrhovd rychlost
i v této Casti trasy méstského okruhu ¢ini 70 km/h. Maximdlni
podélny sklon v trase tunell je zde 5 %, minimdln{ smérovy polo-
mér je 850 m (v STT), resp. 550 m (v JTT).

Jednd se o konstrukci klasickych hloubenych klenbovych tuneld,
tvorenych dvéma tubusy (JTT a STT), budovanych do oteviené
zajisténé stavebni jdmy. Klenbovd konstrukce byla navrZena
z divodu zna¢né mocnosti nadloZi nad tunelem, kterd &ini misty aZ
cca 16 m. Tvar klenby je symetricky k ose tunelu.

Konstrukce hloubenych tunelt (ostén{) navrZena z betonu tiidy C
30/37 sestdva v pri¢ném fezu z desky dna technické chodby tloust-
ky 600 mm, sténami technické chodby tloustky 600 mm, zdkladové
desky tloustky 1000 mm, sténami tunelu tlouStky 1000 mm
a klenby, kterd md v mist¢ tfipruhu tloustku 900 mm s polomérem
klenby 7840 mm a v misté nouzového zdlivu tloustku 1000 mm
s polomérem klenby 9840 mm. VSechny konstrukce jsou navrzeny
jako Zzelezobetonové, které budou realizované jako monolitické
betonované do systémového bednéni.

Tuel

varies from 1,200 to 1,400mm, depending on the height of the back-
fill. Thickening of the roof deck by 280mm is designed for the
lengths of 5,150mm on the sides. PP fibres (6mm long, 0.018mm in
diameter, 2kg per 1m? of concrete mix) are added to provide pro-
tection against the loss of load-bearing capacity of the structure or
bursting and spalling of exposed concrete during a fire. According
to the hydrogeological survey results, the corrosivity of the envi-
ronment encountered corresponds mostly to exposure class XA2,
therefore exposure class XA2 is designed for the diaphragm walls
and structures under the roadway, whilst class XF2 is required for
the roof deck structures.

The tunnels are designed to be without a membrane-based waterp-
roofing system, using water-retaining concrete and sealing elements
for construction and expansion joints in the tunnel lining structures.
The entire tunnel structure is designed in cast-in-situ reinforced
concrete with BS00A (B500B) tie-up reinforcement, steel grade
B500A (B500B); reinforcement cages are used for the diaphragm
walls. Concrete cover of 50mm is designed for the internal and
external surfaces (100mm for diaphragm walls).

The bottom bracing slab and roof deck are cast without the need
for formwork, on C16/20 XO blinding concrete with a gravel-sand
sub-base. A separation layer formed by a 100 g/m2 PE membrane
with 300 g/m2 geotextile spread on it is placed on blind concrete
before casting of the roof deck. As far as the bottom bracing slab is
concerned, sanded felt is placed on blinding concrete, fulfilling the
function of a separation and sliding layer.

The cover-and-cut tunnels are divided into about 31 to 39m long,
independently acting expansion blocks. The lengths of the blocks
correspond to the character of the sub-base, the construction proce-
dure (the system of dividing diaphragm walls into lamellas), the
geometry of the structure and magnitude of the loads.

The bottom bracing concrete slab is cast after the complete tunnel
cross-section excavation has been completed. The connection bet-
ween the slab and the diaphragm wall is carried out by milling two
150x75mm longitudinal grooves into the walls and gluing R20 shear
reinforcement bars into drillholes. The entire inner surface of the
walls (the allowable deflection of the vertical not exceeding 1.5%)
will be evened up by milling it back to the depth about 50mm, and
a new shotcrete layer will be applied to it to provide a base for cera-
mic cladding.

Cross passage No. 1.1. (B1) is located in expansion block D4. As
a result, an atypical design for walls, roof decks and bottom slab is
necessary (SOS niches, the cross passage, distribution sub-station
rooms).

STRUCTURAL SOLUTION FOR THE SAT 2 B — PHASE 3
CUT-AND-COVER TUNNELS

The tunnel cross-section design also complies with requirements
of CSN 73 7507 (2006) standard. The clearance profile is 4.8m high,
the traffic lanes are 3.5m, the width of edge lines is 0.5m; the design
speed for this part of the City Ring Road is also 70km/h. The maxi-
mum longitudinal gradient on the tunnel route is 5% in this section;
the minimum horizontal curve radius is 850m (in the NTT) or 550m
(in the STT).

The tunnel tubes (STT and NTT) are classical vaulted cut-and-
cover structures, built in open construction trenches with stabilised
sides. The vaulted design was proposed taking into consideration
the significant height of the tunnel overburden, reaching locally up
to 16m. The vault is symmetric with respect to the tunnel centre line.

The structure of the cut-and-cover tunnels (the lining) is designed
in C 30/37 concrete. It consists, in the cross section, of a 600mm
thick slab forming the bottom of the service gallery, 600mm thick
walls of the service gallery, 1,000mm thick foundation slab,
1000mm thick tunnel walls and the vault, which is 900mm thick and
the radius of which is 9840mm in the triple-lane tunnel section. All
of the structures are designed to be in cast-in-situ reinforced conc-

rete, cast using a formwork system.
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Hloubené tunely jsou rozdéleny do samostatné pusobicich dila-
ta¢nich celkt délky cca 36 m. Délky tseku odpovidaji charakteru
podlozi, postupu vystavby, tvaru konstrukce a velikosti zatiZeni.

Zékladova deska bude betonovédna vzdy na celou délku dilatace
bez pfi¢nych pracovnich spdr. Klenba tunelu (STT, JTT) bude beto-
novdna po pracovnich sekcich délky cca 12 m.

Oba tubusy maji v celé délce tfi jizdni pruhy. Kazdy tubus m4 cel-
kovou vnitini $itku 13,9 m. Na vychodnim konci stavby v délce
40 m je navrZeno v obou tunelovych troubédch roz§ifeni pruhu
0 nouzovy zdliv. V tomto misté md tubus vnitini Sitku 17,4 m.

Na styku se stavbou ¢. 9515 Myslbekova — Prasny most je umis-
téna tunelovd propojka T.P. C. 1.2. (B2), coZ md za ndsledek atypic-
ké feleni stén, stropu i dna (SOS vyklenky, pfi¢nd propojovaci
chodba). V drovni komunikacf je feSena jako prujezdna.

Celd konstrukce tunelu je navrzena z monolitického Zelezobetonu
s ocelovou volnou a vdzanou vyztuzi tiidy BSO0A (B500B) nosnou
v pri¢éném sméru, v podélném sméru doplnénou vyztuzi rozdélova-
ci. Kryti vyztuze betonem je u vnitiniho a vnéjsiho lice 50 mm.

Spodni deska technické chodby je betonovdna bez bednicich
prvku na separa¢ni piskované lepence, uloZené na podkladnim beto-
nu C16/20 XO se stérkopiskovym podsypem.

Jako ochrana konstrukce tunelu proti vlivu poZaru na ztratu inos-
nosti, resp. odstfelovani betonu kryci vrstvy, jsou do ni rovnéz pri-
déana PP vldkna (2 kg PP vldken na 1 m? s délkou vldkna 6 mm
a prumérem 0,018 mm).

Pro hloubené tunely ve 3. fazi SAT 2. B je navrZen uzavieny hyd-
roizola¢ni systém.

ZAVER

Pii navrhu a budovdani Celné odtéZovanych tuneld véetné klasic-
kych hloubenych klenbovych tuneld, budovanych do oteviené zajis-
téné stavebni jamy, je vyuZivdno nejen zkuSenosti z vystavby nava-
zujiciho tunelového komplexu Blanka, ale hloubenych tuneld v CR
vubec.

Z uvedeného textu vyplyvd, Ze dochdzi k casovému spojeni jed-
notlivych Cinnosti a fazi vystavby, protoZze v dne$ni dobé je na
generdlntho dodavatele staveb vyvijen velky tlak na zkracovani
celkové doby vystavby a také na minimalizovadni doby vyznamnych
dopravnich omezeni. Ackoli dochdzi k paradoxni situaci, kdy
investorskd priprava vlastni stavby trvd mnohem déle neZ vlastni
vystavba, je zhotovitel kromé toho nucen hledat opatfeni k dal§imu
urychlovéni vystavby SAT 2. B, kterd oproti puvodnimu predpo-
kladu zacala priblizné o 8 mésicu pozdéji, nez se predpokladalo.
Tyto okolnosti kromé toho komplikuje Casové spojeni vystaveb
dalsi ¢asti MO — stavby €. 9515 Myslbekova — PraSny most.
Prakticky jedingm moZnym systémovym feSenim na této stavbé tak
bylo ¢asové spojeni jednotlivych ¢innosti a fazi vystavby, a tim jeji
celkové urychleni.

ING. OTA SPINKA, Ph.D., ota.spinka@pudis.cz,
MGR. MIROSLAV KOLARIK, miroslav.kolarik @pudis.cz,
PUDIS, a. s.

Recenzoval: doc. Ing. Karel Vojtasik, Ph.D.
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The cut-and-cover tunnels are divided into about 36m long, inde-
pendently behaving expansion blocks. The lengths of the blocks cor-
respond to the character of the base, the construction process, the
shape of the structure and the magnitude of loads.

The concrete foundation slab will be cast throughout the expansion
block length without transverse construction joints. The tunnel vault
(NTT, STT) will be cast in about 12m long working sections.

There are three traffic lanes in each of the two tunnel tubes running
throughout their lengths. The inner width of each tube is 13.9m.
A 40m long emergency parking bay enlarging the roadway width,
with an escape staircase, is designed for each of the tunnel tubes at the
eastern end of the construction section. The tunnel tube inner width
amounts to 17.4m in this location.

Cross passage No. 12 (B2) is located at the contact with construc-
tion lot 9515 Myslbekova — Prasny Most. Because of this fact an aty-
pical design for walls, roof and bottom is necessary (SOS niches,
a cross passage). It is designed as passable for vehicles at the roadway
level and passable for pedestrians at the level of service galleries.

The entire structure has been designed in cast-in-situ concrete with
tied-up transverse reinforcing bars, steel grade BSOOA (B500B), com-
plemented in the longitudinal direction by distribution bars. Concrete
cover of 50mm is designed for both the inner and outer surface.

The bottom slab of the service gallery is cast without using form-
work. Concrete is placed on sanded felt laid on a C16/20 XO blinding
concrete layer, fulfilling the function of a separation and sliding layer
having a gravel-sand bed underneath.

PP fibres (6mm long, 0.018mm in diameter, 2kg per 1m? of conc-
rete mix) are also added to provide protection against the loss of load-
bearing capacity of the structure or bursting and spalling of exposed
concrete during a fire.

A closed waterproofing system is designed for the SAT 2 B Phase
3 cut-and-cover tunnels.

CONCLUSION

When cover-and-cut or vaulted cut-and-cover tunnels constructed
in open construction trenches are being designed and constructed, we
use not only experience from the neighbouring Blanka complex of
tunnels but also experience obtained during the construction of cut-
and-cover and cover-and-cut tunnels in general.

It follows from the text above that individual construction activiti-
es and phases are joined in terms of time because today the general
contractor is under great pressure to reduce the overall construction
time and to minimise duration of significant traffic restrictions.
Despite the fact that a paradoxical situation has developed where the
project engineering phase is much longer than the construction time
itself, the contractor is forced to seek measures to further accelerate
the construction of the SAT 2 B, which started approximately by 8
months later than originally expected. These circumstances are in
addition complicated by the addition of another part of the City Ring
Road, construction lot 9515 Myslbekova-Prasny Most to the time
table. The practically only solution for this construction to be accele-
rated therefore was connecting individual activities and construction
phases together.
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SILNICNI TUNEL BOSRUCK - NAVRH TUNELU V BOBTNAVYCH
HORNINACH
BOSRUCK ROAD TUNNEL, AUSTRIA -
DESIGN APPROACH FOR SWELLING / SQUEEZING ROCK CONDITIONS

FILIP JIRICNY, THOMAS MARCHER

Silni¢ni tunel Bosruck s obousmérnym provozem v jedné
tunelové troubé tvori prekdzku plynulému provozu na ddlnici
A 9 v Rakousku. V prosinci 2009 byly zahdjeny prdace na
vystavbé druhé trouby tunelu s cilem odstranit toto omezeni na
vyznamné severo-jizni pan-evropské komunikaci a umoznit
sanaci prvni tunelové trouby.

Druhd trouba silni¢niho tunelu je jiZ ¢tvrtym tunelem, ktery je
razen pod masivem Grosse Bosruck ve vice nez stoleté historii
tunelovéni pod timto horskym masivem.

Jako prvni byl v letech 1901 aZ 1906 vyraZen jednokolejny
Zelezni¢ni tunel o délce 4766 m. V letech 1978 az 1980 byla
vyrazena odvodnovaci a vétraci Stola silni¢niho tunelu, ndsle-
dovand razbou prvni trouby 5500 m dlouhého silni¢niho tunelu
dokonceného v roce 1983.

Jiz brzy po uvedeni prvni tunelové trouby do provozu se zaca-
la objevovat vyznamna poskozeni. UdrZeni tunelu v provozu
bylo moZné pouze za pomoci ndkladnych, takika nepretrZité
provadénych sanaénich opatfeni. Celkova sanace prvni tunelové
trouby bude provedena po dokonceni druhé tunelové trouby.

Dlouhodobé chovéani horninového masivu, ve kterém jsou
tunely raZeny, bylo analyzovdno na zédkladé vysledki méreni
ziskanych v prib€hu raZby a provozu prvni tunelové trouby.
Tento ¢lanek se zabyva analyzou vyvoje vlastnosti horninového
masivu v Case a pouzitim téchto znalosti pro navrh druhé trou-
by silni¢niho tunelu.

1 0voD

Dne 4. 12. 2009 (na svatou Barboru) bylo dokonéeno predani
staveni$té mezi investorem — firmou ASFINAG a konsorciem
zhotoviteld — firmami Bemo Tunneling a Alpine Bau a byly
zapoCaty prace na vystavbé druhé tunelové trouby silni¢niho
tunelu.

Klicovymi prvky vylepseni dédlnice A 9 v tomto dseku jsou
vystavba nové (druhé) tunelové trouby silni¢niho tunelu
Bosruck spolu s jedenacti tunelovymi propojkami mezi stavaji-
ci a nové budovanou troubou a celkovd sanace stavajici (prvni)
tunelové trouby.

Po dokonceni druhé tunelové trouby do ni bude preveden
obousmérny provoz a prvni tunelovd trouba bude sanovéna.
Sanace prvni tunelové trouby bude zahrnovat vyménu mezistro-
pu, opravu tunelové drendZe a kabelovych kandli. Vice infor-
maci nalezne ¢tendr v [18 a 19].

2 HISTORIE TUNELOVANI POD MASIVEM BOSRUCK

V prubéhu razby Zelezni&niho tunelu (obr. 1) v letech 1901 aZ
1906 dochézelo k prudkym pruvalim vody v mnoZstvich az
1100 1/s do tunelu. Vybuch metanu po jednom z takovychto pra-
valu zabil 14 raziu.

V prubéhu razby prvni tunelové trouby v Haselgebirge bylo
chovani horninového masivu stabilni, proto bylo provadéno
pouze lehké zajisténi vyrubu. Jelikoz deformace vyrubu
v blizkosti ¢elby byly zanedbatelné, byl povazovan tento postup
za spravny. Pfiblizné mésic po pruchodu razby poruchovou

Today, the two-way traffic scheme of the single-tube
Bosruck road tunnel represents a bottleneck on the A9 Pyhrn
motorway. In December 2009, the construction works for the
2nd tube of the Bosruck road tunnel were launched to remove
this constraint on this important north-south transport route
and to enable a general rehabilitation of the 1t tube.

The 2nd tube of the Bosruck road tunnel is the fourth tunnel
that is being constructed during the more than 100-year-long
history of tunnelling at the Grosse Bosruck.

The first tunnel to be built was the 4,766 m long single-track
railway tunnel between 1901 and 1906, the second the ventila-
tion and drainage adit for the road tunnel between 1978 and
1980, and the third the approx. 5,500 m long, two-way traffic
road tunnel between 1980 and 1983.

Soon after commissioning, substantial damages became
apparent in the 18t tube of the road tunnel. It was only possib-
le to maintain operation by means of continuous costly rehabi-
litation measures. Once the construction of the 21d tube of the
road tunnel will be completed, a general rehabilitation of the
Ist tube will be carried out.

The observations made during construction and operation of
the 1st tube were used to analyse the long-term behaviour of
the rock mass surrounding the 1St tube. The analysis of the
long-term behaviour of the rock mass and the implementation
of the insights gained in the design of the 2nd tube shall be the
subject of this paper.

1 INTRODUCTION

On December 4th, 2009 (Saint Barbara’s Day), the investor,
ASFINAG, handed the construction site over to the contractor,
a joint venture of Bemo Tunnelling and Alpine Bau, and the
construction works on the 2nd tube began.

The main part of the A9 motorway upgrade project compri-
ses the construction of the new western (2nd) tube (1= 5,425 m)
of the Bosruck road tunnel, the construction of eleven cross-
passages and the general rehabilitation of the existing (1st)
tube.

Once the works on the 2nd tube are finished, the traffic will
be transferred to the new 2nd tube and the general rehabilitati-
on of the 1st tube will be started. The general rehabilitation of
the 1st tube includes the renewal of the intermediate ceiling,
the tunnel drain, the roadway and the cable conduits. For
details the reader is referred to [18, 19].

2 HISTORY OF TUNNELLING UNDER THE BOSRUCK

Several serious water inrush incidents with up to 1,100 1/s
were experienced during the construction of the rail tunnel bet-
ween 1901 and 1906, (see Figure 1). A methane explosion after

a water inrush cost 14 miners their lives.
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Obr. 1 Vystavba Zelezni¢niho tunelu 1901-1905, nahly prival vody (vlevo), prordZka tunelu (uprostred), severni portdl (vpravo)
Fig. I Construction of Rail Tunnel 1901-1905, Violent Water Inrush (Left), Breakthrough (Centre), Northern Portal (Right)

zoénou v Haselgebirge (zhruba staniceni TM 550 az TM 650)
zacalo v tomto dseku dochédzet k odpryskavani stiikaného beto-
nu. Nésledny narust konvergenci nebylo moZné zastavit ani za
cenu zesilovdni vyztuZe tunelu. Po zabudovidni definitivniho
osténi tunelu nebylo méreni deformaci provadéno az do roku
1994. Od roku 1994 mus{ byt provadény pribézné sana¢ni price
(zajisténi op€ii lanovymi kotvami a dal§i zdsahy). Spolu se
sana¢nimi pracemi bylo zahdjeno méfeni deformaci.

3 GEOLOGIE

Tunel Bosruck se nachdzi na jiznim okraji severniho alpského
vapencového masivu (Oberostalpin). Pohofi Bosruck sestava
zejména z vapencovych hornin Triasu, tvoricich piikrov, ktery
spolu s bazdlni zénou prekryva jilovité bridlice (Werfener
Schiefer) a kifemence (obr. 2). Vdpencové horniny prikrovu jsou
tvofeny masivnimi, lavicovymi aZ vrstevnatymi vépenci
a dolomity. Bazdlni zéna je tvorena prevazné Haselgebirge
s intruzemi jilovitych bfidlic (Werfener Schiefer), anhydritu,
slinovcl a védpencu. Na jihu navazuje Admonter zéna tvofend
prevazné Werfener souvrstvim (piskovce, jilovce, prachovce
a kvarzity). Vice informaci nalezne ¢tenér v [2].

4 DOTLACOVANI HORNIN

4.1 Terminologie

V predkladaném ¢lanku rozumime bobtndnim hornin Casové
zdvislou zménu objemu sledované horniny zpusobenou fyzikal-
ni anebo chemickou reakci horniny s vodou. V tomto duchu
muZeme rozliSovat mezi zménou objemu jilovych minerdlu
(fyzikalni proces) a zvét§enim objemu pfi pfeméné anhydritu na
sadrovec (chemicka reakce).

Procesy dotlacovéni a bobtndni hornin jsou Casto vzdjemné
propojeny a je velmi obtizné vysledky jednotlivych procesu
mezi sebou rozlisit.

Vsechny tyto ¢asové zdvislé procesy jsou vyvoldvany fyzi-
kdlné-chemickou aktivitou spojenou s pfisunem vody a zménou
pole napéti. Dotlaovanim horniny je mysleno jeji teeni ve
sméru gradientu napéti. Pro te¢eni/dotlacovani je charakteristic-
ky vyvoj deformaci v Case a postupny nérust zatiZeni (napf. na
tunelové osténi), ktery muZe trvat i desetileti.

4.2 Mechanismy bobtnani anhydritu a jilovitych hornin
Bobtnéni byva pozorovédno pri razbé tuneld v jilovitych hor-
ninéch, slinovcich a hornindch obsahujicich anhydrit. Pfi razbé
tunelu v ,.Cistém* anhydritu nebyvaji ndrusty objemu prili$
vyznamné. Tento fakt je vysvétlovan vytvorenim relativné tenké
a taktka nepropustné vrstvy sddrovce okolo zdroje vody. Je-li

Only light support was installed during the construction of
the 1st tube as no signs of instability were observed. As hard-
ly any deformations were measured during and immediately
after excavation of the top heading, the light support seemed
justified. About a month later, shotcrete spalling occurred at
the fault zone of the Haselgebirge formation (from approx. TM
550 to approx. TM 650). It was impossible to stop the tunnel
convergence that had continued, despite efforts to strengthen
the primary lining. After the final lining had been installed, no
further deformation measurement were made until 1994, but
then the occurrence of damages, including invert heave and
concrete damages of the final lining, called for the performan-
ce of repair works.[3].

3 GEOLOGY

The Bosruck tunnel lies at the southern edge of the Northern
Limestone Alps (Oberostalpin). Geologically, the Bosruck
mountain range, which mostly consists of Triassic carbonate
rocks, forms a nappe outlier with a basal zone, which overlies
the Werfen series and quartzites. The carbonate range of the
Bosruck consists of massive and bedded to thinly bedded
limestones and dolomites. The basal shale zones are mostly
formed of Haselgebirge formation with inclusions of Werfen
slate, dolomite-anhydrite, marl and limestone. To the south lies
the Admont zone, which mostly consists of Werfen beds (sand-
stones, claystones, siltstones, quartzites). (Figure 2). For
details the reader is referred to [2].

4 SWELLING /7 SQUEEZING ROCK CONDITIONS
41 Terminology

In the present paper, “swelling of rock™ is considered as
a time-dependent volume increase due to a physico- (and/or)
chemical reaction of rock with water. Furthermore, swelling
mechanisms have to be separated into swelling of argillaceous
clay shales / marls and swelling of anhydritic rock formations.

The processes of “squeezing” and “swelling” are often inter-
related, and the individual effects of each process are difficult
to distinguish.

The phenomenon of these mechanisms concerns time-depen-
dent strains that are caused by a combination of physico-che-
mical activity with water ingress and stress changes (stress
release). Creep causes ground squeezing in direction of the
stress gradient. It is characterized by a time-dependent ground
movement and increasing rock load over years or decades.
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Obr. 2 Podélny geologicky rez
Fig. 2 Geological Longitudinal Section

anhydrit obsazen v jilovitych bfidlicich, dochédzi k interakci
chemické premény anhydritu na saddrovec s fyzikdlnim proce-
sem bobtndn{ jila, detaily Steiner [4].

Za pritomnosti vody, kterd se do horninového masivu muZe
dostat v dusledku razby tunelu, dochdzi k chemické preméné
anhydritu na sddrovec. Tato pfeména je doprovdzena naristem
objemu horniny (teoreticky az o0 60 %). K preméné muZe dochd-
zet po celém obvodu tunelu, nicméné k ni vétSinou dochazi
pouze ve dné tunelu, kde se vyskytuje voda z razby tunelu.

Bobtnani jilovitych hornin je proces vdzdni molekul vody na
krystalickou mfiZku jilovitych minerélu. K tomuto procesu mu-
Ze v horninovém masivu dojit, jsou-li splnény dvé nasledujici
podminky: Doslo k redukci napéti v masivu v dusledku razby
a zéroven doslo k redukci koncentrace chloridu v dusledku pri-
tomnosti Cerstvé vody (Kirsch a kol. [5]).

Navrh tunelu v bobtnavych horninach je vzdy vyzvou, jelikoz
piedpovéd reakce horniny na razbu a nisledného zatiZen{ tune-
lu je obtiznd, a to i navzdory vyznamnému posunu v testovani
a charakterizovani bobtnavych hornin (napf. ISRM 1994 [6]).

V prubéhu ndvrhu druhé tunelové trouby bylo provedeno
velké mnoZstvi laboratornich testu v&etné ,,bobtnacich® testu.
Odvozeni bobtnacich tlaku na osténi tunelu na zdkladé labora-
tornich testu je obtizené, jelikoZ do hry vstupuji faktory jako
,»size-efekt™, relativni tuhost systému tunelového osténi — horni-
novy masiv, napéti v masivu a dalsi.

4.3 Metody pro zkous$eni a teoretické modely

ISRM [6] uvadi ndsledujici metody jako pouzitelné pro mode-
lovani bobtnéni hornin:

o Casové nezévislé modely

DOLOMITE

[m]asl
1200

1100 —
1000 —
900 —
800 —

700 — —

Obr. 3 Poloha reprezentativniho rezu ve stani¢eni TM 600
Fig. 3 Location of the Representative Tunnel Section TM 600

4.2 swelling of anhydritic and argillaceous rock

Swelling phenomena are experienced when tunnelling
through argillaceous shale, marls and anhydrites’ shale.
Tunnelling through pure anhydrite rock results in minor swel-
ling effects. It is sometimes argued that due to the transforma-
tion into gypsum, the surface of pure anhydrite forms
a protective coating (see Steiner [4]). In shale / anhydrite mix-
tures, an interaction of the chemical process of gypsum-anhyd-
rite transformation with the physical process of clay swelling
occurs, which is in detail described by Steiner [4].

The swelling reaction of anhydrite shale is a well known
problem in tunnelling. Anhydrite reacts with water introduced
through the excavation works and results in a conversion of
mineral into gypsum accompanied by an increase in volume.
Such swelling phenomena can appear around the whole exca-
vation perimeter, although they are often limited to the invert
area.

It is assumed that swelling occurs in the argillaceous shale
formations as a physico-chemical reaction, if faced with both,
a stress relief and a reduction in the chloride concentration due
to water adsorption (osmotic swelling). Chloride ion diffusion
is assumed to be the mechanism responsible for a reduction in
the chloride concentration (see e.g. Kirsch et al. [5]).

Generally, the design of tunnels in swelling ground is chal-
lenging as the geomechanical characterisation predicting the
reaction of the ground to tunnel excavation is difficult; yet sig-
nificant efforts have been made both in testing and in charac-
terising swelling ground conditions (e.g. ISRM 1994 [6]).

A large number of laboratory tests to describe ground pro-
perties including swelling were performed. The derivation of
a meaningful swelling pressure to be applied to the tunnel
lining based on laboratory tests largely depends on the size
effect, on the stiffness ratio of tunnel lining to surrounding
ground, on the in-situ stress and on the prevailing water con-
ditions. Hence, swelling load conditions are difficult to deter-
mine.

4.3 Existing test methods and theoretical models

ISRM [6] classifies various models which can be applied to
argillaceous swelling rock:

 time-independent models

* rheological models

e coupled (two-phase) models.

High level constitutive laws have been developed to account
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* Reologické modely

* Spojené dvoufazové modely.

K dispozici jsou sofistikované konstitutivni modely pro
modelovani bobtnani hornin zaloZené na mechanice kontinua
[7, 8, 9, 10], avSak stanoveni kliCovych parametrd pro tyto
modely je velmi obtizné. Proto je v tomto prispévku predveden
inzenyrsky pristup zaloZeny na zpétné analyze dat monitoringu
z prubéhu vystavby a provozu prvni tunelové trouby.

5 METODIKA A VYSLEDKY NAVRHU TUNELU

5.1 Postup navrhu

Névrh pri¢ného fezu tunelu byl proveden ve dvou krocich.
V prvnim kroku byly analyzovany vysledky méfeni. Pro zpét-

Vo

nou analyzu byl pouzit charakteristicky pfi¢ny fez prvni tunelo-
vou troubou ve stanieni TM 600 (obr. 3). Na zdkladé dostup-
nych dat byly vypracovany diléi scéndfe chovani horninového

masivu, které by mohly vést k vyvoji deformaci v Case, tak jak
byly zjistény méfenim. Pomoc{ raznych kombinaci jednotlivych

zatizeni byl identifikovan vzorec chovani, jehoZ vysledky nejlé-

pe odpovidaly méfenym deformacim. Zvoleny vzorec chovani

horninového masivu byl ndsledné pouzit pro ndvrh druhé trou-

by silni¢niho tunelu Bosruck.

Geotechnicky model pro navrh druhé trouby silni¢niho tune-
Iu byly vypracovény v druhém kroku na zakladé vysledka zpét-
né analyzy chovani prvni tunelové trouby.

5.2 Numericky model pro zp&tnou analyzu prvni tunelové

600 (téZ méri¢sky profil). Pfi¢ny fez s mélkou protiklenbou ma

trouby

Pro vypolty byl pouZit reprezentativni fez ve stani¢eni TM

vysku zhruba 11 m a §itku zhruba 11 m (obr. 4). Plocha vyrubu
je priblizné 120 m2.

Primdrni zajiSténi tunelu je tvofeno stfikanym betonem
o tloustce 8—13 cm a svorniky. Definitivni betonové osténi ma

tloustku 36-112 cm. Izolace tunelu je tvofena svafovanou

11.10

fezu

ho

e e —
Cross-sectionl axis

‘o
(=
0
b=

Osa p!

11.50

Obr. 4 PFicny ez prvni tunelovou troubou v TM 600
Fig. 4 Tunnel Geometry, Bosruck Road Tunnel (Existing Tube)
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for the phenomenon of swelling adopting the continuum
mechanical models [7, 8, 9, 10]. Due to difficulties in identi-
fying key parameters for such swelling laws, the present paper
focuses on an engineering approach predicting the swelling
pressure by back-analysis of data monitored during constructi-
on of the 15t tube.

5 CALCULATION METHODOLOGY AND DESIGN RESULTS
5.1 Methodology

In a first step, a back-analysis was performed for a typical
cross-section of the 18t tube of the road tunnel in the
Haselgebirge formation at TM 600 (see Figure 3). Using the
geological and geotechnical findings available at the time, dif-
ferent geomechanical scenarios which might have caused the
long-term deformations were identified. By varying the load
combinations, the scenario which best fits the observation was
identified. The back-analysis results directly affected the
design of the 2nd tube of the road tunnel.

The geotechnical model used for the design of the 2nd tube
of the road tunnel was developed in a second step based on the
findings of the back-analysis of the 15t tube.

5.2 Back-analysis of the 1st tube

A representative section at TM 600 in the Haselgebirge for-
mation was used (see Figure 3). The tunnel cross-section with
a flat invert arch as shown in Figure 3 has a height of approx.
11 m and a width of approx. 11 m. The excavation area comes
to approx. 120 m2.

Initial support was provided by a shotcrete primary lining of
8 to 30 cm thickness and by rock anchors. The in-situ cast final
lining has a thickness of 36 to 112 cm. A waterproofing system
was placed on the interface between the initial and the final
lining. The waterproofing system consists of a sheet membra-
ne and a protective geotextile fleece attached to the shotcrete
surface.

The actual thickness of the initial and the final lining is not
known. Therefore, mean values of the above ranges were used
for the back-analysis.

The road tunnel system was designed as twin tube system
with an exploration adit (subsequently used for drainage and
ventilation) running between the traffic tunnels over the entire
length of the tunnels. The adit as well as the 15t tube were con-
structed using the NATM. The adit (with an open invert) was
advanced with full-face excavation. The top heading of the 15t
tube was excavated in advance, followed by the bench. The
subsequent invert excavation followed the bench face at
a greater distance.

5.2.1 FE model

A 2D Finite-Element program was used for the calculations.
As the geometry is unsymmetrical, the full boundary problem
had to be considered (see Figure 4). The ground was modelled
with 15-noded triangular elements using Mohr-Coulomb's
constitutive law. In order to model the time-dependent behavi-
our of the shotcrete (creep and hardening), two stiffnesses of
the shotcrete lining (average thickness of 18 cm using beam
elements) were taken into account; e.g. John et al. [13].

The interaction between the primary lining and the subsequ-
ently installed final lining is included in the model by taking
the time-dependent, reduced load-bearing capacity of the pri-
mary lining in the long term [14] into account. The final lining
is modelled by 15-noded continuum elements with a thickness
of approx. 75 cm. The use of an interface element between the



20. rocnik - €. 172011

izola¢nf{ f6lif chranénou geotextilii. Izolace je umisténa na rubu
definitivniho osténi.

Skuteéné tloustky osténi ve stani¢eni TM600 nejsou zndmy,
proto byly pro zpétnou analyzu pouZity prumérné hodnoty
z vySe uvedenych rozsahu.

Silni¢ni tunel byl navrZen jako systém dvojice tunelovych
trub doplnény o ventilaéni a odvodniovaci §tolu umisténou mezi
dopravnimi troubami. Stola a prvni tunelové trouba byly raZeny
podle zdsad NRTM. Stola byla raZena plnym zibérem, zatimco
prvni tunelovd trouba byla raZena s horizontdlnim ¢lenénim na
kalotu, opéfi a dno.

5.2.1 Vypoctovy model

Pro vypolty byla pouZita metoda konednych prvka.
Usporaddni silni¢nich tuneld neni symetrické, proto byl mode-
lovan cely tunelovy systém. Horninovy masiv byl modelovan
15 uzlovymi trojihelnikovymi prvky za pouZiti Mohr-
Coulombova materidlového modelu. Primdrni osténi bylo
modelovano 5 uzlovymi prutovymi prvky. Definitivni ostén{
bylo modelovdno 15 wuzlovymi trojihelnikovymi prvky
s pouZzitim linedrné pruZzného materidlového modelu. Na rozhra-
ni mezi definitivnim a primarnim osténim byly pouZity kontakt-
ni prvky za tcelem simulace pusobeni membranové izolace, tj.
zamezeni prenosu tangencidlnich napéti mezi definitivnim
a primdrnim osténim.

Vyvoj tuhosti, pevnosti a vliv dotvarovdni mladého stiikané-
ho betonu v case byly simulovdny postupnym pouZitim dvou
ruznych tuhosti (John a kol. [13]).

Vzdjemné ovliviiovani definitivniho a primarniho osténi zahr-
nujici degradaci primdrniho osténi v Case a z toho vyplyvajici
preskupovani napéti bylo v modelu simulovano redukci pevnos-
ti a tuhosti primarniho osténi (Marcher a kol. [14]).

Parametry pouzité pro modelovani Haselgebirge jsou uvede-
ny v tab. 1.

Tab. 1 Geotechnické parametry pouZité pro modelovini formace Haselgebirge

Table 1 Geotechnical parameters used in modelling of the Haselgebirge
formation

E [MN/m?] ¢ [kN/m?]

| Y [kN/m’| vi] ¢ [°]

Vétraci a drenazni tunel
Ventilation & Drainage Tunnel
AV, LR ti ; "
Ll Fag
s =

Stavajici trouba
Existing Tube

Nové (2.) trouba

New (2nd) Tube

Haselgebirge ‘ 240 ‘ 330 ‘ 0,2 ‘ 380 ‘ 258

5.2.2 Predpoklady pro stanoveni pretvoreni vyvolanych
bobtndnim

Objemova pretvoreni jsou iniciovdna v horniné pod po¢vou
za predpokladu idedlné pruzného — zcela plastického chovéni
horniny (John a kol. [15]). Velikost z6ny, kde jsou pretvoreni
iniciovdna, je odvozena na zdkladé méfeni, zkuSenosti
a z literatury:

e Vysledky méfeni klouzavého mikrometru z prvni trouby
silni¢niho tunelu Bosruck a jinych tunelt (napf. tunel
Belchen [12]) ukazuji, Ze k deformacim v horninovém
masivu pod pocvou tunelu dochdzi pouze ve vzdilenosti
pér metra od ostén{ protiklenby a s narustajici vzddlenosti
rychle klesaji. Maximaln{ hodnota deformaci byvd mérena
zhruba v ose tunelu a s pribyvajici vzddlenosti do stran veli-
kost deformaci klesd.

Prvni invariant tenzoru napéti spoluuréuje velikost objemo-
vych pretvoreni vyvolanych bobtndnim &vol. V blizkosti
tunelu v dusledku razby hodnoty prvniho invariantu napéti
klesaji. Proto jsou pretvoreni vyvoland bobtndnim hornino-
vého masivu nejvétsi prave v blizkosti tunelu.

Projevy bobtnani jilovitych bridlic jsou anizotropni. Ve
sméru kolmém na plochy foliace jsou pretvoreni vyvoland
bobtndnim vétsi nez ve sméru rovnobézném s plochami
foliace.

Obr. 5 Model s detaily tunelu
Fig. 5 FE Model Dimensions and Geometric Details of Tunnel Tubes

primary and the final lining in the model prevents a transfer of
tangential forces in a similar way as the installation of
a waterproofing system in the tunnel.

The individual construction stages are gradually developed
from the initial state. The load distributions of every partial
excavation take into account a stress release ahead of the wor-
king face.

For the calculation, ground properties of the Haselgebirge
formation with parameters given in Table 1 were used.

5.2.2 Swelling strain assumptions

Volumetric strains are applied to the ground below the invert
taking into account the elasto-plastic ground behaviour, e.g.
John et al. [15]. The extent of swelling strains was derived
based on literature and on the following observations:

e Sliding micrometer measurements made in the 1st tube
and experiences gained with other tunnel constructions
(e.g. Belchen tunnel [12]) indicate that displacements in
the ground below the tunnel invert mainly take place wit-
hin a few meters below the invert arch and diminish with
depth. The maximum value is in the vicinity of the centre-
line and decreases in direction of the tunnel sidewalls.
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Obr. 6 Odvozeni priristku pietvoieni od dotlacovdni na zdkladé vysledku
meéreni v prvni troubé

Fig. 6 Derivation of Creep Strain Based on Data from the Bosruck Road
Tunnel (15 Tube)
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Obr. 7 Porovndni vysledku méreni extenzometru a klouzavého extenzometru s vysledky ziskanymi zpétnou analyzou
Fig. 7 Comparison of Extensometer and Sliding Micrometer Measurements to Back-Analysis Results

e Pfi modelovani se vychdzelo z predpokladu, Ze bobtna-
ji/bobtnaly horniny pouze pod pocvou tunelu, které byly
sycené vodou v prubéhu razby a vodou z poSkozené tune-
lové drendZe. V oblasti nad poc¢vou tunelu se horninovy
masiv spi§ dotlacuje nez bobtn4.

Velikost zény, kde byla pretvoreni iniciovdna, je vidét na obr.
5. Hloubka zény pod pocvou tunelu odpovidéd priblizné jedné
poloviné priméru tunelu.

5.2.3 Predpoklady pro stanoveni pretvoreni vyvolanych
dotlacovdnim

Analyzou méfenych dat je mozné odhadnout vyvoj rychlosti
dotvarovéni horniny.

V pripadé tunelu Bosruck je ¢asovy rozsah méfeni limitovan.
Extrapolace byla pouzita pro stanoveni predpoklddaného dotla-
¢eni/deformaci pro navrhovou dobu tunelu 100 let (obr. 6). Toto
bylo vychodiskem pro stanoveni vyvoje napéti v dlouhodobém
¢asovém horizontu.

e The first invariant of the stress tensor is a controlling
parameter for the volumetric swelling strain €,4]. In the
vicinity of the tunnel excavation, generally decreasing
values of the first invariant of stresses I1 can be obser-
ved. Hence, heave is a result of the integration of swel-
ling strains in the vicinity of the tunnel excavation.

e The swelling behaviour of clay shale is observed to be
anisotropic. Clayey rock has a higher swelling potential
in a direction perpendicular to foliation than in
a direction parallel to foliation.

e It was assumed that the rock underneath the tunnel invert
was watered due to construction and leakages from the
tunnel drain. It was consequently assumed that only the
corresponding section below the invert was affected by
swelling. The ground outside this area was not subject to
swelling, but rather to squeezing.

The extent of the swelling zone was determined as illustra-

ted in Figure 5. The maximum depth of the swelling zone was
chosen to be approximately half the tunnel diameter.
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Obr. 8 Krivka reakce horninového masivu zndzornujici vyvoj zatiZeni osteni tunelu vlivem dotvarovdni
Fig. 8 Results Convergence-Confinement Method to Illustrate Stress Increase Due to Creep Strain

Chovani horninového masivu v dlouhodobém c¢asovém hori-
zontu/dotlacovani je modelovdno redukovdnim modulu pruz-
nosti horninového masivu Erock(t) v Case:

E,.(1=0)
E(t)= ="
Frck
I+ (1)

kde (t) je koeficient dotvarovani.

Velikost koeficientu dotvarovdni je spocitdna s pouZitim ana-
lytického feSeni. Transformace méfenych hodnot do koeficientu
dotvarovéani umoZnuje sestrojit kiivku predikce vyvoje dotvaro-
vani za pouziti ndsledujici rovnice:

o0 =..(1-¢)

5.2.4 Porovndni vysledku vypocti s mérenim

Raznd zatiZeni a jejich kombinace byla zkoumdna, aby bylo
nalezeno zatéZovaci schéma jeZ nejvérnéji vystihuje merené
deformace.

Na obr. 7 jsou porovndny vysledky (deformace) spoctené za
pouziti nejpravdépodobnéjsiho zatéZovactho schématu
s deformacemi naméfenymi v prvni tunelové troubé. Toto sché-
ma zatizeni navic vyobrazuje prepoklddané poruseni betonu
protiklenby.

Vliv tloustky definitivniho osténi byl dodatedné analyzovan
s pouzitim krivky reakce horninového masivu. Metoda je zalo-
Zend na zméné napéti horninového masivu v zdvislosti na jeho
deformacich (Bouvard a kol. [16] a Panet [17]). Vysledky ana-
lyzy tloustky osténi jsou ukdzdny na obr. 8.

Obr. 8 zndzornuje dotvarovani horninového masivu v Case,
respektive ndrust zatiZen{ AOqueeze (1) na osténi tunelu v Case.
Na obr. 8 jsou znédzornéna zatizeni od dotvarovéani v téchto
Casech:

1) Zatizeni po vyraZeni tunelu s pocatecnim modulem pruz-

nosti horninového masivu E (t = 0) (modra kfivka).

2) Zatizeni tunelu na konci doby Zivotnosti s redukovanym

modulem pruznosti horninového masivu E (t = 100 let)
(Cervend krivka).

5.3 Navrh druhé tunelové trouby

Pretvofeni v dusledku bobtndni a dotvarovani horninového
masivu byla aplikovdna v rozsahu odvozeném z vysledku zpét-
né analyzy prvni tunelové trouby.

The long-term rock mass behaviour
is taken into account by calculating
a reduced stiffness modulus E;,ck(t) for
the time t; (t) represents the creep coefficient.

"r"..f_‘*.{.jr =0)
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The value of ¢ is calculated on the basis of a closed form
solution. The transformation of measurement values into
creep coefficients @(t) makes it possible to create

a hypothetical creep prediction curve using the following
exponential equation:

plr) = ‘T.-..r([ —r""'rJ

E—---J.['r] =

5.2.4 Comparison with measured data
Different load cases were combined to identify the most
reasonable load combination.
Figure 7 shows a comparison of the displacements in the
rock mass determined by sliding micrometer and extensome-
ter measurements and of displacements determined by calcu-
lation. The most reasonable load combination also explains
the failure of the final lining in the invert arch.
A variation in the thickness of the final lining was also ana-
lyzed. The outcome of several iterations is presented in
Figure 8 using the convergence-confinement method. This
method is used to estimate the magnitude of the redistributed
ground load (e.g. proposed by Bouvard et al. [16] and Panet
[17D).
The stress increase AOgqueeze (1) on the final lining was
derived from the change in ground reactions with time as
illustrated in Figure 8. The following stages were considered
to model the time-dependent increase in stress due to rock
squeeze:
1. short-term ground reaction curve with an initial stiffness
modulus of E(t=0) (blue line in Figure 8),

2. final ground reaction curve with a reduced stiffness
modulus of E(t=100 years) (red line in Figure 8) in equ-
ilibrium with the final lining support.

5.3 Resulting Design

Swelling and creeping strain assumptions were made to
meet the results of the performed back-analysis.

In order to be prepared to cope with the expected squee-
zing, swelling and creeping ground conditions in the fault
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Obr. 9 Geometrie pri¢ného rezu druhé tunelové trouby ve formaci
Haselgebirge

Fig. 9 Tunnel Geometry — Section of 2nd Tube of Road Tunnel in the
Haselgebirge Formation

Pro preneseni zatizeni vyvolanych dotlaovanim a bobtndnim
horninového masivu v tseku poruchové zény v Haselgebirge
byl pro druhou troubu silni¢niho tunelu navrzen kruhovy pri¢ny
fez v souladu s tzv. principem vzdorovani (vice o moznych prin-
cipech napf. [12]). Plocha vyrubu je zhruba 130 m?2 (obr. 9). Je
pouzito standardni ¢lenéni vyrubu na kalotu a opéfi, dno tunelu
je razeno na celou Sitku tunelu. Thned po vyraZeni zdbéru
a odtéZeni rubaniny je ve dné tunelu aplikovdna vrstva stiikané-
ho betonu, aby bylo co nejvice omezeno syceni horninového
masivu technologickou vodou.

Aby bylo zamezeno rozvinuti plastického chovani velmi tuhé
horniny Haselgebirge, bylo navrzeno rychlé uzavirani profilu
tunelu v poévé protiklenbou ze stiikaného betonu o tloustce
30 cm. JelikoZ je zfejmé, Ze jiz relativné mald deformace uzavre-
ného kruhového prstence primarniho osténi zpusobi jeho pretize-
ni, byly jako soucdst primarniho osténi navrZeny ocelové stlaci-
telné elementy schopné pohltit deformace az 20 cm. Aby bylo
zamezeno rozvinuti plastického chovani Haselgebirge na nejvét-
§1 moZnou miru, byla pracovni kiivka (kfivka spojujici deforma-
ce se zatizenim) ocelovych stladitelnych elementl navrZena tak,
aby tuhost ocelovych stlalitelnych elementd byla jen o malo
mensi nez tuhost 30 cm silného osténi ze stitkaného betonu.

Definitivni osténi druhé tunelové trouby bylo navrzeno tak, aby
bylo schopno prenést prepokladand zatiZzeni vyvoland chovanim
Haselgebirge v dlouhodobém ¢asovém horizontu. Klenba tunelu
byla navrzena z nevyztuZeného betonu tfidy C35/45 s tloustkou
definitivniho osténi 70 cm ve vrcholu klenby tunelu. Tloustka
definitivniho osténi se s narustajici vzdélenosti od vrcholu klen-
by zvétSuje az na 90 cm na rozhrani opéfi—dno. Protiklenba je
navrzena ze Zelezobetonu s maximdlni tloustkou 130 cm.

6 ZAVER
Procesy bobtnéni a dotlatovani nejsou stéle jeste v pIné §ifi objas-
nény. A proto predikce reakce horninového masivu sestdvajiciho

Obr. 10 Razba druhé tunelové trouby ve formaci Haselgebirge
Fig. 10 Excavation through the Haselgebirge Formation

zones of the Haselgebirge formation, a circular tunnel cross-
section was chosen following the “resistance principle” (for
definitions of the possible principle see e.g. [12]) for the 2nd
tube of the road tunnel. The excavation tunnel area is approx.
130 m2. A standard excavation scheme is designed for the top
heading and bench excavation. A subsequent invert excavati-
on is executed over the full width and with immediate shotc-
rete sealing to avoid water ingress into the ground.

In order to prevent the activation of plastic behaviour of the
stiff Haselgebirge formation, invert closure criteria and
a minimum shotcrete lining thickness (which serves as an
essential load-bearing element) of 30 cm were defined. To
avoid overloading of the shotcrete lining, the yielding ele-
ments were specified to accommodate expected deformations
of up to 20 cm in the fault zone tunnel sections of the
Haselgebirge formation.

The final lining was designed to sustain all loads assumed
to be induced by the long-term behaviour of the Haselgebirge
formation. The thickness of the final lining in the tunnel
crown is 70 cm. The thickness increases up to 90 cm at the
transition area between invert and bench. The invert arch has
a thickness of 130 cm. The tunnel vault, was designed with
an unreinforced final lining, assuming a C35/45 concrete
class strength.

6 CONCLUSIONS

In the case of swelling rock, the physico-chemical mecha-
nisms caused by tunnel excavations in the short and long
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z bobtnavych anebo tlacivych hornin na razbu tunelu je jen velmi pri- term are not fully understood. Some of these uncertainties

bliznd. Jednou z cest, jak omezit nejistoty pramenici z neznalosti can be eliminated by means of the acquired tunnelling expe-

mechanismu bobtndni a dotlacovéni, je vyhodnoceni zkuSenosti rience in the specific rock environment (e.g. experience from

s razbou tuneli v obdobném geologickém prostiedi (zde napt. pilot and/or first tube construction).

odvodnovaci a odvzdusnovaci §tola a prvni tunelova trouba). Especially in anhydrite-bearing rocks, the swelling process
V hornindch obsahujicich sil a anhydrit miZe byt proces can be associated with squeezing / creeping effects which are

bobtnéni spojen s dotlatovanim horninového masivu. Z tohoto often affected by stress fracturing, i.e. brittle failure mecha-

duvodu byl pro prekondni kritického tseku ve formaci
Haselgebirge navrzen zpusob razby umoziiujici rychlé uzavira-
ni prstence primarniho osténi vystrojeného stlacitelnymi ele-
menty spolu s konstruk&nimi opatfenimi zamezujicimi syceni
horninového masivu technologickou vodou. Nésledné bude
zabudovdano masivni definitivni osténi s kruhovym pri¢nym
fezem. Takovyto ndvrh by mél dle provedenych analyz zamezit
rozvoji plastického chovani Haselgebirge.

Navrh druhé trouby silni¢niho tunelu byl zaloZen na vysled-
cich zpétné analyzy chovani prvni tunelové trouby. S pouzitim
vice neZ stoletych zkuSenosti s vystavbou tuneld pod masivem
Bosruck byly nejistoty pramenici z omezené znalosti mechanis-
ma bobtnéni a dotlatovéani horninového masivu zredukovany.

nisms and/or plastification of the surrounding rock. That is
why the critical section of the Haselgebirge formation of the
Bosruck Tunnel was designed with a circular shape and an
excavation sequence was used with a rapid ring closure to
prevent fracturing zones. In addition, immediate shotcrete
sealing was essential to avoid water ingress.

For the long term, a stiff lining concept (i.e. principle of
resistance of the invert arch) was chosen where dimensions
are based on the back-analysis results of the first tube.
Effects due to uncertainties caused by limited knowledge
about swelling / squeezing mechanisms in tunnelling were
eliminated as much as possible based on experience gained
in tunnelling in the Bosruck massif during the last 100
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DEFORMACE POVRCHU TERENU A BUDOV ZPUSOBENE RAZENIM
MELKYCH TUNELU - 2. CAST
DEFORMATIONS OF GROUND SURFACE AND BUILDINGS CAUSED
BY SHALLOW TUNNEL EXCAVATION - PART 2

TOMAS EBERMANN, ONDREJ HORT, VLADIMIR KRISTEK, ALEXANDR ROZSYPAL

Pozn.: prvni &dst Cldnku vysla v cisle 4/2010 casopisu Tunel
v prosinci 2010

3.2 Matematické modelovani a numericka analyza

Je zcela zfejmé, Ze pro objektivni posouzeni skute¢ného chovani
objektu nestati béZzny pruzny vypocet zaloZeny na krajné zjednodu-
Senych materidlovych modelech. ReSeni, pokud md uspokojivé
respektovat redlné chovdni, nelze limitovat predpoklady pruznosti
a linearity.

Pro vypocty redlného pusobeni konstrukci byl vytvofen program
SBETA (Cervenka, 1997), ktery pouZivd nelinearniho materidlového
modelu vystihujictho skute¢né chovani. Materidlovy model je zaloZen
na izotropnim zpusobu poskozovéni v tlaku bez trhlin a na ortotropnim
poskozovani po vzniku trhlin, vyuZivd tahovou houZevnatost prostred-
nictvim poznatki zaloZenych na nelinedrni lomové mechanice.
Nelinedrn{ feSen{ probihd v zatéZovacich krocich, pficemz v kazdém
kroku je provddéna iterace az do dosaZeni rovnovédhy. ReSeni je for-
mulovdno v oboru velkych deformaci a zahrnuje tedy i geometricky
nelinedrni chovani.

Jako priklad aplikace tohoto vystiZného postupu je uvedena analyza
predikce chovani obytného domu v Praze (stavba z roku 1897) zasa-
Zeného uc¢inkem podzemni ¢innosti (obr. 6), kterd se projevila pokle-
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Note: The first part of the paper was published in Tunel journal issue No.
4/2010 in December 2010

3.2 Mathematical modelling and numerical analysis

It is absolutely obvious that a common elastic calculation based on extre-
mely simplified material models is not sufficient for objective assessments of
real behaviour of a structure. The solution, if it is to satisfactorily respect the
real behaviour, cannot be limited through elasticity and linearity assumptions.

The SBETA program (Cervenka 1997), which was developed for calcula-
tions of real effects on structures, uses a non-linear material model, giving a
true picture of the real behaviour. The material model is based on an isotro-
pic way of the development of pressure-induced no-crack damage and on ort-
hotropic damaging after cracks have developed; it uses tension toughness
through the knowledge based on the non-linear fracture mechanics. The non-
linear solution proceeds in loading steps, with iteration being conducted in
each step until the state of equilibrium is reached. The solution is formulated
within the range of large deformations, thus it even comprises geometrically
non-linear behaviour.

As an example of the application of this apposite procedure, we present an
analysis of the prediction of the behaviour of a residential building in Prague
(built in 1897), which was affected by underground construction activities
(see Fig. 6), manifesting themselves by settlement within a part of the buil-
ding ground plan (see Fig. 7). The consequences manifested themselves first
of all in the part marked by a vertically elongated ellipse in Fig. 6.

The character of the damage to the building and the manner of the origi-
nation and distribution of cracks are shown in Fig. 8.

The width of cracks is visible in Fig. 9.

Fig. 8 The character of the damage to the building and the manner of the
origination and distribution of cracks (according to Cervenka)

The above example of an analysis of a real structure affected by manifes-
tations of underground construction activities proved that currently there are
apposite calculation methods and tools available for predicting the character
and degree of damage to structures induced by these activities. Owing to this
fact, it is possible to assess the response of a particular structure being
investigated for concrete assumptions on the manner, scope and development
of the sub-base deformation with time, and, on the basis of the assessment,

Obr. 6 Stavba zasaZend ticinkem podzemni innosti (podle Cervenky)
Fig. 6 A structure affected by underground work activities (according to
Cervenka)
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Obr. 7 Pokles v &isti piidorysu budovy (podle Cervenky) 5
Fig. 7 Settlement within a part of the building ground plan (according to Cervenka)
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Obr. 8 Charakter poruseni objektu a zpiisob vzniku a rozloZent trhlin (podle
C‘ervenky)

Fig. 8 The character of the damage to the building and the manner of the
origination and distribution of cracks (according to Cervenka)

sem v Casti pudorysu budovy (obr. 7). Dusledky se projevily zejména
v ¢4sti vyznacené na obr. 6 svislou protdhlou elipsou.

Charakter poruSeni objektu a zpusob vzniku a rozloZeni trhlin uka-
zuje obr. 8. Sitka trhlin je patrnd na obr. 9.

Ukdzany piiklad analyzy redlné konstrukce zasaZené projevy
podzemni Cinnosti prokédzal, Ze v souCasné dobé jsou k disposici
vystizné vypoctové metody a nastroje pro predikci charakteru
a stupné poskozeni stavebnich konstrukci v dasledku této innosti.
To umozniuje pro konkrétni predpoklady o zpusobu, mife a ¢asovém
vyvoji deformaci podloZi zhodnotit odezvu konkrétni posuzované
konstrukce a na zdkladé toho zvolit takovd opatfeni, kterd zaruci
ucinny a soucasn¢ ekonomicky optimélni pristup jak k realizaci
podzemniho dila, tak i k metoddm sanace vzniklych poruch. Takto
lze prokdzat moznost pripusténi uréitych deformaci stdvajici nad-
zemni zdstavby béhem jejitho podchdzeni podzemni stavbou
a ndsledné vzniklé poruchy sanovat namisto toho, aby vzdy byla
upln¢ dodrZzena deformacni kritéria platnd pro nové stavby, které
jsou podzemni vystavbou dotfeny, coZ by si mohlo vyzddat zcela
mimorddné ndklady.

Je zfejmé, Ze chceme-li dosdhnout skute¢né co nejveérohodnéjsich
vysledku, je tieba vérné modelovat staticky systém, materidlové para-
metry nelinedrntho charakteru, vznik a vyvoj poruch, respektovat
vznik velkych deformaci a téZ reologické faktory (pro jejichZ predikci
musi byt pouzity vystizné matematické modely), pokud jev probihd
v del§im Casovém tudobi a betonovd konstrukce je nizkého starf
(Kristek, 2009).

Tyto moderni postupy téZ umozni rozliSit a charakterizovat kon-
strukéni typy z hlediska odezvy na projevy podzemni Cinnosti —
z hlediska statického systému, statické neurcitosti, pouZitého materid-
lu a téZ z hlediska ndroku na funkci konstrukce, na bezporuchovost,
Zivotnost, udrZovatelnost a moZnost opravy.

Nejsou-li v8ak pro dany prfipad k dispozici spolehlivé teoretické
metody vypoCtu anebo osvédCend analogickd feSeni, ziskdvaji se
mezni stavy dnosnosti a provozuschopnosti stavebni konstrukce
a jejich vyse uvedené charakteristiky bud experimentdlnim posouze-
nim, nebo analogii na existujicich podobnych konstrukcich.

Provozuschopnost stavebni konstrukce Ize v§eobecné charakterizo-
vat jejim pocdtecnim stavem a poSkozovanim objektu v Case, tj. tzv.
procesem poSkozeni objektu. Pfi vypoctu je nutné uvazovat tri hle-
diska:

e vychoz{ stadium objektu (stdrf, stav, tuhost, typ konstrukce: static-
ky urcity/neurcity), popisem stavebniho materidlu (zdivo, beton,
ocel, atp.), jeho charakteristik,

« vlastnosti faktoru, jeZ zpusobuji poskozeni a jejich dinky, (geolo-
gie, technologie razeb, atp.),

e proces porusovani ve vztahu na ur€itou pravdépodobnostni hypo-
tézu dal§tho poskozovani, jeZ popisuji interakci obou predchdzeji-
cich stadif (vznik poklesové kotliny, jeji prubéh a vyvoj s ohledem
na pozici objektu, atp.).

i e fa|

Obr. 9 Sitka vzniklych trhlin (podle Cervenky)
Fig. 9 Width of the developed cracks (according to Cervenka)

select such measures which will guarantee effective and, at the same time,
economically optimum approach to both the implementation of the underg-
round works and to the methods of removing the incurred defects. It is pos-
sible in this way to prove that it is possible to accept certain deformations of
existing structures during the passage of an underground structure underne-
ath, and to remove defects subsequently instead of always adhering to defor-
mation criteria applicable to new structures affected by the underground con-
struction, which could require absolutely exceptional expenses.

It is obvious that if we want to reach the really most credible results, it is neces-
sary to model as closely as possible the static system, non-linear character para-
meters of the material, the origination and development of defects, to respect the
origination of big deformations and also rheological factors (requiring mathemati-
cal models to be used for predicting them) if the phenomenon lasts during a lon-
ger period of time and the age of the concrete structure is low (Kfistek, 2009).

In addition, these modern procedures make it possible to distinguish and
characterise structural types in terms of the response to manifestations of
underground construction activities — in terms of the structural system, stati-
cal indeterminacy, the material used and also in terms of requirements for the
structural function, trouble-free operation, longevity, possibility of its main-
tenance and removing defects.

However, if no reliable theoretical calculation methods or proven analog
solutions are available for the particular case, the ultimate limit state or the
limit state of serviceability of the structure and the above-mentioned charac-
teristics of these states are obtained either by experimental assessment or by
an analogy on existing similar structures.

Serviceability of a structure can be generally characterised by its original
condition and development of defects with time, i.e. the process of damaging
the structure. The following three criteria must be taken into consideration
during the calculation:

* The initial stage of the structure (the age, condition, toughness, type of
structure: statically determinate or indeterminate), the description of con-
struction materials (brickwork, concrete, steel etc.) and their characteristics.

* Properties of factors causing the damage and their effects (geology, exca-
vation technique etc.).

* The process of developing the damage in relation to a certain probability
hypothesis about further damaging, describing the interaction between
the two preceding stages. (The origination of a settlement trough, its
shape and development in respect of the structure position, etc.).

4 BASIC PRINCIPLES OF THE METHODOLOGY
RECOMMENDED FOR MEASURING DEFORMATIONS
OF GROUND SURFACE AND BUILDINGS

4.1 Sequence of steps of the solution for determining
the acceptable condition of structures to be passed
under by a tunnel

The following sequence of decisions is to be made in the context of the
management of risks to structures found within settlement troughs due to
undermining:
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4 ZAKLADNI PRINCIPY DOPORUCENE METODIKY PRO
MERENI DEFORMACI TERENU A BUDOV

4.1 Posloupnost ifreSeni piijatelného stavu tunelovanim
podchazenych stavebnich konstrukei

Posloupnost rozhodnuti, ktera je tfeba v souvislosti s fizenim rizik

objektt na poklesovych kotlindch od podtunelovéni provést, je nésle-
dujict:

e definovdni poZadavka na provozuschopnost objektu béhem razeb
tunelu a urceni kritérii na jejich posouzeni,

» charakteristiky aktudlniho stavu tunelem podchazenych konstruket,

e identifikace charakteristik a vlastnosti konstrukce, které mohou
slouzit jako indikatory jejiho poSkozenti,

e identifikace ofekdvaného a moZného rozsahu Skod konstrukce
v souvislosti s uréenymi faktory, jako jsou dusledky neprijatelné-
ho vyvoje deformaci, napjatosti, pretizent,

« identifikace moZnych mechanismu poskozen{ konstrukce,

e zvéZzeni, jak je mozné v prubéhu raZeb sniZit ¢i eliminovat pfiiny
& dusledky neprijatelného deforma¢niho vyvoje sledovaného
objektu,

e definovani poZzadavku na monitoring a ddrzbu s ohledem na pred-
pokladané deforma&ni chovani konstrukce v prubéhu razby tunelu,

* ovéfovani predpokladli monitoringem,

e vyuziti v8ech dostupnych poznatki a pozorovani podobnych
objektu pfi podobnych podminkéch (analogie),

e urleni matematického modelu analyzy a predpokladi poskozeni
konstrukce a rychlosti zmén jevi v duasledku vzniku poklesové
kotliny.

Zvysenou pozornost je tieba vénovat i pranikum siti (zejména ply-
novody, kanalizace a vodovody) s objekty na sledovanych pokleso-
vych kotlindch.

4.2 Prizkum stavu objekt

Pasportizace viech objektd v mozném dosahu poklesové kotliny je
prvnim krokem, ktery musi byt proveden. Méla by byt zpracovéna na
drovni soudnéznalecké dokumentace a statického posouzeni vychozi-
ho skute¢ného stavu objektu provedeného v dostate¢ném predstihu
pred razbami, pripadné i statického zajiSténi téchto objektu.

Jsou dokumentovdny vSechny stény, strop a podlaha. V rdmci jed-
notlivych stén je zaznamendvén skute¢ny prubéh trhlin, tj. jejich ori-
entace.

Pasportizaci se rozumi nejen zaevidovani a klasifikace trhlin ve
zdech prislusného objektu, ale i celkové posouzeni jeho statického
stavu s ohledem na konstrukci a stdfi sledovaného objektu a na
jejich vyznam pro jeho celkovou stabilitu. Posuzuji se i priciny
vzniku trhlin.

Pasportizace a statické posouzeni vychoziho skute¢ného stavu objek-
tu, dal§tho moZného poskozeni v dasledku razeb tunelu jsou vychodis-
kem pro rizikovou analyzu. Jsou i podkladem pro rozhodnuti o cilech
méfeni na budové a o typech pouZitych méridel a jejich umisténi.

4.3 Monitoring

Dusledny monitoring poklesové kotliny a objektl na ni se nachdze-
jicich je zdkladnim predpokladem udspé$nosti ekonomické razby
a souvisejicich pfijimanych opatfeni. Monitoring je zaméfen jak na
deformacni vyvoj vlastni poklesové kotliny, tak i budov.

Aplikace observacni metody je v tomto pfipadé zvlast naro¢nd, pro-
toZe na zdkladé vysledka méfeni se ve vzdjemné interakci ovliviiuje
jak prubéh poklesové kotliny, tak i prijimani opatfeni na piipadné vy-
ztuZovani stavebnich objektu, které se na ni nachdzeji.

Pred zahdjenim raZeb je nutno stanovit podklady pro kritéria varov-
nych stavi, zejména kritické a varovné hodnoty, a to pro povrch teré-
nu a budovy. U budov stanovuje tyto hodnoty statik, u inZenyrskych
sitf jejich spravce. Kritéria varovnych stavu stanovuje projektant reali-
zacni dokumentace stavby.

Kritéria varovnych stavi jsou nésledné zapracovéna do realizadni
dokumentace razby tunelu a realiza¢ni dokumentace monitoringu.

Monitoring prabéhu poklesové kotliny musi obsahovat:

e sledovéni seddni povrchu terénu (napf. presnou nebo velmi pres-

nou nivelaci),
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* defining requirements for serviceability of the structure during the cour-
se of the tunnel excavation and determining assessment criteria for them,

e determining characteristics of the current condition of the structures to be
passed under by the tunnel,

¢ identifying the characteristics and properties of the structure which can
serve as indicators of a damage,

* identifying the expected and possible scope of damage to the structure in
connection with the determined factors, such ones as results of unaccep-
table development of deformations, stress and overloading,

* identifying possible structure-damaging mechanisms,

* considering the possible ways of decreasing or eliminating the causes or
consequences of unacceptable development of deformations of the struc-
tures being monitored during the course of the tunnel excavation,

* defining requirements for monitoring and maintenance with respect to
the anticipated deformational behaviour of the structure during the cour-
se of the tunnel excavation,

* verifying assumptions by monitoring,

e using all available information and observations regarding similar struc-
tures under similar conditions (analogies,)

* determining a mathematical model for an analysis and assumptions for
the damage to the structure and the rate of changes in the phenomena
resulting from the origination of the settlement trough.

It is necessary to pay increased attention even to intersections with utility
networks (above all gas pipelines, sewers and water pipelines) with structu-
res found within the settlement troughs being monitored.

4.2 Condition survey of structures

The condition survey of all buildings found within the possible range of the
settlement trough is the first step which has to be performed. It should be car-
ried out at the level of officially appointed expert’s documents and a structu-
ral assessment of the actual initial condition of the structure, which should be
performed in a sufficient advance of the excavation, or even at the level of
structural stabilisation of the buildings.

All walls and floor slabs are to be documented. The actual course of cracks,
i.e. their orientation, is to be recorded for individual walls.

The condition survey comprises not only recording of the classification of
cracks in walls of a particular building, but also an overall assessment of its
structural condition, taking into consideration the age of the building to be
monitored and the significance for the overall stability of the building. Even
the causes of the origination of the cracks are to be assessed. The condition
survey and structural assessment of the actual condition of the structure and
further possible damage due to the tunnel excavation provides the basis for a
risk analysis.

At the same time it provides a basis for decisions about the objectives of
measurements to be conducted on the structure and types and locations of
measuring tools.

4.3 Monitoring

Consistent monitoring of the settlement trough and structures found within
the trough is a fundamental condition for the success of economic tunnel
excavation and the adopted measures associated with it. The monitoring is
focused on the development of deformations not only of the settlement trough
but also of the structures.

The application of the observational method is, in this particular case, espe-
cially complicated because the results of the measurements are the basis for
affecting both the course of the settlement trough and, in mutual interaction,
the adoption of measures for contingent reinforcing of structures found wit-
hin the trough.

Grounds for warning state criteria, first of all critical and warning levels,
must be determined prior to commencing the tunnel excavation, both for the
ground surface and buildings. These levels are determined by a structural engi-
neer for buildings and a relevant administrator for utility networks. Criteria for
warning states are to be determined by the author of the detailed design.

The warning state criteria are subsequently incorporated into the detailed
design for the tunnel excavation and detailed design for the monitoring.

The monitoring of the settlement trough course has to contain:

* monitoring of ground surface (e.g. by means of precision or high-preci-

sion levelling),

* monitoring of settlement performed on surface buildings found within
the zone affected by the underground excavation (e.g. precision or high-
precision levelling),

e observation of the time-dependent deformational behaviour of rock
mass in the space between the ground surface and the tunnel tube (e.g.
inclinometers, sliding deformeters and extensometers); owing to this
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* sledovdni seddni na objektech nadzemni zastavby v z6né ovlivné-
ni razbou podzemniho dila (napf. presnd nebo velmi pfesnd nive-
lace),

e sledovani deforma¢niho chovani horninového masivu v prostoru
mezi povrchem terénu a tunelovou troubou (napf. inklinometry,
klouzavé deformetry a extenzometry) v Case, jde o méfeni dopln-
kové, umoznujici sledovat propagaci poruseni napétodeformacni
rovnovdhy horninového masivu vyrubem od tunelové trouby na
terénu.

Sledovani seddni povrchu terénu je zdkladnim méfenim prubéhu
poklesové kotliny. Provadi se v méfickych profilech ve sméru podél-
ném a pri¢ném vuci podéIné ose tunelové trouby.

Podélny méficky profil je profil osazeny nad podélnou osu tunelové
trouby nebo rovnobézné s ni.

Pri¢ny méficky profil je profil osazeny ve sméru kolmém na podél-
nou osu tunelové trouby v charakteristickych bodech trasy tunelové
trouby. Charakteristickymi body trasy se rozumi napf. nizké nadloZi,
ulice, husta nadzemni zastavba, atd.

Pri¢né méfické profily na povrchu terénu jsou soucdsti tzv. sdruZe-
nych méfickych profild.

Délka pri¢ného méfického profilu musi priméfené presahovat §itku
predpokladané poklesové kotliny.

V pripadé nebezpeli dniku plynu z deformaci poklesovou kotlinou
porusenych plynovodu je nutno doplnit monitoring o detektory plynu
(zejména v prilehlych sklepnich prostorech).

Monitoring objektl na povrchu terénu musi obsahovat:

* sledovéni chovéni charakteristickych bodu objektu vystihujici jeho
pretvéreni jako celku (napf. pfesnd nebo velmi presnd nivelace, tri-
gonometrické méreni, automatické dilatometry, priloZzné deformo-
metry, tenzometry, naklonoméry) v merickych profilech ve sméru
podélném a pii¢ném vuci podélné ose tunelové trouby v ase,

« fyzické prohlidky objektu.

Charakteristickymi body objektu se rozumi méfické body na static-
ky vyznamnych nosnych konstrukcich a dalsich staticky vyznamnych
prvcich objektu. Periodické fyzické prohlidky objektu jsou provadény
na zékladé pasportizace provedené na drovni soudnéznalecké doku-
mentace.

Meéridla se umistuji s dostate¢nym predstihem pred razbami. To je
na vzdélenost, kdy jest¢ nedochazi k deformaénimu ovlivnéni objektu
raZbami.

Konkrétni rozmisténi méficich prvku, Cetnost a pofty méfeni stano-
vuje realiza¢ni dokumentace monitoringu ve vazbé na realiza¢ni doku-
mentaci stavby a pfipadnou realiza¢ni dokumentaci statického zajiste-
ni objektl na povrchu terénu.

Pri rozhodovdni o umisténi meridel spolupracuje statik (budovy),
nebo prislusny spravcee siti.

Hodnoty varovnych stavi stanovuje statik (sprdvce siti) a jsou
zapracovdny do realizaéni dokumentace stavby a pfipadné realizaéni
dokumentace statického zaji$téni objektl na povrchu terénu.

Cilem monitoringu prubéhu poklesové kotliny a objektt na povrchu
terénu je poskytnout d¢astnikim vystavby prubéZnou kontrolu skutec-
ného prubéhu poklesové kotliny a deforma¢niho chovani objekti na
povrchu terénu a umoZnit srovndni s chovanim predpokldadanym
v realiza¢ni dokumentaci razeb, tzn. poskytnout tyto informace:

e prubéh seddni povrchu terénu v prostoru a Case,

e prubéh sedéni, naklona a vodorovnych posuva charakteristickych

bodu na objektech na povrchu terénu v prostoru a ase,

* kontrola vyvoje trhlin, pfipadné vzniku novych trhlin,

e pribéh zmén napéti na vybranych nadzemnich konstrukcich
v Case,

e pribéh zmén v reZimu podzemni vody v okoli stavby v Case,

* kontrola skute¢ného fyzického stavu objektu na povrchu v Case.

Vyznamnym cilem monitoringu vyvoje poklesové kotliny a objektu
v jejim dosahu je prizpusobeni technologie raZeb v tunelu tak, aby
nebyla prekrocena povolend kritéria pro nerovnomérna seddni objekta
a ostatni projektem predepsand deformacni kritéria poklesové kotliny
a dotenych objektu.

5 SHRNUTI, ZAVER

e Predikce vzniku trhlin na objektech podchdzenych tunely
a prijiméni efektivnich opatfeni k udrZeni rozsahu a velikosti trh-
lin v Zadoucich mezich méd zdsadni vliv na ekonomiku i bez-
pec¢nost razenych mélkych tuneld ve méstech.
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supplementary measurement it is possible to follow on the ground sur-
face the propagation of the disequilibration of the stress-strain state of
the ground mass induced by the tunnel tube excavation.

The observation of the ground surface settlement is the basic measurement
of the course of the settlement trough. It is carried out in measurement profi-
les orientated in directions both parallel with and transverse to the tunnel lon-
gitudinal axis.

A longitudinal measurement profile is a profile installed above the longi-
tudinal tunnel axis or in parallel with it.

A transverse measurement profile is a profile installed in the direction per-
pendicular to the longitudinal axis of the tunnel tube, in characteristic points
of the tunnel tube route. The characteristic points of the route are meant to be,
for example, shallow overburden, a street, dense development existing on the
surface etc.

The transverse measurement profiles established on the ground surface are
parts of the so-called combined measurement profiles.

The length of a transverse measurement profile has to adequately exceed
the anticipated width of the settlement trough.

In the case of the gas leaking from gas pipelines damaged by the settlement
trough it is necessary to add gas detectors to the monitoring system (first of
all for adjacent cellar spaces).

The monitoring of structures on the ground surface has to comprise:

* the observation of the time-dependent behaviour of characteristic points
of the structure giving a true picture of its deformations as a whole (e.g.
precision or high-precision levelling, trigonometric survey, automatic
dilatometers, external deformeters, strain gauges, tiltmeters) in measure-
ment profiles in the directions parallel with as well as transverse to the
longitudinal axis of the tunnel tube,

* physical inspections of the structures.

The characteristic points of a structure are meant to be survey points instal-
led on statically significant load-bearing structures and other statically signi-
ficant elements of the structure. Periodical physical inspections of structures
are carried out on the basis of the condition survey carried out at the level of
documents prepared by an officially appointed expert.

Measuring tools are installed in a sufficient advance of the tunnel excava-
tion, i.e. at the distance ahead of the excavation face at which the structure is
not affected by deformations induced by the excavation yet.

The concrete distribution of measuring elements, frequency and numbers
of measurements are determined by the detailed monitoring design, taking
into consideration the detailed design for the construction and detailed design
for the structural stabilisation of surface buildings, if there is any.

When the decision on locations for the installation of measuring tools is
being made, the structural engineer (the author of the design for the building)
or the relevant administrator of utility networks, collaborates.

The values of warning levels are specified by utility network administra-
tor’s structural engineer; they are incorporated into the detailed design for the
works and, if applicable, into the detailed design for the structural stabilisati-
on of surface structures.

The objective of the monitoring of the course of the settlement trough and
of structures on the ground surface is to provide permanent checks on the
actual course of the settlement trough and the deformational behaviour of
structures on the ground surface, and to make the comparison with the beha-
viour assumed in the detailed design for the excavation possible, i.e. to pro-
vide the following information:

e the course of the ground surface settlement in the space and during the

course of time,

* the course of the settlement, tilting and horizontal displacements of cha-
racteristic points on the ground surface in the space and during the cour-
se of time,

* checks on the development of cracks or the origination of new cracks,
if any,

» the course of changes in stresses in selected surface structures during the
course of time,

* checks on the actual physical condition of surface structures during the
course of time.

One of important objectives of the monitoring of the development of the
settlement trough and structures found within its reach is to adjust the tunnel
excavation technology with the aim of preventing exceeding of the allowab-
le criteria for differential settlement of structures and other deformation crite-
ria for the settlement trough and affected structures.

5 SUMMARY AND CONCLUSION

* Predicting the origination of cracks on structures being passed under by
tunnels and adopting effective measures designed to keep the extent and
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Jedna se o slozitou tlohu interakce horninového prostredi, razené-
ho tunelu, tuhosti stavebni konstrukce, poklesové kotliny a samot-
né stavebni konstrukce na poklesové kotling.

Dnes existuje fada pozorovani vyvoje poklesovych kotlin i mérfent
svislych deformaci na objektech, které se na nich nachdzeji, které
umoznuji na zdkladé analogie jejich prognézu.

Kli¢ovym faktorem pro ovlivnéni provozuschopnosti a stability
stavebni konstrukce je vSak vyvoj vodorovnych deformaci, ke kte-
rym muiZe v urCitych oblastech poklesové kotliny dochézet.
Piimych méfeni vodorovnych deformaci, jak na objektech, tak na
poklesové kotliné, je v§ak minimum. To je pole pro dalsi vyzkum
a shromazdovani dat.

K dispozici jsou v sou€asnosti i metody matematického modelo-
vani vyvoje jak poklesové kotliny, tak i deformaci objektu na nich
situovanych. Zde je tieba zduraznit, Ze pro jejich spolehlivost je
nutnd konfrontace vysledkii modelovani se skuteCnym vyvojem
prostiedky zpétnych analyz. Uspésny byl tento postup také tam,
kde byla k dispozici dobrd méfeni vyvoje deformaci poklesovych
kotlin i objektu v prubéhu razeb prizkumnych $tol.

Koncept objemové ztrity horniny v dusledku razby tunelu je pou-
Zitelny empiricky postup, ktery se osveéd¢il pfi predikci pfiblizné
velikosti svislého sednuti a pribéhu poklesové kotliny. Objemova
ztrata mensi nez 1,5 procenta zpravidla znamend, Ze nedojde
k vyznamnému vlivu na objekty nadzemni zdstavby.

Prubéh poklesové kotliny mize byt s dostate¢nou pribliznosti ve
vEt$iné pifpadi modelovdn Gaussovou kiivkou.

Veskeré teoretické vyvody a progndzy tykajici se vyvoje pokleso-
vé kotliny a deformaé&niho chovdni objektu na ni se nachdzejicich
musi byt kontrolovdny a piipadné korigovdny duaslednym
a dostate¢né podrobnym a komplexnim monitoringem tunelového
osténi, povrchu poklesové kotliny a deformaci objekti nadzemni
zdstavby na nf se nachdzejicich.
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sizes of cracks within desired limits has a fundamental influence on the
economy and safety of near-surface tunnels driven in urban areas.

It is a complicated task involving the interaction between the ground
environment, the tunnel being excavated, the toughness of the building
structure, the settlement trough and the building structure found within
the settlement trough itself.

There is a number of observations of the development of settlement
troughs and measurements of vertical deformations on structures found
within the troughs available, which make prognoses possible on the basis
of the observations.

The key factor influencing the serviceability and stability of a building
structure is the development of horizontal deformations, which may be
encountered in certain areas of a settlement trough. Unfortunately, the
number of direct measurements of horizontal deformations both on struc-
tures and on the settlement trough is minimum. This is a field for future
investigations and data collection.

Today there are even mathematical methods available for modelling the
development of both the settlement trough and deformations of structu-
res located within the troughs. However, it is necessary now to put stress
on the fact that to achieve reliable results, the modelling results must be
confronted with the actual development, by means of back analyses. This
procedure was also successful in the cases where proper measurements
of the development of settlement troughs and structures during the cour-
se of the excavation of exploratory galleries were available.

The concept of the loss of ground volume due to the tunnel excavation is
an applicable empiric procedure, which acquitted itself in predicting the
approximate magnitude of vertical settlement and the course of a settle-
ment trough. A volume loss under 1.5 per cent usually means that no sig-
nificant impact on surface buildings will be encountered.

In most cases the course of a settlement trough can be modelled with suf-
ficient precision by means of the Gaussian curve of distribution.

All theoretical conclusions and prognoses regarding the development of
a settlement trough and the deformational behaviour of structures found
within the trough must be verified and, if necessary, corrected by means
of consistent and sufficiently detailed and comprehensive monitoring of
the tunnel lining, the settlement trough surface and deformations of sur-
face structures found within the trough.
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HYDROIZOLACNI SYSTEMY NA TUNELOVEM KOMPLEXU BLANKA
WATERPROOFING SYSTEMS ON BLANKA COMPLEX OF TUNNELS

VLADIMIR PETRZILKA, PAVEL SOUREK

1 0voD

Tento ¢ldnek je dal$im prfispévkem na téma tunelovy komplex
Blanka, v soucasné dobé nejrozsahlejsi podzemni stavby budované
v Ceské republice, a to na prazském méstském okruhu. Trasa je zde
vedena v cca 5,5 km dlouhém tunelovém useku sestdvajicim
z dil¢ich Easti hloubenych a razenych. Jejich technické feSeni odpo-
vidd podminkdm vystavby, geologickym a hydrogeologickym
pomérum, vySce nadlozi, moZnostem omezeni v tzemi b&hem
vystavby a mnoha dal§im poZadavkum od zadavatele a zhotovitele
dila (podrobnéji viz samostatny ¢lanek v TUNEL 3/2007) (obr. 1, 2).
Samostatnou problematikou této rozsdhlé podzemni stavby je jeji
ochrana proti podzemni a prisakové vodé. JelikoZ se jedna o stavbu
s dlouhodobou Zivotnosti (min. 100 let) a navic podzemni, bylo
tfeba této problematice vénovat velkou pozornost. Trasa tunelu pod-
chdzi reku Vltavu, v pfevazné délce je pod drovni hladiny podzem-
ni vody, ne¢kolikrdt se méni z hloubené do razené, agresivita pro-
stied{ je pfevazné XAl, ale lokdlné i XA2. To v§e jsou davody pro
vyuZiti modernich materidld a pracovnich postupu hydroizolaéni
bariéry obvodovych konstrukei tuneld.

Systémy zajiSténi vodonepropustnosti podzemnich staveb lze
zcela obecné délit na dva zdkladni typy. Jednd se o priméarni nebo
sekundédrni zplsob ochrany, piipadné o jejich kombinaci.
O primdrnim zpusobu ochrany hovorime tehdy, jestliZe jako vodo-
nepropustnd pusobi piimo obvodovd konstrukce stavby. O sekun-
darni zpusob ochrany se potom jednd v piipadé, kdy pro vodone-
propustnost je tieba vytvorit dal$i obvodovou vrstvu — plast.

Oba tyto zékladni zpusoby, jak vodonepropustnost stavebniho dila
zajistit, muZeme déle délit.

Pii primdrni ochrané zéleZi predevsim na pouZzitém konstrukénim
feSeni. Jiné postupy, technologii a detaily musime fesit
u hloubenych tuneld budovanych v oteviené stavebni jame, u tunelt
s ¢elnim odtéZovanim metodou MMM nebo tzv. systémem do vany,
a jiné postupy feSime u tuneld raZenych, kde zédleZi predevsim na
zpusobu provadéni definitivniho osténi.
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1 INTRODUCTION

This paper is another contribution to the topic of the Blanka com-
plex of tunnels on the City Ring Road (an inner ring) in Prague,
which is currently the largest underground construction being deve-
loped in the Czech Republic. The route runs through an about 5.5km
long tunnel section, consisting of cut-and-cover / cover-and-cut and
mined sub-sections. The technical solutions for the tunnels depend on
construction conditions, geological and hydrogeological conditions,
the height of overburden, possibilities of restricting traffic within the
area during the course of the construction and many other require-
ments received from the project owner and the contractor (for details
see an independent paper in TUNEL 3/2007) (see Figures 1 and 2).
The protection of underground structures forming this extensive con-
struction project against ground water and seepage of ground water
into them forms a separate package of problems. Because the design
life of Blanka tunnel structures is long (minimum 100 years) and, in
addition, the structures are located underground, it was necessary to
devote great attention to these problems. The tunnel route passes
under the Vltava River bottom, with the prevailing proportion of its
length under the water table, several times changing from cut-and-
cover / cover-and-cut to a mined design and vice versa, with the pre-
vailing exposure grade of XAl, but locally even XA2. All of these
conditions are reasons for using modern materials and work proce-
dures for the implementation of waterproofing barriers for tunnel
structures.

Waterproofing systems for underground structures can be general-
ly divided into two basic types — primary protection, secondary pro-
tection or their combination. We speak about the primary protection
if the structural envelope itself fulfils the waterproofing role. The
secondary protection is provided if it is necessary to create another
enveloping layer — a waterproofing jacket.

The two basic techniques ensuring waterproofing of structures can
be divided further.

In the case of the primary protection it first of all depends on the
structural design used. Procedures, technologies and details solved
for cut-and-cover tunnels built in open construction trenches, cover-
and-cut tunnels using diaphragm walls and a top-down process of
construction or the so-called bath-tub system must differ in the cases
of mined tunnels, where the most important aspect is the final lining
construction technique.

Padofaoues
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Obr. 1 Situace technickych reSeni tunelovych trub na stavbé 0079
Fig. 1 Layout of technical solutions for tunnel tubes in construction lot 0079

Obr. 2 Situace technickych reSeni tunelovych trub na stavbé 0065, 9515, 0080
Fig. 2 Layout of technical solutions for tunnel tubes in construction lots
0065, 9515, 0080




TuHel 20. rocnik - €. 1/201

Prejdeme-li k sekunddrni ochrané, je po¢et moznych variant jesté If we change over to the secondary protection, the number of vari-
veétsi. Zde totiz zéleZi nejen na pouzitém konstrukénim feSeni, ale ants available is even higher. In this case it depends not only on the
predev$im na zvoleném systému obvodového vodonepropustného structural solution used, but first of all on the chosen system of the
plaste. waterproofing jacket system.

Na stavbe tunelového komplexu Blanka v Praze jsou pouZity oba Both basic protection systems are used at the construction of
zdkladni zpusoby ochrany, jelikoZ je zde vyuZito vSech vySe jmeno- Blanka complex of tunnels because all of the above-mentioned struc-
vanych konstruk&nich feSeni tunelovych staveb. tural solutions to tunnel structures are used there.

2 HLOUBENE TUNELY KLASICKEHO TYPU 2 CLASSICAL CUT-AND-COVER TUNNELS

(V OTEVRENE JAME) (BUILT IN OPEN TRENCHES)

V oteviené stavebni jamé, at’'uz svahované nebo docasné zajiste- Open construction trenches, either with sloped sides or stabilised
né, jsou realizovany tunely na staveniSti v Troji, na Letné by temporary support, are used at construction sites in Troja, Letnd
v portdlové Casti raZzené¢ho tunelu Kralovska obora, na Prasném (the pre-portal section of the Krdlovskd Obora mined tunnel), Prasny
mosté v portdlové ¢dsti raZzeného tunelu Brusnice, dédle v prostoru Most (the pre-portal section of the Brusnice mined tunnel), in the
u kfiZzovatky ulic Myslbekova x Pato¢kova a v prostoru mimourov- area of the Myslbekova Street x Patockova Street intersection and in
nové kiizovatky Malovanka. NavrZeny jsou hloubené tunely jak the space of the Malovanka grade-separated intersection. The design
s rovnym stropem, tak i tunely s klenbou spolu s dal$imi podzemni- contains cut-and-cover tunnels both with flat roof decks and upper
mi objekty, jako jsou technologickd centra, gardZe nebo vydechové vaults, together with other underground structures, such as technical
a nasdvaci objekty. Popis technického feSeni a postupu vystavby je service centres, parking garages or exhaust and suction ventilation
obsahem samostatného ¢lanku otisténém v ¢asopise TUNEL 1/2009. structures. The description of the technical solution and the construc-

V dsecich téchto tunell je pro zajisténi vodonepropustnosti pouZit tion process is contained in a separate paper published in TUNEL
sekundédrni zpusob ochrany pomoci vnéjsi pldstové izolace. Jako journal No. 01/2009.
materidl byl zvolen bentonit (vyjma v predstihu budované &asti In these tunnel sections, the secondary protection system is used to
v blizkosti kiizovatky Malovanka, kde je vyuZito kombinace systé- provide the waterproofing, by means of external waterproofing jac-
mu samolepici féliové hydroizolace z materidlu HDPE a Zivice — kets. The material selected for this protection is bentonite (with the
Preprufe a Bithuthene). exception of a section built in advance in the vicinity of the

Bentonit je homogenni, velmi jemnd rezidudlni jilovitd hornina, Malovanka intersection, where a combination of a system using self-
kterd vznikd postupnym zvétradvanim mate¢ni horniny, predevsim adhesive HDPE or bituminous (Preprufe and Bithuthene materials)
sope¢nych tufi. Bentonit md zna¢nou sorpéni schopnost a vnitini membranes is applied.
bobtnavost ve styku s vodou. Pro pouZiti jako tésniciho prvku je nej- Bentonite is a homogeneous, very fine residual clayey ground
vice vhodny bentonit sodny. which originated by gradual weathering of rock matrix, first of all

Bentonitové izolace prosly v poslednich asi 20 letech znacnym volcanic tuffs. Bentonite has significant sorption capacity and inter-
vyvojem. Z pouzivani predevsim na sklddkdch v USA se postupné nal swelling capacity on contact with water. The most suitable for the
z bentonitovych rohoZi zalaly izolovat podzemni stavby i v Evropé application as a sealing element is sodium bentonite.

Obr. 3 Pred betondZi uklddand bentonitovd izolace Voltex Obr. 4 Po odbednéni uklddand bentonitova izolace Dual Seal
Fig. 3 Voltex bentonite mats installed before casting of concrete Fig. 4 Dual Seal bentonite membrane installed after the formwork stripping
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a dnes se mohou zhotovitelé prezentovat i pouZitim v raZenych tune-
lech, predevsim ve skandindvskych zemich.

Vyvinuly se hlavné technologie zakomponovéani bentonitového
granuldtu nebo moucky do rohoze, které zabranuji vyplavovani ben-
tonitu pii nedostate¢ném pfitlaku. VétSina vyrobeu nyni poZaduje
vodorovnou silu na pritlaceni k izolované konstrukci kolem 80
kg/m2. To v praxi znamend asi 0,5 m hutnéného zasypu.

Pro klasické hloubené tunely v komplexu Blanka byla vybrdna
kombinace dvou vyrobka vyuZivajicich vlastnosti bentonitu. Prvn{
vyrobek jsou rohoze s oznaCenim Voltex. Tato rohoz se skldda
z vrstvy bentonitu sodného rovnomérne uloZeného mezi dvéma (tka-
nou a netkanou) polypropylénovymi geotextiliemi vysoké pevnosti.
Zpusob prositi zabranuje pfemistovéani bentonitu mezi nimi.

V piipadé hloubenych tuneld byla pouZita rohoZ s oznadenim
Voltex DS 0,2 N (obr. 3). Tento typ rohozZe je z jedné strany navic
opatfen integrovanou PE f6lif tl. 0,2 mm. Vyhodou je dvojitd ochra-
na proti podzemnf{ vodé, zaru€end odolnost proti bludnym proudim,
nezaménitelnd poloha pro poklddku na stavbé a v neposledni fadé
provadéni dvojitého spoje.

Vybrané technické specifikace:

e celkova tloustka rohoze v suchém stavu 6,4 mm

« teploty pii instalaci od -32 °C

e odolnost vuci hydrostatickému tlaku 70,2 m

e odolnost proti prurazu 61,3 kg

¢ obsah bentonitu 4,9 kg/m2

Druhym pouzitym typem je bentonitova izolace Dual Seal (obr.
4). Tato izolace se skladd z vysokohustotni polyethylénové folie
(HDPE), odolné proti prorazeni, na které je nalaminovan granulat
bentonitu sodného.

Vybrané technické specifikace:

e celkovd tloustka membrany 3,5-4 mm

* schopnost nabobtndni membrany (sodny bentonit) cca 6krit

e teploty prfi instalaci =30 °C az +55 °C

* 9% roztazeni — definitivni poSkozeni membrany 700 %

e odolnost vuci hydrostatickému tlaku 46 m

Kombinace téchto dvou typt bentonitovych izolaci byla nakonec
projektantem navrzena na zakladé konzultaci s technickymi pracov-
niky zastupujicimi vyrobce a predev§im po predchozich zkuSenos-
tech zhotovitele izola¢niho systému, firmy Pastell, ze kterych vyply-
nulo, Ze bentonitové rohoZe Voltex je nejlépe pouZivat jako izolace,
na které se ndsledné zhotovi betonova konstrukce, na rozdil od izo-
lace Dual Seal, kterou je 1épe aplikovat na jiZ vybe-

Tuel

Bentonite-based waterproofing systems have undergone signifi-
cant development during the recent 20 years or so. After using ben-
tonite mats first of all at landfills in the USA, the mats gradually star-
ted to be used for waterproofing of underground structures even in
Europe. Today, contractors can present themselves even by using
them in mined tunnels, first of all in Scandinavian countries.

The main technologies which have been developed incorporate
bentonite granules or powder into mats, which prevent bentonite from
being washed out when the side pressure is insufficient. The majority
of manufacturers today require the horizontal pressure necessary for
pressing the mats to the structure being waterproofed of about
80 kg/mZ2. In practice, this means about 0.5m of compacted backfill.

A combination of two elements using properties of bentonite were
selected for classical cut-and-cover tunnels in the Blanka complex.
The first product is Voltex mats. Voltex mats consist of a sodium ben-
tonite uniformly spread between two high-strength polypropylene
geotextiles (one woven, the other nonwoven). The pick-stitching pat-
tern prevents bentonite from travelling between them.

Voltex DS 0.2 N mats (see Fig. 3) were used in the case of the cut-
and-cover tunnels. This type of mat is provided with an integrated
0.2mm thick PE membrane on one surface. The advantage is the
doubled protection against ground water, guaranteed resistance to
stray currents, non-confusable position for the placement on site and,
at last but not least, the application of double joints.

Selected technical specifications:

e total thickness of the mat in dry condition of 6.4mm

 temperatures during installation up from -32°C

* resistance to hydrostatic head of 70.2m

* puncture resistance of 61.3kg

e bentonite contents of 4.9kg/m?2

The other type is Dual Seal bentonite membrane (see Fig. 4). This
waterproofing membrane consists of puncture-resistant High Density
Polyethylene (HDPE) membrane with sodium bentonite granules
laminated on it.

Selected technical specifications:

e total membrane thickness of 3.5 - 4mm

* swelling capacity of the membrane (sodium bentonite) about 6

times

e temperatures during installation -30°C to +55°C

* extension % - definite damage to the membrane: 700 %

e resistance to hydrostatic head of 46 m

tonovanou konstrukci dodate¢né. Prechody mezi
témito dvéma typy jsou feSeny standardné, presa-
hem na stén¢, nad drovni zdkladové desky.

Zasadni vyhodou vyuziti bentonitovych izolaci je
jejich snadné provadeént, které neni ovlivnéno klima-
tickymi teplotami béhem roku. Velmi snadné je spo-
jovani jednotlivych dild a jejich kotveni k nosné
konstrukci. Izolace neni nefunkéni pri vzniku lokal-
nich drobnych perforaci, odpada tak dalsi ochrana
pred armovanim, v pfipadé poruSeni izolace se da
tento materidl snadno zapravit (napf. bentonitovou
pastou). Navic oproti folifm pfipadny prusak neces-
tuje po osténi tunelu az k pracovni nebo dilataéni
spdfe, ale je zatésnén bentonitem po plose betonové
konstrukce. ReSitelny je i problém nepriznivych kli-
matickych podminek (deste), izolaci je doporuceno
zabetonovat v tomto piipadé do cca 14 dni. Jinak je
nutnd dodate¢nd ochrana. Velkou pozornost pii pro-
vadéni je tieba vénovat organizaci a harmonogramu
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praci na stavbé a dostateéné ochrdnit dlouhodobé
nedokoncéené presahy izolaci do ndvaznych dilataci.
V tomto pripadé je tieba zajistit odvod srazkovych
a prisakovych vod mimo piesah izolace a tento zaji-
stit min. zdvojenim a zabalenim do félie (obr. 5, 6).

Osetieni dilatacnich a pracovnich spar
Souddsti ndvrhu zajisténi vodonepropustnosti

podzemnich staveb musi byt i zpisob oSetieni pra-

covnich a dilatacnich spar obvodovych konstrukci.
V piipadé hloubenych tunell izolovanych bento-

1. VYPNOVY BETON - INFILL CONCRETE

2. BENTONITOVY KOMPOZIT DUAL SEAL
DUAL SEAL BENTONITE COMPOSITE
3. BENTONITOVA ROHOZ VOLTEX - VOLTEX BENTONITE MAT
4. ZAKLADOVA ZB. DESKA — RC FOUNDATION SLAB
5. BITUMENOVA PASKA R.$: 50 MM
BITUMENE STRIP, DEVELOPED WIDTH: 50MM
6. BENTONITOVY TMEL — BENTONITE COMPOUND
7. ZESILENI V ROHU — INCREASED THICKNES AT A CORNER
8. DUAL SEAL - DUAL SEAL
9. SPAROVY TESNICI PLECH V PRACOVNI SPARE ASS - BK
ASS - BK STEEL-SHEET WATERSTOP IN A CONSTRUCTION JOINT

10. ZESILENI V ROHU - INCREASED THICKNES AT A CORNER

11. BENTONITOVA ROHOZ VOLTEX - VOLTEX
VOLTEX BENTONITE MAT

12. ZAKLADOVA ZB. DESKA - RC FOUNDATION SLAB

13. BENTONITOVA ROHOZ VIOLTEX - VOLTEX BENTONITE MAT

14. PE FOLIE TL. 0,15 MM — PE MEMBRANE 0.15MM THICK

15, OCHRANNA GEOTEXTILIE 150 G/M?
PROTECTIVE GEOTEXTILE 150 G/M?

16. PODKLADOVY BETON C 16/20 - X0 - BLINDING CONCRETE
C 16/20

17. STERKOPISKOVY PODSYP MIN. 150 MM (FR. 1-35 )
GRAVEL-SAND BED MIN. 150MM (FR. 1-35)

nitovymi rohoZemi jsou pouzity do podélnych

A .  PYRe Ry BV PY Obr. 5 Detail napojeni rohoZe Voltex na Dual Seal u zdkladového vystupku
i pricnych pracovnich spar tésnici sparové plechy

Fig. 5 Detail of the connection of Voltex mats to Dual Seal membrane at the foundation step
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3.ZB STENATL. 800 MM
RC WALL 800MM THICK

4. EXTRUDOVANY POLYSTYREN TL. 20 MM
EXTRUDED POLYSTYRENE 20MM THICK

1. VYPNOVY BETON - INFILL CONCRETE

2. BENTONITOVY KOMPOZIT DUAL SEAL
DUAL SEAL BENTONITE COMPOSITE

5. DILATANI PAS PVC-P-D32-VNITRNI (320 MM)
PVC-P-D32 INNER WATERSTOP (320MM)

6. UKONCOVACI PROFIL PVC-P-FF
PVC-P-FF FINISHING SECTION

Obr. 6 Detail dilataéni spdry vnéjsi stény
Fig. 6 Detail of an expansion joint in the external wall

s bitumenovou povrchovou udpravou od firmy Illichman (obr. 7),
s krystalizaénim nétérem od firmy Redrock a sparovy tésnici plech
Aquafin CJ 5 od firmy Schomburg. Tento pozinkovany plech je
opatien specidlni aktivni strukturovanou povrchovou dpravou zajis-
tujici prilnuti k betonu, kdy pfi pristupu vody dochdzi k jeji chemic-
ké reakci s betonem a tim k dotésnéni spdry.

V dilatadnich spérach je ve stfedu spéry vidy osazen vnitini t€s-
nici dilatacni pads PVC-P navrZeny podle pracovniho diagramu na
predpoklddany pohyb dilataéni spdry a tlak vodniho sloupce
(Kunex, Sika). Tyto tésnici pasy musi byt po celém obvodé uzavre-
ny pomoci vodotésnych svarii. Do nejvice namahanych dilataénich
spar mezi hloubenou a raZenou ¢ésti jsou do plochy spary jesté vlo-
Zeny bentonitové bobtnavé panely Volclay VS a pojistny injektdzni
systém.

Do vnitiniho lice stén/klenby tuneli nad vozovkou je do dilatac-
nich spar vloZen dvoutrny tésnici profil z PVC-P.

Vsechny pracovni i dilataéni spary jsou navic z vnéjsi strany
ochrdnény zdvojenim aZ ztrojenim pésu bentonitovych rohoZi.

Priblizné plochy pouZiti bentonitovych hydroizolaci v hloubenych
tunelech:

* Hloubené tunely Troja + TGC 6 60 000 m2
* Hloubené tunely Letna — portdlovd ¢ast + TGC 3 60 000 m2
e Hloubené tunely Prasny most

+ Myslbekova + TGC 1 a TGC 2 80 000 m?2
* Podzemni gardze Letnd 27 000 m2
e Podzemni gardZze Prasny most 18 000 m2
e Celkem 245 000 m2

BITUMEN COATED STEEL EHEET WATERETOP

T

Obr. 7 Tésnici plech v pracovni spdre
Fig. 7 Steel sheet watersop in a construction joint

The combination of these two types of bentonite waterproofing
mats was eventually proposed by the designer on the basis of con-
sultations with technical representatives of the manufacturers and,
first of all, after previous experience of the manufacturer of the
waterproofing system, Pastell s.r.o., according to which Voltex mats
are best to use for waterproofing layers to which a concrete structure
is to be cast subsequently, in contrast with Dual Seal membranes,
which are best to apply subsequently to a previously completed conc-
rete structure. Transitions between the two systems are solved in
a standard way by overlapping on the wall and above the base slab
level.

Basic advantage of the use of bentonite waterproofing systems is
easy application, which is not influenced by climatic temperatures
during the year. Joining individual components together and ancho-
ring them to the bearing structure is very easy. The waterproofing
does not lose functionality if minor local perforations originate, the-
refore additional protection against damaging when concrete reinfor-
cement is being placed becomes unnecessary; in the case of a damage
to the mats this material is easy repair (for instance by treating the
holes by a bentonite paste). In addition, in contrast to plastic mem-
branes, contingent seepage water does not travel on the tunnel lining
surface up to a construction or expansion joint. It remains sealed by
bentonite on the concrete structure surface. Even the problem of
unfavourable climatic conditions (rain) is solvable. It is recommen-
ded in this case that the concrete structure should cover the bentoni-
te mats roughly within 14 days. Otherwise additional protection is
necessary. Great attention during the installation must be devoted to
the organisation and the construction schedule, so that for a long time
incomplete overlaps of the membranes to subsequent expansion
blocks are sufficiently protected. In this case it is necessary to eva-
cuate rain water and seepage water from the vicinity of the overlap
and this overlap must be protected by at least one additional bentoni-
te mat layer and wrapped in a plastic foil (see Fig. 5 and 6).

Treatment of expansion and construction joints

A design for a waterproofing system for underground structures
must also specify the method of treating construction and expansion
joints in the structural envelope. .

In the case of cut-and-cover tunnels with the waterproofing provi-
ded by bentonite mats, steel sheet waterstops are used for longitudi-
nal and transverse construction joints: bitumen coated supplied by
Illichman (see Fig. 7), crystalline paint-coated supplied by Redrock
and Schomburg’s Aquafin CJ 5. The latter waterstop is zinc-coated
steel sheet provided with a special active structured coat ensuring
adhesion to concrete through a chemical reaction initiated by
a contact with water, resulting in improved sealing of the joint.

An internal PVC-P waterstop is installed at the centre of each
expansion joint. This watersop is designed according to a stress-stra-
in diagram for the anticipated movement of the expansion joint and
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Obr. 8 Doéasnd ochrana bentonitové izolace na sténé
Fig. 8 Temporary protection of a bentonite waterproofing layer on the wall

3 HLOUBENE TUNELY CELNE ODTEZOVANE

Od budouci kiizovatky U Vorliki na Letenské pléni az ke ktiZo-
vatce Prasny most pod tfidou Milady Hordkové a v prostoru
Patoc¢kovy ulice pred mimoudroviovou kfiZovatkou Malovanka se
tunely provadéji systémem konstrukénich podzemnich stén s ¢elnim
odtéZovanim, tzv. metoda MMM.

Tyto tunely jsou navrZeny v mistech s velmi stisnénymi prostoro-
vymi podminkami a v mistech s nutnosti minimalizace ¢asového
omezeni provozu na povrchu. Popis technického feSeni a postupu
vystavby je obsahem samostatného ¢lanku otisténém v Casopise
TUNEL 2/2010.

Vodonepropustnost konstrukce tunelu zajistuje vlastni nosnd kon-
strukce a jedna se tedy o primdrn{ ochranu, bez dalSich hydroizolac-
nich vrstev. Podzemni stény, stropni i spodni rozpérnd deska maji ve
smyslu CSN EN 206-1 maximdlni povoleny priisak do 50 mm,
dodévkou tésnicich prvku byla povéfena firma Redrock.

Vybrané technické specifikace:

* minimdlni tloustka betonové konstrukce z vodonepropustného

betonu — 500 mm
e kryti hlavni nosné vyztuze betonu u vnéjsiho lice konstrukce —
80-100 mm

* povoleny prusak do betonu — 50 mm

* min. tfida betonu — C25/30

* agresivita prostfedi dle CSN EN 206-1 — XAl (XA2)

e omezeni $itky trhlin na vnéj$im lici konstrukce — 0,3 mm

e odolnost vuci hydrostatickému tlaku — 20 m

o zatfidéni dle TP CBS 02 — Bilé vany — (Kon,, A, W,)

Spoj lamel podzemnich stén

Pii priméarni ochrané musi byt vénovana zvySend pozornost zajis-
teni vodotesnosti veskerych pracovnich a dilataénich spér, nebot
prave ony tvori hlavni pfipadnou pfi¢inu prasaku.

V piipadé podzemnich stén §lo systémové vzdy o shodné feSeni
spary mezi jednotlivymi lamelami. Vlastni spara je provedena jako
zalomend a je do ni osazen vnitfni tésnici pas Supercast PVC hyd-
rofoil 200 mm, v piipadé vnéjsich stén doplnény osazenim injektdz-
ni trubky PVC 32/4,5 mm pro moznost provedeni dotésnujici
cementové injektaze (obr. 9).

DETAIL NAPOJENI LAMEL KRAJNI PODZEMNi STENY
DETAIL OF CONNECTION OF LAMELLAS OF EDGE
DIAPHRAGM WALL ,

POSTUP VYSTAVBY

CONSTRUCTION PROGRESS

1. CHEMICKA INJEKTAZ 3. TESNENI SPARY — JOINT SEALING

CHEMICAL GROUTING SUPERCAST PVC HYDROFOIL SIRKA 200
VRTY O 12—13 MM KOLMO NA SPARU MM — SUPERCAST PVC HYDROFOIL 200MM
(PROVADENO DLE POTREBY PO ODTEZEN( WIDE

PROFILU TUNELU) 4. ZEMINA — EARTH

DRILLHOLES 12-13MM DIA., PERPENDICU-
LAR TO THE JOINT (CARRIED OUT WHEN
REQUIRED, AFTER COMPLETION OF EXCA-
VATION INSIDE THE TUNNEL STRUCTURE)

2. INJEKTAZNI TRUBKA PVC O 32/4,5 MM
32/4.5MM PVC GROUTING TUBE

5. LAMELA PODZEMNI{ ZB. STENY
BETON C_30_37-XA2
RC DIAPHRAGM WALL LAMELLA,
CONCRETE C_30_37-XA2

Obr. 9 Detail spdry lamel podzemni stény | odhalend spdra
Fig. 9 Detail of the joint between diaphragm wall lamellas / an exposed joint
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1. EXTRUDOVANY POLYSTYREN TL. 20 MM
EXTRUDED POLYSTYRENE 20MM THICK

2 SVAR TESNICICH PRVKU
WELDED JOINT OF SEALING ELEMENTS

3 KRYSTALIZACNI NATER KRYSTAL T1
KRYSTAL T1 CRYSTALLISING COAT

4 POLYSULFIDICKY TMEL SUPERCAST SWX VOLCLAY PANELS 4 x 5 MM THICK
POLYSULPHIDE COMPOUND SUPERCAST 11 NIKA PRO NAPOJENI PASU
SWX NICHE FOR WATERSTOP JOINTING

57B. STROP BETON C 30/37 S PP VLAKNY 122X BOBTNAVY PASEK — (SUPERCAST SW
XF2 - RC ROOF DECK, CONCRETE C 30/37 20) VLEPIT NA DOROVNA OFREZOVANOU
WITH PP FIBRES PLOCHU PRACOVNI SPARY (LEPIDLO

6 TESNENI SPARY SUPERCAST PVC HYDRO- SUPERCAST SW-ADHESIVE)
FOIL $IRKA 200 MM / JOINT SEALING 2X HYDROPHILIC STRIP - (SUPERCAST
SUPERCAST PVC HYDROFOIL 200MM WIDE SW 20) TO BE GLUED INTO THE MILLED-

7 INJEKTAZNI TRUBKA PVC O 32/4.5 MM FLAT CONSTRUCTION JOINT (SUPERCAST

32/4.5MM PVC GROUTING TUBE SW-ADHESIVE)

8 PODZEMNI ZB. STENA BETON C 30/37-XA2
RC DIAPHRAGM WALL C 30/37-XA2
CONCRETE

9 LIC PODZEMNI STENY
INNER SURFACE OF DIAPHRAGM WALL

10 TESNENI VOLCLAY 4 x TL. 5 MM

Obr. 10 Detail spdry podzemni sténa x strop (dilataéni spdra)
Fig. 10 Detail of a diaphragm wall x roof deck joint (expansion joint)

hydraulic pressure (Kunex, Sika). These waterstops must be closed
all around the circumference by means of watertight welds. In addi-
tion, Volclay VS hydrophilic bentonite panels and a safety drainage
system are inserted into most stressed expansion joints.

A double-fin PVC-P waterstop is inserted into the inner face of tun-
nel walls/vault expansion joints above the roadway.

All construction and expansion joints are, in addition, protected on
the external face by doubling or triplicating the bentonite mat layer.




Obr. 11 Ochrana tésnicich prvki dilataéni spdry stropu a lamel podzemni stény
Fig. 11 Protection of sealing elements for a roof deck x diaphragm wall
lamellas expansion joint

Dilata¢ni a pracovni spary ve stropé

Dilatacni i pracovni spdry ve stropé tunelu jsou systémové feseny
obdobné, pomoci vnitrniho tésniciho pésu stejného typu, navareného
na vnitfni tésnici pds stén pomoci tzv. Z-tvarovky. V dilataéni spare
jsou ddle instalovdny na vnéjsi strané tésniciho pdsu bentonitové
panely Volclay VS (lze nahradit bentonitovou rohoZi) a u vnitfniho
lice byl do spary pouzit polysulfidicky tmel Thioflex 600.

Bentonitové panely Voclay jsou specidlni vyrobky urené mimo
jiné do dilataénich spar. Jednd se o vInité kartony naplnéné bentoni-
tem sodnym tloustky 4,7 mm. Tyto kartony slouZi pouze jako nosné
prvky pro sypky a suchy bentonit, ktery se aktivuje po styku s vodou
a to na ob¢ strany. Panely se standardné prekladaji a na svislych plo-
chdch upeviuji nastrelenim, a to ve vice vrstvach podle pozadované
tloustky dilatacn{ spary.

V pracovni spéfe je tésnici pas doplnén tésnicim polymerovym
bobtnavym paskem Supercast SW 10 umisténym vné tésniciho pasu
(obr. 10-11).

Podélné spary podzemni sténa/strop

Pred aplikaci tésnicich prvki je mechanicky o€isténa koruna pod-
zemni stény (opikovédna) do pozadované vysky a zbavena nekvalit-
niho betonu vyplaveného pri betondzi.

Celd podélnd spdra je nejprve natfena krystalizalnim ndtérem
Krystol T1 (alternativné H-krystal). Do spary je vlepen lepidlem
Supercast SW Adhesive bobtnavy polymerovy tésnici pédsek
Supercast SW 20 s oddalenou reakci na vodu. Pasky jsou s ohledem
na predpoklddanou nerovnomérnost spary v podélném sméru dva na
sobé. Po zabetonovani stropu, pred realizaci vypliiovych betonu
mezi sténou jamy predkopu a bokem stropu je spdra navic oSetfena
tésnici bobtnavou pastou Supercast SWX. Tato posledni ochrana
probihd tésné pred realizaci ndsledné betonaze stropu.

Pficné a podélné dilatac¢ni a pracovni spary
ve spodnich konstrukcich

Pri¢na dilatadni spara je oSetfena vnejSim tésnicim pasem
s integrovanymi bobtnavymi prvky Supercast PVC Twinstop
Reardguard 300 mm, uloZenym na podkladni beton pred betonazi
spodnich nosnych konstrukci. V miste tupého ukonleni u stén je
tento pds podloZen jeSté pdsem bentonitové rohoZe Voltex
600x600 mm zahnuté a pristfelené na stény. Spdra byla dile dotés-
néna bentonitovymi panely Volclay VS, popsanymi vyse, umistény-
mi do spéry nad t€snici pds do vysky 400 mm.

Podélné a pri¢né pracovni spary jsou oSetfeny krystalizaénim
ndtérem Krystol T1 a spdrovym tésnicim plechem s povrchovou
krystaliza¢ni dpravou Redpass SK umisténym do stredu konstrukce.

Na podzemni sténu je plech, po zahnuti do pravého tdhlu, pfipev-
nén piistrelenim pres podkladni bentonitovy panel Volclay VK 200
x 200 mm. Ddle je pfed betondZi navazujici sekce pristrelen do spary
bobtnavy polymerovy t€snici pasek Supercast SW 10.

Podélna spara spodni rozpérna deska/podzemni sténa

Po odtéZeni profilu tubusu tunelu je nejdrive odfrézovan vnitini
lic stén, nasledné jsou na vnitinim lici stén provedeny dveé podélné
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1. TESNENI SPARY — SUPERCAST PVC HYD-
ROFOIL SIRKA 200 MM — JOINT SEALING -
SUPERCAST PVC HYDROFOIL 200MM WIDE

2. INJEKTAZNI TRUBKA PVC O 32/4,5 MM
32/4.5MM PVC GROUTING TUBE

3. SPARA OSETRENA KRYSTALIZACNIM
NATEREM KRYSTOL T1 - JOINT TREATED
BY KRYSTOL T1 CRYSTALLISING COAT

4. EXTRUDOVANY POLYSTYREN TL. 20 MM
EXTRUDED POLYSTYRENE 20MM THICK

5. TESNENI VOLCLAY 4 x TL. 5 MM
VOLCLAY PANELS 4 x 5 MM THICK

6. BOBTNAVY PASEK (SUPERCAST SW 10)
VLEPIT DO VYFREZOVANE DRAZKY

~HLUBOKE 75 MM (LEPIDLO SUPERCAST
SW-ADHESIVE)
HYDROPHYLIC STRIP (SUPERCAST SW 10)
TO BE GLUED INTO THE 75MM DEEP
GROOVE CARRIED OUT BY MILLING
(SUPERCAST SW-ADHESIVE)

7. BENTONITOVA ROHOZ VOLTEX 8. 600 MM
VOLTEX BENTONITE MAT 600MM WIDE

8. PODZEMNI ZB. STENA - BETON C 30/37-XA2
DIAPHRAGM WALL - C 30/37-XA2 CONCRETE

9. DILETACNI PAS VNEJSI SUPERCAST
REARGUARD TWINSTOP S. 300 MM
EXTERNAL WATERSTOP SUPERCAST
REARGUARD TWINSTOP 300MM WIDE

Obr. 12 Detail napojeni spodni rozpérné desky na podzemni stenu (dilataéni
spdra)

Fig. 12 Detail of the connection of the bottom bracing slab to a diaphragm
wall (expansion joint)

Approximate bentonite waterproofing areas applied to cut-and-
cover tunnels:
* Troja cut-and-cover tunnels

+ TGC 6 Technical Service Centre 60,000m?
e Letnd cut-and-cover tunnels

— pre-portal section + TGC 3 60,000m?
* Pras$ny most + Myslbekova cut-and-cover tunnels

TGC 1 and TGC 2 80,000m?
* Letnd underground car park 27,000m2
* PraSny Most underground car park 18,000m?
* Total 245,000m?

3 COVER-AND-CUT (TOP-DOWN PROCESS) TUNNELS

Cover-and-cut tunnels built using the top-down process (the so-
called MMM method) are designed for the sections from the future
U Vorliku intersection in the Letnd Plain up to the Pra$ny Most inter-
section under Milady Hordkové Street, and in the space of Patockova
Street in front of the Malovanka grade-separated intersection.

These tunnels are found in locations where the space conditions are
constricted and locations where time restrictions on surface traffic
must be minimised. The description of the technical solution and
construction process is contained in a paper published in TUNEL
journal No. 02/2010.

The waterproofing capacity of the tunnel structure is ensured by
the tunnel structure itself, this is therefore the case of the primary pro-
tection, without additional waterproofing layers. The maximum allo-
wable seepage into concrete of 50mm is prescribed by CSN EN 206-
1 for diaphragm walls and roof deck and bottom bracing slab struc-
tures. Redrock Construction s.r.o. was commissioned to supply sea-
ling elements for these tunnels.

Selected technical specifications:

* minimum thickness of a water-retaining concrete structure —

500mm

e concrete cover on principal reinforcing bars on the external sur-

face of the structure — 80-100mm

» permissible seepage into concrete — 50mm

* minimum concrete grade — C25/30



20. rocnik - €. 17201

Obr. 13 Izolace spodni klenby s ochrannou folii
Fig. 13 Waterproofing of the invert with a protective foil

drazky pro spojeni spodni rozpérné desky se sténami a navrtdny
otvory pro sprazeni spodni rozpérné desky se sténou.

Drézky jsou provedeny hloubky cca 75 mm a vysky 150 mm. Po
odfrézovani je celd plocha spary vCetné ozubu oSetfena krystalizac-
nim ndtérem Krystol T1. V pribéhu armovani je do vSech drdzek
vlepen lepidlem Supercast SW Adhesive do spodniho rohu tésnici
bobtnavy polymerovy pasek Supercast SW 10 bez opozdéné reakce
na vodu (obr. 12).

4 RAZENE TUNELY

Vodonepropustnost tohoto tseku raZenych tuneli komplexu Blanka
je zajiSténa, da se fici standardni metodou sekunddrni ochrany, pomo-
ci féliovych hydroizolaci. Jednd se o uzavienou (tlakovou) izolaci po
celém obvodé tunelovych tubusu s moZnosti dodate¢né injektaZe pro-
storu mezi f6lif a definitivnim osténim. Izolatérské prace jsou zajisto-
vény stiediskem hydroizolaci Divize 1. Metrostav a. s.

Systém sektorovani

Systém uzavrené féliové izolace se provadi s ohledem na délku
bedniciho vozu pro betondZ definitivniho osténi. Dvoupruhové tune-
ly maji standardné délku sekce 12 m, tfipruhové 10,5 m. Po téchto
vzddlenostech jsou na féliovou izolaci, pfi¢né po celém obvodu
navareny vnéjsi tésnici pasy (fugenbandy), které déli tunel na tzv.
sekce. K témto pii¢nym tésnicim pdsim jsou, v trovni podélné
spary mezi dolni a horn{ tunelovou klenbou, navareny podélné tes-
nici pasy. Ty déli jednotlivé sekce na tzv. sektory. Kazda sekce se
tedy jesté déli na horni a dolni sektor.

Vyhodou tohoto systému je mimo jiné moZnost presné lokalizace
piipadnych budoucich prisaku. Pro moZnost jejich zastaveni byl do
jednotlivych sektorl jesté integrovén injektdZni systém pro tzv.
dodate¢nou plo$nou injektdz.

NiZe jsou stru¢né popsany pozadavky, které jsou kladeny na jed-
notlivé prvky hydroizola¢niho systému.

Pozadavky na primarni osténi (nosic izolace)

Primdrni osténi musi byt zhotoveno a upraveno tak, aby na néj
mohla byt plné pokldddna ochrannd vrstva a izolace s ohledem na
jejich materidlové vlastnosti, aniZ by byly poruSeny.

Primdrni osténi musi proto spliovat nésledujici pozadavky:

e dostacujici tvarovou pevnost a stalost

e minimdln{ tloustku 0,05 m pri zrnitosti do 8 mm

e pomér vzddlenosti k vySce sousednich nerovnosti nejvice

v poméru 1:8
* musi byt odstranény vSechny hrany a hroty a provedeno jejich
zaobleni v poloméru minimélné 0,2 m

e drobné mistni nerovnosti mohou byt max. 2 cm na 10 cm

zakladny

* v mistech izolace nesmi stit a stékat voda

Ochranna vrstva izolace

Vodotesnd izolaéni félie vyzaduje ochranu ze strany primarniho
osténi v celé plose izolace. Geotextilie jako ochrannd vrstva pro izo-
la¢ni félie z umélych hmot se mus{ obecné sndset s ostatnimi pouZi-
tymi materidly a v soucinnosti s nimi musi zajistovat dlouhodobou
trvanlivost. Pro nebezpeci hydrolyzy polyesteru nesméji byt pouZzi-
ty geotextilie z tohoto materidlu.

Tuel

* exposure grade according to CSN EN 206-1 - XA1 (XA2)

e restriction on the width of cracks on the external surface of the
structure — 0.3mm

e resistance to hydrostatic head — 20mm

* category according to TP CBS 02 — White tanks — (Kon,, A,, W,)

Joints between diaphragm wall lamellas

In the case of the primary protection, increased attention must be
devoted to sealing of all construction and expansion joints because it
is these joints that constitute the main potential cause of leaks.

In the case of diaphragm walls, the system of the design for joints
between individual lamellas has always been identical. The joint
itself is rebated, with a Supercast PVC Hydrofoil 200mm waterstop
inserted in it; a PVC 32/4.5mm PVC tube is added for external walls,
allowing additional sealing by cement grout (see Fig. 9).

Expansion and construction joints in roof decks

The design for the system of expansion and construction joints in
a tunnel roof deck is solved similarly, using an inner waterstop of the
same type, which is welded to the waterstop in the wall by means of
the so-called Z-shaped piece. In addition, Volclay VS bentonite pane-
Is are installed in the expansion joint on the external side of the
waterstop (Volclay VS panels can be replaced by bentonite mats) and
THioflex 600 polysulphide compound was applied into the joint at
the internal surface.

Volclay bentonite panels are specialist products designed, among
other purposes, for the installation in expansion joints. The panels
consist of 4.7mm thick corrugated cardboard filled with sodium ben-
tonite. The cardboard serves only to provide support for the loose and
dry bentonite, which is activated on both sides on contact with water.
The panels are overlapped in a standard way and are fixed to vertical
surfaces by shotfiring, with the number of layers depending on the
required thickness of the expansion joint.

In a construction joint, the waterstop is supplemented by Supercast
SW 10 hydrophilic polymeric strip installed on the external side of
the waterstop (see Fig. 10 and 11).

Diaphragm wall x roof deck longitudinal joints

Before the waterproofing elements are installed, the diaphragm
wall top is mechanically cleaned with a chipping hammer to the requ-
ired level and poor-quality concrete washed out during the concrete
casting operation is removed.

The entire longitudinal joint is first coated with Krystol T1 cry-
stallizing solution (alternatively H-krystal). Then a Supercast SW 20
hydrophilic sealing strip with postponed reaction to water is glued
into the joint using Supercast SW Adhesive. Because of the assumed
unevenness of the joint in the longitudinal direction, two strips are
installed one on each other. When casting of the roof slab has been
completed, before casting of the concrete fill between the side of the
initial-stage construction trench and the side of the roof deck, the
joint is in addition treated with Supercast SWX hydrophilic sealing
paste. This last protection is implemented just before the subsequent
casting of the roof deck.

Transverse and longitudinal expansion
and construction joints in substructures

The transverse joint is provided with Supercast PVC Twinstop
Rearguard 300mm waterstop with integrated hydrophilic elements,
which is placed on blinding concrete before casting of substructures.
At the butt end at the walls, this waterstop is in addition underlaid by
Voltex 600x600mm mats forming a strip bent and shotfired to the
walls. The joint is in addition sealed by the above-mentioned Volclay
VS bentonite panels, which are installed in the joint above the water-
stop, up to the height of 400mm.

Longitudinal and transverse joints are coated with Krystol T1 cry-
stallizing solution and provided with a steel sheet waterstop coated
with Redpass SK crystalline product, which is installed in the midd-
le of the structure.

The steel sheet, after bending it to a right angle, is fixed to the dia-
phragm wall by shotfiring it through a Volclay 200 x 200mm bento-
nite substrate panel. Subsequently, before casting of the neighbouring
block, Supercast SW 10 hydrophilic polymer sealing strip is shotfi-

red to the joint.




Obr. 14 Izolace horni klenby
Fig. 14 Upper vault waterproofing

Pro geotextilii pouZitou v razenych tunelech Blanka byl prede-
pséan pozadavek na min. plo$nou hmotnost 800 g/m?2, odolnost proti
dynamickému protrzeni 0 mm (dle CSN EN ISO 13433) a CBR test
8 KN (dle CSN EN ISO 12 236). Témto parametrim vyhovovala
zhotovitelem vybrand geotextilie Geofiltex 63F, 1200 g/m2.

Vodotésna izolace

Jako zdkladni izolacni prvek byla pouzita félie z PVC P od vyrob-
ce Sika ozn. Sikaplan WP 2110-31 HL2. Tato fdlie je opatrena Zlu-
tou signdlni vrstvou tl. 0,2 mm. Pfibliznd plocha féliové izolace pou-
Zita v razenych tunelech bude 200 600 m2.

Vybrané technické specifikace:

e jmenovitd tloustka 3,16 (+5/-10 %) mm 5 EN 1849_2
e pevnost v tahu >17 N/mm? CSN EN ISO 527
e taznost >300 % CSN EN ISO 527

* statické protrZeni 3,8 (£0.4) kN CSN EN ISO 12236

Tésnici pasy

ci pasy ozn. AF 500/30 MP. Jednd se o tésnici pas $itky 500 mm se
6 trny a vzdélenosti mezi strednimi trny 170 mm. Pdsy museji byt
vodotésné svareny s izola¢ni f6lii ruénimi jednostopymi svary Sitky
min. 30 mm a rovnéZ Cela tésnicich pdst museji byt vodotésné sva-
fena.

Pri¢né pasy oddélujici jednotlivé sekce jsou neprerusené. Podélné
tésnici pasy délici sekce na horni a dolni sektory se k pri¢nym pasim
vodotésné privaruji. Nejsou pouzity tvarovky krizeni.

Ochranna folie

Ve dné je vodotésnd izolace véetné zesilujicich past chranéna folif
ozn. Sikaplan Protect tl. 2 mm. Tato ochrannd félie je vytaZena
k podélnym tésnicim pdsum v drovni spary spodni/horni kelnba a je
na né v jejich okrajové spodni ¢dsti privarena. Stejné tak je privare-
na k pii¢nym tésnicim pdsim. Tyto svary jsou pouze konstrukéni.
Systémy injektaze

Z divodu kvalitnéj§i ochrany izolace tunelu a moZnosti jejiho
dotésnéni pri pfipadnych prusacich podzemni vody jsou navrZeny
dva samostatné systémy injektdzi. Tyto systémy se vztahuji vZdy
k jedné sekci betondZe, tedy mezi prinymi pracovnimi sparami
osteéni tunelu.

Jedna se o injektdz pii¢nych a podélnych tésnicich pdsa
a dodate¢nou plo$nou injektdZ za definitivni osténi.

Dodate¢na plosna injektaz

Systém dodate¢né injektdZe byl navrZen jako opatfeni pro moz-
nost zajisténi té€snosti izoladniho systému, kterd by byla porusena
bud pfi vlastnich stavebnich pracich, nebo i v horizontu let uzivani
tunelu.

Predpokldada se dotésnovdni prusaku v rdmci jednoho sektoru,
tedy mezi pfi¢nymi a podélnymi t€snicimi pasy a nasledné mezi jed-
notlivymi sekcemi oddélenymi pri¢nymi t€snicimi pasy po celém
obvodu tunelu.

Ve vsech tésnicich péasech jsou v poloze vidy mezi krajnim vnéj-
§im a stfednim trnem osazeny jednopldstové injektazni dérované
hadice praméru 12/6 mm (vyrobce Anton Vorek). T€snici pésy
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Longitudinal joint between the bottom bracing slab and
the diaphragm wall

When the excavation under the roof deck is completed, the inner
surface of the diaphragm walls is milled back, then two longitudinal
grooves are carried out in the inner face of the walls enabling the con-
nection of the bottom bracing slab with the walls, and holes are dril-
led for coupling of the bottom bracing slab with the wall.

The grooves are about 75mm deep and 150mm high. When the
wall surface milling is finished, the entire surface of the joint inclu-
ding the keyways is treated with Krystol T1 crystalline coating.
Supercast SW 10 hydrophilic polymer sealing strip without postpo-
ned reaction to water is glued into the lower corner of all grooves by
Supercast SW Adhesive (see Fig. 12).

4 MINED TUNNELS

The waterproofing of this mined section of the tunnels forming the
Blanka complex is provided, we can say, using a standard method of
secondary protection by means of waterproofing membranes (foils).
A closed (pressure resistant) waterproofing system is used, covering
the entire circumference of tunnel tubes, allowing additional grout to
be injected into the space between the membrane and the final lining.
The waterproofing installation is secured by Metrostav a. s. Division
1, the department of waterproofing.

Sectors-forming system

The closed membrane waterproofing system is installed, taking
into consideration the length of the travelling formwork used for cas-
ting of the final lining. The standard lengths of casting blocks in
double-lane tunnels and triple-lane tunnels are 12m and 10.5m, res-
pectively. At these intervals, outer waterstops are welded to the
waterproofing membrane, transversally, along the entire circumfe-
rence. They divide the tunnel waterproofing into so-called sections.
Longitudinal waterstops are welded to the transverse waterstops at
the level of the longitudinal joint between the tunnel invert and upper
vault. These waterstops divide the sections into so-called sectors.
Each section is sub-divided into an upper sector and a lower sector.

The benefit of this system is, among others, the possibility to accu-
rately locate contingent leaks in the future. An additional grouting
system was integrated into individual sectors, allowing the so-called
additional area-wide grouting.

The requirements which are put on individual elements of the
waterproofing system are briefly described below.

Requirements for the primary lining
(waterproofing membrane carrier)

The primary lining must be built and treated in a way guaranteeing
that the protective layer and waterproofing membrane can be placed
on it taking into consideration properties of the materials, without
causing any damage to them.

The primary lining must therefore meet the following requirements:

* Sufficient rigidity and stability of the shape

e Minimum thickness of 0.05m at the grain size up to 8mm

e Maximum ratio of the distance between neighbouring humps to

their height of 1 : 8

 All sharp edges and points must be removed; they must be roun-

ded with the minimum radius of 0.2m

e Minor local humps must not be greater than 2cm height to 10cm

width of the hump base

e No water is allowed to stand or run down on the membrane.

Waterproofing protection layer

The entire area of a waterproofing membrane needs protection
from the primary lining side. Geotextile, which is used as a protective
layer on plastic membranes, must generally get along with the other
materials used and, in joint action with them, must guarantee long life
of the system. Because of the risk of polyester hydrolyse, a polyester
geotextile must not be used.

Minimum weight of 800g/m2 and resistance against dynamic
puncture of _0mm (according to CSN EN ISO 13 433) and the CBR
test of _ 8KN (according to CSN EN ISO 12 236) are prescribed for
the geotextile which is used in Blanka mined tunnels. These parame-
ters were met by the geotextile which was selected by the contractor,
Geofiltex 63F, 1200 g/mZ2.
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Obr. 15 Prechod mezi bentonitovou a féliovou izolaci u raZeného portdlu
Fig. 15 Transition between bentonite and foil waterproofing systems at
a mined portal

budou v piipadé nutnosti dodate¢nych injektdZi jako prvni injekto-
vény, a tim dojde k oddéleni jednotlivych sektoru a ndsledné sekci
mezi sebou. Jako injektdZniho materidlu bude pouzito jednoslozko-
vé nizkoviskézni polyuretanové pryskyrice Mediatan 705 (vyrobce
Asmedia S.A. §V}’Icarsko). Po provedeni injektdze je Mediatan 705
z hadice vytlacen jednoslozkovou polyuretanovou pryskyfici
Stopadiant od stejného vyrobce. Tato pryskyfice zastane v hadici
natrvalo uzaviena. Jednd se o nereagentni smés s velmi nizkou vis-
kozitou, kterd bude plnit jakousi funkci konzervace vnitrku hadice
pro moznost dlouhodobé opakovatelnosti injektdZe opét jednosloz-
kovou polyuretanovou pryskyfici typu Mediatan 705.

Pro plo$nou injektdZ je zvolen tzv. Zebiikovy (patrovy) systém
umisténi injektdZnich hadic. Hadice jsou umistény rovnobéZné
s podélnou osou tunelu. Vzdalenost hadic mezi sebou je predepsdna
max. 4 m vzhledem k plose, kterou bude mozné, na zakladé visko-
zity injektdZzniho media zainjektovat. Jsou pouzity jednoplastové
injektazni hadice W-PVC 18/10 (vyrobce Anton Vorek).

V pripadé nutnosti bude stejné jako u t€snicich pasu pouZita jed-
noslozkovd polyuretanova pryskyfice Mediatan 705. A stejnym zpu-
sobem bude vyuzito i jednoslozkové polyuretanové pryskyrice
Stopadiant.

Injektazni krabice a pakry

V dolni klenbé jsou injektdzni hadice ukonceny vytaZzenim do
vnéjsiho lice betonovych bloku technickych chodeb. Hadice jsou na
koncich osazeny injektaznimi pakry 200 mm nade dnem chodby.

V horni klenbé jsou vSechny injektdzni hadice zakonleny
v injektdZnich krabicich. Krabice jsou vyrobeny jako zdmecnicky
vyrobek z korozivzdorné oceli tf. 17 240 (W.-Nr.1.4301 nerez matny)
tl. 2 mm a jsou umistény ve vysce cca 1,2 m nad chodnikem (obr. 15).

5 ALTERNATIVNI ZPUSOB HYDROIZOLACE RAZENYCH
TUNELU

Na dil¢ich dsecich stavby byly a stéle jsou testovany moznd alter-
nativni feSen{ hydroizolaci definitivnich konstrukef raZenych tuneld.

Tuel

Waterproofing membrane
SIKA-produced PVC_P membrane branded as Sikaplan WP 2110-
31 HL2 was used as the basic waterproofing element. This membra-
ne has a 0.2mm thick, yellow signal layer. The total area of the
waterproofing membrane used in mined tunnels will amount roughly
to 200,600 m2.
Selected technical specifications:
Nominal thickness 3.16 (+5/-10 %) mm
Tensile strength >17 N/mm?2
Ductility >300 %
Static puncture 3.8 (+0.4) kN

EN 1849 2
CSN EN ISO 527
CSN EN ISO 527

CSN EN ISO 12236

Waterstops

AF 500/30 MP external waterstops (500mm wide; 6 fins; distance
between middle fins of 170mm) are used for expansion joints of the
final lining. The waterstops must be welded to the waterproofing
membrane by waterproof single-track seams 30mm thick as the mini-
mum; front ends of the waterbars must also be joined by waterproof
welds.

The transverse waterstops dividing individual sections are uninter-
rupted. The longitudinal waterstops dividing the sections into upper
and bottom sectors are welded to the transverse waterstops.
Prefabricated cross-shaped pieces are not to be used.

Protective membrane

The waterproofing membrane at the bottom, including reinforcing
strips, is protected by 2mm thick Sikaplan Protect membrane. This
protective membrane is pulled up to the longitudinal waterstops at
the roadway level and is welded to their bottom edge. It is welded to
the transverse waterstops in the same way. The welds are only of the
construction-purpose character.

Grouting systems

Two independent grouting systems are proposed to provide higher
quality of the tunnel waterproofing and allow additional sealing of
contingent leaks. These systems always cover a single casting block,
between transverse construction joints of the tunnel.

The grouting system is a system of injecting grout to transverse
and longitudinal waterstops and the additional area-wide grouting
behind the final lining.

Additional area-wide grouting

The system of additional grouting was designed as a measure allo-
wing additional sealing of the waterproofing system which was cor-
rupted either during the construction operations themselves or even
during the years of the tunnel operation.

It is expected that the additional sealing of leaks will be carried out
within the framework of one sector, i.e. between transverse and lon-
gitudinal waterstops, and, subsequently, between individual sections
separated by individual waterstops running around the whole tunnel
circumference.

Single-jacket, perforated injection hoses 12/6mm in diameter
(manufactured by Anton Vorek) are installed at all waterstops, always
in the position between the external and middle fin.

In the case of necessity for additional grouting, the waterstops will
be injected with grout in the first place, thus the individual sectors
and subsequently the sections will be separated from each other.
Mediatan 705 (produced by Asmedia S.A., Switzerland) will be used
as the grouting material. When the grout injection is finished,
Mediatan 705 will be pressed from the hose by Stopadiant, one-
component polyurethane resin supplied by the same producer. This
resin will remain closed in the hose till the next grouting event. It is
a high-viscosity, non-reagent mixture, the function of which will be
to conserve the hose interior so that long-term repeatability of the
grouting again using Mediatan 705 one-component polyurethane
resin is possible.

A so-called ladder system (storeyed system) of the grouting hoses
placement is used for the area-wide grouting. The hoses are installed
in parallel to the longitudinal axis of the tunnel. The maximum spa-
cing between the hoses of 4m is prescribed with respect to the area
which is to be successfully covered by the grouting, taking into con-
sideration the viscosity of the grouting medium. Single-jacket grou-

ting hoses W-PVC 18/10 (manufactured by Vorek) are used.




Obr. 16 KdyzZ se dilo nepodari
Fig. 16 When the work fails

V soucasné dob€ se jednd zejména o moZnosti zhotovit &dst raze-
nych tuneld Brusnice bez pldstové izolace. Znamend to, Ze defini-
tivni ostén{ razeného tunelu by se zhotovilo jiz jako vodonepropust-
né, coz v soucasné stavebni praxi mimo nase tizemi neni ojedinélé.

Pro vytvoreni vodonepropustného betonu je duleZité vénovat zvy-
Senou pozornost celému technologickému postupu provadéni.
Dulezity je jiz ndvrh a systém vyztuZeni konstrukce, ddle specifika-
ce betonové smési, jeji doprava, ukldddni, hutnéni a predevsim
systém dokonalého oSetfeni vSech pracovnich a dilatacnich spdr.
Toto vSe je dnes podrobné zkoumano projektantem a zhotovitelem
a v pripadé aplikace se o zkuSenosti z navrhu podélime v nékterém
z dalSich ¢isel Casopisu.

Zaroven v technologickych &éstech raZenych tunela Kréalovska
obora byly testovdny stfikané hydroizolace Basf a Mapei.
Jednozna¢né zdvery z téchto zkouSek vsak doposud nebyly uéinény.
6 ZAVER

Jak je vidét z uvedenych popisu a detailu, Ize i na jedné, byt velmi
rozsahlé stavbé, kombinovat ruzné systémy ochrany proti prusakim.
Vzdy je vSak nutné jak pfi ndvrhu, tak ale zejména pfi provadéni pri-
stupovat zodpovedné k feSeni jednoho kazdého detailu. I sebevice
,blbuvzdorny* systém nemuZe zamezit budoucim prusakim pokud
neni proveden v daném feSeni, podminkéch a rozsahu. Pfitom praveé
tyto detaily, resp. jejich funk&nost — vodotésnost, jsou v kone¢ném
dusledku nejvetsi vizitkou zhotovitele a projektanta pri budoucim
provozu podzemni stavby (obr. 16). Na komplikace pfi razbé, nebo
problematiku piipravy si za pér let vzpomene jiz mdlokdo, ale tunel
s rozsahlymi prasaky bude trépit uzivatele dlouhodobé, nehledé na
vydaje na jeho sanace.

ING. VLADIMIR PETRZILKA, viadimir.petrzilka@satra.cz,
ING. PAVEL SOUREK, pavel.sourek@satra.cz,
SATRA, spol. s r. o.

Recenzoval: doc. Ing. Viadislav Hordk, CSc.
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In the case of necessity, one-component, low-viscosity polyu-
rethane resin Mediatan 705 will be used as the grouting medium,
the same as the resin used for the systematic grouting of water-
stops. One-component polyurethane resin Stopadiant will also be
used in the same way.

Grouting boxes and packers

The hoses are terminated in the tunnel invert, where they are
pulled out to the outer surface of concrete blocks of utility ducts.
Grouting packers are installed at the ends of the hoses, 200mm
above the duct bottom.

In the upper vault, all grouting hoses are terminated in grouting
boxes.

The boxes are produced as hardware from 17 240 grade, corro-
sion resistant steel (W.-Nr.1.4301_dull stainless), 2mm thick.
They are located at the level of about 1.2m above the walkway
(see Fig. 15).

5 ALTERNATIVE WATERPROOFING TECHNIQUE FOR
MINED TUNNELS

Possible alternative solutions for waterproofing systems for
final structures of mined tunnels have been tested on partial stret-
ches of the construction. The main problem being solved now is
the possibility to carry out part of the Brusnice mined tunnels wit-
hout a waterproofing jacket. It means first of all that the final
lining of a mined tunnel would be built as a waterproof structure.
This solution is currently not unusual in civil engineering practi-
ce abroad.

If water retaining concrete structure is to be produced, it is
necessary to devote increased attention to the entire technological
construction process. The design of the structure and concrete
reinforcement system is the first important aspect, followed by the
specification of concrete mix, transport of the mix, placement and
compaction and, first of all, the system of perfect treatment of all
construction and expansion joints. All of these aspects are being
scrutinised by the designer and the contractor and, in the case of
the application of a system, we are going to share our experience
in one of the future issues of TUNEL journal.

Spray-applied waterproofing systems Basf and Mapei have
been tested in parallel in equipment housing parts of Kralovska
Obora tunnels. Unfortunately, no unambiguous conclusion has
been drawn from the tests yet.

6 CONCLUSION

The above descriptions and details prove that combining vari-
ous systems of the protection against seepage is possible even on
a single, even though extensive, construction project. It is howe-
ver always necessary during the work on the design and, first of
all, the work on the construction, to approach the solution of each
detail responsibly. No matter how “foolproof” the system is, it
cannot prevent future leaks unless it is implemented in complian-
ce with the particular design, conditions and scope. It is these
details, or their functionality, i.e. the waterproofing capacity,
which are eventually the greatest visiting card of the contractor
and designer during the course of the future operation of the
underground structure (see Fig. 16). Only few people will remem-
ber complications encountered during the construction or pro-
blems during the planning stage, but the tunnel with extensive
leaks will trouble users in the long term, irrespective of the cost
of repairs.

ING. VLADIMIR PET. RZVI’IV,KA, vladimir.petrzilka@satra.cz,
ING. PAVEL SOUREK, pavel.sourek@satra.cz,
SATRA, spol. s r. o.

Technické specifikace a technické a uZivatelské standardy stavby (zaddvaci dokumentace stavby méstsky okruh Myslbekova — Pelc-Tyrolka,

¢. st. 0079, 0080, 9515).
TKP MD kapitoly 18, 21, 24.
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PAMATKY DROBNE PLASTIKY NA VYZNAMNE PODZEMNI STAVBY

PIECES OF PETTY PLASTIC ART REMEMBERING OUTSTANDING
UNDERGROUND CONSTRUCTION PROJECTS

VLADISLAV HORAK, JOSEF HRDY

NA OVOD

Ndrodni listy z 3. a 8. brezna 1880:
TUNEL GOTTHARDSKY DOKONCEN

Dopisovatel ,,B. Taghbl.* telegrafuje z Goeschenen dne 27. vinora:

Ve jde vytecne, ohlédaci vyvrt pokrocil na strané airolské jiz pres
CtyFi metry. Dnes rdno pocalo sondirovdni téZ na strané goeschen-
ské. Pritok vody zcela prestal. PrordZeni mohlo by se stdt jiZ
v nedélni odpoledne. V technickych kruzich roste rozcileni. Silnd
chumelenice a mlha.

Vzdor vétru, chumelenici a mize, jeZ zahaluje nejbliZsi skalnaté
vrcholy, pocind se prdve na hromade koleji uréenych pro tunel z¥izo-
vat tribuna pro rozdélovani medaili délnikum [zdiiraznéno autory
tohoto ¢ldanku]. Schody tribuny zhotoveny budou z praZci Zeleznic-
nich; tribuna ozdobena bude Sesti borovicemi. Prdce v tunelu pokra-
Cuji co nejlépe. V tu chvili tieba prorazit jiZ jen nanejvys 19 metri.
Dnes vecer poptdm se telegraficky v Airolo a ozndmim Vdm vysledek.

Z Andermattu, 29. inora, 9 hod. 45 min. vecer. Velké dilo je stast-
né dokondno. Nelze pomysliti nic pamétihodnéjsiho nad vcerejsi
vecer v Goeschenen. I nejchudsi obyvatelé tésili se jak déti na slav-
nost v nedéli vecer. SotvaZe pocaly pripravy k ozdobeni vchodu tune-
lu, dosla neocekdvand telegrafickd zprdva, Ze nebozez u strany aird-
ské prorazi v nedéli vecer a neb teprve v noci. Ihned nastal v celém
meste ohromny jdsot, hudba hrdla italskou hymnu, lid a délnici zpi-
vali, obydli osvétlena a u vchodu tunelu hrmely hmoZdire a pistély
pistaly strojii a rezervoyrii. Na malinkou telegrafni stanici hndno
takrka utokem. V obou hotelich hodovali inZenyFi a pripijeli si
0 zdvod navzdjem pénivého moku. JiZ nyni jest jisto, Ze prdce se
povedla s obdivuhodnou presnosti a Ze piida i osa obou Cdsti tunelu
zcela presné byly urceny, nebot sonda prorazila v samém stredu
stény. Zdroven dosla zprdva, Ze definitivni proraZeni ustanoveno na
9. hod. ranni. O jedné hodiné jsme §li spdt a o pdté jsme jiZ byli
vzhiiru, abychom se uicastnili jizdy tunelem ustanovené na 6. hod.
1,40 m skdly; vzdor znacné tenkosti steny neuddlo se pri trhdni podi-
vuhodnou ndhodou Zddné nestesti. Kdyz se rozednilo, prijela nase
lokomotiva, ozdobend prapory v barvdch svycarskych; viak sestdvd
ze zcela novych Zeleznicnich kdr. Pak jsme usedli, vpredu minéri,
pracujici na konci tunelu, pak hosté, riditelé, inZenyri, inspektori
a geologové, celkem aZ 50 muZi. Za strelby z hmoZdirii hnul se viak.
Tunel vyzdén aZ do hloubky 2 800 m, odtud zacinala leSeni. Zde
taZen viak konmi, ponévad? by lokomotiva jeste¢ neprosla. Pri
4 600 m bylo jiZ znacné teplo, jeZ se zvysilo na 37,5 °C, 0 9. hodiné
urazili jsme 6 300 m. Odpoledne dorazil prvni vliak 7 Goeschenen do
Airola, kdeZ byl prijat s velkou sldvou a ohromnym jdsotem. [1]

Jak je vidét z pfedchoziho textu, ktery velmi poutavou formou pri-
blizuje proraZeni Gotthardského Zelezni¢niho tunelu (tzv. patniho
tunelu, v masivu Sv. Gottharda po starém silniénim vrcholovém
tunelu druhého v poradi), byla tato udélost dokumentovdna
i vyddnim pamétni medaile a jejim udélenim stavitelim tohoto
vyznamného inZenyrského dila. Tim byla poloZena tradice vénovat
takovouto pozornost i dal§im podzemnim stavbam.

Jdeme-li do davnéjsi historie, navazal zvyk vydavat prilezitostnou
razbu v podzemnim stavitelstvi na tradice hornické, kdy zname od

PROLOGUE:

Ndrodni Listy paper dated 374 and 8th March 1880:
GOTTHARD TUNNEL COMPLETED

,B. Tagbl.“ correspondent’s cable from Gdécchenen, 27th
February:

Everything is proceeding excellently; the probe borehole on
the Airolo side has advanced over four meters. This morning
the probe drilling also started on the Goschen side. The water
inflow has completely ceased. The breakthrough could take
place as early as Sunday afternoon. Excitement is growing wit-
hin technical circles. Heavy snowstorm and fog.

Despite the wind, falling snow and fog covering the closest
tops of mountains, the installation of a tribune where medals
will be awarded to workers [highlighted by authors of this
paper] is just starting on a pile of rails planned for the tun-
nel. The tribune staircase will be built using railway slee-
pers; the tribune will be decorated by six pine trees. The work
operations proceed in the tunnel as well as possible.
Currently not more than 19 metres remain to be excavated.
I am going to cable to Airolo and let you know about the
result of my enquiry.

Andermatt, 29th February, 21:45 hours. The gigantic work
has been happily completed. One cannot think of anything
more memorable than the last night in Goschenen. Even the
poorest inhabitants looked forward as children to the Sunday-
night celebration. No sooner had the preparation for decora-
ting the tunnel entrance started than the unexpected telegram
arrived, announcing that the auger on the Airolo side would
break through on Sunday evening or later at night.
Immediately plaudits broke out throughout the town, music
was playing the Italian national anthem, the crowds and wor-
kers were singing, dwellings were illuminated and mortars
boomed and whistles of machines and reservoirs squealed at
the tunnel entrance. A small public telegraph office was near-
ly taken by storm of the crowd. Engineers feasted and enthusi-
astically toasted each other with beer in both hotels. It is alre-
ady clear that the work has ended with success, with admirab-
le accuracy, and that both the vertical and horizontal align-
ment of both parts of the tunnel had been set out absolutely
accurately because the probe broke through in the very centre
of the tunnel excavation face. At the same time, the news arri-
ved that the final breakthrough was set at 9 a.m. At 1 a.m. we
went to sleep, waking up as early as 5 a.m. to be able to take
part in a ride through the tunnel, which was set at 6 a.m. At the
tunnel we were informed that a mere 1.40m of the last rock
wall stood unbroken at that moment. Despite the significant
thinness of the wall, by remarkable chance, no disaster happe-
ned during the blasting operation. At the daybreak, our loco-
motive arrived, decorated with Swiss flags; the train consisted
of absolutely new railway cars. Then we took our seats with
miners working at the end of the tunnel sitting at the front, fol-
lowed by guests, directors, engineers, inspectors and geolo-
gists, up to 50 men in total. Mortars were firing when the train
moved ahead. The tunnel was provided with a masonry lining
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Obr. 1 Medaile na proraZeni Zeleznicniho tunelu Arlberg mezi Tiroly
a Vorarlbergem, 1888, bronz & 70 mm

Fig. 1 A medal on the breakthrough of the Arlberg tunnel between Tyrol and
Vorarlberg, 1888, bronze & 70mm

doby renesance fadu pamétnich medailf tykajicich se riznych bén-
skych revirt (napr. vytézkové medaile, medaile na otevieni dédic-

nych Stol, medaile k 1. pouZiti trhavin v podzemnim hornictvi apod.).
Pamadtky drobné plastiky mohou nabyvat ruznych forem, z nichz

nejCastéjsi jsou medaile a plakety, prip. chdpané i jako zdsluzné
vyznamendni; to jiz nédlezi do oblasti faleristiky. Vyjime¢né se
potom s nimi muZeme setkat i jako s pamétnimi mincemi vydéva-
nymi statnimi orgdny (potom se jednd o numismatické pamdtky).

Nesmirny rozmach moderniho podzemniho stavitelstvi nachazi-
me ve spojeni s vystavbou Zelezni¢nich taha v alpské oblasti Evropy
a predevsim i proto je nejcastéjsi vyskyt pfedmétnych pamétnich
razeb zde. Prikladem téchto medaili jsou medaile na prorazeni ¢i
zahdjeni provozu v ZelezniCnich tunelech:

Arlberg (1879-1884, dl. 10 648 m) — krdsna nenositelnd medaile
(obr. 1),

Tauern (1901-1906, dl. 8 550,6 m/od roku 2001 8 371 m) — nosi-
telna medailka (obr. 2),

Simplon I (1895-1906, dl. 19 803 m) — nositelnd medaile (obr. 3)
a nenositelnd stifbrnd razba (obr. 4) [2],

Karawanken (1902-1906, dl. 7 976 m) — nositelnd stribrnd
medaile (obr. 5) [3].

Vystavba téchto tunelt byla tak vyjime&nou zdleZitosti, Ze je pii-
pomindna i vyrocnimi razbami:

Gotthard (1875-1882, dl. 14 998 m) — bronzova medaile na 50.
vyro¢i dokonceni tunelu — obr. 6 [4].

Jistou vyjimkou z fady téchto medaili jsou medaile a Zetony na
vystavbu prvnich tunelt podzemni drahy v Londyné. Prvni ndm zn4-
mou takovouto pifleZitostnou razbou, zde pripominajici otevieni
tunelu pod fekou Temzi (18241842, dl. 1 200 ft.) v Londyné dne
25.3. 1843, je médény Zeton ¢ 23 mm. Honosnéjs$im artefaktem pri-
pominajicim tuto udélost je medaile raZend na pamatku vyndlezce

Obr. 2 Nositelnd medailka na proraZeni Zeleznicniho Tauern tunelu, 1906,Ag
23 x 34 mm

Fig. 2 Wearable miniature medal on the breakthrough of the Tauern rail tun-
nel, 1906,Ag 23 x 34mm

up to the distance of 2,800m from the portal. Scaffoldings star-
ted from this point. Since the locomotive would not have pas-
sed through yet, the train was pulled by horses from this loca-
tion. At the distance of 4,600m, the heat increased to signifi-
cant 37.5 °C; at 9 a.m. we had 3,200m behind us. The first
train from Goschenen arrived to Airolo to be welcomed with
great glory and cheers. [1]

As it can be seen from the text above, which describes the
story of the Gotthard railway tunnel (a base tunnel passing
under the St. Gotthard mountain range; the second in the
succession, after an old pass road tunnel), this event was even
documented by the issue of a commemorative medal to be
issued to builders of this important civil engineering works.
A tradition was established through this event to devote incre-
ased attention even to underground constructions to come in
the future.

If we go back to the more distant history, the custom to stri-
ke occasional medals in the field of underground construction
industry picked up the threads of mining traditions. We know
a number of commemorative medals from the Renaissance
Period, relating to various mining districts (e.g. mining medals
of metal produced by the particular mine, plaques issued on the
occasions of opening new soughs, on the occasion of the first
use of explosives in underground mining etc.).

Petty plastic art tokens may assume various forms, most fre-
quently the forms of medals or plaques, even understood to be
medals of honour; these already belong into the field of fale-
ristics. Exceptionally we can encounter them in the form of
commemorative medals issued by state authorities (then it is
the case of numismatic memorabilia).

Immense boom in underground construction can be found in
connection with the construction of railways in the Alpine area

Obr. 3 Nositelnd medaile na proraZeni Zeleznicniho tunelu Simplon 1, 1905,
bronz &34 mm [2]
Fig. 3 Wearable medal on the breakthrough of the Simplon I tunnel, 1905,
bronze & 34mm [2]

Obr. 4 Medaile na proraZeni Zelezni¢niho tunelu Simplon I, 1905, Ag & 39
mm [2]
Fig. 4 Medal on the breakthrough of the Simplon I tunnel, 1905,Ag & 39mm [2]
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Obr. 5 Nositelnda stribrnd medaile na proraZeni Zelezni¢niho tunelu
Karawanken, 1905,Ag 32 x 41 mm [3]

Fig. 5 Wearable silver medal on the breakthrough of the Karawanken rail
tunnel, 1905,Ag 32 x 41mm [3]

raziciho S$titu a stavitele uvedeného tunelu sira I. M. Brunela (obr.
7). Na této honosné medaili je pfipomenuta i na tehdejsi dobu astro-
nomicka cena dila 450 000 £.

Druhym nejdel$im svétovym tunelem je dosud Zelezni¢ni
Eurotunnel pod kandlem La Manche (1986-1993, dl. 50 450 m).
I s ohledem na vyznam této technicky (méné pak jiZ ekonomicky)
vyjime¢né stavby byla vyddna fada razeb. Jde prevdzné
o nenositelné medaile. Nékteré z nich pusobivé, aZ témér edukaénim
zpusobem, zobrazuji detaily vystavby. Napf. feznou hlavu TBM
(obr. 8) nebo skladbu prstence obezdivky (obr. 9) [5 a 6].

Po vybudovani zdkladnich Zelezni¢nich sitf a s rozvojem automo-
bilismu nabyvaji na vyznamu tunely silniéni (v tom i délni¢ni
a méstské). I zde se vetsina pamdtek drobné plastiky tykd vyznam-
nych podzemnich staveb v  tradi¢nich® tuneldfskych zemich — Svy-
carsku, SRN, Rakousku, Francii a Itdlii. Jde napt. o silni¢ni tunely:

Mont Blanc (1957-1965, dl. 11 611 m) — nenositelnd medaile na
prorazeni (obr. 10) [7],
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Obr. 6 Medaile na 50. vyroci dokonceni Zelezni¢niho tunelu Gotthard, 1932,
bronz & 45 mm [4]

Fig. 6 Medal commemorating the 50th anniversary of the completion of the
Gotthard rail tunnel, 1932, bronze & 45mm [4]

of Europe, which is the main reason why the most frequent
occurrence of commemorative strikes originated in this region.
The following medals, struck on the occasions of breakthrough
or opening tunnels to rail traffic, are examples:

Arlberg (1879-1884, 10,648m long) — a beautiful non-wea-
rable medal in Fig. 1,

Tauern (1901-1906, 8,550.6m long / 8,371m since 2001) —
a wearable miniature medal (see Fig. 2),

Simplon I (1895-1906, 19,803m long) — a wearable medal
(see Fig. 3) and an non-wearable silver strike (see Fig. 4) [2],

Karawanken (1902—-1906, 7,976m long) — a wearable silver
medal (see Fig. 5) [3].

The events of the construction of the tunnels were so excep-
tional that they were even remembered by anniversary strikes:

Gotthard (1875-1882, 14,998m long) — a bronze medal
issued on the occasion of the 50th anniversary of the tunnel
completion — see Fig. 6 [4].
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Obr. 7 Medaile na pamdtku vyndlezce raziciho Stitu a stavitele tunelu pod
TemZi v Londyné sira I. M. Brunela, 1842, cin & 44 mm

Fig. 7 Medal commemorating Sir I. M. Brunel, inventor of the driving shield
and builder of the tunnel under the Thames in London, 1842, tin & 44mm

Obr. 8 Medaile na rekordni raZbu TBM dne 22. 5. 1991 na Eurotunelu, postr.
bronz & 65 mm [5]

Fig. 8 Medal of the record TBM driving on 22/5/2001 on the Eurotunnel,
silver-plated bronze & 65mm [5]

Obr. 9 Medaile na prefabrikaci obezdivky pri razbé TBM na Eurotunelu,
1991, posti. kov & 70 mm [6]

Fig. 9 Medal on prefabrication of the lining during the TBM driving of the
Eurotunnel, 1991, silver-plated metal & 70mm [6]

Obr. 10 Medaile na proraZeni silnicniho tunelu Mont-Blanc, 1962, bronz
68 mm [7]

Fig. 10 Medal on the breakthrough of the Mont-Blanc road tunnel, 1962,
bronze & 68mm [7]
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Obr. 11 Medaile na zaraZeni silni¢niho tunelu St. Gotthard v r. 1969,Ag 33 mm
Fig. 11 Medal of the opening of excavation of the St. Gotthard tunnel in 1969,
Ag D 33mm

St. Gotthard (1970-1980, dl. 16 918 m) — nenositelnd medaile na
zaraZeni tunelu v roce 1969 (obr. 11) a na otevieni tunelu v roce
1980 (obr. 12) [8],

Elbtunnel Hamburg (1968-1975, dl. 3 325 m) — nenositelnd
medaile na otevreni tunelu (obr. 13),

Arlberg (1974-1978, dl. 13 972 m) — pamétni 100schillingova
mince na dokonceni stavby (obr. 14).

Na tzemi byvalého Ceskoslovenska miizeme povaZovat za prvni
pamétni razbu pripominajici podzemni stavbu medaili na pamét'pro-
razeni tunelu TGM (1928-1931, dl. 3 011 m) na Zelezni¢ni trati
Handlovd — Hornd Stubiia — obr. 15.

Dalsi zajimavou razbou je nositelny odznak z roku 1939 na
dokonceni tunelu Dr. E. BeneSe na trati Banska Bystrica — Diviaky
(1936-1939, dl. 4 698 m — nejdelsi tunel na Gdzemi byvalé CSR).
Zobrazen je zde nejen portdl tunelu, ale je netradi¢né pouzit i velmi
kvalitni barevny smalt — obr. 16.

Nejdel3im vibec podzemnim dilem povélecné doby byl privadéé
z vodni nadrze Zelivka do Prahy. Byl vybudovadn v letech

Obr. 13 Medaile na otevreni silni¢niho Elbtunnelu v Hamburgu, 1975, bronz
34,5 mm

Fig. 13 Medal on opening of the Elbe road tunnel, Hamburg, to traffic, 1975,
bronze & 34.5mm

Obr. 12 Medaile na otevieni silni¢niho tunelu St. Gotthard, 1980, Ag & 50
mm [8]

Fig. 12 Medal on opening of the St. Gotthard road tunnel to traffic, 1980,Ag
D 50mm [8]

Medals and tokens on the construction of first London
Underground tunnels are a certain exception. The first occasi-
onal strike of this type which is known to us is a 23mm-dia-
meter cooper token, commemorating the opening of the tunnel
under the Thames (1824-1842, 1,200 ft long) in London on
25/3/1843. A more splendid artefact commemorating this event
is a medal struck in memory of Sir I. M. Brunel, the inventor
of a driving shield and builder of the above-mentioned tunnel
(see Fig. 7). This splendid medal remembers the cost of the
works of £ 450,000, which was astronomic even in that period
of time.

The second world’s longest tunnel is still the Eurotunnel
under the English Channel (1986-1993, 50,450m long).
Numbers of strikes were issued with respect to the importance
of this technically (not so much economically) exceptional
project. These are mostly unbearable medals. Some of them
depict details of the construction in an impressive, sometimes
even educative way. For example, they show the TBM cutter-
head (see Fig. 8) or the assembly of the segmental lining ring
(see Fig. 9) [5 and 6].

After the completion of basic railway networks, with the
expanding motorism, the importance of road tunnels (inclu-
ding motorway and urban tunnels) started to grow. It is also in

Obr. 14 Pamétni rakouskd 100schillingovd mince na otevieni silni¢niho
tunelu Arlberg, 1978, Ag & 41 mm

Fig. 14 Commemorative Austrian 100-shilling coin on opening of the Arlberg
road tunnel to traffic, 1978, Ag & 41mm

Obr. 15 Medaile na proraZeni tunelu TGM na Zeleznicni trati Handlovd —
Hornd Stubria, 1930, Ag & 40 mm

Fig. 15 Medal on the breakthrough of the TGM tunnel on the Handlovd -
Hornd Stubria rail line, 1930, Ag & 40mm
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Obr. 16 Nositelny odznak na dokonceni tunelu Dr. E. Benese na trati Banskd
Bystrica — Diviaky, 1939, Ag + smalt 37 x 34 mm

Fig. 16 Wearable badge on the completion of the Dr. E. Benes tunnel on the
Banskd Bystrica — Diviaky rail track, 1939, Ag + enamel 37 x 34mm

1964-1972 hornickym zplsobem v délce 51 332 m za Gcelem zdso-
bovani Prahy, Stfedogeského a Jihlavského kraje pitnou vodou. Do
provozu byl uveden koncem roku 1976. Na pamdtku jeho vybudo-
véani byla vyddna bronzovd kruhovd medaile (obr. 17) a vybrani pra-
covnici byli dekorovani odznakem ,,Budovatel Zelivky“ (obr. 18).Je
nicméné Skoda, 7e symbolika této dekorace je dosti poplatnd dobé
svého vzniku.

Bylo-li vySe vzpomenuto prvnich tunelt podzemni drdhy
v Londyné, je v CR tieba piipomenout i stavbu prazského Metra.
Ta mé nejen vyznam dopravni, ale sou¢asné méla i zdsadni vyznam
pro rozvoj celého oboru podzemniho stavitelstvi u nds. Vedle néko-
lika uméleckych medaili s prazskym metrem spojenych, udélova-
nych obvykle za zdsluhu o rozvoj podniku (napf. obr. 19) se mezi
stavbafi nejvice vyskytuje odznak ,,Budovatel Metra“ a zdsluznd
medailka na zdvésu v rizném kovovém provedeni (obr. 20).

ZAVER

Pamitky drobné plastiky, stejné jako v fadé jinych oboru, pre-
sveédéivé dokumentuji zna¢né mnoZzstvi vyznamnych podzemnich
staveb ve svété i v CR. Stdvaji se v pravém slova smyslu umélecky-
mi artefakty i kdyZ soucasné pripominaji stavebni dila — vzdy velmi
néakladnd a slozitd jakoZ i origindlni. Soucasné jsou dokumentem
k dé€jindm techniky a Casto slouzily a slouZi i k ocenéni pracovniku

Obr. 17 Medaile na pamdtku vybudovdni piivadéce z Zelivky, 1972, bronz
D61 mm

Fig. 17 Medal commemorating the construction of the water tunnel from the
Zelivka, 1972, bronze & 61mm

this field that the majority of petty plastic art pieces is associ-
ated with significant underground constructions in “traditio-
nal” tunnelling countries — Switzerland, the FRG, Austria,
France and Italy. Examples of the tunnels are as follows:

Mont Blanc (1957-1965, 11,611m long) — a non-wearable
medal on the tunnel breakthrough (see Fig. 10) [7],

St. Gotthard (1970-1980, 16,918m long) — a non-wearable
medal on the opening of the tunnel excavation in 1969 (see
Fig. 11) and opening of the tunnel to traffic in 1980 (see Fig.
12) 8],

Elbe Tunnel Hamburg (1968-1975, 3,325m long) — a non-
wearable medal on the opening of the tunnel to traffic (see Fig.
13),

Arlberg (1974-1978, 13,972m long) — a commemorative
100 schilling coin on the completion of the construction (see
Fig. 14).

As far as former Czechoslovak Republic is concerned, the
medal commemorating the breakthrough of the TGM tunnel
(1928-1931, 3,011m long) on the Handlovd — Hornd Stubria
rail line (see Fig. 15) can be considered the first commemora-
tive medal.

Another interesting strike is a wearable badge issued in 1939
on the occasion of the completion of the Dr. E. Benes tunnel
on the Banska Bystrica — Diviaky railway track (1936-1939,
4,698m long — the longest tunnel in the former CSR). Apart
from depicting the tunnel portal, the medal featured high-qua-
lity coloured enamel, the use of which was quite untraditional
(see Fig. 16).

The longest underground working of the post-war period
was the 51,332m long tunnel supplying water from the
Zelivka water-supply reservoir to Prague. It was driven in
1964 through 1972 for the purpose of supplying Prague and the
Central Bohemian and Jihlava regions with drinking water.

Obr. 18 Velky odznak a maly klopovy odznak ,,Budovatel Zelivky*, b. d., elo-
xovany kov + synteticky smalt & 52 mm a 20 x 12 mm

Fig. 18 Large badge and small lapel badge ,,Zelivka Builder*, satin anodised
metal + synthetic enamel & 52mm and 20 x 12mm

Obr. 19 Medaile ,,Za zdsluhu o rozvoj podniku Metrostav*, b. d., bronz & 59 mm
Fig. 19 Medal “for credit in the development of Metrostav company”, bronze

& 59mm



Obr. 20 Odznak ,,Budovatel Metra“ a nositelné zdsluzné medailky ,,Budovatel Metra*, &J 30 mm

na zdvésu [foto K. Matzner]

Fig. 20 Metro Builder* badge and wearable small medals of merit “Metro Builder”, & 30mm

with suspension loop [photo courtesy of K. Matzner]

Obr. 21 Medaile sv. Barbory CzTA ITA/AITES, Ag & 40 mm [foto M. Pek]
Fig. 21 Medal of St. Barbara issued by the ITA-AITES CzTA, Ag & 40mm
[photo courtesy of M. Pek]

piimo zucastnénych na té€chto stavbach. V neposledni fadé se rovnéz
stdvaji vyhleddvanym sbératelskym artiklem a jsou tak zachovény
v soukromych a vefejnych sbirkdch pro budoucnost.

Bylo by proto dobré v tradici vydavani takovychto drobnych ume-
leckych dél pripominajicich vyznamné podzemni stavby pokraco-
vat. V CR se v posledni dobé ukontila, resp. nové otevird fada
novych podzemnich staveb. Nemélo by se tedy zapominat na to, aby
tyto stavby byly dokumentovdny nejen standardnim technickym
zpusobem, ale soucasné i vyddnim priileZitostnych publikaci
a rovné€Z pamétnich razeb. Tato obvykle velmi ndkladnd a technicky
ndroc¢nd stavebni dila si to zaslouZi.

Ostatné i Ceskd tuneldfskd asociace ITA-AITES si je védoma
vyznamu umélecké drobné plastiky, kdyZ zalozila roku 2009 stiibr-
nou medaili sv. Barbory pro zaslouZilé pracovniky v oboru podzem-
niho stavitelstvi (obr. 21).
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The tunnel was inaugurated at the end of 1976.
A circular bronze medal was issued to comme-
morate this construction (see Fig. 17) and
selected workers were decorated by a “Zelivka
Builder” badge (see Fig. 18). Nevertheless, it is
a shame that this decoration was a product of
the infamous time of its origination.

Taking into consideration the fact that the
construction of first tunnels of the London
Underground has been remembered above, it is
also necessary to remember the construction of
the Prague Metro in the Czech Republic. It is
important not only generally for traffic. At the
same time it was fundamentally important for
the development of the entire underground
construction industry in the Czech Republic.

Apart from several artistic medals associated with
Prague metro, which were usually awarded as a credit for the
development of a company (e.g. Fig. 19), the badge which is
most frequently encountered among builders is “Metro
Builder” and a small suspension medal of merit in various
metal designs (see Fig. 20).

CONCLUSION

The petty plastic art tunnelling tokens, alike those from
many other areas, convincingly document great numbers of
significant underground constructions in the world and in the
CR. They have become in strict sense artistic artefacts,
which, despite the fact that they only commemorate civil
engineering structures, are always costly and complex, as
well as original. At the same time they are additional docu-
ments of the history of technology; they have often been used
as awards for workers directly involved in the constructions.
At last but not least they have also become a hot article
sought by collectors, to be preserved for the future in private
or public collections.

It would be therefore reasonable to continue the good tradi-
tion of issuing petty works of art commemorating significant
underground constructions. A number of underground con-
struction projects have recently been completed and new ones
started in the Czech Republic. It should not be forgotten that it
is reasonable if these constructions are documented not only
using standard technical methods but also by issuing occasio-
nal publications and commemorative medals. The usually very
costly and difficult construction works deserve it.

Besides, even the ITA-AITES Czech Tunnelling Association
is aware of the importance of petty plastic art. In 2009 it foun-
ded a silver medal of St. Barbara for meritorious workers from
the field of underground construction (see Fig. 21).
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VYUZITi ZKUSEBNIHO AEROSOLU PRI VIZUALIZACI
A KOMPLEXNICH ZKOUSKACH SILNICNICH TUNELU

TEST AEROSOL USED IN VISUALISING COMPREHENSIVE
TESTS OF ROAD TUNNELS

PETR BEBCAK, JANA DRCACOVA, MARTIN BEBCAK, ALEXANDER RUDNEV, JIRl ZAPARKA

ovoD

Pozary v tunelech pozemnich komunikaci nejsou v praxi
Castym jevem, nicméné jejich dopady na Zivoty, zdravi i maje-
tek tcastniku silni¢niho provozu, na infrastrukturu a provozo-
vatele tunelu jsou zna¢né. Navic ale pfistupuje také negativni
vliv na postoj §iroké verejnosti k pouZzivani tuneld.

Kazdd tunelova stavba je z hlediska stavebniho feSeni, situo-
van{ i technického feSeni jedine¢nym dilem a rozsah vybaveni
a opatfeni je ruzny pro jednotlivé tunely v zdvislosti na jejich
parametrech.

Rozsah instalace poZarné bezpe¢nostnich zafizen{ je stanoven
v technickych predpisech vydanych k této problematice CSN 73
7507 [1], TP 154 [3] a TP 98 [2], které stanovuji vybaveni
a opatfeni pro ruzné tunely v zdvislosti na jejich parametrech,
napr. na délce a intenzité dopravy.

Pro provadéni individudlnich a komplexnich zkousek pozar-
né bezpecnostnich zafizeni je v soucasné dobé ve schvalovacim
fizeni na Ministerstvu dopravy CR metodicky pokyn Zkousky
poZdrné bezpecnostnich zarizeni v tunelech pozemnich komuni-
kaci, ktery obsahuje mozné postupy pro provadéni individudl-
nich a komplexnich zkouSek téchto zafizeni v tunelech.
Komplexni zkousku pozarné bezpeénostnich zafizeni za vyuZi-
ti zkuSebniho aerosolu s horkym koufem a redlnym energetic-
kym zdrojem je moZno vyuZzit jako nedestruktivni alternativu
ndhrady zkousek provadénych za pomoci hoflavych kapalin,
kterd ma zpravidla dopad na poskozeni technologického vyba-
veni tunelu. [4]

POZARNE BEZPECNOSTNI ZARIZENI

Podle vyhlasky MV €. 246/2001 Sb., o stanoveni podminek
pozarni bezpecnosti a vykonu stdtniho poZarniho dozoru
(vyhldska o pozdrni prevenci), patfi mezi zdkladni druhy pozar-
né bezpecnostnich zafizeni (ddle jen PBZ) zarizeni pro pozarni
signalizaci, zafizeni pro potlaeni poZdru nebo vybuchu, zafi-
zeni pro usmérnovani pohybu koufe pfi pozéru, zafizeni pro
tnik osob pri pozdru, zafizeni pro zdsobovani pozarni vodou,
zafizeni pro omezeni S$ifeni poZdru, ndhradni zdroje
a prostredky uréené k zajisténi provozuschopnosti pozarné bez-
pecnostnich zafizeni, zdroje nebo zdsoba hasebnich ldtek
u vySe uvedenych zafizeni a jiné.

KOMPLEXNI ZKOUSKY POZARNE BEZPECNOSTNICH
ZARIZENI

Komplexni zkou$ky jsou souldsti prvni prohlidky tunelt
a provadéji se pred uvedenim tunelu do provozu. Pouze Gspés-
né provedeni komplexnich zkouSek davé predpoklad, Ze tunel
bude uveden do zkuSebniho provozu. Cilem komplexnich zkou-
ek je ovéfeni funkei jednotlivych systému v napojeni na fidici
systém vcetné stanovenych automatickych vazeb na ostatni
systémy technického vybaveni tunelu.

INTRODUCTION

Fires in road tunnels are not frequent in practice; neverthe-
less, their impacts, not only on lives and health of road traffic
participants and material damage to properties of traffic partici-
pants and the infrastructure, but first of all on the approach of
the wide public to the possibility of using tunnels and to tunnel
operators are significant.

Each tunnel structure is a unique piece of work in terms of the
design, location and technical solution; the scope of the equip-
ment and measures differs for individual tunnels depending on
their parameters.

The scope of the installation of fire safety equipment is presc-
ribed by technical regulations issued to solve these problems:
the standard CSN 73 7507 [1] and technical specifications TP
154 [3] and TP 98 [2], which determine equipment and measu-
res for various tunnels depending on their parameters, e.g. the
length and traffic volume.

The guideline on “Testing of road tunnel fire safety equip-
ment” specifying the execution of individual and comprehensi-
ve tests of fire safety equipment in tunnels is currently under
approval by the Ministry of Transport. A comprehensive test of
fire safety equipment using test aerosol with hot smoke and
a realistic energy source can be applied as a non-destructive
alternative of the replacement of tests conducted by means of
flammable liquids, which usually cause damage to the tunnel
equipment. [4]

FIRE SAFETY EQUIPMENT

According to the Ministry of Interior’s Regulation No.
246/2001 Coll. on the Determination of fire safety conditions
and execution of state fire inspection (the regulation on fire pre-
vention), the basic kinds of fire safety equipment (FSE) com-
prise fire alarm and detection systems, fire or explosion supp-
ression systems, equipment directing smoke during a fire, fire
escape systems, fire water supply systems, fire spread preventi-
on systems, emergency sources and means designed to secure
serviceability of fire safety equipment, sources or a stock of
extinguishing agents for fire or explosion suppression systems,
fire water supply equipment, sources of water for fire suppres-
sion etc.

COMPREHENSIVE TESTING OF FIRE SAFETY EQUIPMENT

Complex testing is part of the initial tunnel inspection; it is
conducted before opening the tunnel to traffic. Successful com-
pletion of the comprehensive testing is a prerequisite for ope-
ning the tunnel to traffic. The objective of the comprehensive
testing is to verify functions of individual systems while they
are connected to the tunnel control system, including prescribed
automatic relationships with other items of technical equipment

of tunnels.
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Tab. 1 Zdkladni typy zkouSek
Table 1 Basic test types
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ZAKLADNI TYPY ZKOUSEK / BASIC TEST TYPES

Faze projektovani
Designing phase

Zkousky ve stadiu uvedeni tunelu do provozu
Testing during the tunnel commissioning phase

Zkousky v provozu tunelu
Testing during the tunnel operation

Provérka projektovanych parametrd

Zkousky u vyrobce

Cvicné zkousky dispecert

systému pozarniho vétrani pocitacovou
simulaci zafizeni a systému

Individualni zkousky funkénosti
jednotlivych pozarné bezpecnostnich
zafizeni a systém

Provérovaci a takticka cviéeni slozek 1ZS

Kontroly PBZ a opatfeni vyplyvajici z vyhlasky

Komplexni zkousky funkEnosti PBZ
a integrovaného fidiciho systému s moznosti
vyuziti vizualizace teplym koufem

MV ¢&. 246/2001 Sh., o pozarni prevenci

Periodické individualni zkousky funkénosti jednotlivych
pozarné bezpecnostnich zafizeni a systémd

Kontrola a vedeni dokumentace PBZ

Periodické komplexni zkousky funkénosti
PBZ a integrovaného fidiciho systému
s moznosti vyuziti vizualizace teplym kourem

Verification of design parameters

Tests conducted at the manufacturer

Training tests of operators

of the fire ventilation system by
means of computer simulation

Individual tests of functionality of
individual components of fire safety
equipment and systems

Verification and tactical exercises
for components of the IRS

Comprehensive testing of functionality
of the FSE and the integrated
management system, with the possibility
to use the hot smoke visualisation

Inspections on the FSE and measures following from
the Decree of the Department of the Interior
No. 246/2001 Coll. on fire prevention

Periodical individual tests of functionality of individual

Soucésti komplexnich zkouSek u tunelt pozemnich komuni-
kaci, ve kterych je navrzeno pozarni vétrani, resp. zafizeni pro
odvod tepla a koure je zkouSka horkym koufem s redlnym ener-
getickym zdrojem. Pfi této zkouSce se meri a monitoruji fyzi-
kdlni vlastnosti, zejména rychlosti proudéni a sméru proudéni
vzdu$niny pro ovéfeni, zda jsou splnény parametry stanovené
schvdlenou projektovou dokumentaci spojené s vizualizaci cho-
vani koure.

Komplexni zkou$ky pozarné bezpeénostnich zarizeni probi-
haji podle presné daného scéndre a jejich cilem je provefit
vSechny funk¢nosti integrity pozdrné bezpe€nostnich zafizeni
v souladu s pozarné bezpecnostnim feSenim.

Komplexni zkousky poZarné bezpecnostnich zafizeni fadime
mezi zdkladni typy zkousek, které jsou provadény na tunelo-
vych stavbach.

Podle realizaéni fdze stavby tunelu, druhu a zpusobu prova-
déni délime zkousky tak, jak uvadi tabulka 1.

Tyto komplexni zkousky se provddéji na vSech pozarné bez-
pecnostnich zarizenich a bezpeénostnich systémech, a to ve
dvou moznych variantach:

* bez simulace pozaru,

e se simulaci pozaru osobniho vozidla za pouziti zkuSebniho
aerosolu, ktery je tvoren netoxickymi pevnymi ¢ésticemi
(koufem) o velikosti 3—10 pzm a plynnou fazi tvofenou smési
oxidu uhli¢itého, vodnich par a nitroznich plynu.

KOMPLEXNI ZKOUSKY PBZ BEZ SIMULACE POZARU
Béhem zkousek se proveruji ndsledujici scéndfe identifikace
poZzaru a jejich projektované logické ndvaznosti na pozarné bez-
pecnostni zafizeni a ostatni technologické vybaveni tunelu:
e identifikace pozaru tlacitkovym hlasi¢em EPS v obou tune-
lovych troubach a na portale tunelu,

Checking and maintenance of the FSE
documentation

components of fire safety equipment and systems

Periodical comprehensive testing of functionality of the
FSE and the integrated management system, with
the possibility of using the hot smoke visualisation

Part of the comprehensive testing of road tunnel for which
a fire ventilation system or heat and smoke evacuation system
is designed is a hot smoke test using a real energy source. This
test comprises measurements and monitoring of physical pro-
perties, first of all the velocity and direction of the air mass
flow, with the aim of verifying whether the parameters set by
the approved design connected with the visualisation of smoke
behaviour are met.

Comprehensive testing of fire safety equipment proceeds
exactly according to the given scenario. The objective of the
tests is to check whether all integral functions of the fire safety
equipment components meet requirements of the fire design.

The comprehensive fire safety testing is considered to be one
of components of the system of basic tests conducted on tunnel
structures.

We divide the tests according to the tunnel construction phase
and the construction method as follows (Table 1):

All fire safety equipment and safety systems are subjected to
these comprehensive tests, with two possible variants available:

* without a fire simulation

e with a simulation of a car fire using test aerosol consisting

of non-toxic particles (smoke) with the sizes of 3 -10m and
a gaseous phase consisting of a mixture of carbon dioxide,
water vapour and oxides of nitrogen.

COMPREHENSIVE FSE TESTING WITHOUT FIRE
SIMULATION
The following scenarios of fire identification, including logi-
cal relations to fire safety equipment and other tunnel equip-
ment as required by the design, are checked during the tests:
e fire identification by manual call points (parts of the FAD
system) in both tunnel tubes and at tunnel portals



20. rocnik - €. 17201

Obr. 1 Mobilni ventildtor pred portilem tunelu (foto Ing. Jiri Zdaparka)
Fig. 1 A mobile fan in front of the tunnel portal (photo courtesy of Jiri
Zdpaika)

e identifikace poZdru linedrnim teplotnim hldsicem v obou

tunelovych troubéch,

e identifikace pozaru

v zachrannych cestach,
¢ identifikace pozaru videodetekci.

Vykonové a funkéni zkousky pozarniho vétrani za vyuziti
mobilniho ventildtoru.

Vystupem vykonovych a funkénich zkouSek je vyhodnoceni
parametra pozarniho vétrani. V pripadé podélného systému vét-
rani — smer a rychlost proudéni, u pri¢ného systému odvodu
koufe doplnéné o vykon a d¢innost odsavani. [10, 11]

Zkouska s vizualizaci proudéni vzdusnin

Piinosem zkousek s vizualizaci proudéni vzdu$nin je provére-
ni scéndre pozaru v kritickém misté tunelu a pripravenost jed-
notek HZS na Sifeni koure v tunelu pii definovanych pocate¢-
nich podminkdach (rychlost a smér proudéni v tunelu). V pripadé
vybaveni tunelu detektory koufe jejich odzkouseni a ndvaznost
povell na otevieni/zavieni prislu§nych klapek. V pripadé pric-
ného odvodu umozni vizualizace proudéni odzkouSeni ucinnos-
ti odsdvani.

automatickym  hldsicem EPS

KOMPLEXNI ZKOUSKY PODELNEHO VETRANI SE
SIMULACI POZARU ZKUSEBNiM AEROSOLEM

ZkousSka je zahdjena iniciaci etanolu v ocelovych vaniach
s predpoklddanym celkovym tepelnym vykonem poZiru cca
1,5-3 MW a vyvojem kouie cca 20 (100) m3/s, coZ jsou para-
metry pfi pozdru osobniho (ndkladniho) vozidla. Po identifikaci
pozdru teplotnim hldsi¢em elektrické poZarni signalizace nebo
videodetekei, jsou fidicim systémem tunelu provedeny operace,
které jsou v systému prednastaveny a spoustény bez zdsahu ob-
sluhy tunelu nebo na pokyn dispecera tunelu. [10, 11]

Ridici systém tunelu provede:

e Uzavieni tunelu pomoci dopravniho znaéenf;

* Aktivaci zafizeni ddlkového prenosu elektrické pozarni sig-
nalizace;

e Automatické spuSténi proudovych ventildtort v poZdarem
zasazené tunelové troubé pro dosazeni kritické rychlosti
proudéni vzdusnin ve sméru jizdy vozidel;

e Automatické spuiténi proudovych ventildtori v poZdrem
nezasaZené tunelové troub€ pro dosaZeni souhlasného sméru
proudéni jako v pozarem zasaZené troubé;

e Kontrolu otevienych pozéarnich klapek v zachrannych
cestdch v pozarem nezasazené tunelové troubé;

TuHel

e fire identification by a linear heat detector in both tunnel
tubes

e fire identification by an automatic fire detector (part of the
FAD) on escape routes

» fire identification by a video-based detection system

Testing of the fire ventilation system capacity and

function, using a mobile fan
The output of capacity and function tests is the assessment of

the following fire ventilation parameters: the direction and velo-
city of the flow in the case of a longitudinal ventilation system,
with the smoke extraction capacity and efficiency added in the
case of a transverse ventilation system. [10, 11]

Tests involving the visualisation of the air mass flow
The benefit of the tests involving the visualisation of the air
mass flow is the fact that the checks cover both the fire scena-
rio in a critical tunnel location and the preparedness of fire res-
cue units for the propagation of smoke through the tunnel
underdefined initial conditions (velocity and direction of the
flow in the tunnel). In the case that the tunnel is equipped with
smoke detectors, the detectors as well as the sequence of com-
mands to opening/closing of respective dampers are tested. In
the case of the transverse ventilation system, the visualisation of
the flow makes testing of the extraction efficiency possible.

COMPREHENSIVE TESTING OF A LONGITUDINAL
VENTILATION SYSTEM INVOLVING THE SIMULATION
OF A FIRE BY TEST AEROSOL

The test starts by the initiation of ethanol in steel trays with
the assumed fire heat release rate of about 1.5 - 3MW and
smoke generation rate of about 20 (100) m3/s, corresponding
to parameters of a car (truck) fire. Once the fire has been iden-
tified by the heat detector (part of the fire alarm and detection
system) or by the video-based detection system, the tunnel
control system carries out all required operations, which are
pre-set in the system and triggered without intervention of the
tunnel operator or on the instruction issued by the tunnel ope-
rator. [10, 11]

The tunnel control system carries out the following acti-

ons:

¢ Closing of the tunnel by means of traffic signs;

e Activating the system of remote transmission of the fire
alarm;

e Automatic starting of jet fans in the tunnel tube struck with
the fire so that the critical velocity of the air mass flow in
the direction of traffic is achieved;

e Automatic starting of jet fans in the tunnel tube unaffected
by the fire so that the air flow direction is identical with the
flow direction in the tunnel tube struck by the fire;

* Checking on open fire dampers found on rescue routes in the
tunnel tube unaffected by the fire;

* Closing fire dampers found on rescue routes in the tunnel
tube struck by the fire;

* Switching on fans on rescue routes in the tunnel tube unaf-
fected by the fire with the aim of developing a positive pres-
sure of about 30Pa on rescue routes (cross passages);

* Switching of the tunnel lighting to the maximum regime in
the tunnel tube struck by the fire, including switching on
the emergency lighting in the tunnel tubes and along rescue
routes;

e Starting the evacuation public address system in the tunnel
tubes and along rescue routes so that road traffic participants
are informed about the fire event;




Obr. 2 Vyvijece aerosolu pred zkouskou (foto Ing. Petr Bebcdk, Ph.D.)
Fig. 2 Aerosol producers before testing (photo courtesy of Petr Bebcdk)

e Uzavieni pozarnich klapek v zachrannych cestach
v pozdrem zasazené tunelové troubé;

* Spusténi ventildtoru v zdchrannych cestdch v poZdrem neza-
sazené tunelové troubé pro vytvoreni pretlaku cca 30 Pa
v zachrannych cestach (propojkéch);

e Prepnuti osvétleni tunelu na maximdélni reZim v poZarem
zasazené tunelové troubé véetné spusténi nouzového osvét-
leni v tunelovych troubdch a zachrannych cestach;

e Spusténi evakuacniho hldSeni v tunelovych troubach
a zdchrannych cestdch pro informaci dcastniku silni¢niho
provozu o vzniku poZiru;

Prfi komplexnich zkouskdch je také simulovédn vypadek elek-
trické energie z verejné distribuéni sité, cimz je provéreno napa-
jeni vybranych zarizeni prostfednictvim nepferu$eného zdroje
elektrické energie (UPS) a dieselagregatu. [10, 11]

V prabéhu komplexni zkousky se simulaci poZéru jsou sledo-
vany nasledujici fyzikdlni parametry:

e rychlost proudéni vzduchu véetné zplodin hofeni v zasaZené

tunelové troubé staciondrnimi a mobilnimi anemometry,

e rychlost proudéni vzduchu v nezasazené tunelové troubé
staciondrnimi a mobilnimi anemometry,

e rychlost proudéni vzduchu v otevienych dverich vstupu do
zachrannych cest (propojek),

e prubézné méreni teplot v zasaZené tunelové troubé,

e prubézné méreni optické hustoty kourte.

Zku$ebni aerosol

Vznikd ze smési v generdtoru z jednotlivych vyvijecu pri tep-
lotach kolem 1200-1300 °C. Aerosol je smési pevné a plynné
faze:

e Pevna fdze je tvorena Cdsticemi o velikosti fddoveé 3 ym az
fadové 5 um. Céstice jsou smési uhli¢itanu draselného, hyd-
rogenuhli¢itanu draselného a uhliku.

¢ Plynna fdaze je smési oxidu uhli¢itého, oxidu uhelnatého,
vodnich par, nitroznich plynt, dusiku a amoniaku.

Hodnoty pevné fdze aerosolu chloridu draselného KClI

a uhli¢itanu draselného Ko,COs3 ¢ini v priméru 0,16 g/m3, coZ je
zanedbatelné mnozZstvi s ohledem na mnozstvi proudiciho vzdu-
chu a dobu expozice. Vezmeme li v dvahu, Ze usazeni pevné
faze aerosolu probihd v fddu desitek minut, lze s jistotou kon-
statovat, Ze prevdzné mnozstvi této kompozice se dostane do
okolniho prostfedi mimo prostor tunelu, aniZ by se stailo usa-
dit na vozovce nebo na jeho osténi. Tuto skutecnost potvrdily
predchozi zkouSky napf. na tunelech Panenskd, Borik atd., kde
ani vizudlné ani mechanicky nebyly zjiStény Zddné stopy po
usazeném aerosolu.

Obr. 3 Vyvin zkuSebniho aerosolu pri plné rozvinutém poZdru (foto Ing. Petr
Bebédk, Ph.D.)

Fig. 3 Test aerosol generation at the fully developed fire (photo courtesy of
Petr Bebcdk)

In addition, a failure of power supplies from the public net-
work is simulated during the comprehensive testing so that
power supplies to selected pieces of equipment from the unin-
terruptible power supply (UPS) system and a diesel generating
set are checked. [10, 11]

The following physical parameters are observed during the
course of the comprehensive tests involving the fire simulation:
velocity of the flow of the air including combustion pro-
ducts through the tunnel tube struck with the fire using sta-
tionary and portable anemometers;
velocity of the air flow through the tunnel tube unaffected
by the fire using stationary and portable anemometers;
velocity of the air flow through open doors in entrances to
rescue routes (Cross passages);
continuous measurement of temperatures in the tunnel tube
struck with fire;
continuous measurement of smoke opacity.

Test aerosol

The test aerosol is developed in a generator as a mixture pro-
duced by individual producers at temperatures ranging approxi-
mately from 1200°-1300°C. The aerosol is a mixture of solid
and liquid phases:

The solid phase is formed by particles with the sizes in the
order of 3uym to Sum. The particles are a mixture of carbonate
of potassium, potassium hydrogen carbonate and carbon.

The gaseous phase is a mixture of carbon dioxide, carbon
monoxide, water vapour, oxides of nitrogen, nitrogen and
ammonia;

The amount of potassium chloride KCI and potassium carbo-
nate K2CO3 is 0.16 g/m3 on average. It is negligible with respect
to the amount of the air flowing through the tunnel and the dura-
tion of the exposition. If we take into consideration the fact that
the duration of the process of settling of the aerosol solid phase
is measured in the order of tens of minutes, we can state with
certainty that the major proportion of this composition will get
into the surrounding environment outside the tunnel space, wit-
hout having time to settle on the roadway or on the tunnel lining
surface. This fact was confirmed by previous tests e.g. in the
Panenska and Borik tunnels, where no traces of the aerosol sett-
lement were found either visually or mechanically.

In the case of conducting the comprehensive testing of the
tunnel fire safety equipment using the visualisation of the move-
ment of hot smoke by means of aerosol generated by a real ener-
gy source, there is no risk of toxicity in terms of the stipulations
of the Decree of the Government No. 361/2007 Coll. specifying
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Pfi provedeni komplex-
nich zkouSek pozarné bez-
pecnostnich zarizeni tunelu
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vzduchu — fd4dové 0,16 g/m3,
jednak vzhledem k povaze
shora uvedenych latek, které nejsou ve smyslu zdkona
¢. 356/2003 Sb. o chemickych latkdch a pripravcich klasifiko-
vany jako nebezpecné. Vzhledem k tomu, Ze prevdzné mnoZstvi
téchto latek se dostane mimo vnitini prostory tunelu, nejsou
nutnd zadnd opatreni tykajici se ochrany vozovky nebo ostén{
tunelu z hlediska jejich poskozeni ¢i dokonce znecisténi.

materidl firmy K. B. K. fire, s. r. 0.)

Parametry zkuSebniho generatoru

Vlastni generdtor pro vyvoj teplého zkuSebniho aerosolu je
sloZzen z ocelovych van naplnénych etanolem a vyvijecu horké-
ho aerosolu, které jsou umistény v ocelovych rampich
a postupné ddlkové aktivovany. Kazdy vyvije¢ je konstruovan
na vyvin cca 20-100 m3 aerosolu o koncentraci 25-30 g/m3.
Moznost tedy konstatovat, Ze z jedné ocelové rampy je zaji§tén
vyvin 360 m3 zkuSebniho aerosolu v ¢asovém reZimu cca 2
minuty. [12]

Graf 1 Graf zdvislosti proudéni vzduchu v tunelu na éasovém prubéhu (zdroj: Protokol zkouSek tunelu SOKP 513 —

Chart 1 Time - air flow curve (source: Test report for tunnel on lot 513 — K.B K. fire, s. r. 0. company material)

conditions for health and safety at work. The concentration of
pollutants fluctuates within values in the order of 100 to 600
times lower than the values of allowable exposition limits set by
the Decree.

Similarly, there is no risk in terms of effects of inorganic sub-
stances contained in the aerosol, with respect to both the low
concentration of these substances in the atmosphere (in the
order of 0.16g/m3) and the nature of the above-mentioned sub-
stances, which are not classified as dangerous in the meaning
of the Law No. 356/2003 Coll. on Chemical substances and
formulations. Taking into consideration the fact that the preva-
iling amount of these substances gets outside inner spaces of
the tunnel, no measures relating to the protection of the road-
way or tunnel lining against damaging or even polluting are
necessary.

Test generator parameters
The hot test aerosol genera-
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100m3 of aerosol with the
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is therefore possible to state
that the generation of 360m3
of the test aerosol is secured
from one ramp within roughly
2 minutes. [12]
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7 CONCLUSION

i Summer months of 2010
misto pozaru — fire seat saw comprehensive tests of
fire safety equipment conduc-

Obr. 4 Schéma rozmisténi méricich zarizeni
Fig. 4 Measurement instruments installation points

ted in the Komorany — Cholu-
pice and Lahovice — Slivenec



Obr. 5 Stratifikace aerosolu pri proudeéni vzduchu 0,6-0,8 m/s (foto Ing. Petr
Bebcdk, Ph.D.)

Fig.5 Stratification of aerosol at the air flow velocity of 0.6 — 0.8 m/s (photo
courtesy of Petr Bebcdk)

ZAVER

V letnich mésicich lonského roku probéhly komplexni zkous-
ky pozéarné bezpe¢nostnich zafizeni v tunelu Komorany — Cho-
lupice a Lahovice — Slivenec, nachdzejicich se na dokonc¢eném
silni¢nim okruhu kolem Prahy — SOKP 513 a SOKP 514.

Cilem téchto zkousek, provedenych v souladu s technickymi
podminkami TP 154 — Provoz, sprdava a tdrzba tunelt pozem-
nich komunikaci a podle internich predpisu spriavce tunelt —
RSD CR, bylo ovéfeni funk&nosti pozarné bezpe&nostnich zafi-
zeni.

V dopolednich hodindch dne 30. 5. 2010 a dne 29. 8. 2010
v tunelu Komorany — Cholupice a Lahovice — Slivenec probéh-
ly komplexni zkouSky vSech pozirné€ bezpecnostnich zafizeni
a bezpe&nostnich systému bez simulace poZzdru. V ramci téchto
komplexnich zkouSek byla ovéfena funkce bezpecnostnich
systému, jejich vzdjemné vazby v souladu s pozadavky bezped-
nostn{ a provozn{ dokumentace tuneld.

V odpolednich hodindch probéhly komplexni zkousky vSech
bezpe&nostnich systému tunelu SOKP 513 a SOKP 514 za pou-
zitl aerosolu. U zdchranné cesty, za nouzovym zdlivem pravé
tunelové trouby, byl simulovdn poZar osobniho vozidla za pou-
ziti zkuSebniho aerosolu.

V prubéhu komplexnich zkouSek se simulaci poZéru byly sle-
dovany ndasledujici fyzikdlni parametry:

e Rychlost a smér proudéni vzduchu véetné zplodin hofeni
v zasaZené tunelové troubé staciondrnimi a mobilnimi ane-
mometry, véetné digitdlniho zdznamu — viz graf 1.

Z uvedeného grafu je moZno sledovat prubéh rychlosti prou-
déni vzduchu. Z pocatecni rychlosti 4,5 m/s vyvolané pistovym
efektem pohybu vozidel na zacatku komplexni zkousky az po
ustdleni proudéni na projektovanou kritickou rychlost proudéni
vzduchu 2,5-3 m/s.

Z provedeného méfeni je moZné vysledovat dobu cca 4,5
min., po kterou se rychlost proudéni vzduchu pohybovala pod
projektovanou hodnotou kritické rychlosti.

 PrabéZné méreni teplot v zasaZené tunelové troubé pomoci
termo¢lankd umisténych nad ohniskem poZzdru (4 ks), na
stativech ve vzdalenosti 25 a 70 m od ohniska pozaru (4 ks)
a na nejbliz§im proudovém ventildtoru ve sméru proudéni
zplodin hoteni (1 ks).

20. rocnik - €. 17201

Obr. 6 Stratifikace aerosolu ve vzddlenosti 100 m od simulovaného poZdru
(foto Ing. Petr Bebcédk, Ph.D.)
Fig. 6 Stratification of aerosol at the distance of 100m from the simulated

fire (photo courtesy of Petr Bebcdk)

tunnels on the completed construction lots 513 and 514 of the
Prague City Circle Road project.

The objective of the tests, which were conducted in compli-
ance with requirements of Technical Specifications TP 154 —
Operation, administration and maintenance of road tunnels and
with internal regulations issued by the tunnel administrator, the
Roads and Motorways Directorate of the Czech Republic, was
to verify the functionality of fire safety equipment systems.

In the morning of 30/05/2010 and 29/08/2010 the comprehen-
sive tests of all fire safety equipment and safety systems were
carried out without the fire simulation in the Komorfany -
Cholupice and Lahovice — Slivenec tunnels. The compliance of
the function of safety systems with requirements of the tunnel
safety and operation documents was verified through these
comprehensive tests, including relationsships between the sys-
tems.

In the afternoon, the comprehensive test of all tunnel safety
systems in construction lots 513 and 514 were carried out using
aerosol. A car fire was simulated using the test aerosol in the
right-hand tunnel tube, next to the rescue route found behind the
emergency parking bay.

The following parameters were followed during the course of
the comprehensive tests involving the fire simulation:

* The velocity of the flow of the air including combustion
products through the tunnel tube struck with the fire using
stationary and portable anemometers, including digital
records — see Chart 1

The air flow velocity development can be seen in the above
chart. From the initial velocity of 4.5m/s induced by the piston
effect of moving vehicles at the beginning of the comprehensi-
ve testing, the velocity gradually stabilised at 2.5 — 3m/s, i.e. at
the critical air flow velocity value specified by the design.

It is possible to determine on the basis of the measurement
that the period of time during which the air flow velocity fluc-
tuated under the critical value set by the design.

* Continuous measurement of temperatures in the tunnel tube
struck by the fire using thermo-couples installed above the
seat of fire (4 pieces), on tripods at the distances of 25 and
70m from the seat of fire (4 pieces) and on the jet fan clo-
sest in the direction of the combustion products flow (1
piece);
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Provedené komplexni zkousky se simulaci realného pozaru za
vyuziti aerosolu prokdzaly, Ze tunely SOKP 513 a SOKP 514
pred uvedenim do provozu spliuji bezpeénostni pozadavky kla-
dené Ceskymi a evropskymi predpisy a normami.

O provedenych komplexnich zkouskéch byly zpracovéany pro-
tokoly o namérenych fyzikalnich veli¢indch, které byly dany
k dispozici odborné vefejnosti a byly zapracovany v grantovém
ukolu ¢. FR-TI1/121 Nova feSeni pro vyssi pozarni bezpeénost
v tunelech, jehoz feSitelem je KPM Consult, a. s., a spo-
lufesitelem je realizdtor komplexnich zkouSek — K. B. K. fire,
s. 1. 0., Ostrava, na feSeni se také podili VSB-TU Ostrava,
Fakulta bezpec¢nostniho inZenyrstvi.

Vyse uvedeny zkuSebni postup byl jiz v minulosti vyuzit pro
provéfeni pozdrné bezpeénostnich zafizeni tunelu Panenskd na
dalnici D 8 a na tunelech Slovenské republiky — Sitina, Borik
a Branisko. [6,7,8,9]

Ve dnech 24. - 25. 8. 2010 byl tento zkuSebni postup dspéiné
pouzit pro ovéfeni pozarniho vétrdni tunelu Isla Bella, jedno-
troubovém 2,5 kilometru dlouhém tunelu ve gvycarsku. [9]

Zavérem lze fici, Ze na zdkladé provedeni komplexnich
zkouSek a vizualizace pozarniho vétrani v tunelu je zndm stav
pripravenosti celého technologického systému a vazeb mezi
jednotlivymi ¢dstmi zarizen{ v pfipadé pozaru nebo nezadouci-
ho stavu a je mozno konstatovat, Ze navrzené scénare pro zkou-
Seni pozarniho vétrani za pouZiti aerosolu se jevi jako vhodnd
metoda pro ndhradu koufe vznikajiciho pfi hofeni horlavych
kapalin.
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The completed comprehensive tests involving the real fire
simulation using aerosol proved before opening of the tunnels in
construction lots 513 and 514 of the Prague City Circle Road to
traffic that the tunnels met safety requirements of Czech and
European regulations and standards.

The records on the completed tests containing the measured
physical quantities were placed at disposal of the professional
public and were processed in the Grant-funded Project No.
FR-TI1/121 on New Solutions for Improving Tunnel Fire
Safety, the resolver of which is KPM Consult a.s., the co-resol-
ver is K.B K. fire, s.r.o., which conducted the comprehensive
testing, and the Faculty of Safety Engineering of the VSB-
Technical University of Ostrava, which also participated in the
solution.

The testing procedure described above was applied in the past
to the verification of fire safety equipment in the Panenska tun-
nel on the D8 motorway and to tunnels in the Slovak Republic,
namely the Sitina, Bérik and Branisko tunnels. [6,7,8,9]

This testing procedure was successfully applied on 24th and
25th August 2010 to the verification of the fire ventilation sys-
tem in the Isla Bella tunnel (a single-tube, 2.5km long tunnel,
Switzerland). [9]

To conclude, it is possible to say that, owing to the comple-
ted comprehensive tests and the visualisation of the fire venti-
lation in the tunnels, the state of readiness of the entire techno-
logical system and relationships between individual parts of
tunnel equipment in the case of a fire or an undesirable state is
known and we can state that the proposed fire ventilation tes-
ting scenarios using aerosol appear to be a suitable method
replacing the smoke generated when combustible liquids are
being burnt.
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DOPROVODNE MERENI PRI PROVADENI KOMPENZACNI
INJEKTAZE NA PROJEKTU KRALOVOPOLSKYCH TUNELU
VMO BRNO
SUPPORTING MEASUREMENTS AT EXECUTION OF

COMPENSATION GROUTING IN THE KRALOVO POLE TUNNELS
PROJECT - VMO (THE BIG CITY RING) IN BRNO

PETR HLAVACEK, PETR HAVEL

1 0voD

Tento ¢lanek navazuje na samostatny prispévek nazvany Kompen-
zacni injektdZe na stavbé Krdlovopolského tunelu v Brné, ktery byl
uverejnén v Cisle 4/2010 Casopisu Tunel. Proto hned v tivodu uvadime,
Ze se v tomto textu budeme vénovat pouze vlastnimu doprovodnému
méfeni. Popis stavenisté, divody nasazeni technologie kompenzacnich
injektdzi, jejich zavddeéni, vlastni provadéni a dal§i podrobnosti jsou
popsény ve vySe uvedeném prispévku.

2 DOPROVODNA MERENI — AUTOMATIZOVANE MERENI
POSUNU

Vzhledem k tomu, Ze rychlost zvedéni objektd kompenza¢ni injek-
tazi je v fadu mm/den, je nezbytné duileZité prubézné sledovat jejich
pohyb na vSech relevantnich pozicich. Na znalostech odbornikt prova-
déjicich kompenza¢ni injektdZe zdvisi stabilita celého tzemi nachdze-
jictho se v dosahu injektdZe a soucasné kvalita jejich rozhodnuti je
mimo jiné zdvisld na kvalit¢ vysledkii monitoringu posunt objektu
z doprovodného méren.

2.1 Metoda hydrostatické nivelace

Obvykle se pro doprovodné méfeni vyuzivd metoda hydrostatické
nivelace. Do sledovanych objektt se umisti nadoby s digitdlnimi sni-
maci. V kazdém objektu je minimdlné 1 uzavieny okruh. Po propojeni
nadob hadicemi a naplnéni kapalinou jsou snimédny hladiny kapaliny
v jednotlivych nddobdch. Informace o vySkéach hladin probihaji pres
okruhové dstiedny, které ddle komunikuji s centrdlnim serverem.

Vysledkem jsou zmény relativnich prevySeni mezi nddobami.
Abychom ziskali informace o absolutnich pohybech, je nutno tuto
metodu podporit napf. geodetickymi metodami, které automatizova-
nym nebo manudlnim zpasobem uréuji absolutni posuny minimédlné na
jedné barice v jednom okruhu, aby bylo moZno ze znamych relativnich
vztahl mezi bafikami dopo&itat absolutni posuny ostatnich banék
v daném okruhu.

Tato metoda md nesporné vyhody, ke kterym patii moZnost mereni
v relativné velmi rychlém sledu — méfeni mohou probihat s odstupem
desitek sekund, a vysokd relativni pfesnost méfeni — v fadu 0,1 mm.

V popisovaném projektu ovSem prevazovala zasadni nevyhoda, kte-
rou je jistd Casovd ndro¢nost instalace systému. Pfedpokladem bylo cca
6-9 banék na jeden objekt, kterych bylo celkem 27. Pfi instalaci systé-
mu do objektu je nutné provést fadu stavebnich tprav, a to piipadné
i v obytnych prostorach — pro natazeni kabeldZe a spojujicich hadicek
je nutné vrtat skrz svislé konstrukce v&etné nosnych. Z toho divodu by
bylo treba zacit s instalaci systému do budov s velkym ¢asovym pred-
stthem pred provddénim vlastni injektdZe. S tim by byla spojena
ijedndni s vlastniky a uZivateli dot¢enych prostor o montdZi a nasledné
moznosti piistupu v pifpadé vzniklych problému. Tento ¢asovy pred-
stih byl odhadovédn v fddu mésict a vzhledem k Casovému rozpéti mezi
datem zaddni tikolu a pozadovanym datem zprovoznéni jsme tolik Casu
k dispozici neméli. Kromé toho by bylo nutno uvazovat i ndklady na
uvedeni pouZitych prostor do puvodniho stavu a jistou nepruZnost
instalovaného a béZictho systému oproti pozadavkum nad rdmec
puvodniho projektu.

1 INTRODUCTION

This article follows an individual contribution named ,, The techno-
logy of compensation grouting used for the Krdlovopolské Tunnels
project on then Big City Ring in Brno*, which was published in
TUNEL No. 4/2010.

Therefore we would like to mention already in the introduction that
we will deal solely with the supporting measurements in this text.
Description of the site, reasons for application of compensation grou-
ting technology, its implementations, execution and other details are
described in the above mentioned contribution.

2 SUPPORTING MEASUREMENTS — AUTOMATED MONITO-
RING OF MOVEMENTS

Due to the fact that the speed of raising structures by compensation
grouting reaches several mm per day, it is highly important to conti-
nuously monitor their movements at all relevant positions. The stabi-
lity of a whole area coming within the grouting ambit depends on the
expertise provided by experts carrying out the compensation grouting.
At the same time, the quality of their decisions is influenced by the
quality of results provided by supporting measurements of the buil-
ding movements.

2.1 Method of hydrostatic levelling

The method of hydrostatic levelling is usually used as supporting
measurement. Cups with digital sensors are placed into monitored
objects. There is at least one closed circuit in each object. After con-
nection of cups with hoses and filling with liquid, liquid levels in indi-
vidual cups are monitored. Information about levels goes through cir-
cuit switching centres, which in turn communicate with the central
Server.

Results of this method are changes of relative elevations between
cups. To achieve information about absolute movements, it is neces-
sary to complete this method with for instance geodetic methods,
which automatically or manually determine absolute movements at
least for one cup in one circuit, so as it will be possible to calculate
absolute movements of other cups in the respective circuit from
known relative relations between cups.

This method has indisputable advantages, which include the possi-
bility of measurement in relatively quick successions — measurements
can take place within interval of several seconds, and relatively high
measurement accuracy — in range of 0.1 mm.

However, an essential disadvantage prevailed in the described pro-
ject, which is a certain time demand for system installation. The
assumption was approximately 69 cups per one object, with a total of
27 objects. There is a number of buildings works that must be done
upon installation of system into an object, and that sometimes also in
residential spaces — it is necessary to drill through vertical structures
including supporting ones for leading the cabling and connecting
hoses. The system installation into buildings has had to be therefore
started a long time prior to execution of the grouting itself. This would
require also meetings with owners and users of concerned spaces
about assembly and subsequent possibility of access in case of incur-
red problems. This time advance was estimated in range of several
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Obr. 1 Situace mérické sité
Fig. 1 Surveying network situation

2.2 Geodeticka metoda trigonometrickych méreni

Nase spolecnost prisla s nabidkou fesent, které bylo, co se tyée insta-
lace celého systému a predevsim méfenych bodu na sledované objek-
ty, asove vyrazné méné naro¢né. Jednalo se o monitoring pomoci geo-
detickych trigonometrickych metod. Tento navrhovany systém navic
sliboval jistou pruznost, s niz byl schopen témer okamzité reagovat na
pozadavky stavby, které vznikaly aZ na zdklad€ vyhodnoceni provadé-
ni kompenzacnich injektdZzi, pripadné¢ vyhodnoceni deformacnich
méreni geotechnického monitoringu razeb. Tato flexibilita se potvrdila
a byla v pribéhu akce vyuZita.

ProtoZe sledované objekty nemaji sloZity padorys a jsou vystavény
na relativné malych plochéch, navrhli jsme nahradit hydrostatickou
nivelaci trigonometrickym mérfenim, pfi kterém budou sledovdny
deformac¢ni body osazené na uli¢nich i dvornich fasaddch objektu.
V pripadé potfeby sledovani nosnych konstrukei uvnitf objektu jsme
nabidli osazeni deformacnich bodu na konstrukce, které by byly upev-
nény do téchto stén a koncily by nad stre$ni konstrukei, kde bychom je
mohli opét zaméfit. To bylo moZzné predevsim proto, Ze nejdaleZitéjsi
sledovanou slozkou byl pohyb objektu vzhiru v dasledku reakce na
kompenzacni injektdZe.

Pro zajisténi prubéznych informaci o pohybech objektu v zdjmovém
tzemi byla nakonec po zvaZzeni predloZenych vyhod a nevyhod obou
systému zvolena nami navrhovand metoda pomoci geodetickych trigo-
nometrickych méfeni.

3 KONFIGURACE MERENI

V prvnim kroku jsme vypracovali ndvrh umisténi mérenych bodu na
sledovanych objektech, a to tak, aby bylo moZno vyhodnotit celkové
chovéni objektu pfi zdsahu deformacemi a pfedevsim pii ndsledném
protiopatfeni kompenza¢nimi injektdZemi. Tento ndvrh byl po dohodé
se statikem stavby prijat. Ndsledné byl ndvrh doplnén i o nékteré body
na vnitfnich nosnych konstrukcich, jejichZ souddsti jsou kominové
konstrukce, které jsme nejcastéji vyuzili ke stabilizacim téchto dopln-
kovych bodu.

Vedle sledovanych bodu (deformac¢nich) bylo tieba definovat také
pozice bodu referencnich, které se nachdzely mimo ofekdvanou defor-
macni z6nu a na které bylo celé méfeni pripojovdno. Zajmové tizemi
zasazené deformacemi je rozsdhlé a jeho podstatnd ¢dst se nachdzi
v uzavieném méstském bloku bytovych domu.

Druhym krokem byla definice stanovist, ze kterych bude probihat
observace méfenych bodu. Zde bylo nutno splnit ndsledujici podminky:

1. primdrnim cilem je sledovan{ vertikdlnich posunu;

2. ze stanic muselo byt zajist€no zaméfeni viech sledovanych bodu;

3. stanice musi byt umisténé tak, aby bylo moZzné prenést prostorové

souradnice z referen¢nich bodu do stfedu méfeného tizemi, které
se nachdzi ve dvore bloku objekta.

Analyzou jsme urcili nasazeni 9 totdlnich stanic a vytypovali jejich
umisténi v oblasti. Do dalSich postupt jsme museli uvazovat i velmi
vyznamny fakt, Ze se 7 totalnich stanic nachdzi piimo v deformacemi
zasazenych zénéch (nad osami razenych tunelil) nebo na jejich okra-

months and we did not have so much time available with regard to
time range between the date of requesting the task and required date
of commissioning. Apart from this, costs for putting utilized spaces
into original condition and certain inflexibility of installed and running
system as compared to requirements outside the framework of the ori-
ginal project would also have to be taken into account.

2.2 Geodetic method of trigonometric measurements

Our company proposed a solution, which would be, with regard to
the installation of the whole system and especially of measured points
in monitored objects, significantly less time demanding. It dealt with
monitoring by means of geodetic trigonometric methods. This propo-
sed system also promised a certain flexibility thanks to which it is able
to react almost immediately to building requirements occurring only on
the basis of assessment of executed compensation grouting or assess-
ment of deformation measurements of the geotechnical monitoring of
tunnelling. This flexibility has been confirmed and utilized in the cour-
se of action.

As monitored objects do not have complicated ground plans and are
built on relatively small areas, we have proposed to substitute the hyd-
rostatic levelling with trigonometric measurement, which monitors
deformation points installed on street and backyard facades of objects.
In case a need of monitoring supporting structures inside objects would
occur, we have proposed installation of deformation points on structu-
res, which would be fixed into these walls and would end above the
roof structure, where we can measure them again. This was possible
especially because the most important monitored value was the move-
ment of object upwards due to its reaction to compensation grouting.

After all advantages and disadvantages of the two proposed systems
were taken into account, the method of geodetic trigonometric measu-
rements suggested by our company was finally chosen to provide con-
tinuous information on motions of buildings in the area concerned.

3 MEASUREMENT CONFIGURATION

In the first stage, we elaborated a proposal of location of measured
points on monitored objects so as it would be possible to assess overall
behaviour of an object in case of deformation impact and especially at
subsequent countermeasure with compensation grouting. This proposal
was accepted after agreement with the building structural designer. The
proposal was subsequently completed by some points on internal sup-
porting structures, which included chimney structures, most often used
for stabilizations of these additional points.

Apart from monitored points, it was also necessary to define also posi-
tions of reference points, which were situated outside expected deforma-
tion zone and to which whole measurement was connected. The concer-
ned area affected by deformations is extensive and a significant part of it
is situated in closed city block of apartment houses.

The second step consisted in defining stations, from which obse-
rvation of measurement points will take place. It was necessary here
to meet following conditions:
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jich, a jejich polohy neni proto mozné povazovat za trvale identické.
Stanice svym méfenim pokryvaly vSechny méfené body (sledované
i referen¢ni), a spolu s nimi tvorily konfiguraci, kterd zajistuje chybu
vysledné vysky po vyrovndni lezici v submilimetrové oblasti pro celé
méfené tzemi. Ddle bylo osazeno 349 odraznych hranold, z nichZ 26
jich je referencnich a na zbylych 323 bodech jsou sledovany posuny.
I pres pomérné sloZité mistni poméry se podarilo nalézt takovou kon-
figuraci, kterd pres vSechna olekdvéni zajiStovala vysokou presnost
i ve sméru horizontdlnim se standardni polohovou odchylkou okolo
1 mm. Celkova situace je zfejmd z obr. 1.

4 STABILIZACE OBSERVACNICH STANIC

Vétsina zdjmového tizemi se nachdzi na vefejné pristupném pro-
stranstv{ uprostfed mésta. To obvykle znamend vysokou hustotu inZe-
nyrskych siti. Abychom se vyhnuli riziku jejich poskozeni vrtanim pili-
0, vytvorili jsme ve spolupréci se spoleCnosti Zakladani staveb, a. s.,
,-mobilni* pilife, tzv. monumenty.

Zdkladem jsou Zelezobetonové skruze posklddané na sobé a zalité
betonem. Do nich je vloZzena Zelezna roura, zakoncena stolkem pro sta-
bilizaci mérické totdlni stanice. Kolem totdlni stanice byla osazena
ochrannd mifz proti poskozeni a kradeZi zakoncend strechou na ochra-
nu proti vlivim pocasi. Tyto monumenty byly stabilizovéany vlastn{
hmotnosti na povrchu komunikaci nebo na jednoduchych zdkladovych
deskéch na verejnych prostranstvich, na ulicich nebo v méstskych dvo-
rech v poctu 7 kust (obr. 2 a 3). Dvé dalsi totdlni stanice byly umisté-
ny na konzoldch pfivrtanych do zdi objekti na mistech, kterd nebyla
pristupnd vefejnosti.

Soucisti vybaveni kazdého stanovisté byla totalni stanice a ovladaci
pramyslovy pocitac. V kazdém monumentu bylo navic instalovano
elektronické zabezpeCovaci zafizeni napojené na pult centrdlni ochra-
ny, ktery byl v kontaktu s bezpecnostni agenturou zajistujici ochranu
zafizen{ staveniSté.

Stanoviste byla mezi sebou propojena sitovymi kabely, kterymi pro-
bihal prenos dat do centrdlniho pocitace pres vytvorenou lokdlni poci-
tacovou sit LAN.

Obr. 2 Méficky ,,monument* I
Fig. 2 Survey “monument” 1
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a) primary objective is monitoring of vertical movements;

b) measurement of all deformation points had to be provided from
stations;

c) stations must be situated so as it will be possible to transfer
dimensional coordinates from reference points to the centre of
measured area, which is situated in a yard of the block of objects.

We determined by analysis establishment of 9 total stations and

selected their location in the area. To the next proceeding we had to
consider the fact that 7 stations were placed directly in the deformati-
on zone (above the driven tunnels) or on its border and it was not pos-
sible to interpret their positions as permanently immovable. Stations
covered all measured points (both monitored and reference) by their
measurements and formed together with them a configuration, which
provides the final elevation error after adjustment within sub-milli-
metre range for the whole measured area. 349 reflection prisms were
installed, from which 26 are reference prisms and movements are
monitored on remaining 323 points. Despite complicated local condi-
tions, such configuration was found, and contrary to all expectations
provided high accuracy also in horizontal direction with standard posi-
tional aberration of approx. 1 mm. The overall situation is clear from
the figure No.1.

4 STABILIZATION OF OBSERVATION STATIONS

Majority of concerned area is situated on publicly accessible area in
the city centre. This usually means high density of engineering net-
works. To avoid the risk of their damage by boring poles, we have cre-
ated “mobile” poles, so-called monuments, in cooperation with the
company Zakladani staveb, a. s.

Basis is formed by reinforced concrete centres laid one upon other
and concreted. Metal pipe, which ends with a table for stabilization of
measurement total station is inserted in them. Protective grid was
installed around the total station to protect it against damage and theft
and roofed against weather impacts. These monuments were stabilized
by their own weight on surface of communications or on simple base
plates in public spaces in streets or municipal yards in the number of
7 pieces (figures 2 and 3). Two other total stations were positioned on
consoles drilled into object walls in places not accessible to public.

Each station was equipped with a total station and control industri-
al computer. Moreover, an electronic security device was installed in
each monument. This security device was connected to a central secu-
rity desk, which was in contact with security agency providing pro-
tection of the building site facilities.

Stations are mutually interconnected by network cables, by which
data were transferred to the central computer through created local
computer LAN network.

o

Obr. 3 Méficky ,,monument* IT
Fig. 3 Survey “monument” 11
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Obr. 4 Totdlni stanice Trimble S8
Fig. 4 Total station Trimble S8

5 MERICKE A POCITACOVE VYBAVENI

Pro vlastni méfeni jsme vybrali totdln{ stanice od vyrobce Trimble
fady S8 (obr. 4). Jejich charakteristiky presnosti (presnost méreni thla
0,3 mgon, délek 1+1 ppm a tihlova presnost automatického zacilen{
méreného odrazného hranolu Fine Lock) splfiovaly naSe naro¢né poza-
davky vyplyvajici z koncepce méfen{ a poZadavku na presnost vysled-
nych hodnot a navic v dobé pldnovani méfeni ve srovndni s kon-
kurenénimi pfistroji jinych znalek nevydévaly pri cileni a méreni
7adny zvuk. Vzhledem k tomu, Ze nékteré totdlni stanice byly umisté-
ny v bezprostiedni blizkosti fady oken (stanice ¢. 6 byla ve vzdélenos-
ti cca 2 m od fasddy), stala se tato podminka zdsadni pro jejich vyber.
Intenzita zvuku, které béZné provazi méfen{ stanic, by mohla byt za let-
nich horkych noci velmi neptijemnd.

Kazdd totdlni stanice byla ovladdna pomoci programu Observer
nainstalovaném na prumyslovém pod&itaci, ktery byl spolu s dals{
potiebnou elektronikou umistén v paté pilite v kovové krabici (obr. 5).
Tento elektronicky systém se nazyva Observerbox. VSechny pocitace
byly propojeny kabelem do lokélni po&itacové sité. V jejim centru se
nachdzela serverovd vypocetni stanice, na které probihaly vsechny
vypocty a zdloha dat.

Celd sit’ byla napojena na internet. To mélo dvé vyhody: vysledky
byly automaticky zpiistupnény objednateli na internetu a my jsme méli
moznost vSechny pocitate ddlkové ovladat. Diky tomu jsme byli
schopni provadét denni kontrolu celého systému, zédlohu dat
a nastaveni ovlddactho softwaru totdlnich stanic z nas$i provozovny
v Praze.

Prumyslové po&itade na stanicich nemély ani monitory ani klavesni-
ce, proto jsme vyuzZili v pripadé nutnosti jejich obsluhy pfimo na misté
velmi odolny prenosny pocita¢ Toughbook od firmy Panasonic predur-
¢eny pro vyuziti v extrémnich podminkdch.

6 AUTOMATIZACE

Vsechny totdlni stanice jsou vybaveny servomotory a jsou proto
schopné samostatného pohybu podle pokynt ovlddactho programu.
Méfeni byla odstartovdna vzdy v celou hodinu. Nejdel$i mérent na sta-
nici trvalo cca 35 min., nejkrat$i potom 10 min. Po ukonéeni méfeni
byla automaticky provedena nutnd tprava naméfenych hodnot
a probéhlo jejich automatické vyrovndni se statistickou kontrolou.

Obr. 5 Observerbox — prumyslovy poéita¢ s dopliiky
Fig. 5 Observerbox — industrial computer with accesories

5 MEASUREMENT AND COMPUTER EQUIPMENT

We have chosen for the measurement total stations from the manufactu-
rer Trimble from line S8 (figure 4). Their accuracy characteristics (accura-
cy of angles 0,3 mgon, distance measurement 1+1 ppm and angle accu-
racy of automatic aiming of measured reflection prism) met our deman-
ding requirements arising from the concept of measurement and require-
ments for accuracy of resulting values and moreover they did not emit any
sounds when aiming and measuring in time of planning when we compa-
red them to competitive brands. With regard to the fact that some total sta-
tions were located in immediate proximity of many windows (station No.
6 was ca. 2 metres far from facade), this condition has become essential for
their selection. Intensity of sounds commonly accompanying measurement
activity of stations could be very unpleasant during hot summer nights.

Each total station was controlled by means of software Observer instal-
led in an industrial computer, which was together with other necessary
electronics placed in the foot of the pole in a metal box (figure 5). This
electronic system is called Observerbox. All the computers were intercon-
nected by a cable into a local computer network with a central server com-
puting station processing all the numerations and data backup.

The whole network was connected to internet. That posed two advanta-
ges: results were automatically made accessible to the client on the internet
and we were able to control all computers remotely. Thanks to that, we were
able to perform daily checks of the whole system, data backup and setting
of control software of total stations from our operation offices in Prague.

Industrial computers in stations did not have monitors or keyboards; the-
refore we used in the case of need of their operation directly on site a very
resistant portable computer Toughbook from the company Panasonic
intended for usage under extreme conditions.

6 AUTOMATION

All total stations are equipped with servomotors and are thus able of
individual movement according to instructions of the control program.
Measurements were always started at the full hour. The longest measure-
ment on the station took ca. 35 minutes, the shortest 10 minutes. After mea-
surements were completed, necessary adjustment of measured values was
performed automatically and their automatic balancing with statistical con-
trol took place. Measurement results were displayed in deformation graphs
(figure 8), which were subsequently made available on the internet.
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Vysledky méfeni byly vyobrazeny v deformacnich grafech (obr. 8), Daily system check via internet was necessary even despite the full auto-
které byly nasledné k dispozici na internetu. mation of processes. Check of statistical evaluations and thus of plausibili-

Pres plnou automatizaci procest byla nutna denni kontrola systému ty of resulting measured movements formed part of it. An important part of
pres internet. Jeji souddsti byla i kontrola statistickych vyhodnoceni the system of checks was also mutual cooperation with workers executing

compensation grouting itself who contacted us as soon as there occurred
any discrepancy between interpretation of results and current reality on site.

Automation was completed with the system Watch Dog, which verified
LAN status and sent sms messages to selected telephone numbers about
prospective discrepancies — e.g. in case of disconnection of one computer
from the network or in case of power shortage and passing to backup
power source.

vypoctd, a tim i davéryhodnosti vyslednych naméfenych posund.
Dulezitou souldsti systému kontrol byla i vzdjemnd spoluprdce
s pracovniky provadejicimi kompenzaéni injektaZe, ktefi nds kontakto-
vali, jakmile vznikly neshody mezi interpretaci vysledku a probihajici
skuteCnosti na stavbe.

Automatizace byla doplnéna o systém Watch Dog, ktery provéroval

stav LAN a o pfipadnych nesrovnalostech zasilal sms zprdvy na vybra- We were obliged to start a correction or repair within 8 hours in case of
né mobilni telefony — napf. v piipadé odpojent se jednoho pocitace ze system failure or deterioration of quality of results.
sit€ nebo z davodu vypadku zdroje elektrického proudu a pfechodu na
ndhradn{ zdroj. 7 MEASUREMENT HISTORY

Pii poruse systému nebo zhorSent kvality vysledkii bylo nasi povin- Measurement was started on 6 July 2008 by measuring the zero (refe-
nosti do 8 hodin zahdjit ndpravu, pripadné opravu. rence) phase. This was preceded by stabilization of all measured points,

lasting approximately a week, and installation of stations to mobile poles,

7 PRUBEH MERENI which we executed in cooperation with the company Zakladani staveb,

a. s., in the course of one and a half weeks. The whole preparation was
understandably longer, most difficult was negotiation with manufacturer of
total stations about provision of 9 pieces for a concrete delivery date
(which is commonly two months). We were also able to buy out all avai-
lable reflection prisms on the German market.

Measurements themselves took place rather smoothly. The most frequ-

Meéreni bylo odstartovdno dne 6. 7. 2008 zaméfenim nulové (refe-
rencni) etapy. Té predchdzela stabilizace v§ech méfenych bodu, trvaji-
ci zhruba tyden, a instalace stanovisek na mobilni pilife, kterou jsme
provedli ve spolupréci se Zakldddn{ staveb, a. s., v pribéhu jednoho

a pul tydne. Celkovd piiprava byla pochopitelné delsi, nejobtizndjsi

bylo jedndni s vyrobcem totdlnich stanic na zajisténi 9 kusd na kon- ent “problems” occurred by growing of vegetation to measurement lines.
krétn{ datum dodédni (b&Zné jsou to dva mésice). Podatilo se ndm té7 The second most frequent problem was caused by power shortages. Cable
vykoupit v8echny dostupné specidlni odrazné hranoly na némeckém pieces under current were even stolen several times. Sometimes we were
trhu. not able to measure some points, because inhabitants for instance hanged
Meéfeni probihalo celkem hladce. NejCastéjsi ,,problémy* vznikaly out blankets from windows for airing. Once a cable was led through our
dortistianim vegetace do zamémych pfimek. Druhym nejcast&j§im pro- optical line, which either tightened or slacked according to temperature and
blémem byly pak vypadky proudu. Nekolikrdt dokonce doslo ke zci- this affected results on one measured point within hourly measurements.

We have not registered any attempts to damage or steal measuring
equipment.

Impact of physical conditions (temperature and pressure) on measure-
ment of distances was solved by installation of several digital thermometers
and gauges. Thanks to them, corrections of measured distances could be
applied in subsequent calculations and results were thus not burdened by

zeni kusu kabelu pod proudem. Obcas jsme nemohli nékteré body
zaméfit, protoZe si obyvatelé napr. vyvésili pefiny na vyvétrani do
oken. Jednou ndm byl do optické cesty natazen kabel, ktery se podle
teploty vzduchu bud napinal, nebo provéSoval, a tim ovliviioval
vysledky na jednom méreném bodu v rdamci hodinovych méfeni.

Nezaznamenali jsme Zidné pokusy o poSkozeni nebo ukradeni error caused mainly by the temperature difference that is most significant in
méfického vybaveni. winter periods when comparing temperatures during the day and at night.

Vliv fyzikdlnich podminek (teplota a tlak) na méfeni vzdélenosti se Needs of acquiring measured data on other, originally not planned
podarilo vytesit instalaci nékolika digitdlnich teploméra a tlakoméru. points, occurred in the course of measurement. That is why we added
Diky nim mohly byt v dalSich vypo¢tech zavedeny opravy naméfenych points on the roof of the object 201, which showed large fluctuations in its
vzddlenosti a vysledky tak nebyly zatiZzeny chybou predeviim z vlivu reactions, on the object of Veterinary Clinic, on the shaft head 07 and on
rozdilu teplot, kterd se nejvic projevuje v zimnim obdobi rozdilnymi several other objects. As it was already confirmed at this time that the mea-
teplotami v dennf a nocn{ dobg. sured network of points is stable and very accurate also in horizontal direc-

tion, their shifts transversely on the tunnel axis were transferred on some
relevant points.

One daily measurement on all points was transferred to the system
Barab, which is implemented within the geotechnical monitoring of tun-
nelling. Results were here available to wider range of experts, who super-
vise the tunnel construction.

Measurement works were finished on 31 July 2009 and the system was
switched off and disassembled.

Obr. 6 Instalace systému
Fig. 6 System preparation for the measurement Fig. 7 View to the Dobrovského street
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V prubéhu méfeni
vznikaly potfeby ziské-
vani méfenych dat i na
dal3ich, puvodné neplé-
novanych bodech. Tak
byly dosazeny body na
stieSe objektu 201, kte-
ry vykazoval velké vy-
kyvy ve svych reakcich,

Objekt 00 - Structure 00

Body na ulici - Points in the street

Doprovodné méreni objektu pfi kompenzaéni injektazi
Supporting measurement on a building during the compensation grouting
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kteti dohliZeji na vystav-

bu vlastniho tunelu.

Dne 31. 7. 2009 byly
mérické priace ukonéeny
a systétm byl vypnut
a demontovan.

Na projektu se vyznamné podilely i dalSi spole¢nosti. Pfedevsim se
jedna o nasi némeckou sesterskou organizaci ANGERMEIER INGE-
NIEURE GmbH, ktera dodala kompletni hardware (Observerboxy
a vykonny sitbovy server) doplnény o programové vybaveni prevazné
vlastni produkce. Po celou dobu méfeni zajistovala také podporu
a dal3f vyvoj svych produkti. Nekteré programy a komponenty byly
pouzity vibec poprvé. O instalaci celé LAN, jeji pfipojeni na internet,
bezpetnou komunikaci s nasi firemni LAN v Praze a v neposledni fadé
isystémovou udrzbu celé komunikace se ndm starala spole¢nost Annex
NET, s. r. 0. Jeji zaméstnanci provadéli opravy hardwarovych kompo-
nentu a v rdmci pohotovosti vyjizdéli nékolikrat i k obnoveni propoje-
ni po poSkozeni kabelu stavebni technikou.

8 ZAVER

Prubéh kompenzaénich injektdzi prokdzal, Ze volba metody trigono-
metrickych méfeni jako doprovodnych méreni byla spravnd. Vysledky
systému vémé kopirovaly jak seddni objektu v dusledku probihajicich
razeb, tak jejich ndsledné reakce na zavadéni injekéni smési, takze
systém splnil svij prvotni tkol. Dokazal zaznamenat i submilimetrové
posuny objekti. Diky tomu se stal oporou pii rozhodovéni o uréeni
parametri kompenzacnich injektaZzi pro dalsi postupy.

Meéfeni takového rozsahu i zplsob jeho provedeni byly v Ceské
republice pouZity poprvé a jsou ojedin€lé i v rdmci Evropy. Ve spojeni
moznosti modernich motorizovanych totdlnich stanic, kvalitni vypo-
Cetni techniky, programového vybaveni a internetu se ukdzaly nové
cesty, které nabizi soucasna elektronika.

ING. PETR HLAVACEK, hlavacek.petr@angermeier.cz,
ING. PETR HAVEL, havel petr@angermeier.cz,
ANGERMEIER ENGINEERS, s. r. o.

Recenzoval: Ing. Karel Kiemen
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Obr. 8 Priklad vysledku ve formé deformacniho grafu
Fig. 8 Example of output in form of deformation’s diagram

Also other companies significantly participated in the project. This inc-
ludes especially our German affiliated organization ANGERMEIER
INGENIEURE GmbH, which supplied a complete hardware (Observer-
boxes and efficient network server) completed with software equipment of
mainly own production. It also provided support and further development
of its product during the whole time of measurements. Some programs and
components were used for the first time ever. Installation of the whole
LAN, its connection to internet, secure communication with our corporate
LAN in Prague and also system maintenance of the whole communication
was provided by the company Annex NET, s.r.0. Its employees performed
repairs of hardware components and several times also moved out within
emergency to restore connections after cable was damaged by building
technique.

8 CONCLUSION

The course of compensation grouting proved that the choice of the met-
hod of trigonometric measurements as accompanying measurements was
the right one. Results of the system closely followed both settlement of
objects as a result of tunnelling and their subsequent reactions to applica-
tion of grouting mixture, so the system fulfilled its original task. It was able
to register even sub-millimetre movements of objects, thanks to which it
became a support in deciding about parameters of compensation grouting
for further procedures.

Measurements of such range as well as method of their execution were
used for the first time in the Czech Republic, and they are rather unique
also within Europe. Combination of possibilities of modern motorized total
stations, quality computer technology, software equipment and the Internet
has shown new ways offered by current electronics.

ING. PETR HLAVACEK, hlavacek.petr@angermeier.cz,
ING. PETR HAVEL, havel.petr@angermeier.cz,
ANGERMEIER ENGINEERS, s. r. o.

VORACKOVA, L. Analyza vysoce pfesného monitoringu posuni trigonometrickymi metodami, provadéného jako soudst technologie

kompenzacnich injektdzi. Diplomova prédce, prosinec 2009.
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PRAVNI ODPOVEDNOST ZA ZNALOST GEOLOGICKEHO
PROSTREDI PRI STAVBE TUNELU

LEGAL RESPONSIBILITY FOR KNOWLEDGE OF GEOLOGICAL
ENVIRONMENT DURING TUNNEL CONSTRUCTION

ALEXANDR ROZSYPAL

v

V piispévku autor analyzuje pii¢iny a dasledky nedokonalého
a nedusledného uspordddni pravnich vztahd na odpovédnost za
znalost geotechnického prostredi, v némz je budovano podzemni
dilo. Struéné téz naznaCuje moznosti, jak tuto situaci systémovy-
mi opatfenimi koncepéné fesit. Piispévek voln¢ navazuje na ¢la-
nek autord Borise Sebesty a Davida Hrusky Prdvni vztahy jako
moznd rizika podzemnich staveb, ktery byl zvefejnén v Tunelu
&. 4/2010, a ktery problematiku pravnich vztahi mezi zhotovite-
lem, projektantem a investorem podzemnich staveb analyzoval
v §ir§im kontextu.

UVEDENI DO PROBLEMATIKY

Dnes si jiz Sirokd odbornd vefejnost uvédomuje, Ze uspéch
naro¢né inZenyrské stavby je, vedle dobfe provedené projektové
dokumentace, podminén jesté¢ dvéma zdkladnimi predpoklady:

1) Vysokou profesiondlni drovni organizace a fizen{ praci, a to

nejen z vécného, ale i z finan¢niho hlediska.

2) Tomu odpovidajicim dokonalym a daslednym smluvnim
usporddanim mezi jednotlivymi téastniky vystavby.

U pfipravy a fizeni podzemnich staveb k tomu pfistupuje jesté

predpoklad treti:

3) Respektovdni urCité miry nejistoty a rizik spojenych se zna-
losti skute¢nych geotechnickych vlastnosti horninového
masivu v misté budouciho dila a vyrovndni se s touto skutec-
nosti béhem vystavby, a to nejen technicky, ale i prdvné
a finan¢né.

Tyto predpoklady nelze naplnit bez optimélniho rozdéleni kom-
petenci mezi Ucastniky vystavby a jejich jednozna¢ného zakotve-
ni do smluv mezi nimi. To se tykd i odpovédnosti za znalost geo-
logického prostredi a za praci s geotechnickymi informacemi
v prubéhu piipravy i vystavby.

Primérené logické rozdéleni geotechnickych, a tim pddem
i finan¢nich rizik mezi investora a ostatn{ ucastniky vystavby neni
u nas zatim ve velké vétSin€ pripadu pri tunelovych stavbdch napl-
néno. Smluvni vztahy obvykle odpovédnost za geologické pro-
stiedi jednozna¢né neresi, ne zfidka je tato odpovédnost investo-
rem nevhodné presouvdna na ostatni G¢astniky vystavby.

DUSLEDKY NEVHODNEHO ROZDELENI ODPOVEDNOSTI
ZA ZNALOST GEOLOGICKEHO PROSTREDI

Nesplnéni vySe uvedenych podminek a predpokladu vcetné
nekorektniho rozdéleni odpovédnosti za geotechnicka rizika byva
pri¢inou rozdilnych zdjmu jednotlivych dlastniki vystavby
a néslednych spori mezi nimi. Jejich dusledkem je ochromeni
schopnosti vas a optimdlné v prubéhu vystavby reagovat na
zastiZzeni jinych neZ oCekdvanych geotechnickych podminek sta-
venisté. To vede k zbytenym vicepracim, vicendkladim,
k prodlouZeni doby vystavby a nikoli jen vzdcné, k velkym hava-
riim ( Hiebe¢, Bfezno, Jablunkov, Blanka).

Nejasné kompetenéni vztahy, zejména chybéjici jasné rozdéleni
odpovédnosti za znalost geologického prostredi, jsou bezesporu
jednou z pricin nedostate¢né trovné fizeni vystavby, t¢Zkopddné-
ho a neproduktivniho rozhodovaciho procesu v pribéhu vystavby,
a tudiZ i neimérného rustu geotechnického rizika.

In his contribution the author analyses causes and consequen-
ces of imperfect and inconsistent definition of relationships as
far as the responsibility for the knowledge of ground environ-
ment in which the underground structure is to be developed. He
also briefly outlines possibilities of solving this situation by con-
ceptual measures. The paper is a loose continuation of the paper
by Boris Sebesta and David Hruska ,, Legal relations as possible
risks for underground structures which was published in
TUNEL journal No. 4/2010, analysing issues of legal relations-
hips between a contractor, designer and owner of underground
projects in a wider context.

INTRODUCTION TO PROBLEMS

The wide professional public is today well aware of the fact
that the success of a complicated civil engineering project is con-
ditioned, apart from a well prepared design, by two fundamental
assumptions, namely:

1) High professional level of works organisation and manage-
ment, not only from the material point of view but also in
terms of financing.

2) Perfect and consistent system of relationships between indi-
vidual parties to the contract.

A third assumption is to be added for planning and manage-

ment of underground construction projects:

3) Respecting the existence of a certain level of uncertainty
and risks associated with the knowledge of actual geotech-
nical properties of the rock mass in the location of the futu-
re works and coming to terms with this fact during the cour-
se of the construction, not only technically but also financi-
ally.

The above assumptions cannot be met without optimally distri-
buting competences among the parties to the project and unam-
biguously integrating them into contracts concluded between
them. This also applies to the responsibility for the knowledge of
the geological environment and for work with geotechnical
information during the course of the works preparation and
implementation.

Adequate logical distribution of geotechnical risks, therefore
also financial risks, among the project owner and the other parti-
es to the project is not fulfilled in the majority of cases of tunnel
construction projects in our country. Contractual relationships
usually do not solve the responsibility for the geological envi-
ronment explicitly. It is no exception that the project owner inap-
propriately transfers this responsibility to other parties to the
project.

CONSEQUENCES OF THE UNAPPROPRIATE
DISTRIBUTION OF RESPONSIBILITY FOR THE
KNOWLEDGE OF GEOLOGICAL ENVIRONMENT

A failure to meet the above-mentioned conditions and assump-
tions, including improper distribution of responsibility for geo-
technical risks, is usually the cause of different interests of indi-
vidual parties to the project, followed by disputes among them.
As a result, the capability of timely and optimally responding to
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Tento vyvod potvrzuji i zavéry provedené na zdkladé hodnoce- encountering geotechnical conditions differing from those anti-
ni pfiCin havdrii téméf vSech velkych podzemnich staveb cipated on site is paralysed. This leads to unnecessary additional
v zahrani¢i. Financni dopady takového stavu jsou obrovské work, additional costs, extended construction time and, not only
a fddové piekracuji ,,ispory* dosazené na geotechnickém prizku- rarely, significant incidents (the Hiebe¢, Biezno, Jablinkov and
mu a fizeni geotechnickych rizik v prab€hu pripravy a vystavby Blanka tunnels).

dila.

Prof. Josef Aldorf, ktery analyzoval pfi¢iny havérif tuneld ve
svete na Tuneldfském odpoledni €. 3, dne 24. 11. 2010, uvedl, Ze
za nimi stoji v 60 % az 70 % komplikované geologické
a hydrogeologické podminky a v dal§ich 10 % nedostate¢ny geo-
technicky prazkum.

Toto konstatovan{ je v souladu s dalSimi podobnymi studiemi.

Unclear competency relationships, first of all the missing clear
distribution of responsibility for the knowledge of the geological
environment, are undisputedly one of the causes of inadequate
project management level, cumbersome and non-productive
decision-making process during the course of the construction,
therefore also an inadequate growth in geotechnical risks.

Napfiklad Martin van Staveren uvadi, Ze ztraty a Skody vyplyva- This consequence is even confirmed by conclusions arrived at
jici z poruch a havirii v prib&hu vystavby inZenyrskych staveb on the basis of assessments of causes of collapses of nearly all
dosahuji v priméru 10 % jejich ndkladi na vystavbu. Johann large underground constructions abroad. Financial impacts of
Brandl zase prezentoval dukazy o tom, Ze 80 aZ 85 % vSech ztrat such a condition are immense, exceeding in the magnitude of
ve stavebnictvi mé puvod v problémech s podloZim staveb. order the “savings” achieved on the costs of geotechnical survey
Pokud se tykd situace v CR, je situace kviili fadé faktorQ spise and management of geotechnical risks in the course of the plan-
horsi. Ing. Martin Srb napfiklad rovnéZ na Tunelarském odpoled- ning and implementation of the works.
ni ¢. 3 prezentoval porovndni Cetnosti havdrii na tunelech u nds Professor Josef Aldorf, who analysed causes of tunnel collap-

a v Rakousku. Vysledek je, Ze u nds dochdzi k havériim cca 10 x
Castéji. Pres veskerou zdrzenlivost k exaktnosti takovych porov-
ndvani a jinému poméru pouzitych tunelovacich metod
v Rakousku a u nds, je poloZeni otdzky, pro¢ je rozdil mezi Cet-
nosti havérii tuneld v obou zemich tak veliky, zcela opravnéné.
Odborné tuneldrskd verfejnost by se méla zamyslet, zda u nds
nékde nedochdzi pfi piipravé a vystavbé tuneli k systémové

ses in the world at the Tunnellers’ Afternoon No. 3 on 24th
November 2010, stated that 60 to 70 per cent of the cases have
had complicated geological and hydrogeological conditions in
the background, whilst insufficient geotechnical surveys had
been in the background of other 10 per cent.

This statement is in agreement with other similar studies. For

chybg. example, Martin van Staveren states that losses and damage cau-
Jedno z vysvétleni, které se nabizi, je v tom, Ze nase podrobné sed by defects and incidents during the construction of civil engi-
geotechnické priizkumy pro tunely jsou dnes, co se ty&e rozsahu neering structures reach on average 10 per cent of construction
a komplexnosti, velmi asto nedostateéné. Price se ziskdvanymi costs. Another expert, Johann Brandl, presented proofs that 80 to
geotechnickymi daty béhem razZeb tunelu (pfi geotechnickém sle- 85 per cent of all losses in the sphere of the construction indust-
dovéni v rdmci monitoringu) je pak nutné bezzuba, protoZe porov- ry start from problems with the sub-grade of structures.
ndvini predpokladii o geotechnickém prostiedi na zdkladé geo- As far as the situation in the Czech Republic is concerned, it is
technickych priizkumi se skute¢nosti zjiStovanou béhem razeb rather worse owing to a variety of factors. Martin Srb, for instan-
neni zaloZeno na dostate¢né spolehlivych predchozich kvantifiko- ce, presented, also at the Tunnellers’ Afternoon No. 3,

vanych datech. Rizeni geotechnickych rizik (kromé samotného
monitoringu, ktery se dnes podle ndzoru autora provadi se zcela
srovnatelnou tdrovni se zahrani¢ni prax{) je v prubéhu vystavby
tunelu nedostatec¢né.

Investor mlCky presouvd odpovédnost za znalost geologického
prostiedi na ostatni dcastniky vystavby, zejména na zhotovitele
stavebnich praci.

V dalgi ¢asti ¢lanku bude tento predpoklad doloZen.

a comparison of frequency of incidents in tunnels in the CR and
Austria. He arrived at the conclusion that incidents in Czech tun-
nels are 10-times more frequent. Despite all reservations about
the exactness of such comparisons and different proportion bet-
ween tunnelling methods used in Austria and the Czech
Republic, raising the question why the difference in the frequen-
cy of incidents in tunnels in the two countries is so big is fully
justified. The professional tunnelling public should contemplate

NEDOSTATECNOST GEOTECHNICKYCH PRUZKUMU whether there is a flaw in the system of planning and implemen-
A JEJI PRICINY tation of tunnel construction projects in our country.

Horninovy masiv v bezprostfednim i vzdalenéj$im okoli tunelu One of the explanations possible is that our detailed geotech-
se stdvd b&hem vystavby stavebnim materidlem. Se stavebni kon- nical surveys conducted for tunnels are today very often insuffi-
strukci tunelu, jeho osténim vytvari jeden jediny staticky systém, cient in terms of the scope and comprehensiveness. The work
v némz se rozdéleni napéti a deformaci vzajemné ovliviuji. Pfi with the geotechnical data gathered during the course of the tun-
prognézovani deformacni reakce horninového masivu na razbu je nel excavation (during geotechnical observations conducted wit-
proto nutné znat jeho mechanické vlastnosti pokud mozno se srov- hin the framework of the monitoring) is therefore necessarily
natelnou spolehlivosti, jakd je béZné pouzivdna u betonu ¢i jinych toothless because comparing assumptions about a geotechnical
stavebnich materidld. environment specified by geotechnical surveys with the reality

encountered during the construction is not based on sufficiently
reliable previously quantified data. The management of geotech-
nical risks (apart from the monitoring itself, which is, in the aut-
hor’s opinion, today conducted at a level absolutely comparable
with the practice abroad) is insufficient during the course of the
tunnel construction.

The project owner tacitly transfers his responsibility for the
knowledge of the geological environment to the other parties to

Prirozené duvody slozitosti zjistovani geotechnickych vlast-
nosti horninového masivu

Zjistovat geotechnické vlastnosti horninového masivu geotech-
nickym prizkumem je sloZité samo o sobé, protoZe ty se vétSinou
nahodile méni v prostoru a Case. Déle zdvisi na radé vnéjSich fak-
toru, jako naptiklad na velikosti zatiZeni, orientaci zatiZen{ vuci
strukturnim prvkim horninového masivu, poméru svislého
a vodorovného zatiZeni, na rozsahu horninového masivu zastize-

ného zménami razbou ( praméru tunelové trouby) atp. the project, first of all to the contractor, most of all with respect
Pfi hodnocen{ vysledkii priizkumu je nutnd velkd generalizace | o the scope and the amount of the insurance coverage.
a zjednoduSovani ziskanych informaci, a to jak do grafickych, tak This opinion will be supported with evidence in the following

do geotechnickych a matematickych modeld. Do hry proto part of the paper.
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vyznamné vstupuje i subjektivita inZenyrského geologa &i geo-
technika jako realizdtora a hodnotitele prizkumu. Velmi klic¢ova
v celém prubéhu pifpravy a vystavby tunelu je néslednd prce
s geotechnickymi daty, zejména trvald a tvarci spoluprdce projek-
tanta a geotechnika.

Externi vlivy omezujici dostateénost geotechnickych pruzkumu

Zadouci rozsah, komplexnost, a tudiZ i dostate¢nost geotech-
nického prizkumu jsou vSak dnes velmi vyrazné€ negativné ovliv-
fiovdny fadou externich subjektivnich vlivu. Pfredev§im se zpravi-
dla jednd o omezené financni a Casové moznosti poskytované
zadavatelem prizkumu. Ty vyplyvaji ze zpusobu, jak je organizo-
véno vybérové fizeni na zhotovitele geotechnického pruzkumu,
kdy hlavnim kritériem je iz§{ nabizend cena. To
v konkurenénim prostfedi a pfi obvykle nedostate¢né definova-
ném predmétu vybérového fizeni vede k omezovéani rozsahu
a kvality nabidek jednotlivych uchazecu, a tudiZ poté ke zcela
nedostate¢nym priuzkumam.

K tomu &asto jesté pristupuje:

e Nepfistupnost mista pruzkumu v dobé jeho provddéni, nepo-
volené vstupy na pozemky.

* Neschopnost pruzného prizpusobovani programu pruzkumu
béhem jeho provadéni prubézné ziskdvanym a hodnocenym
poznatkum kvuli rigidnim smlouvdm a nemoZnosti upravit
rozpoCet prizkumu.

e Pozdni zaddni pruzkumu, kdy jiz koncepce projektového
feSeni musela byt rozhodnuta a projekt beézi.

e Dodate¢na zména projektu, zejména smérového vedeni tune-
lu po dokonéeni pruzkumu.

e Problémy s financovdnim dopliikovych, prazkumi, a to
i v pripadech, kdy se jejich potfeba v prubéhu vystavby
objektivné ukdze.

Ztrata pravomoci inZenyrského geologa

Pied rokem 1990 povinnost provadét geotechnicky pruzkum
vyplyvala ze zdkona. Jeho rozsah nebyl nijak omezovan vybéro-
vymi fizenimi, zdsahy zadavatele ¢i finan¢nimi limity. Stanovoval
ho vyhradné geotechnik ¢i inZenyrsky geolog na zakladé svého
odborného ndzoru.

Podle jeho ndvrhu se pak prizkum provddél a nebyl nikdo, kdo
by rozsah &i komplexnost pruzkumu tak, jak jej navrhl kvalifiko-
vany geotechnik, omezoval.

Dnes je Zadouci rozsah geotechnickych pruzkumi i jeho kom-
plexnost a kvalitativni proveden{ drasticky omezovan podminka-
mi vyberovych fizeni na jeho zhotovitele.

Diléi zavér

Je tfeba vzit na védomi, Ze at’uz z objektivnich &i subjektivnich
davodu nikdy nelze ziskat dplné znalosti o vlastnostech hornino-
vého prostredi. Dokonald znalost horninového prostredi by si totiz
vyzéadala za kazdé situace netimérné mnoho finan¢nich, technic-
kych i lidskych zdroju.

Nezbyvd proto neZ pri pfipravé i vystavbé tunelu pracovat
s jistym rizikem.

Otdzka je, jak velké md byt toto riziko, jak ma byt sdileno dcast-
niky vystavby béhem razeb tunelu, kdo ma miru pfijatelného rizi-
ka ur€ovat a jak mé byt rozdéleni geotechnickych rizik smluvné,
a tudiZ i finan¢né oSetfeno.

DILEMA MEZI DOSTATECNYM A DOKONALYM
GEOTECHNICKYM PRUZKUMEM A STRATEGIE
OPTIMALNIHO GEOTECHNICKEHO PRUZKUMU

Dokonaly geotechnicky prazkum je takovy, kdy geotechnicky
model sestaveny z jeho zdvéru se dokonale shoduje se skute¢nos-
ti zastizenou pri razbéch.

Dostate¢ny geotechnicky pruzkum je takovy, kdy geotechnicky
model, sestaveny z jeho vystupt, umoZni vypracovat provadéci
dokumentaci tunelu, podle niZ je tunel vyraZen bez prodlouZeni
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INSUFFICIENCY OF GEOTECHNICAL SURVEYS AND ITS
CAUSES

Rock mass found in the immediate or more distant vicinity of
the tunnel becomes a construction material during the construc-
tion process. It forms a united structural system together with the
tunnel structure and the lining, where the distribution of stresses
and deformations influence each other. It is therefore necessary
when predicting the deformation response of the rock mass to the
excavation to know mechanical properties of the rock mass, with
reliability comparable, if possible, with the reliability commonly
expected from concrete or other construction materials.

Natural causes why determining geotechnical properties of
rock mass is such an exacting process

Determining geotechnical properties of rock mass by means of
a geotechnical survey is difficult by its own because the proper-
ties mostly change in the space and with time. In addition they
depend on a range of external factors, for example on the mag-
nitude of loads, orientation of loads in relation to structural ele-
ments of the rock mass, the proportion of vertical loads to verti-
cal ones, the extent of the rock mass affected by changes induced
by the excavation (the diameter of the tunnel tube) etc.

When the survey results are being assessed, it is necessary to
significantly generalise and simplify the gathered information to
be applied to graphical outputs as well as geotechnical, geome-
chanical and mathematical models. As a result, the subjective
opinions of the engineering geologist or geotechnical engineer
carrying out the survey or assessing its results becomes
a significant part of the process. The subsequent use of the geo-
technical data, first of all permanent and creative collaboration
between the designer and the geotechnician, is crucial.

External effects restricting the adequacy of geotechnical

surveys

The required scope and comprehensiveness of a geotechnical

survey, therefore also its adequacy, is today very significantly
affected by a variety of external subjective influences. First of all
these are usually limited financial means and time provided by
the client for the survey. They follow from the approaches to the
organisation of tender proceedings for the geotechnical survey,
where the main criterion is the lowest cost of bids. This leads to
reducing the scope and quality of individual bids in the competi-
tive environment and to the usually insufficiently defined subject
of the tendering process, resulting eventually into inadequate
surveys.

In addition, the following problems are often added:

¢ Inaccessibility of the survey location during the work; right-
of-way problems.

e Lack of ability to adapt the survey programme during the
course of its execution to continually gathered and assessed
findings because of rigid contract stipulations and impossi-
bility to change the survey budget.

e Late conclusion of the contract for the survey, after the deci-
sion on the concept of the design solution had to be conclu-
ded, with the design work already running.

e Additional changes in the design after the completion of the
survey (first of all changes in the tunnel alignment).

e Problems with financing of supplementary surveys, even in
the cases where the need for the surveys is objectively pro-
ved during the course of the construction works.

The loss of competencies of the engineering geologist

Before 1990, the obligation to carry out geotechnical surveys
followed from the law. A survey scope was by no means restric-
ted by tendering proceedings, interventions of the employer or
financial limits. It was set solely by the geotechnical engineer or
engineering geologist on the basis of his professional opinion.
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Obr. 1 Dokonalost a dostatecnost
Fig. 1 Perfection and adequacy

doby vystavby, bez zmén projektu béhem vystavby, bez vicepraci
a vice ndkladu, které by mély svou pii¢inu v neofekdvanych geo-
technickych podminkach stavenisté.

Vztahy mezi dokonalym a dostate¢nym pruzkumem na strané
jedné a rozsahem, komplexnosti a z toho vyplyvajicimi ndklady
jsou naznaceny na obr. 1. a 2.

Z obr. 1 vyplyvd, 7e s rastem komplexnosti rozsahu (Casu
a nakladl) prizkumu roste i mira znalosti o geotechnickém pro-
stredi (mira dokonalosti). Tato zdvislost vS8ak neni linedrni. Na
kfivce vyjadrujici zdvislost tohoto vztahu lze zpravidla vymezit
bod ,,A“, ktery definuje takové mnoZstvi poznatku z pruzkumu,
kdy jiz dalsi zvétSovani rozsahu a komplexnosti prizkumu a dals{
rust ndkladd na prizkum pfindsi stdle se zmen3ujici rozsah
novych poznatku, a tudiz i mensi pfinos. Z ¢isté ekonomického
hlediska by tedy jiz dal§i zvétSovéni rozsahu prizkumu za bod
,»A“ nebylo ekonomické. Optimalni rozsah a komplexnost dosta-
te¢ného pruzkumu by tedy mél byt nékde mezi bodem ,,A“
a bodem ,,B“, ktery vymezuje rozsah prizkumu, ktery navic
»kryje* rozsah poznatkd nutnych na projekt zvl4st zranitelnych
konstrukei, na poznani nahodilych geologickych anomalii, atp.

I v pfipadé maximédlné mozného rozsahu a komplexnosti geo-
technického pruzkumu nebude poznédni geologického prostredi
nikdy dokonalé. Tento nedostatek poznani je definovan hodnotou
R¢ na vodorovné ose. V pripadé hypoteticky dokonalého prazku-
mu hodnota Rf limituje k nule. Do tohoto bodu se vSak za obvy-
klych okolnosti neni moZné pruzkumem dostat. Na druhé strané
velmi vysokd hodnota Ry miZe byt ,,vynucena® nedostate¢nym
finan&nim rozsahem pruzkumu predeterminovanym jeho zadava-
telem ve vybérovém fizeni na jeho zhotovitele, nebo jinymi
,objektivnimi“ podminkami, napiiklad nepfistupnost terénu pro
dostate¢ny vrtny pruzkum atp.

V praxi tak vZdy zustane urditd nejistota o vlastnostech geolo-
gického prostredi. Jeji mira je charakterizovdna prdvé hodnotou
Ry. Ta musi byt kryta bud konzervativnim pojetim projektu, tech-
nickymi, pfipravenymi technologickymi opatfenimi pfi razbé,
tudiZ monitoringem a fizenim rizik, nebo ochotou investora nést
prislusné riziko.

V obr. 2 je na svislé poradnici zndzornéna pravdépodobnost
vzniku nezddoucich jevu, vyplyvajicich z netiplného poznéni hor-
ninového masivu a v jiném méritku na svislé ose tomu odpovida-
jici geotechnickd rizika. Pro rizika je pouZita obvykld pétistupno-
va stupnice zavedend v metodice fizeni rizik. Na vodorovné
poradnici je pak opét zndzornéna dokonalost ¢i dostate¢nost geo-
technického prazkumu.

Z tohoto pohledu dokonaly pruzkum predstavuje téméf nulovou
pravdépodobnost vzniku nezddoucich geotechnickych jevi pfi razbé
a zanedbatelné riziko. Optimdlni dostatecnost geotechnického

Obr. 2 Dostateénost pruzkumu a mira rizik pruzkumu
Fig. 2 Adequacy of survey and risk levels of a survey

Subsequently, the survey was carried out in compliance with
his proposal, without anybody to reduce the scope or compre-
hensiveness of the survey proposed by the qualified geotechnical
engineer.

Today the requisite scope of geotechnical surveys and their
comprehensiveness and quality of the execution are drastically
restricted by conditions imposed on the companies bidding for
the survey contract.

Partial conclusion

It is necessary to be aware of the fact that, for objective or sub-
jective reasons, complete knowledge of rock mass properties can
never be reached. The reason is that perfect knowledge of a rock
environment would require inadequately high amount of financi-
al, technical and human resources.

We are left with no alternative but to operate with certain risks
during the preparation and implementation of a tunnel construc-
tion.

The question is how high these risks are to be, how they should
be shared among the parties to the project during the course of
the tunnel construction, who is to determine the level of an
acceptable risk and how the distribution of geotechnical risks is
to be dealt with in terms of the contract, thus also in terms of
financing.

DILEMMA BETWEEN AN ADEQUATE AND PERFECT
GEOTECHNICAL SURVEY; STRATEGY FOR OPTIMUM
GEOTECHNICAL SURVEY

A geotechnical survey is perfect if the geotechnical model
developed according to its conclusions perfectly agrees with the
reality encountered during the course of the underground exca-
vation.

A geotechnical survey is adequate if the geotechnical model
developed according to its outlets is sufficient for developing
a detailed design for the tunnel according which the tunnel exca-
vation is completed without delays of the works and without
design changes or requirements for additional work or additio-
nal costs associated with unpredicted geotechnical conditions
on site.

Relationships between perfect and adequate surveys on the one
hand and the scope, comprehensiveness and associated costs on
the other hand are outlined in Figures 1 and 2.

It follows from Fig. 1 that the level of knowledge about geo-
technical environment (the level of perfection) grows with the
comprehensiveness of the scope (time and costs) of the survey
growing. However, this relationship is not linear. It is usually
possible to determine point “A” on the curve expressing this
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prazkumu z4visi na volbé vhodné (prijatelné) drovné rizika. Méla by relationship which defines the amount of findings obtained
byt nékde v oblasti mirného rizika. during the survey at which further increasing of the scope and
Strategie geotechnického pruzkumu podle této filozofie spociva comprehensiveness of the survey and further increasing of sur-
v optimalizaci mezi ndklady na rozsah a komplexnost priazkumu vey costs yields ever diminishing extent of new knowledge, the-
(ndklady a c¢as), mirou konzervativnosti projektového feSeni refore the benefit is also smaller. From the purely economic
a konkrétnim zpusobem a cily fizeni geotechnickych rizik na dané point of view, further increasing of the survey scope beyond
stavbe. point “A” would not be economic. The optimum extent and com-
Kardindlni otizkou v3ak stdle zlstdvd, kdo md rozhodnout prehensiveness of an adequate survey should therefore be some-
o této optimalizaci, respektive o drovni pfijatelnych geotechnic- where between point “A” and point “B”, which delineates the
kych rizik. Zda investor, projektant, zhotovitel ¢i geotechnik. scope of the survey, which in addition covers the extent of know-
Na z4vér je tieba poznamenat, Ze vyhldska CBU ¢. 55/1996 Sb. ledge necessary for designs for specially vulnerable structures
v § 17 vyZaduje po zhotoviteli raZeb prakticky dokonalé poznanf and for identification of random geological anomalies etc.
geologického prostiedi. VyZaduje tedy hodnotu Rf rovnou nule. To The knowledge about the geological environment will never
je ovSem v praxi nemozné a ekonomicky neredlné. Tento pravni be perfect, even if the maximum possible scope and comprehen-
predpis vychdzejici z banského pohledu je dnes vyvojem podzem- siveness of the survey is exercised. This lack of knowledge is

niho stavitelstvi pfekondn a pro podzemni inZenyrské stavby je
nutnd jeho co nejrychlejsi inovace. Dal{ otdzkou zustdvd, zda by
se takova novelizace neméla dotknout i nadfazeného zdkona
¢.61/1988 Sb., ktery urCuje, nebo ma moznost urcovat délbu kom-

petenci i zodpovédnosti Gcastnika ve vystavbé nasich podzemnich
deél.

defined by the value Rf on the horizontal axis. In the case of
a hypothetically perfect survey the Rf value limits to zero.
However, it is not possible for a survey under common conditi-
ons to get to this point. On the other hand, a very high value of
the Rf can be “enforced” by an insufficient financial extent of
the survey, which was predetermined by the employer during the
tender proceedings or other “objective” conditions, for example
inaccessibility of the terrain for the adequate drilling survey etc.

CESTY K DOSTATECNEMU GEOTECHNICKEMU

PRUZKUMU For that reason a certain uncertainty as to the properties of the
Cestou k dostatetnému geotechnickému priizkumu je tudiZ pre- geological environment will always remain in practice. It is the
devsim: value Ry that characterises the degree of the uncertainty. This
* promyslenéjsi zpisob zadédvdni, financovéni a dozor nad pro- uncertainty must be covered either by a conservative approach to
vddénim geotechnickych prizkumi, the design, pre-prepared technological measures during the exca-

* akceptace pojmu odliSnost geotechnickych podminek stave- vation, i.e. the monitoring and risk management, or by willing-

niste a jeho aplikace v procesu fizeni a financovani stavby,
e jednoznaénd definice subjektu odpovédného za dostate¢nou
znalost geologického prostredi v misté stavby.

ness of the employer to carry the respective risk.

The probability of origination of undesired phenomena follo-
wing from inadequate knowledge of ground mass is presented on
the vertical axis in Fig. 2, while corresponding geotechnical risks
are plotted on the vertical axis using another scale. A usual five-
degree scale used in the risk management methodology is appli-
ed to risks. The perfection or adequacy of the geotechnical sur-
vey is plotted on the horizontal axis.

A survey which is perfect from this point of view means that
the probability of the origination of undesired geotechnical phe-
nomena during excavation is zero and the risk is negligible. The
optimum adequacy of a geotechnical survey depends on the cho-
ice of proper (acceptable) level of risk. It should be somewhere
within the region of a moderate risk.

According to this philosophy, the strategy of geotechnical sur-
vey is based on optimising the relationship among costs associa-
ted with the scope and comprehensiveness of the survey (costs
and time), the degree of conservativeness of the design solution
and the particular method and objectives of managing risk on the
particular construction site.

Zména v zadavani, financovani a dozoru provadéni geotech-
nickych pruzkumu

Prvni zdsadni zménou musi byt to, Ze se oddé¢li vybérova fizeni
na zpracovédni dokumentace podrobného geotechnického pruzku-
mu (projekt) od vybérovych fizeni na vybér zhotovitele priazku-
mu. Pfedmét vybérového fizeni na zhotovitele pruzkumu, to je
rozsah a komplexnost pruzkumu, musi byt naprosto presné uréen.
A to vCetné kvalitativné technickych a kvalifikaénich podminek
pruzkumu, jeho cile i obsahu a formy jeho vystupi. Musi existo-
vat vyCerpdvajici soupis praci i vykaz vymeér.

Podrobny geotechnicky prizkum musi byt ve smyslu vyse
vysvétlenych pojmu koncipovdn jako dostateény s ohledem na
konkrétni geologické poméry a povahu podzemniho dila.
Dokumentaci takového pruzkumu musi pro investora zpracovat
nezéavisly kvalifikovany subjekt disponujici potfebnymi oprdavné-
nimi a zkuSenosti.

Takto zpracovand dokumentace pruzkumu jednozna¢né popisu- ) ) ) )
je predmét soutéZenych praci a je zdkladni soucdsti zadavaci Nevertheless,.a-cardlnal C!“esm?n remains gnanswered: yvho 1
dokumentace pro vybér zhotovitele geotechnického priizkumu. Za to make the decision regarding this optimisation or regarding the
takovych podminek pak jiz lze akceptovat nejniz§i cenu nabidky level of acceptable geotechnical risks? Is it to be the employer,
jako hlavni kritérium zadavatele prizkumu pro vybér jeho zhoto- designer or geotechnical engineer?

vitele. To conclude, it is necessary to note that § 17 of the Decree of

P¥i tomto pojeti je viak odpovédnym subjektem za dostatecnost the Czech Bureau of Mining No. 55/1996 Coll. requires that the
i kvalitu geotechnického priizkumu zpracovatel jeho programu contractor for underground excavation has to virtually perfectly
(dokumentace pruzkumu). Tedy jiz nikoli zhotovitel vlastnich know the geological environment. This means that it requires the
pruzkumnych praci. Aby mohl zpracovatel programu geotechnic- value Ry to be equal to zero. Of course, this is impossible and
kého prizkumu této odpovédnosti dostdt, musi byt zdroven pové- economically unrealistic in practice. This legal regulation, which
fen roli autorského dozoru nad celym pribéhem provddéni geo- is built on opinions of miners, has become overcome by the
technického pruzkumu. V rdmci své odpovédnosti mize v ramci development of the underground construction industry and
schvélenych ndkladu na pruzkum upravovat rozsah jednotlivych underground engineering projects who urgently need its innova-
pruzkumnych praci. To se déje na zdkladé pribézné hodnocenych tion. It remains to be another question whether amendments
vysledkd prazkumu. should not even touch the higher-level Law No. 61/1988 Coll.,

Tento postup je ve srovndni s dne$ni praxi zdsadni zménou which specifies or is entitled to specifying the distribution of
v piipravé a provadéni podrobnych geotechnickych prazkumi pro competences and responsibilities of the parties to our underg-

velké podzemni stavby. V soucasnosti vSak je jiZ zapracovan do round construction projects.
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technickych podminek ,,TP-76-C Geotechnicky prizkum pro pfi- WAYS TO ADEQUATE GEOTECHNICAL SURVEYS

pravu a provddéni tuneld silni¢nich komunikaci®, vydanych The way leading to an adequate geotechnical survey therefore
Ministerstvem dopravy CR, odborem silni¢ni infrastruktury. TP comprises first of all:

76-C vstoupily v platnost od 1. 1. 2008. Byly pouZity pro projekt e better-thought-out process of procurement, financing and
zatim nerealizovaného podrobného geotechnického pruzkumu pro supervision over the execution of geotechnical surveys,
Zelezni¢ni tunel Beroun. .

acceptation of the notion of different geological conditions
on site and its application to the project management and

Jednozna¢na odpovédnost za znalost geologického prostredi financing process,

Jak bylo fe¢eno v Gvodu, nenf vétS§inou moZné, aby se geotech- * a unambiguous definition of the subject which is to be res-
nickym prizkumem doslo k dokonalému pozndni horninového ponsible for sufficient knowledge of the geological environ-
prostredi, v némz se bude dilo budovat. Z povahy véci vyplyvd, Ze ment in the project location.
celkové za zajiSténi dostate¢né znalosti geologického prostredi
mus{ odpovidat investor, stejné tak jako odpovidd za pofizeni pro- Procurement, financing and supervision over the execution
jektové dokumentace a definici toho, co chce stavét, kde chce sta- of geotechnical surveys
vét a jaké parametry md dilo spliiovat, a md tudiZ odpovédnost i za The first fundamental change which has to be made must com-
financovéni celého projektu. prise the separation of tender proceedings for the development of

ProtoZe vSak na konkrétnim geologickém prostiedi zdvisi the detailed geotechnical survey designs from tenders for the
v daném mist¢ i detaily technologie vystavby tunelu, a tudiZ i cena execution of surveys themselves. The subject of tender procee-
praci zhotovitele stavby, je tfeba vymezit, co z hlediska geologie dings for the execution of a survey, i.e. the scope and compre-
investor smluvné garantuje a co jiZ ponechdvé na zhotoviteli. Toto hensiveness of the survey, must be determined absolutely exact-
rozdéleni se musi samozfejmé promitnout i do zaddvaci doku- ly, including the quality-related technical and qualification con-
mentace na zhotovenf stavby a soutéZitel je miiZe brdt v dvahu pfi ditions for the survey, its objective and the contents and form of
kalkulaci své nabidkové ceny. its outputs. An exhaustive list of operations and a bill of quanti-

Vymezeni toho, co investor garantuje a co nikoli, se provadi ty have to exist.
prostrednictvim definice odli$nych geotechnickych podminek sta- The detailed geotechnical survey in the meaning of the notions
venisté a tzv. smluvnich geotechnickych zdkladd. S témito pojmy, explained above must be drafted as adequate with respect to par-
které se uZivaji v USA, je nutno se naucit béhem projektovani | ticular geological conditions and the nature of the underground
i vystavby pracovat i na naSich tunelovych stavbach. To prede- works. Documents for such a survey must be developed for the
v§im znamend, Ze je tfeba je umet pii vystavbé jednoznaéné defi- employer by an independent, qualified subject equipped with
novat a mit zavedené postupy, které jasné urcuji, co a jak se required certifications and experience.

v pifpadé zastiZeni odliSnych geotechnickych podminek déld a jak The survey documents prepared in the above-mentioned way
se schvalujf a financuji zmény behem vystavby a viceprdce, které must be described in the scope of work in the tender specificati-
z tohoto pifpadné vyplyvaji. Smluvni zdklady a odliSné geotech- on and must be the basic part of the tender documentation for the
nické podminky urCuje tzv. zdkladni geotechnickd zpréva. geotechnical survey. If such conditions are met, it is possible to

accept the lowest bid as the main criterion of the employer for

Zakladni geotechnické zpréva awarding the contract.

Zdkladni geotechnickd zprdva je podkladem pro hodnovérné If this approach is adopted, the subject responsible for adequa-
ocenéni ndkladi i vicendkladd spojenych s vystavbou a pro stano- cy and quality of the geotechnical survey will be the author of
veni kritérif na posouzeni, zda pfi vystavbé byly zastiZzeny geo- the survey programme (survey documents). Therefore it will no
technické poméry odlisné od téch, které byly uvedeny v zaddvaci | more be the contractor for the execution of the survey itself. If
dokumentaci a které predpoklddal projektant. Tato zprdva je také the author of the geotechnical survey programme is to be able to
zékladnim smluvnim geotechnickym dokumentem, na jehoZ zdkla- discharge this responsibility, it is necessary that he is at the same
dé voli jak investor, tak i zhotovitel dila svou strategii fizeni geo- time entrusted with the role of author’s supervision over the enti-
technickych rizik béhem vystavby. Je tedy urCena predeviim na re course of the execution of the geotechnical survey. He will be
fizeni vystavby, nikoli na vypracovéni projektové dokumentace. able to exercise his power to modify the scope of individual sur-

vey operations within the framework of his responsibilities and
within the framework of approved costs of the survey.
Geotechnicky priizkum This procedure, compared to the present state, means a fun-
Geotechnical survey damental change in the preparation and execution of detailed
geotechnical surveys for large underground construction pro-
jects. As of today, it has been incorporated into the Technical
Specifications ,,TP-76-C on Geotechnical survey for planning
and construction of road tunnels”, issued by the Department of
Road Infrastructure of the Ministry of Transport. The TP 76-C
specifications entered into force on 1st January 2008. They were
applied to the design for the detailed geotechnical survey for the
4' Beroun railway tunnel, which has not been implemented yet.

Smluvni zaklady
Contractual baseline

Charakteristické hodnoty
Characteristic values

Unambiguous responsibility for the knowledge of geologi-
cal environment

As stated in the introduction, it is mostly impossible to get per-
fectly acquainted with the ground environment which the
underground structure will be constructed in by means of

VYSTAVBA
CONSTRUCTION

PROJEKT
DESIGN

Obr. 3 Standardnim vystupem podrobného geotechnického pruzkumu pro

projektovdni jsou charakteristické hodnoty a pro Fizeni rizik a financovdani a geological survey. It .f(?UOWS from th.e natuT? 9f the problem
vystavby smluvni zdklady that the overall responsibility for gathering sufficient knowledge

Fig. 3 A standard output of a detailed geotechnical survey for designing of the geological environment must lie with the employer in the
purposes are characteristic values, while the contractual baseline values same manner as the employer is responsible for providing design
serve for risk management and financing of the project documents and defining the scope of the construction, the
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V zékladni geotechnické zprdvé se zdvazné stanovuji hodnoty
téch geotechnickych parametru, které jsou pro projekt stavby
a jeji ndklady rozhodné a které investor vuci ostatnim dcastnikum
vystavby smluvné zaruCuje. Toho se dociluje dvéma zpusoby. Za
prvé je to prostrednictvim takzvanych smluvnich geotechnickych
zdkladu a za druhé prostiednictvim definice toho, co je povazova-
no za odli§né geotechnické podminky staveni§té.

Jako smluvni geotechnické zdklady se voli ty geotechnické
parametry, které jsou v prubéhu vystavby nejdulezitéjsi pro tpra-
vy technologie vystavby, pfipadné pro zménu realizalni doku-
mentace a vyznamné se tak promitaji do skute¢nych ndkladu na
provedeni dila.

Smluvni garance hodnot smluvnich zdkladi ovSem nejsou
poskytovany vuci projektantovi, ale vyhradné vaci zhotoviteli
vystavby. Projektant musi standardné vychdzet z Eurokéda
a pracovat s charakteristickymi hodnotami parametri horninové-
ho masivu, které jsou standardnimi vystupy podrobného geotech-
nického prizkumu.

Také formulace odliSnych geotechnickych podminek stavenisté
md pravni povahu. Popisuje pro investora i pro zhotovitele stavby
smluvné zdvazny postup pro zjiStovani odliSnosti mezi geologic-
kymi poméry skute¢né zastizenymi behem vystavby a témi, které
jsou uvedeny v zaddavaci dokumentaci pro vybér zhotovitele stav-
by. Souddsti tohoto smluvniho usporddani je i zdvazny postup
finan¢niho feseni dusledkd plynoucich z téchto odlisnosti. Vice
Alexandr Rozsypal: Zdkladni geotechnickd zprdva — ndstroj pro
Fizeni geotechnickych rizik pri tunelovdni, Tunel, ¢. 4, 2006.

Smluvni geotechnické zaklady

Hodnoty smluvnich geotechnickych zdkladd nemusi
z fyzikdlniho hlediska predstavovat presnou geotechnickou sku-
te¢nost, protoZe jejich volba vychdzi z potreby investora ¢i zhoto-
vitele fidit a financovat geotechnicka rizika a jasné v této oblasti
vymezit své vzdjemné smluvni vztahy.

Zékladni podminkou je, Ze za smluvni zdklady musi byt zvole-
ny takové geotechnické parametry, které lze v prub&hu vystavby
tunelu pii geotechnickém sledovdni bez potizi prubézné
a spolehlivé mérit. Musi byt vybrény a jejich hodnoty zvoleny tak,
aby jednozna¢né umoZnily urcit objem vicepraci v mnoZstvi
smluvnich jednotek. Jejich vyndsobenim smluvnimi jednotkovy-
mi cenami pak jiz 1ze snadno spocitat finanéni kompenzaci.

Hodnoty téchto parametri by soufasné mély souviset
s pozadavky na tpravy stavebnich postupt ¢&i dpravy realiza¢ni
dokumentace béhem vystavby (napriklad pevnost, téZitelnost,
velikost deformace atd.).

Kolik vicepraci
How much additional work

0Odlisné o kolik
How much different

Odlisné od éeho
From what different

Odlisné podminky stavenisté
Different site conditions

Obr. 4. Vyznam odlisnych geotechnickych podminek stavenisté pro stanoveni
ceny vicepraci

Fig. 4 The importance of different geotechnical conditions on site for the
determination of the cost of additional work
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construction location and the parameters the structure is to meet
and is therefore responsible also for financing of entire project.

Taking into consideration the fact that details of the tunnel
construction technique and the associated tunnelling contractor’s
contract price depend on the particular geological environment
in the particular location, it is possible to define what, in terms
of geology, is contractually guaranteed by the employer and what
the employer leaves to the responsibility of the contractor. Of
course, this distribution must be turned over to the tender docu-
ments for the construction works and tenderers can take it into
consideration when calculating their bids.

The definition of the scope guaranteed by the employer and
what is beyond it is carried out through the definition of
Different Geotechnical Conditions on Site and the so-called
Contractual Geotechnical Baseline. It is necessary to learn
during the work on the design how to work with these terms
(used currently in the USA) even on our tunnelling projects. It
first of all means that it is necessary during the course of the con-
struction to be able to unambiguously define and have imple-
mented procedures which clearly determine what and how it is to
be done in cases of different geotechnical conditions encounte-
red and how changes required during construction and contin-
gent additional work following from the changes are to be app-
roved and financed. The contractual baseline and different geo-
technical conditions are defined in the Geotechnical Baseline
Report.

Geotechnical Baseline Report

The geotechnical baseline report is a base for credible evalua-
tion of costs and additional costs associated with the constructi-
on and for the determination of criteria for assessing whether
geotechnical conditions different from the conditions contained
in the tender documents and conditions which had been assumed
by the designer were encountered during the course of the con-
struction. This report is the basic contractual geotechnical docu-
ment used both by the employer and by the contractor for con-
struction works when selecting their strategy for managing geo-
technical risks during the course of the construction. It is there-
fore to be used for managing construction works instead of deve-
loping design documents.

The geotechnical baseline report contains binding values of
the geotechnical parameters which are crucial for the design and
costs of the construction works, contractually guaranteed to the
other parties to the project by the employer. This objective is
achieved by two ways. Firstly it is by means of the so-called con-
tractual geotechnical baseline, secondly, it is by defining what is
considered as different geotechnical conditions on site.

The geotechnical parameters to be selected for the geotechni-
cal baseline consist of the parameters which are the most impor-
tant for modifications of the construction technology or changes
in the detailed design during the course of the works, therefore
they are significantly projected into the actual costs incurred on
the works.

However, the contractual guarantees are provided solely for
the tunnelling contractor, not for the designer. The designer must
start from Eurocodes in a standard manner and work with cha-
racteristic values of rock mass parameters, which are the stan-
dard outputs of the detailed geotechnical survey.

Even the formulation of the different geotechnical conditions
on site have the nature of a legal document. It describes the pro-
cedure for the determination of differences between geological
conditions actually encountered during the course of the con-
struction and geological conditions presented in tender docu-
ments for the construction. Part of this contractual stipulation is
also a binding procedure for solving financial consequences fol-
lowing from the differences. For more information see Alexandr
Rozsypal, Geotechnical Baseline Report — a tool for managing
geotechnical risks during tunnelling, TUNEL No. 4, 2006.



Obr. 5 Geotechnicky pruzkum pro tunely vyZaduje ndro¢nou technologii. Na
obrdzku jadrovd samohybnd souprava v obtizném terénu umoZnujici konti-
nudlni jadrové vrtdni s prubéznym odbérem neporusenych vzorkiu hornin az
do hloubky 200 m ( Cebrad, D-1, - Foto Matejcek- Geofos)

Fig. 5 Geotechnical survey for tunnels requires complex equipment. The pic-
ture presents a self-propelled core-drill rig in difficult terrain allowing conti-
nual core drilling with uninterrupted extraction of undisturbed samples up
the depth of 200m ( Cebrad, D-1, - Photo Matejcek- Geofos)

Zakladni myslenkou, na které je postavena filozofie smluvnich
geotechnickych zédkladu i ustanoveni o odlisnych podminkdch sta-
venisté, je, Ze rizika odpovidajici geologickym pomérum hor§im
nez tém, které jsou definovdany smluvnimi geotechnickymi zédkla-
dy, na sebe prebira investor.

AKkceptace pojmu odlisnost geotechnickych podminek stavenisté

Ustanovenim o odlisnych geotechnickych podminkach stave-
niSté sniZuje investor nejistoty zhotovitele stavby o skute¢nych
geotechnickych podminkéch na staveni$ti pri zpracovavani jeho
cenové nabidky. Odli§né geotechnické podminky i smluvni zdkla-
dy totiZz musi umoznit snadnou odpovéd na otizky: Odlisné od
&eho?, Odlisné o kolik? Prostfednictvim ustanoveni o odli§nych
podminkéch staveni§té a smluvnich zdklada se zhotoviteli zmen-
Suje rozsah geotechnickych rizik. Jejich podstatnou ¢ast totiZ bere
investor timto zpisobem na sebe. Za takovych podminek pak zho-
tovitel stavby muze podat nabidku s niz$i cenou. A v tom je praveé
hlavni smysl a vyhoda tohoto postupu pro investora.

Podminkou dspésnosti tohoto postupu je, Ze béhem vystavby se
musi prubézné kvalifikované zji§tovat, zda odlisné podminky
nastaly, ¢i nikoli a pokud ano, tak tuto odli$nost kvantifikovat tak,
aby se jeji mira dala promitnout do pfedem pripravenych technic-
kych, organizaénich a projektovych opatfeni a do financovdni
stavby. Vyzaduje to také vystupy predchéazejicitho podrobného
geotechnického prazkumu v takové podobé, aby mohly byt jedno-
zna¢né v prubéhu vystavby ovéfovdny a kvantifikovén rozdil mezi
predpokladem a skuteénosti.

TuoufHel

Contractual geotechnical baseline

From the physical point of view, contractual geotechnical
baseline values do not have to represent an exact geotechnical
reality because their selection is based on needs of the employer
or contractor to manage and finance geotechnical risks and cle-
arly specify mutual contractual relationships in this area.

The fundamental condition is that the parameters selected as
the contractual baseline must be without problems continually
and reliably measurable for the geotechnical monitoring during
the course of the tunnel construction. The selected parameters
and the chosen values must make unambiguous determination of
the volume of additional work possible using the amount of con-
tractual measurement units. A financial compensation is then
easy to calculate by multiplying the amount of measurement
units by contractual unit prices.

Values of these parameters should at the same time relate to
requirements for modifications of construction procedures or
changes in the detailed design during the course of the construc-
tion (for instance the strength, workability, magnitude of defor-
mations etc.).

The basic idea which the philosophy of contractual geotechni-
cal baseline and the stipulation regarding the different conditions
on site is founded on is that risks corresponding to geological
conditions which are worse than the conditions defined by the
contractual geotechnical baseline are taken by the employer.

Acceptation of the notion of differences in geotechnical
conditions on site

By defining different geotechnical conditions on site the
employer reduces uncertainties for the contractor regarding
actual geotechnical conditions on site during the preparation of
his bid. It is so because of the fact that the specified different
geotechnical conditions and the contractual baseline must
make answering to questions “Different from what?” and
“How much different?” easily possible. The scope of geotech-
nical risks for the contractor is diminished owing to the stipu-
lation regarding the different conditions on site and the con-
tractual baseline. It is so because of the fact that in this way the
employer takes on him a significant part of the risks. Under
such conditions it is possible for the contractor to submit
a lower bid. This is the main benefit and advantage of this pro-
cedure for the employer.

A condition for the success of this procedure is that the exi-
stence of the different conditions must be continually verified in
a qualified way and if they do exist, the difference must be quan-
tified so that its magnitude can be projected into pre-prepared
technical, organisational and design-related measures and into
construction finances. In addition, this procedure requires the
outputs of a previous geotechnical survey to be in the form allo-
wing unambiguous verification of the outputs and quantification
of differences between assumptions and the reality during the
construction.

SUMMARY

The cases of insufficient knowledge of geotechnical properti-
es of ground environment, which are today frequent at underg-
round construction projects, are not caused by lagging of the
development of geotechnical engineering as a technical discipli-
ne behind the development of the other civil engineering discip-
lines. The problem is in the organisation of the preparation and
execution of construction works, including geotechnical surveys,
where procedures are applied which can be today acceptable
only for small and possibly medium-size projects. Another cause
is the inconsistent, non-conceptual and imperfect system of ente-
ring into contractual relationships.
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Nedostatecné pozndni geotechnickych vlastnosti horninového pro-

stredi, ke kterym na soucasnych velkych podzemnich stavbdch casto
dochdzi, neni zpusobeno zaostdvanim rozvoje geotechniky jako tech-
nické discipliny za vyvojem ostatnich disciplin inZenyrského stavitel-
stvi. Problém spolivd v organizaci pfipravy a provadéni vystavby
i geotechnickych prazkum, kde se uplatiiuji postupy, které mohou byt

VVVVVV

nou je nedusledné, nekoncepeni a nedokonalé uzavirani smluvnich
vztahu.

ReSeni této situace je k dispozici a je pomérné jednoduché.

V souhrnu spo¢iva v prijeti nasledujicich zdsad:

e Odpoveédnym subjektem za ziskdni dostate¢nych znalosti geolo-

gického prostredi je investor.

Investor je také ten, kdo jako kone¢nd instance rozhoduje

o prijatelné mife geotechnickych rizik pri vystavbé a stanovuje

strategii jejich fizenf pfi pfiprave i v prubéhu stavby.

Investor by proto mél byt vzdy subjektem, ktery zaddvd geotech-

nicky pruzkum a nepresouva odpovédnost za jeho zadéni, rozsah

a komplexnost na projektanta.

* Na geotechnicky pruzkum je tfeba pohliZet jako na jinou staveb-
ni ¢innost. Ve vybérovém fizeni se proto zvlast sout€zi zhotoveni
projektové dokumentace geotechnického pruzkumu (kterd definu-
je jeho rozsah a komplexnost) a zv14st provedeni pruzkumu podle
této dokumentace.

e Jednim z vystupl geotechnického prizkumu musi byt definice

odlisnych geotechnickych podminek stavenisté a geotechnickych

smluvnich zdkladu, které definuje tzv. Zdkladni geotechnickd
zprava.

Prostrednictvim definice odlisnych geotechnickych podminek

a smluvnich zékladu investor jednoznalné definuje, jaké paramet-

ry horninového masivu vi&i zhotoviteli dila smluvné garantuje

a jaké nikoli.

Zdsadni pozornost se musi vénovat kvalifikovanému geotechnic-

kému sledovani v prubéhu razeb. To musi kromé obvyklych dkolt

prubézné kvantifikovat skute¢né geotechnické podminky stave-
nist¢ a posuzovat, do jaké miry jsou odlisné od téch, které byly
vystupem geotechnického prizkumu, respektive od téch, které

v zaddvaci dokumentaci na zhotovitele stavby garantoval investor

a projektant je pouzil pti zpracovdvani DSP.

Forma sdileni geotechnickych rizik tcastniky vystavby musi byt

jednoznané a podrobné zapracovdna do smluvnich vztahu mezi

investorem a viemi d¢astniky vystavby, a to vetné zpusobu jejich
operativniho financovani.

Pri pripravé a fizeni vystavby je tieba pfijmout neoddiskutovatelnou

skute¢nost, Ze podzemn{ stavby, maji-li byt provedeny ekonomicky, se
provadéji vzdy s vetsi ¢i mensi mirou nejistoty a geotechnického rizi-
ka. To je treba akceptovat a promitnout korektné i do smluvnich vzta-
hi mezi investorem a ostatnimi d¢astniky vystavby.

¢.

V tomtéz smyslu je i Zddouci co nejdfive inovovat vyhlasku CBU
55/1996 Sb. popripadé i zdkon &. 61/1988 Sb. Zde uvedené poza-

davky vuci zhotoviteli v soucasné dob€ vychdzeji z neredlného poza-
davku dokonalého pozndni geologického prostredi a presunuti této
povinnosti bezvyhradné na zhotovitele razeb.

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz, ARCADIS Geotechnika, a. s.

Recenzoval: Ing. Boris Sebesta
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The solution to this situation is available and is relatively sim-

ple.

In summary it means that the following principles have to be

adopted:

The subject responsible for gathering sufficient knowledge
about the geological environment is the project owner — the
employer.

The employer is the person who decides as a final resort on
the acceptable level of geotechnical risks during constructi-
on and defines the strategy of managing them during the
planning and construction implementation stages.

The employer should therefore always be the subject which
orders the geotechnical survey and does not transfer respon-
sibility for the specification of its scope, extent and compre-
hensiveness to the designer.

The geotechnical survey is to be considered to be another
construction activity, where separate tenders are called for
design documentation for the geotechnical survey (defining
its scope and comprehensiveness) and separate tenders for
the execution of the survey in compliance with this docu-
mentation.

One of geotechnical survey outputs must be a definition of
Different Geotechnical Conditions on Site and Contractual
Geotechnical Baseline, which are defined by the Geotech-
nical Baseline Report.

Using the definition of different geotechnical conditions and
contractual baseline, the employer unambiguously defines
which of the ground mass parameters are guaranteed by
himself to the contractor and which are not.

Significant attention must be devoted to qualified geotech-
nical monitoring during the course of the underground exca-
vation. It must, apart from usual tasks, continually quantify
actual geotechnical conditions on site and assess the degree
to which they differ from the conditions which were the out-
puts of the geotechnical survey or from the conditions which
were guaranteed by the employer in tender documents for
the construction works and were incorporated by the desig-
ner into the detailed design.

The form of sharing geotechnical risks among parties to the
project must be unambiguously incorporated into contractu-
al relationships between the employer and all other parties to
the project, including the procedure for operative financing.

The undisputable fact must be accepted during the planning
and implementation of a project that underground construction
projects, if they are to be implemented economically, will be
always carried out with a higher or lower degree of uncertainty
and geotechnical risk. It must be accepted and properly projected
into contractual relationships between the project owner and the
other parties to the project.

In the same meaning, it is also desirable to innovate the Decree
of the Czech Bureau of Mining No. 55/1996 Coll. or also the
Law No. 61/1988 Coll. as soon as possible. The current require-
ments toward the contractor mentioned in this paper are based on
a non-realistic requirement for perfect knowledge of geological
environment and on transferring the responsibility unconditio-
nally to the tunnelling contractor.

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz,
ARCADIS Geotechnika, a. s.
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GEOTECHNICKY MONITORING PRI STAVBE VYTAHU
ZE STANICE METRA NARODNI

GEOTECHNICAL MONITORING DURING THE CONSTRUCTION
OF A LIFT FROM NARODNI TRIDA METRO STATION

RADEK BERNARD

ovob

Stanice prazského metra Narodni prochdzi v soucasnosti velkou
obménou. Je to zpusobeno predevsim potfebou zajisténi bezbariéro-
vého pifstupu pro handicapované obyvatele Prahy a z kapacitnich
duvodd. Stavba je financovédna z prostiedki Dopravniho podniku
hl. m. Prahy. Dal§im aspektem stavebniho ruchu v této oblasti je sou-
kromy projektovy zdmér vybudovat v okoli souc¢asného vestibulu sta-
nice multifunkéni komplex s ndzvem COPA Centrum. Projekt COPA
centra je realizovdn privatnim investorem pod vedenim S. Paw-
lowského.

Tento prispévek se zaméfuje predev§im na shrnuti vysledka geo-
technického monitoringu, ktery byl provadén pfi raZzbach podzem-
nich prostor souvisejicich se stavbou vytahu ze stanice metra.
Podstatou ¢ldanku je podat informaci o kontrolnim sledovéni pfi raz-
béach a hloubeni podzemnich dél a snaha o stru¢né porovndni nové
ziskanych vysledku s vysledky geologického monitoringu (GTM)
ziskanych pfi razbé stanice v letech 1981-1982.

Zhotovitelem stavby vytahu z metra je sdruZeni firem OHL ZS,
Prominecon Group a Syner. Generdlnim projektantem je spole¢nost
Metroprojekt, inZenyrskou ¢innost pro vySe uvedeného investora
zajiStuje InZenyring dopravnich staveb a geotechnicky monitoring
této stavby provadi ARCADIS Geotechnika. JelikoZ prispévek
o realiza¢ni ¢dsti stavby bezbariérového vystupu byl uveden zdstup-
ci zhotovitele stavby v ¢asopise Tunel ¢. 3/2010 [1], proto tuto ¢dst
v prispévku zminim pouze okrajove.

- &
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LEGENDA / LEGEND

1 —isosiesta 5 mm/sec / Isoseismal line 5mm/sec

2 - isosiesta 10 mm/sec / Isoseismal line 10mm/sec

3 — Hranice poklesové zény / Settlement trough boundary

Obr. 1 Situace GTM na povrchu
Fig. 1 GTM layout on the surface

INTRODUCTION

Narodni Trida station of the Prague metro is currently being sub-
jected to significant modification. The reason is, first of all, the
necessity of providing a barrier-free access for mobility-impaired
Prague residents and capacity-related reasons. The project is funded
from public means of the Prague Public Transit Company Inc.
Another aspect of the construction activities in this area is a private
investment project for developing a multiple-function complex entit-
led COPA Centrum in the vicinity of the existing concourse of the
metro station. The COPA Centre project is being implemented by
a private client; it is managed by S. Pawlowsky.

This paper is first of all focused on summarising results of the geo-
technical monitoring which was conducted during the course of the
excavation of underground spaces required for the construction of
a lift from the metro station. The objective of the paper is to provide
information on the check observation during the course of excavati-
on and sinking of underground workings, as well as a brief compari-
son of the results with the geological monitoring (GTM) results of the
excavation of the station in 1981 — 1982.

The contractor for the construction of the lift from metro is
a consortium consisting of OHL ZS a. s., Prominecon Group a. s. and
Syner s.r.0. The general designer is Metroprojekt a. s., engineering
consultancy and site supervision is provided by InZenyring doprav-
nich staveb a. s. and geotechnical monitoring for this project is con-
ducted by ARCADIS Geotechnika a. s. Since a paper on the imple-
mentation part of the construction of the barrier-free exit was publis-
hed by contractor’s representatives in issue No. 3/2010 of TUNEL
journal [1], we mention this part in our paper only marginally.

GEOLOGICAL AND GEOTECHNICAL CONDITIONS

Brief description of geology in the construction site
surroundings

The basic geomorphological and geological categorisation of the
area being described is presented in the above-mentioned paper, in
the third issue of TUNEL 2010 journal. This is why I have focused
my paper on concrete geological data [2].

The Pre-Quaternary basement is formed by Dobrotiv Beds, con-
sisting of dark-grey to black, clayey, silty-clayey to silty shales with
mica interlayers, locally containing clayey sand concretions with
a carbonate binder.

The Quaternary cover is represented first of all by made ground
and fluvial sediments forming the so-called Maniny (flood-plain)
Terrace IV a. The topmost layer of the Quaternary cover is formed
by mixed made ground; the thickness ranges from 4 to 7m. The flu-
vial sediments consist mainly of Pleistocene sediments forming ter-
races along the Vltava River. These are a complex mainly of gravel-
ly to coarsely sandy sediments. Boulders are formed by mostly well
rounded quartzites and metamorpites the sizes of which mostly vary
between 3.0 — 5.0cm (maximum up to 8.0cm). The ground can be
mostly characterised as gravel with admixture of finely-grained soil
(G3/G-F) up to loamy gravel (G4/GM), dense sand with admixture of
finely-grained soil (S3/S-F), locally passing to clayey or loamy sand
(S5/SC, S4/SM) and clayey soils.

The bedrock consists, in agreement with the Ordovician strati-
graphy, of Dobrotiv beds. The series of beds developed in two faci-
es. One of them is formed by Skalec Quartzites, represented by light,
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Stanicni tunely metra, stanice Narodni
Narodni Trida station - station tunnels
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Obr. 2 Napojeni $2 do prostor metra s konvergencnimi profily v tunelech

Fig. 2 Connection of shaft S2 to the metro spaces, convergence measurement profiles in tunnels

GEOLOGICKE A GEOTECHNICKE POMERY

Struéna geologie blizkého okoli stavby

Zdkladni geomorfologické a geologické zarazeni popisovaného
tizemi je popsdno v citovaném prispévku v tretim &isle ¢asopisu
Tunel z roku 2010. NiZe se tudiZ zaméfuji jiz na konkrétni geolo-
gicka data [2].

Predkvartérni podloZi je tvoreno horninami dobrotivskych vrs-
tev. Jsou zde zastoupeny jilovité, prachovitojilovité az prachovité
bridlice tmavosedé az Cerné barvy s vlozkami slidy, misty obsa-
hujici jilovitopiscité konkrece s karbondtovym tmelem.

Kvarterni pokryv je zastoupen predev§im navazkami a flu-
vidlnimi sedimenty spadajicimi do tzv. maninské (ddolni) terasy
IVa. Nejsvrchnéjsi poloha kvartérniho pokryvu je tvofena ruzno-
rodou navdzkou. Mocnost navazek je v rozmezi 4—7 m. Fluvidln{
sedimenty tvori pfedevs§im sedimenty pleistocenniho stdf{ tvorici
Fi¢ni terasy toku Vltavy. Jednd se o komplex prevdzné $térkovi-
tych aZ hrubé€ pisditych sedimentd. Valouny jsou tvofeny prevaz-
né dobre zaoblenymi kifemeny a metamorfity, velikost je vétSinou
mezi 3-5 cm (max. aZ 8 cm). Jednd se o zeminy charakteru pre-
vazné $térku s primési jemnozrnné zeminy (G3/G-F), az §térku
hlinitého (G4/GM), pisku s pfimesi jemnozrnné zeminy (S3/S-F),
ulehlého, misty prechédzejici do pisku jilovitého a hlinitého
(S5/SC, S4/SM) a jilovité hliny.

Skalni podloZi je tvoreno podle statigrafie ordoviku vrstvami
dobrotivskymi. Souvrstvi je vyvinuto ve dvou faciich. Jednu facii
tvori skalecké kiemence, jeZ predstavuji svétlé, zZlutosedé, pevné,
kfemité, jemné slidnaté piskovce az kfemence, které se stiidaji
s tmavoSedymi pis¢itymi bfidlicemi az drobovymi piskovci.
Svrchni facii predstavuji vlastni dobrotivské vrstvy, jeZz jsou
zastoupeny CernoSedymi, jilovitymi, jemné slidnatymi bfidlicemi,

yellow-grey, strong, quartzose, finely micaceous sandstones to quart-
zites, which alternate with dark-grey, sandy shales to subgreywacke.
The upper facies is represented by the Dobrotiv Beds themselves,
which comprise black-grey, clayey, finely micaceous shales, usually
displaying lamellar-prismatic disintegration. The rocks characterised
in the above manner were recorded during the course of the tunnel
excavation. The geological profile obtained from the excavation of
shaft $1 is presented in Fig. 3.

From the hydrological point of view, it is necessary to note that the
water table level is found roughly at 187.0m a.s.l. (about 11m under
ground surface). Intrinsic permeability exists in the superficial depo-
sits, whilst fissure permeability is encountered in the bedrock. It turned
out during the excavation of the Ndrodn{ Tfida station that the Dobrotiv
Beds are crumbly and highly permeable. One very serious injury with
permanent cosequences (paraplegia) was caused by falling rock.
Ground surface settlement in the area between Spalend, Vladislavova,
Lazarskd and Purkynova Streets was surveyed throughout Narodni
Trida station construction period. This was one of the reasons why
rigid lining consisting of bored piles and micropiles was installed
around the circumference of the access shaft S1. This lining, which was
keyed into the bedrock (at the depth of about 14m under the surface),
not only secured stability during the excavation through made ground
and Quaternary soils, but it also minimised inflows of water to the
underground working. This fact was confirmed not only at the above-
mentioned depth but also during the subsequent excavation of shaft S1,
where only exceptional minimum inflows or seepage of ground water
were registered in the vicinity of the tectonically faulted rock mass.

BRIEF CHARACTERISTICS OF THE DESIGN

Basic data on the construction
The design for the barrier-free access for the station comprises
a pair of lifts with the lifting height of 28.03m, installed in shaft S1
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GEOLOGICKA DOKUMENTACE VYTAHOVE SACHTY $1
GEOLOGICAL DOCUMENTATION - SHAFT $1

75
o

Antropogenni navazka — charakteru hli-
nitého pisku s pfimési Stérku @
a stavebniho odpadu
5 Eﬂ Anthropogenic fills — character of loamy sand with
¥ addition of gravel

Pechod z antropogennich navazek do PISKU :
stfedné- az hrubozrnného / Transition from anthropogenic
E,ﬂﬂ fills to medium- to coarse-grained SAND ;

PISEK hrubozrnny, slabé zahling-
ny s pfimési $térku o velikosti 3-6 E
cm (20-30 %) / SAND coarse-
grained, weakly loamy, with additi-
1ﬁ,2ﬁ on of gravel with 3-6cm grains (20-30%)

hladina podzemni vody

1 1 ,5{} water table Eraval

STERK piséity, tvofeny valouny hornin o velikosti prevézné
do 8-10 cm, pfi bazi vrstvy valouny a kameny o velikosti

az 15 cm, podi hrubozmné frakce cca 6070 %, vyplii tvo-
fena slabé zahlinénym az hlinitym piskem hrubozrnnym
GRAVEL - sandy, containing boulders mainly 8-10cm,
boulders and stones up to 15cm at the base, proportion
of coarse-grained fraction about 60-70%, filling consisting

12, 90 of weakly loamy to loamy, coarse-grained sand

BRIDLICE jilovito-prachovita, grafitic- E
ka, tmavé Seda az Cerna, silné zvétra-

|& W4, tfidy R5, laminované vrstevnatd s velmi velkou hus-
totou diskontinuit / SHALE - clayey-silty, graphitic, dark-

grey, heavily weathered W4, class R5, laminated with very
14,90 close spacing of discontinuities

BRIDLICE jilovito-prachovita, grafiticka, tmavé $eda az
cernd, silné az mirné zvétrald W4-W3, tiidy R4, laminova-
né az tence deskovité vrstevnatd s velkou az velmi velkou
hustotou diskontinuit D4-D5 —
SHALE - clayey-silty, graphitic, dark-grey to black, heavily
21 20 to moderately weathered W4-W3, laminated to thinly platy,
1 with close to very close spacing of discontinuities D4-D5

BRIDLICE jilovito-prachovita, grafiticka, tmavé $eda az

Cernd, navétrala az mirné zvétrald W2-W3, tfidy R4, misty

R3, laminované az deskovité vrstevnata s velkou az velmi

velkou hustotou diskontinuit D4-D5

SHALE - clayey-silty, graphitic, dark-grey to black, slightly

to moderately weathered W2-W3, class R4, locally R3,
25 2{] laminated to platy, with close to very close spacing of dis-

1 continuities D4-D5

BRIDLICE jilovito-prachovita, grafiticka, tmavé $eda az
¢erna, mirné zvétrald W3, tfidy R4, laminované az deskovi-
té vrstevnata s velkou az velmi velkou hustotou diskontinuit
D4-D5
SHALE clayey-silty, graphitic, dark-grey to black, moderately
30 40 weathered W3, class R4, laminated to platy, with close to
¥ very close spacing of discontinuities D4-D5

Obr. 3 Geologicky profil S1 5
Fig. 3 Geological profile of shaft S1

zpravidla lupenité roubikového rozpadu. Takto charakterizované
horniny byly dokumentovdny pii vlastnich razbach. Geologicky
profil z hloubené Sachty S1 je zndzornén na obr. 3.

Z hydrogeologického hlediska je nutné poznamenat, Ze pod-
zemni voda se pohybuje zhruba na kéteé 187 m n. m. (okolo 11 m
pod terénem). V pokryvnych dtvarech je prulinovd, ve skalnim
podkladu puklinova propustnost. Pfi razbé stanice Narodni se uka-
zalo, Ze dobrotivské vrstvy jsou rozpadavé a velmi propustné.
Pddem horniny byl zpusoben jeden smrtelny draz a jedno velmi

sunk to the depth of 30.38m. An underground transfer gallery was
driven from this shaft, leading through two very short galleries (CH1
and CH2), perpendicular to each other. The gallery CH2 is connected
to shaft S2 (about 11.6m deep), which will house a pair of lifts and
a fixed staircase. The lifting height of these lifts reaches 10.92m [4].

Shaft sinking and gallery excavation techniques

Once the archaeological survey had been completed and manual
dismantling of a part of foundation walls of a church had been finished,
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tézké zranéni pracovnika s trvalymi ndsledky (paraplegie). Po the contractor built (at the beginning of February 2010) guide-walls
celou dobu vystavby stanice Ndrodni probihalo méfeni poklest around the shaft S1 circumference for the future drilling for piles.
terénu mezi ulicemi Spalend, Vladislavova, Lazarskd a Purky- The drilling for 900mm-diameter piles commenced on 10/02/2010.
nova. I z tohoto davodu bylo pied zahdjenim hloubeni provedeno In cases of doubts, a geologist of the contractor for the geological
tuhé osténi z vrtanych pilot a mikropilot po elipsovitém obvodu monitoring was invited to verify the water table level and, above all,
pristupové achty S1. Toto osténi vetknuté jiz do podloZnich skal- to record the transition into the bedrock. Since the surface of the bed-
nich hornin (hloubka zhruba 14 m od povrchu) zajistilo nejen sta- rock was encountered at 12.5m under the surface, the decision was
bilitu pri hloubeni v navazkach a v kvartérnich zeminéch, ale tak- made that the drilling for the piles and their installation would be car-
téZ zaruovalo minimdln{ pritoky vody do podzemniho dila. To se ried out to the depth of 14m. The water table was encountered at the
potvrdilo nejen v uvedené hloubce, ale rovnéZ pfi dal§im zptisobu depth of 11.5m.
hloubeni S1, kdy byly dokumentovény pouze vyjime&né minimal- On 8/3/2010, when all piles had been completed and the concrete
ni pfitoky &i prusaky podzemni vody v okoli tektonického posti- had hardened, it was possible to start the excavation of the made
7eni horninového masivu. ground for the initial shaft sinking stage. At the beginning of the shaft
sinking process, an about 2m thick layer of mixed material was exca-
STRUCNA CHARAKTERISTIKA PROJEKTU vated, under the protection of the pile lining. Then this cycle was
completed by installing one layer of KARI welded mesh and apply-
Zakladni data o stavbé ing shotcrete on the joints between piles to achieve the designed con-
Bezbariérové zpristupnéni stanice bylo vyprojektovano dvojici tour of the lining.
vytahu s dopravni vy$kou 28,03 m umisténymi do hloubené Sach- The contractor used a clamshell grab for the excavation of the ini-
ty S1 (hloubka 30,38 m). Z této Sachty byla vyrazena podzemni tial part of the shaft SI from the surface. When the excavation depth
prestupni chodba, vedend ve dvou navzdjem kolmych velmi krat- achieved the maximum reach of the clam shell, this equipment was
kych chodbach CH1 a CH2. Na chodbu CH2 navazuje hloubend replaced by a JCB tracked excavator, which was lowered down to the
$achta S2 (hloubka cca 11,6 m), ve které bude umisténa dvojice shaft bottom; the muck was lifted by a crane, using two alternating
vytahl a pevné schodisté. Dopravni vy$ka téchto vytahu je skips. The excavator was at the same time used for the disintegration
10,92 m. [4] of the rock at the shaft bottom, using an impactor, which broke even

harder shale beds. When the bottom of the excavation got deeper,
under the protection provided by the piles, the contractor applied pri-
mary support consisting of a shotcrete layer reinforced with two lay-
ers of welded mesh and a system of SN anchors installed around the
whole circumference of the shaft; Im deep excavation rounds were
used. The consumption of time significantly grew with the excavati-
on depth growing, getting to little weathered up to slightly weathered
shales. For that reason the contractor notified the client that the tech-
nique would be switched to drill and blast. Blasting was eventually
used for the first time when the starter breakout for the horizontal gal-
lery CH1 was being carried out, so that seismic effects excessively
disturbing the tenants of neighbouring buildings were diminished.
An indentation in the excavation surface and in the initial shaft S1
lining was carried out at the depth of 17.5m. The enlargement of the
shaft excavation around the entire circumference was designed for
structural requirements of the deep shaft. Subsequently, shaft S1 sin-
king continued up to the depth of 25.20m. A starter breakout for
a part of the top heading of the horizontal gallery CH1 was carried
out from this level in eastward direction. The initial operation was

Technologie a postup hloubeni a razeb

Po dokonceni archeologického pruzkumu a po ruénim rozebra-
ni ¢asti zakladovych zdi kostela vybudoval zhotovitel stavby, na
za&4tku tnora 2010 po obvodu Sachty S1, vodici zidky pro budou-
ci vrtan{ pilot. Vrtani pilot o ¢ 900 mm bylo zahdjeno dne 10. 2.
2010. V pripadé pochybnosti byl k vrtdni prizvan geolog zhotovi-
tele geotechnického monitoringu, aby ovéril hladinu podzemni
vody a predevsim zdokumentoval prechod do horninového podlo-
7{. JelikoZ rozhrani horninového podloZi bylo zastiZeno 12,5 m
pod terénem, bylo rozhodnuto vrtat a zabudovat piloty do hloub-
ky 14 m. Hladina podzemni vody byla zastiZzena v hloubce 11,5 m.

Po dokonceni a vytvrdnuti v§ech provedenych pilot bylo mozné
dne 8. 3. 2010 zah4jit odtéZovéni navdzkového materidlu v dvodni
¢asti hloubeni. Ze zacatku hloubeni se postupovalo tak, Ze pod
ochranou pilotového osténi se odtézily zhruba 2 m ruznorodého
materidlu. Posléze byl tento cyklus dokoncen osazenim jedné
KARI sité a dostiikdnim primdrniho osténi do projektovaného

obvodu (zastikdny spary mezi pilotami). drilling for a protective umbrella above the future horizontal wor-

Uvodni &ast jamy S1 zhotovitel hloubil drapdakem z povrchu. king, consisting of IBO anchors. The erection of the zero lattice gir-
Jakmile hloubeni postoupilo mimo dosah drapdku, byla tato tech- der followed. Initial two rounds were excavated mechanically but,
nologie zménéna na pouZiti pasového bagru JCB spusténé¢ho na because of the fact that the shales encountered in this location were
dno jémy a doprava rubaniny probihala jefdbem pomoci dvou stfi- relatively hard, the other rounds were carried out by drill and blast.
dajicich se téZnich nddob. Strojni naklada¢ slouZzil zdrover Since results of all measurements of the initial blasting did not indi-
k rozpojovdni masivu na dn¢ jdmy, pomoci impaktoru, jeZ rozru- cate any negative seismic loads on the buildings being monitored, the
Sil i pevnéjsi polohy bridlic. V dobé kdy se zhotovitel stavby vyta- drill and blast technique was even applied to the subsequent rounds.
hu jiZ ocitl mimo zaji§tén{ pilotami, primdrn{ osténi tvofily dvé The excavation of the top heading of the about 12m long gallery CH1
vrstvy KARI sité s ndstiikem SB a systémové kotveni svorniky | was finished approximately in the middle of May 2010. Then the
SN po celém obvodu jémy se zdbérem 1 m. Postup hloubeni do contractor installed the protective umbrella for the initial section of
mirné zvétralych aZ navétralych bridlic byl ovSem ¢asové nédroc- gallery CH2 (northward from gallery CH1). The excavation of a part
ny, a tak zhotovitel avizoval zménu technologie na pouZiti trha- of the top heading of the horizontal gallery CH2 was being carried
cich praci. Trhac{ prdce byly nicméné pouZity aZ pri zaraZeni do out till the beginning of June. Then the contractor completed sinking
horizontdlni chodby CH1, vzdélenéjsi od okolnich budov, duvo- of shaft S1 up to the designed depth and, at the beginning of the 3rd
dem bylo zmenseni seizmickych 6&inku, které by nadmérné zaté- decade of June, started to excavate the bench and bottom of gallery
zovaly ndjemniky z okolnich budov. B CH1 from shaft S$1. The excavation of this technologically complica-

V hloubce 17,5 m byl v osténi tivodn{ $achty S1 proveden ozub. ted part (with the connection to gallery CH2) proceeded till July.
Rozsifeni jémy po celém obvodé Sachty bylo vyprojektovdno After closing of the bottom in gallery CH1, the contractor proceeded
ze statickych davodd. Hloubeni Sachty S1 pak pokracovalo do to excavate the bench and bottom in gallery CH2. In the second deca-
hloubky 25,20 m. Z tohoto mista, vjchodnim smérem z jdmy, byla de of August, after closing the invert in the short gallery CH2, he con-
rozraZzena v Casti kaloty horizontdlni chodba CHI. Nejprve byl tinued sinking of the connecting shaft S2 linking to the metro spaces.
odvrtan ochranny deStnik z IBO kotev nad obrysem projektované- The majority of blasting in both horizontal underground workings
ho horizontélniho dila. Posléze byl osazen nulty prihradovy rame- were carried out by the contractor using reduced charges. When the
nét. Prvni dva zébéry byly jesté provedeny strojnim zpusobem, ale sinking of the short shaft S2 started, the drill and blast had to be
jelikoz zastizené bridlice byly pomérné pevné, pri dalSich postu- replaced by mechanical disintegration taking into consideration the
pech jiz byly pouzity trhaci prace. VSechna méfeni seizmickych short distance of the metro. The reason was the fact that the excava-
G¢inkl pocdte¢nich odstielu nezaznamenala negativni vliv na tion bottom got close to the operating metro tunnels.
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sledované budovy, proto byla pro nasledujici postup zvolena tato
technologie. Razba kaloty chodby CH1 dlouhé zhruba 12 m byla
dokoncena v poloviné kvétna roku 2010. Nasledné bylo zhotovi-
telem stavby provedeno zaji§téni tvodni Cédsti chodby CH2
ochrannym de$tnikem (z CH1 severnim smérem). Razici prace
v profilu kaloty horizontdlni chodby CH2 probihaly do zacatku
&ervna. Pak zhotovitel stavby dokon&il hloubeni §achty S1 do pro-
jektované hloubky a na zacdtku 3. dekady mésice Cervna zahdjil
ze Sachty S1 razbu opéii a dna v chodb& CH1. Razici préce na této
technologicky ndrocné Cdsti (s napojenim na CH2) probihaly az
do mésice Cervence. Po uzavieni dna v chodbé CHI zhotovitel
stavby pokracoval v razbé spodnich &asti (opefi a dna) v chodbé
CH2. Ve druhé dekdd¢ srpna pak, po uzavieni spodni klenby krat-
ké chodby CH2, pokracoval v hloubeni spojovaci $achty S$2, napo-
jené jiZ na prostory metra.

Vétsina trhacich praci byla v obou horizontdlnich podzemnich
dilech zhotovitelem stavby provéddéna za pouZiti omezenych nédlo-
7i, pfi hloubeni kratké Sachty S2 musely byt trhaci prace nahraze-
ny strojnim hloubenim. Dno vyrubu se totiz pribliZilo
k provozovanym prostordm metra.

Geotechnicka rizika pii vystavbé

Osténi popisovanych podzemnich dél je dvoupldstové
s mezilehlou izolaci. Primdrni osténi bylo tvofeno stfikanym
betonem s vyztuznymi piihradovymi oblouky, vyztuznymi sité-
mi a kotvami. Geotechnickd rizika byla vymezena projektantem
predevSim v ndsledujicich cdstech vystavby bezbariérového
vystupu [4]:

e Povrchova zdstavba v okoli budovaného vytahu.

e Historicky objekt kostela Nejsvetejsi Trojice (byla provedena

i restaurdtorskd pasportizace).
e Provozovand stanice metra Narodni.
¢ Geotechnické podminky pfi razeni podzemnich dél (hladina

Moy

podz. vody, kiiZeni chodeb aj.).

GEOTECHNICKY MONITORING (GTM) PRI STAVBE
VYTAHU

Zadani geotechnického monitoringu a jeho rozsah

Projektovd dokumentace predpoklddala raZzeni podzemnich pro-
stor Novou rakouskou tunelovaci metodou (NRTM). Rozpojovani
hornin bylo uvaZovdno vzhledem k zastizenym IG pomérum
mechanizované nebo s vyuZzitim trhacich praci a do¢iStovanim lice
vyrubu mechanizované. Pro vystavbu chodeb a hloubeni Sachet,
byla projektantem navrZena observacni metoda v kombinaci
s geotechnickym monitoringem. [4] Nezbytnou soucdsti zvolené
technologie bylo provadéni fady kontrolnich méfeni a sledovdni
(viz ddle), z nichZ bylo nejduleZitéjsi geotechnické sledovéani
vyrubt a méfeni posunt lice primarniho osténi (tzv. konvergenéni
méreni).

Projekt GTM byl pred zahdjenim hlavni stavebni ¢innosti zpra-
covan na zékladé pozadavku objednatele, dédle rovnéZ zhotovitele
stavby a v neposledni fadé i generdlniho projektanta. MnoZstvi
skute¢né realizovanych méfeni a sledovéni se upfesnovalo pra-
bézné béhem vystavby tak, aby dulezité vysledky byly zajistény
v potfebném rozsahu, ale bez zbytecné ekonomické nédro¢nosti.
(5]

Pfi provddéni podzemnich praci byly navrZeny ndsledujici typy
méfeni a sledovani:

e pasportizace a repasportizace povrchovych objekti (zaddno

primo zhotovitelem),

e restaurdtorskd dokumentace kostela Nejsvétéjsi Trojice,

e geotechnicka dokumentace (geotechnicky dozor),

e méfeni deformaci vyrubu (KVG méfeni) — Sachty S1, $2,

chodby CH1, CH2,

¢ kontrolni geodetickd méfeni ve stdvajicich tubusech metra,

e meéreni napéti na kontaktu hornina — primédrniho osténi,

e méfeni deformaci povrchu (komunikace, chodniky, ohluben

Sachty),

e méfeni geodetickych bodu na objektech — zmény vysek

budov,

Tuel

Geotechnical risks during the construction
The linings of the above-described underground workings are
double-shell structures with intermediate waterproofing. The prima-
ry support consisted of shotcrete reinforced with lattice girders and
mesh, and anchors. Geotechnical risks were specified by the designer
first of all for the following parts of the barrier-free access construc-
tion [4]:
* Surface buildings in the vicinity of the lift construction.
* The historic structure of the Holy Trinity Church (condition sur-
vey by conservators).
e The operating Ndrodni Ttida metro station.
* Geotechnical conditions encountered during the course of the
excavation of underground workings (water table, intersection of
underground galleries).

GEOTECHNICAL MONITORING (GTM) DURING THE LIFT
CONSTRUCTION

Geotechnical monitoring task and scope

The design assumed that the underground spaces would be driven
using the New Austrian Tunnelling Method (NATM). Taking into
consideration the engineering geological conditions, mechanical
disintegration of rock and/or drill and blast technique was planned,
with mechanical clearing of the excavation contour by a scaler. Since
the process of driving the galleries and sinking the shafts is based on
an observational method, the general designer proposed geotechnical
monitoring for this project [4]. An inseparable part of the selected
technology was conducting check measurements and monitoring (see
below), the most important of which in terms of the mining activiti-
es were geotechnical observation of excavated spaces and measure-
ments of displacements of the inner surface of the primary lining
(convergence measurements).

The GTM design was carried out prior to the commencement of
the main construction activity on the basis of requirements of the pro-
ject owner, the contractor and, at last but not least, the general desig-
ner. The scope of really conducted measurements and observations
was being continually adjusted during the course of the construction
with the aim of providing important results in the required extent, but
without unnecessary economic exigencies [5].

The following types of measurements and observations were
designed during the execution of underground excavation:

 acondition survey and repeated condition survey of surface buil-

dings (required directly by the contractor),

e restoration documents for the Holy Trinity Church,

» geotechnical documents (geotechnical supervision),

e excavation deformation measurements (convergence measure-

ments) — shafts §l, S2, galleries CH1, CH2,

e check survey measurements in existing metro tubes,

* measurements of stress at the rock — primary lining interface,

e measurements of deformations of the ground surface (roads,

pavements, the pit bank),

* measurements on survey points installed on buildings — changes

in levels of buildings,

e observation of the development of defects of structures, measu-

rements of cracks and crack changes,

* check walkovers and recording deviations from the condition

survey records,

* examination of effects of blasting operations,

* measurements of noise pollution inside protected inner spaces of

buildings.

Geotechnical measurements conducted during the course of the
underground excavation provided credible data required for continu-
al corrections in dimensioning of the primary and secondary lining in
compliance with the NATM principles. The monitoring objective was
to minimise damage and protect lives and health of workers, and to
prevent general hazards. In addition, the geotechnical measurements
conducted during the underground excavation provided credible data
regarding the continuous process of proportioning of the elements of
the primary support and secondary lining in the meaning of the

NATM principles.
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Obr. 4 Konvergencni profil — seddni 21.02
Fig. 4 Convergence profile — settlement of 21.02

~

e sledovéni rozvoje poruch objektt, méfeni trhlin a jejich zmén,
e kontrolni pochtzky, prohlidky a zaznamendni zmén oproti
pasportim,

* kontrola u¢inku trhacich praci.

e méfeni hlukové zatéZe v chranéném vnitinim prostoru budov

Geotechnickd méfeni v prub€hu raZeb poskytovala vérohodné
ddaje k prubézné korekci dimenzovéni primarni i sekundérni obe-
zdivky ve smyslu zdsad NRTM. Cilem geomonitoringu byla rov-
néZ minimalizace §kod a ochrana Zivota a zdravi pracovniki
a zamezeni obecného ohroZeni.

Kontrolni sledovani pfi vystavbé

JelikoZ ¢asovy harmonogram vystavby podminoval zdkaz hlu¢-
né Cinnosti v no¢nich hodinédch v husté obydlené zdstavbé, razici
prace v podzemi byly proto provddény 7 dni v tydnu pouze
v denni sméné od 7 do 19 hodin. Na tento reZim byl nastaven
i samotny GTM. Zahdjeni praci geotechnického monitoringu
odstartovalo jiZ na konci roku 2009 osazenim a nulovym mérenim
jednotlivych nivelaénich bodu na povrchu terénu a na objektech
v z6né predpokldadaného ovlivnéni. JelikoZ pasportizace byla pro-
vedena v predstihu jesté pred vybérem zhotovitele GTM ze strany
investora, byla tato ¢innost zaddna samostatné pfimo zhotovitelem
stavby. Pracovnici kanceldafe GTM nastudovali predané pasporti-
zaéni dokumenty a vytipovali stdvajici trhliny na 7 okolnich
objektech za ucelem prubézného sledovani. V rdmci provadéni
GTM bylo sledovdno deforma¢nimi pdsky celkem 20 trhlin.
Jednotlivé prohlidky monitorovanych objekti pak probihaly
v &etnostech od 2 tydnd, v t€ch nejvice ovlivnénych budovéch pri
nejvice roz§ifenych podzemnich pracich az po dvoumési¢ni Cet-
nost po ukonceni razeb a dokoncovani procesu dotvarovani pokle-
sové kotliny na povrchu. V mésici lednu 2010 byla na pozadavek
investora provedena odbornd restaurdtorskd dokumentace interié-
ru kostela, kterd zaznamenala aktudlni stav vSech historickych
uméleckych dél uvnitf kostela. Tento objekt si pfi kontrolnim

Check observation during the course of the construction
Since the construction schedule was conditioned by the ban on
noise-generating activities in the densely developed area during
night, the underground excavation operations were carried out for 7
days in a week only during day shifts, from 7 a.m. to 7 p.m. The geo-
technical monitoring was also accommodated to this regime. The
geotechnical monitoring operations started as early as the end of
2009 by installing individual levelling points on the terrain surface
and on buildings found in the potentially affected zone, and zero
measurements were conducted on them. Since the condition survey
was carried out even before the contract for the GTM had been
awarded by the client, this work sub-contract was awarded directly
by the main contractor. The GTM office personnel studied the con-
dition survey documents handed over to them and identified cracks
in 7 adjacent buildings requiring continual monitoring. Twenty
cracks were subjected to the observation within the framework of
the GTM by means of deformation-measuring bands. Individual
inspections of the buildings being observed were performed during
the course of the most widely spread underground excavation ope-
rations every 2 weeks in the buildings which were affected most of
all, while up to 2-month intervals were applied after the completion
of the underground excavation at the end of the development of the
settlement. An expert restoration documentation of the church inter-
ior was carried out in January 2010 on project owner’s request. The
church required extra attention in terms of the check observation of
the ground surface. The first designed mobile station monitoring the
vibration velocity had been installed in the SE part of the church,
near the altar, even before the drilling for piles around S1 circumfe-
rence commenced. At a request of the archiepiscopate and with the
consent of the project owner and the designer, this station was instal-
led and actuated as early as the beginning of the excavation of holes
designed to expose the massive structural walls of the church and to
allow checking during the subsequent drilling for the piles (dynamic
loads). The other mobile seismic station was installed in the SW part
of the basement of the extensive building of the Faculty of Law of
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sledovani povrchu vyZzddal mimorfddnou pozornost. Jesté pred the Charles University during March before the announced blasting
zahdjenim vrtdni pilot pro zaji¥téni S1 byla osazena v JV &dsti in the underground was used.

kostela (pobliz oltéfe) prvni projektovand mobilni{ stanice pro sle- Both apparatuses ensured uninterrupted seismic monitoring with
dovdani Sifeni rychlosti kmitdni seizmickych vin. Na poZadavek accurate information on time (read via a satellite) and filing of all
arcibiskupstvi a se souhlasem investora a projektanta byla aktivo- seismic data which is impossible to influence. Previously registered
véna tato stanice jiz pfi hloubeni Sachet a odkryti nosnych obvo- | seismic data was saved in a backup file by means of a specialist
dovych stén kostela a taktéZ jako kontrola pti dynamickém zatiZe- archive program after any intervention of the operator, thus the aut-
ni objektu pfi ndsledném vrtani pilot. Druh4 seizmickd mobilni henticity of the data was guaranteed. During the execution of blas-

ting, information on peak particle velocities exceeding 70 per cent of
the set warning state level was sent through a mobile operator servi-
ce to a mobile phone of the measurement system operator. The infor-
mation on the measurement values was therefore instantly available
to the operator. The data from both continuously switched on appa-
ratuses was manually downloaded mostly once a week, to be used at
the meetings of the GTM board.

A basic 24-hour noise measurement was conducted in a room of
a flat of one of tenants in the adjacent building (Spalena 4 — building
No. 06) in January 2010, prior to the commencement of the shaft sin-
king operations. This measurement was carried out with the aim of
determining noise levels during common traffic, unaffected by con-
struction activities.

At last but not least, points were fixed in the designed measure-

stanice byla osazena v JZ ¢asti suterénu rozsahlého objektu PF
UK v prubéhu mésice biezna, pred avizovanym pouZitim trhacich
praci v podzemi.

Obé aparatury pak zaruCovaly nepretrzité seizmické monitoro-
van{ spojené s presnou Casovou informaci (snimdni pres satelit)
a neovlivnitelnou archivaci vSech seizmickych dat. Po jakémkoli
zdsahu operétora do méficiho systému byla predchozi zaregistro-
vand seizmickd data ukldddna do zdloZniho souboru specidlnim
archivaénim programem, zaruCujicim jejich originalitu. V dobé
provadéni trhacich praci bylo odesilan{ informaci o seizmickych
rychlostech kmitdni vétSich nez 70 % nastaveného varovného
stavu zajisténo pomoci mobilniho operétora s prfenosem na mobil-
ni telefon provozovatele méfeni. Ten tak okamzité¢ disponoval

informacemi o méfenych hodnotdch. Manudlni stahovani dat ment profiles in both metro station tunnels and the zero survey was
z obou nepfetrzit€ zapnutych pifstroji probihalo vétsinou jednou carried out at the end of February and the beginning of March (Fig.
tydné, pro potieby KD GTM (kontrolni den geotechnického moni- 2). This work was being performed during night closures of traffic.
toringu). Since this design assumed that frequent 3D measurements would be
Je$té pfed zahdjenim hloubeni, v lednu 2010, bylo rovnéZ pro- conducted in the space of both station tunnels virtually from the
vedeno zikladni hlukové 24hodinové méfeni v mistnosti bytu jed- beginning of the excavation of shaft §1 , the GTM sub-contractor
noho z ndjemnika vedlejsiho objektu (Spélend 4 — objekt 06). Toto decided, taking into consideration the financial and time-related
méfeni bylo uéinéno pro zjisténi hlukové hladiny zvuku pfi béz- demands, that two total stations be used, installed at both portals of
ném provozu, zatim neovlivnéného stavebni ¢innosti. the running tunnels (thus closing of the metro line to traffic for the
V neposledni fadé bylo na pfelomu tnora a bfezna v no¢nich survey during nights was eliminated). The total stations ensured
dopravnich vylukdch provedeno osazeni bodu a nulové zaméreni regular surveying of the profiles at required intervals of time (every
projektovanych profild v obou stani¢nich tunelech metra (obr. 2). 6 hours in the beginning). Once the first month of the three-dimensi-
JelikoZ projekt GTM predpokladal od zahédjeni hloubeni S1 asté onal measurements in the metro tunnels had been assessed, the inter-
3D méfeni v prostoru obou stani¢nich tunelt, rozhodl se zhotovi- vals of measurements were changed to 12 hours, taking into conside-
tel GTM z diivodu finanéni i ¢asové ndroénosti pro pouZiti dvou ration the needs of the construction and the fact that the volume of
totdlnich stanic umisténych u krajnich portdli obou tuneléi metra data was redundant. The measured data was downloaded at least once
(vylougeni no¢nich vyluk pfi méfeni). Ty zajiitovaly pravidelné a week during the shaft sinking and gallery excavation operations.
zaméfeni profild v potfebnych Easovych intervalech (v po&dtku Convergence measurement points were installed as early as during
méfeni kazdych 6 hodin). Po vyhodnoceni prvniho mésice tohoto the vertical shaft Sinking operations and excavation of horizontal
trojrozmérného méfeni v metru se, z divodu enormniho mnozstvi underground workings. Zero and subsequent measurements were

conducted according the approved GTM design and, first of all,
according to requirements posed by actual deformation manifestati-
ons, which were continuously analysed. In addition, a four-element
measurement profile was established in the location of the above-
mentioned enlargement of the width of shaft S1, consisting of pres-
sure cells installed on the rock — primary lining interface, designed to
monitor loads acting on the lining being built. A five-element mea-
surement profile was established in the initial part of gallery CHI.
During the intense excavation of the shafts and galleries, levelling
survey of directly affected buildings and the surface was conducted
twice up to four times a month. Later, during the construction of the

. . S TR final lining, the frequency was changed to one measurement in two
kami na kontaktu hornina — primérni osténi pro sledovani zatiZe- & q y &

ni budovaného osténi. Druhy (zde pétiprvkovy) profil byl osazen moths,. until .the deformz.xtllonal behaviour of the majority of the
p PRV .. . p . monitoring points got stabilised.
v uvodni ¢4sti chodby CH1. V dobé intenzivniho hlouben{ a razeni Lo o - i o
The distribution of all results of measurements and geotechnical

p(/)dzemr%lchcproswr probihalo fuvevlaf mv.me,rem vpl"imvo ovhv/ne- observation among the parties to the project was secured by the GTM
nych N bjektd ’a ,povr.cl?u. dvakrat a Z,ctyrlkrat mveswne. Posléze, service provider, using an innovated information system BARAB®.
v d,o be budv(iVal‘,ll deflmtnim:ho ovstem, bylavta,to cetnostv upravena The provider of the geomonitoring services held regular weekly site
na jedno merent za dva mesice az do uklidnéni deformacniho cho- meetings during the shaft sinking and gallery excavation operations,

vani vétsiny sledovanych bodu. where he submitted a comprehensive assessment of the previous peri-

takto zjiStovanych dat a s ohledem na redlnou potrebu projektu,
Cetnost mereni upravila do Casového sledu méfeni po 12 hodinéch.
Stahovédni namérenych dat probihalo v dobé hloubeni a razeb
s minimdlni frekvenci jedenkrdt tydné.

Jiz pti samotném hloubeni &i razbdch podzemnich dél bylo
zajisténo pravidelné osazovani konvergencnich bodu ve vertikal-
nich Sachtach a horizontdlnich chodbédch. Nultd a naslednd mére-
ni byla provddéna podle zpracovaného projektu GTM,
a predevsim s prihlédnutim ke skute¢nym prubézné vyhodnocova-
nym deforma&nim projevim. V misté vySe zminéného rozsifeni
Sachty S1 byl rovnéZ osazen &tyfprvkovy profil s tlakovymi buii-

Distribuci vSech provadénych méfeni a geotechnického sledo- od of time to all subjects involved in the construction. A detailed
vén{ zajistoval zhotovitel GTM zi¢astnénym strandm prostrednic- comprehensive GTM assessment was part of Partial Monthly Reports
tvim inovovaného informaéniho systému BARAB®. Na stavbé se prepared by the GTM service provider.

v pribéhu razeb a hloubeni konal v pravidelném tydennim inter- Criteria for warning states were set in the geomonitoring design
valu kontrolni den geomonitoringu. Zde zhotovitel monitoringu on the basis of a structural analysis carried out by the designer for
preddval viem zi¢astnénym subjektim komplexni vyhodnoceni the detailed design, to be applied to the measurements of conver-
za uplynulé obdobi. Podrobné komplexni vyhodnoceni GTM bylo gences of the primary lining of the newly built underground structu-
soucdsti zpracovanych ,,Dil¢ich mési¢nich zprav GTM". res and the existing lining in the metro tunnels or to the measure-

Projektem geomonitoringu byla na zdkladé statického vypoctu ments of settlement of surface buildings. Because of the fact that

od projektanta RDS nastavena kritéria varovnych stava pro pro- metro excavation operations were conducted in this area in the

vadeéni konvergenéniho méreni primarniho osténi nové budova- 1980s, the limit values for buildings were accommodated to this
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nych podzemnich dél a pro stavajici osténi v tunelech metra, stej- | reality. The geomonitoring design further defined limit values of
né jako pro limitni seddni objektii povrchové zdstavby. JelikoZ peak parti.cle velocities during the .blasting. operations. The criter?on
v 80. letech 20. stoleti probihaly v této lokalité razici prace for assessing the measurements being monltor'ed,whethqa.warnlng
v metru, limitnf hodnoty povrchové zdstavby byly projektantem state has or has not been reached, was reaching preset limit values

of deformations of the excavation or settlement of ground surface
and buildings affected by the excavation, taking into consideration
the development of the time-deformation curve.

prizpusobeny této skute¢nosti. Projekt geomonitoringu déle defi-
noval limitni hodnoty rychlosti kmiténi seizmickych vin pfi trha-
cich pracich. Kritériem pro posouzeni sledovanych méfeni, zda
nastal, ¢i nenastal varovny stav, bylo dosaZeni pfedem stanove-
nych limitnich hodnot deformaci vyrubu ¢&i seddni terénu Geotechnical monitoring assessment

a ovlivnénych konstrukci na povrchu s ohledem na priibéh vyvoje The shaft sinking and gallery excavation passed mostly through
deformacniho chovdni. moderately weathered, locally up to little weathered, silty-clayey

graphitic shales, dark grey to black, laminated up to tabularly bed-
Vyhodnoceni geotechnického monitoringu ded, most frequently categorised as R4 (according to the newly

accepted standard CSN 73 6133/2010). A total of 7 rock samples
were collected for the purpose of verifying strength-related para-
meters by means of laboratory testing. The uniaxial compressive
strength determined on the extracted samples varied from 7 to
11MPa, corresponding to the class R4 anticipated by the design [6].
Individual excavation rounds in partial headings of horizontal wor-
kings and complete profiles excavated during the shaft sinking ope-
rations (1m long/deep) were regularly documented by a geologist
employed by the provider of the geotechnical monitoring services.

When the underground galleries were being driven, all parties to
the project followed with great interest first of all the measurements
of convergence of the primary lining of the newly built structures
and the contingent response of the lining of the operating metro tun-
nels in Nédrodni Tfida station.

The limit values for assessing the deformational behaviour of
individual structures being monitored were determined on the basis
of the warning states defined in the structural analysis carried out
by the general designer. As far as the final lining of the underground
workings is concerned (both for shafts and horizontal galleries), the
limit value of 30mm was set for the vertical convergence of
a closed profile, while the limit of 15mm was set for the horizontal
convergence. Taking into consideration different shapes and diffe-
rent excavation techniques, the limit values for shafts were set at
20mm. The total of 6 four-point measurement profiles were estab-

Vlastni razici a hloubici prace v podzemi probihaly prevdzné
v mirné zvétralych, misty az navétralych prachovito-jilovitych
grafitickych bfidlicich, tmavé Sedych az ernych, laminovité az
deskovité vrstevnatych, zafazenych nejcastéji jako R4 (dle CSN
73 6133/2010). Za tcelem potvrzeni pevnostniho zatfidéni bylo
v prubéhu budovani podzemnich d€l odebrdno celkem 7 vzorka
hornin pro G&ely ovéfeni pevnostnich parametra pomoci labora-
tornich zkouSek. Pevnost v prostém tlaku stanovend na odebra-
nych vzorcich se pohybovala v rozmezi od 7 do 11 MPa
a odpovidala projektem predpoklddané tridé R4. [6] Jednotlivé
zabéry v dil¢ich ¢édstech horizontdlnich dél a kompletni profily pfi
hloubeni s postupy 1 m byly pravidelné¢ dokumentovédny geolo-
gem zhotovitele GTM.

Pfi vedeni podzemnich dé¢l bylo s velkym zdjmem vSech ucast-
nikl vystavby sledovano predev§im konvergenéni méfeni primar-
niho osténi nové budovanych konstrukci a taktéZ pripadna odezva
na osténi provozovanych tuneld metra ve stanici Ndrodni.

Jako varovné stavy byly urceny limitni hodnoty deformacéniho
chovani jednotlivych sledovanych konstrukci ze statického vypo-
étu generdlniho projektanta. Co se ty¢e primdrniho osténi pod-
zemnich dél, tak u horizontdlnich chodeb byla stanovena limitn{
hodnota pohybu uzavteného profilu ve vertikdlnim sméru rovnaji-
cf se 30 mm. Ve vodorovném sméru predstavovala limitni hodno-

ta de}form,ac_e 15 mm. U hloubein}’/ch_ Sachet byly stanoveny Ere,d- lished within the framework of convergence measurements in both
povkvlad’ane limitni hodnoty na tirovni 20 mm. Pfi konvergenZnim shafts being sunk, with the access shaft S1 monitored at 5 of the 6
mereni nove budovanveho prlmarmho.oostem podzemnich dé¢l bylo profiles (20.01 through 20.05). The total of 5 five-point profiles
celkem osazeno 6 Ctyrbodovych profili v obou hloubenych Sach- were installed in the top heading and bench of the horizontal galle-
tich, pri¢emZ pristupova Sachta S1 by/la sledovana,S profily (ozna- ries. Three of them were distributed along the gallery CHI route
Cenymi 20.01 az %0.'05)' v hOI‘lZOIl.t%lnlCVl‘.l cthbach bylo dohro- (profiles 21.01 through 21.03) and the remaining two were installed
mady osazeno 5 pétibodovych profilu. Tti profily byly rozlozeny in CH2.

na délku chodby CHI (profily ¢. 21.01 az 21.03) a zbylé dva byly It had been obvious even before the commencement of the

instalovdny v CH2. excavation that the most difficult task for the contractor would be

Jiz pred zahdjenim raZeb 13y10 ziejmé, Ze nejobtiZnéjsi pro zho- the sequential excavation of the short, but up to 10m high, galle-
tovitele stavby bude dil¢i déleni krétkych, ovSem az 10 m vyso- ries. It was undisputable for all parties to the project that the beha-
kych chodeb. Pro viechny tdcastniky vystavby bylo pak neoddis- viour of the intersection between gallery CH1 and gallery CH2
kutovatelné, ze pro deformaéni chovén{ na primdrnim ostén{ bude would be crucial for the deformational behaviour of the primary
zésadni, jakym zplsobem bude reagovat konstrukce kifZeni cho- lining. This fact was confirmed as early as during the excavation

deb CHI1 x CH2. Tato skute¢nost se potvrdilav:iii pii razb¢ kaloty of the top heading of gallery CH1, when absolute values of verti-
chodby CH1, kdyZ na profilu 21.02 byly naméfeny absolutni hod- cal displacement measured at profile 21.02 exceeded 23mm. This

noty ve vertikdlnim sméru piekracujici 23 mm. Z tohoto diivodu was why the chief engineer of the GTM proposed and the designer
bylo na zédkladé doporu¢eni hlavniho inZenyra GTM a po schvile- approved that the excavation support be reinforced at the intersec-
ni projektantem navrZeno zesilené zajisténi v mist¢ kiiZeni obou tion of the two galleries. Because the absolute values measured at
chodeb. JelikoZ pied zahdjenim raZeb ve spodnf ¢dsti chodby CH1 the particular profile had been approaching the limit values even
(opéfi a dno) se absolutni hodnoty na popisovaném profilu jiz bli- before the commencement of the excavation in the lower part of
iily limitnim hodnotam, ble po VZéijné dohodé zhotovitele ga]]ery CHI1 (the bench and bottom), the GTM service pr()vider,
GTM projektanta a zhotovitele razeb a se souhlasem investora designer and mining contractor agreed and the project owner app-
provedeno dodate¢né zajisténi kiizeni chodeb CHI a CH2. roved that additional support be installed at the intersection bet-
Jednalo se o radidlni dokotveni a proinjektovdni po obvodu pri- ween galleries CH1 and CH2. Fully grouted radial IBO anchors
mérnfho osténi s pouZitim IBO kotev, tzn. diagondlni zesileni were installed around the circumference of the primary lining of
klenby v misté kiiZeni. Tyto préce probihaly z technologickych the vault intersection (the so-called diagonally reinforced arch).
davodu z povy kaloty a byly provedeny béhem zhruba 24 hodin, For technological reasons, this operation was carried out from the
jesteé pred zahdjenim razby spodnich lavek. Efekt cileného pod- bottom of the top heading, during about 24 hours, even before the
purného zajisténi se brzy dostavil a dukazem toho byly pouze commencement of the excavation of benches. The effect of the tar-
mirné piirtstky deformaci na konstrukcich v podzemi a na povrchu geted installation of the additional support came on soon; the proof
pii provadéni ndsledujici razby ve zminovaném tseku chodeb CHI1 of it was the only moderate increase in deformations measured
a CH2. Jednim z hlavnich pozadavka vystavby totiz bylo minimal- both on underground structures and on the surface during the sub-
ni deformac¢ni ovlivnéni povrchové zdstavby z hloubky 20 m pod sequent excavation in the above-mentioned section of galleries
terénem, které vykazovalo priznivych hodnot pri dokonleni CH1 and CH2. Minimisation of the deformational effects on
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Tab. 1 Nastaveni varovnych stavii a skute¢né namérenych hodnot na nékterych typech méreni
Tab. 1 Setting of warning states and values actually measured by several types of measurement

Tuel

existing buildings produced from the
depth of 20m under the surface was one
of the main requirements. At the

COPA, Vytah GTM Limitni hodnota varovného stavu | - Max. skuteéné zméfena Poznémka moment of the completion of the final
Limit value of warning state [ hodnota / Real absolute value Note linings, the measured settlement values

were rather favourable. The convergen-

méfeni KVG pfii razbach 30 mm (vertical) 33 mm (vertical) profil 21.02 ce measurements proved that the design
convergence during 15 mm (cross) 16 mm (cross) profile 21.02 values of warning states were eventual-
excavation measurement ly slightly exceeded only at the profile
méfeni KVG v Sachtach 20 mm 18,2 mm profil 20.04 v §1 21.02 (the profile at the intersection of

convergence measurement
in shafts

méfeni KVG v metru
convergence measurement

15 mm (vertical)
8 mm (cross)

4,2 mm (vertical)
4,2 mm (cross)

in Metro

nivelace terénu 25 mm 13,6 mm
measurement of surface

nivelace objekt 20 mm 10,8 mm
measurement of buildings

seimicka méfeni 3,0 mm/s 3,1 mm/s
seismic measurement UK PF

méfeni napéti 1250 kPa 1183 kPa

stress measurement

definitivnich osténi v podzemi. Konvergenénim méfenim byly
nakonec nepatrné prekro&eny vypoctové hodnoty varovnych stavi
pouze v profilu 21.02 (profil v kfiZeni chodeb). Ve vertikdlnim
sméru se jednalo o 10% prekroceni nastaveného limitu — po ukon-
Ceni razeb byla naméfena absolutni deformace 33 mm (obr. 4).
V horizontdlnim sméru to bylo méné, jelikoZ mérfeni zde zazna-
menala maximalni celkovou hodnotu okolo 16 mm (tab. 1).

Ve stani¢nich tunelech metra byly nastaveny varovné stavy pro
stdvajici osténi na vyrazné¢ mensich hodnotich — mezi 8 aZ
15 mm. Zvoleny ndro¢ny a propracovany systém sloZitého osaze-
ni jednotlivych profila do jiz letitého (28 roku) osténi z tybinka
a instalace samostatnych totdlnich stanic na pruceli portilt obou
tunelt se ov8em ukdzaly jako velmi dobra volba. Prakticky zadné
no¢ni vyluky provozu pro meéri¢skou skupinu GTM ocenili
i pracovnici investora. Nizké hodnoty deformaci do absolutnich
hodnot 4,5 mm v obou sledovanych smérech potvrdily pozitivn{
ocekdvani.

Neméné duleZitou &dsti komplexniho kontrolnho monitoringu
pri vystavbé bezbariérového vystupu byla méfeni a sledovdni na
povrchu. Obava o opétovné nepfiznivé ovlivnéni starSich velko-
podlaznich budov a predev§im historického kostela byla velika.
Seizmickd méfeni probihala od zahdjeni trhacich praci prakticky
nepretrzité. Nastavend a doporuend limitni hodnota rychlosti
kmitdn{ seizmickych vin 3 mm.s-! byla prekroCena pouze
v jediném pripadé€ ze 42 odstielt. Jednalo se konkrétné o hodnotu
3,1 mm.s-! pfi dobirdni spodni klenby v chodbé CH2, dne 21. 7.
2010. Zaznamenané zmény pii provadéni prohlidek a dila-
tometrickych méfenich na sledovanych objektech byly minimdlni
a dosahovaly maximaln€ fadu desetin mm, pri¢emZ lze konstato-
vat, Ze Castecné také odpovidaly zméndm klimatickych podminek
v dobé¢ vystavby. Pouze v rozsdhlé budové PF UK byla zjisténa
vyrazné se rozvijejici trhlina v 3NP (mistnost pokladny), kde roz-
voj trhliny na strané objektu odvrdcené od stavby Cinil aZ 2,4 mm
a pravdépodobné nebyl pfimo ovlivnény stavbou. Prijatd opatren{
zdstupcu stavby oviem vzala tuto skuteCnost na védomi a se sou-
hlasem spravce objektu provadéla prohlidky sidla univerzity ¢as-
téji. Zavéry ohledné tohoto a dalSich objekti budou zndmy po
zhotovené repasportizaci pldnované na konec prvniho ctvrtleti
roku 2011.

Méfenim povrchu terénu a objekti méstské zdstavby pomoci
velmi presné nivelace byly zaznamendny maximdlni poklesy na
drovni necelych 60 % varovnych stava. Maximdlni absolutn{
sedédni terénu bylo naméfeno na bodé 10.03.15 pfimo na ohlubni
jamy S1 a ¢inilo 13,6 mm. Maximalni pokles objektu byl zazna-
mendn na bodé 11.07.24 a predstavoval v ulici M. Rettigové hod-
notu 10,8 mm (obr. 1). Limitni hodnoty byly podle realiza¢niho

profile 20.04 shaft S1 the galleries). The limit set for vertical
displacement was exceeded by 10% -
the absolute deformation measured after
the completion of the excavation

amounted to 33mm (see Fig. 4). The

profil 23.04 / profile 23.04
profil 23.10 / profile 23.10

bod 10.03.15 horizontal displacement was even smal-
point 10.03.15 ler — the maximum total measured value
bod 11.07.24 was about 16mm (see Table 1).

The warning states for the existing
lining of the metro tunnels were set at
significantly lower levels, varying bet-
ween 8 to 15mm. The adopted deman-
ding and well-developed system of the
complicated incorporation of individual
profiles into the already aged (28 years
old) segmental lining and installation of
independent total stations at the portals
of both tunnels proved a very good option. Even employees of the
project owner appreciated the fact that practically no overnight clo-
sures were required by the GTM group. The low absolute values of
the measured deformations, not exceeding 4.5mm in either directi-
on, only confirmed the positive expectations.

Measurements and observations carried out on the surface during
the course of the construction of the barrier-free exit were not less
important parts of the comprehensive monitoring. Fears of an repe-
ated unfavourable impact on older multi-storey buildings and, first
of all, the historic church were great. Seismic measurements were
conducted virtually without interruption from the beginning of the
application of the drill and blast technique. The value set and
recommended for the peak particle velocity limit of 3.0mm.s-1 was
only exceeded in one case of 42 blasting events, during the excava-
tion of the bottom of gallery CH2 on 21/7/2010, where the value of
3.1 was registered. Deviations recorded during inspections and
dilatometer measurements on the buildings being observed were
minimal, maximally in the order of tenths of millimetres. In additi-
on, it is possible to state that the deviations were affected by clima-
tic conditions existing at the time of the construction works. The
only case of a significantly developing crack was identified in the
building of the Faculty of Law of Charles University. The crack, the
width of which has reached up to 2.4mm till now, was found on the
third level, in the pay office, on the reverse side of the building. It
probably has not been directly affected by the construction. The
contractor adopted measures taking into consideration this fact and,
with the building administrator’s consent, started to conduct more
frequent inspections of the university seat. The final result regar-
ding this and other buildings will be known after the repeated con-
dition survey, planned for the end of the first quarter of 2011, is
completed.

High-precision levelling survey of the ground surface and on
buildings has recorded maximum settlement values up to 60 per
cent of the warning levels. The maximum absolute surface settle-
ment value amounting to 13.6mm was measured on point 10.03.15,
directly on the pit bank of shaft S$1. The maximum settlement of
a building amounting to 10.8mm was recorded on point 11.07.24
in M. Rettigové Street (see Fig. 1). The detailed GMT design set the
following limit values: 20 mm for buildings and 25 mm for the ter-
rain surface (see Table 1).

Four noise measurements were conducted inside protected spaces
of buildings from January to the end of June. All of these measure-
ments confirmed that the noise-related environment was acceptab-
le within the framework of the Decree of the Government No.
148/2006 Coll. The above-mentioned facts show that all underg-
round activities were accommodated so that they influenced the

point 11.07.24
11.02 (21.7.10)

HTB 03 v S1
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projektu GTM stanoveny ndsledovné: 20 mm u objektd a 25 mm surrounding buildings to a minimum extent [6].
na povrchu terénu (tab. 1). Compared to the results of measurements conducted during the
V obdobi od ledna do konce ¢ervna byla provedena 4 hlukova excavation of the three-span metro station and running tunnels at
meéfeni v chranéném prostoru budov, vSechna tato mefen{ potvrdi- the beginning of the 1980s, the currently achieved absolute values
la pfijatelné hlukové prostfedi v ramci pfedpisu nafizeni vlady of deformations measured on the surface are significantly lower. In
¢. 148/2006 Sb. Zminéné skutecnosti dokumentuji, Ze ve§keré ¢in- terms of safety in the centre of the city, the response measured on
nosti v podzemi byly pfizptisobeny minimélnimu ovlivnéni okol- the surface is the most important. It follows from the technical
ni zastavby. [6] paper [3] that the majority of absolute settlement values measured
Ve srovnédni s vysledky méfeni pfi razbé trojlodni stanice on levelling points installed on the circumference of Holy Trinity
a tratovych tuneld metra na zaldtku 80. let bylo v soucasnosti Church reached 50 to 70mm at that time, during the course of the
dosazeno zretelné mensich absolutnich deformacnich hodnot na underground excavation. The maximum deformations of this buil-
povrchu. Nejzdsadnéjsi je z pohledu bezpecnosti v centru velko- ding measured during the shaft sinking and subsequent gallery
mésta odezva raZeb na povrchu. Z odborného prispévku [3] je excavation operations in 2010 did not exceed 5Smm. This is a proof
zfejmé, Ze vétSina nivelacnich bodi osazenych po obvodu kostela that all structural elements were being stabilised very well during

voev o

the construction. The maximum settlement of a building which has
been measured till now did not exceed 11mm (building 07), whilst
the most affected surface point on the pit bank of shaft S1 has
undergone an absolute change smaller than 14mm, which is rough-
ly one quarter of surface deformation experienced during the much
larger excavation of the metro station and running tunnels.

sedani mezi 50 az 70 mm. Oproti tomu pri hloubeni a razbach
v roce 2010 byly naméfeny maximdlni deformace tohoto objektu
do 5 mm, coz dokumentuje velmi dobré zajisténi vSech kon-
struknich prvkd pfi stavbé. Maximdlni seddni objektu bylo
v soufasnosti naméfeno pod hodnotou 11 mm (objekt 07)
a nejvice ovlivnény povrchovy bod na ohlubni jamy S1 doznal
zmény mens$i nez 14 mm, coZ je zhruba Ctvrtinovy podil CONCLUSION
vuci deformacim povrchu pfi daleko objemnéjSich razbéch stani-

ce metra a obou tratovych tunell z osmdesatych let 20. stoleti. Despite the fact that the monitoring of the construction described
in this paper had not been completely finished before the end of
ZAVER 2010, the most important part of this complex construction, the

. - . lete devel t of und d spaces ided with
I kdyZ nebyl na konci roku 2010 monitoring na popisované compiete deveiopment of uncerground spaces provided wi

stavbeé dosud definitivné ukoncen, byla jiZ spolehlivé dokonlena a primary 11r‘1mg has been rehab]y'fmlshed. The final ling st‘ructures
PR in the galleries and shafts were being completed when the final tou-

ta nejdulezit€jsi Cast této slozité stavby, tj. kompletni vybudovéani . . . .
p s e < p v ches to this paper were made. Other important work operations will
podzemnich prostor v primarnim osténi. V dob¢ psani tohoto pris- . . . . .
< . <4 e P be performed during the period to follow (installation of lifts, sur-
pévku jsou dokoncovdny definitivni betonové konstrukce . . . o .
. . o P wr 1ot se face finishes, installation of suspended ceilings and equipment)
v podzemi. V nésledujicim obdobi budou probihat dalsi dulezité . . . . : .
P Sy et o 1 o o . with the aim of opening the barrier-free access to pedestrian traffic
stavebni prace (montdZz vytahu, findlnich povrchu a podhledu ¢i . . . .
s . ORI . in May 2011. GTM service provider’s employees will conduct less
technologif) tak, aby mohl byt bezbariérovy pristup do stanice S .
numerous check measurements and monitoring even during these

metra Narodni uveden v kvétnu roku 2011 do provozu. I pfi téch- ) . . ) ) )
to pracich budou pracovnici GTM provadét méné &etnd kontrolni operations, first of all during the period of the deformational beha-
viour of the surface and the adjacent buildings fading away.

méfen{ a sledovdni, a to pfi doznivdni deformaénich chovdni na e - )
Nevertheless, it is already now possible to state that it was also

povrchu a prilehlych objektech. ) e ) co ;
owing to the contribution of the geotechnical monitoring office that

Jiz dnes je ov§em mozné konstatovat, Ze i za prispéni kanceldre ‘ . )
geotechnického monitoringu se podafilo dsp&§né provést razby the shafts were sunk and underground spaces for the lifts excavated
with success, without significant problems, with the impact on buil-

a hloubeni podzemnich prostor budovaného vytahu bez vétSich i - ' i '
problémd, pii minimalizaci ovlivnén{ zdstavby v centru hlavniho dings in the centre of the capital minimised. Several complicated

mésta. Spolehlivé a optimalné se podafilo zvlddnout nékolik slo- situations which originated in the constrained conditions in the
zitych situaci, vzhledem k nédro¢nosti projektu ve stisnénych pro- centre of Prague were coped with in a reliable and optimal way. Let
storach v centru Prahy. Doufejme, Ze usili profesionalniho tymu, us hope that the efforts of the professional team consisting of seve-
sloZzeného z vice subjektu, bude peceténo v podobé zdafilého dila. ral subjects will be rewarded by successful completion of the
works.
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TUNEL OLBRAMOVICE - SEIZMICKE EXPERIMENTALNI
MERENI V BLIZKE ZONE

OLBRAMOVICE TUNNEL - EXPERIMENTAL SEISMIC
MEASUREMENTS IN A NEAR ZONE

ZDENEK KALAB, MARTIN STOLARIK, RADOVAN KUKUTSCH, JAKUB NEMECEK

uvoD

Olbramovicky tunel budovaného IV. Zelezni¢niho koridoru je
soucdsti transevropské Zelezni¢ni magistrdly E55 vymezené na
nafem tzemi trasou D&in stitni hranice — Praha — Ceské
Budéjovice — Horni Dvoristé statni hranice. Tento Zelezni¢ni
tunel je budovany Novou rakouskou tunelovaci metodou, jejiz
soucdsti je také rozpojovéani hornin za pomoci trhacich praci.
V priibéhu vystavby bylo na tunelu provedeno Ustavem geoniky,
AVCR, v. v. i., unikdtni experimentdlni seizmické mérfeni odez-
vy trhaci prace provadéné v op€fi. Senzory kmitan{ byly umiste-
ny na po¢vé horni lavky v tzv. blizké z6né, tj. prvni metry aZ
prvni desitky metri od Celby. V prispévku jsou predstaveny
vysledky tohoto experimentdlniho seizmologického méfenti,
které bylo realizovano jako soucast rozsdhlejsiho vyzkumu odez-
vy trhacich praci v blizké z6né na mélce vedenych tunelech.

Tento vyzkum je realizovan v ramci projektu Grantové agen-
tury Ceské republiky 105/09/1415, jehoZ hlavnim védeckym
cilem je studium seizmickych d¢inkt trhacich praci, a pripadné
ucinku dalsi technické seizmicity, které vznikaji v malych vzda-
lenostech od zdroje vibraci pfi razbé mélkych podzemnich dél.
Nutnost poznéni téchto vibracnich projevu doklddd napiiklad
vedeni razenych kolektort nebo méstskych a priméstskych tune-
14 v zastavénych tzemich. Je zndmo, Ze v nepfiznivych podmin-
kdch muZe dochédzet az k poSkozeni stavebnich objekti nad
vedenymi dily, a to nejen nédsledkem poklesu povrchu. Vyzkum
v ramci uvedeného projektu md doplnit stdvajici informace
o seizmickych projevech, a to predev§im v nejkratSich vzdile-
nostech od zdroje vibraci. V rdmci feSeného projektu byl jiz
zpracovan rozsahly soubor seizmickych dat z tunelu Klimkovice
a byla také realizovdna seizmickd méreni na tunelech Slivenec
a Jablunkov zaméfend na utlum vibraci v blizké zéné [1].
Zajimavé vysledky poskytlo méfeni, které se zabyvalo proble-
matikou ustaveni a uchyceni senzoru kmitani [2]. Souddsti pro-
jektu je i matematické modelovdni vyvolanych vibraci. Byly
sestaveny numerické modely zjednodusSenych redlnych situaci,
a to v programovém systému Plaxis 2D s vyuZitim dynamického
modulu [3]. Zahdjeny byly prace na realizaci 3D numerického
modelu softwarem CAESAR.

Vysledek feseného projektu ma charakter zdkladniho vyzkumu
a k nejvyznamné&js$im poznatkim budou patfit numerické mode-
ly ruznych situaci, které mohou nastat, a vyzkum sprdvné meto-
diky méfeni vyvolanych vibraci v malych vzddlenostech.
Z analyzy souboru méfeni a parametrickych vypoc&ta pro vedeni
mélkych dulnich dél budou ndsledné vyvozena doporuceni pro
méfeni a interpretace seizmickych u¢inka technické seizmicity
v malych vzddlenostech. Provedend méfeni a vypoclty odezev
prispéji k prohloubeni obecnych poznatkt o chovani konstrukei
a staveb vystavenych dynamickému zatiZeni technickou seismi-
citou.

Problematice méfenf a interpretace vibraci vzniklych v malych
vzddlenostech prfi razbé mélkych tuneld je vénovédna velkd
pozornost nejen u nds, ale i v zahrani¢i, a to predevsim
v zastaveénych oblastech [4]. Zvl4$tni pozornost je vénovdna také
vlivu vibraci na zafizeni citlivd na otfesy [5].

INTRODUCTION

The Olbramovice tunnel on the railway corridor IV being
under construction is part of the trans-European priority rail-
way axis E55, delineated in the Czech Republic by the route
running between D&Ein state border — Prague — Ceské
Budéjovice — Horni Dvoristé state border. This railway tunnel
is being built using the New Austrian Tunnelling Method, the
part of which is the drill and blast technique. The Institute of
Geonics AS CR, v.v.i. conducted unique experimental seismic
measurements during the course of the construction, which
were focused on responses to blasting operations during the
bench excavation. Vibration sensors were installed on the bot-
tom of the upper bench, in the so-called near zone, i.e. at the
distance of initial metres up to first ten meters from the exca-
vation face. The paper introduces results of this experimental
seismic measurement, which was carried out as a part of
a wider-ranging research into the response to blasting operati-
ons in the near zone at shallow tunnels.

This research is conducted within the framework of the Grant
Agency of the CR’s project No. 105/09/1415, the main scienti-
fic objective of which is to study seismic effects of blasting
operations and, if applicable, effects of other technical seismi-
city, originating at small distances from the vibration source
during the course of near-surface tunnel excavation. The neces-
sity for understanding these manifestations of vibration fol-
lows, for instance, from routes of mined utility tunnels or urban
and suburban tunnels running under developed areas. It is well
known that damage may even be caused to buildings found
above the tunnel excavation, in the case of unfavourable condi-
tions, not only due to the subsidence of the ground surface. The
research conducted within the framework of the above-mentio-
ned project is intended to complement existing information on
seismic manifestations, first of all those that appear at the clo-
sest distances from the vibration source. An extensive set of
seismic data collected from the Klimkovice tunnel has already
been processed within the framework of the project being sol-
ved. In addition, seismic measurements focused on attenuation
of vibrations in a near zone [1] were conducted at the Slivenec
and Jablunkov tunnels. Interesting results were obtained by
measurements dealing with problems of installing and fixing
vibration sensors [2]. Even the mathematical modeling of indu-
ced vibrations is part of the project. Numerical models of sis-
plified realistic situations were developed by means of the
Plaxis 2D software, using the dynamic module [3]. The work
on the 3D implementation of the numerical module using the
CAESAR software has commenced.

The result of the project being solved has the character of
basic research. Numerical models of various situations which
may be encountered and the research into a correct methodolo-
gy of measurements of vibrations induced at small distances
will belong among the most important findings. Recom-
mendations for measuring and interpreting seismic effects of
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VIBRACE VYVOLANE ODSTRELEM TRHAVIN

Zatizeni stavebnich konstrukc{ vibracemi vyvolanymi odstrfe-
lem trhavin se nejcastéji posuzuje podle maximalni amplitudy
rychlosti kmitdni ¢dstic Vmax a frekvence prevldadajicich kmita.
K predikovani této rychlosti je sestavovdn empiricky vztah,
ktery predstavuje zdvislost maximdlni amplitudy rychlosti kmi-
tani Castic na celkové velikosti ndloze (nebo velikosti ndloze
odpdlené v jednom casovém stupni) Q a vzdalenosti 1. Pro sta-
noveni maximdlnich hodnot rychlosti kmitani v dostate¢né vzda-
lenosti od zdroje vibraci se pouZivd empirickd zdvislost, ¢asto
nazyvana Langeforsuv vztah. Vztah se uvddi v obecném tvaru

Vinax = K . Qm . [n,

kde Vmax — maximdlni rychlost kmitdni [mm/s],

QO — hmotnost ndloZe [kg],

[ — vzddlenost od mista provadéni trhac{ prace [m],
K, m a n jsou empirické parametry.

Empirické parametry jsou stanovovdany z vysledka experimen-
tdlnich méreni a jsou zdvislé na geologické stavbé prostredi
a vzdalenosti. Jsou znamy lokality, kde tento vztah vykazuje
velmi nizky koeficient korelace. Uvedeny vztah se pouziva také
v Ceské republice, pri¢em? technickd norma CSN 73 0040 uva-
zuje m=0,5 a n=1. Vztah poté nabyvd tvaru:

V =K@.

[R]H LY I

Z téchto empirickych vztaht, které odrdZeji dtlum seizmic-
kych vin v geologickém prostredi, je mozné odhadnout pro posu-
zované misto pri zndmé vzddlenosti k mistu provddéni trhacich
praci hmotnost ndloZe tak, aby maximdalni hodnoty jednotlivych
sloZek rychlosti kmitdn{ ¢dstic nepfesdhly mezni rychlosti kmi-
tani [6]. Mezn{ rychlosti jsou definovany z pripustného zatizen{
stavebni konstrukce.

Trhaci prace produkuji seizmické viny se Sirokym spektrem
frekvenci, které je zdvislé na vlastnostech rozpojovaného mate-
ridlu, vlastnostech trhaviny a technologii trhacich praci. Frek-
venéni spektrum seizmického zdznamu trhaci price je dile
vyznamnou mérou ovlivnéno prostfedim, kterym se viny Siff;
s rostouci vzddlenosti jsou v horninovém masivu slozky vyssich
frekvenci rychleji tlumeny. Isaac [7] predstavil orientaéni graf
zavislosti frekven¢niho rozsahu seizmického signdlu na vzdéle-
nosti od trhaci prace. Z ného vyplyva, ze zvlasté v malych vzda-
lenostech od mista odstfelu je nezbytné, aby seizmicky kandl

venci), pokud chceme mit k dispozici nezkresleny zdznam seiz-
mického projevu. Frekven¢ni spektrum seizmickych signdlu
vyvolanych blizkou trhaci praci ve skalnich a poloskalnich hor-

Yy

nindch muZze obsahovat frekvence az 250 Hz. Vyssi frekvence

Obr. 1 Vrtani v opéri (Kukutsch)
Fig. 1 Drilling into the bench (Kukutsch)
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technical seismicity at small distances will be subsequently
drawn from the analysis of the set of measurements and para-
metric calculations for underground structures built near the
surface. The completed measurements and calculations of res-
ponses will contribute to deepening of general knowledge
about the behaviour of structures and buildings exposed to
dynamic loads induced by technical seismicity.

Problems of measurements and interpretation of vibrations
originating at small distances during shallow tunnel excavation
are paid great attention not only in the Czech Republic but also
abroad, first of all in developed countries (e.g. [4]). Special
attention is even devoted to the impact of vibrations on vibrati-
on-sensitive devices (e.g. [5]).

VIBRATIONS INDUCED BY FIRING EXPLOSIVES

Loads acting on building structures due to firing explosives
are most frequently assessed according to the maximum ampli-
tude of the particle vibration velocity Vmax and the frequency
of prevailing periods. An empirical relationship was developed
for the prediction of this velocity. It represents the dependency
of the maximum amplitude of the particle vibration velocity on
the overall weight of the charge (or the weight of the charge per
delay) Q and the distance 1. The empirical relationship often
called Lagefors’ relationship is used for determining maximum
values of the vibration velocity at a sufficient distance from the
vibration source. This relationship is presented in a general
form as follows:

Vinax = K. QM . I’

where Vingx — peak particle velocity [mm/s],

QO - weight of charge [kg],

[ — distance from the blasting execution point [m],
K, m and n are empirical parameters.

The empirical parameters are derived from results of experi-
mental measurements; they depend on the geological structure
of the environment and the distance. Locations are known
where the correlation coefficient for this relationship is very
low. The above-mentioned relationship is also used in the
Czech Republic; the technical standard CSN 73 0040 calcula-
tes with m=0.5 and n=1. Then the relationship assumes the fol-
lowing form:

Using these empirical relationships, reflecting the attenuati-
on of seismic waves in an geological environment, it is possib-
le to estimate the weight of charge for a particular location
being assessed and the known distance from the point of the
blasting guaranteeing that the peak values of individual com-
ponents of particle velocity will not exceed particle velocity
limits (e.g.[6]). The velocity limits are defined on the basis of
admissible loads acting on the building structure.

Blasting operations produce seismic waves with a wide fre-
quency spectrum, which depends on properties of the material
being disintegrated, properties of the explosive and the blasting
technique. The frequency spectrum in a seismic record of
a blasting operation is further significantly affected by the envi-
ronment which the waves propagate through; components of
higher frequencies are more rapidly attenuated with the gro-
wing distance in the ground mass. Isaac [7] introduced
a reference chart of dependencies of the frequency range of
a seismic signal on the distance from the blasting point. It fol-
lows from the chart that, if we wish to have an undistorted seis-
mic record, it is necessary for the frequency range of the seis-
mic channel, especially in the cases of small distances from the
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v zdznamu mohou byt navic ovlivnény rezonanci struktur hor-
ninového masivu jejichZ rozméry jsou srovnatelné s délkou
viny. To v8e zpusobuje, Ze uvedeny vztah mezi velikosti maxi-
mdlni rychlosti kmitdni, hmotnosti dil¢i ndloZe a vzddlenost{ lze
stanovit pouze priblizné s vyuZitim statistickjch metod.
Skute¢né maximdlni vyvolané hodnoty rychlosti kmitdni je
nutno stanovit z monitorovani. V fadé ptikladu z odborné litera-
tury vykazuji namérené hodnoty znacny rozptyl.

Souhrnné lze konstatovat, Ze intenzita vyvolanych vibraci
zdvisi na mnoha parametrech [8], a to pfedev§im na zpusobu
generovdani vibraci, intenzité vibraci (vyzéarené vibraéni energii),
epicentrdlni vzdélenosti, prip. hloubce zdroje, stavbé masivu,
jimZ se seizmické viny §if{, a lokédlni geologii v misté sledova-
ného projevu. Velkd rtznorodost pfi¢in ovliviiujicich velikost
seizmického projevu na povrchu je duvodem, pro¢ nelze ziskat
vérohodnéjsi vysledky bez vétsiho mnozstvi mefeni a pro¢ nelze
sestavit jednoduché zdvislosti, zvlasté v malych vzddlenostech.
V soucasnosti je nedilnou soucdsti posuzovani vlivu technické
seizmicity na objekty matematické modelovéni s vyuZzitim raz-
nych programovych systému [9], [10]. To umoZiiuje, pokud je
mozno sestavit dostate¢né reprezentativni model horninového
masivu, ziskat nejen informace o Sifeni vln v masivu, ale téz
o vyvolaném seizmickém projevu v mistech, ve kterych nebylo
realizovdano méfeni.

ZAKLADNI INFORMACE O STAVBE

Usek trati Votice — BeneSov u Prahy, na kterém se nachdzi také
Olbramovicky tunel, byl zbudovédn kolem roku 1870 jako jedno-
kolejny. Mezi Voticemi a Bene§ovem probihaly po vzniku Ces-
koslovenska prace na zdvoukolejnéni tohoto dseku trati, ty vSak
nebyly dokonceny a trat’ zde zustala pouze jednokolejnd. Na
tomto useku, ktery je dlouhy 18,3 km, je nyni v rdmci stavby
modernizace trati Votice — BeneSov u Prahy pldnovano zbudova-
ni celkem péti tunelt: Voticky, Olbramovicky, Zahradnicky,
Tomicky I a Tomicky II. Voticky tunel je hloubeny z povrchu,
zbylé Ctyfi tunely jsou razené. VSechny tunely jsou projektovany
dvojkolejné s navrhovou rychlosti 150 km/hod., respektive 160
km/hod. Zahradnicky tunel je vzhledem ke své délce vybaven
i unikovou Stolou a Sachtou. Vystavba byla zahdjena v srpnu
2009, termin dokonceni je pldnovdn na prosinec 2013.
V soucasnosti jiz probihaji prdce na Votickém, Olbramovickém
a Zahradnickém tunelu, na posledné jmenovaném se nejen razi
tunel, ale hloub{ se také inikova Sachta. Na podzim roku 2010 se
zapocala stavba také na Tomickych tunelech.

Zdajmové tzemi patii do geomorfologické soustavy jihoCeska
vysocina, celku BeneSovské pahorkatiny. Trasa Olbramovického
tunelu je vedena priblizné ve sméru jih-sever pres morfologicky
hrbet nazvany U Martina s maximdln{ vy$kou terénu 502 m n. m.
Uzemi se nachézi pii jihovychodnim okraji stfedoeského pluto-
nu, v blizkosti vybéZku moldanubika, a je budovdno zejména
paleozoickymi vyvielinami, hlubinnymi a Zilnymi. Horniny jsou
zde obecné velmi variabilni a jsou charakteristické znacnou

Obr. 2 Senzory ViGeo na poévé tunelu Olbramovice (Kukutsch)
Fig. 2 ViGeo sensors on the Olbramovice tunnel bottom (Kukutsch)
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blasting point, to be as wide as possible (first of all as far as
higher frequencies are concerned). The frequency spectrum of
seismic signals induced by close-distance blasting in rock and
semi-rock may contain frequencies up to 250Hz. In addition,
higher frequencies in the record may be affected by the reso-
nance of the rock mass, the dimensions of which are compa-
rable with the wave length. All of these effects cause that the
above-mentioned relationship between the value of the peak
particle velocity, the weight of a partial charge and the distan-
ce can be determined only approximately, using statistical met-
hods. The actual peak particle velocities have to be determined
by monitoring. Many examples contained in technical literatu-
re show significant spread of the measured values.

To sum up, it is possible to state that the intensity of blasting
induced vibrations depends on many parameters (e.g. [8]), first
of all on the manner of the vibration generation, vibration
intensity (radiated vibration energy), the epicentral distance or
the depth of the source, the structure of the ground mass which
the seismic waves propagate through and the local geology in
the location of the manifestation being monitored. The wide
diversity of causes affecting the value of seismic manifestation
on the ground surface is the reason why it is impossible to obta-
in more credible results without a significant quantity of mea-
surements and why simple relationships cannot be derived, first
of all for small distances. Mathematical modelling using vari-
ous program systems (e.g. [9], [10]) is today an inseparable part
of assessing the impact of technical seismicity on structures.
Owing to the modelling it is possible, if a sufficiently repre-
sentative rock mass model can be developed, to obtain infor-
mation not only on the propagation of waves through the rock
mass but also on the seismic manifestation induced in locations
where no measurement was carried out.

BASIC INFORMATION ON THE PROJECT

The railway section between Votice and BeneSov u Prahy,
containing among other structures the Olbramovice tunnel, was
built about 1870 as a single-track line. After the origination of
Czechoslovakia, the work on doubling of the track between
Votice and BeneSov commenced but was not completed; the
single-track line remained there. The construction of the follo-
wing five tunnels is today planned for this 18.3km long section
within the framework of the Modernisation of the Votice —
BeneSov u Prahy track project: the Votice, Olbramovice,
Zahradnice, Tomice I and Tomice II tunnels. The Votice tunnel
is constructed by the cut-and-cover technique, the remaining
four tunnels are mined. All of the tunnels are designed as doub-
le-rail structures, with the design speed of 150km/h (or
160km/h). The Zahradnice tunnel is, with respect to its length,
equipped with an escape gallery and escape shaft. The con-
struction commenced in August 2009; the completion is plan-
ned for December 2013. The work on the Votice, Olbramovice
and Zahradnice tunnels has already started; an escape gallery is
being sunk in addition to the Zahradnice tunnel excavation. The
autumn of 2010 even saw the commencement of the Tomice
tunnels construction.

The area of operations comes under the geomorphological
system of the South Bohemian Highland, the BeneSov Upland
unit. The Olbramovice tunnel route runs approximately in the
south-north direction, crossing a geomorphological ridge called
U Martina, with the maximum terrain altitude of 502m
a.s.l. The area is found at the south-eastern edge of the Central
Bohemian pluton, near a spur of the Moldanubic; it is formed
mainly by Palaeozoic igneous rocks, of both plutonic and dike
types. In general, rock types are very variable in this location.
The characteristic feature of the rocks is significant petrograp-
hical variety. The rock types prevailing in the given area of ope-
rations are expected to be fine-grained dike granites and apli-
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Tab. 1 Maximdlni sloZkové amplitudy rychlosti kmitdni
Table 1 Maximum component amplitudes of vibration velocity
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tes; porphyritic, medium-grained
amphibol-biotitic granites and porp-
hyritic, medium-grained biotitic gra-

Vzdalenost Maximalni amplituda rychlosti kmitani [mm.s-1] ’ o .

Distance Maximum amplitude of vibration velocity [mm.s-1] nites containing Sedlcany-type amp-
hibolite. However, the geological
Slozka vertikalni Slozka horizontaIni Slozka horizontalni Prostorova slozka structure which was encountered
radialni transverzaini during the course of the tunnel exca-
Vertical component Horizontal radial Horizontal transverse Spatial component vation deviated from the structure
component component predicted by the previous survey. The
35 2,28 4,70 2,34 573 excavation mainly passed through
35 6,78 2,26 8,81 11,34 weathered and tectonically disturbed
30 9,10 503 2,14 10,62 gneiss interbedded with aplitic grani-
30 12,26 5,12 15,92 20,73 tes and graphitic schist, as opposed
10 24,60 17,08 25,56 58,11 to the predicted granitoids. In additi-
2l e it 41 iy on, abrupt changes in the geology

6.5 24,72 24,07 24,48 42,31 were encountered very frequently.
165 1026 9,49 10,56 17,52 The Olbramovice tunnel, on which

11 25,08 8,12 23,71 35,46 . 7

18 16.45 9,88 6,78 2035 the experimental seismic measure-
135 2255 9,31 9,01 26,01 ments were conducted, is 480m long.
30 779 8,12 7.88 1374 It was designed as a mined structure
20 12,82 8,66 2,95 15,75 (driven using the NATM) with cut-
30 357 3,21 6,69 8,24 and-cover portal sections. Till now

petrografickou pestrosti. Prevazujicimi horninovymi typy by
v daném zdjmovém tzemi mély byt drobnozrnné Zilné granity
a aplity, v Casti uzemi pak také porfyrické, stredné zrnité, amfi-
bol-biotitické zuly a porfyrické, stfedné zrnité biotitické Zuly
s amfibolitem sedl¢anského typu. V prub€hu vystavby tunelu
byla vSak zastiZzena odliSnd geologickd stavba, nez predikoval
predesly pruzkumu. RaZba probihala prevazné ve zvétralych
a tektonicky porusenych ruldch s polohami aplitickych zul
a grafitickych bridlic oproti predpoklddanym granitoidim. Velmi
Casto také dochdzelo ke skokové zméné geologie.

Olbramovicky tunel, na kterém probihalo experimentdlni seiz-
mické méfeni, mé celkovou délku 480 m a byl navrZen jako raze-
ny podle zisad NRTM s hloubenymi portdlovymi useky.
V soucasné dobé jsou veskeré zemni a razici prace a prace spo-
jené s primdrnim zajis§ténim ukonceny a probihd budovéni sekun-
ddrniho osténi tunelu. Vice o konstrukénim feSeni tunelu
a samotné razbé [11].

EXPERIMENTALNI SEIZMICKE MERENI

Pfi razicich pracich na jadfe tunelu Olbramovice (obr. 1), kdy
byly k rozpojovani hornin pouzivédny také trhaci prace, bylo rea-
lizovdno Ustavem geoniky AVCR, v. v. i., experimentalni seiz-
mologické méfeni. Méfeni bylo provadéno prfi trhacich pracich
mezi stani¢enim 220 a 245 se senzory nejdale na stani¢eni 265.
Jednalo se tedy o nejstabilnéjsi dsek celé razby, kdy se pevnost
hornin pohybovala mezi tfidami vyrubu R3-R4 (ojedinéle az R2)
a razba probihala v NRTM 3. Cilem méfeni bylo sledovat ttlum
v nejbliz§ mozné z6né od zdroje dynamického namdhani, tj.
prvni metry od celby. Platnost vySe uvedeného empirického
vztahu se uvddi pro odefety maximdlnich amplitud rychlosti
kmitani v dostate¢nych vzdalenostech od zdroje, kde se jiz daji
zanedbat mens{ lokdlni geologické nehomogenity, ve kterych je
jiz vlnovy obraz dostate¢né Citelny (predev§im lze sledovat
ndstup jednotlivych vinovych skupin). Z experimentalniho mére-
ni je provedeno také posouzeni zdvislosti maximdlnich slozek
rychlosti kmitdni na vzdélenosti v blizké z6né.

Na horni ldvce raZeného tunelu bylo realizovdno celkem 14
méreni ve vzdalenosti od 6,5 m do 35 m od elby. Ve vSech pri-
padech se jednalo o trhaci price s celkovou ndlozi do 25 kg,
s vyvrty vrtanymi ve sméru osy dila a se zdbérem 2 m. VSechna
méreni byla provddéna dvéma seizmickymi aparaturami Gaia2T
se senzory ViGeo2 (oboji vyrdbi firma Vistec Praha) (obr. 2).
Aparatura Gaia 2T je tfikandlovd seizmickd stanice
s dynamickym rozsahem 138 dBp-p s moZnosti spousténého
i kontinudlniho zaznamu digitdlnich dat. Casové synchronizace
je zajisténa pomoci modulu GPS, zdznam dat se provadi na
CompactFlash disky. K méfeni byly zvoleny tfislozkové senzory

all groundwork and mining operati-

ons, as well as operations associated
with the primary support, have been finished and the final tun-
nel lining is under construction. For more details on the struc-
tural design and the tunnel excavation itself see [11].

EXPERIMENTAL SEISMIC MEASUREMENTS

Experimental seismic measurements were carried out by the
Institute of Geonics AS CR, v.v.i. during the course of the exca-
vation of the bench of the Olbramovice tunnel (see Fig. 1),
where rock was disintegrated, among other methods, by blas-
ting. The measurements were carried out during blasting opera-
tions between tunnel chainages 220.0 and 245.0m, with the
most distant sensors installed at chainage 265.0m. The given
section was the most stable of the excavation, where the rock
strength varied between excavation classes R3-R4 (sporadical-
ly up to R2) and the excavation was performed in the rock cate-
gorised as NATM excavation support class 3. The objective of
the measurements was to observe the rate of attenuation in the
zone at the closest possible distance from the source of dyna-
mic loading, i.e. at initial metres from the excavation face. The
above-mentioned empirical relationship is stated to be appli-
cable to maximum amplitudes of vibration velocity measured at
a sufficient distance from the source, where minor local geolo-
gical inhomogeneities can be disregarded and the wave pattern
starts to be sufficiently readable (first of all it is possible to fol-
low the beginning of individual wave groups). In addition, the
experimental measurements provided the basis for assessing
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Obr. 3 Priklad vlnového obrazu zdznamu trhaci prdce (Stoldrik)
Fig. 3 Example of a wave pattern derived from a blasting operation record
(Stoldrik)
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Obr. 4 Priklad frekvenéniho spektra zdznamu trhaci prdce (Stoldrik)
Fig. 4 Example of a frequency spectrum derived from a blasting operation
record (Stoldrik)

ViGeo 2. Vyhodou téchto senzoru je $iroky frekvenéni rozsah, tj.
od vlastni frekvence 2 Hz az do 200 Hz, a jejich vétsi hmotnost,
coZ umozZnuje stabilnéjsi usazeni. Horizontdlni osy senzoru byly
orientovany podél a napfi¢ vedeni tunelu, tfeti osa je svisld.
Zéaznamové parametry byly pro tato méreni nastaveny na maxi-
madlni vzorkovaci frekvenci — 500 Hz/kanal (24bitovy A/D pre-
vodnik), tj. dynamicky rozsah 126 dB. K ziskdni informace
o0 maximalnim projevu v misté méfeni byla dopocitana také pro-
storovd slozka kmitani.

Vysledky méfeni z pohledu odefeti maximélnich amplitud
rychlosti kmitdni na jednotlivych zdznamech jsou uvedeny
v tabulce 1.

Priklad zdznamu vIinového obrazu naméreného v tunelu je uveden
na obr. 3. Na tomto obrdzku jsou shora doli zobrazeny slozky verti-
kalni /Z/, dale slozka horizontalni radidlni /N/ a transverzalni /E/,
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the dependence of the maximum components of the vibration
velocity on the distance within the close zone.

A total of 14 measurements were conducted on the upper
bench of the mined tunnel, at the distance from the excavation
face ranging from 6.5m to 35m. In all of the cases the total char-
ge did not exceed 25kg, the blast holes were drilled in the direc-
tion of the tunnel longitudinal axis and the excavation round was
2m long. All measurements were carried out using two seismic
Gaia2T seismic apparatuses with ViGeo2 sensors (both produced
by Vistec Praha) (see Fig. 2). Gaia 2T apparatus is a three-chan-
nel seismic station with the dynamic range of 138dBp-p with the
option of both triggered and continual data recording. Time syn-
chronisation is provided by means of a GPS module, data is
recorded on CompactFlash disks. ViGeo 2 three-component sen-
sors were chosen for the measurements. The merit of these sen-
sors is the wide frequency range, starting from the eigenfrequen-
cy of 2Hz up to 200Hz, and the greater weight, which makes
more stable fixing possible. Horizontal axes of the sensors were
oriented alongside and transversely to the tunnel alignment; the
third axis was vertical. Recording parameters for these measure-
ments were set at the maximum sampling rate of 500Hz per
channel (a 24-bit A/D transducer), which means the dynamic
range of 126dB. The spatial component of the vibration was cal-
culated additionally for the purpose of obtaining information on
the maximum value at the measurement point.

The measurement results viewed from the aspect of readings
of maximum amplitudes of the vibration velocity are presented
for individual records in Table 1.

An example of the wave pattern measured in the tunnel is
presented in Figure 3. This picture shows, in a top-down sequ-
ence, vertical components /Z/, horizontal radial components /N/
and horizontal transverse components /E/; the horizontal axis is
for the time in seconds (the axes are on identical amplitude sca-
les and time scales). The processing SW does not allow con-
version of the vibration amplitude values to physical units
[mm.s'l], therefore vertical axes are plotted in the pictures at
quantisation levels [cnt]. The record clearly shows the division
of the blasting operation into individual delays on all of the

three axes; the vibrations induced by

100
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maximaini amplituda rychlosti kmitani v fmm®s-1/
peak particle velocity v /mm®s-1/
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-

the blasting are nearly completely
attenuated after the individual blas-
ting stages, therefore the seismic
effects of individual subsequent sta-
ges are not summed up. The length of
a record corresponds to the range of
time of a blasting operation, being
about 5 seconds. An example of
a frequency spectrum pertaining to
the particular record is shown in the
following Figure 4. The frequencies
prevailing in the records are found in

« Klimkovice
 » Olbramovice

by all spectrums within the range of 30

— 50Hz. It is possible to identify wide
marked peaks within the above-men-
-5 tioned range. It is also possible to
see, especially in the record of the
vertical component, less pronounced
peaks of higher frequencies, i.e. 60 —
70Hz and around 90Hz .

The records obtained from indivi-
dual blasting events are very similar
100 to one another both in the time-rela-
ted and spectral field. This fact leads
us to the conclusion that the data

Obr. 5 Konfrontace empirickych zdvislosti redukované vzddlenosti a maximdlni amplitudy rychlosti kmitdni

ziskané pro tunely Klimkovice a Olbramovice (Stoldrik)

Fig. 5 Confrontation of empirical dependences of a reduced distance and the maximum amplitude of vibrati-

on velocity obtained for the Klimkovice and Olbramovice tunnels (Stoldrik)

from the completed measurements
can be used for developing the empi-
rical relationship discussed above.
Pronounced changes in the recorded




Obr. 6 Olbramovicky portdl (Kukutsch)
Fig. 6 The Olbramovice portal (Kukutsch)

vodorovnd osa je ¢as v sekunddch (osy jsou ve stejném amplitudovém
i Casovém méfitku). Zpracovatelsky SW neumoziuje prepocteni
hodnot amplitud kmiténi na fyzikdln{ jednotky [mm.s-1], proto jsou
v obrdzcich svislé osy vyneseny v kvantovacich trovnich [cnt]. Na
zdznamu je na vSech tfech oséch zietelné videt Casovani trhaci prace
do jednotlivych ¢asovych stupniu, vyvolané vibrace jsou po odstie-
lech jednotlivych stupnu témér utlumeny, a nedochdzi tudiZ ke s¢i-
tan{ seizmického efektu po sobé jdoucich asovych stuprnt. Délka
celého zaznamu odpovidd ¢asovému rozsahu provadéné trhaci prace
aje cca 5 s. Piiklad frekvenéniho spektra k danému zdznamu je na
ndsledujicim obr. 4. Prevlddajici frekvence v zdznamech se ve
vSech spektrech nachdzeji v rozmezi 30-50 Hz. Ve spektrech lze
identifikovat §iroké vyrazné piky s uvedenym rozsahem. Zvlasté
na zaznamu svislé slozky lze pozorovat také ménée vyrazné piky na
vys$§ich frekvencich, tj. 60—70 Hz a téZ okolo 90 Hz.

Ziskané zdznamy z jednotlivych odstfeld jsou si navzdjem
velmi podobné, a to v Casové i spektralni oblasti. To nds vede
k zéavéru, 7e data z realizovaného méfeni je moZno pouZit
k sestaveni vySe diskutovaného empirického vztahu. Vyrazné
zmény v zaznamenanych datech by zfejmé ukazovaly na vy-
znamné zmény v lokdln{ geologii ¢i registraci ruznych typu vin.

K zobrazeni Langeforsova empirického vztahu jsou pouzity na
vodorovné ose misto vzdalenosti tzv. redukované vzdélenosti
(I/YQ). Tato forma zobrazeni umoZiuje pfimo zohlednit velikost
ndloze, a tudiZ jednodu$si grafické vyjadreni diskutovaného
vztahu. Ziskand zdvislost hodnot maximélnich prostorovych slo-
Zek kmitdni na redukované vzdélenosti je predstavena na obr. 5.
Zde je vidét, Ze zdvislost je v tomto zobrazeni linedrni a Ze je
velmi tésnd (koeficient korelace pro zobrazend data je 0,88).
Tato skutenost je zfejmé dusledek monoténni geologické stav-
by (z pohledu $ifeni seizmickych vin masivem) v misté méfeni.
Vyjimeénost ziskaného vztahu je v tom, Ze kfivka zaéind jiZ na
hodnoté redukované vzdalenosti 2 m.kg-05 (to umoznilo méreni
seizmickych d¢inku ve velmi malé vzdalenosti od ,,téZisté trhaci
prace*.

Pro porovndni ziskanych dat z méfeni na tunelu Olbramovice
je v obr. 5 vynesen diive zpracovany soubor dat ze seizmologic-
kych méfeni, pofizeny v prabéhu rutinniho monitoringu odezvy
trhacich praci realizovanych béhem vystavby tunelu Klimkovice.
Tento soubor dat obsahuje celkem 69 hodnot maximdlnich
amplitud rychlosti kmitdni (prostorovou slozku) pofizenych ve
vzdélenosti 40 az 80 m od zdroje kmitdni. Je zfejmé, Ze vétsi
vzdélenosti a slozitéjsi geologickd stavba (projevujici se napri-
klad identifikaci fady sekunddrnich vin na zdznamech) ma za
nésledek podstatné voln&jsi zavislost.
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Obr. 7 Raziéské prdce na kaloté (Kukutsch)
Fig. 7 Top heading excavation (Kukutsch)

data would probably be indicative of significant changes in
local geology or registration of various wave types.

The Langefors’ relationship is depicted using the so-called
reduced distances (//vQ) instead of distances plotted on the
horizontal axis. This form of depicting makes taking the weight
of the charge directly into consideration possible, therefore the
graphical presentation of the relationship being discussed is
simpler. The resultant dependence of values of maximum spati-
al components of vibration on the reduced distance is presented
in Figure 5. It can be seen in the picture that the dependence is
linear in this representation and that it is very close (the corre-
lation coefficient for the depicted data is 0.88). This fact is pro-
bably the result of the monotonous geological structure (in
terms of the propagation of seismic waves through ground
mass) in the measurement location. The exceptional character
of the obtained relationship is the fact that the curve starts as
early as at the reduced distance value of 2 m.kg-0-5 (owing to
this fact measuring of seismic effects was possible at a very
small distance from the centre of the blasting operation).

The set of data prepared previously from seismic measure-
ments measurements, which was gathered during the course of
routine monitoring of the response to blasting carried out
during the course of the Klimkovice tunnel excavation, is plot-
ted in Figure 5 for the purpose of comparing it with the data
obtained by measurements on the Olbramovice tunnel. This
data set contains the total of 69 values of maximum amplitudes
of vibration velocities (the spatial component) measured at the
distance of 40 to 80m from the vibration source. It is obvious
that the greater distances and more complicated geological
structure (manifesting itself, for instance, by the identification
of a number of secondary waves in the records) result in
a substantially looser dependence.
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ZAVER

Piispévek se zabyva predstavenim vysledka seizmologického
experimentdlniho méfeni realizovaného na tunelu Olbramovice.
Takovdto méfeni vyvolaného kmitdni, zvlasté pokud jsou pouZi-
vany pri razbé trhaci prace, byvaji nedilnou soucasti geotechnic-
kého monitoringu pfi vystavbé tuneld. Specifikum predstavené-
ho méreni je umisténi senzort v malych vzddlenostech od zdro-
je kmitdni (v tzv. blizké z6né). V nasem pripadé byl nejbliZs{
senzor umistén jen 6,5 m od zdroje. Ziskand empirickd zdvislost
je linedrni a velmi tésnd, coZ zfejmé souvisi s jednotnou techno-
logii provadéni trhacich praci a téZ jednoduchou geologii v misté
méreni. Ziskana zdavislost ukazuje, Ze v dané lokalité 1ze predi-
kovat velikosti maximdlnich amplitud kmitdni vyvolanych
odstrelem trhavin i ve velmi malych vzddlenostech.

Predikce maximdlnich hodnot rychlosti kmitdni, které jsou
vyvolédny pri razbé tunelu, je vyznamné pro spravné otestovani
numerickych modelt posuzujicich chovédni osténi tunelu ve stavu
dynamického naméhdni. Ziskané vysledky predstaveného expe-
rimentdlniho méfeni umoZziuji zpresnit vysledky modela
v malych vzdélenostech na zdkladé redlnych dat. Vysledky mére-
ni také dokumentuji, Ze v malych vzddlenostech od zdroje vibra-
ci jsou po odstrelu indukovdny pomérné vysoké hodnoty maxi-
mdélnich amplitud kmitdni. Tuto skute¢nost je nutno vzit do
dvahy zvlasté v lokalitdch, v nichZz muZzeme nasledkem vibraci
oc¢ekdvat ztrdtu stability raZeného dila.

Tento prispévek byl zpracovdn pii FeSeni projektu GACR
105/09/1415 ,,Studium seizmickych projevii trhacich praci
a dalsich vibraci v blizké zoné vyvolanych pri razbe melkych
podzemnich del*.
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CONCLUSION

The objective of this paper is to introduce results of experi-
mental seismic measurements carried out on the Olbramovice
tunnel. Such the measurements of induced vibration, especially
if blasting is used during the tunnel excavation, are usually inse-
parable part of geotechnical monitoring during the course of the
tunnel construction. A specific feature of the above introduced
measurements is the location of the installation of sensors at
small distances from the vibration source (within the so-called
close zone). In our case, the closest sensor was installed at the
distance of only 6.5m from the source. The empirical dependen-
ce derived from the measurements is linear and very tight, which
is probably a result of the unified blasting technology and the
simple geology encountered in the measurement location. The
derived dependence shows that the value of maximum amplitu-
des of blasting induced vibrations can be predicted even at very
small distances in the given location.

The prediction of maximum values of velocity of vibration
induced during the course of tunnel excavation is important for
correct testing of numerical models designed to assess the beha-
viour of a tunnel lining under dynamic loading. Owing to the
results obtained by the experimental measurement introduced in
this paper, it is possible to refine results of models for small
distances on the basis of realistic data. In addition, the measure-
ment results show that relatively high values of the maximum
amplitudes of vibration are induced at small distances from the
vibration source. This fact has to be taken into consideration
especially in the locations where we can expect a loss of stabili-
ty of the excavated opening due to vibrations.

This paper was prepared within the framework of the solution
of the Czech Science Foundation project No. 105/09/1415
,Study into seismic manifestations of blasting and other vibrati-
ons in a close zone, induced during the excavation of near-sur-

face underground workings “.
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FOTOREPORTAZ ZE STAVBY PRODLOUZENI TRASY A
PRAZSKEHO METRA Z DEJVIC DO MOTOLA

PICTURE REPORT FROM THE PRAGUE METRO LINE A
EXTENSION FROM DEJVICE TO MOTOL

Obr. 1 Pristupovy tunel Katefina na Vypichu
Fig. I The Katerina access tunnel in the area of Vypich

Obr. 2 Razba dvojkolejného tunelu smérem ke stanici Motol
Fig. 2 Excavation the double-track tunnel toward Motol station

Obr. 3 Zarizeni stavenisté u stanice Motol
Fig. 3 Station Motol construction site

Obr. 4 Hloubeni jamy E2 u stanice Veleslavin
Fig. 4 Excavation of construction pit E2 at Veleslavin station

Obr. 5 Portil piistupového tunelu do stanice Cerveny vrch
Fig. 5 Driven portal of the access tunnel to Cerveny Vrch station

Obr. 6 Razba pFistupového tunelu do stanice Cerveny vrch
Fig. 6 Excavation of the access tunnel to Cerveny vrch station
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Obr. 7 Razba pristupového tunelu do stanice Petfiny
Fig. 7 Excavation of the access tunnel to Petriny station

Obr. 8 Dno startovaci Sachty pro razici Stity Obr. 9 Montdz titu ve startovaci Sachté
Fig. 8 Bottom of the shield launching shaft Fig. 9 Shield assembly in the launching shaft

Obr. 10 Prvni $tit po spusténi do startovaci Sachty Obr. 11 Montdz technologii pro razici §tity na Vypichu
Fig. 10 The first shield after lowering to the launching shaft Fig. 11 Installation of services for shields in the area of Vypich
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FOTOREPORTAZ ZELEZNICNI TUNELY
NA TRATI VOTICE - BENESOV U PRAHY

PICTURE REPORT ON TUNNELS ON
VOTICE - BENESOV U PRAHY RAIL LINE

Obr. 1 Voticky tunel — stavebni jama hloubky aZ 19 m
Fig. 1 Votice tunnel — construction trench up to 19m deep

Obr. 2 Voticky tunel — samonosnd vyztuZ rozeprend o boky jamy
Fig. 2 Votice tunnel — delf-supporting reinforcement braced against the
trench sides

Obr. 4 Olbramovicky tunel — vyztuz a bednéni hloubeného tiseku
Fig. 4 Olbramovice tunnel — reinforcement and formwork in the cut-and-
cover section

Obr. 5 Olbramovicky tunel — tiprava ela bednéni pro vnitini tésnici pds
Fig. 5 Olbramovice tunnel — formwork stop-end design for the internal
waterstop

Obr. 6 Olbramovicky tunel — vyztuZ vyklenku v jinak nevyztuZeném tiseku
Fig. 6 Olbramovice tunnel — reinforcement for recesses in an otherwise
non-reinforced tunnel section
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Obr. 7 Zahradnicky tunel — bednici vuz inikové §toly na dné Sachty

Fig. 7 Zahradnice tunnel — travelling shutter for the escape gallery at the oy
shi ft bottom & S pe satiery Obr. 8 Zahradnicky tunel — definitivni osténi iinikové Sachty

Fig. 8 Zahradnice tunnel - final lining of escape shaft

o e A
Obr. 10 Tomicky I. tunel — geologické pomery na &elbé a montd? siti

Fig. 10 Tomice I. tunnel — geological conditions at the heading, installation
of steel mesh

X

Obr. 9 Tomicky I. tunel — stavebni jama vjezdového portdli
Fig. 9 Tomice I. tunnel — construction pit for entrance portal

Obr. 12 Tomicky I1. tunel — prvni metry razby
Fig. 12 Tomice I1. tunnel — initial metres of tunnel excavation

Foto 1-6 a 9-12 Libor Marik

- Photos 1-6 a 9-12 Libor Marik

Obr. 11 Tomicky I1. tunel — vyjezdovy portdl pred zahdjenim razby Foto 7-8 Radim Sponar
Fig. 11 Tomice II. tunnel — entrance portal before the comment of tunnelling Photos 7-8 Radim Sponar
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Pondéli 9. kvétna 2011
DOPOLEDNI PROGRAM

Odborny seminaf:
APLIKACE PRAVDEPODOBNOSTNIHO PRISTUPU
PRI RESENI GEOTECHNICKYCH ULOH

Program seminare

Spolehlivost a rizika geotechnickych konstrukei
Praf. ing. Milan Holicky, Dr5c., Kloknertiv Gstay, CVUT Praha

Rizné typy pravdépodobnostnich metod a moZnosti jejich
aplikaci v inzenyrském stavitelstvi
Prof. Ing. Jifi Sejnoha, DrSc., katedra mechaniky FSv CVUT Praha
The Stochastic Characterisation of Soil Heterogeneity
and Reliability of Long Slopes
Prof. Michael Hicks, Delft University of Technolagy, Netherlands

Robust Assessment of Shear Parameters in Geotechnics
Praf. Wolfgang Fellin, University of Innsbruck, Austria

Analyza pravdépodobnosti vzniku havarie pfi razbé tunelu
Ing. Qlga Spackovd, Vizkumné contrum CIDEAS, FSv CVUT Praha

Pfiklady pravdépodobnaostniho feseni
nékterych geotechnickych dloh
Ing. Petr Kudera, ARCADIS Geotechnika a.5.

ODPOLEDNI PROGRAM

Predani ceny akademika Quido Zaruby
pro mladé inZenyrské geology a geotechniky
Vystoupeni ocenéného geotechnika

19. PRAZSKA GEOTECHNICKA PREDNASKA

Roots and Fibres in Soil Mechanics
Fraf. David Muir Wood, Professor aof Geotechnical Engineering,
University of Dundee, Scotland

Utery 10. kvétna 2011
DOPOLEDNI PROGRAM

Workshop: Zlepsovani zemin pojivy
Moderuji: Prof. Ing. Peter Turdek, Ph.D., 5vF 5TU Bratislava
a Ing. Jan Bohad, CSc., Prirodovédeckd fakulta UK Praha

Tato vwwznamna akce s mezinarodni uéasti je zafazena do projektu
celozivotniho vzdélavani CRAIT a je hodnocena 2 kreditnimi body.
Pozvanky budou rozesilany koncem biezna 2011,

Kontaktni adresa: ARCADIS Geotechnika a.s.
Ing. M. Frombergerova, tel. 234 654 101, fax: 234 654 102
e-mail: frombergerova@arcadisgt.cz, web: www.arcadisgt.cz

2 ARCADIS CGtd
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

TECHNICKE PODMINKY TP 229 ,BEZPECNOST V TUNELECH POZEMNICH KOMUNIKACI"
TECHNICAL SPECIFICATIONS TP 229 ON “SAFETY IN ROAD TUNNELS”

Takto zaméfené technické podminky vychdzeji v Ceské
republice vibec poprvé a nemd je dosud ani fada vyspélych
wtunelovych® zemi. Hlavnim podnétem pro jejich vznik je
snaha hledat metody, jak optimalizovat vybaveni tunelu tak,
aby byl vhodné vybalancovan pomér mezi naklady (investic-
nimi i provoznimi) a pfimérenou bezpecnosti pro uZivatele.
Bez vyuziti kvantitativnich metod hodnocenf rizik neni prak-
ticky moZné najit optimdlni feSeni a o investicich, Casto za
mnoho milionu, se rozhoduje dvahou typu: ,,to by tam mélo
byt nebo ,,to tam maji v jinych tunelech®.

Pfitom je zndmé, Ze pravé v prvnich stadiich navrhovéani
tunelu se z velké miry urCuje jeho vyslednd cena, a proto je
nutné zavadét co nejobjektivnéj$i a nezpochybnitelné vypo-
Cetni metody pro optimalizaci ndvrhu. Ohodnoceni a fizeni
rizik je jednou z nejvyznamnéjSich metod.

Zakladem pro komunikaci v této problematice je znalost
vyznamu terminua, a proto je v tvodu TP 229 fada terminu
vysvétlena. V dvodu je také graf délici tunely do bezpe&nost-
nich kategorif, obsahujici nove i tunely kratké, tak jak byly
zapracovany do TP 98-Z1. V kapitole PREHLED METOD
PRO ANALYZU RIZIK jsou popsiny metody kvalitativni,
které riziko posuzuji viceméné na zdkladé expertnich dvah,
a ddle jsou popsany metody kvantitativni (stromkové diagra-
my, analyza scénédiu). Je konstatovano, Ze pri zpracovavani
prvnich stupna dokumentace (studie, DUR) je nutné mit ram-
covou predstavu o bezpe¢nostnim feSeni, které lze ziskat na
zédkladé expertniho posouzeni metodami Expert Judgement
nebo What-If- Analysis. Velmi efektivni metodu, kterd hodno-
ti riziko na relativni stupnici, predstavuje SAFMEA, kterd je
také témito technickymi podminkami doporucena. Pro kvanti-
tativni posouzeni uddvajici Cetnost a dusledky udalosti se dopo-
ru¢uje metoda pravdépodobnostnich stromi QRA a/nebo
analyza scéndfu (Scendrio Analysis).

Akceptovani rizika spole¢nosti je zdkladnim mordlnim dile-
matem ndvrhdii tuneli — nehody na oteviené silnici jsou
akceptovany bez vétSich problému, ale jiZ ztrdta jednoho lid-
ského zivota v tunelu pfi pozdru vyvold zna&nou odezvu.
V kapitole AKCEPTOVANI RIZIKA je poprvé uvefejnén
graf mezi Cetnosti udalost{ a jejich nasledky, kde jsou i kfivky
prijatelnosti pro naSi republiku, které jsou i publikovany
v dokumentech PIARC.

Tab. 1 Porovndni relativniho poctu nehod v Némecku, Rakousku a Ceské republice
Table 1 Comparison of the relative number of incidents in Germany, Austria and the Czech Republic

This is for the first time that technical specifications focused
on this topic are published in the Czech Republic, whilst some
developed “tunnelling” countries are still missing them. The
main driver for compiling them has been the effort to seek met-
hods for optimising tunnel equipment in a way securing proper
balance between the costs (both investment and operating) and
adequate safety of users. It is virtually impossible without
using quantitative risk evaluation methods to find optimum
solutions. Without them, decisions on capital investments,
often reaching many millions, are made through deliberations
of the following type: “it should be there” or “they have it in
other tunnels”.

The well known fact is not taken into consideration that it is
in the initial tunnel design stages where the final price of
a tunnel construction is determined, and that this is the reason
why the most objective and non-impugnable calculation met-
hods for the design optimisation must be introduced.
Evaluating and controlling risks is one of the most important
methods.

Fundamental for communication concerning this issue is the
knowledge of terms. For that reason a range of terms is expla-
ined in the introduction to the TP 229 specifications. In addi-
tion, the introduction contains a chart for dividing tunnels into
safety categories, newly even comprising short tunnels as
defined in the TP98-Z1 specifications. Qualitative methods,
which evaluate risks more or less on the basis of expert opini-
ons, are described in the chapter entitled “SURVEY OF RISK
ANALYSIS METHODS”; quantitative methods are also desc-
ribed there (Tree Diagrams, Scenario Analysis). It is stated
that when initial design degrees (studies, zoning process
documents) are being developed, it is necessary to have
a general idea of the safety design which can be obtained by
means of an expert assessment using the ,,Expert Judgement*
or ,,What-If- Analysis® methods. A very effective method, eva-
luating risks on a relative scale, is represented by the SAF-
MEA, which is even recommended by the above-mentioned
technical specifications. The QRA probability tree method
and/or the Scenario Analysis method are recommended for the
quantitative evaluation.

Accepting risks threatening companies is the fundamental
moral dilemma for tunnel designers; incidents on open roads
are accepted without significant problems, while a loss of
a single human life in
a tunnel during a fire
event induces a signifi-

cant response. Chapter

RVS 09. 03. 11 FE 03.0378/2004/FRB AZMUT CR entitled “RISK ACCEP-

RVS 09. 03. 11 FE 03.0378/2004/FRB AZMUT CR TANCE” contains. for

s L , the first time, a chart
Statisticka hodnota nehodovosti 0,112 0,228 0,312 showin relationships
Statistical value of incident rate [nehod/1 mil. [nehod/1 mil. [nehod/1 mil. ) & ShIP?

vozidlo kilometr(]
[incidents per 1 mill.
vehicle-kilometres

vozidlo kilometr(]
[incidents per 1 mill.
vehicle-kilometres

vozidlo kilometr(]
[incidents per 1 mill.
vehicle-kilometres

Poznamka Hodnota z databdze
447 nehod
Note The value from a data-

base of 447 incidents

Hodnota z databdze
979 nehod

The value from a data-
base of 979 incidents

Hodnota z databdze
200 nehod

The value from a data-
base of 200 incidents

between the frequency of
events and their consequ-
ences, containing, in
addition, acceptability
curves for our republic.
These have even been
published in PIARC
documents.
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Zakladnim problémem hodnoceni
rizik je stanovit Cetnost uddlosti.

TuoufHel

Graf 1 Zavislost Cetnosti uddlosti a jejich ndsledkit (pro Ceskou republiku hnédd barva)
Chart 1 Relationships between the frequency of incidents and their consequences (brown colour applies to

Kapitola KATEGORIE A CETNOS- e Czech Republic)
TI UDALOSTI srovnava udilosti
publikované v Rakousku a Némecku L0661

a statisticky vyhodnocené uddlosti
z databdze naSich tunelu ziskdvané
internetovym propojenim naSich
tunelt s Ndrodnim informa&nim
centrem v Ostrave (aplikace AZMUT
vyvinuta v rdmci projektu OPTUN).
Vysledky porovnani ukazuji, Ze Cet-
nost nehod je v CR v porovnani
s obéma sousedy mirné vys$si. Tyto
Cetnosti pak vstupuji do vypod&ta.
V kapitole jsou uvedeny i Cetnosti
pozaru.

Dalsi kapitola MOZNOSTI EVA-
KUACE Z TUNELU se zabyva
modelovanim pohybu vozidel, kde
se vyuzivd mikrosimulacnich nést-
roju. Modelovadni chovéni dniku
osob je zaloZeno na jednoduchych
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analytickych metoddch, ale je dopo-

ruéeno vyuzivat sofistikovanéjsi
programy modelujici dniky osob.

Kapitola KVALITATIVNI RIZIKOVA ANALYZA jiz
pfimo popisuje metody, které tyto TP doporucuji pouzivat
v praxi. Jedna se o metodu Kontrolni seznam, ktera umozni
kontrolovat shodu ndvrhu s platnymi standardy a mnohem
podrobnéjsi metodu SAFMEA, ktera je uvedena detailné, a to
i s priklady vyuziti. Podstatné je, Ze subjektivizujici pohled je
omezen vétsi skupinou odbornikl, ¢imZ jsou ¢dsteéné elimi-
novany i extrémni ndzory.

Podrobné jsou popsdny metody stromkovych diagramu,
které se rozpadaji na analyzu Cetnosti udédlosti (FTA: Fault
Tree Analysis) a analyzu jejich ndsledki (ETA: Event Tree
Analysis), jak ukazuje nasledujici obrdzek, ktery také dava
do souvislosti pravdépodobnostni a deterministicky pristup.

Vzhledem k pomérné malému poltu statistickych ddaju,
které jsou zatim k dispozici, je vyuZiti metod FTA/ETA pro-
blematické, a proto se doporucuje vyuZivat deterministicky

Graf 2 Grafické schéma pravdépodobnostniho a deterministického pristupu
Chart 2 Graphical chart of the probabilistic and deterministic approaches

The basic problem of evaluating risks is how to determine
the frequency of events. Chapter entitled “CATEGORIES AND
FREQUENCY OF EVENTS” compares events published in
Austria and Germany, with statistically evaluated events conta-
ined in the database of our tunnels. The database has been obta-
ined by means of connecting the database of our tunnels with
the database maintained by the National Information Centre
Ostrava (the AZMUT application developed within the frame-
work of the OPTUN) in the Internet. Results of the compari-
sons show that, compared with the two neighbouring countries,
the frequency of incidents in the CR is slightly higher. These
frequencies are subsequently introduced into calculations. The
chapter even presents the frequencies of fires.

The next chapter, entitled “POSSIBILITIES OF TUNNEL
EVACUATION” deals with modelling of vehicle motion using
micro-simulation tools. Modelling of behaviour of escaping
people is based on simple analytic methods; on the other hand,

the use of more sophisticated escape of per-
sons modelling programs is reccommendable.
Chapter entitled “QUALITATIVE RISK

fF‘r.'u vdépodobnostni pfistup

ANALYSIS” directly describes the methods
recommended by the specifications to be used
in practice. They comprise the Check List met-
hod, which makes checking of the agreement
with applicable standards possible, and the
SAFMEA method, which is presented in detail
together with examples of application.
A significant feature is the fact that the sub-
jectivisizing view is limited by employing
a larger group of professionals, thus partially
eliminating extreme opinions.

The Tree Diagram methods are described in
detail; they are broken down into the analysis
of the frequency of events (the FTA: Fault

oz s L 1
:.Hii‘dﬂ‘-‘g 5§ Zranénim” » | Analyza Tree Analysis) and analysis of their consequ-
i «nik hoflaving® '::L."' dusledku 1 ences (the ETA: Event Tree Analysis), as

Deterministicky pristup

shown in the following picture, which puts
into the relationship the probabilistic and

deterministic approaches.
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piistup, popsany v kapitole METODA ANALYZY Because of the relatively small amount of statistic data which is
SCENARG. Metoda analyzy scéndit CAPITA je origindln{ available at the moment, the use of the FTA/ETA methods is pro-
na3f narodni metodou. Jako jedind z publikovanych narod- blematic. For that reason the use of the deterministic approach

nich metod ostatnich zemi v dokumentu PIARC, lit. [1], | described in chapter "SCENARIO ANALYSIS METHOD™ is
recommended. The CAPITA Scenario Analysis method is an origi-
nal Czech national method. It is the only method of the national
methods published in the PIARC document, Ref. [1], which makes
assessing of safety equipment of a tunnel, e.g. distance between
escape exits, quality of fire detection sensors etc., possible.

umoznuje hodnotit i technologické vybaveni tunelu systémy
souvisejicimi s bezpeénosti, jako napfiklad vzddlenost dni-
kovych vychodu, kvalitu senzoru pro identifikaci poZaru atd.

Modely pro simulaci dopravniho proudu, evakua¢ni mode-

ly a vypocty poskytuji pomérné spolehlivy odhad, kolik osob Traffic flow simulation models, evacuation models and calculati-

se ocitlo v nebezpeti a jakym zplisobem probihd evakuace. ons provide relatively reliable assessments of numbers of endange-
Pokud by se soucasné nevyvijel kouf a nepusobilo by teplo, red persons and of the progress of the evacuation. If smoke was not
kazdy by se drfive &i pozd€ji zachranil. Ve skuteénosti vSak generated concurrently and the heat did not act, everybody would
kouf zhorSuje viditelnost, zpomaluje unik a jeho toxické sooner or later be saved. However, in reality, smoke causes deteri-
zplodiny zpusobuji otravu. Odhady poé&tu postizenych osob oration of visibility, reduces the speed of escaping and its toxic pro-

popisuje kapitola ODHAD MORTALITY, kde jsou uvedeny ducts cause poisoning. Assessments of the number of persons affec-
ted by a fire are described in chapter entitted MORTALITY

ASSESSMENT, containing statistics from Austria and Germany.
Chapter entitled REQUIREMENTS FOR EVENT RECORDS:
collecting, processing and assessing of the origination, causes and
consequences of incidents are specified in the Directive of the
parlamentu a Rady. Sbér a vyhodnoceni dopravnich dat | pyopean Parliament and of the Council No. 2004/54/EC. In addi-

statistiky z Rakouska i Némecka.

Kapitola POZADAVKY NA ZAZNAM UDALOSTI: sbér,
zpracovani a vyhodnoceni vzniku, pri¢in a ndsledki mimo-
fadnych udalosti jsou dany Smérnici 2004/54/EC Evropského

a mimoradnych udélosti vyplyvaji také z kap. 6 technickych tion, the collection and evaluation of traffic data and incidents fol-
podminek TP 154 Provoz, spréva a Gdrzba tunelii pozemnich lows from chapter 6 of TP 154 technical specifications on
komunikaci. V rdmci vyzkumného projektu Ministerstva “Operation, administration and maintenance of road tunnels”. The
dopravy OPTUN byla navrZzena, a v rdmci projektu SAFETUN AZMUT method (automatic processing of incidents in road tunne-
uvedena do Zivota, metoda AZMUT (Automatizované zpraco- Is), designed for recording of incidents, was proposed within the

framework of the Ministry of Transport’s project OPTUN and

vani mimorddnych udélosti v silni¢nich tunelech) pro zdznam
introduced within the framework of the SAFETUN project.

udalosti.

TP229 ,,Safety in Road Tunnels specifications were appro-
ved by the Ministry of Transport (MD - OSI, Ref. No. 1014/
10-910-1PK/1, effective 1st December 2010) and the Ministry of
Interior, the General Directorate of the Fire Rescue Service.
Publishing and distribution is being ensured by Eltodo EG, a.s.,

TP 229 Bezpec¢nost v tunelech pozemnich komunikaci
byly schvileny Ministerstvem dopravy CR (MD — OSI, &. j.
1014/10-910-IPK/1 s G¢innosti od 1. prosince 2010) a Minis-
terstvem vnitra GR HZS. Vydani a distribuci zaji§tuje spolec-

nost Eltodo EG, a. s., (jezdikovap@eltodo.cz). (jezdikovap@eltodo.cz).
PROF. ING. PAVEL PRIBYL, CSc., PROF. ING. PAVEL PRIBYL, CSc.,
pribylp@eltodo.cz, ELTODO EG, a. s. pribylp@eltodo.cz, ELTODO EG, a. s.

LITERATURA /7 REFERENCES
[1] TR Risk Evaluation — Current practice for Risk Evaluation for Road Tunnels, ver. 01/2010, PIARC, C .4, WG2, 2010

DOPORUCENI PRO ZPRACOVANI STATICKYCH VYPOCTU RAZENYCH TUNELU DLE EC

Na webu Ceské tuneldiské asociace ITA-AITES www.ita- Autori dokumentu k témto vyjadienim zaslali svd stanoviska.
aites.cz je ve slozce edice Dokumenty CzTA umisténo Pak text dopracovali a mimo jiné upravili ndzev na Dopo-
Doporuéeni pro zpracovani statickych vypoétu razenych ruceni pro zpracovdni statickych vypoctu raZenych tunelii
tunelu dle EC, které zpracoval v breznu 2010 kolektiv autort dle EC.
prof. Ing. Jifi Bartdk, DrSc., (CVUT — Fsv), Ing. Jifi Hofejsi, Na redakéni pozndmku, kterd na webu uvadi uverejnény
(IKP Consulting Engineers, s. 1. 0.) a Ing. Ale§ Zapletal, DrSc., dokument, reagoval Ing. Ale§ Zapletal, DrSc., zaslanim textu
(Satra s. r. 0.). O umisténi dokumentu na webu byli v roce 2010 Statika tunelovych konstrukci: Holismus nebo redukcionismus?
¢lenové CzTA informovani. Tento text i vySe zminénd vyjadreni a stanoviska jsou také na
Dokument, ktery mél puvodné nazev PFiruc¢ka pro zpracovd- webu CzTA uverejnény.
ni statickych vypocti raZenych tuneli dle EC, byl pied dokon- V diskusnim féru, které je na stejné strdnce, muZete i vy
Cenim a uverejnénim na webu CzTA zaslan k vyjadfeni nésledu- vyjadfit svij ndzor.
jicim odbornikiim: Ing. Radko Bucek, Ph.D., (Mott MacDonald,
s. 1. 0.) Ing. Martin Srb, doc. Ing. Matous§ Hilar, Ph.D. (D2 ING. MILOSLAV NOVOTNY, ita-aites@metrostav.cz,
Consult Prague, s. r. 0.) a Ing. Vladislav John (Metrostav a. s.). sekretdr CzTA ITA-AITES
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

16. MEZINARODNI SEMINAR ZPEVNOVANI, TESNENI A KOTVENI HORNINOVEHO MASIVU

A STAVEBNICH KONSTRUKCI 2011

16TH INTERNATIONAL SEMINAR ON CONSOLIDATION, REDUCTION OF PERMEABILITY
AND ANCHORING OF ROCK MASS AND CIVIL ENGINEERING STRUCTURES 2011

The already 16th international technical seminar on “Conso-
lidation, reduction of permeability and anchoring of civil engi-
neering structures” was held on 10th to 11th February 2011 at the
VSB - Technical University of Ostrava. The seminar was orga-
nised jointly by the Department of geotechnics and underground
construction engineering of the Faculty of civil engineering of
the university and Minova Bohemia s.r.o., with Prof. Ing. Josef
Aldorf, DrSc. and Ing. Drahomir Janicek, the director of Minova
Bohemians s.r.o., assuming the roles of expert guarantors of the
seminar.

The seminar discussions were divided into two professional
sections, i.e. a geotechnical section and mining section. A total
of 28 papers were read during the course of the seminar in both
sections. Papers dealing with the application of the consolidati-
on and anchoring during the implementation of tunnelling pro-
jects in the Czech Republic (the Blanka tunnel, Votice tunnel, the
access gallery for the excavation of Cerveny Vrch mined stati-
on), the Slovak Republic (the Banska Bystrica railway tunnel)
and in Helsinki, Finland, were read within the framework of the
initial joint session of the sections on Thursday.

Ve dnech 10.~11. 2. 2011 se konal na Vysoké $kole banské-
Technické univerzité Ostrava jiZ 16. mezindrodni odborny semi-
nar Zpevnovani, tésnéni a kotveni horninového masivu
a stavebnich konstrukci. Semindf je pordddn ve spolupraci
katedry geotechniky a podzemniho stavitelstvi FAST VSB-TU
Ostrava a firmy Minova Bohemia, s. r. 0., odbornymi garanty
semindre jsou prof. Ing. Josef Aldorf, DrSc. a reditel firmy
Minova Bohemia, s. r. 0., Ing. Drahomir Janicek. V ivodu semi-
nare privitali Gcastniky zdstupci organizaci a firem, které prijali
zastitu nad touto odbornou akci — dékanka Fakulty stavebni
VSB-TU Ostrava prof. Ing. Darja Kubetkovi-Skulinova, Ph.D.,
Ing. Libor Maiik, zastupce Ceské tuneldiské asociace ITA-
AITES, a predseda Obvodniho banského tradu Ostrava Bc.
Ing. Libor Hroch. Jedndni semindfe probihalo ve dvou odbor-
nych sekcich — sekei geotechnické a sekci hornické, v prubéhu
semindfe bylo predneseno v obou sekcich celkem 28 prispévka.
Seminére se celkem zuicastnilo 166 zdstupcu firem, vyzkumnych
a vzdéldvacich organizaci, z toho 59 dcastniku bylo ze zahrani¢i
(Slovensko, Spanélsko, Rumunsko, Némecko, Polsko). V rdmci
tvodniho étvrteéniho spole¢ného zasedani sekci byly prednese-
ny prispévky tykajici se predevsim aplikace technologie zpevno-
véni a kotveni pii realizaci tunelovych staveb v Ceské republice
(tunel Blanka, Voticky tunel, pfistupova $tola pro razbu stanice
metra na Cerveném vrchu), Slovenské republice (Bansko-
bystricky Zelezni¢ni tunel) a ve finskych Helsinkach.

Jednéani ctvrtecni odpoledni geotechnické sekce zahdjil
prof. Hulla ze Stavebni fakulty STU Bratislava prispévkem,
v némz prezentoval technicky i ekonomicky efektivni technolo-
gii realizace roztlicenych pilot systémem Screwsol. Prezen-
tovany typ pilot umoznuje zlepsit vlastnosti zemin v okoli plas-
t€, zvysit plastové tieni, neni vSak potfeba odstrafiovat z vrtu
zeminu, pfi¢emz unosnost téchto pilot je vyS$i ve srovnani
s klasicky vrtanymi pilotami. Pfispévek ing. Garzéna z firmy
Minova Codiv se vénoval problematice aplikace speciélnich tés-
nicich injektazi pii feSeni probléml v podzemnim stavitelstvi.
Ing. Grossmann z firmy Minova Bohemia zaujal udcastniky

semindre prispévkem, ktery se zabyval realizaci pojistného
injekéniho systému hydroizola¢ni vrstvy v objektu ,Nova
Karolina“ v Ostravé s vyuzitim noveé vyvinutého injektdzniho
materidlu CarboCrylHvLong, ktery je vhodny pro aktivaci vel-
korozmérovych pojistnych systému. Dalsi pfispévky v této sekci
byly vénovdny problematice sanace skalnich stén a svahu.

Ve CtvrteCni hornické sekei zaznélo celkem 7 prispévku Ces-
kych i zahrani¢nich autoru, které se zabyvaly aktudlnimi speci-
fickymi problémy hornické praxe. Prof. Gluch z Politechniky
Slezské v Gliwicich sezndmil udcastniky semindre s aplikaci
kotevnich systéma v podminkdch polského hornictvi, v ramci
sekce byly prezentovany rovnéz dva prispévky polskych autoru
z firmy Minova Ekochem S.A. Prvni z nich se zabyval vysledky
vyzkumu vlastnosti organické flexibilni pény a jejim vyuziti
v hornickém stavitelstvi, ve druhém prispévku se kolektiv auto-
i vénoval problematice numerického modelovan{ vlivu ochran-
nych pdst z materidlu Minobet na konvergence vyrubu. Aplikaci
novych efektivnich kotevnich systému s minimdlnimi ¢asovymi
naroky na instalaci se zabyval prispévek Ing. Salatina z firmy
Bohemia Holding GmbH. V prispévku autort z firmy DRIL-
LING TRADE, s. r. 0., byl prezentovan postup trvalé likvidace
nezasypané Cdsti téZzni jamy Jindfich pod samovolnou zétkou
(celkova délka volnych prostora pod zdtkou cca 300 m) pomoci
dlouhych Sikmych vrti. V dal§im priispévku kolektiv autoru
firmy OKD. a. s., formuloval doporuceni k efektivnéjsi likvida-
ci porubu s vyuzitim stropni sité a svornikové vyztuze.

Patecni geotechnickd sekce byla vénovdna predevs$im proble-

matice sanace zeminovych svahu, skalnich stén, zdkladovych
konstrukei, pfispévek ing. Otakara Ciglera se zabyval rukdvco-
vou technologii pro sanace potrubi a kanalizaci. Zastupce firmy
Inset, s. r. 0., RNDr. Fabo, Ph.D., prezentoval vyuZiti magnetoe-
lastického dynamometru DYNAMAG pro monitoring vyvoje sil
v zemnich kotvéach.
Ing. Mazala, ktery se zabyval problematikou vyztuZovani cho-
deb uréenych k dvojimu pouZiti na Dole Paskov. Na zdkladé
svych zkuSenosti autor doporucuje pro vyztuZovani takového
typu chodeb v podminkach Dolu Paskov kombinaci vysokého
kotven{ a Hilti svorniki s obloukovou vyztuzi. Dals{ prispévek
predneseny prof. Aldorfem se zabyval srovndnim d¢innosti zpu-
sobu a kvality zaloZeni ocelového oblouku vyztuze, pfispévek
analyzuje vysledky matematického modelovani této problemati-
ky a formuluje zdveéry provedenych analyz. Ing. Vojtas z firmy
Hornonitrianske bane Prievidza uvedl ve svém prispévku vyuzi-
ti specidlnich materidld pfi sanaci nadstropni ¢dsti dobyvané
uhelné sloje s cilem zajistit postupnou likvidaci zdparového pro-
cesu v zdvalu dobyvaného sténového porubu.

Pocet dcastniki semindfe, polet prezentovanych prispévku
i Sirokd diskuse jak v pribéhu samotného jedndni seminéfe, tak
i v kulodrech, potvrzuji potfebu setkdvdni odborniku z této
oblasti. Ziskané informace, poznatky a zkuSenosti i navazané
odborné kontakty mohou vyznamnou mérou prispét k efek-
tivnéj§imu, bezpecnéj§imu a ekonomickému feSeni kazdoden-
nich praktickych geotechnickych problému.

DOC. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vsb.cz, Fakulta stavebni VSB-TU Ostrava
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16. ROCNIK KONFERENCE ZELEZNICNI MOSTY A TUNELY
16T ANNUAL CONFERENCE “RAILWAY BRIDGES AND TUNNELS”

The Railway Infrastructure Administration, state organisation, nadlozi dosahovala 2500 m, tlak horniny na &elo stroje 60 tun/m?
in collaboration with SUDOP Praha a.s., has held regular, well a deformace vyrubu se bliZily v oblasti L1 a L2 stroje az
attended conferences on “Railway Bridges and Tunnels” in k 1000 mm. Predndska symbolicky predznamenala dnes jiZ jisté
Prague. January 2011 saw the already 16th annual conference in prvni nasazeni tunelovaciho stroje na prazském metru v trase VA
line. The attendees were provided with interesting views of brid- a mozné nasazeni TBM na Zelezni¢nim tunelu Ejpovice, kde se
ge and tunnel construction projects, both under design and under projektova dokumentace pripravuje i pro tuto variantu.
construction. Prednaska Ing. Petra §légra (CEDOP, o. s.), Ing. arch. Ivana

The conference section dealing with tunnelling offered the ope- Lejcara (ALEJ) a Ing. TomaSe Zaruby (dopravni konzultant)
ning lecture entitled Technical innovations in tunnelling machines s ndzvem Meéstské Zeleznicni tunely — novd dimenze mobility
at railway tunnel construction sites in the world, delivered by v aglomeracich ukazala na mnoha zahrani¢nich prikladech cestu
Dr. Karin Bippler of Herrenknecht AG, Germany. The lecture k integraci piiméstské a regiondlni Zelezni¢ni dopravy do systému
covered a range of tunnelling machines designed for the applicati- méstské hromadné dopravy. Atraktivitu Zeleznice zajisti snadnd
on in incohesive and often water-bearing soils, up to tunnels driven dostupnost cilil v centru mésta a jejf transformace ve mésté na tirover
through hard rock. expresniho metra. To je spojeno s jeji zasadni modernizaci, zahusté-

The paper by Ing. Petr Slégr (CEDOP, o. s.), Ing. Arch. Ivan nim poctu zastavek, a tim i jejim vedenim pod povrchem husté zasta-
Lejcar (ALEJ) and Ing. Toma§ Zaruba (transportation engineering vénych center mést. Pfednaska uvedla fadu piiklada jiZz dspé$né
consultant) entitled “Urban railway tunnels — a new dimension of dokonéenych projektu v PafiZi, Mnichové, Stuttgartu, Frankfurtu nad
mobility in agglomerations” showed, using several examples from Mohanem nebo Mildné. Ze se nejednd o slepou cestu, dokladuje
abroad, the way to the incorporation of commuter and regional rail- vystavba City tunelu v Lipsku nebo londynsky projekt Cross Rail.
way traffic into the urban mass transit system. Nase hlavni mésto na podobny dopravni systém teprve ¢ekd, i kdyz

The railway tunnels under planning for the Nemanice — Sevétin urcitym piislibem je projekt Nového spojeni 2, ktery by podpovrcho-
track section were the topic of the paper by Ing. Petr Lapi§ (IKP ve propojil Zelezniéni traté pro mestskou a piiméstskou dopravu od
Consulting Engineers, s. 1. 0.) and Ing. Lenka Pikhartova (SUDOP severovychodu s tratémi usticimi do uzlu od jihozapadu. Klicovou
Praha a. s.). This section is part of the 4th Railway Corridor, which roli by v celém sytému hréla tyikolejnd podzemni stanice Véclavské
forms the north-south axis running from the border with the FRG, namesti, kterd by kromé prestupu mezi v§emi linkami priméstskych
Décin through Prague, Ceské Budé&jovice, Dolni Dvofi§té and the vlaki umoZnila i pfimy vystup do vestibulu Hlavniho nddraZi a horni
border with Austria. Casti Véclavského ndmésti. Jednalo by se o 12,7 km novych trati

The paper by Ing. Eva Tati¢kovd (HOCHTIEF CZ a. s.) and vedenych v 10 km tuneld a 6 podzemnich stanicich.

Ing. Libor Marik (IKP Consulting Engineers, s. r. 0.) entitled “The Prednéska Ing. Petra LapiSe (IKP Consulting Engineers, s. 1. 0.)
Votice tunnel — initial experience from the construction” was focu- a Ing. Lenky Pikhartové (SUDOP Praha a. s.) se tykala pfipravo-
sed first of all on the issue of stabilising rock slopes of a deep con- vanych Zelezni¢nich tuneld na tratovém dseku Nemanice — Sevé-
struction trench. tin. Jedna se o usek, ktery je soucasti IV. Zelezni¢niho koridoru,

The last paper of the tunnelling section of the conference was by ktery tvoif severo-jizni osu D&in stitni hranice — Praha — Ceské
Ing. Jakub Némecek (SUBTERRA a. s.) and Ing. Libor Matik (IKP Budgjovice — Dolni Dvoristé statni hranice. Navrh smérového
Consulting Engineers, s. r. 0.). It was entitled “The Olbramovice i vy8kového feseni umoznuje prujezd vlakovych souprav rychlosti
and Tomice I mined tunnels on the Votice — BeneSov u Prahy rail 160 km/h s vyhledem po pripadné dprave zabezpeCovaciho zafize-
line. It dealt with the experience gained during the construction of | nf aZ na 200 km/h. K vyznamnym objektim na trase patfi tunely
two rail tunnels, located, alike the Votice tunnel, on the 4th Railway Hosin (3120 m) a Chotyany (4810). Celkova délka tuneld témer
Corridor*. 8 km si vyzadala béhem zpracovani pripravné dokumentace pro-

vedeni fady doprovodnych studii, na zdkladé kterych byla po tech-

Spréva Zelezni¢n{ dopravni cesty, s. 0., pordda v Praze s Zeleznou nicko-ekonomickém posouzeni urCena optimdlni varianta.
pravidelnosti ve spolupréci s firmou SUDOP Praha, a. s., hojné Predmétem posouzeni byla ndsledujici variantni resent:
navi§tévovanou konferenci Zelezniéni mosty a tunely. V lednu ¢ Jednokolejné tunely versus dvoukolejny tunel;
leto$niho roku se konal jiz 16. roénik a poskytl d¢astnikim zaji- * Razba NRTM versus TBM;
mavy pohled na mostn{ a tunelové stavby jak v procesu projekto- * Pevnd jizdni dréha versus Stérkové loZe;
vani, tak vystavby. e Rychlost 160 km/h versus 200 km/h;

V tunelové sekci konference zajistila tdvodni predndsku » Ruzné varianty feSeni Gnikovych cest (Sachty, stoly a jejich
s nazvem Technické inovace u razicich strojii na stavbdch Zelez- kombinace).
nicnich tunelii ve sveté Dr. Karin Béppler z firmy Herrenknecht AG Do technicko-ekonomického posouzeni bylo nutné zahrnout
z Némecka. Pfedndska pokryvala celou $kélu razicich stroju ure- i vytvoreni 2,5 km dlouhého vysokého ndspu mezi obéma portély
nych od razby v nesoudrznych a asto zvodnéelych zeminéch az po navazujicich tunelt. Vysledkem studii byla volba dvoukolejného
tunely razené v pevnych skalnich horninach. Priklady jednotlivych tunelu se $térkovym loZem razeného pomoci NRTM prostorové
typu razicich stroju byly prezentovény na konkrétnich stavbéach navrzeného pro rychlost do 200 km/h. V piipadé tnikovych cest
v zahrani¢i. Jednalo se napf. o méstsky Zelezni¢ni tunel v Malmo, byla pro Hosinsky tunel zvolena paralelné raZend tinikovd Stola,
ktery spojuje Zelezni¢ni sit vedouci pies most Oresund zatimco pro Chotycansky tunel kombinace tnikovych §tol a Sachet.
s metropolitn{ siti Kodané. Vzhledem proménnym geotechnickym | Zékladnim a zdvaznym dokumentem pro ndvrh bezpeCnostniho
podminkam musel byt pfi razbé pouzit kombinovany Stit. Z mnoha opatfeni je vzhledem k mezindrodnimu vyznamu traté evropsky
dalich prikladd je moZno jmenovat razbu pristupového tunelu predpis o technické specifikaci pro interoperabilitu subsystému
o pruméru 13 m k Brenner Basis tunelu, razbu Zelezni¢niho tunelu ,.Bezpecnost v Zeleznic¢nich tunelech® v transevropském konvenc-
Jenbach stejného pruméru v idoli Innu nebo dosud na svété nejdel- nim a vysokorychlostnim Zelezni¢nim systému (TSI SRT). Kromé
$iho tunelu Gotthard ve Svycarsku. Z celkové délky razeb razby v proménnych geotechnickych podminkdch pod hladinou
153,7 km vyrazily 4 stroje typu Gripper celkem 87 km tuneld. podzemni vody vystavbu komplikuje i t€sné vyskové krizeni
Razba probihala mnohdy v extrémnich podminkéch, kdy vyska Chotyc¢anského tunelu v oblasti portdlu s dalnici D3.
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Predndska Ing. Evy Tatickové (HOCHTIEF CZ a. s.)
a Ing. Libora Marika (IKP Consulting Engineers, s. r. 0.) s ndzvem
Voticky tunel — prvni zkuSenosti z vystavby byla zaméfena zejména
na problematiku zajisténi stability skalnich svaht hluboké staveb-
ni jamy. Vystavba Votického tunelu s nizkym nadlozim neumoz-
nuje tunel provadét jako razeny. Délka stavebni jamy ¢ini 590 m
a v nejhlubs$im miste dosahuje az 19 m. Jiz po vytéZeni prvni etdze
stavebni jamy do hloubky cca 6 m se projevily nestability horni-
nového masivu tvoreného granitoidy a uvoliiovani skalnich bloku
o hmotnosti az nékolika tun si vyzddalo béhem vystavby zménu
systému zajisténi stability svahu. Ke zvlastnostem hloubeného
tunelu patii pouziti samonosné vyztuze, které je zndmé spiSe
z razenych tseku tuneld, rozpirdni osténi tunelu o stény stavebni
jamy, které vede k usporfe vyztuZe i betonu osténi, nebo pouZiti
betonu osténi odolného proti prusakum. Vystavba tunelu probihd
proudové od téZeni stavebni jamy pres betondz podkladnich beto-
nu a patek osténi, montdZ vyztuze aZ po vlastni betondZ klenby
osténi. Vyznamnou roli z hlediska harmonogramu vystavby hraje
pouziti samonosné vyztuZe, diky které neni pro jeji montdz bloko-
vén bednici viz a betondZ probihd nezdvisle na montéZi vyztuze.

Posledni predndSka tunelové sekce Kkonference autoru
Ing. Jakuba Némecka (SUBTERRA, a. s.) a Ing. Libora Marika
(IKP Consulting Engineers, s. r. 0.) s ndzvem RaZené tunely
Olbramovicky a Tomicky 1. na trati Votice — BeneSov u Prahy
pojednévala o zkuSenostech z vystavby dvou Zelezni¢nich tunelq,

Tuel

které lezi, stejné jako Voticky tunel, na IV. Zelezni¢nim koridoru.
Oba tunely se z hlediska technologie provadéni déli na dseky hlou-
bené a tseky razené pomoci NRTM. V predndsce bylo provedeno
porovndni progndzy a skutecnosti z hlediska geotechnickych pod-
minek a nasazeni technologickych tfid vyrubu, zdiraznén vyznam
dimenzovani definitivniho osténi na zdkladé skute¢né zastizenych
podminek a obecné zminén vyznam geomonitoringu na optimali-
zaci technického feSeni pfi vystavbé. Oba tunely jsou raZeny
s nizkym nadloZim v tektonicky silné poruseném masivu. Presto
umoznily vysledky geomonitoringu u Olbramovického tunelu pou-
Zit na ¢asti razeného dseku nevyztuzené definitivni osténi, coZ bylo
jeste pred nékolika lety pro mnohé obtizné predstavitelné. Pri
dusledném dodrzovéni zdsad a pouZivani ndstroji NRTM lze
dosdhnout spravnou interpretaci vysledku geomonitoringu optima-
lizace zajiSténi stability vyrubu a vynaloZeni jen nezbytné nutnych
investi¢nich ndklada.

Z hlediska prednesenych piispévka se jednalo o velmi pestré
zastoupeni technologii vystavby, raZbu tuneld ve méstech
i extravilinu v Ceské republice i v zahraniGi, pfipravu stavby
v riznych stupnich projektové dokumentace i pfi vlastni realizaci.
Konference méla vysokou technickou troven a po strance organi-
zalni byla velmi dobre pripravena.

ING. LIBOR MARIK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU
MYSLBEKOVA - PELC-TYROLKA

TUNEL SPEJCHAR - PELC-TYROLKA (KRALOVSKA OBORA)

Zacatkem ledna 2011 byla dokoncena razba vzduchotechnického
kandlu SO 9021.04 a jeho propojeni s tunely STT a JTT. V pondeli
10. ledna tak bylo mozné slavnostné odvézt posledni vyrazeny kubik
horniny z podzemi za prfitomnosti generdlniho feditele Metrostavu
Ing. Pavla Pildta a prvniho ndméstka primdtora hl. m. Prahy
Ing. Karla Breziny (obr. 1). Byla tak dokonéena razba tseku dlou-
hého cca 4,4 km (dvé tunelové trouby kazdd v délce cca 2,2 km)
véetné 8 propojek, Cerpaci stanice, technologického centra
a vzduchotechnickych objektu.

V soucasné dob¢ jsou v plném proudu prace na definitivnim oste-
ni celého vyrazeného tseku z Trdji na Letnou. K dne$nimu dni je
zabetonovano 1778 m spodni klenby (150 sekci z celkovych 151)
a 1568 m horni klenby (131 sekci z celkovych 151) dvoupruhového
tunelu JTT. Na tffpruhovém tunelu JTT je vybetonovano celkem
406 m spodni klenby (41 sekci z celkovych 42) a 396 m horni klen-
by (40 sekci z celkovych 42). SouCasné probihaji prace na premisté-
ni bednictho vozu a bednéni VZT vyklenku pres letensky portal na
STT. Na dvoupruhovém tunelu STT je zabetonovdno 1097 m (93
sekci z celkovych 142) spodni klenby, 206 m spodni klenby bez
mostovky a 611 m (52 sekci) horni klenby. Na tfipruhovém tunelu
STT se prace teprve rozbihaji. Ddle je provedeno definitivni ostén{
spodni klenby ¢&tyf a horni klenby dvou tunelovych propojek.
Definitivni osténi horni klenby je bez probléma provadéno technolo-
gif stiikaného betonu na féliovou izolaci. Soucasné probihaji i prace
na definitivnim osténi a hydroizolacich vzduchotechnickych objektu.

Vystavba probihd v souladu s aktualizovanym HMG stavby
a pokud nebude pozastaveno financovdni stavby ze strany
Magistratu hl. m. Prahy, predpoklddd se dokonceni definitivniho
ostén{ v prosinci 2011.

THE CZECH REPUBLIC

MYSLBEKOVA - PELC-TYROLKA SECTION OF THE CITY
CIRCLE ROAD

SPEJCHAR - PELC-TYROLKA TUNNEL (KRALOVSKA OBORA)

The beginning of 2011 saw the completion of the excavation of
the ventilation duct SO 9021.04 and its connection to the NTT and
STT tunnels. It was therefore possible on Monday of the 10th
January to celebrate the haulage of the last cubic metre of muck
from the underground, in the presence of Ing. Pavel Pilat, general
director of Metrostav a.s., and Ing. Karel Brezina, first deputy
mayor of Prague (see Fig. 1). The celebration meant the completi-
on of the excavation of an about 4.4km long stretch (two tunnel
tubes about 2.2km long each) including 8 cross passages,
a pumping station, a services centre and ventilation structures.

At the moment, the work on the final lining of the entire com-
pletely excavated section from Troja to Letnd is in full swing. At
present, casting of 1778m of invert (150 blocks of the total of 151)
and 1568m of the upper vault (131 blocks of the total of 151) has
been completed in the STT double-lane tunnel. As far as the triple-
lane STT tunnel is concerned, casting of 406m of the invert (41
blocks of the total of 42) and 396m of the upper vault (40 blocks
of the total of 42) has been finished. At the same time, a traveller
form and the formwork for ventilation recesses are being moved
via the Letna portal to the NTT. Casting of 1097m (93 blocks of the
total of 142) of the invert, 206m of the invert without the road deck
and 611m (52 blocks) of the upper vault has been completed in the
double-lane NTT tunnel. The work in the triple-lane NTT tunnel
has just started. In addition, the final lining of the invert in four
cross passages and the final lining of the upper vault in two cross
passages has been completed. The final lining of the upper vault is
carried out without problems using a technique involving concrete
sprayed on the waterproofing membrane. The work on the final
lining and waterproofing in ventilation structures has proceeded

simultaneously.




Obr. 1 Vedeni Magistrdtu hl. m. Prahy a spolecnosti Metrostav a. s. pFi
prohlidce tunelového komplexu Blanka

Fig. 1 Top managers of the Prague City Council and Metrostav a.s. during
the visit to the Blanka complex of tunnels

TUNEL MYSLBEKOVA - PRASNY MOST (BRUSNICE)

V soucasné dobé (k 21. 1. 2011) byla dokonéena razba VZT
v délce 114 m stejné jako propojky &islo 2 v délce 19 m mezi JTT
a STT. Pres propojku €. 2 byla preloZena doprava pro plynulé pokra-
Covani betondze definitivniho osténi spodni klenby STT (zhotoveno
130 m). Pfed tunelem pak za¢ind montdZ betonarského bednéni pro
betondz horni klenby. V JTT probihd razba s vertikdlnim ¢lenénim
Celby, kterd je ve vzddlenosti cca 430 m od portdlu a do prordzky
zbyva vyrazit 129 m.

Protirazba STT ze stavebni jamy PraSny most se po vyrazeni 68 m
opéerového tunelu (OT 1) jiZ napojila na popilkobetonem zaplavenou
&ast OT za zdvalem. Opéerovy tunel OT 2 je vyrazen v délce cca
45 m a do propojeni zbyva cca 37 m. Razba kalota do napojeni
k zévalovému prufezu bude dlouhd jest€ 98 m.

Vlastni zmahdni zavalu z mimorddné uddlosti v Cervenci 2010
bylo po splnéni podminek OBU zahdjeno 24. 1.2011.

PRODLOUZENI TRASY METRA VA

Projekt prodlouZeni trasy metra A se dostdva do rozpracovanosti
jiz v jeho plné délce. Prace podle jednotlivych oddilu a technologii

Smérem do stanice Petfiny je vyraZena pristupova Stola Markéta,
navazujici Stola strojovny hlavniho vétrani i tunel obratovych kole-
ji, a to v celkové délce 500 m. V soucasné dobé je provedena roz-
rdzka pred vlastni stanici Petfiny a byla zahdjena i razba bo¢nich
opérovych tunela pro prijezd TBM ve vlastn{ stanici. Razba probi-
hé v ustdlenych geologickych podminkdch a prevazna Cést je tvore-
na zdravymi korycanskymi piskovci uloZzenymi na vrstvé kiidového
peruckého souvrstvi. Je pouzivana technologie NRTM bez pouZiti
trhacich praci. HMG je plnén a predpoklad ukondeni praci je 1. zar{
u levého opérového tunelu (LOT), resp. 16. fijna 2011 u POT.

Pro rozvinuti praci ve stanici Veleslavin byla dokoncena razend pre-
lozka kanalizace a probihaji prace na dalSich prelozkach, které umoz-
ni provedeni pristupovych ramp do vlastn{ stanice. Soucasné probihd
vrtani zdpor pro &ast této pristupové rampy a vrtani pilot pro stény sta-
vebni jamy. Ke stanici Cerveny vrch postupuje raZbou pfistupova
Stola a jedind povrchovd stanice trasy Motol ddle pokraCuje v rozvoji
zemnich a zajistovacich praci stavebni jamy budouci stanice.

Na staveniSti BRE1 (Vypich) zahdjila firma Metrostav a. s. prace
spojené s pripravou zdzemi pro technologii TBM EPB.

V blizkosti montdZzn{ Sachty byl smontovan véZovy jerab Liebherr
280 EC-H. Pod dohledem pracovniku firmy Herrenknecht se zahdji-
la montédZ systému pdsovych dopravniku véetné dvou nepiehlédnu-
telnych dominant v podobe¢ dvojice zdsobnikovych vézi pro tunelovy
pés. Pomoci tohoto systému bude realizovano kompletni odtéZovani
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The construction has followed the updated construction sche-
dule and, unless the works financing by the Prague Municipality
is suspended, the completion of the final lining is expected to
take place in December 2011.

MYSLBEKOVA - PRASNY MOST TUNNEL (BRUSNICE)

At the moment (as of 21st January 2011) the excavation of
114m of the ventilation tunnel has been completed, as well as the
19m long cross passage No. 2 between the STT and NTT. The
transport route was diverted to run through cross passage No. 2
to allow fluent continuation of casting of the final lining of the
NTT invert (130m completed). The assembly of the travelling
form for casting of the upper vault has started in front of the tun-
nel. The excavation of the STT using the side drifts and central
pillar sequence has been progressing, with the face found at the
distance of about 430m from the portal; 129m remain to reach the
breakthrough.

The excavation of the NTT from the opposite direction,
i.e. from the Prasny Most construction trench, has, after comple-
ting a 68m long sidewall drift, connected to the sidewall drift sec-
tion behind the tunnel collapse location, the collapse location was
inundated by cinder concrete. The excavation of sidewall tunnel
No. 2 has been completed at a length of 45m, with 37 metres
remaining to the breakthrough. The excavation of the remaining
section of the top heading up to the collapsed tunnel profile will
be 98m long.

The work on removing the collapse which originated during an
incident in July 2010 started on 24th January 2011, after satisfy-
ing conditions set by the Regional Bureau of Mines.

METRO LINE VA EXTENSION

The implementation of the Metro Line VA Extension Project is
getting underway throughout the full length of the project. The
operations pertinent to individual sections and technologies have
already covered all significant nodes.

In the direction of Petfiny Station, the excavation of the
Markéta access gallery, the gallery for the Main Ventilation Plant
connecting to it and the tunnel for the Turn-Back Track at the
aggregate length of 500m has been completed. At present the
excavation of the tunnel bifurcation before Petriny Station itself
has been finished and the excavation of sidewall tunnels for the
passage of a TBM has commenced in the station area. The exca-
vation runs through stable geological conditions; the major part
consists of sound Korycany Sandstone lying on Cretaceous Peruc
series of strata. The NATM technique without blasting is being
used. The works schedule has been complied with; the works
completion is planned for 1st September in the Left Sidewall
Tunnel (LST) and 16th October 2011 in the RST.

A mined tunnel for the diversion of a sewer required for star-
ting the work in the station itself has been completed and work
continues on other diversions which will make the construction
of access ramps to Veleslavin Station possible. The concurrently
undertaken operations comprise drilling for soldier piles for
a part of the access ramp and drilling for piles forming walls of
the construction trench. Driving of an access gallery proceeds
toward éerven}’/ Vrch Station; the work on Motol Station, the
only open-cut station on the line, proceeds by the excavation of
the construction trench and installation of the trench bracing.

Regarding the construction site BRE1 (Vypich), Metrostav
a.s. has commenced the work associated with the preparation of
service facilities for the EPB TBM technology.

The erection of a Liebherr 280 EC-H tower crane has been
completed in the vicinity of the TBM assembly shaft. The assem-
bly of a system of belt conveyors, including the hard-to-overlook
dominants formed by a pair of conveyor belt storage towers, has
commenced under the supervision of Herrenknecht employees.



20. rocnik - €. 17201

rubaniny v celé délce tunelu aZ na mezideponii situovanou na plose
zafizeni staveniSte.

Dne 16. prosince prevzali ve Schwannau zastupci firmy
Metrostav jiZ prvni vyrobeny razicfi Stit.

B¢ehem ledna byl potom na povrchu stavenisté instalovan mobiln{
jerdb Liebherr LR1750 schopny zvedat bfemena o maximdlni hmot-
nosti 750 t, byly prfipraveny plochy pro montiZ stroje TBM EPB
S-609 a dne 28. ledna 2011 dorazily na stavbu prvni dily zdvésu
stroje, ¢imzZ byla zahdjena vlastni montdz Stitu.

DALNICE D8 - 805 — LOVOSICE — REHLOVICE

Konec roku 2010 a zacdtek roku 2011 byly pro tento projekt ve
znameni betonaze definitivnich obezdivek tunelu Radejcin.

Stavebni prdce na betondzich byly zahdjeny jiz béhem razeb na
hloubenych tsecich. Nejprve byly zahdjeny vykopové prace pro
spodni klenbu na tsteckém portale pro bloky LTT03 az LTT13. Pod
bloky LTTO1 a LTTO2 prochazi technologicka chodba, ktera je sou-
¢asti SO 602.05. Po provedeni odtézeni zeminy a betondzi podklad-
nich betonu bylo pfistoupeno k samotnym pracim na betonéZich
spodni klenby.

Po dokonéeni bloka LTT03 — LTT13 byla zahdjena piiprava na
montdZ pojizdného ocelového bednéni horni klenby, které bylo
demontovéano a posléze prevezeno z tunelu Prackovice. Vnitini
a vnéjsi forma byla smontovdna béhem jednoho mésice.

Po dokonceni praci na hloubeném tunelu bylo po del$ich jedné-
nich s investorem, ohledn€ poskytnuti dspory v feSeni definitivni-
ho osténi, pristoupeno k betonazi spodnich kleneb v LTT. Pred
provedenim samotnych betondznich praci byla uskuteénéna kon-
trola primdrniho osténi pomoci scanovani, a to jak spodni, tak
horni klenby, kterd vyloucila jeho zdsah do profilu definitivni
obezdivky. Poté bylo dno spodni klenby ocisténo a provedena
vyrovnavajici vrstva betonu. ProtoZe jsou mezi spodni a horni
klenbou navrZeny pribéZzné pruty armatury, bylo nutno pred zapo-
Cetim armovacich praci provést osazeni a zabetonovani podélné
drendZe a Cdsti deStnikové izolace, kterd byla provedena z PE
folie tl. 2,5 mm. Armovéni bylo navrZeno opét z prutovych prvka.
Bednéni bylo pouzito stejné jako pro hloubenou &&st tunelu.
Drevéné bednéni &ilka bylo zajist€no pomoci mohutného pri¢né-
ho nosniku, ke kterému bylo pfipnuto pomoci spinacich ty¢i. Tato
uprava umoznovala provadét armovaci a bednici prace nezavisle
na sobé. Beton spodni klenby je pouzit stejny jako v hloubené
¢asti v tridé C 25/30 XAl a jeden betondzni celek obsahuje cca
100 m3 betonu.

V soucasné dob¢ jsou betondze dokonleny do bloku &. LTT 25
a probihaji prace na vyrovndvacim betonu v bloku PTT 80. Daéle
probiha z pojizdné plosiny montaz izolace horni klenby razené casti
LTT a priprava na betondZe, které zapocnou koncem meésice tinora.

TUNELY VMO DOBROVSKEHO

S koncem roku 2010 byly dokonceny vSechny betonaze definitiv-
niho osténi na obou tunelech. Vzhledem ke zruSeni stavebniho
povoleni se v soucasné dobé provadéji na dile pouze prace nutné
k zabezpeceni ochrany lidi a hmotného majetku. Touto cestou se tak
i tento projekt zaradil do zédstupu projektu, které ve vystavbé zaséh-
ly legislativni potiZe.

TUNELY NA ZELEZNICNI TRATI
PRAHA - CESKE BUDEJOVICE

USEK: VOTICE — BENESOV U PRAHY

vy

Tézisté praci na této vyznamné Zelezni¢ni liniové stavbé se defi-
nitivné presunulo z oblasti razeb do obdobi zhotovovani definitiv-
nich obezdivek jiz vyrazenych tunelt.

Razby na nejdel$im Zahradnickém bezméla kilometr dlouhém
tunelu byly podle predpokladu dokonceny ke konci roku 2010.
V soucasné dobé probihd betondz definitivniho osténi, kterd byla

Tuel

This system will be used for the complete removal of muck from
the entire tunnel length to an intermediate stockpile to be located
in the area of the construction site facility.

Metrostav a.s. representatives took over the first completed
TBM at the Schwannau Herrenknecht plant on 16th December
2010.

A Liebherr LR1750 mobile crane was installed on the surface
of the construction site during January 2011. The crane is capa-
ble of lifting loads with the maximum weight of 750t. In additi-
on, hard surfaced areas were prepared for the assembly of the
TBM EPB S-609. First components of the TBM back-up arrived
at the site on 28th January 2011. Thus the TBM assembly has
started.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

For this project, the end of 2010 and beginning of 2011 were in
token of casting of the final lining of the Radej¢in tunnel.

Concrete casting operations started earlier, during the course of
the construction of cut-and-cover sections. The excavation for the
invert at the Usti portal for blocks LTTO3 through LTT13 started
first. A service gallery, which is part of SO 602.05, passes under
blocks LTTO1 and LTTO2. When the excavation and casting of
blind concrete had been completed, the casting of the invert com-
menced.

After completing blocks LTTO3 through LTT13, the preparati-
on for the assembly of the traveller scaffold for the upper vault
started (the scaffold dismantled at the Prackovice tunnel and tran-
sported to Radej¢in). The inner and outer shells of the formwork
were assembled during one month.

When the work on the cut-and-cover section of the tunnel had
been finished, casting of the invert in the LTT started, after rather
lengthy discussions with the client regarding a requirement for
savings in the solution to the final lining. The primary lining,
both in the invert and upper vault, was checked by means of
a scanner prior to the concrete casting operations. The check eli-
minated the possibility of the primary lining encroaching on the
final lining profile. Subsequently the invert bottom was cleaned
and a levelling concrete layer was cast. Because of the fact that
continuous reinforcement bars are designed to be placed between
the invert and the upper vault, it was necessary before the start of
placing the reinforcement to lay longitudinal drains, cover them
with concrete and install part of the umbrella-type waterproofing
using a 2.5mm thick PE membrane. Steel bar reinforcement was
again designed for the structures. The same formwork as the
formwork used for the cut-and-cover section was used for the
mined tunnel. The formwork stop-end was stabilised by means of
a mighty transverse beam and tie rods fixing it to the beam.
Owing to this solution it was possible to place reinforcement and
install the formwork independently of each other. The concrete
used for the invert is the same as the concrete used for the cut-
and-cover tunnel structures, i.e. C 25/30 XA1; one casting block
contains approximately 100m?* of concrete.

At present, concrete casting has been finished up to the block
LTT 25 and levelling concrete is being placed in the block RTT
80. In addition, a waterproofing membrane is being applied to the
upper vault in the mined part of the LTT from a travelling plat-
form. Concrete casting operations are under preparation to com-
mence at the end of February.

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
ROAD IN BRNO

As of the end of 2010, all concrete casting operations on the
final lining were finished in both tunnel tubes. Because of the
cancellation of the building permit, the only works currently
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v dobé uzaverky tohoto ¢isla zhruba z poloviny jeho délky hotova.
Také se pripravuje bednici forma pro betondz tinikové $toly.

U Olbramovického tunelu byla jiz betondz definitivniho osténi
dokonéena a pripravuje se betondZ chodniki a montdZ definitivn{
vystroje tunelu. Zédroven probihd priprava na zpétny zdsyp
v hloubenych ¢4stech tunelu.

Také tunel Tomice I je vyraZen v celém svém profilu. Probihd pri-
prava na betonaZz zdkladovych pdsu a presunuje se k nému bednici
forma z Olbramovického tunelu pro definitivni betonaz klenby.

Posledni tunel, kde jesté probihaji razby, je tunel Tomice II.
V dobe uzdverky tohoto ¢isla bylo v kaloté vyrazeno 66 m z jeho
celkové délky 204 m. Razba probiha standardné podle zasad NRTM
a daff se realizovat dva postupy béhem 24 hodin.

Prace na vSech vySe zminénych tunelech provadi spole¢nost
Subterra, a. s.

ZELEZNICNI TUNEL JABLUNKOV €. 2

Na havarovaném tunelu Jablunkov padlo prvni investorské roz-
hodnuti sméfujici k zmoZeni zdvalu z mimoradné udélosti v listopadu
2010. Bylo rozhodnuto o sana¢ni zpevnujici injektéZi pro zlepSeni
horninového prostiedi v oblasti budouciho zmdhani. InjektdZe se
budou délat z povrchu, a to cementopolilkovou smési pomoci kol-
mych vrtu Sachovnicovité rozmisténych v pudorysném rastru 3 x
3 m. Prace maji byt zahdjeny na konci tnora letoSniho roku.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.

SLOVENSKA REPUBLIKA

TUNEL TURECKY VRCH

V zimnych mesiacoch roku 2011 boli dplne ukoncené raziace
a profilovacie prace na tuneli Turecky vrch, ktory je sicastou Zelez-
ni¢ného useku Nové Mesto nad Vdhom - Zlatovce na trati
Bratislava — Zilina. Pokralovala vystavba spodnych klenieb
a zdakladovych pdsov a zacala sa aj poklddka hydroizola¢ného
suvrstvia. V marci sa predpoklada zaciatok betondzi sekundarneho
ostenia, na oboch portdloch si uZ pripravené debniace vozy.
Dvojkolajny tunel Turecky vrch diiky 1775 m bude prvym sloven-
skym modernym Zeleznicnym tunelom budovanym po viac ako
40ro¢nom obdobi bez vystavby Zelezni¢nych tunelov. Investorom

Obr. 1 Sldvnostnd prerdzka Zeleznicného tunela Turecky vrch sa uskutocnila
25. novembra 2010

Fig. 1 The Turecky Hill railway tunnel breakthrough ceremony took place on
25th November 2010
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underway are those which are necessary for ensuring the protec-
tion of people and property. Thus the project has fallen into the
crowd of projects which have been hit by legislation troubles.

TUNNELS ON VOTICE -~ BENESOV U PRAHY SECTION
OF PRAGUE - CESKE BUDEJOVICE RAILWAY LINE

The focus of the works on this important linear structure has
definitively moved from the field of tunnel excavation to the
implementation of final linings in the completed tunnels.

The excavation of the longest, nearly a kilometre long,
Zahradnice tunnel was finished before the end of 2010, in com-
pliance with the works schedule. Currently casting of the final
lining is underway. As of the magazine copy deadline, roughly
one half of the tunnel length has already been provided with this
lining. In addition, the travelling form for casting of the lining in
the escape gallery has been under preparation.

As far as the Olbramovice tunnel is concerned, casting of the
final lining has been completed and casting of walkways and
installation of the final tunnel support is being prepared. At the
same time, the preparation for backfilling of the cut-and-cover
sections is in progress.

The excavation of the Tomice I tunnel has also been completed
in the full profile. The preparation for casting of footings is
underway; the upper vault formwork is being moved to the site
from the Olbramovice tunnel.

The last tunnel where excavation has still been underway is the
Tomice II tunnel. As of this copy deadline, the excavation of 66m
of the total tunnel length of 204m has been finished in the top
heading. The excavation proceeds in a standard manner, follo-
wing the NATM principles; the tunnellers have managed to reach
the advance rate of two excavation rounds per 24 hours.

The works on the above-mentioned tunnels have been carried
out by Subterra a.s.

JABLUNKOV NO.2 RAILWAY TUNNEL

The first client’s decision aimed at coping with the incident
which happened at the Jablunkov II tunnel in November 2010,
i.e. the tunnel collapse, has been made. Pre-excavation grouting
aimed at improving properties of the ground environment in the
area of the future collapse removing operations will be carried
out. The grouting will be performed from the surface, using
a cement-cinder mixture injected through vertical boreholes
installed in a diamond pattern at 3 x 3m horizontal grid. The work
commencement is planned for the end of February 2011.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAV a. s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.

THE SLOVAK REPUBLIC
TURECKY HILL TUNNEL

Winter months of 2011 saw the full completion of excavation
and profiling operations in the Turecky Hill tunnel, which is part
of the Nové Mesto nad Vdhom — Zlatovce section on the Bratislava
— Zilina railway line. The construction of the invert and footings
proceeded and the installation of waterproofing layers started.
Casting of the secondary lining is expected to commence at both
portals in March, using the already prepared traveller forms. The
1775m long, double-track tunnel will be the first modern Slovak
railway tunnel built after over a 40-year period during which no
railway tunnel was built. The client is Zeleznice Slovenskej repub-
liky (Slovak Railways) and the contractor is a consortium consis-
ting of OHL 7S a. s. (the leader), Skanska BS, a. s., Vdhostav Sk,



20. rocnik - €. 17201

stavby st Zeleznice Slovenskej republiky, zhotovitefom zdruZenie
vedené spolo¢nostou OHL 7S, a.s., pricom dal§imi ¢lenmi zdruZe-
nia st Skanska SK a. s., Vdhostav Sk, a. s., Doprastav, a. s., a Eltra,
spol. s r. 0. Zelezni¢nd trat’s tunelom by mala byt uvedens do pre-
vadzky v roku 2013.

PPP PROJEKTY NA VYSTAVBU DIALNIC

V  decembri 2010 sa Ministerstvo dopravy, vystavby
aregiondlneho rozvoja SR rozhodlo nepokracovat'v realizdcii tretie-
ho baliku PPP projektov na vystavbu a prevddzku dialnice D1
v useku Hri¢ovské Podhradie — Dubnd Skala a ukoncit' zmluvny
vztah s koncesiondrom, spolocnostou Zilinsk4 dialnica, s. r. 0., zalo-
Zenou spolo¢nostami Hochtief PPP Solutions, Alpine Bau, Western
Carpathians Motorway Investors Company a FCC Construccion.
Stcastou tretieho baliku boli aj tunely Zilina (0,6 km), Ov¢iarsko
(2,3 km) a Visnové (7,5 km). Ministerstvo zéroven ohlésilo pldny na
pokracovanie vystavby, pricom ako hlavny zdroj financovania sa
maju vyuzit'eurofondy. Prvym zacatym z pévodného tretieho baliku
by mal byt'isek Visnové — Dubnd Skala, ktory je z prevaznej dlzky
tvoreny tunelom Visiiové. Ministerstvom v decembri avizovany
zaciatok stavebnych pric na konci roku 2011 sa pravdepodobne
nepodari dosiahnut.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.

Tuel

a. s., Doprastav, a. s. and Eltra, spol. s r. 0. The rail line, together
with the tunnel, should be commissioned in 2013.

PPP PROJECTS FOR THE DEVELOPMENT OF MOTORWAYS

A decision was made by the Ministry of Transport, Construction
and Regional Development of the SR that the implementation of
the third package of PPP projects for the construction and operati-
on of the D1 motorway section between Hricovské Podhradie —
Dubna Skala would not continue and the contractual relationships
with the concessionaire, Zilinskd dialnica s.r.o. (Zilina Motorway),
which is a company founded by Hochtief PPP Solutions, Alpine
Bau, Western Carpathians Motorway Investors Company and FCC
Construccién, would be terminated. Part of the third package were,
among other structures, the Zilina tunnel (0.6km long), the
Ov¢iarsko tunnel (2.3km) and the Visnové tunnel (7.5km). At the
same time the ministry announced its plans to proceed with the
project, using European funds as the main source of finances. The
first section of the original third package to start with should be the
Visnové — Dubnd Skala stretch, the major part of which is formed
by the Visnové tunnel. The plan for the commencement of the con-
struction operations notified by the ministry to take place at the
end of 2011 is likely to be abandoned.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk, TERRAPROJEKT, a. s.

VYROCI / ANNIVERSARIES

DVACET LET NASEHO ,TUNELU"
TWENTY YEARS OF OUR “TUNEL"

TUNEL magazine, published jointly by the Czech and
Slovak tunnelling associations, has entered the twentieth
year of its existence through this issue. For that reason
Ing. Karel Matzner, a former long-standing secretary of the
ITA-AITES Czech Tunnelling Association, is reminding
journal readers of the origination and development of the
journal. The credit for its origination belongs to
Ing. Jaroslav Grén, the head of the Technical Department of
Metrostav, who was for a certain period of time a secretary
of the Czech Tunnelling Association.

TUNEL had its predecessor, Metro Bulletin. It was pub-
lished from 1971 and was focused first of all on informati-
on on the Prague metro construction project. From 1982,
which is the year in which the ITA-AITES Czechoslovak
Tunnelling Committee was founded, the bulletin even star-
ted to publish information on other construction projects
than Prague metro, and on activities of the ITA-AITES
Czechoslovak Tunnelling Committee.

Publishing of the actual TUNEL started in 1992. It has
remained to be published jointly by the ITA-AITES Czech
and Slovak tunnelling associations even after splitting of
Czechoslovakia into the Czech and Slovak Republics. An
important change took place in 1999, when translation to
English was added to Czech and Slovak articles. The fact
confirming the professional level of the journal was its
incorporation into the list of technical peer-reviewed, non-
impacted journals issued in the Czech Republic, approved
by the Science and Development Council of the
Government of the Czech Republic in 2008.

Vsimli jste si tdaje na hrbeté naseho Casopisu? 20. roénik /
Volume 20! Je to neuvéfitelné, ale letos Casopis TUNEL
vstupuje do dvacatého ro¢niku. To je prilezitost k malému
zamysleni a pohledu do jeho historie.

To, Ze vznikl zdsluhou Ing. Jaroslava Grana, vedouciho tech-
nického odboru Metrostavu, si pripomindme trvale na zluté
zdloZce kazdého Cisla. Ale podivejme se jeSté o pér let zpdtky,
co vlastné vydavani TUNELU predchazelo.

Oborové stiedisko VTEI Vodnich staveb, tehdy ,,vyrobni hospo-
dérskad jednotka“ (VHIJ), respektovalo potieby a vyznam stavby metra
avroce 1971, tedy v roce vzniku narodniho podniku Metrostav, zaha-
jilo vydévani publikace ,,Zpravodaj metro‘“ (obr. 1). Vychdzel 3x
ro¢né jako samostatny ¢asopis, a to vedle ,,Zpravodaje VTEI", jenzZ
tehdy vstoupil do tfindctého ro¢niku a vychdzel 6x ro¢né. Népln
»Zpravodaje metro“ byla prirozené jind neZ orientace TUNELU,
ktery spatfil svetlo svéta az v roce 1992.

V letech 1971-1983 Metrostav vydaval jeste Casopis podob-
ného charakteru ,,Stavime prazské metro*, ktery nebyl prisné
periodicky (obr. 2). Jeho tcelem byla predevsim popularizace
stavby prazského metra, jeho vyznamu pro mésto a informace
o dosazenych cilech vystavby v daném obdobi. Vychazel jednou
za dva az tfi roky, celkem vyslo sedm &isel.

,Zpravodaj metro“ se soustfedoval nejen na vystavbu metra,
na jeji popularizaci, ale i na technické a organizacni problémy
s ni spojené. Prinasel sporadicky i zpravy z podzemniho stavi-
telstvi ve svéte.

V roce 1982 se podarilo pri¢inénim Ing. Jindricha Hesse
a Ing. Jaroslava Grana prosadit, aby se Ceskoslovensko stalo
Clenskou zemi ITA-AITES. V tehdejsi dobé to zdaleka nebyla
jednoduché zalezitost. CSFR zastupoval k tomu téelu ustaveny




Obr. 1 Titulni strana Zpravodaje metro, ¢islo 1/1971
Fig. 1 Front-page of Metro Bulletin No. 1/1971
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Obr. 2 Casopis Stavime prazské metro vyddvany prileitostné v letech 1971 aZ 1983

Fig. 2 Stavime PrazZské Metro magazine, issued occasionally from 1971 through 1983

Obr. 3 Metro — Zpravodaj Ceskoslovenského tuneldrského komitétu — primy piedchiidce casopisu Tunel

Fig. 3 Metro — bulletin, a direct predecessor of Tunel journal, issued by the Czechoslovak Tunnelling Committee

Obr. 4 Titulni strana prvniho cisla casopisu Tunel z roku 1992
Fig. 4 Front-page of the first issue of Tunel journal, 1992

Ceskoslovensky tunelarsky komitét ITA-AITES, jehoz
predsedou se stal Ing. Hess a sekretdafem vedouci technického
odboru Metrostavu Ing. Gran, ktery byl soucasné i redaktorem
»Zpravodaje metro.

»Zpravodaj metro se zménil na ,,Metro — Zpravodaj Ces-
koslovenského tunelarského komitétu* (obr. 3). V tivodnim
slové se ing. Gran zamyslel nad pojmem ,,metro* i nad dal$im
ndzvem casopisu. Dovolte mi, abych jeho slova citoval:

Pri zahdjent postupnych zmen ve vyddvdni Zpravodaje jsme rov-
nez uvaZovali o zmené ndzvu. V budoucnu by totiz mél jesté vyraz-
néji neZ dosud prindsSet informace nejen z vystavby metra, ale ze
vSech staveb, které jsou a budou zajimavé z novych pohledii. V této
souvislosti povaZuji za vhodné pripomenout, jak viasme vznikl
pojem ,,metro* pro podzemni drdhu. Je to skoro podobné jako se
vznikem slov autobus, trolejbus, mikrobus, odvozenych z ndhodné
umisteného ndpisu ,,omni omnibus “.

Stavbou podzemni drdhy v Londyné toti byla povérena méstskd,
tedy ,,metropolitni spolecnost a jeji ndzev byl na staveniStnich
plotech. Obcané Londyna, stejné jako v Praze nebo v Bratislave,
v hovoru zkracuji ndzvy, a tak se rychle vZilo slovo ,,metro* pro
podzemni drdhu. Z hlediska vyvoje je velmi zajimavé, Ze nakonec
toto slovo vice zdomdcnélo v Evropé (diky PariZi). Anglictina pou-
Zivd ,,subway“, ,,underground‘ nebo ,,tube“ a pojem ,,metropolit-
ni“ ponechdvd vice policii a opere.

Nds Zpravodaj se bude v budoucnu vice hldsit k puvodnimu
pojmu ,,metropole, metropolitni“, tj. tykajici se vyznamného mésta
zeme. V anglictiné se rovneZ pouZivd slov ,,metro-land*, tj. vizemi
uvniti- a kolem velkého mésta a ,,metroliner*, tj. rychly vlak mezi
mesty. Podobné i my chceme, aby ,, METRO-Zpravodaj“ resil pro-
blémy méest, vyuZil jejich tizemi a zrychlil spojeni mezi nimi. ... Je
v tom skryt i ndzev ,,Metrostav*“ jako rodice Zpravodaje. ...

Verim, Ze dalsi cesty ,, METRO-Zpravodaje“ umozni rychlej-
ST spojeni a informovanost ceskych, moravskych, slovenskych,
ale i zahranicnich tviircii Zivotniho prostiedi ve méstech i mimo
né. Jeho prostrednictvim budou Sifeny i vasSe ndpady, ndvrhy
a zkusenosti.

Myslim, ze tato Granova vize preckala celé dvacetilet
a uchova si platnost i do budoucnosti.

K tomu je treba dodat, Ze nazev ,,METRO-Zpravodaj* se udr-
Zel pouze jediny rok — hned ten ndsledujici se zrodil TUNEL,

jehoZ ndpln zacinala reflektovat kromé metra i jiné podzemni
stavby a odbornd témata (obr. 4). Byl to opét Ing. Gran, ktery
v roce 1992 na sebe vzal odpoveédnost za nové vznikly odborny
Casopis a zajistil v rdmci technického a propagac¢niho odboru
podniku Metrostav jeho redigovani a vyddvdni.

Vyznamnym momentem v historii naSeho Casopisu a kone¢né
celé nasi odborné tunelarské spole¢nosti byla skute¢nost, Ze ac se
republika rozdelila a vznikla dvé samostatnd ndrodni tuneldrska
uskupeni v ramci ITA-AITES, obé strany se dohodly na uchovani
jednoho spole¢ného ¢asopisu TUNEL. Ve spole¢né redakeni radé,
jejimz predsedou byl po mnoho let Ing. Petr Vozarik, nadéle zase-
dali a zasedaji i zastupci Slovenskej tunelarskej asociacie.

V novych politicko-hospoddrskych pomerech bylo vsak treba
legislativné upravit statut organizace, smluvni vztahy s ¢lenskymi
firmami a organizacemi, zavést tomu odpovidajici zpisob vedeni
hospodareni a t&etnictvi CTuK. Proto byla ziizena samostatnd
funkce sekretdre, ktery se stal soucasné i $éfredaktorem TUNELU.
To bylo tikol, ktery jsem dostal v roce 1996 do vinku. Casopis v té
dobé zustdval v zabehnutém rozsahu a zpusobu vyddvéni. Vodni
stavby i Metrostav dlouhodobé spolupracovaly s grafikem Petrem
MiSkem, ktery byl autorem loga a vetSiny grafickych tprav tisko-
vin obou podnikii. Clanky se tehdy jesté ,.datlovaly na psacim
stroji, obrazky ru¢né rysovaly, grafik lepil maketu, podle které se
pak publikace tiskla. Dnes to vSe jen vyvoldvd dsmév na tvari.
Bylo to pomalé, pracné — a drahé.

Zaver roku 1998 znamenal zdsadni zvrat ve vyddvani naseho
Casopisu — od ¢isla 4/1998 pribyla vedle Cestiny a slovenstiny také
angli¢tina. V té dobé uz byl predseda CTuK Ing. Hess &lenem
predsednictva a pozdéji viceprezidentem ITA-AITES. Pokud jsme
chtéli nds Casopis prezentovat ve sveté, angli¢tina byla naprostou
nutnosti a v této mutaci jsme vidéli perspektivu Casopisu a jeho
mezindrodniho roz§iteni.

Bylo tfeba zajistit vhodné prekladatele s odbornymi znalostmi
a zvetsit obsah na 56 az 64 stran. Zamér se podafril a jiz brzy po
roce 2000 byl TUNEL uzndvén jako jedna z nejlepSich publikaci
v ramci ITA-AITES.

To uZ zmizely psaci stroje a nastala éra internetu a pocitacu.
Doslo k zlepSeni kvality tisku i k finan¢nim dspordm.

V roce 2005 nastoupil do funkce sekretife CTuK a vedouciho
redaktora Ing. Miloslav Novotny, ktery se zaslouzil o dalsi
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vyraznou inovaci ¢asopisu. Zménou tiskarny a zavedenim novych
tiskarskych technologii vCetné grafickych dprav se podarilo sniZzit
vydavatelské ndklady a postupné dél rozsifovat obsah TUNELU.
Vzrostl podet autoru i zdjem o publikovani odbornych ¢lanku.
Casopis sehrdl vyznamnou roli pfi pofaddni prazského
Svétového tunelarského kongresu v roce 2007. Na jeho pripravé
spolupracovala i STA. Kongres se stal skvélou vizitkou Ceského
a slovenského podzemniho stavitelstvi a skonéil dspé$né po
odborné, spolecenské i ekonomické strance, coz se opét projevilo
i v dal$ich moZnostech pro rozsifovani obsahu a kvality Casopisu.
Posledni vyznamnou zménou byla skute¢nost, Ze jsme zavedli
recenzovéni &lanki a rada pro védu a vyzkum pfi vladé CR &asopis

VYROCI NA JEDNICKU
FIRST-GRADE ANNIVERSARIES

Ing. Karel Matzner, the former long-standing secretary of the
ITA-AITES Czech Tunnelling Association, reminds us of this
year’s anniversaries to be celebrated by two important compa-
nies having their business in the field of civil engineering: In
September 2011, 60 years will have passed since the originati-
on of Vodni Stavby company, which proceeded with entrepre-
neurial activities of a company founded by Vojtech A. Lanna in
the 19th century in the field of water engineering construction.
Vodni Stavby carried out, apart from other constructions, the
Lipno water scheme with an underground hydroelectric power
station. The underground part of the water scheme consisted of
two intake tunnels, two 169m deep headrace shafts with the
excavated diameter of 6m, a spherical valve chamber,
a powerhouse cavern with respectable dimensions of
22.5x73x38m, two surge chambers, a 3.6km long tailrace tunnel
and an inclined access tunnel for freight and personal lifts. The
scheme was commissioned 50 years ago, after ten years of con-
struction works.

The other anniversary to be celebrated is the origination of
Metrostav company 40 years ago, on 15t January 1971. The com-
pany originated via separation from Vodni Stavby company. The
basic focus of the company was on the construction of Prague
metro. Whilst Vodni Stavby did not succeed in coping with poli-
tical-economic changes in the Czech Republic after 1990,
Metrostav successfully managed the transition to the free-market
economy stage. Today it belongs among leading construction
companies in the Czech Republic.

NasSe generace si spiSe zvykla sledovat roky s osmickou na
konci. Jednou prinesly udalosti, na které vzpominame s radosti,
jindy zas jiné, na néz radé€ji nevzpominat.

Pokud jde o ty jedni¢ky, letos mame v letopo¢tu hned dve, ty
zas pripominaji nékteré vyznamné okamziky v nasem oboru, ve
stavebnictvi, ve vodohospodarskych i podzemnich stavbach.
A také se po vSech neohlizime s radosti.

Dovolte mi zavzpominat na historii dvou naSich vyznamnych
podniku, pochdzejicich obrazné fedeno z jednoho hnizda: na
Vodni stavby a Metrostav. Oba jsou totiz letosnimi jubilanty,
1 kdyZ za zcela odliSnych podminek.

Jdete-li z Ceskobudéjovického namésti na nadrazi, nemuZete
minout v sadech u Mlynské stoky sochu muze, taméjsiho roda-
ka, Vojtécha A. Lanny. Podnikatel, pramyslnik devatenéctého
stolet{ zalozil firmu, jejiz odkaz predstavuji stavby od prazského
Negrelliho viaduktu pres kladenské doly a huté az po vodohos-
podarské tpravy ke splavnéni toka Vltavy a Labe. Firma se sto-
letou tradici se po zndrodnéni v roce 1948 stala souédsti Cesko-
slovenskych stavebnich zdvodu. Tak jako dal§ich 3500 firem.
Davody pro jejich zndrodnéni, tradované a publikované

Tuel

Tunel zaradila do seznamu recenzovanych neimpaktovanych
Casopisu. To dodalo Casopisu na seridznosti a ¢ldnkam na odbor-
né hodnoté. Projevilo se to i na rozsahu casopisu, ktery
v poslednich letech md vétSinou kolem osmdesiti, ale i pres sto
stran.

Preji Casopisu TUNEL mnoho dalSich tspé$nych ro¢niku
a soutasnému redaktorovi a celé redakéni radé pod vedenim pana
profesora Bartdka Stastnou ruku ve vybéru ¢ldnku i v dal§im vyvo-
ji celkového designu Casopisu.

Podepsat bych se asi mél jako vedouci redaktor v. v.

ING. KAREL MATZNER, matzner@volny.cz
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VODNI DILO

Obr. 1 Schéma vodniho dila Lipno
Fig. 1 Lipno water scheme

Fig. 2 The cavern excavation and the mouth of the inclined access

tunnel (Lipno)
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Obr. 3 Vtokovy objekt pod teznimi véZemi tlacnych Sachet podzemni hydro-
centrdly

Fig. 3 Intake structure and head gear towers over headrace shafts to the
underground hydro power-station

v dobovych tiskovinach, jsou skuteéné dsmévné: ,,...byly zdro-
Jjem znacnych a nekontrolovatelnych zisku soukromokapitalistic-
kého sektoru“. Ndrodni podnik CSSZ byl organizaéné roz¢lenén
podle kraja do asi stovky zdvodu s ¢iselnym oznacenim. Zavody
byly v ndsledujicich letech ruzné sluCovdny: zdvody PA 508
a PA 202 byly prejmenovany na zdvod Vodostavba Praha se sid-
lem v byvalém Lannové domé Na Florenci 35, z dalsich 3 zdvo-
du vznikl zdvod SVIS (Specidlni vodni a inZenyrské stavby)
Praha apod. Roku 1951 byly CSSZ zrugeny a jeho zdvody slou-
Ceny do nédrodnich podniku.

e e o
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Obr. 5 VD Zelivka - sdruzeny vtokovy objekt s Sachtovymi prelivy pro I. a I1.
etapu vystavby

Fig. 5 Zelivka dam — combined intake structure with spillways for construc-
tion stages I and 11
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Obr. 4 VD Zelivka — uloZeni miliontého kubiku zeminy p¥i dosypdni hrize
Fig. 4 Zelivka dam — the millionth cubic metre of earth put into the structure

A jsme u prvniho vyrodi.

Pred 60 lety, 29. fijna roku 1951 byl zfizen Ministerstvem sta-
vebniho prumyslu ndrodni podnik Vodni stavby se sidlem
v Tabote, od roku 1953 v Sezimové Usti, aby pozdéji natrvalo
presidlil do Prahy. Do Vodnich staveb bylo zalenéno 7 zdvodu
byvalych CSSZ, které vznikly z 63 znirodnénych stavebnich
firem. Zdkladem nového podniku se stala prazska Vodostavba
a od roku 1953 i zdvod Tabor, jehoZ jadrem bylo stavebni oddé-
leni Batovského Kovosvitu Sezimovo Usti.

Vodni stavby sahaly tedy svymi koreny k Vojtéchu Lannovi
i Tomasi Batovi.

Pokracovaly dalSi reorganizace az do roku 1958, kdy vznikly
tzv. velké Vodni stavby zaclenénim nérodnich podnika Vodo-
techna Teplice a Vodni dilo Orlik. PoCet pracovniku podniku
vzrostl na 10 000 a ro¢ni objem na pul miliardy korun.

S Vodnimi stavbami jsou spojena i dalsi dvé jubilea — druhé
a treti.

Letos uplyne také 60 let od zahdjeni stavby vodniho dila
Lipno s podzemni hydrocentrdlou severského typu, kterd byla
o deset let pozdéji, tedy pred 50 lety, po dvouletém zkuSebnim
provozu predédna 15. 2. 1961 investorovi. Z hlediska stavarského
prinesla tato nejvyznamnéjsi vodohospodarskd a podzemni stav-
ba padesétych let do naseho stavebnictvi jeste dal$i vyznamny
prvek: revitalizaci tunelafské profese, kterd od skonéeni tunel
pii vystavbé zédkladni Zelezni¢ni sité v 19. a zacdtkem 20. stole-
ti, tehdy zejména pod slovenskymi horskymi masivy, zacala sko-
mirat. Na Lipné vypomadhaly razi¢ské party pravé ze Slovenska,
haviti z dola — a tisice brigddniku, za té€ch 10 let vystavby se
udévd ¢&islo 27 000 pracovniku. Pfipomenme si, Ze podzemni
&ast vodniho dila se sestdvala ze dvou vtokovych tuneli, dvou
169 m hlubokych tlaénych Sachet o vyrubnim praméru 6 m,
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komory kulovych uzdvéra, kaverny hydrocentrdly o dctyhod-
nych rozmérech 22,5x73x38 m se dvéma vyrovnavacimi komo-
rami, odpadniho tunelu o délce 3,6 km a Sikmého pristupového
tunelu pro ndkladni a osobni vytahy.

Ctvrté vyro&i

Pred 40 lety, 1. 1. 1971, se stdvaji Vodni stavby oborovym pod-
nikem, tzv. vyrobni hospodarskou jednotkou (VHI). Z podstaty
Vodnich staveb se vyclenuje narodni podnik Metrostav, jehoz
jadrem se staly zdvod 02 Zelivka s bohatymi zkuSenostmi
z vystavby velkych vodnich dél (Slapy, Orlik, Nechranice, Zeliv-
ka) a zdvod 04 Praha—Metro, ktery mél za sebou dlouhd léta
uspésné vystavby v Praze i prvnich 5 let zkuSenosti se stavbou
podzemni drahy. Ddle byly do nového podniku pfevedeny ttvar
generdlniho dodavatelstvi metra (GDM) a vyrobni dtvary zdvodu
05, které jiz na metru pracovaly. Metrostav byl ustaven jako pri-
druZeny podnik oborového podniku Vodni stavby a do vinku
dostal 1820 pracovniku, pracujicich na metru a dalsich delimito-
vanych rozestavénych stavbach, které bylo nutno dokoncit
a kapacity pfesunout na metro. Jednalo se zejména o VD Zeliv-
ka, jehoZ hrdz se podarilo toho roku v predstihu dosypat aZ na
plnou vysku konec¢né etapy vystavby.

TufHel

Paté vyroci

Pred 20 lety, v roce 1991, dochdzi k transformaci stitnich pod-
niku na akciové spole¢nosti. Zatimco Metrostav, a. s., timto obdo-
bim privatizace proSel dspé$ne, Vodni stavby, a. s., se rozpadly
a postupné zanikly. Toto posledni vyro¢i Vodnich staveb patii
k tém neradostnym.

Abych nekoncil smutné, podivejme se na dspésného pokraova-
tele stavbarskych tradic, na akciovou spole¢nost Metrostav, kterd
slavi letos ¢tyrFicetiny. Tomuto vyroéi se Casopis TUNEL bude
zv1a3t vénovat ve svém tretim Cisle t. r. Dnes jen kritce miZeme
konstatovat, Ze firma si udrzuje vysoky standard, orientuje se nejen
na podzemni stavby, ale stdle rozsifuje radius své ¢innosti doma
i za hranicemi s vykonnosti presahujici 21 miliard K& ro¢né. Ma
svou odnoz na Slovensku a po Turecku Gspé$né pracovala na stav-
bé tuneli v Chorvatsku, na Islandu a pfi vystavbé metra
v Helsinkach. Pfes souCasny ttlum investic ve stavebnictvi, zejmé-
na v dopravni infrastrukture, pokraCuje vystavba prazského metra
prodlouZenim linky A pomoci plnoprofilovych razicich Stita
z Dejvic do Motola. Cestu k dal$im dspé$nym jubilejim ma
Metrostav otevienou.

ING. KAREL MATZNER, matzner@seznam.cz,
byvaly pracovnik Vodnich staveb a Metrostavu,
estny ¢len Ceské tuneldrské asociace

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
wwWw.ita-aites.cz

CESKA TUNELARSKA ASOCIACE ITA-AITES V ROCE 2011

Ctenare Casopisu Tunel bychom radi upozornili na hlavni akce,
jejichz poradani nase asociace planuje v roce 2011, a na nékteré
novinky napriklad na webovych strankach.

Tradi¢n{ puldenni semindfe pofddané pod ndzvem Tunelarské
odpoledne (TO) planujeme v roce 2011 Etyfi. Prvni z nich pro-
béhne v dobé, kdy toto ¢islo ¢asopisu Tunel bude expedovano.
Jeho tématem jsou rozestavéné tunely na Zelezni¢ni trati Votice
— BeneSov u Prahy. Soucésti TO 1/2011 bude také exkurze na
stavbu.

TO 2/2011 je planovano na 1. éervna 2011 a zaméfi se na pri-
pravu pro razbu Stitem na prodlouzeni trasy prazského metra VA.
Souddsti semindre bude opét dopoledni exkurze na stavbu, kde
v té dob€ bude probihat montdZ jednoho ze dvou §titd dodanych
firmou Herrenknecht.

V Bmné se bude 21. zari 2011 konat TO 3/2011. V Brné proto,
ze Kralovopolské tunely budou tésné pred uvedenim do provozu,
a je proto vhodné je navstivit v ramci dopoledni exkurze
a nasledné odpoledne zhodnotit zkuSenosti z jejich vystavby.
Podtématem TO 3/2011 bude sekundérni osténi tuneld, nejen
z hlediska Krdlovopolskych tuneld, ale obecné.

Posledni tuneldrské odpoledne pldnované v roce 2011 TO
4/2011 bude vénovano tunelu Blanka s podtématem zamérenym
na portdlové stavebni jamy. VCetné dopoledni exkurze na stavbu
by se mélo konat 23. listopadu 2011.

Vedle Tunelarskych odpoledni planujeme jesté jeden semindr,
ktery bude celodenni, a predpokldddme, Ze jej odbornd verejnost
viele uvitd. Jeho kondni planujeme na polovinu Cervna
t. r. a tématem bude Legislativa pro podzemni stavby
se zamérenim na rakouskou praxi. PfedndSet budou predni
rakousti odbornici (mj. prof. Wulf Schubert a prof. Robert Galler).
Doufédme, Ze v predstihu pred kondnim semindre vyddme v ramci

edice Dokumenty CzTA ITA-AITES preklad dvou rakouskych
dokumentii: normy ONORM B 2203-1 Underground Works —
Works Contract — Conventional Tunnelling a smérnice Guideline
for Geotechnical Design of Underground Structures with Con-
ventional Excavation, kterou vydala Rakouskd geomechanicka
spole¢nost. PreloZené dokumenty za$leme naSim Clenam a ev.
i dal§fm zdjemcam.

DalSi aktivity a informace

V edici Dokumenty CzTA nyni vychdzi jako jeji 4. svazek
Prehled terminologie podzemniho stavitelstvi (Vyklad a preklad
zdkladnich  pojmii), ktery pripravil kolektiv  autoru:
doc. Ing. Matous Hilar, Ph.D., doc. Dr. Ing. Jan Pruska, Ing. Petr
Svoboda, prof. Ing. Jifi Bartdk, DrSc., a dr. Alfred Stirk. Svazek
obsahuje ekvivalenty Ceskych terminu v anglickém a némeckém
jazyce.

Valné shromdzdéni CzTA se bude konat v Cervnu t. r. a bude
vyznamné tim, Ze v jeho rdmci probehne volba nového predsedy
a Clenu predsednictva asociace pro funkéni obdobi 2012 az 2014.

Jiz tradi¢né pripravujeme na fijen 2011 odborny zdjezd na tune-
ly v blizkém zahraniéi. Konkrétni cil cesty jesté neni vybran.

Na webu CzTA byla zfizena stranka Semindre, kde jsou také
umistény prispevky prednesené na jednotlivych Tuneldrskych
odpolednich. Doplnéna je také stranka Podzemni stavby v provozu
a ve vystavbe. Bylo by ov§em vhodné, kdyby predevsim dodava-
telské a projekéni firmy mély samy zdjem v této Casti webu pre-
zentovat stavby, které provadeji nebo projektuji, a tak seznamovat
ndvstévniky webu se svou praci.

ING. MILOSLAV NOVOTNY, ita-aites @metrostav.cz,
sekretdr CzTA ITA-AITES
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DOKTORSKY PROJEKT NA TEMA
.HORIZONTALNI NAPETI V PREKONSOLIDOVANEM JILU*
NA PRF UK V PRAZE

Cilem projektu je zlepSeni predpovédi numerickych modelt v prekonsolidovanych jilech zohlednénim pocétedni napjatosti, zddnlivé
i skute¢né prekonsolidace a anizotropie. Pogdte¢ni napéti masivu, vyjadiend soucinitelem tlaku v klidu Ko, vyrazne ovliviiuji mechanické
chovani geotechnickych konstrukei a kvalitu analyz. Pro prekonsolidované jily viak neni uréeni K, uspokojivé vyieseno. Ukolem
projektu bude stanovit Ko pfekonsolidovaného brnénského jilu korelaénimi metodami, nové provedenymi polnimi a laboratornimi méfe-
nimi i analyzou archivnich tdaja. Na zdvér se provedou simulace vybranych geotechnickych tloh v prostredi OC jilt a demonstruje se
potieba uvazovani spravné napjatosti a vyuZiti pokro¢ilych modela v praxi.

Uzdvérka pro prihlasky: 30. dubna 2011
Informace poda J. Boh4¢ (bohac@natur.cuni.cz ), viz také http://www.natur.cuni.cz/faculty/studium/studium-phd

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.sta-ita-aites.sk

SLOVENSKO - NORSKE TUNELARSKE FORUM V BRATISLAVE
SLOVAKIAN - NORWEGIAN TUNNEL FORUM, BRATISLAVA

A meeting of representatives of the Slovak Tunnelling Asso-
ciation and the Norwegian Tunnelling Society took place on
28th October 2010 in the Crowne Plazza Bratislava hotel on the
occasion of the state visit of King Harald and Queen Sonja of
Norway to Slovakia. The main topics of the professional mee-
ting, organised as the Forum of Competence, was the develop-
ment of several long traffic tunnels being under planning in
Norway, and Slovak experience in applying double-shell
linings of conventionally driven tunnels.

V rdmci programu Stdtnej navStevy ndérskeho panovnika krala
Haralda V. spolu s krdlovnou Sonjou na Slovensku sa dna 28.
10. 2010 v hoteli Crowne Plaza v Bratislave uskuto¢nilo aj
stretnutie zastupcov Slovenskej tuneldrskej asocidcie a Norskej
tuneldrskej spolo¢nosti (Norwegian Tunnelling Society).
Hlavnymi témami odborného stretnutia organizovaného ako
Kompetenéné férum (Forum of Competence) bola pripravova-
nd vystavba viacerych dlhych dopravnych tunelov v Noérsku
a slovenské skusenosti s dvojvrstvovymi osteniami konvencne
razenych tunelov.

Za nérsku stranu vystipil prezident Norwegian Tunnelling
Society, profesor Eivind Grgv s dvodnou predndskou o nor-
skom tunelarstve. Napriek vSeobecne zndmemu, v porovnani so
Slovenskom obrovskému, poctu existujicich i pripravovanych
tunelov a podzemnych stavieb zatial chybaji Norsku skisenos-
ti s vystavbou dlhych dopravnych tunelov s dvojvrstvovym
ostenim s medzilahlou izoldciou. Tento fakt md dovod jednak
v prevazne priaznivych geologickych podmienkach, jednak vo
filozofii vybavenia a vyhotovenia tunelov, ktord je odlisSnd od
pre nds obvyklého ,,eurépskeho* pristupu. Dal3imi prednaska-
mi pokracovali Johan Mykland a Lise Backer, obaja z Nérskej
spravy zeleznic (Norwegian Rail Authority), ktori prezentovali
dva pripravované projekty dlhych Zelezni¢nych tunelov na tra-
tiach E6 / Dovre a Oslo — Ski. Poslednym nérskym prednasa-
jicim bol Erik Frogner zo spolo¢nosti Norconsult
s predstavenim projektu ,,Moderné Zelezni¢né tunely*, ktory je
zamerany na pripravu technickych rieSeni budicich doprav-
nych tunelov.

Za slovenskd stranu vystipili so svojimi prezentdciami
Viktéria Chomova (Dopravoprojekt, a. s.), Miloslav Frankovsky

Obr. 1 Uéastnici fora sledujii vivodnii predndsku profesora Eivinda Grova
Fig. 1 The forum attendees following the opening lecture delivered by Eivind
Grove

(Terraprojekt, a. s.), Marek Stin (Basler & Hofman, s. r. 0.), Ste-
fan Kovalcik (Doprastav, a. s.), Anton Petko (Skanska SK, a. s.)
a Jan Husdk (Zeleznice Slovenskej republiky). Prednasky slo-
venskych odbornikov sa ststredili najmi na existujice skuse-
nosti s navrhovanim a realizdciou dopravnych tunelov, ako aj
Standardné rieSenia vyhotovenia definitivnych tunelovych konst-
rukcii. Okrem informécii o0 modernych tuneloch boli na priklade
Zelezni¢nych tunelov prezentované aj skisenosti s prevadzkou
diel vybudovanych v minulych storociach.

Po ukonceni predndsok nasledovala ziva diskusia, v ktorej
padali otdzky najmé zo strany nérskych hosti. Slovenski tunela-
ri sa pri nej mohli presvedCit, Ze aj ich skusenosti moZu byt
prinosom pre odbornikov z takej tuneldrskej velmoci, akou je
Norsko.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s., Bratislava
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