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Vézeni ¢tenari Casopisu TUNEL!

Dovolte, abych se tentokrdt vénoval jedné malé, ale duleZité soucdsti tunelovych staveb, kterou je slavnostni osazeni sosky svaté Barbory.
Cim je vlastné tento nezbytny tikon, ktery provazi zahajovani prakticky kazdé podzemni stavby v nasi novodobé historii?

Névratem k tradici sahajici hluboko do historie?

Pripominkou béjné svétice, kterou kdysi zachrénila dutina ve skalnim masivu pred pronasledovateli?

Zenskym zjevenim v tomto jinak prevazné muzském svété?

Prilezitosti k setkdni s kolegy, investory, projektanty, politiky a dalSimi lidmi, kteff se na priprave a realizaci stavby podileji?

Ritudlem ozvlastnujicim jinak monoténni rytmus stavebniho Zivota?

To vSechno sice do jisté miry plati, ale podle mého nézoru by osazeni sosky (a je tplné jedno, jestli k nému dojde za pritomnosti knéze, ¢i jen
tak), svaté Barbory mélo byt hlavné né¢im jinym: Mélo by byt chvilkou jisté pokory, alespon malym pripomenutim, Ze existujf sily, které jsou
zcela mimo nasi kontrolu a které predevsim budou o tspéchu stavby rozhodovat.

I pres sebelepsi pripravu, nejdokonalejsi strojni vybavent, ostifleny kolektiv razicu vedenych témi nejlep§imi odborniky (samosebou Etoucimi
Ctyrikrédt do roka nd§ Casopis), i pres arméddy Gétart, nakupich, planovacu, pripravdru a dalSich, totiZ o osudu stavby nejvice rozhodne pravé ona.
Svatd Barbora (nebo ji muZeme fikat tieba ,,Pifroda‘, ostatné v tomto ¢isle je popsdn tiplné jiny, ale ve svém dusledku podobny rituél na stavbéch
tunelt v Indii) je totiz — jako kazda spravnd Zena — tajemnd, nevyzpytatelnd, nespolehlivd ve své piizni a piimo znicujici, kdyZ se rozzlobf a roz-
hodne se Skodit.

Myslim, Ze stoji za to si to ob&as pripomenout, a vefim, Ze i toto ¢islo naseho Casopisu prindsi dostatek materidlu svéd¢iciho o tom, jak je pro
nés vSechny na tunelovych stavbach diileZité, abychom tuto nevinné vyhliZejici svétici s dablem v téle méli co nejvice na své strané.

ING. KAREL FRANCZYK, Ph.D.,
clen redakcni rady casopisu Tunel

Dear readers of TUNEL journal!

Allow me this time to dedicate this editorial to one small, but important element of tunnel construction projects: the installation of a statuette of
Saint Barbara. What in fact does this indispensable act, which accompanies the ceremonial commencing of virtually each underground construc-
tion work in our modern history, mean?

Is it a return to a tradition reaching back into the history?

Is it a reminiscence of the mythical saint who was once saved from pursuers by a cavity in rock mass?

Is it a feminine apparition in the otherwise mostly masculine world?

Is it an opportunity to meet colleagues, clients, designers, politicians and other people participating in the preparation and implementation of the
construction?

Is it a ritual enriching the rhythm of the otherwise monotonous construction life?

Of course, all of that is to a certain degree true, but in my opinion, the installation of a statuette of Saint Barbara (no matter whether in the pre-
sence of a priest or without it) should first of all be something else. The event should be a moment of certain humility, at least a brief reminding
of the fact that there are forces which will above all decide about the success of the construction work and which are completely beyond our con-
trol.

The thing is that it is Saint Barbara (or we may use for instance the term “Nature””) who, despite the best planning, the most sophisticated tun-
nelling equipment, experienced teams of miners managed by best experts (who, of course, read our journal four times a year) and despite the exi-
stence of armies of accountants, purchasing clerks, planning engineers and other professionals, decides most of all about the construction fate.
A completely different but in its result similar ritual which is performed on construction sites in India is described in this TUNEL issue. No mat-
ter whether it is our Saint Barbara or an Indian goddess, they, like all real women, are mysterious, inscrutable, unreliable as far as their favour is
concerned and devastating when they get angry and decide to cause harm.

I think that it is from time to time worth reminding ourselves and I believe that even this issue of our journal brings sufficient amount of mate-
rial proving how important for all of us working on tunnel construction sites is to have this saintess, feigning innocence but having the devil in the
body, on our side as much as possible.

ING. KAREL FRANCZYK, Ph.D.,
Member of the TUNEL Journal Editorial Board
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VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

tivodem bych rad fekl nékolik slov o nasi spole¢nosti. Firma Mott
MacDonald vznikla a vyrostla na projektu londynského metra pred
vice neZ 120 lety. K dne$nimu dni nabizi 14 tisic odbornikl po celém
svete Siroké portfolio sluzeb z oblasti energetiky, vodohospodarstvi,
pozemniho stavitelstvi, vzdéldvani, rozvoje zemi tretiho svéta, pro-
jektového managementu, piipravy PPP projekti a mnoho dal3ich.

Dominantni postaveni si ale stdle drZi zaméfeni na konzultaéni
a projektovou ¢innost v oboru dopravniho stavitelstvi ve vSech jeho
podobdch, od piipravy zakazek, pfes poradenstvi pfi ziskdvani inves-
ti¢nich prostfedkd z mezindrodnich (IFI) i mistnich zdroju, pfes
viechny stupné projektové dokumentace, az po supervizi a zpétné
zhodnoceni vynaloZenych prostredk.

V roce 1993 byla v Praze zaloZena dcefind spole¢nost Mott
MacDonald CZ. K dne$nimu dni ve firmé pracuje na projektech
v CR i v zahrani&i 137 zamé&stnanci. Zaméfujeme se predeviim na
projek&ni a konzultadni ¢innost v oblasti tuneld, mosta, silnic, pld-
novani dopravy, vodohospoddfskych staveb, EU fondt, PPP projek-
tu, zivotniho prostredi a dalSich.

Vratim-li se pak pouze k tuneldfské a geotechnické specializaci,
pak mohu s hrdosti fici, ze v Ceské republice dnes mame 30 odbor-
nikd se zaméfenim na podzemni stavby, specidlni zaklddén{ staveb
a geotechniku, z nichZ mnozi maji zkuSenosti i z velkych mezina-
rodnich projektu ve vice neZ 11 zemich svéta. Vybrané kli¢ové pro-
jekty jsou prezentovdny v tomto Cisle ¢asopisu Tunel.

Ceskd republika mé4 bohatou tuneldfskou minulost a i v sou¢asnosti
se pripravuje fada dal§ich vyznamnych projektu. Presto si musime
pfipustit, Ze v dnes$ni dobé dochdzi k preskupovdani finanénich pro-
stfedku (finanéni krize a recese) a dochdz{ k podstatnym $krtim ve
statnich rozpoétech nejen v CR, ale i v okolnich zemich. Paradoxné
vsak lze z celosvétového pohledu hovofit o zlatém Case tunelarstvi.

Jen v letoSnim roce pldnuje vice nez desitka velkych asijskych
mést zahdjeni rozsahlych projektd roz§ifeni metra. Ceské projek&ni
i stavebni firmy jisté maji v oblastech staveb podzemnich konstruk-
ci co nabidnout. Mdme potvrzeno, a jisté to neni jenom nase zkuSe-
nost, Ze technickd tdroven ¢eskych inZenyra a specialistd si v ni¢em
nezadd se svétovou $pickou a nas$i kolegové pracujici v zahraniéi
jsou toho dukazem. Nicméné se stdle Cast€ji budeme na svétovych,
ale i domdcich trzich potkdvat s velkymi globalnimi hraci. Pravé
v této dobé je v zdjmu nds vSech zacit maximdalné spolupracovat na
otevirani piileZitosti v zahrani¢f, ale i doma. Ceskym firmam asto
chybi mezindrodni marketingova i obchodni zkuSenost a pfiznejme
si, Gasto i politickd podpora, kterd muZe byt v mnoha oblastech svéta
rozhodujici. Nicméné, Ceské firmy jsou stdle schopny nabidnout na
sveétovych trzich konkurenceschopnou cenu a ta ve spojeni s kvalitou
nabizenych sluzeb muZe vytvofit vitéznou kombinaci. Budeme se
ale muset naucit vytvaret velmi silnd sdruZeni, kterd budou mit
v celosvétové konkurenci redlnou $anci na dspéch.

Mott MacDonald CZ se na takovou spolupraci
€81 a ja zdvérem preji mnoho obchodnich dspéchu
v§em partnertum.

7?&.4545_
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DEAR COLLEAGUES AND READERS
OF TUNEL JOURNAL,

To start with, I would like to say several words about our company. Mott
MacDonald company originated and grew up on the foundation of the
London Underground project over 120 years ago. The company’s 14 thou-
sand professionals working all over the world currently offer a wide portfo-
lio of services in the fields of power engineering, water management, civil
engineering, education, the development of Third World countries, project
management, the preparation of PPP projects and many others.

Nevertheless, the dominant position is continually held by consultancy
and design activities in the field of transportation/transit projects in all forms,
from project planning through consultancy on obtaining investment funding
from both international (the IFI) and local sources, through all design stages
up to supervision and the back analysis of incurred costs.

Mott MacDonald CZ, a Czech branch of the company, was founded in
1993. As of today, 137 employees are working on projects in the Czech
Republic and abroad. We focus ourselves first of all on designing and con-
sultancy in the area of tunnels, bridges, roads, planning of transport, water
management constructions, EU funds, PPP projects, the environment etc.

If I revert solely to the tunnelling and geotechnical specialisation, I can say
with pride that we have 30 professionals in the Czech Republic who are
focused on underground construction, specialist foundation and geotechnics.
Many of them even have experience from large international projects in
more than 11 countries of the world. Selected key projects are presented in
this issue of TUNEL journal.

The Czech Republic boasts rich tunnelling history and many new impor-
tant underground construction projects are currently under preparation.
Nevertheless, we must admit that financial means are today being rearran-
ged (the financial crisis and recession) and substantial reductions are being
carried out in state budgets not only in the Czech Republic, but also in neigh-
bouring countries. Paradoxically, it is possible from a global point of view to
speak about a golden time of the tunnelling industry.

It is only for this very year that more than ten Asian big cities plan to com-
mence extensive projects for the expansion of their metro systems. Czech
designing and construction companies certainly have things to offer in the
field of underground construction. We have had confirmed, and certainly it
is not our sole experience, that the technical level of Czech engineers and
specialists takes rank in all aspects with the world’s top. Our colleagues wor-
king abroad are the proof of this statement. Of course, we will encounter big
global players on world markets as well as domestic markets ever more fre-
quently. It is especially in this time that it is in our own interest to start to col-
laborate in opening opportunities abroad, but also at home. Czech compani-
es often lack international marketing and commercial experience and, let us
admit it ourselves, often even political support, which may be a deciding fac-
tor in many parts of the world. Nevertheless, Czech companies continue to
be capable of offering competitive prices on world markets, which, in con-
nection with the quality of services being offered, can form a winning com-
bination. However, we will have to learn how to establish powerful consor-
tia which will have realistic chances of success in worldwide competition.

Mott MacDonald CZ is looking forward for such colla-
boration. To conclude, I wish lots of commercial success
'ré' .c,_,;‘_é? to all partners.

ING. RADKO BUCEK, Ph.D.

generalni reditel Mott MacDonald CZ, spol. s r. o.
General Manager of Mott MacDonald CZ, spol. s r.o.
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30 LET USTAVU GEONIKY AKADEMIE VED CR V OSTRAVE

Historie Ustavu geoniky AV CR zapocala 1. Cervence 1982, kdy byl ziizen
Hornicky tstav CSAV v Ostravé — predchiidee nynéjstho Ustavu geoniky.
Pripomindme si tedy 30 let samostatné existence védeckého pracovisté
Akademie véd Ceské republiky, ktery je v soutasné dobé jedinym dstavem AV
CR v Ostravé a v Moravskoslezském kraji.

Cinnost piivodniho Hornického tstavu byla orientovina vylu¢né
k problematice hlubinného dobyvéni surovin. Hlavnimi védeckymi disciplina-
mi byly hornickd geomechanika a aerologie. Pojeti vyzkumu v§ak bylo otevre-
né i k zdkladnimu vyzkumu a interdisciplindrni, takze v tstavu byly rozvijeny
i obory souvisejici, zejména geologie, geofyzika, geochemie, matematické
modelovani, a dalsi. Toto byl dobry zdklad pro ndsledujici obdobi transforma-
ce, kterd probihala v celé Akademii véd na pocétku 90. let.

Nové koncepce dstavu zachovala zemskou kiru a v ni probihajici procesy
jako zdkladni objekt vyzkumu, ale zduraznila zaméfeni nejen na hornictvi, ale
i na dal§i technologie vyuZiti zemské kury, napf. realizaci podzemnich staveb,
podzemni ukladéni odpadu apod. Kromé rozvoje geotechnologii byla vétsi
pozornost vénovana i vyzkumu environmentalnich dopadd lidské Cinnosti.
S tim také souvisel vznik oddéleni environmentdlni geografie v Brné.
Transformace Gstavu byla zdiraznéna i novym ndzvem a od 1. dubna 1993 byl
Hornicky tstav piejmenovéan na Ustav geoniky, takze vétf &ast historie dstavu
je jiZ spojena s timto jménem.

Soutasné zaméteni Ustavu geoniky AV CR, ktery md od roku 2007 formu
verejné vyzkumné instituce (v. v. i.), se tykd ndsledujicich oblasti:

* vyzkum geomateridlu (sloZeni, vlastnosti) a jejich interakce s prostredim,

reakce horniny pri pusoben{ fyzikdlnich a fyzikdlné-chemickych procest,

e vyzkum procesi zpusobenych lidskou Cinnosti v horninovém masivu
(napf. stabilita podzemnich dél a vyvoj poruseni horninového masivu vli-
vem dobyvéni, zpeviiovani horninového masivu, §iteni a izolace kontami-
nantt), méfeni napétového stavu s vyuZitim hydroporusovéni nebo méfeni
technikou odleh¢eni vrtného jadra s vyuzZitim unikdtn{ kuZelové tenzome-
trické sondy, analyza vyvoje napéti, vyzkum indukované seismicity, studi-
um poklest zemského povrchu a dal.,
efektivni metody numerického modelovani mechanickych a tepelnych pro-
cest a proudéni kapalin v hornindch s vyuZitim soucasného rozvoje nume-
rickych metod i s realizaci ndroénych paralelnich vypocta na vykonnych
paralelnich pocitacich,

* vyzkum novych zpusobu vyuZivani zemské kury (napr. ukladani odpada
véetné vyhotelého jaderného paliva ¢i podzemniho ukladani CO,),
neklasické metody rozpojovéni materidli, riznorodé vyuZiti technologie
vysokotlakého vodniho paprsku,

observatorni sledovani{ a studium vybranych geofyzikélnich poli,
geograficky vyzkum se zaméfenim na Zivotni prostfedi a krajinu, proble-
matiku pifrodnich extrému (povodné apod.), netradi¢nich zdroju energie,
brownfields, vyzkum zmén v regionech &i ekologickych probléma ve
vybranych oblastech.

Ustav je v soucasné dobg fesitelem fady védeckgch a vyzkumnych projektt
v&etné projektd mezindrodnich. Je partnerem ve vyzkumnych projektech evrop-
skych strukturdlnich fondi OP VaVpl a OP VK, coZ umoZiiuje vyznamné roz-
§ifit pristrojové vybaveni laboratofi dstavu. V rdmci projektu ,, Institut Cistych
technologii tezby a uZiti nerostnych surovin“ je napr. budovéna laboratof tomo-
grafie a podstatné rozsifeno vybaveni pro analyzu geomateridld i pro rozvoj
technologie vysokotlakého vodniho paprsku. Pro oblast pocitacovych simulact
procesti v horninovém prostedi je pak duleZité partnerstvi v projektu Centra
excelence IT4Innovations, kde bude vyuzivan nejvykonnéj-
§ superpoitad v CR. Partnerstvi ve dvou zminénych pro-
jektech fesenych s VSB-TU Ostrava, ale i v jinych projek-
tech zesiluje spoluprdci tdstavu s vysokymi Skolami
a dalsimi institucemi u nds i v zahranicf.

/f/;-dwé_
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30™ ANNIVERSARY OF THE INSTITUTE OF GEONICS
OF THE ACADEMY OF SCIENCES OF THE CR IN OSTRAVA

The history of the Institute of Geonics of the Academy of Sciences of the Czech
Republic started on 15t July 1982, when the Institute of Mining of the Czechoslovak
Academy of Sciences, the predecessor of the current Institute of Geonics, was founded in
Ostrava. This means that we are commemorating 30 years of the independent existence
of this scientific workplace of the Academy of Sciences of the Czech Republic, which is
currently the only institute of the Academy of Sciences of the CR existing in Ostrava and
the Moravian-Silesian region.

The activities of the original Institute of Mining was focused exclusively on underg-
round mining for mineral resources. The main scientific disciplines were mining geome-
chanics and aerology. However, the concept of research was open even toward basic rese-
arch and was interdisciplinary, therefore even fields of research associated, first of all,
with geology, geophysics, geochemistry, mathematical modelling etc. were developed in
the institute. It laid good foundation for the subsequent period of transformation, which
was in progress in the entire Academy of Sciences at the beginning of the 1990s.

The new concept of the institute maintained the earth crust and processes running in it
as the basic research subject, but it put stress on the fact that the focus was also on other
technologies for using the earth crust, for example underground construction, underg-
round disposal of waste etc. Apart from the development of geotechnologies, bigger atten-
tion was devoted even to the research into environmental impacts of human activities. The
origination of the Department of Environmental geography in Brno was also associated
with it. The transformation of the institute was emphasised even by a new name; since 1st
April 1993 the Institute of Mining name was changed to the Institute of Geonics. The lar-
ger part of the institute history is therefore associated with this name.

The current focus of the Institute of Geonics of the Academy of Sciences of the CR,
which has had the form of a public research institute (v.v.i.) is related to the following
fields:

o research into geomaterials (composition, properties) and their interaction with the
environment; the response of ground during exposition to the action of physical and
physically-chemical processes,
research into processes induced in rock mass by human activities (e.g. the stability
of underground workings and the development of ground mass disturbance due to
mining activities, reinforcing of ground mass, spreading and isolation of contami-
nants), the measurement of the state of stress using hydrofracture or measurement by
means of the overcoring method using a unique conical strain gauge probe, the ana-
lysis of the development of stress, the research into induced seismism, the study on
subsidence of earth surface etc.,
effective methods of numerical modelling of mechanical and thermal processes and
fluid flows in ground, using the current development of numerical methods, together
with carrying out complicated parallel calculations on powerful parallel computers,
research into new ways of using the earth crust (e.g. the disposition of waste inclu-
ding spent nuclear fuel or underground disposal of CO2),
non-classical methods of the disintegration of materials, various ways of using the
high-pressure water jet technology,
observation and study of selected geophysical fields,
geographical research focused on living environment and landscape, problems of
natural extremes (floods etc.), non-traditional sources of energy, brownfields, rese-
arch into changes in regions or ecological problems in selected areas.

At the moment, the Institute is solving a range of scientific projects and research pro-
jects, including international projects. It is a partner in research projects set out by
European structural funds OP VaVpl and OP VK, which allows it to significantly expand
the instrumentation of its laboratories. For example, a tomography laboratory is being
developed and the equipment for the analysis of geomaterials and for the development of
the high-pressure water jet technology is being expanded within the framework of the pro-
ject “Institute of Clean Technologies for Mining and Utilization of Raw Materials for
Energy”. The partnership in the project of the IT4Innovations Centre of Excellence,
where the most powerful supercomputer in the CR will be used, is
important for the area of computer simulations of processes in
ground mass. The partnership in the two above-mentioned projects,
which are being solved with the VSB-TU Ostrava, and in other pro-
jects strengthens the collaboration of the Institute with universities
and other institutions both in our country and abroad.

PROF. RNDR. RADIM BLAHETA, CSc.

Feditel Ustavu geoniky AV CR, v. V. i,
Director of The Institute of Geonics of the AS of the CR, v. v. i.
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VYUZITI KOTEVNICH SYSTEMU V HLUBINNYCH DOLECH OKR
A TESTOVANI JEJICH UNOSNOSTI

THE USE OF ANCHORING SYSTEMS IN OKR UNDERGROUND
MINES AND TESTING OF THEIR RESISTANCE

KAMIL SOUCEK A KOL.

uvoD

V soucasné dob¢ se hloubka dobyvani v obtiznych hornicko-
geologickych podminkach ostravsko-karvinského reviru pohy-
buje kolem 1000 m pod povrchem. Nové dobyvaci komplexy
vyZzaduji vetsi manipulaéni a provozni prostor v oblasti styku
porubni fronty a prilehlych porubnich chodeb, zejména pak na
téznich tfidach porubu. S tim souvisi i zvySujici se pozadavky
na minimalizaci konvergenénich projevu horninového masivu
zejména prii pouzivdni vysoce kapacitnich st€énovych porubu.
Proto je zvySovani stability porubnich chodeb a chodeb vede-
nych v jejich blizkém okoli jednou z bezpecnostnich priorit
v souc¢asném hlubinném hornictvi.

Minimalizace deformaénich, resp. tlakovych projeva horni-
nového masivu je feSena predev§im zavddénim podpurnych
opatfeni a G¢innych prostiedku do procesu vyztuzovani dulnich
chodeb a ndsledného dobyvani uhelnych sloji. Jsou to zejména:

e pouZivani vétSich prufeza dalnich chodeb a dprava tvaru
podpérnych obloukovych vyztuzi,

* zvySovéani hmotnostnich stupfid u jednotlivych segmentu
obloukovych ocelovych vyztuzi,

e pouzivani mikrolegované oceli s vyhodnéj$imi (lepsimi)
pevnostnimi a pretvarnymi vlastnostmi,

e pouzivani samostatné svornikové vyztuze a kombino-
vanych systému vyztuzi porubnich chodeb (ocelovd oblou-
kova vyztuz a samostatné svornikové vyztuze), véetné pou-
7iti fady dal§ich zesilujicich vyztuZznych prvka, pouZziva-
nych v podzemnim stavitelstvi (napf. dlouhé pramencové
kotvy),

¢ v neposledni fadé jsou Casto pro upravu a zlepSeni vlast-
nosti okolniho horninového masivu pouZivdny injektdzni
procesy vyuZzivajici chemickd média.

Dosavadni poznatky a zkuSenosti potvrdily, ze ve velkych
hloubkdch ani podpérné vyztuZe s vysokou tnosnosti a vySsi
hustotou budovani nezabrdni vyraznym deformacim dualnich
chodeb predev§im v ndvaznosti na vlastni dobyvani. Vzniklé
deformace souviseji s preskupovanim napéti horského masivu,
a konsekventné s mechanismem pretvafeni a porusovani hornin
v okoli provozovanych dalnich chodeb. Pravé proto dochdzi
v soudasné dobé k masivnimu ndristu pouZivani raznych typu
kotev (napf. pramencové kotvy kotvené u kofene, svorniky
lepené po celé délce). Jednd se o pouzivani kotevnich systému
jak v samostatné varianté pouziti (svorniky, popr. kotvy kotve-
né primo k lici vyrubu), tak v kombinované varianté, kdy:

a) kotevni prvky, nejéastéji pramencové kotvy (nékdy nazy-
vané lanové ¢i strunové), jsou kotveny k horninovému
masivu v riznych variantich pfes podpérnou ocelovou
vyztuz,

b) svorniky, popf. pramencové kotvy jsou Kkotveny piimo
k lici vyrubu a zdroven je pouZzita podpérnd ocelova oblou-
kova vyztuz.

INTRODUCTION

Nowadays, the depth of coal extraction in the difficult mining-
geological conditions of the Ostrava-Karvind coal mining district
(the OKD) is in the region of 1000 m under the surface. New
mining complexes require larger handling and operating space in
the area of the contact between the coal face with adjacent hea-
dings, first of all in tramming drifts. This is even connected in
with requirements for the minimisation of rock mass convergen-
ce manifestations, first of all when high-capacity longwall faces
are used. For that reason the increasing of the stability of hea-
dings and galleries running in their close vicinity is one of safe-
ty priorities for the current coal mining industry.

The minimisation of rock mass manifestations of deformati-
ons or rock mass pressure is solved first of all by introducing
support measures and effective means into the process of sup-
porting the excavated drifts and subsequent working on the
seams. The following measures are used first of all:

e using larger cross-sections of drifts and adaptation of the

geometry of steel arch support elements,

¢ increasing the weight degrees for individual steel arch sup-
port segments,

e using microalloy steel with more advantageous (better)
strength-related and deformational properties,

e using separate rock bolt support and combined systems of
support in entries (steel support arches and independent
rock bolt support), including the use of a range of other
reinforcing support elements used in the underground con-
struction industry (e.g. long stranded anchors),

e at last but not least, grouting processes using chemical
media are often used for the modification and improve-
ment of surrounding rock mass properties.

The existing knowledge and experience confirmed that even
high-capacity support systems with higher density of the instal-
lation are unable to prevent significant deformations of drifts at
large depths, first of all during the mining operations. The ori-
ginating deformations are connected with the redistribution of
stresses in rock mass surrounding the drifts and, consequently,
with the deformation and fracturing of the rock mass surroun-
ding operating drifts. This is the reason why the use of various
types of anchors (e.g. stranded anchors anchored along roots,
rock bolts fully encapsulated in resin) currently massively inc-
reases. Anchoring systems are used both in an independent use
variant (rock bolts or anchors anchored directly to the excava-
ted surface) and in a combined variant, where:

a) anchoring elements, most frequently stranded anchors (so-
metime named rope anchors or string anchors) are ancho-
red to rock mass in various variants through steel support
frames,

b) rock bolts or stranded anchor heads are fixed directly to
the surface of the excavated opening and, at the same time,
steel support arches are installed.
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I pres stdle frekventovanéjsi pouZivani téchto kotevnich systé-
mu lze fici, Ze dobfe zndmy jsou pouze materidlové a techno-
logické vlastnosti pouzivanych kotevnich a svornikovych systé-
ma, predepsany zpusob a podminky jejich instalace apod. Na-
proti tomu poznatky o vlastnim chovani téchto vyztuznych
systému v redlnych podminkdch karbonského horninového ma-
sivu jsou stdle nedostate¢né. Realizace systematického vyzkumu
v dulnich podminkdch, ktery je pro ziskdni téchto poznatkd ne-
zbytny, neni totiZ jednoduchd. Sladéni potreb téZebni organizace
a teoretickych pozadavku takového vyzkumu je mnohdy znacné
obtizné. Experimenty jsou limitovdny i moZnostmi stdvajicich
vyzkumnych kapacit. Hlavni tlak na sledovani téchto kotevnich
systému by mél prichdzet zejména ze strany zakazniku
a uzivatelu, tedy téZebnich organizaci, ne ze strany dodavatelu,
jak tomu v mnoha pripadech byva.

Z nasich dlouholetych zkuSenosti a diskutovaného soucasné-
ho stavu monitorovdni kotevnich systému pouZivanych
v podminkédch hlubinnych doli OKR véetné testovéni jejich
unosnosti vyplyvd, Ze smér vyzkumu je nutno zamérit
do nasledujicich tf{ oblasti:

e in situ testovani tahovych charakteristik kotev a svorniku

(tzv. pull testy),

e in situ sledovdni prubéhu zatéZovani kotevni vyztuZze ve
vztahu k postupu Celby razeného dila a nédsledné porubni
fronty,

e laboratorni a in situ parametrické studie chovani kotevnich
systému (napf. vliv pruméru instalaénfho vrtu na tahovou
unosnost kotev, vliv délky zalepeni na tahovou unosnost
kotev, vliv kotevni smési na tinosnost kotev apod.).

V nésledujicich kapitoldch predstavujeme nékteré vysledky

a postiehy z jiz provedenych testd chovdni svornikovych
a kotevnich systému jak v dulnich podminkdch, tak v laboratofi.

TESTOVANI TAHOVE UNOSNOSTI KOTEVNI
A SVORNIKOVE VYZTUZE

Zakladnim predpokladem pouZiti kotevni vyztuze je dosaZeni
dostate¢ného ukotveni kotevnich prvki ve vrtu. Uéelem prova-
dénych zkousek je stanovit nejen prostou tahovou pevnost
instalovanych kotev, ale také stanovit jejich celkovou tahovou
charakteristiku, kterd uddva priabéh deformace (protaZeni, resp.
vytazeni kotvy) v zdvislosti na aplikované tahové sile. Pro
méfeni protazeni, resp. vytazeni svorniku je pouzivan laserovy
dédlkomeér s registraci odecitanych hodnot vzdélenosti. Spolu
s daty z tlakového snimace na tahoméru jsou tyto synchronné
zaznamendvany pomoci specidlniho softwaru na PC do vysled-
ného datového souboru (obr. 1). Tato aparatura registruje sku-
te¢ny pohyb konce svorniku bez ohledu na pfipadné zatlaceni
opory tahoméru do horninového masivu. Presnost ode¢tu hod-
not dosahuje + 1 mm. Ndsledné zpracovani naméfenych dat je
provadéno v prostredi komeréniho softwaru MS Excel.

V piipad¢€ kotev nelepenych po celé jejich délce je vhodné do
stejného grafu rovnéz vykreslit charakteristiku znazornujic{
elastické prodlouzeni (deformaci) nezalepené ¢ésti testovaného
svorniku pro udcely zhodnoceni deformaci zalepené a ne-
zalepené Cdasti svornikové tyCe (obr. 2a). Na ndsledujicich
obrézcich 2b a 2c¢ jsou uvedeny typické charakteristiky ruznych
pouzivanych kotev v podminkdch OKR s jejich pracovnimi cha-
rakteristikami.

SLEDOVANI PRUBEHU ZATEZOVANI KOTEVNI
VYZTUZE V DOLE

Kromé zjistovani absolutni inosnosti instalovanych kotev je
velice potfebné monitorovani prendSeni tahovych sil v télese
kotvy. Monitorovani tahovych sil v télese kotvy je nezbytné pro
zjiStovani funkce a dcinnosti kotvy, predev§im v zavislosti na
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It is possible to say that, even despite continually more fre-
quent using of these anchoring systems, only the material and
technological properties of the anchoring and rock bolting sys-
tems, the prescribed method and the conditions for their instal-
lation etc. are well known. On the other hand, the knowledge of
the behaviour of these support systems in real conditions in
Carboniferous rock mass is still insufficient. The reason is that
conducting systematic research, which is necessary for gaining
this knowledge, in the conditions of a mine, is not a simple
matter. Bringing the needs of a mining organisation into har-
mony with theoretical requirements of such the research is
often very difficult. Experiments are limited even owing to the
existing research capacities. The main pressure on the observa-
tion of these anchoring systems should stem first of all from the
side of clients and users, i.e. mining organisations, and not
from the side of contractors, as it is in many cases usual.

It follows from our long-time experience and the current con-
dition of the monitoring of anchoring systems used in OKD
underground mines being currently under discussion that the
research must be focused on the following three areas:

* in situ testing of tension-related characteristics of anchors

and rock bolts (the so-called pull-out tests),

* in situ monitoring of the course of loading of the anchoring
support in relation to the advance of the heading and, sub-
sequently, the advance of the coal face,

e laboratory and in situ parametric studies on the behaviour
of anchoring systems (e.g. the influence of the installation
borehole diameter on the resistance of anchors, the influ-
ence of the encapsulation length on the resistance of
anchors, the influence of the anchoring mixture on the resi-
stance of anchors etc.).

In the chapters below we introduce some results and obse-
rvations from the completed tests of the behaviour of rock bol-
ting and anchoring systems both in conditions of mines and in
a laboratory.

TESTING OF RESISTANCE OF ANCHORING SYSTEMS
AND ROCK BOLTING SYSTEMS

The basic condition for the use of anchoring systems is that
sufficient anchorage of anchoring elements in the borehole is

Obr. 1 Ilustraéni fotografie systému méreni pri realizaci tahové zkousky se
zdznamem do PC (legenda: 1 - laserovy ddlkomeér, 2 — tahomer na instalova-
ném svorniku)

Fig. 1 Illustration picture of the measurement system during a pull-out test
with recording to a PC (legend: 1 - laser distance meter, 2 — tension dyna-
mometer on an installed rock bolt)
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reached. The purpose of the tests being
conducted is to determine not only the
simple pull-out strength of the instal-
led anchors but also to determine ove-

rall tension-related characteristics of
the anchors, which inform about the
deformation curve (elongation or pul-

ling out of the anchor) in relation to the
tensile force applied. The elongation or
pulling-out of rock bolts is measured

using a laser distance meter registering
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2 - Naméfena data - svornik (Measured data -
E E 50 rockbolt)

- | — Elasticka deformace nezalepené éasti svorniku

(Elastic deformation of unglued rockbolt part)

the values of the distances read.
Together with the data from the pressu-
re transducer installed on the tension
dynamometer, this data is recorded by

means of special software on a PC into

the final data set (see Fig. 1). This
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250 dynamometer into the rock mass. The
2‘5 1 —— accuracy of reading values reaches
Ex 200 |H"'TI 1| + 1 mm. The subsequent processing of
g g ; the measured data is conducted in the
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g E 150 Excel environment.
*EE It is advisable in the case of fully
WO 400 encapsulated anchors to plot in the
% § same graph also the characteristics
4 &6 indicating the elastic elongation (defor-
22 mation) of the non-encapsulated part of
P = the rock bolt being tested, for purposes
0 of assessing the encapsulated and non-
o 5 10 15 20 23 30 encapsulated parts of the rock bolt rod

(see Fig. 2a). Typical characteristics of
various anchors used in the OKD con-
ditions together with their dynamic

characteristics are presented in Figures
2b and 2c below.

MONITORING OF THE COURSE
OF LOADING OF ANCHORING

SUPPORT IN A MINE

In addition to determining the abso-

lute resistance of installed anchors it is
very necessary to monitor the trans-
mission of tensile forces within the

Tahoveé zatizeni pramen. kotvy (kN)
Tensile cablebolt loading (kN)

anchor body. The monitoring of tensile
forces within the anchor body is neces-

10 15 20

(2]
~

Cablebolt displacement (mm)

Vytazeni konce pram. kotvy (mm)

sary for the determination of the func-
tion and effectiveness of the anchor,
first of all in relation to changes indu-
ced in rock mass (the development of
cracks, shifting of blocks etc.). It is

Obr. 2 Pracovni charakteristiky kotevnich vyztuZi
a) 3 m Rockbolt K60-25, Lokset HS, délka zalepeni 1,75m, inst. uhel. sloj 20 MPa
b) 2,5 m Hilti HOS-W250/320, délka zalepeni 2,5 m, jemn. piskovec

¢) 5 m pramencovd kotva IR-4/B, Lokset HS, délka zalepeni 1,7 m, jemn. piskovec

Fig. 2 Reaction characteristic of anchored support

a) 3 m Rockbolt K60-25, Lokset HS, encapsulated length of 1.75m, inst. coal seam 20 MPa
b) 2.5 m Hilti HOS-W250/320, encapsulated length of 2.5 m, fine-grained sandstone
¢) 5 m stranded anchor IR-4/B, Lokset HS, encapsulated length of 1.7 m, fine-grained sandstone

indukovanych zméndch v horninovém masivu (vznik trhlin,
posuny bloku atd.). Pro kotvy kotvené kofenem je vhodné pou-
7iti prstencovych hydraulickych dynamometri vybavenych

recommended for root-fixed anchors to
use ring-type hydraulic dynamometers
equipped with pressure gauges,
making the reading of the actual tensi-
le loading of anchors possible. These
dynamometers are suitable for the
monitoring of loads acting on stranded
anchors anchored to the surface of the
excavated opening and monitoring of
the effectiveness of combined support, which is ever more fre-
quently used in the OKD conditions (see Fig. 3). It is necessa-
ry for successful measurement to ensure that the structure of
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manometrem, na kterych lze odecist aktudlni tahové zatiZeni
kotev. Tyto dynamometry jsou vhodné pro monitorovani zatiZe-
ni pramencovych kotev kotvenych k lici vyrubu i pro monitoro-
vani ucinnosti kombinované vyztuZze, v podminkach OKR stile
vice pouzivané (obr. 3). Pro dspé$nou realizaci méfeni je nutno
zabezpelit dostate¢né tuhou konstrukci sestavy dynamometru
véetné pouzitych podlozek.

Na obrazku 4a jsou typické ukdzky zdznamu zatiZeni pra-
mencovych kotev IR 4 o jmenovité dnosnosti 420 kN pred
postupujicim porubem do doby dulniho otfesu vyvolaného bez-
vylomovou trhaci praci. (Bezvylomova trhaci priace predstavuje
odpédleni vybu$nin ve vrtech v predpoli porubu pro sniZeni
napéti v horninovém masivu.) Poskozeni prvki monitoringu
dulnim otfesem znemoZnilo dal§i pokrafovédni experimentu
(minimélni vzdélenost kotev pred hranou porubni fronty byla
cca 120 m).

Dalsi moZnosti sledovdni prab€hu zatiZeni lepenych tyovych
svornikt po celé délce je méfeni vlastni deformace ty¢i pouZi-
tim tenzometri umisténych na téle svornikové tyce. Z méfené
deformace lze pak na zdkladé Hookova zdkona odvodit vlastni
prubeh zatéZovéni téla kotvy v prubehu jeji Zivotnosti. Priklad
grafického vysledku monitoringu pomoci tenzometrické tycové
kotvy lepené po celé délce je dokumentovdn obrazkem 4b.
Tento experiment byl realizovan v pevnych migmatickych hor-
nindch v hloubce cca 1000 m pod povrchem.

SLEDOVANI CHOVANI KOTEVNICH SYSTEMU

Parametrickd studie chovdni kotevnich systéma umozni sta-
novit, jak zména jednoho nebo vice parametru (napr. pramér
vrtu, délka zalepeni, geometricky tvar lepené ¢asti kotvy, vlh-
kost hornin apod.) ovlivni napfiklad pevnost ukotveni svorniku
nebo celkovou charakteristiku pull-out testu.

Uvddime zde vysledky studie, ve které je simulovan vliv pra-
méru instala¢niho vrtu kotvy na vyslednou tahovou charakteris-
tiku. Pramér vrtu a tvar stén vrtu se maZe v horninovém masivu
lisit od pozadovaného pruméru v zdvislosti na geologickych
podminkdch (mdlo pevné horniny — vypaddvani horniny ze
stény vrtu), na reZimu vrtani (resonanéni kmitdn{ vrtné korunky
zpusobujici ve vrtu ,,§roubovici®, kterd ovliviiuje vlastni primér
a objem vrtu (obr. 5) a na lidském faktoru (nespravné pouZzity
prumér vrtné korunky apod.). Pro tahové zkousky byly pouZzity
pramencové kotvy IR 4/C (prumér kotvy 24 mm) o délce korte-
ne cca 280 mm. Kotvy byly instalovdny do betonovych krychli
o hrané 300 mm s pevnosti betonu v jednoosém tlaku cca
50 MPa. Ve stredu kazdé krychle byl rota¢nim vrtanim pfipra-
ven jeden instaladni vrt pruméru cca 28 mm, 32 mm nebo
40 mm o délce cca 280 mm. Do tohoto vrtu byla vlepena pra-
mencovd kotva pomoci polyesterové pryskyrice Lokset HS
Slow (obr. 6a). Nasledné asi po 8 tydnech byla provedena na
téchto kotvach tahovéd zkouska. Obr. 6b zndzornuje zkuSebni
sestavu tahoméru a ddlkoméru pri vlastni zkousce.

Graf na obr 7 zndzornuje typické tahové charakteristiky pou-
zitych kotev vlepenych do vrta o rizném pruméru. Na zdkladé
prubéhu jednotlivych kfivek muZeme konstatovat, ze dvodni
chovani jednotlivych kotev je velice obdobné priblizné do
drovné tahové sily cca 50 kN. V této oblasti jde ziejmé o pre-
kondvani adheznich sil mezi povrchem kotvy a pouZzitého
tmelu. Déle lze jiz pozorovat odlisné chovani. U nejvétsiho
praméru (40 mm) je odpor kotvy v tahu nejniz§i — cca 100 kN.
V jednom pripadé byl naméfen odpor v tahu pouze 8 kN.
U této zkouSky s nejvy§s8im prumérem vrtu doslo zfejmé k ne-
dostate¢nému promichdni a vytvrzeni tmele v oblasti stén vrtu.
Nejvys$si odpor v tahu (cca 230 kN) vykazuje kotva instalova-
né ve vrtu s nejmensim prumérem (28 mm). V prubéhu tahové
zkousky dochdzi pravdépodobné k ruzné udrovni stlatovani
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Obr. 3 Schéma umisténi prstencového dynam tru pri ovdni

pramencovych kotev tvoricich kombinovany vyztuZny systém s podpérnou
ocelovou vyztuZi (legenda: 1 — prikotveny oblouk podpérné vyztuZe, 2 — ndva-
rek TH roviny s otvorem pro pramencovou kotvu, 3 — rozndSeci deska dyna-
mometru, 4 — zdteZovd deska dynamometru, 5 — rozndseci podloZka dynamo-
metru, 6 — upinaci matice pramencové kotvy, 7 — upinaci pouzdro pramenco-
vé kotvy se zdvitem)

Fig.3 Diagram of the position of a ring dynamometer during the moni-
toring of stranded anchors forming a support system combined with steel
support arches (legend: 1 — tied-back support arch, 2 — welded-on piece of the
TH plane with a hole for a stranded anchor, 3 — dynamometer face plate,
4 — dynamometer load plate, 5 — dynamometer bearing pad, 6 — stranded
anchor fixing nut, 7 — threaded fixing cap of stranded anchor

the dynamometer set, including the face plates used, is suffici-
ently rigid.

In Figure 4a, there are typical exhibits of a record of loads
acting on stranded anchors IR 4 with the nominal resistance of
420 kN installed ahead of the advancing coal face till a shock
bump induced by breakingless blasting. (Breakingless blas-
ting consists of firing explosives in boreholes in the coal face
front zone with the aim of reducing stresses in rock mass.).
The damage to the monitoring components due to the bump
made the continuation of the experiment impossible (the
minimum distance of anchors ahead of the coal face edge was
about 120 m).

Another possibility of monitoring the course of loads acting
on fully encapsulated rod rock bolts is to measure deformations
of the rods themselves using strain gauges attached to the rock
bolt body. It is possible than to deduce the course of the loads
acting on the anchor body during the course of its life from the
measured deformation, on the basis of Hooke’s Law. An exam-
ple of a graphical result of the monitoring by means of a fully
encapsulated strain gauge rod anchor is presented in Figure
4b). This experiment was conducted in the conditions of mas-
sive migmatic rock, at the depth of about 1000 m under the sur-
face.

MONITORING OF THE BEHAVIOUR OF ANCHORING
SYSTEMS

The parametric study on the behaviour of anchoring systems
will make the determination of how a change in one or more
parameters (e.g. the borehole diameter, encapsulation length,
geometrical shape of the encapsulated portion of the anchor,
ground moisture etc.) influences, for example, the pull-out
resistance of a rock bolt or the overall characteristic of the
pull-out test.

We present results of the study, where the influence of the
anchor installation borehole diameter on the resultant pull-out
characteristic is simulated. In rock mass, the borehole diameter
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and the shape of the borehole walls can
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0 0 root about 280 mm long. The anchors

36.11 23.7.1 11.9.11 were installed in concrete cubes with

a) Datum odeétu () the edges 300 mm long, concrete unia-

xial compression strength of about 50
MPa. One installation borehole about
28 mm, 32 mm and 40 mm in diameter
respectively, about 280 mm long, was
prepared in the centre of each cube by
means of rotary drilling. A stranded
anchor was glued into the borehole
using Lokset HS Slow polyester resin
(see Fig. 6a). Subsequently, about 8§
weeks later, these anchors were submit-
ted to pull-out tests. Fig. 6b displays the
testing set consisting of the load meter
and distance meter used during the test.

The graph in Fig. 7 depicts typical
pull-out characteristics of the anchors
o used in the test, which were glued into
the various diameter boreholes. We can
state on the basis of the shape if indivi-
dual curves that the initial behaviour of
individual anchors is very resembling
up to the tensile force level of about 50
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Fig. 4 Examples of long-term monitoring: a) of stranded anchors (DI and D4) in a combined support sys-
tem, ahead of the advancing coal face (gallery No. 340 226, profile 00-0-19, seam thickness of 6 — 7 m,
b) of a fully encapsulated rod anchor (individ. rockbolt support, excavation profile about 10 n?’, the length

of the fully encapsulated rockbolt of 3 m)

a pretvareni polyesterové pryskyfice ve vrtu, ¢emuz odpovida
ménici se prubéh a charakter tahovych (zdtézovych) kiivek.
U kotvy instalované do vyvrtu s prumérem 28 mm dochazelo
pri dosazeni maximdlni tahové sily k roztrzeni betonové
krychle tahovym napétim vznikajicim od stlacované polyeste-
rové pryskyfice ve vrtu beéhem tahové zkousky (obr. 6¢).

ZAVER A DOPORUCENI

Z provedenych experimentt v dalnich podminkdch a v labo-
ratofi vyplyva:

V pripadé kombinovaného vyztuzného systému pramenco-
vych kotev a podpérné ocelové obloukové vyztuze pfi nedosta-
te¢né tuhém kontaktu podpérné vyztuze s vyrubem nedojde
k potiebné aktivaci kotvy (obr. 4a), muze dochdzet pouze
k ¢asteénému pritézovani a ndaslednému odlehéovani kotvy vli-
vem zvedajici se po¢vy a zveddni — zatlaCovdni obloukové
vyztuZe do stropu pred postupujici porubni frontou. Toto cho-
vani je zdokumentovdno na ndsledujici ilustracni fotografii
(obr. 8).

toringu: a) pramencovych kotev (D1 a D4) v kombinovaném vyztuZném
systému pred postupujicim porubem (chodba 340 226, profil 00-0-19, mocnost sloje 6-7 m,
b) tycové kotvy lepené po celé délce (individ. sv. vyztuz, profil dila cca 10 m?, délka sv. tyée lepené po celé

kN. In this area it is probably the case
of overcoming adhesion forces betwe-
en the anchor surface and the grout
used. Later it is already possible to
observe different behaviour. At the lar-
gest diameter (40 mm), the anchor resi-
stance is the lowest — approximately
100 kN. In one case the pull-out resi-
stance of a mere 8 kN was measured. It probably happened
during this test with the largest borehole diameter that the
grout in the area of the borehole walls was insufficiently
mixed and set. The highest pull-out resistance (about 230 kN)
is exhibited by the anchor installed in the smallest diameter
borehole (28mm). Presumably the varying degree of the com-
pression and deformation of the polyester resin in the boreho-
le develops during the course of the pull-out test. The chan-
ging shape and character of the loading curve corresponds to
this assumption. At the anchor installed in the 28 mm diame-
ter borehole, the concrete cube usually broke apart when the
maximum tensile force was reached due to the tensile stresses
induced by the resin compressed in the borehole during the
pull-out test (see Fig. 6¢).

CONCLUSION AND RECOMMENDATIONS

It follows from the experiments conducted in the mine con-
ditions and in a laboratory that :

e The anchor in the case of the combined support system

consisting of stranded anchors and steel support arches is
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Obr. 5 Vzhled prifezu vrtu se ,,Sroubovici u &elby vrtu, kruZnici je vyznacen
pldnovany prumér vrtu, ernou barvou jsou naznaceny hranice vykaverno-
vanych oblasti kmitdnim vrtné korunky

Fig. 5 The shape of the borehole cross-section with the “helix” carved in the
borehole wall. The planned borehole diameter is indicated by a circle; con-
tours of the areas where caverns developed due to the drill bit vibration are
marked by black colour

e Dobfe zvoleny primér vrtu a jeho kvalitn{ provedeni muZe
vyrazné priznivé ovlivnit tahovou tnosnost a charakteris-
tiku kotevniho prvku.

e MnoZstvi tmele aplikovaného do instala¢ntho vrtu je nutno
zvysit vzhledem k moznym disproporcim prufezu vrtu.
Piikladem muZe byt situace na obr. 5. Zhodnoti-
me-li plochu predpoklddaného a skute¢ného prutezu (obr. 5),
tak v tomto pripadé jde az o cca 50% navyseni. Takovouto
situaci je pak nutno brat v tivahu napr. pfi odhadu spotie-
by tmele pfi lepeni svorniku.

e Obrazek 2 dokazuje, Ze kromé absolutn{ tahové tinosnosti
kotev je nutné zjistovat celé tahové charakteristiky, které
mohou byt u ruznych kotev zcela odliné. Na zdkladé
téchto charakteristik Ize lépe stanovit optimdlni pouZziti
kotev pro rizné potieby

a); Ty b B * 4 &

o

Obr. 6 a) Instalovand kotva do betonové krychle, b) zkuSebni sestava taho-

meéru a ddlkoméru pri zkousce, c) roztrieni betonové krychle pri zkousce
Fig. 6 a) An anchor installed in a concrete cube b) the testing set consisting
of the load meter and distance meter during the test c) breaking of the conc-
rete cube apart during the test

not activated if the contact between the support frames and
the surface of the excavated opening is not sufficiently
tough (see Fig. 4a). It is only possible that the anchor is
partially surcharged and subsequently unloaded as a result
of the heaving bottom and heaving of the support arches
(pushing of the support arches into the ceiling) ahead of
the advancing coal face. This behaviour is documented in
the following illustration photo (see Fig. 8).

e A well selected borehole diameter and high quality of its
installation can significantly favourably affect the pull-out
resistance and characteristics of an anchoring element.

e Taking into consideration the potential disproportions in
the borehole cross-section, it is necessary to increase the
amount of grout injected into the installation borehole. The
situation presented in Fig. 5 can be an example. If we
assess the area of the assumed and actual cross-section (see
Fig. 5), the increase approximately up to 50% is achieved
in this case. Such a situation has subsequently to be taken
into consideration, for example, when the consumption of
grout to be used for the gluing of rock bolts is being esti-
mated.

+ D 28 mm, L 276 mm
=~ | «D33mm,L 276 mm
« D40 mm, L 280 mm

vyztuzovani.
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Obr. 7 Typické tahové charakteristiky kotev vlepenych do vyvrti o ruzném pruméru
Fig. 7 Typical pull-out characteristics of anchors glued into boreholes with various diameters




Obr. 8 Ilustracni foto pramencové kotvy ukotvené k obloukové vyztuzi pomoci
rovného nosniku z vdlcovaného profilu TH (profil pro vyrobu dulnich oblou-
kovych vyztuzi)

Fig. 8 Illustration photo of a stranded anchor anchored to support arches
even by means of a straight TH steel-rolled section beam (a cross-section
used for the manufacture of colliery support arches)

droven cca 250 kN nebo pfipadné i jejich zalepeni ve
vrtu po celé jejich délce.

e Prubéh zatéZovani pramencovych kotev je velmi varia-
bilni a v mnoha pfipadech vede k potfebé technického
feSeni dodatecného predepindni kotvy v prubéhu jeji
Zivotnosti.

e Vyznamnd pozornost se vénuje stropnim podminkam, tj.
zpevnovani a kotveni nadloZi partii chodeb. Velké pro-
blémy vsak také pusobi deformace a zveddni polvy
v porubnich chodbédch v prubéhu dobyvéni. V nédsleduji-
cim obdobi bude nutno vyzkouSet pouziti technologii
zpevnujicich oblast po¢vy (chemické injektaze, svorni-
kovani, pouzivani uzavienych ocelovych obloukovych
vyztuzi v kombinaci s kotevnimi prvky).
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e Figure 2 proves that, apart from the absolute pull-out resi-
stance of anchors, it is necessary to determine complete
pull-out characteristics, which can be totally different for
various anchors. It is possible to better determine the opti-
mal use of anchors for various supporting needs on the
basis of these characteristics.

e A perfect contact between the support frames and rock
mass is the crucial condition for achieving the expected
effectiveness of the application not only of steel support
arches but also of the whole range of combinations of
anchoring support elements with steel support arches.
Without meeting this fundamental condition, the efficiency
of the whole support system is significantly reduced.

e Other two aspects which should be verified when the appli-
cation of stranded anchors to support systems in the OKD
conditions is being designed are the pre-stressing of
anchors during their installation to the level of up to 250
kN or eventually the full encapsulation of the anchors in
the borehole.

e The stranded anchors’ load-time curves are very variable
and, in many cases, they lead to the need for a technical
solution for additional pre-stressing of the anchor during
the course of its life.

e Significant attention is devoted to the roof conditions,
i.e. to reinforcing and anchoring of the overburden above
galleries. In addition, big problems are caused by defor-
mations and heaving of the bottom of entries during
mining work. In the following period of time it will be
necessary to examine the use of techniques reinforcing the
area of the bottom (chemical grouting, rock bolting, the
use of closed steel arch support systems combined with
anchoring elements).
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STUDIUM PROPUSTNOSTI HORNIN ZA TROJOSEHO STAVU NAPJATOSTI
PRO UCELY PROJEKTOVANI PODZEMNICH STAVEB
STUDY INTO PERMEABILITY OF ROCKS
IN TRIAXIAL STRESS STATE FOR THE PURPOSE OF DESIGNING
FOR UNDERGROUND STRUCTURES

PAVEL KONECNY, ALENA KOZUSNIKOVA

Propustnost hornin za trojosého stavu napjatosti je jednim
z vjznamnych parametrti, kterym jsou v laboratofich Ustavu geoniky
AV CR charakterizovany filtra¢ni vlastnosti hornin a jejich zmény.
Tento parametr odrdzi nejen fyzikalni a petrografické vlastnosti vlastni-
ho horninového materidlu, ale je také velice citlivy na stupen poruseni
testovaného zkusebniho télesa. Zmeny propustnosti je tak moZno pozo-
rovat v disledku zmén THMC (termo-hydro-mechanicko-chemickych)
procest v horniné. V piispévku jsou uvedeny piiklady vlivu napéti,
stupné poruseni ¢i teploty na propustnost hornin, které tvori horninové
prostiedi, v nichZ jsou budovény podzemni stavby jako zdsobniky,
tunely a podzemni dulni dila.

TESTOVANY MATERIAL

Jako modelovy materiél pro sledovani zmén propustnosti byly pou-
Zity dva typy hornin:

— biotitickd Zula, stredné zrnitd — ,,slezska Zzula“ (obr. 1)

— stiedné zrnity glaukoniticky piskovec —,,godulsky piskovec™ (obr. 2)

Pro méfeni propustnosti byla z horninového materialu vytvarovana
standardni zkuSebni télesa o pruméru 48 mm a Stihlostnim poméru
(vyska : prumér) 2:1, u nichZ byla za laboratorni vlhkosti a teploty sta-
novena objemova hmotnost (p,) a rychlost pruchodu podélnych ultra-
zvukovych vin (vpo).

Zatizeni pro méfeni propustnosti sestdvd z triaxidlni komory KTK
100 (vyrobené firmou UNIPRESS, Polsko), upravené pro pruchod
plynu (obr. 3). Jednd se o tzv. ,,nepravy triaxidl®, pri¢emz bo¢ni tlak
(0,,=03) je na zkusebn{ téleso vyvijen tlakem hydraulického oleje, a to

The permeability of rocks in the triaxial stress state is one of
important parameters through which filtration properties of rocks
and their changes are characterised in laboratories of the Institute
of Geonics AS CR. This parameter reflects not only physical and
petrographical properties of the rock material itself, but it is also
very sensitive to the degree of the sample disturbance. Changes
in permeability can therefore be observed as a consequence of
Thermo-Hydro-Mechanical-Chemical (THMC) processes in
rock. The paper presents examples of the influence of stress, the
degree of the disturbance or temperature on the permeability of
rocks forming the ground environment in which underground
structures, such as reservoirs, tunnels and underground mine
workings, are built.

MATERIAL SUBJECTED TO TESTING
The following two types of rock were used as the model mate-
rial for observing changes in permeability:
— Biotitic granite, medium grained — ,,the Silesian Granite*
(see Fig. 1)
— Medium-grained glauconitic sandstone — ,,the Godul Sand-
stone* (see Fig. 2)

Standard test specimens 48 mm in diameter, slenderness ratio
(height : diameter) 2:1, for which the volume weight (p,,) and
velocity ultrasonic of longitudinal ultrasound waves (vp0) were

— stejnomérné zrnitd s xenomorfnim
omezenim zrn s vyjimkou biotitu (hypi-
diomorfni)

— v8esmérné zmité textura

Stredni velikost zrma My = 2-3 mm

Kfemen: 49 % (zrna vSesmérné rozpu-

kana siti tenkych puklin)

Zivee draselng: 26 %

Plagioklasy: 18 %

Biotit: 7 %

— uniformly grained with xenomorphic
limitation of grains with the exception
of biotite (hypidiomorphic)

— granular confinement structure

Mean size of grain My =2 - 3mm

Quartzite: 49 % (grains omnidirectionally
fissured by a network of thin cracks)

Potassium feldspar: 26 %
Plagioclase: 18 %
Biotite: 7 %

- vytfidéni Spatné, bimodalni sediment
stfedni velikost zrna My = 0,38 mm

- poorly sorted, biomodal sediment
Mean size of grain My = 0.38 mm

Ulomky hornin: 19 % (kvarcity, alterované
vyvieliny, piskovce)

Kfemen: 47 % (zrna ¢éstecné korodova-
ng, slabé vSesmérné jemné rozpukana)
Zivce: 11 % (draselné > plagioklasy)
Slidy: 5 % (muskovit, biotit, sericit)
Glaukonit: 4 %

Zakladni hmota: 12 % (jilovita, porova)
Tmel: 2 % (karbonaticky, pelokarbonatovy)

Fragments of rocks: 19 % (quartzite,
altered igneous roc, sandstone)
Quartzite: 47 % (grains partially fissu-
red, grains partially corroded, weakly
omnidirectionally cracked)

Feldspar: 11 % (potassium > plagioclase)
Mica: 5 % (muscovite, biotite, sericite)
Glauconite: 4 %

Matrix: 12 % (clayey, porous)

Binder: 2 % (carbonatic, pelocarbonate)

Obr. 1 Petrografické vlastnosti stredné zrnité biotitické Zuly
Fig. 1 Petrographical properties of medium-grained biotitic granite

Obr. 2 Petrografické vlastnosti stredné zrnitého glaukonitického piskovce
Fig. 2 Petrographical properties of medium-grained glauconitic sandstone
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Obr. 3 Triaxidlni komora KTK 100
Fig. 3 Triaxial chamber KTK 100

pripadné az do velikosti 100 MPa, a jako zdroj osového napéti (o;)
slouzi mechanicky lis ZWICK 1494 s maximaln{ silou 600 kN, fizeny
pocitacem.

MERENI PROPUSTNOSTI ZA ZVYSOVANI
HYDROSTATICKEHO TLAKU

Metodika méfeni propustnosti za zvySovani hydrostatického tlaku je
zaloZena na postupném zvysovani tlaku hydraulického oleje v triaxidlni
komore [1]. ZkuSebni téleso je zdroven upnuto v &elistech lisu, které
béhem méteni vyviji stejny tlak jako je tlak oleje, a tak je ve zkuSebnim
télese indukovan hydrostaticky tifrozmérny napétovy stav (o) = 0, =
03), ten se postupné zvySuje od 5 MPa s krokem 5 MPa a7z do 30 MPa.
Jako plynné médium pro méfeni propustnosti je pouzivan dusik, jehoZ
tlak je regulovan z plynové tlakové 1dhve redukénim ventilem tak, aby
byl po celou dobu experimentu 3 MPa. Dusik je vzhledem k svym
vlastnostem a délce experimentu mozné povazovat za plyn inertni,
ktery s horninovym materidlem nijak nereaguje [2]. Schéma méficiho
zafizeni je zobrazeno na obrdzku 4.

Pii zvolenych hydrostatickych tlacich je zméfen objemovy pratok
dusiku. Vychdzime-li z pfedpokladu jako vétSina autort zabyvajicich se
touto problematikou, Ze je mozno poklddat proudéni v horninovych
zkuSebnich te€lesech za lamindrni, umoznuje to pti vypoctu koeficientu
propustnosti vychédzet z Darcyho zdkona [3, 4]. Koeficient propustnos-
ti je pak mozno vypocitat podle rovnice:

) 20-m-py-L
S (p7-p3)
kde znact:
koeficient plynopropustnosti [m?],
dynamick4 viskozita dusiku [Ns m-2],
objemovy priitok pfi referencnim tlaku p, [m3s-1],
vyska vzorku [m],
plocha vzorku kolmd ke sméru proudéni plynu [m?2],
P, referencni tlak (v nasem piipadé rovno p,) [Pa],
P, pocétecni tlak protékajiciho plynu [Pa],
P, konecny tlak protékajiciho plynu [Pa].

nurros &

Typicky prabéh zmény propustnosti pii ndrustu boéniho tlaku je
zobrazen na obrazku 5. Pfi tomto typu experimentu nedochdzi
u zkuSebnich téles k poruseni.

Z grafli na obrézku 5 je zfejmé, jak s rostoucim hydrostatickym tla-
kem klesd propustnost horninovych zkuSebnich téles. Vzhledem
k tomu, Ze jsou zkuSebni télesa tvarovand tak, aby neobsahovala
zadné makroskopické pukliny ¢i poruseni, je mozno vysledné hodno-
ty povazovat za propustnost vlastniho horninového materidlu.

21. rocnik - €. 2/2012

determined in laboratory conditions, were formed from the rock
material.

The permeability measurement equipment consists of a triaxial
chamber KTK 100 (produced by UNIPRESS, Poland) adapted
for the passage of gas (see Fig. 3). It is the so-called “false tria-
xial” test, where the confinig pressure (0,=03) is applied to the
test specimen through hydraulic oil pressure up to 100 MPa, if
required, and a computer-controlled mechanical press ZWICK
1494 with the maximum strength of 600 kN is used as the source
of axial stress (0y).

MEASUREMENT OF PERMEABILITY WITH HYDROSTATIC
PRESSURE INCREASING

The methodology for the measurement of permeability with the
hydrostatic pressure increasing is based on continual increasing
of the pressure of hydraulic oil in the triaxial chamber [1]. The
test specimen is at the same time clamped in press jaws, which
exert the pressure equal to the oil pressure during the course of
testing, thus the triaxial state of pressure is induced in the test
specimen (0] = 0, = 03), increasing step-by-step from 5 MPa up
to 30 MPa, at 5 MPa steps. Nitrogen is uses as the gas medium
for the measurement of permeability. Its pressure from a pressure
gas cylinder is regulated by means of a pressure control valve so
that its value is kept at 3 MPa throughout the experiment. With
respect to the properties of nitrogen and the duration of the expe-
riment, it is possible to consider the gas to be inert, not reacting
with the rock material [2]. A diagram showing the measuring
equipment is presented in Figure 4.

The volume flow rate of nitrogen is measured at the selected
hydrostatic pressures. If we start from the assumption, as the
majority of authors dealing with these problems do, that it is pos-
sible to assume the flow through rock test specimens to be lami-
nar, it is possible to start from Darcy’s law when the permeabi-
lity coefficient is being calculated [3, 4]. Therefore the permea-
bility coefficient can be calculated according to equation:

L 20-1-p,-L
S (p7-p3)

where:

k is gas permeability coefficient [m2],

1M is dynamic viscosity of nitrogen [Ns m?],

Q is volume flow rate at the reference pressure p, [m3s'],

L is specimen height [m],

S is area of the specimen perpendicular to the gas flow

direction [mZ2],

Osova sila
Axis stress

Triaxiélni burika
Traxial cell

Vzorek

Manometr
Pressure gauge f |:_}
= Olej/ Oil

% Manometr
Pressure gauge

Zafizeni pro méreni 0Osovi sila Ruéni olejové pumpa
protekiého plynu Axis stress oo oil oum
Flowmeter pump

Obr. 4 Schéma mériciho zarizeni
Fig. 4 Diagram showing the measuring equipment
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Obr. 5 Zdvislost propustnosti na velikosti hydrostatického tlaku
Fig. 5 Permeability-hydrostatic pressure curve

7 geotechnického hlediska jsou naméfené propustnosti velice nizké
a odpovidaji podle ,Klasifikace propustnosti hornin“ [5] nepatrné
propustnym hornindm.

MERENI PROPUSTNOSTI ZA ZVYSOVANI OSOVEHO NAPETI

Pfi rezimu mefeni propustnosti za konstantniho plastového tlaku
a narastu osového napéti je zkuSebni t€leso upnuto v Celistech lisu
a plastovy tlak je nastaven na poZadovanou hodnotu (5SMPa). Hodnota
osového napéti se postupné zvySuje pohybem Celisti lisu, a to az do pri-
padného poruseni zkuSebniho télesa (o) > 0, = 03). Tlak dusiku je opét
regulovén z plynové tlakové 1dhve redukénim ventilem tak, aby byl po
celou dobu experimentu 3 MPa.

Pro tento typ experimentu je nutné kontinudlni méfeni objemu pro-
§1ého plynu, coZ je provadéno pomoci tii prutokoméru s riznym rozsa-
hem. V soucasné dobé je mozné méfit kontinudlné priitoky od 5 cm3/
min do 5000 cm?/min. Pro spolehlivou registraci hodnot pritoku bylo
také nutné stanovit optimdlni rezim zatéZzovani. Po nekolika testech
byla stanovena jako optimdlni rychlost 10 = s™! [6].

Pii téchto experimentech jsou hodnoty propustnosti vztahovény
k osovému napéti. Zavislost propustnosti na velikosti osového napéti je
zfejmd z obrazku 6.

Na vyslednych grafech jsou velice dobre patrné dve odlisné faze.
V prvni dochdzi v dusledku osového stla¢ovani zkuSebniho télesa
k poklesu propustnosti, coZ je zpusobeno uzavirdnim pérového pro-
storu. V dal3{ fazi dochdzi ve zkuebnim télese ke vzniku mikroporu-
Senf, které predstavuje vyznamné cesty pro pruchod filtratniho média
a propustnost narlstd. V zévére¢né fézi experimentu, kdy dochdzi
k poruseni zkuSebniho télesa, je nérlst propustnosti velice vyrazny
a muZe dosdhnout a7 nékolikandsobku pocate¢ni hodnoty propust-
nosti [6].

ZMENY PROPUSTNOSTI V DUSLEDKU PUSOBENI TEPLOTY

Jednim z faktor vyznamné ovliviiujicich propustnost hornin je tep-
lotni zatiZeni [6]. Vysoké teploty mohou u hornin zpasobovat vznik
a §ifeni mikroporusenti, které vyznamné ovliviiuje vysledné filtraéni
vlastnosti.

Studium vlivu teploty na fyzikalni vlastnosti hornin je v poslednich
letech motivovano zejména projekty pro budovéni podzemnich dlozist’
jadernych odpadu, kde se predpoklddd zvySeni teploty horninového
masivu v okoli uloZenych kontejnert. Dal$im divodem je pak poznani
vliva vysokych teplot na chovéni hornin v piipadé pozaru v tunelech.

Aby bylo mozno sledovat vliv teploty na vysledné filtracni vlastnosti
horniny, byla horninova zkusebni télesa vloZena do pece zahfaté na tii
rizné maximdlni teploty (300 °C, 500 °C, 700 °C). Horninovy material

TuouHel

Po is reference pressure (in our case equal to p,) [Pa],
P, is initial pressure of the gas flowing through [Pa],
P, is final pressure of the gas flowing through [Pa].

A typical curve for changes in the permeability with the confi-
nig pressure growing is presented in Figure 5. Test specimens are
not disturbed during the course of this type of experiment.

It is obvious from Figure 5 how the permeability of test speci-
mens decreases with growing hydrostatic pressure. With respect
to the fact that test specimens are shaped in a way preventing the
origination of macroscopis fissures or failures, it is possible to
consider the resultant values to be representing the permeability
of the rock material itself. From a geotechnical point of view, the
measured permeability values are very low, corresponding to
slightly permeable rocks according to the “Classification of per-
meability of rocks”[5].

MEASUREMENT OF PERMEABILITY WITH AXIAL STRESS
INCREASING

When the permeability regime is measured at a constant con-
fining pressure and under growing axial stress, the test speci-
men is clamped in jaws of the press and the confining pressure
is set at the required value (5 MPa). The axial stress is gradual-
ly increased through the motion of the press jaws up to the fai-
lure of the test specimen, if it occurs, (0] > 0, = 03). The nitro-
gen pressure from the pressure cylinder is again regulated by
a pressure control valve so that to be equal to 3 MPa throughout
the experiment.

[t is necessary for this type of experiment to measure the volu-
me of gas which has passed continually. This is fulfilled by
means of 3 flow meters with different ranges. Today it is possib-
le to measure continual flows ranging from 5 ¢cm?*min to 5000
cm?/min. In addition, it was necessary for the reason of the reli-
able registration of flow values to determine an optimal loading
regime. The rate of 10 = s~! was determined after several tests as
optimal [6].

At these experiments, permeability values are correlated with
the axial stress. The permeability-axial stress curve is obvious
from Figure 6.

Two different phases are very well distinguishable on the resul-
tant graphs. In the first phase the permeability decreases as
a result of axial compression owing to the closing of the pore
space. In the next phase microfailures develop in the test speci-
men, representing important paths for the passage of the filtrati-
on medium, thus the permeability increases. In the final experi-
ment phase, where the test specimen fails, the increase in the per-
meability is very high. It may reach the multiple of the initial per-
meability value [6].

PERMEABILITY CHANGES DUE TO TEMPERATURE
EFFECTS

One of the factors significantly influencing the permeability of
rocks is thermal loading [6]. High temperatures can cause the
development and spreading of microfailures in rocks, signifi-
cantly affecting the resultant filtration properties.

Studies into the influence of temperature on physical proper-
ties of rocks have in recent years been motivated first of all by
projects for the development of underground repositories for
nuclear waste, where it is expected that temperature of surroun-
ding rock mass in the vicinity of the stored containers will grow.
Another reason has been the desire to learn how high tempera-
tures affect the behaviour of rocks in the cases of fires in tun-
nels.

The rock test specimens were inserted into a furnace heated to
three maximum temperature levels (300°C, 500°C, 700°C) so that
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Obr. 6 Zdvislost propustnosti na velikosti osového napéti pri pldstovém
tlaku 5 MPa
Fig. 6 Permeability-axial stress curve at confining pressure of 5 MPa

tak byl vystaven ruznym ,teplotnim Sokim*. ZkuSebni téleso bylo
ponechdno v prostiedi se zvySenou teplotou po dobu tif hodin. Po trech
hodinéch byla pec vypnuta a vzorek zvolna chladnul i s peci az do poko-
jové teploty. Po vyjmuti zkuSebniho télesa z pece bylo téleso ponecha-
no v exsikdtoru.

U vsech temperovanych t€les byla opét stanovena objemova hmot-
nost (Por) a rychlost priichodu podélnych ultrazvukovych vin (vpr).
Zmény objemové hmotnosti a rychlosti prichodu podélnych ultrazvu-
kovych vIn byly vyjddfeny pomérem hodnot naméfenych na tepelné
ovlivnénych vzorcich k hodnotdm py respektive vy, zjiSténych na
puvodnich vzorcich (obr. 7).

Temperovany materidl byl déle analyzovdn pomoci optické mikro-
skopie, termogravimetrické analyzy (TGA) a RTG praskové difrakce.

U vzorku Zuly nebyly fdzové zmény v kiemeni a Zivcich do 500 °C
pozorovany. U biotitu byla pozorovana zména barvy pii temperaci
Sokem na 500 °C a pri teplot¢ 700 °C dochédzi k jeho oxidaci.
V kiemeni dochdzi v prubéhu temperace na 700 °C k transformaci
a—f kiemene. Ta probiha pfi teplotich kolem 573 °C a je provizena
intenzivnim vznikem trhlin. U Zivca se pii temperaci na 700 °C zvy-
raziiuje Stépnost. Pri analyziach TGA ani RTG se zddné zmeny
v dusledku zahifvani neprojevily.

V piskovci byly pozorovéany na kiemeni, Zivcich a biotitu podobné
zmény jako v Zule. Prvni fizové transformace jsou spojené s oxidaci
glaukonitu (do 300 °C ), pii teplot¢ 500 °C byla pozorovdna zména
barvy biotitu a zejména zdkladni jilovité hmoty. Pfi teploté 700 °C je
rudohnédé zabarveni slid a zdkladni hmoty intenzivni. Analyzy TGA
ani RTG, podobné jako u Zuly, Zddné zmény v dusledku zahrivéan{
neprokazaly.

Na zkuSebnich télesech vystavenych teplotdim 300 °C, 500 °C
a 700 °C byla zméfena propustnost za trojosého (hydrostatického)
stavu napjatosti 5 MPa. Vliv teplotniho $oku na propustnost je ziejmy
z obrazku 8.

ZAVER

Vliv napétového stavu, stavu poruSeni horninového materidlu
a ,,teplotniho Soku* byl studovan na dvou vybranych typech hornin, se
kterymi se setkdvame v geotechnické praxi. I pres odliSnou genezi
a ruzné mineralogické sloZeni vykazovaly materidly velice podobné
chovéni v dusledku vlivu napéti &i teploty.

Na zdkladé laboratornich méfeni muZeme konstatovat, Ze napétovy
stav, ktery md za nédsledek uzavirdni pérového systému, sniZuje pro-
pustnost horninového materidlu. Naopak procesy porusSovani materidlu,
vyvolané napetovymi ¢&i teplotnimi zménami, vyvoldvaji vznik mikro-
porusenti, coZ schopnost materidlu propoustét pérovd média zvySuje. To
se pak projevuje narustem propustnosti, mnohdy i velice vyraznym.
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the influence of temperature on resultant filtration properties of
the rock could be observed. The rock material was exposed to
various “temperature shocks”. The test specimen was placed in
the increased temperature environment for 3 hours. After 3 hours
the furnace was switched off and the specimen together with the
furnace slowly cooled down to the ambient temperature. After the
test specimen had been removed from the furnace, it was left in an
exicator.

The volume weight (pgyr) and the velocity of longitudinal
ultrasonic waves (vp1) were repeatedly determined for all speci-
mens subjected to increasing temperatures. Changes in the volu-
me weight and the velocity of longitudinal ultrasonic waves
were expressed by the ratio of the values measured on the ther-
mally affected specimens to the values pgg and vy, respective-
ly, which had been determined on the original specimens (see
Fig. 7).

The material subjected to the increasing temperature was furt-
her analysed by means of optical microscopy, a thermog-
ravimetric analysis (TGA) and XRD difraction.

As far as the granite sample is concerned, no phase changes in
quartzite and feldspars were observed up to the temperature of
500°C. Regarding biotite, a change in colour was observed
during the shock increase in temperature to 500°C, whilst it gets
oxidised at the temperature of 700°C. In quartz, the o—f quartz
transformation occurs during the increasing of temperature to
700°C. It originates at temperatures about 573°C and is accom-
panied by the intensive development of cracks. Regarding feld-
spars, cleavage significantly increases during the increasing of
temperature to 700°C. No changes manifested themselves either
during the TGA analysis or during the XRD analysis.

In sandstone, changes observed on quartz, feldspars and bioti-
te were similar to those observed in granite. Initial phase trans-
formations are associated with the oxidation of glauconite (up to
300°C); a change in the colour of biotite and, first of all, in the
colour of the clayey matrix was observed at the temperature of
500°C. At the temperature of 700°C the reddish-brown colour of
micas and the matrix is intense. Similarly to granite, neither the
TGA analysis nor the XRD analysis proved any change due to the
heating.

The permeability was measured on test specimens exposed to
the temperatures of 300°C, 500°C and 700°C at the triaxial (hyd-
rostatic) state of stress of 5 MPa. The influence of the thermal
shock on permeability is presented in Figure 8.
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Obr. 7 Zmény poméru Pyr/Pgy @ v/ vy v diisledku , teplotniho Soku*
Fig.7 Changes in the py/pgg and v,/ v, ratio caused by the “thermal shock”
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Obr. 8 Zmény propustnosti za trojosého stavu napjatosti 5 MPa v dusledku
,»teplotniho Soku*“

Fig. 8 Changes in permeability at the triaxial state of stress of 5 MPa due to
the “thermal shock”

V této souvislosti se zmeény hodnoty koeficientu propustnosti, obdob-
né jako zmény rychlosti pruchodu podéInych ultrazvukovych vin uké-
zaly jako citlivé metody méfeni miry poruseni testovaného zkusebniho
telesa.

7 hlediska propustnosti materidlu je mozno obé horniny povazovat
za nepatrné propustné. Pravé Zulové masivy s nizkou propustnosti,
kterd se v dasledku napétového stavu, napriklad ve vétSich hloubkéch,
jesté snizuje, jsou vhodnym horninovym prostfedim pro projektovani
podzemnich zdsobnika plynu & dlozist' jadernych odpadu. Pfi projekto-
vani takovychto podzemnich staveb je proto tfeba vénovat velkou
pozornost poruSeni masivu, jelikoZz pukliny, drobnd tektonika
i mikroporusen{ vyznamné zvySuji propustnost v jinak nepatrné pro-
pustnych hornindch.
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CONCLUSION

The influence of the state of stress, the state of the rock mate-
rial failure and the “thermal shock” were studied on two selected
types of rocks which we encounter in the geotechnical praxis.
Even despite different genesis and different mineralogical com-
position, the materials exhibited very similar behaviour after
having been exposed to a stress or temperature.

We can state on the basis of laboratory measurements that the
state of stress which leads to the closing of the pore system redu-
ces the permeability of rock material. Conversely, the material
disturbing processes induced by changes in the stress or tempe-
rature elicit the origination of microfailures, which increases the
capability of the material to let pore media through. This subse-
quently manifests itself through increased permeability, often
very significantly.

In this connection the changes in the permeability coefficient,
similarly to the changes in the velocity of longitudinal ultrasonic
waves, turned out to be sensitive methods of measuring the
degree of the test specimen failure.

As far as the permeability of material is concerned, it is pos-
sible to consider the two rocks to be slightly permeable. It is the
rock masses featuring low permeability, which further decreases
in the connection with the state of stress, for example at greater
depths, that form rock environments suitable for designing
underground gas storage facilities and repositories of nuclear
waste contained in them. For that reason it is necessary during
the process of designing for such underground structures to pay
increased attention to the disturbance of rock mass because the
fissures, minor tectonics and microfailures significantly increase
permeability through otherwise slightly permeable rocks.
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VYUZITi OSCILUJICICH VODNICH PAPRSKU PRI ODSTRANOVANI
POVRCHOVYCH VRSTEV DEGRADOVANEHO BETONU IN SITU

APPLICATION OF OSCILATING WATERJETS TO IN SITU
REMOVING OF DECOMPOSED SURFACE LAYERS OF CONCRETE

LIBOR SITEK A KOL.

1 0vOD

Betonové konstrukce jsou v prubéhu svého uzivani vystaveny puso-
beni okolnich agresivnich vliva. Pasobeni agresivniho prostredi, uziva-
n{ konstrukce v prabéhu Easu a zatiZeni konstrukce provozem mohou
vést k jejimu poskozeni. To miZe nastat také nevhodnym uZivanim kon-
strukce, nadmérnym zatiZzenim ¢i pusobenim poZédru. Dopravni stavby
(silnice, tunely, mosty) patii k vysoce exponovanym betonovym kon-
strukcim (cyklickym zatéZovanim, klimatickymi podminkami, uziva-
nim chemickych rozmrazovacich latek, pasobenim poZéiru apod.). JiZ
porusené konstrukce je vétSinou nutné v co nejkrat$i dobé uvést zpet do
provozuschopného stavu, coz vyzaduje specificky sanacni zdsah. Pri
sanacich betonovych konstrukef je tfeba na zdkladé odborného posouze-
ni a ndvrhu odstranit porusenou vrstvu betonu a provést ndhradu poru-
Senych &asti konstrukce. Odstranéni poskozenych vrstev tudiz predsta-
vuje dulezitou etapu pri sanaci a Udrzbé betonovych staveb. Vedle dnes
jiz tradi¢nich metod, jako jsou odfezavdni, rozru§ovani pneumatickym
kladivem, suché a mokré otryskavéni, ¢isténi plamenem a frézovéni, se
k takovému tcelu stile Casteji pouzivaji technologie na bazi vysoko-
rychlostnich vodnich paprsku. U nds je pouZiti vodnich paprsku pro tyto
Ucely doporuceno, v nékterych zemich (napt. v Némecku) je vzhledem
k unikétnim vlastnostem paprsku dokonce vyZadovéno.

Znéma schopnost vodnich paprska selektivné odstranit poskozenou
vrstvu muze byt dédle zvySena zavedenim vysokofrekvencnich akustic-
kych pulzaci do paprsku prostrednictvim akustického generétoru tlako-
vych pulzaci. Generovani{ dostatené velkych a rychlych (20 kHz) tla-
kovych pulzaci ve vysokotlakém systému jeste pred vystupem vody
z trysky umoznuje vytvéreni tzv. pulzujiciho vodniho paprsku, ktery
sice vystupuje z trysky jako paprsek kontinudlni, v urcité vzdalenosti od
trysky se vSak vlivem rozpadu kontinudlniho proudu na shluky vody
meéni v pulzujici. Vyhoda takového paprsku v porovndni s béZznym
kontinudlnim spocivd v tom, Ze dopad kazdého shluku vody pulzujici-
ho paprsku vyvola v mist¢ dopadu impaktni tlak, ktery nékolikandsob-
né prevySuje stagnacni tlak, kterym pusobi na dopadovou plochu kla-
sicky kontinudlni paprsek za jinak naprosto shodnych pracovnich pod-
minek. Tento jev zpusobuje vaZzné poskozeni jak povrchu, tak i vnitin{
struktury dezintegrovaného materidlu. Vlivem pulzu v paprsku dochézi
k dnavovému a smykovému namédhdani v materidlu rychlym cyklickym
zatézovanim dopadové plochy, piipadné pasobenim radidlntho vysoko-
rychlostniho toku kapaliny po povrchu. To dale zvySuje d¢innost pul-
zujiciho kapalinového paprsku v porovnéni s kontinudlnim. Pouzit{ pul-
zujictho paprsku kromé toho umoznuje podstatné sniZeni pracovniho
tlaku vody (na cca 30-70 MPa) pfi zachovani dezintegradnich G&inka
srovnatelnych se standardnimi vysokotlakymi zafizenimi uZivanymi
k oSetfovani a ddrzbé betonovych povrchu (s tlaky 150-200 MPa).

Pracovi§té Oddéleni dezintegrace materidli Ustavu geoniky AV
CR, v.vi. v Ostravé studuje fenomén pulzujiciho vodniho paprsku
a jeho dezintegra¢ni G¢inky na materidlech jiz téméer 20 let.

V oblasti stavebnich hmot, zejména betonu, zde byly provadény
laboratorni experimenty, které zkoumaly Gc¢innost dezintegrace pulzu-
jicitho paprsku v porovnéni s kontinudlnim paprskem pri odstrafiovan{
povrchovych vrstev pevnych betont [1], betont s odlisnymi fyzikdlné-
mechanickymi vlastnostmi ¢i betont naruSenych technologickou
nekdzni [2] i betonu, které byly vystaveny pusobeni agresivnich
prostiedi a/nebo mrazu [3].

1 INTRODUCTION

During their life, concrete structures are exposed to the influence
of surrounding aggressive effects. The effects of aggressive environ-
ment, the use of the structure during the course of time and the loads
induced by the operation can lead to damages. This can also happen
due to inappropriate using of the structure, excessive loading or an
action of a fire. Transport structures (roads, tunnels, bridges) belong
among highly exposed concrete structures (through cyclic loading,
climatic conditions, application of thawing chemicals, actions of
fires etc.). The already damaged structures have to be returned to an
operational condition in the shortest possible time, which requires
a specific rehabilitation intervention. The rehabilitation of concrete
structures requires that a defective concrete layer is removed on the
basis of an expert assessment and design and the defective parts of
the structure are replaced. The removal of defective layers therefore
represents an important stage during the course of the rehabilitation
and maintenance of concrete structures. Apart from the today alrea-
dy traditional methods, such as cutting off, breaking by jack ham-
mers, dry or wet sand blasting, flame cleaning and milling, ever more
technologies used to this purpose are based on high-velocity water-
jets. In our country the use of waterjets for these purposes is recom-
mended, whilst in some countries (e.g. Germany) it is, owing to the
unique properties of waterjets, even required.

The well known ability of waterjets to selectively remove
a defective layer can be further enhanced by introducing high-frequ-
ency acoustic pulsation into the waterjet by means of an acoustic
generator of pressure pulsation. The generation of sufficiently high
and fast (20 kHz) pressure pulsation in the high pressure system
before water releases the nozzle makes the creation of the so-called
pulsating waterjet possible. On the one hand, the waterjet releases the
nozzle as a continual flow. On the other hand, it changes at a certain
distance from the nozzle to a pulsating waterjet as a result of the
disintegration of the continual flow into lumps of water. The advan-
tage of such a waterjet in comparison with common continual water-
jet is that the impact of each lump of water of the pulsating jet pro-
duces impact pressure at the hit point, which multiply exceeds the
stagnation pressure exerted on the impact area by the classical conti-
nual waterjet under otherwise absolutely identical working conditi-
ons. This phenomenon causes serious damage to both the surface
and the internal structure of the material being disintegrated. Due to
the pulses in the waterjet, fatigue and shear stresses are induced in
the material as a result of high-frequency cyclic loading acting on the
impact area and/or as a result of the action of the high velocity flow
of the liquid along the surface. This effect further increases the effi-
ciency of the pulsating liquid jet in comparison with the continual
flow. In addition, the use of the pulsating jet makes significant redu-
cing of the working pressure of water possible (roughly to 30 — 70
MPa) with the disintegration effect comparable with standard high-
pressure equipment used for treating and maintenance of the concre-
te surfaces preserved (pressures 150 — 200 MPa).

The workplace of the Department of material disintegration of the
Institute of Geonics AS CR, v.v.i. in Ostrava has studied the pulsa-
ting waterjet phenomenon and its disintegration effects nearly for
20 years.
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Aktudlné feSenym problémem je sanace betonovych konstrukef
porusenych vysokymi teplotami a ohném. Zakladni otdzky ohledné
teplotntho vlivu na beton zahrnuji nejen komplexni identifikaci
zmén, k nimZ dochézi v cementové matrici, ale i transportnich jevu.
Analyza je komplikovand také s ohledem na skute¢nost, Ze cemento-
vy beton je kompozit mimo jiné slozeny ze dvou podstatné odlisnych
sloZek: cementového tmele a kameniva. Ruzné druhy kameniva se
navic li§{ svym mineralogickym sloZenim. Pokud se minerdly zahii-
vaji, jsou charakterizovany metamorfnimi zménami, které jsou typic-
ké a rozdilné pro kazdy minerdl. Kone¢nym efektem z mnoha probi-
hajicich zmén, ke kterym dochdzi v zahfivaném betonu, jsou pak
také odliSné vysledné fyzikdlni, tepelné a mechanické vlastnosti.
Teplota pozdru ovliviiuje nejen pevnost, ale i ostatni charakteristiky
betonu jako napiiklad modul pruznosti. Rozsah degradace Zelezobe-
tonové konstrukce vlivem pusobeni vysokych teplot je pak zavisly
zejména na parametrech puasobiciho teplotniho zatiZeni a pa-
rametrech materidlu, ktery je tepelné expozici vystaven. V soucasné
dobg spolupracuji pracoviité Ustavu geoniky AV CR, v.v.i. a Fakulty
stavebni Vysokého uceni technického v Brné na feSeni projektu
Grantové agentury Ceské republiky P104/12/1988 ,, Studium interak-
ce sloZek cementovych kompoziti prFi piisobeni vysokych teplot.“
Znalosti ziskané studiem procesu poruSovéni betonu pri vysokych
teplotich a zkuSenosti pfi odstranovdni degradovaného betonu
pomoci technologie vysokorychlostnich vodnich paprski napomo-
hou nejen k prohloubeni poznatki v oblasti chovani cementovych
kompozitu pfi tepelném naméhdni, ale i pfi ndsledné aplikaci tech-
nologie vodnich paprski béhem odstranovéni betonu jiZ poruSenych
vysokymi teplotami.

2 LABORATORNI ZKOUSKY PUSOBENI PULZUJICICH
VODNICH PAPRSKU NA BETONECH

V této Casti jsou struéné uvedeny vysledky dosazené pri laborator-
nich testech odstranovani povrchovych vrstev betonovych vzorku
pomoci nékolika typu vysokorychlostnich vodnich paprsku v sanaéni
praxi béZné uzivanych, ¢i paprska progresivnich s predpoklddanym
vyuZitim v blizké budoucnosti (obr. 1). Uginky pulzujicich paprski
byly vZdy porovnany s klasickymi kontinudlnimi paprsky za stejnych
nebo podobnych pracovnich podminek.

2.1 Pevné betony

Experimenty byly zaméfeny na porusovani pevného betonu tiidy
B55-C45/55-XF4 plochym pulzujicim paprskem. Vysledky byly
porovndny s ucinky paprsku plochého kontinudlniho a rotacntho

Obr. 1 Typy vysokorychlostnich vodnich paprsku vhodné k odstrariovani
povrchovych vrstev betonu (zleva doprava: klasicky s kruhovym pruiezem,
plochy, rotacni a oscilujici)

Fig. 1 High-speed water jet types suitable for removal of concrete surface lay-
ers (from left to right: classical round jet, flat jet, rotating jet, oscillating jet)
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In the area of construction materials, first of all concretes, this
workplace conducted laboratory experiments which investigated the
efficiency of a pulsating waterjet in comparison with a continual
waterjet during the removing of surface layers of competent concre-
tes [1], concretes with different physical-mechanical properties and
concretes disturbed due to the lack of technological discipline [2] as
well as concretes which were exposed to effects of aggressive envi-
ronments and/or frost[3].

A problem which is currently being solved is the rehabilitation of
concrete structures damaged by high temperatures and by fire. Basic
issues regarding the effect of heat on concrete comprise not only
comprehensive identification of changes originating in the concrete
matrix, but also transport phenomena. In addition, the analysis is
complicated with respect to the fact that cement concrete is
a composite consisting, apart from other components, of two signifi-
cantly different components: cement binder and aggregates. On top
of that, various types of aggregates differ in their mineralogical com-
position. If the minerals are heated, they are characterised by meta-
morphic changes, which are different for each material. One of the
final effects of the many changes taking place in concrete being hea-
ted is that the resultant physical, thermal and mechanical properties
are different. The fire temperature influences not only the strength,
but also other properties of concrete, for example the elastic modu-
lus. The extent of decomposition of a concrete structure due to the
effect of high temperatures therefore depends, first of all, on para-
meters of the acting temperature load and parameters of the material
which is exposed to the thermal effects. Currently the workplaces of
the Institute of Geonics AS CR, v.v.i., and of the Faculty of Civil
Engineering of the Technical University in Brno are collaborating on
the project of the Grant Agency of the Czech Republic P104/12/1988
., The study into the interaction of components of cement composites
being affected by high temperatures”. The knowledge obtained by
studying the process of damaging of concrete at high temperatures
and the experience gathered during the work on removing of decom-
posed concrete by means of the technology of high-velocity water-
jets will help not only to the deepening of the knowledge in the area
of the behaviour of cement composites being exposed to a thermal
stress, but also during the subsequent application of the technology
of waterjets during the process of removing concrete which has alre-
ady been damaged by high temperatures.

2 LABORATORY TESTS OF THE ACTION OF PULSATING
WATERJETS ON CONCRETE

This part briefly presents the results achieved during laboratory
tests of removing surface layers of concrete samples using several
types of high-velocity waterjets commonly used in the rehabilitation
praxis or advanced waterjets the use of which is expected in the near
future (see Fig. 1). The effects of pulsating jets were always compa-
red with classical continual jets under identical or similar working
conditions.

21 Compact concretes

The experiments were focused on the process of damaging
B55 - C45/55 - XF4 grade compact concrete by means of a flat pul-
sating waterjet. Results were always compared with the effects of
a flat continual waterjet and rotating continual and rotating pulsating
waterjets on the same type of concrete. The flat (fan-shaped) water-
jet is currently beyond the scope of interest of companies dealing in
rehabilitation of structures. Because of the fact that its energy is spre-
ad over a relatively great width, it is not capable of sufficiently dama-
ging concrete in the cases of commonly used parameters of waterjets.
It was developed for certain special applications (cleaning, removing
scales from surfaces etc.). A different situation develops when high-
frequency pulsations are introduced into the flat waterjet. The pulsa-
ting flat waterjet is then capable of damaging compact concrete even
when common high-pressure rehabilitation facilities are used.
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Grooves were cut in the concre-
te test beams with individual types
of waterjets. A Lechler-type
602 571 nozzle with the spraying
angle of 15° and the equivalent
diameter of 2.05 mm was used for
the generation of flat waterjets.
Rotating waterjets were generated
by means of a Barracuda rotating
head with two 1.19 mm-diameter
nozzles mounted on it. A water
pressure of 30 MPa was applied at
all tests. The distance of the conc-
rete being disintegrated from the
nozzle was maintained at 40 mm

72 in the case of the flat waterjet,

B both pulsating and continual.
When the rotating continual

“ waterjet was used, the distance

from the nozzle was 20 mm,
whilst the distance of 40 mm was
Rotaéni pulzujici used for the pulsating waterjet
Rotating pulsating because of the higher efficiency of
this jet acting from a greater
distance from the nozzle because
of the disintegration of the water-

Obr. 2 Mérnd energie potiebnd k rozpojeni 1 cm’ betonu u zkoumanych typu paprsku jet into the water ¥umps. The ultra-
Fig. 2 Specific energy required for disintegration of 1 cm® of concrete for tested jet types sound output during the course of

v

kontinudlniho i pulzujiciho na stejném typu betonu. Plochy (véjito-
vity) paprsek je v soucasnosti mimo okruh zdjmu sanac¢nich firem.
JelikozZ se jeho energie rozlozi do pomérné velké §itky, nenf pii béZne
uzfvanych parametrech paprsku schopen beton dostate¢né poskodit.
Byl vyvinut pro ur¢ité specidlni aplikace (¢i§téni, odstranovani okuji
z povrchu apod.). Jind situace v8ak nastane, pokud jsou do plochého
paprsku zavedeny vysokofrekvencni pulzace. Pulzujici plochy papr-
sek je pak schopen i pti pouZiti béZnych vysokotlakych zafizen{ uzi-
vanych k sanacim porusit pevny beton.

Na zkuSebnich betonovych tramcich byly vytvéareny drazky jedno-
tlivymi typy paprsku. Pro generovéni plochych paprsku byla pouZita
plochd tryska Lechler typ 602 571 s dhlem rozstfiku 15°
a ekvivalentnim prumérem 2,05 mm. Pro generovani rotalnich
paprsku byla vyuZita rota¢ni hlavice Barracuda osazend dvojici try-
sek o priméru 1,19 mm. Tlak vody byl pfi vSech zkouskdch 30 MPa.
Vzdélenost rozpojovaného betonu od trysky byla u plochého paprs-
ku pulzujiciho i kontinuédlniho udrzovdna na 40 mm. Pfi pouziti
rotacniho kontinudlniho paprsku byla vzdédlenost od trysky 20 mm,
u pulzujiciho pak 40 mm z divodu vys3i Gi¢innosti tohoto paprsku ve
vetsi vzdélenosti od trysky kvuli rozpadu paprsku na shluky vody.
Ultrazvukovy vykon pii fezdni pulzujicimi paprsky byl 630 W, akus-
ticky budi¢ vytvarel akustické viny o frekvenci 20 kHz. Rychlost
fezdni byla ve vSech piipadech 0,2 m.min-!. U kazdé drdzky byl
zméfen rozpojeny objem, u vybranych drazek byla provedena mak-
roskopickd analyza nové vzniklého povrchu po fezani paprskem.

Z celkového souboru draZek zkoumanych vzorku se prokézalo, Ze
pulzujici paprsek za stejnych podminek vzdy rozpoji vétsi objem
betonu, neZ paprsek kontinudlni. Z vysledku dale vyplynulo, Ze plo-
chy pulzujici paprsek rozpoji cca 7,2krat vétsi objem betonu neZ
plochy kontinudlni paprsek za stejnych podminek. Pfi pouZiti rotac-
niho pulzujiciho paprsku je tento pomér zhruba 2,9 vzhledem
k rotaénimu kontinudlnimu paprsku. Graf na obr. 2 ukazuje mérnou
energii potiebnou k rozpojeni 1 ¢cm3 betonu u vSech sledovanych
typa paprsku. Zajimavé je porovnani u¢innosti plochého pulzujici-
ho paprsku s paprskem rotaénim kontinudlnim, ktery se bézné pii
sanacich pouZzivd. Plochy pulzujici paprsek je schopen rozpojit
zhruba dvojndsobny objem pii jinak stejné energetické naro¢nosti.
JelikoZ akustickd energie nutnd k vytvofeni pulzi v pulzujicim
paprsku predstavuje zanedbatelnou Cést z celkové energie potrebné

cutting with pulsating waterjets
was 630 W; the acoustic generator produced acoustic waves with the
frequency of 20 kHz. The cutting rate of 0.2 m.min-! was maintained
in all cases. The disintegrated volume was measured for each groove
and a macroscopic analysis of the newly originated surface after the
waterjet cutting was conducted for selected grooves.

Of the entire set of grooves in the specimens being analysed, it
was proved that the pulsating waterjet acting under identical con-
ditions always disintegrates a greater volume than the continual
waterjet. It further followed from the results that the flat pulsa-
ting waterjet disintegrates about 7.2 times greater volume of
concrete than the flat continual waterjet under identical conditi-
ons. When the rotating pulsating waterjet is used, this proportion
is approximately 2.9 in comparison with the rotating continual
waterjet. The graph in Fig. 2 displays the specific energy requi-
red for disintegrating 1 cm3 of concrete for all of the observed
waterjet types. The comparison of the efficiency of the flat pul-
sating waterjet with the rotating continual waterjet, which is usu-
ally used for rehabilitation operations, is interesting. The flat pul-
sating waterjet is capable of disintegrating roughly a twice as big
volume at otherwise identical energy demand. Because the acous-
tic energy necessary for the generation of impulses in the pulsa-
ting waterjet represents a negligible proportion of the total ener-
gy needed for the generation of the waterjet (about 1-2%), it turns
out that the flat pulsating waterjet can become a serious competi-
tor of rotating heads in the future. It has followed from the mac-
roscopic analysis of the newly originated surface after the cutting
by the individual waterjet types that, whilst continual waterjets
remove only the surface part of the cement stem or (in the case of
the rotating waterjet) only partially expose aggregates in the
concrete, the pulsating waterjets remove the hardened cement
paste down to the aggregates, which subsequently protrude from
the newly created surface topography.

2.2 concretes consisting of layers featuring different
physical-mechanical properties or concretes damaged
owing to the lack of technological discipline

The experimental research was conducted on special concrete speci-
mens produced on purpose from two concrete layers with different
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na generovani paprsku (asi 1-2 %), ukazuje se, Ze pulzujici plochy
paprsek se muZe v budoucnu stit vdznym konkurentem rotaénich
hlavic. Z makroskopické analyzy nove vzniklého povrchu po fezani
jednotlivymi typy paprsku vyplynulo, Ze zatimco kontinudln{ paprs-
ky odstrani za danych zkusebnich podminek pouze povrchovou ¢ést
cementového kamene, pripadné (u rota¢niho kontinudlniho paprsku)
jen Caste¢né odkryji kamenivo uvnitf betonu, pulzujici paprsky
odstrani cementovy kdmen az na kamenivo, které pak reliéfné
vystupuje z nove vytvoreného povrchu.

2.2 Betony s vrstvami odlisnych fyzikalné-mechanickych
viastnosti ¢i betony narusené technologickou nekazni

Experimentdlni vyzkum byl provddén na specidlnich betonovych
vzorcich zdméré vyrobenych ze dvou vrstev betona s odliSnymi
parametry. Vrstvy betonu mély rozdilné vysledné fyzikalné-mecha-
nické vlastnosti (zejména pevnosti), byla ménéna skladba kameniva,
druh cementu a vodni soucinitel. Pro vizudlni kontrolu byly vrstvy
betonu vyrazné barevné odliSeny pouzitim barevného pigmentu.
Cilem zkoumadni bylo zejména ovéfit, zda je technologie pulzujiciho
rotaéniho vysokorychlostniho vodniho paprsku skute¢ne selektivni
a zda pii rozpojovani dojde ke sniZzeni vykonu (sniZzeni mnoZstvi ode-
biraného materidlu) v okamziku, kdy vodni paprsek pronikne
k betonu vyssi kvality. Toto ¢dste¢né simulovalo redlné pouZiti tech-
nologie vodniho paprsku pri sanacich betonovych konstrukei, kdy
odstrafiujeme povrchovou vrstvu betonu urditym zpusobem naruse-
nou, s hor§imi fyzikdlné-mechanickymi vlastnostmi, a vrstvu betonu
vys$$i kvality se snaZime v co nejvyssi mife zachovat a ddle nenaru-
Sovat.

Pro experiment byl zvolen béZné uzivany rotaéni pulzujici paprsek
a opét porovnan s bézné uzivanym paprskem rotaénim kontinudlnim.
Na betonovych vzorcich byly vytvareny drazky obéma typy paprsku.
Rota¢ni hlavice Barracuda byla osazena dvojici trysek o pruméru
1,47 mm, tlak vody byl udrZovdn na hodnoté 30 MPa. Vzdalenost
rozpojovaného betonu od trysek byla u kontinudlniho paprsku 20
mm, u pulzujictho 40 mm kvali vys$i d¢innosti. Ultrazvukovy vykon
pii fezani pulzujicim paprskem byl 630 W a frekvence generovani
akustickych vIn 20 kHz. Proménnym parametrem, kterym se regulo-
vala hloubka drazky, byla rychlost fezani (0,1 a7 0,5 m.min-!). Ta
byla postupné snizovana, dokud nebylo dosazeno tvrdsi probarvené
spodni vrstvy betonu. Za stejnych podminek byly vyrezany drazky
také kontinualnim paprskem. U kazdé drazky byl zjistovan rozpoje-
ny objem.

Opét se prokazala vyssi Gcinnost pulzujiciho paprsku v porovnani
s kontinudlnim. Pulzujici paprsek rozpoji cca 2,3 a7z 6,3krdt vetsi
objem betonu za stejnych podminek. Vy$§ich poméra je dosaZeno
zejména pii vysSich rychlostech fezdni, tedy pii krdtkém Casovém
pusobeni paprsku na plochu. Zatimco energie kontinudlniho paprsku
v takovém ptipadé k rozpojeni povrchové vrstvy betonu nestaci, pul-
zujici paprsek je schopen jiz velice slusné beton rozpojovat. Pii niz-
Sich rychlostech fezani se pak rozdily mezi obéma typy paprska sni-
7uji. Podobnych vysledka je moZno dosdhnout také pii konstantni
rychlosti rozpojovani a proménném tlaku vody. Pulzujici paprsek
dive (tedy pri niz8im tlaku vody) pfekond prahovou hranici, kdy jiz
bude schopen beton rozpojovat. Uginky kontinudlniho paprsku se
projevi teprve pfi vysSich tlacich.

Rovnéz se prokazala schopnost obou paprsku selektivné odstratio-
vat naruSenou vrstvu betonu. Po pomérné snadném odstranéni poru-
Sené vrstvy bylo nutno vynaloZit zvySenou energii na dezintegraci
pevné, neporusené spodni vrstvy. Pfi hodnoceni odolnosti specidlné
vyrobenych betonovych vrstev proti pusoben{ vodnich paprsku vyslo
najevo, Ze nejlépe odoldvd paprsku vrstva nenaruSeného betonu
(tfida C20/25, bez technologické nekédzn€). O néco huie dopadla
vrstva betonu nedostateéné zhutnénd a pak vrstva s vysokym podi-
lem pisku. Nejméné vydrzely mdlo pevny beton (tfida C12/15)
a beton s vysokou ddvkou zdmésové vody. Priklad vzhledu draZek po
fezani kontinudlnim a pulzujicim rotaénim vodnim paprskem je uve-
den na obr. 3.
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parameters. The concrete layers had different final physical-mechanical
properties (first of all the strength); the composition of aggregates,
cement types and water-cement ratios were altered. To allow visual
inspection, the concrete layers were pronouncedly distinguished using
a coloured pigment. The priority objective of the research was to veri-
fy whether the pulsating rotating high-velocity waterjet technology is
really selective and whether the output is reduced during the disinte-
gration process (the amount of the material being removed is reduced)
at the moment when the waterjet penetrates up to the higher quality
concrete. This analysis partially simulated the real application of the
waterjet technology to the rehabilitation of concrete structures where
we remove the surface layer of concrete which was damaged in
a certain way, exhibiting worse physical-mechanical properties, whilst
trying to maintain and further not damage the higher quality concrete to
the as high as possible extent.

The commonly used rotating pulsating waterjet was chosen for the
experiment; it was again compared with the commonly used rotating
continual waterjet. Grooves were cut in the concrete specimens using
both waterjet types. A Barracuda rotating head was mounted with
a pair of nozzles 1.47 mm in diameter; the water pressure was main-
tained at the value of 30 MPa. The distance of the concrete being
disintegrated from the nozzles was 20 mm for the continual waterjet
and 40 mm for the pulsating waterjet (because of higher efficiency).
The ultrasound output during the cutting with the pulsating waterjet
was 630 W and the frequency of the generation of acoustic waves
was 20 kHz. The cutting rate (0.1 to 0.5 m. min-!) was a variable
parameter through which the groove depth was regulated. It was gra-
dually reduced until the harder, tinted lower layer of concrete was
reached. The cutting of grooves using the continual waterjet was per-
formed under identical conditions. The disintegrated volume was
determined for each groove.

The higher efficiency of the pulsating waterjet compared with the
continual waterjet was again proved. The pulsating waterjet disinte-
grates about 2.3 to 6.3 times greater volume of concrete under iden-
tical conditions. The higher ratios are achieved first of all at higher
cutting rates, where the duration of the action of the cutting on the
surface is shorter. Whilst in such a case the energy of the continual
impact of the waterjet is not sufficient for the disintegration of the
surface layer of concrete, the pulsating waterjet is already capable of
disintegrating concrete very well. At lower cutting rates the differen-
ces between both waterjet types are diminished. Similar results can
be achieved even when the cutting ratio is constant and the water
pressure is variable. The pulsating waterjet (i.e. at a lower water pres-
sure) will overcome the threshold boundary when it will be able to
disintegrate concrete earlier. The effects of the continual waterjet will
manifest themselves only at higher pressures.

In addition, the ability of both waterjets to selectively remove
a damaged layer of concrete was proved. After the damaged layer
had been relatively easily removed, it was necessary to exert increa-
sed energy for the disintegration of the hard, non-damaged lower
layer. When the resistance of specially produced concrete layers to
the action of waterjets was being assessed, it was found out that
a layer of undisturbed concrete (grade C20/25, without the lack of
technological discipline) resists best of all to the waterjet. A layer of
insufficiently compacted concrete came off slightly worse, followed
by a layer containing a high proportion of sand. The lowest resistan-
ce was offered by little compact concrete (grade C12/15) and conc-
rete with a high amount of mixing water. An example of the appea-
rance of the grooves after the cutting with the continual waterjet and
with the pulsating rotating waterjet is presented in Fig. 3.

2.3 concretes exposed to the action of aggressive
environment or frost
This research was focused on the disintegration of concretes expo-
sed to the action frost, chlorides and sulphates by means of a flat,
pulsating waterjet and a continual high-velocity waterjet. Concrete
cubes with the average strength of 40 MP were divided into several




Obr. 3 DrdZky vytvorené rotaénim pulzujicim (A) a rotaénim kontinudlnim
paprskem (B) ve vzorku betonu C20/25

Fig. 3 Slots created by rotating pulsating jet (A) and rotating continuous jet
(B) in C20/25 concrete

2.3 Betony vystavené ptisobeni agresivnich prostredi
a/nebo mrazu

Tento vyzkum byl zaméfen na dezintegraci betoni vystavenych
pusobeni mrazu, chloridi a sirand pomoci plochého pulzujiciho
i kontinudlniho vysokorychlostnitho vodniho paprsku. Betonové
krychle o primérné pevnosti 40 MPa byly rozdéleny do nékolika
skupin a kazdd skupina byla podrobena nekteré z korozivnich zkou-
Sek: zkouSce mrazuvzdornosti (schopnost vzorki ve vodou nasyce-
ném stavu odoldvat opakovanému zmrazovani a rozmrazovani, beto-
nové krychle byly vystaveny 100 cyklim zmrazovani podle CSN
731322), zkousSce odolnosti betonu proti mrazu a chemickym roz-
mrazovacim ldtkam (vzorky vodou nasdklého betonu se uloZi do
misky s roztokem 3% NaCl tak, aby byly ponofeny na vysku
5+1 mm, ve zkuSebnim prostoru se podrobi stiidavému zmrazovani
a rozmrazovénf{; betonové krychle byly vystaveny 100 cyklam zmra-
zovani podle CSN 731326), piisobeni chloridii (betonové vzorky
byly na 6 mésicu zcela ponofeny do roztoku NaCl) a puisobent sira-
nii (betonové vzorky byly na 6 mésicu zcela ponofeny do roztoku
Na,S0,). Cist vzorki byla uloZena jako referenéni. Na betonovych
krychlich v8ech skupin pak byly vytvédreny drazky pomoci vodnich
paprsku, u kazdé drazky byl zjistén rozpojeny objem, u vybranych
drazek byla provedena makroskopickd analyza nové vzniklého povr-
chu po fezéni paprskem.

K vytvareni drdaZek byla pouZita plochd tryska Lechler typ 602 571
s ekvivalentnim prumérem 2,05 mm a s thlem rozstiiku 15°.
U pulzujiciho paprsku vytvarel predfazeny akusticky budi¢ akustic-
ké vlny o frekvenci 20 kHz. Tlak vody byl pri viech zkouskdch udr-
7ovan na hodnoté 30 MPa. Vzdélenost rozpojovaného betonu od
trysky byla 40 mm, ultrazvukovy vykon pfi fezani pulzujicim paprs-
kem byl nastaven na 630 W. Rychlosti fezdni vzorkt paprskem byly
0,1 m.min-!, 0,2 m.min-!, 04 m.min-! a | m.min-!, pokud to stav
konkrétniho vzorku umoziioval.

Na zdkladé studia vSech drazek vytvorenych v betonovych vzor-
cich se opét ukdzalo, Ze pulzujici paprsek je u¢inn€jsi nez paprsek
kontinudlni. Pomér mezi objemem odstranénym ze vzorku pulzuji-
cim a kontinudlnim paprskem se vSak lisi podle druhu a stupné
degradace vzorku, pripadné podle rychlosti rozpojovani. Nejmens{
pomér byl zjistén u vzorku po zkousce odolnosti betonu proti mrazu
a chemickym rozmrazovacim ldtkdm (cca 1,1) pfi rychlosti fezani
0,4 m.min-!; pfi rychlosti 1 m.min-! se pak pomér zvysuje na 2,3.
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groups and each group was subjected to some of the following
corrosive tests: a frost-thawing test (the ability of specimens in
a water-saturated condition to resist repeated freezing and thawing —
the concrete cubes were exposed to 100 freezing cycles as required
by the standard CSN 731322), a test of concrete resistance to frost
and thawing chemicals (specimens of water-saturated concrete are to
be put to a dish containing a 3% solution of NaCl, to be submerged
to the height level of 51 mm; they are subjected to frost-thawing
cycles in the testing space; the concrete cubes were exposed to 100
cycles as required by the standard CSN 731326), the action of chlo-
rides (concrete specimens were fully submerged in an NaCl soluti-
on for 6 months) and the action of sulphates (concrete specimens
were fully submerged in the Na,SO, solution for 6 months). A part
of the specimens were stored for reference purposes. Grooves were
cut in all concrete cubes with waterjets; the disintegrated volume was
determined for each groove and a macroscopic analysis of the surfa-
ce newly originated after the cutting with the waterjet was carried out
for selected grooves.

The grooves were cut using a 602 571 type of the flat nozzle
Lechler with the equivalent diameter of 2.05 mm and the spraying
angle of 15°. At the pulsating waterjet, a preliminary acoustic gene-
rator generated acoustic waves with the frequency of 20 kHz. The
water pressure was maintained at 30 MPa during all tests. The distan-
ce of the concrete being disintegrated from the nozzle was 40 mm;
the ultrasound output was set at 630 W during the cutting with the
pulsating waterjet. The rates of the cutting with the waterjet were
0.1 m.min-!, 0.2 m.min-!, 0.4 m.min-! and 1 m.min-!, if the conditi-
on of the particular specimen allowed it.

It again turned out on the basis of studying all grooves cut in the
concrete specimens that the pulsating waterjet is more efficient than
the continual waterjet. However, the proportion between the volume
removed from the specimen by the pulsating and the continual water-
jet varies depending on the type and degree of decomposition of the
specimen or on the disintegration rate. The smallest proportion was
determined in the case of specimens after testing of the concrete resi-
stance to frost and thawing chemicals (about 1.1) at the cutting rate
of 0.4 m.min-!1; at the rate of 1 m.min-! the proportion increases to
2.8. By contrast, the highest proportion was registered at reference
samples which were not disturbed by corrosion, at the cutting rate of
1 m.min-! (about 6.7). The proportion ranging from 2.8 to 4.5 was

Obr. 4 DrdzZky vytvorené plochym pulzujicim (A) a plochym kontinudlnim
paprskem (B) ve vzorku betonu po zkousSce odolnosti betonu proti mrazu
a chemickym rozmrazovacim litkdm

Fig. 4 Slots created by flat pulsating jet (A) and flat continuous jet (B) in
concrete after test of resistance to chemical de-icers
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Naopak nejvyssi pomér byl zaznamenan u vzorku referencnich nepo-
ruSenych korozi pfi rychlosti 1 m.min-! (cca 6,7). Pomér mezi 2,9
a 3,9 byl zaznamendn u vzorkt uloZenych v roztoku NaCl, pomér od
2.8 do 4,5 pak u vzorkd uloZenych v roztoku Na,SO,. U vzorku
vystavenych pasobeni mrazu byl pomér zhruba 1.9.

Po zkouSce odolnosti betonu proti mrazu a chemickym rozmrazo-
vacim latkdm byl povrch betonu jiZ natolik rozpadly (obr. 4), Ze
hrubé kamenivo bylo v horni ¢dsti obnaZeno a cementovy kdmen
véetné drobného kameniva byl ze vzorku C&dste¢né vydrolen.
Zbyvajici naruSend struktura cementového kamene a drobného
kameniva byla pulzujicim &i kontinudlni paprskem lehce odstranéna
az na hrubé kamenivo, které jiz nebylo pfi danych parametrech
zkousky z drazky odstranéno.

Naopak u vzorku nenaruenych korozi je obecné dosahovano
nejlepsich pomérti mezi pulzujicim a kontinudlnim paprskem,
nebot' neporusenou a dostate¢né pevnou strukturu betonu neni kon-
tinudlni plochy paprsek prfi danych parametrech schopen vyraznéji
narusit. Pulzujici paprsek naopak diky vysokofrekvencnimu cyklic-
kému zatéZovdni povrchu vzorku bez vétSich potiZi odstranuje
cementovy kdmen, pripadné drobné kamenivo. Tato vlastnost se
pak nejvyraznéji projevi pri vyssich rychlostech fezani. U pevnych
betont je zjistény pomér (cca 7,2) jest€ vyhodnéjsi ve prospéch
pulzujiciho paprsku.

Ur¢ité nesndze nastaly pii fezdni vzorku vystavenych 100 cyk-
lim zmrazovani: pii niz8ich rychlostech se zcela rozpadaly
z davodu naruseni struktury vzorku trhlinami bez ohledu na typ
pouzitého paprsku. I kdyZ po zkouSce zmrazovdni nevykazovaly
betony vizudlné zadné poruseni, ukédzalo se, Ze odolnost vuéi pru-
niku paprsku je zcela zanedbatelnd. Lze tedy usuzovat na vnitini
poruseni betonu, které vzniklo pfi zmrazovani. Na zdkladé této sku-
te¢nosti doporudujeme u vzorku betonu provéadét daldi typy zkou-
Sek, které by mély naruSenou strukturu odhalit (pevnost povrcho-
vych vrstev betonu, zkoumani skutecné pérové struktury, nasdka-
vost povrchovych vrstev apod.).

Makroskopickd analyza potvrdila diivéjsi zjisténi, Ze zatimco kon-
tinudlni paprsky odstrani za danych zkuSebnich podminek pouze
povrchovou &ést cementového kamene, pripadné u korodovanych
vzorku &asteéné odkryji kamenivo uvnitf betonu, pulzujici paprsky
odstrani cementovy kdmen aZ na kamenivo, které pak obnaZené
vystupuje z noveé vytvoreného povrchu. Skute¢nd plocha povrchu
vytvoreného pulzujicim paprskem je tak vetsi neZ u povrchu vytvo-
feného kontinudlnim paprskem.

3 ODSTRANOVANI POVRCHOVYCH VRSTEV VODNIMI
PAPRSKY IN SITU

Na zékladé twspéSnych laboratornich testa bylo pristoupeno
k polnim zkouskdm odstranovani povrchovych vrstev standardniho
betonového panelu (pevnost v tlaku zhruba 40 MPa) uloZeného
v normdlnim venkovnim prostfed{ (vliv mrazu a atmosférickych par,
bez chemickych litek) po dobu 18 let. Vrstvy byly odstraniovény in-
situ (tedy na misté, v pivodnim prostiedi) pomoci kontinudlniho
a pulzujiciho vodniho paprsku s vyuzitim mobilnich zafizeni firmy
NET,s. r. o.

3.1 Experimentalni zaiizeni

Experimentdlni zarizeni sestivalo ze zdroje vysokotlaké vody,
systému ke generovani vysokofrekvencnich tlakovych pulzaci ve
vysokotlakém systému a pasového manipuldtoru, ktery umoznoval
oscilaéni (kmitavy) pohyb trysky (obr. 5) a zaroven posuvny pohyb
kmitajici trysky nad testovanym panelem.

Vysokotlakd voda byla do trysky doddvdna (i) plunzrovym cer-
padlem Uraca KD 724, které umoznovalo dodévat az 35 1 vody za
minutu pti tlaku do 200 MPa, nebo (ii) plunZrovym Cerpadlem Sigma
PAD 3-60 doddvajicim az 45 1 vody za minutu pfi tlaku do 120 MPa.
Tlakové pulzace byly vytvdfeny akustickym generdtorem pulzt
s frekvenci 20 kHz a maximdlnim akustickym vykonem 630 W. Ke
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recorded at specimens kept in the NaCl solution; the proportion
ranging from 2.8 to 4.9 was recorded at specimens submerged in the
Na,SOy, solution. At the specimens exposed to the action of frost, the
proportion was about 1.9.

After the tests of the concrete resistance to frost and thawing che-
micals, the concrete surface was so much disintegrated (see Fig. 4)
that the coarse aggregate was exposed in the upper part and the har-
dened cement paste including fine aggregate was partly crumbled
away from the specimen. The remaining disturbed structure of the
hardened concrete paste and fine aggregates was easily removed by
both the pulsating and continual waterjet up to the coarse aggregate,
which was no more being removed from the groove taking into con-
sideration the particular test parameters.

On the contrary, at the samples undisturbed by corrosion, the best
proportions were achieved between the pulsating and continual water-
jets because the continual flat waterjet is not able to significantly
break the non-eroded and sufficiently strong concrete structure at the
specified parameters. Conversely, the pulsating waterjet, owing to the
high-frequency cyclic loading acting on the specimen surface, remo-
ves the hardened concrete paste or even fine aggregates without gre-
ater difficulties. This property manifests itself most expressively at
higher cutting rates. At compact concretes the identified proportion of
about 7.2 is even more advantageous for the pulsating waterjet.

Certain difficulties occurred during the cutting of specimens sub-
jected to 100 frost-thawing cycles: they completely disintegrated at
lower velocities without respect to the waterjet applied because of
the disturbance of the specimens by cracks. Despite the fact that the
concretes did not exhibit any visual damage after frost-thawing tests,
it turned out that the resistance to the waterjet penetration was total-
ly negligible. It is therefore possible to assume that the reason was
the damage suffered during the freezing. We therefore recommend
on the basis of this fact that other types of tests be carried out on the
concrete specimens which should reveal the disturbed structure (the
strength of surface layers, examination of actual pore structure,
absorbing capacity of surface layers etc.). A macroscopic analysis
confirmed the previous findings that, whilst the continual waterjets
remove, under the given test conditions, only the surface layer of the
hardened cement paste or, in the case of corroded specimens, partial-
ly expose aggregates inside the concrete, the pulsating waterjets
remove the hardened cement paste up to the aggregates, which sub-
sequently protrudes from the newly created surface. The actual area
of the surface created by the pulsating waterjet is therefore larger
than it is in the case of the surface created by the continual waterjet.

3 REMOVING SURFACE LAYER WITH WATERJETS IN SITU

After successful laboratory testing, the field testing of the process
of removing surface layers from a standard concrete panel (compres-
sive strength of approximately 40 MPa) stored in a normal outdoor
environment (exposed to the effect of frost and atmospheric vapours,
without chemicals) for 18 years. The layers were removed with both
a continual and pulsating waterjets using mobile equipment held by
NET, s.r. 0.

3.1 Experimental equipment

The experimental equipment consisted of a source of high-pressu-
re water, a system generating high-frequency pressure pulsations in
the high-pressure system and a tracked manipulator allowing oscilla-
tion motion of the nozzle (see Fig. 5) concurrently with the traverse
motion of the oscillating nozzle over the panel being tested.

High-pressure water was supplied to the nozzle (i) by a plunger
pump Uraca KD 724 allowing the delivery rate of 35 litres per minu-
te at the pressure of up to 200 MPa or (ii) by a plunger pump Sigma
PAD 3-60 supplying up to 45 litres per minute at the pressure of 120
MPa. The pressure pulsations were produced by an acoustic genera-
tor of pulses with the frequency of 20 kHz and maximum acoustic
output of 630 W. Standard industrial nozzles with various inner geo-
metry were used for the generation of waterjets. The Aqua Cutter
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Obr. 5 Pdsovy manipuldtor Aqua Cutter HVD-6000
Fig. 5 Caterpillar manipulator Aqua Cutter HVD-6000

generovani vodnich paprska byly pouZity standardni prumyslové
trysky ruznych priméru s riznou vnitini geometrii. PouZity pdsovy
manipuldtor Aqua Cutter HVD-6000 (obr. 5) pro plo$né odstranova-
ni povrchovych vrstev vodnim paprskem umoznoval programovatel-
ny pohyb trysky nad povrchem.

3.2 Experimentalni postup a popis experimentt

Povrchové vrstvy byly postupné odstranovany z vrchni strany
panelu kontinudlnim oscilujicim a pulzujicim oscilujicim paprskem.
Manipulator posunul feznou hlavici k dal§imu kroku (o cca 50 mm)
po Ctyfndsobném pruchodu oscilujictho paprsku po stejné ploge.
Takto byly postupné oSetreny plochy o rozmérech pfiblizné 470 mm
x 130-250 mm. Poté byly zméfeny hloubky penetrace vzhledem
k puvodnimu povrchu na 5 nezdvislych mistech. Ndsledné byl ze
znamych rozméru ofetiené plochy a primérné hloubky vypo&itin
rozpojeny objem betonu. Ten pak slouzil jako mefitko téinnosti
paprsku.

Zkousky probéhly pfi riznych tlacich vody (30 a7z 200 MPa).
Vzdalenost trysky od rozpojovaného povrchu byla zvolena 45, 50,
respektive 60 mm podle optimdlni vzdélenosti konkrétniho pulzuji-
ctho paprsku urcené eroznimi zkouSkami na hlintku. U zkousek
uskute¢nénych s pulzujicim paprskem byla budici amplituda akustic-
kého generdtoru nastavena na 7 ym. PloS$nd rychlost dezintegrace
byla vzhledem k naprogramovanému oscilujicimu pohybu trysky
priblizné 12 cm?s™". Tato rychlost byla stejnd pro viechny zkousky.
Experimenty se uskute¢nily s nésledujicimi pruméry trysek: 0,81;
097; 107, 1,2; 14; 1,5; 1,7; 1,8 a 2,26 mm. Vzhledem k riznym
praméram trysek, ruznym pouZitym tlakim, a tudiZ obtiznému
porovnéni déinnosti jednotlivych paprska byl u kazdého paprsku
vypocitdn hydraulicky vykon Pj, podle vztahu:

Pp=pQ, )]
kde p je tlak vody pied tryskou a Q je objemovy prutok tryskou
vypocitany jako soucin plochy vystupniho otvoru trysky S a rychlosti

aprsku v:
paprsity 0=S$. ©)

Rychlost vodniho proudu v misté vystupu z trysky je urena na
zdkladé Bernoulliho rovnice jako

_—" 1 3)
P

kde p je hustota vody a ¢ vytokovy koeficient trysky.

3.3 Vysledky a diskuse

JiZ jsme se zminili, jak obtiZné bylo porovnat navzijem jednotlivé
oSetené plochy kvuli tryskdm s riznou vnitini geometrif od riznych
vyrobcu. Paprsky byly navic generovdny pii ruznych tlacich
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HVD-6000 tracked manipulator (see Fig. 5) used for the removing of
surface layers with the waterjet allowed the programmable traversing
of the nozzle above the surface.

3.2 Experimental procedure and description
of experiments

Surface layers were step-by-step removed from the upper part of
the panel with the continual oscillating waterjet and pulsating oscil-
lating waterjet. The manipulator shifted the cutting head to the next
step (about 50 cm long) after four times traversing of the oscillating
waterjet over the same area. In this way, areas with dimensions app-
roximately of 470 mm x 130 — 250 mm were gradually treated. Than
the depths of penetration relative to the original surface were measu-
red at 5 separate points. Subsequently the volume of the disintegra-
ted concrete was calculated from the known dimensions of the trea-
ted area and the average depth. The calculated volume then served as
the measure of the waterjet efficiency measure.

The tests were conducted at various water pressures (30 to 200
MPa). The distance of the nozzle from the surface to be disintegra-
ted of 45, 50 and 60 mm, respectively, was selected depending on
the optimal distance of the particular pulsating waterjet determined
by erosion tests on aluminium. The excitation amplitude of the
acoustic generator used for the tests using the pulsating waterjet was
set at 7 ym. The area-related rate of disintegration was, with respect
to the pre-programmed oscillating motion of the nozzle, approxima-
tely at 12 cm?s™'. This rate was identical for all tests. The experi-
ments were conducted using the following diameters of nozzles:
0.81;097;1.07;1.2; 1.4;1.5; 1.7; 1.8 and 2.26 mm. With respect to
the different diameters of nozzles, different water pressures, and
thus difficult comparison of individual jet efficiency, the hydraulic
power Pj was calculated for each waterjet according to the follo-
wing relationship:

Py =pQ, ()]

where p is the pressure of water before the nozzle and Q is the
volume rate of the flow through the nozzle calculated as a multiple
of the area of the nozzle outlet opening S and the waterjet velocity v:

Q= Sv. 2)

The waterjet velocity at the nozzle outlet is determined on the basis
of Bernoulli equation as o

=P 3)

Vo ,
Vo
where p is water density and ¢ is the nozzle discharge coefficient.

3.3 Results and discussion

We have already mentioned how difficult it was to compare indi-
vidual treated areas with each other because of the nozzles with dif-
ferent geometries, which were supplied by different producers. The
waterjets were, in addition, generated at various pressures and the
panel being damaged was interweaved with thin fissures in several
places, which eventually could influence the amount of removed
concrete. Despite the above-mentioned drawbacks, presented work int-
roduces a unique research into in-situ disintegration of concrete by
means of a pulsating waterjet generated at a lower water pressure and
its comparison with the traditionally high-pressure continual waterjet.

The comparison causes no difficulties when both surfaces are tre-
ated with both the continual and pulsating waterjet under identical
working conditions and the surfaces are located in the same place on
the panel. An example of such surfaces, which were treated by both
waterjet types under identical conditions including the removed
concrete volume Vj is presented in Fig. 6. The difference is obvious
at first sight: whilst the continual waterjet is not able to sufficiently
disintegrate the upper layer of concrete and only partial washing off
of the disturbed hardened cement paste from the panel surface is
achieved, the pulsating waterjet easily removes the concrete layer up
to the required depth and forms a substrate for the potential applica-
tion of rehabilitation mortars or protective layers. The volume of
concrete removed with the pulsating waterjet is at least 3.8 times
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a porusovany panel byl na nékolika mistech protkdn trhlinami,
které mohly ve vysledku ovlivnit mnoZstvi odstranéného beto-
nu. Pres zminéné nedostatky predstavuje prispévek unikatn{
vyzkum porusovéni betonu in situ pomoci pulzujicitho paprsku
generovaného pfi niz§im tlaku vody a jeho porovnéni s tradi¢né
vysokotlakym kontinudlnim vodnim paprskem.

V pripadé, Ze jsou oba povrchy oSetfeny jak kontinudlnim, tak
pulzujicim paprskem za stejnych pracovnich podminek
a povrchy se nachdzeji zhruba na stejném misté panelu, porov-
néani G¢innosti obou paprska necini zddné potize. Pifklad tako-
vych povrchi, oSetfenych obéma typy paprsku pii stejnych pod-
minkdch véetné odstranéného objemu Vy, je uveden na obr. 6.
Rozdil je patrny na prvni pohled: zatimco kontinudlni paprsek
neni schopen vrchni vrstvu betonu dostatedné rozpojit a je patr-
né pouze castecné vymyti poSkozeného cementového kamene
z povrchu panelu, pulzujici paprsek snadno odstranuje vrstvu
betonu do pozadované hloubky a vytvari substrdt pro pripadnou
aplikaci sanacnich malt ¢i ochrannych vrstev. Objem betonu
odstranéného pulzujicim paprskem je nejméné 3,8krat vétsi, nez
objem odstranény paprskem kontinudlnim za stejnych pracov-
nich podminek. Detailni strukturu povrchu oSetfenych obéma
technologiemi lze pozorovat na obr. 7. Porovnan{ t¢innosti kon-
tinudlniho oscilujiciho a pulzujicitho oscilujiciho paprsku je
uvedeno na obr. 8.

Ovsem v bézné sana¢ni praxi se pri odstranovéani betonovych
vrstev pomoci klasickych kontinuédlnich vodnich paprsku pouZi-
vaji mnohem vyssi tlaky vody (az 200 MPa). Pii takovychto tla-
cich je beton snadno porusovan i kontinudlnimi paprsky. Proto
jsme se rozhodli porovnat kontinudlni paprsky generované pri
vysokych tlacich s pulzujicimi paprsky generovanymi nékolika-
ndsobné niz§im tlakem. Bylo porovndno nékolik dvojic oSetre-
nych ploch se zhruba stejnym rozpojenym objemem materidlu,
z nichZ jedna plocha byla oSetfena kontinudlnim a druhd pulzu-
jicim paprskem. Zajimavé porovndni u&innosti paprsku za
nestejnych pracovnich podminek (ruzné typy a pruméry trysek,
rizny pracovni tlak vody) uvadi tab. 1. Z té je patrné, Ze konti-
nudlni paprsek by mél mit alespon dvojndsobny hydraulicky
vykon, aby odstranil stejny objem betonu jako pulzujici papr-
sek. Navic musi byt takovy kontinudlni paprsek generovdn pri
zhruba trojndsobném tlaku vody. Pfiklad dvou porovndvanych
ploch oSetfenych obéma typy paprski je uveden na obr. 9.
Zatimco pulzujici oscilujici paprsek vytvari relativné pravidel-
ny drsny povrch, kontinudlni paprsek, generovany vysokym tla-
kem, produkuje povrch tvofeny prevdzné vytrhdnim cemento-
vych dlomku a drobného kameniva.

Predchozi vyzkum prokédzal (viz kapitolu 2), Ze povrchy
oSetfené pulzujicim paprskem maji vétsi skute¢nou plochu nez
povrchy oSetfené paprskem kontinudlnim. Tuto skuteénost
bude mozné vyuzit v aplikacich, kde se u takto pfipraveného
substratu pozaduje dobra prilnavost nové nandSenych vrstev
v tahu i ve smyku. Schopnost novych vrstev prilnout

Obr. 7 Betonové povrchy oSetiené pulzujicim oscilujicim paprskem (A) a kon-
tinudlnim oscilujicim paprskem (B)

Fig. 7 Concrete surfaces treated by pulsating oscillating jet (A) and continu-
ous oscillating jet (B)

Obr. 6 Porovndni dvou povrchu oSetienych pulzujicim oscilujicim paprskem
(A) a kontinudlnim oscilujicim paprskem (B) na betonovém silnicnim panelu
Fig. 6. Comparison of surfaces treated by pulsating oscillating jet (A) and
continuous oscillating jet (B) on concrete road panel

larger than the volume removed with the continual waterjet under
identical working conditions. The detailed structure of surfaces
treated by both technologies can be seen in Fig. 7. The comparison
of the efficiency of the continual waterjet and oscillating waterjet
is presented in Fig. 8.

Of course, water pressures used in the common rehabilitation
praxis for the removing of concrete layers by means of classical
continual waterjets are much higher (up to 200 MPa). At such
pressures concrete is easily broken even by continual waterjets.
For that reason we decided to compare continual waterjets genera-
ted at high pressures with pulsating waterjets generated by
a several times lower pressure. Several pairs of treated areas with
roughly identical volume of disintegrated material were compared;
whilst one of them was treated by the continual waterjet, the pul-
sating waterjet was applied to the other. The interesting compari-
son of the efficiency of the waterjets working under different con-
ditions (different types and diameters of nozzles, different working
pressure of water etc.) is presented in Table 1. It is obvious from
the table that the continual waterjet should have at least twice as
high hydraulic power to be able to remove the identical volume as
the pulsating beam. On top of that, such a continual waterjet has to
be generated at approximately three times higher water pressure.
An example of the comparison of two areas treated with both types
of waterjets is presented in Fig. 9. Whilst the pulsating oscillating
waterjet produces a relatively regular rough surface, the continual
waterjet generated by high pressure produces a surface mostly for-
med by pulling off of cement fragments and small aggregates.

The previous research (see Chapter 2) proved that true areas of
surfaces treated with the pulsating waterjet are larger than the
areas of surfaces treated with the continual waterjet. It will be pos-
sible to use this fact in applications where good tension and shear
bond with newly applied layers is required from the substrate pre-
pared in this way. The ability of the new layers to adhere to the
substrate, which is required to exist during the design life of the
structure, is one of the basic requirements for protective layers or
concrete repair layers. The adequate macroscopic roughness of the
substrate provides good anchoring and a large surface area for the
bonding. The upper layer is mechanically joined with the substra-
te. Several studies (e.g. [4] and [5]) have confirmed the fact that
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the adhesion strength of layers app-
lied to the surface treated with the
waterjet technology safely meets
requirements placed by respective
standards on concrete surfaces
before rehabilitation and, at the
same time, exceeds the values of
adhesion strength achieved by app-
lying other concrete surface treat-
ment methods, such as the applica-
tion of jack hammers, dry or wet
sand blasting, flame cleaning etc.
Because of the fact that surfaces
prepared by the pulsating waterjet
exhibit greater roughness and relief
dissection than it is in the case of
the continual waterjet [6], it is pos-
sible to expect even better adhesion
of repair mortar to the surface than
it is at surfaces created by the con-
tinual waterjet. This is eventually
suggested even by results of the
study carried out by Mazdcovd et

70

Obr. 8 Porovndni ti¢innosti oscilujicich paprskii s kruhovym priifezem
Fig. 8 Comparison of efficiency of oscillating round jets

k substrdtu na poZadovanou dobu Zivotnosti konstrukce je
jeden ze zdkladnich poZzadavka na ochranné vrstvy &i sana¢ni
systémy pro beton. Adekvatni makroskopicka drsnost substra-
tu poskytuje dobré mechanické ukotveni a velkou povrchovou
plochu pro stmeleni. Svrchni vrstva je pak mechanicky spojena
s podkladem. Nékolik studii (napf. [4] a [5]) potvrzuje fakt, Ze
adhezni pevnost vrstev aplikovanych na povrchu oSetfeném
technologii vodniho paprsku bezpeéné spliuje pozadavky kla-
dené v prisluSnych norméch na betonové povrchy pred sanaci
a zdroven prekrac¢uje hodnoty adhezni pevnosti ziskané pri
aplikaci dal$ich metod oSetieni betonovych povrchi, jako jsou
pneumaticka kladiva, suché a mokré otryskavani, ¢isténi pla-
menem apod. JelikoZ pfi aplikaci pulzujiciho vodniho paprsku
vykazuji povrchy vétsi drsnost a lenitost nez u kontinudlniho
paprsku [6], lze u povrchu upravenych pulzujicim paprskem
oCekdvat jesté lepsi pridrznost spravkové malty k podkladu,

Obr. 9 Povrchy osetiené pulzujicim oscilujicim paprskem (A) a kontinudlnim
oscilujicim paprskem (B), stejny objemu odstranéného bet
Fig. 9 Surfaces treated by pulsating oscillating jet (A) and continuous oscil-

lating jet (B), the same volume of removed concrete

al. [7]: it was found out during

standard pull-off tests conducted

using the Coming OP3 equipment
that average bonding strength in the cases of the pulling off carri-
ed out on the contact between mortar and concrete was by about
38% higher in the case of surfaces treated with a rotating pulsating
waterjet than in the cases of surfaces treated with a rotating conti-
nual waterjet. The surface treated with the pulsating waterjet exhi-
bited higher degree of the erosion of the hardened cement paste,
with a partially exposed aggregate relief. The cement matrix was
visibly removed in the surroundings of aggregate grains. This con-
dition improved the adhesion of mortar to the substrate (see Fig.
10).

3.4 Economic demands of the technology

A part of the study dealt with comparing the continual waterjet
and pulsating waterjet in a particular case of removing surface lay-
ers of the above-mentioned panel from the economic point of
view. The calculation was carried out by means of a model used
for the assessment of production technologies [8], which was
supplemented by specific parameters for the assessment of econo-
mic demands of the high-velocity waterjet technology as formula-
ted by Zeng and Kim [9], and Singh and Munoz [10]. The model
is based on the assumption that the total economic costs are the
most important technical-economic indicator of the operation of
equipment and the criterion suitable for the comparison of soluti-
on variants. The total technological costs are calculated as a sum
of the total fixed cost and total variable cost. These costs are costs
incurred in the context of the overall production volume.

In the case of the volume of removed concrete maintained iden-
tical, the total cost of one hour of the application of the pulsating
waterjet is at least 1.6 times lower than the cost of the operation of
a continual waterjet. At higher water pressures and flow rates (thus
also at a higher volume of disintegrated concrete per a unit of
time) the pulsating waterjet technology becomes even cheaper
and, at the parameters being monitored, the proportion reached is
1.8. Because the two technologies are based on identical princip-
les, the highest savings in comparison with the continual waterjet
can be found in depreciation items comprising the total cost of the
equipment and associated cost of repairs, maintenance and spare
parts and also taking into consideration the lower cost of energy.

This specific example cannot be applied generally. Owing to the
great variety of applications where the waterjet is used, it cannot
be generally affirmed that the pulsating waterjet technology is
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neZ je tomu u povrcha vytvofenych kontinudlnim paprskem. To
nakonec naznacuji i vysledky studie Mazacové a kol. [7]: pri
standardnich laboratornich odtrhovych zkouskach provadénych
pomoci zafizeni Coming OP 3 bylo zji§téno, Ze primérnd pii-
drZznost v pripadé odtrhi na kontaktu malty s betonem byla
0 cca 38 % vy$si u povrchu oSetfenych rotaénim pulzujicim
paprskem neZ u povrchu oSetienych rotaénim kontinudlnim
paprskem. Povrch upraveny pulzujicim paprskem vykazoval
vyS$Si stupen naruSeni cementového tmele s Casteénym reliéf-
nim odkrytim kameniva. Cementovy tmel byl zretelné odstra-
nén v okoli zrn kameniva, coz umoznilo lepsi prilnavost malty
k substratu (obr. 10).

3.4 Ekonomicka naro¢nost technologie

Souddsti studie bylo rovné€Z porovndani technologie kontinual-
niho a pulzujiciho paprsku na konkrétnim pripadé odstranovani
povrchovych vrstev zminéného betonového panelu z ekono-
mického hlediska. Kalkulace byla provedena pomoci modelu
pro hodnoceni vyrobnich technologii [8], doplnéného specific-
kymi parametry pro hodnoceni ekonomickych ndroku technolo-
gie vysokorychlostniho vodniho paprsku, jak je formulovali
Zeng a Kim [9], ddle Singh a Munoz [10]. Model vychazi
z predpokladu, Ze celkové technologické ndklady jsou nejdule-
Zit€j8im technicko-ekonomickym indikdtorem provozu stroju
a zafizeni a také vhodnym kritériem k porovndni variantnich
feSeni. Celkové technologické nédklady se pocitaji jako suma
celkovych fixnich a celkovych variabilnich ndkladu. Jsou to
nédklady vynaloZené na celkovy objem vyroby.

Pfi zachovani shodného objemu odstranéného betonu jsou
celkové hodinové ndklady pfi pouziti pulzujiciho paprsku mini-
madlné 1,6krat nizsi nez naklady na provoz kontinualniho paprs-
ku. Pii vy$8ich tlacich a pritocich vody (a tedy i vy$§im obje-
mu rozpojeného betonu za ¢asovou jednotku) se pulzujici tech-
nologie jesté déle zlevnuje a pri sledovanych parametrech dosa-
hla poméru 1,8. JelikoZ se jednd o podobné technologie na
shodnych principech, nejvétsi dspory oproti kontinudlnimu
paprsku lze nalézt v odpisovych polozkach zahrnujicich celko-
vou cenu zafizeni a s tim souvisejici ndklady na opravu, idrzbu
a ndhradn{ dily a pak také v niz§ich ndkladech na energii.

Tento konkrétni priklad nelze aplikovat obecné. Vzhledem
k velké rozmanitosti aplikaci, v nichZ je pouZito vodniho paprs-
ku, nelze obecné tvrdit, Ze technologie pulzujiciho paprsku je
ekonomicky vyhodnéjsi nez jiné technologie. SpiSe je nutno
posuzovat konkrétni pfipad a pak rozhodnout o aplikaci té &i
oné technologie. Presto je nutné si uvédomit, Ze technologie
pulzujiciho paprsku se v mnoha oblastech stdva vaZznym konku-
rentem pomérné Siroce rozs§itené technologie paprsku kontinu-
alniho.

4 ZAVER

Vyzkum odstranovani povrchovych vrstev 18 let starého sil-
ni¢nitho panelu vysokorychlostnimi oscilujicimi paprsky
s kruhovym prafezem navézal na predchozi laboratorni testy
dezintegrace betonu pomoci technologie vodnich paprska
a prokdzal vyssi dcinnost pulzujictho paprsku v porovnani
s odpovidajicim kontinudlnim paprskem. Byly pouzity dvé
metody hodnoceni uG¢innosti paprsku: (i) pfimé porovnani
odstranéného mnoZstvi betonu u povrchu oSetfenych kontinudl-
nim a pulzujicim paprskem pfi stejnych pracovnich podminkach
a (ii) porovnani hydraulického vykonu potfebného k odstranéni
priblizné stejného mnozstvi betonu u ploch oSetfenych obéma
typy paprsku pfi ruznych pracovnich podminkéch. Pulzujici
paprsek odstranil nejméné 3,8krat vice betonu pfi stejnych pod-
minkdch, sta¢i mu v8ak pouze polovi¢ni hydraulicky vykon, aby
odstranil zhruba stejny objem betonu jako paprsek kontinudlni.

Pulzujici oscilujici paprsek s kruhovym prufezem 1épe odstra-
fiuje prostor mezi hrubym kamenivem, ¢imZ vzristd plocha

Obr. 10 Detail Fezu kolmého na povrch oSetieny rotaénim pulzujicim paprs-
kem (cementovy tmel je zretelné odstranén v okoli zrn kameniva, kde jsou
misty vytvoreny tizké hluboké ryhy na kontaktu zrna a tmele — viz Sipky)
Fig. 10 Detail of cross-section perpendicular to surface treated by rotating
pulsating jet (cement paste is clearly removed in the vicinity of aggregate gra-
ins, deep narrow grooves are created on the contact between grains and
cement — see arrows)

economically more advantageous than other technologies. A spe-
cific case should rather be assessed and only then should the deci-
sion be made on which technology is to be applied. Anyway, it is
necessary to realise that the pulsating waterjet technology has
become a serious competitor of the relatively widely spread conti-
nual waterjet technology.

4 CONCLUSION

The research into the removing of surface layers of the 18 years
old road panel with high-velocity oscillating waterjets with
a circular cross-section was the continuation of previous laborato-
ry tests of concrete disintegration by means of waterjetting tech-
nology and proved a higher efficiency of the pulsating waterjet in
comparison with a corresponding continual waterjet. Two waterjet
efficiency assessment methods were applied: (i) direct comparing
of the removed volume of concrete at surfaces treated with conti-
nual waterjets and pulsating waterjets under identical working
conditions and (ii) comparing of the hydraulic power required for
removing approximately identical volumes of concrete in the cases
of surfaces treated with both waterjet types under different wor-
king conditions. The pulsating waterjet removed at least 3.8 times
higher volume of concrete under identical conditions, whilst app-
roximately a half of the hydraulic power is sufficient for it when
removing approximately identical volume of concrete in compari-
son with the continual waterjet.

The pulsating oscillating waterjet with a circular cross-section
better clears the space among coarse aggregate grains, thus the tre-
ated area of the surface is increased. Such the surface then provi-
des better mechanical anchoring for various coats and repair mate-
rials applied.

Compared with continual waterjets, pulsating waterjets are more
advantageous even from the economical point of view when total
technological costs are considered to be the most important tech-
nical-economic indicator in the process of comparing the produc-
tion technologies. It is therefore possible to save up to 45% of the
cost if the pulsating waterjet technology is applied.

The waterjetting technology is the most frequently used method
of removing decomposed layers of concretes making up roadways
and transport-related structures. The research activities have been
focused on innovations in the field of waterjets as well as studies
into the process of the interaction of waterjets with the concretes
which were exposed to the action of frost and thawing chemicals




oSetfeného povrchu. Takovy povrch pak 1épe mechanicky ukot-
vi nejruznéjsi ochranné povlaky a aplikované sana¢ni hmoty.

Oproti kontinudlnim paprskim jsou pulzujici paprsky vyhod-
néjsi i z ekonomického hlediska pfi hodnoceni celkovych tech-
mického ukazatele prfi porovnani vyrobnich technologii. Pri
pouzivani technologie pulzujictho paprsku je tak mozno usetrit
az 45 % nékladu.

Technologie vodnich paprski je nejéastéji pouzivanou meto-
dou pro odstrafovani degradovanych vrstev betonu silni¢nich
a dopravnich staveb. Vyzkumné aktivity jsou zaméfeny jednak
na inovace v oblasti vodnich paprsku a ddle na studium procesu
interakce vodnich paprsku s betony, které byly vystavené cyklic-
kému pusobeni mrazu, pusobeni mrazu a chemickych rozmrazo-
vacich latek a vystavené pusobeni vysokych teplot. Problém
odolnosti cementovych betonu vudi vysokym teplotdm se stal
aktudlni zejména po stéle CastéjSich autonehoddch (predevsim
nédkladnich automobilt) v silni¢nich tunelech s nasledkem poZa-
ru. Poznatky ziskané zkoumdnim zminénych oblasti umozni
efektivn{ vyuZiti technologie vodnich paprski pfi sanacich takto
zatizenych staveb.
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Tab. 1 Porovndni dvojic povrchi oSetienych kontinudlnim oscilujicim paprskem genero-
Table 1 Comparison of couples of surfaces treated by continuous oscillating jet generated
by high pressure and pulsating oscillating jet generated by lower pressure

Typ paprsku Primér tysky Tlak vody ~ Hydraulicky vykon Odstranény objem
Jet type Nozzle diameter  Water pressure Hydraulic power ~ Removed volume
[mm] [MPa] [kW] [em?]
kontinudlni / continual 0,81 180 50,1 08
pulzujici / pulsating 1,5 50 25,2 0,8
kontinualni / continual 0,97 200 84,2 1,8
pulzujici / pulsating 14 70 36,3 1,6
kontinulni / continual 0,81 200 58,7 0,8
pulzujici / pulsating 1,2 70 26,7 08

and to the action of high temperatures. The problems of the resi-
stance of cement concretes to high temperatures became topical
first of all after the ever more frequent traffic accidents (first of all
accidents involving trucks) happened, causing fires inside road
tunnels. The knowledge gained by the research into the above-
mentioned areas will make the efficient use of waterjetting tech-
nology possible at the rehabilitation of structures affected during
these events.
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METRO BAKU: NAVRH A REALIZACE FIALOVE LINKY
BAKU METRO: DESIGN AND CONSTRUCTION
OF THE VIOLET LINE

PAVEL RUZICKA, PETR MAKASEK, BARNABAS POLAK, MARTIN TYRLIK

uvob

Baku je hlavnim a zérovel nejvétsim méstem v Azerbdjdzanu.
Nachdzi se na ApSeronském poloostrové na vychodokavkazském
pobrezi Kaspického more a Zije zde oficidlné 2,5 milionu obyvatel. Ve
skute¢nosti je vSak poCet obyvatel mnohem vyssi, hovori se priblizné
a7 0 4 milionech a mésto se i naddle rozristd vysokym tempem. Baku
je zéroven stiediskem vyznamnych vzdélavacich a finan¢nich institu-
ci vychodniho Kavkazu a celd oblast oplyvd nesmirnym nerostnym
bohatstvim.

Stdvajici systém metra je zde prabézné budovan jiz od roku 1967,
tedy od dob SSSR. V dnesni dobé jsou v provozu pouze dvé linky
o celkové délce 34 km s 23 stanicemi. Zatim posledni dokoncena sta-
nice byla oteviena v loniském roce. Baku Metropolitan, stitni spolec-
nost zodpovédnd za spravu a tdrzbu systému metra v Baku, vyhlasila
v roce 2008 verejnou soutéZ na projekt koncepce a rozsifeni stavajici-
ho metra. Ve verejné soutéZi zvitézilo konsorcium firem Systra
(Francie), Saman (Jizni Korea) a Mott MacDonald (CR). PraZskd
pobocka spolecnosti Mott MacDonald je v ramci konsorcia zodpo-
veédna za navrh veSkerych tunelovych ¢asti. Na projektu se podili jiz
od roku 2009, kdy se zacalo pracovat na projektu celkové koncepce
rozvoje metra.

V soucasné dobé jiz zpracovavame projekt prvni zcela nové, fialo-
vé linky, jejiz celkova délka je priblizné 20 km a bude mit celkem

INTRODUCTION

Baku is the capital and at the same time the largest city in
Azerbaijan. It is found on the Apseron peninsula, on the Eastern
Caucasus coast of the Caspian Sea and its official population
amounts to 2.5 million. However, the real population is much lar-
ger — reportedly up to 4 million, and the city is further spreading
at a high rate. Baku is also a centre of important educational and
financial institutions of the Eastern Caucasus and the whole area
is rich in immeasurable mineral wealth.

The existing metro system has been continually developed since
1967, from the period of the existence of the USSR. Today only 2
lines at the total length of 34 km, with 23 stations, are in service.
Till now the last completed station was brought into service last
year. The Baku Metropolitan, a state owned company responsible
for the administration and maintenance of the metro system in
Baku, put out the design for the concept and expansion of the exis-
ting metro to a public tender. The public competition was won by
a consortium consisting of Systra (France), Saman (South Korea)
and Mott MacDonald (the CR). Within the consortium framework,
the Prague branch of Mott MacDonald is responsible for the
design for all parts comprising tunnels. It has participated on the
project since 2009, when the work on the design for the overall
metro concept commenced.

Baku Metropolitan

2011: ‘

Current red lane
Current green lane
New yellow lane
Mew blue lane

Red lane extension
Green lane extension

Mew pink lane

[T

Obr. 1 Prehlednd situace stivajicich a vyhledovych linek metra v Baku
Fig. 1 Plan map of existing and future Baku metro lines
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12 stanic. Z téchto stanic jsou tfi navrZeny jako prestupni na jiz exis- At the moment we are already working on the design for the
tujici zelenou a Cervenou linku a Ctyfi stanice jako prestupni na tepr- first, absolutely new, Violet Line, the total length of which reaches
ve planovanou modrou a Zlutou linku. Dokonceni prvniho dseku fia- approximately 20 km. It will have 12 stations. Three of these sta-
lové linky zahrnujiciho tfi stanice se planuje na rok 2015, celd fialova tions are designed as interchanges to the existing Green Line and
linka by méla byt postupne uvadéna do provozu az do roku 2020. Celd Red Line, whilst four stations will allow transfer to the Blue and
sit’'metra, tak jak ji dnes koncep&ni projekt predpoklddd, by méla byt Yellow lines, which are only under planning. The completion of
kompletni v roce 2035 (obr. 1). the first section of the Violet Line comprising three stations is

planned for 2015 and the entire Violet Line should be brought into
GCEOLOGIE A GEOTECHNICKE PARAMETRY service step-by-step till 2020. The entire metro network, as it is

currently planned according to the conceptual design, should be

Geologické prostredi zdjmové oblasti je znaéné promeénlivé. D4 se I
complete in 2035.

vsak s jistotou fici, Ze prevladajici geologickou vrstvou jsou jily, zejmé-
na v neogennich formacich, z nichZ nékteré jsou mocné vice nez 100 m.

Krom téchto jilovych vrstev jsou velmi Casté také vrstvy piska rizné GEOLOGY AND GEOLOGICAL PARAMETERS

mocnosti situované zejména blize ke Kaspickému mofi. V neposledn{ The geological environment of the area of operations is very
fadé se zde vyskytujf i rizné mocné vrstvy vdpencu a piskovel. Bohatou variable. It is however possible to say with certainty that the pre-
ruznorodost vrstev potvrdil rovnéZ dopliikovy geotechnicky prazkum vailing geological stratum is formed by clays, first of all found in
(GP), z néhoz je patrné Casté stiidani vrstev a jejich tiklon povétSinou older Neogene formations, some of which are over 100 m thick.
smérem ke Kaspickému mofi. Apart from these clay strata, sand layers with various thickness are
Geotechnické parametry byly stanoveny na zdkladé pomérn¢ rozsah- found very frequently, first of all closer to the Caspian Sea. At last
1ého GP. Kromé standardnich jadrovych vrtu byl uskutecnén i velky but not least, variable-thickness limestone and sandstone strata are
pocet polnich (penetracni a presiometrické zkousky) a laboratornich also found in this area. The great variability of the strata was also
zkousek (edometrické, smykové krabicové, triaxidlni, atd.). Na zdkladé confirmed by the supplementary engineering geological survey
zatridéni a vysledku jednotlivych zkousek byly jednotlivé zastizené vrst- (EGS) showing the frequent alternation of strata and their dip
vy rozdéleny podrobnéji. Napf. jily byly roz¢lenény celkem na Sest pod- direction mostly toward the Caspian Sea.
typt (Clay|1 az Clay6) a pro kazdy z nich byly stanoveny rozsahy (maxi- Geotechnical parameters were determined on the basis of
ma a minima) jednotlivych geotechnickych parametra. Ty byly ndsled- a relatively extensive EGS. In addition to standard cored boring,
né v parametrickych studiich pouZity pro vypocty. a great number of field tests (penetration and pressuremeter tests)
and laboratory tests (oedometer tests and box shear tests, triaxial
TECHNICKE RESENI tests etc.) were conducted. The individual strata encountered by

the survey were divided in a more detailed way into classes accor-
ding to the categorisation and results of individual tests. For exam-
ple, clays were divided into six sub-types (Clayl through Clay6)
and ranges (maximums and minimums) of individual geotechnical
parameters were defined for each of them. They were subsequent-
ly used in parametric studies for calculations.

Na pocidtku projektu fialové linky nebyl zndm jakykoli harmono-
gram stavebnich praci, ani souhrnny ¢asovy pldn nutny na piipravu
projektu. Po zpracovani koncepcniho projektu rozvoje metra vSak roz-
hodlo vedeni dzerbdjdzénské republiky, Ze prvni tsek fialové linky
mus{ byt otevien jiz v priubéhu roku 2013. Toto politické rozhodnuti
nebylo ovSem nikterak prekvapujici. Mésto je silné pretizeno automo-
bilovou dopravou a autobusové doprava je zde simulovana pouze ve
formé soukromych minibusu (tzv. ,,marSutky*), které nemaji pevné TECHNICAL SOLUTION

zastdvky ani jizdni fady. Navic i tato forma vefejné dopravy je velice At the beginning of the Violet Line design, neither any pro-
pretizena a cestovani pomoci ni je velmi zdlouhavé a nepohodIné. gramme for construction work nor a comprehensive time schedu-
Trolejbusova ani tramvajovd doprava v Baku zavedena neni. V misté le for the preparation of the design was known. When the metro
budouci prvni stanice fialové linky (BO1) je dnes situovano nejvétsi development conceptual design had been completed, the govern-
autobusové nddrazi pro meziméstské autobusy, které denné odbavuje ment of the Republic of Azerbaijan decided that the first section of
nékolik tisic pasazéru dojizdéjicich do Baku za praci. V misté¢ druhé the Violet Line had to be brought into service as soon as 2013.
stanice (B02) se nachdzi jiz existujici stanice metra zelené linky This political decision was not at all surprising. The city is extre-
»Memar Ajami*, odkud uZ je mozné podstatné pohodInéji cestovat az mely overloaded by car traffic, whilst buss traffic is only simula-
do centra mésta situovaného na pobreZi, a které je od okrajovych Casti ted by private mini-buses (the so-called “marsutkas’), which have
Baku vzddleno Casto i vice neZ dvacet kilometra. Proto je vySe zmi- neither fixed stops nor time schedules. In addition, this form of
néné rozhodnuti, tedy uvést minimdlné prvni dvé stanice (BO1-B02) mass transport is highly overloaded and using it for travelling is
fialové linky co nejdiive do provozu, vice nez pochopitelné. K tomu, very slow and uncomfortable. Neither trolleybus nor tramway
aby mohl byt tento tsek otevien co nejdfive, bylo tieba zaujmout transport has been established in Baku. In the location of the first
nekterd velmi radikdlni opatfeni. Sprava dopravy Baku nakoupila future station on the Violet Line (BO1) there is currently the lar-
tunelovaci stroje a cht€la ihned zadit s vystavbou, ackoli vibec netu- gest coach station for intercity coaches there, which serve several
Sila, jak takovd vystavba ani piiprava projektu ,,narychlo® probihd. thousands of passengers commuting every day to Baku. In the
Teprve az v prubéhu projekénich praci, po nekoneénych modifikacich location of the second station (B02), there is the “Memar Ajami”
a alternativdach pracovnich harmonogramu investor akceptoval, Ze station existing on the Green Line there, from which it is possible
preferovany tsek nemuze byt otevien jiz v roce 2013, ale aZ v roce to travel substantially more comfortably up to the city centre,
2015. Konecna odsouhlasena varianta technologického postupu byla which is located on the coast and the distance of which from Baku
pripravena tak, aby preferovany tisek mohl byt otevien co nejdfive, ale outskirts often exceeds twenty kilometres. For that reason the
zdroven aby razba mohla pokracovat kontinudlné do dalSich stanic fia- above-mentioned decision to bring at least the first two stations
lové linky a v prvnim dseku jiZ mohl probihat plynuly provoz. (BO1 and B02) on the Violet Line into service as soon as possible

Tratové tunely se zacaly razit dvéma plnoprofilovymi zeminovymi is more than understandable. It was necessary to implement some
Stity (EPBS), v srpnu roku 2011 ze stavebni jamy v misté budouci sta- very radical measures to make the expeditious inauguration of this
nice BO1. Tato stavebn{ jama slouzi v soucasnosti pro obsluhu obou stro- section possible. The Baku Transport Administration purchased
Ju EPBS, ale zdroven se v jeji severni &ésti jiz zaCalo s vystavbou vlast- tunnelling machines and wished to start the construction immedi-
ni stanice BO1. Veskeré zdzemi pro stroje EPBS je tedy soustfedéno ately, without even guessing how such the “accelerated” construc-
v jeji jizni Casti a taktéZ v bezprostrednim okoli této stavebni jamy. tion and design planning proceeds. It was only later, during the

Projekt predpoklada, Ze v dobé, kdy stroje EPBS dojedou ke stanici B02, course of the work on the design, after never ending modifications
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budou v ramci této stanice pfipraveny pouze podzemni stény kolmé na
smér razby. Stroje EPBS projedou skrze tyto podzemni stény a budou
pokracovat déle ve smeru k treti stanici (B03). Stanice B02 se zalne
postupné hloubit metodou ,,Top & Down*, dokon¢i se obvodové pod-
zemni stény a néasledné se bude demontovat segmentové osténi v délce
stanice, které do té doby bude slouZit pro dopravu materidlu mezi celbou
v dseku B02-B03 a staveniStnimi dvory pro EPBS, které jsou situovany
u stavebni jamy BO1. Tento technologicky postup byl zvolen proto, Ze
vystavba stanice B02 je na kritické cesté¢ v harmonogramu stavebnich
praci a neni tak mozné vyhloubit celou stanici BO2 do doby, nez k ni
dorazi stroje EPBS. Stanice B02 je hlubokd priblizn€¢ 45 m. Zaroven
zalaly pripravné prace na stanici B03, kterd musi byt vyhloubena a7 na
zékladovou spdru do doby, neZ k ni dorazi stroje EPBS. Stanice BO3 je
hlubokd priblizné 30 m. Jakmile stroje dorazi do stanice BO3 a razba
bude docasné pozastavena, bude se teprve moci zacit s demontazi seg-
mentového osténi ve stanici BO2 a veskeré zdzemi stroju EPBS bude
premisténo ze stanice BO1 do bezprostiedn{ blizkosti stanice BO3, odkud
se za¢nou razit dalsi dseky fialové linky. Nésledné se dokon¢i rozesta-
vény tsek BO1-B02 a vlaky tak budou moci, v tomto politicky prefero-
vaném Useku, zacit obsluhovat prvni pasaZéry.

Tratové tunely

Tratové tunely jsou navrZeny s kruhovym profilem o vnéj$im polo-
méru 3 m. Ostén{ je z Zelezobetonovych segmentu tloustky 300 mm.
Pro kazdou tunelovou troubu jsou pouZzity odlisné segmenty, nebot’
kazdy tratovy tunel je raZen Stitem od jiného vyrobce. Toto rfesenti je
velice nezvyklé a pfindsi s sebou fadu komplikaci (napr. nutnost vyra-
bét tvarove odlisné segmenty, problematickou logistiku na stavbeé,
odlisné zpusoby dopravy materidlu na ¢elbu, atd.), nicméné vzeslo
z pozadavki investora na zdkladé politického rozhodnuti, které jiz
bylo zminéno v predchozi kapitole.

Vychodni tunelovd trouba se razi strojem od vyrobce ,,Robbins*
a zapadni trouba se razi strojem od vyrobce ,,Herrenknecht“. V obou pfi-
padech se jednd o zeminové stity (EPBS), které se dobre chovaji ve zde
zastizenych tuhych jilech, ale hute jiz zvlddaji asto piftomné vépenco-
vé lavice a zvodnélé piskovcové vrstvy lokalizované pod hladinou pod-
zemni vody. Segmentové osténi pro vychodni tunelovou troubu je navr-
7eno na systém skladby segmentd 5+1 a viechny prstence jsou stejné,
tedy symetricky zkosené. Naproti tomu osténi zdpadni tunelové trouby
je navrZeno na systém skladby 6+1 a existuji zde dva druhy prstenct
(pravé a levé), které maji vZdy jednu hranu svislou a druhou zkosenou.
Dile se segmenty lid{ v umisténi a po¢tu nik pro spojovani segmentu.
Délka prstence pro vychodni tunelovou troubu je 1,5 m, pro zdpadni
tunelovou troubu 1,2 m. Srouby, které spojuji jednotlivé segmenty
v prstenci a jednotlivé prstence mezi sebou jsou uvazovany jako docas-
né po dobu vystavby do doby, neZ dojde k nérastu pevnosti injektdZe
mezi segmentovym osténim a zeminovym/horninovym prostiedim.
Nésledné jsou demontovany a opét pouZity na nove sestavované prsten-
ce. Vzdalenost pro demontaz docasnych Sroubu se lid{ podle pouZité
injektdze a v pripadé Situ Herrenknecht se Srouby demontuji ve vzdéle-
nosti cca 70 m za Celbou. Nutno dodat, Ze tyto doCasné spojovaci prvky
jsou ponechdny v mistech zavéseni pasového dopravniku odnésejiciho
rubaninu, v mistech propojek az do doby odstranéni ocelového ztuzuji-
cfho rdmu a +/— 10 m také za/pred stanicemi, kde jsou pred finalizacf tra-
tovych tuneli vyménény za trvalé, galvanizované.

Oba tunelovaci stroje umoznuji pritlak na celbu, u Stitu
Herrenknecht je mozno dosdhnout az 4,5 baru, u Stitu Robbins je
mozno dosdhnout 5 bard. I pres tyto tlaky neni raZba, mnohdy ve
znaénych hloubkdch pod hladinou podzemni vody, dpIné jednoducha.
Primérné denni vykony raZby se pohybuji kolem 10-12 m, v piipadé
slozitych geologickych podminek je to jen kolem 4 m, a to zejména ve
véapencovych vrstvich s vy$S§im sloupcem vody nad udrovni razby.
Dalsim podstatnym rozdilem obou stroju je, Ze stroj Robbins je ob-
sluhovan pouze kolejovou dopravou, a to jak pro odvoz vytéZzeného
materialu, tak i pro dopravu segmentu na Celbu. Stroj Herrenknecht
pouZiva pro dopravu segment na elbu stavenistni vlak a transport
vytéZzeného materidlu zajistuji kontinuélni dopravnikové pésy. Start
obou §titd probihal skrze pilotovou sténu opfenim o ocelovou

Obr. 2 Pohled na montdz §titu Robbins a Herrenknecht ve stavebni jamé B0I
Fig. 2 A view of the Robbins and Herrenknecht shields assembly in the BOI
construction pit

and alternative working programmes, that the client accepted that
the preferred section could not be brought into service as soon as
2013, and that it was possible only later, in 2015. The final appro-
ved variant of the technological procedure was prepared in a way
making the inauguration of the section possible at the soonest pos-
sible time, with the excavation continuing without interruption
toward other stations on the Violet Line, concurrently with the ser-
vices running on the first section.

The driving of the running tunnels started in August 2011 using
two full-profile EPBS proceeding from the construction pit exca-
vated in the location of the future station BO1. This construction
pit is currently serving to the operation of both EPBS, but at the
same time the construction of the BO1 station started in its nort-
hern part. All background for the EPBS will therefore be concent-
rated in the southern part of the pit and in the immediate vicinity
of this pit. The design assumes that only the diaphragm walls per-
pendicular to the direction of the drives will be prepared within the
framework of this station at the moment when the EPBS arrive at
the BO2 station. The EPBS will pass through these diaphragm
walls and will continue further toward the third station (B03). The
BO02 station excavation will start step-by-step using the top-down
process. The circumferential diaphragm walls will be completed
and, subsequently, the segmental lining, serving till that time to
the transport of materials between the heading in the BO2-B03
section and construction sites for the EPBS which are located at
the construction pit BO1, will be dismantled throughout the stati-
on length. This technological procedure was chosen because of the
fact that the construction of the station BO2 is on the critical path
in the construction works schedule, therefore it is not possible to
excavate the station BO2 as a whole until the EPBS arrive at it. The
BO02 station is approximately 45 m deep. At the same time, preli-
minary work started on the BO3 station, where the excavation
must be completed down to the foundation base level before the
EPBS arrive at it. The BO3 station is approximately 30 m deep. As
soon as the machines arrive in the BO3 station and the driving is
temporarily suspended, it will be possible to start to dismantle the
segmental lining in the BO2 station and all background for the
EPBS will be transferred from the BO1 station to the immediate
vicinity of the BO3 station, from which the driving for the next
sections of the Violet Line will continue. Subsequently the BO1-
BO02 section, which will till then be under construction, will be
completed and trains will be able to start to serve first passengers
on this politically preferred section.




Obr. 3 Pohled do zdpadni tunelové trouby
Fig. 3 A view down the western tunnel tube

konstrukei situovanou do stavebni jamy. V prvnich nékolika metrech
bylo potieba provést vyplnové injektaze v piscitych a jilovitych vrst-
vach pred pilotovou sténou, jednak z davodu zajisténi stability Eelby
po proraZeni pilotovych stén a jednak kvuli sniZeni piipadnych prito-
ku do stavebn{ jamy.

Propojky a ventilacni Sachty

V roce 1995 doslo v Baku k vibec nejvétsimu poZdru v historii pod-
zemnich drah na svété, pri kterém zahynulo témér 300 lidi. Vzhledem
k této obrovské tragédii je zde kladen mimoradny duraz na poZarn{
bezpe€nost pri ndvrhu vSech nové projektovanych linek metra.
Znamen4 to navrh sofistikovaného systému opatreni pro piipad poza-
ru a nelze tak pouze spoléhat na variantu, kdy se strojvedouci se sou-
pravou snazi dojet do nejblizsi stanice. Veskeré technologické vyba-
veni nového metra je tedy navrZeno z material, které vyrazné ome-
zuji Sifeni ohné. S timto ndvrhovym principem se poji fakt, Ze
v pripadé poZéru je potieba do systému privést obrovské mnozstvi
Cerstvého vzduchu a Skodlivé zplodiny odvést ze systému metra co
nejrychleji ven.

Zasadou ndvrhu je, Ze v kazdém vétraném dseku by méla byt pri-
tomna maximdln€ jedna souprava metra. Z této podminky vychdzi
délka vétraného useku, kterd pfi intervalu 90 s mezi soupravami ¢ini
1 km. JelikoZ jsou stanice v Baku od sebe navrzeny priblizné po
1,5-2,5 km, je tfeba navrhovat bud jednu (dsek B02-B03), nebo i dvé
mezilehlé ventiladni Sachty (BO1-B02). Umisténi mezilehlych venti-
la¢nich Sachet je provedeno predev§im s ohledem na povrchovou
zéstavbu, protoze ke kazdé ventilani Sachté je pridruzen pomérné
prostorny technologicky objekt, ktery je situovan bud t&sné pod zem,
anebo je navrzen jako povrchovy. Jelikoz se v Baku nachdzi velice
hustd zdstavba, je pomern¢ obtizné nalézt vhodné misto pro tyto
objekty. I z tohoto duvodu jsou ventilaéni Sachty mnohdy pomérné
hluboké. Na vlastni Sachtu navazuji hlavni vétraci a spojovaci $toly,
pridruZend tunelova propojka a bo¢ni ventilani $toly tstici do trato-
vych tunela (obr. 4). VétSina Sachet je navrZena pro razbu prostred-
nictvim NRTM v kombinaci s dopliujicimi opatfenimi, kterd jsou
nezbytnd zejména pii pruchodu vrstev s hor§imi geotechnickymi para-
metry (napf. pilotové stény u povrchu, tryskova injektdz ve zvodné-
Iych piscich, atp.). Hluboké ventiladni Sachty, napf. Sachta VS02
v dseku BO1-B02, jsou navrzeny z podzemnich stén. V piipadé dvou-
plastového osténi je primarni osténi Sachty provedeno stifkanym beto-
nem tfidy SB 30, sekundérni ostén{ potom betonem tridy C 30/37-XC
2-XA 2. Vsechny podzemni ¢asti ventilatni Sachty a pridruZzenych
Stol jsou izolovany strikanou hydroizolaci.

Vlastn{ ventilaéni Sachta a Stoly jsou koncepéné rozdéleny na Casti
urCené pro vzduchotechniku a casti ur€ené pro pohyb obsluhy.
Pasazérim je dovolen pohyb pouze skrze propojku, kterou mohou
v pripadé nepredvidatelnych uddlosti vyuzit pro prechod do druhé
tunelové trouby. Do jednoho oddéleni ventilacni Sachty je situovano
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Running tunnels

A circular cross-section with the outer diameter of 3 m is desig-
ned for running tunnels. They will be lined with 300 mm thick
reinforced concrete segments. Different segments will be used for
each tunnel tube because each running tunnel will be driven by
a shield supplied by another manufacturer. This solution is very
unusual. It carries a range of complications with it (e.g. the neces-
sity of producing segments differing in the shape, logistical pro-
blems on site, different ways of transporting materials to the exca-
vation face etc.). Anyhow, it originated from client’s requirements
based on the political decision which has been mentioned in the
previous chapter.

The eastern tunnel tube will be driven by a machine manufactu-
red by Robbins, while a Herrenknecht machine will drive the wes-
tern tube. In both cases the machines are of the EPB type, beha-
ving well in the stiff clays encountered along the route, but are
more difficult to control when driving through the frequently pre-
sent limestone banks and water-bearing sandstone layers which
were located under the water table level. The segmental lining
design for the eastern tunnel tube consists of 5+1 segments and all
rings are identical, which means that they are symmetrically tape-
red. By contrast, the lining for the western tunnel tube is designed
in the 6+1 system. It is comprised of two types of rings (right-hand
and left-hand ones), which always have one edge perpendicular to
the tunnel centre line and the other edge skewed. In addition, the
segments differ in the positions and number of pockets designed
for connections between segments. The length of the rings for the
eastern and western tunnel tubes is 1.5 m and 1.2 m, respectively.
The bolts connecting individual segments in a ring and individual
rings with each other are considered to be installed temporarily, to
remain in place during the construction until the strength of the
grout between the segmental lining and the soil/rock environment
assumes the required strength. They are subsequently removed
and used repeatedly on newly erected rings. The distance at which
it is possible to remove the temporary bolts is different, depending
on the grout used; in the case of the Herrenknecht shield, the bolts
are removed at the distance of 70 m behind the excavation face. It
is necessary to add that the temporary fixtures are left unremoved
in the places where the muck carrying belt conveyor is suspended
and in the locations of cross passages until a steel bracing frame is
removed. In locations at the distances of 10 m before and after the
stations, they are removed before the running tunnels are comple-
ted, to be replaced with permanent galvanised bolts.

Both tunnelling machines allow thrust to be applied to the exca-
vation face; up to 4.5 bar and 5.0 bar can be achieved at the
Herrenknecht shield and Robbins shield, respectively. Despite
these pressures, the excavation is not so simple because of the
great depths of driving under the water table levels. Average
advance rates fluctuate about 10-20 m per day; rates of only about
4 m per day are achieved in the cases of complicated geological
conditions, first of all when driving through limestone layers
where the water column above the excavation level is higher.
Another substantial difference between the two machines is the
fact that the Robbins machine is served only by rail, which is used
both for mucking out and for transport of segments to the heading.
The Herrenknecht machine uses a train for the transport of seg-
ments and the muck is transported by continuous belt conveyors.
Both shields were launched through a pile wall, leaning against
a steel structure installed in the construction pit. It was necessary
when passing initial several metres to carry out backgrouting in
the sandy and clayey layers ahead of the pile wall to ensure the
stability of the face after the pile walls were broken through and
to reduce contingent inflows into the construction pit.

Cross passages and ventilation shafts

In 1995, the largest fire in the history of underground railways
in the world broke out in Baku, during which nearly 300 people
perished. With respect to this immense tragedy, extraordinary
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Obr. 4 Schéma spodni cdsti ventilacni Sachty VS01
Fig. 4 A chart of the bottom part of the VSO0I ventilation shaft

schodisté, které slouzi pouze pro pripadny vstup zdsahovych jednotek
z povrchu do podzemi.

Dal§im ndvrhovym opatfenim pro pfipad poziru jsou tunelové pro-
pojky, na které jsou cestujici navedeni tnikovym osvétlenim.
Tunelové propojky pro tnik osob jsou navrZzeny po maximalni vzda-
lenosti 250 m, z nichZ nekteré jsou pfidruZeny k ventilaénim Sachtam,
jak jiz bylo zminéno vySe. Propojky kruhového profilu o praméru
vyrubu 4,01 m budou realizovany pomoci NRTM s maximdlni délkou
zdbéru 1 m a s pobirdnim na cely profil. V mistech pritomnosti vrstev
zvodnélych piska jsou navrzeny predstihové préce z tryskové injekté-
7e. Pro rozrazeni z tratového tunelu je pouZito rozepfeni pomoci
docasného ocelového rdmu, ktery je umistén na vnitin{ stranu seg-
mentového osténi kolem budouci propojky. Po rozepieni dojde
k odebrani ¢asti segmentového osténi a ndsledné razbé NRTM. Po
vystavbé sekundédrniho osténi propojky, jejiz Casti je také vyztuzeny
Zelezobetonovy prechodovy tsek mezi propojkou a TBM osténim, je
docCasny ocelovy rdim demontovén a je ho mozno opétovné pouZit pii
vystavbé daldich propojek. Zelezobetonovy vyztuzny piechodovy
usek tak prebird statickou funkci doasného ocelového ramu.
Technologické objekty

Kazda ventilatni Sachta je pred vyusténim na povrch zakonéena
technologickym objektem. Do tohoto objektu je soustiedéna veskerd
technologie souvisejici s vétranim pomoci mezilehlych ventilacnich
Sachet. Ddle jsou zde soustredéna dalsi technologickd zarizeni zajistu-
jici bezpecny provoz metra. Samotné objekty jsou navrZeny jako Zele-
zobetonové podzemni konstrukce s jednim nebo nekolika podlazimi.
Na povrch vystupuji vydechové objekty a vstupy pro tdrzbu a poZarni
zésah. Vzhledem k husté zdstavbe jsou tyto podzemni objekty budova-
ny pod ochranou pazicich konstrukci, jejichZ variace od prevrtavané
pilotové stény aZz po podzemni stény, povetsinou rozpirané, jakoZzto
béZzny zédpadni standard, jsou téméf ndimétem pro samostatny ¢lanek.

STATICKE VYPOCTY

V ramci projektu jsme zpracovali nékolik desitek statickych vypo-
&tu. Vypolty byly provedeny pro vSechny realizované konstrukce,
jmenovité tratové tunely razené pomoci EPBS, propojky a Stoly,
vétraci Sachty a vSechny docasné konstrukce vcetné pazicich.
Vsechny vypocty byly zpracovany s vyuzitim norem EN a dalSich
dostupnych norem a predpisa, které byly navrZeny ndmi
a odsouhlaseny klientem (napr. CIRIA, ACI, apod.)

Pro stanoveni dimenzi segmentového osténi tak bylo vyuZzito mnoz-
stvi standarda, predpist a vyzkumnych dkola posledni doby. Viechny
posuzované prvky a stavy byly vSak nakonec prevedeny tak, aby bylo

TuouHel

stress is placed on fire safety when all newly designed metro lines
are being designed. It means that a sophisticated system of mea-
sures to be applied in the case of a fire is to be designed, without
relying only on the variant in which the train driver tries to reach
the closest station. Materials significantly restricting the spreading
of fire are therefore designed for all technological equipment of
the new metro. This design principle is associated with the fact
that it is necessary during a fire to supply a huge amount of fresh
air to the system and evacuate harmful combustion products from
the metro system as fast as possible.

The design principle is that not more than one metro train
should be present in each ventilation compartment. The length of
a ventilation compartment following from this condition amounts
to 1 km at the train headway of 90 s. Because of the fact that sta-
tions in Baku are designed to be built at intervals of approximate-
ly 1.5-2.5 km, it is necessary to design either one (the B02-B03
section) or even two intermediate ventilation shafts (BO1-B02).
The location of intermediate ventilation shafts is designed first of
all with respect to existing surface buildings because a relatively
large service facilities located either shallow under the ground sur-
face or on the surface is connected to each ventilation shaft.
Because of the fact that Baku is very densely developed, it is rela-
tively very difficult to find spaces for these structures. This is one
of the reasons why ventilation shafts are often very deep. The
main ventilation and connection galleries, a cross passage attached
to them and side ventilation galleries having their mouths in run-
ning tunnels are linked to the shaft itself (see Fig. 3). The majori-
ty of shafts are designed to be driven by the NATM in combinati-
on with additional measures which are necessary first of all during
the passage through strata exhibiting worse geotechnical parame-
ters (e.g. pile walls near the surface, jet grouting in water-bearing
sands etc.). Diaphragm wall boxes are designed for deep ventila-
tion shafts, for example the VSO02 shaft in the BO1-B02 section. In
the case of a double-shell lining, the primary lining of the shaft is
in SC 30 shotcrete, whilst the secondary lining is in C 30/37-XC
2-XA2 concrete. All underground parts of ventilation shafts and
attached galleries are provided with a spray-on waterproofing
membrane.

The ventilation shaft itself and the galleries are conceptually
divided into parts dedicated to ventilation equipment and parts
dedicated to the movement of operators. The movement of pas-
sengers is permitted only through cross passages, which can be
used for the passage to the other tunnel tube in the cases of emer-
gencies. One compartment of a ventilation shaft contains
a staircase serving only to the access of intervention forces from
the surface to the underground.

Another proposed measure in case of a fire are a cross passages
to which passengers are guided by escape lighting. Cross passages
for the escape of persons are designed at the maximum spacing of
250 m. As mentioned above, some of them are connected to ven-
tilation shafts. The circular cross passages with the excavated dia-
meter of 4.01 m will be driven full-face, using the NATM with the
maximum round length of 1 m. Advance jet grouting is proposed
for the locations where water-bearing sand will be encountered.
A temporary steel frame is designed for the braking of cross pas-
sages from the running tunnel. It will be installed on the inner side
of the segmental lining around the future cross passage. When the
bracing is completed, part of the segmental lining will be dis-
mantled and the subsequent NATM excavation will start. After the
completion of the secondary lining of the cross passage, part of
which is also a reinforced concrete braced transition section bet-
ween the cross passage and the lining installed by the EPBS, the
temporary frame will be dismantled and will be available for repe-
ated installation at the construction of other cross passages. The
reinforced concrete braced transition section will therefore take
over the structural function of the temporary steel frame.




Obr. 5 3D model ventilacni Sachty VS01 véetné technologického objektu
Fig. 5 3D model of the VS01 ventilation shaft including the service structure

mozno navrh povazovat za kompatibilni s EN. Vnitin{ sily pro tato
posouzeni byly stanoveny jak analytickymi metodami, tak numeric-
kymi simulacemi metodou kone¢nych prvka MKP. Podobné tomu
bylo i v pfipadé posouzeni segmentového osténi na ti¢inky zemétiese-
ni, seismicky ndvrh m4 totiz na dimenzi a vytuZeni jednotlivych seg-
mentu podstatny vliv.

V priipadé konvenéné raZenych Cdsti se jednalo predevsim
o tunelové propojky a ventilacni Stoly. U vSech propojek, se standard-
nim vnitfnim prumérem 3,2 m, a ventila¢nich $tol, s vnitinim primé-
rem 4,5 m, se predpoklddal vyrub na plny profil a tomuto technolo-
gickému postupu byly piizpusobeny veskeré statické vypolty.
Primdrni osténi je standardné tvofeno prihradovymi rdmy, sitémi
a stiikanym betonem. Ani v sekunddrnim osténi nejsou tentokrate
implementovany zadné novatorské myslenky a jedna se o monoliticky
Zelezobeton s doinjektovdnim vrcholu klenby.

Vypocet vyrubu a primdrniho osténi byl zpracovdn programem
Plaxis 2D 2010 za podminek rovinného pretvoreni. V rdmci vypoctu
byl respektovan 3D efekt deformace okolniho prostredi vlivem razby
a také postupny ndrust tuhosti stifkaného betonu. Pro jemnozrnné
zeminy (jily) byl pouzit materidlovy modifikovany Cam Clay model,
ktery velmi dobre vystihuje chovéni téchto zemin a je odzkouSeny na
nepieberném mnoZstvi vzorku. Pro hrubozrmné zeminy byl uvazovén,
zejména vzhledem k omezenym vstupnim datim, jednoduchy lineér-
né elasticky — idedlné plasticky model Mohr-Coulombuv a s pfi-
hlédnutim k jeho nedostatkiim byly tuhosti manudlné iterovdny pro
prijatelné vysledky. Horniny, tedy vdpence a piskovce, byly simulo-
vany rovnéz pomoci Mohr-Coulombova modelu, a¢ byla odzkousena
i varianta s modelem Hoek-Brown. Pro tu v§ak nebyl dostatek objek-
tivnich vstupnich podminek a korelace s vysledky zkousek SPT (stan-
dard penetration test) nebyly zdaleka nejoptimalnéjsi. V pripadé jem-
nozrnnych zemin pak bylo béhem vypoltu uvazovdno s ne-
odvodnénymi podminkami bez moznosti proudéni vody, pro hrubo-
zrnné zeminy pak byly podminky stanoveny jako odvodnéné. Zde je
poteba doplnit jesté tieti variantu vypoctl, a to vypodty seismické,
kdy jsou ve vSech vrstvach uvazovdny neodvodnéné podminky, pri
nichZ dochdzi k vyraznému ndrastu dodatenych pérovych tlaku.
Vystupy z téchto numerickych i empirickych vypoétu jsou nékolikrat
vyS§i, nez pri klasickych vypoctech (vnitini sily zhruba 1,25-2.2x
vetsi podle typu a tvaru konstrukce, hloubky, apod.). Sekundarni oste-
ni bylo simulovdno v programu SCIA Engineer 2009, a to 3D mode-
lem, ktery byl podle tuhosti okolniho prostiedi podepten pouze tlace-
nymi ploSnymi podporami.

Sachty s vnitfnim primérem 7.2 m se v ndvrhu vyskytuji
v nékolika konstruk&nich variantdch a tém také byly variantné uzpu-
sobeny veskeré numerické vypocty. V pripadé Sachet s primdrnim
a sekunddrnim osténim byly vypocty vedeny obdobné jako ve vyse
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Service facilities

Each ventilation shaft is terminated before ending at the surface
by a service facility structure. All equipment associated with the
ventilation through the intermediate ventilation shafts is concent-
rated in this structure. Other equipment ensuring the safe metro
operation is also concentrated in it. The structures themselves are
designed as reinforced concrete underground structures with one
or more levels. Exhaust structures and entrances for maintenance
and fire intervention purposes protrude over the ground surface.
With respect to the dense surface development, these underground
structures are constructed under the protection of bracing structu-
res. Variations of these structures, from secant bored pile walls up
to diaphragm walls, mostly braced, as a common western stan-
dard, are nearly a topic for a separate paper.

STRUCTURAL ANALYSES

We carried out several tens of structural analyses within the fra-
mework of the design. The analyses were conducted for all struc-
tures to be constructed, namely running tunnels driven by EPBS,
cross passages and galleries, ventilation shafts and all temporary
structures, including bracing structures. All analyses were carried
out using EN standards and other standards and regulations avai-
lable which were proposed by ourselves and approved by the cli-
ent (e.g. CIRIA, ACI etc.).

The dimensions of the segmental lining were determined using
a range of standards, regulations and recent research projects. All
of the elements being assessed and all states were eventually con-
verted so that it was possible to consider them compatible with EN
standards. Internal forces for these assessments were determined
both by analytical methods and by numerical simulations using
the Finite Element Method (the FEM). It was similar even in the
case of the design for the segmental lining for earthquake effects.
The reason is that the seismic design substantially influences the
dimensions and reinforcement of individual segments.

As far as conventionally driven parts are concerned, it was first
of all the case of cross passages and ventilation galleries. Full-face
excavation was planned for all cross passages with the standard
inner diameter of 3.2 m and ventilation galleries with the inner
diameter of 4.5 m. All structural analyses were therefore confor-
med to this technological procedure. The primary lining consists
as a standard of lattice girders, mesh and shotcrete. In this case it
also applies to the secondary lining that no innovative ideas are
implemented into the secondary lining design, and cast-in-situ
concrete with grout injected additionally over the crown of the
arch is used.

The structural analysis of the excavation and primary lining was
processed using the Plaxis 2D 2010 program, under the plain stra-
in conditions. The 3D effect of the deformation of the surrounding
environment induced by the excavation and the gradual increase
in the rigidity of shotcrete were allowed for within the framework
of the calculations. A modified Cam-Clay model, which well cap-
tures the behaviour of these soils and has been tested on an inex-
haustible numbers of samples, was used for the fine-grained soils
(clays). A simple linearly plastic Mohr-Coulomb model was assu-
med for coarse-grained soils, first of all with respect to limited
input data and, taking into consideration deficiencies, the stiffness
values were iterated manually for acceptable results. Rocks, mea-
ning limestone and sandstone, were even simulated by means of
the Mohr-Coulomb model, even though a variant of Hoek-Brown
model was also tested. However, there was a lack of objective
input conditions for it and the correlation with results of Standard
Penetration Tests (SPT) were far from the most optimal. In the
case of fine-grained soils, undrained conditions without
a possibility for water to flow, were assumed during the calculati-
on; drained conditions were determined for coarse-grained soils.
In this place it is necessary to add a third variant of calculations:
seismic calculations, where undrained conditions are assumed for
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zminénych konvenéné raZenych céastech. Podotknéme ovsem, Ze all layers, at which the additional pore pressures significantly
simulace v programu Plaxis byla v téchto piipadech provedena grow. The values of the outputs of these numerical and empirical
v osové symetrii. Ta md pro takto koncipovanou kruhovou Sachtu calculations are several times higher than results of classical cal-
nekolik zfetelnych nevyhod a neposkytuje Zadné svétoborné vystupy, culations (inner forces are roughly 1.25-2.2 times bigger, depen-
proto jsou tyto vypocty vzdy doprovézeny vypolty fezt v nékolika ding on the type and shape of the structure, the depth etc.). The
vyskovych trovnich prostym 1D prvkem vletné zapoCitani staveb- secondary lining was simulated in the SCIA Engineer 2009 pro-
nich toleranci. Sekunddrni osténi bylo také simulovano v programu gram, using a 3D model, which was supported only by compres-
SCIA Engineer 2009, a to 3D modelem, ktery byl podepren pouze sed surface bearings depending on the stiffness of the surrounding
tlatenymi podporami. Nelinedrni kombinace jednotlivych zatéZova- environment.
cich stava tak poskytla definitivni dimenzaéni vnitini sily, které Shafts with the inner diameter of 7.2 m are contained in the
v sob¢ zahrnuji mimo jiné smrsténi, dotvarovani, teplotni zatiZzeni od design in several structural variants. Variants of numerical calcu-
odvéadénych zplodin, pretlak vzduchu/spalin a napriklad také zatize- lations were developed and accommodated to the structural vari-
ni od dlouhodobého zvedédni dna. Byly takto posouzeny veSkeré ants. In the case of shafts with primary and secondary linings, the
mezn{ stavy, véetné vzniku trhlin od termalniho zatiZeni raného Zele- calculations were carried out similarly to calculations for the
zobetonu, nebot’vetsina konstrukei, zejména dno Sachet, je masivnich above-mentioned conventionally driven parts. Let us note that the
tloustek a vyvin tepla rozhodné neni zanedbatelny. Samozfejmost{ simulation in the Plaxis program was in these cases carried out in
bylo posouzeni na vztlak. an axial-symmetric configuration. Axial symmetry has several
Na tomto misté ndm dovolte zminit jeden palCivy problém vstup- significant disadvantages for a circular shaft conceived in this way
nich dat ziskanych laboratornim méfenim tietich stran (spole¢nosti and yields no world-shaking outputs. For that reason these calcu-
najimané investorem, dodavatelem, apod.). Ne vzdy jsou totiZ tyto lations are always attended by calculations of cross sections carri-
parametry vérohodné, a& hrajf jednu z nejdulezitéjsich roli pro nume- ed out at several levels using a simple 1D element, even allowing
rickou analyzu. Casto je také zvykem, Ze IGP je bud zmenSen na for construction tolerances. The secondary lining was also simula-
neprijatelnou droven a nemad tedy zadnou vypovidajici schopnost, ted in the SCIA Engineer 2009 program, using a 3D model, which
nebo jsou pozadavky naprosto odtrZeny od reality a na jeden triaxial was supported only by compressed bearings. Thus a non-linear
¢i jednu krabicovou smykovou zkousku pripadd 50 méfeni objemové combination of individual loading cases provided the definite
hmotnosti a 50 méfeni vlhkostnich limit z riznych hloubek (od 6 m inner forces for the dimensioning, which cover, apart from other
do 70 m pod terénem), aby se ndsledné mohly zprumérovat effects, shrinkage, creep, thermal loads induced by exhaust gasses
a jemnozrnné zeminy se daly prohldsit za jediny kvazihomogenni being evacuated, air/combustion gases over-pressure and, for
celek. Tyto dvahy, vCetné nepresné ¢i nespravné provedenych labora- example, even the loads induced by long-term heaving of the bot-
tornich zkousek, pak maji nulovou hodnotu, jsou nepouZitelné pro tom. This process was applied to the assessment of all limit states,
jakoukoli numerickou simulaci a geotechnik je odkdzén na své zkuse- including the origination of cracks due to thermal loads acting on
nosti a parametrické studie. JelikoZ se kontrolou takovychto dat green reinforced concrete because the thickness of the majority of
a jejich interpretaci vzdy detailné zabyvame, museli jsme pfistoupit structures, first of all the bottom of shafts, is massive and the
v prvnim tseku k obdobnému fesenf a pro dalsf vypracovat metodo- development of heat is certainly not negligible. The assessment
logii IGP s presnymi pozadavky na laboratorni zkousky. Za zminku for buoyancy was a commonplace.
stoji napt. SPT kazdé 2 m hloubky se stanovenim indexu plasticity, In this place let us mention one acute problem of input data
konzistence a vlhkosti — coZ jsou dobfe korelovatelné parametry, tria- obtained by laboratory measurements by third parties (companies
xidly CIUP pro stanoveni neodvodnéné pevnosti a kritického dhlu, tri- hired by the client, the contractor etc.). The reason is that these
axidly UU pro rychlé zjisténi neodvodnéné smykové pevnosti, parameters are not always credible, despite the fact that they play

one of the most important roles for numerical analyses. In additi-

on, it is often a custom that the scope of the engineering geologi-
max [kNmim] cal investigation is either reduced to an acceptable level and, as
i a result, it has no informative capability, or the requirements are
::2 completely detached from reality, where 50 measurements of
e volume weight and 50 measurements of moisture content limits at
w00 | various depths (from 6 m to 70 m under the ground surface) are
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Obr. 6 Ohybové momenty mx (ventilacni Sachta — spodni Cdst) Obr. 7 3D model propojky (sekunddrni osténi)

Fig. 6 Bending moments mx (ventilation shaft — bottom part) Fig. 7 3D model of a cross passage (secondary lining)
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Obr. 8 Provddeéni podzemnich stén pomoci hydrofrézy
Fig. 8 Installation of diaphragm walls by means of a hydro-cutter

edometry pro ziskédni parametra pritizeni a odtiZzeni Cc a Cs, apod.
Spravné navrZeny a provedeny IGP nejenZe usnadni praci geotechni-
kum, ale uSetif investorovi a dodavateli nemalé prekvapeni v podobé
Spatne zvolené technologie, predimenzovanych konstrukci, nejistot
harmonogramu, predéni stavebniho dila, apod. V pripadé projektu
Baku si obdobny stav vyzadal prozatim pouze nékolikrat zvyseny tep
a krevni tlak zicastnénych stran.

ZAVER

Projekt metra v Baku je v souasnosti jednim z nejvetSich projektu,
na kterém se kolektiv Ceskych stavebnich inzenyra podili. Nase pro-
jekéni kanceldr do projektu zapoijila i dal3i organizace v CR, které pro
nds v rdmci tohoto projektu zpracovavaji ur€ité ¢asti projektové doku-
mentace. Na zdkladé dnes nastavenych programu vystavby metra aZ
do roku 2035 se déa predpoklddat, ze v Baku bude dostatek prace
v podzemnim stavitelstvi i na obdobi, ve kterém se v Evrop€ obecné
predpoklada spise ttlum. Spole¢nost Mott MacDonald CZ md v tomto
regionu v souvislosti s vystavbou metra jiz smluvné zajisténu dals{
préci na nékolik let dopredu. Baku je dnes totiZ jedno z nejvétSich sta-
venist'na sveteé, ve kterém v souc¢asné dobé panuje obrovsky stavebni
boom a rozsiteni téchto stavebnich aktivit se predpokladd i mimo
samotné hlavni mesto. Jiz od prelomu tisicileti zde probihd souvisld
vystavba modernich ddlnic, pfipravuje se rekonstrukce Zelezni¢nf sité,
je zde kuprikladu postavena jedna z nejmodernéjsich lyZarskych
oblasti na svété a Baku se chystd vystavét také nejvy$si mrakodrap
svéta. Nenf se ¢emu divit, Azerbdjdz4n m4 jedny z nejvétsich zasob
ropy a zemniho plynu na svété a po vymaneni se ze sovétské nadvl-
dy md tato zemé jednu z nejrychleji rostoucich ekonomik, a to vse pii
srovnatelném poctu obyvatel jako Ceska republika. Nejen toto nerost-
né bohatstv{ a z néj pramenici strmy ekonomicky rast této muslimské
zemg, kterd byla vice nez 70 let pod nadvlddou Sovétského svazu, pri-
nasi fadu komunika&nich, kulturnich a socidlnich problémd, se ktery-
mi se utkdvame vpravdé kazdodenné. A je tento projekt pro nasi kan-
celar velkou provérkou naSich komunikacnich, politickych a jazy-
kovych schopnosti, technicky ndm pfinasi zadostiu¢inéni v podobé
komplexniho ndvrhu moderni sité¢ metra za pouZziti nejmodernéjsich
poznatku a nejsofistikovanéjsi technologie.

ING. PAVEL Rﬁiléﬂ, Ph.D., pavel.ruzicka@mottmac.com,
ING. PETR MAKASEK, petr.makasek @mottmac.com,

ING. BARNABAS POLAK, barnabas.polak @mottmac.com,
ING. MARTIN TYRLIK, martin.tyrlik@mottmac.com,
MOTT MACDONALD CZ, spol.sr. o

Recenzoval: Ing. Jan Korejcik
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allotted to one triaxial test or one box shear test so that they can
be subsequently averaged and fine-grained soils can be declared to
be a single quasi-homogeneous unit. The value of these conside-
rations, including inaccurately or incorrectly conducted laborato-
ry tests, is therefore zero. They are useless for any numerical
simulation and a geotechnicians depend on their own experience
and parametric studies. Because we are always engaged in chec-
king on such data and its interpretation in detail, we had to adopt
a similar solution for the initial section and develop an EGI met-
hodology with exact requirements for laboratory tests to be appli-
ed to the other sections. Worth mentioning are, for example, the
SPT conducted every 2 m of the depth with the determination of
the index of plasticity, consistency and moisture content (parame-
ters which are easy to correlate), results of the CIUP triaxial tests
for the determination of undrained strength and critical angle,
results of the UU triaxial tests for the quick determination of the
undrained shear strength, results of oedometers for obtaining Cc
and Cs parameters of surcharge loading and unloading, etc.
A correctly designed and conducted EGI not only facilitates the
work of geotechnicians, but also spares the client and contractor
no small surprises in the form of an erroneously chosen technolo-
gy, over-designed structures, uncertainties regarding works sche-
dules, handing the works over etc. In the case of the Baku metro
project, till now a similar condition has only several times claimed
increased heartbeat and blood pressure of the parties to the project.

CONCLUSION

The Baku metro project is currently one of the largest projects
in which a team of Czech civil engineers is participating. Our
designing office has engaged even other organisations in the CR
in the designing work. They carry out certain parts of the design
documents for us within the framework of this design. It is pos-
sible to expect on the basis of the today set out programmes of the
metro construction lasting till 2035 that there will be enough work
in the field of the underground construction industry even in the
period for which rather a reduction in the industry is anticipated in
Europe. Mott MacDonald CZ spol. s r.0. has already concluded
contracts for working in this region relating to the metro con-
struction for several years ahead. The reason is that Baku is today
one of the largest construction sites in the world, where a great
construction boom is currently dominating. Expansion of the con-
struction activities even outside the capital is also expected. The
uninterrupted development of modern motorways has been in pro-
gress since the end of the millennium, the reconstruction of rail-
way network is under preparation, one of the latest state-of-the-art
skiing areas in the world is, for example, developed in this region
and Baku is preparing to build the world’s highest skyscraper. No
wonder that Azerbaijan owns one of the largest stocks of crude oil
and natural gas in the world and, after freeing itself from the
Soviet domination, this country has one of the fastest growing
economies, all of that at the population comparable with the Czech
Republic. It is not only the mineral wealth and the steep economic
growth of this Muslim country, which was over 70 years under the
dominance of the Soviet Union, that brings about numerous com-
munication, cultural and social problems, which we encounter vir-
tually every day. Despite the fact that this design means a great
test of our communication, political and language skills, it gives
technical satisfaction in the form of the comprehensive design for
a modern metro network using state-of-the-art knowledge and
most sophisticated technology.

ING. PAVEL RUZICKA, Ph.D.,
pavel.ruzicka@mottmac.com,

ING. PETR MAKASEK, petr.makasek @mottmac.com,
ING. BARNABAS POLAK, barnabas.polak@mottmac.com,
ING. MARTIN TYRLIK, martin.tyrlik@mottmac.com,
MOTT MACDONALD CZ, spol.s r. o
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METRO CHENNALI, INDIE
CHENNAI METRO, INDIA

HELENA BROOKSOVA TOUSOVA, JAN CENEK, MARTIN TYRLIK

ovop

Demografickd exploze dvacitého stoleti ucinila z Indie jednu
z nejlidnatéjSich zemi svéta. Nejpalivéji se s rychlym ndristem
poctu obyvatelstva potykaji predevsim indickd velkomésta, kde neu-
t€Seny stav hromadné dopravy donutil vlady jednotlivych svazovych
statd k urychlenému feSeni: vystavbé méstskych drah. V dob€ indic-

[

v e,

a Bangalore. Chennai, dfive zndma jako Madrds, je hlavnim méstem
indického svazového statu Tamilnadu, ktery se rozprostird na jiho-
vychodé indického subkontinentu pri pobfezi Bengélského zélivu.
Chennai je ¢tvrtou nejvétsi indickou aglomeraci a patym nejlidna-
t¢j$im méstem v Indii. K roku 2011 méla pres 8,9 milionu obyvatel.

ZAKLADNI INFORMACE O PROJEKTU

Prvni faze projektu pocitd s vybudovanim 45,1 km trasy, pfi¢emz
24 km bude vedeno v podzemi. Tato fize byla dale rozdélena na
nékolik dil¢ich ¢dsti, které byly zaddny riznym zhotovitelim systé-
mem ,,Design & Build“ (navrhni & postav). Tento ¢ldnek popisuje
sekci pracovné oznacovanou jako UAA-04. Jedna se o 3,7 km dlou-
hy podzemni tsek trasy zahrnujici dvojici tratovych tunela raZzenych
plnoprofilovymi zeminovymi Stity (ddle jen EPBS), véetné 12 tune-
lovych propojek raZenych konvenéné a déle tii hloubenych stanic:
Nehru Park, Kilpauk Medical College a Pachaiappa College (obr. 1).

Hlavnimi dc¢astniky projektu jsou:

Klient: Chennai Metro Rail Limited (CMRL), Indie

Generdlni konzultant: EGIS Rail-Maunsell/AECOM-BARSYL-

EGIS (EMBYE), Indie

Zhotovitel stanic a propojek: Larsen&Turbo (L&T), Indie

Zhotovitel tunelti: Shanghai Urban Contstruction Group (SUCG),

Cina

Generalni projektant: Mott MacDonald (MMD), Indie, CR,

Madarsko, SAE

Mott MacDonald mé v roli generélniho projektanta kromé archi-
tektonického a konstrukéniho feSeni vSech stavebnich ¢asti mimo
jiné na starosti i dopliiujici geologicky prizkum, monitoring (viz
samostatny ¢ldnek) a zlepSovani vlastnosti zeminového prostiedi.

GEOTECHNICKE POMERY

Vétsinu podlozi svazového statu Tamilnadu tvori poloostrovni §tit
krystalinika archaického a prekambrického stdfi. Skalni podloZi je
zde tvoreno granulity (charnockit, leptinit) a rulami ruznych typu.
V okoli tektonickych zén se také vyskytuji mladsi diabasy.
Geologické podlozi samotné Chennai je pak tvoreno zejména jily,
bridlicemi a piskovci. Podlozi mésta lze tedy rozdélit do tif oblasti —
oblast s pis¢itym podlozim (feky a pobfezni oblasti), oblast
s jilovitym podloZim (nejrozsifenéjsi) a oblast s podlozim ze skal-
nich hornin.

Predkvartérni podloZi je ve vychodni poloviné trasy zastoupeno
predev§im metamorfity — charnockity (bé€lavd az nazelenald hrubo-
zrnnd hornina sloZzend hlavné z kfemene, Zivce a hypersténu).
Zapadni polovina je pak tvofena poruSenymi sedimentdrnimi horni-
nami (piskovce, bridlice). Kontakt mezi obéma horninovymi typy je
pravdépodobné tektonicky, pruzkumem viak zastizen nebyl.
Kvartérni sedimenty (fini a mofské) jsou v trase metra zastoupeny
hlinitopis¢itymi zeminami s jilovitou pfimesi a polohami a ¢ockami
pis¢itych jila.

INTRODUCTION

The demographic explosion of the twentieth century made
India one of the most populous countries in the world. The rapid
increase in the number of the population poses arduous problems
to be coped with, first of all by Indian big cities, where the drea-
ry situation in mass transport has compelled governments, from
individual states, to start solving it rapidly by developing urban
railways. Cities such as Delhi and Calcutta have already develo-
ped parts of their metro networks during the Indian economic
boom and have continued developing them, with the cities of
Chennai and Bangalore following them. The city of Chennai, for-
merly known as Madras, is the capital of Tamilnadu, the Indian
union state spreading out from the south-east of the Indian sub-
continent, at the Bay of Bengal coast. Chennai is the fourth lar-
gest Indian agglomeration and the fifth most populous city in
India. As of 2011, it had the population of 8.9 million.

BASIC INFORMATION ON THE PROJECT

The first phase of the project expects that 45.1 km of the route
will be constructed, with 24 km running underground. This phase
was sub-divided into several parts, the contracts for which were

Trasa | / Corridor |

s Podzemni &ast / Undergroud
~=%S% Nadzemni &ast / Elevated
s \/yhled / Under study

Trasa Il / Corridor Il
~=s== Nadzemni ¢ast / Elevated
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Obr. 1 Rozsah viseku UAA-04 v rdmci celého projektu (Chennai Metro Rail
Limited)

Fig. 1 The extent of the UAA-04 section within the whole project (Chennai
Metro Rail Limited)
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Uroveii hladiny podzemni vody je znaéné proménliva a variuje
zejména v zavislosti na roénim obdobi. Svého maxima dosahuje
béhem obdobi monzunovych desth (fijen az prosinec), kdy ji lze
zastihnout jiZ jeden metr pod drovni terénu. Minimdlni hodnoty Ize
zase oCekavat v horkém a suchém obdobi (bfezen—srpen), kdy byla
hladina zastiZena aZ v hloubce pres 9 metrQ. Pro statické vypolty
vSak byla hladina podzemni vody uvazovdna az v trovni terénu.
Agresivita prostredi je pro tizem{ Chennaie hodnocena jako extrém-
né ,,ndro¢nd‘ (morska voda) [1].

Ze seismického hlediska se Chennai fadi k nejstabilnéj$im regio-
num Indické litosférické desky, i kdyZ jsou zde historicky zazname-
nadna zemétfeseni presahujici 5 stupna Richterovy stupnice. V roce
2002 v ramci nové indické klasifikace [2] byl cely region prefazen
ze z6ny II (nizké seismické riziko) do zény III (stfedni riziko).
Navrh konstrukei s ohledem na seismické dcinky je podrobnéji zmi-
nén déle (obr. 2).

INTERPRETACE GEOTECHNICKYCH POMERU

Prvnim tdkolem projektanta bylo interpretovat geotechnické
poméry ze stdvajicich podkladu a z jiz zhotovené zadédvaci doku-
mentace a na jejich zdkladé doporudil provést doplnkovy geotech-
nicky pruzkum. Po jeho zpracovéni byla provedena podrobnd geo-
technickd interpretace pro ndvrh trvalych i doc¢asnych konstrukci.
Prizkumné vrtdni v Indii md v8ak svd specifika (podrobnéji
v ndsledujicim ¢ldnku autort Zemének a Zahradnik).

Kli¢ovym problémem se ukdzalo urceni hranice mezi piskem
(usazenym) a zcela zvétralym piskoveem v podlozi. Ackoli bylo
tuto hranici mozné zcela bezpedné identifikovat z prabéhu pene-
tranich kiivek, byla bohuZel tato hranice stanovena pouze podle
dokumentace porusenych vzorku z vrtani, kterd ukazovala polohu
piska jesté o nékolik metra hloubéji. Tato interpretace zvétralé hor-
niny se setkala ze strany klienta s velmi odliSnym ndzorem a ten tak
akceptoval cely profil jako nesoudrZnou zeminu. V dusledku roz-
dilného ndzoru na geotechnické pomery stavby byly podzemni
stény stanic predimenzovény a ndsledné diskuse zpozdily vystavbu
podzemnich stén hloubenych stanic a startovacich Sachet o dva
mésice.

India Earthquake Zone
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Obr. 2 Seismickd mapa Indie (Wikipedia)
Fig. 2 Seismic map of India (Wikipedia)
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awarded to different contractors using the Design & Build pro-
curement system. This paper describes the section with the wor-
king designation UAA-04. It is a 3.7 km long underground secti-
on of the route comprising a pair of running tunnels driven by
full-face earth pressure balance (EPB) shields, including 12 con-
ventionally driven cross passages and three cut-and-cover build
stations: Nehru Park, Kilpauk Medical College and Pachaiappa
College (see Fig. 1).

Main parties to the project:

Client: Chennai Metro Rail Limited (CMRL), India

General consultant: EGIS Rail-MaunsellAECOM-BARSYL-

EGIS (EMBYE), India

Contractor for stations and cross passages: Larsen&Turbo

(L&T), India

Contractor for tunnels: Shanghai Urban Construction Group

(SUCG), China

General designer: Mott MacDonald (MMD), India, the Czech

Republic, Hungary, the SAE

Mott MacDonald, in their role as the general designer respon-
sible not only for the architectural and structural design for all
construction parts, but also for the supplementary geological sur-
vey, monitoring (see a separate paper), and improving of soil
environment properties.

GEOTECHNICAL CONDITIONS

The majority of the geological bedrock of the state of
Tamilnadu are formed by the peninsula crystalline thrust sheet of
the archaic and pre-Cambrian age. The bedrock is formed by gra-
nulites (charnockite, leptinite) and gneiss of various types.
Younger diabases are also found in the vicinity of tectonic zones.
The geological bedrock of the city of Chennai consists of clays,
shales and, sandstone. It is therefore possible to divide the bed-
rock of the city into three areas: the area with sandy basement
(rivers and coastal areas), the area with clay subsoil (the most
widely spread) and the area with hard rock layer.

The pre-quaternary layer in the eastern half of the route is
represented by metamorphites — charnockites (whitish to gree-
nish rock consisting mainly of quartz, feldspar and hyperstene).
The western half is formed by fractured sedimentary rocks (sand-
stone, shales). The interface between the two rock types is pro-
bably tectonic; however, it was not encountered by the investiga-
tion. The Quaternary sediments (of the river and marine origins)
found along the metro alignment are represented by loamy soils
with a clay addition and layers/lenses of sandy clays.

The water table level is highly variable depending on the sea-
son of the year. It reaches its maximum during monsoon rains
(October through December), when it is possible to be even one
metre under the ground surface. Minimum values can be antici-
pated in the hot and dry season (March through August), during
which the water table was encountered as deep as over 9 m under
the surface. For the needs of the structural analyses, the water
table was assumed to be at the terrain level. The corrosivity of the
environment is assessed to be extremely high (sea water) for the
Chennai area [1].

From the seismic point of view, Chennai is ranked among the
most stable regions of the Indian litospheric plate, despite the
fact that earthquakes exceeding 5 on the Richter Scale have been
recorded in the history. In 2002, the entire region was reclassifi-
ed within the framework of the new Indian classification system
[2] from zone II (low seismic risk) to zone III (medium risk). The
structural design, as far as seismic effects are concerned, is men-
tioned in more detail below (see Fig. 2).

INTERPRETATION OF GEOTECHNICAL CONDITIONS

The first task for the designer was to interpret the geotechnical
conditions on the basis of existing source documents and the alre-
ady completed tender documents. They recommended on the
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Obr. 3 Rozpirand stavebni jama montdzni Sachty Nehru Park
Fig. 3 Braced construction pit for the Nehru Park assembly shaft

HLOUBENE STANICE

Souddsti kontraktu UAA-04 jsou celkem tfi hloubené stanice:
Nehru Park (NP), Kilpauk Medical College (KMC) a Pachaiappa
College (PC). Rozmeéry vSech tif stanic jsou obdobné (délka 230 m,
§itka 22 m, hloubka 19-20 m). VSechny stanice jsou konstruovany
pod ochranou rozeptenych podzemnich stén tl. 1000 mm metodou
,»Top & Down*. Na koncich stanic jsou v predstihu konstruovany
mont4Zni Sachty pro manipulaci s EPBS (obr. 3).

Pravé hloubené stanice se v prvni fazi projektu ukdzaly jako nej-
problematictéjsi a znaéné zpozdily cely harmonogram vystavby.
Exempldrnim piikladem muZe byt samotné umisténi stanice
Pachiappa Collage. Tato stanice méla byt umisténa pod pozemkem
Univerzity Pachiappa tak, jak bylo stanoveno v zaddvaci dokumen-
taci. Béhem pfipravy realizaéni dokumentace se v§ak zménil nazor
na vystavbu stanice na univerzité a ta svij souhlas s vystavbou na
svém pozemku odvolala. Hledalo se tedy nahradni feSeni, které
zvazovalo i variantu stanici dplné vynechat a postavit pouze vétra-
cf Sachtu. Jako druhd a nakonec i vyslednd varianta bylo zvoleno
preloZeni stanice pod prilehlou silnici s nutnosti ji ¢dstecné uzavrit
a prelozit. Celou situaci jeste¢ komplikovala pritomnost podzemnich
zasobnik benzinu z nedaleké Cerpaci stanice. Tato zména zdsadné
zaséhla do koncepce celého projektu, bylo potieba dodate¢né zajis-
tit vechna povoleni, vstupy na pozemky, povoleni paméatkéiu atd.,
coz vedlo ke zpozdéni vystavby o témér tii mesice. V dnesnich
dnech uz byly i zde zahdjeny stavebni prace.

Dalsi komplikace se vyskytly v pocdtcich vystavby prvni mon-
tazni Sachty pro spusténi EPBS (ve stanici NP). Pii zajisteni
vyhloubenych lamel podzemni stény pazici suspenzi (polymer)
doslo v obdobi monzunovych desti k neZddoucimu nafedéni této
suspenze, kolapsu ste€n nékolika lamel a ndslednému vyvaleni zemi-
ny do jejich prostoru.

TuouHel

basis of the above-mentioned documents that a supplementary
geotechnical investigation was to be carried out. When the pro-
cessing of results of the survey had been completed, a detailed
geotechnical interpretation for the design for permanent and tem-
porary structures was carried out. Survey drilling in India has its
specific rules (for more details see the next paper by authors
Zemanek and Zahradnik). The determination of the border bet-
ween sand (deposited) and the completely weathered sandstone
in the sub-base turned out to be the key problem. Even though it
was possible to identify the interface absolutely safely from the
penetration curves, it was, unfortunately, determined only accor-
ding to the logs based on disturbed drill samples, which showed
the sand layer to be several metres deeper than it was in reality.
This interpretation of weathered rock met an absolutely different
opinion of the client, who for that reason accepted the idea that
the entire profile consisted of incohesive soil. Due to the different
opinion on geotechnical conditions of the construction, diap-
hragm walls along the stations were oversized and subsequent
discussions delayed the construction of diaphragm walls for
cover-and-cut stations and launching shafts for two months.

COVER-AND-CUT STATIONS

The UAA-04 contract comprises three cover-and-cut stations:
Nehru Park (NP), Kilpauk Medical College (KMC) and
Pachaiappa College (PC). Dimensions of all three stations are
similar (230 m deep, 22 m wide, 19-20 m deep). All stations are
designed to be built by the top-down method, under the protecti-
on of 1000 mm thick braced diaphragm walls. Assembly shafts
for handling the EPBs are being constructed in advance at the
ends of the stations (see Fig. 3).

The cover-and-cut stations turned out, in the first phase of the
project, to be the most troublesome. They significantly delayed
the entire construction programme. The location of the Pachiappa
College itself can be used as an exemplary example. This station
was to be located under a plot belonging to the Pachiappa’s
College, as it was specified in tender documents; unfortunately,
the College changed their opinion during the preparation of the
detailed design and withdrew their approval of the construction
on their land. For that reason a substitute solution was sought,
which even contained a variant where the station was complete-
ly left out and only a ventilation shaft was to be constructed. The
second variant, eventually the final one, comprised the relocati-
on of the station under an adjacent road; it required a partial clo-
sure of traffic and the road relocation. The whole situation was
further complicated by the presence of underground petrol reser-
voirs of a nearby filling station. This change fundamentally weig-
hed in the concept of the whole design. It was necessary to addi-
tionally provide all permits, rights-of-way, approvals of conse-
rvationists etc. This process led to a delay of the construction for
nearly 3 months. Construction work in this location has only star-
ted recently.

Other complications were encountered at the beginning of the
construction of the first assembly shaft for the EPBS to be lowe-
red in it (at the NP station). When the lamellae for a diaphragm
wall was being stabilised by the bracing slurry (polymeric)
during monsoon rains, undesirable thinning of the slurry caused
a collapse of several lamellae and subsequent filling of the space
with soil.

TUNNELS

Two full-face EPB TBMs 6.68 m in diameter, with the thrust of
35,000 kN, manufactured by Chinese company SMEC (Shanghai
Tunnel Engineering Company) were chosen for the driving of
tunnels at the total length of 2x3.4 km (see Fig. 4). Both tunnel
tubes will be driven starting from the above-mentioned launching
shafts located in the cover-and-cut stations and ending in dis-
mantling shafts, which will also be located in the spaces of the




Obr. 4 EPBS ¢&. 1 ve vyrobnim zdvodé v Ciné
Fig. 4 EPBS No. 1 in the manufacturing plant in China

TUNELY

Pro raZbu tuneli o celkové délce 2x3.4 km, byly zvoleny dva
plnoprofilové zeminové §tity EPBS o pruméru 6,68 m a pfitlakem
35 000 kN vyrobené ¢inskou spolecnosti SMEC (Shanghai Tunnel
Engineering Company) (obr. 4). RaZba obou tubust bude provadé-
na z jiz zminénych startovacich Sachet umisténych v hloubenych
stanicich a ukon¢ena bude v demontdznich Sachtich rovnéz situo-
vanych v prostordch hloubenych stanic tak, jak je zndzornéno na
schématu (obr. 5). Z néj je patrné, Ze ve stanicich NP & PC jsou
z obou stran umistény startovaci Sachty, ve stanici KMC jsou umis-
tény dvé demontdzni Sachty a ve stanicich Egmore a Shenoy Nagar
(nejsou soucdsti kontraktu UAA-04) jsou po jedné situovdny
demontazni Sachty. I kdyZ jsou tyto Sachty umistény uZ ve stanicich
sousednich zhotoviteld, musi zde byt umoZnéno prijmout
a vyzvednout EPBS. PoZadavkem zhotovitele bylo, Ze kazdé EPBS
bude v realizovaném useku celkem 4x rozebrdn a 4x smontovan na
useku 3,7 km. K tomuto ponékud komplikovanému postupu bylo
nutno pristoupit vzhledem ke koordinaci dvou ruznych zhotovitelu
(tunely x stanice) s predpokladem, Ze stanice nebudou v&as vyhlou-
beny.

Tii hloubené stanice tedy rozdélily razby tratovych tuneli do
ndsledujicich 4 sekcf:

Sekce 1: Stanice Egmore (EG) — Nehru Park (NP): 2x950 m,

3 propojky

Sekce 2: Nehru Park (NP) — KMC: 2x570 m, 2 propojky

Sekce 3: KMC — Pachaiappa College (PC): 2x820 m, 3 propojky

Sekce 4: Pachaiappa College (PC) — Shenoy Nagar (SN): 2x1050 m,

4 propojky

V soucasné dobe se jiz pripravuje spusténi prvniho EPBS pro razbu

prvniho dseku ze startovaci Sachty situované v budouci stanici

21. rocnik - €. 2/2012

cover-and-cut stations, as shown in the chart (see Fig 5). It is
obvious from the chart that launching shafts are located on both
sides of the NP & PC stations, whilst two dismantling shafts are
in the footprint of the KMC station. The Egmore station and the
Shenoy Nagar station (these stations are not parts of the UAA-04
contract) contain one dismantling shaft each. Despite the fact that
these shafts are located in stations which are parts of neighbou-
ring contracts, they have to be able to receive the EPBS and
allow lifting them out. The contractor required that each EPBS
was dismantled 4 times and assembled 4 times within the 3.7 km
long section. This complicated the procedure some and had to be
adopted with respect to the coordination of two different con-
tractors (tunnels vs. stations), assuming that the excavation for
stations would not be completed on time.
The three cover-and-cut stations therefore divided the driving
of running tunnels into the four following sections:
Section 1: Egmore station (EG) — Nehru Park station (NP):
2x950 m, 3 cross passages
Section 2: Nehru Park (NP) — KMC: 2x570 m, 2 cross passages
Section 3: KMC - Pachaiappa College (PC): 2x820 m, 3 cross
passages
Section 4: Pachaiappa College (PC) — Shenoy Nagar (SN):
2x1050 m, 4 cross passages

At the moment, the first EPBS is being prepared to be launched
to drive the initial section from the launching shaft located in the
future Nehru Park station, proceeding toward the Egmore station
(which is not part of the UAA-04 contract). It is unfortunately not
certain whether the contractor for the neighbouring section will
manage to prepare the Egmore station in due time so that the
EPBS can be dismantled and moved to the next section without
waiting in front of the uncompleted station. The EPBS will pass
through the diaphragm walls of the shafts (stations) after a steel
ring is installed (see Fig. 6). After removing concrete and dis-
mantling the concrete reinforcement cages, the stability of the
excavation face within the openings for the passage of the shields
will be secured only by means of jet grouting (see the improve-
ment of soil environment properties).

The lining of running tunnels itself consists of 5+1 reinforced
concrete segments with the inner diameter of 5.8 m. The seg-
ments are 275 mm thick and 1.2 m long. Two types of segments
are used (right-hand and left-hand ones) with the keystone
always installed in the upper part of the vault. Joints between
segments are sealed with expanding EPDM gaskets. Segment
moulds were supplied by Herrenknecht. The depth of the tunnels
under the ground surface ranges from 18 to 21 m (12 — 14 m high
cover). The majority of the route runs under the busy NH4 road
in the downtown, having mostly only concentrated single-storey
buildings, but exceptionally also high-rises (e.g. a 16-storey hos-
pital) in its vicinity.

Neglecting seismic loads when the lining is being designed, no
matter whether it is in the medium seismic risky area, would be an
unpleasant designing faux pas because the influence of seismism on
the design for underground structures is pronounced even despite

the fact that the entire

structure is in contact with

the sub-grade, as opposed
to surface structures. The
value of the horizontal
acceleration was determi-
ned on the basis of the
Probabilistic Seismic Ha-
zard Assessment (PSHA)
[3,4], measurement re-

cords and the recom-

Obr. 5 Schéma postupu EPBS v tiseku UAA-04
Fig. 5 A chart of the EPB TBM advancing along UAA-04 section

mended peak ground acce-
leration (PGA) value of
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Nehru Park smérem k stanici Egmore (neni souddsti kontraktu
UAA-04). BohuZel nenf jisté, zda zhotovitel sousedniho dseku stih-
ne pripravit stanici Egmore v¢as, tak aby mohl byt EPBS demonto-
véan a premistén na dalsi isek a nemuselo vyckdvat pred nedokonce-
nou stanici. Samotny pruchod EPBS skrz podzemni stény Sachet
(stanic) bude provadeén po instalaci ocelového prstence (obr. 6). Po
ru¢nim odstranéni betonu a rozpojeni vyztuze tak bude stabilita
Celby v misté prostupu §titu zajisténa pouze pomoci tryskové injek-
taze (viz zlepSovani vlastnosti zeminového prostreds).

Vlastni osténi tratovych tunelu tvori Zelezobetonové segmenty
v systému 5+1 o vnitfnim pruméru 5,8 m, tloustte osténi 275 mm
a délce 1,2 m. Jsou pouzity dva typy prstencl (pravy a levy) tak,
aby byl klendk umistén vzdy v horni ¢4sti klenby. Tésnéni mezi seg-
menty je pouzito pryZové (EPDM) s expandujici paskou. Formy na
segmenty dodala firma Herrenknecht. Hloubka tunelu se pohybuje
v rozmez{ 18-21 m pod drovni terénu (tj. s nadlozim 12-14 m).
Vétsina trasy je vedena pod frekventovanou silnici NH4 v centru
mesta, v jejiz blizkosti se vétSinou nachdzi pouze soustfedéna pri-
zemni zdstavba, vyjimecné vsak i vyskova zdstavba (napr. Sestnéc-
tipodlazni nemocnice).

Opomenout seismické zatiZzeni pti ndvrhu osténi, byt'i v seismic-
ky stredné rizikové oblasti, by bylo nepiijemné projekéni faux pas,
nebot'vliv seismicity na ndvrh podzemnich konstrukc{ je markantni
i pres ten fakt, Ze celd konstrukce je ve styku s podlozim, na rozdil
od povrchovych staveb. Na zdkladé PSHA (Probabilistic Seismic
Hazard Assessment) [3, 4], zdznamu méfeni a doporucené PGA
(peak ground acceleration) byla stanovena hodnota horizontdlniho
zrychleni na 0,135-0,152 g podle specifické hloubky tratovych
tunell pod terénem. Tyto hodnoty byly déle pouZity pfi vy&isleni
vnitinich sil segmentového osténi, které se od klasického vypoctu,
byt vypoltu s nelinedrnimi fyzikdlnimi modely zemin, Ilis{
v rozsahu 135-280 % (&tendf md moznost srovndni s podobnym
vypoctem propojek niZe, které maji mensi velikost), tedy naprosto
nezanedbatelnou hodnotou. Vliv seismického zatiZen{ na Zelezobe-
tonové segmenty byl posuzovan analyticky podle béZné dostupnych
vztahu a algoritmu a také numericky metodou kone&nych prvka
s uvazovanim nelinedrnich fyzikédlnich modelt zemin. Pro nume-
rickou simulaci MKP se osvédCily zejména pokrocilé konstitutivni
modely, které vykazuji pomérné vysokou shodu s realitou, zatfmco
linedrné elastické — dokonale plastické modely bez manudlni itera-
ce byly vyuZity pouze pro orientaéni predikce. Je samoziejmé, Ze
vstupni parametry maximdlné ovliviiuji vybér daného modelu,
proto byla snaha nevychdzet pouze z doporucené geologické inter-
pretace, ale ponorit se do sad laboratornich zkousek a vytvorit pre-
hledny balik vstupnich dat do parametrickych studif.

Zavérem této kapitoly nam dovolte jesté zminit jednu ,,indickou*
zajimavost. V Indii ma mnoho domdacnosti soukromé studny na pit-
nou vodu. Jak jiz bylo zminovano, bude pro razbu tunelt pouZit
plnoprofilovy zeminovy §tit, ktery projde v blizkosti hust€ obyvané
zéstavby. Z tohoto divodu bylo nutno stanovit zénu ovlivnéni razby
vudi t€mto studndm. Tato zéna byla stanovena na zdkladé obdob-
nych projektu v Indii v pdsmu 6 m od os tuneli a vSechny studny
(i nepouzivané) spadajici do této zény musi byt vyhleddny
a zainjektovany. Zhotoviteli tak ptribude tikol zajistit doddvky pitné
vody pro vSechny zasaZené domécnosti, coZ se v indickych pomé-
rech muZe jevit znaéné neredlné.

TUNELOVE PROPOJKY

Celkem je navrzeno 12 tunelovych propojek. Ty jsou kruhového
prufezu s vnéj§im pramérem 4 m, budou raZeny konven¢né s pri-
marnim osténim ze stiikaného betonu tl. 250 mm a sekundérnim
Zelezobetonovym monolitickym osténim tl. 250 mm. Razba bude
probihat na plnou Celbu, povétsinou pod ochranou tryskové injek-
tdze v celé ploSe propojky, sekundédrni osténi bude zmonolitnéno za
pomoci rozklddaciho bedniciho vozu s dodéldvanymi Cely a do-
injektovavanym vrcholem klenby. Hydroizolace je vzhledem ke
komplikovanym tvarim a kifZeni navrZzena jako stifkand. Ve

Obr. 6 Ocelovy prstenec pro priichod EPBS z projektu metra v Dili
Fig. 6 Steel ring for the passage of the EPBS used on the Delhi Metro
project

0.135-0.152 g, depending on the specific depth of the running tunne-
Is under the ground surface. These values were further used when
inner forces in the segmental lining were being calculated. They differ
from the classical calculation, even though non-linear physical models
of soil are used, in the range of 135 — 280 % (the reader can compare
them with a similar calculation for cross passages referred to below,
the magnitude of which is smaller). Obviously this value is absolute-
ly non-negligible. The influence of seismic loading on reinforced
concrete segments was assessed analytically, according to relations-
hips and algorithms commonly available, and also numerically, using
the Finite Element Method taking non-linear physical models of soils
into consideration. Advanced constitutive models acquitted themsel-
ves best for the FEM numerical simulation. They exhibit relatively
high degree of agreement with reality, whilst linearly elastic-perfectly
plastic models without manual interaction were used only for prelimi-
nary predictions. Of course, the input parameters affect the selection
of the particular model to the maximum. For that reason efforts were
made to use not only the recommended geological interpretation, but
also to delve into sets of laboratory tests and develop a well-arranged
package of input data for parametric studies.

At the conclusion of this chapter let us mention another
“Indian” curiosity. Many Indian households have private drin-
king water wells. As mentioned above, a full-face EPBS will be
used for the tunnelling. It will run in the vicinity of a high-densi-
ty residential development. For that reason it was necessary to
define the zone within which the tunnelling is affected by the
wells. This zone was determined on the basis of similar projects
in India to extend 6 m on either side of the centre lines of the tun-
nels. All wells found in this zone, even the unused ones, must be
found and filled with grout. This means that a new task for the
contractor will be added: to ensure supplies of drinking water for
all affected households. This task may appear to be highly unre-
alistic in the Indian conditions.

TUNNEL CROSS PASSAGES

There are a total of 12 cross passages designed for the project.
They are circular in cross-section with the outer diameter of 4 m.
They will be driven conventionally, with a 250mm thick shotcre-
te primary lining and with a 250 mm thick cast-in-situ reinforced
concrete secondary lining. A full-face excavation process will be
applied, mostly under the protection of jet grouting covering the
whole area of the cross passage cross-section. The secondary
lining will be made monolithic using collapsible travelling form-
work with stop ends added on site. Grout will be injected over the
top of the arch. Spray-applied waterproofing is designed with
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Obr. 7 Podélny rez tunelovou propojkou s odvodriovaci jimkou
Fig. 7 Longitudinal section through a cross passage with a drain pit

Ctyfech propojkéach s nejniz§im bodem mezi stanicemi jsou rovnéz
navrzeny odvodnovaci jimky (obr. 7).

Podle dokumentu NFPA130 [5], maji byt tratové tunely, jakoZto
samostatné pozarni dseky, vzdjemné propojeny tunelovymi propoj-
kami po vzddlenostech nepfesahujicich 244 m. Tato vzddlenost
vSak byla v nékolika mistech pfekrocena jiz v zaddvaci dokumen-
taci, a proto by tak mél klient pfevzit plnou zodpovédnost za pozar-
ni riziko plynouci z tohoto faktu.

Jak uZ bylo zminéno u tratovych tunell, maji d¢inky seismicity
negativni vliv také na ndvrh samotnych propojek a zejména jejich
pusobeni v systému tratovy tunel — propojka — tratovy tunel. Nejen
proto (samotné Zelezobetonové limce jsou vzdy atypické podle
natoCen{ propojky vzhledem k tratovym tunelim a usporddani seg-
mentovych dilci a samotnd betonaZz do rozklddacich bednicich
bloka je provddéna samostatné — smr§téni takovéto monolitické
Zelezobetonové konstrukce vyvozuje nezanedbatelnd napéti, atd.)
je konstrukéné zamezeno prendSeni pri¢nych deformaci tratovych
tunell do propojky a v propojkach, které slouzi také jako odvodiio-
vaci, jsou jimky dostate¢né odizolovdny v celém svém objemu
pruznym materidlem tak, aby témto pfi¢nym pohybum nebrdnily.
Samotné posouzeni propojek, resp. sekunddrniho osténi na tcinky
seismicity sehrdlo nemalou roli v jejich dimenzovéni. Podle geolo-
gickych profili a podle pozice skalnfho podlozi se vnitini sily
v sekunddrnim osténi pohybuji od 115-245 % puvodnich sil bez
uvazovaného seismického zatiZzeni a je jisté, Ze jiZ jen zvySené
pérové tlaky pii kratkodobém — tedy neodvodnéném — seismickém
zatizeni, hraji nezanedbatelnou roli pfi statickém ndvrhu.

ZLEPSOVANI VLASTNOSTI[ ZEMINOVEHO PROSTREDI

Podle vysledné geologické interpretace, v niz mél kone¢né hlav-
ni slovo klient, bylo zfejmé, 7e vétSina propojek bude razena
v prostiedi pisku a bude tedy nutné zamezit masivnim pritokim
nejen k Celbé, ale obecné vhodnou metodou zajistit stabilitu vyru-
bu. Z mnoha nabizejicich se variant (napf. chemickd injektdz, zmra-
zovani, apod.) byla zejména vzhledem ke komplikovanému tvaru
kiizeni propojka — tratovy tunel a relativni jednoduchosti technolo-
gie zvolena tryskovd injektdz aplikovand z povrchu, a to dvoufézo-
va s patfiénym rozsahem doporucenych hodnot (sloZzeni smési,

respect to the complicated shapes and intersections. Drain pits
are proposed for four cross passages found at the lowest points
between the stations (see Fig. 7).

According to the NFPA130 document [5], running tunnels as
well as independent fire compartments are to be interconnected
by cross passages at intervals not exceeding 244m. Since this
spacing was exceeded in several locations already in tender docu-
ments, the client should assume full responsibility for the fire
risk following from this fact.

As mentioned above in the case of the running tunnels, the
effects of seismism have a negative influence even on the design
for the cross-passages themselves and, first of all, on their role
within the running tunnel — cross passage — running tunnel sys-
tem. This is not the only reason (the reinforced concrete collars
are always atypical depending on the skew angle of the cross pas-
sage with respect to the running tunnels and the configuration of
the segments, and the casting of concrete behind the collapsible
formwork blocks is carried out separately — the shrinking of such
a mass reinforced concrete structure induces non-negligible
stresses, etc.) why the transfer of transverse deformation of run-
ning tunnels to a cross passage is structurally prevented and the
whole volume of sumps in the cross passages serving also to dra-
inage purposes is additionally isolated by an elastic material so
that the sumps do not prevent the transverse movement. The
assessment of the cross passages, or more precisely of the secon-
dary lining, for seismism effects played no small role in their
dimensioning. Inner forces in the secondary lining range from
115-245 % of the original forces without the seismic load taken
into consideration, depending on the geological profiles and the
position of the bedrock. It is certain that even the increased pore
pressures at short-term (undrained) seismic loading play a non-
negligible role in the structural analysis.

IMPROVING SOIL ENVIRONMENT PROPERTIES

According to the resultant geological interpretation, in which the
client had the main say, it was obvious that the majority of cross
passages would be driven through an environment consisting of
sands, therefore it would be necessary not only to prevent massive
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EPBS). Zaroven vsak, zejména po rozporu
s geologickou interpretaci, bylo durazné
doporuceno provést zkousky tryskové injek-
tdZe s obnaZenim sloupu TI a odzkouSenim
jadra jak na vyslednou pevnost, tak také na propustnost
v predpoklddanych zemindch pro néslednou optimalizaci névrhu.
Oba technické aspekty hraji totiz velkou roli pfi samotné razbé, kdy
je duleZité stabilizovat vyrub, zamezit pritokim, ale zdroven nezne-
snadnovat samotnou razbu bézné dostupnou technologii. Vysledny
kompromis TI tedy znél — pracovni tlak 40 MPa; w/c 1-1,3; primér
trysky min. 2,6 mm (optim. 1x5 mm); zdvih 0,2-0,25 m/min; rych-
lost otacek 18-20/min.; energie tryskani min. 20 MJ/m pro dosazeni
95 % statistického vzorku o pevnosti 2-4 MPa, pruméru sloupu min.
1 m a max. propustnosti 1E® cm/s. Hned prvni raZend propojka
potvrdi, zdali vysledek technické diskuse byl spravny a opravnény.

Jednim z davodu, pro¢ byla také zvolena tryskova injektdz, byl
striktni predpis klienta, Ze hladina podzemni vody nesmi klesnout
vic nez 2 m pod stévajici prumérnou troven HPV. Jak je jiz zminé-
no v predchozim odstavci, navrZend tryskova injektdZ md zarudit
stabilitu vyrubu a nepropustnost v dobé prordzky propojky
v segmentech a vyrubu propojky samotné. Stejné vlastnosti ma mit
totiZ i tryskova injektdZ navrzend pro startovaci a demontazni Sach-
ty EPBS, které budou pod ochranou zlepseného zeminového bloku
(délka min. 1x prumér tunelu, $itka 2 praméry) pravé z tryskové
injektdze (obr. 8). Rozjezd EPBS ze/do stavebni jamy, pokles povr-
chu, nepropustnost a stabilita otevieného bloku jsou totiZ
v minulosti diskutovand témata, kterd maji hlavni vliv na schopnost
EPBS udrzet pozadovany smér zejména pri startu. Zde jsou nepro-
pustnost vody a specifickd pevnost sloupu TI stéZejni pro spravny
technicky ndvrh a fadné zapoceti razby.

Za zminku na tomto miste jisté stoji komplikovand koordinace se
zhotovitelem sousedniho dseku ohledné tryskové injektaze za jeho
podzemni sténou. V piipade, Ze by doSlo k poSkozeni podzemni
stény jiného zhotovitele, nebylo jisté, kdo nakonec ponese rizika
spojend s vystavbou ochranného bloku, pripadnych ndkladi na
opravu, atd. Jisté vSak je, Ze pozadavek zhotovitele na numerickou
analyzu takovéto uddlosti je prinejmensim usmeévny a pri kryt
vyztuze podzemnich stén min. 100 mm a pracovnich tlacich do
40 MPa je moZné uvaZovat pouze s lokdlnim poruSenim kryci vrst-
vy do hloubky maximdlné nékolika cm, na coz byl zhotovitel upo-
zornén a bylo mu doporuceno provést zkusebni tryskdni na obdob-
ny fragment Zelezobetonové podzemni stény pro zjisténi miry
poskozeni kryci vrstvy vyztuZze.

Navrhovand tryskovd injektdZ byla predmétem oponentskych
posudku nezavislych experta klienta a generdlniho konzultanta a byla
jimi v plné mife odsouhlasena a doporucena jako nejefektivnéjsi
metoda.

Obr. 8 Situace pouZiti tryskové injektdZe u startovaci Sachty
Fig. 8 Situation of the application of jet grouting at a launching shaft

inflows to the heading but also to secure stability of the excavation
using a generally suitable method. Jet grouting applied from the
surface ( two-phase grouting with adequate scope of the recom-
mended values, such as the mixture composition, working pressu-
re, rotation speed, lifting rate etc.), was selected among many vari-
ants on offer (e.g. chemical grouting, freezing etc.) taking into con-
sideration the complicated shape of intersections of cross passages
with running tunnels and the relative simplicity of the technology.
It is necessary in this case to put stress on the fact that the jet grou-
ting will be carried out under the water table at negligible flow rate.
If this is not the case, a more profound gradient of water pressures,
especially in the environment formed by well graded sands, could
mean washing of grouting mixture away, causing significant losses
in the otherwise financially demanding technology. It was assumed
during the work on the design that a protective jet grouted block
would be developed before the passage of the EPBS, so that the jet
grouting columns surrounded the future opening to the cross passa-
ge to the maximum possible extent (the cutterhead with offset cut-
ting tools is nearly always larger than the shield itself, but the sub-
sequent grouting which is carried out behind the machine provides
sufficient sealing function, which must be carefully monitored in
the areas of cross passages by means of pressure sensors installed
on the EPBS grouting equipment). At the same time, it was strong-
ly recommended, after the disagreement with the geological inter-
pretation was revealed, to conduct tests of the jet grouting where
a jet grout column would be exposed and the resultant strength and
the permeability in the anticipated soils would be tested on the core
to make subsequent optimisation of the design possible. The reason
was that two technical aspects play an important role during the
tunnelling process, where it is important to stabilise the excavated
opening and prevent inflows, while not making the driving difficult
for the commonly available technology. The resulting compromise
for the jet grouting process was: working pressure of 40 MPa, w/c
1-1.3; minimum nozzle diameter of 2.4 mm (1x5 mm optimal); lif-
ting rate of 0.2—-0.25 m/min; rotation speed of 18—20 revolutions per
minute; minimum jetting energy of 20 MJ/m required to achieve
95 % of statistic sample with the strength of 2—4 MPa, with the
minimum diameter of columns of 1 m and the maximum permeabi-
lity of 1E-05 cm/s. Only the first bored cross passage would confirm
whether the result of the technical discussion had been correct and
justified.

One of the reasons why the jet grouting method was chosen
was a strict directive of the client that the water table was not
allowed to drop by more than 2 m under the existing mean WTL.
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Obr. 9 Obrad Puja pred zahdjenim stavby
Fig. 9 Puja ceremony prior to the construction work commencement

ZAVER

Zavérem nam dovolte zminit jednu netechnickou zajimavost
doprovézejici zahdjeni kazdé indické stavby: obfad zvany ,,Puja“,
pii némz se Zehna hinduistickym boZzstviim, posvécuji se vechny
stroje, umistiije oltdr na stavenisti, obradné rozbiji kokosovy orech,
atd. (obr. 9). Véfime tedy, Ze nejen s touto ,,pfizni boZstev* se i pres
vSechny mozné komplikace, které uz nastaly a jisté je§té nastanou,
podari projekt Gspésné dokoncit tak, aby metro v Chennai pomoh-
lo odleh¢it soucasné netinosné situaci a prineslo rychly, pohodiny,
ekonomicky a modern{ zplsob piepravy. Cely projekt chennaiské-
ho metra, jehoZz odhadované ndklady ¢ini 2,2 mld. USD, bude
dokoncen v roce 2015.

ING. HELENA BROOKSOVA TOUSOVA,
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As mentioned in the previous paragraph, the proposed jet grou-
ting technology is required to ensure the excavation stability and
impermeableness at the moment of breaking of the cross passage
through the segments and the excavation of the cross passage
itself. The reason is that the jet grouting proposed for the EPBS
launching shafts and dismantling shafts, which will be under the
protection of the improved soil block (the length and width of
1 x tunnel diameter and 2 tunnel diameters as the minimum, res-
pectively) consisting of jet grouting is to have identical properti-
es (see Fig. 8). The EPBS starting from the construction pit and
arriving in the pit, the settlement of the ground surface, imper-
meableness and stability of the opened block are topics which
had been discussed in the past, having the main influence on the
EPBS to maintain the required direction, first of all during the
start. In this case the water impermeableness and specific
strength of jet grout columns are crucial for correct designing and
good commencement of excavation.

The complicated coordination with the contractor for the
neighbouring section. regarding the jet grouting behind his diap-
hragm wall is certainly worth mentioning in this place. It was not
certain who would take the risks associated with the construction
of the protective block and contingent cost of repairs etc. should
a diaphragm wall of another contractor be damaged. In any case,
it is certain that the contractor’s requirement for a numerical ana-
lysis of such an event is unusual and unrealistic. At the minimum
cover of the diaphragm wall reinforcement of 100mm and wor-
king pressures of up to 40 MPa, it is possible to assume only
local damage of the cover layer to the maximum depth of several
centimetres. The contractor was given a notice of it and was
recommended to carry out trial jetting on a similar fragment of
a reinforced concrete diaphragm wall with the aim of determi-
ning the degree of damage to the reinforcement cover.

The proposed jet grouting process was the subject of opponent
assessments by independent experts hired by the client and the
general consultant. They fully approved it and recommended it as
the most effective method.

CONCLUSION

Allow us at the conclusion to mention one non-technical curi-
osity accompanying the commencement of each Indian construc-
tion. It is a ceremony called “Puja”, during which Hindu gods are
blessed. They consecrate all machines, an altar is installed on the
site, a coconut is ceremonially broken etc. (see Fig. 9). We there-
fore believe that it will be not only owing to this “favour of divi-
ne beings” that, despite all possible complications which have
already been and certainly will be encountered, the project will
be successfully completed, so that the metro in Chennai can help
to unburden the current intolerable situation and the quick, com-
fortable, economic and modern transport system is brought to the
city. The entire Chennai metro project, the estimated cost of
which amounts to USD 2.2 billion, will be completed in 2015.

ING. HELENA BROOKSOVA TOUSOVA,
helena.tousova@mottmac.com,

MOTT MACDONALD PVT LTD.,
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CHENNAI METRO - PROJEKT GEOTECHNICKEHO MONITORINGU
CHENNAI METRO - GEOTECHNICAL MONITORING DESIGN

IGOR ZEMANEK, ONDREJ ZAHRADNIK

ovoD

Chennai je hlavnim méstem oblasti Tamil Nadu znamé pro
své kulturni dédictvi a Cetné pamatky. Chennai je nejvetsi
obchodni a pramyslové centrum v jiZzni Indii, coZ klade ndroky
na roz§iteni kompletn{ infrastruktury véetné podzemni drdhy
pro dennfi prepravu obyvatel. Metro v Chennai je skute¢né nej-
duleZitéjsim dopravnim prostfedkem, obsluhujicim asi 5 mil.
obyvatel. Jeho rozsifeni a prodlouZzeni je nevyhnutelné pro
dalsi rozvoj mésta a celého prilehlého regionu.

Projekt monitoringu, se kterym vas chceme sezndmit, pokry-
vd vystavbu priblizné 3,7 kilometru tratovych tuneld podzemni
drahy véetné tif stanic — Nehru Park, Kilpauk Medical College
a Pachaiappa’s College.

Tratové tunely budou jednokolejné a budou razené strojné
metodou EPBS. Stanice se budou realizovat jako hloubené
(Cut & Cover) metodami specidlniho zakldddni hloubenim po
etapdch. Jaimy hloubenych stanic budou pazené podzemnimi
sténami, které budou ve tfech drovnich rozpirdny ocelovymi
rozpérami.

Tunelové propojky a stfedové kratké technologické tunely
budou provadéné konvenéni metodou NRTM.

ZADANI A STRATEGIE MONITORINGU

Primdrnim tkolem monitoringu je sledovani deformaci celé-
ho razbou dotéeného systému: osténi — masiv — povrch terénu
— objekty nadzemn{ zdstavby s cilem zajistit vysokou bezpec-
nost a efektivitu proveden{ stavebnich praci. Sekundarnim dko-
lem monitoringu jsou duleZitd kontrolni méfeni napf. vibraci
v objektech nadzemn{ zdstavby, méfeni porovych tlaka a méfe-
ni tlakd pasobicich na rozpéry stavebnich jam.

Podkladem pro zhotoveni projektu monitoringu ndm byla
klientem dodand predpoklddand poklesovd kotlina a podrobnd
dokumentace povrchové zastavby a jejiho stavebné-technické-
ho stavu v okolf raZzeb. Charakter poklesové kotliny je zdvisly
hlavné na geologickém prostiedi, vySce nadloZi, pruméru tune-
lu a na zpusobu provddéni tunelu. Zde bychom rddi upozornili
na obtiZe, které provézely geologicky pruzkum. Prazkumné
vrtani v Indii ma svd specifika a ve srovnani s na§imi poméry
znatelné hors$i kvalitu. Vrtd se bezjadroveé a v pravidelnych
intervalech (obvykle 1,5 m) se provadi standardni penetracni
zkouska, kdy se do dna vrtu ddery beranu zardz{ kovovy odbér-
ny valec. Geologicky popis se déld na zdkladé tohoto zcela
poruseného vzorku a mechanické vlastnosti se odvozuji z poctu
dderu potiebnych k zarazeni souty&i o 30 cm. Na zakladé takto
provedeného prizkumu byla hranice skalniho podkladu stano-
vena podle naSeho ndzoru v neredlnych hloubkdch. K se-
riéznimu posouzeni a stanoveni vlastnosti zvétralych hornin by
bylo treba jadrového vrtani s dvojitou jadrovnici. V prostredi
mistnich dodavateli vSak toto neni moZné. Z toho duvodu
a také proto, Ze technologie EPBS patii mezi metody, které
minimalizuji deformace na povrchu terénu, lze ocekdvat, Ze
poklesovd kotlina byla stanovena velmi konzervativné a rozsah
monitoringu podle poZzadavka klienta je vzhledem k pouZité
technologii razby dosti masivni.

INTRODUCTION

Chennai is the capital of Tamil Nadu, a region renowned
for its cultural heritage and numerous historic monuments.
Chennai is the largest commercial and industrial centre in
southern India. This fact places demands on the expansion of
the comprehensive infrastructure including the underground
railway for daily transport of people. The metro in Chennai is
really the most important means of transport, serving the
population of about 5 million. Its expansion and extension is
indispensable for the continuing development of the city and
the entire surrounding region.

The monitoring design which we wish to acquaint you with
covers the construction of about 3.7 km of running tunnels of
the underground railway, including three stations: Nehru
Park, Kilpauk Medical College and Pachaiappa’s College.

The running tunnels will be of the single-track design and
will be driven mechanically using EPBS. The stations will be
constructed using specialist foundation cover-and-cut met-
hods, with the excavation divided into stages. The pits for the
cover-and-cut stations will be braced by diaphragm walls,
with steel braces installed at three levels.

Cross passages between running tunnels and short tunnels
at the centre will be driven using the conventional NATM.

MONITORING TASK AND STRATEGY

The primary task for the monitoring is to observe deforma-
tions of the entire lining-ground mass-ground surface-exis-
ting surface buildings system affected by the underground
excavation with the objective to ensure a high level of safety
and effectiveness of the construction operations. A secondary
task for the monitoring comprises important check measure-
ments, e.g. vibrations in surface buildings, measurements of
pore pressures and measurements of pressures acting on
structures bracing the walls of construction pits.

The source documents for the preparation of the monito-
ring design which were handed over to us by the client com-
prised data on the anticipated settlement trough and detailed
documents on surface buildings in the vicinity of the underg-
round excavation and their structural-technical conditions.
The character of the settlement trough depends first of all on
the geological environment, the overburden height, the tunnel
diameter and the tunnelling method. In this place we would
like to bring forward the difficulties which attended the geo-
logical survey. Survey drilling in India has its specifics and,
compared with our conditions, its quality is substantially
worse. A full-hole drilling system is used, with Standard
Penetration Tests conducted at regular intervals of depth
(usually of 1.5 m), driving a metal sampling tube into the
drillhole bottom by means of a drop hammer. Geological log-
ging is carried out on the basis of these completely disturbed
samples, and mechanical properties of ground are derived
from the number of hits required for the driving of the string
of rods 30 cm deeper. In our opinion, the bedrock border,
which was determined on the basis of the survey conducted
in this way, was determined to be located at unrealistic
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depths. Serious assessing
and determining of properti-
es of weathered rock would
have required core drilling
using a double-core barrel.
Unfortunately, this is not
possible in the environment
provided by local contrac-
tors. For this reason and also
because of the fact that full-
face tunnelling by EPBS
belongs among methods mi-
nimising deformations at the
ground surface, it is possible
to expect that the settlement
trough was determined in
a very conservative way and
the monitoring extent requi-
red by the client is quite
massive taking into conside-
ration the excavation tech-
nology used.

The anticipated settle-
ment trough along the tun-

nel alignment is about 60 m
wide on average, about

Obr. 1 Teoreticky pritbéh poklesové kotliny
Fig. I Theoretical shape of the settlement trough

Predpoklddand poklesové kotlina md podél trasy tuneltl pri-
mérnou $itku cca 60 m, v okol{ stanic cca 140 m a je ohrani¢end
izolinii na hodnoté seddani 1 mm. Poklesovou kotlinu jsme pro-
lozili Gaussovou distribu¢ni kfivkou, ze které jsme stanovili
dulezité hrani¢ni hodnoty (max. seddn{, max. vodorovna defor-
mace, tahova oblast, tlakova oblast — obr. 1), na jejichZ zdkladé
jsou stanoveny varovné stavy. V prubéhu stavebnich praci budou
operativné indikovany odchylky od ocfekavanych deformaci
a budou prijimédna pfislu$nd opatreni. K minimalizaci $kod na
povrchu vlivem seddni bude béhem vystavby odéerpavand voda
zpétné prederpdvéna do zasakovacich vrtu a odvédéna tak zpdt
do horninového prostiedi. Hladina podzemni vody bude trvale
sledovdna a jeji hladina by neméla klesnout vice nez o dva
metry. Bude tak zabrdnéno pritizeni od poklesu podzemni vody
a dal$imu sedéni. Prabéh predpoklddané poklesové kotliny uka-
zuje obr. 2.
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Obr. 2 3D model prubéhu poklesové kotliny v trase metra
Fig. 2 3D model of the settlement trough shape along the metro route

140 m in the surroundings
of stations. It is bordered by
an isoline for settlement
value of 1 mm. We interlaid
the settlement trough with a Gaussian distribution curve and
determined important border values from it (maximum settle-
ment, maximum horizontal deformation, the tension area, the
compression area — see Fig. 1), on the basis of which the war-
ning states are determined. Deviations from the anticipated
values will be operatively indicated during the course of the
construction work and relevant measures will be adopted. To
minimise damages on the ground surface, ground water pum-
ped during the course of the construction will be pumped
over to infiltration wells and returned back to the ground
environment. Water table will be continually monitored. Its
level should not drop more than by two metres. In this way
the surcharge loading due to the decline of water table and
subsequent settlement will be prevented. The shape of the
anticipated settlement trough is shown in Fig. 2.

MONITORING INSTRUMENTATION

The monitoring design can be divided into two partial
units:

Monitoring over tunnels and metro stations

Monitoring over existing surface buildings

The main tool of the monitoring over the metro route is for-
med by the total of 104 profiles in which individual measu-
rement systems are combined. The profiles are distinguished
with respect to the method and numbers of measurement sys-
tems; they are denoted as A, Al, B, C, D, E and F. Profiles
denoted A-C are instrumented specially for the purpose of
monitoring of cover-and-cut metro stations. Profiles D-F are
designed for the monitoring of running tunnels.

The profiles are situated approximately every 35 m in pla-
nes perpendicular to the route centre line. They are designed
taking into consideration the existing buildings so that they
extend to the closest adjacent streets, thus allowing the mea-
surement throughout the predicted settlement trough width.
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INSTRUMENTACE MONITORINGU

Névrh monitoringu Ize rozdélit do dvou dil&ich celku:

Monitoring tunelii a stanice metra

Monitoring objektii povrchové zdstavby

Hlavnim ndstrojem monitoringu trasy metra je celkem 104
profili, ve kterych jsou sdruZeny jednotlivé méfici systémy.
Profily se rozli§uji podle zpusobu a mnoZstvi méficich systému
a jsou oznaceny A, Al, B, C, D, E a F. Profily s oznacenim
A—C jsou specidlné vystrojené pro monitoring hloubenych sta-
nic metra. Profily D—F jsou navrzené pro sledovani tratovych
tunelq.

Profily jsou situovany po cca 35 m v roviné kolmé k ose
trasy a jsou navrzeny s ohledem na stdvajici zdstavbu do nej-
blizsich prilehlych ulic tak, aby bylo mozné promérovat pokle-
sovou kotlinu v celé jeji prognézované Sifce.

Instrumentace v jednotlivych profilech hloubenych stanic
sestdvé z nésledujicich méficich systému:

A — 2bodovy nivela¢ni profil + dynamometry ve tfech drov-

nich rozpér

Al — 2bodovy nivela¢ni profil + inklinometr v pazici kon-

strukci + dynamometry ve trech drovnich rozpér

B — 16bodovy nivela¢ni profil + inklinometr v paZici kon-

strukci + jednostupnovy piezometr + dynamometry ve
trech drovnich rozpér

C — 20bodovy nivelacni profil + inklinometr v paZzici kon-

strukci + 2x inklino/extenzometrické vrty + 2x tristup-
nové piezometrické vrty + dynamometry ve trech drov-
nich rozpér
Meéfrici prvky jsou osazeny symetricky po obou strandch sta-
vebni jamy.
Nad tratovymi tunely a propojkami budou zhotoveny méfic-
ké profily:
D — 5bodovy nivelaéni profil
E — 13bodovy nivelaéni profil + jednostupnovy extenzometr
v ose tunelovych tubusu

F — 15bodovy nivelacni profil + 3x inklino/extenzovrt + 2x
tiistupnovy extenzometr v ose tunelovych tubusu + 2
jednostupnové piezometrické vrty

Mimo mefické profily bude navic méfena konvergence
v tunelovych propojkéch a v tratovych tunelech v misté kiize-
ni tunelu s propojkami. Propojky budou razeny NRTM, a proto
bude méfeni konvergence provadéno ve 4 profilech jako sou-
¢ast technologie NRTM. Jako kontrolni méfeni stability trato-
vych tunelt bude slouZit konvergenéni méfeni ve dvou profi-
lech pfed a za propojkou v obou tunelovych tubusech. Na
obrdzku 3 a 4 je osazeni inklinometrického vrtu a ndsledné
odeditdni namérenych hodnot.

Celkovy objem projektované instrumentace je ndsledujici:

Nivela¢ni body na terénu 745 boda

M¢feni pérovych tlaku 40 piezometru
(méfeni v 1-3 tdrov-
nich)

50 extenzometrickych
vrta (3stupniové)

55 vrta (2stupriova
extenzometrie)

30 inklinometra

v podzemnich sténdch

TyCovy extenzometr
Kombinovana inklino/exteznometrie
Inklinometrie

Objekty povrchové zdstavby

Do monitorovaciho systému byly primdrné zarazeny budovy
situované uvnitf poklesové kotliny a ty, které protind izolinie
seddni na hodnoté 1 mm. Zéastavba v dotéené oblasti je zna¢né
rozmanitd. Nachdzi se zde na jedné strané¢ moderni budovy

Obr. 3 Montdz inklinometrické paZnice ve vrtu
Fig. 3 Installation of the inclinometer casing in a borehole

The instrumentation sets for individual profiles of cover-
and-cut stations consist of the following measurement sys-
tems:

A — 2-point levelling survey profile + tension dynamome-

ters at three bracing levels

A1l — 2-point levelling survey profile + inclinometer in the

bracing structure + tension dynamometers at three
bracing levels

B — 16-point levelling survey profile + inclinometer in the

bracing structure + single-stage piezometer + tension
dynamometers at three bracing levels

C — 20-point levelling survey profile + inclinometer in the

bracing structure + 2x inclinometer / extensometer
borehole + 2x three-stage piezometer boreholes + ten-
sion dynamometers at three bracing levels

The measurement elements are installed symmetrically on
both sides of the construction pit.

The following measurement profiles will be installed above
running tunnels and cross passages:

D — 5-point levelling survey profile

E — 13-point levelling survey profile + single-stage exten-

someter on the centre line of tunnel tubes

F — 15-point levelling survey profile + 3x inclinometer /

extensometer borehole + 2x three-stage extensometer
on the centre line of tunnel tubes + 2x single-stage pie-
zometer boreholes

In addition to the measurement profiles, convergences will be
measured in cross passages and in running tunnels at the inter-
sections between running tunnels and cross passages. Cross pas-
sages will be driven using the NATM. The convergence measu-
rements will therefore be conducted at 4 profiles as parts of the
NATM technique. Convergence measurements at two profiles,




Obr. 4 Inklinometrické méreni v konstrukci podzemni Zelezobetonové stény
Fig. 4 Inclinometer measurement in a reinforced concrete diaphragm wall
structure

hotelti a bytovych domu a rozséhlé univerzitni kampusy, na
druhé strané primitivn{ a v nejriznéj$im stavu se nachdzejict
obydli zdejsi chudiny (obr. 5). Po provedeni pasportizaci mist-
nim dodavatelem byl kone¢ny rozsah monitoringu stanoven na
jedndni s klientem. Celkovy pocet sledovanych objekta bude
v prabéhu raZeb 149. U téchto staveb bude provadéno:

— nivelaéni méfen{

— méfeni ndklona vyskovych budov (tiltmetr

a trigonometrie)
— mérfeni dilatace trhlin (dilatometrie)
— vodorovné deformace nosnych obvodovych konstrukci
(padsmovd extenzometre)

— méfeni vibraci v budovich

Kazdd budova je instrumentovana individudlné podle poctu
podlazi, konstrukéniho feSeni a polohy objektu na poklesové
kotliné. U vSech budov bude periodicky promérované sedani
po obvodu budovy metodou presné nivelace se zretelem na
nerovnomérné sedéni, které zpusobuje vyvoj smykovych trhlin
v konstrukci. U vSech budov bude méfen bodovy ndklon pri-
loznymi tiltmetry. U vy$kovych budov bude toto méteni rozsi-
feno na méfeni ndklon presnou trigonometrii. Jeden bod bude
umistén na budové 1 m nad terénem a druhy ve 2/3 vysky
budovy, nebo na hornim okraji fasddy. U rozsdhlych
a nepriznivé umisténych budov bude provadéno méreni vodo-
rovné deformace obvodovych nosnych konstrukci pdsmovym
extenzometrem. Stdvajici trhliny na nosnych konstrukcich star-
Sich budov budou osazeny dilatometry (crack meters) a bude
sledovédn pripadny vyvoj dilatace na téchto trhlindch. Priklad
instrumentace ukazuje obr. 6.
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in front and behind the cross passage in both tunnel tubes, will
serve as check measurements of the stability of running tunnels.
The installation of an inclinometer borehole and the subsequent
reading of measured values are presented in Figures 3 and 4.
The overall amount of the designed instrumentation is as
follows:
Levelling points on the surface
Pore pressure measurements

745 points

40 piezometers
(measuring at
1-3 levels)

50 extenzometer
boreholes
(3-stage)

55 boreholes
(2-stage extenzo-
metry)

30 inklinometers in
diaphragm walls

Rod-type extensometer

Combined inclino/extensometry

Inclinometry

Existing surface buildings

Buildings located inside the settlement trough and buil-
dings intersected by the isoline for settlement value of 1 mm
were primarily incorporated into the monitoring system. The
development in the area of operations is very chequered. On
the one hand, there are modern buildings of hotels and blocks
of flats and large university campuses there; on the other
hand, there are primitive dwellings of local poor people in
various states there (see Fig. 5). After the condition survey
had been completed by a local contractor, the final extent of
the monitoring was determined in discussions with the client.
The total number of buildings will amount to 149 during the
course of the underground excavations. The monitoring of
these buildings will consist of:

— levelling survey

— measurement of inclination of high-rise buildings (tilt-

meters and trigonometric survey)
— measurement of expansion of cracks (dilatometers)
— measurement of horizontal deformation of structural
enclosing walls (tape extensometers)

— measurement of vibrations inside buildings

Each building is instrumented individually, depending on
the number of floors, the structural design and position of the
building within the settlement trough. The settlement of each
building will be periodically measured around the building
circumference using the precise levelling technique, taking

Obr. 5 Ruznorodost objektii povrchové zdstavby
Fig. 5 Variability of existing surface buildings



21. rocnik - €. 2/2012

Obr. 6 Priklad instrumentace objekti povrchové zdstavby
Fig. 6 An example of the instrumentation of existing surface buildings

Celkovy objem instrumentace objektli povrchové zédstavby je
ndsledujici:

Nivela¢ni body na budovich 1 788 meérickych

bodu
Meéreni dilatace trhlin 3 570 deformetrt
Néklonoméry 331 kusu

101 profila
394 mérickych
bodu

Pasmova extenzometrie
3D trigonometrie

ZAVER

UZ ze zadani, které jsme obdrZeli pro vypracovani realizacni-
ho projektu geotechnického monitoringu, bylo zfejmé, Ze geo-
technicky monitoring, bezpecnost, efektivita vystavby a fizeni
rizik patfi mezi priority klienta. Monitoring v zadavaci doku-
mentaci byl doslova ,,pfedimenzovany*, to se tykd napr. mnoz-
stvi nivelalnich bodl na objektech. Bylo poZadovéno osazeni
téchto bodd po 5 m po obvodu budovy, nedmérné mnoZstvi
naklonomérnych stanovist' nebo konvergen&ni méfeni tibinka
v tunelovych tubusech raZzenych EPBS. Jako i v jinych oborech
lidské Cinnosti i u geotechnického monitoringu plati, Ze nékdy
méné znamend vice. Sledovéni objekta zdstavby jsme reduko-
vali na zdkladé prubéhu analyzované poklesové kotliny
a konvergen¢ni profily v tubusech omezili pouze na profily
v blizkosti tunelovych propojek. Realizacni projekt, ktery jsme
vydali a na ktery jsme podle britskych standarda dostali certifi-
két, povazujeme za optimdlni. V soucasné dobé¢ probihaji prace
na stanici Nehru Park. Zelezobetonové podzemni stény jsou
dokonc¢ené a nyni se jama odtéZuje a instaluji se ocelové vzpe-
ry v prvni etdzi. V souvislosti s t€mito pracemi byl zahdjen geo-
technicky monitoring podle provadéciho projetu. Po nultém
méfeni pracovnici monitoringu provadéji etapovd méfeni na
jednotlivych méficich systémech. Na zadném systému méreni
nebyla prozatim namérena zména, a proto jsme do ¢lanku zddné
vysledky méfeni neuvadéli. Doufdme, Ze budeme mit moZnost
vysledky méfeni prezentovat v néjakém z dalSich Eisel Casopisu
Tunel po dokonceni stavebnich praci metra v Chennai.
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into consideration differential settlement which causes the
development of cracks in the structure. The inclination was
measured on all buildings with external tiltmeters. This mea-
surement will be expanded in the case of high-rise buildings,
adding the measurement of tilting by precise levelling. One
point will be installed on the building at the height of 1 m
above the ground surface and the other at 2/3 of the building
height or at the top of the facade. Tape extensometers will be
used in the cases of large and unfavourably positioned buil-
dings for measurements of horizontal deformations of enclo-
sing walls. Crack meters will be installed on existing cracks
in structural walls of older buildings and the contingent deve-
lopment of expansion of cracks will be followed. An example
of the instrumentation is presented in Fig. 6.

The overall amount of instrumentation of existing surface
buildings is as follows:

levelling survey points on buildings 1788 measure-
ment points
3570 deformeters
331 pieces
101 profiles
394 measurement
points

measurement of expansion of cracks
tiltmeters

tape extensometer measurements
3D trigonometry

CONCLUSION

It was obvious already from the task were received for the
development of the detailed design of geotechnical monitoring
that the geotechnical monitoring, safety and efficiency of the
construction as well as the risk management belonged among
client’s priorities. The monitoring specified in the tender docu-
ments was “literally” oversized as far as, for example, the num-
ber of levelling survey points on buildings is concerned. The
design required these points to be installed every 5 m around the
building circumference, an inadequate number of inclinometer
stations or convergence measurements of segmental lining rings
in the EPBS-driven tunnel tubes. It applies to geotechnical
monitoring in the same way as to other fields of human activiti-
es that sometimes less means more. We reduced the extent of
monitoring over existing buildings on the basis of the shape of
the settlement trough being analysed, and restricted the conver-
gence measurement profiles only to the profiles located in the
vicinity of cross passages. We consider the detailed design issu-
ed by us, for which we received a certificate to British standards,
to be optimal. Currently the work on the Nehru Park station is
underway. Reinforced concrete diaphragm walls have been
completed and now the pit is being excavated and steel braces
are being installed at the first stage. The geotechnical monitoring
commenced in the context of these activities, following the
detailed design. After zero measurements, the monitoring per-
sonnel are conducting staged measurements on individual mea-
surement systems. No change has been found by the measure-
ments on any of the measurement systems. This is why we men-
tioned no measurement results in this paper. We hope that we
will be allowed to present measurement results in one of the
future issues of TUNEL journal after the construction work on
the Chennai metro is finished.

ING. IGOR ZEMANEK, igor.zemanek@mottmac.com,
MGR. ONDREJ ZAHRADNIK,
ondrej.zahradnik@mottmac.com,

MOTT MACDONALD CZ, spol. s r. o.




VPLYV KLIMATICKYCH CHARAKTERISTIK SLOVENSKA
NA DIMENZOVANIE VOZOVIEK V TUNELOCH

IMPACT OF CLIMATE CHARACTERISTICS OF SLOVAKIA
ON DIMENSIONING OF ROADS IN TUNNELS

MARTIN DECKY, LUCIA HRONCOVA, JOZEF VANGEL

1 OvoD

Klimatické podmienky sd popri dopravnom zatazeni jednym
zo stdlych vonkajsich faktorov, ktoré nepriaznivo ovplyviuju
fyzikdlno-mechanické vlastnosti jednotlivych konStrukénych
vrstiev vozoviek. V kone¢nom dosledku tieto ti¢inky a im odpo-
vedajice zmeny vyznamnou mierou ovplyviuji povrchové
vlastnosti vozoviek, ktoré su z aspektu ich uzivatelov rozhoduj-
dcim faktorom bezpecnosti cestnej dopravy. Podla vyznamného
slovenského klimatoléga prof. Lapina sa dopravné stavitelstvo
musi adaptovat’ na zmenené klimatické podmienky zlepSenym
technickym rieSenim dopravnych stavieb. Z dévodu predmetne;j
adaptdcie je tiez potrebné objektivizovat’ relevantné klimatické
charakteristiky ovplyviujice zmenu premennych parametrov
vozoviek pozemnych komunikécii.

V prispevku je hlavna pozornost’venovand klimatickych cha-
rakteristikdm vstupujicim do ndvrhu cementobeténovych
vozoviek.

2 VOZOVKY V TUNELOCH

Technické podmienky TP 11/2011 ProtipoZiarna bezpecnost

cestnych tunelov, MDVa RR z roku 2011 vo vztahu k vozovkdm

v tuneloch uvddzaju:
¢ na konstrukcie vozovky, nosné konstrukcie, poZiarne delia-
ce konStrukcie, steny a stropy v tuneli a priecne prepojenia

Tab. 1 Porovnanie pévodného systému klasifikdcie horlavosti stavebnych
materidlov a europskeho systému klasifikdcie stavebnych vyrobkov reakcie
na oheri

Table 1 Comparison of the original system of classification of flammability of
building materials and the European system of classification of construction
products reaction to the fire

Stupen horlavosti Klasifikacia podla Rozdelenie vyrobkov
podla STN 73 0861, STN EN 13501-1:2010 | podla vyhlasky
STN 73 0862 94/2004 Z. z.
Degree of flammability Classification Distribution of
according to according products according to
STN 73 0861, to STN EN 13501-1:2010 | decree 94/2004 Z. z.
STN 73 0862
A | nehorlavé A1 nehorlavé
non-flammable A2 s1,d0 non-flammable
B | nelahko horlavé ostatné A2, B
not easily flammable | other A2, B
C1| tazko horlavé C horlavé
hardly flammable flammable
C2 | stredne horlavé D,E
moderately flammable
C3 | lahko horlavé F
easily flammable

1 INTRODUCTION

Apart from traffic load, climatic conditions are one of the
constant external factors with adverse effects on physical and
mechanical properties of different structural layers in roadway.
Ultimately, these effects and corresponding changes signifi-
cantly affect surface characteristics of roadways, which is the
critical factor of road safety as regards road users. According to
the significant Slovak climatologist Professor Lapin, road engi-
neering should get adapted to modified climatic conditions by
improved technical design of transport constructions. In the
light of this adaptation, it is also necessary to objectify relevant
climatic characteristics that affect the change in variable para-
meters of road pavements.

The main attention in this paper is paid to the climatic cha-
racteristics that affect design of cement-concrete pavements.

2 PAVEMENTS WITHIN THE TUNNEL

Technical specifications TP 11/2011 Fire safety in road tun-
nels in relation to the state of pavements in tunnels:

e construction of the road, supporting constructions, fire
separating constrictions, walls and ceilings in the tunnel
and cross-links can be used only for construction products
and elements of fire reaction class Al,

¢ the construction of the walk way in the tunnel layers, man-
hole shafts on construction of sidewalks and the construc-
tion of roads and trails in the cross links forming separate
zones can be used only for construction products and ele-
ments of fire reaction class Alg, A2 g-s1 or Bg-sl.

The standard STN EN 13501-1 [1] introduced instead of the
flammability the reaction to fire. Reaction to the fire does not
apply to construction materials, but to construction products.
Comparison of the original National Fire classification of pro-
ducts and the European reaction to the fire classification is
according to National Annex NA — STN EN 13501-1: 2010 lis-
ted in Table 1 [2].

Standard STN EN 13501-1:2010 specifies the concerted acti-
on to classification of construction products reaction to the fire.
Based on the above, the client in Slovakia currently requires
that the road toll tunnels were made solely as concrete pave-
ments (CP) — Fig. 1 and 2.

Abroad, situation is not that evident as in SR, in tunnels are
building not only concrete (Fig. 3 and 4), but also asphalt pave-
ment (Table 2).

In [3] it is indicated that Austrian rule since 2001 requires for
new tunnels longer than 1 km establishment of C roads.
Recently was recorded a significant expansion of concrete
pavements in CR. In general, the most important advantages of
concrete roads are: long lifetime, resistance to pavement defor-
mation, long maintenance cost, while driving in rain and at
night is glazing and allows better orientation, the surface
brightness, flame resistance. The material EAPA (European
Asphalt Pavement Association) shows the application of asp-
halt pavements in tunnels according the Table 2 [4].
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Obr. 1 Pohlady na CB vozovky — vlavo tunel Sitina na D2 (Ing. DuSan Toddk), vpravo vyjazd z tunela Horelica na trase D3 (http://dialnice.szm.com/tun-
nels/Horelica.htm, 22. 3. 2012 )

Fig. 1 Views of CP: left — the tunnel Sitina D2 (Ing. DuSan Toddk], right — the exit from Horelica tunnel on highway D3 (http://dialnice.szm.com/tun-
nels/Horelica.htm, 22. 3. 2012 )

sa mozu pouZit’ iba stavebné vyrobky a prvky s triedou The requirements for road tunnels can be reflected in the fol-
reakcie na ohen Al, lowing functional requirements for the road:
* na konstrukcie pochddznej vrstvy chodnikov v tuneli, na kon- « slip resistance (safety),

Strukcie poklopov Sachiet v chodnikoch a na konStrukcie
vozovky a chodnikov v prie¢nych prepojeniach tvoriacich sa-
mostatné poziarne dseky sa mdzZu pouZit'iba stavebné vyrobky
a prvky s triedou reakcie na ohen Aly, A2g-s1 alebo By-sl.

¢ safe use in emergencies (security),
e visibility / color / glare (security / energy),
¢ longitudinal and transverse roughness (ride comfort),

Norma STN EN 13501-1 [1], zaviedla namiesto horlavosti * reduction of noise emissions (ride comfort),
triedu reakcie na ohefi. Reakcia na ohen sa nevztahuje na * road construction — maintenance (economic efficiency),
stavebné materidly, ale na stavebné vyrobky. e resistance (sustainability).

Obr. 2 Pohludy na CB vozovky na dialhici D1 v tuneloch Boérik (Ing. Jdn Filipovsky) a Branisko (http://www.railweb.sk/F oto/F oto_bran.html, 20. 3. 2012)
Fig. 2 Views on CP in tunnels Borik (Ing. Jdn Filipovsky) and Branisko (http://www.railweb.sk/F oto/F oto_bran.html, 20. 3. 2012) on highway D1

Obr. 3 Tunely Cointe (http://minel-schreder.rs/en/applications/groupreferences.html, 20. 3. 2012) a Kinkempois ( http://www.ori.belfr/projets/tunnel-de-kin-
kempois, 20. 3. 2012) v Belgicku na E25-E40 v Liege s pouZitim CB vozovky

Fig. 3 Tunnels in Belgium with CP pavements: left — tunnel Cointe (http://minel-schreder.rs/en/applications/groupreferences.html, 20. 3. 2012), right — tunnel
Kinkempois (http://www.ori.belfr/projets/tunnelde-kinkempois, 20. 3. 2012) on E25-E40 in Liege
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Obr. 4 Klimkovice (http://www.dopravniinfo.cz/ridici-centrum-tunelu-klimkovice, 23. 3. 2012) na D1, Panenskd (http://www.valbek.cz/cs/referencel/tunely,

20. 3.2012) na D8

Fig. 4 Tunnels in CR with CP: left — Klimkovice (http://www.dopravniinfo.cz/ridici-centrum-tunelu-klimkovice, 23.3.2012), right — tunnel Panenskd on D8

Tab. 2 Priklady eurdpskych cestnych tunelov s asfaltovymi vozovkami
Table 2 Examples of the tunnels constructed with asphalt pavements

Krajina - tunel
Country - tunnel

Zakladné informacie
Basic information

Pohlady na vozovky v tuneloch
Photo of tunnel pavement

Norsko
Norway

Leerdalstunnellen

Najdlhsi cestny tunel na svete, cesta Rv 50, dizka 24510 m,
obrusna vrstva asfaltovy betén AC.

World's longest Road Tunnel, road Rv 50, length 24510 m,
the surface layer AC.
(http://www.skurkeklubbenme.com/Images/Aidensfield-04-html,
22.3.2012)

Svajéiarsko
Switzerland

Gotthard-Strassentunnel

S diZkou 16 918 m v poradi 3. najdihsi cestny tunel sveta nacha-
dzajlci sa na A2 spaja mesta Lucern a Lugano.

The St. Gotthard Tunnel on A2 highway connecting the city Luzern
and Lugano, length of 16 918m, the third longest road tunnel

in the world.

(http://de.wikipedia.org//wiki/Gotthard-Strassentunnel, 5. 4. 2012)

Francuzsko
[Taliansko
France/ltaly

The Mont Blanc Tunnel

11 161 m dlhy Tunel Mont Blanc spajajlci franctizske mesto
Chamonix s talianskym udolim d'Aosta.

The Mont Blanc Tunnel long 11 61 m is a road tunnel in the Alps
under the Mont Blanc mountain, linking Chamonix, Haute-Savoie,
France and Courmayeur, Aosta Valley, Italy.
(http://www.cerezforum.com/dunya-tarihi/64722-
mont-blanc-tuneli.html, 5. 4. 2012)

Nizozemsko Cesta N62, najdihsi tunel v Holandsku, di. 6 600 m.
Netherlands Road N62, the longest tunnel for highway traffic in

The Netherlands, length 6 600 m.
Westerschelde (http://vervoersplanoloog.blogspot.com/2011/11/de-westerschelde-
tunnel tunnel-een-succesvol.html, 23. 3. 2012)
Spanielsko Cestny Tunel de Vielle v severozapadnom Katalansku, cesta N-230,
Spain dizka 5 240 m.

The Viella tunnel

Tunel de Viella, road tunnel in north-west Catalonia, road N-230
2 parallel tunnels, length of 5 240 m.
(http://www.panoramio.com/photo/9737046, 23. 3. 2012)
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Dansko/ Obrusna vrstva — asfaltovy koberec mastixovy,
Svédsko SMA O 16, hr. 30-35 mm, dizka 3 150 m.
Denmark/Sweden Wearing course — SMA 16, thickness 30-35 mm,
length 3 510 m [4] (Ing. Jan Filipovsky)
Oresund tunnel
Francuzsko Spéja dialnice A 57 a A50, dizka 3,2 km, Sirka 7 m. Obrusné vrstva
France z ,bieleho” asfaltového betdnu hr. 30 mm, obrazok prevzaty z [4].

Toulon tunnel
asphalt concrete.

The Toulon Tunnel between motorway A 57 and A 50). The length is
3.2 km, 7 m wide. The wearing course is a 30 mm thick white thin

Velka Britania
United Kingdom

Dartford tunel, vychodny Londyn pod TemZou, spaja Kent a Essex,
cesty M25 a A282, SMA O 14, PMB, dizka 1 600 m [4].
Dartford tunnel, east of London under Thames, between Kent and Essex,

Dartford tunel roads M25 and A282, SMA O 14, PMB, length approximately 1 mile [4].
Polsko Tunel Wistostrady, legth 700 m, obrusné vrstva AC O 16,
Poland PMB 25/55-63, 50 mm [4]. / Wislostrada tunnel, length 700 m,

Tunnel Wistostrady

wearing course: 5cm asphalt concrete AC 16, PMB 25/55-63 [4]

Porovnanie povodného ndrodného systému klasifikdcie poZi-
arnych charakteristik vyrobkov a eurépskeho systému klasifi-
kdcie reakcie na ohen je podla ndrodnej prilohy NA — STN EN
13501-1: 2010 uvedené v tab. 1 [2].

Norma STN EN 13501-1:2010 urcuje zostladeny postup kla-
sifikdcie reakcie stavebnych vyrobkov na ohen. Na zaklade
vysSie uvedenych skutoCnosti v sucasnosti objedndvatel na
Slovensku pozaduje, aby vozovky dialni¢nych tunelov boli
vyhradne realizované ako cementobeténové (CB) vozovky —
obr. 1 a2.

V zahrani¢i nie je situdcia takd jednoznac¢nd ako v SR,
v tuneloch sa buduji cementobeténové (obr. 3 a 4) vozovky,
ako aj asfaltové vozovky (tab. 2).

V [3] je uvedené, Ze rakusky predpis z roku 2001 pozaduje
pre nové tunely dlhS§ie ako 1 km zriadenie CB vozovky.
V poslednom obdobi vyznamny rozmach zaznamendvajd
cementobeténové vozovky aj v CR, na obr. 4 sd prezentované
pohlady na tunely s CB vozovkou.

Vo vseobecnosti najvyznamnej$imi vyhodami CB vozoviek
su: dlha Zivotnost, odolnost proti trvalym deformacidm, nizke
ndklady na ddrZbu, pri jazde za daZda a v noci sa nelesknd, lep-
Sia orientdcia, svetlost’ povrchu, nehorlavost. V materidli EAPA
(European Asphalt Pavement Association) sa uvadzaji aplikd-
cie asfaltovych vozoviek v tuneloch podla tab. 2 [4].

Poziadavky na vozovky v tuneloch mdzu byt premietnuté do
nasledujicich funkénych vlastnosti:

¢ odolnost proti Smyku (bezpecnost),

e pouzitelnost pri havdridch (bezpecnost),

e viditelnost’/ farba / odraz svetla (bezpe¢nost’/ energie),

. pozdiine a priecne nerovnosti (pohodlie jazdy),

e redukcia hlukovych emisif (pohodlie jazdy),

e cestné prace — udrzba (ekonomicka efektivnost),

e odolnost’ (trvala udrzateInost).

3 CLIMATE CHARACTERISTICS USED IN DESIGN
OF ROAD CONSTRUCTIONS

For the purpose of road engineering, thermal characteristics
of Slovakia are usually defined by the following variables:

e Average daily air temperature;

* Average annual temperature.

The characteristics below are obtained from evaluation of air
temperature measurements. According to international conven-
tions, this temperature is measured at 2.0 m above the ground
and daily at 7 AM, 2 PM and 9 PM. In Slovakia, these measu-
rements are carried out by the Slovak Hydrometeorological
Institute on a regular basis. For practical reasons, changes in
daily temperatures are expressed as average daily temperature
calculated from the following relationship:

Ty=(T,+T,+2- T4 (D

where index 7, 14 and 21 is the time when the air temperatu-

re T was measured. Average annual air temperature Ty is
expressed by the following relationship:

I = E.‘ 1365 ()

The T, design value is determined from long-term measure-
ments of air temperatures and the map of average annual tem-
perature according to STN 73 6114 [5].

Frost index Iy [°C] is determined as the sum of absolute values
of consecutive negative average daily temperatures in winter. Frost
index for Slovakia in the design of roads frequently used by clima-
te characteristic. In experimental measurements of air temperature
freezing index is set by adding the negative of the average daily air
temperatures 7 in winter by the following relationship

=37, ®




3 KLIMATICKE CHARAKTERISTIKY POUZIVANE
PRI NAVRHOVANI VOZOVIEK

Pri navrhovani vozoviek sa v podmienkach SR pouzivaju
tieto klimatické charakteristiky:

e priemernd rocnd teplota — navrh CB vozoviek,

¢ index mrazu — navrh asfaltovych aj CB vozoviek.

Uvedené charakteristiky sa ziskavaji vyhodnotenim merani
tepldt vzduchu. Podla medzindrodnych konvencif sa tato teplo-
ta meria vo vySke 2 m nad terénom a to o 7:00, 14:00 a 21:00
h. potas dna. Pre potreby Slovenska tieto merania pravidelne
vykondva Slovensky hydrometeorologicky ustav. Pre praktické
dcely sa zmeny dennych tepldt vyjadruji priemernou dennou
teplotou T [°C], ktora sa vypocita zo vztahu

Ty=T,+T,+2-T,)4 (D)

kde index 7, 14 a 21 je Cas, v ktorom sa meria teplota vzdu-
chu 7. Priemernd roc¢nd teplota vzduchu Ty, [°C] sa vyjadruje
vztahom: 365
T,=)T,/365 )
i=1

Navrhova hodnota T3, sa stanovuje z dlhodobych merani tep-
16t vzduchu a pre potreby cestného stavitelstva sa pouziva

mapa priemernych ro¢nych tepldt podla STN 73 6114 [5].
Index mrazu I, [°C] sa stanovuje ako stucet absoltitnych hod-
not po sebe nasledujicich zapornych priemernych dennych tep-
16t v zimnom obdobi. Index mrazu je na Slovensku v oblasti
navrhovania vozoviek najCastejSie pouzivand klimatickd cha-
rakteristika. Pri experimentdlnom merani teplot vzduchu sa
index mrazu stanovuje s¢itanim zdpornych priemernych den-
nych tepldt vzduchu Ts v zimnom obdobi podla nasledujiceho

vztahu. 1
1,=\)T. ®
I.

4 NAVRHOVANIE VOZOVIEK POZEMNYCH
KOMUNIKACI(

Pri navrhovani vozoviek pozemnych komunikicii v SR su
rozhodujice kodifikované ustanovenia uvedené v cestnom
zdkone ¢. 135/1961 Zb., kde sa uvadza, Ze navrhovanie pozem-
nych komunikdcii sa vykondva podla platnych slovenskych
technickych noriem, technickych predpisov a objektivne ziste-
nych vysledkov vyskumu a vyvoja pre cestnii infrastruktiru.
V stcasnosti pre oblast navrhovania a posudzovania vozoviek
platia nasledujice zdkladné normy a predpisy:

e STN 73 6114 Vozovky pozemnych komunikacii. Zakladné

ustanovenia pre navrhovanie, 1997 [5],

e STN 73 6133 Stavba ciest. Teleso pozemnych komunika-
cif. Bratislava: SUTN 2010,

e TP 3/2009 Navrhovanie netuhych a polotuhych vozoviek,
Ministerstvo dopravy post a telekomunikacii (MDPaT)
SR, 2009,

e TS 0803 Navrhovanie cementobeténovych vozoviek na po-
zemnych komunikdcidch. Technickd smernica, MDPaT SR,
2003 [6],

e STN 73 6123 Stavba vozoviek. Cementobeténové kryty.
Bratislava: SUTN 2010,

e KLAZ 01/2010 Katalégové listy asfaltovych zmesi.
MDPaT SR.

Ako uz bolo uvedené, v sucasnosti sa v slovenskych cestnych

tuneloch navrhuji vyhradne CB vozovky. V relevantnom predpise
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4 ROAD PAVEMENT STRUCTURE DESIGN

Towards the design of road pavements are critical provisions
codified in the law No 135/1961 Zb., which states that the
design of roads is subject to valid Slovak technical standards,
technical regulations and objectively determined results of
research and development for road infrastructure. Currently,
for the area of pavement design and evaluation the following
basic standards and regulations are used:

e STN 73 6114 Pavement of roads. General provisions for

design, 1997 [5],

e STN 73 6133 Construction of roads. Parts of road, April
2010,

e TP 3/2009 The design of flexible and semi-rigid pave-
ments, The Ministry of Transport, Posts and
Telecommunication SR, 2009,

e TS 0803 Design of concrete pavements on the roads.
Technical Directive, MDPaT SR, Bratislava, 2003 [6],

e STN 73 6123 Construction of roads. Concrete pavements,
2010,

e KLAZ 01/2010 Catalogue of asphalt mixtures. MDPaT
SR, 2. 11.2010.

As mentioned above, currently the Slovak road tunnels are
mainly designed concrete pavement roads. In dimensioning the
relevant regulation should include the following assessment
criteria of concrete road design [6]:

¢ C1 Assessment of pavement protection against frost heave
effect,

e C2 Assessment of tensile stress in bending of concrete slab
from a single stress 2P=115kN and from a thermal stress,

¢ C3 Assessment of tensile stress in bending of concrete slab
by repeated load 2P=100 kN and from a thermal stress.

Due to the scope of described problems in the present article
attention is paid only to criteria CI Assessment of pavement
protection against frost heave effect (Fig. 6). Road design
according to [6] conforms when the heat resistance of structu-
re R, [m2-K-W-1] is equal to or greater than the required ther-
mal resistance of Ry p [m2-K-W-1] determined by the require-
ment not to allow more freezing earth in the subsoil as permit-
ted. The condition is expressed by the formula

R, 2R, , 4

Thermal resistance of the pavement Ry is calculated from the

equation )
P E ft
FTa )
where:h; thickness of layer and road structure [m]
A calculated value of the coefficient of termal

conductivity of material layers [W.m-1-K-1]

The required thermal resistance of the road structure in cases
with mild frost heave, normal frost heave and dangerous frost
heave of the subsoil is given by the equation

0s h
R, =0102-]° —— (6)
i,
where: I,,,,, design value of the index at zero frequency for
construction n [°C]

hzdov allowed freezing soil thickness in the subsoil [m]
Az thermal soil coefficient (TS 0803 is estimated:
sandy soil A;=2,18 W.m-I.K-1 lJoam soil; A; =
1,93 W.m-1.K-1; clay soil Az = 1,68 W.m-1-K-!
Relation (6) is in TP 3/2009 presented in the form of the
equation (7), which is considered the coefficient of thermal
conductivity material, the index A,=2,18 W.m-1-K-1.
0.178-1*
- 01781, - h (7

R
' A A
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sa uvadzaju nasledujice kritéria posidenia navrhovanej CB
vozovky [6]:
¢ C1 Postidenie ochrany vozovky proti i¢inkom premfzania,
¢ C2 Posudenie napiti v tahu pri ohybe CB dosky od jedno-
razového zatazenia 2P=115 kN a od teplotného namahania,
e C3 Posudenie napéti v tahu pri ohybe CB dosky opakova-
nym zatazenim 2P=100 kN a od teplotného namahania.
Vzhladom na rozsah opisovanej problematiky je v predkla-
danom prispevku venovand pozornost’ len kritériu CI Po-
siidenie ochrany vozovky proti ucinkom premizania. Navrh
vozovky podla [6] vyhovuje, ked tepelny odpor konstrukcie Ry,
Ry, [m2.-K-W-1] stanoveny na ziklade poZiadavky nepripustit
vicsie premrznutie zemin v podloZi, ako je dovolené (tab. 3).
Podmienka je vyjadrend vzorcom

R, =R, 4)
Tepelny odpor vozovky Ry sa vypocita z rovnice
n
&=E% (5)
i=1 7N
kde: h; je hribka vrstvy i vozovky [m]
A vypoctovd hodnota stucinitela tepelnej vodi-

vosti materidlu vrstvy [W.m-1.K-1]

Potrebny tepelny odpor vozovky v pripadoch s mierne
namfzavou, namfizavou a nebezpene namfzavou zeminou
v podloZi je dany rovnicou

R, 5,
Ry, =0,102- )7 ——=& (6)
A:

kde: 1,, ndvrhovd hodnota indexu mrazu v mieste
stavby pre periodicitu n [°C]

hzdov  dovolend hribka zamrznutej zeminy v pod-

lozi [m]

g sucCinitel tepelnej vodivosti zeminy (TS 0803

uvazuje: pies¢ita zemina A;=2,18 W.m-1-K-1,

TuouHel

Tab. 3 Dovolend hriibka vrstvy premrznutej zeminy v podloZi hh: 4oy podla ON
73 6196
Table 3 Allowed freezing soil thickness in the subsoil h; 4,y according to ON
73 6196

Vodny rezim Hodnotenie namfzavosti zeminy v podlozi
podlozia Evaluation of freezing soil in the subsoil
Ground water zemina mierne namfzava |zemina nebezpecne
regime a hamfzava namfzava
mild freezing soil and Dangerously freezing
freezing soil soil

Skupina dopravného zatazenia vozovky
Level of road load

AB C,D EF AB CD EllE

Difuzny / Diffuse 0,75 0,80 09 0,70 0,75 085

Pendulérny / Pendular | 0,70 0,75 0,85 0,60 0,65 0,75

Kapilarny / Capillary 0,60 0,65 0,75 0,50 055 0,70

Tab. 4 Identifikacné iidaje meteorologickych stanic SR (http://www.shmu.sk)
Table 4 Identification data of meteorological stations SR SR (http://www.shmu.sk)

Stanica NV [m n. m] Stanica NV [m n.m]
Station Altitude [m.s.l.] | Station Altitude [m.s.l.]
Hurbanovo 115 Kosice — letisko / airport 230

Zilina 365 Bratislava — letisko / airport 131

Dolny Hri¢ov 309 Banska Bystrica 427
Trencin — Biskupice 205 Slia¢ 314
Poprad 695

Allowed freezing thickness was originally defined in ON
73 6196, which was replaced in 1994 by CSN 73 6114. In
Slovakia CSN 73 6114 was replaced in 1997 by STN 73 6114 [5].

5 DEPENDENCE OF FROST INDEXES FROM ABOVE
SEA-LEVEL ALTITUDE

The research activities carried out by the authors were statis-
tically evaluated by the average daily temperature of 9 Slovak

Map of design frost index values [, for the periodicity n=0,10

Mapa navrhovych hodnit indexu mrazu [,
pre periodicitu n=0,1

T D000

Obr. 5 Lokalizdcia meteorologickych stanic zvyraznend v mape ndvrhovych hodnét indexu mrazu pre periodicitu n=0,10 podla STN 73 6114 [5]
Fig. 5 Location of meteorological stations highlighted on the map of frost index values for the periodicity n=0,10 according to STN 73 6114 [5]
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Obr. 6 Objektivizované korelacné zdvislosti indexu mrazu od nadmorskej vysky za obdobie 1971 aZ 2000 [7] a porovnanie koreldcie pre n=0,10 s TP 170 [8]
Fig. 6 Objectified correlation dependence of the frost index from above sea-level for the period from 1971 to 2000 [7] and comparison of correlation for n=0,10

sTP 170 [8]

hlinitd zemina; A; = 1,93 W.m-1-K-1; flovitd
zemina A; = 1,68 W.m-1-K-1

Vztah (6) je v TP 3/2009 prezentovany v tvare podla rovnice
(7), v ktorej je uvaZované so sucinitefom tepelnej vodivosti
vztazného materialu A,=2,18 W.m-1.K-1.

_ 0“1 78 | ;J'?I—:: h:.,dm'
o A A

Dovolend hribka premrzania bola pé6vodne definovand v ON
73 6196 Ochrana silni¢nich komunikaci pfed G¢inky promrza-
ni podlozi, ktord bola v roku 1994 nahradend CSN 73 6114.
V podmienkach SR bola CSN 73 6114 v roku 1997 nahradend

STN 73 6114 [5].

(N

5 ZAVISLOST INDEXOV MRAZU OD NADMORSKE)J

VYSKY

V ramci vyskumnych aktivit uskuto¢novanych na pracovisku
autorov boli Statisticky vyhodnotené priemerné denné teploty 9
meteorologickych stanic SR pokryvajicich vd¢Sinu tizemia SR
(obr. 5). Vo vedeckej monografii [7] boli prezentované korelac-
né zdavislosti indexov mrazu od nadmorskej vysky meteorolo-
gickych stanic Slovenska (obr. 6). Identifikacné tdaje o tychto
staniciach su uvedené v tab. 4 a ich lokalizdcia je zobrazend na
obr. 5.

Na zdklade logickej premisy zdvislosti indexu mrazu od
nadmorskej vysky (NV) st na obr. 6 uvedené objektivizované
korelacné zavislosti hodndt indexov mrazu od NV pre prislus-
nd periodicitu n. V TS 0803 sa uvadza, Ze ndvrhovd hodnota
indexu mrazu sa berie podla STN 73 6114 pre réznu periodici-
tu n v zavislosti od triedy dopravného zataZenia vozovky
(TDZ) pre TDZ T all n=0,10; pre TDZ Il a IV n = 0,15 a pre
TDZ V a VIn =0.25.

Pre periodicitu n=0,10 bola zistend nasledujica rovnica.

Ly p=010=0,617 . NV +190,7 (8)

Na obr. 6 vpravo su prezentované korelacné zdvislosti ziste-
né pre 9 meteorologickych stanic (MS) a 7 MS (boli vylic¢ené
Trencin — celkovy pocet idajov 24 a Dolny Hricov — celkovy
pocet ddajov 25). Porovnanim hodnét indexov mrazu uréenych

meteorological stations covering most of SR (Fig.5). In the
monograph [7] were presented correlation dependence of frost
indexes from the above sea level altitude of meteorological sta-
tions in Slovakia (Fig. 6). Identification data for these stations
are listed in Table 4 and their location is shown in Fig. 5.

Tab. 5 Rozdiely hodnot indexov mrazu zistenych podla STN 73 6114 a vztahov
podlu obr. 6

Table 5 The differences observed frost index values according to STN 73 6114
and equa-tions from picture 6

Lokalita Nadmorska| Rozdiely hodnét indexu mrazu podfa STN
Location vySka [m] | 73 6114 a vyhodnotenymi podia obr. 6

Above sea Differences of frost index values according

-level to STN 73 6114 and evaluated according

altitude [m] | to picture 6

n=0,10 n=0,15 n=0,25

9 posudzovanych klimatologickych stanic Slovenska
9 assessed climatological stations in Slovakia
Hurbanovo 115 57 25 8
Slia¢ 314 55 58 35
Bratislava 131 50 42 17
Zilina 365 70 68 25
Trencin 205 48 20 20
Poprad 695 68 46 92
Kosice 230 115 90 67
Tatranské Lomnica 830 125 115 70
Dolny Hricov 309 25 30 8
Priemer / Average 68 55 38
Vybrané lokality Slovenska / Selected localities in Slovakia
PreSov 255 106 93 79
Rajeckeé Teplice 415 33 103 1
Nitra 138 32 9 -13
Spis. N. Ves 430 243 244 243
Bardejov 277 142 130 119
Nové Zamky 118 45 20 -3
Spis. S. Ves 505 195 202 206
Levoca 570 153 165 174
Priemer / Average 110 114 860
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Obr. 7 Pohlad na dolnohricovsky portdl tunela Ovciarsko na viseku D1 Hri¢ovské Podhradie — Lietavskd Lucka
Fig. 7 View of dolnohric¢ovsky portal of tunnel Ovciarsko on DI Hri¢ovské Podhradie — Lietavskd Liicka

Tab. 6 Optimalizovany ndvrh asfaltovej vozovky iseku DI Jdnovce —
Jablonov [9] z aspektu ochrany pred nepriaznivymi ii¢inkami mrazu

Table 6 Optimized design of asphalt pavement section D1 Jdnovce-Jablonov
[9] from the aspect of protection from the adverse effects of frost

Tab. 7 Optimalizovany ndvrh CB vozovky pre tunel Ovciarsko [10]
Table 7 Optimized design of concrete road for the tunnel Ovciarsko [10]

Konstrukéna vrstva | Oznacenie Vztah (8) STN 73 6114
Construction layer | podra Relationship 8
Designa-
tion by
KLAZ [cm] A [em] A
1/2010 [W.m-1-K-1] [W.m-1-K-1]

Asfaltovy koberec
mastixovy strednozrnny | SMA 11 4 1,5 4 1,5
Asphalt concrete-mastics

KonsStrukéna vrstva | Oznacenie Vztah (8) STN 73 6114
Construction layer | podfa Relationship 8
Designa-
tion by
KLAZ [em] A [em] A
1/2010 [W.m1-K-1] [W.m1-K-1]
Cementobeténova
doska CB 26 2,55 26 2,55

Concrete slab

Asfaltovy betén hruby [ AC 16 L; | 6 1,4 6 1,4
Asphalt concrete 16

Asfaltovy betén
velmi hruby
Asphalt concrete 22

AC22P;1 | 9 1,15 9 1,15

Asfaltovy beton pre
podkladové vrstvy
Asphalt concrete for
the base layer

AC 16 P; | 4 1,15 4 1,15

Stabilizacia cementom | CBGM C5/6 | 18 1,75 18 1,75
Cement stabilization

Stabilizacia cementom | CBGM C5/6 | 18 1,75 18 1,75
Cement stabilization

Strkodrvina SD 19 2,0 23 2,0
Crushed gravel

Strkodrvina SD 26 2,0 36 2,0
Crushed gravel

Celkovéa hrubka vozovky 67 71
Total road thickness

Celkova hrubka vozovky 63 73
Total road thickness

Tepelny odpor vozovky [m2.K.W-],

skutoény = pozadovany 0,381>0,380 0,431 > 0,426

Thermal resistance of pavement
[M2K.W-"], actual = required

Tepelny odpor vozovky [m2.K.W-1],
skutoény = pozadovany

Thermal resistance of pavement
[m2.K.W1], actual = required

0,340 > 0,332 0,355 > 0,354

podla STN 73 6114 a podla zistenych objektivizovanych kore-
lacnych zavislosti boli zistené rozdiely podla tab. 5.

6 ZAVER

Vyznam zistenych korela¢nych zavislosti je ilustrovany na pri-
pade ndvrhu asfaltovej vozovky pre dsek D1 Janovce — Jablonov
[9]. Maximdlna vySka nivelety dseku D1 Janovce — Jablonov je
600 m n. m, ¢omu odpovedaji nasledujice hodnoty indexov
mrazu:

¢ urcenie indexu mrazu podla STN 736114 (obr. 3),

STN736114 o
‘ﬂn.n:(!.!l’.’l = 700 C

Based on the logical premise of the frost index depending on
the above sea-level altitude (NV) are shown on Fig. 6 of the
objectified correlative dependence of the frost index values NV
from the periodicity n. The TS 0803 states that the design frost
index value is taken according to STN 73 6114 for different
periodicity n depending on the class of the road load (TDZ) for
TDZ 1 and I1 n =0,10; for TDZ III and IV n=0,15 and for TDZ
V and VI n =0,25.

For periodicity n=0,10 was found following equation.

]m,n=0.10 = 03617 .NV + ]90,7 (8)

On the picture 6 on the right are presented correlation depen-
dences researched for 9 meteorological stations (MS) and 7 MS
(excluded Trencin — total number of data 24 and Dolny Hricov
— total number of data 25). Comparing the frost index values
according to STN 73 6114 and objectified correlation depen-

dences differences were found according to Table 5.
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* urenie indexu mrazu podla vztahu (8). 6 CONCLUSIONS
[,:J.:;Tgfo =560°C A The importance of observed correlation dependenc.es is illustrated
in the case of design of asphalt pavement section D1 Jénov-
Pre tieto hodnoty indexov mrazu by z hladiska ochrany pred ce—Jablonov [9]. The maximum altitude of D1 Ja-novce—Jablonov is
nepriaznivymi d¢inkami mrazu bolo potrebné navrhnit’ konst- 600 m above sea-level, making these values correspond to frost inde-
rukcie asfaltovych vozoviek podla tab. 6. Optimalizovany Xes:

navrh konstrukcie asfaltovej vozovky z aspektu splnenia tohto

e determine the frost index according to STN 736114 (picture 3),

kritéria bol uskutoéneny podla vztahov (4) aZz (7) a dovolenych i "_ '__I"": % = 700°¢

hodndt premrznutia podloZia podla tab. 3.

. . . .. e determine the frost index according to relation (8).
Pre pripad ndvrhu CB vozovky v tuneli Ov¢iarsko (obr. 7)

je vplyv prezentovanych korelacnych zavislosti ilustrovany L naoio =300"C

v tab. 7. For such values of frost indexes in order to protect against adverse
Ako uZ bolo prezentované, cestny zdkon ¢. 135/1961 Zb. effects of frost was necessary to propose the construction of asphalt pave-

uvddza, Ze navrhovanie pozemnych komunikacii sa uskuto¢nu- ments according to Table 6. Optimized de-sign of asphalt pavement con-

je aj podla objektivne zistenych vysledkov vyskumu. Na zikla- structions from aspect of meeting this criterion was carried out according

de uvedenych skutocnosti je moZno v podmienkach SR kon§ta-
tovat,, Ze prezentované vysledky vyskumu je mozno prakticky
okamzite pouzit pri navrhovani pozemnych komunikécif, a to
predovsetkym ich vozoviek.

to the relation (4)—(7) and allowed freezing values according to Table 3.
In the case of concrete road design in the road tunnel Ovciarsko
(Fig.7) is influence of presented correlation dependences illustrated in
Table 7.
As presented above, the roads law No. 135/1961 Zb. states that the

5 - - . < NP .
Mozno tieZ anticipovat, Ze uvedené korelacné zavislosti design of roads is carried out according to objectively identified

vytvéraji dspesny predpoklad pre objektivizaciu vynakladania results of research. From the foregoing it can be concluded that the

finannych prostriedkov na vystavbu cestnych komunikdcif, | presented results of research are possible for the conditions of SR
ktoré predstavuji jedny z financne najndrocnejSich inZinier- almost immediately used in the design of roads and particularly for
skych stavieb. road structures.

We also can anticipate that the correlation dependence is precondition

PROF. DR. ING. MARTIN DECKY, for creating successful objectification of spending money to build roads,

martin.decky@fstav.uniza.sk, which are among the financially demanding civil engineering.

ING. L.UCIA HRONCOVA, I.)hD" PROF. DR. ING. MARTIN DECKY,
lucia.hroncova@fstav.uniza.sk, martin.decky@fstav.uniza.sk,

ING. JOZEF VANGEL, CSc., jozef.vangel@fstav.uniza.sk, ING. LUCIA HRONCOVA, Ph.D.,
Stavebnd fakulta Zilinskd univerzita Iucia.hroncova@fstav.uniza.sk,

ING. JOZEF VANGEL, CSc., jozef.vangel@fstav.uniza.sk,

Recenzoval: Ing. Miloslav Frankovsky Stavebnd fakulta Zilinskd univerzita

Tdto publikdcia vznikla vdaka podpore v ramci
OP Vyskum a vyvoj pre projekt ,,Centrum
vyskumu v doprave‘ (ITMS 26220220135)

Eurdpsha unia  spolufinancovany zo zdrojov Eurdpského fondu

regiondlneho rozvoja.

LITERATURA / REFERENCES

[1] STN EN 13501-1+A1: 2010 850) Klasifikdcia poziarnych charakteristik stavebnych vyrobkov a prvkov stavieb. Cast’ 1: Klasifikdcia
vyuzivajiica tidaje zo skiiSok reakcie na ohen. Bratislava: Slovensky tstav technickej normalizacie (SUTN), s. 46.

[2] RYBARIK, J., KORENKOVA, R. Kap. 8 Poziarna bezpe¢nost' drevostavieb. In LOKAJ, A., a kol. Dievostavby a dievéné konstrukce I.
aIl. dil. 1. vyd. Brno : Akademické nakladatelstvi CERM, 2010, ISBN 978-80-7204-732-1.

[3] Improving fire safety in tunnels: The concrete pavementsolution. Concrete road pavement improves tunnel safety. Cembureau, April
2004. http://www.febelcem be/fileadmin/user_upload/autres-publications/en/firesafety.pdf.

[4] Asphalt pavements in tunnels. European Asphalt Pavement Association (EAPA). EAPA Position Paper. Belgium, www.eapa.org, may
2008.

[5] STN 73 6114: 1997 Vozovky pozemnych komunikdcii. Z4kladné ustanovenia pre navrhovanie. Bratislava: Urad pre normalizéciu,
metrolégiu a skisobnictvo SR, s. 24.

[6] TS 0803 Navrhovanie cementobeténovych vozoviek na pozemnych komunikdcidch, MDPaT SR. Bratislava, s. 48, 2003.

[7] DECKY, M., DRUSA, a kol. Navrhovanie a kontrola kvality zemnych konstrukcif inZinierskych stavieb. Monografia, BTO print, 2009,
s. 487, ISBN 978-80-970139-1-2.

[8] TP 170 Navrhovéni vozovek pozemnich komunikaci. Praha: MD CR, 2004.

9] DECKY, M. Névrh a postdenie konstrukcie asfaltovej vozovky dialnice D1 dsek Janovce — Jablonov. KCS, SvF, ZU v Ziline, 2006.

[10] DECKY, M. Dialnica D1 Hri¢ovské Podhradie — Lietavskd Lucka. Ndvrh cementobeténovej vozovky v tuneli Ovciarsko. KCS, SvF,
7U v Ziline, 2008.



21. rocnik - €. 2/2012

TuouHel

HISTORICKA POHRANICNI OPEVNENI CSR
~ REKONSTRUKCE VYSTAVBY PODZEMNICH PROSTOR
HISTORICAL BORDER FORTIFICATIONS
IN CZECHOSLOVAK REPUBLIC - RECONSTRUCTION
OF THE DEVELOPMENT OF UNDERGROUND SPACES

JAKUB MIKOLASEK, JIRl BARTAK

(Pokracovdni z ¢. 1/2011)

3.2 Definitivni osténi

3.2.1 Materialy

Pro zajisténi dostate¢né odolnosti a trvanlivosti opeviiovacich staveb
byla vojenskou spravou striktné poZadovana co nejvys$si moznd kvali-
ta. Pro kazdy stavebni dsek (linie opevnéni zpravidla 5-10 km dlouhd)
byl ustanoven vojensky stavebni dozor (VSD), sloZeny z prislusnika
armady s odpovidajicim technickym vzdélanim (pfislusnici Zenijniho
a stavebniho vojska). VSD predaval stavenisté a potiebnou dokumen-
taci stavebni firmé, kontroloval vytyleni povrchovych objektu
v terénu, dbal na dodrZovan{ technologické kazné vystavby, potvrzoval
splatkové listy a konecné faktury apod. Na zdkladé objedndvek sta-
vebni firmy také zajiStoval doddvky cementu, ocelovych prvku
a vyztuze, coz byly materidly, u nichZ nebylo povoleno, aby si je pod-
nikatel zajistoval z vlastnich zdroju.

Materidly a technologie pro vystavbu opevnéni byly podrobovény
dukladnému zkouméni a vyvoji, na némz se podepsala fada odbornych
kapacit jak z vojenského, tak i civilniho sektoru. Pfedmétem zkouma-
ni bylo predevsim stanoven{ optimdlniho sloZeni betonové smési, které
by umoznilo dosdhnout co nejvyssich pevnosti a zaroven technologic-
ky zarucilo kvalitni uloZeni tak velkého mnoZstvi betonu, které se
u povrchovych t&7kych objekti pohybovalo v rozmezi 1000-5500 m?.
V dasledku nutné odolnosti povrchovych konstrukei pied ti¢inky ostie-
lovani byla vénovéna velkd pozornost zpusobu jejich vyztuZeni.

Na zdkladé vyzkumu, ktery pro vojenskou spravu provadél
prof. Ing. Stanislav Bechyné, doslo k vyvinuti portlandského cemen-
tu specifické receptury, ktery byl nasledné oznacovdn jako specidlni
,A“ cement. Svymi vlastnostmi se podobal cementu s vysokou poca-
te¢ni pevnosti, zdroven vSak prodluzoval pocatek doby tuhnuti beto-
nové smési oproti béZné pouzivanym portlandskym cementim aZ na
4 hodiny. To bylo potiebné pro zajisténi prilnavosti jednotlivych vrs-
tev betonové smési povrchovych objektt, kdy jeji rozmisténi po
celém pudorysu objektu, zhutnéni a poloZeni vrstvy vodorovné vyztu-
Ze vyzadovalo znaéné mnozstvi Casu. (Pfi betondzi povrchovych
objektu bylo poZadovdno dodrZeni kontinudlni betondZe tak, aby
nedoSlo ke vzniku pracovni spdry. Objekty tak byly betonovany
nepretrzit¢ cca 5-12 dni.) Dal$im kritériem, které bylo vojenskou
spravou pozadovano, byla absolutni objemova stdlost cementu. Diky
sloZeni ,,A* cementu se také podafilo vyrazné sniZit mnozstvi hydra-
tacntho tepla, produkovaného pfi zran{ betonu, které bylo diky kuba-
turdm pevnostnich staveb znacné.

K vyrobé specidlniho ,,A“ cementu bylo oprdvnéno pouze nékolik
cementdren v tehdejiim Ceskoslovensku. Napf. cement pro stavbu
tvrze Dobrosov dodavala cementarna z Krilova Dvora u Berouna,
dalsi byly v Brné-Maloméricich, Stramberku na Moravé, v Ladcich
a Horném Srniem na Slovensku. Tyto a nékteré dalSi cementdrny byly
kvuli doddvkdm specidlniho cementu sdruZeny do kartelu, v rdmci kte-
rého garantovaly pevnou cenu cementu a spolehlivé zajisténi doddvek
na tehdy nejvétsi zakdzku svého druhu v celém Ceskoslovensku.
Z vyroben byl pytlovany cement do jednotlivych oblasti expedovan
vojenskou sprdvou Zeleznici ve vagonech po 10-15 t, na samotnd

(Continuation from Issue No. 1/2011)

3.2 Final lining

3.2.1 Materials

The Military Command required the highest possible quality, ensu-
ring that sufficient resistance and durability of the fortification structu-
res was achieved. Military site supervision teams (MSS) consisting of
soldiers with corresponding technical qualification (military engineers
and construction units) were established for each construction section
(fortification lines usually 5-10 km long). The MSSs handed the sites
and the required documents over to contractors, checked on the setting
out of surface structures in the terrain, saw to the technological discip-
line on site to be maintained, approve applications for the payment and
final invoices etc. In addition, it ensured supplies of cement, steel ele-
ments and reinforcement on the basis of orders submitted by construc-
tion contractors (contractors were not allowed to provide these materi-
als from their own sources).

Materials and equipment for the construction of the fortification were
subjected to thorough examination and development, with the partici-
pation of many expert capacities from both military and civil sectors.
The object of the examination first of all consisted of the determination
of optimum composition of concrete mixture, which would have made
the achieving of as high as possible strengths, and, at the same time,
technologically ensured quality placement of such a volume of concre-
te, which varied at heavy surface structures between 1,000-5,500 m3.
Great attention was paid to the steel reinforcement of the structures
because of the necessity of developing surface structures resistant aga-
inst shelling.

Based on the research conducted for the Military Command by
Prof. Ing. Stanislav Bechyné, a specific formula for Portland cement
was developed, according to which special cement was produced,
which was subsequently denoted as “A” cement. Its properties were
similar to the properties of high early strength cement, but the initial set
of concrete mixture, in contrast to commonly used Portland cements,
was postponed even to 4 hours. It was needed for ensuring the bond bet-
ween individual layers of concrete mixture for surface structures, where
the distribution of concrete mix within the entire ground plan of the
structure, its compaction and placement of a layer of horizontal rein-
forcing bars required a significant amount of time. (Maintaining
a continual concrete casting process was required when surface struc-
tures were being cast so that construction joints were prevented. For
that reason, the concrete casting operations in the case of surface struc-
tures lasted for 5 — 12 days without interruption). Another criterion on
which the Military Command insisted was the absolute stability of the
volume of cement. Owing to the composition of “A” cement they even
managed to significantly reduce the amount of hydration heat genera-
ted during the course of the concrete curing period, which was signifi-
cant owing to the volumes of the fortification structures.

Only several cement works in then Czechoslovakia were authorised
to produce the special “A” cement. For example, cement for the con-
struction of the DobroSov fortress was supplied by the cement works
from Kraluv Dvur near Beroun, other cement works were in
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staveni$té pak jiz dopravu zajiStoval stavitel ve své rezii nakladnimi Brno-Maloméfice, Stramberk in Moravia, Ladce and Horné Srnie in
automobily. Slovakia. These and some other cement works were jointed in a cartel
Duraz byl téZ kladen na kamenivo pouZivané do betonu, které si sta- for the purpose of supplying the special cement. In the framework of the
vitel podle poZadavki vojenské spravy zajiStoval ve vlastni reZii. cartel the guaranteed fixed price of cement and reliable supplies for the
JelikoZ v dobé vystavby nebylo mozné veskeré doddvky tridéného largest order of its kind existing at that time in entire Czechoslovakia.
kameniva zajistit ze sit€ komer¢né fungujicich §térkoven a lomu, byla Pre-bagged cement was dispatched from producing plants to individu-
pro vystavbu opevnén{ zakldd4na samostatnd pracovi§té na vhodnych al regions by the Military Command by rail, on wagons carrying 10 —
mistech v blizkosti budovanych linii. Vhodnost kameniva bylo 15 tonnes each; the transport to respective construction sites was provi-
v takovém pripadé nejdfive nutno odsouhlasit Kloknerovym tdstavem ded by the contractor at his own cost, using trucks.
v Praze pomoci prukaznich zkousek. Ty ovéfovaly, zda lze Stress was also placed on aggregates used for the production of conc-
z predloZenych surovin pii zamySleném pomeru miseni vyrobit beton rete, which was provided by the contractor at his own cost according to
zadané jakosti. requirements of the Military Command. Because of the fact that it was
Co se tyce vody pro betondrské price, jeji vhodnost musela byt také not possible to ensure all supplies of graded aggregates from the net-
prokazovéna. Prikladem je ndm stavba tvrze DobroSov, kdy stavitel, work of commercially functioning gravel plants and quarries, indepen-
firma Kapsa & Miiller, v f{jnu 1937 odeslal do Kloknerova zkusebni- dent work places were established in suitable locations in the vicinity of
ho tstavu v Praze vzorky vody z vodovodu, zfizeného pro stavbu tvrze. the fortification lines being developed. In such cases the suitability of
Stejné tak ucinil po¢atkem roku 1938 se vzorky vody jimané pii raz- aggregates had to be approved in advance by the Klokner Istitute in
bach v podzemi. Oba zdroje vody byly uznény jako vhodné pro sta- Prague by means of pre-construction tests. The tests verified whether it
vebni tGcely. was possible to produce concrete at the required quality level using the
SloZeni pouZivané betonové smési bylo po sérii zkouSek pevné sta- submitted raw materials and the planned mixing proportion.
noveno. Béhem betondZe povrchovych objektt byla pak odebirdna As far as water for concrete casting operations is concerned, its sui-
zkudebnf télesa (krychle o hrané 20 cm), kterd byla po 28 dnech pod- tability had also to be proved. As an example, we can mention the
robena zkousce pevnosti v tlaku v prazském Kloknerové tstavu nebo DobroSov fortress, where, in October 1937, the contractor, Kapsa &

Statnfm vyzkumném tstavu silikdtovém pri CVST v Brmé. Pokud Miiller, sent to the Klokner Institute samples of water from a pipeline
nebylo dosaZeno pevnosti 45 MPa, byla stavebni firmé pomérnym provided on the site for the purpose of the fortress construction. The

zpusobem krécena pausélni cena za vyrobu a uloZeni betonové smési. contractor did the same thing at the beginning of 1938 with samples of

Bylo tak v zdjmu podnikateli, aby predepsand krychlend pevnost water gathered during the excavation in the underground. Both sources

45 MPa byla dodrZena. Jsou zndmy i piipady, kdy dosdhla hodnot pres were acknowledged to be suitable for construction purposes.

70 MPa. SloZeni betonové smési pro povrchové objekty bylo ndsledujici: The composition of the concrete mix used was strictly determined
* 400kg  ,,A"cement after series of tests. Test specimens (cubes with 20 cm edge lengths)
e 3251 pisek (frakce 0—10 mm) were taken during the course of the concreting of surface structures.
e 2501 $térk (frakce 20-40 mm) After 28 days, the specimens were subjected to testing of compressive
e 5001 stérk (frakce 40-60 mm) strength at the Klokner Institute in Prague or the State Silicate Research
e« 1501 zdmésovd voda (z toho cca 50 1 obsaZeno v predem Institute of the Czech Technical University in Brno. If the strength of

45 MPa had not been achieved, the contractor’s flat fee for the producti-

on and placement of concrete was adequately cut down. It was therefore

in the interest of contractors to maintain the prescribed cube strength of

45 MPa; even the cases where the strength exceeded 70 MPa are known.

The composition of concrete mix for surface structures was as follows:
* 400 kg of ,,A* cement

kropeném kamenivu)

Zatimco na betondZ povrchovych objektl se vztahovala velmi pifs-
nd vyse uvedend kritéria, pro betondZe osténi podzemnich prostor pla-
tila ur¢itd zjednoduseni, dand predevsim dostateCnym krytim téchto
konstrukci zemnim nadloZim, které se u ¢s. tvrzi pohybuje v rozmez{
20-60 m. Oproti pevnostnim charakteristikdim betonu zde proto bylo

dbéno predev§im na jeho trvanlivost a izolaci proti podzemni vode * 3251 sand (grain.—siz.e fractiqn 0-10 mm)

a vlhkosti, jelikoZ jakékoli dodate¢né dpravy osténi byly prakticky * 2501 gravel (gra{n—S}ze fract{on 20-40 mm)

neproveditelné. * 5001 gr:av.el (grain-size fraction 40-60 mm) o
° 1501 mixing water (50 I of that amount were contained in

Prutovd vyztuZz byla pouZivana pouze v urcitych ¢dstech Sachet, ves-
keré osténi podzemnich chodeb a sélt bylo z prostého betonu. Pro tyto
konstrukce se pozadovala vyslednd krychelna pevnost betonu 30 MPa.
V tadé pripadu bylo dovoleno jako kameniva do betonu uZivat predr-
ceného, pretiidéného a oSetfeného materidlu z vyrubu podzemnich
prostor, ovsem pouze s kladnym stanoviskem zkuSebniho ustavu
a vyhradné pro betondZe v podzemi. SloZen{ betonové smési pro beto-
naz osténi bylo pravdépodobné totozné jako u smési pro povrchové
objekty; pro jeji ukladani do nékterych obtizne pfistupnych partif osté-
ni, predev§im kleneb, bylo zfejmé tolerovano vétsi mnozstvi zameso-
vé vody. U vnéjsi vrstvy osténi byla do betonové smési pouzivéna izo-
laén{ prisada.

pre-sprayed aggregates)

Whilst the above-mentioned very strict rules applied to the concre-
ting of surface structures, certain simplifications applied to the concre-
ting of liners of underground spaces, which depended first of all on the
sufficient covering of these structures by the ground/overburden, the
thickness of which ranged from 20 — 60 m in the case of Czech fortres-
ses. In this case, in contrast with the strength-related characteristics of
concrete, the durability of concrete and its waterproofing and damp pro-
ofing capacity were put stress on because of the fact that any additional
change in the lining was virtually infeasible.

Steel bar reinforcement was used only in certain parts of shafts; all
linings of underground galleries and halls were in non-reinforced conc-

3.2.2 Postup vystavby rete. The resultant cube strength of concrete of 30 MPa was required for

Soucdsti tvrzi byly schodiStové a vytahové Sachty, v dobovych mate- these structures. In many other cases it was permitted that crushed, gra-
ridlech nazyvané ,,studne”, které slouzily pro spojeni podzemnich pro- ded and treated material obtained from the excavation of underground
stor s povrchem. Bylo vyuZivdno vyhradné Sachet svislych. Pfi stavbé spaces be used as the aggregate, under the condition that the opinion of
tvrzi se Sachty budoucich objektu pfirozené pouZivaly pro dopravu the testing institute was positive and the material was to be used only
materidlu z podzemi. Tato funkce byla vSak limitovana betondz{ osté- for concrete to be cast solely in the underground. The composition of
ni Sachty a vystavbou povrchového objektu nad ni, jelikoZ poté ji jiz concrete mix for the concreting of linings was probably identical with
nebylo moZné pro dopravu stavebniho materidlu vyuZit. ProtoZe na that used for surface structures. It is likely that a higher proportion of
stavbu povrchovych objekti vojenskd sprava velmi naléhala a nebylo mixing water was tolerated in the cases where concrete was placed to
s ni mozno Cekat aZ na ukonceni vystavby podzemnich konstrukef, some parts accessible with difficulties, first of all to vaults.
bylo nutno zfizovat i Sachty pracovni. Ty slouzily vyhradné ke staveb- Waterproofing admixture was added to the concrete mix to be used for

nim déelim a po ukonleni vystavby byly peclivé zavezeny kvalitnim outer layers of linings.
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materidlem. Na rozdil od Sachet budoucich povrchovych objektl se
rozmér Sachet pracovnich odvijel pouze od technologii a zafizeni dané
stavebni firmy, zpravidla byl tedy volen co nejmensi.

Betonovd smés se do podzemi dopravovala zminénymi Sachtami
pomoci plosinovych vytaha, ndsledné byla rozvdZzena ruéné japonkami
(dvoukolovy vozik s velkymi koly) nebo voziky stavebni tizkoroz-
chodné drazky.

K vystavbé osténi tvrzi v podzemi bylo pfistupovdno teprve po
dokonéeni vSech chodeb alespon v Eastenych vylomech. Vyjimku
tvori kréitké dseky chodeb, priléhajici k Sachtdm téch povrchovych
objektd, jejichZ vystavba byla pro vojenskou spravu prioritni. Zarodek
osténi chodeb v téchto mistech byl tak z technologickych davodu beto-
novén v predstihu v souvislosti s betondz{ stén Sachet (obr. 1).

Plnohodnotnd vystavba osténi probihala az po vyldmani ur¢itého
celku podzemnich prostor v plnych profilech tak, aby spolu price sou-
visejici s dobirdnim vyloma a betondZ{ navzdjem nekolidovaly.
Vystavba navazovala na zminéné zarodky osténi chodeb u Sachet povr-
chovych objektu a pokracovala smérem do nitra tvrzi. Dal3{ pracovis-
t€ pak byla zakldddna v mistech s velkym rozsahem vylomu, jako byly
saly kasdren, technologickych zarizeni (strojovna, filtrovna) a hlavnich
municnich sklada.

Pred svolenim k provddéni praci na osténi podzemnich prostor
musel byt vojenskym stavebnim dozorem (VSD) odsouhlasen plny
vylom daného profilu. V piipadé chodeb razenych bez zajisténi vydie-
vou se ovéreni provadélo za pomoci dfevéného ramu, ktery musel pro-
jit profilem dané $toly. Rozméry rdmu byly ddny vnéjsi hranou osténi
s prirdzkou 10 cm na vSechny strany. V mistech, kde byl provedeny
vylom z pohledu VSD nedostate¢ny, muselo dojit k priSramovan{
vylomu do pozadovanych rozméra. V piipadé chodeb a sdli o velkych
prufezovych rozmérech s vydievou ziejmé dochézelo k piimému
meéteni provedeného vylomu.

Prvnim krokem k vystavbé osténi bylo provedeni zékladu. V ryze,
kterd byla vyhloubena v paté budouciho osténi, byl vybetonovin
zéklad z prostého konstrukéniho betonu v Sifce odpovidajici tloustce
budouciho osténi nebo s ¢asteénym presahem (obr. 2, 3). Vyska zdkla-
du se odvijela od zastizenych podminek a Ize ji vysledovat v rozmez{
30-60 cm, pri¢emz hloubka zdkladu oproti planované drovni podlahy
je min. 50 cm. Prostor mezi zdkladem a vylomem byl vyplnén Stér-
kem, do kterého byly uloZeny drendZni trubky o priméru 6-8 cm.

Po vyhotoveni zdkladu navazovala stavba skruzi samotného osténi.
Pii vnitinim lici budouciho osténi byly vystavény ramy, sestavajici ze
svislych dfevénych hranolu a obloukovych ramenétu. Stojky byly ulo-
Zeny na podélnych fo$ndch, zarucCujicich jejich vySkovou stabilitu.
V podélném sméru byly stojky navzdjem rozepreny do sousednich
ramu, zpravidla ve své horni asti, pod uloZenim ramenéta. U vyssich
konstrukei bylo podélné rozepreni ramu provedeno ve vice drovnich
podle potieby. V pri¢ném sméru byly vkladany rozperky v horni ¢asti
stojek, ve spodni ¢asti byly stojky fixovany oproti Spaliku zatlu¢enému
do dna vylomu. U chodeb mensich Sifek mohlo byt vyuZivano
i rozepreni o praZce stavebni drdzky. PodéInd vzdalenost rimu bedné-
ni se pohybovala okolo 1 m, prifezy pouZitého feziva a hranolu se
odvijely od mohutnosti dané konstrukce.

Na takto pfipravené ramy bylo podélné prikldadano vnitini licové
bednéni v podobé hoblovanych prken tl. 33 mm. Rub osténi bylo nutno
také opatfit bednénim, jelikoZ pfimy kontakt horniny s osténim nebyl
tolerovén. NejenZe by se jednalo z tehdej$tho pohledu o nehospodédrné
zachdzeni s drahou betonovou smesi, ale byla by tim prerusena
i drendzni funkce rovnaniny v prostoru za osténim. Navic se predpo-
klddalo, Ze piimé pusobeni horninovych tlaka na tuhé ostén{ podzem-
niho dila by mohlo vést k jeho budoucimu poruseni.

Pro rubové bednéni bylo nejdiive pouZivano prken nebo plechovych
tabuli, které v mnoha piipadech, kvuli zna¢né stisnénému prostoru
mezi teoretickym rubem osténi a vylomem, tvorily bednéni ztracené.
V opa¢ném pripadé, kdy stavebni firma chtéla rubové bednéni po beto-
nézi prislusného pasu demontovat a znovu pouzit, dochdzelo ke vzni-
ku velkych nadvylomu, jdoucich na vrub stavitele. Teprve v druhé
poloviné roku 1938, po zkouskéch na stavbé tvrze Stachelberg, bylo

Obr. 1 Dokoncené osténi v zdarodku chodby profilu 120/235 u jedné ze Sachet
tvrze Stachelberg; na rubové strané osténi jsou dobre znatelné prefabrikova-
né betonové tvdrnice, po obou strandch osténi jsou v iirovni zdkladu patrnd
vylisténi drendZnich trubek

Fig. 1 Lining completed in the starting stub of a 120/235-profile gallery at
one of the shafts of the Stachelberg fortress. Prefabricated concrete plates are
well visible on the external side of the lining. Mouths of drains can be seen
at the foundation level on either side of the lining

3.2.2 Construction process

Staircase and lift shafts, called “wells” in documents of the period,
were parts of the fortresses. They made the connection of underground
spaces with the surface possible. Vertical shafts were exclusively used.
Naturally, the shafts of the future structures were also used for the tran-
sport of materials from the underground during the construction of fort-
resses. However, this function was limited by the concreting of the shaft
lining and construction of the surface structure above it, because it was
subsequently no more possible to use it for the transport of constructi-
on materials. Because the Military Command strongly urged on the
construction of surface structures and it could not be postponed until the
construction of underground structures was finished, it was even neces-
sary to carry out working shafts. They served solely to construction pur-
poses and were painstakingly backfilled with good quality material
after the completion of the construction. As opposed to shafts for the
future surface structures, dimensions of the construction-purpose shafts
depended on the technologies and equipment used by the particular
construction contractor, which means that they were usually designed
to be as small as possible.

Concrete mix was transported to the underground via the above-men-
tioned shafts, by means of platform lifts. Subsequently it was distribu-
ted manually in carts (double-wheeled hand trucks with large wheels)
or on trucks moving along the narrow-gauge building rail track.

The installation of linings in the underground of fortresses started
only when all galleries had been completed at least to the level of par-
tial headings. Short sections of galleries adjacent to shafts of the surfa-
ce structures, the construction of which was a priority for the Military
Command, were exceptions. A starting stub of the lining of galleries in
these locations was, for technological reasons, concreted in an advance,
in conjunction of the concreting of shaft walls (see Fig. 1).




Fig. 2 Formwork for foundations of the lining in the Stachelberg fortress
underground

vojenskou spravou schvdleno pouZivani ztraceného bednéni z pre-
fabrikovanych betonovych desek o rozmérech 50x15x5 ¢cm (obr. 1,
4). Ty mély poslouzit k dspore dievéného bednéni, kvalitnéj§imu
zhutnéni betonové smési, rychlej$imu pracovnimu postupu a dosta-
te¢né ochrané rubu osténi v piipadé pouziti izolacnich vrstev (byly
proto prednostné doporucovdny do zvodnélych partii masivu).
Zaroven mélo dojit ke zmenSeni objemu kamenné rovnaniny, vypl-
nujici prostor mezi vylomem a osténim, pri¢emz bylo pozadovano
zachovéni alespon 5 cm mezery od vylomu k lici tvarnice. Tyto pre-
fabrikéty z prostého betonu byly vyrdbény pfimo na stavenistich jed-
notlivych tvrzi.

Vyse uvedené prvky rubového bednéni byly stabilizovany oproti
vylomu pomocnymi dievénymi prvky a predev§im kamennou rovna-
ninou, za souc¢asného uklddani betonové smési. Provizorné mohla byt
stabilizace provedena také oproti bednéni vnitinimu, k pouZivan{
radlovéni vsak patrné nedochdzelo z divodu zachovani kompaktnosti
a tim i vodotésnosti osténi.

BetondZz svislych konstrukci probihala v zdbérech o délce 4-5 m,
pri¢em?z teprve pri ukldddni smési dochédzelo k samotnému kompleto-
vani bednéni po vysce pasu. Pfedem provedené kompletni vnitfni bed-
néni by totiz znamenalo obtizny pfistup pri betondzi spodnich vrstev
stény, vnéj§i bednéni pak bylo nutno rozpirat vlastni betonovou smési.
Podle stavu provedenych praci v podzemi tvrzi DobroSov a Stachel-
berg lze usuzovat, Ze byl kladen duraz na kontinuélni betonaZ svislyjch
Casti osténi, se vznikem pracovni spary pouze v drovni zdkladu, pti
prechodu do klenby a mezi jednotlivymi pasy (obr. 5).

Betondz klenby osténi byla technicky naro¢néjsi nez vystavba svis-
Iych &asti. Kvuli ztiZenému pristupu bylo nutno betonovou smés ukla-
dat v zdbérech cca 1 m dlouhych, v pfi¢ném fezu zpravidla jesté
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Obr. 3 Vybetonovany zdklad osténi v podzemi tvrze DobroSov
Fig. 3 Completed concrete foundation of the lining in the DobroSov fortress
underground

Full-fledged construction of linings started only when the excavation
of full profiles of a certain complex of underground spaces had been
finished so that the operations associated with the completion of exca-
vation and concrete casting operations did not collide with each other.
The construction continued starting from the above-mentioned stubs of
the linings of galleries developed at the shafts for surface structures and
proceeded in the direction of the interior of the fortresses. Other work-
places were established in locations where the volume of excavation
was great, such as halls of barracks, equipment rooms (ventilation plant
rooms, filtration plant rooms) and the main ammunition stores.

It was necessary before the approval to start the work on the lining of
underground spaces was granted to obtain the confirmation of the mili-
tary site supervision (the MSS) that the particular profile excavation
was complete. In the case of galleries driven without timbering support,
the checks were carried out using a wooden frame, which had to pass
through the profile of the particular gallery. Dimensions of the frame
were given by the external edge of the lining with a margin of 10 cm on
all sides. In the locations where the completed excavation was accor-
ding to the MSS insufficient, the excavated opening sides had to be rip-
ped with hand-held picks until the required dimensions were reached.
In the case of galleries and rooms with large dimensions of the profiles
where timbering had been installed, it is likely that the excavation
dimensions were measured directly.

The first step toward the construction of the lining was the execution
of foundations. The foundation was concreted into a ditch dug at the foot
of the future lining, using non-reinforced
structural concrete. Its width correspon-
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ded to the thickness of the future lining
or partially exceeded it (see Figures 2
and 3). The foundation height depended
on the conditions encountered; it can be
traced down to be within the range of 30
— 60 cm. The foundation depth in relati-
on to the planned floor level is 50 cm.
The space between the foundation and
the excavation was backfilled with gra-
vel with drainage pipes 6 — 8 cm in dia-
meter embedded in it.

The erection of the formwork for the
concreting of the lining vaults followed
when the foundations had been comple-
ted. Frames consisting of vertical timber

Prosty beton / Unreinforced concrete
150 mm konstrukéni
150 mm structural

150 mm izolaéni
150 mm waterproofing

Obr. 4 Rekonstrukce zdvéreénych fazi vystavby definitivniho osténi v chodbé profilu 120/235
Fig. 4 Reconstruction of final phases of the construction of the lining in a 120/235-profile gallery

posts and arched templates were erected
at the inner face of the future lining. The
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Obr. 5 Osténi v ruznych fazich vystavby v podzemi tvrze Stachelberg

Fig. 5 Linings in various phases of the construction in the Stachelberg

fortress underground

L =3

rozd€lenych do 2 a vice vyskovych drovni. Na tuto prici nebylo
u chodeb z prostorovych diuvodu moZné nasadit vice neZ jednoho pra-
covnika. Na pfipravené ramenaty byly podélné kladeny konické laté
malych prifezt pro vybednéni profilu kleneb malych poloméru, aZ po
hoblovand prkna pro profily o vétSich rozmérech klenby. Z rubové
strany byly bednény pouze prechodové Césti klenby, kde se jesté beto-
novéd smes neudrzela vlastni soudrznosti, a to pfistupem stejnym jako
u svislych konstrukci. Ve vyssich ¢dstech klenby pak bylo venkovni
bednéni prikldddno dodate¢né jako ochrana Cerstvého betonu
a pripadnych izolaénich tprav pred zatlatovanim zfizované kamenné
rovnaniny (obr. 4).

Ponékud naro¢ny postup betondze byl dile komplikovan pouZziva-
nim rozdilnych druht betonové smési. Zatimco vnéjsi &ast osténi byla
tvofena prostym betonem s vodotésnou piisadou (10 cm u stén, 15 cm
u kleneb), vnitrni &ast byla tvofena konstrukénim betonem obyc&ejnym.
Pri betondzi tak bylo nutno pouZivat posuvné plechové desky, které
v bednéni oddélovaly oba druhy betonové smési. Desky byly
s postupujici betondZ{ vysouvdny smérem vzhiru, aby mezi obéma
vrstvami doSlo pri dohutnéni k jejich kvalitnimu spojeni (obr. 6).
V homnich ¢dstech klenby jiz nebylo plechovych desek zapotrebi —
betonovd smés s izola¢ni prisadou byla ukldddna primo na vrstvu kon-
strukéniho betonu. Na tvrzi DobroSov lze narazit na tyto desky
o rozmérech 200x50 cm z plechu tl. 2 mm. Na hornim okraji maji pri-
nytovana dvé oka pro snadnou manipulaci (obr. 7).

Préce na vystavbe osténi byly ¢dste¢né rozvinuty v podélném sméru.
Zatimco beton4z zdkladi mohla zna¢né predchdzet, po betondzi svis-
Iych stén bylo prakticky ihned pristupovéano k uzavirdni klenby. Pro
vzdjemné provézani sousednich z4béri betondZe byl na &ele budova-
ného pasu vybednén ozub, do néjZ se pred betondzi navazujiciho dseku
umistil pds izola¢ni lepenky pro utésnéni pracovni spary. Bednéni bylo
po nékolika dnech rozebrano a pripraveno k opakovanému pouZziti.
Pouzitelnost ramu, ramendta a prken bednéni byla nékolikandsobna.

Vyse uvedené postupy prislusely k provadéni ostén{ stabilnich vylo-
mu chodeb. U sélu vétsich profili byl systém betondZi obdobny, pouze
pfizpusobeny vétsimu rozpéti a objemu uklddané betonové smési
(obr. 8,9). Zatimco u chodeb, alespon u aktudlniho zdbéru, bylo zpra-
vidla moZné zcela odstranit zaji$téni vylomu vydievou, u sali byla
vydieva ponechdvédna i po dobu vystavby betonového osténi. Betondz
svislych stén probihala za stojkami vydrevy a jednotlivé nosné kon-
strukce bednéni mohly byt rozpirdny o ponechanou vydievu. Pfi beto-
nézi klenby byly z vydfevy podle potieby postupné odebirdny vejito-
vité vzpery, az pri poslednich zdbérech ve vrchliku klenby musela byt
konstrukce vydrevy odstranéna zcela. Pii betondZi klenby mohlo byt
také plné vyuZivéno pracovni podlahy, zfizené v drovni hlavnich praht
nebo pricnych rozpér stojek vydrevy. Vysokych stojek vydrevy bylo po
tipravé pravdépodobné vyuzivéno také pro podepieni ramenatu klenby.

TuouHel

posts were placed on longitudinal deals ensuring the stability of their
height. In the vertical direction, the posts were braced against neigh-
bouring frames, usually in their upper parts, under the seats of the tem-
plates. In the cases of higher structures, the longitudinal bracing of the
frames was carried out at more levels, as necessary. In the lateral direc-
tion, braces were inserted in the upper parts of the posts. They were
fixed in the bottom part against a wood block hammered into the exca-
vation bottom. In the cases of galleries with smaller widths it was even
possible to use the bracing against sleepers of the construction railway.
The longitudinal spacing of the formwork frames fluctuated about 1 m;
the cross sections of the timber depended on the robustness of the par-
ticular structure.

Inner surface formwork consisting of 33 mm thick dressed planks
was attached longitudinally to the frames prepared in the above-menti-
oned way. The external surface of the lining had also to be provided
with formwork because of the fact that a direct contact between the rock
and the lining was not tolerated. The reason was that it would have been
uneconomic using of expensive concrete mix and, in addition, the dra-
inage function of the packing in the space behind the lining would have
been disrupted. In addition, it was assumed that direct action of rock
pressures on the rigid lining of the underground working could lead to
its deterioration in the future.

In the beginning, the external formwork was carried out using
boards or steel sheet plates, which in many cases became sacrificial
because of the significantly constrained space between the theoretical
outer contour of the lining and the excavation. Otherwise, if the con-
tractor wanted to dismantle the external formwork after the concreting
of the particular block and use it repeatedly, large overbreaks develo-
ped to be dealt with at contractor’s expense. It was only in the second
half of 1938, after testing conducted on the Stachelberg fortress site,
that the Military Command approved the use of sacrificial formwork
consisting of 50 x 50 x 5 cm prefabricated concrete plates (see Figures
1 and 4). The plates were to ensure savings in timber formwork, hig-
her quality of concrete mix compaction, faster work process and pro-
vide sufficient protection for the outer surface of the lining in the cases
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Obr. 6 Systém uZivdani plechovych tabuli v bednéni pro oddéleni betonové
smési izolacni a konstrukéni

Fig. 6 The system of using steel sheet plates in the formwork to separate the
waterproofing concrete mix layer from the structural concrete mix layer




Obr. 7 Bednici plech v podzemi tvrze Dobrosoy
Fig. 7 The steel sheet used for formwork in the DobroSov fortress underg-
round

Ty byly v tomto pripadé kvuli rozpéti az 5,2 m tvofeny 3 vrstvami
foSen tl. 5 cm a proti vyboCeni v podélném smeru nékolikrat roze-
preny.

V urcitych partiich podzemi tvrze Dobrosov byly geologické pod-
minky tak nepfiznivé, Ze stavebni firma odmitla provadet osténi zada-
nym zpusobem a navrhla vlastni feSenf, podloZené vypoéty a ndkresy.
V tlaCivych partiich, kde do vylomu vypaddvaly zvétralé vrstvy svoru
a fylitu s mékkou jilovitou vyplni puklin, bylo betonové osténi navrze-
no v kombinaci s cihelnymi vyzdivkami (obr. 10, 11). Ty umoZiovaly
rychlejsi vystavbu a prakticky ihned po uzavfeni klenby bylo zdivo
schopno vzdorovat, na rozdil od betonu, tlakim nadloZi. Na cihelné
klenbé pak byla provedena izolace z asfaltovych past nebo plechi. Ty
byly prekryty betonovymi prefabrikdty, pouZivanymi pii vystavbé
betonového osténi, zatfenymi cementovou maltou. V sdlech kasédren
tvrze DobroSov mizeme dodnes nalézt cihelné klenby, plnici bez zjev-
nych problému tdel, pro néjz byly navrzeny.

Tvrz DobroSov zasdhlo zastaveni praci na konci zafi roku 1938
v nejvyssim tempu vystavby osténi (obr. 12, 13, 14, 15). Podle vyu-
Etovacich protokolt bylo v podzem{ tvrze piipraveno 3300 m? bedné-
ni, které pak bylo nepouzité demontovéno v lednu 1939. Pfi betondZich
v podzemi bylo spotfebovéano celkem 2360 t cementu, coZ odpovidd

kubatufe osténi zhruba 6000 m?. Piesto dokongeny objem betondZ
v podzemi predstavuje necelou polovinu planovaného rozsahu.

Obr. 8 Pozustatky bednéni sdlu profilu 400/400 v podzemi tvrze Stachelberg;
v popredi fragment stojky z vydievy, zajistijici vylom provedeny v sousednim
pasu

Fig. 8 Remains of formwork for a 400/400-profile hall in the Stachelberg
fortress underground. A fragment of a timbering post supporting the excava-
tion completed in the neighbouring block can be seen in the foreground
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where waterproofing layers were applied (they were therefore prefe-
rably recommended for water-bearing portions of rock mass). At the
same time, the volume of stone packing filling the space between the
excavation and the lining was expected to be reduced (a gap at least
5 cm wide between the excavation and the outer surface of the plate
was to be maintained). These non-reinforced concrete pre-cast ele-
ments were produced directly on construction sites of individual fort-
resses.

The above-mentioned elements of external formwork were stabilised
against the excavation by timber elements and, first of all, by stone pac-
king, simultaneously with the casting of concrete into the formwork.
Temporarily, the stabilisation could be ensured by bracing it against the
inner formwork. The formwork surfaces probably were not tied toget-
her with wire because of the reason of maintaining the compactness,
thus also waterproofing capacity of the lining.

The concreting of vertical structures was divided into blocks 4-5 m
long. The formwork was being completed along the height of the
block only during the placement of concrete. The reason was that the
pre-assembled complete inner formwork would have meant that the
access during the concreting of the lower layers of the lining would
have been difficult; then the outer formwork had to be braced against
the concrete mix itself. It is possible to assume according to the state
of the completed work in the underground of the Dobrosov and
Stachelberg fortresses that stress was placed on continual concreting
of vertical parts of linings, with construction joints originating only at
the foundation level, at the transition to the vault and between indivi-
dual casting blocks (see Fig. 5).

The concreting of the lining vault was technically more demanding
than the concreting of vertical parts. It was necessary because of the
more difficult access to pour concrete mix in about 1 m long advan-
ces, which were usually subdivided into 2 or more lifts. For spatial
reasons this work in galleries could not be carried out by more than
one worker. Small-dimension conical laths were placed longitudinal-
ly on the prepared templates serving to forming of profiles of vaults
with small radii. Dressed boards were used for the formwork for lar-
ger-diameter vault profiles. On the outer side, the formwork was
installed only at transition sections of vaults where concrete mix
could not hold on through its own cohesion, with the approach iden-
tical with that applied to vertical structures. In higher parts of vaults
the outer formwork was applied additionally as the protection of
green concrete and contingent waterproofing layers against pushing
of the subsequently placed stone packing into them (see Fig. 4).

This rather demanding concrete casting procedure was further com-
plicated by the use of different kinds of concrete mixture. Whilst the
outer portion of the lining consisted of non-reinforced concrete con-
taining a waterproofing admixture (a 10 cm and 15 cm thick layer at
walls and vaults respectively), the inner portion consisted of common
structural concrete. It was therefore necessary to use sliding steel
sheet plates separating the two types of concrete mix. The plates were
shifted upwards during the concrete casting operation so that the con-
nection of the two layers could be achieved during the final compac-
tion (see Fig. 6). The steel sheet plates were no more necessary in the
upper parts of the vaults — concrete mix containing the waterproofing
admixture was poured directly on the structural concrete layer. These
plates with diameters of 200 x 50 cm, 2 mm thick, can be found in the
Dobrosov fortress. They have two lifting eyes riveted on them for
easier handling (see Fig. 7).

The work on the installation of the lining was partially streamlined in
longitudinal direction. Whilst the concreting of foundations could be in
a significant advance, the vault was closed virtually immediately after
the concreting of vertical walls. A sheer key was formed at the front end
of the block being cast for the purpose of binding it with the next cas-
ting block. A strip of insulating cardboard was inserted into the shear
key before concreting of the next block designed to seal the joint. After
several days the formwork was dismantled and was prepared for the
repeated application. The formwork frames, templates and boards were
reusable.
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Obr. 9 Zednickd vydreva (skruZe) v sdle v podzemi tvrze Stachelberg
Fig. 9 Bricklayers’ timbering (centering) in a hall in the Stachelberg fortress
underground

3.3 Izolace a odvodnéni

Nepropustnost osténi méla byt v piiznivych podminkdch zarucena
pouze velmi kvalitnim zhutnénim samotné betonové smési, pricemz do
jejich vnéjsich vrstev, jak jiz bylo zminéno, byly pouZivany ruzné izo-
laéni ptisady, napt. Vista — Densyl K (tvrz Bouda, Hanicka). Jelikoz
geologické a hydrogeologické poméry v podlozi byly odhalovany
viceméné az pfi samotné razbé podzemnich prostor, bylo vypracovano
nékolik vzorovych opatfeni proti zvySenym vodnim pritokiim do pod-
zemniho dila.

 Pii nesoudrzném nadloZi mélo dojit ke zméné profilu klenby
z eliptického prifezu na prafez kruZnicovy, pricemz vyska svis-
lych &4sti osténi zastala zachovana. Vrchlik klenby mél byt déle
upraven nadbetonovéanim ,,hfebenu o vySce max. 15 cm. Doslo
tak sice k ur¢itému zvétSeni vylomu, zdroven ale bylo od téchto
tvarovych zmén ocekdvano, diky zvétSeni spadu, rychlejsi odve-
denf vody z klenby do drenazi podél stén.
V mistech slabych vodnich pritoku méla byt pouZita tvarova vari-
anta klenby z pfedchoziho pripadu, pficemz rubova ¢dst ostén{
klenby se prekryvala v té dobé dostupnymi asfaltovymi pdsy.
Rozsah této dpravy byl priblizné vymezen odklonem 30° od ver-
tikdly vedené patou klenby.
V mistech silnych vodnich pfitoki méla byt pouZita kombina-
ce obou predchozich opatieni, kdy se st lepenkové izolace
ve vrchliku klenby nahradila Zeleznymi plechy o tl. 5-7 mm

Obr. 11 Kombinované osténi z prostého betonu a pdlenych cihel v sdle kasd-
ren tvrze DobroSov; nad klenbou jsou patrné izolacni asfaltové pdsy

Fig. 11 Combined linings formed by non-reinforced concrete and burned
brick in a hall of the Dobrosov fortress barracks. Waterproofing asphalt card-
board sheet can be seen above the vault
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Obr. 10 Schéma iipravy osteni v sdlech kasdren tvrze DobroSov, korespondu-
Jici s obr. 11

Fig. 10 A diagram of the design of the lining in halls of the Stachelberg fort-
ress barracks, corresponding to Fig. 11

The above-mentioned procedures related to the execution of stable
excavations of galleries. As far as larger-profile rooms are concerned,
the concrete casting system was similar, it was only accommodated to
larger spans and larger volume of concrete mix being cast (see Figures
8 and 9). Whilst it was usually possible for galleries, at least for the par-
ticular block being cast, to stabilise the excavation by timbering, the
timbering was not removed during the construction of the concrete
lining in the case of halls. Vertical walls were cast behind the timbering
posts and individual load-bearing structures of the formwork could be
braced against the timbering left in place. Fans of timbering braces
were step-by-step removed during the concreting of the vault and the

Obr. 12 Nedokonéené osténi chodby profilu 150/275 v podzemi tvrze
Dobrosov; krdtké tiseky klenby pravdépodobné docasné stabilizovaly vyrub,
mezilehlé &dsti klenby mély byt betonovdny dodateéné

Fig. 12 Uncompleted lining of a 150/257-profile gallery in the DobroSov fort-
ress underground. Short sections of the vault probably temporarily stabilised
the excavation. The intermediate parts of the vault lining were to be cast sub-
sequently




Obr. 13 Odbocka chodeb profilu 150/275 v podzemi tvrze Dobrosov
s definitivnim osténim; souddst prohlidkového okruhu

Fig. 13 A branch of 150/257-profile galleries in the DobroSov fortress
underground with the final lining installed - part of the guided tour

(obr. 16, 17). Plechy mely byt v pri¢ném sméru zhruba 100 cm
dlouhé a v podélném sméru navzdjem prekryté na ,,zdmek“. Aby
byla zaruéena jejich trvanlivost, musely byt oSetfeny nékolikavrst-
vymi oboustrannymi asfaltovymi natery.

Vyjmenovand opatfeni byla vzorové vypracovdna pro profily salt
400/400 a 520/400. V piipadé mensich profilt, predev§im spojovacich
chodeb, nebyla geometrie klenby ménéna, jelikoZ jeji prufez byl navr-
hovan jako kruznicovy vzdy. Dodatecnd izolace lepenkovymi pdsy
a Zeleznymi plechy, stejné jako nadbetonovéni ,hfebenu* bylo vSak
vyuzivéno i v téchto pripadech (obr. 18, 19).

V praxi, pfi samotném provadeéni osténi podzemnich prostor, dochd-
zelo vétSinou pouze k drobnym odchylkdm od vySe navrhovanych
feSeni, podloZenych zdrukami a zkuSenostmi stavebnich firem.

K samotnému odvedeni podzemnich vod z okoli dila slouZil systém
podélnych drendzi, uloZenych vné zdkladu osténi do $térkového loZe.
Peclivé vyplnéni nadvylomu kamennou rovnaninou zaru¢ovalo prusak
vodnich pfitoku touto filtratni a vypliovou vrstvou az k drendzim
u zdkladu osténi (obr. 1). DrendZn{ potrubi bylo tvofeno keramickymi
troubami o vnitinim praméru 6-8 c¢cm a délce cca 30 cm, kladenymi
nasraz. Po ur€itych vzddlenostech, zpravidla po 20 m, bylo drendZni
potrubi prevedeno otvory v zdkladech do vnitiniho prostoru pod pod-
lahou chodeb a sdlu, kde se napojovalo na centralni kanalizalni potru-
bi vétstho pruméru. Po betondZi podlah byl piistup ke kanalizaci zajis-
tén pomoci reviznich Sachet. Kanaliza¢n{ a drendZzni potrubi sledovalo
mirny podélny sklon veskerych podzemnich prostor, ¢imz byla

Obr. 14 Sdl profilu 400/440 v podzemi tvrze Dobrosov s definitivnim osténim;
podlaha nebyla vybetonovdna, v ,,kapsdach‘ osténi mély byt fixovdany cihelné
pricky

Fig. 14 A 400/440-profile hall in the DobroSov fortress underground with the
final lining installed. The concrete floor concreting was not carried out.
Brick partitions were to be fixed in mortises in the lining
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remaining timbering structure was removed when the last pours at the
vault crown were being carried out. In addition, it was possible to fully
use working platforms which were installed at the level of plate timber
or lateral braces between timbering posts. In addition, after some trim-
ming, high timbering posts were probably used for supporting the vault
templates. In this case, because of the span reaching up to 5.2 m, the
templates consisted of 3 layers of 5 cm thick boards and were several
times longitudinally braced to prevent buckling.

Geological conditions in certain areas of the Dobrosov fortress were
so unfavourable that the contractor refused to install the lining in the
required way and proposed their own solution and supported it by cal-
culations and drawings. In squeezing ground areas, where weathered
layers of mica schist and phyllite with soft clayey filling of joints fell
into the excavated opening, the concrete lining was proposed to be com-
bined with brick linings (see Figures 10 and 11). These linings made
faster construction possible and, virtually immediately after the closing
of the vault, the lining was capable of resisting overburden pressures, as
opposed to concrete. Waterproofing consisting of asphalt cardboard
sheets or steel sheets was subsequently placed on the brick vault. The
waterproofing was covered with pre-cast plates used in the constructi-
on of the concrete lining. Cement mortar was spread on the plates. In
halls of the Barosov fortress barracks, we can find till now brick vaults
fulfilling without obvious problems the purpose for which they had
been proposed.

The Dobrosov fortress was hit by the suspension of works at the end
of September 1938, at the moment of the highest rates of the lining con-
struction (see Figures 12, 13, 14 and 15). According to invoices,
3,300 m? of formwork were prepared in the fortress underground. It
was dismantled in January 1939 without being used. The total of
2,360 tonnes of cement were consumed during the concreting in the
underground. This amount roughly corresponds to the volume of the
lining of 6,000 m3. On the other hand, the completed concrete casting
volume represents less than a half of the planned extent.

3.3 Waterproofing and drainage
The impermeableness of the lining in favourable conditions was to be
provided only by high-quality compaction of the concrete mix itself,
with a waterproofing agent added to the mix to be used for external lay-
ers, as mentioned above, e.g. Vista — Densyl K (the Bouda and Hanicka
fortresses). Because of the fact that geological and hydrological condi-
tions in the underground were revealed more or less as late as during the
excavation of underground spaces, several typical measures against inc-
reased inflows of water into the underground working were prepared.
¢ In the case of incoherent overburden, the vault profile was to be
changed from elliptical to circular, where the height of vertical
lining walls remained unchanged. The vault crown was to be furt-
her modified by increasing the level of its top by adding
a maximum 15 cm high “concrete crest” on it. On the one hand,

Obr. 15 Muniéni sdl profilu 520/460 v podzemi tvrze Dobrosov s definitivnim
osténim; souddst prohlidkového okruhu

Fig. 15 A 520/460-profile ammunition store room in the DobroSov fortress
underground with the final lining installed - part of the guided tour
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LEGENDA / LEGEND

1 Hreben z konstrukéniho betonu — Non-reinforced concrete crest

2 Zelezny plech tl. 0,5 — 0,7mm — Steel sheet 0.5 — 0.7 mm thick

3 Lepenkova izolace dle potfeby — Asphalt cardboard sheets as necessary
4 Upraveny kruznicovy tvar klenby — Modified circular geometry of vault

5 Pavodni elipticky tvar klenby — Original elliptic geometry of vault

6 Beton s tésnici pfisadou — Concrete with waterproofing admixture

7 Konstrukéni beton — Structural concrete

the volume of excavation slightly increased, on the

other hand, it was expected that, owing to the increa-

sed gradient of its upper surface, water would be remo-
ved from the vault surface to drains running along the
walls faster.

* In the locations where weak water inflows were to be
encountered, the shape variant of the vault described
in the previous case was to be applied, with the cove-
ring of the external surface of the vault with the asp-
halt cardboard sheets which were available at that
time. The extent of this treatment was roughly deline-
ated by the line declining 30° from the vertical line led
from the vault springing.

¢ In the locations where strong water inflows were to be
encountered, a combination of the two above-mentio-
ned measures was to be used, where a part of the asp-
halt waterproofing sheets was replaced by steel sheets
5 —7 mm thick (see Figures 16 and 17). The steel she-
ets were to be about 100 cm long in the lateral direc-
tion and were to overlap each other in the longitudinal
direction, forming a lock joint. They had to be treated
by several layers of asphalt coating on either side so
that their durability was ensured.

The above measures were prepared as typical soluti-
ons for 400/400 and 520/400 cm hall dimensions. In the
cases of smaller profiles, first of all connecting galleri-
es, the vault geometry was not changed because of the

Obr. 16 Schéma izolacnich opatreni klenby definitivniho osténi ve velmi nepriznivych podmin-

kdch

Fig. 16 Diagram of waterproofing measures for the final lining vault to be installed in very

unfavourable conditions

zaru¢ena funkénost odvodnéni. V pifpadé, Ze zastizené podzemni pra-
meny a prusaky byly klasifikovany jako zdravotné nezdvadné, byly
svddény pomoci samostatného potrubi pod podlahami chodeb a sdla
do rezervodra, odkud se pak tato pitnd voda rozvéadéla podle potieb
jednotlivych tvrzi (kuchyné, toalety, sprchy, oSetfovna, chlazeni tech-
nologickych zafizeni apod.).

4 ZAVER

Opevnéni, budované v Ceskoslovensku ve 2. poloviné 30. let
20. stoleti proti vojenské agresi okolnich statu, zistalo nedokon&eno.
Ve fazi nejvétsiho tempa vystavby jej zastihla tehdejsi politicka roz-
hodnuti. Presto v této dobé vzniklo dilo, které v nasi republice nema
obdoby.

Obr. 17 Izolace s poufitim plechu na klenbé osténi sdli kasdren tvrze
Dobrosov; ze snimku jsou také pomérné dobre patrné zkrdcené zdabéry beto-
ndze vrchliku klenby

Fig. 17 Waterproofing using steel sheets on the vault of halls of the DobroSov
fortress barracks. It is, in addition, possible to relatively well see the reduced
length of casting blocks of the vault crown

fact that circular cross-sections were designed for all
profiles. Anyway, waterproofing consisting of asphalt
bars and steel sheets, as well as the concreting of the
“crest”, was designed even for these cases (Figures 18
and 19).

In the praxis, mostly only minor deviations from the proposed solu-
tions were implemented during the construction of linings of underg-
round spaces. The deviations were based on guarantees and experience
of construction contractors.

Ground water was evacuated from the surroundings of the workings
by longitudinal drains installed in a gravel bed along the external surfa-
ce of foundations. Thorough filling of the overbreak with stone packing
ensured that water inflows seeped through this filtration and backfilling
layer down to the drains located at the lining foundations (see Fig. 1).
The drainage pipeline consisted of about 30 cm-long clay pipes with the
inner diameter of 6 — 8 cm, laid with but joints. The drainage lines were
diverted at certain intervals, usually every 20 m, through openings in
the foundations into the inner space under the floors of galleries and
halls, where they were connected to a larger-diameter central drainage
line. When the concreting of floors had been completed, the access to
the central drainage was provided through manholes. The side drains
and the central drain followed a moderate gradient existing in all
underground spaces. The function of drainage was ensured in this way.
If the underground springs and the seepage were classified as non-
damaging human health, they were evacuated through a separate pipe-
line running under floors of galleries and rooms to reservoirs. This
potable water was subsequently distributed from the reservoirs accor-
ding to the needs of individual fortresses (kitchens, toilets, showers,
medical treatment rooms, cooling equipment rooms etc.).

4 CONCLUSION

The fortification which was being built in Czechoslovakia in the
second half of the 1930s against the military aggression of neighbou-
ring states remained uncompleted. It was caught in the phase of the hig-
hest pace of the construction by political decisions of that time. In spite
of this fact, the works which originated at that time are unparalleled in
our republic.

Nearly 10,000 light-weight structures and 263 heavy structures were
built during a very short period of time, lasting for about 5 years. It was
necessary during this short period to develop the basic fortification
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Obr. 18 Betonovy ,,hieben* s izolaci z lepenkovych pdsu na klenbé osténi
hlavni galerie tvrze Dobrosov
Fig. 18 The concrete ““crest” with waterproofing cardboard on the vault of the
main gallery of the DobroSov fortres

Béhem velice kratké doby, zhruba 5 let, bylo vybudovano 263 t¢z-
kych a témér 10 000 lehkych objektu. Za toto kratké obdobi bylo nutno
vytvorit samotnou zdkladni koncepci opevnéni, kterou nasledovaly
rozsdhlé projek¢ni prace. Pro viechny konstrukce bylo nutno vyhledat
optimdlni materialy a zpusoby provadéni. Samotnd vystavba trvajicf tri
roky se stala velkou vyzvou pro stavebni firmy, které se musely vypo-
fadat s novymi technologiemi, dbat na vysokou kvalitu provadénych
praci pod prisnym dohledem vojenského stavebniho dozoru a dodrZet
velmi napjaté terminy vystavby. Staveni§té v pohrani¢i byla Casto
zna¢né odlehld, komunikace k nim prochédzely dosti nepristupnym
terénem, zamestnanci firem museli byt vyhradné ¢eské narodnosti. Na
stavbach bylo pouZzivano minimum mechaniza¢nich prostredka, pre-
vladala femeslnd ruéni prace — na stavbé tvrze Stachelberg bylo
k 31. srpnu 1938 zaméstnéno az 1500 délniku. Vzhledem k znadnému
rozsahu praci na stavbé tvrz{ pusobilo mnoho renomovanych firem
(viz 1. &ast Elanku), ze kterych se v 2. poloviné 20. stoleti transformo-
vala fada naSich soucasnych prednich stavebnich spole¢nosti.

VétSina opevnovacich staveb se zachovala ve velmi dobrém stavu
do dnesnich dnl. Vyjimku tvoii pouze stavby ponifené za okupace
nebo poskozené povileénou ,,t€zbou provadénou n. p. Kovosrot. Na
osténi tvrzi v podzemi se Ize setkat s vodnimi prusaky, v globdlnim
méfitku vSak konstrukce bez probléma vyhovuji, i kdyZ provadéna
izola¢ni opatreni se mohou z dne$niho pohledu zdat ponékud dsmév-
nd. Vlivem prerueni praci jsou nékteré nevybetonované prostory pod-
zem(i tvrzi DobroSov, Skutina, Stachelberg a Sibenice naruseny zavaly
a zatopeny vodou.

Na zdkladé doloZenych faktu a informacf, predkladanych ve stru¢né
verzi v tomto ¢lanku, miZeme pouze smeknout pred dosazenymi sta-
vebnimi vykony a zru¢nost{ naSich tuneldiskych predchudcu.

BC. JAKUB MIKOLASEK, mikolasek@seznam.cz,
PROF. ING. JIRI BARTAK, DrSc., bartakj@fsv.cvut.cz,
KATEDRA GEOTECHNIKY FSv CVUT

Recenzoval: Ing. Pavel Sourek
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Obr. 19 Izolace klenby osténi s pouzitim stiechovitého plechu na betonovém
,hiebenu* u hlavni galerie tvrze Dobrosov

Fig. 19 Waterproofing on a lining vault using roof-like steel sheets on the
concrete “crest” at the main gallery of the DobroSov fortress

concept itself, which was followed by extensive work on designs. It was
necessary to find optimum materials and construction procedures for all
structures. The 3 years lasting construction itself became a great chal-
lenge for construction contractors, which had to cope with new techno-
logies, to look to the high quality of the work executed under strict mili-
tary supervision and meet highly strained construction deadlines.
Construction sites located in border areas were often very remote, roads
to them passed through quite inaccessible terrains, the employees of
contractors had to be exclusively of Czech nationality. Minimum
mechanisation equipment was used on construction sites and craftsma-
n’s manual work prevailed. Up to 1,500 workers were employed on the
Stachelberg fortress construction site as of 31st August 1938. With res-
pect to the large extent of the works, numerous renowned firms (see
Part 1 of this paper), from which many of our today’s prominent con-
struction companies were transformed in the second half of the 20th
century, were employed on the fortress construction sites.

The majority of fortification structures have been preserved in a very
good condition till now. The only exceptions are the structures dama-
ged during the German occupation or the structures damaged by the
post-war “exploitation” carried out by Kovosrot n. p. (a company dea-
ling in metal scrap). On the other hand, it is possible to see local leaks
of water through the linings in the underground of the fortresses. But,
on global scale, the structures are satisfactory, despite the fact that the
waterproofing measures may, in retrospect, seem to be a little comical.
Owing to the suspension of the works, some underground spaces of the
Dobrosov, Skutina, Stachelberg and Sibenice fortresses where concrete
linings were never installed were destroyed by collapses and became
waterlogged.

Taking into consideration the documented facts and information pre-
sented in a brief version in this paper, we can only salute our tunnelling
ancestors’ skills and outputs of their work.
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TUNEL JABLUNKOV, HISTORIE A BUDOUCNOST?
JABLUNKOV TUNNEL, HISTORY AND FUTURE?

OTA JANDEJSEK

1 OvoD

V ramci modernizace Zelezni¢nich koridorii v CR se rekon-
struujf i pivodni, dnes jiz téméf 145 let staré, jablunkovské jed-
nokolejné tunely (obr. 1). Ty byly dosud vyznamnou technickou
a kulturni pamatkou Ceské republiky. Podle stivajiciho projektu
rekonstrukce mé byt jeden z tunelt v Mostech u Jablunkova roz-
§ifen na dvojkolejny. Druhy puvodni tunel md byt z poloviny
zasypan a z druhé poloviny vyuzit jako dnikova Stola.

Technickd pamdatka mimorddného kulturntho a historického
vyznamu tak md byt v podstaté ztracena.

Je zndmd véc, Ze vyspélost ndroda se poznd i podle zpusobu,
jakym pecuje o své kulturni dédictvi, at' uzZ v hmotné (architektu-
ra, umelecka tvorba), ¢i dusevni (jazyk, tradice, zvyky) oblasti.
Nezridka je z historie zndmo, Ze ipadek ne¢kterého ndroda ¢i civi-
lizace byva doprovdzen devastaci pravé jeho kultury, CemuZ
predchdzi lhostejnost ke své vlastni historii a nezdjem o zacho-
vani kontinuity minulosti s budoucnosti.

A pravé stavby byvaji leckdy vyznamnymi svédky historické-
ho vyvoje modernich spole¢nosti. Chtélo by se fict, Ze tento fakt
je naSemu stupni poznani a vzdélanosti zndm a Ze se jim ridime.
Je tomu ale opravdu tak?

MoZnou odpovédi muze byt i pfipad tunelu Jablunkov &. 1.

2 VYSTAVBA PUVODNICH JABLUNKOVSKYCH TUNELU

Jablunkovské jednokolejné tunely, které prochdzeji
Jablunkovskym prasmykem, jsou, resp. byly historickymi pod-
zemnimi stavbami, leZicimi na trati mezi Bohuminem a Cadcou,
vybudovanymi jako soucdst KoSicko-bohuminské drahy (KBD).
Vznik KBD se datuje k roku 1864, kdy byl ve Vidni vydan
, Pametni spis o KoSicko-Bohuminské Zeleznici“ — dokument,
ktery definoval trasovani pldnované Zeleznice [1].

V Cervnu roku 1866 byla udélena koncese na vystavbu
a provoz KBD konsorciu belgickych podnikateld bratra
Richeovych. Samotnd vystavba byla zahdjena roku 1867, avSak
na tlak slezskych prumyslnika nikoli z pldnovanych KoSic, ale
pramyslové rozvinutého Slezska. Po zprovoznéni prvni &dsti
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Obr. 1 Jizni portdly historickych tunelii v Mostech u Jablunkova
Fig. 1 Southern portals of the historic tunnels in Mosty u Jablunkova

i

1 INTRODUCTION

The original, today already nearly 145 years old, Jablunkov single-
track tunnels (see Fig. 1) are being reconstructed within the frame-
work of the modernisation of railway corridors in the Czech Republic.
Till now the tunnels have been important Czech Republic’s technical
and cultural monuments. According to the current reconstruction
design, the width of one of the tunnels in the municipality of Mosty
u Jablunkova is to be enlarged to accommodate two tracks. The other
original tunnel is to be backfilled in one half and be used as an escape
gallery in the other half.

This means in essence that the technical monument of exceptional
cultural importance is to be lost.

It is a well known fact that the enlightening of a nation can be jud-
ged, among other criteria, according to the system of its care of its cul-
tural heritage, in both material (architecture, artistic works) and intel-
lectual (language, tradition, customs) areas. It is often known from the
history that the decline of a nation or civilisation is usually attended
by the collapse of its culture, which is preceded by the disregard of its
own history and the lack of interest in maintaining a continuity of the
past with the future.

It is especially the case of structures that are usually significant wit-
nesses of the historic development of modern societies. One would be
tempted to say that this fact is well known to our degree of knowled-
ge and culture and we live up to it. But is it really true?

A possible answer can even be found in the Jablunkov tunnel No. 1
tunnel.

2 CONSTRUCTION OF ORIGINAL JABLUNKOV TUNNELS

The Jablunkov single-track tunnels, running across the Jablunkov
Pass, are, better to say were, historic underground structures located
on the rail line between Bohumin and Cadca. They were built as a part
of the KoSice — Bohumin line (KBL). The origination of the KBL is
dated from 1864, when the “Commemorative Treatise on the KoSice
— Bohumin Railway Track” was published in Vienna. This document
defined the alignment of the planned rail line [1].

In June 1866, the concession for the construction and operation of
the KBL was granted to a consortium consisting of Belgian entrepre-
neurs, brothers Riche. The construction work itself commenced on
1867 but, under the pressure of Silesian industrialists, from industrial-
ly developed Silesia instead of the planned town of Kosice. After put-
ting the initial section of the rail line from Bohumin to T¢8in into ope-
ration, at the beginning of 1869, the consortium encountered financi-
al problems and checks were made on the construction work. The
work recommenced in April of the same year, after an English-
Austrian bank in Vienna took charge of the funding. Since that
moment the work on the development of the track started running at
a rapid rate. It is proved by the fact that the 335 km long remaining
part of the line was carried out during a mere three years (1869 —
1872). The quantity of builders of all possible professions corresponds
to this statement. Reportedly, 17,000 men and women participated in
the construction. We know from preserved archive documents that in
1870, which is the year during which the Jablunkov tunnel (607 m)
was being driven, the construction employed 935 bricklayers, 2140
carpenters, 2140 stonemasons, 735 miners, 152 quarrymen and 953
craftsmen of various professions, in addition to other thousands of day
labourers coming mostly from the closest neighbourhood. These figu-
res are adequate taking into consideration the enormous volumes of
work which had to be carried out: moving of 7.7 million m3 of earth




Obr. 2 Jizni portdl tunelu Jablunkov ¢&. I
Fig. 2 Southern portal of the Jablunkov No. I tunnel

traté z Bohumina do TéSina, na zadatku roku 1869, se konsorci-
um dostalo do finan¢nich problému a stavba do Gtlumu. Stavebn{
price byly obnoveny v dubnu téhoZ roku, kdy se financovédni
ujala Anglo-rakouska banka ve Vidni. Poté se jiz prace na budo-
vani traté rozjely plnym tempem, coz doklada fakt, Ze zbyld ¢4st
traté délky 335 km byla realizovdna za pouhé tii roky
(1869-1872). Odpovidaji tomu také polty budovateli vsech
moznych profesi. Udajné se na vystavbé podilelo 17 000 lidi.
Z dochovanych archivdlif vime, Ze roku 1870, kdy se také razil
Jablunkovsky tunel (607 m), na stavbé pracovalo 935 zedniku,
2140 tesafu, 482 kameniku, 738 barabu, 152 skalniku a 953
femeslniku jinych profesi vedle dal3ich tisici nadenika prevazné
z nejbliz§tho okoli. Tyto pocty jsou pak podloZeny enormnim
objemem praci, které bylo nutné realizovat: pfemisténi 7,7 mili-
onu m3 zeminy a 9,9 milionu m3 kamene, vybudovani ndspt
a zdrezu do vysky az 26 m, stavba 869 mostu a propustku a razba
tunelt v celkové délce cca 2 km (tunel Stre¢no — 524 m,
Margecansky tunel — 431 m a Kralovansky tunel — 401 m) [1].

Dne 8. 1. 1871 byl preddn do provozu 69 km dlouhy tdsek trati
mezi TéSinem a Zilinou v&etnd tunelu Kalchberg, dnes oznacen
jako Jablunkov ¢. I (obr. 2). Trat totiZ byla stavéna jako jednoko-
lejnd, avsak stavitel-provozovatel mél v koncesi uvedenou klau-
zuli, kterd jej zavazovala trat zdvojkolejnit tehdy, kdy roéni
hruby zisk na jednu mili Zeleznice bude prevySovat ve dvou po
sobé jdoucich letech 150 000 zlatych. Roku 1914 byla zahdjena
razba druhého jablunkovského tunelu. Jablunkovsky tunel ¢. II
byl do provozu uveden 31. 1. 1917 [1] (obr. 3).
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Obr. 4 Jizni portdl tunelu Jablunkov ¢. II - vystavba nového portdlu (2008)
Fig. 4 Southern portal of the Jablunkov No. 2 tunnel — construction of a new
portal (2008)

Obr. 3 Jizni portdl tunelu Jablunkov ¢. I1
Fig. 3 Southern portal of the Jablunkov No. 2 tunnel

and 9.9 million m3 of stone, developing embankments and open cut-
tings up to 26 m high/deep, constructing 869 bridges and culverts and
driving tunnels at the total length of approximately 2 km (the Strecno
tunnel - 524 m, the Margecany tunnel - 431 m and the Kralovany tun-
nel - 401 m) [1].

The day of 8 January 1871 saw the inauguration of the 69 km long
track section between T&$in and Zilina, including the Kachlberg tun-
nel (today termed the Jablunkov No. 1 tunnel) I (see Fig. 2). The rea-
son was the fact that the railway line was being developed as a single-
track design, but there was a condition for the builder-operator conta-
ined in the concession binding him to ad the second track if the annu-
al gross profit for one mile of the railway line exceeded 150,000 gul-
dens in two successive years. The excavation of the second Jablunkov
tunnel commenced in 1914. The Jablunkov tunnel No. 2 was inaugu-
rated on 31 January 1917 [1] (see Fig. 3).

Till this year, the Jablunkov tunnel No. 2 has been in operation for
141 years. Together with its twin, which today de facto does not exist,
it was a witness of many historical events. The most important of them
are connected with the outbreak of World War Two, because of the
fact that the two Jablunkov tunnels were of extraordinary strategic
importance for German war planners.

3 JABLUNKOV TUNNELS AND WORLD WAR TWO

Today, few people know that it was the so-called Jablunkov
Incident after which the darkest chapter of mankind, World War Two,
started to be written. At the mention of World War Two the date of 1st
September 1939 when Nazi armed forces entered Poland comes back
to minds of most people. It is obvious that this step was planned in
the long term. Less known is the fact that Hitler’s “White Plan” (Fall
Weis) contained the attack launching date to be as early as 26th
August 1939.

In 1939, after the conclusion of the Munich Treaty, which forced
Czechoslovakia to surrender its border areas populated by Germans
(the so-called Sudetenland), even Poland enforced Czechoslovakia to
surrender the eastern part of the republic in the Czechoslovak-Polish
Triple Border area. As a result, the towns of Bohumin, Cesky Tésin,
Ttinec, Jablunkov and Mosty u Jablunkova with the two Jablunkov
tunnels ended up in Poland.

They were, because of their high strategic importance, immediate-
ly occupied by Polish army and preventatively mined. The assault on
Poland was planned by the Wermacht General Staff from April 1939.
The attack was to start in the dawn of Saturday the 26th August. This
was just the date planned by the diversion squad of Wermacht led by
lieutenant Hans Albert Herzner for an action having as the aim occu-
pying the railway station in Mosty u Jablunkova, thus preventing
Poles from destroying the tunnels. The entire action was led from
Cadca, from the territory of the, at that time pro-fascist, Slovak
State, where the diversion squad consisting of about three tens of
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Obr. 5 Severni portdly — novy a provozovany tunel (2012)
Fig. 5 Northern portals — the new tunnel and operating tunnel (2012)

Jablunkovsky tunel €. I je tento rok v provozu jiz 141 let a se svym
dvojéetem, které dnes jiz de-facto neexistuje, byly svédky mnoha déjin-
nych uddlosti. Nejvyznamnéjsi se poji s vypuknutim druhé svétové
valky, protoZe oba jablunkovské tunely mély zcela mimorddny strate-
gicky vyznam v zémérech némeckych védle¢nych pldnovacu.

3 JABLUNKOVSKE TUNELY A DRUHA SVETOVA VALKA

Malokdo dnes vi, Ze prave tzv. jablunkovskym incidentem se zacala
psdt nejtemnéjsi kapitola lidstva, druhd svétova vélka. Pii zmince o 2.
svétové vilce se patrné vetsing lidi vybavi datum 1. zari 1939, den, kdy
nacistickd vojska vstoupila do Polska. Je ziejmé, Ze tento krok byl dlou-
hodobé plédnovan, méné se vSak vi, Ze Hitlerav ,,plan Bily* (Fall Weiss)
pocital se zahdjenim ttoku jiz 26. srpna 1939.

Roku 1938, po podpisu mnichovské dohody, kterou bylo Ceskoslo-
vensko donuceno vzdit se svého pohrani¢ni obyvaného Némci (tzv.
Sudety), vynutilo si i Polsko odstoupeni vychodni Casti republiky
v oblasti ¢eskoslovensko-polského trojmezi. Na polském tzemi se tak
ocitla mésta Bohumin, Cesk}'f TéSin, Trinec, Jablunkov i Mosty
u Jablunkova s obéma jablunkovskymi tunely.

Ty byly z duvodu vysokého strategického vyznamu okamzZit€ obsaze-
ny polskymi vojdky a preventivné zaminovéany. Napadeni Polska plano-
val generdlni §tab wehrmachtu uz od dubna 1939. Utok se mél uskuted-
nit nad rdnem v sobotu 26. srpna. A praveé na toto datum napldnoval
diverzni oddil wehrmachtu vedeny porucikem Hansem Albertem
Herznerem akci na obsazeni nddrazi v Mostech u Jablunkova s cilem
zabrénit zni¢eni tunel Poldky. Celd akce byla vedena z Cadce, z tizemi
tehdejStho profasistického Slovenského Stitu, kde byl zformovan
a vycvicen diverzni oddil Citajici zhruba tii desitky pronémecky smysle-
jicich bojuvkdiu. V noci z 25. na 26. srpna 1939 prekrocil tento oddil
tehdejsi slovensko-polskou hranici a obsadil nddrazi v Mostech. Polsti
obrdnci tuneli tdto¢niky odhalili diky informaci polské telefonistky
z nadraZi a zahjili na né palbu. I tak bojuvkar Josef Kulik vjel na loko-
motivé do tunelu, kde ddajné vytrhl zdpalné $nary k trhavindm a projel
na slovenské tzemi do Cadce [2].

Podle némeckych zdroju jejich diverzni oddil v Jablunkovském pru-
smyku zajal a odzbrojil 800 polskych vojdku a pripravoval se zajmout
jednotku dalSich 1200 polskych vojdka, kteff prijeli ve vlaku do Mostu
a netusili, Ze nadraZi je jiZ obsazeno némeckymi diverzanty. Nicméné
z rozkazu némeckého veleni se diverzni oddil stéhl zpét na Slovensko.
Podle polskych zdroju se dto¢nikim naopak tunely obsadit nepodarilo
a z nadrazi v Mostech byli za nékolik hodin polskymi vojaky vytlaceni.
Jisté je, Ze se némeckd armdda musela Polsku za incident oficidlné
omluvit.

Proc¢ vlastné doslo k odvoléani ptuvodniho terminu ,,Fall Weiss*“? Hitler
se v prvni fadé zalekl zpravy o spojenecké smlouvé mezi Polskem
a Velkou Britanif, kterd byla podepsdna pravé 25. srpna. Hitler sou¢asné
az do odpoledne téhoz dne cekal na Mussoliniho souhlas se vstupem
Italie do valky. Ten vSak priSel s neakceptovatelnymi podminkami. Dals{
pfi¢inou byla zfejmé Zddost generdlniho S$tdbu wehrmachtu
o nekolikadenni odloZeni dtoku, protoZe némeckd arméda jesté nebyla

TuouHel

pro-German thinking storm troops was formed and trained. During the
night from 25th to 26th August 1939, this squad crossed the at that
time existing border between Slovakia and Poland and took the rail-
way station in Mosty. Polish defenders exposed the invaders owing to
information from a Polish telephone operator from the railway station
and opened fire on them. Despite this fact, Josef Kulik, one of the
storm troops, entered the tunnel on a locomotive and, reportedly, pul-
led the fuse off the explosives and passed through to Cadca in the
Slovak territory [2].

According to German sources, their diversion squad captured and
disarmed 800 Polish troops in the Jablunkov Pass, and was preparing
for capturing a unit containing other 1200 Polish troops who arrived
on train, unaware of the fact that the railway station had been taken by
German diversionists. Nevertheless, under an order of the German
headquarters, the diversionary squad backed off back to Slovakia.
According to Polish sources it was just the opposite: the invaders did
not manage to take the tunnels and were pushed out from the Mosty
railway station by Polish soldiers within several hours. One thing is
certain: German army had to officially apologise to Poland for the
incident.

What was the real reason of cancelling the original term for the
“Fall Weiss™? First of all, Hitler got frightened of the news about the
treaty of alliance between Poland and Great Britain, which was signed
just on 25th August. In addition, Hitler waited till the afternoon for
Mussolini’s approval to the entry of Italy to the war. But the approval
arrived with unacceptable conditions. Another reason was obviously
the request of the General Staff of Wermacht for the attack to be post-
poned for several days because the German army had not been in the
full combat readiness yet. In this situation, the order to stop the aggres-
sion arrived in Cadce at the moment when the entire diversion squad
action was in full swing. Six days later, when World War Two really
broke out, Germans no more tried to save the tunnels in Mosty
u Jablunkova. As a result, the commander of Polish sappers, sub-lieu-
tenant Witold Pirszeld managed to damage both tunnels, using 20 ton-
nes of explosives, in a way making the strategic railway line to
Slovakia impassable for many months. Subsequently, on the first day
of World War Two, Polish army retreated from the occupied part of the
Czech Tesin region [2].

Thus the Jablunkov incident is considered by military historians to
be the first premature attack of World War Two.

4 IMPORTANCE OF JABLUNKOV TUNNELS FOR
TRANSPORT

The importance of the Jablunkov tunnels for transport was absolu-
tely exceptional from the very beginning. It was the main transport
route between Czech provinces and Slovakia. At the beginning it was
of critical importance for the development of Slovakia and, after
World War 2, even for the development of the industrial centre of the
region of Ostrava, as well as the development of the industrial basis of
the entire Czechoslovak Republic. It was the route along which thou-
sands of tonnes of raw materials, first of all iron ore, flew to Ostrava
ironworks from the former USSR.

It was therefore logical that this project for the reconstruction of the
Jablunkov tunnels originated within the context of the modernisation
of railway corridors, which commenced after 1990. The objective was
to provide this critical point of the rail line connecting the Czech
Republic and Slovak Republic with means meeting current higher
requirements for the speed, capacity and safety of railway transport.
The design speed of passage through the tunnel after reconstruction
should reach 160 km/h, which is the same as the speed on the other
railway corridors in the Czech Republic.

In November 2007, nearly 95 years after the commencement of the
construction work, the operation of the Jablunkov tunnel No. 2 was
terminated and the so-called reconstruction of the structure started
(see Fig. 4). After various considerations, the variant containing the
conversion of the original single-track tunnel (about 30 m?2) to
a double-track profile (80 m?2 profile) with parameters corresponding
to current standards was eventually chosen. According to the design,
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Obr. 6 Deformace terénu po zdvalovych uddlostech (2009)
Fig. 6 Terrain deformations after the collapse events (2009)

v plné pohotovosti. A tak rozkaz o zastaveni agrese pfisel do Cadce
v dobé, kdy jiz byla celd diverzni akce v béhu. O Sest dni pozdé&ji, kdy
2. svétova vélka vypukla skute¢né, se uz Némci tunely v Mostech
u Jablunkova zachrdnit nesnazili, a tak se veliteli polskych Zenistd pod-
poru¢iku Witoldu Pirszelovi podafilo 20 tunami tritolu oba tunely
poskodit takovym zpasobem, Ze vojensky strategicka trat'na Slovensko
byla fadu mésict nesjizdna. V prvni den druhé svétové vélky pak polskd
vojska ustoupila ze zabrané ¢ésti Ceského Tésinska [2].

Jablunkovsky incident je tak vojenskymi historiky vSeobecné pova-
Zovén za prvni predCasny ttok druhé sveétové vélky.

4 DOPRAVNI VYZNAM JABLUNKOVSKYCH TUNELU

Dopravni vyznam jablunkovskych tunelt byl od po¢atku zcela mimo-
fadny. Jednalo se o hlavni dopravni spojeni mezi Ceskymi zemeémi
a Slovenskem. To melo prvotné zdsadni vyznam pro rozvoj Slovenska
apo 2. svétové vélce i pro rozvoj pramyslového centra ostravského regi-
onu a budovdni primyslové zdkladny celé Ceskoslovenské republiky.
Tudy do ostravskych huti proudily tisice tun surovin, zejména Zelezné
rudy z byvalého SSSR.

Bylo proto logické, Ze spolu s modernizaci Zelezni¢nich koridort
Ceské republiky, ke které se piistoupilo po roce 1990, vznikl i projekt na
rekonstrukci jablunkovskych tuneli. Smyslem bylo, aby i toto klicové
misto na Zelezni¢ni dopravni spojnici mezi CR a SR spliiovalo soucas-
né vySsi ndroky na rychlost, kapacitu i bezpecnost Zelezni¢ni dopravy.
Projektovand rychlost v rekonstruovaném tunelu by méla dosahovat az
160 km/hod., stejné jako na ostatnich Zelezni¢nich koridorech CR.

V listopadu roku 2007, tedy po témér 95 letech od zahdjeni vystavby,
byl v tunelu Jablunkov €. IT ukoncen provoz a zahdjena jeho tzv. rekon-
strukce (obr. 4). Po raznych tivahdch byla nakonec zvolena varianta pre-
razby puvodniho jednokolejného tunelu (profil cca 30 m2) do dvojkolej-
ného profilu s parametry odpovidajicimi dne$nim normdm (profil
80 m2). Z puvodni konstrukce rekonstruované tunelové trouby nebude
podle projektu zachovana zddna viditelnd ¢ést (obr. 5).

Béhem rozgifovéni puvodniho tunelu doslo k nékolika havérifm.
Pri¢inou byly mimofadné slozité geologicko-tektonické pomery v misté
stavby, které byly navic zkomplikovény puvodni vystavbou obou tune-
lovych trub a pravdépodobné i vlivem jejich poskozeni v roce 1939
a naslednymi provoznimi opravami.

Po dobu rekonstrukce byla veskerd doprava soustiedéna do jediné
tunelové trouby €. 1.

Po havidrii ze dne 15.a 17. 11. 2009, kdy doslo k cca 130 m dlouhé-
mu zdvalu, stali vSichni dcastnici vystavby pred otdzkou, zda nebyla
dotcena stabilita a bezpecnost druhé tunelové roury, jejiZ podélnd osa se
nachdazela v minimdln{ vzdalenosti od hranice zavalu (obr. 6).

no visible part of the original structure of the tunnel tube will be main-
tained after the reconstruction (see Fig. 5).

Several incidents were experienced during the course of the work
on the original tunnel width enlargement. They were caused by excep-
tionally complicated geological and tectonic conditions in the tunnel
location. In addition, the conditions were further complicated by the
original construction of the two tunnel tubes and, probably, owing to
the influence of the damage caused to them in 1939 and the subsequ-
ent operational repairs.

During the course of the reconstruction, all traffic was directed to
a single tunnel tube, the tube No. 1.

After the incident on 15th and 17th November 2009, when about
130 m of the tunnel collapsed, all project parties faced the question
whether the stability and safety of the other tunnel tube, the longitudi-
nal centreline of which was located at a minimal distance from the
boundary of the collapse, had been disturbed (see Fig. 6).

Continual monitoring of the tunnel lining deformations with remo-
te transmission of the data was operatively designed. The monitoring
started several days after the collapse. It made the restarting of traffic,
which had been stopped for safety reasons, possible. The long-term
decommissioning of the operating tunnel has an extremely negative
effect, first of all on freight transport, and causes complications to big
enterprises in the region of Ostrava (Ttinec Steelworks, AcelorMittal
Ostrava etc.) in production, associated with significant economic con-
sequences.

The continual monitoring of the operating tunnel has been running
throughout the work on the recovery of collapses, thus has been pro-
viding continual information on the sufficiency of the reliability of the
stone masonry lining and correctness of proposals for the collapse
recovery technique. Owing to the monitoring it was not necessary to
suspend traffic for a long time, thus immense financial losses were
prevented.

At the moment (February 2012), the work on the recovery of col-
lapses is in full swing (see Fig. 7). The opening of the tunnel to traffic
is planned for the first half of 2013. The problems which were encoun-
tered during the course of the entire reconstruction will certainly beco-
me a subject of detailed analyses by geotechnicians and tunnelling
specialists for the edification at other tunnel construction projects.

5 JABLUNKOV TUNNEL NO. 1 FUTURE

Are you asking what the future of the, till now operating, Jablunkov
tunnel No. 1 is? If you expect that after the commissioning of the new
modern tunnel this structure will be treated as a national cultural and
technical monument of not negligible importance, you are wrong.
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Operativné byl navrZen kontinudlni monitoring deformaci tunelového
osténi s ddlkovym pfenosem dat. Monitoring byl zahdjen nékolik dn po
havdrii a umoZnil opétovné zprovoznéni dopravy, kterd byla z divodua
bezpecnosti zastavena. Dlouhodobé odstaveni provozovaného tunelu
md zejména pro nakladni dopravu mimofadné negativni dopad a velkym
podnikim ostravského regionu (Tfinecké Zelezdrny, ArcelorMittal
Ostrava apod.) zpusobuje komplikace ve vyrobé s vyznamnymi ekono-
mickymi dopady.

Kontinudlni monitoring osténi provozovaného tunelu probihd i po
celou dobu praci na zméhdn{ zdvall a zajithje tak prabéZné informace
o dostate¢né spolehlivosti kamenného osténi i spravnosti navrhu feSen{
zmdhacich praci. Diky tomu nemusela byt v provozovaném tunelu dlou-
hodobé prerusena doprava a tim bylo zabranéno obrovskym finanénim
ztratdm.

V soucasné dobé (dnor 2012) naplno probihaji priace na zmdhdni
zdvalu (obr. 7). Zprovoznéni nového tunelu se planuje na prvni polovi-
nu roku 2013. Problémy, ke kterym doglo v prubéhu celé prestavby, se
jisté stanou predmétem podrobnych analyz geotechniku a tunelarskych
odborniku pro poudeni na dal§ich tunelovych stavbéch.

5 BUDOUCNOST TUNELU JABLUNKOV C. I

A jakd budoucnost ¢ekd dosud provozovany tunel Jablunkov ¢. 1?
Pokud se domnivdte, Ze po zprovoznéni nového moderniho tunelu se
bude s touto stavbou naklddat jako s ndrodni kulturni a technickou
pamatkou nezanedbatelného vyznamu, mylite se.

Polovina tunelu ma byt po dokonceni rekonstrukce zasypdna. Severn{
portdl tunelu, ten u kterého doslo 26. srpna 1939 k prestrelce, md byt zli-
kvidovan. Druhd pulka tunelu md byt propojovaci $tolou napojena na
novy tunel a slouZit jako tinikovd $tola. Do jizniho portdlu puvodniho
tunelu bude vestavéna sténa s tinikovymi vraty.

Je nepochopitelné, Ze se stdt, jako vlastnik tohoto historicky unikatni-
ho dila, pod zdminkou ekonomické hospodérnosti rozhodl nendvratné
tuto technickou pamdtku ,,pohibit*. Odborné verejnosti jisté neni nutné
oduvodniovat vyznam dnikové Stoly u 600 metri dlouhého Zelezni¢niho
tunelu. Proc by ale historicky tunel nemohl dalsi desitky let slouzit chod-
ctm, cyklistim nebo turistim a zéroveri vhodnou formou vefejnosti pri-
pominat nejen vyznamné dejinné udélosti naSeho stitu, ale i unikatn{
technickou pamadtku, kterd méla pro rozvoj zemé zcela zdsadni vyznam?
Pro ty, ktefi mylné toto nejvychodnéjsi zdkouti nasi vlasti vnimaji jako
zastréeny a bohem zapomenuty kraj, by byla zminka o této historicky
technické a kulturni pamétce v cestovatelském bedekru jisté vyznamnym
impulzem navstivit a objevit tuto pozoruhodnou a malebnou ¢ést Beskyd.

Pro stavebni inZenyry jde zase o svédectvi rozvoje dopravniho stavi-
telstvi v devatendctém stoleti a o jednu z prvnich tunelovych staveb
v nasi republice i v Evropé.

Co by jinde dali za moZnost mit na svém tzemi vice neZ 140 let sta-
rou, av§ak plné funk&ni stavbu, kterd navic v minulosti unikdtnim zpu-
sobem ovlivnila béh déjin?

Kdo si neumi vazit své historie, svého kulturniho i technického dédic-
tvi, kdo neumf svédomité pecovat o dilo svych predka a preddvat jej
ndsledujicim generacim, t€Zko muZe byt povaZovan za kulturné vyspé-
1ého a zajistit si své misto v budoucnosti.

Domnivame se, Ze jesté neni pozdé, aby doslo k takové Skodé a Ze by
se odborna technickd vefejnost spolu s profesnimi spole¢nostmi, jako je
CZTA, Svaz stavebnich inZenyrii a CKAIT s podporou vyznamnych
firem podnikajicich v podzemnim stavitelstvi, mely spole¢né zasadit
0 to, aby tato technickd a kulturni pamétka nebyla pro nase ndsledovni-
ky ztracena.

ING. OTA JANDEJSEK, jandejsek@arcadisgt.cz,
ARCADIS Geotechnika, a. s.

Recenzoval: prof. Ing. Josef Aldorf, DrSc.
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Obr. 7 Jizni portdl tunelu Jablunkov — zmdhdni zdvalii (12/2011)
Fig. 7 Southern portal of the Jablunkov tunnel — recovering work (12/2011)

One half of the tunnel is to be backfilled when the reconstruction is
finished. The northern portal of the tunnel, which is the portal at which
the gunfight took place on 26th August 1939, is to be liquidated. The
other half is to be connected to the new tunnel through a cross passa-
ge and serve as an escape gallery. A wall with escape gates will be
built into the southern portal of the original tunnel.

It is past comprehension that the state, the owner of this historical-
ly unique piece of construction work, under pretence of economising,
decided to “bury” this technical monument in an irretrievable manner.
It is certainly not necessary to explain the importance of the escape
gallery for a 600 m long rail tunnel to the expert public. Nevertheless,
why the historic tunnel could not serve to pedestrians, cyclists or tou-
rists for additional tens of years and, at the same time, remind the pub-
lic in a suitable form not only of significant epoch-making events of
our state, but also of the technical monument of crucial importance for
the development of our country? For those who erroneously consider
this easternmost corner of our country to be a faraway region forgotten
by God, a mention of this historic technically and culturally monu-
ment in a tourist guide-book would certainly be an important impulse
to visit and discover this noteworthy and picturesque part of the
Beskidy Mountains.

For civil engineers, this is a token of the development of transport-
related engineering in the nineteenth century and one of first tunnel
structures built not only in our republic but also in Europe.

‘What would other countries give for the opportunity to have an over
140 years old and fully functional structure within their territory,
which, in addition, influenced the course of history in a unique way in
the past?

He who does not know to respect his history, his cultural and tech-
nical heritage, who is not able to painstakingly take care of work of
ancestors and hand it over to following generations can hardly be con-
sidered to be culturally advanced and gain his place in the future.

We believe that it is not late yet for preventing such the damage and
that the expert technical public together with professional associati-
ons, such as the CzTA, the Association of Civil Engineers and CKAIT,
with the support of important companies having their business in
underground construction, should make joint efforts to prevent the
loss of this technical and cultural monument for our descendants.

ING. OTA JANDE]SEK, jandejsek@arcadisgt.cz,
ARCADIS Geotechnika, a. s.

[2] PAJER, J. Jablunkovsky incident. A Report — Ctrnactidenik Ministerstva obrany CR, 17/2007, s. 28-29.
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RAZBA TUNELU V SILNE ROZPUKANEM
HORNINOVEM MASIVU NA TRATI BENESOV - VOTICE

DRIVING TUNNELS THROUGH HEAVILY FRACTURED
ROCK MASS ON BENESOV - VOTICE RAILWAY LINE

MILAN KOSSLER

ovop

V clanku se prezentuje pohled geotechnika na razbu Olbra-
movického a Tomického tunelu na trati IV. tranzitniho Kkoridoru,
v tseku Votice — BeneSov. Autor zaujimd stanovisko k nékterym hod-
nocenim projektanta tunelu (Maiik, Tunel 4/2011, ,,RaZené tunely
Olbramovicky a Tomicky I na trati Votice — Benesov u Prahy*), kterd
vychdzeji, podle autora tohoto textu, z ne zcela komplexniho
a spravného posouzeni skutedné zastiZzenych geotechnickych poméra
pri razbé.

Stavebni prace na obou tunelech se rozbéhly v druhé poloviné roku
2009. Stavba je vyjime¢na délkou realizovanych podzemnich del —
celkem 2690 m dvoukolejnych tuneld, z toho &tyfi byly razené a jeden
hloubeny. Ze sméru od severu k jihu to postupné byly tunely Tomicky
II (raZeny celkové dl. 252 m), Tomicky I (raZzeny celkové dl. 324 m),
Zahradnicky (razeny celkové dl. 1044 m), Olbramovicky (razeny cel-
kové délky 480 m) a Voticky (hloubeny celkové délky 590 m).
Razbami tuneli Tomicky I, Tomicky II a Olbramovicky byly oproti
predpokladim zastizeny hor{ inZenyrskogeologické poméry masivu,
nez bylo predikovano projektem potazmo podrobnym geotechnickym
pruzkumem. U tunelu Zahradnického byla geologick4 kondice masi-
vu viceméné shodna s predpoklady.

TUNEL OLBRAMOVICKY - PRUBEH RAZEB
Toto podzemni dilo m4 celkovou délku 480 m, z ¢ehoz délka raze-

né ¢asti ¢ini 360 m a délka hloubenych portdlovych ¢asti je 2x60 m.
Vyska nadlozi ¢ini od cca 6 m v pfiportdlovych tsecich aZ po cca
25 m uprostied tunelu. Tunel byl budovan konvenéné (NRTM) a je
konstruovan jako dvouplastovy (primdrni a sekunddrni osténi)
s mezilehlou hydroizolaci. Primdrni vystrojeni je tvoreno stiikanym
betonem vyztuZenym ocelovymi sitémi, svorniky a predrazenymi
jehlami. Pfi razbé bylo dodrZovéno horizontdlni ¢lenéni — v predstihu
raZena kalota (cca 60 m?) s naslednym dotéZenim opéii (cca 40 m?).
K dnesnimu dni je tunel dokoncen a jedna jeho kolej je jiz v provozu.

: & 3 SRR
Obr. 1 Vypadnuti édsti celby v TM 147,9 (RNDr. P. Novotny)
Fig. 1 Collapse of a part of the excavation face at tunnel chainage m 147.9
(RNDr. P. Novotny)

INTRODUCTION

This paper presents a view of a geotechnician on the driving of the
Olbramovice and Tomice tunnels on the Transit Corridor No. 4, within
the section between the towns of Votice and BeneSov.

The construction work on both tunnels commenced in the second half
of the year 2009. The construction is exceptional in terms of the length
of completed underground workings — 2,690 m of double-track tunnels,
four of them mined and one cut-and-cover. The sequence of tunnels in
the north—south direction was: the Tomice No. 2 tunnel (mined, total
length of 252 m), the Tomice No. 1 tunnel (mined, total length of 324 m),
the Zahradnice tunnel (mined, total length of 1,044 m). Worse enginee-
ring geological conditions than those predicted by the design or by
a similar geotechnical investigation were encountered when the Tomice
No. 1, the Tomice No. 2 and the Olbramovice tunnels were being driven.
Regarding the Zahradnice tunnel, geological condition of the rock mass
was more or less identical with assumptions.

OLBRAMOVICE TUNNEL - THE COURSE OF MINING
OPERATIONS

This underground working is 480 m long; of this length the mined part
takes 360 m and the cut-and-cover portal sections 2 x 60 m. The maxi-
mum overburden height ranges from about 6 m in portal sections to about
25 m in the middle of the tunnel. The tunnel was driven using
a conventional method (the NATM). The structure consists of a double-
shell lining (a primary and secondary liners) with an intermediate waterp-
roofing layer. The primary support consists of shotcrete reinforced with
steel mesh, rock bolts and forepoling. The so-called horizontal excavation
sequence was applied — the top heading (about 60 m?) was driven in
advance, followed by the excavation of the bench (about 40 m?). At pre-
sent the tunnel has been completed and one rail is already operating.

The construction work on the Olbramovice tunnel started from the exit
(northern) portal (tunnel chainage m 60) on 09/12/2009. According to the
geotechnical supervision, engineering geological conditions worse than
expected by the survey were encountered during the course of the exca-
vation. Compared to the predicted, relatively good-quality granitoids, the
excavation encountered first of all the Moldanubic rocks — intensely weat-
hered and tectonically affected gneiss containing layers of aplitic granites
and graphitic shales. The construction contractor had to cope with incre-
ased instability of the excavation face and the unsupported excavation,
which was caused first of all by pronounced cubical fracturing of the rock
mass. Discontinuity planes were in addition limonitised, frequently with
clayey filling; weak water inflows were locally encountered. The rock
mass was tectonically affected in numerous cases. Tectonic faults were
parallel or sub-parallel with the excavation face and were filled with
mylonite. Mechanical disintegration was applied to the portal sections in
such the EG conditions; systematic blasting was applied later to higher-
quality rock, at a greater distance from the exit portal, from tunnel chai-
nage m 153.5.

This assessment of the actually encountered geological situation dif-
fers from the opinion of the designer presented in the above-mentioned
paper, where the designer assessed the geological condition of the rock
mass as stable.

In such unfavourable conditions it was necessary to advance with
short, 1.0 to 1.5 m long excavation rounds, with the top heading
heavily supported with spiling, which provided protection for miners at



21. rocnik - €. 2/2012

i i

Obr. 2 Pocdtek raZeb z jizniho portdlu v silné zvétralych ruldch (Ing. J. Svatos)
Fig.2 Commencement of tunnelling through heavily weathered gneiss from
the southern portal (Ing. J. Svatos)

Stavebni prace se na Olbramovickém tunelu rozbéhly 9. 12. 2009
ze strany vyjezdového (severniho) portdlu (TM 60). V prubéhu razby,
byly podle hodnoceni geotechnického dozoru, zastiZzeny horsi inZe-
nyrskogeologické poméry, nez bylo predpokldddno v prizkumu.
Oproti predikovanym relativné kvalitnim granitoidnim hornindm byly
totiz zastizeny predevs§im horniny moldanubika — intenzivné zvétralé
a tektonicky postizené ruly s polohami aplitickych zul a grafitickych
biidlic. Dodavatel stavebnich praci se v prabéhu razeb potykal se zvy-
Senou nestabilitou Celby a nezajisténého vyrubu, kterd byla zpasobe-
na predev§im vyraznym kostkovitym rozpukdnim skalniho masivu.
Plochy nespojitosti byly navic limonitizované a Casto s jilovou vypl-
ni, misty se vyskytovaly slabé pritoky vody. Hornina byla Cetné tek-
tonicky postiZzend. Tektonické poruchy byly soubézné, nebo subpara-
lelni s Celbou a byly vyplnény mylonitem. V takovychto inzenyrsko-
geologickych pomérech bylo pro rozpojovéani priportdlovych dseka
pouZito strojni rozpojovéni, trhavina byla systematicky aplikovdna az
v kvalitnéjsi horniné dile od vyjezdového portalu od TM 153.5.

To je odli$né hodnoceni skutené zastizené geologické situace opro-
ti vySe uvedenému c¢lénku, kde projektant hodnotil geologickou kon-
dici masivu jako stabilni.

V takto nepfiznivych podminkdch geotechnik investora pozadoval
postupovat s kratkymi stavebnimi

TuouHel

the face against falling rock. Owing to the spiling, the volume of unavo-
idable geological overbreaks was also reduced. The short excavation
rounds were also associated with the respective excavation support clas-
ses specified in design documents; classes 4, 5 and 6 prevailed. It is
necessary to say that the top heading support by means of the spiling
which was prescribed by the design for the above-mentioned excavation
support classes was not sufficient and the numbers of spiles installed in
individual construction advances had to be increased.

A proof of the bad geological condition of the rock mass is even the
fact that, apart from minor overbreaks (in the order of single cubic met-
res), even two larger exceptional events happened during the course of
the excavation, where rock with the volumes in the order of tens of cubic
metres fell from the face. The fall of the rock from the excavation face
dated 11/02/2010 is shown in Fig. 1. The quality of rock mass gradually
increased with the growing overburden height. It was possible in the
middle of the tunnel to apply excavation support class 3 with the round
length of 2.0 m.

The excavation from the exit (northern) portal was terminated at tun-
nel chainage m 366.3. The excavation from the opposite, entrance portal
(chainage m 420) started on 24/4/2010 with the objective to carry out the
breakthrough inside the rock massif. The excavation from the south
encountered a layer of heavily weathered gneiss, locally having the cha-
racter of soil. This condition corresponded to the original survey assump-
tions. The first round of the excavation from the northern portal is shown
in Fig. 2. It was necessary even from this direction to systematically sup-
port the top heading with steel spiles. The Olbramovice tunnel breakt-
hrough took place on 18/5/2010.

It follows from the above-mentioned description that the actual pro-
portions of the individual excavation support classes deviated from the
design, tending to classes with more massive support. Class 5, specified
in the design to allow excavation round lengths of 2.5 m, was never used.

OLBRAMOVICE TUNNEL MONITORING

The geotechnical monitoring which was carried out during the
tunnel excavation operations consisted first of all of 3D surveying
(convergences, portals and the ground surface), extensometer
measurements, measurements of water table in wells and seismic
measurements.

Results of convergence measurements show that values of deformati-
ons were different along the tunnel, corresponding to the different

postupy dl. 1,0 m az 1,5 m se silné

ROy e

zajisténym piistropim predrazeny-
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poskytovaly ochranu pracovniku —_—
na Celbé pred padajici horninou.
Diky jehlam se rovnéz podarilo
omezit objem nechténych geolo-
gickych nadvylomu. Kritkym sta-
vebnim postuptm piislusela i tech-
nologickd tfida vyrubu véetné
vystrojeni dand projektovou doku-
mentaci, prevazné tiida 4, 5 a 6.
Nutno fici, Ze zajisténi piistropi
pomoci ocelovych jehel prede-
psané projektem v danych tech-
nologickych tfiddch nebylo dosta-
Cujici a bylo nutno pocet jehel

pokiea gt ab fravy
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v jednotlivych stavebnich postu-
pech zvysit.

O Spatné geologické kondici
horninového masivu svéd¢i i fakt,
7e v prubéhu razby tunelu Olbra-
movicky do$lo mimo malych nad-
vylomu (fdd prvnich kubikt) rov-
néZ ke dvéma vét§sim mimorad-
nym uddlostem, pfi nichZ doslo |

k vypadnuti Celby v fadu desitek

kubikd. Vypadnuti horniny z Eelby
z 11. 2. 2010 je na obrazku 1.

Obr. 3 Namérené deformace ve stani¢eni TM 403,5
Fig. 3 Deformations measured at tunnel chainage m 403.5
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red schist with the character of soil
were encountered, the measured
values of radial deformations ran-
ged from 25 mm to 40 mm (for an
example of a convergence measu-
rement profile see Fig. 3). In the
remaining tunnel section (tunnel
chainage m 60 to 330) radial defor-
mation values about 10 mm, local-
ly 15 mm, were measured (for an
example of a convergence measu-
rement profile see Fig. 4).
Vertical movement values

measured at two extensometer
measurement profiles were hig-
her than the measured conver-
gence values. Values of 20 mm
and 60 mm were recorded at

profiles at chainages m 95 and
393, respectively — see Fig. 5.
Construction advances at the top
heading and bench applied from

the entrance portal from tunnel

L L m——

Obr. 4 Namérené deformace ve stanic¢eni TM 75,0
Fig. 4 Deformations measured at tunnel chainage m 75.0

Kvalita masivu se s rostouci mocnosti nadlozi postupné zlepSovala
tak, Ze uprostred tunelu bylo mozno razit v technologické tfidé 3
s délkou zabéru 2 m.

Razba ze strany vyjezdového (severniho) portdlu byla ukoncena ve
staniceni TM 366,3. Dne 24. 4. 2010 bylo zapocato s razbou
z protilehlého vjezdového portdlu (TM 420), aby se prordzka usku-
te¢nila uvnitt horninového masivu. Razbou z jizniho sméru byla zasti-
Zena poloha silné zvétralych rul misty az charakteru zemin, coZ odpo-
vidalo predpokladam z pruzkumu. Prvni zabér z jizniho sméru je znd-
zornén na obrdzku 2. I z tohoto sméru bylo nutno piistropi systema-
ticky vystrojovat ocelovymi predrazenymi jehlami. Dne 18. 5. 2010
probéhla v Olbramovickém tunelu prordzka.

chainage m 420 (the counter-
heading) up to the location of
breakthroughs of the partial hea-
dings are recorded at the bottom
of this picture. It is obvious that the chainage of the top heading
breakthrough is nearly identical with the chainage of the extenso-
meter measurement profile. It is there possible to come to
a conclusion that the “lost” deformation, i.e. the deformation which
was not registered by the convergence measurements because of
the excavation deformations which took place before the conver-
gence points had been installed and initial measurements had been
carried out, amount to 10 to 20 mm as the minimum. The non-regis-
tered (lost) deformation will probably be even higher because of
the fact that the lowest measured level of extensometers was 1.5 m
above the theoretical tunnel excavation contour.

Different values of the terrain settlement above the tunnel were
also registered by a levelling survey. At tunnel chainage m 95, the
settlement of the surface of

10 mm was measured above the
. “ tunnel centre line, with the sett-
g ﬁhla;" o - lement trough about 50 m wide;
ea i at tunnel chainage m 393 settle-
40 3 = e A ment of 40 mm was measured
5 88 & @ 2 g |u above the tunnel centre line,
T = — By R
*llE ST L 2 - I with the settlement trough about
k] §§ - bohies o g e 50 m wide. The chart showing
= n onled ve smeru razl 5 . . .
o g é‘g 1; Aview in the djrectior%l E i the def(?rma.tlons. in the 10ng1t1.1-
28 of excavation s 18 dinal direction is presented in
-4 8 =& - i ° a d .
§ 8¢ ) I Fig. 6.
E 29 == Zhlavi / Head R : .
s 8% —m—im 7 It is obvious from the chart
*1lle g2 it v that deformations of the excava-
sk — m . .
” £ E—;» o Tephta / Temperature °C J:,. ted opening as well as the terrain
© > e exceeded the maximum expec-
Cas /Time | [\ ted (warning) values specified in
<10 1] . . .
TR 22040 wesn oo Toaw T 30T Mon 090810 Fwoa 0 the detailed design and/or in the
monitoring design within appro-
% g Vzdalenost kaloty a opéfi od vrtu (m) / Distance of topheading and bench from borehole ximately a third of the tunnel
e length. Despite the fact that the
il | deformation values were excee-
“l'-jw WAV s pA LD 1 BTN LA Y0 ded, no decision to reinforce the
*1 Moms 3 1 tmmAmEii o3 3 % 3% M excavation support elements was
0 made because the development

Obr. 5 Deformace z extenzometru namérené ve staniceni TM 393
Fig. 5 Deformations measured by extensometer at tunnel chainage m 393

of deformations with time had
a settling character. The only
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Z vySe popsaného vyplyvd,
Ze skuteny pomér zastoupeni
jednotlivych technologickych
tiid byl oproti projektové do-
kumentaci rozdilny, a to ve pro-
spéch masivnéji vystrojenych
tfid. V projektu uvazovana trida II
s délkou zdbéru 2,5 m nebyla
pouzita vibec.

MONITORING OLBRAMO-
VICKEHO TUNELU

V prubéhu raZeb byl realizo-
vdn geotechnicky monitoring,
ktery sestdval predev§im z geo-
detickych 3D méfeni (konver-
gence, méfeni portdld a po-
vrchu), extenzometrickych mére-
ni, méreni urovné hladin studn{
a seismickych méfeni.

Vysledky z konvergencnich
meéreni ukazuji, Ze naméfené
deformacni hodnoty se po délce
tunelu ménily v zévislosti na riz-
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nych druzich geologie. V jizni

Casti tunelu (stani¢eni TM 330 az
TM 420), kde byly zastiZzeny
zcela zvétralé ruly charakteru
zemin, byly naméfeny hodnoty radidlni deformace od 25 mm do
40 mm - pifklad konvergen¢niho profilu viz obrazek 3. Ve zbylém
tseku tunelu (stani¢eni TM 60 az TM 330) byly naméfeny hodnoty
radidlnich deformaci okolo 10 mm, misty 15 mm — pfiklad konver-
gencniho profilu viz obrdzek 4.

Na dvou instalovanych extenzometrickych profilech byly name-
feny hodnoty svislych pohybu vyssi neZ u konvergencnich méfeni
v tychZ mistech. Na profilu v TM 95 bylo naméfeno 20 mm a na
profilu v TM 393 bylo zaznamendno 60 mm — viz obrdzek 5. Tento
jev se ve Ve ¢i men$i mife potvrzuje na vétSing tuneld, kde jsou
oba tyto druhy méfeni provadény ve stejnych profilech. Ztracend
(konvergen¢nim méfenim nezaznamenand) deformace muZe podle
okolnosti ¢init azZ dvojndsobek skute¢né deformace (zjisténé napr.
extenzometrickym méfenim). Z toho lze tedy v naSem pripadé
odvodit, Ze ,,ztracend” deformace, kterd nebyla mérenim konver-
genci zaznamendna v dusledku deformaci vyrubu probéhnuvsich
jesté pred osazenim konvergenénich bodu a pied prvnim méfenim,
¢ini v tomto konkrétnim pripadé miniméalné 10 a7z 20 mm. Pfitom
neni vylouceno, Ze mohla byt jesté vyssi, nebot nejnizsi merend tro-
veii extenzometri byla 1,5 m nad teoretickym vyrubem tunelu. Pri
hodnoceni pomeéru deformace zjisténé konvergenénim meéfenim
k maximalné predpoklddanym deformacim a k hodnotdm varov-
nych stavu, nelze tyto skuteCnosti nechat stranou. V dolni ¢dsti
obrdzku 5 jsou zaznamendny stavebni postupy kaloty a opéii ze stra-
ny vjezdového portdlu z TM 420 (protirazba) aZ do mista prordzek
téchto dilé¢ich vyrubu.

Nivelaénim méfenim na povrchu byly zaznamendny rovnéz
rozdilné poklesy terénu nad tunelem. Ve staniceni TM 95 byl
naméfen pokles povrchu nad osou tunelu 10 mm s $ifkou pokle-
sové kotliny cca 40 m, ve stani¢eni TM 393 bylo pak naméfeno
40 mm nad osou tunelu s §itkou poklesové kotliny cca 50 m. Graf
deformaci v podélném sméru tunelu je zndzornén na obrazku 6.

Z hodnoceni méreni je tedy zfejmé, 7e s nejvétsi pravdépodob-
nosti v cca 1/4 délky tunelu prekrocily celkové deformace (véetné
ztracené) vyrubu i terénu maximdln{ pfedpoklddané (varovné) hod-
noty stanovené v realizacni dokumentaci stavby, ¢i v projektu
monitoringu (viz obr. 6). ProtoZe se ale piirustky deformaci v Case
ustalovaly, nebylo pfistoupeno k dodate¢nému zesilovani vystrojo-
vacich prvka v tunelu. Byla pouze zvySena Cetnost méfeni a bylo
rovnéZz prijato organizalni opatreni, které spocivalo v zdkazu pre-
jizdéni tézké techniky po stavenistni komunikaci situované nad
tunelem v oblasti razeného vjezdového portdlu.

Obr. 6 Prubéh deformaci po délce tunelu
Fig. 6 Deformations measured along the

tunnel length

measure was that the frequency of measurements was increased
and an organisational measure was adopted in the form of imposing
a ban on heavy equipment passing across the construction site road
located above the tunnel in the area of the mined entrance portal.

TOMICE NO. 1 AND TOMICE NO. 2 TUNNELS

The tunnels are short underground workings with the following cha-
racteristics: The Tomice No. 1 tunnel is 324 m in total; the mined part
is 216 m long and the cut-and-cover sections at the entrance (southern)
portal and the exit (northern) portal are 48 m and 60 m long, respecti-
vely. The overburden height ranges from about 6 m in the portal secti-
ons up to 15 m in the middle of the tunnel length. The tunnel was con-
structed using conventional procedures (the NATM). It is a double-
shell structure consisting of a primary lining and secondary lining with
an intermediate waterproofing layer between them. The primary sup-
port consists of shotcrete reinforced with steel mesh, rock bolts and
spiling. The so-called horizontal excavation sequence was applied —
the top heading (about 60 m?) was driven in advance, followed by the
excavation of the bench (about 40 m2). At present the civil works have
been completed in the tunnel; the only work to be carried out is to lay
trackbed ballast and the track.

The Tomice No. 2 tunnel is 252 m long in total. Of that length, the
mined tunnel part and the cut-and-cover sections take 204 m and 2 x
24 m, respectively. The overburden height ranges from about 5 m to
about 11 m in the portal sections and in the middle of the tunnel length,
respectively. The tunnel was constructed using the conventional
NATM. The structure consists of two lining shells (primary and secon-
dary) with a waterproofing layer between them. The primary support
consists of shotcrete reinforced with steel mesh, rock bolts and spiling.
The so-called horizontal excavation sequence was applied — the top
heading (about 60 m?) was driven in advance, followed by the exca-
vation of the bench (about 40 m2). At present the civil works have been
completed in the tunnel; the only work to be carried out is to lay track-
bed ballast and the track.

Similarly to the Olbramovice tunnel, the geological conditions of the
rock mass encountered even at these tunnels were worse than those
predicted by the investigation. Instead of granodiorites, the excavation
again encountered first of all weathered and tectonically affected gne-
iss with layers of granite. The gneiss was cubically fractured, with the
fissures coated with limonite or filled with clay; dripping water was
present from time to time. Owing to the increased instability of the




Obr. 7 Pristropi silné postiZené diskontinuitami se zajisténim ocelovymi jehla-
mi — Tunel Tomicky II (RNDr. E. Straka)

Fig. 7 Top heading heavily affected by discontinuities, with the support
provided by steel spiles — Tomice No. 2 tunnel (RNDr. E. Straka)

TUNELY TOMICKY I A TOMICKY II

Jde o kratkd podzemni dila, kterd maji nasledujici charakteristiky.
Tunel Tomicky I ma celkovou délku 324 m, z ¢ehoz délka razené Casti
¢ini 216 m a délky hloubenych ¢asti jsou 48 m (vjezdovy jizni portdl)
a 60 m (vyjezdovy severni portdl). VySka nadloZi ¢inf od cca 6 m
v priportdlovych dsecich aZ po cca 15 m uprostied tunelu. Tunel byl
budovan konvenéné (NRTM) a je konstruovan jako dvoupldstovy
(priméarni a sekunddrni osténi) s mezilehlou hydroizolaci. Primarn{
vystrojeni je tvoreno stifkanym betonem vyztuZenym ocelovymi sité-
mi, svorniky a predrdZenymi jehlami. Pfi razbé bylo dodrzovano hori-
zontdlni ¢lenéni — v predstihu raZena kalota (cca 60 m2) s ndslednym
dotéZenim opé€ri (cca 40 m2). K dne$nimu dni je tunel stavebné dokon-
Cen, zbyva pouze osadit Stérkové loZe s kolejovym rostem.

Tunel Tomicky II ma celkovou délku 252 m, z ¢ehoz délka razené
&asti Cinf 204 m a délky hloubenych portdlovych dseki 2x24 m.
Vyska nadlozi ¢inf od cca 5 m v piiportalovych dsecich az po cca 11 m
uprostred tunelu. Tunel byl budovdn konvenéné (NRTM) a je kon-
struovdan jako dvoupldstovy (primdrni a sekunddrni osténi)
s mezilehlou hydroizolaci. Primdrni vystrojeni je tvoreno stfikanym
betonem vyztuZenym ocelovymi sitémi, svorniky a predrazenymi
jehlami. Pi razbé bylo dodrzovano horizontalni ¢lenéni — v predstihu
razena kalota (cca 60 m?) s naslednym dotéZenim opéff (cca 40 m2).
K dne$nimu dni je tunel stavebné dokoncen, zbyva pouze osadit $ter-
kové loZe s kolejovym roStem.

Podobné jako u tunelu Olbramovického, byly i u téchto dvou pod-
zemnich dél zastizeny geologické pomeéry horninového masivu horsi,
neZ bylo predikovdno pruzkumem. Namisto granitoidd byly opét
zastizeny predevs$im zvétralé a tektonicky postiZzené ruly s polohami
7ul. Ruly byly kostkovité rozpukané, na puklinich byly povlaky limo-
nitu i jilovd vypli, obCas byly pritomny tkapy vody. Kvuli zvysené
nestabilité¢ nezajisténého pristropi bylo i zde nutno razit obezretné
s kratkymi stavebnimi postupy a tomu odpovidajicimi technologicky-
mi tfidami vyrubu. Postupovat bylo moZno jen s ochranou pristropi
ocelovymi predrdzenymi jehlami, ¢imZ se zabranilo vzniku vétSim
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unsupported top heading, it was necessary even in this case to advan-
ce carefully with short excavation rounds, applying adequate excavati-
on support classes. It was possible to proceed only if steel spiles were
installed ahead of the top heading face, preventing larger overbreaks
from originating. The unfavourable geological condition of the rock
mass existing at both tunnels is obvious from Figures 7 and 8.

Compared with the Olbramovice tunnel and Tomice No. 1 tunnel,
the Tomice No. 2 tunnel differed in terms of the rock mass quality
along the tunnel. Whilst, in the case of the Olbramovice and Tomice
No. 1 tunnels, the lowest quality rock was encountered in portal sec-
tions and the quality improved toward the mid points, the best condi-
tion of rock mass in the Tomice No. 2 tunnel was encountered at the
beginning of the excavation, at the entrance (southern) portal. The
geological conditions gradually deteriorated with the excavation
advancing. The unfavourable geology in the area of the exit (northern)
portal of the Tomice No. 2 tunnel is proved by the fact that the exit
portal wall collapsed shortly after the excavation of the construction
pit (see Fig. 9).

Geotechnical monitoring comprising surveying (measurement of
convergences, measurements at portals and a levelling survey) was
part of our work even at the Tomice No.l and Tomice No. 2 tunnels.
The monitoring in the zone affected by the construction operations
consisted of the observation of water table in wells, seismic measure-
ments and the condition survey of buildings located closest to the
tunnels.

Radial deformations of the Tomice No. 1 tunnel amounted to about
15 mm on average; even 40 mm values were measured at tunnel cha-
inages m 96.7 and 114.9 respectively. Terrain deformations stabilised
at up to 10 mm, with the settlement trough about 35 m wide. The sub-
sidence measured on the extensometer installed at the level of 1.5 m
above the tunnel did not exceed 20 mm.

Average radial deformations of the Tomice No. 2 tunnel were about
10 mm, terrain deformations amounted to about 5 mm on average,
with the settlement trough about 35 m wide. Average subsidence valu-
es measured at the level of 1.5 m above the tunnel on the extensome-
ter installed at tunnel chainage m 164 did not exceed 20 mm.

The maximum values of expected deformations and the levels of
the warning states specified in the detailed design and the monitoring
design were never reached at the Tomice No. 1 and Tomice No. 2 tun-
nels. The following maximum expected values were specified in the
detailed design for both tunnels:

¢ 30 mm radial deformation of the excavated opening for excavati-

on support classes 2, 3 and 4,
e 50 mm radial deformation for excavation support class 5,
* 25 mm for the terrain settlement above the tunnel centre line.

CONCLUSION

The geotechnical conditions encountered at three mined tunnels on
the Fourth Railway Transit Corridor (the sequence viewed from the
south: the Olbramovice, Tomice No. 1 and Tomice No. 2) were unam-
biguously worse than originally assumed by the design, which was
based on results of the geotechnical investigation. This was the reason
why the actual representation of heavier excavation support classes
was higher at the expense of classes with lighter support.

By contrast, the granitoid rocks (Sedlcany-type granites) which
were encountered at the Zahradnice tunnel were consistent with the
conclusions of the geotechnical investigation. The rock in this locati-
on was characterised by blocky jointing with tight discontinuities wit-
hout filling; weak inflows of water in the form of dripping or, spora-
dically, weak inflows were locally encountered . The favourable geo-
logical condition of the rock mass made the use of a larger range of
lighter excavation support classes possible. The representation of
actually applied excavation support classes and classes specified in
the design for individual mined tunnels is obvious from the table in
Fig. 10.

After the tunnels broke through, the designer presented the opinion
that it had been possible to reduce some elements of the primary sup-
port. His arguments were based on the relatively small deformations
determined by convergence measurements. However, in our opinion,
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nadvylomum. Nepfiznivd geologickd kondice horninového masivu
obou tunelt je patrnd z obrdzku 7 a 8.

Tunel Tomicky II byl oproti tunelum Olbramovicky a Tomicky
I odlisny v rozloZeni kvality horninového masivu po délce tunelu.
U tunelt Olbramovicky a Tomicky I byla nejméné kvalitni hornina
zastizena v priportdlovych dsecich a smérem do jejich stfedu se kva-
lita zlepSovala. U tunelu Tomicky II byla nejlepsi kondice horninové-
ho masivu zastiZena v pocatku razby na vjezdovém (jiznim) portéle.
Postupné s razbou se ale geologické poméry zhorSovaly. Nepfiznivou
geologii v oblasti vyjezdového (severniho) portdlu Tomického II tune-
lu doklad4 skuteCnost, Ze vyjezdova portdlova sténa kritce po vyhlou-
beni jdmy zkolabovala — viz obrazek 9.

I na tunelech Tomicky I a Tomicky II byl sou¢4sti nasi innosti
geotechnicky monitoring, ktery zahrnoval geodetickd méreni (konver-
gence, méfeni portdld a nivelace terénu) a extenzometrickd méfent.
V z6né ovlivnéni stavbou byly rovnéz sledovany trovné hladin stud-
ni, byla realizovédna seismickd mefeni a rovnéZz byly pasportizovany
nejblizsi prilehlé stavebni objekty.

Na tunelu Tomicky I ¢inily v praméru radidlni deformace cca 15
mm, ve dvou profilech v TM 96,7 a TM 1149 bylo naméfeno
i 40 mm. Deformace terénu se ustdlily do 10 mm s Sitkou poklesové
kotliny cca 35 m. Na extenzometru v TM 232 byly naméfeny hodno-
ty seddn{ v drovni 1,5 m nad tunelem do 20 mm. Pod extenzometric-
kym profilem byla konvergenénim méfenim zaznamendna radidln{
deformace do 10 mm, coZ je polovina hodnoty naméfené na extenzo-
metru. Nezméfend deformace zde tedy Cini cca 100 % deformace
naméfené na konvergen¢nich bodech.

Na tunelu Tomicky II €inily radidlni deformace zjisténé konver-
genénim méfenim v pruméru cca 10 mm. Deformace terénu Einily
v pruméru cca 5 mm s poklesovou kotlinou Sirokou cca 35 m. Na
extenzometru v TM 164 byly naméfeny prumémé hodnoty seddni
v drovni 1,5 m nad tunelem do 20 mm. Pod extenzometrickym profi-
lem byla konvergenénim mérenim zaznamenéna radidlni deformace
do 10 mm, coZ je opét polovina hodnoty naméfené na extenzometru.

Na objektech tunelt Tomicky I a Tomicky IT nebylo maximélnich
predpoklddanych deformaci a soucasné hodnot varovnych stavu
danych RDS a projektem monitoringu dosazeno. Maximalni predpo-
klddané hodnoty deformaci podle RDS a varovné hodnoty podle pro-
jektu monitoringu byly stanoveny pro oba tunely nédsledovne:

¢ 30 mm radidlni deformace vyrubu pro technologické tridy 2,3 a 4,

¢ 50 mm radidlni deformace pro technologickou tiidu 5,

e 25 mm pro seddni terénu nad osou tunelu.

ZAVER

Na trech raZenych tunelech IV. tranzitniho Zelezni¢niho koridoru
(z jihu to byly Olbramovicky, Tomicky I a Tomicky II) byly zastize-
ny jednozna¢né horsi geotechnické poméry, neZ byl pavodni predpo-
klad projektu, vychézejici z vysledku geotechnického prizkumu.
Proto také u téchto objektt bylo skutedné zastoupeni masivnéji vystro-
jenych technologickych tiid vyssi na tdkor tfid subtilnéji vystrojenych.

Naproti tomu u tunelu Zahradnického byly v souladu se zaveéry geo-
technického pruzkumu zastiZeny granitoidni horniny (Zuly sedl&an-
ského typu). Hornina se zde vyznacovala blokovitou odlucnosti se
sevienymi plochami diskontinuit bez vyplné, misty se vyskytovaly
slabé pritoky vody v podobé tkapu, ojedinéle slabych pritoku.
Prizniva geologickd kondice horninového masivu dovolila pouzit
VEtsi rozsah subtilnéji vystrojenych technologickych tfid. Zastoupen{
skuteéné pouzitych technologickych tfid a trid projektovanych je pro
jednotlivé razené tunely patrné z tabulky na obrazku 10.

Po proraZeni tunelu prezentoval projektant stanovisko, Ze bylo
mozno redukovat nékteré vystrojovaci prvky primérniho osténi. Jeho
argumentace vychdzela z pomérné malych namefenych deformaci
z konvergenéniho méfeni. Podle ndzoru autora ¢lanku, ktery byl na
stavbé geotechnikem investora, viak u popisovanych tuneli nebyl pro
redukei jednotlivych prvki vystrojeni prostor, aniz by vzniklo nebez-
peci ndhodného vzniku nestability pristropi tunelu. Toto stanovisko se
opiré nejen o vysledné konvergenéni mérenti, ale i o celkové hodnoce-
ni zastizené geologické situace. Bezpetnd razba v silné rozpukanych
tektonicky postizenych hornindch vyZadovala vystrojeni dané projek-
tem, a to bez dal$i redukce bez ohledu na relativné malé hodnoty

Obr. 8 Nadvylom u tunelu Tomicky I (Ing. J. Svatos)
Fig. 8 Overbreak in Tomice No. 1 tunnel (Ing. J. Svatos)

which is supported by the overall assessment of the geological situa-
tion, there was no space for the reduction of individual components of
the support without posing the hazard of the accidental origination of
instability in the top heading. The safe tunnelling through heavily
fractured, tectonically affected rocks required, in our opinion, the sup-
port system which was specified in the design. On top of this, the safe
support of the top heading required the numbers of spiles to be incre-
ased so that overbreaks were minimised and the protection of miners
at the face was ensured. It is also necessary to realise the fact of the
shallow overburden — 5 m to 11 m for the Tomice No. 2 tunnel, 6m to
15 m for the Tomice No. 1 tunnel and 6 m to 25 m for the
Olbramovice tunnel. Unfortunately, at such the shallow overburden
no natural rock arch develops, therefore it is necessary to make provi-
sions for the alternative that the weight of the whole overburden rests
on the primary lining of the tunnel, which condition may lead to
a sudden collapse along numerous pre-disposed surfaces. We, in the
position of the geotechnical supervision, did not want and were not
allowed to take this risk. At the same time, our effort was to keep the
values of deformations within the limits specified in the design. This
objective was partially achieved — see Fig. 4.

The assessment stating that the rock mass at the Olbramovice and
Tomice tunnels was sufficiently stable and it was possible to reduce
some support components without the risk of accidental falls of
blocks of rock from the tunnel roof cannot be agreed with.

In addition, the opinion that it had been reasonable to modify in
any way the elements specified for respective excavation support
classes would have had to be presented during the course of the
underground excavation so that it could be properly discussed among
all parties to the construction. A modification or addition of new

Obr. 9 Zdtrh vyjezdového portdlu tunelu Tomicky 11 po predisponované plose
Fig. 9 Slide scar at the Tomice No. 2 tunnel exit portal (sliding along a pre-
disposed surface)
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ZJ}gte.f?S" lfoPV?fgenépfm mgrenl’m. Pro bezpec- Olbramovicky tunel Zahradnicky tunel Tomicky | tunel

né zajisteni pistropi bylo treba naopak vystro- Olbramovice tunnel Zahradnice tunnel Tomice No. 1 tunnel

jeni dané projektem zesilit. A sice bylo treba

zvysit poCet jehel v pristropi, aby se zabranilo

vypaddvani horniny a zajistila se tak ochrana

pracovnikl na Celbé. RovnéZ je tieba si uveé- i

domit fakt nizkého nadloZi — tunel Tomicky II 2 99 180,0 2460 1800 0.0 62,0
L 3 99,0 40,0 330.0 612.0 77,4 80,0

od 5mdo 11 m, tunel Tomlcky Iod 6 mdo 2 115.0 80,0 1289 72.0 97.9 50.0

15 m, tunel Olbramovicky od 6 m do 25 m. Pri 5a 98,0 12,0 31,1 48,0 40,7 24,0

takto nizkém nadloZi bohuZel nelze s jistotou 5b 48.0 48.0 0.0 24.0 0.0 0.0

kalkulovat s vytvorenim prirozené horninové Suna _un | 360'?_ T ::60.0 oLt LELAY 2160 2168

klenby, a je proto nutno pocitat s alternativou, TonﬁiT:m 2 ;I::nel 1.'[:1::3,5?1":3&

7e viha celého nadloZi spocivi na primimim || iy "0 e aia | Dakade | Skutecnddéka | Délka dle

osténi tunelu. To zvySuje nebezpeci vypadnu- Clas- (m) projektu (m) (m) projektu (m)

ti kritickych bloka po Cetnych predisponova- SeS | Actuallength | Designlength | Actuallength | Design length

nych plochdch. Soucasné bylo snahou geo- (m) (m) (m) (m)

technika volit takovy postup, ktery by udrZel 2 0.0 154,0 446,0 576,0

deforma¢ni hodnoty v projektem stanovenych 3 25.7 50.0 5321 7820

mezich. To se ¢aste¢né podaiilo. 4 178.3 0.0 5201 202,0

S hodnocenim, Ze horninovy masiv byl 28 0.9 as 169.8 84,0
u tuneli Olbramovicky a Tomicky dostate¢né = 0 2 =t =
stabilni, a Ze by zde byvalo bylo moZno bez Suma -6um|_204.0 2060 17369 1169

neprijatelného nebezpedi ndhodnych péadu
bloku horniny z pfistropi redukovat nékteré
vystrojovaci prvky, nelze tedy z vySe uvede-
nych divodu souhlasit.

Je samoziejmé, Ze ndvrhy na jakékoli modifikace projektem stano-
venych technologickych tiid je nutno vznaset v&as v prubéhu razeb,
aby mohly byt fidné projednany. To se ale v daném pripadé nestalo.

Co se tyce hodnoceni deformacniho chovéni horninového masivu
zjisténého monitoringem, je tieba zopakovat, 7e méfenim se neziska-
v4 tplnd informace o chovani horninového masivu a o jeho vlastnos-
tech. V dusledku zpozdéného osazovéni konvergencnich bodu do
hotového vyrubu, které je zpusobeno technologickymi davody, lze
zachytit pouze &ést skutecné probéhlé deformace Cerstve vyrazeného
vyrubu. ZkuSenosti ukazuji, Ze to podle okolnosti muZe byt pouze
50 % skute¢né vzniklé deformace. Proto je naprosto klicové, spolu
s hodnocenim méfenim zji§téného deformacniho chovéni osténi, pro-
vadét prubézné a komplexni hodnoceni skuteCné zastiZenych geo-
technickych a geologickych podminek.

Pro vyloueni moznych nedorozuméni je nutné, aby bylo
v projektové dokumentaci u varovnych stavi jednoznaéné uvedeno,
zda se jednd o deformaci vyrubu zjist€nou konvergenénim méfenim,
&i o celkovou deformaci vyrubu (v€etné ztracené deformace).

Soustredéni se pouze na jednotlivé vysledky méfeni, zejména kon-
vergen¢niho méfenti, jak se nékolikrat ukézalo v neddvné praxi, muze
byt v nékterych situacich dokonce fatdlni. Zejména tehdy, pokud se na
charakteru reakce horninového masivu na razbu mohou podilet i jiné
faktory nez ty, které jsou, nebo mohou byt pfedmétem monitoringu.
Takovou situaci miZe byt pravé hrozba nadvylomt ndhodnym vypa-
ddvénim kritickych bloku horniny v dasledku nepfiznivé orientace
ploch diskontinuit.

Skute¢né pouZité vystrojeni tunelt mus{ tedy vzdy reagovat nejen
na komplexni zhodnoceni vysledku méfeni s pfihlédnutim k jeho pfi-
rozenym omezenim, ale musi také vzit v tivahu redln€ zastiZenou geo-
logickou kondici.

V piipadé tuneld na vseku BeneSov — Votice byla tato zdsada
respektovana. Tunely byly v takto sloZitych podminkéch dspésné vy-
razeny v souladu s projektem. Skute¢nosti je, Ze na tfech tunelech byly
navySeny finan¢ni ndklady, u jednoho (nejdel$iho) vSak byly finance
naopak usetfeny.

ING. MILAN KOSSLER, kossler@arcadisgt.cz,
ARCADIS Geotechnika, a. s.

Recenzoval: prof. Ing. Jiri Bartik, DrSc.

LITERATURA / REFERENCES

Obr. 10 Porovndni skute¢né pouZitych technologickych tiid vyrubu s projektem
Fig. 10 Comparison of actually applied excavation support classes with the design

excavation support classes having the impact on the financing is
a change in the design which had to be agreed by the parties to the
construction and approved by the project owner. This had never hap-
pened.

As far as the assessment of the deformational behaviour of the rock
mass determined by the monitoring is concerned, it is necessary to
realise that measurements never provide complete information about
the behaviour of rock mass and its properties. Because of the fact that
convergence points are installed in a completed excavation, it is pos-
sible to register only the part of the deformation of the freshly exca-
vated opening which really developed. Experience proves that only 50
% of the real deformation may be registered, depending on the circu-
mstances. It is therefore absolutely crucial to assess the actually
encountered geotechnical and geological conditions in a continual and
comprehensive way together with the assessment of the deformatio-
nal behaviour identified and to establish a hypothesis about the actu-
ally existing mechanism of the deformation of rock mass induced by
the tunnelling work.

As it has been proved in the recent praxis, focusing only on indivi-
dual results of measurements, first of all convergence measurements,
may be even fatal in some situations. It is so, first of all, in the situa-
tions where other factors than those which are or can be subjects of
monitoring can assert themselves upon the character of the rock mass
response to excavation. Such a situation may take place if there is
a threat of an overbreak following after an accidental fall of critical
blocks of rock owing to random orientation of discontinuity surfaces,
which define its position relative to the tunnel axis.

The actually applied tunnel excavation support must always res-
pond to the comprehensive assessment of the results of measurements
taking into consideration natural limitations of the support and taking
into account the really encountered geological condition. The repre-
sentation of individual excavation support classes will never be abso-
lutely identical with assumptions specified in designs.

This principle was respected in the cases of the Olbramovice and
Tomice tunnels. The tunnels were successfully driven through the
complicated conditions in compliance with the design. The fact is that
financial expenses were increased at three of the tunnels, but, on the
other hand, the finances were saved at one (the longest) tunnel.

ING. MILAN KOSSLER, kossler@arcadisgt.cz,
ARCADIS Geotechnika, a. s.

MARIK, L. RaZené tunely Olbramovicky a Tomicky I na trati Votice — BeneSov u Prahy, Tunel, 2011, ¢. 4.
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Kvalita, presnost a diislednost v kazdém detailu. Spoleéna koordinovana prace lidi

desitek oboril a profesi. Schopnost feSit naroéna zadani a odvaha hledat nova reseni.

Je tohle uméni? MozZna ne. Jen to dobfe umime.

Quality, accuracy and consistency in every detail. The coordinated effort of professionals

from many fields. The ability to solve problems and the courage to search for new approaches.
Is this an art-form? Maybe. In either case we do it well.

1/ Metro V.A, tralovy tunel vyraZeny strojem TBM / Metre Line VA, TBM-driven Running Tunnel

3 2/ Méstsky okruh v Praze, tunelovy komplex Blanka / City Circle Road in Prague, Blanka Tunnel Complex
3/ Tunel Karhusaari, metro Helsinky, Finsko / Metro Tunnel in Karhusaari, Helsinki, Finland
4/ Délnice D8, tunely RadejEin / D8 Motorway, Radejéin Tunnels

1

Metrostav a.s5.
KoZeluZska 2246, Prague B, Czech Republic mm@mu
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FOTOREPORTAZ ZE STAVBY TUNELOVEHO KOMPLEXU BLANKA
(STAV K 30. 4 . 2012)

PICTURE REPORT FROM THE CONSTRUCTION OF THE BLANKA
COMPLEX OF TUNNELS (THE STATE AS OF 30/4/2012)

Obr. 1 Vystavba klenbovych tunelii v jamé Patockova
Fig. 1 Construction of vaulted tunnels in the Patoc¢kova construction pit

Obr. 3 Vystavba technologického centra TGC1 Myslbekova
Fig. 3 Construction of the TGC1 Myslbekova technical centre

Obr. 5 Stavenisté hloubenych tunelii, TGC2 a podzemnich gardzi na Prasném
mosté

Fig. 5 Construction site for cut-and-cover tunnels, the TGC2 centre and an
underground car park at Prasny Most

R

Obr. 2 Vystavba klenbovych tunelii v jamé Patockova
Fig. 2 Construction of vaulted tunnels in the Patoc¢kova construction pit

ik Bl
Obr. 4 Objekt technologického centra TGCI Myslbekova
Fig. 4 TGCI1 Myslbekova service building

Obr. 6 Armovdni, bednéni a betond? stropu tuneli na Prasném most¢
Fig. 6 Installation of reinforcement and formwork a casting of tunnel roof
deck at Prasny Most
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Obr. 7 Dokonéovaci prdce v hloubenych tunelech u Spejcharu
Fig. 7 Finishing work in cut-and-cover tunnels at Spejchar
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Obr. 9 Ndter klenby razeného tunelu v kiiZeni s tunelovou propojkou TP14
Fig. 9 Coating applied to the vault of the mined tunnel at the intersection with
the cross passage TP14

y
Obr. 11 Jeden z prostorii pro hlavni ventildtory v razené strojovné vzduchotechniky
Fig. 11 One of the spaces for main fans in the mined cavern for the ventilation plant

Obr. 13 Ndtér klenby v hloubeném tunelu na Letné
Fig. 13 Coating applied to the vault of the Letnd cut-and-cover tunnel
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Obr. 8 Na Hrad¢anské probihd dostavba podchodu pod trati CD smérem do Dejvic
Fig. 8 Completing of the pedestrian subway under Czech Railways track
toward Dejvice is underway at Hrancanskd metro station
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Obr. 10 Prostor pro ventildtory v raZené strojovné vzduchotechniky
Fig. 10 Space for fans in the mined cavern for ventilation plant

Obr. 12 Zdéni pricek v tunelové propojce TP12
Fig. 12 Erection of masonry partitions in cross passage TP12

Obr. 14 Findlni povrchovd viprava mildnskych stén v tunelech u Spejcharu
Fig. 14 Final work of a Spejchar tunnel diaphragm walls
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FOTOREPORTAZ ZE STAVBY PRODLOUZENI
TRASY V.A PRAZSKEHO METRA

PICTURE REPORT FROM THE CONSTRUCTION
OF PRAGUE METRO LINE V.A EXTENSION

Obr. 1 Clenéni razeb stanice Cerveny vrch

Fig. 1 The Cerveny Vrch station excavation sequence Obr. 2 Expresivni foto 7 prordzky tratbvych tunelii raZenych NRTM v tiseku
Motol - Vypich (foto: Ing. Libor Maiik)
Fig. 2 Expressive picture from the breakthrough of running tunnels driven using
the NATM in the Motol — Vypich section (Photo courtesy of Ing. Libor Marik)

Obr. 4 ProtaZeni zeminového $titu jamou E2 ve Veleslaviné
Fig. 4 Pulling the EPBM through construction pit E2 in Veleslavin

Obr. 3 ProraZeny eskaldtorovy tunel pro stanici Petiiny (foto: Josef Husdk)
Fig. 3 Escalator tunnel for the Petiiny station after breakthrough (Photo
courtesy of Josef Husdk)

Obr. 5 Rozpracovand povrchovd stanic Motol (foto: Ing. Maridn Chotdr) Obr. 6 Uéastnici slavnostni prordzky sleduji prunik $titu Tonda do stanice

Fig.5 The Motol at-grade station under construction (Photo courtesy of Ing. C erveny vrch

Maridn Chotdr) Fig. 6 Attendees of the breakthrough celebration follow the penetration of the
Tonda shield into the Cerveny Vrch station
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

PRORAZKA DVOUKOLEJNEHO TUNELU MEZI VYPICHEM
A STANICI MOTOL NA STAVBE PRAZSKEHO METRA V.A
DOUBLE-RAIL TUNNEL BETWEEN VYPICH AND MOTOL STATION BREAKTHROUGH

ON THE PRAGUE METRO LINE V.A CONSTRUCTION

On 3td April 2012, HOCHTIEF CZ a. s. met one of important
milestones of the construction of the Prague Metro Line
V.A. The breakthrough of the double-track tunnel crowned the
20-month period of tunnelling work between Motol and Vypich.
The total length of the section of the double-track running tun-
nels between the future Nemocnice Motol station and Vypich
which has just been finished amounts to 735 m (including an
assembly chamber).

The excavation of this section was divided into two stages so
that the assembly chamber and the Katefina access gallery were
vacated for the needs of the preparation for the drives of the
Earth Pressure Balance Machines at the end of 2010.

Dne 3. 4. 2012 splnila spole¢nost HOCHTIEF CZ, a. s., jeden
z velmi duleZitych milniku vystavby trasy prazského metra
V.A. Prorazenim dvojkolejného tunelu se zavrsilo 20 mésicu
tunelovacich praci mezi Motolem a Vypichem.
Postupy razeb:
e Razby z Vypichu (255 m) zahdjeny 7. 8. 2010 a ukonceny
8.12.2010

¢ Razby tunelu obratovych koleji (217 m) 22. 12. 2010 - 30.
5.2011

e Razby z Motola (480 m) zahdjeny 20. 6. 2011 a ukonceny
prordzkou 3. 4. 2012

Priavé dokonleny usek tratovych dvoukolejnych tuneli mezi
budouci stanici Nemocnice Motol a Vypichem ma vcetné tak
zvané montazni komory celkovou délku 735 m. Usek byl raZen
ve dvou etapdch, z duvodu potieby uvolnit koncem roku 2010
montdzni komoru a prfistupovou §tolu Katefina Metrostavu pro
pripravu raZeb zeminovymi §tity.

V prvé etapé razeb dlouhé 255 m postupovaly razby z Vypichu
smérem do Motola. Plocha vyrubu obndsi zhruba 90 m?. Vedeni
trasy dvoukolejnych tunela razenych metodou NRTM bylo zvole-
no z bezpe¢nostnich davoda v prostoru, ve kterém se nenachdzi
7adna povrchova zastavba. I pres nepriznivé geologické podmin-
ky se dafilo pomoci aplikace spravnych trid téZzby a nasazeni

Obr. 1 Prordzka se uskutecnila v TM 480
Fig. 1 The tunnel broke through at tunnel chainage metre TM 480

vhodnych jisticich prostredka udrZet po celé délce trasy geomoni-
toringem naméfené konvergence a seddni na povrchu v ramci sta-
novenych varovnych stavu.

Po vyrazeni prvé etapy bylo ndvazné kompletné presunuto
zafizen{ staveni§té za Motol, kde byl vyrazen 217 m dlouhy
tunel obratovych koleji, slouzici k odstaveni vlakovych souprav
metra mezi stavebni jdmou KU1 a stanici Nemocnice Motol.

Po dal§im presunu zafizen{ staveni§té pifimo do prostoru stani-
ce Nemocnice Motol byly zapocaty razby druhé etapy tratovych
dvoukolejnych tuneld, dlouhé 480 m z Motola smérem na
Vypich. Na tomto dseku se nachdzi v prvych 100 m tdzemi se
svahovymi blokovymi sesuvy, které vynutily zpomalené postu-
py s vertikdlné cElenénou razbou. Po opusténi razeb pomo-
ci postranni Stoly presly razby do horizontalniho ¢lenéni Celby.
Po zhruba dal§ich 80 m raZeb dvoukolejnych tunelt nafdrali
razi¢i spole¢nosti HOCHTIEF Solutions AG tektonicky poruse-
nou zoénu prazského zlomu nachdzejici se zhruba v prostoru
zaudsténi vzduchotechnické Stoly. Vznikly geologicky podminé-
ny nadvylom byl profesiondlné zméhén a zajistén. V dal§im pru-
béhu razeb probihaly postupy bez nepredvidanych prekazek
v souladu s projektem. Dne 3. 4. 2012 se oba protibézn¢ razené
tunely setkaly ve stani¢eni TM 480. ProraZzka probechla
s neobvykle velikou presnosti. Maximalni odchylka neprevySo-
vala 5 mm. Razi¢ské prace vyvrcholily organizovanou slavnost-
ni prordzkou, kterd byla dastojnym ocenénim tézké prace razicu
a zodpovédného pristupu zhotovitele. Razby probehly bez
mimorddnych udélosti a vaZznych zranéni.

Slavnostni prordzka probéhla za tulasti starostky Prahy 6,
Ing. Marie Kousalikové, ndméstka ministra dopravy, Ing. Da-
niela Barteka, zdstupcti Magistrdtu hl. m. Prahy a Dopravnich
podnika na 480 tunelovém metru, pod nadloZim o tloustce 15 m.
Pritomni feénici ocenili kvalitni a naméhavou prdci razicu
a poprdli vS§em zucastnénym mnoho §tésti pri dal§ich pracich na
tomto dulezitém projektu.

Dipl.-Ing. Gottlieb Blazek, gottlieb.blazek@hochtief.de
HOCHTIEF, GmBh.

Obr. 2 Soucadsti slavnostni prordzZky bylo i vystoupeni baletky
Fig. 2 A ballerine performance was one of the parts of the breakthrough

celebration
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

TUNELARSKE ODPOLEDNE 1/2012
TUNNELLING AFTERNOON 1/ 2012

The ITA-AITES Czech Tunnelling Association holds half-day semi-
nars called The Tunnelling Afternoon every quarter. The first one in
2012 was held on 21st March 2012. This time its topic was the deve-
lopment of urban underground railways abroad. Individual lectures
were dedicated to construction projects not only in Europe, but also in
America and Far East.

The first lecture was delivered by Mr. Francis Michael from Mott
MacDonalt, an English company, who spoke about the expansion of
the London Underground and described the experience with tunnelling
through London Clay. Other two lectures were presented by employees
of the Prague-based branch, Mott MacDonald CZ. Ing. Pavel Ruzicka
spoke about the design for and construction of the metro expansion in
the Azerbaijan capital, Baku. Ing. Helena TouSova continued, speaking
about the construction of the metro in the Indian city of Chennai.

After the interval, Ing. Martin Srb from D2 Consult Prague, s.r. o.,
described the history and development of the concept of the constructi-
on of some underground railways in the world, mentioning, among
other projects, the projects in Northern America in which D2 Consult
participated.

Last two lectures related to the construction of metro in Helsinki,
Finland, in which Czech company Metrostav a. s. participates.
Ing. Ivan Pirs¢ spoke about the construction itself and, in addition,
described the problems of the execution of blasting operations.

Ceska tunelafska asociace ITA-AITES poidda kazdé Gtvrtleti piilden-
ni semindf Tunelarské odpoledne. Prvni v roce 2012 se konal 21. 3.
2012 a jeho tématem byla tentokrat vystavba méstskych podzemnich
drah v zahrani¢i. Jednotlivé predndsky se vénovaly stavbam nejen
v Evrope, ale i v Americe a na Dalném vychodé.

Akce se konala v prazské Masarykove koleji, Gi¢ast byla velmi hojnd,
prednasky si prislo vyslechnout okolo stovky posluchacu. Vyznamny
podil na pripravé TO 1/2012 méli doc. Ing. Matous Hilar, Ph.D. z D2
Consult Prague, s. 1. 0., a Ing. Tom4S§ Parak, Ph.D. z Mott MacDonald
CZ,s.r. 0.

Prvni prenaska se vénovala zkuSenostem z tunelovani v londynském
jilu a vedl ji pan Francis Michael z anglické firmy Mott MacDonald.
Popisoval projekt rozsiteni londynského metra — zkuSenosti
z tunelovéni v londynském jilu. Hovoril o vyvoji ve vystavbé podzem-
ni drahy v Londyné od jejich pocétku az po dneSek. Zminoval problé-
my, které jsou spojené s vystavbou podzemnich dél provddénych
v husté osidleném tizemi. Jako priklad uvedl londynskou stanici metra
Victoria station. PrednéSejici promitl pocitatovy model veskerych siti
a stavebnich objektu, které zasahuji do prostoru budouciho dila, nebo
alespon svou blizkosti komplikuji projekt. Z obrazku bylo jasné, jak
obtizné je v tomto prostiedi provadét rozsifovani soucasné stanice — je
nutné prizpusobit tvar vyrubu z duvodu sousedicich konstrukci.

Nasledovala piedndska Ing. Pavla Ruzicky z prazské pobocky
firmy Mott MacDonald CZ, s. r. 0., 0 metru v Baku. Seznamil poslu-
chace s obecnou situaci, se soucasnym rozvojem Vv této oblasti Asie.
Vzhledem k tomu, Ze se jednd o mesto s priblizné 2,5 milionu obyvatel,
je zrejmé, Ze zde i diky nesmirnému nerostnému bohatstvi zemé docha-
zi k mohutnému rozmachu dopravni infrastruktury. Ceskd pobocka
firmy Mott MacDonald je sou¢asti konsorcia, které zvitézilo ve verejné
soutéZi na projekt koncepce a rozsifeni stivajiciho metra. Prednasejici
informoval o fadé odliSnosti, které jsou typické pro prostredi Stredniho
vychodu. Azerbdjdzanska strana navic po tragickém poZdru v metru
v roce 1995 dusledné dbd na poZadavky protipoZarni bezpe¢nosti, které
komplikuji projekt a ndslednou vystavbu tratovych tuneli.

Pred prestdvkou jesté vystoupila Ing. Helena TouSova z firmy Mott
MacDonald PVT Ltd., aby informovala o stavbé metra v indickém
mest¢ Chennai. Velmi poutavou formou prezentovala obtiZe, které pra-
meni z kulturné rozdilného prostredi. Firmy pochézejici z evropského
prostredi se musi prizpusobit zcela jiné mentalité¢ mistnich lidi, kdy
nedodrZen{ terminu schizky je jesté nejmensim problémem. Vystavbu
provézeji nékteré nepochopitelné skutecnosti. Napiiklad situace popi-
sovand prednésejici, kdy témér kazdd domécnost ve mésté pouzivd
vodu z vlastni studny, kterou je vSak nutné z divodu predejiti kompli-
kacim zainjektovat. Firma ale musi dot¢enym domacnostem zdroj vody
nahradit, coZ je dkol v oblastech bez vefejného vodovodu témer nefesi-
telny. DalS{ zajimavosti bylo, Ze jiné stavebni firmy maji na starosti tra-
tové tunely a jiné vystavbu jednotlivych stanic. A jak obtiZnost dosaze-
ni dohody mezi jednotlivymi subjekty muZe vystavbu komplikovat, je
nadmiru zietelné.

Po prestavce Ing. Martin Srb z firmy D2 Consult Prague, s.r. o.,
popsal historii a vyvoj pojeti vystavby podzemnich drah ve svété.
Prednasku doplnil o predstaveni nékterych projektu ve svét€ (Indie,
Severni Amerika), na kterych se jejich firma podilela.

Posledni dvé predndsky se tykaly vystavby metra ve Finsku
a prednesl je Ing. Ivan Pir§¢ z Metrostavu, a. s., ktery v prvni pred-
nidSce s ndzvem Vystavba metra v Helsinkdch ve Finsku nahradil
Ing. Pavlovského a Ing. Gotharda z duvodu jejich pracovni vytiZenosti.
Ve druhé prednésce hovoril o trhacich pracich. Zajimavé bylo, Ze tyto
préce probihaly v tésné blizkosti stavajici zdstavby, nékde bylo misto
odstielu vzdéleno jen 11 metru od okraje stavebnich konstrukci obyt-
nych domu. Je jen s podivem, Ze se zdstupci firmy nesetkali se zdsad-
nim nepochopenim okolnich obyvatel, jak to miZeme Casto pozorovat
u nds.

Prezentace prednesené na TO 1/12 lze vyhledat na strénkdch
www.ita-aites.cz v sekci Semindre.

ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@seznam.cz

PLAN CINNOSTI VYBORU PIARC TC 3.3 ,ROAD TUNNEL OPERATION“ NA DALSI UDOBI 2012-2015
PIARC COMMITTEE TC 3.3 ,ROAD TUNNEL OPERATION“: WORK PROGRAMME

FOR THE NEXT PERIOD 2012-2015

The paper by professor Dr. Pavel Pfibyl, who is the delegate of
the Czech Republic in the above-mentioned committee, informs
about March meeting of the Committee, which took place in
Paris. Among other items the paper mentions the committee mis-
sion and the programme of its work for the coming period.

Svétova silni¢ni organizace, v angli¢tiné PIARC (Permanent
International Association of Road Congresses), je nejvyznam-

néj8i organizaci, zabyvajici se silniéni dopravou. Jejimi ¢leny
je 118 vlddnich organizaci, které zasedaji ve 20 technickych
komisich ve Ctyfech strategickych tématech.

Vybor pro tunely byl zaloZen jiZ v roce 1956 a ihned se zacal
zabyvat optimalizaci geometrie tunelt, jejich vybavovanim,
ventilaci, fizenim rizik pfi provozu apod. Podnétem byla kniha
Prvni silni¢ni tunel, kterd vySla v roce 1995 péci hlavniho
vyboru a napsal ji Sir A. M. Wood. Za dal$ich patnact let vyslo
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Obr. 1 Webové stranky — Manudil silnicni tunely (v ¢eském jazyce)

Fig. 1 Web pages — Road Tunnels manual (in Czech)

Tab. 1 Prehled aktivit v nadchdzejicim cyklu
Table 1 List of activities for the coming cycle

29 titula, které jsou zdrojem pro tvorbu ndrodnich predpist
v mnoha zemich v¢etné nasi republiky. Existuje dohoda mezi
ITA a PIARC, kterd ramcové pridéluje asociaci ITA vystavbu
a vSe, co s ni souvisi, a vyboru PIARC vSe, co souvisi
s provozem. Spoluprdce mezi obéma organizacemi je trvale
harmonizovdna.

Vybor pracuje ve Ctyfletych cyklech, posledni skondil
v f{jnu svétovym kongresem v Mexiku a vybor TC3.3 na ném
prezentoval Sest nové vytvorenych dokumenta. Jednim z du-
lezitych vystupu je manuél (http://tunnels.manual.org). Na této
adrese je mozné najit kompletni kompendium znalosti
o tunelech v angli¢tiné a francouzs§tiné a zdarodek prekladu do
CeStiny. Z hlavni strany je mozné se dostat aZ na droven origi-
nélnich PIARC dokumentu.

V brfeznu t. r., na zaseddni v PariZi, byl formdlné nastartovan
dal$i cyklus ¢innosti, kdy byl ve funkci potvrzen novy prezi-
dent vyboru Ignacio del Rey ze Spanélska, ktery pracuje ve
vyzkumu tuneld a ma i akademickou praxi. Obmeénili se
i sekretdfi jednotlivych jazykt. Plati opét zdsada, Ze kazda
z pracovnich skupin zpracuje alespon jeden dokument, ktery
bude lektorovdn tfemi lektory a bude vydan jako oficidlni
dokument PIARC na konci cyklu.

Issue 3.3.1: Udrzitelné provozovani tunelu

Strategies

Outputs

Identify methods for ensuring sustainable road
tunnel operations through the review of current
practices

3.3.1 — Recommendations and case studies on sustainable road tunnel operations
including cost, environmental and other issues to consider during the design,
installation and maintenance of road tunnels.

3.3.2 — Best practice for life cycle analysis, both for new and existing tunnels.

Issue 3.3.2: Integrovana bezpecnost v tunelech

Strategies

Outputs

Draw lessons from current practice regarding
safety management and the analysis of road
tunnel accidents and fires worldwide

3.3.3 — Best practice for fixed fire fighting systems (FFFS) in road tunnels.

3.3.4 — Best practice on measures to support persons with reduced mobility.

3.3.5 - Feedback from experience on tunnel safety (including statistics and analyses on real
accidents) as a basis for risk management.

3.3.6 — Recommendations on real-time communications with users.

Issue 3.3.3: Podzemni silniéni sit

Strategies

Outputs

Identify and analyse existing and planned
complexes of urban underground road networks
with interchanges and multimodal concerns from
the point of view of operation and safety

3.3.7 Report on case studies and recommendations.

Issue 3.3.4: Znalostni system pro provozovani

tunelu a bezpecnost

Strategies

Outputs

Develop further the Road Tunnels Manual and
other measures to communicate knowledge
to developing and emerging countries

3.3.8 Further development towards a fully-integrated online Road Tunnels Manual.

3.3.9 — Prepare training courses on road tunnel operations and safety, in cooperation
with the International Tunnelling and Underground Space Association (ITA / AITES).
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Plan prace reflektuje nasledujici ramcova témata pro dals{
Etyrletou préaci:

3.3.1 ,,UdrZitelné provozovani tunelu® — identifikovat meto-
dy pro stdle lepsi provozovani tunelu prostrednictvim
analyzy soulasnych prikladu;

3.3.2 ,Integrovana tunelovd bezpecnost™ — lekce ze soucas-
nych aplikaci véetné analyzy nehod a poziru
v jakémkoli svétovém tunelu;

3.3.3 ,,Podzemi silni¢ni sit* — lekce z analyz ze soucasné
praxe ve vztahu k provozu a bezpe¢nosti podzemnf sil-
niénfi sité;

3.3.4 , Komunikace znalosti“ — vylepSovdni a doplinovani

manuélu a hleddni dal§ich zdroju pro $ifeni znalosti.

Tabulka uddvé prehled témat, kterd jsou ocislovdna tak, jak
budou ddle sledovdna. K nékterym tématim jsou komentére.
Detailnéj3i prezentace k jednotlivym tématum slibil sekretaridt
poslat dodate¢né.

CLENSTVI V PRACOVNICH SKUPINACH

Clenstvi v pracovnich skupindch je oteviené pro viechny
zdjemce. Bud lze byt fddnym ¢&lenem, kdy je povinnosti se
ucastnit prakticky vSech zasedani pracovnich skupin. Tato
povinnost se dosti vyzaduje, a pokud se ¢len neucastni, byva
informovdn prvni delegdt se Zddosti o ndpravu. Dal§i moZnosti
je byt korespondencnim c¢lenem, kdy se nevyzaduje osobni
ucast, ale je moznd, pracuje se na korespondenéni bazi. Treti
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moznosti je se stat asociovanym ¢lenem. V tomto pripadé se
jednd vétSinou o delegéty ruznych spolupracujicich organizaci.

PrihlaSovdni do priace ve skupindch by se mélo konat
s doporuéenim prof. Pfibyla cestou Ceského narodniho komi-
tétu.

Hlavni vybor, ve kterém je ndrodnim delegdtem prof. P. Pfibyl
a koresponden¢nim &lenem ing. L. Sajtar, se schdzi dvakrat
ro¢né a za dobu jednoho cyklu mé za povinnost usporddat ales-
pon dva semindre &i konference, prevdzné v zemich s pre-
chodovou ekonomikou. Veskeré vydaje jdou k tiZim vysilajicich
organizaci.

Cesk)’/ nirodni komitét vede ing. V. Neuwirth, CSc. s tim, Ze
v ramci Ceské silniéni spoleénosti velmi aktivné pracuje Vybor
pro silni¢n{ tunely pod vedenim ing. J. Smolika.

ZAVER

Je velmi zadouci, aby naSe republika méla slusné zastoupeni
v pracovnich skupindch. Prihl4seni se do pracovnich skupin by
mélo byt co nejrychlejsi, aby byl zachycen zacatek jejich ¢in-
nosti. Stac¢i poslat kontaktni ddaje a informaci o druhu ¢lenstvi
(fddné/korespondenéni) na adresu pribyl@fd.cvut.cz

PROF. PAVEL PRIBYL, pribyl@fd.cvut.cz,
FAKULTA DOPRAVNI CVUT Praha

CINNOST SEKCE TUNELY CSS V ROCE 2011 A PLAN NA ROK 2012

Cinnost sekce tunely CSS v roce 2011 probé&hla, obdobné
jako v predchozich 1étech, podle schvdleného ro¢niho planu.

V prvnim ¢tvrtleti 2011 uzavienim smlouvy o spolupraci se
ziizovateli portdlu Tunely.EU se CSS a jeji sekce pripojily
k prezentaci tunelové sité CR na uvedeném portalu. Sekce
tunely také dspésné spolupracovala na obdobném pripojeni
MD k tomuto portdlu. Breznové jednani sekce se uskute¢nilo
v informaénim stfedisku tunelu Blanka na Letné a bylo spo-
jeno s navstévou stavby tunelu Blanka.

Ve druhém ctvrtleti sekce tunely CSS, tuneldfsk4 asociace
CzTA ITA/AITES a spolecnost Satra, s. r. 0., organizovaly
v Praze zaveére¢né jednani o ¢innosti pracovni skupiny WG 2
PIARC za obdobi 2007-2011. Dvoudenni jedndni konané na
Novotného lavce ve dnech 11.—~12. 4. 2011 probéhlo za dcas-
ti 19 odborniku ze 14 ¢lenskych zemi PIARC.

Cislo 6/2011 Casopisu Silni¢ni obzor, vénované tunelim na
pozemnich komunikacich, obsahovalo ¢lanky o probihajici
vystavbé méstskych tunelt MO Praha Blanka, didle o VMO
Brno Krdlovopolském tunelu a zpravu o stavu pripravy zno-
vuzahdjeni praci na tunelech D 0804.

Cervnové jedndni Sekce uspofddala spole¢nost Prago-
projekt, a. s. Jedndni pfineslo informace o prubéhu razby
odvodnovaci S§toly tunelu Strahov a o zkuSenostech
z prvnich, periodicky opakovanych hlavnich prohlidek dal-
ni¢nich tuneld

Ve tretim CEtvrtleti dne 21. 9. 2011 bylo na RSD Lovosice
uspordddno vyjezdni jedndni sekce s navazujici prohlidkou
mostu Vchynice, tuneld Prackovice a Radej¢in, probihajici
stavby 0804 D 8 a ndvitévou fidiciho stfediska RSD Rehlo-
vice a Skoliciho stfediska pro obsluhy tunelu RSD
v Petrovicich.

Ve Ctvrtém Ctvrtleti Sekce tunely organizovala prezentaci
tunelu VMO Praha Blanka na Silni¢ni konferenci 2011. Na
programu listopadového jednéni sekce, usporddaného spolec-
nosti Satra, s. r. 0., byly, kromé podékovani CSS ¢lentim
sekce, ktefi se aktivné Gcastnili ¢innosti v pracovnich skupi-
ndch &asti tunely PIARC, projedndvany vstupni informace
o planu ¢innosti spole¢nosti PIARC v ¢asti tunely na obdobi
2012-2015, ktery byl prijat na kongresu této spolecnosti
v zafi 2011 v Mexiku. Dal${ ¢4dst jedndni tvorily prezentace
stavu vystavby tunelu VMO Praha Blanka spolecnosti Satra,
S. T. 0., a zprava o listopadovém jedndni spolecnosti COSUF
v Amsterodamu. Cinnost sekce tunely v roce 2011 byla diky
laskavému pozvani spolecnosti Metroprojekt, a. s., ukoncena
tradi¢ni dcCasti ¢lenu sekce na oslavé svétku svaté Barbory
poradané touto spolecnosti

Plan ¢innosti sekce tunely €SS na rok 2012

Hlavni ¢innosti sekce tunely, zejména v prvni poloviné
roku 2012, bude organizovani podilu spoluprdce odbornika
z CR na &innostech vyboru TC 3.3 PIARC pro obdobi
2012-2015.

Bude pokracovat spoluprace s vyborem COSUF, piiprava
jednéani této spoleCnosti 2015 v Praze, Cinnost v radé CSS,
v redak¢ni radé Casopisu Silni¢ni obzor a zajiStovani prezenta-
ce tunelt pozemnich komunikaci na Silni¢ni konferenci 2012.

Probé&hne spoluprice na dokon&eni projednéni tipravy CSN
737507 a na pripravé prezentace vystavby a provozovdni sil-
ni¢nich tunelt na konferenci Podzemni stavby Praha 2013.

ING. JIRI SMOLiK, Jsmolik@subterra.cz,
sekce tunely CSS
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KOLOKVIUM ,VYUZITI PODZEMI V URBANIZOVANYCH OBLASTECH

JIHOVYCHODNI EVROPY - UNDER CITY 2012"

COLLOQUIUM ON USING UNDERGROUND SPACE IN URBAN AREAS

IN SOUTH-EAST EUROPE - UNDER CITY 2012

The second annual international colloquium Under City
2012, the sub-title of which was the use of the underground in
South Eastern Europe, was held from 12th through 14th April
2012 in Dubrovnik, Croatia. The colloquium was organised by
the ITA-AITES Croatian Tunnelling Association in the con-
gress centre of the Valmar Hotel. This event was attended by
the total of 175 professionals consisting of academic persons,
tunnelling experts and geotechnical specialists from 24 count-
ries. The total of 15 firms participated in the exhibition which
was staged within the framework of the colloquium.

Ve dnech 12.-14. 4. 2012 se v chorvatském Dubrovniku
konal druhy ro¢nik mezinarodniho kolokvia Under City 2012,
jehoz podtitulkem bylo vyuzivani podzemi v jihovychodni
Evropé. Kolokvium bylo pordddno Chorvatskou tuneldfskou
asociaci ITA-AITES v kongresovém centru hotelu Valamar.
Této udilosti se zicastnilo celkem 175 odborniku z fad akade-
mickych pracovnika, tuneldfskych experta a geotechnickych
specialisti ze 24 zemi. Na vystavé, kterd v rdmci kolokvia pro-
bihala, vystavovalo 15 firem.

Zahajovaci sekci oteviel svym uvitacim projevem, vénova-
nym rozvoji podzemniho stavitelstvi v Chorvatsku v sou-
vislosti s jeho vstupem do Evropské unie, ing. Davorin Kolic,
Ph.D., prezident Chorvatské tuneldiské asociace. Prvnim
vyzvanym prednasejicim byl pan Martin Knights, byvaly pre-
zident ITA-AITES, ktery svuj prispévek vénoval londynskému
Crossrailu. O své zkuSenosti se dile podélil pan Olivier Vion,
vykonny feditel ITA-AITES, Micaela Kleedorfer z Rakouské
obchodni komory a Dr. Hella Ranner, ¢lenka Evropského par-
lamentu.

Urbanizované oblasti v jihovychodni Evropé maji sva speci-
fika, mezi ktera patfi pretizeni kazdodenni dopravou
s enormnim poctem soukromych vozidel vyuZivajicich Casto
velmi omezenou kapacitu ulic, nedostatek kvalitniho systému
hromadné dopravy a parkovacich mist. Mésta maji staré vodo-
vody a kanalizace, které Casto silné prosakuji a zpusobuji zne-
¢isténi podzemnich vod. V mnoha pripadech se navic mésta
nachdzeji na geologickych formacich s krasovymi jevy, na
morském pobrezi a maji historickd jadra komplikovand velmi
uzkymi ulicemi.

Konference sestavala celkem ze Ctyf sekef tykajicich se spe-
cifickych témat a Sesti samostatnych bloku shrnujicich vyuZiti
podzemi v méstskych oblastech. V prvni sekci byly popsany

Obr. 1 PredndsSka pana Oliviera Viona, vykonného reditele
ITA-AITES

Fig. I The lecture delivered by Mr. Olivier Vion, the executive
director of the ITA-AITES

problémy s geotechnickym pruzkumem v krasovych oblastech,
druhd sekce se veénovala podzemnimu urbanismu. Ve treti
sekci byly prezentovany technologie ponorovanych trubek
a tuneli. Ctvrtd sekce predstavila blizkou budoucnost
Chorvatska jako ¢lena Evropské unie.

7 Ceské republiky se konference déastnili dva prednédsejici
(oba zdastupci spolecnosti Metrostav, a. s., Ing. Vydrové také
jako vyslanec katedry geotechniky FSv CVUT), ing. Karel
Rossler, Ph.D., ktery mluvil o technologii zeminovych $tita
vyuzivanych pro prodlouZeni prazského metra a ing. Linda
Vydrovd, kterd svuj prispévek vénovala razbé trojlodni stanice
Veleslavin na témze projektu.

Konference prinesla fadu novych informaci a potvrdila
vyznam a potiebu téchto odbornych setkdvani. Ugastnici méli
moznost podélit se o své zkuSenosti, ziskat inspiraci pro fese-
ni mnohdy i velmi sloZitych geotechnickych a tuneldrskych
problému a v rdmci diskuse se obohatit o praktické i teoretické
poznatky. V neposledni fadé€ kolokvium prisp€lo k navazani
novych odbornych kontakta.

ING. LINDA VYDROVA, linda.vydrova@fsv.cvut.cz,
katedra geotechniky FSy CVUT

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)

Betonarské prace na definitivnim osténi v raZenych tunelech
byly dokonéeny. Rovnéz byly dokonleny zednické price
a omitky v tunelovych propojkach. Déle byly osazeny obrubniky

THE CZECH REPUBLIC

CITY RING ROAD STRUCTURES:
MYSLBEKOVA — PELC-TYROLKA
SPEJCHAR - PELC-TYROLKA TUNNEL
(KRALOVSKA OBORA PARK)
Concrete casting work on the final lining in the mined tunnels has

been finished. Bricklaying and plastering in cross passages have also
been finished. In addition, kerbs were laid throughout the northern
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v celé severni tunelové troubé (STT) a jizni tunelové troubé tunnel tube (NTT) and southern tunnel tube (STT) lengths, including the
(JTT) véetné zabetonovan{ chrdni¢ek kabelovodu. Viechny SOS embedding of cable ducts in concrete. All SOS niches have already been
vyklenky byly jiz provedeny. V chodnicich byly osazeny completed. Nearly all frames for covers of manholes have been installed
a zabetonovany téméf vSechny rdmy poklopu instala¢nich and embedded in concrete walkways. Injecting chemical grout to water-
Sachet. Byly provedeny chemické injektdZe spdrovych pasu stops at cross passages and technical centres TGC4 and TGC5, which
u tunelovych propojek a technologickych center TGC 4 a 5, will be inaccessible after the installation of the equipment, was carried
které budou po montdZi technologie nepfistupné. V soucasné out. The current work comprises the installation of ironmongery, doors,
dobé probihaji montéze zdme&nickych konstrukei, dvefi, zdvoje- elevated floors and the application of paint coating. The work on cove-
nych podlah a nétéry. V raZenych tunelech byly zahdjeny préce ring the ventilation ducts started in mined tunnels.

na montaZi zdklopti vzduchotechnickych kanald. The installation of technical equipment designed for the spaces

V prostordch pod vozovkou a v propojkdch probihd montd¥ under the roadway and in cross passages is underway.

vprojeltiovancho technologickeho vybavent MYSLBEKOVA — PRASNY MOST (BRUSNICE) TUNNEL
TUNEL MYSLBEKOVA - PRASNY MOST (BRUSNICE) The formwork for the last block of the mined section was stripped
Dne 23. 4. 2012 bylo provedeno odbednéni posledniho bloku fo on 23.“1 April 2012: This operation meant that the secondary tunnel
raZené &sti, tim bylo dokonfeno sekunddrni osténi tunelu lining, with the exception of cross passages, was completed. The cross
vyjma propc’)jek Ty jsou provadény ze strikaného betonu’ passages are being provided with a shotcrete lining and will be finis-
budou dokond ) d05.5.2012. Do k kvéina b Sla bot hed by 5th May 2012. The tunnel formwork should be dismantled by
abu OP © OncenY 022 L0 . o xonce Ve,n% y meia by the end of May. Meanwhile, the work in both tunnel tubes will consist
O tuneolovzi fvorma. e U,m o p{ovv a(.ieny /konsvt ruko— of the installation of cableway structures, paint coating and laying of
e kabelovodu,/ natery a, e st/er‘tz%novych Ao kerbs and slotted drainage ducts so that the civil works are prepared for
v obou tunelovych troubdch tak, aby stavebni pripravenost pro the installation of tunnel equipment by 1st August 2012.
technologie byla dokoncena k 1. 8. 2012.

METRO LINE A EXTENSION NO. 5

On 3rd April 2012, HOCHTIEF CZ a. s. met one of very important
milestones of the construction of the Metro Line A extension No. 5. By

PRODLOUZENI TRASY METRA V.A
Dne 3. 4. 2012 spole¢nost HOCHTIEF CZ, a. s., splnila jeden

z velmi dﬁvleiit}’/ch H}ﬂnﬂfﬁ /V)’/stavby trasy .praiskéh/o met.rzi breaking through of the double-track tunnel between the future Motol
VA. Proraz.emm dVOJkOIeJneth tunelu mezi budouci stanici station and Vypich, the excavation of all running tunnels on the route
Motol a Vypichem byly vlastné vyraZeny viechny pldnované tra- | planned to be driven using the NATM was finished. The tunnelling

tové tunely trasy pomoci technologie raZzeb NRTM. Razby from Vypich (255 m) commenced on 7th August 2010 and was finis-
z Vypichu (255 m) byly zahdjeny 7. 8. 2010 a ukonCeny 8. 12. hed by the breakthrough performed on 8th December 2010; the tun-
2010, razby z Motola (480 m) potom byly zapocCaty 20. 6. 2011 nelling from Motol (480 m) commenced on 20th June 2011 and was
a byly ukonceny prordazkou dne 3. 4. 2012. Spolu s montdzn{ finished by the breakthrough performed on 3td April 2012. Together

komorou se jednd o nejdelsi, 735 m dlouhy dvoukolejny tunel with the length of the assembly chamber, this makes up the longest,
trasy raZeny klasickou metodou. Plocha vyrubu je zhruba 90 m?, 735 m long, double-track tunnel on the line driven by the classical
minimélni polomér trasového oblouku R = 630 m. Rychlost NATM technique. The excavated cross-sectional area is roughly
razeb byla priblizné 2,5 m za den. Na Vypichu usti tunel do mon- 90 m2; the minimum radius of a horizontal curve R = 630 m. The exca-
tazni Sachty razicich $titd EPBS a v Motole bude na tunel nava- vation advance rate was approximately 2.5 m per day. In Vypich, the
zovat stejnojmennd stanice metra. Za motolskou stanici postavi- tunnel ends in an assembly shaft for EPBM shields, whilst the Motol

li pracovnici spole¢nosti HOCHTIEF Solutions AG spolu station will link the tunnel in Motol. Behind the Motol station, workers
s HOCHTIEF CZ tunel pro obratové koleje v délce 406 m. Tento | ©of HOCHTIEF Solutions AG, jointly with workers of HOCHTIEF CZ,

tunel mél byt pivodné rovnéZ cely raZen metodou NRTM, aviak constructed a 406 m long tunnel for dead-end tail tracks. This tunnel
z diivodu velice nizkého a nedostatecnd soudrzného nadlozf byl | Was originally planned to be completely driven by the NATM, but,
rozdélen na 189 m dlouhou hloubenou &ist a 217 m dlouhou &dst taking into consideration the very shallow and insufficiently coherent
ra¥enou metodou NRTM. overburden, it was divided into a 189 m long cut-and-cover section and
Soucasné s tim oba plnoprofilové tunelovaci stroje EPBS a217 m long SECOn 1D be driven b_y .tl?e NATM. .
postupné dokon&uji prvni fazi raZeb tratovych tuneld, které byly Concu“rre‘:ntl.y L the aboye activitics, bOth, L shleIQS are step-
zahdjeny presné pred rokem — 10. 4. 2011. Uzavird se etapa by-step finishing the first stage of the excavation of running tunnels,
vystavby, kterd probihala ze stavenistd BRE 1 v ulici Na which started exactly one year ago — on 10th April 2011. The stage of

. o o : = the tunnelling work which started from the BRE 1 construction site in
Vypichu. Z taméjsi montdzni Sachty byly nejprve vyrazeny tune- . . .
. - p - . 2 o Na Vypichu Street is thus being closed. Tunnels from an assembly shaft
ly do stanice Petriny, ndsledné mezistani¢ni dsek Petriny —

. L p L. established at the BRE 1 site were driven first; the excavation continu-
Veleslavin a poté usek Veleslavin — stavebni jdma E2. Na tomto - o . .
Pt st S vty x o ed along the Petriny — Veleslavin inter-station section, followed by the
mist¢ mély za sebou oba stroje priblizné 1800 metru razby : p ] ; q
e . : .. section between Veleslavin and construction pit E2. In that location the
a dostaly se jiz pod ulici Evropskd. Pod jejim povrchem bude

length of the excavation completed by the two machines reached app-
jejich ¢innost pokracovat az ke stanici Dejvickd, kde jejich razby H > o 2L

. g - . roximately 1800 metres, getting under Evropska Street. The excavati-
sk,on01va k,de paty provozni sek trasy A navazuje na provozova- on will proceed under the surface of this street up to Dejvickd station,
né prazské metro. ) where the performance of the EPB machines will end and the fifth ope-

Dne 5. brezna zahdjil stroj S 609 (Tonda) razbu tunelové trou-

; > e ' rational section of the Line A will connect the operating system of the
by mezi stavebni jamou E2 a stanici Cerveny vrch. Prorazka do Prague metro.

této stanice se uskute¢nila ve stfedu 18. dubna. Tunelovy kom- On 5th March the EPB machine S 609 (named Tonda) started to
plex S 610 (Adéla) se na zmifiovany Gsek vydal pozdéji, a to drive the tunnel tube between the construction pit E2 and the construc-
24. biezna. Na konci dubna méla za seb(zu podchod pod expono- tion pit for Cerveny Vrch station. It broke through to this station on
vanou oblasti vySkovych budov na Cerveném vrchu a jejf Wednesday the 18th April. The tunnelling complex S 610 (named
postup, podobné jako postup paralelné vedeného stroje, se na Adéla) set out on the journey along the above-mentioned section later,
nékolik tydnu zastavi. on 24th March. As of the end of April, it had the passage under the pub-

Nasledovat bude prestéhovani kompletniho manazerského licly exposed area of high-rise buildings in Cerveny Vrch behind it. Its
zazemi projektu a vSech potfebnych obsluznych zarizeni pro advancing will be suspended there for several weeks, similarly to the

technologii TBM na staveniS$t¢ E2. Jednd se napf. o michaci machine driving the parallel tunnel.
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a chladici centrum, pohonné jednotky, zdsobniky pasovych
dopravniku, sklad tybinka, sklad provoznich kapalin a maziv
i zfizeni meziskladky vytéZené rubaniny. Tim zaéne druhd, tedy
z4avéreCna fdze projektu raZeb jednokolejnych tuneli metodou
TBM.

Dalsi zajimava razba eskaldtorového tunelu pro stanici Petfiny
byla dokonéena 30. biezna a v soucasnosti probihaji pripravné
préace pro zahdjeni betondze definitivniho osténi. Ve vlastni sta-
nici zbyvd provést bourdni vnitinich opér bo&nich vyrubu
a vyhloubeni technologickych a ¢epacich jimek. Obnoveni uve-
denych praci je pldnovano na 8. kvétna 2012, kdy bude dokon-
&eno premisteni celé technologie TBM na staveni$té E2 a stanice
se stane volnou pro dalsi dokoncovaci prace.

Ve stanici Veleslavin byla potom béhem zimniho obdobi
vyhloubena Sachta inikového objektu a ¢dsteéné byla vyraZena
i tnikové Stola. Po protaZeni obou zeminovych stroju EPBS pres
vyraZené bo¢ni tunely stanice se ve stanici provddi bourdni lazek
pro pretaZeni stroju a zahdjena uz byla i priprava pro izolaci dna
a armovaci prdce, ¢imZ je minéna predevsim profilace a dpravy
primérnich betonu. V jarnim a letnim obdobi tak budou nésledo-
vat price na izolacich, Zelezarské prace a definitivni betondz
dna.

DALNICE D8 - 805 — LOVOSICE — REHLOVICE

V unoru leto$niho roku na tunelu Prackovice (SO E 601) byla
zahdjena betondz podkladniho spddového betonu spodni klenby
v obou tunelovych rourdch a osazeni a obetonovani chranicek
pro kabelovody v rdmci vystavby objektu SO E 601.10 — kon-
strukce vnitfniho vybaveni. Koncem bfezna zapocala poklddka
ornice na zasypané hloubené konstrukce (SO E 601.11).

Ve druhém dalni¢nim tunelu Radej¢in (SO F 602) jsou dokon-
Ceny préace na horni klenbé v severni troub€ razené &asti (SO F
602.07). RovnéZz jsou vybetonovdny zbyvajici spodni klenby
severni trouby na hloubené cdsti u prazského portilu (SO F
602.03) a byly zahdjeny prace na horni klenbé. Na hloubené
¢asti u usteckého portdlu (SO F 602.4) se provadi izolace horni
klenby v severni tunelové troubé a soucasné se dokoncuji drena-
7e a probihd priprava k zdsypum hloubenych konstrukei.

Celkové dokonceni betondzi tunelu véetné zasypovych praci
bude provedeno do poloviny listopadu letosniho roku.

Velmi duleZitym momentem se potom stala skute¢nost ziskdn{
posledniho dlouho ocekdvaného stavebniho povoleni v kvétnu
tohoto roku, a to jiz bez moZnosti odkladného tucinku, coZ
koneéné ddva urcitou jistotu v moZnosti dokonceni celého dél-
ni¢niho useku.

PPO (PROTIPOVODNOVA OPATRENI)
JABLONEC NAD NISOU

Pripravnymi pracemi zacal v soucasné dobé tym ing. Mi-
roslava Vlka z divize 5 s vystavbou protipovodinovych opatfeni
na vodnim dile MSeno v Jablonci nad Nisou. Jednim z hlavnich
tkolu msenské prehrady vybudované na pocatku 20. stoleti je
mimo jiné prevést prutoky vody z povodi LuZzické a B{lé Nisy
tak, aby bylo maximdlné chrdanéno mésto Jablonec nad Nisou.
Od ur¢ité hodnoty stanoveného neSkodného pritoku se tak pre-
byte¢nd ¢ést prirozenych povodnovych prutoku odkldni do pre-
hradnf nddrZe pomoci podzemnich deriva¢nich Stol.

Vyuziti vodni nddrze pro ochranu pred povodnémi je vSak
v soucasné dobé vyrazné omezeno. Proto do poloviny pristiho
roku zde Metrostav ve sdruzeni s libereckou spolecnosti Syner
vybuduje novou dostate¢né kapacitni odpadni $tolu, kterd umoz-
ni neSkodné odvedeni povodiiovych prutokd z nddrze mimo
mesto.

Stavebni ¢4st bude zahrnovat dva rozdélovaci objekty na Lu-
zické a Bilé Nise, pfivodni $tolu, vtokovy objekt, novou odpad-
ni Stolu a vypustni objekt.

The complete project management hinterland and all service equip-
ment needed for the EPB TBM operation will subsequently be moved
to the E2 construction site. It consists first of all of a mixing and coo-
ling centre, a power unit, conveyor belt storage units, a segment stoc-
kyard, a store for operating fuels and lubricants and a new intermedia-
te muck stockpile. It will be the beginning of the second, closing, stage
of the driving of single-track tunnels by EPB machines.

Another interesting case was the excavation of the escalator tunnel
for Petiiny station. It was finished on 30th March and, at the moment,
the preparation for commencing the casting of the final concrete lining
is in progress. In the station itself, the remaining work comprises the
breaking of inner buttresses of sidewall drifts and the excavation of
technological sumps and pumping sumps. The resumption of the
above-mentioned items of work is planned for 8th May 2012, after the
completion of the transfer of the entire TBM technology to the con-
struction site E2 and after the station becomes vacated for subsequent
finishing operations.

In Veleslavin station, a shaft for the escape structure was sunk and
even a part of the escape gallery was excavated during the winter sea-
son. After the completion of the operation of pulling the two earth pres-
sure balance machines through the sidewall tunnels of the station, the
concrete beds allowing the pulling of the machines are being broken
and even the preparation for the application of waterproofing to the
bottom and for placing of concrete reinforcement (first of all the profi-
ling and treating of the primary lining) has commenced in the station.
In the spring and summer seasons the work on the installation of
waterproofing, placing concrete reinforcement and casting of the final
bottom will follow.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE — REHLOVICE

In February 2012, the casting of the cambered concrete bed started
in both tubes of the Prackovice tunnel (SO E 601) and casing pipes for
cableways were being placed and embedded in concrete within the fra-
mework of the work on structure SO E 601.10 — Internal equipment
structures. The spreading of topsoil on the backfilled cut-and-cover
structures (SO E 601.11) started at the end of March.

In the other motorway structure, the Radej¢in tunnel (SO F 602), the
work on the upper vault has been finished in the northern tube of the
mined tunnel section (SO F 602.07). The casting of the remaining parts
of the invert in the northern tube of the cut-and-cover section at the
Prague portal (SO F 602.03) has also been completed and the work on
the upper vault has started. The waterproofing is being applied to the
upper vault in the cut-and-cover section at the Usti nad Labem portal
(SO F 602 4), concurrently with the finishing of the drainage and pre-
paring for the backfilling of the cut-and-cover structures.

The overall completion of concrete casting operations in the tunnel,
including backfilling, will take place before the middle of this year.

A very important moment of the project took place in May 2012: the
last, long-awaited building permit was obtained, without the possibili-
ty of another appeal having suspensory effect. This permit gives a kind
of certainty in the possibility to complete the entire motorway stretch.

FLOOD PREVENTION MESURES FOR JABLONEC NAD NISOU

A team managed by Ing. Miroslav Vlk (Division 5 of Metrostav
a. s.) currently started to implement the flood prevention measures at
the MSeno dam in the city of Jablonec nad Nisou by performing ena-
bling works. One of the main tasks for the MSeno dam, which was built
at the beginning of the 20th century, is, among others, to carry over
flows of water from the catchment areas of the LuZickd Nisa and Bild
Nisa Rivers in a way guaranteeing the maximum protection of the city
of Jablonec nad Nisou. A proportion of natural flood flows exceeding
a certain value of the flow rate which is defined as a harmless flow is
diverted to the dam reservoir through underground derivation tunnels.

Unfortunately, the use of the water reservoir for the protection aga-
inst floods is currently substantially limited. For that reason Metrostav
a. s. jointly with Liberec-based Syner s. r. 0. will build a new off-take
gallery with sufficient capacity, which will make harmless discharging
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Uz v ramci pripravnych praci se ukazuje, Ze béhem realizace of flood flows from the reservoir outside the city limits. It will be com-
celého dila budou prace ovliviovany mistnimi prirodnimi pod- pleted by the middle of the next year.
minkami. Jablonecko je zndmé ndhlymi vykyvy pocasi a prubéh The civils will consist of two water distribution structures on the
letosni zimy to jen potvrzuje. Stdvajici ochranny systém vybu- Luzicka Nisa and Bila Nisa Rivers, an intake tunnel, an intake structu-
dovany v letech 1906 az 1909 musi zustat po celou dobu stavby re, a new discharge tunnel and an outlet structure.
funkéni. Vzhledem k tomu, Ze termin realizace byl z divodu kli- It has been found out as early as during the enabling works that the
matickych podminek posunut, budou nyni viechny stavebni work on the implementation of the entire project will be affected by local

natural conditions. The Jablonec region is notorious for abrupt ups and
downs of the weather. The development of this year’s winter confirmed
this statement. The existing protection system which was being develo-
ped in 1906 through 1909 must therefore remain functional throughout
the new construction period. With respect to the fact that the constructi-
on commencement was postponed for climatic reasons, all structures will
be completed concurrently. Of course, this system will be demanding,
first of all in terms of the coordination of the operations.

Both the intake tunnel and the discharge tunnel will be driven by the
NATM, applying blasting work. Rock mass consisting of Liberec gra-
nite found in various degrees of weathering will be encountered on the

objekty vznikat zdroven. To bude samozfejmé ndroéné prede-
v§im na koordinaci praci.

Obe stoly, jak privodni, tak odpadni, se budou razit technolo-
giif NRTM s pouzitim trhacich praci. V trase, kde budou obé
Stoly vyrazeny, se nachdzi horniny tvorené libereckou Zulou
o ruzném stupni zvétrdni. Aby stavbafi minimalizovali nadvylo-
my, budou pouZivat obrysovou trhavinu s neelektrickym rozné-
tem. Privodni Stolu v délce 632 m bude razit divize 1
Metrostavu, zatimco razba odpadni Stoly v délce 1258 m byla
svérena divizi 5. Aby mohly oba tymy razbu provést, bude nutné

nejprve sniZit hladinu vodni nddrZe o tfi metry. V soucasné dob¢ alignment along which the tunnels will be driven. The builders will,
délnici zahdjili hloubeni stavebni jamy, z niZ se bude razit pfi- with the objective of minimising overbreaks, use contour explosives
vodni Stola. Jakmile to stav vody v LuZické a Bilé Nise dovoli, with non-electric firing. The 632 m long intake tunnel will be driven by
budou préce pokracovat na dalSich hlavnich objektech liniového Division 1 of Metrostav a. s., whilst the excavation of the 1258 m long
dila. discharge tunnel was entrusted to Division 5 of Metrostav a. s. It will

be necessary to lower the water surface level in the reservoir by three
TUNELY VMO DOBROVSKEHO metres so that both teams can carry out the excavation. Currently, wor-

kers have started the excavation of a construction pit from which the
intake tunnel will be driven. As soon as the state of water in the
Luzicka Nisa and Bild Nisa Rivers allows it, the work on the other
main structures of the linear working will proceed.

Po kompletnim dokonceni obou tunelovych trub probihd na
tomto projektu jiZ jen priprava na komplexni zkousky technolo-
gického vybaveni, které budou zahdjeny v prvni dekddé Cervna
a potrvaji asi dva mésice. Po nich bude nésledovat kone¢né pre-

doanl do/provozu/uvz.lj/a.teh dila a vSem jiz nedockayym motoris- DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
tum. Prace provadéji firmy Subterra, a. s., a OHL ZS. ROAD IN BRNO

TUNELY NA ZELEZNICNI TRATI After the completion of both tunnel tubes, the only remaining work
_ < = on this project consists of the preparation for comprehensive testing of

F”RAHA CESKE BUDEJOVICE the tunnel equipment. It will start in the first decade of June and will
USEK: VOTICE — BENESOV U PRAHY take approximately two months. After the tests the complete tunnels
Viechny &tyfi razené tunely trasy tohoto Zelezni¢niho korido- will be handed over to the client and to all impatient motorists. The

ru, a to Olbramovicky, Zahradnicky, Tomicky I.i Tomicky II. jiz | Work is being carried out by Subterra a. s. and OHL ZS a. s.

byly stavebné dokonéeny. Olbramovicky tunel je jiz dokonce
i provozovan a ostatni tunely budou pfedany k uzivani budouci- TUNNELS ON VOTICE - BENESOV U PRAHY SECTION

mu spravcei v nejbliz§i dobe. Prace na vSech vySe zminovanych OF PRAGUE — CESKE BUDEJOVICE RAILWAY LINE

tunelech provadi spole¢nost Subterra, a. s., s kolektivy vedeny- All of the four mined tunnels located on this railway corridor, i.e. the
mi ing. §ponarem a ing. Némeckem. Olbramovice, Zahradnice, Tomice No. 1 and Tomice No. 2 tunnels,

have been structurally completed. On top of that, the Olbramovice tun-
ZELEZNICNI TUNEL JABLUNKOV €. 2 nel is even being operated. The other tunnels will be handed over to the

future administrator shortly. The work on all of the above-mentioned
tunnels has been carried out by Subterra a. s. The tunnelling teams are
managed by Ing. Sponar and Ing. Némecdek.

V soucasné dobé probihd razba délenou ¢elbou v havarovaném
dseku tunelu. V levé bocni Stole C je vyraZzeno 136 m. V pravé
boc¢ni Stole D je to o deset metrd méné, tedy 126 m. Ddle se
pokracuje v do¢asné zastavené razb€ na horni stfedni $tole E. JABLUNKOV NO.2 RAILWAY TUNNEL
Razi se i dolnf stfedni §tola F, ze které je vyraZeno nejméné, a to

80 metrd, a to vie ke dni uzdvérky tohoto &isla asopisu. The work currently underway comprises the sequential excavation

in the collapsed section of the tunnel. In the left-hand sidewall drift C,
the excavation of a 136 m long stretch has been completed, whilst

PLZEN - UHLAVSKY SBERAC ; a section shorter by ten metres less has been completed in the right-
V soucasné dobé jsou zahajovany price na stavbé Uhlavského | hand sidewall drift D (126 m). In addition, the temporarily suspended

kanalizatniho sbérace v Plzni, ktery je soucdsti akce ,,Cistd | excavation of the upper central drift E has been resumed. The excava-

Berounka IV*“. Prace budou obsahovat hloubeni pfistupovych tion of the bottom central drift F is also proceeding, with 80 metres

jam a dva kilometry mikrotunelovani v profilu 1000 a 800 mm completed. All of the above-mentioned data is related to the date of the

DN. Vsechny tyto razi¢ské prace bude zajiStovat Subterra, a. s., journal copy deadline.

pomoci nové zakoupeného stroje Iseki Unclemole TCC 1280 pro

sdruZeni vedené firmou Eurovia, a. s. PLZEN — UHLAVA RIVER INTERCEPTOR SEWER

. At the moment, the work on the Uhlava River interceptor sewer con-
ING. BORIS SEBESTA, sebesta@metrostav.cz, struction in Plzen is being commenced. The project is part of the
METROSTAYV, a.s., “Clean Berounka River No. 4” project. The work will consist of the

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz, sinking of two access shafts and two kilometres of microtunnelling for
SUBTERRA, a. s. profiles DN 1000 mm and 800 mm. All of this tunnelling will be
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SLOVENSKA REPUBLIKA
TUNEL TURECKY VRCH

V jarnych mesiacoch roku 2012 boli prakticky ukoncené sta-
vebné prace v Zelezni¢cnom tuneli Turecky vrch diiky 1775 m
poloZenim prvej kolaje pevnej jazdnej drahy. V sicasnosti eSte
prdce na stavbe pokracuji definitivnymi stavebnymi tpravami
na juznom portdli tunela. Tunel by mal byt otvoreny a uvedeny
do prevadzky v usporiadani s jednou kolajou v jili 2012. Druha
kolaj bude poloZena az v roku 2013. Tunel je sucastou moderni-
zovaného zeleznicného tuseku Nové Mesto nad Vihom —
Zlatovce. Investorom stavby si Zeleznice Slovenskej republiky
a zhotovitelom zdruZenie vedené spoloénostou OHL ZS, a.s..
Dal3fmi &lenmi zdruZenia sd Skanska SK, a.s., Vahostav — SK,
a.s., Doprastav, a.s. a Eltra, spol. s r.o.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a.s., Bratislava

carried out by Subterra a. s., using a newly purchased machine Iseki
Unclemole TCC 1280, for a consortium led by Eurovia, a. s.

ING. BORIS SEBESTA, sebesta@metrostav.cz, METROSTAV, a. s.,
ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.

THE SLOVAK REPUBLIC
TURECKY VRCH TUNNEL

The construction work on the 1775 m long Turecky Vrch rail tunnel was
practically finished during spring months of 2012 by laying the first rail on
the slab track. At the moment the activities still continue by final con-
struction work at the southern portal. The tunnel should be opened and
brought into service in the single-track configuration in July 2012. The
other rail will be laid later, in 2013. The tunnel is part of the Nové Mesto
nad Vihom — Zlatovce route section, which is being upgraded. The client
for the project is Railways of the Slovak Republic and the contractor is
a consortium consisting of the leader, OHL ZS a. s., and members:
Skanska SK, a.s., Vdhostav - SK, a.s., Doprastav, a.s. and Eltra, spol. s r.o.

ING. MILOSLAV FRANKOVSKY , frankovsky@terraprojekt.sk,
TERRAPROJEKT, a.s., Bratislava

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

wwWw.ita-aites.cz

MEZINARODNI KONFERENCE GEOTECHNIKA 2012, 26.-28. 9. 2012, VYSOKE TATRY,

SLOVENSKA REPUBLIKA

INTERNATIONAL CONFERENCE GEOTECHNICS 2012, 26.-28. 09. 2012, THE HIGH TATRAS, SLOVAKIA

The Faculty of Civil Engineering of the VSB - Technical University of Ostrava in collaboration with ORGWARE agency take pleasure in
inviting you to the international conference Geotechnics 2012, which is focused on geotechnical problems in the planning and construction of
underground structures and buildings. The technical guarantor of the conference is Prof. Ing. Josef Aldorf, DrSc.

Main conference topics:

1. New technologies and materials in geotechnical and mine engineering

. Topical problems of underground engineering
. Slope failures and their stabilisation

. Geotechnical problems of flood plains

. Risk analysis in geotechnics

. Geotechnickal monitoring

O 0O\ B~ W

. Teaching geotechnics at universities

. Advanced foundation engineering methods and progressive foundation structures

. Selected problems of geomechanics and geophysics in underground engineering and mining

Conference secretariat: ORGWARE, Ing. Nora Badikovd, Tovédrenskd 12, P.O.Box 52, 900 31 STUPAVA, Slovak Republic.
Telephone /Fax: +421-(0)2-502 44 475, e-mail:orgware @mail.t-com.sk or badikova@arcadisgt.sk.

Fakulta stavebni VSB-TU Ostrava ve spolupréci s agenturou ORGWARE si vds dovoluji pozvat na mezindrodni konferenci Geotechnika
2012, zamerenou na geotechnické otdzky pfi priprave a vystavbé podzemnich a pozemnich staveb. Odbornym garantem konference je prof.

ing. Josef Aldorf, DrSc.

Hlavni témata konference:

10. Nové technologie a materidly v geotechnickém a hornickém stavitelstvi
11. Pokrokové metody zaklddani staveb a progresivni zdkladové konstrukce

12. Aktudlni problémy podzemniho stavitelstvi
13. Svahové poruchy a jejich sanace

14. Geotechnické problémy zaplavovanych tzemi
15. Rizikova analyza v geotechnice

16. Geotechnicky monitoring

17. Vybrané problémy geomechaniky a geofyziky v podzemnim stavitelstvi a hornictvi

18. Vyuka geotechniky na vysokych Skoldch

Sekretariat konference: ORGWARE, ing. Nora Badikov4, Tovdrenskd 12, P. O. Box 52, 900 31 STUPAVA, Slovenska republika.
Tel./fax: +421-(0)2-502 44 475, e-mail: orgware@mail.t-com.sk nebo badikova@arcadisgt.sk.
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PRIPRAVA 12. MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2013

22.-24. DUBNA 2013, PRAHA, CESKA REPUBLIKA

PREPARATION FOR THE 12™ INTERNATIONAL CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2013

22-24 APRIL 2013, PRAGUE, CZECH REPUBLIC

Piiprava 12. mezindrodni konference Podzemni stavby Praha
2013 intenzivné probihd. Poradatelem konference je Ceska tune-
larskd asociace ITA-AITES, predsedou organiza¢niho vyboru je
Ing. Alexandr Butovi¢, Ph.D. z firmy Satra, s. r. 0., a védeckou
radu vede doc. Ing. Matou§ Hilar, Ph.D., (D2-Consult Prague,
s.T.0.,a FSv CVUT Praha).

Na priprave konference spolupracuje také Slovenskd tunelarska
asociace ITA-AITES.

Vsechny potfebné informace
o konferenci, jejiz soucdsti jsou
také technickd vystava, odborné
exkurze a posterova sekce, lze
nalézt na webovych strankach
www.ita-aites.cz pod nabidkou
Konference PS 2013. Z nich lze
také stahnout v PDF 1. ozndmeni — .
Call for Papers i brozuru Nabidka
pro partnery konference a vys-
tavovatele (viz. obrazek).

Pfes uvedené webové stranky
budou probihat v§echny komunikace
s autory prispévku i registrace dcast-
nika.

pedddome Ceshon reselifbos auociacd ITA-AITES
v Claniom Congress Hatel Pragus
v dnech 22, - M dubea 2013

Dulezité upozornéni: prihlaseni
prispévku formou zaslani jejich

abstrakta v rozsahu 300 az 500 phriind

slov musi probéhnout do 30. éerv-
na 2012!!!

Doc. MUDr, Bolslay Svobada, CSe.

primurer

Dalsi terminy:

31. 8. 2012 — ozndmen{ autorum
o prijeti prispévku (akceptace
abstraktu);

1. 12. 2012 — termin pro zaslani
komplexné zpracovanych piispévki

Ny

a jejich rozsifenych abstraktu.

Nashledanou v Praze v dubnu 2013!!!

ING. MILOSLAV NOVOTNY,

sekretdr CzTA ITA-AITES,
ita-aites @metrostav.cz
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V Pruze dae 4 dutma 2012

The intense preparation of the 12th International Conference
Underground Construction Prague 2013 is underway. The orga-
niser of the Conference is the ITA-AITES Czech Tunnelling
Association; the chairman of the Organising Committee is
Dr. Alexandr Butovi¢ from Satra, spol. s r. o.; the Scientific
Council is chaired by Dr. Matous§ Hilar (D2-Consult Prague,
s. . 0., and the Faculty of Civil Engineering of the Czech
Technical University in Prague).

The ITA-AITES Slovak
Tunnelling Association also colla-
borates on the preparation of the
Conference.

All necessary information on the
Conference, parts of which are also
the Technical Exhibition, technical
excursions and a Poster Section, is
available on web pages www.ita-
aites.cz under Conference Underg.
Constr. The ISt Announcement -
Call for Papers and the Prospectus
for Partners and Exhibitors in PDF
(see Fig.) form can be downloaded
from it.

All communication with authors of
papers and the registration of attende-
es will proceed through the above-
mentioned web pages.

Important notice: The registra-
tion of papers in the form of the
submission of their abstracts in
the range of 300 — 500 words must
be finished by 30th June 2012!!!

Other deadlines:

31/8/2012 — the announcement to
authors on the acceptance of their
papers (abstracts);

01/12/2012 — deadline for the sub-
mission of comprehensively com-
pleted papers and expanded abstracts of the papers.

We are looking forward to meeting you in Prague in April
2013!1!

ING. MILOSLAV NOVOTNY,

Secretary of the ITA-AITES CzTA,

ita-aites @metrostayv.cz
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